


Any high -power receiver 
gives you good midrange response, 
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Today's low -efficiency speaker systems need plenty of 
clean, undistorted power to sound their best. And almost 
any modern receiver can put out the needed power in 

the midrange frequencies ... that's easy. Where the real 
test occurs is in the vital low and high frequency ranges 
... that's where Scott beats any competition you can 
name. 

For sustained undistorted power at low frequencies, 
Scott engineers have designed one of the heftiest, cool- 
est -running power supplies in the business. The over- 
sized transformer is specially designed for minimum 
heat rise and maximum efficiency. Giant power supply 
capacitors store more than adequate power for even the 
most strenuous bass passages. As you can see on the 
graph, Scott power is sustained even below 100 Hz, 

where other receivers tend to "sag." 

Scott Full Complementary Output gives you lower dis- 
tortion at critical high frequencies than any other 

amplifier circuit design. High -gain F/ C/ O transistors are 
specified by Scott for lower distortion at any given 
power output. 

Laboratory test results and power charts can show you 
exactly where Scott receivers excel. But the most con- 
vincing proof is to listen to any Scott receiver connected 
to the speakers of your choice. Choose from three out- 
standing models: the 342C FM stereo receiver, at $269.95; 
the 382C AM/ FM stereo receiver, at $299.95; and the 386 
AM/ FM stereo receiver, at $395.95. 

C3 SCOTT 
H. H. Scott, Inc., Dept. 35-06 
111 Powdermill Road, Maynard, Massachusetts 01754 
Export: Scott International 
Maynard, Massachusetts 01754 

(c) 1970, H. H. Scott, Inc. 
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Music doesn't have 
to be dead 

just because it isn't live. 

RCA tapes put life in your recordings. 
And we have whatever kind of 

tape it takes to do it. 
Low noise mastering tape for the 

pros. In'/4-,1/2-,1- and 2 -inch widths. 
Back -lubricated tape for Stereo 8 

or 4 -track cartridges. 
Duplicating tapes for cassettes 

and reel-to-reel. 
And Red Seal cassettes and Red 

Seal reel-to-reel for personal recording. 
These tapes don't miss a note. 

Your music sounds alive on RCA tapes. 
Sound us out. Write RCA 

Magnetic Products, 201 E. 50th St., 
New York 10022. 

RC,' 
Recording Tape 

Check No. 1 on Reader Service Card 



Number 80 in a series of discussions 
by Electro -Voice engineers 

THE 

COMPUTER 

TURNS 

THE CORNER 
JOHN R. GILLIOM 
Chief Product Engineer, 
Loudspeakers 

Almost all audio design engineers agree that- 
given the state of the art-a straight trumpet 
will outperform a re-entrant trumpet of the 
same effective length and flare. This is because 
re-entrant horns invariably exhibit losses at 
some point due to cancellation of energy at the 
bends of the horn. 
But our first experience with computer -aided 
horn design indicates that most of the problems 
associated with re-entrant horns result from im- 
perfect translation of standard horn formulas 
to actual products. 
Optimum energy transfer is achieved when the 
horn flare follows precisely the desired formula 
(hyperbolic, exponential or other). But folding 

a horn twice presents a formidable problem in 
layout to achieve this end. For instance, lit- 
erally hundreds of calculations are required to 
achieve a single bend-yet these are necessarily 
based on a gross approximation that can only 
be refined by repeating the calculations again 
8nd again. 
As a result, most horns are actually com- 
promises between the ideal theoretical shape 
and the practical limitations of available design 
time. Obviously, where extensive computation 
is needed for design, the computer becomes 
an essential tool. 
In order to utilize the computer, a two -stage 
program was written, taking into account every 
basic design parameter. Included were throat 
diameter, overall diameter, overall depth, ma- 
terial thickness, inner tube length, surface 
characteristics, desired flare rate, number of 
bends, etc. Once all these factors agreed with 
the basic design objectives, the computer then 
was asked to print out coordinate points for 
the surface boundaries. 
These dimensions were stated in a specially - 
devised format that permitted easy translation 
by a draftsman into a finished drawing. In this 
way, the Electro -Voice PA 12 paging horn was 
born. 
Laboratory tests showed a dramatic improve- 
ment in measurable sound characteristics when 
compared with conventionally designed horns 
of this class. In addition to smooth high fre- 
quency response and higher level (especially at 
high frequencies and at cut-off) intelligibility 
was markedly improved. It is interesting to 
note that these performance gains were made 
without an increase in cost. 
Aside from the period needed to write the 
basic program, design time for the horn of the 
PA12 was dramatically shortened. The final 
printout of dimensions took only 11 minutes of 
terminal time, using up just 31 seconds of com- 
puter time. It is anticipated that further use of 
the basic program for other horns will provide 
similar benefits for the complete family of E -V 
re-entrants. 

For reprints of other discussions in this series, 
or technical data on any E -V products, write: 

ELECTRO -VOICE, INC., Dept. 603A 
602 Cecil St., Buchanan, Michigan 49107 
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Garrard introduces an 
automatic turntable especially for the 
At Garrard, we recognize that as 

high fidelity components have become 
more refined, they've also become 
more costly. 

As Alan Say, our Chief Engineer, 
puts it, "A house, a motor car and a 
stereo rig are the three weightiest pur- 
chases many chaps make in a lifetime. 

"And, today, it can be a toss up 
as to which is number three." 

Unfortunately, there are those 
with an ear for good music, and the de- 
sire to indulge it, who are not blessed 
with limitless means. 

For them, we offer the SL72B. 
At $89.50 it is, without question, 

the world's greatest value in an auto- 
matic turntable: 

Son of SL95B 

Our SL72B is a slightly modified 
SL95B, at present the most highly per- 
fected automatic turntable you can buy 
-regardless of price. 

The turntable is a bit smaller, 
the tone arm is simplified, and we've 
eliminated the ultra -precise counter- 
weight adjustment screw. 

But the 72B has the same revo- 
lutionary two -stage synchronous motor 
as our 95B. With an induction portion 
to reach playing speed instantly, and 
a synchronous portion to guarantee 
unvarying speed. 

It has the same patented slid- 
ing weight anti -skating control to 

discerning 
poor. 

provide permanently accurate settings. 
It has the same viscous damp- 

ing of the tone arm descent in both 
manual and automatic play. And can 
be cued in either mode. 

It has the same two -point record 
support, a Garrard exclusive that as- 
sures the gentlest possible record 
handling. 

All in all, a degree of refinement 
quite impossible to find in any other 
turntable near its price. 

Mass produced, by hand 

Despite our place as the world's 
largest producer of component auto- 
matic turntables, Garrard steadfastly 
rejects mass production methods. 

At our Swindon works, final as;. 
sembly of the 72B, like the 95B, is in 
the hands of nineteen men and women. 

Hands, not machines. 
Each person who assembles a 

part, tests that finished assembly. 
And four of every nineteen final 

"assemblers" do nothing but testing. 

Before each unit is shipped, it 
must pass 26 final checks that cover 
every phase of its operation. 

Thus, remarkably few compro- 
mises have been made to achieve its 
remarkable price. 

$40 saved is $40 earned 

Still, the 72B is not the ultimate 
automatic turntable. 

Our 95B bears that distinction. 
But at its price of $89.50, the 

72B represents a saving of $40. 
A significant difference to all but 

the affluent. 
To quote Alan Say, "If a penny 

saved is a penny earned, $40 is a 
bloody raise in pay. 

"The 72B is the automatic turn- 
table with almost everything for the 
man with everything save money." 

From Swindon, with love 

The care that goes into a Gar- 
rard is preserved by a heritage that 
often spans two and three generations 
at our works in Swindon, England. 

That care does not vary with 
turntable price. 

You can select with confidence 
from six component models starting 
with the 40B at $44.50 and running 
to the SL95B at $129.50. 

Your dealer can help you 
match a Garrard to your system. 

British Industries Co. 

Check No. 3 on Reader Service Card 
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4 -channels 
on 

earphones! 

-channels on earphones -without growing another pair of 
ears? Yes, it's true, the earphones shown above are not a dream- 
they really work! They were invented (and patented) by Jon 
Fixier whose original idea was to improve ordinary two -channel 
stereophones. He states "Stereophonic headphones suffer from 
one rather annoying characteristic, that is: the listener perceives 
the sound as emanating from the center of his head. Thus, while 
stereophonic phones do produce differential left -right character- 
istics, they do not produce a true panorama of sound." The 
original concept was to remedy this defect by using multiple 
transducers to produce a more spacious sound. Well, of course 
the reason why the sound is unrealistic with stereophones is 
simple: when you listen to two loudspeakers your left ear hears 
sound from both left and right loudspeakers and vice-versa. 
Thus the sound is unnatural ( not so with true binaural signals- 
but that's a different story). Some years ago, Ben Bauer of CBS 
came up with a phase- and frequency -dependent crossfeed sys- 
tem that mixed the two channels and restored the status quo. 
( See Aunio, November, 1962 ) 

However, the multiple transducer system was a definite im- 
provement-probably because of acoustic mixing, and it was 
natural that the inventor should turn his attention to the possi- 
bilities of 4 -channel sound. Various methods were tried but the 
illustration above shows the final version. The dynamic trans- 
ducers are mounted on a sub -panel and the sound travels round 
the front and then out via the small grille. A partition is mounted 
at the rear of the speakers to act as a separator. It is a little 
difficult to see how the system works but it is claimed that is 
possible to localize sounds coming from a room (in which are 
placed four microphones) with a high degree of accuracy. As 
soon as production samples are available, we will carry out com- 
plete tests and will publish our findings. Until then, those enthu- 
siasts who really must listen to quadraphonic sound on earphones 
will have to use two pair! /E 

Fig. 1-Taken from the patent specifications of the original 
two -channel version. The drawing shows one earphone 
with two transducers, one of which can be used to inject 
signals from the other channel to reduce the left -right 
effect. Transducers are apparently closed -back types and 
the low -frequency response will be somewhat attenuated 

4 AUDIO JUNE 1970 



His and Hers Pioneer Gutperformers 
The honeymoon is over. She wants to listen to a 

Mendelssohn Prelude and Fugue and he's all set for 
an evening with Vivaldi. Pioneer has the perfect 
solution. His and Hers AM -FM stereo receivers. 

The SX-1500TD, (shown above) with 180 watts (IHF) 
music power, is Pioneer's top of the line performer. 
In addition to the exclusive microphone mixing 
feature, this many -faceted unit provides six sets of 
inputs. Pre and main amplifiers may be used in- 
dependently. You can connect up to three different 
speaker systems. Its advance design circuitry, em- 
ploying an FET front end and four IC's in IF strip 
offers outstanding sensitivity, superior selectivity 
and superb signal to noise ratio. Housed in a hand- 
some oiled walnut cabinet, the SX-1500TD i5 priced 
at $399.95, including microphone. 

The SX-770 (shown below) offers 70 watts (IHF) of 
music power. You can build a complete stereo sys- 

tem around this versatile AM -FM receiver. It in- 
corporates an FET front end and two IC's in IF strip. 
Two speaker outputs plus 5 sets of inputs promise 
endless hours of listening pleasure. Boasting many 
refinements found only in much more expensive 
units, the SX-770 features a Lunar Glow tuning scale. 

Elegantly styled in an oiled walnut cabinet. $249.95. 
Of course, you'll have to decide who gets which 
Outperformer. 

You may also wish to consider the SX-990 (130 

watts-IHF, $299.95) or the SX-440 (40 watts-IHF, 
$199.95). Hear them all at your Pioneer dealer. 
For further information write direct. 

PIONCCIZ® 
PIONEER ELECTRONICS U.S.A. CORPORATION, 140 Smith St., Dept. A-6, Farmingdale, N.Y. 11735 (516) 694-7720 

West Coast: 1335 West 134th St., Gardena, Calif. 90247 (213) 323-2374 & 321-1076 In Canaria: S. H. Parker Co., Province of Ontario 
HIGA UGEUP! 



BASF 

°2J21) 

BASF 
the 

"more" 
tape 

Every time you choose BASF, you get 
more for your money ... more than you 
get with any other quality tape. 
First, you get superlative recording qual- 
ity. BASF is made with a special formu- 
lation that creates superb sound repro- 
duction with extra -low tape noise. 

and there's more.. . 

BASF tape is ageless. Your recordings 
will last a lifetime, unaffected by tem- 
perature, humidity or time. 

and there's more ... 
BASF tape reels are packaged in the ex- 
clusive plastic "Perma-Store" box . 

the one that makes your tape library look 
as good as it sounds. 

and there's more ... 
BASF tape reels come with color -coded 
leads and switching foils at both ends. 

and there's more ... 
Now BASF cassettes, with the same su- 
perior tape quality, come in handsome 
mini versions of the Perma-Store Box, 
for looks, convenience and protection. 

and there's more ... 
BASF tape reels and .cassettes cost no 
more than other quality recording tapes. 
Ask to see BASF tape at your favorite 
dealer's today. 

BASF SYSTEMS INC 
Crosby Dr lve 

Bedford, Masachusetts 01730 

A UIJÌOCIiAiC JOSEPH GIOVANELLI 

FM Oscillator Problem 

Q. I have a stereo receiver. 
On occasion, and lasting for varying 

periods of time, we lose our FM sound, 
but only at the lower frequencies begin- 
ning at about 92.5 MHz. Above this fre- 
quency the sound is never lost. 

It is not a question of the antenna 
because the FM .radios in the same area 
do not exhibit this problem. I have taken 
the set to an authorized service station 
and to the manufacturer, but the same 
trouble still occurs. Can you tell me 
what the problem is? Andrew A. Sandor, 
M.D., Corona Del Mar, Cal. 

A. When a tuner operates properly at 
some frequencies and not at others, this 
condition can be traced to a fault in the 
h.f. oscillator circuit. As the tuning dial 
is turned to reduce frequency, the amount 
of feedback in the oscillator tends to fall 
off somewhat. If the oscillator is just on 
the edge of operation, any reduction in 
feedback will cause it to cease oscillat- 
ing. That is the reason your tuner works 
at the higher frequencies, but does not 
work at lower frequencies. 

From what I have seen so far, most of 
the troubles of this kind are caused by 
bias resistors which have changed in 
value. The bias network should be re- 
placed. This replacement will likely solve 
your problem. It is also likely that the 
calibration of the tuning dial has shifted. 
The oscillator will need to be realigned. 

Presumably, the service shop already 
tried a new oscillator transistor. Assum- 
ing that the bias is correct, that would 
be the next logical step. 

These oscillators are often of the 
grounded -base variety. The base is not 
directly grounded, but is bypassed to 
ground. This bypass capacitor might be 
defective. If all else fails, replace it.. 

Of course, if you have an oscillator 
which is marginal in its operation, cou- 
pled with a home in which the line volt- 
age is somewhat low, then the tuner 
might not operate properly in your home, 
but might work all right in the service 
shop. That might be why you did not 
have any success when sending in the 
equipment for servicing. Oscillators are 
usually regulated by Zener diodes in 
order to hold their voltage. However, if 
something in the power supply has shifted 
so that the Zener is not working properly, 
then your tuner's oscillator voltage will 
not be stable. 

Minimum Speaker Driving Power 

Q. I am confused as to what the mini- 
mum power input to a speaker means 
exactly. 

For instance, if a speaker requires 20 
watts rms minimum, does this mean 
that 20 watts are needed before the 
speaker will "drive"? If it does not, will 
the sound be distorted if less than the 
hypothetical 20 watts are applied? Also, 
assuming that 20 watts are not needed 
to drive the speaker but are needed for 
good response, will volume have to be 
high? Sgt. Spence Blakely, APO San 
Francisco, California. 

A. When we talk about the minimum 
amount of power for a given speaker, we 
are discussing the minimum power which 
will provide reasonably loud listening 
in an average listening room. If you do 
not plan to do much loud listening or 
if your listening room is a small one you 
will run your speakers at considerably 
less than this 20 -watt minimum you men- 
tion. The reason for providing this kind 
of information in the speaker specifica- 
tions is simply to give the potential buyer 
the information needed in selecting his 
amplifier. You know that you need a 
minimum of 20 watts per channel in 
order to drive our hypothetical pair of 
speakers. Unfortunately, we do not al- 
ways know if this is 20 watts rms or 20 
watts music power. I would say, there- 
fore, that you should assume that the 
speaker manufacturer means the rms 
rating if no other indication in this re- 
gard is provided. 

When the speaker is run at less than 
this 20 -watt level, it will sound fine. 
Ìt should not be distorted. 

Two- and Three -Way 
Speaker Systems 

Q. What is the difference between a 
two way and a three-way speaker sys- 
tem? Sgt. Spence Blakely, APO San Fran- 
cisco, Cal. 

A. A two-way speaker system is one 
which includes a woofer and a tweeter. 
The sound spectrum is divided between 
these two speakers. 

A three-way system contains a woofer, 
and midrange and tweeter speakers. The 
audio spectrum here is divided up into 
three narrower slices than was true of 

(Continued on page 69) 
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"The Dolby System is essential 

for the recording of chamber music, 
notes Leonard Sorkin, First Violin of the Fine Arts Quartet. 

The music of the string quartet is, by its nature, small -scaled and 
intimate. Unlike the symphony orchestra, the string quartet can actually 

perform in an average living room. Much of the scoring is open and 
exposed, with extreme pianissimos and passages of great delicacy. 

Thus, when recordings of string quartets are played in the home, 
listeners are acutely aware of any intrusions of tape hiss or print -through. 

The Dolby System effectively supresses these distracting noises. 

For the recording of the Karel Husa Quartet No. 3 (winner of the 
Pulitzer Prize for music in 1969) on Everest Records, Leonard Sorkin 

felt that it was especially important that the unusual and subtle timbres 
demanded by the composer should not be marred by tape noise. 

According to Mr. Sorkin, "The Dolby System was the solution 
to this problem." 

String quartet, symphony, opera, multi -track pop/rock ... whatever 
your recording endeavor, you can make a better recording 

with the Dolby System. 

