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20Hz to 20,000 Hz. Despite this 
conservatism, the SX- 010 far 
surpasses any unit ever produced with 
an unprecedented 100 + 100 watts RMS 
at incredibly low 0.1% distortion. 
Closely following are -he SX-939 
(70 + 70 watts RMS) and the SX-838 
(50 + 50 watts RMS) both with less 
than 0.3°x® distortion. Due power 
supplies driving direct -coupled 
circuitry maintain consistent high 
power output with positive stab'lity. A 
fail-safe circuit protects speakers and 
circuitry against damage from 
overloading. 

receivers the world 
Pioneer believes that any objective 
comparison of quality/performance/ 
price between our new SX-1010, 
SX-939 and SX-838 AM -FM stereo 
receivers and any other fine receivers 
will overwhelmingly indicate Pioneer's 
outstanding superiority and value. 

The most powerful ever 
Pioneer uses the most conservative 
power ratl!ng standard: continuous 
power output per channel, with both 
channels driven into 8 ohm loads, 
across the full audio spectrum from 
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Outstanding specifications 
for flawless reception 
FM reception poses no challenge tc the 
e>fceptionally advanced circuitry of 
these fine instruments. Their FM tuner 
sections are designed with MOS FETs, 
ceramic filters and phase lock loop 
circuitry. The result is remarkable 
sensitivity, selectivity and capture ratio 
that brings in stations effortlessly, 
clearly and wit maximum channel 
separation. 

SX-1010 SX-939 SX-838 

FM Sensitivity (IHF) 1.7uV 1.8uV 1.8uV 
(the lower the better, - 

Selectivity 90dB 80dB 80dB 
(tie higher the better.) 

Capture Ratio tdB 1dB 1dB 
(tie lower the better) 

Sig lal/Noise Rat o 72áB 70dB 70d3 
(t le higher the b=tten 

Total versatility pl is innovations 
Cnly your listen ng interests limit the 
capabilities of these edraordinary 
receivers. They have terminals fo. 
every conceivable aommodaticr: 
rea)rds, tape, microp hones, head- 
set. - plus Dolt and 4 -channel 
multiplex adaptors. Ccmpletely 
unique on the SX-1010 and SX-939 is 
tane -to-tape duplication while 
listening simultaneously to another 
program source.. The SX-838 
in icvates with i -s Recording 
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The finest stereo i 
has ever known. 



There can 
be only 
one best. 

POWER 
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3.025 possit le tonal compensations with unique twin steppet tone controls 
(SX101 ), SK -939) 

SAectc' that permits FP/ recording 
w - ile listening to records and vice 
ve -sa. Up to three pairs of speakers 
nay be connected to each model. 

IMP JTS SX-1010 SX-939 SX-838 

T_fla mc nit( rí 4 -ch. 
japtpr 

3 2 2 

Pieno 2 2 2 

Miz;rophone 2 2 1 

Aux ii[ ar. 1 1 

Ncise reduction 1 1 

OUTPUTS 
cer.Fakets 3 3 3 

Tape Rec./4-ch. 
adaptor 

3 2 2 

Headsets 2 2 1 

Noise reduction 1 1 1 

4 -channel MPX 1 1 

SX-535 

y.y`yryyj 1ay4f,yL( IM 

Ile 'Mt 1N l. rnliiI I in1í.11luu..,':Ilrful'iftÌln:tl-- 

Master control system capability 
Pionee-'s engineers have surpassed 
themselves with a combinatioi of 
control features never before found 
in a sing -e receiver. All three units 
iicluce: pushbutton function selection 
with illuminated readouts on tie 
ultra wide tuning dial, FM and audio 
muting.. loudness contour, hi/low 
filters, dual tuning meters and a 
dial dimmer. 

Never before used on a receiver 
are the twin stepped bass and treble 
lone controls found on the SX-1010 
and SX-939. They offer over 3,C00 
tonal vaiiations. A tone defeat 
switch provides flat response 
instantly throughout the audio 
spectrum. The SX-838 features 
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SX-636 
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switches t pnove bass and treble 
controls fcr more precise tonal 
compensation for room acoustics and 
other pro; ram source characteristics. 

In tt e i respective price ranges, 
these are unquestionably the f nest 
values in sereo receivers the world 
has eve- known. Audition their 
unique-ess at yc ur Pioneer dealer. 
SX-1010 - $699.95; SX-939 - 3599.95, 
SX-838 -w499.95. Prices irc'Lde 
walnut cat inets. 

Also n BIV and more 
moderately priced. 
Pioneer's Host complete and ïnest 
line of 3c eivers ever, presents 
equally c 1 stanc ing values starting at 
$239.95. Shown iere are the 3X-535 
-$299., SX-636 - $349.95 SX-737 - $399.95. All with walnut cao nets. 

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

CID P Ì O N EER* 
when you want something better 



That white line of dirt was scooped 
up from deep within the record's 
grooves by . Some "record clean- 
ers" only push record dirt and de- 
bris around. Not . Others (the 
silicone based ones) gloss over the 
surface and hide the dirt left behind. 
Again, not . That's because . is 
chemically formulated to solubi- 
lize all contaminants which affect 
your record's surface. Then the line 
of dust, along with all other particu- 
late matter, is removed from your 
record through capillary action onto 
our brush fiber with- 
out leaving a trace 
of residue (or a trace 
of dust) behind. 
Send 250 and a i 

self-addressed, 
stamped envelope 
for our Technical 
Bulletin "Clean 
Records and 
Chemistry", to 
find out what's 
happening to your 
records today. 
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In the beginning there was 
foldedhornbassreflexacousticsuspension. 

And now BIC VENTURI 
For about 40 years, speaker designers 

have been juggling the characteristics they 
wanted from speakers: Compact size, high 
efficiency, high power -handling, and deep 
ranging,pure,.clean, gut -reaction bass. 

They tried folded horns:efficient. 
clean, good power -handling, but too 
large for most homes, quite expen- 
sive. They tried the bass reflex: 
Efficient, compact, but limited by 
uneven, one -note bass. Ditto the 
labyrinth,but far less efficient. 

Today's favorite,the acoustic 
suspension: Compact, smooth, 
deep ranging bass. But inef- 
ficient (requiring costly,high- 
powered amplifiers)and limited 
dynamic range. 

A virtue here,a virtue there 
-- but all with corresponding 
compromises. 

Ironically, the principle 
that combines these objectives 
into one compact cabinet has been 
around for some 180 years: The 
VENTURI principle of fluid motion 
transformation, reapplied in a form 
better suited to acoustics (patents 
pend). Our simplified diagram shows 
how the scientifically formulated VENTURI 
coupled path functions as a step-up trans- 
former. Up to 140 times more bass energy 
comes from the duct as comes directly from 
the woofer. And bass is reinforced broadly 
over the low frequency spectrum, not at a 
single "tuned" frequency. 

The BIC VENTURI coupled path also 
operates as an acoustic, low pass filter, 
cleansing harmonics and distortion compo- 
nents from the bass waves. So, the bass not 
only goes down further and is louder, it's 
cleaner and more natural. And requires 
hundreds percent less amplifier power than 
other speakers of comparable size and per- 
formance. Yet, even though BIC VENTURI need 
less amplifier power, they can handle more. 
This new principle eliminates compromises 
in cone, suspension and magnetic design to 
"match" cabinet characteristics. 

Above the woofer, you can see our mid- 
range. To match the exceptional high 
efficiency of the bass section, we had to 
invent a new horn, combining two different 
types of flare, conical and exponential, 
BICONEXTM (pats pend). It provides wide, 
smooth dispersion in both horizontal and 
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vertical planes, so placement in the home 
won't be critical. BICONEX covers the full 
midrange to well beyond 15,000 Hz without 
crossover network interruptions, for 

distortion -free, smooth response. 
Our super tweeter handles just 

a half octave from 15,000 
to over 23,000 Hz. While 
you can't hear single 
frequency tones in that 
range, the accuracy of 
musical "timbre" 
depends upon those fre- 
quencies being added in 
proper proportion to 
the complex tones you 
do hear. An important 
subtlety. 

Because you hear 
less bass and treble at 
low and moderate levels, 
we built a DYNAMIC TONAL 
COMPENSATION circuit 
(patents pending) 

into the speaker. It 

adjusts speaker frequency response 
as sound pressure output changes, 

automatically. Amplifier "loudness contour" 
controls can't do that. Result: aurally 
"flat" musical reproduction always, regard- 
less of volume control settings. 

Our Formula 2 is the most efficient 
speaker system of its size, yet can be used 
with amplifiers rated up to 75 watts per 
channel! Formula 4 has deeper bass and can 
be used with amplifiers up to 100 watts. 
Formula 6, the most efficient, will handle 
125 watts. Hear them at franchised BIC 
VENTURI dealers. Or write for brochure: 

BRITISH INDUSTRIES COMPANY 
Westbury, N.Y. 11590, a div. of Avnet, Inc. 

Canada: C.W. Pointon, Ont. 
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A Primer For Tape 
Selection-William A. 
Manly discusses the "audio 
box" from which you choose 
tape 

All About "Q"-Don Davis 
continues his article on 
speaker directivity 

Understanding Speaker 
Tests-Richard Heyser 
talks about impedance 

Plus all the regular features 

Equipment Reviews 
Include: Marantz 4400 
receiver 

About the cover: This lovely 
mandolin and very old sheet 
music are from the collection of 
Janet Lee, our new designer. 

Audioclinic 
Joseph Giovanelli 

Record Damage During Changer 
Cycling 

Q. In your personal opinion, do you 
think records are damaged by using an 
automatic record changer of high qual- 
ity instead of a manual turntable? 1 am 
thinking specifically of the short "slid- 
ing" that takes place when a record is 
first dropped onto another record-as 
well as the initial shock of the drop.- 
Leonard Wiener, Chicago, Illinois 

A. I do not think that the dropping 
of one disc onto another or the sliding 
of one disc onto the one below it during 
record changer cycling will damage 
your records in any way. If you examine 
the construction of modern phonograph 
records, you will note that the outer 
edge of the discs are thicker than the 
playing surface of the disc. Further, the 
center area around the label is also 
raised. This means that when two discs 
are stacked on each other, the two raised 
areas will make contact; the actual 
recorded area will not. 

Of course, records can warp. When 
this happens, it is then possible for 
grooves to make contact. Even so, I have 
not noticed any signs of damage because 
of this. This is true even of lacquer 
discs, which are softer than vinyl press- 
ings, and which do not have raised 
portions. 

Equalizers and Warped Discs 
Q. I wonder if you will help me with 

my problem. I use a Dual 1219 changer 
with a Shure V15-11 cartridge. I also use 
an Acousta-Voicette equalizer and two 
Altec 1-7-500's. Since I connected the 
equalizer, each time I play a record, no 
matter how slightly warped it may be, 

I hear a low frequency flapping sound. 
With the equalizer out of the circuit or 
with the low frequency filter of my 
receiver turned on, this sound disap- 
pears. Also, when changing records, the 
moment the stylus leaves the record, a 
low -frequency "thump" is heard. This 
sound is more apparent in one channel 
than in the other. 

What can be at fault, the cartridge or 
the turntable?-Val de La Guardia, 
Panama 

A. The problem of "thumps" which 
occur each time the disc rotates or when 
the tonearm is lifted appears to have 
something to do with the equalizer. 
When the equalizer is not in the circuit, 
you do not have the problem; when it is 
in the circuit, you do have it. I can only 

conclude, therefore, that the equalizer 
is producing some bass boost at low 
frequencies. Perhaps this boost occurs 
at frequencies which are too low to affect 
the sound of the program on the disc. 
The fact that one channel produces 
more of this effect than does the other 
channel appears to be a problem of un- 
equal response of the equalizers. 

About the only way you can prove this 
is to make a frequency response run of 
each channel. You will probably see a 
bass rise on both channels, starting at 
perhaps 40 Hz. One channel, however, 
may show more of such a rise than 
does the other one. 

The controls of an equalizer such as 
yours are sensitive. If you are just a bit 
off the true flat position of any control, 
you will experience a rise or fall in the 
response associated with that control. 

Amplifier Overload 
Q. 1 have a pair of relatively inef- 

ficient loudspeakers. My receiver is 
a 25 watt rms unit. Once in a while I 
wish to listen to my music at very high 
volume. When I do, the front panel 
lights on the receiver dim slightly, 
especially when low bass notes are 
struck. There is no exaggerated dis- 
tortion until the receiver is driven to its 
full capabilities, but the dimming lights 
tend to make me think that I may be 
harming the amplifier. 

Is this dimming a sign of amplifier 
overload? Am 1 harming my receiver by 
playing it this loud?-Randy S. Parlee, 
Greenfield, Wisconsin 

A. I suspect that, when you turn up 
the volume on your receiver to a point 
where the music is really loud, your 
power supply voltage falls below its 
normal level, thus dimming the front 
panel lights. This dimming is not neces- 
sarily an indicator of possible damage to 
the amplifier but it is obvious that you 
are running the equipment near its 
overload point. 

Check your instruction manual to see 
if there is any mention of dimming 
lights as a possible warning device. 

If you have a problem or question on audio, 
write to Mr. Joseph Giovanelli, at AUDIO, 
134 North Thirteenth Street, Philadel- 
phia, Pa. 19107. All letters are answered. 
Please enclose a stamped, self-addressed 
envelope. 
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This is 
what makes the 
Scmsui 771 so great: 
specs. Paarures. 
Looks. And Price. 

Sansui, already famous for quality and value has agair ou -done itself with the 771 receiver. 

Look at the specs: powerful 80 watts RMS total, both channels driven into 8u -mare than enough to powe- 

two pair of speaker systems-at very low 0.5%, total harmonic dis-ortion, an FM sensitivity of 2.3µV (IHF). 

Look at the features: two tape monitors, two auxiliary inputs, three pairs of speaker selectors, 

two filters (hi & lo) and more-even a microphone circuit. Visi- your nearest Sansui franchised dealer and isten 

to the tremendous Sansui 771. Then listen to the price. 
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LANLE VOLUME 
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SANSUI ELECTRONICS CORP. 
Woodside, New York 11311 Gardena. California 90217 
SANSUI ELECTRIC co., LTD , Tokyo, Japan SANSUI AUGIO E-JROPE S.A., Antwerp. Belgium 
ELECTRONIC DISTRIBUTORS (Canada) Vancouver 9- BC 
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Nothing is 
beyond your 
reach with 
Bever 
mike stands 
and booms. 

As one of the 
world's leading 
manufacturers of 
quality micro- 
phones, Beyer be- 
lieves that a micro- 
phone is only as 
good as its stand. 

After all, it doesn't 
make much sense 
to spend hundreds 
of dollars on a 
microphone only to 
find you can't put it 
exactly where it's 
needed. 

That's why we've 
designed a line of 
booms and stands 
that enable you to 
place a mike almost 
anywhere. From 
ground level to 131/2 

feet above the 
studio floor. 

These very rug- 
ged, beautifully 
finished stands and 
booms combine 
rock -like stability 
with maximum flexi- 
bility. And at a price 
you can afford. 

Why make do 
when you can make 
good with Beyer? 

Beyer mike stands 
and booms from 
$12 to $88. 

Another innovation 
from Beyer Dynamic, 
the microphone 
people 

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

Tape Guide 
Herman Burstein 

Cassette or Cartridge? 
Q. It seems to me from what I have 

read that either a cassette or cartridge 
machine would answer my hi fi needs. 
Would you be so kind as to tell me the 
advantage of each system. Since Tm a 
beginner, please do not get me involved 
with graphs and figures as Tm not an 
engineer: I find in reading such infor- 
mation that I'm twice as mixed up as 
before.-Alfred C. Leichman, New York, 
N.Y. 

A. It appears that cassette is a bit 
ahead of cartridge in terms of quality. 
However, cassette is a 4 -track system, 
while cartridge is generally 8 -track. 
Thus cartridge has the advantage of 
more recording and playing time per 
reel. On the other hand, this additional 
time involves a sacrifice in quality. For 
hi-fi, my present vote is for cassette, 
particularly in view of new develop- 
ments that are bringing cassette per- 
formance closer to the performance of 
open -reel machines. 

Low -frequency Thumps 
Q. I have encountered a problem 

with my Concord Mark III tape deck. 
During soft passages or during spots 
where no signal is on the tape, I can 
hear low frequency thumps through my 
speakers. The thumps come at irregular 
intervals and usually come in clusters. 
The thumps can only be heard through 
the tape deck, and cease when the deck 
is turned off. So the amplifier is not 
defective. The thumps also happen on 
tapes recorded on another deck. Your 
help would be appreciated.-Robert L. 
Martindale, Chevy Chase, Md. 

A. Your letter suggests that the 
problem of thumps originates in the 
playback electronics of your tape ma- 
chine, most likely in the first or second 
amplification stage. It may be due to a 
defective transistor or other component. 
It may be in the nature of low -frequency 
oscillation, which is greatly amplified 
by the large amount of bass boost sup- 
plied by the playback electronics. Or 
the thumps may be low -frequency noise 
on the tape, which is due to oxide ir- 
regularities and "developed" into noise 
during recording. Shifting to another 
brand or quality of tape might then be 
of help. If the tape is not the problem, 
I suggest that you have your machine 
checked by a technician. 

6 

Citizens Band 
Q. I have a neighbor who has gone 

completely off his rocker regarding the 
citizen band. He is on the air at all times 
of day and night, and when he is away 
his wife takes over. They have quite a 
bevy of kin folk also interested, and 
when there is a gathering of the clan, 
the street is full of many men and wo- 
men walking about with walkie-talkie 
units. They use the units for more than 
a hobby and substitute the CB units 
for telephones which have been dis- 
connected. This is in violation of FCC 
regulations. FCC knows about the 
problem. I pick up the unwanted con- 
versations at the most inopportune 
times, especially during a pianissimo 
passage of a classical piece. I use only 
shielded cable throughout my system, 
and ground all units. Do you know of 
any other method of shunting out the 
interference?-Name withheld 

A. Are you getting the CB signal in 
recording or in playback? In either case, 
try a small capacitance of a few pF 
between the first electronic stage and 
ground. The capacitance should be 
between the input (usually the base of 
a transistor) and ground. 

Head Wear 
Q. I own a TEAC 4000 and have used 

it for three years without any major 
problems to speak of The one item that 
does concern me is head wear. All four 
of the heads show distinct wear, but the 
audio is just as fine as ever. How can I 
tell when head wear is too much?- 
Ronald A. Bohl, Clinton, Iowa 

A. When treble suffers, excessive 
head wear is indicated, particularly 
wear of the playback head. A well -made 
head is constructed with deep gaps, so 
that a good deal of physical wear can 
occur before performance suffers. 

If you have a problem or question on tape 
recording, write to Mr. Herman Burstein 
at AUDIO, 134 North Thirteenth Street, 
Philadelphia, Pa. 19107. All letters are 
answered. Please enclose a stamped, 
self-addressed envelope. 
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\VSIE 
so 
For the first time in your life, you can hear music precisely as it was recorded. 
Down to the last incredible detail. 

Until now, the very best high fidelity loudspeakers have been described as transparent. 

Now, innovative design and precision engineering have made it possible to take a 

giant step beyond transparency -to the Invisible Sound of Braun speakers. 

Music passes through Braun speakers with such natural clarity the speakers seem to 
disappear. Only the music is real. Once you experience the Invisible Sound of Braun 

speakers -the ear -opening sound of live music in your living room -you'll never be 
satisfied with conventional speakers again. 

We'll be happy to explain to you how and why Braun, and only Braun, is able to 
achieve Invisible Sound. We'll also describe our complete line of speakers in detail, 
and send you the names of the selected group of Braun dealers in your city. 

Write: Braun Loudspeakers, 377 Putnam Avenue, Cambridge, Massachusetts 02139. 

Phone: 617/492-0970. 

