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R SPEAKER SYSTEMS. 
t is destined to become the 

nd reproduction system. 



PIONEER'S NEW SERIE ' 
An acoustic achievement th 

universally preferred so 



We started with the premise 
that you warted better 
sound reproduction, 
and we took it 
from there. 



Too often these days superlatives are 
used to camouflage mediocrity. Let's 
just say you'll be excited with the 
magnitude of the achievement of the 
new Pioneer series R speaker 
systems, once you hear them. They 
represent the culmination of our more 
than six years of intensive research in 
every phase of speaker design on just 
this series alone. 

We investigated, tested and 
evaluated every known area: 
frequency response, dispersion, 
distortion, transients, drivers, 
configurations, cabinetry- rejecting, 
accepting, improving until we were 
completely satisfied that we had the 
perfect combination. The sound most 
people would prefer when compared 
with the conventional speakers now 
available. 

The story behind the grille 
To achieve this exceptional sound 
reproduction, Pioneer has endowed 
the new series R with a host of 
meaningful refinements that have 
become the hallmark for our 
extensive collection of high fidelity 
components. 

Flush mounting. Unlike other 
speaker systems on the market today, 
the R series' drivers are flush mounted 
to the face of the enclosure, rather 
than recessed. Combined with the 
advanced design of the individual 
speaker units, there is added vitality 
to the mid tones and wider dispersion. 

Conventional 
recessed speaker 
mountings. 

New up -front 
flush mounting of 
Pioneer series R. 

Exclusive FB cones assure robust 
bass, clear mid and high tones, 
improve damping, while keeping 
distortion at an absolute minimum. 
High input signals are handled with 
complete ease. 

R700 R500 R300 

Speakers 12" woofer, midrange 
horn, multicell horn 
super tweeter 

10" woofer, 
5" midrange, 
horn tweeter 

10" woofer, 
horn tweeter 

Maximum 
Input Power 75 watts 60 watts 40 watts 

Crossovers 750 Hz, 14,000 Hz 800 Hz, 5,200 Hz 6,300 Hz 

Dimensions 15" x 26" x 139/16" 133/4" x 24" x 12'/16" 13" x 221/2" x 11" 

Price $229.95 $159.95 $119.95 

Unique concave center pole 
design and pure copper cap/ring 
combination. The concave center pole 
of the drivers' magnetic structure is 
covered with a pure copper cap. Not 
only does this reduce the inductance 
of the voice coil, it also decreases 
the voice coil's intermodulation 
distortion generated by the magnetic 
field. The result: vastly improved bass 
and midrange transient responses. 
Another example of Pioneer's meticu- 
lous engineering detail. 

Improved design horn tweeters 
of die -cut aluminum have completely 
replaced the more conventional (and 
less costly) cone and dome -type 
tweeters in the entire series. You can 
hear the difference with wider 
dispersion, and you gain all the 
advantages of horn drivers, such as 
high transient response and lowest 
distortion. 

Crossovers are precisely de- 
signed in each model. In contrast to 
other speakers that rely on the 
capacitance method only, Pioneer 
has combined both inductances and 
capacitances for minimum inter - 
modulation distortion. And you'll 
never hear bass tones wandering to 
the tweeters, or highs intruding on the 
woofers. You couldn't ask for better 
linear response. 

(cDPIONEER® 
when you want something better 

The acoustically padded 
enclosures are sturdily built and faced 
with handsome two-piece, two-color, 
removable grilles. The staining 
process of the hand selected walnut 
requires ten steps alone, and utilizes 
an exclusive oil created by Pioneer. 
Each unit is produced as if it was the 
only one. 

Sound -absorbing foam 
polyurethane surrounds the woofers 
of the R700 and R500 to reduce 
distortion even further. The three R 

series models each employ long -throw 
voice coils providing greater cone 
movement for higher excursions. 

There are many technical 
reasons why you should buy a pair of 
the new Pioneer series R speakers 
systems. But, in the final analysis, 
when you compare them with com- 
parably priced speakers at your 
Pioneer dealer, their absolute 
superiority in sound reproduction is 
why you will buy them. 

U.S. Pioneer Electronics Corp. 
178 Commerce Rd., Carlstadt, 
New Jersey 07072 

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 7Oí/70 
The frecuency cLrves 

are actual tracings from 
a new Sharpe produc- 

tion Model 10/10. 
Improved design of 

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

full response. 
Striking new decor. 

NEW MARDI ill 

For new bright sounds 
to satisfy the highest 

standards of discrimi- 
ating professionals 

and audiophiles 
alike. Smart new 
appearance with 

advanced acousti- 
cal designs. 

NEW MODEL7/7 
See this new b.Jdget- 
priced version of one 
f Sharpe s most popu- 
lar models. Price and 

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

weight stereo 
listening. Rich new 
ebony decor. Your 
Sharpe dealer will 

gladly demonstrate 
the complete 

Sharpe Stereo line. 

SHARPE 
AUDIO 

DIVISION 
SCINTREX, INC. 

Tonawanda. N.Y. 
14150 

Export Agents 
ELPA MARKETING 
INDUSTRIES, INC. 

New Hyde Park. 
NI. Y 11040 
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MUSIC GOES ON A RECORD ATA PERFECT TANGENT. 

NOW IT COMES OFF AT A PERFECT TANGENT. 

For years, Zero Tracking Error has been the 
elusive goal of the automatic turntable maker. 

The objective: to develop an arm which would 
keep the stylus perpendicularly tangent to the 
grooves...to each groove throughout the record, 
because this is the way music is put on a record. 

Garrard's Zero 100 is the only automatic 
turntable to attain this. It is done with an ingeniously 
simple, but superbly engineered tone arm. Through 
the use of an articulating auxiliary arm, with pre- 
cision pivots, the angle of the cartridge continually 
adjusts as it moves across the record. 
The stylus is kept at a 90° tangent to the grooves... 
and the cartridge provides the ultimate 
performance designed into it. 

Center line of 
cartridge tangential 

to record groove. 

Pickup head 
pivots 
in this 
direction 
as arm 
tracks 
across 
records. 

The results have been recorded by experts in 
their reviews of the Zero 100. Some of them are 
saying things about this instrument that have never 
been said about an automatic turntable before. 

x19995 
less base and cartridge 

Mfg. by Plessey Ltd. Dist. by British Industries Company 
Circle No. 3 on Reader Service Card 

They have confirmed that they can hear the 
difference that Zero Tracking Error makes in 
the sound, when the Zero 100 is tested against other 
top model turntables, in otherwise identical systems. 
Until now, we cannot recall any turntable feature 
being credited with a direct audible effect on sound 
reproduction. Usually that is reserved for the car- 
tridge or other components in a sound system. 

Zero Tracking Error is more thah just a tech- 
nical breakthrough. It translates into significantly 
truer reproduction, reduced distortion and longer 
record We. 

Once we had achieved Zero Tracking Error, 
we made certain that the other features of this 
turntable were equally advanced. The Zero 100 has 
a combination of features you won't find in any 
other automatic turntable. These include variable 
speed control; illuminated strobe; magnetic anti - 
skating; viscous -damped cueing; 15° vertical track- 
ing adjustment; the patented Garrard Synchro-Lab 
synchronous motor; and our exclusive two -point 
record support in automatic play. 

The test reports by independent reviewers 
make fascinating reading. You can have them, plus a 

detailed 12 -page brochure on the Zero 100. 
Write today to British Industries Co., Dept. J12 

Westbury, New York 11590. 

GARRARD ZERO 100 
The only automatic turntable with 

Zero Tracking Error. 



owe/ Audioclinic 

November 
Kit Building-Some hints and 

tips by Len Feldman 

The Language of High Fidel- 
ity, Part 6 of Martin Clif- 
ford's Guide for Beginners 

Binaural Sound by Billy G. 
Brant 

Christmas Buying Guide 

Equipment Reviews Include: 
Revox A-77 Dolby Tape Re- 
corder 
Sony 2000F Preamplifier 
Fairfax FX-300 Speaker System 

About The Cover: Cassette 
recorders have come a long way 
during the past two years or so. 
The first models could hardly 
reach 7 kHz but the present-day 
contenders can reach 15 kHz 
with ease. And with low wow 
and flutter! However, open -reel 
machines still have many ad- 
vantages for the enthusiast; our 
recent tape competition brought 
in 446 tapes and only five 
cassettes! 

Joseph Giovanelli 

AM Bandwidth 
Q. Under what circumstances can 

AM stations broadcast to frequencies 
higher than 5 kHz? If a 5 kHz tone will 
produce significant sidebands at plus or 
minus 5 kHz relative to the carrier fre- 
quency, it seems to me that such instances 
of "high fidelity" broadcasting must be 
rare. On the other hand, twice in recent 
readings I have come across passages 
which suggest that such a situation may 
not be as rare as I think it is.-Gary 
Roboff, Worcester, Mass. 

A. The broadcast band is broken 
down into segments, each of which is 
10 kHz wide. While we have come to 
think of a broadcast station as being 
assigned to a specific operating fre- 
quency, this station actually occupies a 
spectrum of frequencies lying above 
and below this assigned carrier fre- 
quency. As you indicated in your ques- 
tion, the reason for this is that the audio 
frequencies produce what are known as 
sidebands. If a 5 kHz tone is broadcast, 
the AM station will be transmitting its 
assigned frequency plus two additional 
frequencies, one 5 kHz above, and one 
5 kHz below the station's assigned 
carrier frequency. (These outer fre- 
quencies represent the sidebands.) If we 
consider two broadcast stations assigned 
to frequencies 10 kHz apart, and if each 
one is transmitting tones of 5 kHz, the 
lower sideband of the station assigned 
to the higher frequency and the upper 
sideband transmitted by the station 
assigned to the lower frequency will 
each produce the same frequency side - 
band signal. 

For example, one of the stations 
might be transmitting on 600 kHz; the 
other one on 610 kHz. With each station 
transmitting a 5 kHz tone, the station 
broadcasting on 610 kHz will be pro- 
ducing sidebands of 605 and 615 kHz; 
the station transmitting on 600 kHz will 
produce sidebands of 595 and 605 kHz. 
Note that both have sidebands of 605 
kHz. 

If now, we take our same two trans- 
mitters and transmit a 10 kHz tone on 
each, the situation will become even 
more interesting. The station transmit- 
ting on 600 kHz will be transmitting, in 
addition to this frequency, sidebands of 
590 kHz and 610 kHz. The station 
transmitting on 610 kHz will transmit 
frequencies of 620 kHz and 600 kHz. 
Notice that the sidebands from the 600 
kHz station exactly fall on the center 

frequency of the transmitter assigned to 
610 kHz. Notice, too, that the 610 kHz 
station will be transmitting a sideband 
on 600 kHz. If, therefore, these two 
stations were assigned to the same 
market area, very severe interference 
would be produced if audio frequencies 
out to 10 kHz were transmitted by each 
station. However, the FCC never assigns 
stations on adjacent channels to one 
market area. Stations would be spaced 
30 or more kHz apart. Thus, the side - 
bands of which we spoke would not re- 
sult in interference between two stations 
within a given market area. Of course, 
good radio receivers can and do detect 
signals on adjacent channels. However, 
this is not a consideration of the FCC. 

Many of us have come to think that 
AM stations are assigned an audio 
bandwidth not to extend beyond 5 kHz. 
This is not the case at all. In fact, the 
rules of the Federal Communications 
Commission which cover AM radio 
broadcast transmissions say that a 
broadcast station shall not depart from 
a flat response by more than 2 dB be- 
tween 100 and 5 kHz, based on a mid - 
band frequency of 1 kHz. This does not 
mean, therefore, that the broadcast sta- 
tion must curtail all frequencies above 
5 kHz or all frequencies below 100 Hz. 

The only stipulation the FCC makes 
with regard to the upper limits of audio 
response is that the band of frequencies 
between 15 and 30 kHz must be atten- 
uated 25 dB with respect to a signal of 
1 kHz. Frequencies beyond 30 kHz must 
be additionally attenuated. 

Therefore, if it were possible to design 
a filter so sharp that within the space of 
1 kHz a 25 dB attenuation could take 
place, the AM stations could produce 
frequency response flat right out to 14 
kHz. Of course, 15 kHz would then have 
to be attenuated by 25 dB, placing strin- 
gent demands on such a filter. 

You can see from all of this that a 
broadcast station is free to broadcast 
audio frequencies considerably in excess 
of 5 kHz; probably a realistic limit is 
10 kHz. 

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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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, 
44 ...must be counted among the state of the art contenders: And Audio 
echoed them with, "The ADC-XLM appears to be state of the are' 

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-loo 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 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. 

AUDIO DYNAMICS CORPORATION 
Pickett District Road, New Milford, Connecticut 06776 

Check No. 5 on Reader Service Card 



Dear Editor 

AM Buff No. 1 . . 

Dear Sir: 
How do you express demand for 

tuners with good AM performance? I 

have been looking for one ever since 
the days of E. H. (not H. H.) Scott. 

I agree with Mr. Herbert's letter in 
your July, 1972 issue. Most people today 
don't know how good AM can be and 
those who do can do nothing about it 
because no manufacturer now builds a 
quality AM tuner. 

R. N. Servaas 
Grand Rapids, Mich. 

AM is not, as commonly supposed, 
inherently inferior to FM in terms of 
bandwidth or distortion. In Australia, 
where there is no FM, wide -band, low 
distortion tuners are used extensively. 
However, AM is subject to electrical 
interference, and there is not much room 
in the present AM broadcast band. (AM 
on VHF? Well, that would be a different 
story!) Signals on the broadcast band 
travel great distances particularly after 
dark so the tuner bandwidth would have 
to be restricted to avoid interference 
effects from stations on adjacent chan- 
nels. In England, before the FM network 
was established, top-quality AM tuners 
had to have 9 kHz whistle filters or 
variable -bandwidth controls and the net 
result was often pretty poor. And how 
about stereo. It can be transmitten on 
AM but.... 

Having said all that, it must be con- 
ceded that many AM/FM tuners have 
low sensitivity AM sections. For instance, 
I like to listen to the news from Canadian 
AM stations, but I get better reception 
from my car radio than I can from quite 
expensive tuners!- ED. 

And No. 2 

Dear Sir: 
I read David P. Herbert's letter (July, 

1972) with great interest. It would in- 
deed be nice to see quality AM tuners 
with quality specs, features, and com- 
ponent parts. Mr. Herbert has done 
audio science a great service with his 
letter. The only problem is that his 
comments will most probably be ig- 
nored! Let's hope not. 

Besides the four items Mr. Herbert 
recommends, I'd like to see the follow- 
ing: 

Fully shielded, regulated, and filtered 
power supplies; 

The use of polystyrene capacitors of 
high tolerance (Mallory had nice 2.5% 
units); 

The use of high stability, close toler- 
ance resistors, such as Corning type 
C32's, a glass -metal oxide type; 

Strong glass -epoxy PC boards on a 
strong chassis with robust yet light alu- 
minum alloy materials, and finally 

Simple, effective, and bug -free circuits 
with easy, razor-sharp adjustments. 

Joe Frandeka 
St. Louis, Mo. 

Distorted Rock Recordings 
Dear Sir: 

In doing a bit of review work, I just 
noted a tape recording problem de- 
scribed in Herman Burstein's March, 
1970 Tape Guide section of AUDIO. I 

have just finished fighting the same 
problem in a PA system and my ex- 
perience might be helpful to many 
tape recording situations. 

The problem described by Ben Miller 
is excessive distortion in live tape re- 
cordings of rock groups. Burstein cor- 
rectly listed the three possible causes: 
1) Too high recording level at the tape, 
2) poorly designed first stage of the 
tape recorder, and 3) overloaded micro- 
phone. I would emphasize reason #2 
rather than the other two. 

The problem is created by the high 
sound level of rock music performances 
and is similar to the PA system problem 
when the entertainer or lecturer "eats 
the microphone." A good dynamic 
microphone can put out (at the secon- 
dary of the transformer) about a volt 
(that's right, a whole volt) under these 
conditions. Usually, this is applied to 
the input of a transistorized stage di- 
rectly and the output of this stage fed 
to the level control. For normal levels, 
this is the best arrangement because 
the level control cuts out pre -amp noise 
when the level control is at a low set- 
ting. But, when the microphone signal 
hits a volt, the distortion is gross and 
no tinkering with the level controls will 
make the least bit of difference. 

This explains why Miller's recordings 
from a large barn -like auditorium had 
less distortion. The sound intensity was 
less because the same acoustic power 
radiated by the rock performers had 
to fill a larger volume and supply the 
losses at a much larger surface area. 
This meant the microphone output 
was lower and overloaded the input 
stage by less. 

What is the cure? Probably the 
simplest is to wire up a 20 dB attenuator 
with cable connectors which match the 
microphone connectors being used. This 

20 dB pad is placed between mike and 
tape recorder input for loud level 
situations. There will still be plenty 
of signal going into the tape recorder 
to achieve good signal to noise ratio. 

Most of the newer machines which 
have only one level adjustment afford 
a simple way to achieve this end. The 
"auxiallary" input, meant for levels 
of a volt or so (from pre -amps, tuners, 
etc.), is actually an attenuator which 
goes between this input and the micro- 
phone amplifier stage. Thus, by plugging 
the microphone into the AUX input 
instead of its normal input, the chances 
of overload are greatly reduced. 

Prof. J. Robert Ashley 
University of Colorado 
Colorado Springs, Colo. 

Construction Suggestion 
Dear Sir: 

Being a devoted listener to orchestra 
and classical church music, I like to 
work on improvements and extensions 
of my stereo system. Thus, I would like 
to see articles on construction projects 
which would improve an already good 
sound system or basic building blocks 
to up -grade or build a system. 

My personal need is an 18 dB per 
octave crossover at 300 to 500 Hz and 
also at 3000 to 8000 Hz to be used with 
Altec Lansing or University high fre- 
quency horn and a Klipsch type low 
frequency horn. This is simply a sug- 
gestion, though I can well imagine that 
many hobbists have a similar require- 
ment. 

F. Machmuller 
Kalthof, Germany 

Miklos Rozsa Society 
Dear Sir: 

There has been increased interest of 
late in the music of Dr. Miklos Rozsa, 
both the music he has written for films 
and that he has written for the concert 
hall. Inasmuch as some of us feel that 
his music is unjustly neglected, we have 
founded, in his name, the Miklos Rozsa 
Society, the main purposes of which are 
to promote his music and to dissemi- 
nate news and information about it to 
music lovers. Those interested in such 
a society may write: J. F. Fitzpatrick, 
2604 Davidson Ave., Bronx, N.Y. 10468. 

If you would print this notice in your 
letters column, we would be most ap- 
preciative. 

Mark Koldys 
Dearborn, Mich. 
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When it comes to power, perform- 
ance and overall product irtegrity, 
KLH's classic Model Fifty -One is 

a tough stereo receiver to beat. At 
$259.95t, it literally wipes out its 

competition. We just could not make a 

better AM/FM stereo receiver for 
the money. 

So we've made a more expensive 
one. 

