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PL -P 43f) 

ie best 
e, get a Pioneer. 

PL -55X 

Both units are even equipped with 
a strobe light directed at the strobe 
marks for easy viewing. 

Combine the best automatic features 
with manual operation 
While many hi-fi enthusiasts demand 
completely manual turntable opera- 
tion, there are many purists who 
prefer semi -automatic operation. 
Pioneer provides this extra con- 
venience in the PL -55X and PL-15D/II. 
Both models incorporate automatic 
tonearm return and shutoff. When 
the record has 
finished playing, 
the tonearm auto- 
matically returns 
to the arm rest 
and the power is 
turned off. 

Automatic tonearm 
return and shutoff 

Fully automatic operation 
in single -play 

The PL-A45D 
is completely 
automatic. You 
don't ever have to 
touch the tone - 
arm when you 
play your records.. 
This 2 -motor 
model has a 
special precision 

gear motor to exclusively handle 
automatic tonearm lead-in, automatic 
return, automatic shutoff and repeat 
play. And when you prefer, you can 
switch to fully manual operation. 

The PL -71 and PL-12D/II, at 
both ends of Pioneer's turntable 
lineup, offer the total involvement 
that can only be attained by 
completely manual operation. 

Superb S-shaped tonearms 
for better tracking 
The tonearm of every Pioneer turn- 
table system is the S -shape design, 
for optimum groove 
tracking. All are 
statically balanced 
and all use adjust- 
able counter- 
weights with direct 
reading of tracking 
force. All have 
adjustable anti - 
skate control and 
oil -damped cueing 
for the gentlest 
application of stylus tip to record 
groove. Lightweight plug-in cartridge 
shells insure positive electrical 
contact and optimum stylus position 
and angle for lower distortion and 
reduced record wear. 

S shaped tonearm 
tor better tracking 

Unexcelled performance 
Still, all of these features and refine- 
ments do not guarantee the perform- 
ance specifications of Pioneer's new 
turntables. Each tonearm and turn- 
table platter combination is shock 
mounted in its specially designed 
natural grain base (with hinged dust 
cover). Precision machining of all 
rotational parts plus continuous 
quality control insure that each will 
meet or exceed its published specifi- 
cations -a time honored tradition 
with all Pioneer components. 

Choice of the professionals 
Engineers, experts and enthusiasts 
agree: to get the best performance, 
select a manual turntable. And to get 
the best manual turntable, you need 
a Pioneer. Every Pioneer manual 
turntable offers a level of precision 
and performance unparalleled in its 
price range. And every one is a total 
system - with dust cover and base - 
designed for years of professional, 
trouble -free sound reproduction. 

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



For the 
manual turntabi 

The manual turntable is rapidly 
becoming the first choice of hi-fi 
enthusiasts everywhere. The reason 
why is quite simple. Today's 
enthusiasts are more knowledge- 
able, more sophisticated and more 
involved with their music. And only 
the manual turntable can provide 
the involvement and performance 
they demand. 

At Pioneer, this trend comes as 
no surprise. We have long recognized 
the superiority of the manual turn- 
table. And long recognized a simple 
fact: a record changer in no way 
improves performance. It can detract 
from it. 

As a result, we now offer the 
finest and most complete line of 
manual turntables available. Manual 
turntables that are designed with the 
needs of today's hi-fi enthusiast in 
mind. Turntables that are engineered 
for precision response. 

When you get right down to it, 
good record playing equipment really 
has only two requirements: uniform 
rotation of a turntable, and accurate 
tracing of a record groove by a tone - 
arm and its cartridge. 

Pioneer's engineers have long 
recognized that these requirements 
are best met by single -play turntables 

and precision engineered tonearms. 
Our five new belt -drive and direct - 
drive turntable systems mean you 
needn't settle for the higher wow and 
flutter and the poorer signal-to-noise 
ratios (rumble) of record changers. 
Whether you've budgeted $100 or 
$300 for this vital element of your 
high fidelity system, there's a Pioneer 
turntable that outperforms any record 
changer in its price class. 

Consider the performance advantages 
Belt -drive, featured in Pioneer's 
PL-12D/II, PL-15D/II and PL-A45D, 
means smoother, more uniform 
platter rotation than can be achieved 
with typical idler-wheel/pulley 
arrangements normally found in 

record changers. Even changers 

Belt -drive for Direct -drive motor 
rumble -free rotation reduces friction 

equipped with synchronous motors 
transmit vibration to the turntable 
platter. This is picked up as low - 
frequency rumble by the tonearm and 

cartridge. By driving the platter with 
a precision -finished belt, vibration is 
effectively absorbed before it can be 
translated to audible rumble. 

Pioneer's direct -drive models, 
PL -55X and PL -71 go even a step 
further in achieving noise -free, 
precision platter rotation. The DC 
electronically controlled servo -motors 
used in these models rotate at 
exactly the required 331/3 and 45 
rpm platter speeds. Their shafts are 
directly connected to the center 
of the turntable, with no intermediate 
pulleys or other speed reduction 
devices. This means no extra friction - 
producing bearing surfaces. 