THE SOI\DOF BRIIUIÌ 
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What's New in Audio 
B&K Phase Meter 

Type 2971 enables frequency response 
test systems to automatically plot phase 
response curves, not possible before. 
The Phase Meter can tolerate 50 dB 
changes in signal level of both the ref- 
erence and unknown voltage. Readout 
is both digital and analog. The 2971 can 
be used for phase comparison of any 
repetitive waveform. Price: $1920. 
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Avid Speaker System 

Designed for use in four -channel set- 
ups, the Model 60 is a 2 -way bass re- 
flex speaker with a 21/2 -inch wide dis- 
persion tweeter. The unit's unique 
shape, high efficiency and low cost all 
contribute to its adaptability to a quad- 
raphonic system. A minimum of 5 watts 
drives the system, which can handle up 
to 35 watts and lists a frequency re- 
sponse of 60-17,000 Hz ± 5. The float- 
ing grille is available in two colors and 
wall brackets are included. Price: $59.95. 
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Quartz Crystal Chronometer 

The all -electronic AR -720K from 
ARIES, Inc. is a digital time -keeper 
for use in many locations. The device 
displays either 12- or 24 -hour time 
by means of red LED readouts. 
Silent, with no moving parts, and 
readable in the dark, the chronometer 
can be mounted vertically, horizon- 
tally or recessed behind a panel. Power 
consumption is less than 1/5 amp. at 
12 V. d.c. The display can be shut off, 
leaving only the LSI circuit operating 
and using less than 1/100 ampere. 
Average building time is 2-3 hours 
and the kit version requires only a 
small soldering iron, wire cutter and 
screwdriver. Dimensions: 21/4 in. square 
by 3-5/16 deep. Kit, $69.50; wired and 
tested, $99.50; 24 V. adaptor, $10.00. 
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Technics Cassette Deck 

Dolby circuitry and front -loading opera- 
tion are featured in the RS-676US. In 
addition to the normal Dolby functions, 
this deck makes it possible to record 
directly from Dolby -encoded FM broad- 
casts, or to feed the decoded output to 
your amp or receiver, without recording, 
for ordinary listening. Other features 
include HPF heads, solenoid controls, 
three -digit counter, memory play switch, 
tape selector for CrO, for both record 
and playback, peak level check button, 
master level control and a balance 
control. Price: $459.95. 

Check No. 53 on Reader Service Card 

Onkyo Receiver 

The TS -500 is a fully automatic, all 
mode 4 -channel receiver. It plays any 
4 -channel material-CD-4, SQ, or QS- 
in any sequence just by setting the 
automatic switch. All demodulators and 
decoders are built in and a joy stick 
control provides 4 -channel sound bal- 
ance. The unit delivers 25 watts/ channel 
(rms) and is BTL strapped to provide 
better than 50 watt/ channel (rms) in 
the stereo mode. Until December 31, 
Onkyo is offering two 4 -channel test 
record albums (one for CD -4, the other 
for SQ) free with the purchase of the 
TS -500. Price: $749.95. 

Check No. 54 on Reader Service Card 

Harman/Kardon Demodulator 
Adaptor 
The 44+ is designed for use with 
existing four -channel receivers lacking 
built-in CD -4 circuitry. It provides the 
impedance characteristics required by 
CD -4 cartridges and feeds the high 
level inputs on existing quadraphonic 
receivers. Controls include a push - 
push power switch and a 3 -position 
function switch for: CD-4/AUTO, 
which actuates CD -4 circuitry when 
carrier frequency, impressed in the 
groove walls of all CD -4 discs, is 
present; STEREO, which defeats the 
CD -4 circuitry completely, and BY- 
PASS, which directs the signal from 
the turntable or changer immediately 
into your amp or receiver. Price: 
$119.95. 

Check No. 55 on Reader Service Card 
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You are about to be introduced 
to a fundamentally new concept 
in record playing equipment- 

the new family of BI Cturntables. 
YOU will discover in them 

all the superiorities of manual turntables. 
They are also the first belt -drive units 

that can be programmed to play 
a series of discs. A new generation 

of turntables has arrived. 
B 0 c 



So, we have taken an unusual step. 
We have created a warranty policy meant to be as solid as our turn- 

tables. 
Your BIC 980 or 960 is fully warranted against defects in parts, 

materials, or workmanship for 2 full years. In addition, if it is found 
defective within 10 days after you buy it, your dealer is authorized to 
exchange it for a new one on the spot. 

This warranty is the best testament to our faith in the fundamental 
excellence of these machines. 

They are beautifully engineered and built. 
They represent a departure from other designs, but a departure 

based on simplicity and rock -solid engineering and manufacture. 
They eliminate the major objections which have been voiced by 

purists against automatic equipment. 

They will be sold by leading audio special- 
ists from coast to coast. 

Your BIC authorized dealer will have a full -color, 26 -page booklet 
which discusses these remarkable instruments in greater depth than 
we can here. If he has run out of these booklets, we will gladly mail one 
to you if you'll write to us at the address below. 

The 980 and 960 are being delivered to your dealer now. We invite 
you to inspect them soon. 

The 980 and 960 are identical 
except for the 980's electronic speed 

and pitch control circuitry and its lighted strob 
Accessories available include solid oiled -walnut woo 

matte black molded base-and hinged dust cover. 

B C 
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To play one record automatically (which we recommend for the sake 
of your cartridge and your records) move the program lever to "1", tap 
the cycle button (j) and the play -shut off cycle proceeds. Perhaps the 
most unique feature of the program system is that it allows you to pre- 
program as many as 6 plays of a single record and then shuts the 
machine off automatically after the program is completed. 

The cycle button is worth noting in that it requires only a feather 
touch (90 grams pressure) and travels only .0625". It controls all func- 
tions with so light a touch that it precludes jarring of the unit plate, and 
accidental damage to records or stylus. Even when the tone arm is 

tracking, the unit can be put into "reject" smoothly, without jarring the 
tone arm, as frequently happens in most automatics. 

For automatic play you can program 1 to 6 records. For example: to 
play 6 records in sequence, place them on the spindle and steady 
them with the clip at the outboard edge of the platter. Slide the pro- 
gram lever to "6", press the cycle button, and go about your business. 
The 2 -point record support has no sensing mechanism in the spindle. 
It is thus superior to other 2 -point systems and completely does away 
with the instability and hang-ups typical of umbrella spindles. Even 
records with worn center holes drop smoothly. 

The BIC program system is simple to operate. And it has simplified 
the turntable's underside to the point that the 980 and 960 are actu- 
ally less complex than some manuals with automatic features which 
can play only a single side. 

Underneath the turntable: The utter lack of 
confusion on the underside of the BIC turn- 
tables speaks for itself. Look under any 
changer or automatic turntable and you'll be 
amazed at the number of visible parts BIC 
engineering has eliminated. 

There are other items under here which deserve your attention. 
The motor (k) is a 24-pole synchronous unit which operates at 

300 RPM. Its advantage is that at 300 RPM its fundamental vibration 
frequencies are well below audible levels. The 1800 RPM motors used 
in other automatics have audible vibration frequencies. A 24 -pole 
motor delivers a smoother flow of power than a 4 -pole unit. The supe- 
riority of the BIC power unit is one of the reasons that initial lab 
reports on these turntables look so good. 

The unit shown above is the BIC 960. If it were the 980 you would 
see, in addition, the solid-state circuit board which electronically 
governs speed and incorporates pitch control. The 980 uses electronic 
circuitry to lock in speed and vary pitch. . 

It is permanently accurate. 

The solid-state electronic 
speed control of the B -1 -C 

980 allows pitch 
variations of -±-3% 

m. 

oi.. I.-- 

The mechanical "tapered pulley" pitch controls used on other ma- 
chines, which inevitably go sour with age, have been eliminated. 

Notice the four shock mounts (I) which form the interfaces between 
the unit plate and base...four small rubber Isomer shock mounts, 
designed specifically for these turntables. They protect the unit from 
external shock and acoustic feedback. More than that, they are further 
evidence of the care and attention which has been lavished on every 
detail in these machines. Compare them with the metal springs used 
on automatic turntables and you'll quickly see the difference. 

The red cam (m) in the middle of things is made of material which 
is not subject to the wearing effects which metal cams suffer. The 
material has its own internal permanent lubricity. 

The platter (n) shown in the exploded view at right represents an- 

other technical advance. Old style heavyweight platters which were 
used for their flywheel effect are no longer needed because of inno- 
vations in electronics and system design. The BIC turntables carry 
this die-cast non-ferrous, 12" platter, which has been mated by com- 
puter analysis to the rest of the drive mechanism. 

A few words about our warranty: BIC is the 
name on our turnables. Your dealer knows the 
name British Industries Co., very well. 

If you have any questions about the special relationship we've had 

with record playing components for the past 37 years, why not ask him 
about us. But, reputation or no reputation, you may still ponder the 

wisdom of jumping into equipment that has not been proved in home 
trial, no matter how good it looks on paper. 



The new BIC Programmed Turntables 
are engineered to do things no other 
turntables can do. In the face of 
more demanding cartridge designs 
and critical new 4 -channel discs, 
the B I C 980 and 960 appear at just 
the right moment. 

The Status Quo: 
The mechanism that turns your records 

and carries your cartridge has become an 
increasingly critical part of your audio 
system. 

More than ever before, today's turn- 
table buyer is faced with a classic dilemma. 

"Should I buy a single -play manual 
turntable for its playback superiority?" 

Or..."should I buy an automatic for 
its superior record -handling capabilities?" 

Until now, the dilemma has remained 
unsolved. 

Enter BIC 
British Industries Co., creator and 

builder of the new BIC turntables has been 
the major innovator in this field since 1936. 

No company has better credentials or 
greater experience with record layback 
equipment in the components field. The best 
proof of that is the instruments which BIC 
now introduces. 

The 980 and 960 are unique. 
They have been engineered to solve 

once and for all the "manual vs. automatic" 
dilemma. 

They are belt -drive as opposed to all 
automatic changers which drive the platter 
via an intermediate idler wheel. 

They are powered by a 24 -pole, low 
speed (300 RPM) motor while most auto- 
matics use 4 -pole, high RPM motors. 

In all three areas of function-platter 
drive, tone arm system, and multiple play 
capabilities, the BIC turntables offer re- 
finements and advances which set them 
apart from everything else in the market. 
As a matter of fact, several BIC turntable 
features are not to be had on any other in- 
strument at any price. 

A Brief Introduction 
The BIC 980 is shown above. It is 

identical to its companion, the 960, except 
for the 980's electronic drive, pitch control, 
and lighted strobe which are discussed later 
in this announcement. 

You have probably already noticed its 
low profile. This is not an optical illusion 
or a styling trick. The 980 and 960 are in- 
deed as low and trim as they appear. 

This lack of bulk is your first clue that 
the BIC turntables are not merely manuals 
with automatic features added ... that they 
are in fact "originals", designed from the 
start to be simple, as only sophisticated en- 
gineering can make them. 

Moving parts found in conventional 



automatics have been eliminated right and 
left. In the process, potential sources of mal- 
function have disappeared. Potential sources 
of noise and vibration have also been 
eliminated. 

Operating controls are grouped in a 
single program panel on the right side of 
the unit. To say that this panel brings new 
logic to the turntable and new refinement 
and simplicity to its operation, barely does 
it justice. 

The tone arm incorporates several dra- 
matic improvements which set it apart from 
all others. 

And of course you have noticed at the 
bottom of the page a cutaway drawing of 
the BIC platter which reveals the belt - 

drive mechanism. No other turntable which 
can play more than a single record offers 
belt -drive and all its advantages. 

The drive system alone sets BIC 
turntables apart. But there's more. 

These turntables are built entirely in 
the United States of American -made parts. 
They are built in BIC's own plant where 
all aspects of manufacturing are in BIC's 
hands. They are the first fine turntables of 
their type built in this country, and they 
meet and exceed the high standards you 
have come to expect only from imported 
equipment. Beyond what that means in 
technical terms, they do not come to you 
burdened with import duties or fluctuating 
exchange rates. 

They are rugged. They are built of the 
best materials that can be had. 

The 980 will sell for about $200. 
The 960 for about $150. 

While they are not inexpensive, 
they will stand stringent comparison 
with machines costing $100 to $200 
more. Anything less, they outper- 
form by a wide margin. 

Belt drive eliminates the wow, flutter, and 
rumble -causing proble.ns of idler drives used 
almost universally in automatic turntables and 
record changers. 



A closer look at 
the B.IFC 980 and 960: 

The tone arm system: The BIC tone arm 
incorporates both simple refinements and 
radical departures from current designs. The 
result is a system which is, in our view, 
better than anything else now offered. Let's 
review its features from left to right as you 
see them pictured above. 

The cartridge shell (a) has two precision adjustments to combat 
playback distortion. In mounting the cartridge, overhang can be ad- 
justed with the aid of a gauge which is supplied. And, for the first time, 
stylus angle is also adjustable, using the gauge and set -screw (b) in the 
side of the shell. Regardless of cartridge depth or other variables, the 
stylus can be set to track at precisely 15°-the forward vertical angle 
that generates lowest playback distortion. 

The cartridge shell is securely mated to the tone arm by a fail-safe, 
4 -prong, side -mounted connector, and is locked in place by a threaded 
knob. This eliminates the potential problem of intermittent signal in- 
herent in slide -in cartridge carriers which are used in automatics. 

Even the finger lift (c) is a pleasure to use. It is a wide stainless steel 
arc like those on studio turntables. It is one more indication that these 
BI -C turntables have been designed for the serious hobbyist. 

The geometry of the tone arm brings lateral tracking error down to 
.3° of arc per inch, which is insignificant in terms of playback distor- 
tion. The pivotry of the tone arm produces another important result. 
When 6 records are played in series there is virtually no variation in 
tracking force from first record to last. This variation in tracking force, 
found in other machines, has been a major criticism of automatics. 

The arm is mounted in a minimal friction gimbal and is designed to 
track flawlessly at forces below the lowest limits of any cartridges now 
available or conceivable at this time. 

Anti -skating and stylus force adjustments (d, e) are mounted in 
tandem over the gimbal where they flank a single linear scale, cali- 
brated in .25 gram increments. Gone are the usual separate scales for 
conical and elliptical stylii. Selection of stylus mode is made by a sep- 
arate lever (f) on the program panel at the right of the tone arm. 

Cueing is viscous -damped in both directions and, for the first time, 
its rate can be adjusted. A small knob at the base of the tone arm (g) 
allows you to vary climb and descent for from 1 to 3 seconds. This 
adjustment is found only on BIC turntables. It enables the owner to 

accommodate his personal preference and also provides a means to 
compensate for variations in cueing time caused by changes i,n ambi- 
ent temperature. 

The massive counter balance (h) is completely isolated fiom the 
arm and incorporates a knurled band which makes balancing the arm 
fast and accurate. The entire tone arm system is protected by a safety 
bar which makes it virtually impossible to drop the arm on a record or 
on the platter. 

The program system: The BIZ turntables 
have been designed to play as many as 6 
records in series. At the same time, the de- 
sign eliminates some important criticisms 
which have been levelled at automatic 
changers in the past. 

Automatic changers use a complex series of gears, cams, and levers 
to sense the number of records stacked on the spindle, and to activate 
the machine. The BIC design eliminates this sensing mechanism. 
Instead, all cycling information is set on the program panel by the 
operator. Many parts, a good deal of weight, noise, and vibration, are 
eliminated. Reliability is greatly improved. 

To play one side this is all you do. 
If you are hooked on manual play, insert the single play spindle 

which rotates with the platter. Move the program lever (i) to "MAN" 
and place the arm on the disc. After play the arm will return to rest and 
the machine will shut off. 

B.l C's 24 -pole motor (left) has sub -sonic fundamental 
rotation frequency of 5Hz with harmonics all below audible 
range. 4 -pole units (right) have fundamental frequency of 
30 Hz and harmonics all fully audible. 



Dear Editor: 

Cylinder Deck 
Dear sir, 

I've just finished reading Mr. Shif- 
rin's article on early records and would 
like to offer some additional informa- 
tion just in case I'm not the only one 
around whose interest lies in cylinders. 

I recently built a "state of the art" 
cylinder deck. I used an early Edison 
mechanism (pre 1905) with an end gate. 
This I stripped of motor, gears and worn 
assembly. I then installed a Philips 
212 motor and servo -control system 
coupled with a new flat rubber belt. 
For an arm I use a Rabco SL8E. After 
debugging (you've gotta go pretty fast 
to track an Edison 2 -minute cylinder) 
I mounted a Pickering V15 cartridge. 
For a "stylus" I use a BIC accountant's 
fine tip pen ball which I epoxied to the 
shank of the Pickering stylus assembly. 
The cartridge was wired for vertical 
pickup. 

When I was finished I found myself 
running backwards, but found that the 
motor winding can be reversed without 
affecting servo action and if the Rabco is 
exactly tangential to the cylinder and 
the stylus centered on the top of the 
cylinder, it does no harm to have the 
cylinder surface "pushing" the stylus 
instead of pulling it. 

An improvement in distortion can 
be achieved with the use of a .025 -in. 
miniature ball bearing for 2 -minute 
stylus. I have sent both two -minute and 
four -minute cylinders out for photo- 
graphic analysis of their surfaces and 
soon hope to specify styli with precise 
accuracy. 

Anyone desiring further details may 
contact me directly. I am interested in 
trading information for any Edison 
Grand Opera series cylinders which your 
readers may wish to give up. Back to 
Mono! 

Richard N. Levine 
Monadnock Audio 
28 Main St. 
Peterborough, NH 03458. 

Even AUDIO can Laugh 
Dear sir, 

After reading the article on "Con- 
verting to Monophonic Sound" on 
page 66 of your April issue I felt I had 
to write to express my delight ... Thank 
you for providing a little educated 
humor in your already technically 
superb magazine. 

G.J. Hugunin III 
President 
Magnetic Laboratories 
Cincinnati, Ohio 

Converting to Mono 
Dear sir, 

Gerrard Rejskind's "Converting to 
Monophonic Sound" (AUDIO, April, 
1974) is a positively brilliant piece of 
humor. It made so much sense, and I 
so thoroughly enjoyed it that for a while 
I actually forgot I was reading Audio 
magazine. 

Harron K. Appleman 
HKA Audio Engineering 
New York, NY 

Dear sir, 
The "Converting to Mono" article by 

Gerrard Rejskind in your April issue 
is a landmark which should make you 
justly proud. Keep up the good work. 

Howard Greenlee, Jr. 
President 
Fun Music Radio 
Scottsdale, AZ 

Dear sir, 
Your article re a student of professor 

Lirpa, was astounding. I happen to have 
a friend whose name is Háry Lirpa, a 
good old Hungarian. I don't know of 
any relationship. 

My friend Háry gave me once an old 
document that he once found in one of 
Budapest's old libraries. It was written 
in the Cyrillic alphabet, which floored 
me for a while, until I discovered that 
the- language was modern Greek. After 
some effort I came to the following 
translation, although I cannot guarantee 
that it is idiomatically correct. 

". . . When in 1891 Peter Ilyitch 
Tchaikovsky visited New York City, 
with his favorite valet Dmitri da Rimini, 
there was a little to do some night. 
Dmitri, by the way, came from first 
class old Milanese stock, and he was 
quite helpful in translating the Italian 
for Peter. Peter used to call him "Da" 
for short. 

"Well after opening of Carnegie Hall, 
Peter went off to a local tavern with 
the musical notables of the day to have 
some little water (I believe that is the 
Greek translation for vodka!) and to 
celebrate the opening of Carnegie Hall. 
It became a rowdy affair as the little 
waters took their effect, with speeches 
and more little waters. Peter had to 
make a pass at one of the pretty wait- 
resses of the place; Francesca de Valetta 
was her name. (Irish?) 

"Later back in the hotel, Francesca's 
father came over to make a hell of a 
racket in front of the hotel. Dmitri woke 
up and later also Peter. Peter still quite 

high, turned around in bed and said: 
'Oh, don't worry it is only the father 
of Francesca da Rimini.' " .. . 

Paul A. Elias 
Clayton, CA 

The New Stereo Bonanaza 
Dear sir, 

In regard to (Mr. Canby's) article 
"The New Stereo Bonanza" ... How 
right you are! 

Since the rudimentary days of put- 
ting the last twists on the wiring for 
Dynaco's hookup, to today's use of wave 
matching logic circuitry, the biggest 
thrill in quadraphonics has been to 
make my existing library come alive 
with new presence and placement not 
before possible in conventional stereo. 
No, the placement and directionality 
may not be that of an encoded disc, 
but that's hardly the fair or correct 
comparison. 