It's called the Model Fifty -Two. And 
it costs $289.95t. The additional thirty 
dollars buys you additional power 
(30 watts per channel RMS compared 
with the Fifty -One's 20 watts per 

At last a 
serious rival 
to the 
KLH Model 
Fifty -One. 
The new 
KLH Model 
Fifty -Two. 

channel RMS). The Fifty -Two also has 
a new KLH look, dual tuning meters, 
and a host of new convenience 
features. Now we know the Fifty -Two 
wil never replace the Fifty -One; we 
never intended it to. But if you have a 

special need for somewhat more 
power than the Fifty -One offers, but 
you want the same dependability, 
precision engineering and super 
quality, we have a new receiver for 
you. The Fifty -Two ... the Fifty -One's 
serious, but friendly rival. 

See the Fifty -Two at your KLH 
dealer now. Just $289.95t (including 

walnut -grain enclosure). Also see 
the rest of the KLH receiver line, 
especially KLH's newest and lowest 
priced AM/FM stereo receiver, the 
Model Fifty -Five. Powerful. Depend- 
able. And very special for just 
$199.95t. For more information, write 
to KLH Research and Development, 
30 Cross Street, Cambridge, 
Mass. 02139. 
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New Products 

Leader multimeter 
The LDM-850 digital readout a.c./d.c. 
multimeter will measure voltage, cur- 
rent, and resistance in any of 25 ranges 
and is said to have scale accuracy of 
1.0% or better. The 31/2 digit display 
is non -blinking and shows measure- 
ments up to 1,999. The unit offers a 
dual slope operating mode and has a 
maximum input voltage of 1,000 V d.c. 
or 350 V a.c. with 10 megohm input 
impedance. Sensitivity ranges from 
100 µV to I V with current from 0.2 
mA, to 1,000 mA, a.c. or d.c. Resis- 
tance is said to be 0.2 kilohms to 
2,000 kilohms. Price: $299.50. 

Check No. 134 on Reader Service Card 

Philips GA 212 turntable 
This manual turntable uses a d.c. 
servo motor and polyurethane belt 
drive with two independent potentio- 
meters for speed calibration over a 
3% range. Wow and flutter is rated 
at 0.2% and rumble at -62 dB ARLL 
and -42 NAB. The adjustable anti - 
skating control has separate scales 
for elliptical and conical styli, and 
the tracking force range is from 0.5 
to 4 gms. The automatic stop is con- 
trolled by a photocell actuated at the 
end of a record. Price: $149.50. 

Check No. 133 on Reader Service Card 

Lafayette La -150 amplifier 
This unit provides 125 watts (IHF, 
4 ohms) with 1% (or less) distortion 
over a power bandwidth of 13 to 
35,000 Hz. Built-in circuitry derives 
four-dimentional sound from normal 
two -channel sources; all that's needed 
are two additional speakers. Controls 
include bass, treble, volume/balance, 
mode, input, and speaker mode (with 
a two -position "rear" level setting). 
There are pushbutton switches for low 
and high filters, loudness (two levels), 
and power. The tape montior circuits 
allow conversion to discrete or SQ 
four channel with an auxiliary de- 
coder/amplifier. Price $149.95. 

Check No. 132 on Reader Service Card 
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ARP sythesizer 
The Odyssey synthesizer offers most 
of the basic functions offered on larger 
sythesizers, including voltage controlled 
oscillators, filter, and amplifier, ring 
modulator, sample and hold circuit, 
envelope generators, noise generator, 
and mixers. The two -voice, 37 -note 
keyboard has a seven octave range, 
and foot pedals are used to change 
timbre, bend notes, control "wawa" 
and activate portamento. Sounds in- 
clude thunder, gong, fuzz guitar, and 
feedback distortion. High and low 
level outputs are included, and the 
unit can be hooked directly to any 
tape recorder, amplifier, or hi-fi system. 
Price: $1295.00. 

Check No. 131 on Reader Service Card 

Sequerra FM tuner 
This solid state FM tuner offers four 
digit frequency readout of electronic 
tuning, phase linear filter and dis- 
criminator circuits, Dolby noise reduc- 
tion, and oscilloscope displays for 
tuning, signal strength, multipath, vec- 
torial stereo and quadraphonic. A 
panoramic adapter/display is optional. 
Specifications are 2 µV sensitivity, 0.1% 
THD at 100% modulation without de - 
emphasis, 140 dB selectivity, 50 dB 
separation at 1 kHz, 100 dB or greater 
spurious response rejection, and 120 
dB dynamic range. Price: $1600.00. 

Check No. 130 on Reader Service Card 

Justi-Meter Ill graphic level 
recorder 
Designed to permit recording of the 
frequency -response characteristic of 
audio equipment on a frequency - 
calibrated chart over a linear range 
of 40 dB, Justi-Meter III is now being 
introduced to the market, after more 
than two years of use in preparing 
test reports on phonograph cartridges, 
headphones, tape recorders, and loud- 
speakers. Unit covers sweep range 
from 20 to 20,000 Hz, obtained from 
a standard test record, and plots the 
response in 50 seconds. Starts auto- 
matically from the test record signal, 
and measures response of phonograph 
pickups directly, and with external 
connections that of amplifiers, filters, 
and tape recorders. Also records im- 
pedance characteristic of loudspeakers 
over the same range, plotting directly 
in ohms. Price: $595.00. 

Check No. 129 on Reader Service Card 
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All cartridges are different. 
Empire cartridges are 

more different than others! 
Take a technical look 

for yourself. 

How it works. 
If you know.how moving 

magnetic cartridges are made, you 
can see right away how different 
an Empire variable reluctance 
cartridge is. With others, a magnet 
is attached directly to the stylus, 
so that all the extra weight rests on 
your record. With Empire's 
construction (unique of its type), 
the stylus floats free of its three 
magnets. So naturally, it imposes 
much less weight on the record 
surface. 

Less record wear. 
Empire's light -weight tracking 

ability means less wear on the 
stylus, and less wear on your 
records. Laboratory measurements 

kmagnet 

generating 
element 

show that an Empire cartridge 
can give as much as 50 times the 
number of plays you'd get from an 
ordinary cartridge without any 
measurable record wear! HI -Fl 
SOUND MAGAZINE summed it up 
very well by calling the Empire 
cartridge "a real hi-fi masterpiece 
... A remarkable cartridge unlikely 
to wear out discs any more rapidly 
than a feather held lightly against 
the spinning groove." 

Superb performance. 
The light -weight Empire 

cartridge picks up the sound from 
the record groove with amazing 
accuracy. Distortion is minimal. 
(None at all could be measured at 
normal sound levels with Empire's 

1000ZE/X and 999VE/X.) AUDIO 
MAGAZINE said of the Empire 
cartridge "outstanding square 
waves... tops in separation." HIGH 
FIDELITY noted "... the sound is 
superb. The performance data 
is among the very best." While 
STEREO REVIEW, who tested 13 
different cartridges, rated the 
Empire tops of all in light -weight 
tracking. 
X Designates newest improved version. 

World Famous Long Playing Cartridges 

irk 
For further details write: 

Empire Scientific Corp., 
Garden City, N.Y. 11530. MW. USA 

Check No. 9 on Reader Service Card 



Behind The Scenes Bert Whyte 

THIS COLUMN is being written 
during the "dog days" of Au- 
gust ... my least favorite time of 

the year. The omnipresent noise of the 
air conditioners intrudes on music - 
listening activities (maybe Dr. Dolby 
ought to apply his talents to air condi- 
tioners). No one is in town, everyone 
fleeing from the muggy misery of New 
York. Nothing is happening on the 
four -channel front, except for some 
minor skirmishes in the pages of Bill- 
board. Obviously everything is being 
held in abeyance until the AES and 
IHF shows in September, when pre- 
sumably the discrete and matrix camps 
will each launch major offensives. 

In the meanwhile, one of the interest- 
ing developments that came out of the 
CES was a significant renewal of activ- 
ity in the field of 8 -track cartridges. At 
the show there was an absolute plethora 
of new models of cartridge playback 
units for automotive and home use, 
including quite a few quadraphonic 
players. You may not have been aware 
of it, but after several years of "boom" 
type prosperity, 1971 was considered a 
very "soft" year in the cartridge indus- 
try. Many people were burned by a raft 
of inferior "cheap jack" cartridge play- 
ers which flooded the market. There 
was a loss of confidence in the format 
on the part of many people, and as a 
consequence many manufacturers either 
folded completely or abandoned the 
production of players. Oddly enough, 
the recession was mainly confined to 
cartridge hardware. As far as the re- 
corded cartridges were concerned, sales 
volume continued to climb, albeit at a 
slower pace than in previous years. 
After many pundits had declared that 
the cassette would obsolete the car- 
tridge, as of now the recorded cartridge 
market accounts for more than 60 per- 
cent of the total dollar volume of tape 
sales in all formats. As you might ex- 
pect, the vast majority of cartridges are 
sold for playback in cars, although there 
is an increasing "double -duty" playback 
of the cartridges in the home. Many of 
the new units displayed at the CES had 
improved drive systems and higher 
quality electronics with frequent use of 
IC's. The overall impression was that 
there was a considerable upgrading of 
player quality throughout the industry. 
There was also an increase in the num- 
ber of cartridge record/playback units, 
but while there was more use of so- 
called "logic controls" on these units, 
"rolling your own" cartridges still entails 
complexities many people find quite 
exasperating. The recorded cartridges 

themselves seem to have been improved 
through better quality control in the 
duplication process. Frequency response 
is commonly maintained to 7 or 8 kHz, 
dropouts and print -through are infre- 
quent. Crosstalk between tracks can be 
a problem traceable to the playback 
head in the machine, a "skew" problem 
in duplication, or a combination of 
both. In any case, with a cartridge 
player properly set up with a track 
alignment tape, crosstalk is not often 
encountered these days. Signal-to-noise 
ratio is, of course, the major problem 
with cartridges. There is no avoiding 
the fact that there is too much tape hiss. 
While no doubt some improvements can 
be made in S/N ratio through the use 
of new tape formulations, the cartridges 
ultimately must be Dolbyized to make 
them a high quality medium, especially 
for playback in the home. I have made 
this statement in these pages before and 
as we move closer to production of the 
Dolby IC chip, and a subsequent reduc- 
tion of the cost of incorporating Dolby 
circuitry in cartridge playback units, 
there would appear to be reasonable 
expectations for B type Dolby cartridges. 

All this activity with the cartridge 
format is encouraging, but in terms of 
automotive usage there is a serious prob- 
lem which can negate all the improve- 
ments to playback deck and cartridge. 
I refer to the appallingly poor quality 
of the loudspeakers furnished with most 
car stereo systems. I recently bought a 
new car, a really deluxe model loaded 
with options. I got the top entertain- 
ment package ... multiplex FM stereo 
and 8 -track cartridge player. The FM 
stereo is surprisingly good in terms of 
sensitivity and selectivity and even in 
suppression of ignition noise and other 
spurious noises common to highway 
travel. The cartridge player is also of 
excellent quality with better motion 
characteristics than most home -type 
units. I am not happy with the tone 
control, typical of the kind found on 
most machines, in which as you increase 
treble, the bass is attenuated and when 
you increase bass, the treble is atten- 
uated. There should be either separate 
bass and treble controls, or fixed treble 
equalization (considering the more or 
less standard interiors of cars with 
similar acoustic characteristics) plus a 
boost/attenuate bass control. I am also 
annoyed by the fact that there isn't any 
left/right lateral balance control. All 
this is nothing compared to the loud- 
speaker installation. The front speakers 
are disposed left and right underneath 
the dashboard, facing upwards and re- 

flecting off the windshield (actually not 
a bad idea for a wider stereo image, and 
with such a short path length and with 
no absorption by the glass there is 
little attenuation of high frequencies). 
The speakers are three- or four -inch 
units, worth about 50 cents, and best 
described as "skeet targets." The rear 
speakers, slightly larger units, are 
mounted facing upwards on the shelf 
behind the rear seats. The trunk acts as 
the baffle and while this furnishes 
better bass response, with both speakers 
in a common chamber, this doesn't help 
localization. There is a control on the 
playback unit to adjust the levels of the 
speakers for front alone, ar alone, or 
a combination front/rear balance. The 
amplifier of the player puts out a fairly 
clean 2-3 watts, but the speakers are so 
poor that even at very modest playback 
levels the sound quality is just margin- 
ally bearable. Considering the cost of 
the car the use of such poor speakers is 
just plain insulting. 

It goes without saying that recourse 
to the dealer or manufacturer just gets 
you blank stares. If you want to improve 
the quality of the sound, you will have 
to do it yourself. Oh well, being in the 
hi-fi business, this shouldn't be any prob- 
lem. Hah! You soon find out what a 
can of worms you have bought. The 
area of sonic improvement, in this 
instance, is the replacement of those 
execrable speakers with units of better 
quality. One fortunate thing is that 
nowadays most car cartridge amplifiers 
are designed to have maximum output 
with speakers of 8 ohms impedance. In 
the earlier days they had this oddball 
3.2 ohms situation which is what most 
garden variety automobile speakers 
were rated. Trying to find a good quality 
speaker of that impedance is a major 
task. At 8 ohms impedance, we have 
many fine speakers. There are excellent 
8 -inch speakers made by Electro -Voice, 
JBL, Wharfedale and others, and this 
larger size, plus the higher efficiency of 
these units should solve my problem, 
right? Wrong. The eight -inch speakers 
can be fitted into the rear shelf without 
much difficulty, but even the very 
shallow depth of the JBL unit is too 
much for the usual kind of front instal- 
lation. Enter at this point car stereo 
expert extraordinaire, Mr. Harold Wally. 
Mr. Wally is the owner of Wally's 
Stereo Tape City in New York, a unique 
establishment devoted entirely to car 
stereo. Mr. Wally was a pioneer in the 
car stereo field and today his company 
has a reputation for "know-how" that 
brings customers from far beyond the 
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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, signali-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 rape monitors with direct 
tape -to-tape dubbing, front and rear 
oanel 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_ 

SONYYPreamp/'Tuner 
Check Wo. 11 on Reader Service Card 



metropolitan New York area. His com- 
pany carries over 40,000 cartridges in 
stock, handles the top brands of car- 
tridge players, as well as a special unit 
he helped to design, and has most com- 
prehensive installation facilities. Mr. 
Wally knows and loves music and signi- 
ficantly, his credo is `demonstrate!" I 

had met Mr. Wally some years ago, and 
with my desire for a really high quality 
cartridge installation in my new car, 
decided to avail myself of his expertise. 
During our first conversation, I brought 
up the subject of using the aforemen- 
tioned hi-fi speakers. To my surprise he 
told me that even if there were no 
physical problems in fitting in the 
speakers I had in mind, this was still 
not the best route to high quality car 
stereo sound. And thereby hangs a tale. 
My car will shortly be ensconsed in 
Mr. Wally's operating theatre, where his 
expert surgeons will snip out the old 
and put in the new ... and I will soon 
be giving you a full report on the oper- 
ation and how the patient fared. 

The cocktail party is a great American 
institution, and as you well know, you 
can meet the damndest people at these 
affairs. I have been to every conceivable 
kind of party, and I'm sure you have 
too. I'll bet you also have a mental 
catalog of the myriad types and char- 
acters that seem to infest these parties. 
Well, I thought I had met them all .. . 

but I ran across a new type at a recent 
party. Would you believe a full-blown, 
card-carrying member of Women's Lib? 
Well, fellas, this creature I met was so 
typical of the Lib breed, she could have 
posed for a Lib recruiting poster, or 
maybe the cover of Ms. magazine. Let 
us be kind and say she was not comely 
of face. Typically she had a board -flat 
bosom, bangles, beads and kooky 
clothes, Gloria Steinern glasses. The 
only thing missing was a Bella Abzug 
hat. Unfortunately, I was introduced to 
her as being in the "recording and hi-fi 
business." Hoo boy! Was that a mistake! 

Fueled by at least four Martinis and 
brandishing a cocktail fork, with which 
she impaled some hapless cocktail 
weenies at frequent intervals (she even- 
tually finished the whole plate of ween- 
ies, which may have some dark Freudian 
implications, but I'll leave that to the 
psychologists), she began a tirade about 
how the recording and hi-fi industries 
were discriminating against women! 
I admitted that we did not have very 
many women in the industry, but there 
were some and that they occupied some 
pretty responsible positions. I gave her 
a few examples, which didn't seem to 
placate her very much, but fortunately 
the Martinis were beginning to anesthe- 
tize her and she finally wandered off. 

Obviously I'm not a booster of Women's 
Lib. I like my females feminine and 
compliant. Well, the little firebreather 
got me to thinking about the role of 
women in our industry and speaking 
personally of the gals I knew and know, 
they have handled a wide variety of jobs 
in both the hi-fi and recording areas, 
and they have done them very well 
indeed. 

My first contact with a girl in the 
hi-fi world was way back in 1950 when 
I was with Lafayette/Concord Radio in 
Chicago. My boss had the idea that a 
girl could be trained to sell hi-fi equip- 
ment, and that she would be a unique 
addition to the traditional all -male sales 
staff. He asked me to train a Miss Grace 
Friedman, a young lady with a good 
background in music. Grace was a 
bright girl and a responsive student and 
within a few months she was an excel- 
lent saleswoman with a good grasp of 
the subject and even able to hold her 
own in conversations with the wild-eyed 
audiophiles of those days. Things 
worked out very well for Grace ... she 
married the boss and now lives in Mex- 
ico City! Benefitting from this experi- 
ence, years later when I had my own 
House of Hi-Fi, I trained my wife and 
my partner's wife, Esther Hollister, to 
sell hi-fi equipment. Both became 
absolute crackerjack saleswomen and 
they sold some very high-priced elabo- 
rate systems. Shortly after I sold my 
store and Mr. Harry Belock and I 

founded Everest Records, Esther Hol- 
lister was in a terrible automobile acci- 
dent and in a hospital for three months. 
Mr. Harvey Sampson, owner of the 
prestigious Harvey Radio Co. of New 
York, was kind enough to give Esther a 
job selling hi-fi equipment at the main 
store on 43rd St. So for about a year 
and a half, Esther sold along with the 
"Harvey men," in what is probably the 
toughest and most sophisticated audio 
market in the country. 

Talking about bright girls with very 
responsible jobs in the recording indus- 
try, the names Wilma Cozart and Rachel 
Elkind immediately come to mind. 
Wilma had formal music training and 
joined the classical division of Mercury 
Records. Within a few years she was 
largely responsible for most of the 
choice of repertoire and artists and was 
recording director on most of the ses- 
sions, with engineering done by the 
well-known Bob Fine, whom Wilma 
later married. By the time of her retire- 
ment from Mercury she was a vice pres- 
ident of the company. Rachel Elkind 
is the long-time producer and general 
factotum for Walter Carlos (of Switched 
On Bach fame) and his Trans -Electronic 
Music Productions Co. Rachel handles 
such diverse matters as contract negotia- 
tions, tape editing, special recording 

effects, and all the myriad details of 
producing a recording. 

Teresa Sterne, also with classical 
training on piano, is talent co-ordinator 
and wears several other hats for None- 
such Records. Mrs. Marianne Mantell 
and Mrs. Barbara Holdridge are the two 
attractive co-founders of Caedmon 
Records, who often supervise the re- 
cording sessions for their special spoken 
word recordings. 

Joanne Nyquist works for Mark 
Aubort's Elite Recordings as tape editor 
and she is one of the best in the busi- 
ness. With formal music training and 
piano concertizing experience, she sits 
in front of a tape recorder with score to 
one side, and with amazing dexterity 
makes the many splices that add up to 
a completely edited tape. Mrs. T. Ugoda 
knows how to sell audio, so much so, 
that she is manager of the Brooklyn, 
N.Y. store of the Audio Exchange. Mrs. 
Saul Marantz used to help her husband 
in administrative matters, and Mrs. 
Rudy Bozak performs similarly for her 
husband. 