Because of the unique technology 
embodied in these new, direct -drive 
motors, it's possible to control their 
speed electronically. This is more 
precise than any mechanical drive 
system. Both our PL -55X and PL -71 

offer individual pitch control for both 
331/3 and 45 rpm 
speeds. Their turn- 
table platters are 
edge -fitted with 
stroboscopic 
marks, so you can 
adjust precise 
speed while a 

record is playing. ment for each speed 
Electronic speed adjust- 



 For 
the best 

performance, 
get a manual 

turntable. 



There's a Pioneer turntable that's just righ-. for your needs 

Madel PL-12D/II PL-15D/Il PL-A45D PL -55X PL -71 

T"Pe Manual Semi -Auto Fully Auto. Semi -Auto. Manual 

E 'ive System Belt Belt Belt Direct Direct 

E ive Motor -pole synch. 4 -pole sync -i. 4 -pole synch. DC servo DC servo 

E Deed Control ± 2% ± 2% 

N (RUMBLE) Over 48dB Over 48dB Over 47dB Over 58dB Over 60dB 

\now & Flutter (vW R -s) 0.08% 0 08% 0.07% 0.05% 0.05% 

Tpnearm Type Static Bal. "S" Static Bal.' S" Static Bal. "S" 
TDnearm Lengtf 8"/6" 81/6., 

Turntable Dia. 12" 12" 12" 

Price $99.95 $129.95 $169.95 

Static Bal. "S" 
8216.. 

121/4" 

$249.95 

Static Bal. "S" 

83/4" 

121/4" 

$299.95 

a PIONEER' 
when you want something better 

Check No. 5 on Reader Service Card 
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The oscillograph you 
see is an actual photo 
of a high -quality audio 
system "playing" a 
fingerprint. 
You're hearing finger- 
prints now through 
your speaker system. 
Instead of the sound 
your precious discs 
are capable of. And 
no vacuum record 
cleaner, brush -arm 
or treated cloth will 
remove them. None. 

The sound 
of your 

fingerprint 

Actual, 
unretouchea 
photo of an 
oscillograph 
test. 

But Discwasherrr-with new 
fluid-removes fingerprints 

mpletely. Along with dust. And 
manufacturing lubricants (added 
to make pressing faster) that can 
act like grove -blocking finger- 
prints. All this cleaning without 
pulling polymer stabilizers from 
your vinyl discs. 
Discwasherrr The only safe, 
effective way to silence the 
printed finger. At Audio 
specialists world wide. 

Dlscwasher, Inc. 
909 University, 
Columbia, Ma- 65201 
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BELT DRIVE ISN'T NEW. 
MULTIPLE PLAY ISN'T NEW. 

A TURNTABLE THAT COMBINES BOTH IS NEW. 
READ ALL ABOUT IT. 

Back in monophonic times, turntable motors drove 
platters through a series of wheels called "idlers". 

Many automatics and changers still use this system. 
In those days, records and playback systems were still 

relatively unsophisticated, so the distortions an idler drive 
system created didn't matter much. 

Today, however, distortion is a critical problem. With 
recordings of increased dynamic range, wow, flutter and 
rumble must be reduced to inconsequential levels. 

A belt -drive system is light years ahead of idler drive 
in that department. 

And here the belt is driven by a unique motor found 
only in BIC turntables. It is a 300 RPM, 24 -pole motor 
and it is inherently freer from noise and vibration than the 
1800 RPM units with from 2 to 16 poles, which are stand- 
ard in even the best of the conventional automatics. 

The advantage of Programmed Multiple Play 
The 980 and 960 are not record changers. 
They are belt -drive Programmed Turntables which 

are engineered to play as many as 6 records at a time. 
They have a 2 -point record support system which is 

far less complicated and far more reliable than any um- 
brella spindle we've ever seen. 

But an even more important advantage is this. 
An automatic record handling system like the one on a 

BIC turntable can handle a single record, or 6 at a time, 
perfectly. No false drops. No bouncing and skating a dia- 
mond stylus across the grooves. It eliminates human error, 
and human error is what damages the sidewalls of your 
record grooves forever. 

The simplicity factor 
The 980 and 960 have the visibly lower profile of 

single -play manual instruments. They've been engineered 
to be simple machines, so they have fewer parts and fewer 
potential problems. 

They abound in innovations. In the tone arm, the 
cartridge shell, the program panel, the entire system. 

We can send you more detailed information if you 
write to Dept. 6A , British Industries Co., Westbury, L.I. 
11590; or better yet, see them at your local audio specialist. 

Check No. 8 on Reader Service Card 

Copyright 1974 B -IC is a trademark of British Industries Co. Westbury. New Yak 11590. A division of Avnet Inc. 

This is the 980 with 
solid state speed control and strobe. 

About $200.* The 960 is identical 
except for these two features. About $150.* 

Less base and cartridge. 