IJ000LBY LABORATORIES INC 
333 Avenue of the Americas New York N Y 10014 
telephone (212) 243-2525 cables Dolbylabs New York 
for international inquiries: 
346 Clapham Road London S W 9 England 
telephone 01-720 1 1 1 1 cables Dolbylabs London 

distributors: 
Audio Industries Corp. 
Hollywood Tel. 213-H05-4111 
Audio -Video Systems Engineering Inc. 
San Francisco Tel. 415-647-2420 
Expert Electronics, Inc. 
Chicago Tel. 312-HE6-2700 
Harvey Radio Co., Inc. 
New York City Tel. 212-JU2-1500 

in Canada: 
J -Mar Electronics, Ltd. 
Toronto Tel. 416-421-9080 



What's New in Audio 

Allied 2395 Speaker System 

This is the top -of -the -line speaker system 
and it has a 15 -inch bass unit, a horn - 
loaded mid -range speaker plus a wide- 
angle dome radiator. Power handling ca- 
pacity is quoted as 100 watts peak and 
dimensions are 291 by 201/4 by 14 inches. 
Price $149.95. 

Check No. 4 on Reader Service Card 

Radio Shack STA -65 Receiver 

Rated at 36 watts IHF per channel, this 
is an inexpensive AM/FM receiver featur- 
ing two tuning meters, FET front end, IC - 
based i.f. stages, connections for local 
and remote speakers and provision for a 
3 -head tape deck. Price $189.95. 

Robins 4 and 8 -track head 
demagnetizers 
The picture shows an 8 -track demag- 
netizer which is built into a standard 

cartridge case. Model TD -12 operates on 
house current and model TD -15 is a d.c. 
model for auto use, plugging into the 
cigarette lighter socket. Price, TD -12 
$13.35, TD -15 $16.65. 

Check No. 8 on Reader Service Card 

Sony 

Condenser 

Microphone 

This is model ECM -19B which is an 
electret cardioid type. Output impedance 
is 250 ohms and output level is -54dB 
(rel. to 1 volt/10 microbars). It comes 
complete with a 1.5 -volt battery. Price 
$29.50. 

Ampex Auto Cassette Units 
The model shown is the Micro 42 stereo 
player which has mono recording facili- 
ties. Output power is quoted as 20 watts 
peak. Model Micro 40 is similar but has 
no recording facilities. Price, Micro 42, 
$119.95. Micro 40, $99.95. 

Check No. 28 on Reader Service Card 

PE Automatic Turntables 
This is model PE 2040 de -luxe model 
which has a 4 -pole, 4 -coil induction 

motor, fine speed control, low -mass tone 
arm set in ball -bearings, with variable 
stylus force. Weight of the platter is 
7.1 lbs. Model PE 2038 is a less expensive 
version with a 4.4 lb. platter. Price, PE 
2040, $145, PE 2038, $115. 

Check No. 30 on Reader Service Card 

Catalogs 
Folkways have a 46 -page catalog of rec- 
ords mainly intended for schools and 
libraries. Included are foreign languages, 
social studies, science, and music appre- 
ciation. 

Check No. 32 on Reader Service Card 

Nortronics says "Every tape recorder 
owner ought to have his head examined." 
This is the message of a new leaflet which 
tells you how to check for head wear and 
what to do about it. 

Check No. 6 on Reader Service Card 
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The Super Natural 
from JVC 

Now, JVC brings you Super Natural Sound: From a 

bull frog's croak to a Beethoven Symphony, you can 
enjoy stereo so true to life that it's hard to tell from 
the real thing. All made possible by a revolutionary 
new development-a JVC exclusive-called the 
Sound Effect Amplifier (SEA), shown below. And SEA 
is just one of many great advanced features that you 
will find built right into JVC's 5001, 5003, and 5040 
AM/FM stereo receivers, without extra charge. 

SEA actually divides up the audio frequency 
range into five separate segments, with a tone con - 

J 
JVC America, Inc 

Catching On Fast 
5035, 56th Road. Maspeth, New York, N.Y. 11378 

trol for each. So you can boost or decrease bass, 
middle ranges and ultra -high's, mix and match 
sounds, just like in a studio. And, you can com- 
pensate for component characteristics, balance 
acoustics of any room. 

SEA stereo receivers also have the latest IC and 
FET circuitry. Extra -wide bandwidths, low distortion 
and excellent S/N ratios. Listen to them today at 
your local JVC dealer. Or write us direct 
for color brochure and the name of 
your nearest dealer. 

Check No. 9 on Reader Service Card 



Build 
this exciting 
Schober Consolette 
Organ for 
only '1O401ä 

-e«e<< 
e 

' Includes finished walnut 
console. (Only $793 if you build -- 

your own console.) Amplifier, 
speaker system, optional 

accessories extra. 

You couldn't touch an organ like this in a store 
for less than $1800-and there never has been 

an organ of the Consolette II's graceful small 
size with 22 such pipelike, versatile voices, five - 

octave big -organ keyboards, and 17 pedals! It 
sings and schmaltzes for standards, pops, old- 

time favorites, speaks with authority for hymns 

and the lighter classics, all with a range of vari- 

ety and satisfying authenticity you've never found 

before in an instrument under church or theatre 
size. If you've dreamed of an organ of your own, 

to make your own beautiful music, even if your 
home or budget is limited, you'll get more joy 
from a Schober Consolette II than any other 
"home size" organ-kit or no kit. 

You can learn to play it. And you can build it, 
from Schober Kits, world famous for ease of as- 

sembly without the slightest knowledge of elec- 

tronics or music, for design and parts quality 
from the ground up, and - above all - for the 
highest praise from musicians everywhere. 

Send right now for the full -color Schober catalog, 
containing specifications of all five Schober Or- 

gan models, beginning at $499.50. No charge, no 

obligation. If you like music, you owe yourself a 

Schober Organ! 

P 

TheJCil1%deetOrgan Corp., Dept. AE -34 
43 West 61st Street, New York, N.Y. 10023 

D Please send me Schober Organ Catalog and 
free 7 -inch "sample" record. 

Enclosed please find $1.00 for 12 -inch L.P. 
record of Schober Organ music. 
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orchestra are quite good ... one rarely 
covers the other. However, this is very 
difficult recording, and considering the 
huge forces involved, some of the lapses 
can be forgiven such as the tenor ap- 
pearing somewhat outsized among all the 
vastness of the perspective, and some 
variations in the depth perspective of the 
choruses. The choruses appear young and 
enthusiastic and are heard with excellent 
articulation. The Utah Symphony under 
Maurice Abravanel plays with consider- 
able finesse and commendable precision. 
Many of the orchestral details of the work 
are newly revealed in the four -channel 
medium. You hear things that just weren't 
there in previous recordings. Not only is 

the orchestral sound clean, but much of 

it takes on a new dimension of reality 
when heard in the perspective of the 
four channels. Abravanel's performance is 

fairly simple and straightforward. And 
perhaps for this reason it is quite effective, 
even though he doesn't give us the in- 

sights into the score provided by the late 

Charles Munch. But it is never fussy, nor 
fustian for that matter . . . Abravanel 
gives the great climaxes their just due 
without ever letting them get out of hand. 
I have a few quibbles. For one thing, the 
strings-most especially the firsts-needed 
more strength, which would have lent 

better detail. The other is that tape 
hiss at good room -filling playback levels 

was somewhat obtrusive. Probably my 

awareness of the hiss was heightened by 
the fact that you can hear it from the rear 
as well as the front speakers and that is 

rather disconcerting. Apart from these 

minor flaws, hearing this monumental 
work in the four -channel medium is like 

discovering it all over again, and it is a 

thrilling experience indeed. One final note 

... don't be put off by some of the poor 
four -channel demonstrations you will hear 
in some hi-fi shops. Search around for a 

demo that is properly set-up and con- 

ducted by someone who knows what he is 

doing, before you pass judgment. Æ 

Evanston High School Hi-Fi Show 

One of the most interesting Hi-Fi 
Shows of the year took place a few 

weeks ago in Evanston, Illinois. Called 

the MID -WEST -HI-FI STEREO SHOW 
it was organized by students of Evanston 
Township High School and it featured 
CCTV, 4 -channel sound ( using tape and 
Scheiber records) and live -versus -re- 

corded sound with the co-operation of 

their own Jazz group. There were 24 ex- 

hibitors including Shure, JBL, and Moog 

as well as local dealers such as Musicraft 
who had a Hi-Fi Shopping Center, Audio 

Consultants, and Gill Custom House who 
were showing Crown recorders ( and help- 
ing with the quadraphonic demonstra- 

tions). Tape recorders were well in 

evidence and the new Revox and 4 -chan- 
nel TEAC both attracted a lot of attention. 
Attendance was around 4,250 and the 
students themselves not only organized 
the whole affair but they were also respon- 
sible for the CBS television news coverage 
and articles in local newspapers. All in all, 

a very successful show and our congratu- 
lations to the organizer, W. L. Kaffen - 

berger, and his hard-working team. May 

next year's event be even more successful. 
Our photograph shows David Silver as- 

sembling a Dynaco PAT -4 preamp. In 
spite of distractions we are glad to report 
that he finished it before the Show ended. 

AUDIO IUNE 1970 
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DUNE BUGGY 
SnVIETIMES WEIGHS 

GRAM 
V-15 TYPE II (IMPROVED) 

íIL \Cm 
MOIIOII\ II i mama m.lllll. -- ORIGINAL V-15 TY E II -.' i mom 

CVO 

TRACKABILITY CHART (1 GRAM STYLUS FORCE) 

S H V R E 

The "Mint 400" Del Webb Desert Rally 

The same inertial forces that make a vehicle airborne when cresting a hill 
affect the tracking force of the phono stylus. Record surfaces, unfortunately, 
are a morass of miniscule hills and valleys. When the stylus is nominally 
tracking at 1 gram, this force significantly increases as the stylus enters a 
"hill," and decreases as it begins the downward "plunge." In addition, 
frictional characteristics of the tone arm or record changer mechanism may 
further affect uniformity of tracking forces; however, the Shure V-15 Type II 
Improved Cartridge retains its trackability throughout the audio spectrum. 
It accomplishes this difficult task within a critically determined latitude of 
tracking forces (3/4 to 11/2) to insure continuous contact with the groove walls 
regardless of the varying tracking forces caused by the hills and valleys in 
a record groove. 

Here is why fractions -of -a -gram are important to record and stylus -tip life: 
3/4 gram tracking exerts a pressure of 60,000 lbs. per sq. in. on the groove 
walls-and this rises to 66,000 lbs. per sq. in. at 1 gram, and 83,000 lbs. per 
sq. in. at 2 grams. At 2 grams you have added over 111/2 tons per sq. in. to 
the groove walls over 3/4 gram tracking! Think about it. 

V-15 TYPE II (LMPROVED) 
Shure Brothers Inc., 222 Hartrey Avenue, Evanston, Illinois 60204 

AUDIO JUNE 1970 Check No. 13 on Reader Service Card 13 



0M-1 OMNI SPEAKER SYSTEM. We've been in it from the 
beginning ... at point ALPHA in time. Our engineers took 
audible sounds-electronically produced, and made them 
clear, high fidelity tones. We participated in the design and 
engineering of speakers to create the world's finest stereo- 
phonic sound reproduction. Now, we have reached OMNI ... 
0M-1 OMNI SPEAKER SYSTEM produces sound uniformly 
for any part of the room. It is "omni-directional," (radiates 
360 degrees). This new concept radiates both direct and 
reflected sound deftly, creating a real depth sensation. You 
can place this OMNI speaker anywhere from the middle of 
the room to a corner bookshelf. The UTAH Omni Speaker 
is a wonderful new way to enjoy music. 

SPECIFICATIONS 
Woofer; 8" diameter, cloth roll sus- 
pension, 13/4 pound magnet struc- 
ture, 1" voice coil. Tweeter; 3" 
diameter, co -axially mounted, Alnico 
V magnet. Crossover frequency; 
4,500 Hz. Cabinet; 93/4 x 93/4 x 14'/2" 
high, durable laminated walnut fin- 
ish. Power; 30 watts peak, (15 watts 
program). Response, 35/18,500 
Hz. Impedance, 8 ohms. Shipping 
weight, 15 pounds. 

Dear Edìtor..... 

A DC Loudspeaker 

Dear Sir, 
Robert Berkovitz, in his "Loudspeakers-Past and Present" 

( Ammo, April 1970) fails to mention the Direct Coupling (DC) 
Loudspeaker invented by Sanford Fisher and myself back in 

1958. 
An essential feature of the loudspeaker system was a tank of 

pressurized air (in excess of 300 psig) and vacuum pump. These 
were controlled by an elaborate arrangement of electrically - 
controlled valves ( the prototype used valves from an old wash- 
ing machine) which were energized by a sensitive integrator 
circuit ( using tubes, alas-transistors were still too expensive and 
unreliable back in those days!) which would open the valve 
connected to the air tank when the average d.c. level of the 
signal was positive, and would open the valve connected to the 
vacuum pump when the average d.c. level was negative. The 
design goal of the entire system was to have a valve response 
time of less than 1/40 of a second (25 milliseconds). Used 
with a regular speaker system that could reproduce down to 
about 20 Hz, the valve arrangement would extend the frequency 
response down to pure d.c. 

We felt then (and still feel today) that flat response down to 
pure d.c. was essential for a hi-fi reproduction of wind and brass 
instruments, as well as organ music. When one stands directly 
in front of a trumpet player, for example, there is a steady flow 

of hot air which represents a d.c. wave. For utmost reproduc- 
tion, we therefore must provide for d.c. reproduction in the 
entire hi-fi system. 

Sadly, the Direct Coupling Loudspeaker never achieved the 
popularity we hoped for, primarily because engineers in the 
amplifier and recording industries never produced the other 
needed components with d.c. response-amplifiers, cartridges 
and cutting heads, and records. I am presently working on a 
complete recording chain capable of response down to d.c. 

PETER A. STARK 
Mt. Kisco, N.Y. 

I can well understand the reluctance of recording and broad- 
cast engineers to throw out their transformers and coupling 
capacitors.... However, the DC response theory is an inter- 
esting one and it would seem to be a promising field for research. 
My wife says "isn't it enough to have four loudspeakers in the 
room without having the hot breath of trumpet and tuba players 
down our necks?-Ed. 

l4 
H U NTI NGTON, INDIANA 46750 
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"... (the Dynaco A -25's) are quite probably 
the best buy in high fidelity today." 

DYNACO A-25 
$79.95 

The Stereophile, Vol. 2, No. 9 

"... (when) some really deep stuff came along 
... what came out of the A -25's simply defied 
belief, for they went deeper even than two of 
our standard systems . . . We were certainly 
not prepared to find these piddling little Dyna 
systems going flat down to 35 Hz and rattling 
windows at a hair below 30 Hz! ... these A -25's 
are better than anything else we've ever 
encountered for less than $200 each ..." 

"The excellent overall 
transient response of the 
Dynaco A-25 speaker system 
is shown by the tone -burst 
response photos at (left to 
right) 600, 2,000 and 10,- 
000 Hz., (Stereo Review) 

I 

111111!!!!!!!!!!!!11111111 
illlll lli 

The Stereophile Magazine. 

Dynaco designed the A-25 loudspeaker 
system to have the most accurate repro- 
duction of any speaker available, regard- 
less of price, yet at a low cost to the 
consumer. Here's what two of the most 
respected publications say about the re- 
sults of our efforts. 

Julian Hirsch in Stereo Review, June, 1969 
". . . the Dynaco had a remarkably neutral 
quality. Many speakers have response irreg- 
ularities that ... leave no doubt in the listener's 
mind that he is listening to a speaker. The A-25 
had less of this coloration than most speakers 
we have heard, regardless of price ... nothing 
we have tested had a better overall transient 
response ... Not the least of the A -25's attrac- 
tion is its low price of $79.95. 

Send for literature or pick some up at your dealer where you can also hear the A-25 

dynraco mvc_ 3060 JEFFERSON ST., PHILA., PA. 19121 
IN EUROPE WRITE: DYNACO A/S, HUMLUM, STRUER, DENMARK 
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COMING 

IN 

JULY 

A New Multichannel System- 
Dave Hafler describes a method 
of adding dimensional informa- 
tion to a conventional two - 
channel stereo recording. 

CES-a look at some of the 
new products at the Consum- 
ers' Electronic Show. 

FM Tuner Alignment-Part 2 of 
Arthur Boynton's article deals 
with distortion measurements. 

Getting Hooked on Chamber 
Music-Part 2 of Richard 
Freed's article which was held 
over from our last issue. 

EQUIPMENT PROFILES 
include: 
Advent speaker system 
Sherwood SEL 200 Receiver 
Tandberg 6000 Tape Recorder 

PLUS 

Record and Tape Reviews and 
all the regular features. 

edelehe 
About the cover: As the poet has it 
"In a day Blossoms and June and 
Rapture pass away" Perhaps, perhaps. 
Others speak of "undying vibrations 
of music" and so on. The violin, 
which is a particularly good example 
of modern craftsmanship was made 
by Gerlandus Terrano of Naples and 
it was lent to us by Helmuth Keller, 
the well-known violin maker of Phil- 
adelphia. 

Tape Guide HERMAN BURSTEIN 

4 -Track to 2 -Track 

Q I have a ° ° ° * tape recorder. 
It is four -track, and I would like to 
make it two -track. I bought the four - 
track so that it would play pre-re- 
corded tapes, but I found these to be 
of poorer sound quality than records 
and decided to buy a turntable. 
Would it be possible to replace the 
four -track heads with two -track ones 
without difficulty, or are there other 
factors to be considered?-B. Reich- 
elt, River Edge, New Jersey. 

