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re of everything. 
Four new and completely 

different AM -FM stereo receivers 
with increased performance, 

greater power, unsurpassed precision 
and total versatility. 

SX-525 AM -FM STERE7 RECEIVER - 72 WFTT3 IHF 

SX-626 AN -FM STEREO RECEI1ER - 110 WATTS IHF 



SX-727 AN -FM STEREO RECEIVER - 196 WATTS IHF 

- _ 

SX-828 AM -FM STEREC RECEIVER - 270 WATTS IHF 



Think of everything you've ever wanted in a 
stereo receiver. 



Long before the current wave of 
consumerism, Pioneer had established 
its reputation for superior quality 
craftsmanship. This reputation has 
been continuously augmented by our 
commitment to building high fidelity 
components with a measurable extra 
margin of value. Our four new 
receivers - SX-828, SX-727, SX-626, 
SX-525 - are designed to meet a wide 
range of requirements and budgets. 
Yet each unit incorporates a 
significant array of features and 
refinements built into the top new 
model-the SX-828. Regardless which 
new Pioneer receiver you finally 
select, you are assured it represents 
the finest at its price. 

Conceptual diagram 

elerAvAldnetri 
Consistent power throughout the bandwidth. 

Not This 

More meaningful power. 
When it comes to power, each model 
provides the most watts for your 
money. This is meaningful power. 
Power that is consistent throughout 
the 20-20,000 Hz bandwidth (not just 
when measured at 1,000 Hz.) 
Especially noticeable at the low end of 
the spectrum with improved bass 
response, the overall effect is greater 
frequency response and low, low 
distortion. 

Model IHF Music Power 
4 ohms 

SX-828 270 watts 
SX-727 195 watts 
SX-626 110 watts 
SX-525 72 watts 

RMS @ 8 ohms 
Both channels 
driven @ 1KHz 

60+60 watts 
40+40 watts 
27+27 watts 
17+17 watts 

Direct -coupled amplifier 
circuitry and twin power 
supplies improve responses. 
Of course, having power to spare is 
important; but directing it for 
maximum performance is even more 
vital. In the SX-828 and SX-727, you 
will find direct -coupled circuitry in the 
power amplifier combined with two 
separate power supplies to maintain 
consistent high power output with 
positive stability. This means 
transient, damping and frequency 
responses are enhanced, while 
distortion is minimized. In fact, it's 
less than 0.5% across the 
20-20,000 Hz. bandwidth. 

You can't expect great music 
without great specifications. 
Pioneer's reputation for high 
performance capability is thoroughly 
reinforced in these four receivers. 
Listening to them substantiates it; the 
specifications tell the reasons why. 
Since Field Effect Transistors 
increase sensitivity, they're incorpo- 
rated into the FM tuner section of 
each unit. For example, the SX-828 
uses 4 FET's. You get greater 
selectivity and capture ratio with 
Integrated Circuits and Ceramic 
Filters in the IF stage. Here's a mini 
spec list. 

FM Sensitivity (IHF) 
(the lower the better) 

Selectivity 
(the higher the better) 

Capture Ratio 
(the lower the better) 

Power Bandwidth 

sx- sx- 
Tape 828 727 

monitor 2 2 

Phono 2 2 

Auxiliary 1 1 

Microphone 2 1 

SX-828 SX-727 SX-626 SX-525 

1.7uV 1.8uV 2.0uV 2.2uV 

+75dB +70dB +70dB +45dB 

1.5dB 2.0dB 2.5dB 3.0dB 

All exceed by a wide margin the 
usable sound frequency spectrum 

Inputs and outputs for every 
purpose including 4 -channe? sound. 
Depending on your listening interests 
and desire to experiment in sound, 
each receiver provides terminals for 
a -wide range of program sources. 

Inputs: 
sx- SX- 
626 525 

2 2 

2 Phono/Mic. 
1 1 

1 Phono/Mic. 
(as above) 

Exclusive protector circuit 
for speakers. 
Another example of 
Pioneer's advanced engi- 
neering is the automatic 
electronic trigger relay 
system designed into the 
SX-828 and SX-727. 
Since the signal is trans- 
mitted directly to the 
speakers because of the 
direct -coupled amplifier, 
this fail-safe circuit 
protects your speakers 

against damage 
and DC leak- 
age, which can 
cause distor- 
tion. It also 
guards against 
short circuits 
in the power 
transistors. 
It's absolutely 
foolproof. 

Versatile features increase 
your listening enjoyment. 
Our engineers have outdone them- 
selves with a host of easy -to -use 
features. All four units include: 
loudness contour, FM muting, mode 
lights, click stop bass/treble tone 
controls with oversize knurled knobs, 
and an ultra wide linear FM dial scale 
that takes the squint out of tuning. 
Except for the SX-525, they all employ 
high and low filters. Enlarged signal 
strength meters make tuning easier 
than ever. Center tuning meters 

are included as well 
in the SX-828 and SX-727. 
Further sophistication is 
offered on the top two 
models with a 20dB audio 
muting switch - the perfect 
answer to controlling 
background music. As 
the senior member of the 
family, the SX-828 is 

endowed with speaker indicator lights 
(A,B,C,A+B,A+C) and a tuning dial 
dimmer for creating a more intimate 
lighting atmosphere. 
Some day other stereo receivers will 
strive for this total combination of 
power, performance, features, 
precision and versatility. Why wait? 
Pioneer has more of everything now. 
See and hear these magnificent 
receivers at your local Pioneer dealer. 
SX-828-$429.95; SX-727-$349.95; 
SX-626-$279.95; SX-525-$239.95 
Prices include walnut cabinets. 
U.S. Pioneer Electronics Corp., 
178 Commerce Road, Carlstadt, 
New Jersey 07072 

PHONO 1 PHONO 2 AUX 
MAO MM/MC 

LEFT 

RIGHT 

ONO 

e (3 

r- TAPE 1-, m. TAPE 2-i 
REC/M NEC MON NEC/ICH OUT MON//CHIN 

A 
r SPEAKERSs (4 1-1111I 1 

C 

1 Ì I I 
R l 

sx- sx- sx- 
Outputs: 828 727 626 

Speakers 3 3 3 

Headsets 2 1 1 

Tape Rec. 2 2 2 

SX- 
525 

2 

1 

2 

Someday, if you want 4 -channel 
sound, all models have 2 inputs and 
2 outputs to accommodate a unit such 
as Pioneer's QL-600A Decoder 
Amplifier. With it, and two additional 
speakers, perfect 4 -channel sound is 
simply achieved. 

Ultra wide linear FM dial scale takes the squint out of tuning. 

Pr3PreNFEJR,' 
when you want something better 

West: 13300 S. Estrella, Los Angeles 90248 1500 Greenleaf, Elk Grove Village, III. 60007 Canada: S. H. Parker Co., Ontario 
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NEW MODELS 

BETTER! 

NEW MODEL 70/70 
The frequency curves 

are actual tracings from 
a new Sharpe produc- 

tion Model 10/10. 
Improved design of 

the famous top - 
rated Mode 10A. 
Smooth, brilliant, 

full response. 
Striking new decor. 

?YEW Moan III 
For new bright sounds 

to satisfy the highest 
standards of discrimi- 

ating professionals 
and audiophiles 

alike. Smart new 
appearance with 

advanced acousti- 
cal designs. 

JEW MODEL 7/7 
See this new budget - 
priced version of one 
f Sharpe s most popu- 
lar models. Price and 

quality make it a 
"best -buy:' Light- 

weight stereo 
listening. Rice new 
ebory decor. Your 
Sharpe dealer will 

gladly demonstrate 
the complete 

Sharpe Stereo line. 

SHARPE 
AUDIO 

DIVISION 
SCINTREX, INC. 

Tonawanda, N.Y. 
14150 

Export Agents 
ELIPA MARKETING 
INIDUSTRIE1, INC. 

New Hyde Park. 
N.Y 11040 
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We are the Garr 
who made the Zero I. 

We are the Garrard 
who are going to sett 

We're engineers, not salesme 
Yet, here we are, looking out at 

from the pages of this magazine, set 
you the machine we made Not becau 
have anything agai Est salesmen. But 
because we are so involved, over-invo 
perhaps, with the Zerc 100. 

It's understandable. After seven yea 
computations, of planning, of drawin 
redrawing, of fail ire after failure, w 
the automatic -urrtable people 
never be made. 

A turntable that actually -lad 
difference in the sound we lea- 
zero tracking error. That worked n 

but in I -ari pra",, al fa 
ed tracition 

irling the problem. 
n. 

cut at ri 
les, fro 

the outside 
groove() the final on 
To reproduce this sou 
perfectly, a turntable 
should have a cartrd 
head that tracks the 
record exactlyas it wa 
cut, at the same 90 
degree tangency. But, 
no automatic 
turntath0coul 
achí this. 

Our solution? We. 
created a turntable 
like no other turnt 
A turntable with 
arms. 

Th 
arm ò the Zero 
100, the more norma 
looking arm, is the,t 
with the cartridge I -e 
The auxiliary arrr, czar 
innovation, is attached t 
the first arm by a unique' 
system of ball 'Dear ng pi 
Because of the precision 
built into this auxiliary 
arm, the cartridge 
head keeps tu-riirg 
so that the styus is 
always at a 90 degree a 

to the groove. of ~h« recs 
The result? Nc d stcrtion. 
We are not me who are 

comfortable with words like 
"vision" or "dream: Ard yet we 
have had one, and seen it come true. 

We have read re.views cf our ,Nork in 
Stereo Review. 1-igh Fidelity. Audio. 
Rolling Stone. The Grarrcphons. And 
they fill us witi pride. 

We stand pro.adly beside the Zero 10C. 
And offer it to ycu. 
The Garrard Engineers 

Check No 3 or R.33(1131 Services Card 

tg. by Plessey,tCt_ Distributed by British Industries Company 



February 
Whats what in amplifiers - 
Len Feldman 

Amplifier Design Trends 

The Language of High Fi- 

delity, Part 8 of Martin 
Clifford's Guide for Begin- 
ners 

Equipment Reviews in- 
clude 
Phase Linear 400 ampli- 
fier AR 7 speaker system 

Canby 
Looks at Flot Speakers 

New Tung Specs for 73 
Audio Moka at 

ABOUT THE COVER: 
Shown is the Harman -Kar - 
don Citation 14 Dolby 
Tuner, the Fisher 504, 
Marantz 4430, Sony SAR - 
6650, Kenwood KR -614A 
and Sansui QR-4500 re- 

ceivers. All these are good 
examples of present-day 
design and styling. The 
vintage Browning tuner 
circa 1949 or there abouts 
makes an interesting con- 
trast. 

Tape Guide Herman Burstein 

Sluggish Take -Up II 
The September issue of AUDIO 

contains a letter from Mr. Ellison 
concerning sluggish take-up on a 
Revox tape recorder. I wonder if the 
problem is not with the take-up 
motor itself but with the tape guides. 

On the Revox the tape guides are 
cylinders with chrome end plates. It 
seems to be very easy for minute 
particles of tape to catch between the 
cylinder and the end plate thus slightly 
reduce the width of the channel for 
the tape. This makes the tape drag on 
the guide causing very poor take-up. 

This cure is to take apart and clean 
the offending guide, a straightforward 
operation, and then to use only tape 
which does not shed pieces of oxide. 

G. W. Waters 
Providence, R.I. 

Distortion On Old Recordings 
Q. During the early 1950's 1 had a 

Webcor tape recorder and frequently 
taped broadcasts of the Metropolitan 
Opera, Toscanini, and others, which I 
cherished. The recordings were excellent, 
at least at that time. I sold the Webcor 
in 1956 but kept the tapes. I did not 
purchase another recorder until 1968, 
at which time I bought two (Sony 
666-D and 560-D), along with a com- 
plete component system. I could hardly 
wait until I could play my tapes again. 
But what a shock to discover that every 
one was distorted. And I noticed that 
as I attempted to play them the needles 
of the VU meters stayed at maximum 
level. Can you explain why this hap- 
pened, when I am certain that when I 
made the recordings I did not overload 
the recording?-Richard T. Koory, 
Arlington, Va. 

A. Have you tried playing your old 
tapes on machines other than your 
Sony ones? If they still sound dis- 
torted, this would absolve the Sony's 
and place the fault in the tapes. 
Possibly, distortion in your old 
sound system may have masked the 
tape distortion. Another possibility is 

that winding stresses may have physi- 
cally distorted the tapes while they 
were standing unused for a dozen 
years. If this is so, the situation might 
be helped by winding and rewinding 
the tape several times before using it, 
thereby relieving tape stress. Still 
another possibility is that your new 

tape recorders and your new audio 
system are much more revealing of 
tape distortion than was your old 
Webcor; this could be in part be- 
cause of the better high frequency 
response of your new components. 

If your tapes sound satisfactory 
when played on another tape machine, 
then the fault is in your tape machine. 
In other words, the high level on your 
tapes may be overloading your 
machine. 

Headphones 
Q. Is there a set of stereo head- 

phones which have a water -filled pad 
which conducts the sound to your ears. 
I have heard of such earphones, and 
that they produce exceptional sound. 
Please tell me whether such earphones 
exist and who makes them.-Benjamin 
Noval, APO San Francisco, Calif. 

A. Stereo headphones with liquid - 
filled cushions are made by Sharpe 
Instruments, Division of Scintrex, 
Inc., Amherst Industrial Park, Tona- 
wanda (Buffalo), N.Y. 14150. 

Tape Storage 
Q. A question regarding storage of 

recorded magnetic tapes: It is suggested 
that they be stored in metal cans. 
Surely this means cans of magnetic 
metal, steel, or sheet iron. I suppose a 
cabinet lined with sheet iron would do 
as well and avoid handling all those 
cans. A letter some time ago in A UDIO 
(November 1969) suggests that our 
homes are vast collections of bulk tape 
erasers. Your thoughts would be appre- 
ciated-F. A. Fetvedt, Fergus Falls, 
Minn. 

A. I think that the danger of erasing 
tape from home a.c. sources (motors, 
TV sets, power lines, etc.) tends to be 
exaggerated. I believe that a metal 
can, or a cabinet lined with metal 
(iron or steel) of similar thickness to 
the can, will provide adequate pro- 
tection. To check on the degree of 
danger, I have done the following. 
I have taken a tape containing sub- 
stantial high frequency material (these 
frequencies are the most susceptible 
to erasure) and brought it within less 
than a foot of a very powerful bulk 
eraser, and then played it. I could 
detect no change in the audio content 
of the tape. 

4 AUDIO JANUARY 1973 



What's a 
4 -channel system 

without a 
4 -channel deck? 

Not very complete. Because so 
much of the 4 -channel music 
available is on discrete 4 -channel 
tape. That's also one of the rea- 
sons Panasonic picked discrete as 
the standard for our 4 -channel 
equipment. Including our 4 - 

channel cartridge (leeks. 
We have two. The IiS-847US 

plays 4 -channel and 2 -channel 
cartridges, automatically. No 
switches to turn. No knobs to 
set. You've also got controls for 
Continuous play. Or automatic 
eject. A digital program indicator. 
Phis one program selector button 
to control all eight tracks. And in- 
side that lovely walnut cabinet, 

there's an A(; hysteresis synchro- 
nous motor. So voltage variations 
wo 't cause wow aril flutter. 

But maybe you're tired of lis- 
tening Io pre-rec'or'ded music. You 
wa II to make some of your own. 
'!'lieu you need a deck that records 
as well as Flays hack. I Ake our 
HS-858tJS. It could be your own 
sound studio for 4 -channel and 
2-c Juannel tapes. 'l'he 4 oil pill 
level controls let you blend the 
sound any way you want. And the 
4 separate VU rulers let your see 
wit tt you're doing. There's cvei 
a I cadpllone selector switch so 
you: can IiOI)ilor the sound on the 
front or the hack speakers. 

Of course, you also get a lot of 
extras col the liS-858US. bike a 
locking fast forward button. And 
an A ttoniatic Timing counter. To 
help you find out where you are 
on the, tape. You see how much 
tine has elapsed. In minutes. 

OI r4 -channel components allay 
clisenrte, matrix, stereo and molt - 
:opal. They even enhance t he 
sound of stereo with our Qu;tdru- 
plex '" circuitry. See our other 
components with our decks at a 
franchised Panasonic iii -l' i deal- 
er. Because what's a 4 -channel 
deck without a 4 -channel system. 
FOR 'K AM NEAREST FRANCHISED 
PANASONIC HI FI DEALER, CALL TOLL FREE 
800 243 6000. IN CONN., 1-600 882-8500 

Panasonic® 
HiFi 4 -Channel Tape Decks 

13,44,3 

Check No. 5 on Reader Service Card 



Either way 
you get the 
world's first 
universal 
four -channel 
decoder. 

EVR-4X4 
Four -Channel 
AM/FM Receiver 
$249.95 

EVX-44 
Universal 
Four -Channel 
Decoder $99.95 

Now Electro -Voice offers our new 
universal decoder circuit built into 
both a stereo receiver and a 

4 -channel decoder. 

The EVR-4X4 Receiver has 
every needed feature for 2- and 
4 -channel sound. Yet it costs no 
more than many 2 -channel units 
that offer half the pleasure. And it 

will properly decode any matrix 
4 -channel input without switching. 
Ideal for playing SQ*, Stereo -4t, 
or any other matrixed records, tape, 
or FM sources. 