Here's hoping that more marketing 
people (and soon thereafter, the buying 
public) come to realize that the best 
reference point for anyone sitting amidst 
four speakers for the first time is 
material he is familiar with ... whether 
or not that material is encoded for 
(four -channel). 

Brien Lee 
Partner 
Sorgel-Lee Multimedia 
Milwaukee, Wisc. 

Uncensored Information 

Dear sir, 
At long last, you have provided in 

Mr. Heyser's speaker tests, the appli- 
cation of highly sophisticated measure- 
ment techniques apparently combined 
with the freedom to objectively discuss 
the problems a particular speaker might 
have without fear of a manufacturer 
reprisal. In this day when the public 
is being ripped off on everything from 
A to Z, your testing policies at last show 
some public responsibility and class. 
It will be indeed another blow to the 
concept of a free market place if the 
advertisers in your magazine put the 
pressure on to stop an unfavorable 
test report. Keep up with the good 
work! There are a lot of readers who 
appreciate the straight, uncensored in- 
formation about high fidelity products 
you have pioneered in Mr. Heyser's 
speaker testing. 

Gary C. Bailey 
Engineering Development Co. 
Los Angeles, CA 
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Behind The Scenes 
Bert Whyte 

THE ANNUAL conventions of the 
Audio Engineering Society are 
always interesting to attend, 

both from the standpoint of the sci- 
entific papers presented and the op- 
portunity to see the "latest and great- 
est" in audio engineering equipment. 
The audio industry today is a very dy- 
namic business, and there are usually 
some significant new developments 
revealed at every convention. The 48th 
AES convention, held in early May in 
Los Angeles, carried on in this tradition. 

I am going to go out on a limb and 
state that the BASF people have come 
up with one of the most provocative 
new magnetic tape products in some 
time, and one which is bound to have 
far reaching implications for the entire 
industry. With virtually no fanfare, 
BASF introduced the "Unisette," which 
is billed as a "professional 6.3 mm (1/4 -in.) 
cassette." Picture if you will a conven- 
tional cassette, scale it up in size some 
40 -odd per cent, use standard quarter - 
inch magnetic tape, and operate it at 
3-3/4 ips. Now design the cassette shell 
so that we can have such niceties as .. . 

openings to accommodate erase, record, 
and playback heads (making possible 
true monitoring facilities), tape drive 
with one or two capstans, and two 
other openings which can be used for 
tape tension control. the BASF Uni - 
sette has all this and more. For ex- 
ample, instead of tape guidance being 
carried out in the cassette itself, as is 
the case with our present minicas- 
settes, which is said to be "disadvan- 
tageous" to azimuth as well as wow 
and flutter, tape guidance in the Uni - 
sette is exclusively controlled by the 
machine. In the words of BASF, "when 
the Unisette is placed in the machine, 
those parts which are in contact with 
the tape, are automatically put in the 
correct position by the machine. These 
parts are the two roller guides and the 
two hubs. The accuracy of the tape 
guidance is adjusted on the machine 
and remains invariable for all Uni- 
settes used." Other features of the Uni - 
sette include a "hub brake," which auto- 
matically locks the hubs when the unit 
is not on a machine, thereby preventing 
tape loops or loose tape, and two non- 
magnetic metal plates to protect the 
tape wind, so that no layers will come 
off during transport or from rough 
handling. As in conventional cassettes, 
there is provision to prevent accidental 
erasure. Recording on both sides of the 
Unisette at 3-3/4 ips, regular 1/4 -in. long 
play tape gives a total time of 30 mi- 

nutes; double -play tape gives 40 mi- 
nutes, and triple -play tape 60 minutes. 
Needless to say, inclusion of a two - 
speed motor in a machine will permit 
operation at 1-7/8 ips with subsequent 
doubling of recording time. 

At this juncture someone is bound to 
say that the Unisette is interesting, but 
haven't we traveled this route before? 
Indeed we have; some 12 or so years ago 
there was an ill-fated attempt by RCA 
to market a somewhat larger "car- 
tridge" which used '/-in tape and ran at 
3-3/4 ips. What happened? Perhaps the 
time was out of joint, and it was an 
idea that came too soon. Perhaps a 
technical problem was contributory .. . 

remember, this was pre -Dolby, and 
there were no fancy low -noise, high - 
density tape oxides, etc. In any case, it 
never got off the ground. 

BASF feels that the Unisette has 
particular application for automated 
radio programming, professional 
portable recorders, high quality audio- 
phile recorders, language laboratory 
machines, etc. It is obvious that all the 
technology that has been lavished on the 
minicassette is equally applicable to 
the Unisette. I talked with one of the 
Unisette project engineers at the BASF 
exhibit, and in his technical manual he 
showed me the track layout for quadra- 
phonic sound ... four channels "in -line," 
single pass from supply to take-up hub. 
Using Dolby B noise reduction and with 
the track widths about the same as used 
on reel-to-reel quadraphonic recorders, 
signal-to-noise ratio should not be a 
problem. Okay, you say ... the Unisette 
sounds like a dandy idea, where do we 
go from here? For once it looks like there 
will be relatively quick action in getting 
this kind of product to market. None 
other than the prestigious Willi Studer 
is reported to be readying a Unisette 
recorder to be available in the fall of 
this year with a projected price some- 
where "between $450-$500." (I think 
that may be a bit low, but no matter.) 
Negotiations are also reported under 
way with Sony and TEAC to produce 
Unisette recorders. It all sounds very 
enticing, and at the moment I'll do my 
best to keep you informed on new Uni - 
sette developments, and leave the pros 
and cons on this new concept for a 
future time. 

My head still full of the intriguing 
possibilities of the Unisette, I wan- 
dered into another of the AES exhibit 
areas, and at the Haeco booth, in all it's 
shining glory and precision, was a fully 

operating Scully disc recording lathe. 
Beautifully indeed, but nothing new 
here. But hold on a second ... I hear 
Haeco president Howard Holzer ex- 
plaining to a visitor that all the variable 
pitch and depth automation on the 
Scully is operating without any signals 
from an advance (preview) head! How 
can this be? As you probably know, in 
the usual disc -cutting set-up, whether 
it be Scully or Neumann, the tape passes 
over an advance magnetic head, which 
tells the logic automation on the lathe 
what to expect from the program signal, 
and gives the logic time to act on this 
information. For example, if a triple 
fortissimo passage of music passes over 
the advance head, the logic "knows" 
that it must open up the lines -per -inch 
control and adjust the variable depth 
control to accommodate this high level 
signal. If in the next second a pianis- 
simo passage is encountered, the re- 
verse holds true and the lines -per -inch 
can be increased. Naturally, music 
consists of many complex waveforms 
at varying dynamic levels, and so the 
advance head furnishes the lathe logic 
the information it needs to operate on 
this same dynamic basis. This system 
is the reason that in recent years we 
can get better than 30 minutes on one 
side of an LP, with little or no reduction 
in level or in bass response. I have over- 
simplified this a bit, and should have 
mentioned that any equalization, 
filtering, noise reduction, limiting or 
other signal processing equipment that 
the program signal is going to pass 
through, must be duplicated for the ad- 
vance head signals so that the lathe 
computer gets the correct information. 

Now back to the Haeco booth ... there 
is indeed no advance head in this disc 
cutting set-up, and Howard Holzer 
proudly introduces me to his new brain- 
child, the Haeco VP -1000 digital lathe - 
control system, occupying a mere seven 
inches of rack space. Our clever friend 
has designed a 15 -bit stereo digital 
delay line which provides a 300 milli- 
second delay of the program signal. In 
other words, the lathe control circuits 
receive the identical signals as the 
cutting system. As Howard puts it .. . 

"any minute change made in the 
program channel is automatically 
(seen) by the lathe 300 milliseconds 
prior to the cutting transducer." Howard 
pointed out that one of the advantages 
of his VP -1000 unit was that duplicate 
signal processing equipment used as 
part of the advance head system is 
eliminated. He also said that with his 
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It's as important as your 
loudspeaker design... 
If you have ever spent time auditioning speakers 
under controlled circumstances, you know that con- 
secutively produced speakers of the same model 
sometimes can sound very different. The difference 
can be as great as that found between speakers of di- 
verse price ranges -a situation that challenges the 
validity of listening to a demonstration speaker and 
then purchasing another unit of the same model. 

This problem resides in the measurements rather 
than in the speaker construction. lt can occur 
whether the speakers are individually handmade or 
whether they are run on an assembly line. 

In a university research program started by Dr. Bose 
in 1956 and in continuing research at BOSE Corpora- 
tion, it has been found that some of the most com- 
monly made measurements on speakers are not ade- 
quately correlated to the perception of sound.* Ex- 
tensive research has been performed to develop a 

set of measurements that correlate sufficiently to 
perception to provide a means of precise control of 
production speakers. 

The result was a set of measurements that was not 
practical to implement with existing instruments. 
At this point (1970), the BOSE research department 
launched a program to design a special purpose com- 
puter, programmed to test for audible differences 
and to interpret these differences in a manner that 
would allow production engineering to detect and 
correct the assembly problems. 

The SYNCOM' II speaker testing computer is the 
long awaited result of this extensive research program. 

The Mountain, Framingham, MA 01701 

It is now installed anc it is controlling all production 
on the BOSE 9013 and 509 speakers. The technical 
details of this computer are, of course, a closely 
guarded proprietary secret, as is any technology that 
enables one company to produce better products in 
a competitive market.. While we cannot share this 
information with you, we are confident that you 
will share in the results of SYNCOM II's operation 
through the enjoyment of more natural music re- 
production in your home. 

The BOSE Direct/Reflecting® speakers and the 
SYNCOM II Computer aire but two examples of the 
research of BOSE Corporation, founded by scien- 
tists and dedicated to continued leadership in the 
research of better music systems. 

For information on the BOSE 901, circle your 
reader service card or write Dept.A7. 
* For a description of the research, see the article entitled, 
"Sound Recording and Reproduction," published in TECH- 
NOLOGY REVIEW (MIT?, Voi. 75, No. 7, June '73. Re- 
prints are available from BOSE for fifty cents per copy. 



In d 
ible. 
How else would you describe a 
preamplifier with: 

A Peak Unlimiter that restores 
dynamics lost in recording to 
closely approximate the original. 
A Downward Expander that reads 
"gain riding" and expands 
dynamics down to precisely the 
intended level. 
An AutoCorrelator that makes 
record/tape hiss and FM broadcast 
noise virtually vanish without 
affecting musical content. 
Plus an Active Equalizer that gives 
you flat energy distribution over 
the full audio spectrum, Joystick 
Balance and Step Tone Controls 
that allow precise music tailoring 
to your listening environment and 
SQ* and Phase Linear differential 
logic for Quad Sound. 

The 4000 is an advanced stereo 
preamp that actually puts back in 
what recording studios take out ... 
lets your music (at last) reach life -like 
levels without distortion ... lets you 
(for the first time) hear your music 
from a silent background. It is, in a 
word, incredible. Ask your dealer 
for an audition. 
Price: $599 
Cabinet: $37 
Warranty: 3 years, parts & labor. 

czWzneeri 

4000 
THE POWERFUL DIFFERENCE 

PHASE LINEAR CORPORATION 
P.O. Box 1335 Lynnwood, Wash. 98036 

*SQ is a trademark of CBS Labs, Inc. 

Check No. 21 on Reeder Service Card 

digital system, more time than ever 
will be able to be cut on a disc, since 
groove geometry is now completely 
governed by the recording level. He 
further stated that lines -per -inch and 
depth changes are made only as re- 
quired by the program material with 
variable pitch information updated 
every 15 milliseconds and variable depth. 
information every 100 milliseconds. 
Coming on the heels of the Neumann 
SAL 74 computer cutting system I re- 
ported on in the June 1974 issue of 
AUDIo, the Haeco VP -1000 is further 
proof of the vitality of the venerable 
phonograph record and the continual 
updating of disc cutting technology. One 
absolutely intriguing aspect of Howard 
Holzer's new device is its application 
to direct disc recording. You have 
probably heard about the Sheffield 
Record Co. in Los Angeles which has is- 
sued a series of three recordings in 
which the output of the studio mixing 
console is fed directly into the cutting 
amplifier. Obviously since there isn't 
any tape, there isn't any advance tape 
head, and thus there is no possibility of 
lathe automation as far as variable pitch 
and depth are concerned. This is a 
handicap, and it is a tribute to the lathe 
engineer that he does so well and 
achieves a stunningingly clean and 
dynamically exciting recording. None- 
theless, with a potential 80 -dB dynamic 
range on a direct -cut lacquer, with the 
Haeco VP -1000 able to provide lathe 
automation, more of this great range 
can be realized and the result would 
probably be utterly spectacular. 

While the Unisette and the Haeco 
units were outstanding items at the 
AES convention, there were, of course, 
many other interesting developments. 
In the quadraphonic area, JVC and 
Panasonic (Technics) both had opera- 
ting CD -4 demonstrations in which 
they used their long -anticipated IC -chip 
demodulators. These prototype units 
were less than a third the size of their 
present demodulators and on a rather 
superficial hearing, each seemed to do 
an exemplary job presenting nice, 
clean, well -separated quadraphonic 
sound. The JVC and Panasonic chips 
are both made by Signetics, but the 
engineering approaches differ. The 
JVC chip is the product of their engi- 
neering group, while the Panasonic 
chip was designed by Lou Dorren of QSI. 
I expect to be testing one of these IC 
chip demodulators before long. At the 
Sansui exhibit, they were once again 
demonstrating their QS variomatrix, 
this time with a splendidly atmospheric 
and fascinating recording of the recent 
royal wedding of Princess Ann and 
Captain Phillips. Nippon Columbia is 
evidentally solidly behind Duane 
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Cooper's UD -4 carrier/ matrix quadra- 
phonic disc system, as they have an- 
nounced they will be making demodu- 
lators and software available by this 
fall. So we will have to wait until then, 
to put this system into perspective with 
the competing quadraphonic systems. 

BGW Systems, manufacturers of a 
number of high-powered amplifiers, 
including a new quadraphonic unit of 
4 X 150 watts per channel (!), was 
showing an impressive looking quadra- 
phonic pre -amp with a multitude of 
controls for versatile signal processing. 
Price is reported to be "around $800." 

Mark Levinson was on hand with his 
superb standard LNP-2 pre -amp, I 
reported on some months ago. Now he 
has a new pre -amp, with simplified 
controls and less facilities, but the basic 
specs and the overall quality are the 
same as in the LNP-2 at a little more 
than half the price. 

Affable Clyde Moore of Crown 
International was on hand with his 
new M600 power amplifier, busily 
lighting up 600 -watt light -bulbs, which 
as the visual purple in my eye told me 
for a long time afterwards ... are very 
bright indeed! Also on hand, a neat 
looking prototype of the new Crown 
electronic crossover, intended for us 
with Crown's electrostatic hybrid 
speakers and similar applications re- 
quiring bi- and tri -amplification. 

Everywhere you looked there were 
professional tape recorders. As might be 
expected, pride of place at the Ampex 
exhibit went to their new model 440C. 
3M and Scully had their top -of -the -line 
machines on hand, MCI created a lot 
of interest with their recorders which 
are now well in production. Studer, 
striking out on their own leaving the 
fold at Gotham Audio, was showing a 
huge 24 -channel unit, as well as their 
well-known 2- and 4 -channel units. 
With the establishment of several 
regional offices across the country, 
Studer will evidently take a more 
active role in the American market. 
Gotham Audio has, in turn, taken on 
the German Magnetophon, which 
claims exceptionally low wow and 
flutter specs. 

As is usual, there were ever more 
complicated mixing consoles, with 
enough controls to frighten a 747 pilot. 
And there were new digital delay 
units, and equalizers, and ... well, you 
name it. I could fill up many pages with 
descriptions of worthwhile recording 
or measuring equipment. If anyone 
feels slighted, my apologies. 

So went the 48th AES convention and 
with any sort of luck I may recover in 
time for the 49th convention at the 
Waldorf-Astoria in New York ... come 
September. 
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We're nothing less than ecstatic about having our newest speaker, 
the FAIRFAX FX-400, rated Number One out of a field of 20. 

The reason we're so elated is that the last time a FAIRFAX speaker 
was tested-the Summer of '73-the FAIRFAX FX-300 was 

Top Rated in a field of 22. That's consistency for you! 
With a track record like that, shouldn't you be considering a FAIRFAX speaker 

for your system? Just look at what we have to offer in the FAIRFAX line. 
The FX-400, with a retail price of $269.95 is a floor -standing system 

featuring twin isolated chambers. It is a three-way. ducted -port design with 
two heavy-duty high compliance woofers, a five inch midrange and a 

31/2 inch tweeter specially constructed for wide dispersion. 
Frequency response of the FX-400 is 20 to 20 KHz with crossover points 

at 1 and 5.5 KHz. Impedence is 8 ohms and power capability is 8 watts minimum, 
80 watts maximum. The oiled American walnut veneer cabinet 

measures 28 x 14 x 28 inches and weighs 105 lbs. 
Our other speaker systems-there are seven models in the FAIRFAX 

line priced from $79.95 to $399.95-offer the same quality in workmanship and 
sound reproduction as our "Top Rated" models. 

We suggest you visit your FAIRFAX dealer and have him demonstrate 
the line. We're confident that after listening to our speakers 

and comparing them to other speakers of the same or higher price, 
you'll agree FAIRFAX IS NUMBER ONE. 

If your dealer is not a Franchised Fairfax Dealer, have him contact 
us and we will send him a pair of speakers for your evaluation-at our expense. 

Only FAIRFAX has the confidence in their product, and 
your judgment, to make such an offer. 

FAIRFAX INDUSTRIES INC. 
900 Passaic Avenue, East Newark, New Jersey 07029 

In Canada: Omnimedia Corp. Ltd., Lachine, Quebec 

FAIRFAX 

THE GUPERSOUND 
LINE 

Check No. 13 on 'Reader Service Card 
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Audio -ETC 
Edward Tatnall Canby 

EVERYBODY TRAVELS world wide 
these days It isn't easy to 
make a sensation any more 

by announcing, say, I've just been to 
JAPAN! Which I have. Unbelievable. 
For my generation, the occasional big - 
scale "junket" is a rare and often in- 
credible experience, and I do not 
intend to lose my continuing sense of 
almost childish wonder that such 
things can actually happen-that I, my- 
self and me, along with 17 other 
journalists and editors, could travel 
no less than 30,000 miles, more or 
less, as the guests of a munificent hi 
fi maker introducing a new line of 
quality goods in our field. Yamaha is 
the company, and Yamaha made pos- 
sible the junket of my life, for which, 
hi fi aside, I am enormously grate- 
ful. And, hi fi not aside, I am im- 
pressed by the goods themselves, 
which are clearly all-out in the best 
and topmost Japanese manner. New 
speakers, new receiver lines, including 
an unprecedented FET power output. 

Yamaha is officially Nippon Gakki 
Co. which means Japan Music Co. It 
has been first of all a musical outfit, 
a producer of an incredible array of 
Western -type musical instruments, 
most notably the Yamaha pianos that 
are now establishing themselves in the 
highest places everywhere, as a good 
many startled musicians have lately 
been discovering. In Yamaha's Tokyo 
retail store I played on one of the 
loveliest full-size concert grand pianos 
I have ever had the luck to touch. It 
was pure 1900 Steinway, light to the 
touch, shallow in key depth, with a 
silvery treble sound and an impressive 
bass. I own a 1903 Steinway-I should 
know. Opposite was a medium grand- 
straight Bechstein in the continental 
manner. That slightly woody treble 
that the Europeans love. The higher 
keys, stiffer action, that most new 
pianos have. Yes, Yamaha knows its 
pianos impressively well. 