A. It is possible to replace the 
quarter -track heads satisfactorily with 
half-track ones. At the same time you 
will have to take careful measures to 
achieve accurate vertical and azimuth 
alignment of the heads. Furthermore, 
the half-track record head may have 
different bias and record drive cur- 
rent requirements than the quarter - 
track record head. Your tape recorder 
contains the necessary internal con- 
trols for making the bias and record 
drive current adjustments; follow the 
manufacturer's instructions in these 
respects. 

Flywheel Rotors 

Q. Certain tape recorders, such as 
the ° ° ° * professional machines, use 
outer rotor hysteresis -synchronous mo- 
tors. The flywheel is eliminated due to 
the flywheel action of the rotor. The 
motor shaft is used as the capstan. I 
have heard that the use of this ar- 
rangement is not desirable, although 
the ° ° ° ° recorders claim very im- 
pressive performance and the ma- 
chines I have heard sound very fine 
indeed. Can you give me your opinion 
on this? I would also appreciate any 
assistance you could give me as to 
locating a manufacturer of such a 
motor: The one used in the * ° ° * is 
a two -speed unit of 900 and 1,800 
RPM.-William B. Neel, APO San 
Francisco. 

A. The proof of the pudding is in 
the eating. If the ° ° ° ° machine's 
method of achieving flywheel action 
results in performance that "sounds 
very fine indeed," doesn't this endorse 
the method used? I think that the 

situation is similar to the one for 
phono turntables; some manufacturers 
have used very large motors, while 
others have used very small ones, but 
with good engineering both have 
achieved results that can be called 
excellent. There is usually more than 
one way to achieve high quality, and 
this holds for tape transports as well 
as for other mechanical devices. 

Sorry, but I do not have the infor- 
mation you seek on a manufacturer of 
motors. I suggest that you consult an 
industrial electronic supply house. Or, 
why not order a motor from the man- 
ufacturer of the ° ° ° ° tape machines? 

Mike Static 

Q. I have a ° ° ° ° tape recorder 
with the microphone which comes 
with this machine. In taping, and 
holding the mike in my hand, I get 
a lot of static. Is there a mike that 
would eliminate this noise?-S. Val- 
enza, Jackson Heights, N.Y. 

A. Microphones are usually sensi- 
tive to scraping or rubbing off their 
cases. Possibly the static to which you 
refer is due to such scraping against 
your fingers, clothes, etc. See what 
happens if you hold the microphone 
firmly, without allowing it to rub or 
brush against anything. If the prob- 
lem remains, I suggest that you ar- 
range to use the microphone in a 
stand. Or try other microphones 
which may be less sensitive to scrap- 
ing and rubbing. 

Noise From The Left 

Q. I have a minor problem with my 
tape recorder. It is definitely electrical 
rather than mechanical. On some 
tapes I hear a ticking sound in the 
left channel. It is not regular but 
might be described as a crackling 
sound. It is not of great amplitude, 

(Continued on page 71) 

If you have a problem or question on 
tape recording, write to Mr. Herman 
Burnstein at AUDIO, 134 North Thir- 
teenth Street, Philadelphia, Pa. 19107. 
All letters are answered. Please enclose 
a stamped, self-addressed envelope. 
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When you're #1 in tape recorders, you don't make the #2 tape. 
If you've got a few hundred bucks tied up in a first- Open -reel tape is available in 31/4", 5", and 7" sizes. The 

quality tape recorder, you're not gong to want to gum up new Sony SLH-180 low -noise, hiigh-output tape is available 
the works with second-rate tape. Especially when just a few on 7" reels only. And "Easy -Threader" tabs make every 
extra pennies buy the finest Sony professional -quality Sony open reel self -threading. 
recording tape. Our professional -quality tape is also available in eight - 

Not only will Sony tape make any recorder sound its track stereo cartridges plus new Easy-Matic cassettes for 
best, but it'll keep it sounding that way. Because our tape both `unct:onal and stereo units, with 60, 90, or 120 min - 
won't shed or cover tape heads with a performance-deteri- utes' recording time. 
orating oxide coating. Head -wear, too, is minimized, To hear the best, play the best. Sony Professional - 

thanks to Sony's exclusive Lubri-Cushion process, which Quality Recording Tape. From the people who offer the 
impregnates the tape with long-lasting lubricants. number -one line of tape re - 

Sony tape comes in all configurations Open reel. Eight- corders-Sony/Superscope. SONY. SUPERSCOPE, 

track. Cassettes. You never heard it so good.® 
©1970 Superscope, Inc., 8144 Vineland Ave., Sun Valley, Calif. 91352. Send for free catalog. 



Editor's Review 

The annual Consumers Electronics Show will be 
held from June 28 until July 1 and the IHF 

will collaborate by organizing three seminars. 
These will deal with Trends in Sound and Music 
Reproduction, Marketing, and Business Tech- 
niques and they will take place at the New York 
Hilton on June 29 from 9 to 11:30 a.m. "Trends 
in Sound Reproduction" will cover the present and 
future of quadraphonic sound, and one of the 
panelists will be Len Feldman. 

a o 0 

Opera Today Inc., an organization which is ex- 
perimenting with new forms for opera presents its 
first New York production at the Armory, 56 West 
66th St. from June 8 to the 14th. The opera(?) is 
called "Spatial Variations on a piece by Benjamin 
Britton" which involves a tenor and four dancers 
performing to a quadraphonic recording. It will 
take place inside a dome of translucent circles on 
which motion pictures and slides will be projected. 
The audience will thus be `enveloped by the pres- 
entation'. The initial recording was made at Sound 
80 in Minneapolis because, says Artistic Director 
Patricia Collins, "It has the most advanced capa- 
bility we know in recording quadraphonic sound." 

0 a 0 

"Who says no one listens to FM classical music 
stations?" asks Allen Rockford, of WONO, Syra- 
cuse, New York. It seems that this station had a 
week-end Marathon to raise funds for the Syracuse 
Symphony Orchestra and they finished up with 
more than $16,000-way above the $15,000 target. 
Contributions ranged from 6 cents donated by a 
two -year -old to three gifts of $500. Last year's fig- 
ure was just over $10,000 so somebody out there 
must be listening .. . 

o 

The Acoustic Research Contemporary Music 
Project was initiated some months ago and its pur- 
pose is to sponsor recordings of present-day com- 
posers whose works would not otherwise be heard. 
The prospectus states "the aim of the project is to 
provide composers with direct access to as large an 
audience as modern technology can offer, and to 
give listeners an opportunity to hear music of 
today, chosen by composers on the basis of musical 
criteria alone." The first series, consisting of four- 
teen broadcasts and six records, will be available 
in September and will include works by Milton 
Babbit, Edwin Dugger ( both using synthesizers) , 

and contemporary chamber music by Stefan 
Wolfe,. Arthur Berger, and Peter Westergaard. The 
records will be made by Deutsche Grammaphon 
and the low price of $2 each is made possible by 
Acoustic Research assuming the responsibility of 
for distribution. 

0 a a 

Altec Lansing held Spring Clinics for its sound 
contractors in three locations during April-. 
Washington, Kansas City, and San Mateo-to 
familiarize them with their Random Access School 
System and other systems designed for use in hos- 
pitals. Further information relative to Acousta- 
Voicing, with particular attention to loudspeaker 
directivity patterns and efficiency, was presented 
as part of the company's training program in the 
many aspects of sound -system design. The Clinic 
was attended by over 100 at Washington, and 
similar numbers were expected at the other two 
locations. I have been lucky to obtain an article 
on The general subject from Altec's Don Davis, 
and it will appear in the August issue. 

a 0 0 

According to Schwann, the most popular classi- 
cal record of 1969 was the Angel recording of 
Vaughan Williams' Sea Symphony (LPO and Sir 
Adrian Boult) . This symphony was often played 
as a finale in Gilbert" Briggs' live -vs. -recorded 
music demonstrations. At one affair in London's 
Festival Hall, there was not enough power avail- 
able from the amplifiers to do justice to the tre- 
mendous climaxes, so for the last few minutes the 
recording was reinforced by the Festival Hall 
organ. In announcing this, Gilbert said, with a 
poker face, "You may have noticed the organ 
in the background-but what's 3 dB between 
friends?" 

0 o a 

To those who still find themselves thinking in 
cps instead of Hz (I do myself sometimes) I ap- 
pend the following formula which I have jealously 
guarded for some months. It appeared originally 
in Electronics News and they claim it came from- 
of all people-the National Forestry Service! 

rcoshe,,V1-tanh'e 3 F=F°L 
sire( e-Tre.)+cos'(e-7re0) j 2 

Fh=Frequency in hertz 

F = Frequency in cps 

According to the NFS-it makes hertz to cycles 
conversion a "sinh." G.W.T. 
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A lot of people don't know 
that a cartridge that's great for 

one high fidelity system 
could be disastrous for another. 

That's why Pickering has done something fantas- 
tically simple. 

We've developed Dynamic Coupling Factor- 
henceforth known as DCF. 

All it is is a complicated name for an uncompli- 
cated way to select the best cartridge for your system. 
It is your guide to the selection of that cartridge based 
on its intended application in playback equipment- 
just as horsepower is the guide to the proper engine 
for a vehicle. 

It works like this. You own an XYZ model record 
changer. What cartridge do you pick? Not the $29.95 
model because it isn't designed for the capability of 
your XYZ player. Not the $60.00 cartridge either, for 
its quality cannot be realized in that unit. 

Our chart-available to you free-reveals that you 
need our model XV -15 with a DCF rating of 400 for 
optimum performance. This means that you will get 

100% of the music from your records. Not 50% or 75% 
but all of the music capable of being obtained from 
your particular playback unit. 

Technically, what we've done is taken virtually 
every high fidelity record player and pre -analyzed the 
vital variables for you; those affecting cartridge design 
and those related to the engineering features of the 
various turntables and changers. 

So now all you need to be well informed on car- 
tridges is to send for our DCF application guide con- 
taining our recommendations for what cartridge you 
use with which record player. 

And next time you walk into a high fidelity salon, 
tell the man: "I'd like a Pickering XV -15 with a DCF of 
400." Or whatever. 

Pickering cartridges are priced from $29.95 to 
$60.00. For your free DCF chart, write DCF, Pickering 
& Co., 101 Sunnyside Blvd., Plainview, N.Y. 11803. 

PICKERING 
"for those who can `hear the difference" 
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How To Align Your Stereo Tuner 
8 99 96 98 100 101 110 10(, 10, 

ARTHUR BOYNTON Part I. Modifying the FM Generator 

Since the July 1964 issue of AUDIO Mag- 
azine, I have been trying to realize excel- 
lent stereo performance from FM tuners. 
The article published by Mr. Daniel R. 

von Recklinghausen in the August 1963 
issue of AUDIO pointed me in the right 
direction. He made it clear how impor- 
tant it was to obtain a linear phase -shift 
in the FM i.f. pass band. As my article 
hints, the linear phase -shift concept can 
be approached by using a sweep gen- 
erator, and being careful! What was not 
emphasized was the care required in 
other areas, alignment of the r.f. section, 
alignment of the stereo decoder section 
and accurate alignment of the i.f. section. 

T HAD BEEN ASSUMED that most tech- 
nicians understood r.f. alignment, as 
I had found this technique to be 

widely practiced by electronics techni- 
cians during my tour of duty with the 
U.S. Navy. 

The real challenge was trying to solve 
the riddles of achieving excellent per- 
formance from the stereo decoders, 
(multiplex portion of stereo tuners, or 
separate multiplex adaptors). 

This challenge started when I had the 
opportunity to examine and adjust vari- 
ous Heathkit, EICO, Scott, and Harman- 
Kardon units belonging to friends. In 
spite of the remarkable improvement that 
I was able to coax from each of these 
tuners, my desires were never fully satis- 
fied. The purchase of a Scott multiplex 
adaptor for my Scott C330 AM -FM tuner 
did open up a new era of listening pleas- 
ure for me. But even here, I could not 
recapture what I felt to be a truly ade- 
quate representation of the broadcast 
signal. This purchase also introduced me 
to a new twist in tuner alignment. 

The Scott people recommended using 
a 100 -per cent, 400 -Hz, frequency -mod- 
ulated r.f. carrier to align their tuners. 
This I could not do with my sweep gen- 
erator. 

Thus the need was felt to obtain a 

stereo generator. As I enjoy building kits, 
a Heathkit unit was chosen. Was I ever 
disappointed when I discovered that my 

particular needs exceeded the quality 
level of this popularly priced unit! 

Since a quality alignment job requires 
an accurate source of stereo signals, this 

section will be devoted to those steps I 
went through to improve my Heathkit 
Stereo Generator-beyond all expectation! 
The discussion in Part 2 shows you how I 

use my equipment to best advantage. 
And you can do likewise. 

As the unit stood, there was no way 
for me to improve upon the adjustments 
of my Scott tuner system. Since Scott 
uses the technique of measuring residual 
distortion for part of the adjustments, the 
signal-to-noise ratio of the generator 
must be good. The hum, noise, and distor- 
tion must be somewhat lower than the 
minimum values to be expected from the 
best stereo tuners. Another operation 
requires an accurate left and right sig- 
nal, with crosstalk lower than the capa- 
bility of the tuner to resolve the signal. 
For a reading of 1 per cent, the total 
hum, noise, and distortion must be down 
40 dB. So my attention was turned to 
the stereo generator to improve the qual- 
ity of its signal. 

Getting Rid of the Hum 

Hum was the first order of business. 
The goal was to have the hum low 
enough so that it would provide a read- 
ing of no more than 0.5 per cent when 
using the residual distortion measuring 
technique. (The signal was monitored at 
the Composite Signal/Audio jack for all 
of the measurements.) So the single diode 
rectifier was replaced with a full -wave 
bridge. The ripple was reduced, mostly 
because the frequency was doubled. The 
hum persisted. Shielding of V5 pre- 
vented any excess 60 -Hz pickup when 
my hand was near, but there was still 
hum! The power line to the switch was 
next shielded as these wires are strung 
through the audio area. While the hum 
was reduced a little more, it was still 
annoying. 

Poking around the filter coils (L5, L6, 
and L7) showed me that the hum was 
getting in through them! The magnetic 
field of the transformer was inducing a 

60 -Hz field into the coils, in spite of a 

copper strap around the transformer, and 
proper transformer orientation! 

An attempt at shielding the coils by 
wrapping them in tape and then alum- 
inum foil and tape again was tried. This 

had no effect against magnetic fields, 
only electrostatic fields. While no im- 
provement was obtained, the shields 
were never removed. 

Reversal of the connections to coil L7 
reduced the hum by making the induced 
voltages in L5 and L6 oppose the in- 
duced voltage in L7. See Figs. 1 and 3. 
This was a tremendous improvement, but 
its discovery didn't stop my relentless 
search. 

By changing the filament string to 
twisted pair, and providing an above - 
chassis ground return for V5, the hum 
was almost licked. Balancing of the 
filament string to ground through a pot, 
or biasing it to +30 volts made no further 
improvement, so these items were not in- 
cluded in the final fix. Providing an extra 
B + decoupling filter for V5 -A finally re- 
duced the hum to 52 dB below full out- 
put. (Reference is 0.4 volts rrns at the 
Composite/Audio output jack, which is 

equivalent to 0.86 volts rms at the ex- 
ternal input jack, which comes next.) 

Now the distortion needed working 
on. The internal audio generator just 
didn't have it. So a phone jack was in- 
stalled just below the audio output for an 
external audio input. It is wired so as to 
disconnect the internal signal whenever 
a phone plug is pushed in. See Fig. 3 
and 10. 

The Audio Generator 
At this point, it must be mentioned 

that my Heathkit AG -9A audio generator 
was modified to obtain lower hum and 
improved distortion and frequency re- 
sponse of the 1 Hz to 100 Hz band. Both 
connections to the electrolytic capacitor 
ground were moved to the same ground 
lug. This eliminated the series resistance 
of the aluminum can. An 80-µF, 525-V 
capacitor was also connected across the 
B + filter output. A 100-µF, 50-V capaci- 
tor was also connected across the meter 
terminals. The first fix reduced the hum, 
the second solved the amplitude reduc- 
tion and distortion at low frequencies, 
and the third stabilized the meter for more 
accurate readings at low frequencies. 

Since the audio generator distortion 
was only 0.005 per cent, the stereo gener- 
ator was again considered. Close exami- 
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nation of V5 -A revealed that there was no 
negative bias on the grid. The installation 
of a 200 -ohm cathode resistor solved part 
of the distortion problem. Then the fre- 
quency response of this stage suffered. It 
was important to retain full response, as 
the composite audio signal comes through 
here. A .02-µF capacitor across the 
cathode resistor provided the necessary 
compensation. You can determine the 
exact value your unit requires by feeding 
a square wave into the newly installed 
external audio jack and picking and 
choosing capacitors to obtain the fastest 
rise time without any overshoot. Make 
sure your scope will properly display this 
waveform first! 

Then V3 -A was found to distort. Any 
attempt to select a proper value of resis- 
tance for R20 failed. It was too touchy. 
Different tubes needed different values 
of resistance. Putting 390 ohms between 
R21 and the cathode, and connecting the 
formerly grounded end of R19 to the 
newly created resistor junction provided 
proper bias. Of course, R20 was removed 
and C8 remained connected to the 
cathode. 

Low -frequency response of the stereo 
signal still suffered, so a 40-µF, 50-V ca- 
pacitor was put in position C8. The series 
resistance of 1500 ohms is equivalent 
to the capacitive reactance of the 2-µF 
capacitor at 50 Hz. Since I wanted the 
3 dB point to be around 5 Hz, the value 
of 20 /IF was selected and installed. RE- 
MEMBER: The objective is to have a 
unit that will provide better signals than 
the best tuner is expected to capture. 
Hence the purist approach. 