Gertrude Murphy is a well-known 
figure in the hi-fi world for her sterling 
efforts in presenting the various IHF 
shows around the country. In a similar 
capacity, Jacqueline Harvey and Doro- 
thy Spronk cope brilliantly with the 
multitudinous details of the AES con- 
ventions in New York and Los Angeles. 

Dagmar Dolby handles administrative 
matters and can always be found man- 
ning the display booth at various con- 
ventions for husband Dr. Ray Dolby. 
Wherever you see a Tannoy speaker 
exhibit at a hi-fi convention, you'll find 
Mrs. Fred Towler, helping with the set- 
up and dispensing charm and wisdom. 
Husband Fred is American rep for the 
British Tannoy company. 

Mrs. Lincoln (Rick) Barr is a bright, 
attractive gal who is thoroughly conver- 
sant with all aspects of the hi-fi business 
and who does a solid selling job in her 
husband's Designatron stores on Long 
Island. Helen O'Connor is the attractive 
tall blond you'll find doing adminstra- 
tive work for husband Bill, TEAC rep 
for New York. 

Last, but hardly least, of the hi-fi gals, 
is my dear wife Ruth. Ruth has been 
selling hi-fi since the House of HI -Fi 
days and, unencumbered by children, 
has been all over the world with me on 
recording sessions, usually handling the 
take sheets, in some cases helping with 
mikes and cables and quite often placat- 
ing and "gentling down" temperamental 
conductors. She goes to every audio 
convention with me and is a fixture at 
manufacturer press demonstrations. She 
can operate any kind of equipment, 
including the most complex 4 -channel. 

Bless you, ladies! May we find more 
like you! /E 
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Audition 
important new recordings 

months before 
they are available to 

the general public. 
Begin today- Send for special Advance Edition of 
Beethoven's MISSA SOLEMNIS 

superbly conducted by EUGEN JOCHUM 

Yours for Half Price if you decide to keep it! 
MISSA SOLEMNIS, called by Beethoven himself "the most suc- 

cessful of his intellectual products," has just been given its 
definitive modern recording, conducted by the illustrious Eugen 
Jochum. This Philips album will not be available 
to the American public for some 
months, but you may preview it 
now for ten days, without charge 
and without obligation. Further- 
more, should you decide to keep 
it, you may do so for only half 
the suggested list price at which it 
will eventually be sold in stores! 

The Carnegie Hall Selection 
Committee's fascinating report 
which accompanies the album points out why 
this performance was singled out for the Com- 
mittee's recommendation: Jochum's devout, 
meticulously prepared interpretation ... the self- 
effacing artistry of famous vocal soloists Agnes 
Giebel, Marga Höffgen, Ernst Haefliger and Karl 
Ridderbusch ... inspired music -making by the peerless Con- 
certgebouw Orchestra of Amsterdam and Netherlands 
Radio Chorus. Plus the truest, warmest sound of any 
Missa Solemnis yet recorded. The two stereo discs 
themselves are superior, silent -surfaced Euro- 
pean pressings, manufactured by Philips to highest 
quality control standards, and come with full text, notes 
and exclusive Committee report. 

Our preview offer of the Missa Solemnis cannot be repeated! 
So please mail the attached postpaid card today. Listen for ten 
days. Then either return the album and pay nothing, or keep it 
for only $6.98 plus small postage/handling charge (and sales 
tax where required). This is a S0% saving off the suggested re- 
tail price when the regular edition is finally released. 

How you can be first to enjoy the greatest new recordings! 
By replying now, you assure yourself of the privilege of receiv- 
ing, for future ten-day free previews, special advance editions of 
major new albums ... chosen exclusively for the International 
Preview Society by the Carnegie Hall Selection Committee. 
Since the Society is not a record "club", you will never be re- 
quired to buy any album, nor will you receive a "record -of -the - 

Try it 
for ten days 
FREE 
No 
obligation 
to keep it. 

JO,ayr,u 
r, 

month" like clockwork. Only when the Committee discovers a 
new album of the most extraordinary musical interest, artistic 

excellence and technical quality will it be sent 
for your free audition, so that there will often 
be months when no album at all is offered by 
the International Preview Society. 

In every case, you will preview these records 
long before they reach the stores ... with the 
option of purchasing any album you wish, in 
a superb imported pressing, including exclu- 
sive Committee report ... never at a higher 
price than the ordinary edition will retail for 
months later, and frequently at big savings! 
You may cancel this arrangement at any time. 

If you truly love great music, please mail the 
card today for your exciting Missa Solemnis 
pre-release audition. 

"This is an admirable choice for a limited 
edition album. A major performance of 

such a masterwork belongs in the library 
of every devotee of serious music." 

Julius Bloom 
EXECUTIVE DIRECTOR/CARNEGIE HALL 

---Mail This Coupon if Postpaid Card is Missing 

FREE AUDITION AND HALF-PRICE PRIVILEGE 

THE INTERNATIONAL PREVIEW SOCIETY 
333 North Michigan Avenue, Chicago, Illinois 60601 

Please send, for my free preview, the two -record special advance edition of Missa 
Solemnis by Eugen Jochum. I may return it after ten days and owe nothing, or 
keep It and pay only $6.98 plus small postage/handling charge (sales tax extra, 
where required). This is 50% off the suggested list price of the regular edition, 
when it becomes available months from now. 1 will also receive, at intervals of one 
or more months, free ten-day previews of albums chosen by the Carnegie Hall 
Selection Committee, far in advance of general release. I may keep any album for 
no more, and often for far less, than suggested list price. / am not obligated to buy 
any minimum number of albums and l may cancel this arrangement at any time. 

NAME 

AM -I 

(please print) 

ADDRESS 

CITY STATE ZIP 



THIS MONTH the first prize of $50.00 
goes to Conrad Parvin, of Groton, 
Conn., for a recording of a relig- 

ious program given by a rock group 
called The Crimson Edge. It took place 
in the Groton Municipal Auditorium, 
and the star vocalist was Garry Rand, 
who also played both acoustical and 
electric guitars. Recorder was a TEAC 
1200 with an Altec 1567A mixer and 
Sennheiser microphones. Stereo image 
was excellent with good overall sound 
quality and no sign of overloading. 

Second prize of $25.00 went to Ross 
Whitecraft of Stewartstown, Penna., 
for a recording of the South William- 
sport School "Lab Band." I am not 
certain what "Lab" means in this con- 
text, but the SWLB plays well and with 
enthusiasm. Stereo image was good with 
realistic brass reproduction. Recorder 
was a Revox A-77 and mics Turner 
dynamics which were placed in front 
of the stage. Ross, who is 19, said this 
was the first recording he had made 
in the school hall-so congratulations 
are in order. 

Now to the consolation prizes. The 
following are among those who will 
receive BASF or Maxwell low -noise 
tapes: 

Tim Wilde of Dallas, Texas, for a 
fine recording of a vocalist with acous- 
tic and bass guitars plus drums. Tape 
was made in three dubbings with the 
musicians wearing headphones. Re- 
corders with a Sony 650 and an Ampex 
PR -10. An Ampex MX -10 mixer was 
used; also an Advent 100 Dolby unit. 
The final tape was "brightened" (Tim's 
description) with the aid of a Sound - 
craftsmen equalizer. Sound quality was 
clean and with low noise in spite of 
the dubbings. 

Bill Hagera of Mesa, Ariz., sent in 
a 15 ips recording of his song called 
"Love Don't Matter Where It's At." 
I'm not certain what this means-Bill 
says this is a true story.... Be that as 
it may, the tape is well recorded with 
a Fender bass, acoustic guitar, accordian, 
tambourine, and "Hagera" bass. Re- 
corders were Ampex PR -10 and 351 
(sound -on -sound is used) with an E -V 
654 mic and a Fisher reverb unit. Sound 
quality was very good with satisfying 
bass. 

ekelVe; - .n/d/i ..; , lUU///ii% `.D% j 1_- 

Charles Lauria of Staten Island made 
a tape especially for us. It consisted of 
"a series of bloops, swishes, and ker- 
plunks selected from Moog records" 
plus what Charles calls his own crea- 
tion. This composition was a collection 
of sound effects made by "connecting 
myriads of jacks" and by using the 
sound -on -sound facility on his Akai 
250-D recorder. The results were fas- 
cinating, but I believe Charles is being 
unduly pessimistic when he suggests 
that this is "the music of the future"- 
but who knows? 

Dan Dugan, of San Francisco, made 
an amusing tape called "The Ascention 
of Richard Nixon and Two Years 
After"-a cunningly wrought melange 
of material from TV, radio, and records 
with some acid comments. A pains- 
taking exercise which probably acted 
as a mild cathartic.... Says Dan, "We 
are so conditioned by politicians on TV 
that they would have to take their 
clothes off to gain our attention." I 

forbare to comment on that.. .. Equip- 
ment used by Dan included four KLH 
41 recorders, an Ampex 750 and a 500, 
Sony MX -12 mixer, Dyna PAT -4 pre - 
amp, a Quad 33 ditto, an Advent FBC 
unit, two Fisher reverb units, a H -K 830 
receiver, and Bose 901's. Not all this 
magnificent array was used at the same 
time. 

Michael Stosick, of Bolington, Ill., 
sent in a most ambitious tape made with 
a home-made quadraphonic matrix. 
Recorders were a Crown SX 724 and 
a Bell. The mics were Shure dynamic 
ribbons and a "home -built Dolby unit" 
was also used. The tape contains all 
kinds of exotic material ranging from 
speedboat noises to flushing toilets. 
Location was not particularly good when 
played through my SQ decoder, but it 
was fun to listen too for all that. 

Richard Bailey, of Columbia, Mo., 
sent in a nice organ recording made in 
the First Presbyterian Church in Col- 
umbia. The organ is a four -manual, 44 - 
rank job and the player was Perry 
Pettigrew (I hope I have that name 
right). It was originally recorded on an 
Ampex AG -440 and the mics were AKG 
C-45 l's with a C-24 fill-in. Mixer was 

an Ampex AM -10 and .two Dolby 361 
A units were employed. As you might 
expect, sound quality was first-class, 
but it seemed a little unfair to award 
Richard a prize in view of the pro- 
fessional equipment used. 

The same applies to Janet Nielson, 
of Urbana, Ill., who sent in a tape made 
by mix -down from 24 channels, Neu- 
mann mics, and so on. Janet was a 
mixer for an educational organization 
which put on a show called "Up With 
People" which toured the country 
recently. Part of that show is on the 
tape and Janet has done a fine job. Last 
we heard, this enterprising gal, who is 
20, was looking for a situation in the 
recording industry. 

One of the most interesting of this 
batch of tapes was made by Fred Giel, 
of San Diego, Calif., and it is a record- 
ing of the Apollo 16 launch as heard 
from the grandstand three miles away. 
It is really awe-inspiring with a tremen- 
dous dynamic range. Recorder was a 
Uher 4400 and the two AKG D-200 
mics were spaced only a foot apart. The 
roar of the crowd comes over very well 
-so does the commentary over the PA 
system. A most impressive tape. 

Tom Hayes, of Teaneck, N.J., sent us 
a tape recording of "Fiesta" from the 
Montclair State College production of 
"Camino Real." The music was com- 
posed by Raymond Hanniston, a student 
at the college. Recorder was a Revox 
A-77 and E -V 635A mics were used for 
overall pickup and two E -V 674's with 
two Philips EL 6037's were employed 
for "spotting." Two Bogen PA ampli- 
fiers were pressed into service as mixers. 
A very nice tape, good clean sound with 
excellent locatization. Tom is better 
known as Professor H. Cramfosedi, an 
active researcher into Transpet tech- 
nology, and he is now studying for 
his Masters degree in broadcasting at 
Marshall Univ. This move is undoubt- 
edly due to the curious lack of interest 
shown in Transpets by the large com- 
mercial organizations. 

PLEASE NOTE: This competition 
finished on June 30-so no more tapes 
until further notice. The final list of 
winners will appear in the November 
issue. 
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WE SPEAK SOFTLY 

AS200: 

AS100: 

A5300: 

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 remains 
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. 

0 COPYRIGHT 1972 BY SANSUI 

SQlisuz 
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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Editor's Review 
WALTER CARLOS will undoubtedly be criticised 
from many quarters for his opposition to 

matrix quadraphonic systems. In a long letter to 
Billboard recently, he said his SQ Switched -On 
Bach record is inferior to the original tape. Now, 
I like this recording myself but if Walter says it 
should have more movement or better localizing, 
I can hardly disagree. One inherent fault of the 
SQ system is its inability to localize a signal ap- 
pearing at the rear center and this may be the 
cause of Walter's dissatisfaction. Electronic music 
might be the music of the future, but it only rep- 
resents one section of the art today. I am not 
greatly concerned with center -rear positioning or 
40 dB separation from four different sources 
when I listen to symphony orchestras, jazz groups, 
or chamber music but I do find the extra spacious- 
ness of the SQ or Sansui recordings most satis- 
fying. Even with opera or, in particular, a large 
scale work like the Bernstein Mass, I find the 
localization perfectly adequate-indeed in the 
Mass, it conforms closely to the actual score. 
Many ordinary stereo records gain a new dimen- 
sion when played via four speakers and a de- 
coder-especially choral works and older recordings 
made by the M -S method. Another thing, matrix 
records do not sacrifice playing time, dynamic 
range, signal-to-noise or frequency range-all of 
which are important. 

Cecil Watts 
Many years ago, I 

gave a record demonstra- 
tion to the prestigious 
British National Federa- 
tion of Gramophone So- 
cieties and when I got 
home, I found a note 
from Cecil Watts saying 
how much he enjoyed 
the program, which he 
said was "music as well 
as hi fi." Cecil was a 
perfectionist and praise 
from him was praise in- 
deed. But it was typical of Cecil that he would 
take the trouble to write. I suppose he is best 
known on this side of the Atlantic as the inventor 
of the ingenious record cleaning device, the Dust - 
Bug, but he has far greater claims to fame. He 
was one of the early pioneers of direct -disc re- 
cording and he formed a company for this pur- 
pose more than 40 years ago. This was MSS 
and they supplied acetate discs to the BBC and 

customers all over the world. Cecil was handi- 
capped (but not deterred) by ill -health due to 
war wounds and he died in 1967. His widow, 
Agnes Watts, has now written a book called Dust 
Bug Cecil, A Biography, which tells of the trials, 
tribulations and financial difficulties of their 
early years and how they finally won through. 
Chapters are contributed by Gilbert Briggs and 
our sometimes-correspondent, Donald Aldous, 
and the book includes some of Cecil's famous 
photomicrographs of record grooves. A fascinat- 
ing book, highly recommended. It can be ob- 
tained from Elpa Marketing, New Hyde Park, 
N.Y. 11040 at $5.50. 

Looking East 
"There is a market for American loudspeakers 

in Japan," said H. Tanaka of the Japanese Elec- 
tronic Industries Association recently. He went 
on to say that the salary of Japanese workers 
has been increasing at a rate of 17% a year. 
Other news from Japan is that the EIA has stan- 
dardized quadraphonic record systems by adopt- 
ing the Sansui QS method. 

New IHF President 
Herb Horowitz, of the 

Empire Scientific Co., 
has been elected Presi- 
dent of the Institute of 
High Fidelity. Herb has 
been in the industry 
since 1942 when he was 
a junior engineer with 
Pilot. For the past two 
years he has been the 
IHF's Vice President 
which job now goes to 
Bernie Mitchell of Pio- 
neer. 

I normally do not indulge in politics in this 
column but as this is election year, I suppose I 

could be excused. I had just read that the Asso- 
ciation of Eunuchs was meeting to determine 
their election policy. "Phew!" I thought, "this 
will cause some alarm in George McG's camp, 
and will the Militant Eunuchs form a United 
Front with the Gay Liberation boys, or. . . . " 
But on reading further, I discovered that the 
news referred to India and their election. I 

breathed a sigh of relief and put on my Walter 
Carlos record again. G. W.T. 
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Thar es Paker, Program Director, and Chef 
Engineer Wayne Mulligan, auditioning diss. 

Engineer E rit n Morça gets ready for on -air disc playback. 

Stanton. Everywhere you turn. 
Hartford's "Top 40" WDRC AM/FM (serving the community for a 

half century!) relies on Stanton cartridges in a variety of operations. 
Chief Engineer, Wayne Mulligan says "Stanton meets our stringent 

'1 standards for reliability and sound quality in on -air playback and in the 
production of transfers." 

Stanton's Model 681EE cartridge is their choice for auditioning original 
recordings and making transfers. Its incredible low mass moving 
magnetic system (1/5 to 1/ o that of ordinary pickups) and its 10Hz to 
20,000Hz response, contribute to its exceptional audio quality not only in 
professional but in home stereo systems, as well,. 

For on -the -air use, Stanton 500 Series cartridges are the choice for their ability to withstand rugged 
handling without sacrifice of audio quality, thus assuring high quality sound with minimum 
maintenance. 

The Stanton Dynaphase headsets seen in both photos, enjoy profes- 
sional acceptance for their true and full-bodied reproduction. They are 
lightweight and comfortable. 

Whether it's recording, broadcasting or home entertainment, enjoy pro- 
fessional audio quality with Stanton products. Write for literature to 
Stanton Magnetics, Inc., Terminal Drive, Plainview, N.Y. 11803 

All Stanton cartridges are designed for use with all 2 and 4 channel matrix derived compatible systems. 
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Noise Reduction 
Techniques 

H. W. Hellyer* 

LET'S TAKE A LOOK at one or two ventures into noise 
exclusion that have been at least a bit more ambitious 
than a mere clipping of playback peaks. One such system 

is Panasonic's NFD device. NFD, quite simply, mutes the line 
output unless the signals (on playback) are above a predeter- 
mined level and below a set frequency. This reduces hiss when 
the signal level is low. That is, you get what you want when 
you most want it. 

In the RS 735US, there was a two -transistor, nine -diode 
circuit that gave very good results indeed. Figure 1 shows 
the basic configuration. Signal-to-noise ratio, when I tested it, 
with this noise filter employed, was as good as 66.5 dB. At 

1 kHz, the improvement was a mere 3/a dB, but although at 
rated output level the NFD only made 1 dB difference to the 
S/N ratio, when the level of signal was down around the dan - 

B+ B+ B+ 

-- 
FROM 
FINAL 
AMP 

N 

NFD 
OFF 

O 

TO 
LINE 
OUTPUT 

Fig. 1-A simple muting circuit used by Panasonic-simple, 
but effective, sensing the signal level and "killing" the line 
output when the signal drops dangerously near the noise 
level. The circuit shown is for one channel. The same two - 
transistor network is employed for the other channel, and this 
"commoning" can lead to problems. 

'Bristol, England 

ger level, approaching what would have been obtrusive hiss, 
the circuit effectively blanked signal, and its action did not, as 
with so many compandor systems, provide an aural switchback. 

Taking the replay system a step farther, Philips has the DNL 
innovation, which should make much cassette work with other 
folk's tapes a really feasible possibility. 

DNL means Dynamic Noise Limiter, and Philips (Norelco 
to you) argues thus .. . 