But my pleasure at Yamaha sound 
(and friends have told me that 
Yamaha guitars also are cannily mod- 
eled upon the several finest Western 
types in the same way) turned to utter 
astonishment when we got to our tour 
of the vast Yamaha factories in and 
around Hamamatsu, the company's 
home town. One gets the impression, 
around these parts-the States-that 
the art of piano building is a true 
craft, with everything hand made in 
painstaking detail, in ye olde manner. 
Somehow, the mere idea that pianos 
could be automated seems a contra- 
diction. Imagine, then, the sight of a 
hundred acres of humming factory 

automation, a thousand huge ma- 
chines sawing and drilling and polish- 
ing, huge veneer/ plywood presses, 
enormous foundry operations, bright 
rivers of molten metal pouring into 
piano frames, the whole thing on a 
Detroit scale! Pianos, pianos, pianos- 
thousands of them. Vast automated 
rows of dangling curved frames, mov- 
ing on assembly lines like car bodies. 
Whole floors of semi -finished instru- 
ments as far as the eye could see. 
Preliminary tuning, a soft, pervasive 
tinkle of a hundred tiny sounds, like an 
enormous flock of birds in song! And 
at the end of the lines, there were the 
great seas of shiny, finished instru- 
ments, big and little, grand and up- 
right, sliding off towards the great 
world outside. How many hundred 
pianos a day?? I forgot to write it 
down, but I could not have believed 
that seven worlds or a dozen could ab- 
sorb such an enormous output. 

And Yamaha, as modern as Japan 
itself, has moved deftly into the elec- 
tronic areas of music, as these have 
developed their importance. Miles and 
miles and miles of Yamaha electric 
organs. Hundreds of little blue -clad 
factory girls, testing the keyboards 
and the stops-whizzing fingers, ob- 
viously trained to play, earphones on 
for checking, an occasional out -loud 
chromatic scale at speed. Prrrrrr, up 
the keyboard. Some things are best 
done by human intelligence. They use 
those odd -looking Yamaha "ear - 
shape" speakers for the organs, 
though these are not included in the 
new hi fi offerings which we were 
being shown. 

Then there were the electronic fac- 
tories, all solid state. You'll pardon 
me if I have lumped a dozen enor- 
mous installations together in my 
mind and can't really remember which 
was which; I simply must somehow 
give you the impressions I received, 
just as they came to me. We went 
into "every corner" of Yamaha's 
plant, quite literally, and after several 
days I was, shall I say, in a daze. In 
and out, up and down, back to the 
bus, out at another parking place with 
greenery (like all of Japan, Yamaha 
never loses the aesthetic touch), up a 
stairway, down an endless corridor, 
past another thousand blue uniforms- 
exhausting but fascinating too. I have 
so much to say that is irrelevant! Like 
the institution of safe backing up, for 
public busses... . 

Each bus has a hostess. She bows 
you into the bus and bows you out 
again and you bow back, if you have 
at least a sense of politeness. But her 

main job is backing. The instant the 
bus goes into reverse, the tiny hostess 
leaps out the door, dashes to the rear 
and starts frantically blowing on a 
police whistle. Tweep, tweeeeeep, 
tweep, tweeeep . . . . like a genial fe- 
male maniac! Once we got sort of 
stuck on a narrow street and tried to 
back uphill for seven or eight minutes 
-I thought that little gal would bust; 
she never stopped for a second. All 
over Japan, I could hear those bus 
girls tweeping away, off in the dis- 
tance, as the fleets of big tourist 
busses maneuvered around their park- 
ing places. Even with no soul in sight, 
in the middle of a virgin forest, the 
tweeps were mandatory. Great fun. 

... Miles of electronics, semicon- 
ductors in all their magnificent pro- 
liferation, for Yamaha products, and 
for others as well. Including the new 
FET power producers. And finally, more 
miles of hi fi. The new speaker lines, 
the new receivers in all their silky 
brushed -satin glory. Mmmmm. Don't 
think I'm going to give you technical 
particulars; that's not my job and 
you'll be getting them soon enough, 
since the entire Yamaha line was in- 
troduced at the CES in Chicago this 
June. I'm just set on giving you the 
astonishing background into which 
this line fits and out of which it comes 
-a perfectly vast and huge company 
in the music field, out of a musical 
tradition, expanding and overflowing 
into the inevitable electronics and 
component area. In this respect I be- 
lieve Yamaha is unique in Japan 
among the big hi fi makers, though 
whether this means in the end a better 
product I leave you to decide, along 
with the experts. It should make a 
difference, says this inveterate musi- 
cian. I have never failed to believe 
that a musical ear and a musical 
tradition and a musical interest tend 
in hi fi to provide a healthy feedback 
toward wise, useful and intelligent 
componentry. As I've said a million 
times, the business of audio is music. 

We were given an elaborate and 
formal presentation of the new hi fi in 
several lab sessions at headquarters, 
the technicians of the company lined 
up behind us, the top brass up front, 
the whole shining array of goodies 
displayed all around. To be frank, I 
didn't think too much of the acoustics 
of that lab. A curious big space be- 
hind the speakers, up front, a sort of 
thin transparent scrim blocking it off 
for the eye, but not the ear. We ar- 
gued ourselves blue in the face with 
our usual enthusiasm as to exactly 
which setting on which speaker was 
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Double -corrugated, 
rubber -coated phenolic 
fabric outer suspension. 
Will not deteriorate with 
time or use. 

Accurately machine 
magnet poles of low 
carbon, low -sulphur 
steel. 

Pound -and -a -half ferrite 
magnet in six -pound 
magnet assembly for 
maximum field strength. 

The famed B -199A woofer 
is the bass driver in 

Bozak speakers systems 
as small as the Tempo Il, 

illustrated, and as large as the 
Concert Grand, the finest speaker - 

system ever designed for use in the home. 

Gem ne felted cone 
ccmDoundec from Wool 
and paper in Bozak's own 
plan. Variable density 
st-uc ture eliminates 
sour ous vibrations within 
the cone itsel=. 

Voice -coil form is a uni- 
num for better hea: 
dissipation and greater 
power -handling capacity. 

Neoprene cork gasket. 

Centering suspension of 
phenolic -treated fabric 
is attached to core, not 
voice coi as others do. 

Phenolic -treated 
vate -coil seat. 

Our woofer. 
Like no other. 

igid cast frame. 

'`Flexi ale electrical leads 
attached to voice coil, 
unlike other speakers 
where solid -conductor 
voice -coil wires on cone 
are sJbject to vibrational 
failure. 

There are good, scientific reasons why Bozak loud - 
^r speaker systems not only sound more natural, but also 

are virtually indestructible in normal use. 
A look at the construction of the famed Bozak 

B -199A 12 -inch bass spaaker- like ro other - will give 
you some insight into the superiority that is Bozak. 

Among all woofers it stands supreme in its ability to 
reproduce the lower register of musical notes in their 
stark reality. Each tone is clear and distinct without the 
underlying monotonic boom which so often destroys the 
na:uralness of otherwise distinguished speaker systems. 

The Bozak component speakers-woofer, midrange 
and tweeter - put them 311 together in a system, and 
there is ro finer instrument for the reproduction of 
sound. 

You can add to your own expertise by reading our 
booklet, How to Evaluate a Lcudspeaker System. It's 
free. Write: Bozak, Inc., Department 7, Box 1166, 
Darien, Connecticut 06820. 



THE 

PROBLEM 
SOLVER 

This is the totally new commercial 
super amp that is going to make your sound 
installations easier and your bank account 
fatter. It is the only dual channel high power 
low distortion amp specifically designed for 
portable and house systems, with the 
features you need. 

The DC300A is rated at 150 watts per 
channel continuous into 8 ohms, 300 w/ch 
continuous into 4 ohms (both channels 
driven) or 500 watts continuous into 2.5 
ohms (single channel driven). Each channel 
has eight 150 -watt output transistors! For 
600 watts continuous 8 -ohm output, it con- 
verts easily to a mono amp, so you can drive 
a 70 -volt line directly without a matching 
transformer. 

With separate level controls and cir- 
cuitry for each channel, the DC300A is 
almost two amps in one. Great for bi-amping 
or for driving two separate systems. 

The exclusive new DC300A output 
protection circuitry practically eliminates 
servicing. Even better, it can drive any 
speaker load, resistive or even totally re- 
active, with no protection spikes, thumps or 
flyback pulses. 

A fantastic new IC front end sets new 
world's records for low distortion and noise. 
Stringent factory testing brings you one 
step closer to install -and -forget field de- 
pendability. The price is under $700, and as 
two amps in one, it will probably give you a 
surprising cost -break on your next multiple 
amp system. 

To discuss your special application or 
request detailed technical data, phone 
(219) 294-5571 or write CROWN, Box 
1000, Elkhart, Ind. 46514. 

O crown 

best, but though the high ends were 
very definitely sibling on the two new 
featured models, the bass on the 
smaller NS 690 was oddly inadequate 
-too much so, my ear immediately 
told me. As a musician at heart, I al- 
ways hear loudspeakers first of all as 
music makers in an acoustic environ- 
ment and I do not have, nor do I 
cultivate, the ability to hear the 
speaker itself out of context. In the 
home, in my own home, it's another 
story. One quickly discovers-over a 

period of days and weeks, that is-a 
loudspeaker's special characteristics, 
in the very process of listening to 
music in a familiar acoustic environ- 
ment. Not so in an unfamiliar labor- 
atory, with relatively brief bursts of 
sound. I distrusted that seemingly 
weak bass immediately, though the 
larger and more expensive top -of -the - 
line NS -1000X seemed to do notice- 
ably better, as we listened. 

I think I was right. I heard the NS 
690 later on in the big boss man's 
own private Japanese living room and 
there, lo! no problem. Again at the 
Osaka Audio Fair, in a very well de- 
signed listening room that was sealed 
off from outside noises, I heard the 
same two speakers and now I began 
really to recognize their qualities-no 
problem, again, with the NS -690 
though the bigger and still more ex- 
pensive NS -1000X still produced 
slightly heftier bass at top volumes. 
Both speakers give that clean kind of 
bass one achieves with a solid sealed 
enclosure. 

The Yamaha top end is not dull by 
any means-nor is it in any way stri- 
dent. I found the word "shiny" return- 
ing to my mind each time I heard it. 
Good description. We did much did- 
dling with the midrange and high 
controls on the exposed front speaker 
panels and decided among ourselves 
that for pop and rock music the "flat" 
or normal position, as marked, was 
ideal, but for classical music a slight 
roll -down of both controls gave the 
ideal balance. We suggested, in fact, 
that two "normal" positions might be 
a good idea, one marked normal pop, 
the other normal classical. Contin- 
uously variable, of course, for those 
who want further to twiddle. Mind 
you, these two speakers, the 
NS -1000X brand new, head up a 
whole related line in which the 
NS -690 is roughly in the AR 3a price 
range, the 670, 645 and 625 ranging 
on downwards into the modest book- 
shelf category. How many of these 
will appear in the U.S. offering I do 
not at this point know. 

As for those silky, shiny receivers 
and amplifiers, with the new power 

FETs for output, 1 will do no more 
than tell you how good they felt un- 
der the fingers-and sounded, insofar 
as one could judge in a laboratory 
demo, which means not much impact 
for my ears. Really well designed and 
expensive controls, nicest I've run 
into for a long time-silky smooth 
toggle switches, up and down, big 
volume and tuning controls, tiny de - 
tents on most of the knobs which, 
ever so unobtrusively, set up points 
of reference without being gross and 
clicky. Maybe it's silly to talk of ex- 
ternals, but 1 do so deliberately; you'll 
hear plenty from others all about the 
insides and the FET power output. 

One very big external: at last, a 

really workable and intelligent loud- 
ness control, like the very earliest 
ones years ago, before we slid into 
oversimplification, as on virtually all 
present component equipment. Ap- 
parent loudness depends directly on 
(a) volume setting and (b) acoustic 
environment and listening place. The 
loudness compensation curve is mean- 
ingless unless it is related to the ac- 
tual, heard sound in a given room. 
Yamaha has two controls, one for 
volume, one for loudness. Set your 
maximum desired volume, for your 
listening situation, and then use the 
loudness knob to lower it according 
to choice. It works! It always did. 
Frankly, I find the usual loudness con- 
trols quite impossible and never use 
'em if I can help it. I would have the 
Yamaha control in action virtually all 
the time. 

To whet your curiosity, here are 
the Yamaha models we saw and 
heard. In the tuner department, CT 
by designation, two FM/ AM models, 
CT 800 and CT 600, and in the com- 
bined receiver category a full panoply, 
from the very fancy and expensive CR 
1000 with no less than 30 control 
functions on its front panel, FM only, 
through the sleek CR 800 and similar 
CR 600, AM/ FM, and the relatively 
low-cost (but still very, very fancy) 
CR 400, also AM/FM. Then in the 
amplifier -only area, another super 
model the CA 1000 stereo integrated 
amplifier and the CA 800, both of 
these with an interesting featured 
alternative, high -power class B oper- 
ation or, via a switch, lower -powered 
distortionless class A. A CA 600 
model carries this line down into the 
lower stratosphere. All of these with 
so many top -area features I would be 
foolish to try to write them all out, 
and won't. But don't forget the FET 
power amps in the higher -bracket 
models of the line. As of the present, 
nobody else has 'em, though Sony, I 

(Continued on page 26) 
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13 28 43 73 88 103 118 133 
14 29 44 74 89 104 119 134 
15 30 45 75 90 105 120 135 
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Audio engineers agree that the ultimate Preamp must have all 

the CONTROL flexibility of a patch panel...Our New PE2217 

has pushbutton -patching, plus 22 more MUST features... 
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)t 42 / i, ' THE PERFECT MATE 
ER 

FOR THE GREAT NEW SUPER -P°1/1/ AMPS! 
For a SUPER -SYSTEM, match the 2217 with any of these TRUE 'State -of -the -Art" amps -- 

"FANTASTIC! I CAN HARDLY BELIEVE MYEARS.. . 
VERY VERSATILE& CLEAN -SOUNDING AND 
I REALLY LIKE THE SWITCHABLEPATCH/NG. " 
...the most controls... the most flexibility ... the most functions .. . 

the most useability... a $1,000 worth of control for $499.50! 
SPECIFICATIONS and SPECIAL FEATURES 

e ALL PUSHBUTTONS INTERLOCKED to prevent inadvertent program destruction DISCRETE -OCTAVE EQUALIZATION CON- 
TROL of ten octaves on each channel, 12db each octave FULL -SPECTRUM LEVEL CONTROL for each channel AUTOMATIC 
CONTINUOUS MONITORING by light -emitting diodes for visual warning of overload in output circuits VISUAL ZERO -GAIN 
EQUALIZATION BALANCING on music, white noise or pink noise SELECTION OF TEST LITES on or off. TAPE DUBBING BE- 
TWEEN TWO MACHINES, with optional simultaneous equalizing and monitoring DOUBLE -DUBBING into two recorders simul- 
taneously SEPARATE SYSTEM -SELECTION enables full use of all other functions during the tape dubbing operation LINE OR 
TAPE equalization selector AUTOMATIC EQUALIZER -DEFEAT when line or tape equalizer is not in use FRONT PANEL TAPE 
input-output jacks for easy 2nd and 3rd tape recorder hookup access TAPE MONITORING of either tape at any time TWO 
stereo headphone jacks MONO SELECTOR for left, right or both channels to both outputs REVERSE -STEREO mode TWO 
low-level phono inputs FOUR independent phono preamps SIX A/C outlets, 4 switched, 2 unswitched ELECTRO -PLATED 
FERROUS CHASSIS - (eight sections) - provides optimum shielding to minimize magnetic field -coupling SINGLE -POINT 
system ground connector minimizes ground -loops TWO REGULATED power supplies. 

SPECIFICATIONS 
FREQUENCY RESPONSE - Hl -level inputs: ±t/de, 5 Hz to 100 KHz 
FREQUENCY RESPONSE - Phono inputs: ± 1/408, 20 Hz to 20 KHz (Typ. 1/4 dB) 
HARMONIC DISTORTION: less than .05% at 1 volt, (Typ..01 % at 1 volt) 
IM DISTORTION: less than .05% at 1 volt, (Typ..01 % at I volt) 
SIGNAL-TO-NOISE - Hi -level inputs: 100 dB below full output 
SIGNAL-TO-NOISE - Phono inputs: 84dB below a lOmv input 
SIGNAL-TO-NOISE - Equalizer section, 90(18 below a 1 volt input 
GAIN - Phono: 57dB 
GAIN - Hi -Level: 15dB 
INPUT IMPEDANCE - Phono: 47,000 ohms 
INPUT IMPEDANCE - Hi -level, 50,000 ohms 
OUTPUT IMPEDANCE: 600 ohms 
MAXIMUM OUTPUT: 5 volts into hi Impedance, 2.5 volts into 600 ohms 

EQUALIZER LEVEL, Zero -gain controls Iorleft and right channels, continuously 
variable, for unity -gain compensation from - 12dB to + 6dB. 
EQUALIZER RANGE: 12dB boost and 12dB cut, each octave centered at 
30, 60, 120, 240, 480, 960, 1920, 3840, 768) and 15,360 Hz. 
MAXIMUM OUTPUT SIGNAL: Variable master volume control allows adjustment 
of optimum output to match amplifier capability up to 5 volts. 
CIRCUIT BOARDS: Military grade G-10 glass epoxy 
RESISTORS: Low -noise selected carbon -film 
POWER SUPPLY: Separate supply for phono and equalizer 
DIMENSIONS: Walnut -grained case 7%" high x 20" wide x 111/4" deep. 

Genuine oiled -walnut cabinet available, $49.00 extra. 
Front panel size 5%" x 18" 

$499.50 INCLUDES WALNUT -GRAIN CASE 
MANUFACTURED IN SANTA ANA. CA. 

Warranty cards on file at Soundcraftsmen 
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FREE! 
The "Why's and How's of Equalization", 
an easy -to -understand explanation of the rela- 
tionship of acoustics to your environment. This 
8 -page booklet also contains complete specifi- 
cations, an editorial review of the 20-12 by J. 
Gordon Holt's Stereophile magazine, many 
unique ideas on "How the Equalizer can meas- 
urably enhance your listening pleasure," and 
"How typical room problems are eliminated by 
Equalization." 

s Ksffle 
1721 NEWPORT CIRCLE 
SANTA ANA/CALIF/92705 Check No. 32 on Reader Service Card 



Among hi-fi 
enthusiasts, 
popular" brands 
are not popular. 

Sensitive people who are blessed with a keen sense of hearing 
know this too well. If you know one, chances are his components rank 

low on the list of "popular" names and high on performance and 
value. ADC is delighted to travel in such discriminating circles. For 

complete information, write ADC. 

Speaker systems 

Magnetic corttidges 

ADC 
the insiders' 
choice. 

AUDIO DYNAMICS CORPORATION, Pickett District Rd., New Milford, Conn. 06776 

Inside each of our 4 -channel cartridges 
AT12S AT15S $100.00 AT2OSL $175.00 
$64.95 

AT143 
$75.00 

lurks a Dual Magnet stereo' cartridge 
waiting to please you. 

Our sophisticated four -channel 
cartridges* are also stereo cartridges 
at heart. Very good ones. With ruler 
flat response, outstanding stereo sep- 
aration (especially above 1 kHz where 
it counts), and truly impressive high 
frequency tracking. 
All these advantages are as important 
to good stereo as they are essential 
to CD -4. And they can be achieved 

only by paying very close attention to 
detail. And using only the best. Like a 

genuine Shibatat stylus. Nothing less. 

The results are good for any record ... 
whether stereo, matrix, or discrete 4 - 
channel. But you should really hear 
for yourself. Write today for our dealer 
list. No matter how many channels 
you want to hear best. 

*U.S. Pat. Nos: 3,720,796; 3,761,647 
fShibata stylus Pat. No. 3,774,918 

audio technica. 

(Continued from page 22) 

believe, has a license or equivalent 
and will go into them on its own in 
due course of time. 

So there you are-obviously a com- 
ponent line intended to hit the very 
top quality bracket, and at prices that 
such equipment deserves, which is sad 
indeed for those who are penniless. 
But the good life costs cash these days 
and there are a few pennies around, 
fortunately, to splurge on top quality 
hi fi. Yamaha wouldn't mind raking 
in a few of yours, needless to say. 
Go look. I'm merely putting all this 
nice stuff out on a literary tray for 
your inspection-like the realistic food 
displayed outside Japanese restau- 
rants in glass cases, so you can choose 
your menu piece by piece before you 
enter. Take it or leave it; that's your 
business from here on out. 