Audioclinic 

Recording Directly onto Discs 
Q. In the January, 1974, issue of AU- 

DIO, page 8, there is a reference to 
the "direct disc method." Please ex- 
plain how the method is accomp- 
lished and compare it to the normal 
way in which discs are cut.-Scott C. 
Lewis, La Feria, Texas 

A. Most disc recordings nowadays 
start as tape recordings. The use of 
tape offers conveniences, such as edi- 
ting, which were not available when 
recordings were made directly onto 
discs. (Before tape equipment was in 
common use, all recording was made 
directly onto master discs.) When re- 
cording directly onto discs in the earl- 
ier days of the art, a mistake meant 
that the disc was wasted, and that the 
performance would have to be started 
from the beginning. Further, today's 
recording techniques make it pos- 
sible for one performer to play sever- 
al instruments because of a tech- 
nique known as "over -dubbing." This 
is practical only by way of special tape 
machines which can hold 16 or even 
24 tracks, recorded on a tape which is 

two inches wide, rather than the quar- 
ter -inch tape widths we use on home - 
type, open reel tape recorders. 

Some claim, however, that, if we 
use today's cutting systems, it is pos- 
sible to make direct disc recordings 
which are better than those made 
under similar conditions many years 
ago, when the 78 rpm disc was king. 
Forgetting about editing problems 
and over -dubbing possibilities, re- 
cording directly onto a disc, rather 
than making the original on tape and 
then dubbing that tape onto a disc, 
saves a copying step. Each copying 
step, no matter how good it may be, 
still produces some losses. The copy is 

not quite as good as the original. 
In summary, recording directly 

onto a master disc can produce a re- 
cording which has more "transpar- 
ency," more a feeling of "being 
there." However, any musical or tech- 
nical mistakes cannot be corrected. 
Further, if something happens to the 
master disc, the entire process would 

Joseph Giovanelli 

have to be repeated. This means that 
the performers would have to be re- 
hired. With today's high costs, this 
would make a re-recording a very ex- 
pensive matter. 

Frequency Ranges of Voices and 
Instruments 

Q. What are the frequencies of 
musical sounds which singers and or- 
chestral instrumentalists can pro- 
duce?-Louis Goldfarb, New York, 
N.Y. 

A. The frequency range covered by 
a vocalist or instrumentalist depends 
in great part on the skill of the per- 
former, as well as on the type of voice. 
Therefore the information here is 

only approximate. 
The so-called "high C" sung by a 

soprano is just a bit above 1,000 Hz. 
Her lowest note is two octaves lower, 
around 250 Hz. The singer won't gen- 
erally be capable of producing much 
vocal power at this lower frequency. 
An alto might have a range from 175 
to 700 Hz. A tenor can sing over the 
range of frequencies between 125 and 
500 Hz. A bass can sing from about 85 
to 350 Hz. 

The organ covers a much wider 
range of frequencies. Its pedal tones 
start at 32 Hz, and some organs even 
go down another octave to 16 Hz, 
though it takes 32 -foot pipe to do 
this. The highest fundamental tones 
of the organ go up beyond 4 kHz. 
The lowest tone produced by the 
bass viol is 41 Hz, while its highest is 
about 250 Hz. I've heard skilled jazz 
bassists produce even higher notes. 
The violin and trumpet cover a fre- 
quency range from about 190 Hz to 1 

kHz or higher. 
Note that the frequencies men- 

tioned above are all fundamentals. All 
musical tones have harmonics (over- 
tones) which contribute a great deal 
to the timbre, or distinctive sound 
quality of the various voices or in- 
struments. These harmonics are mul- 
tiples which may go as high as eight or 
nine times the basic frequency. 

Adding Capacitance to Phono 
Pickup 

Q. My problem is finding the right 
phono cartridge for my turntable, 
Technics SL -1100A, which has a low 
capacitive load of 165 pF for the en- 
tire unit, including the cable and the 
internal arm wiring. 1 want to use 
Shure V-15 type Ill or Ortofon M -15E 
Super phono cartridge with it, but 
they should be used with a relatively 
high capacitive load. I prefer not buy- 
ing a stereo/4-channel cartridge to 
solve my problem. 

I do not know the input capaci- 
tance of my preamplifier. Can I in- 
crease the total capacitance some- 
what to obtain the flattest overall res- 
ponse from these cartridges? What 
would be the effect on the overall res- 
ponse if I use these cartridges with 
such a low capacitive load? -Robert 
Chang, Ithaca, N.Y. 

A. Let us assume that you require, 
say, 400 pF to obtain flat response 
from the cartridge you purchase. To 
do this you must add capacitance to 
the system input. The amount of 
capacitance already in the preampli- 
fier input is very low, and may for this 
purpose be ignored. In your case you 
would need to add 235 pF to bring the 
total up to 400 pF. The simplest way to 
accomplish this is to open up your 
amplifier and solder in a capacitor or 
group of capacitors which equals this 
value, across the terminals of each 
phono input jack. 

The added capacitance can be read- 
ily removed if you change cartridges 
later. 

If there is room in the amplifier and 
if you have the needed patience and 
test equipment, you can solder in ad- 
justable trimmer capacitors so that 
you can adjust their effective capaci- 
tance to get the flattest possible fre- 
quency response for any particular 
cartridge. 