"When music is played softly, it is made up almost entirely 
of pure tones in the middle and low frequency ranges with 
hardly any harmonics. This is mainly because very few musical 
instruments produce tones whose fundamental frequencies are 
much higher than 4.5 kHz. Tape hiss, however, is made up of 
sounds in the higher frequencies so that it is during the soft 
passages and silent intervals that it becomes most noticeable. 

"When music is played loudly, it not only contains the lower 
and middle frequency pure tones, but also a great deal of 
harmonics, which give character to the sound. It is in the loud 
passages that noise suppression is unnecessary as the high 
frequency harmonics hide the tape hiss. Any filter action would 
make the music sound dull and unnatural. 

"Therefore, if tape noise or hiss is to be suppressed, it must 
be completely eliminated in periods of no music signal, re- 
duced during the soft passages of music, and left unsuppressed 
during the loud passages." 

Thus, the oracle-begging one or two questions, like: "Pure 
tones-all instruments played softly?" and "What happens to 
the soft tones of one instrument when another plays loudly?" 
and "How soon after the loud noise ends does the suppression 
take place?" 

The Dynamic Noise Limiter acts on replay, the argument 
being that it therefore allows complete compatibility, giving 
the benefit of noise suppression even to those poor, deprived 
owners of untailored cassettes. It is, effectively, a steep, low- 
pass filter which acts when there are no high signal frequencies. 

Philips has been rather clever about it, allowing high fre- 
quency signals that exceed a predetermined level to bypass the 
filter: so there are two signal chains. Fig. 2 shows the block 
diagram. From the splitter, the signal takes two paths, one path 
merely inverts the phase without affecting the linearity while 
the other passes it through the tailoring process. 

This process chops off the lower and middle frequencies, 
leaving only those above 4 kHz (approximately-you can't do 
these chopping actions abruptly without introducing almost 
ineradicable distortions, whatever the advertising copywriters 
say). This remaining high frequency band is now monitored so 
that the quieter parts of higher frequency are boosted. Hence 
the variable attenuator-it is both level and frequency -con- 
scious. 
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RORMiL NORA Ai. 

The TEAC 4010 GSL strikes another blow 
at built-in obsolescence. 
In this thrcwaway age, you're something of a 
square when you keep upping the life - 
expectancy of your product. But this hasn't 
kept TEAC from producing tape decks like the 
4010 GSL. 

Of course, the transport in the 4010 GSL deck 
is world renowned for smooth, precise, 
incredibly gentle tape handling and quick - 
start characteristics. It's also one of the most 
rugged and reliable units in existence. 
To begin with, the 4010 GSL has three ultra - 
reliable precision motors. And a solenoid 

system for smooth fingertip control. Automatic 
reverse and end -of -reel shut -oaf. 

Operator conveniences rival those on 
professional studio equipment. A pushbutton 
pause control for easy cueing and editing. 
Switchable bias and dual -scale VU meters for 
perfectly equalized recordings on either low- 
noise/high-output or standard tape. Tape/ 
source monitoring and MIC/LINE mixing with 
independent output level controls. 

All told, the 4010 GSL may outlive. ycu even if 
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you come from a lono lint Df ronagenarians. 
But if it does-what a wai b go! 

Salient 4010 GSL Specs 
Frequency response: 30-22aZ0 Hz (40-18,000 
Hz-+-3 dB: @71/tips. 
Signal-to-noise ratio: 55 dB. 
Wow and flutter: 0.08% @ T/2 ips. 
Crosstalk: 60 dB @ 1,00011z 

TEAC Corporation of America,T E AC., 
7733 Telegraph Road, fvlionteteellc, Cal fornia 90640 

TEAC Corporation. 1-8-1 Nishi-shinjaku, 5hn_cku-kL. Tokyo. Japer 
TEAC EUROPE N.V., Kabelweg 43-47. Amsterdam-W.2, Hollaic 

In Canada: White Electronic Develoc'n- Corp, Ltd., Tororte 
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Fig. 2-Block diagram of the Philips (Norelco) Dynamic Noise 
Filter. The surprisingly effective though unsophisticated system 
acts on playback only and has the effect of an 18 dB/octave 
filter when the signal is low. A S/N ratio improvement of 
around 10 dB at 6 kHz and 20 dB at 10 kHz has been mea- 
sured (unweighted). The high-pass filter takes effect above 
4 kHz. 

Adding together the processed and unprocessed chains should 
now, theoretically, give a signal whose low-level high frequen- 
cies have a quietened effect, while middle and low frequencies 
are unaltered and where the higher volume high frequencies are 
given their full, required weight. In theory, once again, the re- 
sult should be a true replica of the original, but without the 
hiss. 

And, I must admit, despite some initial misgivings because 
Philips demonstrated this device to us a year or so ago in an 
hotel room whose air-conditioning added some 30 dB to the 
ambient noise, the subjective effect is a cleaner sound, what- 
ever the condition of the recording. 

But I still feel that the answer is not to use a circuit that 
gives, as Philips claim, a 10 dB improvement of S/N ratio at 
6 kHz and a 20 dB improvement at 10 kHz on replay, but to 
improve the overall record/replay process in such a way as to 
retain its original sound structure, not "tailor" it. Again, if you 
must have slow -speed, narrow -track recording, then you have 
to engineer out the hiss, not allow it to happen and then try to 
beat it. 

So we come to Dolby and the now -famous stretching process 
that Dr. Ray Dolby pioneered. The original "A" process aimed 
at beating the "breathing" that compansion procedures forced 
disc users to suffer and cost more than some recording com- 
panies could afford. It begins its work during recording, split- 
ting the audio path into a direct and a rectifier chain. But the 
expensive "A" system did this in four bites, carving up the 
frequency spectrum to give differential gain depending on 
signal level within the frequency bands. These are: below 80 
Hz, from 80 to 3,000 Hz, above 3,000 and again above 9,000 
Hz. 

Both hiss and hum are present in the recording process, and 
while hum can be relegated to one low portion of the audio 
spectrum, hiss is a very different problem. It obtrudes into the 
very region where our ears happen to be most sensitive. It has 
measurable components that extend way upwards into what 
some engineer colleagues of mine call the "annoyance pass - 
band." Any crude way of militating against hiss will mutilate 
the upper frequencies which we need to preserve to get the 
clash and tingle of a full musical experience. 

Fig. 3-The DNL circuit, four transistors, six diodes, and a 

handful of common components, can easily be made up into 
a neat set -side box-no bigger than a double pack of 20 can- 
cer -sticks. 

1 
ORIGINAL RECORD PROCESS 

TAPE NOISE 

HIGH LEVEL SIGNAL 
IS UNALTERED 

10 dB 

Fig. 4-One way of explaining the Dolby system: The original 
signal has its lower, levels down around the system noise. 
Processing during record gains some 10 dB of S/N ratio. 
Replay retains this, raising the lower levels of signal that much 
above the noise. 

Again, the procedure is to let the noise remain when the 
music is loud enough to mask it. Masking-as a technical 
term-is a peculiar business. It depends as much on relative 
frequencies as on loudness, and has some strange anomalies 
to do with time difference and phase factors. Subject for a 
later discourse, maybe. At present, please take my word for it 
that the phenomenon happens, and by letting the main, high 
level signals straight through the system, Dr. Dolby follows the 
method we have roughly outlined already. 
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tölieirtesistible sound 
of Martir4rSpeakers 

,,. 
The sound of Martin Speakers can be as quiet anc ir- 
resistible as the gentle meeting of sand and surf. fir.. 
vibrant and deepthroated as the roar of thunder in the 
summer sky. 
Martin Speakers, for people who are attuned to the ir- 
resistible sounds of the audible universe. 

MARTIN SPEAKER SYSTEMS A DIVISION OF EASTMAN SOUND MANUFACTURING CO., INC. 
Harmony Road and Route 295 
Mickleton, New Jersey 
08056 

Martin Speakers from $44.50 to $350.00 
A new standard of performance built 

by people who listen. 
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Fig. 5-An alternative explanation, as depicted by Dolby: 
A, music is made of sounds of different loudness with intervals 
of silence; B, noise of some kind is inescapable; C, when a 

tape recording is made and replayed the noise interferes with 
the low level signals, spoiling the program; D, the Dolby sys- 
tem boosts the lower signals during recording; E, those lower 
signals are still above the annoying noise during replay, as 

shown in F, the composite picture of the reconstituted sound 
with noise "reduced" by the carefully engineered boost and 
stretch system. 

The subtlety lies in the treatment of the low-level signals, 
where noise is obtrusive. Dolby calls this the differential com- 
ponent, and this is, of course, relatively small-and hence more 
difficult to handle. It has to be remembered that the noise 
reduction system does not eradicate noise; it boosts weak 
signals to improve the signal-to-noise ratio, that's all. 

That's all! Pause for hollow laughter! Arguable decisions are 
the threshold limit, below which noise -plus -signal will be 
processed, attack time, the response of filter circuitry to the 
information that a signal in need of treatment is coming along, 
the amount and nature of compression, and the way of en- 
suring a mirror image expansion and an avoidance of over- 
shoot (which would process signals that did not need such 
treatment). 

If the distortion has a duration of less than a millisecond, it 
will defeat the human ear. This is a smaller fraction than 
normal signal transients and our aural loudness -growth charac- 
teristic cannot distinguish the short-lived distortion. 

The Dolby "B" system came into being when Ray Dolby 
was asked to dream up a modified noise reduction device for 
use with domestic equipment. The only feasible way to keep 
such a system within our budget was to forgo the technical 
requirement of four passbands and operate over the whole 
audio spectrum, this time making the sensor part of the appa- 
ratus listen for frequency as well as loudness, on a kind of 
sliding scale. 

The system comes into action at about 600 Hz, with a max- 
imum 3 dB effect. (O.K., so the ads say it extends above 2 kHz, 
but the sliding scale method means it really begins lower 
down). At 1.2 kHz it has a maximum 6 dB effect, has 9 dB at 
2.4 kHz and reaches the advertised 10 dB above 4 kHz. The 

Fig. 6-Noise reduction units can be added quite easily to 
existing equipment. This Advent 100A has been enthusiasti- 
cally received, despite the $250.00 price tag. My own special 
interest is harmonic distortion, and I was interested to note 
that the 100A was under 0.4% to 0 dB and less than 0.2% at 

lower levels. Output noise, -60 dB; noise reduction around 
10 dB above 4 kHz, about 3 dB at 6 kHz. This is a stereo 
unit and well worth considering for slow -speed recording. 

compression comes in about 45 dB below what has become 
known as the "Dolby level." This can be defined as a flux 
level on tape of 200 nanowebers per meter. Call this 0 VU. 

In more technical terms, the differential chain splits into the 
rectifier path and into the linear path to the mixer for readdi- 
tion to the main signal. The rectifier path contains boost cir- 

cuits giving a 6 dB per octave flip to the higher frequencies. 
Then the output is rectified. This rectified signal effectively 
alters the dynamic resistance of an FET at the input end of the 
chain, and so gives a boost at low dynamic levels and practi- 
cally no boost at high levels. By the simple device of driving 
the FET via a small coupling capacitor, Dr. Dolby achieved 
both a drop in gain with an increase in dynamic level and a 

change of the turnover frequency of the "threshold" as the 
level changes. The sliding scale, in fact. 

At low levels the capacitor lets the FET see the full signal 
and gives a good 10 dB boost above 2 kHz. Increase the input 
level and the frequency above which this full boost is given 
begins to rise. Turn up the wick still more and the treble boost 
in the rectifier chain stops the over -saturation of the tape. To 
reinterpret, that means the tape is driven to its full limit when 
need be, at high dynamic levels (of original signal), but is 

allowed up to a 10 dB boost at lower signal levels. The replay 
mode is reciprocal. 

The entire processed chain is inserted in a feedback loop 
around the main chain to subtract instead of add. The elegance 
of the system is that the same basic circuitry, and, indeed, a 
mirror -image printed circuit board makes production costs 
tumble and the add-on Dolby units now available should be 
within any enthusiast's purse. (Dolby IC chips are also coming 
soon.-Ed.) 
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errs. 
PROFESSIONAL 3 speeds - 15, 71/2 & 

33/4ips; hysteresis syn- 
chronous drive motor 

STUDIO "capable providing 

torque reel motors 

the most faithful re- 
production of sound 

EQUIPMENT to date" -Audio mag- 

torouge the magnetic 
recording medium .. . 

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 
channel 

individual channel bias 
adjust 

"construction . 

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

RECORDERS & 
REPRODUCERS 

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

N 

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 t2dB 20Hz-20kHz, 
at 33%ips ±2dB 20Hz-10kHz Wow & flutter at 
71/2ips 0.09%, at 33/gips 0.18% S/N at 71/2ips-60dB, 
at 33/ips -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, 6009 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 
systems 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 
80 Takes only 1' rack space, weighs 
8'/2 lbs. IM distortion3/d less than 0.05% 
from 1/10w to 30w at 812 S/N 106dB 
below 30w output $229 rack mount 

D150 
Delivers 75 watts RMS per channel at 
852 IM distortion less than 0.05% 
from 0.01w to 75w at 89 S/N 110dB 
below 75w output Takes 51/4' rack 
space, weighs 20 lbs. $429 rack mount 

Specs 15ips 7'kips 

w. & f I. 0.06% 0.09% 

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

S/N -60dB -60dB 

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 in 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 

11 
' 

DC 300 
Delivers 150 watts RMS per channel at 
851 IM distortion less than 0.05% from 
0.0_1 w -150w at 812 S/N 110dB below 
150w output at 8n1 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 

Check No. 23 on Reader Service Card 



Fig. 7-Slim, elegant, technically precise, one 'section of the 
Dolby A system as used by professional recording bodies 
throughout the world. Having had the chance to "rip one to 

bits," I can vouch for its engineering excellence. 

My own tests with those available in the U.K. have con- 
firmed that signal -processing of cassette -recorded music, 
speech, and sound effects have done wonders to guard against 
hiss and have not made detectable any audible worsening of 
the prime signal. 

After Dolby, what? Well, according to Richard Burwen, 
quite a lot. In the December, 1971 issue of the Journal of the 
Audio Engineering Society, I came across the Design of a 

Noise Eliminator System which gave me much brain -searching 
and is at present exercising the pundits in those polite toma- 
hawkeries of the erudite correspondence columns. (See also 
AUDIO, June, 1971.) 

To begin with, the title of Richard S. Burwen's paper hits a 
sore point. The only way you eliminate noise, truly, is not to 
cause it. After the die is cast, all you can do is guard against 
it-which we have seen three different systems doing in the 
preceding notes. 

Mr. Burwen took the critics by the ears at the 41st conven- 
tion in New York on October 5, 1971. In February of that year, 
a paper of his entitled "A Dynamic Noise Filter" had aroused 
comment. He is more concerned with studio tape machines, 
just as Dr. Dolby was, and there seems little hope, at present, 
of such an elegant "domestic" solution to the noise reduction 
problem with a plain man's Burwen. But anyone who has been 
in the audio field as long as us (well, me) knows better than 
to say that something, anything, cannot be done. 

So let's conclude with a brief look at Mr. Burwen's solution. 
He set himself some pretty high parameters. His system was 

not, he told us, to exceed the present 1%, and preferably 0.5%, 

distortion level of good taping. He wants to record live music 
"with no audible noise whatsoever." So his first experiments 
were to determine peak recording levels. 

Recording to +3 VU, a normal process, when 0 VU is the 
standard set limit and peaks above this as much as +6 VU are 
occasionally tolerated because of their short duration, meant 
that distortion on tape went over that critical 1%. He con- 
cluded-first point, and first stumbling block for his critics-that 
it is not always advisable to retain every peak. 

Listening tests revealed that for noise to be negligible in the 
absence of program material, it had to be 90 dB or more below 
the 1% distortion level, i.e., better than -84 VU. Then he found 
that noise 65 dB down was audible with a 500 Hz sine wave 
but masked by frequencies above 3 kHz. You could reduce the 
bandwidth to about a half -octave centered on 500 Hz and get 
a pure tone-so the solution seemed to be split the wave- 
band, per Dolby A. 

But the multiband system, according to Richard Burwen, has 
the disadvantage of frequency response errors in the tape 
machine causing errors in the expansion process. The solution 
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Fig. 8-Block diagram of the Burwen system, with refinements 
like active transformers and direct play equalizers omitted. 
The heart of the system is the rectifier module, monitoring 
the gain of two channels simultaneously in the "domestic" 
system. Operational amplifiers are used widely in this system 

with very high accuracy as a result. 

was to use the whole band but compress the 90 dB expected 
input to 30 dB at the tape. He then combined the principles of 
his dynamic noise filter (see June, 1972 issue of this magazine) 
with a single wideband compandor. 

The dynamic noise filter acts as a low level expander at top 

and bottom of the frequency spectrum-again, something like 

we've seen before. Adding a high and low -frequency compres- 
sion system seemed to be the answer, and high frequency 
pre -emphasis was intended to improve the S/N ratio. Some 

hellish problems raised themselves at this point, and Mr. Bur - 

wen went back to the drawing board. He finally produced 
three systems, A, B and C. Characteristic A is optimized for 
studio recording at 15 ips. It has a dynamic range of 110 dB 

and this is the one you'll see hailed in the ads! System B oper- 
ates more modestly to give a 102 dB dynamic range at 71 ips, 

and C is the one that may eventually interest us at 33/4 or l'/a 

ips for FM broadcasting, records or background music. If you 
want it in the words of the master: "The system ... utilizes 
high and low frequency pre -emphasis and a single wideband 
cube root compressor to produce the recorded signal, and a 

complementary expandor and pre -emphasis for playback." 

The important point slipped in later is that in the single - 
band system the frequency response is constant and is not 
affected by inaccuracy in the tape machine. Again, we shall 
leave the pundits to argue. 

The high performance of the Burwen circuitry has been 
made possible by the low -noise two -quadrant multiplier/ 
divider. Bettering Dolby by one magnitude in claim and appli- 
cable also to FM systems, it seems to offer possibilities, and 
we must wait and see what the outcome may be. 

For my part, in this noise -polluted environment, I welcome 
any device that can help rid us of clamour. But noise is what 
you make it, and the tick of an obtrusive clock, as many an 
amateur recordist has found, can be as bothersome as a traction 
engine. The subjective results, applied to cassette, have been 
enormous-praise to the noise -breakers! 
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Inside artistry in sound... 
Take a brief, close-up look into an Onkyo Audio System. 

Your immediate, lasting impression will be ... "Here is 
unmistakable excellence in craftsmanship and materials 
that can only result in outstanding performance." Our 
Model TX -666 Solid State AM/FM Stereo Receiver (de- 
tailed below) illustrates the point. But, ultimately, sound 
quality concerns you most! That's simple to resolve. Stop 
in at any of our select franchised dealers ... and listen! 
You will experience sound that audio experts say is "al- 
most beyond belief". Along with our Model TX -555, this 
receiver has created genuine excitement among audio 
enthusiasts because Onkyo guarantees performance will 
meet or exceed published "spec's". For instance, we 
guarantee 1.8 µV FM Sensitivity (0.2µV for TX -555); 
1.5dB Capture Ratio; 0.2% Harmonic Distortion (mono); 
differential & direct coupled amplifier circuitry; ASO pro- 
tection circuits; Damping Factor 100 plus; 10 to 40KHz 
Power Bandwidth (TX -666) and 15 to 35KHz (TX -555). 