As for Japan, you know me and 
you know that i can't ever detach 
mere hi fi from the rest of life as it 
floods around me and hits my senses. 
And so I have come back from that 
country absolutely overflowing with 
impressions, and with quantities of 
stereo color shots, too, via Bert 
Whyte's brand new 20 -year -old Re- 
vere, happily borrowed from him for 
the occasion. (Bert uses it all right, 
but keeps the thing so beautifully 
polished you'd never know.) 

I was really stunned by the size and 
power of Japanese westernization. I 

was delighted by the odd contradic- 
tions (from our viewpoint) between 
an old, old civilization, dating straight 
back on every hand to the sixth cen- 
tury, and such a new, new Western 
experience, relatively, that even the 
toilets have delicate instructions, with 
pictures, for those who haven't yet 
encountered that Western device. It 
has all happened pell-mell, it is hap- 
pening, at breakneck speed, and in 
this incredible conversion ten years 
is a century, though in the long Japa- 
nese tradition a century is no more 
than a moment. Next month, then, I 

plan to take off from the Yamaha 
base and give you the side excursions 
I've saved up, the genuine "etc." ele- 
ments of the big trip. In particular, 
that never-ending source of personal 
delight, the English language in Japa- 
nese guise, one of the most intriguing 
bodies of expression I have encoun- 
tered in a lifetime of amateur lin- 
guistics. (I wish I could speak enough 
Japanese so I could afford them such 
a pleasure, the other way around!) 
Pigeons on the glass, arras. People 
who rive in grass houses shouldn't 
thlow stones. So I'm off in my Yama- 
ha rimsheen, and next month it'll be 
moshi moshi everybody. 

AUDIO-TECHNICA U.S., INC., Dept. 84A, 33 Shiawassee Ave., Fairlawn, Ohio 44313 
In Canada: Superior Electronics, Inc. 

Check No. 6 on Reader Service Card 
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There are some things 
you'll appreciate about a Dual 

right away. 

Others will take years. 
You can appreciate some things about a Dual 

turntable right in your dealer's showroom: its clean 
functional appearance, the precision of its tonearm 
adjustments and its smooth, quiet operation. 

The exceptional engineering and manufacturing 
care that go into every Dual turntable may take years 
to appreciate. Only then will you actually experience, 
play after play, Dual's precision and reliability. And 
how year after year, Dual protects your precious 
records; probably your biggest investment in musical 

enjoyment. 

It takes more than features. 
If you know someone who has owned a Dual for 

several years, you've probably heard all this from him. 

But you may also wish to know what makes a Dual 

so different from other automatic turntables which 
seem to offer many of the same features. For example, 
such Dual innovations as: gimbal tonearm suspensions, 

separate anti -skating scales for conical and 
elliptical styli, and rotating single play spindles. 

It's one thing to copy a Dual feature; it's quite 
another thing to match the precision with which 
Duals are built. 

The gimbal, for example. 
A case in point is the tonearm suspension 

Dual was the first manufacturer of automatics 
to offer a true twin -ring gimbal suspension. 
More importantly, every Dual gimbal is 

hand assembled and individually tested 
with precision instruments especially 
developed by Dual. The vertical bearing 
friction of this gimbal is specified at 0.007 
gram, and quality control procedures 
assure that every unit will meet this 

Dual 

specification. Only by maintaining this kind of tolerance 
can tonearm calibrations for stylus pressure and 
anti -skating be set with perfect accuracy. 

Other Dual features are built with similar 
precision. The rotor of every Dual motor is dynamically 
balanced in all planes of motion. Additionally, each 

motor pulley and drive wheel is individually examined 
with special instruments to assure perfect concentricity. 

The Dual guarantee. 
Despite all this precision and refinement, Dual 

turntables are ruggedly built, and need not be babied. 
Which accounts for Dual's unparalleled record of 
reliability, an achievement no other manufacturer can 

copy. Your Dual includes a full year parts and labor 
guarantee; up to four times the guarantee that other 
automatic turntables offer. 

If you'd like to read what several independent 
testing laboratories have said about Dual turntables, 
we'll be pleased to send you reprints of their impartial 
reports. To appreciate Dual performance first hand, we 
suggest you visit your franchised United Audio dealer. 

But your full appreciation of Dual precision won't 
really begin until a Dual is in your system and you 
hear the difference it will make on your own records. 

Play after play. Year after year. 
Dual 1216, $154.95 

Dual 1214, $119.95 

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y 10553 
Exclusive U_5. Distribution Agency fo, Du )1 

Check No. 39 on Reader Service Card 

Dual 1218, $189.95 

Dual 1229, $259.95 
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Build 
An ES Tweeter/ 

Cone Woofer 
System 

Jan deVries and Michael Lampton 

TiTHE LAST few years, there have been substantial advances 
n the theory of low frequency loudspeaker perform - 

1 ante. ß,z,3,° Furthermore, the growing popularity of electro- 
static tweeters has brought a number of excellent commercial 
high frequency reproducers to the market, available at reason- 
able prices. Taken together, these facts lead to the conclusion 
that the hobbyist who wants to put together a high performance 
loudspeaker system can do so in a straightforward way, and 
have confidence in achieving the performance goals he sets. 

One of us has a good size living room and decided some good 
performance loudspeaker enclosures would increase the gen- 
eral living enjoyment and comfort of the room. 

The project loudspeaker systems were fun to plan and build, 
and they work so well, that we want to share the ideas and 
details with other AUDIO readers. Bear in mind that there is a 

great deal of flexibility in the design: the shape of the cabinet, 
the mounting configuration of woofer, tweeter, and duct, the 
choices of woofer and tweeter. Because of this flexibility, we 

have tried to avoid loading this article down with too many 
details or precise dimensions. Nonetheless there is enough 
information for the home constructor to come up with a pretty 
close carbon copy, if he wishes. 

The simplest and sometimes cheapest type of loudspeaker 
system is a "one-way" system, where one or more similar loud- 
speakers cover the entire range of frequencies to be reproduced. 
Such systems face a severe compromise, however, when it 

comes to choosing a loudspeaker size: For smooth response and 
wide dispersion above a few kilohertz, the loudspeaker should 
be no more than an inch or so in diameter, while for low dis- 

tortion below 100 Hz it should be at least six to eight inches. 

One way around this situation is to arrange a large number of 
medium -size speakers on a curved baffle surface, to improve 
the total high frequency radiation pattern; the low frequency 
response is still often deficient, however. Another technique is 

to employ a loudspeaker whose effective cone area decreases 
with increasing frequency; these loudspeakers have mechanical 
crossover networks which give many of the benefits of two-way 
systems. 

Two-way loudspeaker systems use separate woofer and 
tweeter units for the reproduction of the bass and treble notes. 
They have the advantage of permitting each unit to be opti- 
mized for its part of the spectrum with the result that broader 
total frequency response and less distortion can be achieved. 
This article describes a reasonably simple two-way system 
which realizes these advantages. 

The Electrostatic Tweeter A push-pull electrostatic loud- 
speaker element consists of a thin conductive membrane 
suspended between two wire grids. In operation, the membrane 
is kept charged to a potential of 1000 volts or so, and the signal 
to be reproduced is applied between the grids. Thus the signal 
takes the form of an alternating electric field between the 
grids, and the membrane experiences an electrostatic force 
proportional to the audio signal. If the membrane is sufficiently 
thin and light, this force is directly applied to the surrounding 
air, and the radiated sound pressure directly tracks the applied 
audio voltage. 

The frequency response limitations of an electrostatic loud- 
speaker are as follows. At the high frequency end, the response 
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will start to fall off when the inertial forces required to accel- 
erate the diaphragm become comparable to the radiation 
resistance of the air; thus response to (say) 30 kHz requires 
membranes thinner than about 0.1 milligram per square centi- 
meter. The fact that strong metallized plastic films of this thick- 
ness (thinness?) are readily available is what enables reliable 
electrostatic tweeter elements to be made cheaply. At the low 
frequency end, the response is limited by the necessary tension 
in the film suspension and by the radiation cutoff due to the 
element's finite size: The response will start to drop off when 
the element's diameter is less than about a quarter wavelength. 
Thus, a three-inch by three-inch square unit will not be useful 
below about 1 kHz.. 

Electrostatic tweeters have several advantages over the 
usual moving -coil tweeters. Foremost is, of course, their ex- 
tended high frequency response, which goes about one octave 
higher than dynamic units. More significant is the fact that the 
electrostatic's response curves are inherently exceedingly 
smooth; the peaks and valleys, which are produced by the 
acoustical impedance mismatch between a heavy cone or dome 
and the surrounding air, are absent. 

There are two important limitations of electrostatic loud- 
speakers, however. First, because they radiate we/l only at 
wavelengths smaller than their size, they produce appreciable 
beaming of the radiated sound. Consequently, at least two 
elements should be used in a corner -located system, angled 
45° to 60° from each other; even more elements are needed in 
a wall -mounted or bookshelf system. Second, electrostatics 
have limited power handling capacity owing to the required 
strong electric fields and close grid spacing. Although per - 
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TABLE 1. Important Properties of a Few Loudspeakers 

Stiffness BLproduct 
Size, Mfr's 
inches name 

Type 
number 

FAR 
Hz 

newton 
meter 

Resistance 
ohms 

weber/ 
meter 

ElAsens 
dB 

8 JBL D 208 55 6 6 25 44 
JBL LE 8T 30 6 8 43 

10 Altec 406 -BC 30 800 6 49 
JBL LE 10A 29 900 5 10.7 44 

11 Janszen 350 39 950 4 6 5.4 

12 Altec 412 C 35 1350 5 6.8 
Altec 414-88 30 6 52 
E -V SP -12B 50 2440 6 13 6 49 

14 JBL LE 14A 25 2500 5 15.2 

15 Altec 416-8A 23 1340 6 16.1 52 
Altec 515 B 25 12 56 
E -V SP -15 25 1860 6 21.3 53 
E -V SP -15B 30 51 

JBL 130 A 36 20 54 
JBL LE 15A 25 1700 5 22.3 

fectly adequate for living room sound levels, they are not suited 
for auditorium or outdoor sound reinforcement applications. 

Rather than build our own tweeters, we purchased the Jans - 
zen Model 65 electrostatic loudspeaker unit, which includes 
two four -inch square elements and the required high voltage 
power supply, as well as a high quality step-up transformer 
needed to match the elements to an eight -ohm amplifier output. 
Although the Janszen unit contains its own high pass filter with 
a 700 Hz cutoff point, we chose a somewhat higher crossover 
frequency and so found it acceptable to leave the manufac- 
turer's high-pass filter in place. 

The Woofer The low -frequency radiator for this project 
system was designed using the technique described by Lampton 
and Chase (AUDIO December, 19735). The enclosure type is a 
fiber -filled bass -reflex system, which has the greatest practical 
figure of merit of all common enclosure types and is not par- 
ticularly difficult to build. In this system, our design objectives 
were to achieve an asymptotic efficiency of 2 per cent, while 
maintaining a 3 dB cutoff frequency below 30 Hz. From the 
Design Curve #1 of Lampton and Chase, such a system will 
require an enclosure volume of 7 cubic feet if airfilled, or 5 

cubic feet if glass -wool fiber -filled. This particular level of 
efficiency means that, when driven from a 50 -watt amplifier 
just reaching its clipping level, the system will yield 1 acoustic 
watt. In a typical living room, this corresponds to about 110 dB 
SPL (!) which is surely enough for any foreseeable application. 
By the way, this efficiency is about two to five times as great as 
is provided by the usual type of bookshelf loudspeaker sys- 
tems, and the 30 Hz cutoff constitutes about a one -octave 
improvement over such systems. Although there are few steady 
tones found in this part of the spectrum in musical passages, 
there is substantial transient power in this bottom octave asso- 
ciated with percussion. 

In order to come up with a woofer capable of satisfying these 
ambitious design objectives, we applied the method of Lampton 
and Chase twice. First, as in their design example #1, we 
plotted up the allowed maximum woofer free -air resonance 
versus suspension stiffness for 12 -in. woofers giving a 30 Hz 
cutoff in a ten -cubic -foot enclosure (equivalently, a seven - 
cubic -foot fiberglass -filled enclosure). This enclosure volume 
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Fig. 1-Woofer free -air resonance vs. stiffness. 

is larger than is absolutely necessary, but the extra volume 
allowance will give us a nice large working range of woofer 
parameters. This design constraint is shown as the upper curve 
in Fig. 1. Second, as in design example#3 of Lampton and 
Chase, we plotted up the allowed woofer parameters which can 
give at least a two per cent efficiency in a ten -cubic -foot en- 
closure. This design requirement then leads to the lower curve 
in Fig. 1. Any 12 -in. loudspeaker whose free air resonance and 
suspension stiffness lie between the two curves in this figure 
will then satisfy both sets of requirements. Note that if we had 
not started out the calculation with any more volume than 
necessary, we would have ended up with only a skinny line in 
Fig. 1, on which the chance of finding some commercial woofer 
would have been quite small. 

Are there any woofers which will do the job? After exchang- 
ing correspondence with several manufacturers, perusing a 
variety of specification sheets, and borrowing a few loudspeak- 
ers from friends for measurement, we made a table showing 
the more important parameters of a number of popular types; 
it is reproduced below as Table 1. Among the 12 -in. speakers, 
the Altec 412 and 414 lie within the OK zone of Fig. 1 and so 
could be used in the present project. The Electro -Voice SP -12B 
lies just above this zone, and could be used if its FAR were 
lowered a few Hertz by putting adhesive tape on the cone, or 
if the 30 Hz cutoff were slightly relaxed. 

The particular woofer we chose for the project system was 
the Altec 412. Although it is nominally a wide -range speaker, 

TABLE 2. Properties of the Project System 

Type: 
Size: 
LF Section: 
Woofer: 
LF Cutoff: 
Efficiency: 
HF Section: 
Dispersion: 
HF cutoff: 
Crossover: 

Two-way corner enclosure 
Eight cubic feet, external 
Single loudspeaker, bass reflex 
Altec 412 C 12 -inch 
-3 dB at 30 Hz 
2% based on 21r sound radiation 
Two element electrostatic (Janszen #65) 
90° x 20° 
30 kHz 
1000 Hz, two -pole, constant power 
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DISCRETE 4 -CHANNEL 
UV -15 2400 Q UV -15 2000 Q 

DCF 2400 DCF 2000 

YAN .NscaiaTioN 
ruaaueLL 

STEREO AND MATRIX 
XV -151200E XV -15750E 

MANUAL 

DCF 750 

I 

AUTOYATC aANSi 
iUR.TAeIe 

XV -15400E 
DCF 400 

MANUAL 

AU tUMYTAeIFS 

The right PICKERING 
cartridge for your 
equipment is the 
best cartridge 
money can buy. 
They feature low frequency tracking 
and high frequency tracing ability*! 

Pickering offers you "The Best of Both Worlds" in 
discrete 4 -channel and in stereo cartridges. These car- 
tridges have been specifically designed and engineered 
not only to peak specifications and performance charac- 
teristics, but also to achieve total compatability with your 
music system to help you get the most out of it. 

Only Pickering has developed a way for you to be 
absolutely certain you select the "right" cartridge for your 
music system. We did it first for stereo by developing our 
Dynamic Coupling Factor rating system-DCF for short- 
which identifies pick-up performance in terms of a quan- 
titative measurement. The value of a DCF rating lies not 
only in its merit to define low frequency tracking ability 
but also in its measure as an index of high frequency (8 

to 50 kHz) tracing ability. Pickering's DCF-rated pick-ups 
have exceptional high frequency tracing characteristics, 
vital for both stereo and discrete 4 -channel performance. 
The Pickering cartridge exactly "right" for maximum per- 
formance with your equipment is simple to select because 
of this rating method. 

Now, Pickering is also applying application engineer- 
ing techniques and DCF ratings to its discrete cartridges. 
They fulfill the stringent requirements necessitated by the 
sophisticated nature of discrete discs. 

So, whether stereo or discrete is your preference, 
choose from "The Best of Both Worlds" the Pickering 
cartridge exactly right for your equipment. 

For further information write to Pickering & Co., Inc. 
Dept, D, 101 Sunnyside Blvd., Plainview, New York 11803 

0 PICKERING 
"for those who can hear the difference' 

TM 

Check No. 22 on Reader Service Card 



and could have been used alone without an outboard tweeter, 
we regard the addition of the electrostatic tweeter as an im- 
provement. 

Having chosen an enclosure size and a specific woofer, we 
are all set to finish the design by calculating the duct details 
and then establishing the proper damping. From Fig. 7 of 
Lampton & Chase we see that we shall need a duct air mass 
ratio of 1.2; since the woofer has a mass of 28 grams, we find 
a needed duct air mass of 34 grams. This is provided by a duct 
having a cross section of 6 by 12 inches, and whose length is 
93/4 inches, from the duct formula for 12 -in. woofers: 

duct length (inches) _ .0082 m A - A 
where the desired mass, m, is expressed in grams, and the duct 
cross section area A is expressed in square inches. 

The damping is established from the required speaker Q, 
given for example in Fig. 9 of Lampton & Chase: optimum 
performance would be obtained with a Q = 0.45. The chosen 
speaker has an inherent Q of about 0.5, meaning that it is 
slightly less damped than it should be for this application. The 
discrepancy is not serious enough to warrant fiddling with 
negative output impedance amplifiers. Had we wished to raise 
the speaker's natural Q value, a one- or two -ohm external 
series resistor would have accomplished the job. 

We ran a computer evaluation of the final woofer/enclosure 
design. The computed response plot is shown in Fig. 2. The plot 
verifies that the response should indeed be quite flat down to 

Fig. 2-Computer generated amplitude response and 
impedance plots. 

SYSTEM INPUT DATA ARE... 
EFFECTIVE PISTON AREA 
ADIABATIC ENCLOSURE VOLUME 
WOOFER FREE AIR RESONANCE 
SUSPENSION STIFFNESS 
B L PRODUCT 
VOICE COIL RESISTANCE 
SUSPENSION Q FACTOR 
REFLEX VENT AIR MASS 

.051 SQUARE METERS 

.286 CUBIC METERS 
34.0 HERTZ 

1350. NEWTON/METER 
6.8 WEBER/METER. 
4.2 OHMS 
5.44 
.034 KILOGRAM 

FROM THESE DATA, CONSTANT PARAMETERS ARE... 
EFFECTIVE WOOFER MASS .030 
ENCLOSURE AIR STIFFNESS 1300. 
ELECTRODYNAMIC DRAG 11.01 
HELMHOLTZ FREQUENCY 31.1 
SUGGESTED VENT AIR MASS .028 
ASYMPTOTIC EFFICIENCY 1.806 

Q= .519 S= .963. 
A= -1.89 B= 3.31 
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about 40 Hz, and be down 3 decibels at 30 Hz. A computed 
impedance curve is also shown. 

The Crossover In a two-way loudspeaker system, it is 
necessary to electrically divide up the audio spectrum into the 
frequency ranges the woofer and tweeter are capable of han- 
dling. This is accomplished with low- and high-pass filters. An 
important decision is to choose between a high-level or a low- 
level crossover network. A high-level network is designed to 
handle the output of the power amplifier, and is connected 
between the amplifier and the two speakers; a low-level net- 
work is connected between the preamplifier and two power 
amplifiers (one for the woofer, one for the tweeter). Low-level 
crossover systems were once called "electronic" crossovers, 
but that term is more properly reserved for distinguishing either 
from mechanical crossovers. The advantage of the high-level 
crossover is that only one power amplifier channel is needed 
to drive the entire loudspeaker system. It has the disadvantage 
that rather cumbersome LRC components are needed to handle 
the required power with low distortion. Experimenters prefer 
low-level crossover systems, largely due to the ease with which 
the crossover frequency, cutoff slopes, and relative gains of the 
LF and HF channels may be varied. Although we chose the low 
level method, we feel that either technique can give good 
results. 