The Residual 38kHz Signal 
Now the problem of reducing the resid- 

ual 38 -kHz signal was staring at me. In 
order to Make the decoder under test 
rely on the 19 -kHz signal for sync, the 
38 -kHz signal had to be down by at least 
40 dB. This would also improve the dis- 
tortion seen in the composite signal. The 
designed method of obtaining a null bal- 
ance of the stereo generator could not 
come close to the requirement. Be- 
sides, there was a peculiar distortion in 
the composite waveshape that could not 
be straightened out. Once again, it was 
discovered that the filter coils were pick- 
ing up radiation, this time from the oscil- 
lator coils, T2 and T3! Reversal of the 
primary and secondary windings of T3 
reduced the induced radiation slightly. 
The next idea was to try to create bal- 
anced and opposing fields around L5 and 
L6. Finally, relocating the T3 coil pro- 
vided the desired effect. The location for 
the maximum null occured at the screw 
location for terminal board R. See Fig. 1. 
So these two items were swapped. Now 
the induced 38 -kHz was minimized to an 

New diodes Balance pot disconnected Original location of L3 Leads reversed 

Fig. 1 -38 -kHz transformers, low-pass filter coils, and modulator diodes. 

Fig. 2-The effective r.f. shielding. 

This socket now 

RF output 

Output Input (flat) Input (pre -emphasis) 

Fig. 3-Stereo generator front panel where the new jacks were added. The R F OUT 
socket was disconnected and the r.f. signal was brought out through the BNC con- 

nector labeled "I F MARKER." 
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acceptable value. See Fig. 8. It is 40 
dB below 0.4 volts rms at the Compos- 
ite/Audio Output jack. 

The next item to come under scrutiny 
was the switching diodes. Since an ac- 
curate shape of the composite signal was 
still not being achieved, the diodes were 
examined. They were found to have dif- 
ferent-forward voltage drops, and it was 
determined that the 10-k pot, R54, was 
included for balancing purposes. Also, 
the filters had to be adjusted to different 
positions, depending upon what audio 
frequency was being fed through in order 
to achieve a maximum amount of sepa- 
ration. 

A new circuit was devised, and special 
matched -pair diodes were purchased. 
These were the Fairchild FA 2310 E 
units. The imbalance between the two 
diodes was guaranteed to be no more 
than 1 mV. Note the way the diode pairs 
are wired. See Figs. 4 and 12. This is 

done so as to bring the audio point as 
close to ground as possible, and minimize 
the residual 38 -kHz signal without any 
need for an adjustment. The circuit is so 
connected that on one half of the cycle, 
the 38 -kHz signal is shorted across the 
coils. When the diodes conduct, the 
audio point is effectively grounded. Dur- 
ing the opposite half cycle, the diodes do 
not conduct, and the audio signal passes 
into the filter. Unlike the previous cir- 
cuit, this one allowed a clean composite 
signal to be generated for any frequency 
between 5 Hz and 15 kHz. See Figs. 5a, 
6a, and 7. At last, one setting of the filter 
coils worked for all audio frequencies! 

THE CONNECTIONS TO PINS I a 4 AND S - 3 ON 03 SERE REVERSED TO PROVIDE 

CANCELLATION OF THE RADIATED FIELDS 

Fig. 4-Showing diode wiring. The con- 
nections to pins 1 and 4, 2 and 3 on T3 

were reversed to reduce hum. 

The filters were not adjusting prop- 
erly. The slugs had to be screwed out 
too far for proper response. Elimination of 
C23 and C25, and changing C27 from 
430 pF to 100 pF resulted in a filter cap- 
able of providing the proper shape to the 
base line of the composite signal. See 
Fig. 4. It is necessary to adjust the fil- 
ters so that the base -line deflection is 

no more than 1/1000 of the other chan- 
nel signal swing in order to achieve 60 
dB of separation. See Figs. 5b, 6b and 7b 
for the results. Due to circuit irregular- 
ities, some compromise must be made on 
maximum separation at one frequency, 
vs. equal separation at all frequencies. 
To see these results, you need a high - 
quality scope, capable of handling wide 
signal swings without overloading. The 
scope must be on d.c. coupling, or the 
flat base line will sag causing misleading 
results. 

The 19 -kHz Signal 
The 19 -kHz signal was the next item 

to come under examination. It was dis- 
torted. This problem was also partially 
solved by the reorientation of the oscilla- 
tor coils. Another improvement in the 
distortion occurred as a result of put- 
ting a 180-k resistor in series with the 
padder adjustment, Cll. The biggest 
benefit of the series resistor was the 
reduction of the amplitude of the pilot 
signal, without having the trimmer 
almost ready to fall apart. With the pilot 
level pot all the way up, the trimmer is 

adjusted for a level of 10 per cent of the 
full signal swing. (100 per cent modula- 
tion of full signal swing occurs with 0.86 
volts rms being fed into the external 
audio jack. The output is 0.4 volts rms.) 
It is important that the pot be in the 
wide open position when making align- 
ment checks of the separation portion 
of the stereo decoder. Any other position 
causes an unknown amount of phase 
shift which destroys separation. Turning 
the signal down is valuable only for 
determining when the decoder will no 
longer sync with the generator. 

To get proper control of the phase for 
the left and right channels, the 19 -kHz 
phase -shifting networks must be mod- 
ified. The Phase Test, Right and Left 
signal 19 -kHz phase -shift networks are 
all referenced to the signal coming from 
L4. The Phase -Test position provides a 
19 -kHz signal in phase with the 38 -kHz 
reference point. The generator provides 
a ±45 -deg. phase shift for the left- or 
right -channel signals. When the decoder 
doubles the 19 -kHz signal to 38 -kHz, the 
phase shift will become ±90 deg. For 
ease in measuring while aligning the gen- 
erator, the reference from L4 is used. It 
becomes imperative that no phase shift 
through R25 and R26 should occur. 

To make the modification, (1) con- 
nect a 150-pF capacitor across R26. This 
balances the capacitance encountered by 
the wire leading from the switch to the 
grid of V3 -B, (2) Replace R27 with a 5-k 
pot, and (3) C9 with a 1-nF padder in 
parallel with a 680-pF capacitor. Connect 
the scope horizontal to the 19 -kHz signal 
coming into the phase -shift network, and 

the vertical to the grid of V3 -B. The 
scope will display a straight line on a 45 - 
deg. slope when the value of the 150-pF 
capacitor is correct. ( Use 10:1 probes, as 
the probe capacitance of a 1:1 unit is suf- 
ficient to give you false readings. The 
scope must be of sufficient quality to en- 
sure that no phase shift occurs when the 
vertical and horizontal amplifiers are at- 
tenuated in the uncalibrated mode. This 
condition is easly checked by putting 
both probes on the same signal. The re- 
sult will be a straight line if the phase 
shifts are equal or nonexistant. See Fig. 
8.) Don't go past here until you are satis- 
fied that the line is straight. 

Switch the Mode to the Left channel 
and adjust the pot for a 45 -deg. phase 
shift. Then switch to the Right channel 
and adjust the padder for a 45 -deg. phase 
shift in the opposite direction. 

For in -phase signals, the cosine of 0 - 
deg. =1.0, and for a 45 -deg. phase shift, 
the cosine of 45 deg.=0.707. Assuming 
that the scope is adjusted so that the 
widest part of the loop is 10 units long, 
and centered about the horizontal axis, 
the portion of the horizontal axis inside 
the loop will be 7.07 units long, when 
the phase shift is 45 -deg. Care must be 
taken to get the pattern centered verti- 
cally before taking the horizontal meas- 
urement. See Fig. 8. 

With the ticklish left -right reference 
business done, it is now an easy matter 
to align the phase setting with the 38 -kHz 
oscillator. Modulate the generator with 
400 Hz at 0.86 volts. Put the mode switch 
in Phase Test. Turn the pilot carrier pot 
all the way up. Check the 10 -per cent 
carrier adjustment and reset if necessary. 
Adjust L4 for minimum deflection in the 
center -line, or base, of the composite sig- 
nal. See Fig. 8b. A slight compromise will 
probably have to be made to balance the 
upper and lower portions of the base 
line. 

In order to prevent any loss of separa- 
tion in the r.f. section, the modulati^ 
control has to be bypassed. The pot has 
been reconnected as a load resistor. Also, 
the Deviation -Sweep Width -Audio Level - 
Composite Level, (modulation level) con- 
trol must be in the wide open position. 
Any other setting will introduce high -fre- 
quency losses that will completely invali- 
date the stereo separation. 

The frequency response of the r.f. 
modulator was checked out using a Tek- 
tronix Wave Analyzer and a chart of Bes- 
se] functions. The results demonstrated 
that the r.f. modulation is flat up to 75 
kHz. No changes needed here! This is 
adequate to transmit a good stereo signal. 
What it really means is that the signal 
you see at the composite audio output 
you can expect to see at the detector of a 
high -quality, properly aligned FM tuner. 
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In order to have equal amplitude sig- 
nals for stereo left or right or center as 
compared to mono, the audio attenuator 
was changed. It was also relocated so 
that the signal would come from the 
external audio input jack. The audio at- 
tenuator is made up of the 620 -ohm and 
220 -ohm resistors. The sum of these two 
resistors (840 ohms) works with the 12-k 
ohm pre -emphasis circuit. If you wish to 
change the amount of attenuation of the 
monophonic signal, keep in mind that 
the sum of the two resistors should be 
about 840 ohms if you do not wish to 
change the values in the pre -emphasis 
circuit also. 

In order to test frequency response of 
tuners and multiplex units, a second 
audio input jack was added. It is wired 
in series with the first input jack. When 
the audio is plugged in here, an RC net- 
work is introduced that provides the 
necessary 75 -µsec. pre -emphasis for FM 
broadcasting. When using this jack, stay 
with the 0.86 -volt input. The output at 
low frequencies will be down 20 dB from 
100 per cent modulation, increasing to- 
ward 100 per cent modulation as the 
audio test frequency is increased. If you 
increase the low-frequecy amplitude to 
achieve 100 per cent modulation, then 
the high frequencies will be overmodu- 
lated, causing no end of grief for most 
tuners. 

To obtain a wider swing in the sweep 
mode, point F has been removed from 
the filaments and reconnected to a volt- 
age divider which is connected between 
one of the power transformer secondary 
high -voltage leads and ground. 

In order to keep local stations sup- 
pressed during the tests, the supplied 
twin lead was scrapped in favor of a 75 - 
ohm coax, hence the BNC jack in the i.f. 
Marker position. To match the cable to 
the 300 -ohm input of most tuners, a half - 
wave stub can be used. The half -wave 
stub should be 4 ft. 3 in. long for fre- 
quencies around 100 MHz. 

The only way that a signal should be 
able to get into the tuner is via the an- 
tenna cable. However, the whole front 
of the stereo generator was alive with 
r.f., resulting in totally unpredictable 
control of the signal strength. 

A strong source of r.f. radiation was 
coming from the tuning knob. An r.f. 
shorting bar had to be installed over the 
shaft of the r.f. tuning capacitor. In spite 
of the original grounding of the shaft, it 
acted like an antenna. This is because 
the ball bearings, rolling in grease, do 
not act as an efficient r.f. conductor. 
The shorting bar is just a piece of soft 
metal from the bottom of a can, with a 
hole punctured in it. The edges of the 
hole have been torn back. The bar has 

400 Hz 
500 µsec/div. 

Fig. 5a-vert, 100 mV/div. 
Fig. 5b-vert, 5 mV/div. 

(60 dB separation) 

1 kHz 
200 psec/div. 
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Fig. 6a-vert, 200 mV/div. 
Fig. 6b-vert, 5 mV/div. 

(54 dB separation) 

5 kHz 
100 usec/div. 

Fig. 7a-vert, 500 m/V div. 
Fig. 7b-vert, 5 mV/div. 

(54 dB separation) 

Fig. 8-Residual 38 kHz at the Composite - 
Audio jack when no signal is present. 
Vertical scale, 2 mV/div; horizontal, 10 

µsec/div. 
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Fig. 9a Fig. 9b 

Fig. 9a shows the correct phrasing of the 19 -kHz signal; Fig. 9b is incorrect. First: check 
the Phase -test position-the resultant curve should be straight and at a 45 -deg. angle. 
With the scope adjusted so that the horizontal portion of the trace is 10 units long 
and centered vertically, the distance inside the loop along the horizontal centerline 
is measured. For a 45 -deg. phase shift, it should be 7.07 units long. "A" is very close 
to this value, but the distance in "B" is slightly longer. 
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been forced over the tuning capacitor 
shaft. This forces the fingers to press 
against the shaft and ground it. Holes 
were drilled in the shorting bar to accom- 
modate the capacitor mounting screws. 

While the radiation was reduced, it 
was by no means gone. It was finally 
noticed that there was a gap between the 
r.f. oscillator shield and the front panel. 
Filling the crack with wire braid (work- 
ing it all the way around the three sides 
of the shield box) eliminated the front 
panel radiation. See Fig. 2. 

To help guarantee that a poor -quality 

tuner would not pick up any signal from 
the power line, another filter capacitor 
was connected from the incoming line to 
ground. It is connected at the outer lug 
of the fuse. The capacitor value is 5-nF, 
600 -volt, mica. The fuse was another of 
the early modifications, more to protect 
the shop from fire than the instrument 
from self destruction. The power cord 
was also shielded with wire braid and 
covered with a plastic sheath. It is con- 
nected to the chassis with one of the ter- 
minal mounting screws located near the 
power cord entrance. 

Some attempts were made to obtain 
reasonable results from the r.f. attenua - 
tor switches. Different values of resistance 
and various grounding combinations were 
tried, and finally an attempt at shielding 
the switches from each other and the r.f. 
generator was made. Unfortunately, the 
switches are very capacitive with the 
result that attenuation relies upon phase 
shift, and not a straight loss as desired. 
Now these switches are left in the up 
position and an external r.f. attenuator 
box is used. 

(To BE CONTINUED ) 

Fig. 10a-Stereo generator output at Composite -Audio jack, 400 -Hz signal. The 19 -kHz pilot carrier is set to the required 10% modula- 
tion. The lack of straight base lines shows the degree of 19- and 38 -kHz phase inaccuracy. The phasing adjustment was set for reasonably 

matched closure of both upper and lower baselines. Fig 10b clearly shows that each baseline has both a straight and a curved portion. 
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Fig. 11-Basic schematic of Heathkit Stereo Generator. 
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Sony announces the final step in the 
evolution of the condenser microphone. 

Here is the first professionally engineered microphone series designed for the 
audiophile and semi-professional: The Sony ECM. 

The result of continuing research in the state-of-the-art by Sony engineers, the Sony 
ECM (Electret Condenser Microphone) outperforms dynamic microphones costing 
three to five times as much. They possess vastly superior transient and frequency 
response, greater dynamic range, significantly lower d stortion, and increased 
sensitivity. 

The Sony ECM series is simply beyond comparison in performance, design, crafts- 
manship, and price to any other instrument on the market today. 

The ECM -19B enables the home recordist to bring ou 
the full potential of his tape recorder with the kind of per 
formance only a condenser microphone can provide. Comes with desk 
stand, swivel -mount for standard mike stand, 1.5 -volt dry battery, 
and 10 -foot cord with mini plug. Price-only $29.50. 

The ECM -21, also for the home re- 
cordist, is ideal for rock groups who 
want high -quality PA performance at 
a budget price. Comes with swivel - 
mount desk stand, wind screen, 1.5 - 
volt dry battery, and 20 -foot two - 
conductor shielded cable. Price-only 
$49.50. 

The ECM -22, the electret version of the 
famous Sony C-22, is designed for the semi- 

professional as well as the home recordist. 
No other microphone in the world offers so 

much performance for your dollar. Comes with 
swivel -mount, stand adapter, wind screen, vinyl 
case, and 20 -foot cadmium -bronze, two -conductor 
shielded cable. It also incorporates a three -position 
switch for on or off, and to select either flat fre- 
quency response or frequency response attentu- 
ated 6 dE per octave below 200 Hz. Price-only 
$99.50. 

Test the new Sony ECM Series at any one of more 
than 5,500 Sony/Superscope dealers from coast -to - 
coast. They're the end! SONY, St/PEß. COPE® 

You never heard it so good.® 

17)1970 Supeecdoe, Inc., 8144 Vineland Ave., Sun Valley, Cali'. 91352. Send for free catalog. 
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Introducing... 
The Stereo 

"Deceiver" 

It, looks straightforward enough. But, the clean front panel 
of the new Sony 222 FM Stereo/FM-AM receiver hides a 
simple, but effective circuit. A tuner section sensitive enough 
(2.0uV for 30dB quieting) to bring in even the weakest 
stations free of distortion. An amplifier that puts out 24 
watts IHF at less than 0.8% distortion both channels operating 
into 8 ohms. Plenty of power. And a frequency response of 
20 to 50,000 Hz + 3dB for clean reproduction from the bottom 
to the top of the audible spectrum. 

The Sony 222 is devoid of frills. But all of the essentials 
are there-even a few essential extras like speaker selector. 
switch, a signal strength meter, a high filter, a stereo 
indicator light and a stereo headphone jack. 

Now the grand deception. The S149.50* price which 
includes the walnut case. It's far less than you would expect 
to pay for such performance. It sort of makes purchasing 
the Sony 222 a rather straightforward decision. 
Sony Corporation of America, 47-47 Van Dam Street, Long 
Island City, N.Y. 11101 Suggested List* 

SONY 222 FM STEREO/FM-AM RECEIVER 
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the recording studio DR. DONALD HUNSBERGER 

THE DEVELOPMENT OF professionally 
equipped and operated recording 
studios in music schools through- 

out the United States has been a recent 
and most vital addition to the training 
of the performing musician. The record- 
ing studio has been integrated into tra- 
ditional music education quite rapidly, 
considering the rather slow acceptance 
of many other technological advances 
afforded the educator during the recent 
emphasis on scientific development. 

In most instances the resident engineer 
and the studio fulfill varied needs in the 
daily life of the music school: recording 
of recitals and concerts, and similar doc- 
umentation which maintains the perfor- 
mance history of the institution; playback 
of concerts, both for the individual 
performers and the massed ensemble; 
duplication of recorded material for class- 
room use (as in language laboratories ), 
for individual use by the student in 
remedial theory instruction, for reference 
use by outside institutions in evaluating 
a student's performing ability; classroom 
recording services for writing skills pro- 
grams; and, frequently, the operation 
and maintenance of sound reinforcement 
systems as well as playback equipment 
situated in faculty offices and studios. 