50W/RMS Per 
Chan. Output, 
20-20KHz, At 
0.2%THD: Both 
Chan.'s Orinen:80 

"Mic"Mixing 
Circuitry 

These are priced at $349.95 & $429.95, with a 3 year 
parts/2 year labor guarantee. 

What about Onkyo's contribution to 4 -channel sound? 
Our exclusive Automatic Matrix System reproduces any 
4 -channel matrix (SQ, EV, etc.) program material with 
Onkyo's traditional excellence. 

The Scepter Speaker Systems constitute the dramatic 
essence of Artistry In Sound. They re-create the entire 
audible range of original source material as an optimum 
expression of Onkyo's technical expertise and artistic 
sensitivity. Available in 5 models - from $149.95 to 
$499.95, with a 5 year guarantee on labor and parts. 

The component conscious will take special interest in 
our MARK Il Speaker Components. This remarkable 
group can make a significant contribution to custom de- 
signed, state-of-the-art systems ... 5 year guarantee for 
labor and parts. 

Model TX -666 Solid State AM/FM Stereo Receiver. 

6 -Element 
Ceramic Filter 
& 4 -Stage Diff. 
IF Ampl. 

Direct Coupled 
& D11f. Ampi. 
Circuitry 

FM Muting AM,IFStage, 
Circuitry Ceramic Filter 

Tuning Meter & RA_ Channel Tone 
Signal Strength Controls 
Meter 

Linear Scale 
FM Dial 

Dual Safety 
Speaker Protection 
Systems 

ASO Type Pro- 
tection Circuitry 

Thermal Protec- Transient Killer 
tion Circuits Circuits 

Push Button 
Switch Controls 

200mV/RMS 
Phono Overload 
PermitsUseof Any 
Cartridge 

Automatic 
Function 
Beacons 

Lighted Station Walnut Grained 
Pointer Wood Cabinet 

WE GUARANTEE THAT PRODUCT PERFORMANCE 
WILL MEET OR EXCEED PRINTED SPECIFICATIONS 

Write for complete details. 

Artistry in Sound 
Mitsubishi International Corp./Onkyo Sales Section 

25-19 43rd Avenue, Long Island City, N.Y. 11101 / (212) 729-2323 

Check No. 25 on Reader Service Card 



The Tape Guide 
All About Tape Recorder Equalization 

Herman Burstein 
FROM READERS' QUESTIONS and things that appear in 

the popular audio literature, it seems that tape recorder 
equalization is less well understood by audiophiles 

than its importance deserves. The mystery tends to be com- 
pounded by the variety of equalization characteristics neces- 
sitated by an assortment of tape formulations and tape speeds, 
as well as by the occasional promulgation or advocacy of 
new equalization standards. 

Therefore the Tape Guide seeks to explain what tape 
recorder equalization is all about-why it is needed; how it 

is achieved; how it can be modified to optimize the inter- 
dependent requirements of extended treble response, low 
noise, and low distortion; the nature of the NAB equalization 
standards, and how equalization is affected by such things as 
tape speed, tape formulation, use of the Dolby system, etc. 

For the most part the discussion assumes that tape speed 
is 71 ips. Despite the greatly improved performance obtain- 
able at lower speeds, 71 ips is the NAB (National Association 
of Broadcasters) standard speed and is the one generally 
preferred for high quality home recording. (In fact, some 
home recordists prefer 15 ips.) In any event, what we have 
to say applies in principle to all tape speeds. 

It is further assumed that the tape machine has: (1) clean 
and demagnetized heads so that no treble losses occur due 
to poor tape -to -head contact or magnetization; (2) heads in 
perfect azimuth alignment (gaps exactly at right angles to 
tape length) co eliminate treble losses owing to incorrect 
azimuth; (3) bias set for approximately minimum distortion 
at mid -frequencies, specifically at 400 Hz. 

Why Equalization Is Necessary 
Suppose that the tape machine we have just described 

has no equalization circuits to alter frequency response, 
and that it is employed to record and play a tape at 71/2 ips. 

Further suppose that input signals of constant level are re- 
corded throughout the 20-20,000 Hz range and then played 
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FOR APPROXIMATELY MINIMUM DISTORTION) 
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Fig. 1-Unequalized record -playback response of a tape 
recorder at 71/2 ips. 

back. A meter connected to the output would typically show 
the machine's record -playback response to be quite similar 
to Curve ABC in Fig. 1: Record -playback response climbs 
steadily at virtually 6 dB per octave (20 dB per decade, to 

be precise), reaches a peak around 3,500 Hz, and drops sub- 
stantially thereafter. 

Clearly, bass boost is needed to compensate for the droop- 
ing bass portion AB, and treble boost is needed to compen- 
sate for the drooping treble portion BC. That is the role 
of equalization-to provide bass and treble boost made nec- 
essary by the inherent nature of the tape recording process. 

To help us see why Curve ABC is the way it is, Fig. 
1 supplies line AD, which is the response of an "ideal" (per- 
fect) playback head if a tape were recorded flat; that is, if 
the tape contained recorded flux of equal magnitude at all 

audio frequencies. At this point let us carefully note an 
important distinction between applying a flat signal to the 
tape and recording a flat signal on the tape. Losses, which 
we describe shortly, take place in the treble range of the 
recorded signal. However, line AD assumes there are no such 
losses so that a flat signal is recorded on the tape. In sum, 
AD is the playback response of an ideal head if the tape 
is recorded flat. 

AD rises steadily at 6 dB per octave because the head is 

a velocity device. That is, the head is an electromagnetic 
generator with a voltage output proportional to the rate of 
change of the magnetic field of the tape. The field changes 
at a rate corresponding to the audio frequency. Hence the 
voltage output of the head is proportional to audio frequency. 
For example, at 10,000 Hz the playback head produces twice 
as much output as at 5,000 Hz, and 10 times as much as at 
1,000 Hz. (That is why we say line AD rises 6 dB per octave 
or 20 dB per decade, since 6 dB represents (very nearly) a 

doubling of voltage, and 20 dB represents (exactly) a 10 -fold 
increase). 

Beyond approximately 800 Hz the record -playback curve 
fails to continue its 6 dB per octave climb due almost entirely 
to magnetic losses that occur in recording and become more 
severe as frequency increases. These losses are of two kinds, 
self -demagnetization and bias erase, and we shall return to 
them in a moment. There are also slight losses-especially 
slight at higher speeds-attributable to the playback head. 
Winding capacitance of the playback head may result in 

treble loss. And there may be some treble loss due to gap 
width (the wider the gap of the playback head and the slower 
the tape speed, the greater the loss.) But with a playback 
head that is well made and boasts a gap as narrow as 40 or 

50 microinches, capacitance and gap losses at 71 ips are 
usually quite negligible-on the order of 1 dB or less at 

20,000 Hz. Thus we are principally concerned with recording 
losses described by the terms self -demagnetization and bias 
erase. 

Self -demagnetization refers to the fact that the recorded 
signal on the tape in effect consists of a series of bar mag- 
nets end to end. The higher the frequency, the more bar 
magnets are recorded per inch of tape, so that each magnet 
is necessarily shorter. But the shorter the bar magnet, the 
closer together are its north and south poles, and the more 

26 AUDIO OUR 25TH YEAR OCTOBER 1972 



All in the family. 
In the space of a few short years, the 

critically acclaimed Revox A77 has 
established itself as the tape recorder 
of choice for the knowledgeable 
enthusiast. 

Now, from the same dedicated design 
team that created the Revox A77 come 
two new meticulously engineered 
components, an FM tuner and a stereo 
amplifier, that extend performance to 
the limits of current technology. 

Take the Revox A76 FM stereo moni- 
tor tuner. With its incredibly sensitive 
front end, unique dual action IF strip, 
specially developed discriminator 
circuit and two regulated power sup- 
plies, the A76 represents an entirely new 
approach to FM signal processing. 

In fact, the Revox A76 sets new per- 
formance standards in a half dozen 
different categories. 

But simply quoting a list of specifi- 
cations, however fine, doesn't begin to 
describe the capabilities of this 
remarkable instrument. 

For what distinguishes the Revox A76 
from all the rest is its uncanny ability 
to capture the weakest signals with a 
clarity and a freedom from noise that is 
truly startling. 

As for the Revox A78 stereo amplifier, 
it does everything a superb amplifier 
should do. And it does it just a little 
better. 

Together or separately these remark- 
able components are a fitting addition 
to the Revox family and provide further 
proof of what we've said all along... 

Revox delivers what all the rest only 
promise. 

A77 Tape 
Recorder 

A78 Stereo 
Amplifier 

Revox Corporation 
155 Michael Drive, Syosset, N.Y. 11791, Calif: 3637 Cahuenga Blvd. West, Hollywood 90068. Canada: Revox Sales and Service, Montreal 

Check No. 27 on Reader Service Card 



their opposing magnetic fields tend to cancel; that is, the 
signal tends to self -demagnetize. In sum, with increasing 
frequency the strength of the recorded signal-the amount of 
magnetic flux on the tape-tends to weaken. 

Bias erase is a side -effect of the high frequency signal, 
typically 75,000 Hz or higher, which is fed in moderate 
amount to the record head to minimize distortion and gener- 
ally maximize the amplitude of the recorded signal; this is 

called bias current. In much greater quantity, about 10 times 
as much, the oscillator current powers the erase head. Unfor- 
tunately, bias current in the record head has the deleterious 
side effect of also accomplishing erasure-not nearly as effec- 
tive as the erase head, but erasure nonetheless. Bias erase 
increases with frequency because the higher frequencies 
penetrate the tape less deeply and hence are more vulnerable 
to an erasing field. Altogether, bias current produces treble 
loss; the larger the bias current (for reduced distortion), 
the greater the treble loss. 

The magnitude of the magnetic losses in recording is in- 
dicated by the interval between Line AD and Curve ABC. 
Recall that AD is the response of an ideal playback head in 
the absence of recording losses, and that an actual high 
quality playback head is close to ideal. Therefore the interval 
between AD and ABC represents recording losses. For ex- 

ample at 15,000 Hz the interval shows a loss of about 30 dB. 

Roughly 20 dB of this may be ascribed to self -demagnetiza- 
tion and the other 10 dB to bias erase. 

Equalization for Flat Response 
A major goal of high fidelity is of course flat frequency 

response, output signals having the same relative levels as 
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Fig. 2-A feasible pattern of equalization for a tape recorder 
at 71 ips. 

the input signals at all audio frequencies. In other words, for 
constant level input there should be constant level output in 
the range of approximately 20 to 20,000 Hz. Hence flat re- 
sponse is represented by a straight horizontal line, such as 
EF in Fig. 2. 

Record -playback Curve ABC from Fig. 1 is repeated in 

Fig. 2, and a feasible scheme of equalization for flat response 
is straightaway evident. The interval between EB and AB 
may be interpreted as bass loss, and therefore represents the 
bass boost needed for flat bass response. Similarly the interval 
between BF and BC represents the needed treble boost. 
Accordingly, GF is a suitable bass equalization curve, rising 
in a fashion that mirrors the decline AB. And EH is a suit- 

able treble equalization curve, rising in a fashion that mirrors 
the decline BC. Together, GF and EH complement record - 
playback Curve ABC to produce flat response. 

Figure 2 is a workable scheme of equalization and some- 
thing fairly like it is used. However, matters are not all that 
simple. In addition to flat response, high fidelity has low 
noise and low distortion as major goals. For reasons con- 
nected with improving the signal-to-noise ratio, actual equali- 
zation (the generally employed NAB standard) is a modified 
version of GF and EH in Fig. 2. But we must postpone, and 
pave the way for, discussion of NAB equalization in order to 
deal first with the question of where equalization takes place 
in a tape machine so as to best serve the triad of goals-flat 
response, low distortion, and low noise. 

Where Equalization Takes Place 
We begin with an important observation. Figure 1 shows 

great treble losses in recording, reaching about 30 dB at 
15,000 Hz and 36 dB at 20,000 Hz. Yet Curve EH in Fig. 2 

indicates that a treble equalization curve with only 10 dB of 
boost at 15,000 Hz is needed. The seeming paradox is ex- 
plained by the fact that treble boost is not required to fully 
make up for treble losses. Only enough treble boost is needed 
to achieve flat response. Putting it differently, the rising 
response of the playback head (the portion of AD above 800 
Hz in Fig. 1) compensates for a substantial part of the treble 
losses. Only the remainder of the treble losses must be made 
up by Curve EH in order to achieve flat response in the 
treble range. Thus we note that rising response of the play- 
back head has a key role in treble compensation. 

Where should equalization circuits be placed in the tape 
machine? One might expect that they could be placed in the 
record amplifier, or in the playback amplifier, or in a com- 
bination of the two. However, not just any combination will 
do, because some offer better results in terms of noise and 
distortion, while others offer worse. 

Without yet explaining anything, one may offer a de- 
scriptive general rule: Playback losses are equalized in play- 
back and record losses in recording. Thus Curve GF in Fig. 2 

would be supplied by an equalization circuit in the playback 
amplifier. And curve EH would be supplied by an equali- 
zation circuit in the record amplifier. 

Why this general rule? If the large amount of needed bass 
boost were supplied in recording, this would tend to apply 
excessive signal (magnetic field) to the tape and overload 
it, resulting in excessive distortion. Alternatively, one would 
have to greatly lower the recording level, resulting in a poor 
S/N ratio. Therefore bass boost is applied (largely or alto- 
gether) in playback. Moreover, Curve GF in Fig. 2 may be 
viewed in the guise of a treble cut characteristic. In this 
vein it serves to reduce noise of the entire tape recording 
system when used in playback. 

Turning to treble boost, we must consider that noise, while 
prevalent at equal amplitude throughout the audio spectrum, 
is usually most evident from about 3,000 Hz upward. This is 

partly because of the human ear's sensitivity in the vicinity 
of 3,000 to 5,000 Hz. Mainly it is because of the increasing 
amount of random noise energy as one goes up each octave 
of the audio spectrum; the more frequencies per octave, 
the more must be the noise energy. (Clearly there are more 
frequencies between, say, 3,000 and 6,000 Hz than in the 
preceding octave of 1,500 to 3,000 Hz.) Thus we characterize 
tape and amplifier noise as high-pitched (hiss, spitting, frying, 
etc.) even though low-pitched noise is also present. If treble 
boost were applied in playback, it would magnify tape noise 
and noise of the record and playback amplifiers, resulting 
in a poorer S/N ratio. Therefore treble boost is applied 
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Ampex, Media Sound, and the AR-LST. 

Until now, most parameters of 
the recording art have been 
significantly better defined 
than has loudspeaker perform- 
ance. A quantitative standard 
for the monitoring of record- 
ings has therefore been lack- 
ing. Recently Ampex and other 
recording companies have 
turned to the AR Laboratory 
Standard Transducer, a speak- 
er system that represents the 
efforts of Acoustic Research to 
come to grips with this 
problem. 

Flat energy capability 
The AR-LST's flat energy out- 
put curve - as flat, we think, 
as the state of the art permits - provides the industry with 
its first accurate standard for 
recording and mix -down mon- 
itoring. 

Flexible in operation 
In addition, five other output 
characteristics allow the engi- 

neer to tailor the sound of the 
AR-LST to any special require- 
ments he may have - to com- 
pensate for spectral aberra- 
tions in a tape, for example. 
These various energy output 
characteristics are accurately 
known (they are printed in the 
AR-LST's instruction book) 
and are available at the turn of 
a switch. 

The AR-LST is now being used 
in a number of recording 
studios. In the picture above, 

James Frey of Ampex and Bob 
Hinkle listen to a playback of 

The finished product. 

Bob's album "011ie Moggus" 
recently completed at Media 
Sound Studios in New York. 

Please send detailed information on the AR-LST to 

Name 

Address 

Acoustic Research, Inc. Dept. AU -10 

24 Thorndike St., Cambridge, Massachusetts 02141 

1 
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instead (largely or altogether) in recording, where it only 
magnifies noise of the record amplifier. 

A logical and important objection is in order at this point; 
Won't the treble boost in recording overload the tape (much 
as a large amount of bass boost might)? The answer would 
be yes if, for typical sounds, all frequencies had equal peak 
amplitudes. But for most recorded sounds desired by humans, 
particularly music, amplitude is usually a good deal less at 
high frequencies than at mid -range ones, as suggested in Fig. 
3. This figure shows for a typical orchestral selection the 
relative peak levels of audio energy throughout the spectrum. 
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Fig. 3-Smoothed approximation of relative peak amplitudes 
for a typical orchestral selection. 

Compared with peak amplitude at 400 Hz, there is a dropoff 
of 15 dB or more at higher frequencies. 

Therefore, in dealing with the kind of sound generally 
recorded, a good deal of treble boost is feasible in recording. 
This boost is offset by the decline in amplitude of the higher 
frequencies, which helps prevent the tape from being over- 
loaded. (Another preventative, when necessary, is reduction 
of recording level by the user.) 
A Modified Pattern of Equalization 

We have already noted that low noise is one of the three 
major goals of high fidelity. Put differently, we are interested 
in high S/N (signal-to-noise ratio). This can be achieved by 
recording more signal on the tape, especially at high fre- 
quencies, where the extra signal can mask the noise. 
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Fig. 4-A modified pattern of equalization to obtain 
signal-to-noise ratio (at 7Y2 ips). 

improved 

Figure 4 shows a modified pattern of equalization that 
uses additional boost in recording yet results in flat response. 
Desired flat response is denoted by Line E'F'. It is 6 dB 
higher than the corresponding line EF in Fig. 2, reflecting 
an improvement of 6 dB in S/N ultimately achieved at higher 
frequencies. 

Curve ABC, as before, is the unequalized record -playback 
response. The interval between AF' and ABC is the treble 
boost needed to approach flat response at the higher fre- 
quencies; that is, response 3 dB below flat at about 3,200 Hz, 
and increasingly flat as frequency rises. We may refer to 
this interval as "augmented" treble boost, consisting of the 
amount originally required in Fig. 2 plus an additional a- 
mount for higher S/N. (The interval between BC and the O 
dB line is the originally required treble boost, so that the 
remainder of the interval between AF' and ABC is the addi- 
tional boost.) Thus Curve E'J is the augmented treble equali- 
zation needed for flat treble response. (E'J is the same 
distance from E'F' as ABC is from AF'.) 

The required bass boost is the interval between flat re- 
sponse E'F' and drooping response AF' (keep in mind that 
AF' represents the response of an ideal head to a recording 
made with treble boost E'J). We may refer to this interval 
as "augmented" bass boost because it consists of the amount 
originally required in Fig. 2 plus an additional amount. 
(The interval between AB and the O dB line is the originally 
required bass boost, so that the remainder of the interval 
between AF' and E'F' is the additional bass boost. Thus 
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Fig. 4A-Basic scheme of the modified pattern of equal- 
ization. 

Curve IF' is the augmented bass equalization needed for 
flat bass response. IF' is the same distance from E'F' as 
AF' is from E'F'.) 