The choice of a particular crossover frequency is a compro- 
mise governed by these two limitations: the low frequency 
power limitation of the tweeter, and the high frequency response 
irregularities of the woofer. The lower the crossover point, 
the more total power must be handled by the tweeter. Since 
tweeters (especially electrostatics) are capable of only small 
linear excursions, too low a crossover point can lead to severe 
distortion. On the other hand, a high crossover point delivers 
substantial midrange power to the woofer, and this midrange 
power may not reproduce and disperse smoothly. For the 
present system, we found a crossover frequency of 1000 Hz to 
be satisfactory, based on manufacturers' recommendations and 
on a number of listening tests. 

In The vicinity of the crossover point, the woofer and tweeter 
reproduce a comparable sound level. As a result, the sound you 
hear is a combination of the woofer and tweeter response. The 
goal of the crossover design is to drive the speakers in such a 
manner as to have the total system response as flat as possible. 
Incidentally, the filters should also have steep cutoff slopes in 
order to keep the crossover region as narrow as possible. It is 
especially important to keep the LF power out of the tweeter 
circuit, to minimize distortion. 

The designer would have an easy time of it if he were given 
the task of crossing over a two-way system for use on axis in an 
anechoic chamber. This is because on axis, the woofer -to - 
listener and tweeter -to -listener distances can be equal. Conse- 
quently the combination of the woofer and tweeter responses 
referred to above is exactly the sum of their separate sound 
pressures. So, on axis and with no reflected sound, you would 
obtain a flat overall frequency response curve by making sure 
that the total woofer plus tweeter voltage is constant with re- 
spect to frequency. 

Out in the real world the situation is rather more compli- 
cated. Off axis, the woofer and tweeter sound pressures com- 
bine in a manner which depends on the difference in the phase 
shift along their paths to the listener. Reflections off walls and 
ceilings further complicate the picture, and it is quite difficult 
to make a system which takes all these individual phase shifts 
into account. The total sound power integrated over all angles 
can, however, very simply be made flat: We simply require a 
crossover network whose power gain to the woofer plus power 
gain to the tweeter, is constant with respect to frequency. This 
approach is justified by the fact that under most listening 
conditions, reflected sound constitutes the greater part of the 
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No. 28 Subject: Matrix quad -discrete quad -CD -4 

There's quad and there's quad. 
Then, there's Hitachi. 

When you're ready for 
AMP in quad, you ought to know the dif- 
+ 1 ference between the two types 

of quad sound. And why our 
nil- T compatible discrete 4 -channel 

MATRIX (CD -4) is best of all. 
Matrix quadraphonic systems 

AMPI reduce four separate signals into two - 
channel signals, then re -process them 

AMP 
f through matrix circuits back into four 1 channels. The result is a varying 

degree of overlap and channel 
AMP aberration; pure four -channel 

+ separation is blurred. 
AMP Discrete quadraphonic 

DISCRETE 
systems bypass the two -channel 
reduction. Instead, the four chan- 

nels are fed to the four speakers through four 
independent amplifiers. The result is pure 
four -channel sound, without "bleed:' 

CD -4 means compatible discrete four - 
channel. Thanks to a special demodulator, 
you may play all your stereo discs on the 
system. We feel the best all-around CD -4 is 

the one made by Hitachi. The Hitachi CD -4 
starfds out in some important areas: Balanced 
Transformer -less Circuit. (BTL) It means you 
can use all four channels in conventional two - 
channel stereo as well as quad. BTL provides 
optimum balancing of two out of four 
amplifiers providing more than twice the 
power to each channel. Output Capacitor - 
less Circuitry. (OCL) It means the low 

impedance power transistor circuit 
is directly coupled to the output 
speaker terminal without passing 

through a coupling capacitor. There's 
better bass response and damping 

factor, plus higher fidelity. Tape 
dubbing. Two tape deck inputs 

enable dubbing. This permits monitoring 
both radio programs being recorded and 

tapes being dubbed. Twin Tuning Meters. The 

SMR-7240 has dual indicators for fine tuning and 

signal strength. This means precision reception 
usually found only on higher -priced equipment. 

The Hitachi CD -4 Quad sound system is 

backed by our famous "Hitachi -Strong" Warranty. 

Add up and compare our many advantages, and 

you'll buy Hitachi. It'll work small 
wonders for your ears. 

HITACHI 
working small wonders in sound 

National Headquarters 401 West Artesia Boulevard, Compton, Calif. 90220 
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Fig. 3-Crossover network. 

total (direct plus reflected) sound perceived. Reflected sound 
contains a large number of component paths, and among these 
the phase shifts are almost completely random; randomly 
phased signals add up as their total power, rather than as the 
sum of their individual sound pressures. It should be noted that 
there are a few applications where constant voltage and not 
constant power is appropriate. For example, in coaxial two-way 
loudspeakers the woofer and tweeter are within a quarter 
wavelength of each other and their sound pressures add di- 
rectly. 

There have been a good many crossover circuits described in 
the literature. Here, we'll give the details of a simple high-pass, 
low-pass filter which is easy to make and can be easily adjusted 
in frequency. It is known to engineers as a "two -pole Butter- 
worth" filter, and has a power gain given by 

H F: 

LF: 

Power gain = (f/ fo)' 

1 + (f/for 

Power gain = 1 

1 + (f/f0)' 
where f is the frequency of the signal and fo is the crossover 
frequency. It is clear from formulas that the sum of the two 
power gains is 1, i.e. it is independent of f. Each section has a 
cutoff slope of 12 dB/octave. The filters can be built using only 
voltage followers (FETs, IC op amp followers) as active ele- 
ments. A schematic is given in Fig. 3, along with the response 
curives of the HF and LF sections. 

Construction With our components selected, we drew up 
plans which provide the required 7 cubic foot internal en- 
closure volume while making good use of the corner locations 
selected. The left hand and right hand enclosures are not 
identical, but are mirror images; due to the shape of the living 
room a 30° front -panel angle was preferable to the more cus- 
tomary 45°. Each front panel was drawn up with the tweeter 
directly above the woofer, with a great deal of internal bracing 
being provided by the shelves and ducts. Figure 4 shows a view 
of the assembly, and the photographs detail the relationship of 
the parts. The front panel and all shelves, etc. are made of rigid 
34 -inch particle board, which is denser and less resonant than 
laminated plywood. All internal panels are reinforced with 
securely fastened 1x2 and 2x4 lumber for added stiffness. 
removed from the enclosure for ease in installing the speakers 
or changing the grille cloth. 

I. All panels for two enclosures can be cut from two pieces 
of 4x8 foot particle board, as shown in Fig. 5. If you have no 
table saw, a saber saw can be used for these long straight cuts 
provided that you clamp a straight 1 -in. x 4 -in. strip parallel to 

the desired cut to act as a saw guide. Lumber retailers charge 
about $5 for the 20 minutes of labor needed to cut up the panels. 
Since the finished enclosures will be covered with veneer, you 
have considerable tolerance in the straightness of the cuts, and 
no 45° bevel joints are necessary. 

2. Measure in 3/4 inch from the inside edges of the bottoms 
and tops, and install I -in. x 1 -in. square glue block strips. For a 
removable front panel, make sure that there is no interference 
at the left and right sides with these blocks. 

3. Secure the top and bottom to the sides and one rear panel. 
You'll have a much neater job if you put the screws in from the 
inside on all panels except the one removable rear panel. These 
joints should be glued as well as screwed down tight. 

4. Install the tweeter shelf and duct on the front panel. Use 
plenty of glue here since this panel must be rigid. Paint the 
front panel surfaces flat black. The loudspeakers can be installed 
before or after the grille cloth is stapled around the front of the 
panel. The staples will be covered by the front frame when the 
panel is installed. The wiring can be installed at this point; it's 
convenient to mount a barrier -type terminal block on the non - 
removable rear panel for the connections to the woofer and 
tweeter. 

5. Cut up 4 -inch thick fiberglass insulating wool into four - 
inch cubes. Loosen up the material as much as possible; remove 
any foil which may be attached to the fiberglass. Staple some 
very loose cheesecloth over the rear of the woofer, and fill the 

Fig. 4-Drawings of cross-section and front panel. 
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systems. (RMS output of 20 watts 
x 2 @ 8 ohm, 1 KHz.) 

And performance specs to match: 

Harmonic distortion: 0.9% @ 8 

ohm rated output, 0.20 @ 10 
watts. 
Power bandwidth: 
9-50 KHz @ 0.9 dist. 

ttNik, 

-J 

FM Sensitivity (IHF): 
2.0 µV (-30 db noise and dist.) 
Capture ratio: 1.5 db. 
Stereo distortion: 
0.6% @ 100 mod. 

Alternate channel selectiity: 
60 db. 

Add to this the reliability features 
inherent in using the latest in 
proved componentry: so'id-state 
ceramic FM IF filtering and 
hermetically sealed field-effect 
transistor circuitry. 
And the Sherwood three-year 
parts warranty. (One year both 
labor and parts.) 

® 
11 81 87 I 

t ann. Il II :1' 
114III ill 

00:000.000.00. 

nnmmun,w"'u iomn" 
N IN I111 141 MI ..11( 

All for just $229.95. 
In this inflation -ridden world, 
that's n DI just an engineering 
accomplish n-ent. 
It's an economic miracle. 

Write us for complete information 
and specifications: Sherwood 
Electronic Laboratories, 4300 
North CaliforniaAvenue, Chicago 
Illinois 60618. 

Sherwood 
The word is getting around. 

Check No. 30 on Reader S.ry ce Card 

35 



roi, 1O!° 

24" 

BOTTOM 

24" 

7,, 

/ 

Ail 

SIDE 
A 

.._ ./.IIIalMIMIIIIIIIKOMI 

SIDE 
A 

Z3á" 

FRONT 

23 7/8 " 

30" 30" 30" 6" 

i 
BOTTOM BACK BACK / 

24" 28f" 

I 
FRONT a 

23 7/8 " 
SIDE B SIDE B 6"g 

SIDE C SIDE C 10 
!/ hill ill // 

ii i/i!%!,! 
Fig. 5-Layouts for cutting major cabinet sections from 
two 4x8 -ft. pressed wood sheets. Other materials needed 
are 10 ft. of 2x4 in. for corners of front panel, 50 ft. of 1x1 
in. for corners, 10 ft. of 1x3 in. to give added stiffness to 
enclosure, 3x4 ft. plywood to construct the duct and shelf 
on front panel, fiberglass for inside lining and stuffing, 
wood glue, No. 8 flathead wood screws, and veneer to 
finish. 

entire enclosure with the fiberglass cubes. Avoid packing the 
duct with them; more cheesecloth will probably be necessary 
here. 

6. The rear panel can now be put into place with plenty of 
screws, and the whole system checked out. An audio oscillator 
is very helpful here. With a powerful amplifier, drive the 
woofer with a level of several watts at frequencies between 
10 Hz and 1 kHz. Listen and feel carefully for any sign of panel 
resonance, which would reveal itself as a vibration or buzzing. 

7. The best finishing job for the enclosure is done with com- 
mercially available wood veneer and contact cement. Make sure 
that the surfaces to be covered are flat, especially at the joints. 
Cut the veneer slightly oversize and coat the surface of the 
veneer with fast drying contact cement. When the cement 
dries, place a sheet of newspaper over the surface and center 
the veneer on the newspaper. Slowly withdraw the paper, 
allowing the veneer to contact the surface progressively. (With 
contact cement, you get no second chance!) With the veneer 
completely bonded, the edges can be trimmed using a razor 
blade or a sharp hobby knife. Several coats of shellac or acrylic 
resin, such as "Deft," will give the veneer sufficient hardness 
to stand up under everyday wear and tear. 

Start Your Own Design. The starting point for a custom 
design is to decide on the best speaker locations in your listen- 
ing room. The locations should face as much of the listening 
area as possible, and be chosen with good stereo or quadra- 
phonic panorama in mind. Corner locations are usually best. 
Try to avoid placement where much reflected sound can get to 
the listening area; hard flat surfaces are the most troublesome. 
One or two dominant reflections will give rise to severe fre- 
quency response irregularities throughout the midrange (as you 

can verify with an oscillator) while numerous distant reflections 
are not at all harmful. Good listening rooms are remarkably 
dead; hi-fi showrooms have thick carpets and heavy drapes for 
more than one reason! 

Since physical laws tell us that the larger the enclosure, the 
better the bass will sound, bear in mind that you will want to 
base your design on the maximum available enclosure size. 
Some thought should be given as to how you'll camouflage the 
monster once it's built. For instance, select an exterior veneer 
which blends with your other furnishings. Avoid grille cloth 
patterns which are too colorful and attention grabbing. An 
enclosure looks bulky if its frontal area exceeds about six square 
feet. A good way to obtain the needed volume is to choose 
enclosure locations where a good deal of depth is available, as 
is often the case in corners. 

If you already own some loudspeakers and are considering 
building enclosures for them, you'll want to put them through 
the series of measurements described by Lampton & Chase to 
find out what their properties really are. If the enclosure is to 
give maximally flat response down to the woofer's free air 
resonance, you'll need an enclosure volume of 

V = A2/s cubic feet 
where the woofer piston area is A square inches, and s is the 
suspension stiffness in newtons per meter. Big, compliant 
woofers require very large cabinets to get down to their FARs. 
An even larger cabinet permits a response to below the FAR. 

If you plan to select a new woofer for your system, contact 
as many manufacturers as you can. Many offer plans and even 
blueprints for building enclosures suited to their speakers. 
These plans are real bargains and disclose a number of useful 
assembly and mounting tricks, and can be helpful even if you 
don't use their specific designs. 

Tweeter selection is more difficult than woofer selections, 
largely because their problems show up at the high end of the 
audio spectrum where lumped -constant thinking (e.g. Table 1) 
is inapplicable. A tweeter is perhaps best selected by ear. The 
things to listen for are smooth response (absence of harshness) 
and wide dispersion. Tweeters are of three kinds: direct radi- 
ator cone or dome types, driver/horn combinations, and elec- 
trostatic. Direct radiators are the cheapest and are reasonably 
efficient but too often show beaming and response irregular- 
ities above about 5 kHz. A small diameter is important if beam- 
ing is to be avoided. Horn -type tweeters are more costly but 
have much lower distortion and greater efficiency as a result 
of the impedance transformer action of the horn. They are well 
suited to high -power applications and generally have the lowest 
distortion of the three types. Due to their appreciable moving 
mass they are usually limited to frequencies below about 
10 kHz. The low -frequency limit of a horn tweeter is set by the 
length and flare rate of the horn. For a one -foot length, the 
crossover frequency will have to be above 1 kHz. Electrostatic 
tweeters are best with regard to achieving a wide smooth re- 
sponse, but they are a bit fragile and will distort badly if over- 
driven. 
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Microphones. Vital Link 
In the Recording Chain 

David Lane Josephson 

With this installment, Mr. Josephson concludes his article on 
microphones, the first two portions of which appeared in 
December, 1973, and July, 1974. 

Brass, Woodwinds, and Percussion 
Small brass instruments, such as trumpets, saxophones, etc., 

can be miked effectively by the use of one decent quality 
capacitor or dynamic unit located roughly four feet out from 
the bell of the instrument. It should be remembered that the 
recording mic pickup, where the aim is for the highest accuracy 
of the live sound, is different from the public address type of 
mic placement where the aim is for reinforcement of the sound 
level. Brass instruments can produce very intense spikes and 
transients of sound which will distort and overload the mic 
if placed too close. 

Woodwind pickups may be made in basically the same 
manner as brass pickups. The woodwinds are generally a part 
of a group, which will be covered later. Individually they may 
be miked with good quality dynamic or velocity units, placed 
roughly four feet from the instrument. At this distance proxim- 
ity effect isn't troublesome and unidirectional mics may be 
used. 

Percussion instruments, such as drums, must be miked with 
great care. Sharp, spiky instruments, such as snares and cym- 
bals, should always be miked with capacitor units, such as 
the Neumann KM -83. Bass drums may be miked with just 
about anything at all, and many recordists use general pur- 
pose cardioid dynamics for this purpose, located just inside 
the drum itself, if it is open from the rear, or right in front 
if it is closed. A general stereo drum pickup may best be made 
with two high quality omnidirectional dynamic or capacitor 
mics, such as the Shure SM -76 or Neumann KM -83, directly 
over the drum set. These can be mixed for mono or one mic 
may be used. 

Bands 
Rather than individual instrument pickups, discussed above, 

the amateur recordist's most common pickup will probably 
be small musical groups of one kind or another. These may be 
miked with the multi -track technique, using individual instru- 
ment pickups mixed into two or four channels (during re- 
cording or later on by playback of a multi -channel tape), 
or else a general pickup using two mics with an accent if 
needed may be used. Either will give a pleasing stereo effect. 

4 OFT 

Fig. 4-Single mic pickup of brass instrument. Omni- 
directional or unidirectional capacitor or dynamic pre- 
ferred; mic must be able to accurately reproduce spikes 
of sound from these instruments. For this reason, capacitor 
mics are preferred. 

Generally, the multi -track technique is preferred by commercial 
recording studios simply because it allows the musicians to 
come into the control room and decide for themselves where 
they want the various instruments placed in the stereo illusion. 
Each individual microphone is assigned to one channel on a 
multi -track tape (anywhere from 4 to 32 channels or more), the 
playback signal from which is then mixed down into quadra- 
phonic or stereo. 

For very simple but pleasing monaural recording, one single 
spot in the recording hall or studio may usually be found 
where the direct signal from the band will balance with the 
reflected sounds from the ceiling, floor, and walls. Several 
old and well respected record companies used this method 
exclusively, and it produced some of the clearest recordings 
ever made. The theory behind this simple approach is that 
if more than one microphone is used per channel, the same. 
signal of audio will arrive at all of the microphones used to 
feed a given channel at different times, thus producing phase 
differences when all the microphones are mixed together that 
make the tape sound tinny and rather weird. If the distance 
from one microphone to another microphone used to feed the 
same channel (at the time of recording or later, in a multi- 
track mix) is more than six or eight times the distance be- 
tween the microphones and their respective sound sources, 
however, the incident sound striking the wrong microphones 
will be low enough in level so this audio multipath distortion 
won't happen. With the two mics used for a stereo pickup, 
though, this isn't a problem since the mics are used to feed 
separate channels. 

There are generally two schools of thought regarding the 
general binaural stereo pickup, using two microphones, with 
accents if needed. One method is to form an equilateral 
triangle, each side as long as the width of the band being 
recorded, and the apex somewhere out in the audience. Two 
mics are used, located exactly midway between floor and ceiling 
(if the ceiling were 20 feet high, each mic would be 10 feet 
off the floor) and about ten feet from the apex of the triangle 
and pointed toward the front. The main problem with this type 
of pickup is that if the hall is too reverberant or the audience 
too noisy, the reflections and audience noise may be louder 
than the band being miked. Mics should be high quality 
unidirectional capacitors or dynamics, with capacitors used 
if at all possible. This brings us to the other general pickup 
mic technique. Two mics are used, omnidirectional capacitor 
or dynamic (good quality dynamics being almost as good 
as capacitor mics if they are omnidirectional) units, mounted 
at most two inches off the floor at the very edge of the stage. 
The diagram shows how they should be placed. This technique 
can result in a surprisingly accurate stereo pickup that is 
acoustically pleasing as well. Shure and Electro -Voice both 
make stands for this purpose; the Shure being a wire tripod 
in sizes for 3/4- and 1 -in. diameter mics, the Electro -Voice 
being a hunk of foam with a cutout for a mic. In any case, the 
point is to get the microphone as close to the floor as possible 
without actually touching it, to eliminate any possible reflec- 
tions. The basis for all this trouble is that the prime reason 
most amateur band recordings are tinny and lack depth is 
the sound reflections from the floor, walls and ceiling that 
cause the audio multipath distortion mentioned above. This 
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is caused by the same sound arriving at one mic at different 
times. First there is the direct sound from the instrument, 
followed by bounce signals from the walls, floor and ceiling. 
If the distance is great enough, this is heard as reverberation, 
but if the difference between the direct path and the bounce 
path is relatively small, then the bounce signal is heard as 
multipath. The zero -reflection principle may also be used with 
the mics on the walls or the ceiling, whichever is closer to 
the instruments being miked and whichever is the most re- 
flective. 