The EVX-44 Universal Decoder 
creates a 4 -channel control center 
for existing stereo equipment. Just 
add a second stereo amp and two 
more speakers. Unique separation 
enhancement circuit automatically 
adjusts front -back separation as 
required by program material. 

Both the receiver and the decoder 
are also designed to accommodate 
'discrete' inputs like 8 -track tape if 
you wish. Hear the finest in four - 
channel sound at your Electro -Voice 
showroom. Where the excitement is! 

E -V 4 -channel products are produced 
under U.S. Patent No. 3,632,886 

T. M. CBS, Inc. 
IT. M. Electro -Voice, Inc. 

ELECTRO -VOICE, INC., Dept. 134A 
602 Cecil Street, Buchanan, Michigan 4917 
In Europe: Electro.Voice, S. A., Rdmerstrasse 49. 25 Nidau, Switzerland 
In Canada: EV of Canada, Ltd.. Gananoque, Ontario 

New power amplifier 
Tomlinson Research Instruments have 
introduced a 100 watt power amplifier 
which features an oversized power 
supply for continuous operation, mas- 
sive heatsinks, special protection cir- 
cuits and modular construction. Power 
rating is 100 watts per channel into 
8 ohms and 160 watts per channel at 
4 ohms. Designated Model 1002, the 
price is $450. 

Check No. 100 on Reader Service Card 

Pioneer turntable 
Model PL -61 is claimed to he a pro- 
fessional type turntable and it has 
some unusual features. Motor is a 
high torque, brushless servo type using 
the Hall effect. It has a belt drive 
and speed control is accomplished 
electronically. Other features include a 
magnetic anti -skating device, a turn- 
table strobe, oil -damped cueing device, 
direct reading stylus pressure counter- 
weight, lateral balance control and 
adjustable feet. Wow and flutter is 
given as less than 0.05% (WRMS) and 
a s/n of 55 dB or better. Price $299.95 
complete with base and dust cover. 

Check No. 101 on Reader Service Card 

Mininitnrt 
EPI announce a new column type 
speaker called a Microtower which 
measures only 32 inches high. It is 
said to deliver accurate bass down to 
50 Hz and have exceptionally good 
dispersion. Two 41/2 inch units are 
employed and only 5 watts of power 
are needed. Because of the small floor 
space required, EPI suggest that these 
Microtowers would be ideal for four - 
channel use in small or medium size 
rooms. Obtainable in walnut, black or 
white, the price is $99.95 a pair. 

Check No. 102 on Reader Service Card 

Wollensak cassette recorder 
The new recorder from Wollensak 
is distinctively styled with "eye ap- 
peal." It features Dolby noise suppres- 
sion, memory rewind and has provision 
for chromium dioxide tapes. Frequency 
range is quoted at 30 to 14 kHz +3 dB 
with standard tape and up to 15 kHz 
with Cr02. Price is $259.95. 

Check No. 103 on Reader Service Card 

Check No. 6 on Reader Service Card AUDIO JANUARY 1973 



TEAC 

TEAC AN -80 Dolby noise reduction unit 

TEAC 3300: the strong, silent type 
If you've been shopping the field for 
a semi -pro deck with studio -size reels, 
you've probably had to cut your way through 
a lot of noise about silence. And you've 
probably wondered why you haven't heard 
TEAC blowing its horn on the subject. 
The answer is simple-we didn't feel we 
had to. Long before the dawning of Dolby, 
TEAC perfected the kind of electronics 
that lets you use the most acvanced 
low-noise/high-output tapes on decks like 
the 3300 with startling results. We effectively 
reduced tape noise and hiss below audible 
levels. And let Dolby take it from there. 
But we wanted to keep the 3300 a truly 
versatile semi -pro deck for the audiophile. 
So instead of building Dolby in, we 
outboarded it, as you can see-in the 
AN -80 Dolby Noise -Reduction Unit. Now you 
could get better signal -to -nose than was 
dreamed of in your ratio for $149 50. Not 
only on your 3300 but on any other existing 

Dolby is a trademark of Dolby Laboratories, Inc. 

ceck. At the same time, we addressed 
ourselves to making the 3300 transport 
(already world-renowned for its superlative 
quality and unmatched reliability) a near - 
perfect mechanism. By manufacturing all 
critical components in-house-and to specs 
and tolerances we wouldn't dare impose on 
anyone else By quality control tantamount 

paranoia-for example, we adjust, check, 
and readjust our heads as many as 17 times 
during manufacture. Over and above this, 
we provide acdiophile conveniences 
overlooked on other decks. Like a bias- level 
switch. And the famous Edi-Q control for 
one -hand editing and cueing. Two full-size 
VU meters. All this for only $499.50. Now 
would you reallly expect a machine as strong 
as all this to be anything but silent? And if 
all you need is a 7" -reel deck with many 
of the 3300's fine features, checkout our 
1230 at $359.50. 

T EAC TEAC Corporation of America, 
7733 Telegraph Road, Montebello, California 90640 

TEAC Coporation, 1-8-1 Nïerhi shinjuku, Shinjuku-ku, Tokyo, Japan 
TEAC EUROPE N V., Kabelrvea 45-47. Amsterdam - W.2, Holland 
In Canada: White Electronic Development Corp., Ltd., Toronto 

Check No. 29 on Reader Service Card 



audioclinic 

Hum in TV Audio 
Q. My problem is in attempting to 

hook the audio output of my new 

Motorola Quasar TV set into the rest 

of my audio system. The TV dealer 
tried to cooperate with me by installing 
a phone jack on the back of the TV set. 

He took the audio signal from the 

volume control, the idea being to feed 

in a signal into my Dynaco PA T4 
preamplifier, which would be constant 
and not affected by the volume control. 
When I attempted to use this arrange- 

ment, I got an unpleasant buzzing along 
with the TV audio. It sounded as 

though the set was not properly 
grounded. I discussed this problem with 
the dealer and he said that the ground 
was "incompatible." This does not ex- 
plain much to me. 

By experimenting I find that I can 

run the output of the TV into my 
Revox A77 tape recorder with no prob- 
lem as long as the recorder is not con - 

Joseph 
Giovanelli 

netted in any way to the rest of the 

audio system. I can record from the 

TV set as long as the recorder is not 
connected to the system. 

I hope you will be able to give me 

some suggestions as to what to do so 

that I can plug the TV into the Dynaco 
preamplifier.-Leonard F. Blanchard, 
Clayton, N.Y. 

A. I do not know exactly what TV 
set you are discussing. (There are a 

number of models which carry the 
Quasar designation.) Once I had this 
information I would then need a 
schematic which might shed some light 
on your problem. Therefore, what 
follows is based on past experience 
with TV sets in general. 

Any television receiver has a number 
of circuits, which, when improperly 
adjusted, will enable video to enter 
the audio circuit; this will be heard 
as a buzz. 

It could be that you have a set with 

A couple of winners. 
This new tuner/amplifier combination 
represents one of the best values 
Sherwood has introduced. To give you 
matchless sound. 

S-2400 AM/FM Stereo Tuner: 

Four gang variable tuning capacitor 
1.8 uy FM sensitivity 

"Stereo Only" switch 
Walnut case included 

S-9400 Stereo/Dynaquad Amplifier: 

100 watts RMS, 8 ohms 1 KHz << T.H.D. 
Built-in Dynaquad four channel 
matrixing circuit 

Inputs for 2 phones, mics, tuner, 
2 auxiliary sources 
Provision for Four Channel decoder (can 
double as a second tape monitor). 
Walnut case included 

The S-2400 tuner at $229.95 
The S-9400 amplifier at $259.95 

A very compatible couple. 

Sherwood Electronic Laboratories 
4300 N. California Avenue 
Chicago, Illinois 60618 

Sherwood Excitement 

a "hot" chassis, one having no power 
transformer. If this is the case, you 
stand a chance of damaging some 
components as well as introducing 
audible hum when attempting to 
connect this TV set to your sound 
system. You will require an isolation 
transformer capable of handling at 
least as much power as is required by 
your TV set, plus a reasonable safety 
margin. If all of these assumptions 
are correct, the addition of this trans- 
former may solve your problem im- 
mediately. 

If the hum still persists, try connect- 
ing the chassis of the TV set directly 
to the chassis of your preamplifier. 
Connect the shield of the intercon- 
necting cable only at the preamplifier 
input. The other end of the cable 
should not be connected. Use No. 16 

wire to interconnect the two chassis. 
(This wire will serve to carry the signal 
and not the shield.) 

If the hum is still present or if the 
audio of the TV set no longer operates 
as it should, the audio input circuit 
is not standard. I would then need to 
see a schematic of the set before 
proceeding further. 

Dear Mr. Giovanelli: 
Thank you for your letter regarding 

the problem I had in attempting to 
connect the audio output of my new 
TV receiver through my high fidelity 
music system. I have the problem solved. 

I first tried a good -size isolation 
transformer as you suggested. I plugged 
it into the a.c. wall outlet and then 
plugged the TV set into the transformer. 
This entirely solved the problem. 

A transformer of enough capacity to 
handle the TV set's requirements plus 
a safety factor was rather costly. I 
tried another approach. I got a small 
matching transformer and used it in the 
audio line only. This also solved the 
problem. 

Now I am using the inexpensive 
matching transformer rather than the 
heavy isolation transformer. I plugged 
the output from the matching trans- 
former into the high level input of a 

Shure 4 -position mike mixer, which 
also enables me to add reverb. I am now 
getting very good sound from the TV 

(Continued on page 75) 

If you have a problem or question on audio, 

write to Mr. Joseph Giovanelli, at AUDIO, 
134 North Thirteenth Street, Philadelphia, 
Pa. 19107. All letters are answered. Please 

enclose a stamped self-addressed envelope. 
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µ. .r.wMti. 
Y<t x, 

$747 
ALL YOURS FOR ONLY 

plus small postage/handling charge 

WILL/AM STEINBERG CONDUCTS 

THE PLANETS 
HOLST'S ASTROLOGICAL SPECTACULAR "SEEMS TO HERALD 

A NEW ERA IN RECORDED SOUND" (STEREO REVIEW) 
MICHAEL TILSON THOMAS CONDUCTS 

WINTER DREAMS 
TCHAIKOA SK1 'S F RST SYMPHONY, ROMANTIC MOOD -PAINTING 

AT ITS MOST BEAUTIFUL AND CAPTIVATING 
RAFAEL KUBELIK CONDUCTS 

THE MOLDALI 
SMETANA'S PORTRAIT 

OF AN ENCHANTING RIVER, PLUS ITS RADIANT COMPANION, 
FROM BOHEMIA'S WOODS AND FIELDS 
CLAUDIO ABBADO CONDUCTS 

DAPHNIS &CHLOE 
RAVEL'S SHIMMERING SECOND SUITE FROM THE BALLET, 

PLUS HIS TENDER PAVANE FOR A DEAD PRINCESS 

Extra! Free Bonus Record! 
STEINBERG CONDUCTS STRAUSS' 

ALSO SPRACH 
ZARATHUSTRA 

Famous dramatic theme music 
from "2001: A Space Odyssey" in 

a triumphant performance 

Listen free 
for 10 days! Then 

SAVE 

off our already - 
low price if you 
decide to keep this 
superb 3 -record set 

plus free bonus LP... 
AN EVENING WITH THE 

BOSTON 
SYMPHONY 
ORCHESTRA 
No obligation to buy anything! 
Here's a fabulous opportunity! Listen free for 10 days to a complete concert of 
magnificent music ... played by the incomparable Boston Symphony Orchestra 
under four celebrated conductors ... recorded by Deutsche Grammophon with 
astonishing stereo realism ... pressed in Europe on superior, silent -surfaced 
discs. And if you act today, An Evening with the Boston Symphony Orchestra- 
three records boxed plus free bonus record plus big brochure filled with pictures 
and articles about the music and artists-can be yours at 50% off our regular 
price to introduce you to the International Festival of Great Orchestras. Return 
the set after 10 days, or keep it if you wish for only $7.47 plus small postage/han- 
dling charge. (You save more than $20 off suggested list price of comparable 
records in retail stores!) 

Then continue to save! For you also receive a 10 -day free audition privilege, 
with no obligation to buy, on other exciting three -record concert programs (plus 
free bonus LP), one sent every two months, by the world's great orchestras, like 
the London Symphony and Berlin Philharmonic. Return any set, or keep it at our 
low regular price of only $14.95 plus small postage/handling charge-a $12.97 
saving off comparable retail value! You may cancel at any time. Open your heart 
and ears to the ultimate in home listening pleasure! Mail the card right now! 

SEND NO MONEY! MAII. THIS COUPON IF POSTPAID CARD IS MISSING 

Limited Opportunity! New Members Only! AM -3 
INTERNATIONAL FESTIVAL OF GREAT ORCHESTRAS 
333 North Michigan Avenue, Chicago, Illinois 60601 

Please send, for my free audition, the three -record boxed concert program with bro- 
chure, An Evening with the Boston Symphony Orchestra, plus bonus record. I may 
return all four records after 10 days and owe nothing, or keep them and pay only 
$7.47 (half your regular price) plus a small postage/handling charge (sales tax extra 
where required). I will also receive, at two -month intervals, further concert pro- 
grams-three records plus bonus LP-by famous orchestras for my free I0 -day 
audition. I may return any set, or keep it at your regular low price (only $14.95 com- 
plete plus small postage/handling charge). I am not obligated to buy any records 
whatsoever, and I may cancel this arrangement at any time. 

NAMF 
(please (mini) 

ADDRESS 

c I Il STATF 7IP 



IT'S LIKE 
'NOTHING' 
ELSE FOR 

LENCO 
PROFESSIONAL 9995 
L75 TURNTABLE 
When the Swiss make a watch, they make 
a watch. And when they make a turntable, 
they make stereo history! 

The Swiss -built Lenco Professional 
L75 Turntable brings you closer to 
"NOTHING" than any other comparable 
turntable. ("NOTHING", of course, is the 
elimination of everything that interferes 
with the perfect reproduction of stereo 
sound.) Moreover, the L75 is loaded with 
features an audiphile could learn to love: 
1 Low mass cartridge head, 

2 Precisely balanced tonearm, 

3 Infinitely variable speed control, 
4 Viscous -damped cueing. 
Write for the full, exciting specs to: 
LENCO Division, Benjamin Electronic 
Sound Corp., Farmingdale, N.Y. 11735 
A division of Instrument Systems Corp. 
Available in Canada. 

LENCO 
¡BE iv* an N 
puts more engineering in... 
so you get more music out. 

Behind The Scenes 
Bert Whyte 

NEXT YEAR MARKS my 20th anni- 
versary as a critic, and as you 
might expect, I have accumu- 

lated zillions of recordings. As the 
stereo disc era became firmly estab- 
lished, out of sheer lack of storage 
space, I gave away or sold thousands 
of mono discs. Tape recordings have 
been piling up since 1949, and today 
we have open reel tapes, cassettes, and 
cartridges both stereo and quadra- 
phonic. Plus quadraphonic discs of all 
the matrix formats and CD -4 discrete 
as well. In short, I have an almost 
infinite choice of music, and since, 
very frankly, all these tapes and discs 
were "freebies", there is a tendancy to 
treat them in a rather "offhand" or 
"cavalier" fashion. Now don't mis- 
understand me. There is no lack of 
respect for the music, the artists, or 
the technological accomplishments rep- 
resented by the discs or tapes in my 
collection. There just isn't that sense 
of "possessiveness" experienced by 
those who have plunked down their 
hard-earned dough for a disc or tape 
recording. Let's face it . . . even with 
the discounts available today, discs 
average out to about 4 dollars each 
and the various tape formats more 
than that, so that even a very modest 
collection of say, a hundred or so re- 
cordings, can represent a sizable invest- 
ment. Needless to say, for a person 
truly interested in music, whether his 
tastes run to pop or classical or both, 
he wants to sample a much broader 
spectrum of music than that which he 
can afford to incorporate in a collec- 
tion. Not too surprisingly, this person 
turns to FM stereo radio and acquires 
either a receiver or a tuner to pick up 
broadcasts in this medium. 

In any case, although changing tastes 
have had a profound effect on FM 
programming (mainly, sad to say, in 
the diminution of classical music 
broadcasting) there are more FM sta- 
tions going on the air every year, and 
for a great many people, more and 
more reasons for acquiring a receiver 
or tuner. Now I have owned many FM 
tuners over the years. In the early days 
of mono FM, the principal reason for 
incorporating a tuner in one's hi-fi 
system, was that with live symphony 

orchestra broadcasts, you were getting 
the highest quality sound available. In 
the case of the absolutely superb spe- 
cial broadcasts provided by Major 
Edwin Armstrong (which I related to 
you earlier this year) the fidelity of 
the sound was far beyond any disc you 
could buy, and indeed was better than 
master tape recordings of that time, 
since the signal-to-noise ratio of the 
recorders was poorer than the FM 
signal! In spite of this we still did a 
lot of "off -the -air" recording. One 
fondly remembers using the REL "Pre- 
cedent" tuner, the "Rolls-Royce" unit 
of those days, teamed up with a 15 ips 
Magnecorder. 