The story told by Fig. 4 is somewhat complex. It can be 
made more clear by presenting its essentials in simpler form 
in Fig. 4-A. (We haven't yet finished with Fig. 4 and shall 
return to it shortly.) ABC in Fig. 4-A represents in linear 
form the unequalized record -playback response. Line AB'F' 
shows the record -playback response that would result if 
there were only augmented treble boost and no bass boost. 
Augmented treble boost is depicted by Arrow 1, minimum 
required treble boost by Arrow 2, and additional treble boost 
by Arrow 3. Additional boost is further spelled out by the 
shaded area between BB'F' and BC. Given record -playback 
response AB'F', it remains to supply bass boost IB'F' in 
order to achieve overall flat response. AB'F' in Fig. 4-A 
corresponds to AF' in Fig. 4; and IB'F' in Fig. 4-A corre- 
sponds to IF' in Fig. 4. 
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When you listen to a TDK tape, all you can hear is 

the living sound, just the way it reached the tape. No 

background hiss. No distortion. No dropouts or 
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Returning to Fig. 4, we may ask: Why stop at a 6 dB 
improvement in S/N at the higher frequencies? Why not 
add yet more treble boost in recording to achieve still higher 
S/N. The answer lies in Fig. 3, which shows that, relative to 
400 Hz, the higher frequencies are down roughly 15 dB at 
15,000 Hz and a bit more at 20,000 Hz. Correspondingly, 
this allows treble boost of about 15 dB at 15,000 Hz and a 
bit more at 20,000 Hz without excessive risk of serious tape 
distortion. Treble boost curve E'J does just about that, with 
no margin of safety to spare. In other words, in the present 
state of the art, treble boost in recording which approximates 
E'J is about as far as one dare go without risking excessive 
distortion in the upper end of the treble range. (Here lies 
the reason why some recordists still prefer 15 ips. Treble 
losses in recording are less than at 71/2 ips, so that less treble 
boost is needed in recording and there is less risk of over- 
loading the tape due to such boost. The recordist speaks of 
the greater "headroom"-margin between the amount of 
treble signal applied to the tape and the amount which causes 
tape saturation-available at 15 ips.) 

It is difficult in practice for a tape amplifier to fully supply 
the amount of bass boost indicated by Curve IF' in Fig. 4. 
For one thing, an enormous amount of amplification is 
needed to achieve bass boost which at 20 Hz is up 44 dB 
from the reference line E'F' and still rising. High amplifi- 
cation is costly, may unduly magnify hum frequencies, and 
entails the risk of oscillation owing to phase shift or stray 
feedback. Therefore a preferred course is to allow bass boost 
to level off, as shown by I'F' in Fig. 4. Now bass boost is 
up about 35.5 dB at 20 Hz and soon reaches a maximum of 
36 dB below 20 Hz. 

To compensate for the levelling off of bass boost in play- 
back, some bass boost may be introduced in recording, as 
shown be Curve KF' in Fig. 4. However, this isn't always 
necessary, because at low frequencies the playback head 
often tends to exhibit a slight rise in response owing to what 
is called the contour effect. Low frequencies correspond to 
long wavelengths (bar magnets) on the tape. In the presence 
of long wavelengths, the entire playback head, not only its 
gap, tends to react to the magnetic flux of the tape. The 
resultant rise in bass response may approximate KF' well 
enough to obviate the need for bass boost in the record 
amplifier. 

If bass boost is supplied in recording because the contour 
effect is minimal, ordinarily this raises no problem of over- 
loading the tape. Figure 3 shows that the typical decline of 
peak amplitudes at low frequencies would easily offset the 
bass boost of Curve KF'. 

A final and key note on Fig. 4: Comparing this with 
Fig. 2, we observe that an equalization pattern which calls 
for increased treble boost in turn requires greater bass boost. 
Conversely, a decrease in treble boost is accompanied by a 
decrease in required bass boost. In sum: A given recording 
characteristic implies a complementary playback character- 
istic; or a given playback characteristic implies a complementary 
recording characteristic. 

NAB Standard Equalization 
The approach of Fig. 4 is followed by the NAB standards 

for tape recorder equalization. In fact, I'F' is the NAB play- 
back equalization characteristic for 71/2 ips (and for 15 ips as 
well). For greater clarity, I'F' is repeated in Fig. 5. We under- 
score the word "characteristic" because the NAB standard 
does not merely describe the frequency response of an equal- 
ization circuit in the playback amplifier (as is the case for 
RIAA phono playback equalization and for FM tuner equal- 
ization). True, measured frequency response of the tape 
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Fig. 5-NAB standard playback equalization and recorded 
flux. 
playback amplifier is ordinarily quite close to Curve I'F', 
but it is not necessarily the same as I'F' in order to achieve 
flat response. The NAB playback characteristic in Fig. 5 is 
the sum of playback equalization provided by the tape ampli- 
fier plus irregularities in frequency response of the playback 
head. As already discussed, these irregularities tend to consist 
of some boost in the low bass region and a slight dropoff in 
the high treble region. 

To illustrate, assume that a playback head is significantly 
deficient in high treble; that is, its output rises with frequency 
but at less than the theoretical 6 dB per octave rate of an 
ideal head throughout the audio spectrum. Then, if flat 
response is to be maintained, the playback amplifier must 
supply enough treble boost to compensate for the head's 
deficiency. Together, the amplifier and playback head supply 
the NAB playback characteristic, Curve I'F' in Fig. 5 (or 
something like I'F' if the contour effect is pronounced). 

Without elaborate test equipment, how is one to ascertain 
whether a tape machine (playback amplifier plus playback 
head) provides the NAB playback characteristic? The answer 
lies in a standard test tape. (This is supposed to have been 
available from NAB by now, but hasn't yet been released. 
In its place, the Ampex test tape is customarily used.) The 
test tape contains a series of audio signals recorded at such 
relative levels that a tape machine with the NAB playback 
characteristic will provide flat response when playing this 
tape. That is, a meter connected to the machine's output will 
read equal output level for all the test frequencies. 

Accordingly the manufacturer of a tape machine designs 
the playback equalization circuit to yield flat response when 
playing the standard test tape. The equalization circuit allows 
for bass and/or treble irregularities of the playback head 
he uses-that is, departures of the actual head from the re- 
sponse of an ideal head (AD in Fig. 1). 

Some machines include adjustments which enable the 
technician or the user to touch up playback equalization on 
the basis of a test tape. It is then merely necessary to connect 
a meter to the machine's output, play the test tape (after 
making sure heads are cleaned, demagnetized, and aligned 
for azimuth), and touch up the playback equalization for 
flattest response as indicated by the meter. In some machines 
the VU meter can serve this purpose. 

Now, what about treble boost in recording? Does NAB 
specify a treble recording characteristic in terms of what 
gets on the tape? Or does it specify a given amount of treble 
boost in the record amplifier, such as Curve E'J in Fig. 4? 
The answer is that, at least directly, NAB does neither. What 
NAB specifies is that, after playback equalization has been 
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A Quiet Phonograph Preamplifier* 

*but not for everyone 
yOUR AMPLIFIER has at least two 

noise specifications. The PHONO- 
GRAPH input is usually rated at 

-60 to 65 decibels (dB) below 10 milli- 
volts and high level inputs such as 
TUNER and AUX at -70 to -75 dB below 
0.25 volts. On occasion, a third noise 
level will be listed, volume control in 
minimum position, about -90 dB re- 
ferred to rated output. These figures 
indicate how wide your amplifier can 
open the "Dynamic Range Window" 
for the various signal sources presented 
to it. 

Until now, the -65 dB figure for 
PHONO was sufficient, however, new 
phono records are being mastered using 
the Dolby "A" tape system and pressed 
on the quieter "skinny discs" making 
many amplifiers obviously deficient 
since audible background hiss remains 
after the phono pickup has been lifted 
from the record. This noise situation is 
further aggravated by the fact that the 
output of the very best phono cartridges 
is significantly less that of the poorer 
quality phono cartridges in the same 
product line. The person who is shooting 
for a really quiet high quality phono 
system is put in a bind as to the best 
mix of components for his particular 
needs since -78 dB preamplifiers are 
currently selling for a half kilobuck. In 
the past, the author's policy has been 
"Damn the noise, full fidelity ahead!" 
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But no more. In an effort to capture 
the stereo preamplifier parts market, 
National Semiconductor has come up 
with an integrated circuit rated at 0.5 
microvolts input noise. This is three to 
five times quieter than most preampli- 
fiers made with discrete components. 
National's LM 381A chip can be made 
to deliver a peak -to -peak output voltage 
of 38 volts from a +40 volt supply. It 
also features cross -channel isolation of 
better than 60 dB from 20 to 20,000 Hz. 
This is achieved by an individual inter- 
nal power supply decoupler-regulator 
for each channel. The regulator also 
provides 120 dB power supply noise 
rejection. 
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phono circuit as published by National using the LM381A IC. 

To exploit this integrated circuit ef- 
ficiently, one merely builds it into a 
small phono preamplifier and drives 
one of the HIGH-LEVEL inputs on his 
existing amplifier with it. This should 
produce a phono playback system with 
a dynamic range window about 75 to 
80 dB wide-even with a top quality 
phono cartridge. 

Building up the preamplifier as an 
auxiliary component, the author used 
the phono circuit as published by Na- 
tional and modified it to suit his partic- 
ular needs and tastes (see Fig. 1). Since 
no particular good comes from having 
a 38 volt signal going into a 2 volt 
HIGH-LEVEL input, the source voltage 
was reduced to 18 volts which still 
provides better than 5 volts before 
clipping. The 18 volts comes from two 
9 -volt transistor radio batteries-a source 
long known for its ripple -free output. 
The 100 ILF buffer capacitor (Cl) and 
the internal regulators should keep the 
distortion low until the batteries get 
extremely weak. 

The LM 381A is an operational 
amplifier having differential inputs. 
The phono cartridge is connected to 
the input that is in phase with the out- 
put (the noninverting or + input). The 
amplification process is controlled by 
connecting the output back into an in- 
put that is 180° out of phase with the 
output (the inverting or (-) input). By 
being able to cancel out its own in- 
put, the amplifier can control its own 
sensitivity (negative feedback). By 
adding capacitors to the feedback 
resistors, the amplifier's sensitivity can 
be made frequency selective. The volt- 
age multiplication factor of an ampli- 
fier is called "gain." The amplifier's 
d.c. operating point is established by 
RI and R2. The ratio of their values 
is 5.5:1. This gives a d.c. gain of about 
5.5. C2 acts as the a.c. equalization 
"sink," providing a virtual ground down 
to about 50 Hz for R3, the a.c. gain 
resistor. R4 acts as the 1 kHz gain refer- 
ence resistor. Above 2,200 Hz, C3 pro- 
vides high frequency equalization (gain 
reduction) by bypassing Ra. Below 500 
Hz, C4 starts increasing its reactance 
value and provides low frequency 
equalization (gain boost) until it be- 
comes bypassed by RI as the input 
frequency approaches d.c. Since the 
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integrated circuit is operating effectively 
in the class "A" amplifier mode, its 
quiescent output voltage is 0.5 Vcc 

or 9 volts. C5 blocks this d.c. com- 
ponent and R5 terminates C5. C6 and 
R6 provide approximately the proper 
termination for a Shure V-15 II phono 
cartridge and 18 inches of signal cable. 
Ci couples the signal into the non - 
inverting input of the integrated cir- 
cuit. Ri, ten times the value of R3, 

prevents the amplifier from going into 
unity a.c. gain-a condition in which 
the LM 381A is not stable. 

If you are uncertain of your proper 
value for C6, omit it-it's trivial. If 
you pick some other value for your 
Vcc, R2 will have to be adjusted until 
the quiescent output is 0.5 Vcc. Equali- 
zation should be quite accurate for any 
Vcc between 9 and 40 volts since the 
open loop gain of the LM 381A only 
varies from 108 to 112 dB through this 
Vcc range. At 18 volts, the total current 
drain is about 10.5 mA. 

The mechanical design is centered 
around 0.010 -in. perforated board and 
a 14 pin DIP socket. Sponge rubber 
is used as a spacer between the bat- 
teries and circuit board. As can be seen 
in the photograph, the author built his 
unit as a utility rather than a show- 
piece device. You may want to tap into 
your amplifier's power supply to avoid 
having to remember to turn on and 
off a separate battery powered unit. 

National rates distortion at less than 
0.1% of 75 dB gain. The author made 
only a frequency response test on the 
assembled unit and found it to be 
within ± 1.5 dB of RIAA between 
30 and 15,000 Hz. Subjective noise 
comparisons between this unit and 
some preamplifiers rated in the -75 
to -80 dB range produced few A -B 
differences. The unit rates among the 
best but not significantly superior to 
all preamplifiers in the test group. This 
is a bit disappointing as National's 
0.5 microvolt input noise value is better 
than the figures quoted for discrete 
components. But then, what do you 
want for less than $20.00 in parts and 
two evenings' work? 
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THE LA\GUAGE OF HIGH R 

HE TRANSITION from tubes to 

T transistors in high-fidelity equip- 
ment was not without its anguish, 

for a number of tubes, particularly those 
for the output stages of power ampli- 
fiers, gave excellent results. Tubes, 
though, were (and are) afflicted with a 
number of disadvantages. The indirectly 
heated cathode system means more 
watts from the a.c. power line. Further, 
these extra watts result in heat, the 
arch -enemy of resistors, capacitors, and 
other miscellaneous parts used in hi-fi 
components. Tubes also require a certain 
amount of warm-up time. And, added 
to this list of woes, tubes need relatively 
frequent replacement if a high-fidelity 
system is to be maintained at peak 
performance. 

Solid-state devices, so-called because 
electrons move through a solid ma- 
terial rather than the vacuum of the 
tubes, form a rather large family of 
which transistors are just one member. 
Transistors require no warm-up time, 
have a longer life than tubes, take up 
less room, do not need sockets, and 
with the exception of power type transis- 
tors, do not pose a heat problem. 

What is Solid State? 
Knowledge moves in expanding 

circles, and the accretion of electronic 
learning is no exception. Early electrical 
and electronic experimenters always 
used solid conductors for the con- 
duction of currents. With the intro- 
duction of the vacuum tube and the 
satisfactory current control it afforded, 
we were well into space-age electronics, 
even though that space was within the 
confines of a tube. However, early 
tubes, those manufactured circa 1919, 
were quite costly. An inexpensive al- 
ternative was a bit of crystalline ma- 
terial, iron pyrites, that had diode 
properties. Unlike the diode tube, this 
substance required no batteries, had 
no need for filament heating time, 
and had a useful life expectancy far 
in excess of any tube diode. It supplied 
the heart of early radio receivers, pop- 
ularly known as crystal sets. They were 
ideal in many respects, for they could 
be turned on and left on indefinitely, 
requiring no on -off switch. Every oint- 
ment has its fly though, for the crystal 
set (unlike the triode tube) had no am- 
plification. Headsets were the order of 
the day. This, plus the poor selectivity 

Part V 
Martin Clifford 

of such receivers, made the crystal set's 
day in the sun mercifully brief, for 
triode tubes soon bulled their way into 
more powerful, and more selective, 
receivers. The crystal detector or de- 
modulator was relegated to the elec- 
tronic attic, only to be dusted off and 
used in its original occupation later on 
in radio and television receivers. That 
crystal was the forerunner of semi- 
conductor electronics. 

Conductors and Insulators 

A conductor, as its name properly 
implies, is a substance that permits the 
relatively easy flow of electrons through 
it. The word "relatively" is essential, 
for no two substances have this prop- 
erty to an equal extent. Some materials 
are unyielding to electron flow, hence 
are called insulators. Again, a relative 
term, for some substances are more 
obstinate in this respect than others. 
Certain crystalline materials, such as 
germanium or silicon, when completely 
pure, are insulators. They can be made 
conductive, though, by adding very 
small amounts of various elements, 
such as antimony, boron, aluminum, 
gallium, indium, or thallium. These 
elements do not change the chemical 
composition of the germanium or silicon. 
Add a few grains of pepper to a box 
full of salt and all you have is salt with 
a few grains of pepper. The analogy 
is limited, however, for in the case of 
germanium and silicon, the added sub- 
stances do form an atomic bond with 
them. 

The Problem of Germanium 
and Silicon 

Atoms of germanium (Fig. 1) and 
silicon are characterized by an outer 
ring structure of four electrons, an un- 
satisfactory condition as far as these 
elements are concerned, for their pref- 
erence is for a total of eight in the ring. 
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Fig. 1-The outer ring structure of 
germanium has four electrons. 

DELITY 

A pair of germanium electrons form a 
stable atomic union by sharing their 
outermost electrons-four electrons from 
one atom, four from another. Thus the 
requirement for a total of eight is 
satisfied. Since atomically bonded 
atoms of germanium have no further 
need of electrons, any electron current 
trying to move through pure ger- 
manium will have its problems-it 
isn't wanted. 

An element such as antimony has a 
total of five electrons in its outermost 
ring. If this element is added to ger- 
manium or silicon, a process known as 
doping, atomic bonding will take place, 
just as in the case of pure germanium 
or pure silicon, but now electron book- 
keeping comes to our rescue. Antimony's 
five outer ring electrons plus ger- 
manium's (or silicon's) four, makes a 
total of nine, one more than is needed. 
Germanium or silicon, doped with an- 
timony, has an electron surplus. The 
germanium (or silicon) is no longer an 
insulator but has acquired some con- 
ducting properties-certainly not as 
good as silver or copper-but much 
better than originally. While it is called 
a semiconductor, this does not mean to 
imply it is precisely halfway between 
a good conductor, such as silver, and 
an insulator, such as glass. The antimony 
is a donor material, for through its 
generosity, it has not only contributed 
the four electrons required by the semi- 
conductor atoms, but one electron in 
excess for each antimony atom. Semi- 
conductor material doped in this way 
is called negative -type, abbreviated as 
N -type, or simply N. Obviously negative - 
type since each electron, no matter how 
supplied, carries a negative charge. 

Unlike germanium or silicon which 
have four outer ring electrons, and anti- 
mony which has five, an element such 
as boron has only three. This electron - 
deprived element, as in the case of 
antimony, germanium, or silicon, would 
prefer having eight outer -ring electrons. 
When this substance is used for doping 
germanium or silicon, the result is an 
atomically bonded pair which has only 
seven outer ring electrons-four from 
the semiconductor element and three 
from boron. Again, the properties 
of the germanium or silicon are changed, 
from a good insulator to a substance 
which has current carrying capability. 