For any live pickup, it helps immensely to experiment during 
a rehearsal with placement of mics. The walls and floor, for 
example, may be so heavily deadened already that the extra 
floor noise picked up with the zero -reflectance technique 
would cancel out any clarity that might be gained. On the 
other hand, it may be found that the room is so reflective than 
an elaborate multi -track pickup would result only in a hodge- 
podge of mushy sound. A considerable amount of liveness may 
be tolerated in a rehearsal that need not be expected in the 
actual performance-the audience makes a perfect sound ab- 
sorber. 

If it is found that one particular section of the band is 
weak when the microphones are placed best for the overall 
pickup, that section may be reinforced with an accent mic. This 
can be any half -decent unidirectional unit, since its prime 
purpose is reinforcement in volume level of a section of the 
band already audible through the main mics. 

Performance Techniques 
Small classical music ensembles, such as string quartets or 

chamber music groups, should be miked with a plain general 
pickup. The mics used are usually velocity or omnidirectional 
capacitor units. The mics are usually arranged around the 
instruments, in their usual performance setup, rather than the 
other way around. Each individual instrument may be miked 
separately and mixed later if necessary. With a decent en- 
semble (where mistakes in volume balance are not a problem), 
this shouldn't be required. 

Orchestra pickups may be made with either single-mic 
techniques or multi -tracking. The same equilateral triangle 
scheme used for bands should be used, at least as a start in 
experiments. The zero -reflectance technique with the mics 
at the front of the stage generally won't work, since the 
instruments to the rear are much too far away from the mics. 
A zero -reflectance pickup with the mics on the ceiling might 
work-this writer hasn't seen any examples of this technique 
being used for orchestra pickups. The mics should be "flown" 
from the ceiling by nylon fish line or by their own cables. 
Hangers, such as the Neumann Z-68, will eliminate the strain 
placed on the mic connector itself (which might end with the 
mic dropping on the audience). High quality unidirectional 
capacitor mics, such as the Neumann KM -84, should be used. 
As with band recordings, an accent mic may have to be added 
to reinforce a weak section of the pickup. This is often the 
string section, where the subtle harmonics are easily lost as 
the distance between mic and instrument increases. 

Drama pickups present an entirely different problem. A 
common technique is to place four or six mics, usually uni- 
directional dynamics, in the footlights of the stage. The left 
two or three are mixed into the left recording channel, and 
the right group go to the right channel. Often only two mics 
will be sufficient. If the mics are not too heavily coupled 
to the floor by way of their stands, foot stomping and other 
noises are effectively eliminated. The Shure and Electro -Voice 
floor wave stands are excellent for this purpose. It is also 
possible to mount a pair of mics in the proscenium arch, using 
a pair of decent unidirectional capacitor or dynamic units. 
When the actors can project and be heard effectively in the 

audience, there should be no trouble in securing a decent pick- 
up from the stage. Microphones may be hidden on the set or 
on the performers for reinforcement. If there is a particularly 
intimate scene in the play, it may be worthwhile to plant a 
mic in the set near where this is to take place, and fade this 
accent mic in when needed for reinforcement or special effects. 
Usually, if a working rapport is built between the recordist 
and the company producing the play, there is a far better 
chance of the recording coming out as everyone had wanted. 
This way the recordist can begin from a point of knowing what 
the desired mood and impressions are ... and can place mics 
and ride level accordingly. 

A very puzzling thing to be on the lookout for in drama 
pickups are singing filaments. The light dimmers used for 
many low -budget theaters have very poor output filtering for 

//////, BA D/i, ii i / 
l 

D 

LEFT 
MIC 

Fig. 5-Stereo pickup using equilateral -triangle place- 
ment. Two mics shown may be replaced with a pair of 
mics, as shown in Fig. 7, for a Blumlein-type or "X -Y" 
pickup, or with one mic at the apex of the triangle for 
mono. Distance "D" is the same for all sides of the tri- 
angle, and the distance between the mics and the apex 
is one-third of that or D/ 3. Mics can face either straight 
forward or can face the two angles on the stage. 

Fig. 6-Illustration of the zero -difference of floor -wave 
mic technique. Note that the difference between the 
direct sound distance and the reflected sound distance 
is greater with the mic mounted on a stand. Double lines 
indicate sound paths to the floor mic in a block of foam. 
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the SCR hash (noise made when the silicon -controlled recti- 
fiers switch on and off), which doesn't do the dimmer or the 
lights any harm, but causes a 1,000 Hz or so tone to be emitted 
from all the lamps on dimmers-especially when dimmed to 
very low levels. This may be picked up from as far away as 
20 feet, and it is nearly impossible to filter out. The recordist 
should make absolutely certain that the theater in which he 
is to record has quiet dimmers-or else don't go near the ceil- 
ing with the mics. A piece of # 14 insulated wire about 30 
feet long, scramble -wound on a wood or plastic core and placed 
in series with each dimmer output, should solve the problem. 

Most amateur recordists attempt at one time or another to 
produce live actuality tapes-bird sounds, sporting events, 
sound effects. These require only a fertile imagination and half- 
way decent equipment to produce. Almost all of the commer- 
cially available sound effects records were produced in a studio, 
using equipment made especially for sound effects. But for the 
amateur with limited resources, improvisation is the only way. 
Surprisingly good bird and wildlife sounds may be recorded 
with a wooden salad bowl used as a parabolic reflector and 
an omnidirectional dynamic mic, hooked up to a decently quiet 
portable tape recorder like a Sony 800 or a Nagra. The mic 
is suspended in the focus of the parabola, and moved closer 
in for sounds further away and vice versa. 

Extra Hardware 
Microphone stands are probably the most taken -for - 

granted single item in the whole bunch of equipment used for 
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Fig. 7-Stereo pickup of a string quartet, using the "X - 
Y" or semi -binaural technique. This placement also re- 
sults in a good ambience level for Dynaco or SQ quadra- 
phonic encoding. Ideally, the mics should be at the same 
vertical point, the only difference being their horizontal 
angle from the center line. This can be done by mounting 
the two mics one above the other on a stand, or by mount- 
ing the right mic on the left and vice versa, but with the 
left mic pointing left and the right pointing right. An ideal 
single mic for this pickup is the Neumann SM-69fet, 
which includes both mics needed in a single case. 

recording. Many recordists have never thought of making their 
own mic support equipment, but it's entirely possible. Desk 
stands are the easiest to make. A female s/s -27 flange and a 
length of threaded pipe are available for far less than a good 
desk stand and may be mounted on a piece of wood-it doesn't 
have to look like all the other desk stands in the world. Floor 
stands are usually best bought unless you're a fairly competent 
wood and metal worker-the Atlas MS -25 and CS -52 being 
among this writer's favorites. The cheap imported units sold 
under various house names universally tend to be too light, 
and sheer weight (or extension of legs) is often what makes a 
stand tip -proof in any particular situation. The combination of 
a general purpose stand, such as the Atlas MS -25, with a small 
boom attachment, total cost roughly $35.00, can handle almost 
any basic miking placement. The stand itself (floor stands 
tend to be curiously universal in this respect) will rise a little 
over five feet, and the boom will add an extra two feet of 
useful reach from that. The boom itself is close to three feet 
long, but this full length cannot be utilized with any but the 
lightest mics. An integral stand/boom unit, such as the Atlas 
BS -36 or the Neumann M/G-35, are larger and considerably 
more stable units of the same basic stand -plus -boom genre. 

There are a number of ways to support a microphone be- 
sides hand -holding or mounting on a stand which rests on 
the floor. Many low -budget noncommercial radio stations 
"fly" their microphones, even huge velocity mics like the RCA 
44-BX, from ropes or nylon lines strung from the ceiling. This 
is often a utilitarian approach when boom stands are out of 

CABLE TO CEILING 

Fig. 8-Neumann Z-68 auditorium mic hanger. With this 
fixture or a homemade one like it, the mic may be hung 
from the ceiling without having the entire weight of the 
mic on the mic connector. The cable itself is more than 
strong enough to support any mic, but the connectors 
can often come loose under strain. A hanger like this also 
permits the mic to be angled for best pickup. 
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If you are serious about music, you want 
hear it the way the talented musicians playe 
it, in concert or in the recording studic. Only 
then do you experience the artistry the condu=- 
tor and performers put into it. That is precisely 
what you hear when music s reproduce= 
through the AR -3a. 

When it was first introduced. profession 
audio critics and musicians called the AR -3_ 
the best speaker system ever designed f=r 
home use. It was the first loudspeaker =_ 

feature the highly sophisticated acoust c sus- 
pension woofer in a 3 -way system It also irr- 
corporated the industry's first hemispherica 

dome mid -range and tweeter. These revolu- 
tionary drivers resulted in a new dimension of 
accuracy in sound reproduction. 

The AR -3a remains unsurpassed in terms of 
low distortion, flat frequency response and 
broad dispersion. If you are se-i- 
ous about music End prefer to 
hear it as it was orig nal ly record- 
ed, -he AR -3a is the speaker for 
your high fidelity system. 

For more detailed information 
anc complete specifications, A It ICDYNC COMPANY 

please write. 
Acoustic Research, 10 American Dr.. Norwood, Mass. 02C62 

Our 20h year. 1954-1974. 
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Fig. 9-A typical zero -reflectance mic stand, the Shure 
S -55P. The mic should be adjusted so that its grille is 
about /e -in. from the floor. 

financial reach for the recordist. An array of sturdy hooks and 
lengths of nylon rope is probably just as useful as a bunch of 
boom stands-and much cheaper. A very useful kit of gear 
to have around for the floor stand user is a variety of mic 
fittings and adapters. Unfortunately for the recordist, the S/s -27 
thread that has been adopted as standard for mic stands in 
this country is a custom thread, and this recordist has not been 

able to locate taps or dies for this thread anywhere. RCA has 
the right idea by making most of their professional mics 
mount on 1/2 -in. pipe stands-this can be adapted from any mic 
stand, and is easily available anywhere for custom stand - 
making. For the recordist with factory -made stands, however, 
a collection of threaded pipes, female -to -female couplers, 
lengths of running thread, flanges, swivels, etc., which are 
available from almost all electronics parts dealers, will be very 
useful. 

The zero -reflectance (floor wave) miking technique has 
spurred its own separate collection of mounting hardware. 
Shure makes two models of stands (which look like ordinary 
tripod -type desk stands except the mic is under the legs in- 
stead of on top), one for'/4-in. diameter mics and one for 1 -in. 
Electro -Voice has a block of urethane windscreen foam, known 
as a mike mouse, that can be stretched to fit any stick -type 
microphone, and which has the added advantage of protecting 
the mic should it be kicked or fall off the stage. 

Phasing 
Most primers on microphone technique insist that all mics 

must be phased identically. This means that if all the mics 
used for a given pickup are given a positive pulse of audio, 
a positive pulse of electricity will appear at the "hot" lead of 
each mic output. If a mic is out of phase, its output will be a 
negative pulse. The phase may be reversed by transposing 
the two signal leads on a low impedance mic or reversing the 
two mic element leads inside a high impedance mic. In general, 
common phasing is a good idea, but reversing the phase of 
one mic in a pickup may save that particular mic placement. 
Boominess and excessive reverberation in a room may often be 
eliminated by placing an additional mic at least six times as 
far away from the main mic(s) as they are from the sound 
source(s). This echo -suppression mic is then mixed 180' out 
of phase with the others. The sound arriving at the echo - 
suppression mic from the sound source itself will be insig- 
nificant, but the sound arriving as a bounce signal will arrive 
at just about the same time and at the same level as at the main 
mic(s). Thus the output phase will be roughly the same-when 
they are mixed out of phase, anything arriving at one mic will 
automatically be cancelled out from the other mic-in this 
case, the echoes, reverberation and some of the background 
noise will be cancelled out. Experiment with the placement 
of the echo -suppression mic for best results. 

Another bunch of accessories the amateur recordist would 
do well to have are various materials for suppressing noise: 
blocks and sheets of open -cell urethane foam, shock mounts, 
and some filters and attenuators. Most commercial wind- 
screens consist of plain open -cell urethane foam, the same 
as is used in the newer automobile air filters. The differences 
between open -cell and closed -cell foam is that the walls of 
the air bubbles in the foam have disappeared in open -cell 
foam and are still solid in closed cell foam. As a result the 
open -cell foam can pass air while reducing its velocity, while 
the closed -cell foam cannot and is good for insulation and 
mattresses. The open -cell foam may be purchased in sheets 
2 -in. thick and wrapped around a mic to eliminate wind and 
breath noises at far less than the cost of a commercially made 
molded -foam windscreen. One thing that is extremely impor- 
tant when using windscreens with directional mics is to be sure 
that all open ports and vents in the case are windscreened just 
as well as the front grille. These ports are often more sensi- 
tive to wind and breath noise than the front of the mic, which 
is often windscreened inside already. The vents and ports may 
be found by looking for open holes, slots, and extra grilles 
anywhere on the mic case. 

A shock mount is a device designed to isolate the mic from 
picking up any noise from its support. These are usually tubes 
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of metal which hold the mic rigidly, suspended from a ring of 
metal by rubber bands. The ring is then mounted to the stand. 
Other designs use sheets or rings of rubber between the two 
rings or tubes. This is another item that may be made by the 
mechanically talented recordist. A number of microphone 
companies have recently come out with filters, attenuators, 
and phase reversers that fit in the line from a microphone to 
the mixer or recorder. The Shure line includes attenuators 
(which reduce the audio level from very high output mics to 
avoid distortion), high-pass filters (to eliminate bass accentua- 
tion), and phase reversers (two jacks with the two signal wires 

Fig. 10-An ideal small mixer for recording, the Shure 
M-67. This unit has four inputs; all may be used for low 
impedance balanced mic inputs; #1 may be switched to 
built-in tone oscillator for level correction, #4 may be 
switched to 600 -ohm balanced line input. All inputs may 
have low-cut filter switched in (about 10 dB down at 
100 Hz) for rumble suppression or voice tailoring. The 
unit has mixing buss jack so that more than one mixer can 
be paralleled for more inputs; all have the same output; 
meter on each reads only levels going out of that particular 
submixer. Outputs at both mic level and 600 -ohm bal- 
anced line level (up to about +12 VU). 

F 

A 

E 

B 

D 

Fig. 11-Microphone connectors. Balanced types in- 
clude Cannon male cord plug, A; Cannon female cord 
plug, B; Cannon female chassis jack, C, and DIN type, 
D, which has female counterpart. Unbalanced connectors 
include phone plug and jack, E; phono plug, F, and 
Amphenol screw type, G. 

reversed in going through). Electro -Voice's line consists of 
variable filters and fixed attenuators. 

A decent mixer is almost a necessity for anything but the 
strictest single-mic mono recording. Having a unit with low 
impedance balanced inputs, reliable level meter and extras like 
a level -set oscillator, low-cut filters, and quiet potentiometers, 
can be a real pleasure. The Shure M-67 and M-68FC are good 
versatile units as is the Sony MX -16 series. Several other man- 
ufacturers put out mixers that can serve the amateur well. The 
circuits for any of this basic audio mixing and switching gear 
are very simple, and they may easily be built from scratch. 

Microphone Cables 
Getting the signal from the microphone to the mixer or 

recorder is almost as important as getting the mic in the right 
place to begin with. Most cables consist of two plastic- or 
rubber -covered conductors twisted together, shielded with 
braided strands of fine bare wire, and the whole encased in 
a plastic or rubber jacket. High impedance mics are universally 
unbalanced, and only one conductor plus shield is used. Foil - 
shielded cable should never be used for mic lines, or anything 
else that must move from time to time. The foil cracks and 
shrivels up very easily, destroying the shield. Most foil cables 
have a single "drain wire" running along with the foil shield, 
but if the foil disintegrates, the drain wire isn't much of a 
shield. 

Most professional microphone lines are connected to one 
another and to the mic and recorder by round three -pin 
connectors 34 -in. in diameter known as "Cannon XLR con- 
nectors." There are two fiercely warring schools of thought 
on this subject, the resilient (original Cannon) proponents and 
the rigid (old Cannon and new Switchcraft) people. As shown 
in the photo, the pins of the connector are set in a plastic 
insert inside the metal shell. The.new series of Cannon con- 
nectors, as made by Cannon, have the pins set in a block of 
rubber. In the first Cannon connectors and in the present 
Switchcraft and Amphenol connectors, the pins are set in 
rigid plastic or bakelite. The resilient rubber connectors are 
supposed to make contact better since they can move around, 
but the new Switchcraft connectors have captive shell screws 
(means they can't get lost) and a ground lug that connects to 
the shell. This writer hasn't noticed any difference in reliability 
or noise between the rigid and resilient, although the rigid 
types may melt during soldering, and sometimes crack, while 
the rubber ones don't. The other type of microphone connectors 
in use today are mainly for high -impedance mics. The 'phone 
plug and its miniature counterparts are simply rods of metal 
with isolated tips. The ground wire is connected to the shell, 
and the signal wire goes to the tip. There is no way these 'phone 
plugs can be locked to the equipment as can Cannon con- 
nectors, and they will pull out if tripped over. The original 
high impedance mic connector, and one that is still in use, is 
the Amphenol MC -1 series, and its equivalents. This uses a 
5/s-27 threaded ring which screws the male and female sec- 
tions together, the center of the two being the signal lead. 
These, being unbalanced only, are for high impedance mics 
only. Amphenol also makes several types of multi -conductor 
connectors secured with screw rings which are used widely on 
the mic end of cables and in communications gear but not 
much for audio recording. One final word to the wise about 
connectors-avoid plastic like the plague. Plastic -shelled phone 
plugs and Cannon -type connectors will always break if stepped 
on or bashed against the floor (which too often happens), 
and the molded plastic connector -plus -cable assemblies are 
constantly falling apart. What's worse is that there is no way 
to remove the plastic potting compound and solder the pieces 
together again. Take a few extra minutes and make up your 
own cables with good metal connectors and decent shielded 
cable-it'll save you many hours of grief at the recording site. 
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TheRectilinearS: end ofthe myth 
of rock speakers vs. 

classical speakers. 

The new Rectilinear 5 is capable of playing very, 
very loud. Rock -festival loud. Even with a medium - 
powered amplifier. 

At the same time, it's uncannily accurate. It sounds 
sweet, unstrained and just plain lifelike at all volume levels. 

The temptation is great, therefore, to one-up that 
prestigious manufacturer who some time ago announced 
"The first accurate speaker for rock music." 

But we refuse to perpetuate that mythology. It's 
perfectly obvious that the Rectilinear 5 reproduces classical 
music just as accurately as rock. We could never see how a 
voice coil or a magnet would know the difference between 
Jimi Hendrix and Gustav Mahler. 

So we'd rather use this opportunity to set things 
straight once and for all. 

Thus: 
There's no such thing as a rock speaker or a classical w: cles8aalso. 

speaker. Any more than there's a late -show TV set or a n,a and spineless 
football -game TV set. .pea><er totally unlike the traditional crossover 

There are, however, speakers that impose a hard, network. Even the cabinet material is new and different. 
sizzling treble and a huge bass on any music. And others Of course, those who feel threatened by all this fuss 
that round off the edges and soften up the transient de- about accuracy and naturalness will point out that the 
tails of any music. That's the probable origin of the myth ; monitor speakers preferred by engineers and producers 

but these aren't rock and clas- in recording studios are usually of the zippy, super- 
sical speakers, respectively. aggressive variety. 
They're inaccurate speakers. That's perfectly true, but the reason happens to be 

It's true that an aggres- strictly nonmusical. 
sive treble and a heavy "I use the XYZ speaker only as a tool," a top 

bass are characteristic of producer explained to us. "I wouldn't have it in my house. 
most rock music, even when It really blasts at you when you crank up the volume, so 

heard live. It's also true that any little glitch on the tape hits you over the head. 
that some record pro- After eight hours in the studio, that's what it takes to get 
ducers exaggerate your attention. I know how to deal with those unpleasant 
these qualities, some- highs; they're in the speaker, not on my tape." 
times to a freakish It's easy enough to find out for yourself. 