*Eastman School of Music 

The photo above shows the Eastman. 
Wind Ensemble recording on stage 
of Eastman Theatre using quadra- 
phonic microphone set-up. Micro- 
phones being used are Neuman U 
47's and U 67's. Distance from rear 
mies to stage mies approx. 40 feet. 
Dr. Hunsberger conducting. 
These widespread demands for record- 

ing services have created a conspicuous 
need for professionally trained sound 
engineers. Never before have opportu- 
nities existed for professional -level engi- 
neers and technicians in educational insti- 
tutions. To overcome some of this lack of 
trained personnel, the Eastman School of 
Music established a Recording Workshop 
in 1967 as part of its Summer Session 
institute training area. 

The Recording Workshop offers two 
one -week courses in basic recording tech- 
niques, in both studio and location 
format, set-up procedures for all types 
of ensembles, basic through advanced 
experience in mixing techniques plus 
instruction in the electronic properties of 
recording and playback equipment. Phil 
Ramone, executive vice-president of A & 

R Recordings, Inc., and David Greene, 
director of quality control for A & R, are 
the guiding forces behind this pedagogi- 
cal program. Professional ensembles, 

assembled for the Arranger's Laboratory - 
Institute held concurrently with the 
Recording Workshops, provide varied 
types of recording situations including 
combos, large studio orchestra and dance 
band. Recitals and concerts of the East- 
man School Summer Session are also 
recorded by Workshop participants. Dates 
for the 1970 Workshops are July 20-24 
(Basic Recording Techniques) and July 
27-31 ( Recording Workshop) . 

The Eastman School Recording Studio 

The Recording Services Department at 
Eastman is operated by Harry R. Ritchie 
with the assistance of several student em- 
ployees. Mr. Ritchie is a former Director 
of Recording for both the United States 
Marine Band, Washington, D. C. and the 
Sound Department of Washington Cathe- 
dral. The studio utilizes a custom solid- 
state console by Suburban Sound, Beth- 
esda, Maryland, with 16 channels in, 
simultaneous 4 and 2 out, or, 8 and 2 

dry out; a Scully 280-4 tape recorder plus 
Ampex tape recorders for 2 -track, full - 
and 34 -track tapes; Maclntosh monitor 
amplifiers; AKG, Altec, and Neuman 
condenser microphones, and, Altec 604 E 
and A7 Voice -of -the -Theatre speaker sys- 
tems. 
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IN A TDK LASS BY ITSELF 
Today there are only a few cassette tapes in the world that are 

completely reliable; but among those there again is one, and only one 
cassette that is a true leader, that alone stands out with its low signal-to- 

noise ratio, with practically 
no hiss or distortion, 

and truly worthy 
of the name 

"stereo high fidelity". 
The TDK Super Dynamic 

cassette tape is truly 
in a class by itself. 

I 

TDK's exclusive new 
patented magnetic 
material and coating 
techniques give you 
a cassette tape with 
heretofore unheard- 
of frequency 
response from 
30-20,000 Hz, a signal- 
to-noise ratio of 
better than 55dB and extremely wide dynamic range; and with TDK 
there is virtually no head wear. 
The SD cassette mechanism is manufactured by TDK with the same 
care and quality control that is used in the tape itself. The result is a 
smooth running and virtually jam -proof construction. 
Compare a TDK SD -Cassette with the present brand you are using. 

We know you will be amazed at the difference. 

TDK Cassettes are available at leading audio dealers everywhere. 

TDK World's 
leader in tape technology since 1932. 

TDI< ELECTRONICS CORP. 
NEW YORK LOS ANGELES CHICAGO 

Check No. 29 on Reader Service Card 



The Studio and the Large 

Ensemble Program 

Critical analysis of one's performance 
and participation in massed or chamber 
ensembles constitutes an important facet 
of growth and development for the per- 
forming artist. As a firm believer in this 
tenet, 'I make frequent use of taping and 
playback of both rehearsals and perfor- 
mances, to provide insight into musical 
problems such as interpretation, balanc- 
ing of melodic lines and harmonic struc- 
tures, development of rhythmic solidity, 
tonal colorations, and so on, and possible 
solutions to these problems. While em- 
ploying these recordings basically for the 
musical development of the young per- 
formers, it is also possible to present 
information which contributes to the 
technical knowledge of the player; thus, 
Mr. Ritchie is called upon to discuss 
topics such as characteristics, patterns, 
and placement of microphones relative to 
producing the recorded sound of a theatre 
versus a studio; speaker characteristics; 
ensemble seating variations, and the like. 
The experience of being recorded must 
be a total one and each performer must 
become aware of what the microphone, 
mixing console, and tape machine can do 
for him as well as what it is capable of 
doing to his detriment. 

The studio should function as a re- 
search laboratory as well as a documenta- 
tion or reproductive center. An example 
of an extended series of recordings and 
experiments in recording will serve to 
illustrate the close relationship between 
the recording studio and the ensemble 
program. 

A Spatial -Music Concert and a 

Quadraphonic Recording 

Henry Brant, composer -in -residence at 
Bennington College, was invited to the 
Eastman School to present a program of 
his spatial ( geographically -separated) 
compositions with the Eastman Wind 
Ensemble on March 24, 1969. Coin- 
cidentally, Acoustic Research, Inc., was 
undertaking a series of experiments in 

quadraphonic recording, and the Brant 
concert was recorded in this mode. The 
combined experience of creating live spa- 
tial music along with a recording based 
on geographic areas of sound generation 
produced a most interesting session for 

the performers, the engineers, and subse- 
quent audiences. 

Among the works on the March 24 

program was Mr. Brant's Antiphony I, 

scored for five separated ensembles, each 
with its own conductor. This work was 

conceived with a basic ensemble on the 
stage portion of the hall ( two versions 

of this ensemble exist: a string ensemble 

64' 

CLARINET CHOIR 

GROUP III 2U' ( MEZZANINE 

GROUP II GROUP IV 

144' 

52' 

GRAND BALCONY \OM ES 

MEZZANINE 
ORCHESTRA 

GROUP I 

STAGE 

Fig. 1-Plan of Eastman Theatre 

LODGES 

GRAND 
BALCONY 

or a clarinet choir, the latter used in this 
performance). The other groups were 
distributed in this fashion. 

Group I 
Piccolos, oboes, E -flat clarinet 

Uppermost portion of the top 
balcony 

Group II 
Muted trumpets, muted trombones 

Left side of the Loges 

Group III 
Horns 

Mezzanine level, with bells pro- 
jecting out over the front railing 
into the orchestra seating area 

Group IV 
Timpani, chimes, melodic keyboard 
percussion instruments 

Right side of the Loges 

All players faced their own conductor, 
who in turn, faced the stage area to re- 
ceive entrance cues from Mr. Brant, who 
was conducting the clarinet choir. To 
accomplish this, Mr. Brant conducted 
facing the audience while the members 

of clarinet choir sat facing him with their 
backs to the audience. 

The aural effect of the five widely - 
separated groups was exemplified by the 
high woodwinds in Group I which were 
located at the very top of the grand 
balcony, approximately 80 feet above and 
behind the audience. This was a true 
demonstration of a live spatial effect, in 
that members of the audience experi- 
enced not only high frequencies of sound, 
but also the illusion of height being pro- 
jected from the location of the sound 
source. 

The recorded effect in four -channel 
reproduction also provided a gratifying 
sense of direction of sound source. A 
plat of the Eastman Theatre, with the 
location of microphones in relation to 
the five groups and the audience, will 
help to explain further the basic physical 
distribution of performers and equipment. 
See Fig. 1. 

During the week following the concert 
with Mr. Brant, the Eastman Wind En- 
semble presented a program of more 
traditionally -oriented music which was 
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BACK TALK 
When it comes to building sound equipment from the inside out, you could call us the 
component company. You see, we're one of the few tape deck manufacturers who make all 
our own critical components - from heads to motors and most of the electronics. 
After all, who knows better than we do what it takes to make a TEAC? 

For instance, our heads are hyperbolic, not conventionally rounded. This means more 
intimate tape contact, less tape tension, better sound reproduction. Hyperbolic heads are the 
shape of things to come - and the only kind we'd think of using. 

Meanwhile, we still buy outside parts for certain purposes. The ones we buy, 
we buy because they're the best. The ones we make, we make because they're the best. 

And most of the time, we've got it made. 

TEAC 
TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 

Check No. 31 on Reader Service Card 



also recorded in the quadraphonic mode; 
an edited version of the two concerts was 
prepared and presented to recording in- 
dustry representatives as demonstration 
of two- vs. four -channel recording. 

During the past year further experi- 
mentation was carried out by the East- 
man Recording Services Department with 
various ensembles of the Eastman School. 
The most recent recording was made on 
March 12, 1970, and again involved the 
Eastman Wind Ensemble in the Eastman 
Theatre. This session resulted in an ex- 
perimental quadraphonic recording which 
was presented as part of the first four - 
channel broadcast from a single source 
(AR has been sponsoring four -channel 
broadcasts over two stations in Boston 
since last fall). Following this broadcast 
over WNYC in New York, the tape was 
played at the March meeting of the New 
York Section, Audio Engineering Society, 
devoted to discussion of quadriphonie 
recording. 

The Studio and the Classroom 

In addition to the reproduction of re- 
hearsals and concerts for analysis by the 
performers, the recording studio plays an 
important role in classroom activities of 
the music student. The theory depart- 
ment, where the student is trained to 
develop his aural comprehension and 
writing skills, utilizes the studio to pre- 
pare dictation tapes both for classroom 
playback and for individual remedial 
study by the student. Most theoretical 
training begins with the analysis, dicta- 
tion and writing of four-part chorales, 
particularly those of Bach. By recording 
chorales on four tracks, with the soprano, 
alto, tenor, and bass voices isolated each 
on its own track, playback procedures 
may be programmed to offer almost un- 
limited combinations of dictation possi- 
bilities. (With the average playback deck 
in the classroom being ii- or %-inch stereo, 
a mixdown from four to two tracks with 
a prepared programmed teaching syllabus 
enables the theory instructor to realize 
the benefits of multitrack recording on 
his two -track machine). 

As the theory class progresses from 
recreative writing skills to original com- 
position or arranging, good use may be 
made of actual classroom recording and 
playback as well as more extensive in- 

volvement of the full facilities of the 
recording studio for highly sophisticated 
recording problems. 

Orchestration Analysis 

An exciting adaptation of multitrack 
recording and playback becomes evident 
in orchestration and composition study, 
and in analysis and styles courses. It 

would be possible, for example, to utilize 
a twelve -track mixer and recorder to trace 
the development of orchestration tech- 
niques by simultaneously recording each 
orchestral voice or section on its own 
isolated track. ( This procedure is used 
daily in recording techniques, but the 
end result is a mix -down into mono or 
stereo mode.) The instructor would then 
play back the tape and isolate or high- 
light any particular voice desired. In a 

simulated demonstration the original 
score would appear in the form shown in 
Fig. 2. 
The orchestral voices are recorded thus: 

Track Orchestral voice 
1 Flutes 
2 Oboes 
3 Clarinets 
4 Bassoons 
5 Horns 
6 Trumpets 
7 Trombones 
8 Timpani 
9 Violins I 

10 Violins II 
11 Violas 
12 Celli/Bass 

The page of full score would have 
marked areas which illustrate a particular 
orchestration situation. For example, if 
one wished to illustrate the orchestration 
of an early classical symphony, staves 

Flauti. 

Oboi. 

Clarinetti in A 

Fagotti. 

Corni in E 

Trombe in E. 

4s' 

(and tracks) 1, 3, 6, 7, and 8 would be 
blacked out. By adding staves 6 and 8 
( and tracks 6 and 8) the features of out- 
door performance would now be present. 
If one wished to demonstrate the classical 
wind serenade band, he would use tracks 
1, 2, 3, 4, and 5. It is easy to visualize 
the tremendous possibilities inherent in 
this form of technological adaptation into 
traditional music study. Unfortunately, 
too many schools do not possess either 
the equipment or the trained personnel to 
make their recording studios meaningful 
participants in the daily lives of their 
students. 

Conclusion 

The time has arrived when the record- 
ing industry must join forces with educa- 
tional institutions to find ways to educate 
the ever-increasing number of persons 
necessary to provide professional -level 
sound recording and technical assistance 
in music schools, fine arts centers, sec- 
ondary schools, and university campuses. 
The versatile sound engineer, equipped 
with both a musical education (theory, 
history, and actual performance) and 
engineering skills related to acoustics, 
circuitry analysis, and equipment main- 
tenance, will fill a definite need in 
the educational processes of today and 
tomorrow. Æ 

2) 1 a1N-;r 
L 

Alto. 
Tenor,.1 

Tromboni. 
Basso. I 

Timpani in E.H. 

Violino I. 

Violino II. 

Viola. 

Violoncello. 

Basso. 

C' 

Fig. 2-Score from Schubert's Symphony in B minor 
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The AR-2aX: 
an evolutionary 
new speaker 
system. 

1970 AR -2a' 

1964 AR-2aX 

1959 AR -2a 

1957 AR -2 

,, r 

The AR -2 series of speaker systems made by Acoustic Research has 
long been considered a standard of high-fidelity performance where 
cost requirements made technical compromise necessary. The best 
speaker system in the series, the AR-2aX, was the result of a series of 
refinements of the original AR -2. The most important such change has 
probably been the conversion of the older unit to a three-way system. 

Now, the AR-2aX has been changed to incorporate the same two 
speakers as are used in the AR -5 for reproduction of the lowest and 
highest frequencies (the AR-2aX midrange speaker remains the same). 
Both of the new speakers are among those most recently designed at 
Acoustic Research. 

The high -frequency unit is the same miniature hemispherical device 
as is used in the AR -5 and AR -3a, and is only 3/4 -inch in diameter. 
It is the best high -frequency speaker we know how to make. The 
low -frequency speaker cone uses a newly developed material and 
process of manufacture which make its absorption of high frequencies 
very high, suppressing a form of coloration frequently found in 
conventional cones its size. The circular suspension ring around the 
cone is also of a new material, silent and highly stable. The voice -coil 
is a new high -temperature design, triple -insulated and wound on a 

form of Dupont Nomex. 

We believe that the AR-2aX is now equal or superior to any 
commercially produced speaker system except the AR -5 and AR -3a. 
We base this judgment on its lack of distortion, wide bandwidth, 
reliability and uniformity of both on -axis and total energy radiation. 

Detailed measured performance data for the AR-2aX is available. Prices are 
$109 to $128 depending on cabinet finish. 

Acoustic Research, Inc. 
24 Thorndike Street. Cambridge, Massachusetts 02141 

Check No. 33 on Reader Service Card 
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How to recognize a 
stacked deck. 

No matter how elaborate your home stereo 
sound system is, it's incomplete without a 

tape deck. And Sony/Superscope brings you 
the most complete line of stereo tape decks 

in the world. Decks that fit all pocket- 
books, that suit particular systems, that meet 

specific needs. And every Sony/Superscope 
deck-regardless of price-is the finest money 

can buy. Each instrument is flawlessly 
crafted, with rigorous testing at every step 

of construction. Then each instrument 
undergoes a complete series of quality - 
assurance tests-performed by skilled 
technicians at one of the most modern and 
sophisticated tape -recorder test facilities in 
the world. So you may be sure that the 
Sony/ Superscope product you purchase will 
give you years of trouble -free service. 
The Sony/Superscope deck that's exactly 
right for you is at your dealer's now. 

SONY SUPER COPE, 

You never heard it so good.® 
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THE WONDERFUL WORLD 
OF 

INTEGRATED CIRCUITS 

INTEGRATED cmcurrs have not found 
wide application in audio circuitry 
to date, although they are in the 

process of revolutionizing the digital com- 
puter industry. Because of the size of the 
computer industry, IC manufactures have 
concentrated their efforts on developing 
digital IC's rather than units suitable for 
audio use. Some audio units have been 
made available, but until recently their 
cost has made them too expensive for all 
but the most exotic applications. 

NOTES 

While the author describes the 709 - 

series of IC's in the DIP -14 (dual in - 
line plastic) package, they are also 
available in the 8 -lead TO -5 type 
package, which some may prefer. For 

their information, the pin numbers of 
both types are shown in the diagram 
below, and the corresponding numbers 
are shown in the table. 

DIP -14 pin 
numbers 

1 (not used) 
2 (not used) 

TO -5 pin 
numbers 

3 1 

4 2 

5 3 

6 4 

7 (not used) 
8 (not used) 
9 5 

10 6 

11 7 
12 8 

13 (not used) 
14 (not used) 

335 
305 DIA. 

i 
INDEX 
POINT 

DIP -14 

8 LEADS 

0116 
DIA. 

TO -5 Type 

EDWARD J. GATELY, JR. 

To be suitable for audio use an IC must: 
1) Have a cost under $2.00 in 100 

quantities. 
2) Have an output voltage swing of 

10 volts rms. 
3) Have an input noise comparable to 

presently available low -noise tran- 
sistors-at least -125 dBm when 
used as a microphone preamplifier. 

4) Have a slew rate of 1.7 volts/ 
microsecond. Slew rate is a mea- 
sure of a circuit's ability to follow 
large rapidly changing signals; a 

high value is required if the cir- 
cuit is to deliver maximum output 
voltage at high frequencies. 

5) Have a power output of at 0.5 
watts when used as a 600 -ohm 
line driver (+24 dbm). 

6) Have a minimum open loop gain of 
at least 10,000 (80 dB) . 

A recent survey of the Integrated Cir- 
cuit market indicates that the Fairchild 
0.709, Motorola 709 series, and Sig- 
netics N5709 units meet all of the above 
requirements except numbers 4 and 5. 