Semiconductors doped with a three - 
electron outer -ring element are called 
positive type, P -type, or simply P, to 
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Some expert opinions on the Heathkit 
"Computer Tuner" and AR -1500 Stereo Receiver: 

"...The tuner which may well prove to be the `classic' of the 
1970's is Heath's new AJ-1510 Digital FM Stereo Tuner." - 
Leonard Feldman, AUDIO MAGAZINE 

"... It is probably as near to the ideal FM tuner as we have 
ever encountered." - Julian Hirsch, STEREO REVIEW 

..We know of nothing else on the market with comparable 
features ... It more closely resembles a small digital computer. 
There are no moving parts (the tuning is entirely electronic) 

- Julian Hirsch, STEREO REVIEW 

"... All frequency indications are read 
from digital read-out tubes... at the 
left are ten keyboard buttons ... as well 
as a re -set button (punched when you 
wish to `punch up' a new station fre- 
quency) and a button labeled BY-PASS 
(used to initiate the `auto -sweep' action 
...three more buttons... select three 
pre -determined favorite stations ... you 
easily program onto ... cards yourself." - Leonard Feldman, AUDIO MAGAZINE 

"... Because of the crystal controlled ref- 
erence frequency and the phase -lock -loop cir- 
cuitry ... the accuracy of the frequency tuned 
... will be as accurate as the crystal frequency 
and, in the case of the AJ-1510, that means at least 
0.005% accuracy! ... in short, every spec was easily met or 
exceeded ... [it] has got to be the way all tuners of the future 
will be made." - Leonard Feldman, AUDIO MAGAZINE 

.. for anyone who wants a tuner that is most certainly repre- 
sentative of the present state of the art, and which is not likely 
to be surpassed in any important respect for the foreseeable 
future, his search can stop at the AJ-1510." - Julian Hirsch. 
STEREO REVIEW 

Kit AJ-1510 "Computer Tuner," less cabinet, 23 lbs. 539.95* 
AJ-1510-1, Pecan cabinet, 6 lbs. 24.95* 

"...The AR -1500 is the most powerful and sensitive receiver 
we have ever measured." - Julian Hirsch, STEREO REVIEW 

.. a stereo receiver easily worth twice the cost (or perhaps 
even more)... - AUDIO MAGAZINE 

.. Great new solid-state stereo receiver kit matches the de- 
mands of the most golden of golden ears." - RADIO ELEC- 
TRONICS 

"...The. FM tuner section ... was outstandingly sen- 
sitive. We measured the IHF sensitivity at 1.4 

microvolts and the limiting curve was 
the steepest we have ever measured 
...The FM frequency response was 
literally perfectly flat from 30 to 
15,000 Hz ...Image rejection was over 
10 dB (our measuring limit)...The AM 
tuner... was easily the best -sounding 
AM tuner we have had the pleasure of 
using..." - Julian Hirsch, STEREO RE- 
VIEW 

.. As always, construction instructions 
are lucid enough for the inexperienced kit - 

builder and there is enough technical and theo- 
retical information to satisfy even the most knowl- 

AR-1500 edgeable audio/RF engineer." - AUDIO MAGAZINE 

.. As you know, the original, the AR -15 has been widely 
acclaimed as one of the very best stereo receivers that has 
ever been made. Therefore, it's hard to imagine that anyone 
has gone ahead and built a better one. But spec for spec, the 
AR -1500 is ahead of the AR -15." - RADIO ELECTRONICS 

Kit AR -1500 Stereo Receiver, less cabinet, 53 lbs. ...379.95* 
ARA -1500-1, Walnut cabinet, 8 lbs. 24.95* 

Now available assembled, ready to use. Supplied with its in- 
dividual performance curves plotted and pertinent specifica- 
tions measured, documented and guaranteed for one year. 
Model ARW-1500, receiver & walnut cabinet, 
48 lbs., Exp./Frt. 649.95* 

Heathkit 4 -Channel Amplifier 349.95* less cabinet 
The new Heathkit AA -2004 gives you 50 watts per channel (IHF) into 8 ohms 
for discrete or matrixed 4 -channel sound, stereo or mono. The built-in decod- 
ing circuitry decodes matrixed 4 -channel material, gives your existing stere 
library a brilliant 4 -channel effect. Amplifier sections are controlled in pairs 
for front and back speakers. That gives you two complete stereo systems if you 
want. In 4 -channel mode, there's capability for both main and remote systems. 
That's eight speaker systems! Move up to 4 -channel ... order your AA -2004, 
now. 
Kit AA -2004 amplifier, less cabinet, 39 lbs. 349.95 
AAA -2004-1, pecan cabinet, 7 lbs. 24.95* 

See them all at your Heathkit Electronic Center... or fill out the coupon below 
HEATHKIT ELECTRONIC CENTERS - ARIZ.: Phoenix, 2727 W. Indian School Rd.; CALIF.: 
Anaheim, 330 E. Ball Rd.; El Cerrito, 6000 Potrero Ave.; Los Angeles, 2309 S. Flower St.; 
Pomona, 1555 Orange Grove Ave. N.; Redwood City, 2001 Middlefield Rd.; San Diego (La 
Mesa), 8363 Center Dr.; Woodland Hills, 22504 Ventura Blvd.; COLO.: Denver, 5940 W. 
38th Ave.; CONN.: Avon, 395 W. Main St.; FLA.: Miami (Hialeah), 4705 W. 16th Ave.; GA.: 
Atlanta, 5285 Roswell Rd.; ILL.: Chicago, 3462-66 W. Devon Ave.; Downers Grove, 224 
Ogden Ave.; IND.: Indianapolis, 2112 E. 62nd St.; KANSAS: Kansas City (Mission), 5960 
Lamar Ave.; MD.: Baltimore, 1713 E. Joppa Rd.; Rockville, 5542 Nicholson Lane; MASS.: 
Boston (Wellesley), 165 Worcester St.; MICH.: Detroit, 18645 P. Eight Mile Rd. & 18149 
E. Eight Mile Rd.; MINN.: Minneapolis (Hopkins), 101 Shady Oak Rd.; MO.: St. Louis, 9296 
Gravois Ave.; N.J.: Fair Lawn, 35-07 Broadway (Rte. 4); N.Y.: Buffalo (Amherst), 3476 
Sheridan Dr.; New York, 35 W. 45th St.; Jericho, L.1., 15 Jericho Turnpike; Rochester, 
Long Ridge Plaza; OHIO: Cincinnati (Woodlawn), 10133 Springfield Pike; Cleveland, 5444 
Pearl Rd.; PA.: Philadelphia, 6318 Roosevelt Blvd.; Pittsburgh, 3482 Wm. Penn Hwy.; 
TEXAS: Dallas, 2715 Ross Ave.; Houston, 3705 Westheimer; WASH.: Seattle, 2221 Third 
Ave.; WIS.: Milwaukee, 5215 Fond du Lac. 
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See and hear the 
Heathkit "Computer 

Tuner" and 
AR -1500 Stereo 

Receiver at your 
nearest Heathkit 

Electronic Center. 
For complete specs 

on both, send for 
your free Catalog. 

HEATH COMPANY, Dept.41-10 
Benton Harbor, Michigan 49022 

D Please send FREE Heathkit Catalog. 

D Enclosed is $ , plus shipping. 
Please send model(s) 

HEATHKIT 

Schlumberger 

Name 

Address 

City State lip 
Prices & specifications subject to change without 
notice. *Mail order prices; F.O.B. factory. HF -264 

d 
Check No. 37 on Reader Service Card 



indicate the existence of an electron 
shortage. 

The Semiconductor Diode 
We now have available two blocks 

of semiconductor material: P -type and 
N -type; one with an electron surplus, 
the other with an electron shortage. 
When these two are made to butt against 
each other as intimately as possible 
(Fig. 2), a small, but measurable volt- 
age will exist between them. Some 

JUNCTION 
OR 

INTERFACE 

Fig. 2 -A small, but measurable volt- 
age, exists across the junction of the 
two semiconductor blocks. 

small movement of electrons will take 
place at the junction or interface, with 
electrons traveling from the electron - 
rich or N -type over to the electron - 
deprived or P -type. Once these elec- 
trons have migrated, they will join the 
semiconductor atoms at the junction, 
but as soon as they have their outer 
rings electron satisfied, they will block 
the passage of any further electrons, 
acting as a barrier for all the unsatis- 
fied, electron -hungry atoms behind 
them. 

Semiconductor Electron 
Movement 

To force electrons through this self- 
imposed barrier, a small battery can be 
connected across the P -N combination, 
as in Fig. 3. The minus terminal of the 

i P 

ARROW 

SHOWS DIRECTION 
OF CURRENT 

FLOW 

Fig. 3-A battery placed across the 
semiconductor diode overcomes the 
potential barrier block (A); diode symbol 
(B). 

battery is wired to the N block; the plus 
terminal to the P block. Electrons will 

now move from the crowded minus elec- 
trode of the battery into the N -block, 
creating such an electron jammed con- 
dition in it, that numbers of them will 
force their way into and through the 
P -block. Since the positive terminal of 
the battery is a region of far fewer elec- 
trons, a place where they will not suffer 
the nearness of other electrons, they 
continue moving toward this terminal. 
The end is not in sight, for they move 
through the battery, arriving at the nega- 
tive terminal. And so the whole current 
flow process continues. 

Forward Biasing 
The battery used in connection with 

the two semiconductor blocks is called 
a forward biasing battery, but there is 
no relationship between this battery and 
that used for control grid bias in the 
triode tube. With forward biasing, cur- 
rent moves, as usual, from minus to 
plus, but there is no current control- 
as yet. 

Reverse Biasing 
It is only when the leads to the semi- 

conductor blocks, (Fig. 4), are trans- 
posed that the true nature of what we 
have becomes evident. The generous 

N P 

+ Ill 

Fig. 4-Very little current flows 
through the reverse -biased diode. 

current supplied by forward biasing 
drops to a trickle. What we have is diode 
behavior since current flows much more 
readily in one direction than the other. 
The semiconductor diode, then, made 
of two blocks of germanium, or silicon, 
N -type and P -type, permits the flow of 
current in one way, opposes it in the 
other. This means that whatever the tube 
diode can do, the semiconductor diode 
can do. The great advantage is that no 
heating current is needed; further, since 
the two blocks are in contact, the for- 
ward bias, équivalent to anode voltage, 
is much smaller. 

The A.C. Biased Diode 
The semiconductor diode can be used 

as a rectifier or demodulator, changing 
a.c. to d.c. as in Fig. 5. When the 
a.c. voltage source has a forward -biased 
polarity, current flows through the 
diode. When the a.c. voltage changes its 
polarity, the diode is reverse biased, 
and so current through the diode be - 
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Visit one of 
these FAIRFAX 

"It Pays To listen" 
Dealers 

(This is a partial list.) 

Atlanta Audio 
Suite 106-108 
141 West Wieuca Road 
Atlanta, Georgia 

Henry O. Berman 
12 East Lombard Street 
Baltimore, Maryland 

Carbondale Appliances 
212 South Illinois Ave. 
Carbondale, Illinois 

Chianese, Inc. 
1461 Hamilton. Ave. 
Trenton, New Jersey 

Commercial Systems 
Corp. 

310 W. New Indian Trai 
Aurora, Illinois 

Electronics Diversified 
1916 N. Knoxville Ave. 
Peoria, Illinois 

Gill Custom House 
8813 West 95th Street 
Palos Hills, Illinois 

Glen Music 
1331 F St. Northwest 
Washington, D.C. 

Glen Music 
Loehman's Plaza 
Rocksville, Maryland 

Harmony Hut 
1842 Willowbrook Mall 
Wayne, New Jersey 

Hi Fi Haven 
1018 South Main Street 
Cheshire, Connecticut 

Hi Fi Studio Music Box 
8-10 Park Avenue 
Swarthmore, Penna. 

House of Sound 
633 So. State Street 
Westport, Connecticut 

Hyatt Hi Fi Stereo 
171 South Goodman 
Rochester, New York 

Leonard Radio, Inc. 
18 Warren Street 
New York, New York 

Leonard Radio, Inc. 
1163 Avenue of the 

Americas 
New York, New York 

Leonard Radio of 
New Jersey 

160 Route 17 
Paramus, New Jersey 

Mc Donald's Sound 
Goods 

4129 Shelbyville Road 
Louisville, Kentucky 

Music World Electronics 
Hickory Square Center 
641 Shunpike Road 
Chatham, New Jersey 

The Shoppe 
219 W. Court 
Kankakee, Illinois 

Soundarama 
1154 Valley Street 

South Orange, 
New Jersey 

Sound City 
319 Northwest 13th St. 
Gainesville, Florida 

Sound Stage 
Bay Shore Shopping 

Center 
5926 N. Port 

Washington Road 
Milwaukee, Wisconsin 

Sound Stage 
2613 East Hampshire 

Street 
Milwaukee, Wisconsin 
Sound Stage 

Sound Stage 
7204 West Greenfield 

Ave. 
Milwaukee, Wisconsin 

Specialized Sound Inc. 
409 State Street 
Madison, Wisconsin 

Summit Gift Gallery 
1244 Route 23 
Wayne, New Jersey 

Summit Gift Gallery 
39 West Northfield Ave. 
Livingston, New Jersey 

(Opening Oct. '72) 

Summit Gift Gallery 
417 Lafayette Avenue 
Hawthorne, New Jersey 

Summit Gift Gallery 
3279 Route 46 
Parsippany, New Jersey 

(Opening Oct. '72) 
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Yale Audio 
2732 Florida Ave. 
Tampa, Florida 



We're giving away 
100 pairs of 

Fairfax Speakers 
if you're willing 

to listen 

it pays to listen 
One Hundred Lucky Winners will receive 
this pair of FAIRFAX FX-100A Speakers 
List Price $159.90 per pair. 

If you're willing to listen we know 
we can convince you that dollar for dollar, 
model for model, you get more high- 
fidelity performance with Supersound 
by Fairfax. 

In fact, we're giving away about 
$16,000 worth of speakers to audio 
enthusiasts who visit their Fairfax 
Dealer for a Sound Comparison. Listen 
to any Fairfax System from our compact, 
inexpensive bookshelf model to our 
incredible 12 speaker (4 -way system) 
Wall of Sound . Ask your dealer to match 

them against competitive speakers. 
Then fill out a Fairfax Entry Card. You 
can be one of the 100 lucky winners of a 
pair of supersounding Fairfax FX-100A 
Speakers. 
These 2 -way, 2 -speaker systems feature a heavy duty 8" bass driver, a 
special 3" tweeter, tube ducted port design, and superior performance with 
no distortion, no coloration, true pitch with zero overlap and tonal balance. / It the listening 

experience. 

INDUSTRIES INC. 900 Passaic Ave., East Newark, N.J. 07029 

Offer ends October 31, 1972 and is applicable only in states where not 
prohibited. Winning entrants will be notified by their dealer. If winning 
entrant has already purchased any Fairfax Speaker during this demonstration 
offer he will receive a refund from his dealer up to the value of the FR -100A. 

Check No. 39 on Reader Service Card 



Sony's got a brand new angle. 
Sony's new TC -377 ($289.95) has a reversible slanted base that provides 

the perfect angle for either horizontal or vertical operation. This Sony three -head 
tape deck is loaded with extra performance and convenient features. Also 
available the Sony TC -366, with TMS. See both only at your Sony/Superscope 
dealer. 

Total Mechanism Shut -Off. Sony's 
TMS completely turns oft recorder 
mechanism when end-of-ta3e is 
reached. 

Ferrite and Ferrite Heads. Long 
life, high performance, lasts up 
to 200 times longer than per- 
malloy type. 

Three -Heads. ForTape/Source 
monitoring and wider fre- 
quency response. 

SUPERSCOPE® 

You never heard it so good 
01972 Superscope, Inc. 8142 Vineland Ave Sun Valley. Cali: 91352. Prices and models subject to change without notice. Consult the Yellow 
Pages tor your nearest Sony/Superscope dealer. .'.end for use Catalog. 
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Introducing the 
BSR McDonald BID 

Transcription Series 
Automatic Turntable. 

From its Sequential Cam System that antiquates 
the conventional noisy cam gear and swinging 

plate to its Synchronous Power Unit, the BSR 
McDonald 810 is designed to match or 

exceed the performance of any 
automatic turntable currently 

available Some other 
highlights include a Variable 

Pitch ControlA 12" 
dynamically balanced 

turntable platter* 
A viscous - 

damped 
cue and 

pause 
control with 

exclusive 
friction Cue 

Clutch to keep 
the tone arm cued 

over the exact 
g rooveAn automatic 

tone arm lock to 
eliminate accidental 

damage to the stylus or 
record A Concentric 

Gimbal Arm Mount and 
featherweight push-button 

operation featuring the widest 
selection of operating modes* 

Your BSR McDonald dealer will be 
happy to audition the 810 for you* 

The price for this unbelievable performer? 
$149.50From BSRThe 
world's largest manufacturer 
of automatic turntables* 
BSR (USA) Ltd. 
Blauvelt, N.Y. 10913 
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B R 
McDONALD 

A.C. INPUT e 
R 

D.C. 

OUTPUT 

Fig. 5-The semiconductor diode can 
be used as a rectifier or demodulator. 

comes negligible. If this current is 
allowed to flow through a load re- 
sistor, R, the voltage produced across 
this resistor will be d.c. Current flows 
through that resistor in one direction 
only. Except for technique, this is 
similar to the behavior of the tube 
diode. Further, the semiconductor 
diode can be used as a signal recti- 
fier or demodulator, in somewhat 
the same manner as the tube demodu- 
lator (Fig. 6). This receiver circuit, a 
crude, elementary type, can pick up 
signals, but cannot separate or amplify 
them, an acceptable condition at one 
time with single station broadcasting, 
but intolerable today. 

. - ANTENNA 

SEMICONDUCTOR 

DIODE 

."-- HEADPHONES 

Fig. 6-The simplest receiver, even 
more so than the tube diode used in 
this application. 

The Transistor 
The transistor, an amplifying type of 

semiconductor, consists of a pair of 
diodes placed back to back. Fig. 7 

shows a pair of such diodes with the 
N -block of one in close contact with 

O 
O 

N N 

EMITTER COLLECTOR 

COLLECTOR 

PNP 

EMITTER 

Fig. 7-The transistor consists of a 

pair of semiconductor diodes placed 
back to back (A). The two blocks of N - 

type semiconductor can be combined 
into one (B). PNP transistor symbol (C). 

the N -block of another. The two N 
blocks can be replaced by a single 
unit, and so, reading from left to 
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Sony's quintessential deck. 
The top of the Sony stereo line. Without question, the finest component 

3 -motor stereo tape deck you can buy. No true stereo buff should be without the 
Sony TC -850, ($895.00). See the entire line of Sony reel-to-reel tape decks start- 
ing at $159.95 at your Sony/Superscope dealer. 

Giant 101/2 inch Reels. For maximum record and playback time. 

Three -Heads. For 
Tape/Source moni- 
toring and widerfre- 
quency response. 

Three Motor Transport. With Servo -Control 
Capstan motor. Assures powerful torque, 
accurate and stable tape tension. 

Automatic Pro- 
gram Scanner. 
Locates and plays 
individual seg- 
ments to music. 

SONY SUPERSCOPE 

You never heard it so good: 

©1972 Superscope. Inc., 8142 Vineland Ave., Sun Valley, Calif, 91352. Prices and models subject to change without notice. Consult the Yellow 
Pages for your nearest Sony/Superscope dealer. Send for free catalog, 
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IlltIntosh CATALOG 
and FM DIRECTORY 

Get all the newest and latest information on the new McIntosh Sol- 
id State equipment in the McIntosh catalog. In addition you will 
receive an FM station directory that covers all of North America. 
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TODAY! 

McIntosh Laboratory Inc. 
2 Chambers St., Dept. AE11 
Binghamton, N.Y. 13903 
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right, we have P -N -P. Since each 
will be working in a specific man- 
ner, they can be labeled as emitter, 
bass and collector, rather odd desig- 
nations since the emitter doesn't emit, 
the base forms no foundation, and 
the collector doesn't collect. A rose by 
any other name, etc. 

Transistor Current Control 
Although the two semiconductor 

diodes have been joined, with the base 
material common to each, they can still 

Fig. 8-One half of the transistor is 

still a diode and can be forward biased 
as such (A). An a.c. voltage, placed in 

series with the forward biasing volt- 
age, will have the effect of varying the 
forward bias. 

be treated as individual diodes. Fig. 8 

shows one of these diodes, consisting 
of the emitter and base, as forward bi- 
ased. In this arrangement, the collector 
block is momentarily disregarded. 