Wrcacedezaotemade.even degree, in their final Any reputable dealer will let you hear the 
mix of the recorded sound. Rectilinear 5 side by side with a "rock" or 

But that doesn't mean the speaker can be allowed to "monitor -type" speaker. Adjust each speaker 
add its own exaggerations on top of the others. by ear to the same high volume level, Rectilinear 5 

A loudspeaker is a conduit. Its job is to convey making sure the amplifiers are Contemporary 
Se 

musical or other audio information unaltered. If the pro- of good quality. Then listen. La 
boat hé s loor es 

ducer wants to monkey around with the natural sound that To rock or classical. speaker system, 

originally entered the microphones, that's his creative Then and there, the myth Delta Dispersion 

privilege. He'll be judged by the musical end results. will crumble. pending) 
(patent 
p Tonal. 

But if the speaker becomes creative, that's bad design. 
By the same token, if some classical record producers 

doesn't mean your speakers should impart those same 
qualities to cymbals, triangles or high trumpets. 
(Stravinsky's transients can be as hard as rock.) 

And if you like to listen at very high volume levels 
(after all, that's what rock is about- 
but so is Die Götterdämmerung), 
you still don't need a speaker that 

achieves high efficiency through 
spurious resonances. What you 
need is something like the 
Rectilinear 5. 

Everything in this remarkably 
original design was conceived to 

end the trade-off between effi- 
ciency and accuracy. The four 
drivers are made to an entirely 

new set of specifications. The filter 
network that feeds the drivers is 

prefer a warm, pillowy, edgeless string sound, that Rectilinear Research Corp.,107 Bruckner Blvd.,Bronx, N.Y.10454 
Canada: H. Roy Gray Limited, Ontario 
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From The Lab 
George W. Tillett 

MY REMARKS concerning the 
methods used by Consumers 
Union for testing loudspeakers 

have brought some interesting letters 
from readers. Daniel Queen writes, "CU 
would have created less confusion if 
they had said, 'We made our measure- 
ments of power response by measuring 
pressure ... at 10 degrees....' The 
method used by CU involved taking a 
large number of pressure response read- 
ings at many angles, but in only two 
planes: one parallel to the vertical axis, 
the other parallel to the horizontal axis. 
This method may be useful for measur- 
ing single direct -radiator loudspeaker 
systems with relatively symmetrical 
cabinets. It can lead to large errors in 
multi -radiator systems such as the two - 
and three-way or the `direct -reflecting 
systems' where phase interference lobes 
and nulls appear throughout the polar 
response. 

"Furthermore, CU measures the 
sound intensity within a sixty -degree 
solid angle in front of the speaker in 
order to determine the characteristic 
of the unreflected (direct) sound reach- 
ing the listener. However, the listener's 
head actually lies within a much smaller 
angle (which could easily be outside the 
sixty -degree cone) where one of the 
aforementioned lobes could occur. I 
agree, therefore, with your criticism of 
the use of this approach to derive a 
figure of merit. As I see it, error results 
due to the aforementioned lobes and 
nulls. The measurement would not in- 
dicate the presence of a severe lobe even 
when it falls within the sixty -degree 
included angle. This would cause a 
person sitting within a null to receive 
a reflected sound so much stronger than 
the initial direct sound, that directional 
perspective will be lost and attack tran- 
sients muddied." 

Absolutely true. In my original article, 
(October, 1973), I said that a speaker 
with a 100 per cent accuracy would still 
sound like a loudspeaker. That is, it 
would still have some distortion and 
coloration. 

Another reader, John Puccio of Con- 
cord, California, has this to say, ".. . 

but when Consumer Reports gets into 
the $200 to $300 speaker range and uses 
its same limited testing methods, I must 

protest.... The speakers were tested 
on only one aspect of their abilities to 
accurately reproduce sound, namely, 
their average omni-directional fre- 
quency response. The fallacy of basing 
total speaker accuracy on just one 
dimension of sound reproduction can 
easily be seen. A speaker may produce 
uniform sound pressure levels at all 
frequencies around 360 degrees of the 
speaker and therefore produce a flat 
omni-directional response. But the 
speaker may also be quite bright on -axis 
and quite weak when tested from the 
rear and the resulting graph will not 
reflect this. The average of the peaks 
and dips may still produce a seemingly 
flat response.... Furthermore, Con- 
sumer Reports limits its omni-directional 
tests to the frequencies between 110 Hz 
and 14,000 Hz. Consumer Reports ap- 
parently feels that other measures of 
`high' fidelity are unimportant to the 
average person. In other words, accord- 
ing to the tone of the February CU 
article, such matters as low bass capa- 
bility, bass distortion, high frequency 
capability, and treble dispersion are of 
concern only to the stereo snobs." 

I make no comment on that one, in- 
stead I would like to quote from Audio 
Times, a respected trade publication. 
"There is, after all, a great deal more 
to a fine loudspeaker than a flat fre- 
quency response curve. What CU dis- 
covered is that comparatively inexpen- 
sive speakers reproduce most of the 
music. Magazine reproductions of fine 
paintings likewise reproduce most of 
the picture, most of the colors. But a 
high quality art reproduction repro- 
duces more-for a lot more money. It 
may add brush strokes, exact tonal 
reproduction and other details simply 
not possible in an inexpensive print." 
CU notes that "most people would be 
just as content, we think, with speakers 
that offer comparable accuracy and less 
strain on the pocket book." True enough, 
and most people buy speakers in the 
$100 and under range. Speakers selling 
for $200 or more aren't for most people. 
They're for the people who can tell the 
difference, who want that extra octave 
of bass, those extra brush strokes. The 
editorial goes on to imply that CU 
"tends to lay a veneer of pseudo -science 
and pseudo -objectivity over the results 

to convey an impression of omni- 
science." 

Ouch! But I must agree with John 
Puccio when he says that the danger of 
Consumer Reports is the reduction of 
all good things to a lowest common 
denominator; the elimination of the 
quest for perfection in favor of the 
mass-produced "bargain." 

* * * 

A reader (who shall be nameless) asks 
somewhat querulously, "Is the statement 
that records are superior to tape the 
humble opinion of the writer?" The 
answer is no, it is not just my opinion, 
humble or otherwise (arrogant?)-it is 
a fact. Records made without a tape 
transfer are unquestionably superior. 
In fact, test records like the CBS series 
with square waveforms cannot be made 
via tape. On the other hand-and here is 
what my critic might be thinking about- 
the average open -reel tape is superior 
to the average record. 

Which brings me to the subject of 
tape hiss, record pops, scratches, and 
so on. Most tape enthusiasts are aware 
of the advantages of compressor -ex- 
pander systems, like the DBX, for in- 
stance, which can increase the dynamic 
range as well as providing an impressive 
15 to 20 dB noise reduction. Now 
records have been made using the DBX 
system, and David Blackmer of that 
company told me that a dynamic range 
of 90 dB has been achieved! No hiss, 
no pops just a silent background. 
Unfortunately, we are not likely to see 
such records around for some time 
(apart from a few made by such com- 
panies as Klavier in Los Angeles). The 
reason is simple: If one of the giant 
companies like CBS or RCA were ap- 
proached, they would say, "Yes, it IS 
a remarkable improvement, but we can't 
make records like this because everyone 
would need a special decoder to play 
them." This is true-but there might, 
there just might be a way. If we get a 
standard quadraphonic system some 
day, then a DBX type of noise sup- 
pression expander system could be 
built right in. After all, the present CD -4 
system incorporates an ANRS noise 
reduction system and the basic principle 
is the same, although the DBX is much 
more complex as it employs log ampli- 
fiers. 
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FOR FREE BROCHURE SEND THIS COUPON, INDICATING AREAS OF INTEREST 

to: Media & Methods, 41 

Come to 
MEDIA & METHODS' 

SECOND ANNUAL 
VTR WORKSHOP 
Madison Square Garden Rotunda 
New York City 

October 1-3, 1974 

in conjunction with vo3E2 
Conducted by M&M contributors WELBY SMITH and GRAY - 

SON MATTINGLY, co-authors of INTRODUCING THE SINGLE 
CAMERA VTR SYSTEM and a host of other professionals who 
are using VTR with kids and adults in schools, community de- 

velopment, government, business and industry. 

Not a lecture series! A practical 10 track workshop designed 
to familiarize you with VTR equipment and techniques through 
actual hands-on production experience, from the maximum use 

of the portopak to the effective use of VTR lighting and sound. 

111 II I 
Name II 

E Portopak 
LiVideo Tape Distribution 

Systems 
Address 

City 
E The Single Camera II VTR/VCR System 

I am a 

Electronic Editing (student. teacher. media specialist. etc.) 

VTR Production Planning 
I am using 0 t/Z inch 1 inch videocassettes 

E Incorporating Other Media 

L Selecting and Expanding a Other 
III 

Video Tape System 

E VTR Feedback Note: Please list alternate add'ess during summer 

III VTR Applications Exchange 
111Address 

E Basic VTR Lighting 
and Sound City 

ZIIIIIIIIIIIIIIIIIIIIIZZZIIIIIZEIZZIIIIIIII 

E. 42nd St., New York, 

State 

N.Y. 10017. 

Zip 

State Zip 
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The world's first stereophone with 
panoramic source controls: M 

Koss engineers have developed a sec- 

ond phase to stereophone listening. A 
new concept so exciting and so different 
from other stereophones, we called it 
Phase 21"^ Indeed, in either the +1 or 
+2 phase positions, you'll hear a Sound 
of Koss never before achieved in a dy- 
namic stereophone. And you'll be able 

to do things to your favorite recordings 
that, until now, only a recording engineer 
could do at the original recording session. 

Slip on the new Koss Phase 2 Stereo- 
phone and flip the Phase Switch to +1. 
As you rotate the Panoramic Source Con- 

trolslM on each ear cup, you'll be drawn 

closer and closer, like a zoom lens on a 

camera, to the center of the performing 
musicians. At the fully advanced position 

you'll feel as though of both controls, 
you're brushing 
shoulders with 
the performers. 
Indeed, the deli- 
cate, intimate 
sounds of breath- 
ing, fingers 
against strings, 

brushes 
trailing over 
cymbals, become 
so clearly defined that you'll feel you're 
actually one of the performers. And by 
adjusting one control separately from 
the other, you'll be able to move from 
one side of the performing group to 
the other. 

Now flip the Phase Switch to the +2 
position. As you advance the Panoramic 
Source Controls, you'll hear a dramatic 

O 

expansion of the center channel on your 
recordings. You'll feel totally surrounded 
by the performing musicians. And as 

you rotate one 
Panoramic 
Source Control 
separately from 
the other, you'll 
feel as though 
you're sitting on 
the piano bench 
one minute and 
in the middle of 
the violin section the next. 

All in all, Phase 2 will make listening 
to your favorite recordings a whole new 
experience. A panorama of new per- 
spectives that creates a new intimacy 
and depth in your listening experience. 

Ask your Audio Specialist to let you 
hear Koss Phase 2 Stereophones. And 
write for our free, full -color catalog, 
c/o Virginia Lamm. You'll find Phase 2 

a whole new phase in personal listening. 
®Koss Corporation 

S S®stereophones 
from the people who invented Stereophones. 

KOSS CORPORATION, 4129 N. Port Washington Ave., Milwaukee, Wisconsin 53212 Koss S.r.l., Milan, Italy Koss Limited, 4112 South Service Rd., Burlington, Ontario. 
Check No. 16 on Reader Service Card 



iar 
Classroom to Studio 

Electric Lady's Chief Engineer 
Dave Palmer demonstrates the 

operation of the Studio A 
Console to Suzanne Lanier and 

IAR Director Al Grundy. 

Solomon R. Kunis 
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SELF -TAUGHT recording engineers, 
who learned their trade at the 
mixing console without benefit 

of classroom, are a vanishing breed, 
says Albert B. Grundy, Director of the 
Institute of Audio Research (IAR). 
They will be gradually replaced by 
younger men and women who have 
mastered the fundamentals of audio 
engineering either at a college or a 
technical school like the Institute which 
Al heads. 

The JAR, located at 64 University 
Place, New York City, was founded by 
Grundy and his partner Irwin J. Diehl 
in 1969 to train studio engineers. The 
school is regarded as the first and one 
of the best specifically organized to 
provide students with the technological 
foundation required in today's sound 
studio. 

During its five-year history, the Insti- 
tute has attracted students ranging in 
age from their early twenties to mid - 
forties. Many are newcomers seeking 
recording jobs, while some are already 
studio employees and wish to enlarge 
their knowledge of audio techniques. 
The school also serves a number of 
people each term who have less im- 
mediate vocational needs. These include 
hi-fi enthusiasts, musicians, and studio 
executives, who are primarily concerned 
with improving their understanding and 
appreciation of the sound recording 
process. 

Institute alumni hold down studio 
jobs all over the United States and 
Canada-as well as overseas in England 
and in Israel. One of the graduates 
supervised the recording of Bob Dylan's 
latest album, Planet Waves, and served 
as sound engineer on Dylan's recent 
concert tour. Another now owns and 

operates his own 16 -track recording 
studio, while a third runs a record 
company and is highly involved with 
disc production. 

The Institute has several women 
students each term. One recent graduate, 
Carla Bandini, is now employed at CBS 
Records in London. Suzanne Lanier, 
who migrated from Florida to attend 
the school last fall, obtained a studio 
job before graduation, and has since 
worked with hit record producer Todd 
Rundgren. 

Between 60 and 80 students are 
enrolled each semester in one or more 
of the courses. The basic course, Studio 
Technology and Practice, is a 10 -week, 
60 -hour evening laboratory/lecture 
class which covers recording funda- 
mentals, magnetic recording, studio 
consoles, and signal processing equip- 
ment. In addition to classroom work, 
there are field trips to modern recording 
studios where students may observe 
the most advanced equipment and 
techniques in actual operation. 

The class in Practical Disc Recording, 
also given at night, is a five -week, 
40 -hour workshop training course. The 
students work with live equipment, 
including a Scully lathe with Ortofon 
cutting head, to further their knowledge 
of vinyl records, disc -cutting lathes, 
recording blanks, and lathe layout, 
operation and maintenance. 

The Institute also conducts a sem- 
inar in Audio Systems Design. This 
brief but intensive 4 -day course covers 
in depth most aspects of the electrical 
design of studio systems. Considered 
in detail are topics of gain, loss and 
impedance interface to achieve max- 
imum S/N and minimum distortion. 
And recently, a new seminar, Digital 
Logic Design, has been developed and 
was first introduced in the Spring, 1974 
term. 

The above courses are repeated 
three times a year. The Fall term begins 
in September, the Winter term in 
January, and the Spring term in April. 

(Top) In front of the disc recording 
control panel, Suzanne Lanier 
discusses a problem with IAR 
Director Al Grundy. (Middle) 
Student David Smith studies the 
intricacies of a Scully lathe. 
(Bottom) John Woram, Director 
of Special Projects for IAR, in- 
structs professionals seeking to 
expand their knowledge of ad- 
vanced techniques during a four - 
day Producers/Arrangers Workshop. 
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Accelerated classes are also held 
during the Summer. 

The course in Studio Technology 
and Practice is also given at the 
Institute's Los Angeles branch in May 
and October. Classes meet five times 
a week, and both morning and evening 
sessions are provided. rr he training courses are primarily 
1 conducted by Al Grundy, who is 

the Director of the Institute and pres- 
ently serves as Chairman of the New 
York Chapter of the Audio Engineering 

Society. Grundy, Who obtained his 
bachelor's degree in electrical engineer- 
ing from Columbia University, learned 
his trade at Columbia Electronics Re- 
search Laborotory. He virtually grew 
up with the recording industry and 
had designed and set up recording 
studios throughout the United States 
and in Europe. 

"Years ago when the typical recording 
engineer entered the audio field, life 
and recording techniques were both a 
lot simpler." Grundy remembers. "What 

AudìonIqst 

HEAR CLEAR 

We are the people who design high fidelity loud- 
speakers to the criterion of highly accurate response. 

This "accuracy" of sound can best be understood as 
a kind of clear reproduction closely illuminating music 
to its real dimensions. 

To this end we develop and adhere to superior speci- 
fications; which, by the way, are easily available to 
you at your dealer. 

While you're there . 

AudioanalUst P.O. BOX 262, BROOKFIELD. CT. 06804 

SPECIALISTS IN ENVIRONMENTAL 

HIGH ACCURACY LOUDSPEAKERS 

those old timers lacked in technical 
know-how, they made up for by adapta- 
bility and willingness to learn. The 
typical studio in those days was 
equipped with relatively simple 
equipment, which hardly required a 
genius to master and understand. 

"Today, a kid walks into a studio 
fully equipped for multi -track recording. 
He is confronted with 24 -channel tape 
recorders, synchronizing equipment, 
reverberation and echo systems, 
limiting amplifiers, and a plethora of 
other electronic wonders which makes 
his head swim. Unless he has acquired 
the fundamental knowledge to make 
sense of this mass of hardware, he might 
just as well walk right out again. There 
is simply no way he can understand 
how the equipment functions, and his 
immediate boss will be too busy with 
his own problems to teach the neophyte 
Ohm's law." 

The administrative and physical 
operations of the Institute of Audio 
Research are handled by Irwin J. 
Diehl, a former professional musician 
who received a degree in Fine Arts 
from the Cincinnati Conservatory of 
Music. Before founding the Institute 
with Grundy, Iry Diehl headed up 
the studio operations at Caedmon 
Records and had previously been em- 
ployed as a staff engineer at Bell Sound 
Studios. 

As co-founder of the IAR, Diehl is 
deeply concerned with the Institute's 
integrity and its reputation in the audio 
field. Iry makes it clear to his students 
that there is no guaranteed studio job 
waiting for them at the end of a ten - 
week course, but IAR has excellent 
rapport with all the major studios in 
the New York, area and frequently 
recommends graduates for vacancies 
which may occur. 

Iry is also the first to disenchant his 
students as to what the training courses 
will qualify them to do. The student's 
fantasy of stepping immediately into 
a full-fledged recording engineer's 
spot is quickly punctured. Regardless 
of how good the trainee is, he will still 
start as an apprentice. But, Diehl 
assures the newcomer, he will advance 
much faster because he knows what 
he is doing in the studio. 

And so, relevant training could 
mean a "foot in the door" of a re- 
cording studio. But without a solid 
grip on basics, the newcomer will be 
hard-pressed to gain entry, much less 
meet the demands made on him by 
new hardware and unique artistic re- 
quirements. Once through this door, 
it's a lot of hard work, patience and 
putting it all together with talent and 
the right personality. 

Check No. 2 on Reader Service Card 
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How to make the sound system you bought 
sound like the sound system you bought. 

INTRODUCING NEW TDK 
AUDUA OPEN -REEL TAPE. 

No matter how much time, effort, or money you 
put into your sound system, chances are it's not giving 
you peak performance-the level it was designed for. 

Much of that gap in performance can be attributed 
to the inconsistencies you find in most low -noise, high - 
output tapes. The shape of the magnetic particles, 
the density and uniformity of the coating, all contribute 
to that total performance. And the more inconsistencies, 
the fewer overtones and transient phenomena you hear. 

Audua's different from 
anything you've ever heard 
before. In fact, you'll prob- 
ably find that it's capable 
of delivering the finest sound 
of any open -reel tape you 
can buy, anywhere. Even 
better than our own highly 
rated SD. That's why SD's 
been discontinued. 

Audua was designed to 
provide higher output and 

Audua coating: tight, fine, dense. 

,. 

IAN -^r Ir`ì.+ ;_I 
Other premium tape coatings: 

random, sparse. 

lower noise levels. That's because TDK designed a 
unique process of uniformly applying.Audua's ultra - 
fine particles. Particles that are only 0.4 microns long 
and with a length -to -width ratio of 10:1. In addition, 
that process gives Audua a significantly better high -end 
frequency response. 

Here's why: take a good look at the two micro - 
photos. Audua is denser and more uniform. It can 
capture more delicate harmonic overtones and transient 
phenomena than that other premium tape. 

So try Audua. It could make your sound system 
perform like the sound system you paid for. Or maybe 
even better. 

Check No. 35 on Reader Service Card 

TDI<. 
TDI< ELECTRONICS CORP. 
755 Fastgate Boulevard, Garden City, New York 11530 