If you have a problem or question on tape recording, 
write to Mr. Herman Burstein at AUDIO, 134 North 
Thirteenth Street, Philadelphia, Pa. 19107. All letters 

are answered. Please enclose a stamped, self- 

addressed envelope. 

4 AUDIO JUNE, 1975 
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APPROACHING THE ULTIMATE 
Amplification by Bose 

The ultimate in audio amplification is more than the achievement of audible perfection. It is also flex- 
ibili y of operation, long term reliability, and adaptability to all future signal sources. Through excel- 
lence in Design and construction, the Bose 4401 Stereo/Quadriphonic Preamplifier and the Bose 1801 
Powe- Amplifier establish standards of performance far beyond those of conventional components. 

THE 4401 PREAMPLIFIER features stereo and true quadriphonic operation; a new concept in phono 
circuit design for the lowest possible noise; flexible tape recording circuitry or two tape recorders with 
full use of tone controls and filters during recording; internal provision for plug in of up to 3 multi- 
channel decoders; professional "line driver" output circuitry; modular printed circuit board construc- 
tion including horizontal mounting of input and output connectors for ease of installation. 

THE 18)1 POWER AMPLIFIER offers extreme reserves of power for reproduction at true concert hall 
volume n virtually any listening environment; complete speaker and input switching provisions; in- 
stantaneous light emitting diode display of power output in addition to standard meters; exception- 
ally conservative design, 14 power transistors, 1300 square inches of heat sink and modular construc- 
tion of each amplifier section. 

The 44(1 Preamplifier and 1801 Power Amplifier. By design and construct on the nearest approach 
to the ultimate in audio amplification. From Bose. For information, write to us at room AE. 

The Mountain, Framingham, MA 01701 



Tape Guide 

Tape Deck Minus Electronics? 
Q. 1 am considering the purchase 

of a tape transport which has no elec- 
tronics. Does this use regular stereo 
preamps, or is there a certain kind to 
get? Is there anything else needed be- 
sides the preamps?-Ed Hansen, Jr., 
Akron, Ohio. 

A. I strongly advise against buying 
just a tape transport with the idea of 
adding electronics unless you intend 
just to play prerecorded tapes. In such 
case you connect the playback head 
to the Tape Head input of an ampli- 
fier (Many amplifiers, though not all, 
have such inputs.). If your amplifier 
lacks such an input, you can get a 

separate playback preamp to provide 
amplification and equalization (bass 
boost). These amps are available from 
audio stores and catalog houses. 

If you wish to record, then you 
need record electronics, a much more 
elaborate affair which includes equa- 
lization (mainly treble boost), ampli- 
fication, bias current to the record 
head and to the erase head, and a re- 
cording level indicator. I don't know 
where you can buy such electronics 
other than in a recorder. 

More On Dolby 
Q. I am considering the purchase 

of a cassette deck. Several of the new 
recorders which use the Dolby sys- 
tem seem tempting, but I'm puzzled. 
Since many of my tapes will be pre- 
recorded without benefit of Dolby, 
will they suffer from playback de - 
emphasis on a Dolby deck? Is it ex- 
pected that pre-recorded cassettes 
will be Dolbyized soon? Do decks 
provide for switching the Dolby cir- 
cuits in and out?-John F. Motch, 
Sunnyvale, California 

A. More and more cassette ma- 
chines, and open -reel ones as well, 
will be using the Dolby B system. They 
without exception will include a 

switch for taking the Dolby compen- 
sation out of the system, so that pre- 
viously recorded tapes can be played 
back properly. There are increasing 
signs of Dolbyized pre-recorded tapes 
in cassette and open -reel form. 

Herman Burstein 

Making Quieter Recordings 
Q. Would I profit by taking one of 

the following actions? (1) Having the 
bias adjusted on my TEAC for low - 
noise Scotch 203 tape. (2) Purchasing 
an Advent 101 Dolby Noise Re- 
duction System for use with my TEAC 
and standard Scotch 150 tape. If I 

adapt my TEAC to use low -noise tape, 
what effect would this have on my 
recorded Scotch 150 tapes?-Edward 
R. Kosek Jr., Killeen, Texas 

A. If you find that tape noise is al- 
ready very low and therefore not a 

problem, it would seem that you 
would settle for the simpler and less 
costly of your two alternatives, name- 
ly to have your machine adjusted for 
low -noise tape. These adjustments 
involve only the record electronics. 
Playback of previously recorded tape 
would not be affected. 

FM Recording From TV Antenna 
Q. I live 60 miles from Atlanta, and 1 

want to record from my stereo re- 
ceiver which uses an antenna intend- 
ed for black and white TV. When I 

listen to FM, the meter pointer never 
goes all the way to the 5 position, but 
stops near 4. Should I get a separate 
FM antenna? I have another TV anten- 
na designed for color. Should 1 use 
this antenna, with a splitter?-Alex- 
ander Stewart, Tallapoosa, Georgia 

A. In fringe areas it is often desir- 
able to use an antenna designed spe- 
cifically for FM, rather than one 
designed for a broader range, as is the 
case with TV. On the other hand, TV 
antennas designed for color are often 
adequate for FM as well (unless 
designed to omit the FM range). If 
your FM programs come in noise - 
free, particularly on stereo, the an- 
tenna you are using is satisfactory. 