For most applications, the slew -rate 
limitation can be designed around and 
where appreciable power is required, it 

can be obtained by buffering the IC 
output with a complementary emitter -fol- 
lower circuit. 

The 709 -series Integrated Circuits are 
operational amplifiers featuring a differ- 
ential input operating from a plus and 
minus 18 -volt bipolar power supply (or 
a 36 -volt single -voltage power supply) . 

They will deliver 10 volts rms into a 
10k -ohm load. When used as a micro- 
phone preamp their noise is consistantly 
below -127 dBm; a performance equal 
to the best low -noise transistor circuitry. 
When operated as a unity -gain amplifier 
their slew rate is 0.25 V/µsec which 
limits the pass band to 2.5 kHz at 10 
volts output or 1.6 volts output at 20 
kHz. However, when operated at a gain 
of 20 dB a full 10 volts output can be 
obtained at 10 kHz. Open -loop gain of 
these units is 45,000 or 93 dB. Since 
audio circuits rarely require a gain of 

more than 40 dB from a gain module, 
more than 30 dB is available for negative 
feedback. This, combined with the in- 
herent linearity of IC devices, means 
that distortion is rarely above 0.1 per 
cent at 10 volts output. When com- 
mercial temperature ranges (0° to 75°C ) 
and plastic packages are accepted, 709 - 
series devices are available at $1.85 in 
hundred quantities, and $2.80 in single - 
quantity orders. 

Figures 1 through 10 show the appli- 
cation of one of these 709 -series devices 
to the most commonly encountered audio 
circuits. The Motorola 1709CL was 
specifically chosen because of its wide 
availability at reasonable cost, and be- 
cause of its 14 -pin DIP package. This 
package is generally easier for the new 
IC experimenter to work with. It is 

recommended that all circuits be con- 
structed using a 14 -pin DIP IC socket. 
Suitable ones are available from Barnes, 
Augat, Cinch, and others. 

Within reason any bipolar power 
supply can be used up to 18 volts which 
is the design maximum for ICs. Exact 
bipolar balancing is not required; how- 
ever if serious symmetrical clipping is to 
be avoided, the supply should be bal- 
anced within 10 per cent. For the 
beginning experimenter, it is recom- 

INPUT 

GAIN K GAIN OR RIN RFG R3 C1 C2 R4 

1 0 10 K 10 K 1.5 K 5.000 pF 200 pF 1 K 

10 20 10 K 1N K 1.5 K 500 pF 20 pF - 

100 40 10 K 1 MEG 1.5 K 100 pF 3 pF - 

1,000 60 10 K 10 MEG - - - - 

Fig. 1-Typical inverting amplifier. 
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Every studio has its 
own ups and downs. 

No two studios look alike in size, shape and 
location of speakers-in acoustic environment. So 
naturally no two studios look alike in frequency 
response either- in acoustic response. 

REOUENCV IN HZ FREQUENCY IN'HZ 

Miniomi MUM=fga 
=aaENN11RlEsii=====_.:':= «AM= - -- BEa£- 
___ =MBiUMsa =3== 3l41á= 

aaER» 
=leMlllN= 

3aaGJlaá3--_. 

_- aa ilfil;:a._ 
s'==mmil#IQEE=ZçcçMa:iiiiMM= áe2!llfi,lfllff= 
_==Ez=iiiiMMil!l::iiii:i:= 

You hear different sounds in Studio A than in 
Studio B. 

Acousta-Voicing® takes the ups and downs out 
of studios. 

Acousta-Voicing makes all studio monitors 
alike as far as the sounds you hear from them at 
your ears. 

Highs and lows are in perfect balance 
with mid -ranges. 

Acousta-Voicing doesn't remove any of the 
usable program material. 

Instead, it takes all the over -emphasized fre- 
quencies and equalizes them with all the normal 
responding tones in the room. 

. . _ FREQUENCY IN HZ Acousta-Voicing lets 
you hear exactly what 
was recorded when 
tracks are played -back. 

You hear the same % 

sounds in all studios. 

---_ .'Bila -- --- -- ==s3glNlss 
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Acousta-Voicing is performing 
major studios. 

Just some of the places Acousta-Voicing is per- 
forming include Century Records, Capital, Univer- 
sal/Decca Recording Studios and the Academy 
Awards Theater. 

And recently Brendt Albright, the Administra- 
tive Engineering Manager at Universal/Decca 
Recording Studios, told us, "Finally we have a single 
reference point of perfect sound to work from in all 
our recording studios...Acousta-Voicing takes the 
educated guesswork out of balancing tracks." 

Here are some Acousta-Voicing specifics. 
Acousta-Voicing is the only sound equalization 

system of its kind to use calibrated, fully -adjustable, 
critical, bandwidth, band rejection filters. 

This allows each loudspeaker to be individually 
tuned in the room where it's installed. So the sound 
quality is vastly improved. So the sounds you hear 
from all your studio monitors are identical. 

at many 

Now you can give artists exactly 
what they want. 

Acousta-Voicing produces honest sounds 
-because it's the only accurate way to neutralize 
acoustical environments in all studios. 

Acousta-Voicing retains these honest sounds 
all the way to the final track-because equalization 
can be performed at various stages along the way 

without having to go back to the original recording 
room. 

Acousta-Voicing frees your studios for more 
recording dates-because time-consuming dub - 
downs are eliminated. 

A QUALITY COMPANY OF LTV LINO ALTEC. INC. 

Get a free demonstration of 
Altec Acousta-Voicing right in your own studio. 

To: Altec Lansing, 1515 South Manchester Ave. 
Anaheim, California 92803 Attn: A-6 

I'd like to have a free demonstration of 
Altec Acousta-Voicing in my studio- including 
a frequency response curve that will show me 
all the ups and downs. Please have an Altec 
Sound Contractor contact me to set up a dem- 
onstration date. 

Please send me your free Acousta-Voicing 
literature. 
NAME 

POSITION STUDIO 

ADDRESS PHONE 

CITY STATE ZIP 

Altec Acousta-Voicing. 
For the perfect balance of sound. 
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The Marantz Component. 
Now everybody can afford one. 

Until last year the least -expensive 
Marantz FM stereo tuner you could buy 

cost as much as $750.00 ! 

Today, Marantz tuners are available in 
other than very -high price ranges. And 

so are other Marantz components. True, 
you can still invest well over $2000.00 in 

a Marantz system, but now we have 
components starting as low as $259. 

Though these lower -priced models do not 
have every unique Marantz feature, the 

quality of all models is exactly the same. 
Marantz quality. And quality is what 

Marantz is all about. 
Take our tuners for example. You 

will find the Marantz Model 23 AM/FM 
stereo tuner attractively priced at 

only $259. Looking for a great Tuner/ 
Preamplifier? Look at the Marantz Model 

24 AM/FM Stereo Console. Just $339. 
Need a prearnp/amp? Consider the 

Marantz Model 30 Stereo Amplifier 

e 
it t N-1 tvietty timer 

w e 
N 

r- - Alone 
Ip 

OYE 

,,, 

Console.120 watts RMS (180 watts IHF). 
Yours for only $395. In the market for a 
superior power amplifier? Shop for the 
Marantz Model 32 with 120 watts RMS 
(180 watts IHF). Only $295. 

And for those who want the ultimate 
Marantz system, we offer: the Model 33 
Stereo Console, the Model 16 Stereo 
Power Amplifier with 200 watts RMS 
continuous (300 watts IHF), and the 
Marantz custom -calibrated Model 20 FM 
Stereo Tuner. Total price-$1440 
plus speakers. 
Every Marantz component, regardless of 
price, is built with the same painstaking 
craftsmanship and quality materials. 
That's why Marantz guarantees every 
instrument for three full years, parts and 
labor. Except speakers. They're guaran- 
teed for five years. 
Your local dealer will be pleased to 
demonstrate Marantz systems. Then let 
your ears make up your mind. 
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INPUT 

GAIN X GAINER RIN RFB R3 CI C2 

2 6 10K 106 1.56 2,5002E 1000F 

10 20 106 100K 1.56 5000F 202F 

100 40 1K 1006 1.56 100pF 32F 

1000 60 IN 1 MEG - - - 

OTE: WHEN CONNECTED FOR 6 B GAIN, LEW RATE IS 

0.5V IpS LIMITING OUTPUT AT 20 OHO TO 3.2V. 

Fig. 2-Typical non -inverting amplifier. 

INPUT 
15052 

UTC 
01 

C2 

GAIN X GAIN dB RFB R3 CI C2 

100 40 ION 1.5 K 10000F 500E 

1000 60 100N 1.5 N 1000F 5pF 

Fig. 3-Microphone preamplifier. 

INPUT 1 

INPUT 2 

INPUT 3 

INPUT 4 

INPUT 5 

INPUT 6 

INPUT 2 

INPUT 

INPUT 9 

INPUT 1 

10 

I0 

10 

10K 

I0 

10K 

10 

10 

10 

GAIN X GAIN dB R3 CI C2 RFD 

I 0 1.50 5002F 20pF 10 6 

10 20 1.56 1002F 3pF 1006 

100 40 - - - 1 MEG 

OTE: KEEP RE (STANCE BETWEEN POINT A AND 

GROUND EQUAL TO IK OHMS IF LE S THAN 

IO INPUT ARE USED. MAY BE ACCOMPLISHED 

BY GROUNDING UNUSED INPUTS. 

Fig. 4-Mixer-amplifier. 

ILK 

--o OUTPUT 

21 F 

Fig. 5-Typical line amplifier. 

mended that diodes be placed in the 
positive supply line to guard against 
polarity reversals. One reversal usually 
destroys the IC permanently. 

Because of the large amounts of feed- 
back normally used with ICs, some means 
must be incorporated in the circuitry 
to ensure that they amplify rather than 
oscillate. This usually takes the form of 
compensation circuits. These are the 
small RC networks shown between pins 
3-12 and 9-10 in the 14 -pin package or 
between pins 1-8 and 5-6 in the 8 -lead 
TO -5 package. Compensation values have 
been worked out for each of the circuits 
shown. No problems with parasitic oscil- 
lations should be encountered if the leads 
to and from the compensation capacitors 
are kept short and the output lead is not 
routed near the input leads. Recently 
several ICs have been introduced which 
do not require external compensation net- 
works. To date these have been relatively 
expensive and have degraded slew rate 
specifications. It is hoped that these ob- 
jections can be overcome in the near 
future so that IC circuit designers will no 
longer have to compute compensation 
values for every different application. 

Operational amplifiers are normally 
supplied with a differential input stage. 
One of the two inputs is labeled invert- 
ing and the second non -inverting. This 
means, if the inverting stage is grounded 
and a signal applied to the non -inverting 
input, the output signal will be in phase 
with the input signal. Conversely if the 
non -inverting input is grounded and a 
signal applied to the inverting input then 
the output will be out of phase with the 
input signal. For identification purposes 
the inverting input is labeled with a 
minus sign and the non -inverting input 
is labeled with plus sign. 

Figure 1 shows the simplest possible 
IC audio amplifier. The gain of the cir- 
cuit is the ratio of Rob to R1,1. Although 
other values could have been selected, 
R244 is shown as 10k ohms as this would 
have negligible loading on a previous IC 
stage and still be a value which would 
minimize thermal -noise generation. To 
avoid slew rate problems when operated 

GAIN 25 dB 
42 

OUTPUT GREATER THAN .24 EBM INTO600{2 
WITH I0V. POWER SUPPLY. 

TI DISTORTION LESS THAN 0.5' AT .24 OBM. 

125(2.6004! 

IIF OUTPUT -o 
NOTES 

1 TI -UTE A-20. A-36. STANCOR A-4350 

2. TRANSISTORS QI AND Q2 MUST BE HEAT 

SINNED. USE THERMALLOV P N 2211 OR 

EQUIVALENT. 

as a unity -gain amplifier, R. attenuates 
the input signal by 20 dB and the 
amplifier then adds 20 dB of gain to 
make up for this loss. This attenuate - 
amplify technique is not required at 
gains in excess of 20 dB. 

When signals are obtained from phono 
cartridges, tape heads, input transform- 
ers, and similar devices an input impe- 
dance of 10 k ohms would be too low. 
Therefore the circuit shown in Fig. 2 
must be used. This circuit utilizes the 
non -inverting input which has an input 
impedance of about a megohm. A resistor 
of 100k ohms has been shown between 
this input and ground as it is customary 
to have a ground -return path. A 1-meg 
value could have been shown just as 
well. The user is cautioned that when 
operated at gains below. 20 dB, voltage 
output capability of this circuit at high 
frequencies is limited by slew rate. 

Figure 3 shows an application of the 
non -inverting amplifier to microphone 
preamp service. This 60 -dB configuration 
will give plenty of gain when used with 
dynamic microphones. The 40 -dB version 
is intended for use with high -output 
condenser microphones. Even with this 
reduced gain, preamplifier overload prob- 
lems could occur when high -output 
microphones are used in extremely close 
miking situations. Under these circum- 
stances a 30 -dB or even 20 -dB gain 
preamplifier circuit could have overload 
problems. 

Multi -input mixers and consoles re- 
quire a noise -free method of adding or 
combining many signals. When more 
than about six signals must be added, the 
loss through the mixing network neces- 
sary to avoid crosstalk and interaction 
leads to noise problems. If active mixing 
is employed these problems can be mini- 
mized. Active mixing is accomplished by 
use of an inverting amplifier and sum- 
ming the signals at the input. A circuit 
for active mixing is shown in Fig. 4. The 
action of the feedback is such that in the 
unity -gain connection the apparent (vir- 
tual) resistance between point A and 
ground is about 100 ohms. This relatively 
low resistance limits thermal noise, cross- 
talk, and input -circuit interaction. 

When 709 -series ICs are called on to 
deliver power signals, they just are not 
up to the job. However, by using this IC 
as a driver amplifier for a complimentary 
pair of emitter followers, an excellent 
0.5 -watt amplifier can be designed. The 
circuit shown in Fig. 5 is an example of 
such a design. Note the use of a parallel 
feedback network. Such a network ac- 
complishes the following: 

1) The inner feedback loop around 
the IC itself assures d.c. stabiliza- 
tion of the circuit as well as reduces 
distortion. 
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Our amazing new 
low-cost speaker 
is made with 
a revolutionary 
substitute for 
money: Brains. 

Two facts stand out about the new. 
Rectilinear XI bookshelf speaker: 

Its price is $69.50. 
And its sound is beautiful. 
In fact, it sounds quite respectable even 

in comparison with our top speakers, 
which cost three and four times as much 
and have been called the best in the 
woad. To be on the conservative side, 
let's say the Rectilinear XI sounds like 
an exceptionally fine $135 speaker: 
A year or two ago, a speaker like this 

would have been just about impossible. 
Every manufacturer knew that inexpen- 
sive speakers were supposed to sound 
mediocre, so that's how they made 
them, give or take a few sales features. 

Luckily, our young engineers are some- 
what naive about these things. All they 
know is physics, mathematics, electron- 
ics and acoustics. As far as they're con- 
cerned, a correct crossover frequency 
costs no more than an incorrect one. 
The right distance between the drivers 
no more than the wrong one. Proper 
phasing no more than improper. And so 
on, down the line. They act as if they 
believed that at least seventy-five per- 

cent of speaker design is knowledge, 
not money. 
So they specified a 10 -inch woofer, a 

3 -inch tweeter, a choke, a capacitor 
and a volume control. They put these 
into a 23" by 12" by 101/2" cabinet and 
fussed and fussed. Without any pre- 
conceived notions as to how good or 

bad such an austere design should 
sound. They stopped only when they 
could no longer improve the perform- 
ance. 
The result is a $69.50 speaker that not 

only covers the range from 45 to 17,000 
Hz without peaks or harmonics but also 
has extremely low time delay distortion, 
which is Rectilinear's chief criterion of 
speaker quality. 
What's more, the Rectilinear XI is a 

high -efficiency speaker. It can be driven 
to window -rattling levels with a puny 
10 watts. 

A triumph of brain over brawn, you 
might say. 

(For more information, including de- 
tailed literature, see your audio dealer 
or write to Rectilinear Research Corp., 
107 Bruckner Blvd., Bronx, N.Y. 10454. 
Canada: H. Roy Gray Co. Ltd., 14 Laid - 
law Blvd., Markham, Ont. Overseas: 
Royal Sound Co., 409 N. Main St., Free- 
port, N.Y. 11520.) 

Rectilinear XI 
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found 
GDecór Myles 

Dr. Y. F. Yeh, Singapore, has Acoustech amplifiers and a Dyna 

FM tuner built from kits. The turntable is a Thorens and the 
cartridge is a Stanton 581. Tape -recorders are a Revox G36 
and an A77. The speakers (not shown) are JBL 002's in 

Apollo enclosures. 

Steve Golub, New York, is 23 and has 
a very exotic looking installation which 
includes a Sony TA -2000 amplifier and 
ST -5000W tuner, C -M 35D amplifier, 
Revox A77 tape deck, Transcriptors 
turntable with Shure V-15 cartridge. 
The speakers are Electro -Voice Marquis 
enclosures with 12 TRZ's. Steve is a 

drummer and records his own band on 
the Revox. 

Richard Stahl, Rochester, New York. A very nice 
installation with a Dynaco 120 amplifier, FM -3 

tuner, and PAT -4 pre -amplifier. The tape deck is a 

Tandberg 64 and the AR turntable is fitted with 
a Shure V -l5 cartridge. Two AR -3a speakers are 
against the opposite wall. On the right is Judy 
Stahl. As I said-a very nice installation. 

IIIIIIOIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
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ALP 

MODEL KW -8077 
... 6 heads 3 motors, 
automatic reverse 
record/playback, 
automatic repeat 
playback, solenoid -action 
micro -touch controls, 
search system, easy tape 
loading lever, 5 -step 
equalizer system, remote 
control (optional) 

E 3LES! 
TAPE D FC K S 

by F:EN\/VDDD 

MODEL KW -40E6...3 heaps, 3 speeds, low -noise silicon 
transistors in special recorder playback preamp for high 
signal-to-noise ratio and Vow distort.on, sound -with -sound, 
tape monitor switch 

MODEL KX-7010 ,.stereo cassette deck with 
exclusive r. cro-gap head for super or sound 
reprcducticn, pop-up cassette ejector, pause 
control. hi -filter switch, cual VU meter, 3 -digit 
counter with reset button 

For illustrated brochure and 
complete specifications write... \f 

MODEL KW -5065...4 heads, 3 speeds, record- 
ing bias adjusta,ent sy=_-:em, 400 Hz test signal 
oscitatar, soerc-on-sound/echo recordingw.th 
leve' control, rtise -inter, automatic shut-off 

the eoutel approach to quality 

KENWOQO 
15711 So. Broadway, Gardena, Caliicania 50247 
72-02 Fifty-first Avenue, Woodside, N w York 1377 
Exclusive Canadian Distributor: Magnasonic Canada, Ltd., 

Toronto, Ontario: Montreal, Quebec, Vancouver, B.C. 

SEE KENWOOD'S (YEW PRODUCTS AT THE CES: NEW YORK HILTON, OGDEN NIASH SUITE 
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INPUT 

'SELECT Y. COMPONENTS TO BE WITHIN 1 dB OF RIRA CURVE. 

NOTE 1: THIS VALUE SELECTED TO ASSURE OVERLOAD GREATER THAN 

200,,V AT 1 kHz. DECREASE VALUE FOR MORE GAIN. 

Fig. 6-Magnetic phono pickup amplifier. 

NOTE 1 

NOTE 1 10K AND 1 MEG POTS ALLOW ADJUSTMENT TO CURVES FOR 31.. TI,, 

AND 15 IPS 

Fig. 7-Tape-head preamplifier. 

BASS 

100K 

REF DICK CRAWFORD. "INTEGRATED -CIRCUIT TOME -CONTROL STAGE" 

AUDIO. NOVEMBER. 1969 

Fig. 8-Typical tone -control stage. 

INPUT O 

OR 

kCa 

R 

'NETWORK - SEE NOTE 

1-O OUTPUT 

21íF 

NOTE: NETWORK FREQUENCY AND BOOST CUT 

CAN BE CALCULATED AS FOLLOWS: 

1 

2: RC OK 

NOTCH DEPTH 
1 NCO 

VALUES OF R AND OR S HOULD BE CHOSEN TO 

BE 10E OHMS OR ABOVE TO AVOID LOADING 

THE OUTPUT OF THE AMPLIFIER. 

Fig. 9-Peak-boost equalizer. 

Fig. 11-Boost and 
curves obtainable 
with the circuits of 

Figs. 9 and 10. 

+10 

+5 

-5 

-10 

500 1K 

FREQUENCY - Hz 

2) The outer loop reduces any distor- 
tion in the output stage. 

The output transformer is returned to 
the negative power lead to assure that 
the output electrolytic capacitor is volt- 
age -stressed properly. 

If an output transformer having an 
impedance ratio of 125:8 ohms were 
used in place of the one shown this 
amplifier would make a fine 0.5 -watt 
speaker amplifier. For cueing or similar 
applications this amplifier would be ideal. 

Phono pickup and tape -head amplifiers 
are similar to the non -inverting circuit 
shown in Fig. 2 except that the feedback 
loop contains the necessary reactive com- 
ponents to accomplish the required 
equalization. Typical circuits are shown 
in Figs. 6 and 7. 

Equalization circuits for signal con- 
ditioning vary from simple tone -control 
circuits to elaborate peak -boost or -dip 
amplifiers. A typical tone -control stage is 
shown in Fig. 8. This circuit is 'adapted 
to the Motorola 1709CL from a circuit 
by Dick Crawford published in the 
November, 1969, issue of AUDIO. Most 
professional applications of equalizers re- 
quire much -more -flexible equalizers than 
the common tone -control type. Figure 11 
shows two peak -type boost curves and 
one peak -type dip curve which are 
typical of curves frequently encountered 
in professional applications. A peak boost 
of about 6 dB at 3 kHz will be used 
frequently to sharpen up dialog. When 

L_ _J 
FOR NETWORK VALUES 
SEE NOTE ON FIG. 9. 

Fig. 10-Dip equalizer. 

10 

200VF 

5K 10K 50K 

such equalization is used on a vocalist, 
the singer sounds as though he or she 
was 6 feet in front of the orchestra. 

Peak boosting can be accomplished by 
using a series-resonent circuit in the 
feedback loop of an amplifier. Since cir- 
cuits using audio -frequency chokes are 
subject to various ills, the LCR circuit is 

usually replaced with a bridged "T" net- 
work. The formulas for calculating the 
values of this network for various fre- 
quencies and notch depths are given on 
Fig. 9. 

To obtain dip -type curves, the same 
networks are inserted between the signal 
source and the non -inverting input of 
the amplifier. Professional program equal- 
izers often provide equalization whose 
boost or cut can be stepped in 2-, 4-, 6-, 
or 12 -dB steps. On the high end, peak 
frequencies may be selected at 1.5, 3, 5, 
10, or 15 kHz At the low end of the 
spectrum additional peak frequencies of 
40 and 100 Hz may be offered. 

In this article we've shown all the 
common audio -signal -processing circuits 
adapted to IC circuitry. Integrated cir- 
cuits are equally adaptable to the circuit 
requirements in other audio components 
such as tuners. Before many more years 
go by, all good audio equipment will be 
built around these new devices exten- 
sively. The next time you need a spe- 
cialized circuit to solve a special require- 
ment, why not use one of the IC circuits 
shown here? You'll be amazed at the 
simplicity of application compared with 
discrete -component circuits. 

Suggested for further reading: 
1) Ralph Gittleman "Applications of 

the Audio Operational Amplifier to 
Studio Use."-JAES 

2) Dick Crawford "Build An Inte- 
grated Circuit Tone Control Stage." 
-AUDIO Nov. 1969 

3) James N. Giles, Fairchild Semicon- 
ductor "Linear Integrated Circuits 
Applications Handbook." 
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Tune in stations 
electronically, far more 

precisely than you could 
ever tune by hand! 

While all other receivers are 
boasting about their two tuning 
meters, oscilloscopes, words that 
light up, and various other devices 
to help you tune in stations more 
accurately, we at Fisher have 
quietly been equipping all our best 
receivers with simplified push- 
button, automatic tuning. 

AutoScan® is a purely 
electronic tuning system with no 
moving parts. Devices called 
varactor diodes are used to lock in 
stations at their most powerful, 
most distortion -free tuning point. 
This is accomplished auto- 
matically, at the touch of a button. 

Press one of the AutoScan 
buttons and the next FM station 
on the dial is brought in. Press 
the other, and the 
entire dial is scanned 
automatically. 

In a report on 
Fisher AutoScan, Audio 
magazine stated what 
our engineers already 
knew: 

"Station lock -in is 
flawless. That is, when 
the AutoScan stops on 
a station it stops on 
the exact 'center' of 
that channel. 

"AutoScan is 
probably more accu - Fisher Remote Control 

AUJÖSCAY 

I I I 

rate in tuning to center of desired the crystal filters tuned to 
channel than can be accomplished average operating conditions in 
manually." some competitive receivers. 

As a bonus, a remote control That is one of the reasons why 
unit is included with the Fisher the 450-T will bring in more FM 
450-T, so you can tune from across stations than other, equally 
the room. Of course, standard sensitive receivers. (2.0 µV.) 
manual tuning is also provided. The price? No more than other 

Power enough for two receivers. receivers you have to tune in 
The 450-T delivers 90 watts person. 

into each 8 -ohm channel. A total of $399.95. 
180 watts in all. 

With that much power, r- 
and with the controls on the 
450-T, you'll be able to drive 
two sets of stereo speakers, 
and select to hear either or 
both at any given time. 

Our L/C circuits 
are more selective than 
ordinary crystal filters. 

To make certain 
that the FM section 
will be highly 
selective, the 
450-T incorporates Address 
specially designed 
IF circuitry. City State Zip 

Because of 
its unusually 
high Q, this type 
of L/C circuit, 
when individually 
aligned, is 
measurably more 
selective than 

Mail this coupon for your free 
copy of The Fisher Handbook, 
1970 edition. This reference 
guide to hi-fi and stereo also 
includes detailed information 
on all Fisher components. 

Fisher Radio 
11-35 45th Road 
Long Island City, N.Y. 11101 

Name 

The Fisher. 0306701J 
OVERSEAS AND CANADIAN RESIDENTS PLEASE WRITE TO 
FISHER RADIO INTERNATIONAL, LONG ISLAND CITY, N.Y. 11101. 

PRICES SLIGHTLY HIGHER IN THE FAR WEST. 
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Listen. 
It's tomorrow. 

If you don't know anything 
about stereo, the new JBL 
Aquarius is easy to explain. 

If you know a lot, it's going 
to take a little longer. 

There are seven new JBL 
Aquarius speakers. They 
range from a very modest 
cost to very expensive. 

They're a new sound. 
Environmental sound. (Close 
your eyes and those beautiful 
new speakers go away.) 

Is it better than directional 
sound? No. It's different. All 
the lefts and the rights are gone. 
No ping-pong. 

Is it different from omnidirec- 
tional sound? Yes. And it's better. 

And, you can put Aquarius 
where you want it. Like a painting 
or a print or vase. It doesn't care 
about walls or 45° angles. All 

the engineering is inside. 
Play it softly. The sound 

goes more places. 

Ask your favorite 
high fidelity specialist 

about "point source" 
and the "radial diffraction 

slot" and "overlapping 
frequencies." That'll shake him up. 

Then listen to Aquarius. Every- 
thing you hear is true. 

Aquarius by JBL. 
The next generation. 

James B. Lansing Sound, Inc. 3249 Casitas Avenue, Los Angeles, 90039 
A division of Jervis Coporation 
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Transistor Oscillators NORMAN H. CROWHURST 

N A PREVIOUS ARTICLE, we developed 
a feedback oscillator with high sta- 
bility and limited frequency range, 

the essential features of which are re- 
peated at Fig. 1. Transistor Ql is the 
high -gain stage utilized for oscillation, Q2 
is a phase splitter, Q3 a saturating tran- 
sistor that controls positive feedback, Q4 
a d.c. amplifier controlling the saturating 
transistor, and Q5 an emitter follower to 
isolate the control -voltage rectifier from 
the main output. 

This circuit gives a sinusoidal output 
signal of 4.5 volts peak to peak, using a 
supply of 16 volts. When I designed this 
circuit, I wanted a larger signal than this, 
without having to use a larger supply 
voltage, so the next problem was to am- 
plify this to an adequate, stable magni- 
tude, without distorting it. 

One method is to use another phase 
splitter (Fig. 2) in which the emitter 
load produces a duplicate of the input 
4.5 volts peak to peak, and the collector 
produces an enlarged version. If the col- 
lector resistor is double the emitter re- 
sistor, the signal voltage will be doubled, 
to 9 volts peak to peak. 

As the signals at emitter and collector 
are in opposite phase, the two must be 
additive, in terms of the total load re- 
sistance, 180 + 360 in the values shown. 
So the total swing is 4.5 + 9 = 13.5 volts 
peak to peak. This is cutting it fine, from 
a 16 -volt supply, but with careful biasing 
of the transistor it may be possible. 

If the transistor has a mean beta of 
100, with limits 70 and 140, the emitter 
resistor will reflect at the base as a mean 
value of 18K, varying from 12.6K to 
25.2K. To allow margin for this opera- 
tion, the emitter needs to be biased to 
+3 volts (a little more than half 4.5 
volts) and the lower resistor in the base 
can be 4.3K, to swamp the base input 
variations. 

The average value from base to ground 
will be 18K in parallel with 4.3K, or 

3.5K, varying from 3.2K to 3.67K. Using 
a 15K resistor from supply plus to base, 
will set the base voltage at an average 
of 3.5/18.5 times 16 volts, or 3 volts, the 
required value, with variation from 2.8 

to 3.15 volts, which remains just about 
workable. 

.01 

180 

r 

:2.7K 

.01 

10K 

T 

500 

10K 

500 

18K 56 

180 

1K 15.1K `100 

27K 
0.1 

0.1 

180K 

Q5 

OUTPUT 

4.5V p -p 

s 

1 

Fig. 1. The basic, stable oscillator, developed in the previous article, that forms the 
starting point for this one. 

1 

INPUT i 
4.5 p -p 

Fig. 2. A stage that gives a stable gain of 
2:1, with well -stabilized operating posi- 
tion. It is limited to an output less than 

two-thirds of supply voltage. 

The drop in the collector resistor will 
be double that in the emitter, an average 
of 6 volts, varying from 5.6 to 6.3 volts. 
Extreme values of beta will cut the oper- 
ational margin fine, to say the least. 

A bigger output swing could be 
achieved, if the emitter did not subtract 
the input swing from it, which leads to 
the notion of eliminating the emitter re- 
sistor (Fig. 3 ). Here, the relative ampli- 
tude of output against input is obtained 
by negative current feedback from col- 
lector to base. 

INPUTi 

4.5V p -p 

+16V 

Fig. 3. A method of getting a bigger out- 
put swing, not much less than supply volt- 
age, peak to peak, but in this simple form, 
stability of operating point is a problem. 

We have assumed the transistor has a 

beta of exactly 100. The 200K bias re- 

sistor will provide exactly 80 microamps 
base current, causing the d.c. collector 
current to be 8 milliamps and collector 
voltage 8 volts. Now, the 0.1 /IF and 
18K provides a.c. feedback. Here it is 

easiest to figure in peak volts: 13.5 volts 
peak to peak is 6.75 volts peak. The total 
collector load is 1K in parallel with 18K 

( assuming no other load for the moment) 
or 950 ohms. 
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Hi-Fi Projects for the Hobbyist 
by LEONARD FELDMAN. Easy -to - 
build projects include: rumble filter, 
noise filter, high -gain antenna, tran- 
sistorized microphone preamp, etc.. 
Also explains how to improve exist- 
ing high fidelity systems and how 
to check them out to determine 
whether performance is optimum. 
Order 20222, only $2.95 

Tape Recording for the Hobbyist 
2nd Edition; by ART ZUCKERMAN, 
Provides many practicai ideas for 
using the tape recorder. Includes 
tips on microphones, sound effects, 
candid recordings, tape editing, 
synchronizing sound on film, home 
video tape recording, tape and re- 
corder maintenance. 
Order 20583, only $3.95 

SAMS BOOKS for the AUDIOPHILE 
AUDIO CYCLOPEDIA (Second Edition) 

by Dr. Howard M. Tremaine 
4 Complete Audio Reference Library in a Single Volume! 

This is the most, comprehensive work on audio-virtually a complete reference 
litrary in a single volume. Fully covers every phase of the subject, including 
all the latest developments, right down to the newest solid-state and inte- 
grated circuits. Contains authoritative, concise explanations of thousands 
of topics in the fields of acoustics, recording, and reproduction. Each subject 
is located instantly through a unique section and paragraph numbering 
system. Supported by over 1600 illustrations. More than 1700 fact -packed 
pages, covering over 3400 topics. Order 20675, only... $29.95 

tH-Fi Stereo Handbook. 3rd Edition 
by WILLIAM F. BOYCE. Completely 
updated edition of a comprehensive 
classic on high fidelity. Includes a 
wealth of material on transistor cir- 
cu_try, stereo components, latest re- 
cording techniques, and a number 
of recent developments in hi-fi and 
stereo reproduction of interest to 
the audiophile. 
Order 20565, only $5.50 

Tape Recorders-How They Work 
2nd Edition; by CHARLES WESTCOTT 
& RICHARD DUBBE. Fully explains 
the principles of magnetic record- 
ing. Covers mechanisms and com- 
ponents; describes the various types 
of gape recorders. Explains test pro- 
cedures and how to make them. A 
valuable reference for recordists. 
Order 20445, only $4.50 

Tape Recorder Servicing Guide 
by ROBERT G. MIDDLETON. Explains 
in clear fashion how to repair all 
types of tape recorders. Describes 
the magnetic signal transferring cir- 
cuits as well as the usual electronic 
circuits. Also covers all types of 
mechanical problems. 
Order 20748, only $3.95 

I- 

How to Build Speaker Enclosures 
by ALEXIS BADMAIEFF & DON DAVIS. 
Provides a wealth of both theoreti- 
cal and practical information for the 
construction of high-performance 
speaker enclosures for quality music 
systems. Includes detailed drawings 
and instructions for building a vari- 
ety of exceptional -quality speaker 
enclosures. 
Order 20520, only $3.50 

Record Changers-How They Work 
by LOUIS M. DEZETTEL, l'ì'oVid(s 
basic information on record chang- 
ers, describing motors and their 
differences, cartridges, and needles. 
Includes installation procedures, 
and data on how to upgrade chang- 
ers for use with better cartridges. 
A readily understandable book. 
Order 20661, only $3.95 

Record Changer Servicing Guide 

by ROBERT G. MIDDi.1., I ON. Provides 
a full understanding of record 
changers-the various systems em- 
ployed, how they operate, and how 
to troubleshoot and repair record 
changer defects. A thoroughly prac- 
tical guide to record changer repair. 
Order 20730, only .. $3.95 

HOWARD W. SAMS & CO., INC. 
Order from your Sams Distributor today, 
or mail to Howard W. Sams & Co., Inc., Dept. AU -6 
4300 W. 62nd Street, Indianapolis, Ind. 46268 
Send me the following books: 

20675 20445 20730 
20565 20661 20222 
20520 20748 20583 $ enclosed 

Name 

Address 

City State Zip 
-J 
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A peak voltage of 6.75 across 950 ohms 
requires a signal current from the tran- 
sistor's collector of 6.75/950 = 7.1 milli - 
amps. This means, with a beta of pre- 
cisely 100, that the base input signal 
must be 71 microamps. The signal current 
through the 18K feedback resistor will 
be 6.75/18K or 375 microamps. So the 
total signal input at the base needs to be 
375 + 71 = 446 microamps. 