Nowadays I live about 60 miles 
from the FM transmitters atop the 
Empire State Building in New York. 
Over the past few years I have used a 
fairly comprehensive sampling of the 
better quality FM tuners. At that dis- 
tance from the transmitter, and using a 
high quality log periodic antenna I got 
what I would describe as fair to good 
reception. But frankly, it just wasn't 
good enough for me to warrant much 
listening to this medium. I am parti- 
cularly bugged by ignition noise, and 
in spite of fancy shielded cable and 
very "sanitary" wiring and lead-in 
practices, all of the tuners I used had 
this problem in varying degrees. Then 
too, the signal-to-noise ratio and the 
"quieting" on quite a few stations was 
less than satisfactory. One must note 
that because the G.E./Zenith system 
of FM stereo multiplexing was chosen 
over the technically superior Crosby 
system (in large part because of the 
aforementioned SCA) the FM stereo 
signal-to-noise ratio is somewhere be- 
tween 16 to 23 dB poorer than FM 
mono SNR. As I pointed out earlier, 
I have an almost limitless choice of 
music on very high quality discs and 
tapes from my collection, as an alter- 
native to FM. This, plus some of the 
technical shortcomings I encountered, 
have made me feel what may best be 
described as "indifferent" to FM stereo 
these past couple of years. In fact, I 
have not even had an FM tuner in my 
home for over a year. 

You will recall that some months 
ago I reported on the use of the Dolby 
B Type noise reduction system in FM 
broadcasting. Essentially, a B Type 
encoder is installed at the transmitter 
before the FM signal is pre -empha- 
sized, and the complementary B Type 
decoder (such as those made by 

Check No. 10 on Reader Service Card AUDIO JANUARY 1973 



WE SPEAK SOFTLY 

AS200: 

AS100: 

AS300: 

AND CARRY A BIG SOUND 
From the most delicate whisper to the thunder of a full orchestral 
climax, Sansui's new AS acoustic -suspension speakers reproduce the full 
dynamic range, distortion -free and with impartial precision. 

Loud or soft-high volume setting or low-their special quality rernains 
steadfast-and that quality will be a revelation to American ears. For the AS 
line was designed only after careful research into our listening preferences. 

But traditional acoustic -suspension design was only the starting point. 
Next came new woofer cones blended of selected pulp and wool, then 
custom -impregnated for well -damped sound. Leakproof, mitred -joint 
cabinets. New wide -dispersion cone tweeters with excellent transient 
response. The results are lowered resonances, extended low -end response 
and smoother high -end performance. They add up to a new standard for 
reproduced sound, more natural yet more dramatic than 
anything you're accustomed to. 

Listen to them yourself. You'll hear what we mean. 

AS100: 2 -way system with 10" woofer and 3" tweeter. 
Response: 45 to 20,000 Hz. Peak power: 40 watts. $89.95. 
AS200: 3 -way system with 10" woofer, 6.5" midrange and 3" tweeter. 
Response: 40 to 20,000 Hz. Peak power: 50 watts. $119.95. 
AS300: 3 -way system with 12" woofer, 6.5" midrange and 3" tweeter. 
Response 35 to 20,000 Hz. Peak power: 60 watts. $149.95. 

COPYRIGHT 1972 BY SANSUI 

,Snn czi 
SANSUI ELECTRONICS CORP. 
Woodside, New York 11377 Gardena, California 90247 
ELECTRONIC DISTRIBUTORS (Canada), Vancouver 9, B.C. 
SANSUI ELECTRIC CO., LTD., Tokyo, Japan Sansui Audio Europe S. A., Antwerp, Belgium 
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Advent, Teac, Concord and others) 
used in reception. The result of this 
is an overall 8-9 dB subjective reduc- 
tion in noise level, which increases 
the station's effective coverage area 
with acceptable SNR, which coverage 
could not ordinarily be obtained with- 
out an approximate 8 -fold increase in 
transmitter power. Various stations 
around the country such as WDCS/ 
Portland, Me.; WAKR/Akron, Ohio; 
and WVUD/Dayton, Ohio have inau- 
gurated Dolby B Type broadcasts, and 
the prestigious WFMT/Chicago is pre- 
senting several hours of Dolbyized 
broadcasts every day. Some months 
ago WQXR, the New York Times 
renowned classical music station, an- 
nounced it would be broadcasting 
Dolby B encoded programs on a per- 
manent round-the-clock basis. At 
about the same time as the WQXR/ 
Dolby programming went into effect, 
the enterprising people at Harman/ 
Kardon introduced their Citation 14 

stereo FM tuner with built-in Dolby 
B Type noise reduction . . . the first 
tuner specifically designed for this 
advance in FM broadcasting tech- 
niques. 

I have "lived" with a Citation 14 for 
some months now, and must say I am 
impressed with the performance of 
this singularly well -engineered tuner. 
Now I am not about to compete with 
the inquisitors who will minutely 
dissect and discuss the inner workings 
of the Citation 14 in a typical Audio 
Profile. Let the technocrats wax enthu- 
siastic about the "phase -locked loop 
circuits", the 5 section gang FM front 
end", "I.f. filter with sealed 9 pole 
phase linear LC network", "l.f. strip 
with 2 extremely high gain IC's", etc. 
etc. I leave to others the nit-picking 
about sensitivity figures. All I know is 
that I have picked up listenable stereo 
programs from Philadelphia, from 
parts of Eastern Pennsylvania, all sorts 
of burgs in Connecticut, and from 
little one -lunged college radio trans- 
mitters. Freaky? Perhaps, and I would 
be the first to confess that the program 
content of these stations was quite 
inconsequential. The important thing 
is that the stations that I am interested 
in . . . WNYC, WQXR and several 
other "good music" stations, "pop in" 
instantly, 60 miles from the source, 
rock -steady and with a cleanness of 
sound I have not previously en- 
countered in FM listening. 

Physically, the Citation 14 is a de- 
parture from the "traditionally" styled 
tuners. For one thing there is no long 
tuning scale. Instead there is a large 
window with the station frequencies 
in brightly luminous numbers, which 

are actually on a drum, which is con- 
trolled by a very smooth -acting knurled 
flywheel below the window. To the 
left of the dial scale is a center chan- 
nel tuning meter, and to the left of it, 
the Citation 14's unique "quieting" 
meter. This meter "reads" signal-to- 
noise ratio . . . the quality of the re- 
ceived signal, rather than merely an 
indication of signal strength. In use, 
you strive for maximum deflection of 
the meter to the highest number, which 
represents the best listening position, 
even if the tuning meter is not at the 
center of the pass band. The front 
panel has an array of controls for 
function (mono, auto, stereo only) 
stereo noise filter, sliding gain controls, 
mute switch, power switch, etc. There 
are several controls unique on this 
tuner. One is the Dolby switch, which 
activates the B Type decoding circuits, 
and a little "double D" Dolby trade- 
mark lights up on the panel to indicate 
you are in this mode. The other con- 
trol is a level set tone switch which 
activates a generator which produces a 
400 Hz sine wave test tone at a level 
equivalent to 50% of full modulation 
of an FM signal. This is for use in 
making "off -the -air "recordings", in 
which the test tone is fed into recorder 
input level controls and the controls 
adjusted to read "O" VU. This will 
generally insure optimum SNR, but 
depending on the overload and input 
characteristics of the recorder it may 
be necessary to experiment a bit to 
find the right setting of the controls 
in case the reference level is too high. 
It is also useful in maintaining correct 
"left/right" balance. I think this level 
set tone is a long overdue convenience 
and in conjunction with the handy 
front panel tape output jack, it makes 
recording from this tuner a cinch. The 
rear panel has the usual input/output 
facilities, plus an output for a quadra- 
phonic decoder, a scope output, and a 
stereo threshold control and a mute 
threshold control, which according to 
their setting will permit the reception 
of all stereo signals irrespective of 
strength, or which may be set for vary- 
ing degrees of signal quality. 

The Dolby facilities of the Citation 
14 worked very well with the Dolby B 

Type encoded signals from WQXR. 
As expected, the sound of the unde- 
coded broadcast was a bit on the 
bright side, but a modest treble roll -off 
was all that was needed to cope with 
this characteristic, and it seemed to 
cut noise a little. With the WQXR 
signals decoded, there was a very 
audible improvement in SNR, and for 
the most part at least as quiet as FM 
stereo stations very much closer to me 

than 60 miles. Of course, one must not 
forget that the Dolby B decoder cannot 
overcome the basic noise of poor rec- 
ords or tapes. A hissy tape is still a 
hissy tape, but at least the noise prob- 
lem isn't compounded with the noise 
I would be picking up from a non - 
Dolby broadcast which would be in 
effect like increasing my distance from 
the transmitter by a factor of three. 

Getting back to the Citation 14 
tuner, I am happy to report that I 

have yet to encounter any of my pet 
peeve, ignition noise. This is the first 
unit I have ever used in which this 
annoyance is apparently fully sup- 
pressed. Probably the most impressive 
aspects of this tuner are the really 
effective quieting on most of the sta- 
tions I pick up from New York, and 
the extremely low distortion as evi- 
denced by the cleanness of the sound. 
However, it must be noted that these 
qualities also impose certain penalties 
. . . to wit; the Citation 14 is merci- 
lessly revealing of the poor program 
material and technical inadequacies 
of many FM stations. I am utterly 
appalled by the rumble I hear from 
poor turntables, and the wow and 
flutter as well. And from tape ma- 
chines too! And the terrible cacophony 
of ticks, clicks, scratches and hiss from 
the recordings. I suppose part of it is 
my fault. Probably a great many 
people use their FM for background 
listening, and thus at the usual low 
levels don't hear all these terrible 
noises and distortions. Plus the fact 
that few of the tuners are of the qua- 
lity of the Citation unit and some 
masking occurs. I am not one for 
background music, except perhaps if 
it murmurs politely and unobtrusively 
at a cocktail bash. When I listen, I 

listen at a good room -filling level, 
and thus I hear the noises of all that 
junky equipment and bad recordings. 
Fortunately, most of the stations I 
like to listen to, have pretty fair equip- 
ment and distracting sounds are 
minimal. 

In summation, the Citation 14 Dolby 
FM tuner is a magnificent piece of 
equipment, which already has partially 
restored my faith in the FM medium. 
While I will still draw heavily on my 
record and tape collection for the 
highest quality sound, I now know I 

can be confident of hearing those 
Boston Symphony and Philadelphia 
Orchestra tapes over WQXR with 
optimum quality via the Citation 14. 

One final note . . . wouldn't it be 
nice if the musicians union would 
lessen their broadcast fees, so that 
once again we could hear the New 
York Philharmonic ... LIVE! 
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The ADC XL1VI a class by itself." 

That's the way Stereo Review described our XLM. High Fidelity head- 
lined their review, "Superb new pickup from ADC" and went on to say, 
GL ...must be counted among the state of the art contenders:' And Audio 
echoed them with, "The ADC-XLM appears to be state of the art" 

With the critics so lavish in their praise of the XLM, there's hardly any 
necessity to add anything. Far better to let the experts continue to speak 
for us. 

Frequency response The CBS STR-100 test 
record showed less than±1.5dB variation up 
to 20,000Hz. Stereo Review 
... response is within ±2dB over the entire range. Audio 
Frequency response is exceptionally flat. High Fidelity 

Tracking This is the only cartridge we have seen 
that is really capable of tracking almost all stereo discs 
at 0.4 grams. Stereo Review 
The XLM went through the usual torture test at 
0.4 grams (some top models require more than a 
gram). High Fidelity 
The XLM is capable of reproducing anything found on 
a phonograph record. Audio 

Distortion Distortion readings...are almost 
without exception better than those for any other model 
we've tested. High Fidelity 

The XLM has remarkably low distortion in comparison 
with others. Audio 
At 0.6 grams the distortion was low (under 1.5 per 
cent). Stereo Review 

Hum and noise The XLM could be instrumental 
in lowering the input noise from the first stage of a 
modern transistor amplifier. Audio 
The cartridge had very good shielding against 
induced hum. Stereo Review 

Price This would be a very hard cartridge to surpass 
at any price. Stereo Review 
We found it impossible to attribute superior sound to 
costlier competing models. High Fidelity 
Priced as it is, it is a real bargain in cartridges. Audio 

The Pritchard High Definition 
ADC-XLM $ 50. 

ADC AUDIO DYNAMICS CORPORATION 
Pickest Diilric Road, New Milford. Connecticut06]6 

Check No. 13on Reader Service Card 
Pickett District New Milford. 06776 
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Editor's Review 
Sorne very interesting tuners and receivers are 
described in this issue-they have certainly 

come a long way since the days when I, as a 
schoolboy in London built my own. One of the 
first efforts was a single tube short-wave job with 
the tuning coil wound on an (empty) wineglass- 
greatly esteemed in those days as being ultra 
low -loss! Now, as I look around the lab at 
digital tuners, matrix and discrete quadraphonic 
systems, super -power amplifiers and so on, I 
must admit that there are a lot of exciting things 
happening these days. Even so, I doubt whether 
anything can match the thrill I experienced in 
that top attic in London, listening to KDKA in 
the small hours, hardly daring to breathe lest the 
thing went off -tune ... . 

Speakers and SPL's 
Sharp-eyed readers will have noticed some 
changes in the loudspeaker tests. The distortion 
curves are now presented with some SPL (Sound 
Power Level) measurements which allow more 
meaningful comparisons to be made. Two loud- 
speakers might both handle 40 watts at 40 Hz 
before distortion becomes evident, but one could 
be delivering twice the acoustic power of the 
other. Incidentally, power input levels are meas- 
ured at the specific frequencies and not related 
to a nominal 4 or 8 ohms which might only 
apply at some mid -band frequency. 

Many readers have expressed their appreciation 
of the comparitive tests on the 14 small speaker 
systems. Some have suggested that similar tests 
be carried out with larger systems. This is not so 
easy because people interested in buying sys- 
tems in the $200 to $500 range really want to 
know more about them than can be compressed 
into a capsule report. However, we will certainly 
evaluate systems in the $70 to $100 range later 
this year and will print more speaker reviews 
too. At the moment, there is still a large backlog 
which includes such exotic systems as the SAE 
Dynamic -Electrostatic, the 12 -sided Design Acous- 
tics and the new Fisher Sound Panels. 

Correction 
The new Philips Videodisc does not play at 25 
rpm as stated in the November issue-the speed 
is the same as the Teldec: 1800 rpm. Playing 
time is said to be 45 minutes and because a laser 
beam is used instead of a mechanical contact 
there is no record wear. 

Demonstration Disc 
Some time ago, in May 1970 to be exact, I 

recommended a special high quality direct -disc 
recording made by Sheffield Records. This was 
called "Lincoln Mayorga and Friends, Part I." 
Now Part II has made its appearance, and if 
anything, it is superior to number 1. At $7.50, 
it is not cheap, but it does show what your system 
can do. The address is Sheffield Records, P.O. 
Box 5332, Santa Barbara, Calif. 93108. Incidently, 
they tell us that a few copies of the Part I disc 
are still available. 
Anniversary 
December, 1972 marked the 25th anniversary of 
an invention which has made a tremendous im- 
pact on almost every field of human endeavor. 
I am referring, of course, to the transistor which 
was invented by a group at Bell Labs. What has 
happened to those pioneers? Well, many are still 
at Bell, but four of them are teaching-William 
Shockley at Stanford, Walter Brattain at Whitman 
College in Washington, John Bardeen at the 
U. of Illinois and John Pierce at the Cal. In- 
stitute of Technology. John was responsible for 
the name "transistor" which he evolved from 
"transfer resistor". 

Success Story 
In 1971, EPI had 10 employees and the sales for 
that year were $200,000. The 1972 sales were 
just under $3 million and the number of em- 
ployees had increased to nearly 90! This is an al- 
most unbelievable achievement in such a short 
space of time. As the "Boston Globe" stated, 
"This is an example of the growth potential of 
the high fidelity components industry". 

San Francisco Show 
The Hyatt House in Burlinghame, near the air- 
port, will be the site of the next IHF Hi-Fi 
Show. Dates are April 11 to the 16th. 

Dirty Sound 
According to Bob Hackett of Ampeg, there 
might be a swing back to tube amplifiers for 
guitar use. Not because of lower distortion, fre- 
quency response or reliability but because "you 
can get harmonious distortion or dirty sound 
with tubes not possible with solid state". The 
largest Ampeg system puts out 300 watts and it 
was stated that the Rolling Stones use 5 of these 
plus a 10 kw system. G.W.T. 
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All Pickering XV -15 cartridges 
deliver 100% Music Power. They 
reproduce evenly across the entire 
musical spectrum. They don't add. 
They don't subtract. They don't 
distort. 

Pickering 
Music Power Cartridges 

"tell the truth, the whole truth 
and nothing but the truth. 

100% 

There is only one truth in re- What's more, every Pickering 
corded music-the sound that is in the XV -15 is designed to provide this 
record grooves. optimum performance with specific 

In the reproduction process, a lot record players. So, when you buy a 
of things can distort the truth. Pickering XV -15 cartridge, we ask 

To begin with, the cartridge. you to check its DCF (Dynamic 
Coupling Factor) rating with our 

An inefficient cartridge can rob DCF chart first, to make certain you 
music of its instrumental definition, get the model that's best for you. 
of its overtones and harmonics in the That way you just spend what you 
upper frequency range. In these im- have to to get at the truth. In price 
portant audio frequencies, some car- ranges to suit your equipment. 
tridges suffer as much as a 50% loss g 

Pick - in music power. Which means that For more information write: Pick 

what you are hearing is a half-truth. Bring Co., Inc., Dept. D , 101 

Sunnyside Blvd., Plainview, New 
York 11803. 