Squeal From White Box Tape 
Q. Several of my older recording 

tapes, on 7 -in. reels, cause a very 
annoying high-pitched squeal when 
played back. Newer tapes don't 
squeal. It seems to be a mechan- 
ically -produced sound, although the 

vibration also distorts the audio out- 
put. The tapes are 1800 -foot Mylar, 
supposedly lubricated (according to 
the box), priced at $1.99. I've cleaned 
and lubricated the record, erase, and 
playback heads and tape guides, but 
still get the squeal. I use a Wollensak 
T-1500 machine, which has had 
moderate use and no head replace- 
ments.-Kenneth N. Sewall, 44 Lake- 
wood Terrace, Bloomfield, N.J. 

A. Apparently you are experienc- 
ing one of the problems that accom- 
pany use of cheap white box tape. Not 
that high -price, high quality tapes are 
always free of such problems. But 
there is substantially less risk of run- 
ning into problems with better, name 
brand tapes. I know of no really good 
suggestions beyond the measures 
which you have already tried. It may 
be necessary for you to throw away 
the tapes that give you trouble. 

Where Can I Find...? 
Q. I am interested in three hi-fi 

items, but I'm having difficulty 
locating them. First is a converter 
which will power an eight -track tape 
player in a car with a six volt system. 
The others are containers for open - 
reel and 8 -track cartridge tapes. I 

need something more sturdy than the 
containers provided with pre- 
recorded and blank tapes-David S. 

Johnson, APO, San Francisco 
A. Metal containers for open reel 

tapes can be obtained from photo- 
graphy stores (these are used for film 
reels). With respect to the other 
equipment you are seeking, I suggest 
that you check your local phone book 
and those of nearby cities for parts 
stores. If none are close enough, write 
to Lafayette Radio, Box 88, Syossett, 
N.Y. 11791, or to Radio Shack, 2617 
West Seventh St., Fort Worth, Texas 
76017, asking for their (free) catalogs. 

If you have a problem or question on tape recording, 

write to Mr. Herman Burstein at AUDIO, 134 North 

Thirteenth Street, Philadelphia, Pa. 19107. All letters 

are answered. Please enclose a stamped, self- 

addressed envelope. 

8 AUDIO JUNE, 1975 
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T EAC 
The leader. Always has been. 
TEAC Corporation of America, 7733 Telegraph Road, Montebello, California 90640. 

a stereo deck... 
Play pre-recorded tapes, 
or [rake them yourself - 
tailcred to your specific 
tastes, your changing 
moods. 

a 4 -channel deck... 

En_oy the exciting world 
of true 4 -channel sound - 
four discrete tracks on 
tape. 

a 4 -track Simul-sync 
recorder... 
If you play a musical 
instrument, or know 
someone who does, take 
full advantage of the 
A -2340's music making 
capabilities. With Simul- 
svnc, you can record 
each part of the tune, 
one track at a time, 
in synchronization, until 
all of the music is the 
best it can be. 

a superb machine for 
only $739.50... 
Na matter how you use 
the A-2340 - to learn, to 
create, to enjoy - you can 
count on using it for a 
lcng time. It was made to 
m.ithstand the paces you'll 
put it through. And that's 
as it should be. 

We gladly invite 
cjmparisons, and we'd 
lice you to hear the 
A-2340, to operate it 
yourself. You'll find that 
our retailers are well 
informed and helpful in 
general, rare qualities 
so there can't be many of 
them. You can find the 
one nearest you by calling 
{800 447-4700e We'll pay 
for the call. 

*In Illinois, call (800) 322-4400. 



priceless asset. It has been their support in the face of econ- 

omic adversity, which has made the audio industry at least 

recession -resistant, if not recession -proof. Much of this sup- 

port has come from the purchase of high -end equipment. 
The ongoing sales success of expensive audio equipment is 

phenomenon unto itself. For example, most open -reel tape 

deck sales these days are in the $600 and up category, with 
plenty of action in the $1100 to $2000, four -channel -with - 
sync -track units. I am told that it is almost impossible to sell 

cassette decks without Dolby noise reduction, with $300 

about the average price, and with good sales in the $450 to 

$600 class. Sales of expensive high class preamplifiers, power 
amplifiers, and FM tuners up to $2000 have remained 
healthy, with some manufacturers actually in a back -order 
position. The higher -priced, more esoteric speaker systems 

are faring well, as are the fancier turntables, tone arms, and 

phono cartridges. In talking to a number of high -end manu- 

facturers, they have told me that not only has their business 

been good in this country, but they have enjoyed excellent 
export sales. 

"In a world with ever -shrinking standards of 
quality, good audio equipment is one of the 
few products that offers honest value for the 
money." 