The available signal voltage input is 

4.5 volts peak to peak, or 2.25 volts peak. 
This sets the input resistor at 2.25 volts/ 
446 microamps or 5.05K, which is pretty 
close to a preferred value of 5.1K. 

This circuit will work fine, if the tran- 
sistor's beta is precisely 100. From the 
a.c. point of view it is not too critical: 
the feedback factor is 446/71 = 6.3, or 

about 16 dB. But for the d.c. operating 
point, it is extremely critical. For betas 
of 70 and 140, the 80 microamps base 
current will yield collector currents of 
5.6 and 11.2 milliamps, which will change 
the collector voltage from its nominal 8 

volts, to 11.4 volts and 4.8 volts respec- 
tively. More than a volt deviation from 
the nominal 8 -volt operating point is not 
permissible. 

This could be improved a little, by us- 
ing d.c. feedback from the collector to 

the base. Figure 4 shows one way, al- 
though the decoupling is not necessary, 
because the d.c. feedback being less than 
the a.c., it can be figured as part of it. 

However, looking at it this way enables 
the two to be treated separately, and the 
a.c. feedback calculations for Fig. 3 can 
stand for this circuit. 

The easiest way to figure this arrange- 
ment for d.c. is to regard the transistor 
as a resistor, controlled by its beta. If the 
beta is 100, its resistance is the d.c. 
feedback resistance of 100K divided by 
100, or 1K, so collector voltage is half 
supply voltage, or 8 volts. If beta is 70, 

the transistor's d.c. resistance is 100K 

divided by 70, or 1.43K, and collector 
voltage rises to 9.4 volts. If beta is 140, 

the transistor's d.c. resistance is 100K 

divided by 140, or 175 ohms, and col- 

lector voltage drops to 6.7 volts. This is 

still an unacceptable deviation for this 

purpose. 

Figure 5 shows a way of providing am- 
plified d.c. feedback for such a stage. Ql 
is the original amplifying stage, while Q2 
and Q3 provide d.c. feedback. First the 
d.c. must be isolated from signal. As we 
plan to use an 18K resistor for a.c. feed- 
back, reversing the positions of the 0.1- 
µF capacitor and this resistor allows the 
same pair of components to pick off a 

d.c. value, at the base of Q2. 

Transistor Q2 acts as an emitter fol- 

lower, direct coupled to the emitter of 
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Fig. 4. Changing the ci cuit 
of Fig. 3 to provide d.c. feedback, 
reducing the operating point 
variation with transistor beta. 

transistor Q3, whose collector current 
thus follows the emitter current of Q2. 
Transistor Q3 has its base coupled to a 

mid -voltage reference point, which thus 
controls the emitter voltage of Q3. The 
only variation of the collector voltage of 
Q1 from the mid -voltage value is due to 

the drop in the 18K resistor, plus any 
variation due to the base current of Q3. 

First assume Ql and Q2 both have a 

beta of 70, combined gain 4900. For Q1 
to have a collector current of 8 milliamps, 
its hase current must be 114 microamps, 
and the base current of Q2 needs to be 
1.6 microamps. The drop in 18K is about 
30 millivolts. Now assume they both have 
a beta of 140. Q1 base current must be 
57 microamps, and base current of Q2 
must be about 0.4 microamp, so the drop 
in the 18K resistor is about 7.2 millivolts. 

With the base current of Ql thus con- 
trolled, the drop in the 10K resistor, due 
to base current from 57 to 114 microamps, 
varies from 0.57 to 1.17 volts, at the 
collector of Q3. 

The extremes of currentat Q3 base are 
0.4 and 1.6 microamps. With no current, 
the voltage is +8 (half supply) and the 

0/P 
13.5V. p -p 

Fig. 5. One way of 
providing amplified 
d.c. feedback to con- 

.trol operating point 
closely. 

1 5.1K INPUT 
I 4.5V p -p 

internal resistance as a voltage source is 

500K. The drop in voltage will vary from 
0.2 to 0.8 volts. This is the major cause 
of d.c. voltage variation. If it is too much, 
smaller resistors than 1 megs can be used. 

For the a.c. feedback, the base of Q2 
also shunts the feed through the 0.1-µF 
capacitor to the base of Ql. The resis- 
tance at the emitter of Q3 is 500K divided 
by the beta of Q3, which produces a 

minimum value of 3.6K. This reflects 
through the base of Q2, multiplied by 
the beta of Q2, which yields a minimum 
value of 250K. Obviously this is no seri- 
ous shunt to the base input of Q1, and 
lower values than 1 meg could be used 
for the voltage divider. 

The time constant formed by the 10-µF 
and the 10K -resistor is 0.1 second, which 
is the time it takes for the voltage at Ql 
collector to adjust to its working value, 
giving a high stability. 'It is otherwise 
decoupled from the collector circuit by 
the collector impedance of Q3. 

Another Approach 

This is one of many design approaches 
to a sine -wave generator, based on the 
use of frequency discriminating networks 
and gain control, in this case in the com- 
ponents of the circuit of Fig. 1. Change 
of frequency necessitates change of the 
circuit values in the base circuit of Ql in 
Fig. 1, where the values shown produce 
1600 Hz. 

And stability at its best is a sort of 
"bouncy" thing, because gain requires 
adjusting very critically, even though it 
is done automatically by d.c. feedback. 
If the gain is a whisker too high, ampli- 
tude builds up, if it is a whisker too low, 
it dies away. Only when amplitude has 
adjusted itself right, do the gain and am- 
plitude remain steady. 

(Continued on page 63) 
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The time is tomorrow. The name is TEAC. The machines are the Simul-trak`" Series TCA-40. 
And they're here today. 

This series of tape decks combines the best features of high -quality quarter -track, 
two -channel operation with four -channel stereo capability. It's the best of two worlds, 
in three versions, four channels. 

All three models feature four -channel stereo playback, as well as regular two -channel 
playback with auto reverse. What's more, Models 40 and 41 can be modified later to the 
full four -channel capability of Model 42, at moderate cost. Meanwhile, any one of 
these machines is compatible with your present equipment; no modifications or 
reassembly are necessary. 

So what are you waiting for? 
Simul-trak'" surrounds you with sound - and gives you a headstart on tomorrow. 

ANY NUMBER 
CAN PLAY. 

TCA-40 
' i -track, 2 -channel stereo playback, plus 4 -channel stereo 
playback (in -line) 

1/a -track, 2 -channel erase and record heads for future "step-up" 
Automatic reverse for uninterrupted playback of conventional 
2 -channel tapes 
Readily modified to TCA-41 or 42 

Built-in solid-state preamplifiers 
Ideal for duplication master or copy deck 

General Specifications 

Speeds - 71/2 and 384 ips 

Motors -1 hyst. sync., 2 outer rotors 
Wow and Flutter -0.12% @ 71/2 ips 

Freq. Response - -*3 dB 50-15,000 Hz @ 71/2 ips 

S/N Ratio - 50 dB 

Crosstalk - 48 dB 

TEAC 

TCA - 41 (Illustrated) 
1/4 -track, 2 -channel stereo playback, plus 4 -channel stereo 
playback (in -line) 
'/a -track, 2 -channel record 
Automatic reverse for uninterrupted playback of 2 -channel tapes 
Readily modified to future 4 -channel recording capability, or TCA-42 
Solid-state playback and record preamplifiers 
Off -the -tape monitoring selector 

TCA - 42 
' -track, 2 -channel stereo playback, plus 4 -channel stereo 
playback (in -line) 
1/4 -track 2 -channel stereo record and 4 -channel stereo record (in -line) 

Automatic reverse for uninterrupted playback of 2 -channel tapes 
Total of 8 separate solid-state playback and record preamplifiers 
Off -the -tape monitor selectors 

TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 



FABULOUS SUCCESSOR TO THE 
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FABULOUS SANSUI 2000 

MPX NOISE 
CANCELER 

SELECTOR 

PHON2.2 AM 

$299.95 can still go a long way in purchasing top notch high fidelity equipment. The exciting new 
2000A has a wide dial FM linear scale plus a sensitivity of 1.8µV(IHF)for pin -point station selectivity 
with a clean crisp signal from even distant stations. Its powerful 120 watts (IHF) will easily handle 2 
pairs of stereo speaker systems. The Sansui 2000A has inputs for 2 phonographs, tape recording 
and monitoring, headphones and auxiliary; and for the audiophile, pre- and main amplifiers may be 
used separately. Hear the new Sansui 2000A at your franchised Sansui dealer. 

S wet/ E4 r ® SANSUI ELECTRONICS CORP. 
Woodside, New York, 11377 Los Angeles, California, 90007 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan Frankfurt a.M., West Germany Electronic Distributors (Canada), British Columbia 
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The Best of Herbie Mann 
Atlantic Jazz Anthology SD 1544 

For its new Jazz Anthology series, 
Atlantic Records has departed from the 
conventional techniques that are prev- 
alent in most "best of" collections. It is 
clear that a serious attempt has been 
made to consider the output of each 
artist and select landmark recordings 
that deserve to be kept available. While 
the packaging effectively employs high - 
contrast photos in distinctive layouts, the 
two-color jackets provide a degree of 
production economy that has allowed for 
a more ample liner -note budget. The 
present set boasts a fine set of notes by 
Leonard Feather that traces the Mann 
career from its early days to the present 
and a discography that provides dates 
and personnel for each of the six numbers 
of the disk. The memorable performances 
include Memphis Underground, Philly 
Dog, A Man and a Woman, This Little 
Girl of Mine, and 1961 and 1965 versions 
of Comin' Home Baby. The recorded 
quality is variable, since it encompasses 
groups of varying sizes and in both live 
and studio sessions. But it is always ac- 
ceptable and frequently splendid. 

Performance: A Sound: A 

The Best of the Modern Jazz Quartet 
Atlantic Jazz Anthology SD 1546 

For the six pieces in this set, Atlantic 
has spanned a decade in the life of this 
group, beginning with the familiar 1956 
recording of Fontessa and concluding 
with a 1966 performance of Pyramid 
(Blues for Junior). The balance of the 
platter consists of Golden Striker from 
No Sun in Venice, Bag's Groove, Django, 
and Sketch. While none of the group's 
earlier work with Connie Kay's predeces- 
sor, Kenny Clarke, is included in this 
collection, what has been selected is 
certainly a deserving set of highlights 
from a notable series of recording tri- 
umphs. Leonard Feather, again, turns in 
a readable and informative set of liner 
notes, and the sound is rich, clear, and 
well separated. 

Performance: A Sound: A 

The Best of John Coltrane 
Atlantic Jazz Anthology SD 1541 

While Atlantic made a number of 
long playing sets with Coltrane in 1959 
and 1960, the great tenor saxophonist 
was under contract to another company 
at the later period of his career before 
his tragic death in 1967, and it is in- 
teresting to contrast Coltrane's early 
interpretations of Rodgers and Hammer - 
stein's My Favorite Things and his own 
Naima with his 1966 recordings of the 
same two works on Coltrane/Live at the 
Village Vanguard Again (Impulse 
A-9124). For many, the more concise 
framework of the earlier versions, to- 
gether with superior technical quality of 
the studio recording, would justify char- 
acterizing them as among Coltrane's 
"best." I, for one, would have to dis- 
agree. Fine as this set may be, Coltrane 
went through a complex spiritual re- 
orientation following the period of these 
earlier recordings, and there are depths 
of expression in his later work that can- 
not even be anticipated in the present 
set. It is, nonetheless, a worthy docu- 
ment. The balance of its contents are 
Coltrane's Giant Steps, Equinox, Cousin 
Mary, and Central Park West. 

Performance: A Sound: A 

The Best of Mose Allison 
Atlantic Jazz Anthology SD 1542 

While hardly a performer to be classed 
with Coltrane, the MJQ, Herbie Mann, or 
Eddie Harris, Allison is, nonetheless, a 
talented blues singer and pianist, and 
this collection, culled from five earlier 
albums, is a fine example of polished, 
modern blues singing at its very best. 
Neither the liner notes nor the sound on 
this disk are on quite the same plane as 
the earlier mentioned sets in this new 
series, but this recording does have lots 
of entertainment value, and it includes a 
full dozen blues, eight of them by Alli- 
son himself. 

Performance: A Sound: B 

The Best of Eddie Harris 
Atlantic Jazz Anthology SD 1545 

Spanning the years from 1965 to 1969, 
this set includes two unamplified tenor 
sax recordings by Harris, two with a 
Varitone amplified sax, and two with a 
Maestro amplifier. The variety of instru- 
mentation will hold well deserved inter- 
est for many listeners, but it is the 
consistently high musical standards of 
this artist that justify the inclusion of 
this reissue set in Atlantic's new series. 
Although his plugged -in horns haven't 
been around very long, Harris has fully 
grasped the tonal and expressive possi- 
bilities of each, and he uses them to put 
over thoroughly musical ideas with no 
suggestion of gimmickery. Included are 
Theme in Search of a Movie, Love Theme 
from "The Sandpiper" (The Shadow of 
Your Smile), and Harris' own Listen Here, 
Freedom Jazz Dance, Live Right Now, 
and Movin' On Out. 

Performance: A Sound: A 

Bill Black: Raindrops Keep Fallin' on 
My Head 

Columbia Stereo CS 9957 
For years now the Bill Black Combo 

has been recording for a local Memphis 
label called Hi. With the inexplicable 
increase in popularity of this musical 
style, the Black group has been snatched 
up by Columbia, and it is no doubt 
possible that broader distribution of their 
recording will now be assured. From this 
listener's viewpoint, more's the pity. I 
didn't like the Bill Black Combo before, 
and I can hear no improvement on their 
latest release. Their arrangements are 
deathly -dull conventional. The group 
plays with highly polished professional- 
ism, but that hardly seems like enough 
justification for such a campy collection 
of chestnuts. Unless you have developed 
that special variety of sophistication that 
finds the Memphis Sound a fresh new 
delight, you would be well advised to 
give this platter a wide berth. 

Performance: C Sound: B 
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Equipment 
Profiles 

Ferrograph Series 7 Tape Deck 

Elektra Amplidyne Equalizer 

Decca 4 -RC Pick-up and Arm 

Pioneer Reverberation unit 

55 

58 

60 

62 

Fig. 1 

MANUFACTURER'S SPECIFICATIONS: 

Maximum reel size: 81/4 in. Speeds: 71/2, 

33/4, Via ips. (Available with 15 ips in- 
stead of 1v/a.) Motors: Three. Wow & 
Flutter: Less than .08% at 7'/2 ips. Signal - 
to -Noise Ratio: Better than 55 dB referred 
to 2% distortion. Tone Controls: Continu- 
ously variable bass and treble controls 
for each channel applicable to playback. 
Inputs: Two per channel-Microphone, 
10 k ohms, 300 µV to 15 mV; Line, 2 

Megohms, 50 mV to 10 V. Outputs: 600 
ohms, 2 V; low-level, 300 mV into 10 k 

ohms or greater; loudspeaker, up to 10 
W into 8-16 ohms. Dimensions: 163/4 in. 
wide, 17'/2 in. high, 10 in. deep. Weight: 
491/2 pounds. Price: Chassis only, $599.00; 
walnut case, model 724A -W, $699.00; 
portable case, leather -cloth covered, 
model 724A -P, $699.00. (Also available 
in mono.) Imported from England by Elpa 
Marketing Industries. 

The Ferrograph Series Seven represents 
the first major change in the Ferrograph 
line in many years, and it is apparent 
that the changes are well thought out 
and long overdue. Along the top of the 
chassis are the carrying handle which re- 
tracts flush with the case when not in 
use, and a strip which contains all the 
input and output jacks, the fuses, a re- 
mote -controlled socket, and the power re- 
ceptacle, as shown in Fig. 2. The front 
panel is divided into four sections, with 
the upper one mounting the power switch 
and the mechanical speed -control knob, 
the two reel hubs, the digital counter, 
and the record button, which is a bar - 
shaped "button" in red, so as to be 
plainly visible. Among the numerous fea- 
tures in this unit are the reel -height 
adjustment screws, which permit mov- 
ing the reels inward or outward so as 
to wind the tape without its rubbing 
against the flanges. The reels furnished 

with the machine are aluminum -flanged, 
7 in. in diameter, and they have tape 
hold-down clamps in the hub which can 
be released by depressing the opposite 
end of the clamp through a hole in the 
flange. The speed for which the trans- 
port is set is observed through a window 
above the knob. The power pilot light 
is just below the speed -control knob, and 
another pilot "reset" light serves to indi- 
cate when the machine is ready by its 
absence. When the light is on, something 
is wrong, as when the mechanical speed - 
control knob is on one speed while the 
equalization -control is on another-a 
safety feature. When the red reset light 
is on, the motors will not run, and after 
correcting the problem, the FUNCTION 

lever must be moved to the STOP position 
to deactivate the relay which controls 
the reset light. 

The next section of the front panel ac- 
commodates the FUNCTION lever, a release 
button-which must be moved to allow 
the FUNCTION lever to be moved to the 
STOP, PAUSE and RUN positions. As the 
lever is moved from these positions to 
the FAST position, the release button locks 
the lever out of the operating positions. 
The tape -head assembly occupies the 
center portion of this panel, and on its 
right is the auto stop guide and the 
FAST control knob. When the function 
lever is in the FAST position, the two 
spooling motors are in series across the 
line with their junction connected to the 
arm of the control, while the ends of 
the potentiometer are connected across the 
line. Thus, all of the line voltage can be 
fed to either the rewind or fast -forward 
motor, providing control of fast spooling 
from full speed to slow enough for 
finding a desired spot on the tape for 
editing. 

The next section of the panel has, from 
left to right, the upper track microphone 
jack, the equalization selector (which 
must be in the same speed setting as 
the mechanical speed -control knob for 
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