PICKERING 
"for those who can [hear the difference" 

.ill Pickering cartridges are designed for use with all two and four -channel matrix derived compatible systems. 

Check No. 15 on Reader Service Card 
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Leonard Feldman 

NEARLY FIFTEEN YEARS ago, the fledgling Institute of 
High Fidelity undertook what seemed like an impos- 
sible task-the formulation of measurement standards 

for FM and AM tuners. Until that time, most manufacturers 
published performance specifications based upon standards 
that had been issued by the Institute of Radio Engineers 
(now the IEEE) in 1947, just after the birth of commercial 
FM broadcasting on a national scale. High fidelity com- 
ponent manufacturers realized that the tuner of 1958 could 
no longer be judged by measurements devised in 1947. To 
the everlasting credit of a few brave engineers affiliated with 
what was then a very tiny segment of the home entertain- 
ment electronic industry, the "new" standards were issued in 
late 1958. Before long, everyone who hoped to sell high 
quality FM receiving equipment adopted the newer standards 
and a relative measure of specification standardization pre- 
vailed. 

If you can remember 1958 clearly, you'll recall that in that 
year, FM stereo was just a dream in the mind of Murray 
Crosby. Transistors had been invented a decade or so earlier, 
but were to be found only in a few, expensive imported AM 
"pocket" radios which presupposed your having pretty large 
pockets. In short, the "new" tuner specs of 1958 are pretty 
well outdated and it's time for their retirement-or rejuvena- 
tion, if you just can't bear to see "old specs die". As of this 
writing, the IHF has again turned to the matter of measure- 
ment standards and, hopefully, it won't be long before up- 
dated standards will be proposed and, accepted by the in- 
dustry at large. As one who has had to deal with the "old" 
specs both in my daily work and in the course of reviewing 
the performance of various FM products for readers of 
AUDIO, I'd like to propose a few ideas for consideration by 
the newly formed committee and, perhaps, come up with a 
set of more meaningful specifications in the light of today's 
state-of-the-art FM product. 
Down With IHF Sensitivity! 

If you read FM tuner spec sheets as I do, you may have 
wondered whether or not there is really a meaningful, 
audible difference between a tuner that boasts, say 1.9 µV 
IHF sensitivity and one that shamefacedly admits to only 
2.0 µV. The fact is the neither product sounds particularly 
good when fed with its "least usable sensitivity" signal (a 
once -popular synonym for "IHF sensitivity"). That is because 
with such a minimal signal applied to the antenna terminals, 
the total noise and distortion content of the resultant audio 
output will be some 3%. If this percentage consists primarily 
of distortion (THD), you'd hardly want to listen to the 
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program. If the content is primarily noise-why, even a cheap 
cassette machine (the garden variety "dictating machine" 
type) can provide a better signal-to-noise ratio than that. 
Your low-level phono -preamplifier nearly always boasts at 
least 60 dB of S/N and high-level inputs of amplifiers are 
capable of 75 or even more dB of dynamic range above 
noise level. Why worry, then, about whether it takes 1.8 or 
1.9 µV of signal input to produce a "listenable" signal that 
you wouldn't want to listen to? 

Usable Sensitivity 
Suppose that instead of "least usable sensitivity" we pro- 

pose that manufacturers specify the least signal which will 
provide a 50 dB signal-to-noise ratio. Such an S/N is quite 
listenable, with just a bare trace of background noise. A 
comparison between this proposed spec and the IHF sen- 
sitivity for a given receiver is shown in Fig. 1. The new spec- 
ification could be stated as: Usable Sensitivity (50 dB S/N); 
4.5 µV. Since THD and noise (both unwanted signal content) 
were correctly linked together by the creators of the original 
IHF specs, an accompanying specification should be: THD 
at Usable Sensitivity. The number will always be less than 3% 
and, in our example of Fig. 1, turns out to be a very listen - 
able 1.2%. We're all for continuing the practice of quoting 
"ultimate" S/N, but feel that instead of arbitrarily measuring 
it at 1000 µV signal input, some statement should be made 
establishing just what the signal input has to be before this 
"ultimate" or best S/N is reached. That kind of statement 
would really separate the "men from the boys". Thus, a 
typical specification might read: Ultimate Signal -to -Noise: 
70 dB at 75 µV input and you'd know that the set has a 
better, faster quieting characteristic than one which states: 
Ultimate S/N: 70 dB at 150 µ.V. This idea is conveyed in 
Fig. 1 as well and the same approach could be used to define 
lowest harmonic distortion (THD), which, in our example 
would be stated as: 0.3% with 40 µV input. 
THD vs. Frequency 

Although the old IHF specs rightly recognized the fact 
that the de -emphasis curve built into the tuner output cir- 
cuitry tends to make THD readings above 1 kHz or so look 
"better" than they would otherwise be, we find an increasing 
tendency on the part of many quality manufacturers to quote 
THD for frequencies above and below the nominal 1000 Hz 
and believe that this is a trend in the right direction. Thus, 
in our new specs, we'd propose that THD be quoted for 
100 Hz, 1 kHz and 10 kHz as a minimum, with a full plot (as 
shown in Fig. 2) optional-but desirable. You're probably not 
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Fig. 1-New, more meaningful FM mono performance speci- 
fications include usable sensitivity, THD at usable sensitivity, 
ultimate THD and ultimate S/N. 

Fig. 2-FM Mono THD versus frequency. Standards would 
require statement of THD at 3 key frequencies. 



PROFESSIONAL 
STUDIO 
EQUIPMENT 

3 speeds - 15, 71/2 & 
33/sips; hysteresis syn- 
chronous drive motor 

torque reel motors 

"capable of providing 
the most faithful re- 
production of- sound 
through the magnetic 
recording medium .. . 

to date" -Audio mag- 
azine, 4/68 

optional Trac -Sync 

individual channel 
equalizers 

third head monitor 
with A/B switch; 
meter monitoring of 
source, tape, output 
and source+tape; 
sound - with - sound, 
sound -on -sound and 
echo 

2 mixing inputs per 
c'7annel 

individual channel bias 
adjust 

"construction 
rugged enough to 
withstand parachute 
drops" -Audio mag- 
azine, 4/68 

RECORDERS & 
REPRODUCERS 

0 
0111111118 

,o 4. 

$1790 for basic rack - 
mount half-track stereo 
deck, about $2300 with 
typical accessories; 
Formica floor console 
$295, rugged portable 
case -$69 

SX 711 Claimed by its pro audio owners to 
be the finest professional tape recorder value on 
the market today - price versus performance 

Frequency response at 71/2ips ±2dB 20Hz-20kHz, 
at 33/4ips ±2dB 20Hz-10kHz Wow & flutter at 
71/2ips 0.09%, at 33/ ips 0.18% S/N at 7'/zips-60dB, 
at 33/4ips -55dB Facilities: bias metering and 
adjustment, third head monitor with A/B switch, 
sound -with -sound, two mic or line inputs, meter 
monitoring same as CX822, 6000 output Remote 
start/stop optional, automatic stop in play mode 

$895 for full -track mono deck as shown, $995 
for half-track stereo deck 

S P72 2 Ideal reproducer for automation 
ystems Meets or exceeds all NAB standards 

Remote start/stop optional, automatic stop in 
play mode $595 for half-track stereo reproducer 

STUDIO MONITOR 
AMPLIFIERS 

D60 
Delivers 30 watts RMS per channel at 
812 Takes only 1%" rack space, weighs 
81/2 lbs. IM distortion less than 0.05% 
from 1/10w to 30w at 811 S/N 106dB 
below 30w output $229 rack mount 

Specs 15ips 7'áips 

w. & fl. 0.06% 0.09% 

f. resp. 40Hz to 20Hz to 
+2dB 30kHz 20kHz 

S/N -60dB -60dB 

D150 
Delivers 75 watts RMS per channel at 
8f2 IM distortion less than 0.05% 
from 0.01w to 75w at 812 S/N 110dB 
below 75w output Takes 5'/4" rack 
space, weighs 20 lbs. $429 rack mount 

computer logic con- 
trols for safe, rapid 
tape handling and 
editing; full remote 
control optional 

modular construction 
with easy access to 
all 10 moving parts 
and plug-in circuit 
boards; deck rotates 
360° in console, locks 
at any angle 

CX822 
Crown tape recorders and reproducers 
are available ih 42 models with almost 
any head configuration, including 4 chan- 
nels in -line. Patented electro -magnetic 
brakes maintain ultra -light tape tension 
and never need adjusting. They are made 
by American craftsmen to professional 
quality standards, with industrial -grade 
construction for years of heavy use. 

All Crown amplifiers are warranteed 
three years for parts and labor. They 
are 100% American -made to profes- 
sional quality standards. All are fully 
protected against shorts, mismatch and 
open circuits. Construction is indus- 
trial -grade for years of continuous 
operation. 

For more information, write CROWN, 
Box 1000, Elkhart, Indiana 46514 

DC 300 
Delivers 150 watts RMS per channel at 
8f2 IM distortion less than 0.05% from 

w -150w at 812 S/N 110dB below 
150w output at 812 Lab Standard per- 
formance and reliability "As close 
to absolute perfection as any amplifier 
we have ever seen" - Audio magazine, 
10/69 $685 rack mount 
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too surprised to find that in our example, THD tends to be 
higher at the extremes of the audio spectrum-deemphasis 
notwithstanding. It wouldn't be a bad idea if manufacturers 
were asked to specify nominal THD at some high signal 
level-such as a volt or more, since it is well known that 
some input circuits can be overloaded with disastrous effects 
as far as distortion is concerned. 

All of the other specs relating to mono performance are 
quite acceptable, as far as we're concerned, and they are 
tabulated at the end of this discussion for you to examine. 
Before going on to stereo -related specs (of which there are 
none in the existing pre -stereo standards), one brief word 
about AM suppression. The true severity of the problem of 
"multipath signal reflections" in terms of their effect on FM 
and stereo FM listening has only recently been studied in 
detail by the FM technical fraternity. Admittedly, AM sup- 
pression has been a recognized "spec" all along, but again, 
it is only measured with reference to a signal level of 1000 
µV-and that's not always available for every FM listener. A 
better approach would be to quote AM suppression refer- 
enced to the new "Usable Signal" level as well as to the 
usual 1000 µV reference. Still better would be a continuous 
plot of this characteristic, as shown in Fig. 3. Multipath 
interference often creates AM signal components and the 
ability of a tuner to reject such components is directly related 
to how multipath reflections are likely to affect your FM 
(and especially your FM stereo reception. The new spec 
would read: AM Suppression: 50 dB at Usable Input; 65 dB 
at 1000 µV input. 

Specs For FM Stereo 
Most high fidelity component manufacturers, having no 

guidance from some central authority, have created a set of 
stereo FM specs to define performance of this portion of 
their circuitry. Usually included are: "Stereo Separation at 
I kHz" and, more often than not these days, "THD, Stereo 
at I kHz". While we don't think that extremely high orders 
of separation are that important for a satisfactory stereo 
localization effect, a more complete specification should, 
minimally, include separation capability at 100 Hz and 10 
kHz. In equipment reviews published in AUDIO, we always 
show a plot of separation versus frequency, as illustrated 
in Fig. 4. 

Stereo Usable Sensitivity 
It is by this time well known that signal-to-noise ratios for 

stereo FM listening are inferior to those typical in mono- 
phonic performance. The reasons have to do with the nature 
of the composite signal and its wider bandwidth, but anyone 
who has switched a noisy stereo FM program back to mono 
knows that mono produces inherently quieter background 
noise. Some manufacturers "let the noise fall where it may" 
when the mode switch is set to "Stereo FM". Others only 
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If all of my suggestions were followed and incorporated in a 
new set of IHF Tuner Standards, a future "spec sheet" for 
the tuner of 1974 might well look like this: 

Monophonic Performance 
Usable Sensitivity (50 dB S/N):* 4.5 µV 
THD at Usable Sensitivity:* 1.2% 
Ultimate S/N:* 70 dB at 75 µV input 
Ultimate THD: 

1 kHz: 0.3% at 40 µV input* 
100 Hz* 0.5% at 40 µV input* 
10 kHz* 0.8% at 40 µV input* 

AM Suppression: 
At Usable Input:* 50 dB 
At 1 kµV input* 65 dB 

Selectivity: 60 dB 
Capture Ratio: 1.9 dB 
Image Rejection: 85 dB 
IF Rejection: 85 dB 
Spurious Response Rejection: 90 dB 
Frequency Response: 30 Hz to 15 kHz 170.5 dB 
Frequency Stability: r l kHz 
Input impedance, antenna: 300 ohm bal.; 

75 ohm unbal. 
Stereo Performance 
Usable Stereo Sensitivity (50 dB S/N): 
THD at Usable Stereo Sensitivity:* 
Ultimate Stereo THD: 

I kHz* 
100 Hz* 
5 kHz* 

Stereo Threshold* 

Stereo Separation: 
1 kHz* 40 dB 
100 Hz* 33 dB 
10kHz* 28 dB 

SCA Rejection:* 60 dB 
Sub -Carrier Product Rejection: * 55 dB 
* Items which are not now in the IHF Standards for Tuner 
Measurement. 

10 µV 
1.7% 

0.9% 
1.3% 
2.4% 
Variable; 
7 µV to 20 µV 

permit the set to "switch to stereo" when a reasonably strong 
input signal is provided at the antenna terminals. In either 
case, a specification calling out "Usable Stereo FM Sensi- 
tivity" is needed, and its parameters could be exactly those 
applied to the Usable Sensitivity described earlier-the signal 
required to produce 50 dB of S/N in the presence of a stereo 
FM broadcast. A THD specification referenced to this Usable 
Stereo Sensitivity should accompany this primary spec as 
well. Thus, the two specifications might read: Usable Stereo 
Sensitivity (50 dB S/N): 10 µV. THD at Usable Stereo Sen- 
sitivity: 1.7%. For the manufacturer who really wants to go 
all out, a graph completely analogous to Fig. 1, such as that 
shown in Fig. 5, could be presented. This graph would also 
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Fig. 3-Relative Importance of AM suppression In FM equip- 
ment should be stressed in new standards. 

Fig. 4-Separation for FM stereo should be stated in new 
specifications for at least three frequencies. 



KLH has always made a lot of very good loud- 
speakers. Now we make 3 lot of very good receiv- 
ers, too. And like our loudspeakers, our receivers 
deliver an inordinate amDunt of performance at a 
very modest price. For instance our new Model 
Fifty -Five is an AM/FM stereo receive' with power, 
dependability and every feature you could pos- 
sibly want-all for $199.95.* Team it with our nifty 
Model Thirty -Two loudspeakers and our new auto- 
matic turntable made especially for us by Garrard 
(includes base, dust cover, Pickering cartridge and 
diamond needle) and you've got o super sys- 

*Suggested retail price. 

tem for just about $300! Or step up to a pair of 
Sixes with the Model Fifty -Two. Or match a pair of 
Seventeens with the Model Fifty -One. Or simply mix 
and match them anyway they sound best to you. 
It's fun. It's easy. And it really doesn't cost a whole 
lot of money. So why settle for someone else's "bar- 
gain" system, when you can get the best for less? 

Complete KLH component music systems. At your 
KLH dearer now. 

For more information on KLH components, write 
to KLH Research and Development Corporation, 
30 Cross Street, Cambridge, Mass. 02139. 

Now 
you can 

mix and match 
a complete 

KLH component 
music system 

for as little as $300. 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJ® 

KLH RESEARCH AND DEVELOPMENT CORP. 
30 Cross St., Cambridge, Moss. 02139 
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Fig. 5-FM stereo performance characteristics should be 
plotted or stated separately in new standards. 

define "Stereo Threshold" level for such tuners or receivers 
that switch from mono to stereo at a pre -determined signal 
level. Since there are some sets which provide a variable 
adjustment for this switching, the range of adjustment could 
be easily shown in the same graph. Often, residual 19 kHz, 
38 kHz and harmonically related products appear in the 
outputs of a stereo tuner or receiver. Their level should be 
quoted separately (and is already, by a goodly number of 
manufacturers), but if it is less than 50 dB down from pro- 
gram level at 100% modulation, the manufacturer should be 
permitted to insert a low-pass (15 kHz cut-off) filter when 
making his Usable Stereo Sensitivity and THD measure- 
ments, since these components, while objectionable, are not 
truly "noise" or "distortion" in the traditional sense and do 
not contribute directly to our audible displeasure. 

Ordinary THD at various frequencies, with the set operat- 
ing in the stereo mode, poses certain problems which are 
not present when THD is measured in the mono mode. 
Because of the presence of super -audible frequencies in the 
multiplex decoder section of an FM tuner or receiver (19 
kHz, 38 kHz, etc.), any non-linearities in the circuits will 
result in the generation of "beat" frequencies between the 
desired audio program tone and one or more of these sub - 
carrier high frequencies. For example, a desired 12 kHz tone 
beating with the locally generated 19 kHz pilot carrier signal 
may result in a 7 kHz difference signal. A variety of other 
mathematical combinations are possible and do, in fact, 
occur in varying degrees when static THD measurements are 
attempted. The ordinary distortion analyzer cannot discrim- 
inate between these extraneous signals and true harmonic 
distortion and, as a result, some very high "THD readings" 
may be obtained when specific frequencies are used to 
modulate the FM test generator in stereo THD measure- 
ments. Audibly, these "beats" never seem to sound quite as 
bad as they appear in static tests-probably because their 
duration is so short under true musical program conditions. 
Nevertheless, we do feel that a graphic plot, or at least a 
statement of THD versus frequency for 100 Hz, 1 kHz and 
5 kHz should be included in the new stereo test specifica- 
tions. 5 kHz is chosen in this instance simply because the 
measurable "beats" discussed tend to occur when higher 
frequencies are applied and should not affect true THD 
readings if they are limited to the frequencies just selected. 
A full graphic plot is shown in Fig. 6. 