I asked the head of one of the oldest and most presti- 
gious electronics manufacturers in this country why the 
high -end business had done so well in spite of the poor 
economic climate. He explains, "In a world with ever - 

shrinking standards of quality and excellence, good audio 
equipment is one of the few products that offers honest 
value for the money." He is right, of course. Value is the key 

word. In spite of some flirtations with mass marketing, the 
audio industry is still oriented towards a quality product. It 

may sound corny, but it is true that most audio manufactur- 
ers represent the last vestiges of the old time craft and guild 
organizations where excellence of materials and pride of 
workmanship were the guiding philosophies. Name me 

another product in today's world that can compete in value 
received for dollar spent with audio components. It's pretty 
difficult to come up with one. I'm not saying that some 
shoddy audio gear doesn't reach the marketplace; it does. 
Fortunately for us, this is the exception, rather than the rule. 

The relative success of the high -end manufacturers not- 
withstanding, even allowing that we are a recession -resist- 

ant industry, it is obvious that some sort of shot in the arm is 

needed to stimulate the overall sales picture. Well, fellas, 

guess what happened .... the audio industry has rediscov- 

ered a thing called quadraphonic sound. I am not saying this 

cynically, and I am not saying that the powers that be cast 

frantically around looking for a sales gimmick. The fact is 

that the time was right, since many of the problems which 

thwarted the growth of quadraphonic sound have been re- 

solved. Thus, by the time you read this, a massive promo- 
tional effort to really get the consumer involved with quad- 
raphonic sound will be well under way. 

Pioneer, in particular, is mounting an all-out campaign to 

convince people of the virtues of the medium. They will be 

featuring several specially -packaged quadraphonic systems 

and advertising them in the hi-fi press, in nation-wide maga- 

zines, and in extensive radio and TV promotions. Other 
major companies are behind the four -channel push, and re- 

cord companies are also contributing to the drive. One of 

the most significant aspects of this new quadraphonic pro- 

motion is that virtually all of the hardware and software 
manufacturers have adopted the policy of boosting quad- 
raphonic sound as an entity desirable in itself and are soft- 
pedaling the competitive differences between SQ, QS, and 

CD -4. And rightly so. There have been important techno- 
logical advances in all of the four -channel systems, which 
have resulted in considerable improvement in their per- 
formance characteristics. Coexistence of the quadraphonic 
systems is, more than ever, the order of the day, especially 
since it appears the digital quadraphonic disc, a spin-off of 
some of the video disc systems, is still some time off in the 
hazy future. 

All of this activity means that at the upcoming Consumer 
Electronics Show in Chicago, we should see a plethora of 
new quadraphonic equipment, even though the new four - 
channel promotion is just beginning, and the lead time may 

be too short for some manufacturers. You can expect a new 

generation of quadraphonic receivers with universal facili- 
ties for SQ, QS, and CD -4. This time around, with IC chips 
available for all the systems, in various degrees of circuit 
sophistication, none of the systems should get short- 
changed performance -wise. 

While today's receivers are marvels of convenience and 

performance, they are just not my bag. I am an unyielding 
proponent of the separate preamplifier and power ampli- 
fier, and there are thousands of audiophiles who feel the 
same way. For us die-hards, there will be new quadra- 
phonic preamps and amplifiers. There will also be some very 

intriguing add-on units which will combine state-of-the-art 
decoding facilities for all the four -channel formats, plus 

heavy emphasis on ultra -sophisticated synthesizer circuits, 
and in at least one case, a delay circuit for ambience gen- 
eration! In the case of CD -4, you will see the appearance of 
IC ch,ip demodulators, such as the Technics SH400, which 
has been very impressive. There will be new CD -4 cart- 
ridges from several companies not previously in this field, 
and even some second generation CD -4 cartridges such as 

the new Pickering XUV/4500Q. All in all, there should be 

plenty of four -channel hardware in every product category 
at the CES. 

The big question is, of course, will all this new equip- 
ment and impressive advertising campaign be sufficient 
stimulus to create a broad new market for quadraphonic 
sound? And in so doing, will it give a much -needed boost to 

the audio industry in these parlous times? 

I think there is a good chance of success ... if a substan- 
tial amount of those advertising dollars is spent on educa- 
ting dealers and consumers alike on the merits of quadra- 
phonic sound. This means, most specifically, properly set- 

up, intelligent, and interesting demonstrations using the 
highest -quality source material for each format. It means 

reasonable regard for the acoustic environment in which 
the demo takes place. It means clean styli and clean re- 

cords, maintained in that condition. It means asking the 
prospective customer whether he likes classical or pop 
music, before he is alienated by force-feeding him the 
wrong kind of music. It means truly knowledgeable sales 

people, who can simply, but effectively, explain what quad- 
raphonic sound is all about ... the differences between sur- 
round and ambient quadraphony, etc. It means, among en- 
lightened dealers, the establishment of loan programs for 
auditioning quadraphonic equipment in the home. 

I can say this unequivocally ... much has been learned 

about the recording of quadraphonic sound and such is the 

technical excellence of the hardware available in each for- 
mat, that it is no problem at all to give a totally convincing 
demonstration of quadraphonic sound. 