Current control is obtainable by vary- 
ing the amount of forward bias voltage. 
This can be done by putting a variable 
resistor across the forward biasing 
battery and taking off different amounts 
of voltage. The greater the forward 
biasing voltage, the larger the amount 
of forward current, comparable to put- 
ting more voltage on the anode of a 
tube. If an a.c. voltage is put in series 
with the forward biasing battery, the 
amount of forward current will keep 
changing in step with the changing a.c. 
voltage, depending on its polarity at 
the moment. When the a.c. voltage 
opposes that of the forward bias bat- 
tery, forward current will decrease. 
And conversely. 

The base and the collector form the 
second diode and this diode section is 
now reverse biased (Fig. 9). However, 

EMITTER BASE COLLECTOR 

N 1411 

i 
+ 

B 

Fig. 9-The direction of current flow 
in this PNP transistor is from collector 
to emitter. 
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(Send in the Coupon for a List of Dolby Cassette Releases.) 

A Turntable for Cassettes 

The Advent Model 202 cassette playback deck is 
the first full equivalent in tape equipment of a 
precision turntable for records. 

Designed for highest -quality playback of recorded 
cassettes, the Advent 202 employs the Dolby 
System of noise reduction. It also provides proper 
playback equalization for both iron -oxide and 
chromium -dioxide cassettes - including a soon - 
to -be -issued series of premium -quality cassette 
recordings on Crolyn from Advent. 

The 202 is an ideal machine for anyone more 
interested in listening to cassettes than in record- 
ing his own. It is also a perfect source deck for any 
cassette dubbing application, including the grow- 
ing number of professional uses. 

With the number of Dolby cassette releases 
increasing rapidly (there are more than 400 now, 
and the majority of new releases employ the proc- 
ess) , the time is ripe for a cassette player designed 
to realize the full potential of pre-recorded cas- 
settes. It is clearly possible now to make cassette 
releases that equal (and in some ways surpass) 
the sound quality of the best records. The 202 will 
yield everything any pre-recorded cassette can 
offer. 

The transport mechanism of the 202, very low in 
wow and flutter, is designed to stand up to heavy 
everyday use. It has a precise tape counter for easy 
location of recorded selections. Its controls are 
simple and positive in action. And its overall oper- 
ation day after day is easier than that of most 

record -playing equipment. Included with each 202 
is a head -cleaning cassette that helps make normal 
maintenance quick and simple. 

For schools, libraries, and other institutional 
users, a special version, the 202 HP, comes 
equipped with a headphone amplifier and jack. 
The 202 HP and a set of headphones provide about 
the lowest -cost high-performance sound system 
imaginable, one that will probably become a starter 
system or dorm system for some people with tight 
budgets and high aims. 

Using the coupon below will bring you full infor- 
mation on the 202 and a list of dealers where you 
can hear it. We also have compiled a complete and 
up-to-date listing of cassette releases employing 
the Dolby System that we will be happy to send 
you. 

We hope you will test our feeling that the time 
has come for a high-performance cassette player. 

Thank you. 

Send to : Advent Corporation, 195 Albany Street, 
Cambridge, Massachusetts 02139 
Please send information on the Advent 202 and a 
complete list of present cassette releases employing the 
Dolby System. 

Name 

Address 

City State Zip 

Advent Corporation, 195 Albany Street, Cambridge, Massachusetts 02139. 
Dolby is a trademark of Dolby Laboratories, Inc. Crolyn is a trademark of DuPont. 



if the connection to the base is removed, 
it is apparent that both batteries, for- 
ward and reverse, are in series. Elec- 
trons will now move through both diode 
sections, in the arrangement shown in 
Fig. 9. If the connection to the base is 
replaced, a small current will flow 
through it, and so the current through 
the reverse biased diode will now be 
slightly less than the forward biased 
current. 

The whole action of the transistor 
revolves around the fact that a relatively 
small a.c. voltage-possibly that sup- 

plied by a signal source such as a radio 
station, record or tape player-is used 
to control the current flowing through 
the transistor (Fig. I0). If this current 

OLLECTO 

SMALL RANCE 

PRODUCES LARGER 
VOLTAGE CHARGE MERE 

Fig. 10-Basic PNP transistor circuit. 
A small voltage change in the emitter - 
base circuit results in a much larger 
voltage change across the load resistor 
in the collector -base circuit. 

CAPSULE 
Model F -10-2T MARK IV 

Model F -10H 

Most of our Hi-Fi customers 

buy two speakers - NOW 
with 4 channel - many want 
another pair EXACTLY like the 

first pair. Frazier speakers 
provide sound that guaran- 

tees satisfied listening! The 

clear sounds from one pair 

of Frazier speakers only cause 

you to want another pair. 

Ask your dealer - he likes to 

demonstrate Quality! 

Write for color folder of 
Frazier speakers - and the 
name of your nearest dealer. 

3ER 
INCORPORATED 

Ask the Guy 
Who Owns a Pair 

...he likes 'RAZI£R 
SPEAKERS 

...he'd like to get 
another pair! 

1930 Valley View Lane Dallas, Texas 75234 
Ph: 214/241-3441 

is allowed to move through a resistor, 
a voltage will develop across that resistor 
having a waveshape that is a reasonably 
good reproduction of that of the original 
signal voltage. There is one important 
difference, however. It will be much 
larger, that is, it will have a greater 
amplitude. 

The action here is essentially the same 
as that obtained in the triode tube, ex- 
cept that the technique is different. In 
each case current or voltage is supplied 
by a d.c. voltage source-in the tube 
by a battery connected to the anode and 
in the transistor by a pair of biasing 
batteries. The current supplied by these 
d.c. voltage sources is made to vary 
directly in step with an a.c. signal. This 
current is then passed through a resistor 
and so the conversion process is com- 
pleted. We start with a small voltage, 
control a current, and then convert that 
current into an equivalent, but much 
larger, varying voltage. 

NPN and PNP 
Unlike triode tubes, transistors form 

two basic groups: NPN and PNP. The 
only difference is in the way in which 
the original semiconductors are placed 
back to back. PNP and NPN transistors 
work in the same way, but to maintain 
proper biasing polarity, their connections 
are opposite (Fig. 11). In the case of the 

SMALL VOLTAGE 
CHANGE HERE 

N -P -N 

B 

COLLECTOR 

B1T+ 

+ 
PRODUCES LARGER 

VOLTAGE CHANGE HERE 

BASE COLLECTOR 

EMITTER 

NPN 

Fig. 11 -The NPN circuit (A) is essen- 
tially the same as the PNP except that 
the batteries are transposed. NPN 
symbol (B). 

NPN, current flows from the emitter 
to the collector, while for the PNP cur- 
rent moves from the collector to the 
emitter. This is of no consequence to 
the output load resistor, for the amplified 
voltage developed across it is the same. 
All that is different is the polarity of that 
voltage. 

(To be continued) 
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BASF jamproof cassettes. 
Now all BASF cassettes feature 
jamoroof special mechanics." 
The most significant design 
breakthrcugh in the cassette 
marketplace today. Prevents 
jamming of invaluable record- 
ings. Eliminates wow and flutter. 
Prevents _ape edge dropouts. 

Finally, a cassette with 100% 
mechanical reliability. Buy 
BASF Cassettes with jamproof 
special mechanics. 

For the BASF dealer nearest 
you, write BASF SYSTEMS INC, 
Bedford, Massachusetts 01730. 

Tension spring in C1?O's prevent jamming due to tape loopihg. 

i 

Iwo precision guide -arms insure smooth precise winds to eliminate jamming. 

*Patent Pending Check No. 45 on Reader Service Card 

BASF, 

Audio/Video Products \ / 



The new Dual 1229. 
For those who want nothing less than 

a full-size professional turntable. 

. -:_. 

..----."-a-- 
roe +,r- ,.. .fy:-.r-...,--°. ...,`,.y,... .. ..-.- 



If you nowown a 1219, we don't believe 
you'll want to rush right out and trade it in 

for its successor, the 1229. But if you have 
been considering a 1219, we do believe the 
additional refinements of the 1229 will bring 
you closer to a decision. 

For example, the 1229 
has a built-in illuminated 
strobe for 33-1/3 and 45 
rpm. With a typical Dual 
innovative touch: an 
adjustable viewing angle 
that you can set to your Stylus pressure dial calibrated 

own most comfortable in tenths of a gram from 0 to 1.5 

grams; in quarters of a gram 

position. from 1.5 to 3.0 grams. 

Another refinement is on the stylus 
pressure dial which is now calibrated in tenths 
of a gram from 0 to 1.5 grams. This provides 
finer control in setting optimum stylus pressure 
for today's finest cartridges, designed for 
tracking in this range. 

Such refinements, while giving you more 
control over your Dual, don't actually affect 
its performance. Dual performance is a 

function of the total precision inherent in the 
design which has long made Dual's premier 
model the best-selling "high -end" turntable 
of them all. 

The gyroscope is the best known 
scientific means for supporting a precision 
instrument that must remain perfectly balanced 
in all planes of motion. That is why we selected 
a true gyroscopic gimbal for the suspension of 
the 1229 tonearm.This tonearm is centered and 
balanced within two 
concentric rings, 
and pivots around 

Illuminated strobe with adjustable 
viewing angle, from directly over- 
head to 20° away. 

their respective axes. Horizontal bearing 
friction is specified at less than fifteen 
thousandths of a gram, and Dual's unerring 
quality control assures that every 1229 will 
meet those stringent specifications. 

The platter of the 1229 is a full-size 
twelve inches in diameter, and cast in one 
piece of non-magnetic zinc alloy. Each platter 
is individually dynamically balanced. Dual's 
powerful continuous-pole/synchronous motor 
easily drives this massive seven pound platter 
to full speed in one quarter turn. 

A turntable of the 1229's caliber is 

used primarily in its single -play mode. Thus, 
the tonearm was specifically engineered to 
perform precisely as a manual tonearm: 
parallel to the record instead of tilted down. 
For multiple play, the Mode Selector raises 
the entire tonearm base to parallel the 
tonearm to the center of the stack. 

All these precision features and refine- 
ments don't mean that the Dual 1229 must 
be handled with undue care. On the contrary, 

like all Duals, it is quite 
rugged and virtually 
fool proof. 

So we're not being 
rash when we include a 

full year guarantee 
covering both parts and 
labor. That's up to four 
times the guarantee 

you'll find on other automatic units. 
Visit your franchised United Audio dealer 

and ask for a demonstration. 
We believe you will join the other 

"purists" who prefer Dual. 

The new Dual 1229, $199.50 less base. 

Dual 

United Audio Products, Inc., 120 So. Columbus Ave., Mt. Vernon, N.Y. 10553 
Exclusive U.S. Distribution Agency for Dual. 
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A Peak -Reading VU Meter 

With 
Compensation 

For 
Tape 

Saturation 

E.A. Ballik* 

IT IS WIDELY RECOGNIZED that peak 
recording levels can be considerably 
greater than the average levels. 

The majority of tape recorders employ 
average -reading VU meters, primarily 
because of circuit economics. Futher- 
more, VU meters generally have a fre- 
quency response which is relatively 
uniform in the region of 20 Hz to 20 
kHz. Unfortunately magnetic tape 
does not have a uniform frequency 
response, and therefore considerable 
recording experience is required with 
standard VU meters in order to achieve 
high signal-to-noise ratios together 
with low distortion. 

This article describes a simple, and 
relatively inexpensive, peak -reading 
VU meter circuit which can be used 
either at the high level output of a tape 
recorder (PHONE or LINE) or which can 

'McMaster Oniv., Hamilton, Ontario 
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Fig. 1-Record-playback response at 7Y2 ips. 0 VU corresponds to a 400 Hz signal 
recorded 8 dB below the 3% THD level. 

be incorporated into the recorder inself. 
The circuit also provides compensation 
for the recording and saturation char- 
acteristics of the tape medium. This 
compensated peak -reading VU meter 
circuit makes it possible to achieve the 
maximum available signal-to-noise ratio 
from the tape and ensures that THD 
and intermodulation distortion are kept 
at acceptable levels over the whole 
of the audio spectrum. 

A slightly modified two -track Revox 
A77 tape recorder and Scotch 206 tape 
were used for all the measurements 
reported below. The Revox meters were 
calibrated so that 0 VU corresponds to 
a 400 Hz signal recorded 8 dB below 
the 3% THD level. Playback response, 
as measured with an Ampex 21690010- 
01 two -track test tape, was well within 
± 1 dB. The unweighted record -play- 
back signal-to-noise ratio at 400 Hz was 
60 dB for 1% THD. 

Tape Record -Playback 
Characteristics 

Figure 1 illustrates the relative re- 

cord -playback response at 71/2 ips, taken 
at constant input with frequency. Curve 
A corresponds to record levels of -30 
VU and -20 VU. The only difference 
noticed during these two measurements 
was a decrease in the 20 kHz response 
of approximately ' dB at the higher 
input level. Curve B corresponds to a 
record level of 0 VU. The decrease at 
higher frequencies results from tape 
saturation. Clearly curve A would be 
the response quoted in manufacturers' 
literature or in test reports. 

Several parameters affect the high 
frequency response of the tape and 
consequently the saturation behaviour. 
Several of these are inherent in the 
tape. These include: 

Oxide Layer: The oxide material, the 
particle size, and the coating thickness 
can all have a significant effect. These 
effects can only be controlled in the 
tape manufacturing processes. Oxide 
coatings have been slowly but constantly 
improved in recent years and are ex- 
pected to continue to do so. 
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Pickering 
Music Power Cartridges 

"tell the truth, the whole truth 
and nothing but the truth:' 

100% 

There is only one truth in re- 
corded music-the sound that is in the 
record grooves. 

In the reproduction process, a lot 
of things can distort the truth. 

To begin with, the cartridge. 
An inefficient cartridge can rob 

music of its instrumental definition, 
of its overtones and harmonics in the 
upper frequency range. In these im- 
portant audio frequencies, some car- 
tridges suffer as much as a 50% loss 
in music power. Which means that 
what you are hearing is a half-truth. 

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. 

What's more, every Pickering 
XV -15 is designed to provide this 
optimum performance with specific 
record players. So, when you buy a 
Pickering XV -15 cartridge, we ask 
you to check its DCF (Dynamic 
Coupling Factor) rating with our 
DCF chart first, to make certain you 
get the model that's best for you. 
That way you just spend what you 
have to to get at the truth. In price 
ranges to suit your equipment. For 
more information write: Pickering & 
Co., Inc., Dept. D , 101 Sunnyside 
Blvd., Plainview, New York 11803. 

PICKERING 
"for those who can hearl the difference" 

All Pickering cartridges are designed for use with all two and four -channel matrix derived compatibles stems. 
Check No. 49 on Reader Service Card 
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Fig. 2-NAB standard reproducing characteristic. Reproducing amplifier output for 
constant flux in the core of an ideal reproducing head. 

lo 909 

Fig. 3-Revox A77 record amplifier response. The curve is essentially the same for 
both 33/4 and 7Y2 ips. 
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Fig. 4-Tape distortion -saturation data. Curves are given for 7Y2 ips. Those below 
1 kHz correspond to THD; those above 1 kHz to the output in decibels below the 

peak saturation output. 

Penetration Losses: At low frequen- 
cies the full depth of the tape is mag- 
netized. With higher frequencies (i.e. 
short recorded wave -lengths) the depth 
of magnetization decreases, until only 
the surface of the oxide coating is mag- 
netized. The high frequency recorded 
intensity is therefore decreased. Pene- 
tration losses for a given oxide can only 
be modified by varying the tape thick- 
ness. However this usually affects other 
parameters such as tape uniformity and 
signal-to-noise ratio, particularly at 
lower frequencies. 

Self -Demagnetization: At high fre- 
quencies the recorded magnetic poles 
are closely spaced and thereby cause a 
decrease in the recorded signal. This 
effect is usually small. However it can 
increase with storage time of the re- 
corded tape. Losses of a few decibels 
at the highest recorded frequencies are 
possible after storage of several years. 

Other sources of high frequency 
losses are primarily caused by the tape 
recorder characteristics. These include: 

Recording Demagnetization: Increas- 
ing the recording bias results in high 
frequency attenuation (i.e. self -erasure). 
A low bias cannot be used because it 
would result in high distortion levels. 
Generally the optimum bias is charac- 
teristic of the particular tape used. 

Head Losses: The playback output 
drops to zero when the playback head 
gap is equal to a recorded wavelength. 
The effect can be made negligible by 
the use of an extremely narrow gap. 
This will result, however, in a very 
small output, with decreased signal-to- 
noise ratio. In practice a compromise is 
made in the gap size which results in 
significant head losses at the higher 
recorded frequencies. 

Equalization to compensate for high 
frequency losses is carried out in both 
the record and the playback amplifiers. 
In order to allow interchangeability of 
recorded tapes a standard playback 
equalization is used in the better audio- 
phile recorders and in professional 
equipment. The current standard repro- 
ducing characteristics used in North 
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Your next receiver 
should have 3 things 

missing. 
The input transformer. 
The output transformer. _- 

Ard the output capacitor. 
Because when you cut 
those three things out of a 
receiver, you cut down on a fourth 
thing. Distortion. We do it with a 
system called d_rect coupling. 
And Panasonic puts it in all its 
FM/AM/FM Stereo Receivers. 

With this system the amplifier 
circuit is coupled directly to the 
speaker terminals. To improve 
transient response and damping. 
So there's less than 0.8% harmonic 
distortion. To heb you hear only 
the sound of music. 

The sound of the SA -6500 is 
really something tD listen to. With 
a fall 200 watts of power (IHF). 
To all even a big room with music. 
And. there's also a power band 
width of 5 to 60,000 Hz. 

CONVENTIONAL METHOD 

The SA -6500 also has two 4 - 
pole MOS FET's. That provide 
1.8,uV FM sensitivity. To pull in 
FM stations that are too weak or 
too far to make it on their own. 
Integrated circuitry and a crystal 
filter improve the capture ratio. 
And there are low -filter, high -fil- 
ter, and loudness switches. So the 
music comes out closer to the way 
it started out. And an FM linear 
dial scale and two tuning meters. 
To make the music you want just 
a little easier to find. 

You can also find that music on 
the SA -6200. With 150 watts of 
power. Plus 2 RF stages and 6 
IF stages. To provide selective 

"L``htiç Íó. ` 'on ssdér ®r"v ca Car'. 

station tuning. And there 
are PNP low -noise silicon 
transistors in the differen- 
tial amplifier drive -stage. 
To give almost noise -free 

performance. No matter who's 
performing. 

For less money you can still get 
a lot of power. From our SA -5800. 
With a full 100 watts. The SA - 
5500. With 70 watts. Or our new- 
est receiver, the SA -5200. With 
46 watts. And some of the fea- 
tures you'll find in our more ex- 
pensive stereo receivers. 

So before you get your next 
receiver, see your franchised 
Panasonic Hi-Fi dealer. He'll 
show you what should be miss- 
ing. So you don't miss out on 
anything. 
FOR YOUR NEAREST FRANCHISED 
PANASONIC HI-FI DEALER, CALL TOLL FREE 
800 243-6000. PN CONN., 1-800 882-6500. 