A statement regarding the presence of residual sub - 
carrier products at the output is sometimes given by manu- 
facturers and, in our opinion, this specification should be- 
come mandatory, since the presence of significant amounts of 
19 kHz, 38 kHz or harmonics can seriously affect tape re- 
cordings made "off the air". Bias oscillators used in tape 

recording products also operate at super -audible frequencies 
and may "beat" with, say, any residual 76 kHz present in 
the output of the tuner or receiver. While the individual 
high frequencies may not be audible in the recording, the 
"beats" themselVes may well fall within the audible range 
and can destroy a well -planned and otherwise flawlessly 
executed recording. 
Tuning Accuracy and Drift 

Drift of an FM set after warm-up was included in the old 
IHF tuner standards and, for many years, most manufacturers 
included this specification in their brochures. More recently, 
however, solid state designs (and the attendant reduction in 
component heating) has reduced overall drift in most of the 
better tuners to very low values. As a result, most manu- 
facturers have eliminated this specification entirely. In all 
fairness to those FM products which have lately appeared 
and which employ phase -lock -loop circuitry referenced to a 
highly accurate crystal controlled oscillator, we feel that a 
statement regarding drift should be required once more-if 
only to point up and justify the extra design cost inherent 
in the more sophisticated phase -lock -loop approach to tuning 
accuracy. In the case of these new tuners the drift figure 
might well be measured in Hz, rather than kHz, but that 
would provide an opportunity for the prospective purchaser 
to see just how stable the new products really are. 

It is, of course, impossible to predict the course of future 
FM developments today any more than the writers of the 
1958 Standards could have foreseen the need for the changes 
and additions recommended in this article. Undoubtedly, a 
means for multi -channel broadcasting (quadraphonic or, per- 
haps, even more channels) will eventually be sanctioned 
by the FCC. Considerations of this problem are only just 
beginning, and it is likely to be some time before we are 
presented with a new composite signal that may require 
still newer specifications and measuring techniques. Never- 
theless, to wait until those deliberations are concluded would, 
in my opinion, be .a serious error, since technological ad- 
vancement is a never ending thing and the standards we 
approve this year, or next, are likely to need revision at 
some time in the future regardless of how intelligently we 
write them now. 

The modifications for the FM Standards just discussed are 
by no means all-inclusive. As the new committees are formed, 
other suggestions are likely to emerge and, for that matter, 
any readers who have ideas relative to new FM Measure- 
ment Standards are invited to send them along to the 
Institute of High Fidelity, at 516 5th Avenue, New York, 
N.Y. 10036, attention: Chairman, Standards Committee. 

Len Feldman is now Chairman of the above committee-a most appropriate 
choice -Ed. 
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and ¡rs under $ 100... 
True to the Bozak Tradition of°best in its class", 

our new Sonora (Model B-201) 

delivers dramatically clean sound 
at far higher levels than other speakers under $100 
-and many costlier ones. 

The secret of Sonora is our unique 8 -inch 
Bass/Midrange driver. Its aluminum diaphragm radiates 
a solid, true -pitch Bass and a transparent, 
breakup -free Midrange, while serving as a heat -sink 
for the voice coil. As a result, it can easily handle 
the output of any amplifier up to 60 Watts RMS rating, 
with freedom from overloading. 

Sonora is a two-way system, with an LC Crossover 
linking the 8 -inch driver with a 

single -section of B -200Y, the tried-and-true 
Treble Speaker used in all Bozak systems. 

The enclosure is a sturdy. resonance -free 
box of 3/4 -inch compacted -wood material, 
covered with walnut -gran vinyl. 
Be it rock or traditional,. in stereo or quad, 
Music Really Comes Alive 
with Sonora! 
Hear them at your Bozak Dealer's. 

113/ n x 201/4" x 10" deep; 
walnut -grain vinyl. 
8 Ohms; 60 Watts RMS. 

Bozak, Darien, Connecticut 06820 / Overseas Export by Elpa Marketing Industries, Inc. / New Hyde Park, New York 11040, USA 
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For as long as can be remembered, 
the idea of a flat loudspeaker-a 

speaker that could stand free on the 
floor without depth like a panel, or 
even better, hang unobtrusively on the 
wall-has been a kind of ultimate hi 
fi goal. Television too. Flat TV for the 
living room wall. We may get the TV 
wall picture some day. The hi ti flat 
speaker is here, right now. 

Fisher's ingenious new Sound Panels 
are not quite two dimensional, but 
almost. Less than three inches deep, 
and handsomely wide, all of two and a 
half feet by two, they sound good as 
well as plenty loud. This is a real 
speaker, not a compromise, using a 
new principle, no paper cones or 
domes, no acoustic suspension, no 
ports and baffles. Inside, the two voice 
coils (one is a tweeter) together move 
a flat front panel of dense acoustic 

polymer, a hard plastic, via a resilient 
and carefully calculated connecting 
linkage-Fisher calls it hammer action, 
related to the "hammer" linkage of 
small bones in the human ear and, 
perhaps, to the sound post in violins. 
The patent, it is rumored, comes from 
South America. (Argentine-Ed.) 

It' one can judge at a press unveil- 
ing, the Sound Panel is "flat" in the 
sonic sense as well, within highly 
respectable tolerances, down to a good 
40 Hz. These are full -range speakers 
that can till any need where quality 
is concerned. But looks are what really 
dominate. The variously decorated 
Sound Panels-eight picture -like front 
exteriors in cloth and more to come- 
make one of the cleverest eye jobs in 
the business. These speakers, at last, 
do not look like speakers. They look 
like décor. That is the intention. 

Several inches, first of all, go into a 
handsome deep-dish curved surround 
or frame of wood, totally functionless 
in respect to sound but astonishingly 
effective as pure decoration. And 
appropriately, the functioning center 
panel is covered with one of the print - 
like or tapestry -like designs, to choice. 
Hung on the wall, this ensemble looks 
for all the world like an expensive and 
good looking work of art, richly 
framed. But Fisher also provides feet. 
The Panels may be stood up, free of 
the wall, like decorative screens. Either 
way, with their variety of stylings, 
they key into a living room as no 
speaker system has done before. 

A definite plus, very much up to 
date, is the non directional sound pro- 
pagation of the Fisher Sound Panel. 
Placed on the floor, it radiates sound 

in front and the rear like a figure 8. 
The effect, in stereo or quadraphonic, 
is to eliminate the close -to beaming 
directionality of some forward -aimed 
conventional speakers. On the Wall, 
the radiation is in a hemispheric pat- 
tern. Another ultra -modern plus fea- 
ture is efficency. The patented new 
Fisher drive fills a normal living room 
with sound from six to eight watts of 
amplifier power. Extra remote speakers 
can be driven without strain by mod- 
estly powered amplifier equipment. 

Can you paste your own choice of 
painting on the Sound Panel? Not 
advisable, since the panel is the sound 
propagator. Without a doubt, Fisher 
will eventually be persuaded to offer 
a Sound Panel with a blank "canvas"- 
for creative home artistry. At the user's 
risk. 
Suggested List: $138 
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AUDIO LEVEL COf.SGcaaLif 

Uli make the microphone/. too. 

Since our job is to make your job easier, we've developed an entire line of 
ingenious, low-cost circuitry devices that take the headaches out of tough 
installations. For instance, Shure makes nearly a dozen different -type 
modular add-on Mixers, including a professional mixer. They're the talk of 
the industry. We offer an Audio Control Center to shape response to match 
room acoustics. Our Level-Loc effectively controls audio levels. In -line 
transformers, and plug-in problem solvers (such as phase reversers, atten- 
uators, etc.) are instant cures for knotty problems. Interested? Write 

Shure Brothers Inc., II 222 Hartrey Ave., Evanston, Ill. 60204. -- 
Check No. 57 on Reader Service Card 
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Pioneer QX-4000 

Most of the new quadraphonic receivers have quite elab- 
orate decoder sections with provision for more than one 
system. A good example is the Pioneer QX-4000 which has 
switch positions for SQ and "regular matrix". The latter gives 
a kind of surround sound which some people prefer when 
playing old 2 -channel discs. Figure 1 shows the basic arrange- 
ment of the decoder in the regular matrix mode. Signals 
applied from the left channel are formed into L and -L 
(representing a phase difference of 180 degrees) by the 3 

transistors Q I, Q3 and Q5. These outputs are taken to a 
phase -shifter network with Q7 and Q 1 l and then to two 
emitter -followers, Q15, and Q17. Output is then left -front 
and left -rear. The right channel input is taken through a 
similar network emerging at the other two emitter followers 
Q20 and Q18 (right -front and right -rear). The resistor Rl 
gives some blending between front channels and R2 blends 
the rear channels. 

Figure 2 shows what happens in the SQ mode: the phase 
shifter outputs are separated by 90 degrees as before, but 
a two -transistor network is inserted in the left -rear and right - 
rear circuit and the outputs are taken to another pair of 
emitter -followers, Q16 and Q19. Front and rear channels are 
bridged by R3 and R4 thus improving separation by cancel- 
ling some out -of phase information. Model QX-4000 uses 
a total of 71 transistors plus 30 diodes and 2 IC's. Power 
output is quoted as 4 x 20 watts (continuous) into 4 ohms 
and 4 x 15 watts at 8 ohms. FM sensitivity is listed at 2.2 µV 
and AM at 15 µV. Price $349.95. 

Harman-Kardon have a range of quadraphonic receivers 
which are called "Multichannel"-all using the new strapping 
technique of paralleling the four channels for two channel 
operation. Actually, the idea is not really new as Bell Labs 
published a paper on the subject many years ago. However, 
H.K. were one of the first to use it for this particular appli- 
cation. The four models in the Multichannel range are desig- 
nated the 50+, 75+, 100+, and 150+. Because of the 
bridging circuit, the amount of power per channel in the 
stereo mode is more than double the power available per 
channel in the four -channel mode. Figure 3 shows the basic 
arrangement and it will be seen that one amplifier output 
stage is virtually in series with the other in the two -channel 
function. Remote speaker switching is not shown for the 
sake of clarity. The two transistors at the input act as phase - 
changers in the stereo mode. 

Fig. 

Harman-Kardon 150+ 

1-QX.4000 matrix in "regular mode". 

Fig. 2-QX.4000 matrix in SQ position. 
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Guaranteed to enhance any 
fine stereo system! 
(Following quotes from 20-12 owners' Warranty cards on file at Soundcraisr,en) 

"One of the best investments 1 ever made!!" ... "Even made a believer out 
of my wife" ... "l thought my system was the best sounding system going, 
but this equipmenr makes it sound un -real" ... "Incredible! Every system 
should have one" ... "Excellent - superb improvement of system". . . 

"One Hell of an improvement to what I thought was a good sounding sys- 
tem" ... "It would be a very great boon to anyone's stereo system - 1 

love it" ... "Has made a big improvement in the sound of my system" .. . 

"Great improvement to my system!!!" ... This is a very fine piece of equip- 
ment. It tremendously improves the sound of my system" ... "Can't believe 
how good it makes my set-up sound" ... "WCW!!! What a change in my 
system!". 

SPECIFICATIONS and SPECIAL FEATURES 
TOROIDAL and ferrite -core inductors, ten octave -bands per 
channel. 
FREQUENCY response: -±1/2 db from 20-20, 480 Hz at 
zero setting. 
HARMONIC DISTORTION: Less than .1% THD @' 2 v., 
Typ: .05% @ 1 v. 

IM DISTORTION: Less than .1% @ 2 v., 
Typ: .05% @ 1 v. 

SIGNAL-TO-NOISE RATIO: Better than 90 db @ 2v. input. 
INPUT IMPEDANCE: Operable from any source 100K ohms 
or less- (any Hi-Fi Pre -amp. Receiver or Tape Recorder.) 
OUTPUT IMPEDANCE: Operable into 3K ohms or greater - (any Hi-Fi Amp, Receiver or Tape Recorder.) 
CIRCUIT BOARDS: Military grade G-10 glass epoxy. 

RESISTORS: Low -noise selected carbon -film. 
RANGE: 12 db boost and 12 db cut, each octave. 
MASTER OUTPUT LEVEL: "Frequency -spectrum -level" 
controls for left and right channels, continuously variable 
18 db range, for unity gain compensation from minus 12 
db to plus 6 db. 
MAXIMUM OUTPUT SIGNAL: variable Master "frequency 
spectrum level" Controls allow adjustment of optimum 
output voltage for each channel, to exactly match ampli- 
fier capability, up to 7 v. 

SIZE: designed to coordinate with receivers, comes in- 
stalled in handsome walnut -grained wood receiver -size 
case, 51/4" x 18" x 11", or rack mount. 
WARRANTY: 2 -year parts and labor. 

$299.50 
includes walnut -grain 
cabinet, or rack -mount. 

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." 

Check No. 25 on Reader Service Card 

awlezeeeit 
1310 EAST WAKEHAM 
SANTA ANA, CALIFORNIA 92705 



All these receivers incorporate SQ matrix decoders, dis- 
crete four -channel tape facilities and provision for quadra- 
phonic headphones. The three larger models have some 
additional features such as provision for a Dolby unit, two 
tape monitors, twin power supplies and a `joystick" balance 
control. Prices range from $249.95 for the 50+ to $599.95 for 
the 150+. 

"The Fisher Studio" range of quadraphonic receivers use 
a very similar 2-4 channel bridging circuit to the Harman- 
Kardon series. The largest receiver in the range is the 504 
which is rated at 4 x 50 watts continuous power into 4 ohms 
or 4 x 40 watts at 8 ohms. Two Light Emitting Diodes 
(LEDS) are used to indicate 2 or 4 channel operation. A 
"Joystick" balance control is employed together with an 
Audio Display Circuit. The output of all four amplifiers is 
connected to logarithmic amplifiers which in turn drive four 
light bulbs (see fig. 4.) These are mounted behind a small 
square on the front panel thus giving visual indication of 
balance. Other unusual features include a gain -controlled 
MOSFET Rf amplifier and a "Lumped Selectivity" if. stage. 
What is "lumped selectivity"? Briefly, it is a method of 
design where the selective circuits are placed at the i.f. input 
stage in one block so to speak. The normal approach is to 
divide the selective circuits among several stages but Fisher 
claims that their "one block" system gives a wider bandwidth 
and better capture ratio. A Multi -pole ladder filter is used 
as the main selective element. The FM detector is a quadra- 
ture type and it is combined with the limiter stages, meter 
amplifier and amplifying stages in a single IC. The MPX 
section employs a Phase Locked Loop circuit-also using an 
IC. More than usual attention has been given to the broad- 
cast band and the 504 incorporates a dynamic noise limiter. 
All the receivers -304, 404, and 504 use the same basic circuit 
but only the 504 has the AM noise limiter and some other 
refinements. All have built-in SQ decoders. Power output of 
the 304 is 4 x 20 watts at 4 ohms and the 404 is rated at 
4 x 36 watts. All have FM sensitivities of 1.8 µV and a cap- 
ture ratio of 1.2 dB. Prices are $299.95, $399.95 and $399.95. 

Tandberg, who have long had an enviable reputation for 
tape recorders recently introduced an AM/FM receiver. This 
is Model TR 1020 and it is rated at 2 x 40 watts into 8 ohms 
and 2 x 50 watts into 4 ohms. FM sensitivity is given as 
2 µV with a capture ratio of 1.8 dB. As you might expect, 
special attention has been paid to the needs of the tape 
recording enthusiast. There are input and output sockets for 
two tape recorders and on the front panel concealed by the 
hinged lower part, is another tape recorder outlet designated 
"Tape 3". This particular output is taken through the tone 
and filter controls-a useful feature for the enthusiast. A 
MOSFET front end is used for both AM and FM bands and 
there are separate power supplies for each channel. As is 
customary with many European receivers, the filter circuits 
are very efficient. The rumble, or low frequency filter atten- 
uates at 12 dB per octave below 70 Hz and the high fre- 
quency filter operates at 8 kHz with a choice of two slopes: 
3 dB per octave or 12 dB. Figure 5 shows the arrangement: 
C I and C2 form part of the two-step low frequency filter 
and R2, R3, C4 and C5 are part of the high frequency net- 
work. R4 provides negative feedback necessary to sharpen 
up the attenuation and reduce distortion. We hope to publish 
a full scale review of the TR 1020 in the near future. The 
price is $429.90. 

Fisher 504 
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Fig. 4-Fisher 504 Audio Display amplifier 

Tandberg TR -1020 

Fig. 5-High and low pass filter circuit used by the Tand - 
berg TR 1020. 
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OFF MUTE 

The closest approach to high fidelity AM! 