Let's hope the new quadraphonic promotion will prove 
to be a rousing success. 
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October, 1974, Audio, pp. 16, 17) Mr. Canby replies: 

But Mr. Canby's dissertation on the If Dr. Starr in fact had such a woe - 

value of tapes versus transcripts is so fully small budget that he was forced 

lop -sided it cries out for rectification. to erase his tapes in order to use them 

Even readers of Audio, for example, again, then the case is worse than I 

must marvel at his conclusion that the thought in respect to the "majesty" of 

Nixon debacle proved tapes more im- Columbia University. 

portant than transcripts. The fact of I do not think that any of us can 

the matter is that the White House quarrel with Dr. Starr concerning his 

transcript of a previously secret Nixon many years of devotion to the Oral 

conversation is what blew him clean History project, but I would like to 

out of the White House. The tran- suggest (as I already have to him) that 

script itself was so incriminating, in my type of report is not intended to 

light of past denials, that no nuance in be strictly neutral but, rather, to get at 

his voice could have saved him. No the truth by establishing another 

one even asked to hear the tape! point of view. In a sense, this is the 

Like Mr. Canby, I devoutly wish we time-honored adversary system of our 

had saved all of our tapes from the courts, each side presenting a case, 

start, but as the fellow who has put 20 with our readers sort of a jury. 

years into building Oral History at I did not feel it necessary to point 

Columbia, I scarcely recognize my- 

self in Mr. Canby's "the great Col- 

umbia Oral History, in all its majes- 

ty." The great Columbia Oral History 

was so flat broke in its early years that 

we were forced to reuse our tapes as 

soon as they were transcribed. 
It is not "the mighty" Columbia 

University that keeps us alive, but our 

own efforts to respond to the needs o 

the scholarly community. That com- 

munity opts for transcripts over tapes. 

For every scholar who asks to hear a 

tape, there are roughly a thousand re- 

quests for transcripts. 
Why should it be so? Scholars, of 

course, are print oriented, but the 

reasons go beyond that. For one, they 

see the transcript as more like a legal 

deposition than the tape: it has been 

read over, corrected, and allowed to 

stand by the oral author, and is there- 

fore more reliable than the first 

"draft" on tape. Secondly, the tran- 

script is easily indexed, and one can 

cite and quote passages with page 

numbers, rather than worry about 

finding the passage on a tape, and 

then fretting whether one heard the 

words correctly the first time. 
Nor is Columbia's experience uni- 

que. Other oral history projects, in- 

cluding some that have gone out of 

their way to encourage tape listen- 

ing, report the same overwhelming 
preference for transcripts. The ex- 

ceptions are music, folklore, and lin- 

guistic collections. Possibly, future 

scholars will prove more aurally 

oriented. Rather than scan 5,500 pages 

of Madame Frances Perkins' Oral His- 

tory memoir at Columbia, for exam- 

ple, they will patiently sit in front of a 

tape recorder and listen to her for five 

consecutive 40 -hour weeks. .. I will 

believe it when I see and hear it! 

Louis M. Starr 
Director, Oral History 
Research Office, 
Columbia University 

out the advantages of the visible 

document in print. Nor did I intend to 

suggest that audible tape will super- 

sede print. Each has its values, its ad- 

vantages and disadvantages. What we 

must understand (and those scholars 

will some day come to understand) is 

that these values are equal but differ- 
ent. Different, yet EQUAL; in a prac- 

tical sense, in a strategic sense and, 

eventually, a legal sense. 

I have not heard much lately about 

those Nixon transcripts; on the other 
hand, the Watergate Trial revolved to 

an enormous extent about the Nixon 

tapes, the original documents. The 

precedent is now set and, I should 

hope that Columbia University, the 

New York Times, and scholars 1000 to 

1 will at least take note, whatever the 

immediate practicalities may re- 

quire-which could well be the 

microfiche. -E. T.C. 

Beach Haven, New Jersey. CBF, Mon- 

treal (690), comes in strong through- 
out much of the Northeast. CBEF, 

Windsor, Ont. does likewise through- 
out the Midwest at 540. Where I live in 

northern Connecticut, I receive 
Toronto's CFRB as well as New York's 

WINS at 1010, depending on climatic 

conditions. CBU, Vancouver, puts a 

pretty strong signal down the Pacific 

Coast at night on 690, and blankets 

much of the state of Washington in 

the daytime. Finally, the station at 

Windsor, Ont. at 800 is CKLW. The sta- 

tion in Baltimore at 1090 (which we 

here in Canaan receive better at night 

than nearby WTIC is WBAL. 
Obviously, if I spent this much time 

with the article, I enjoyed it. Keep up 

the good work. 
Robert Angus 
Canaan, Conn. 

AM Radio Stations 
Dear Sir: 

The George McKay article on AM 

radio (Audio, January, 1975) is fas- 

cinating, but Mr. McKay is incorrect 
in asserting that FM broadcasting 
didn't start until January 1, 1941. Ma- 

jor Armstrong's station in Alpine 
(New Jersey) started scheduled broad- 

casting in July, 1939, and by the date 

mentioned FM was on the air regu- 

larly in Boston (WNAC), Hartford, 
Conn., (WTIC and WDRC) Schenec- 

tady (WGY), Rochester (WHAM), and 

New York City (WOR). The WNAC re- 

peater station on Mount Washing- 
ton, N.H., had been in continuous 
operation for almost two years by the 

date cited by McKay. 
In addition, several Canadian AM 

stations should be included in your 

listing on page 31: CBA in Sackville, 

N.B. (1070 kHz) blankets most of 

coastal New England, day and night, 

and I've received it regularly in 

Editor's Note: Mr. Angus is Executive 

Editor of the industry journal Audio 
Times, the Editor of Modern Hi-Fi, a 

Contributing Editor to AudioScene 
Canada, and Funkschau (Germany), 

and a syndicated Columnist for the 

Toronto Star. 