Wice-band. low distcrtion AM rith the impeccable specifications you'd expect 
from Dynacc. An exclusive audio bandwidth circuit extends the audio range 
when the signal quality warrants it for tlhe best AM you've ever heard; yet it 
retains sharp 55 dB selectiivi;j with a 12 section LC design IF filter. Switch to 
normal reception for weaker s gnals, or to narrow bandwidth for high inter- 
ference editions. Couplec wni:h all the superlative performance end features 
of :he FM 5 (test reports on request), the 4F-6 kit takes just two evenings to 
build. Now you can enjoy the .cnmatcied convenience of Dynatune-rM automatic 
FM tuning with sound which is "entire 'y a function of the FM program quality" 
according to Stereo Review, Plus AM that ruay fool you into thinking it is FM. 

$199.95 kit; $299.95 assembled 
Walnut cabinet shown $17.95 

dylliracci INC_ Division Tyco 
3060 JEFFERSON ST., PHILADELPHIA, PA. 19121 

In Canaca DYNACO OF CANADA LTD., Montreal, 760, Quebec, Canada 



Superscope R-250 

Sony-Superscope have a whole new range of inexpensively 
priced receivers, tuners and amplifiers. Model R-250 AM/FM 
receiver is typical. It has a rated power output of 10 watts 
per channel, (continuous, rms) and the FM sensitivity is 

quoted as 2.5 µV. Capture ratio is 2 dB and 58 dB of quiet- 
ing is claimed for an input signal of 100 µV. In spite of the 
low price, the R-250 has a number of refinements like a 

tape monitor switch, low-pass filter, FM muting switch, 
ceramic if. filter and so on. An ideal receiver for the 
beginner. Price $199.95. 

The SAE Mk. Six FM tuner has some very interesting 
features. It uses as digital readout display with four Nixie 
tubes, a 3 inch rectangular scope for displaying multi -path 
distortion, center -of -channel tuning, Lissajous displays, a 

15 -pole Butterworth i.f. filter circuit with toroid coils and an 
8 -stage IC limiter. The front end employs a four -gang tuned 
circuit with two FETS. In order to display the signal with 
any degree of accuracy it is necessary for the display signal 
to be a logarithmic function of the input. This is not easy to 

achieve because of the normal limiting and so a separate 
channel has been incorporated for this purpose. One of the 
most intriguing features of the SAE Six is the touch -sensitive 
tuning knob which automatically switches on a correct dis- 
play when the user is tuning and then reverts back to an 
audio signal. This is accomplished by a relay circuit shown 
in figure 7. The two diodes at the input prevent too high 
signals being applied to the FET. The capacitor C 1 is 10 

microfarads and it gives a small delay making relay action 
more positive. Mk Six specifications include a sensitivity of 
1.5 µV, harmonic distortion of less than 0.1%, alternate 
channel selectivity of 140 dB and a rear -channel jack for 
4 -channel MPX. Price is $950.00. 
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Fig. 7-Proximity operated relay used in the SAE Mk. 

Sequerra Model 1 

The Sequerra FM tuner is probably the most ambitious 
tuner to appear on the scene. Some of the criteria were 

discussed in our January, 1972 issue in an article entitled, 
"The Perfect FM Tuner?". Figure 1 shows the basic block 
diagram. The Rf front end is a differential processor using a 

push-pull balanced FET mixer which is said to handle very 
large signals without causing cross -modulation. This mixer 
has two outputs, one going to the FM i.f. filter and the other 
to the panoramic i.f. filter. Varactors are used for tuning in 

conjunction with a manual potentiometer and a positive - 
negative ramp for automatic frequency scan. The if. filter 
is an 18 pole papoulis type which gives optimum phase 
linearity with minimum bandwidth. It has a dynamic signal 
handling capacity of better than 120 dB. The FM limiter is 

a six stage broad band RC coupled configuration having a 

bandwidth of over 50 mhz. It is arranged in gain blocks of 
+20 dB which allow the vertical components to be displayed 
in a logarithmic function. Detector is a switching type. 

The MPX decoder is similar to the one used by the old 
10b-but with some stability and separation improvements. 
The panoramic spectrum analyzer is a system which displays 
all of the signals for 1 mhz above and 1 mhz below the 

station tuned in. This kind of "window" allows the user to 

rotate the antenna for best reception in terms of multipath 
or signal to noise. The counter displays the frequency of the 
station tuned (note that the Sequerra tuner is not a digital 
tuner as such). Oscilloscope displays include panoramic, 
tuning and audio vectors and the screen size is 41/2 inchs flat. 
Finally, the power supply is fully stabilized. Specifications 
include 2µV sensitivity, 0.1% THD at 100% modulation and 
50 dB separation at 1 khz. Price: $1600.00. 
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Fig. 8-Block diagram of the Sequerra Model 1 tuner. 
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If you're seriously into music or 
sound reinforcement you want morey010 
than hi-fi products can give 

1211/101 IjO you. But full professional stu 
dio gear costs an arm and a 

leg, and you pay for a lot of things you may not 
really need. 

That's why there's aTASCAM Model 10. It's afloor- 
standing 8 -in, 4 -out mixing console, and it's just$1890. 

With the Model 10 you get what you have to have. 
Without sacrificing a single necessary function. 

You get mic and line attenuation, three bands of 
peak and dip equalization (two with frequency selec- 
tion), pre- and post -echo send and receive circuitry, 
pan function, unique straight-line faders, independent 
monitor level controls, and 4" VU meters with LED peak 
indicators. Plus pre -wired facilities for up to four addi- 
tional input modules and other optional accessories 

forcontrol, quad panner, and head - 
including talkback, remote transport 

U 
phoneThamonitor.t' 

s what you need 
and that's what you pay for. 

Some things you may or may not need, and we leave 
that choice up to you. For instance, the basic Model 10 
is high impedance in and out, but studio line imped- 
ances are available optionally. You'll probably want low 
impedance mic inputs, but you may not need all low 
impedance line inputs. So we don't make you pay for 
them. You can order any combination of high and low 
input/output impedances according to your application. 

Details and specs on the Model 10 are available 
for the asking. At the same time we'll tell you about our 
Series 70 Recorder/reproducers, featuring a 1/2" 
machine for just $1770. 

TASCAM. We've got what you need. 

TILSOAM CORPORATION 
5440 McConnell Avenue, Los Angeles, California 90066 

Check No. 28 on Reader Service Card 



Lafayette 4000 

Realistic QTA-790 

The new Realistic AM/FM quadraphonic receiver from 
Allied uses no less than 103 transistors-plus two more in 

the remote control unit! Model number is QTA-790 and 
power output rating is 4 x 36 watts continuous at 8 ohms. 
FM sensitivity is given as 2.2 µV with a capture ratio of 
1.5 dB. Bass, midrange and treble tone controls are provided 
and other features include tape recorder dubbing jacks, AFC 
switch, high and low-pass filters and push -buttons for 5 pre- 
set FM stations. Matrix is SQ and a second position called 
"Stereo All" parallels left -front with left -rear channels and 
right -front with right -rear. The remote control system uses 
an ultra -sonic transducer as shown in figure 6. Pre -selected 
stations can be tuned sequentially and two other buttons 
control the volume level. The control receiver uses 21 tran- 
sistors and a small motor which drives a volume control. 
Price of the QTA-790 is $549.95 and a unit is now being 
tested. 

Fig. 6-Remote 
QTA-790. 

control transmitter used in the Realistic 

Maranta 4430 

Sansui Model 7 

The Sansui Model Seven is a medium power receiver with 
several unusual refinements. Three tone controls are pro- 
vided-bass, midrange and trable. It has provision for con- 
necting a Dolby unit, two phono pickups, sockets for a 4 - 

channel adaptor, no less than 3 pairs of speakers (A, B or 
C, A+B, A+C and Off) and for the tape enthusiast-two 
tape monitor circuits. Two tuning meters are provided-one 
for center -channel, one for signal strength. Rated power 
output is 41 plus 41 watts continuous at 8 ohms and 55 plus 
55 watts at 4 ohms. FM sensitivity is given at 1.8 µV with a 

capture ratio of 1.5 dB. Price $459.95. 

The Lafayette LR -4000 incorporates a full logic SQ de- 
coder in addition to a surround sound matrix called a "Com- 
poser" circuit. Like the Pioneer "regular matrix" system, this 
is intended for use with ordinary two -channel program 
sources. Other features of the LR -4000 include a PLL (Phase 

Locked Loop) FM detector, 2 tape monitor switches, front 
and rear channel headphone outlets, Bass, Midrange and 
Treble tone controls and a Remote speaker selector for 4 

channels. FM sensitivity is quoted as 1.65 µV and power 
output at 47.5 watts per channel (continuous). A detailed 
review of this model will appear shortly. Price: $499.95. 

The Marantz 4430 has several interesting features including 
an optional remote control, Model RC -4, and provision for 
plug-in SQ module. The built-in decoder is a general purpose 
type called Varimatrix (not to be confused with the new 
Sansui semi -logic Vario -Matrix) The cable -connected remote 
control operates four -channel balance, volume and loudness. 
Other features of the 4430 are Gyro -Touch tuning, switching 
for headphones and eight loudspeakers, separate tone con- 
trols for front and rear channels, two illuminated tuning 
meters, tape monitoring for two 3 -head stereo or four -chan- 
nel tape decks and a "dimension" control for optimum four - 
channel effect. Power rating is 4 x 30 watts continuous 
power. FM sensitivity is said to be 1.7 IN with a capture 
ratio of 1.6 dB. Price is $599.95. 
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RECEIVERS OR SEPARATES.. 

the new KENWOODS offer more! 
Whether you preler a sezarate amplifier 
and tuner or enjcy the c 2nverierce of 
a stereo receiver -here iew M ENWOOD 
components g ve you pr 4essionel 
features and tcp performance to enhance; 
the quality of your stereo system 

KR -6200... 240 -WATT (0 -IF), FM/AM STEREO RECEIVER (Left): With direct coupling, advanced 
new PNP can -type transistors, and KENWOOD's exclusive new double -switching demodulator, the 
KR -6200 provides excellert broadcast reception, exceptional stereo performance, and outstanding 
dependability for the heart of your stereo system. SPECIFICATIONS: FM Sensitivity 1.7 AV 
S/N Ratio 66 dB aptu!e Ratio 1.5 dB Se'iectiv_ty 65 dB RMS Corrtinuous Power Output 45 
watts per channel, both channels driven into 8 oh-ns, from 20-20k viz THD & IM 0.5% Frequency 
Response 20-40k Hz Power Bandwidth 13-30k Hz. 

KT -6005... FM AM STEREO TUNER (Top Right): KENWOOD's advanced double-sw tching 
demodulator (DSD circuit) and new block filter design assure excellent stereo separation and crisp, 
clean sound in FM -stereo ~ecepfion. Othe- features include MPX filter; FM muting, linear frequency 
dial scale, signal strength and zero -center tuning meters. SPECIFICATIONS: FM Sensitivity 1.5µV 

S/N Ratio 70 dB Capture Ratio - .3 dB Selectivity 80 dB. 

KA -6004... 220 -WATT (il*) STEREO AMPLIFIER (Lower Right): Direct coupling in the power 
amplifier stage assures flat frequency response, low distortlo7 and 'high damping factor. 
KENWOOD's exclusive dual protection circuit prevents damage to transistors and speakers. 
Terminals for 2 -system tape morito-, 2 phonos, 2 aux, tuner, hike, and 2 sets of stereo speakers 
provide a flexible control center for a sophisticated sound system. SPECIFICATIONS: RMS 
Continuous Power Output 4íi watts per channel, both channels driven at 8 ohms, fron° 20-20k Hz 

THD 0.5% IM 0.3% Frequency Response 20-40k Hz i Power Bandwidth 10-50k Hz. 

For complete information .visit your nearest Authorized KENWOCD Dearer, or w- te . - . 

3,- ,. p.114 

K E N W O O D 15777 So. Broadway, Gardera, Calif. 90248.72.02 Fifty-first Ave., Woodside, N.Y. 113-7 
In Canada:: Magnasorñc Canada, .td., Toronto, Ontario; Montreal, Quebec; Vancouver. B.C. 

Check No 31 on Reader Service Card 



Shown on the right is the Heath AJ-1510 FM tuner. This 
is a true digital tuner as the tuning frequencies are deter- 
mined by a crystal controlled oscillator with the appro- 
priate dividers. In other words the digital readout does not 
merely indicate the frequency tuned by a manual control. In 
fact the AJ-1510 has no tuning knob! It was reviewed in 
some detail in the May 1972 issue and the reviewer, Len 
Feldman said, "The ultimate tuner? Well, if it isn't, it will 
do until someone comes up with something better". Specifi- 
cations include: IHF sensitivity better than 1.8 µV, THD 
less than 0.3%, Channel frequency accuracy better than .005%, 
AM suppression 50 dB plus. Actual test figures were some- 
what better-I.6 µV sensitivity and 0.18% distortion. There 
are three methods of station selection, auto -sweep, push- 
button or punched card for three preprogrammed selections. 
The price of the AJ-1510 is $539.95 as a kit. Heath have just 
introduced a medium priced receiver-Model AR- 1302 which 
costs $239.95. Power rating is 20 watts per channel into 8 

ohms and features include two ceramic i.f. filters, plug-in 
modular design to speed up kit -building and fully assembled 
and aligned FM tuning section. There are two tuning meters, 
preset input controls and a built-in test circuit. Slide type 
controls are used for bass, treble, balance and volume and 
the panel has "Black Magic" lighting. 

Kenwood KR -6070 

Finally, for the man (or woman) who really wants some- 
thing different: an AM/FM tuner with almost everything on 
board except the kitchen sink-to use a British expression! 
The receiver is the Kenwood KR -6070 "Jumbo" model which 
is called, "an electrical marvel that permits the widest scope 
of musical fun and creativity." It numbers among the attrac- 
tions an electronic rhythm composer, reverb unit, front panel 
jacks for one or two electric guitars, multiple mixing for 
"live" and source sound, multi -presence control and an array 
of level, frequency, balance and tone controls. The rhythm 
composer can give you bass drum, conga, claves, snare drum, 
cymbal in any of twelve rhythms. The reverb unit has an 
echo delay time of 40 milliseconds and a duration of two 
seconds. It can be switched to separate output terminals to 
give a quasi -4 -channel sound with an external amplifier. The 
6070 has input sockets for two phono pickups, two tape 
decks and output for four sets of speakers. I almost forgot - 
power output is 50 watts per channel. The price is $549.95. 
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Heathkit AJ-1510 

Heathkit AR -1302 

The Sony ST -5555 is called "a spectrum scanner tuner" 
and it uses a total of 100 illuminated push buttons-one for 
each channel. Tuning is controlled by a quartz reference fre- 
quency oscillator and PLL (Phase -Locked -Loop) circuit which 
gives better than 99.995% tuning accuracy irrespective of 
temperature. The tuner can be set to automatically sweep the 
entire FM band, stopping at all receivable stations, or the 
scanning circuit can be programmed. During the scanning 
cycle a memory system can be set to illuminate the appro- 
priate buttons showing all stations receivable with good signal 
to noise. The memory device is a computer type array using 
the new Sony MAOS (Metal Alumina Oxide Semi -Conductor) 
and the memories are not erased when the tuner is switched 
off. When it is switched on again, the MAOS memory auto- 
matically brings in whatever station had been tuned in before. 
No tuning meter is used-obviously-but an interesting five - 
step digital indicator is employed. Oscilloscope monitoring 
outputs are on the rear panel-useful for multipath indication. 
Outputs for quadraphonic decoders are also provided-also 
a headphone output with level control. The price is not yet 
fixed, but it will probably be around $1000.00. 

Sony ST -5555 
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We left the power to the people 
The new Sony STC-7000 combines a 
super 1.7uV tuner and a preamp with 
the widest possible flexibility. There's 
no power amplifier section -leaving 
the choice of power output completely 
up to you. You can make it a receiver 
with the thundering power of today's 
mightiest amplifiers, or make it a moder- 
ate -power receiver whose other speci- 
fications are anything but moderate. 

All the convenience and compactness 
of ordinary receivers are still yours, 
with your power amplifier neatly tucked 
out of sight. But the performance is any- 
thing but ordinary. Consider the impres- 
sive tuner specifications: 1.7uV IHF sen- 
sitivity, 100 dB selectivity, and a signal- 
to-noise ratio of 70 dB. And to make 

the most of that performance, the tuner 
facilities include switchable high -blend 
and muting, signal -input and center - 
channel tuning meters, a long. linear - 
spaced dial, rear -panel oscilloscope 
output jacks to help you aim your an- 
tenna for minimum multipath. There's 
also a coaxial connector for a 75 -ohm 
shielded antenna lead. 

The preamplifier is equal to the finest 
separafe components. High voltage in- 
tegrated circuits and other advanced 
features give it sensitivity, overload 
resistance, wide dynamic range, and 
clean, quiet performance to match the 
high standards of the tuner: only 0.1% 
harmonic or IM distortion, with 10Hz to 
100 kHz response, and a 90 dB signal- 

to-noise ratio. And its facilities are as 
complete as those on any separate 
preamplifier, including such unusual 
extras as rear -panel audio scope output 
jacks, dual tape monitors with direct 
tape -to-tape dubbing, front and rear 
panel Aux inputs, a microphone mixing 
input with shutoff, and sharp- cutting 
12 dB/octave high and low filters. 

Think of it as the finest, most powerful 
receiver you can buy - or the finest, 
least powerful. The choice is yours. The 
cost of this high quality component, 
$549.50* Sony Corporation of America, 
47-47 Van Dam Street, Long Island City, 
New York 11101.*Suggested retail price.ice. 

SONY Pr camp/Tun ei 
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Choosing Between Omnidirectional 
And Cardioid: A Summary 

THE DISCUSSION of cardioid designs in Part 1 made 
clear the advantages and compromises involved, to 
the point that a choice will be obvious in many 

instances. The following is a summary, with amplifying 
commentary. 

Partly because of the compromises involved in cardioid 
microphone design as well as the advantages inherent in 
omnidirectionals, it is prudent to reject the panacea that 
states "cardioids are the all-around best." This frequently - 
seen statement is apparently based on the assumption that 
feedback, background noise, and room reverberation are 
lurking in the wings, ready to sabotage any effort involving 
microphones! Although the panacea should be rejected, a 

knowledge of microphone performance characteristics permits 
several reasonably clear statements. 

If You Have a Choice, 
Try an Omni First. 

Many recording and sound reinforcement activities could 
well benefit from an omnidirectional microphone. Try one 
where you would never dare. You'll be surprised! 
If you can afford only ONE type of microphone in sound 
reinforcement, buy a cardioid. This is because feedback is 

frequently the overriding concern in sound reinforcement. 
Keep in mind, however, that where microphones are hand- 
held at close working distances the feedback -reducing nature 
of a cardioid is often not needed-and neither are its higher 
susceptability to breath popping and mechanically -induced 
noise! Also, a cardioid with rough frequency response may 
feedback more easily than a smooth omnidirectional. 
If you can afford only ONE type of microphone for recording, 
buy an omnidirectional. The advice runs contrary to many 
recording recommendations, but comes from experience in 
recording the usual run of things encountered by the serious 
amateur recordist: choirs, bands, vocal and instrumental 
ensembles, pipe organs, etc. The rationale follows! 

First, at a given price level, omnidirectionals nearly always 
have the smoothest and most extended frequency response. 

Electro -Voice, Buchanan, Mich. 49107 

IrJ 

\C JIM LONG* 

This situation may contribute to the observations of "open" 
and "airy" that some enthusiasts attribute to a microphone's 
omnidirectionality alone. 

Second, the need, in recording, fór a cardioid's reduction 
of room reverberation and unwanted background noise is 

often overrated by amateurs and professionals alike. Back- 
ground noise is typically not unduly annoying and can often 
be controlled if it is (pull the switch on the air -handling 
system). As for reverberation, it is frequently a fight to 
get enough of the room "sound" that is so much a part of 
an effective listening experience, live or recorded. To sum up, 
two properly placed omnidirectional microphones can pro- 
vide impressive musical results with a minimum of risk and 
frustration! 

Naturally, if a selection of microphones is possible, cardi- 
oids would be among them, first to control reverberation and 
noise when it is uncontrollably excessive, and, second, to 
utilize the off -axis rejection to solve problems of balance 
in "classical" two-mic stereo recordings and problems of 
instrumental isolation in multiple -microphone recording. 
This is business for the more advanced recordist; important 
tips are discussed later. 

Cardioids are also appropriate where recording is non- 
musical. The acoustics of a living room are not an essential 
part of a good recording of a child's voice, for instance. 
It would be more useful to surpress the sounds of gurgling 
radiators, tape recorders, or vociferous guests, by aiming the 
"dead" side of a cardioid at the offending noise sources! 

What Frequency Response Is for You 
(And How to Get It)? 

"Flat and very wide," would be the first answer. But wait 
a minute! "Peaky" and rough, of course not, but it turns out 
that smooth nominal deviations from ruler -flat response can 
be useful. 

These deviations would certainly not, it seems, be unalter- 
ably built into the electronics and loudspeakers used in 
home and studio environments. Speakers and amplifiers 
should be flat, or should be able to be made flat, for 
reference. But microphones are small and easily changed, 
one for another, promoting a healthy atmosphere of "getting 
the sound you want." In the professional studio, different 
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"When EPI first asked me 
to endorse their speakers, 
I asked EPI to go take a walk: 

ady Rich 

"I'm not the kind of a guy that goes around endorsing every product somebody 
asks me to endorse. Eut when I heard an EPI speaker, I knew it was different. 

My drums sounded like my drums, instead of like a recording of drums. A sax 
sounded like a sax. The bass was a real bass. Trumpets were crisp and sharp. 

Cymbals were bright and clear. EPI loudspeakers are the best I've ever heard for 
true-to-life music. I own them and listen to them. I recommend them to my 

friends. If I were you, I'd buy them." 

The true-to-life sound Buddy's talking about comes out of eight linear speakers. 
from $55 to 51000, made only by Epicure Products, Inc., Newburyport, Mass. 01950. 

The True -to -Life Sound of EPI. ' i 
Check No. 35 on Reader Service. Card 



microphone responses are easily modified by sophisticated 
equalization facilities, but these facilities are not as yet 
widely available to audiophiles. So it pays to know the 
several basic response options available from many micro- 
phone manufacturers. 

Bass Response in Omnidirectionals 
It is generally easier to get flat, extended bass response 

in an omnidirectional design. Many omnidirectional dynamics 
are essentially flat to 40 or 50 Hz, with fairly rapid rolloff 
below. Many omnidirectional condensers-even one or two 
of the modestly -priced electrets-are essentially flat to 20 
or 30 Hz. Actually, it is virtually impossible not to have super 
extended bass in an omnidirectional condenser, as long as 
the internal impedance converter has sufficiently high 
input impedance. 

Even 40 or 50 Hz response surpasses the flat -response 
portion of many, many loudspeakers, and can be downright 
impressive on pipe organ material. However, if pipe organ 
and bass drums are your specialty, and you've seen to it that 
the rest of your system can reproduce them, microphones flat 
to 20 or 30 Hz can he lots of fun! They also pickup subways 
very well. 

Bass response in Cardioids 
It is much more difficult to attain flat, extended bass 

response in both dynamic and condenser cardioid designs, 
though conventional condensers usually exhibit less rolloff 
than their dynamic counterparts. The rolloff in both designs 
is not sharp, but gradual, typically flat at 200 Hz, l -to -5 dB 
down at 100 Hz, and 5 -to -15 dB down at 50 Hz. Single -D 
dynamic designs usually follow the lower limit, in part to 
compensate for proximity effect's close-up bass boost and to 
minimize sensitivity to mechanical shock. 

Cardioids absolutely flat in the 50 -Hz -and -below range to 
exist, but are rather rare, and often have other perform- 
ance defects. 

The Case for Tailored Response 
There are three reasons why the rolled -off, "tailored" 

low -frequency response typical of many cardioids can be very 
useful under adverse conditions. The usefulness is universal 
enough to have made available a number of similarly - 
tailored omnidirectional microphones. 

1. Much of the "bass" we hear does not range below 100 Hz. 
Even if the fundamental is substantially below 100 Hz, the 
ear often reacts more strongly to the harmonics and doesn't 
feel cheated if the fundamental is reduced a bit in amplitude. 
A piano is a good example. 

The second and third reasons need an introduction: Our 
ears and brain can discriminate between wanted and 
unwanted sound in a way far superior to anything that can 
be built into a microphone polar pattern or a two -speaker 
stereo setup. We hear, to a great extent, what we want to 
hear. The only way we usually hear a refrigerator compressor 
is when it shuts off! Microphones, however, even in stereo 
and with cardioid patterns, pick up the noise and send it 
through the loudspeakers as clearly heard as the music. 

2. Much of the unwanted noise encountered under adverse 
conditions is very low frequency. It may therefore be sub- 
jectively more pleasing to loose a little bass fundamental in 
order to eliminate the noise. 

3. Reverberant sound is bass oriented. Sometimes micro- 
phones must be located relatively far from the performers, 
in their reverberant field. This would tend to occur with 
cardioids placed to take advantage of their working -distance 
expansion. In this case, a high percentage of the sound 
reaching the microphone is reverberant. To the extent that 

reverberant sound favors the low frequencies, as it often 
does, the pickup will be over-bassed with a flat microphone. 
A subjectively flatter sound would result if the bass were 
rolled -off. This phenomenon also justifies a moderate, broad 
rise in high -frequency response. This alternative is available 
in some microphones. 

Microphone Response Table 
To take the above discussion out of the range of an aca- 

demic curiosity, Table I lists a number of Electro -Voice 
microphones that give the various response alternatives 
mentioned above. Happy experimenting! 
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Guidelines For Placement in Recording 

"Classical" Two-Mic Stereo 
The easiest way to get a stunning recording with a mini- 

mum of rish and frustration is to record with two micro- 
phones located relatively high, separated by a number of feet, 
in front of the performing ensemble. If there ever was a 
panacea for the serious amateur in the recording field, 
"two microphones in front of the group" is it. Two tips and 
some sketches will be helpful. 

The "best seat in the house" is not the best place for micro- 
phones! In general, the recorded pickup from "the best seat 
in the house"-with either omnidirectional or cardioid 
microphones-will sound distant, lacking the impact, presence, 
and sizzle of a live performance. Though going from mon- 
aural to stereo substantially reduces this problem, the by - 
now familiar inability of recording techniques to duplicate 
the discriminatory powers of our ears and brain is once again 
the culprit. 

The solution is simple: move the microphones closer to 
recapture the clarity. Right up on stage with the ensemble 
will do. Figure 18 illustrates a "reasonable" microphone 
setup. The idea is to: I, get good perspective, a decent 
compromise between a bright, clear sound and a nice feel 
of the room acoustics, and 2, preserve the balance heard in 
the hall-with no row or section of the ensemble overpower- 
ing another due to poor microphone placement. 

In general, the perspective will be bright and clear, with 
little hall sound, for relatively close miking distances. It will 
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A love lettet 
As you probably know, Revox has always 

received the highest praise from the experts. And 
by now, we almost take it for granted. 

But even we were bowled over by the 
unabashed declaration of love we received from 
audio editor Michael Marcus writing in Rolling 
Stone. In fact, we were so pleased that we'd 
like to. share our pleasure with you. Herewith, 
Mr. Marcus' comments in their entirety. 

The Top "Semi -Pro" 
Tape Deck 

If you get turned on by big bridges, 
German cars, Swiss watches, Leica 
cameras, and computers; if you had 
three Erector sets at the same time as a 
kid; if you shadowed the TV repair- 
man and the plumber when they 
worked in your house; if you just 
know they're going to bury you with a 

screwdriver tucked into your shroud, a 
Revox tape deck would make you 
very, very happy. 

And if you are a music maker or 
music listener besides, a Revox would 
make you *** ecstatic! 

The Revox A77 Dolbyized deck 
sells for $969 , and can make record- 
ings with sound equal to million -dollar 
studios. It is compact enough to strap 
on the back of a motorcycle, and 
rugged enough to survive a crash. It 
either contains or may be combined 
with every imaginable feature and ac- 
cessory, and is as fool -proof and easy 
to operate as any recorder I know of. 

My tests, and reports in the hi-fi 
mags, back up Revox's claim that this 
is truly the top performing "semi -pro" 
tape deck available. Technical per- 
formance characteristics have seldom, 
if ever, been bettered by any other 
home machine: wide, flat frequency 
response; extremely low distortion; 
perfect speed; imperceptible wow and 
flutter; and noise level, even without 
the Dolby circuits, that matches the 
best studio equipment. 

With the Dolby noise reduction cir- 
cuits operating, the A77 is so quiet it's 
scary. This machine really provides 
sound reproduction! No person for 

whom I demonstrated the recorder 
could distinguish between live and re- 
corded sound in A -B tests. For decades 
hi-fi ads have been bullshitting about 
"concert hall realism." The Revox 
really achieves it. 

From across the room you could 
mistake it for an old $199 Radio 
Shack clunker: It has none of the care- 
fully cultivated "professional" look 
found on current popular Japanese 
tape machines. But it has everything: 
ten -inch professional size reel capacity 
for hours of taping without flipping 
over the reels; Dolby circuits so you 
can use low tape speeds without sacri- 
ficing quality, saving tape expense and 
further reel -flipping; three -motor 
transport with electronic speed control; 
push-button solenoid operation with 
provision for remote control; spring 
clips built into the reel spindles to 
hold the tape on in any position with- 
out bothering with rubber clamps; dif- 
ferent tape tension for each speed and 
reel size; safety record buttons with 
red signal lights for each channel; and 
automatic shutoff. 

And individual input selection for 
each channel; internal track transfer; 
front and rear panel jacks for either 
high or low impedance mikes; stereo, 
single -channel, or merged mono out- 
put modes; output volume and balance 
controls; and a Dolby calibration tone 
generator that lets you get the noise 
reduction circuitry working in two 
seconds. 

And there's a lever that pushes the 
tape against the heads with the motors 
off for editing; a high frequency filter 
to prevent interference from FM sta- 

tion multiplex signals, and a head- 
phone jack. 

Inside the machine is where the 
technofreaks will really get off. Rigid 
girders, heavy metal plates, big Pabst 
motors, carefully routed wiring, beau- 
tiful plug-in circuit boards, fancy con- 
nectors, the works. Everything NASA 
quality; built for quiet, smooth opera- 
tion and long life. It's obviously a 
machine that should last as long as you 
do, and Revox guarantees it to; and 
from looking it over, it doesn't seem 
like they're going to spend much 
money making good on their pledge. A 
few parts that come in contact with 
moving tape (heads, pressure roller, 
and capstan) are only guaranteed for 
one year; but the heads are the big - 
radius professional type that should be 
good for many years of normal use, 
and roller and capstan sleeve are cheap 
and easy to replace. 

If you can't afford the full $969 , 

the A77 is available without the Dolby 
circuits for about $200 less, and if you 
only plan to dub from records or 
radio, or record loud rock music, you 
may as well save the bread. Other for- 
mats and options are also available, 
including built-in playback amps and 
speakers, rack mounting, variable 
speed, half-track operation, 15 ips 
speed, selsync, and on and on and on. 

I have a few bitches about the 
machine: the braking is slow; the 
meters are a bit small; and the photo- 
cell tape shutoff can be annoyingly 
activated by white leader tape spliced 
between tape sections; but I manage. I 

have really gotten to love the Revox 
A77 Dolby B. I know of nothing 
better. 

© 1972 by Straight Arrow Publishers All rights reserved Reproduced by permission 

Once again, Revox delivers what all the rest only promise. 

Revox Corporation, 155 Michael Drive, Syosset, New York 11791, 
California: 3637 Cahuenga Blvd. West. Hollywood 90068; Canada Revox Sales and Service. Montreal 
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he dull and muffled, with lots of hall sound, for relatively 
large micing distances. The perspective inherent in a partic- 
ular microphone and hall situation can only be determined 
accurately by making trial takes at several microphone work- 
ing distances and monitoring the results on loudspeakers 
(headphones are better than nothing but create a "larger - 
than -life" sound, compared to the same tape reproduced 
on spaced loudspeakers). Fortunately, in practice, a fairly 
broad range of perspectives produces a very acceptable re- 
cording (though what is "ideal" is an elusive and very 
personal judgment). Therefore, the recordist who is not 
blessed with the luxury of experimentation time will probably 
be in good shape if his microphones are 10 to 20 feet from 
the middle of the source, for the typical chorus, band, 
orchestra, or organ. Very small ensembles could use closer 
miking-say 5 to 10 feet-but the room sound would be 
reduced. 

The recordist must, however, be concerned about balance, 
which he can do without rehearsal. In considering balance, 
it helps to remember the inverse square law. The direct sound 
from a section of the performing group will experience a 

6 dB loss in level every time the distance from that section 
is doubled. If microphones are relatively close to the group 
as a whole, the rear row can easily be twice the distance from 
the microphones as the front row. This spells balance prob- 
lems. Such a large relative difference does not occur if 
microphones are placed at a greater distance from the group 
as a whole. Figure 18A illustrates the inverse square law. 
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In general, the recordist will find that, given an adequate 
setup with respect to direct -to -reverberant perspective, his 
distances for proper balance will put the microphones fairly 
high, as in Fig. 19. Figure 19 places the microphones at 
approximately 12 feet from the middle of the group and the 
extreme distances (10 feet and 15 feet) are consistent with 
good balance. Figure 19A preserves the same 12 -from -the - 
middle distance, so perspective is unchanged. Balance, 
however, definitely favors the front row (8 feet from the 
microphones) and the rear row will be weak and indistinct 
(16 feet). Figure I9B, with the short microphone stands move 
to 24 feet from the middle of the group, restores balance 
but the pickup includes too much of the room sound- 
muddy and lacking in presence. Moral: the usual five-foot 
microphone stands are often not particularly useful to the 
serious amateur recordist! 

6' 

OMNIDIRECTIONAL 
MIC ROPNONE 
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if you want to be completely surrounded by music 
you need a 4 -channel receiver 

that completely adjusts to your surroundings. 

Since JVC wants to give you nearly 
perfect sound, we also have to give you a 
nearly perfect listening area. 

The JVC 5445 4 -channel receiver 
does just that. 

A special sound effects amplifier 
(SEA) takes discrete and matrix 
4 -channel sources, plus stereo and 
monaural sources, and breaks them up 
into five frequency ranges, instead of 
just the usual bass and treble. 

So you can bring up any frequency 
that's absorbed or tone down any one 
that's reflected too much. You can bring 
up any instrument. Or push any down. 
That's sound control you'd expect only 

in a professional studio 
And the separate SEA control for 

the rear speakers lets you adjust for any 
future 4 -channel sound system. 

This receiver also makes your present 
stereo records, tape and FM stereo 
broadcrasts sound better than ever by 
picking up previously hidden sounds 
through the rear speakers. 

Naturally, this receiver is completely 
compatible with your present equip- 
ment. And the equipment you'll 
probably buy in the future. It even has 
optional remote control and 4 -channel 
headphones. 

JVC also makes a top-quality inte- 
Check No. 39 on Reader Service Card 

grated 4 -channel amplifier, the 280 watt 
Model 990. And if you have a really 
good stereo amplifier, you can convert 
your system to 4 -channel instantly with 
JVC's add-on amplifier, the 5101. 

The JVC receiver, amplifier and 
add-on amplifier. 
They can take a 
beautifully ar- 
ranged room and 
help you or- 
chestrate it. 

JVC 
JVC America, Inc. 
38 -?'5 Querns MIdIFwn Expressway 
Ma.pelh, New York 11378 



If the 24 foot distance shown in Fig. 19B must be used, 
cardioid microphones will help restore proper perspective. 

Figure 20 is a view from the top, to illustrate distance 
between the two microphones in a stereo pair. A reasonable 
guide is to center each microphone on one-half of the group. 
Again, this distance is fairly non -critical, but extremes will 
upset balance and significantly alter the stereo effect. 
Microphones too far apart from left to right will produce 
a hole -in -the -middle, a disjointed, schizophrenic effect, 
lacking in solidarity. Microphones too close together tend 
toward monophonic reproduction, destroying stereo's sense 
of direction and hall acoustics. 

O O O O O O O O 
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O O O O O O O O 

Fig. 20-Typical left -to -right separation. 

What About Soloists? There seems to be an innate urge- 
perhaps because of the wide availability of microphone 
mixers-to augment the classical two-mic setup by "spot- 
lighting" the soloists with an accent microphone. After all, 
we don't want to loose anything! In years past, the grave 
compromises of monophonic reproduction forced the spot- 
lighting of soloists: the subjective realism of monophonic 
reproduction was improved. Stereo is certainly not a complete 
answer, as mentioned earlier, to sorting out wanted and un- 
wanted information (witness the great amount of accent 
micing done in professional recording sessions). It is, how- 
ever, a sufficient improvement to make the added responsi- 
bility and complexity of accent mics usually not worth 
the amateur's effort. The key word is "responsibility;" the 
amateur is mixing in real time, without the benefit of multi- 
channel recording, and if he accents too much (which seems 
to be a universal tendency) it's just too bad. Let things fall 
where they may, with just a stereo pair of microphones; 
you will he pleasantly surprised. 

It is perhaps worth noting that four-mic/four-channel 
recording reduces the need for accent microphones even 
further. The ability of four -channel stereo to sort out a single 
event amidst complex aural confusion-if the recording is 

properly handled-can be downright uncanny! 

Tips on Taking Advantage of Cardioids 
The recording advantages of cardioids, with their reduced 

pickup to the sides and rear, have been mentioned earlier: 
(l) control of reverberation and background noise and (2) 
solving problems of instrumental balance and isolation when 

micing under what might be termed adverse conditions. To 
put the second item another way, a cardioid will let you 
"patch things up" when a straightforward two-mic stereo 
setup, as just described, cannot provide optimum balance. 
In performing such a patchup, however, it should be re- 
membered that a cardioid accepts sound equally well over a 

surprisingly wide angle. Reference to Fig. 8 shows that out- 
put is constant over nearly an 80 -degree angle. If a too - 
loud instrument or group is to be reduced in level to any 
extent at all, a cardioid microphone would have to be 
oriented at least 45° off axis, 90° off axis would provide just 
a 6 dB reduction. 

Cardioid Polar -Pattern Uniformity 
Some cardioid microphones (especially inexpensive ones) 

are cardioid only over a certain range of frequencies. In 
practice, it is no simple task to maintain the ideal cardioid 
pattern throughout the frequency range. Off -axis pickup, 
then, will be colored to the extent that the polar pattern is 

not uniform with frequency. As long as the microphone is 

pointed at the group of interest, the audible effect is not too 
severe, but if a major portion of the ensemble is being picked 
up off axis, any coloration is unfortunate. 

Avoiding Acoustic Phase Interference 
When Multiple Miking 

It is certainly no secret that "classical" two-mic stereo 
recording plays a very small part in commercial recording 
today, especially in the predominant recording of contem- 
porary rock and jazz. Instead, multiple microphones are used, 
virtually one for each instrument or small section. Each 
microphone is fed to a separate track on a multi -channel 
recorder-up to 24 channels, at last count. The microphones 
are placed very close to the instruments-from "right in the 
bell of a trumpet" to a foot or two away. The pickup is 

bright and very dry, with no natural room sound. Tracks 
are often recorded at separate times, redone if necessary, 
and then mixed down to form a two -channel working 
master which eventually appears as the stereo disc. Equaliza- 
tion and artificial reverberation are added at many stages 
in the process. 

The ready availability of microphone mixers often tempts 
the amateur recordist to make his own multiple -microphone 
recordings. It's lots of fun, but certainly not the "easy" 
way. Without multi -channel recorders, the session must be 
mixed live, in real time, with no opportunity for remix or 
re-recording of offending tracks. Again, responsibility rears 
its head: the balance and perspective are entirely in the 
hands of the recordist. The musicians' natural balance has 
nothing to do with it! 

Acoustic Phase Interference 
Even more serious than the responsibilities of balance, 

however, is the problem of acoustic phase interference. This 
phenomenon causes huge, varying voids in frequency re- 
sponse that create, at best, a vague feeling that "something's 
terribly wrong." Figure 21 shows the basic elements: a vocal- 
ist being picked up by two microphones whose outputs are 
being combined in a microphone mixer. The second micro- 
phone (to the right) is of course intended to pick up another 
vocalist (or instrument), but in fact does a pretty good job 
of picking up the first vocalist! 

The interference arises because the sound of the first 
vocalist reaches the two microphones at slightly different 
times, since path 2 is longer than path 1. Depending on the 
frequency and distances involved, the two signals, when com- 
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A superb condenser 
microphone for just $39.75. 

What's the trick? 
Brilliant en ineerin 

Condenser microphones have long 
been known for their sound...and their 
cost, and their complexity. Now Electro - 
Voice introduces a series of genuine 
condenser microphones that provide 
sound embarrassingly dose to the most 
expensive studio models, without the 
high cost and complexity. 

A big problem with conventional 
condenser microphones has been the 
need for a high voltage power supply 
to polarize the diaphragm. E -V has 
eliminated it completely with its new 
electret condensers. We've found a way 
to permanently trap this voltage right 
on the surface of the diaphragm, thus 
doing away with the need for bulky, 
expensive power supplies. 

How do the new Electro -Voice 
electrets sound? Response is clean, 
flat, and transparent, with very high out- 
put for full recording volume. It's just 
what you would expect from condenser 
microphones costing much more, 
and by far the best sound -per -dollar 
you've ever heard. 

A simple FET circuit inside each 
E -V electret microphone matches both 
professional and home tape recorder 
inputs with equal qualify. This low - 
noise, high -output circuit operates from 
a single "AA" penlite battery for as 
long as 1200 hours of use. 

Choose either omnidirectional or 
Single -D cardioid types. The chart 
shows the prices, and some of the 
reasons for the difference in cost. 
Whichever model you choose will give 
you excellent transient response, high 
sensitivity, and uniform polar response. 
Our "second -generation" electret 
design offers vastly improved protection 
against extremes of humidity and 
temperature. And the ruggedness of 
E -V electret condensers is rivalled only 
by E -V dynamic models. All -in -all, 
new E -V condensers are a significant 
improvement over less sophisticated 
condenser microphones (electret or 
otherwise). 

if your goal is to record natural sound, 
or natural music - try an E -V electret. 
Or in the PA field where condensers 
have never been sufficiently reliable - 
try an E -V electret. But don't tell your 
listeners how much you paid for your 
new microphones. They'll never 
believe you g 

ELECTRO -VOICE, INC., Dept. 132A 
602 Cecil Street, Buchanan, Michigan 49107 

In Europe: Electro-Vi,ice, S.A., Römerstrasse 49, 

2560 Nidau, Switzerland. 
In Canada: EV of Canada, Ltd., Gananoque, Ontario 

a GUItcn 
COMPANY 

IMOOEL 1710 
Omnidirectional 
80-13,000 Hz response 
Unbalanced 150 ohm output 
-50 dB output level 
$39.75 

ti 
MODEL 1711 
Omnidirectional 
60-15,000 Hz response 
Balanced 150 ohm output 
Professional cable connects; - 50 dB output lever 
$59.70 

MODEL 1750 
Single D Cardiotd 
80-13,000 Hz response 
Unbalanced 150 ohm output 
-43 dB output level* 
$45.00 

MODEL 1751 
Simple -D Cardiotd 
60-15,6011 Hz respoase 
Balanced 150 ohm output 
Professional cable connector 
-43 dB output level" 
$75.00 

*Output level rel. to 1 mw/10 dynes/cm2. The smaller the 
number, the better. Prices shown or, suggested retail. 
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Fig. 21-Basic mechanism of acoustic phase interference. 

bined in the mixer, either add (in phase) or cancel (out -of - 
phase), or something in between. The effect is audibly shock- 
ing and is shown on a frequency response basis, for several 
distances between microphones, in Fig. 22. The first curve 
shows the response of the left microphone alone. The remain- 
ing curves show the combined response as distance between 
microphones is increased. Complete interference is elimin- 
ated only at a rather large distance, but 3 feet is relatively 
void free and suggests the following rule -of -thumb. 

MIL . 
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MIKE I - 

U 
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POSITION 

MIKE I ALONE 

'..-J 
ANKE I WITH MIKE 2 POSITION I 

MIKE I WITH MIKE 2. POSITION 7 ,--, r 
MIKE I WITH MIKE 2 POSITION :. 

Fig. 22-Acoustic phase 
between microphones. 
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interference as a function of distance 

The Three -to -One Ratio 
To avoid acoustic phase interference, the distance between 

microphones should be at least three times the distance be- 

tween the sound source and the nearest microphone. Several 
good and bad multiple-mic setups are shown in Fig. 23. 

Strictly speaking, the three -to -one rule assumes sound 
sources of equal level. If meters are available on the mixer 
or recorder, however, even unequal levels can be handled. 
A little slide -rule work will show that the three -to -one ratio 
implies an isolation of 9 dB. If the gain on the right mic is 
such that its pickup of the left instrument is 9 dB below the 
pickup of the left microphone, interference will be accept- 
ably low. It is interesting to note that many professional 
recording people do not observe this rule, and that if they 
did, the need for so-called "flats" or "baffles," with their 
imperfect solution to isolation or separation problems, would 
not exist! 

IN 

BAD 

9-1-4 ' 9--4 
BAO' 

BETTER' 
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BEST' 

LECTURN 

LECTUßN 

Fig. 23-"Good" and "bad" mulitple micing setups. 

Beating the Three -to -One Ratio with Cardioids 
A cardioid's rejection of sound from the sides and rear, 

if properly applied, can reduce the three -to -one ratio. Figure 
24 shows two cardioids angled away from each other, to 
increase isolation and decrease interference. 

fir 
MICROPHONES 

1.5 

Fig. 24-Decreasing the 3 -to -1 ratio with cardioid micro- 
phones. 

Microphone Termination 

Connecting the Microphone 
To the Preamplifier Input 

High -impedance cable and inputs: High impedance cables 
are single -conductor shielded, as shown in Fig. 25. The out- 
put of the microphone is carried by the inner conductor and 
shield, which also acts as ground to prevent hum. High im- 
pedance preamplifier inputs have two connections, with the 
shield going to the preamplifier's ground. Because one of the 
microphone's output terminals is connected to ground in such 
an input, the inputs are called unbalanced 

Low -impedance cable and inputs: Low impedance micro- 
phone cables have two inner conductors and a shield, as 
shown in Fig. 26. In such low impedance cables, the micro - 
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toewihe irresistible sound 
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The sound of Matin Speakers can be as quiet and ir- 
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vibrant and deepthroated as the roar of thunder in the 
summer sky. 
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Fig. 25-Single-conductor shielded cable. 
Fig. 26-Two-conductor shielded cable. 

phone output is carried on the two inner conductors, while 
the shield acts only as a hum and noise protector. This con- 
figuration is termed balanced line since neither microphone 
output terminal is connected to ground. The balanced line 
arrangement provides hum and noise protection superior to 
the unbalanced lines used with high -impedance microphones. 

Low impedance microphone preamplifier inputs generally 
have three connestions, with the shield going to ground. 
Occasionally, preamplifier inputs for low -impedance micro- 
phones will have two connections like typical high -impedance 
inputs. Such low -impedance inputs are unbalanced, similar 
to their high -impedance counterparts. In order to use an 
unbalanced input with a standard low impedance micro- 
phone cable, one inner conductor must be connected to 
ground. This should be done at the preamplifier input only, 
by connecting either one of the inner conductors to the 
shield at the preamplifier input. 

The Truth about "Impedance Matching" 
Microphones are connected to preamplifier inputs whose 

impedance "looking in" varies widely. There is often great 
concern to "match" the microphone impedance to that of 
the input. A microphone should certainly be suited to its 
input, in terms of voltage delivered and the input's compata- 
hility with that voltage, but this certainly does not necessarily 
mean equating ("matching") the microphone and input 
impedances! If matching were necessary, life would be in- 
deed difficult, since examples of the following are every- 
where to be found: 

1. A fine line of tape recorders whose inputs are recom- 
mended for use with "low -impedance" microphones but 
whose input impedance is 600 ohms. 

2. A popular microphone mixer whose balanced "low - 
impedance" microphone inputs are actually about 800 ohms. 

3. A high -quality home recorder whose unbalanced micro- 
phone input works with many low -impedance microphones, 
yet the measured impedance of the input is 10,000 ohms. 

4. A fine microphone rated at 150 ohms whose measured 
impedance is nearly 400 ohms. 

What gives? It turns out, since they are essentially re- 
sistive sources, that ribbon, dynamic, and condenser micro- 
phones may be loaded with any impedance value from 
slightly below their rated impedance on up to an open 
circuit. Distortion and frequency response are not affected. 
Only output voltage level is affected: maximum output is 
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achieved into an open circuit with output reducing as the load 
impedance is reduced. The loss is 6 dB when the load im- 
pedance equals the microphone's measured impedance. 

"Line matching" transformers may now seem mis -named: 
they are perhaps more clearly viewed as voltage step-up 
devices, increasing the low output level of low -impedance 
microphones to a higher level more appropriate to the sensi- 
tivities of typical high -impedance microphone inputs. 

Capacitive -source piezoelectric microphones (ceramic or 
crystal) are affected quite differently by cables and preamp- 
lifier input impedances. Such microphones are referred to 
as high impedance, but this is purely capacitive and of quite 
a different nature than the resistive high impedance of, say, 
a dynamic microphone. The impedance magnitude is a func- 
tion of frequency. For capacitive -source mics, added capaci- 
tance of longer and longer cables has no effect on frequency 
response, since both the source and cable impedance change 
proportionately, with a constant voltage -division effect main- 
tained. Level, however, drops drastically. 

Output Level or Sensitivity 
Microphone output level or sensitivity is a way of express- 

ing the microphone's "output" when 1, loaded in a specific 
manner (RL) and 2, driven with sound of a specific "loud- 
ness." Output level is usually given at a single frequency. 
Two commonly used frequencies are 1000 Hz and 250 Hz. 
The 1000 -Hz measurement is used for speech -frequency, 
communication -type microphones, and the 250 -Hz measure- 
ment is used for the wide -range microphones more likely 
to be employed by the serious amateur and professional. 

Sensitivity often is expressed as "-60 dB." This figure is 
absolutely meaningless. It could refer to several valid, 
though different, rating methods now currently used by the 
American audio industry. If the actual voltage delivered to 
the amplifier input is desired, some or all, depending upon 
which rating method is employed, of the following additional 
information is required to give the "-60 dB" meaning: 1, 

the sound pressure level driving the microphone, 2, the 
internal impedance of the microphone (RG), and 3, the load 
on the microphone (Rt.). The two most used sensitivity 
specifications are discussed below. 

Open -Circuit Voltage Rating 
This rating is most frequently applied to high -impedance 

microphones, but may be applied to microphones having any 
source -impedance value. The open -circuit method states 
explicitly the load (RL) as open circuit. In practice, measure- 
ments may be made as long as RL is about 20 times that of 
RG. The error would be limited to about 0.1 dB. A micro- 
phone rated according to the open -circuit method would 
read, stated completely: 

Sensitivity = -60 dB re/1 volt/microbar. 
The "re" (referred to) is the key to our question of what 

voltage drives the amplifier, and is part of the sensitivity 
statement because the rating is expressed in dB. Decibels, 
like per cent, are a relative measurement. If we want an 
absolute answer from the dB sensitivity rating, we must 
answer the question "relative to what?" As an example, we 
could say that board "A" is three times the length of board 
"B." That's relative. If we want to know exactly how long 
board "B" is, however, we must know the length of "A." If 
"A" is three feet, then "B" is, absolutely, 9 feet. Returning to 
the open -circuit microphone voltage rating, the only dif- 
ference is that the reference is "1 volt," rather than "3 feet." 
(To be continued) 
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