Disc and Cutter 
Response 
Dear Sir: 

I must comment on Mr. Giovan- 

elli's reply to reader Douglas Cook's 

question in your November Audio - 

clinic column. 
Modern cutting systems are quite 

uniform; for example, the Neuman 

SX74 stereo cutter is + 3 dB from 7 Hz 

to 25 kHz, ± 1 dB from 10 Hz to 20 

kHz. Discs with frequency response 

from 40 to 15,000 Hz are actually quite 

common. 
I have observed everything cut in 

one studio throughout a particular 
day on a spectrum analyzer, and al- 

most all program material, from hard 

rock to classical, had program infor- 
mation from 31 Hz through 16 kHz. A 

random selection of 10 "top -40" sin- 

gles played through the spectrum 

analyzer showed meaningful infor- 
mation at 16 kHz on 90% of the discs, 

and also at 31 Hz on 50% of the discs, 

including one which was popular 

back in the middle sixties. LP discs 

usually have even wider response. 

Regarding cutting roll -offs, the 

main reason for using them is to cor- 

rect the esthetic problem of over- 

abundant highs or lows on the mas- 

ter tape due to monitoring deficien- 
cies, etc. 

Robert C. Ludwig 
Sterling Sound, Inc. 
New York, N.Y. 
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Audio engineers agree that the ultimate Preamp must have all the CONTROL flexibility of a 
patch panel ... our new PE2217 has pushbutton -patching, plus 22 more MUST features... 

SPECIAL FEATURES 
ALL PUSHBUTTONS INTERLOCKED to prevent inadvertent program destruction DISCRETE -OCTAVE EQUALIZATION CONTROL of ten 

octaves on each channel, ±12db each octave FULL -SPECTRUM LEVEL CONTROL for each channel AUTOMATIC CONTINUOUS MON- 
ITORING by light -emitting diodes for visual warning of overload in output circuits VISUAL ZERO -GAIN EQUALIZATION BALANCING on 

music, white noise or pink noise SELECTION OF TEST LITES on or off. TAPE DUBBING BETWEEN TWO MACHINES, with opt oral 
simultaneous equalizing and monitoring DOUBLE -DUBBING into two recorders simultaneously SEPARATE SYSTEM -SELECTION en- 
ables full use of all other functions during the tape dubbing operation LINE OR TAPE equalization selector AUTOMATIC EQUALIZER - 
DEFEAT when line or tape equalizer is not in use FRONT PANEL TAPE input-output jacks for easy 2nd and 3rd tape recorder hookup 
access TAPE MONITORING of either tape at any time TWO stereo headphone jacks MONO SELECTOR for left, right or both channels 
to both outputs REVERSE -STEREO mode TWO low-level phono inputs FOUR independent phono preamps SIX A/C outlets, 4 

switched, 2 unswitched ELECTRO -PLATED FERROUS CHASSIS - (eight sections) - provides optimum shielding to minimize magnetic 
field -coupling SINGLE -POINT system ground connector minimizes ground -loops TWO REGULATED power supplies 

EQUALIZERS 
NOW YOU CAN MAKE YOUR SYSTEM SOUND EXACTLY THE WAY YOU WANT IT TO SOUND! 

In a few minutes, you can accurately "tune" the frequency response of your stereo system and room environment to a flat ±2 
db! All you need are your own ears and the Soundcraftsmen Equalizer (with its step-by-step instruction record) to transform any 
stereo system and room environment into an acoustically -perfect concert hall! Or, to provide any special acoustical effects you 

desire! The Soundcraftsmen Equalizer enables you to instantly compensate for frequency response variations, in system and room. 

lhht*+44++fl: 
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GUARANTEED to enhance and improve 

any fine system! 
Just plug 2 cables into your receiver's tape monitor jacks, and 

you are ready to enjoy a new experience in musical enjoyment! 

2212 Illustrated above ... $349.50 
Same specs as RP2212, 

20-12 except no L.E.D.'s, no $299.50 
Tape Equalize on front 

Both models include walnut -grained cabinet or rack mounts. 

SPECIFICATIONS 
FREQ. RESPONSE - Hi -level: ± 1/4 db, 5 Hz to 100 KHz 

REQ. RESPONSE - Phono: ± 1/2 db, 20 Hz to 20 KHz 

T'ID: less than _05% at 1 volt (Typ..01 % at 1 volt) 

IM: less than .05% at 1 volt (Typ. .01% at 1 volt) 

SIGNAL-TO-NOISE - Hi -level: 100 db below full output 

SIGNAL-TO-NOISE - Phono: 84 db below a 10mv input 

SIGNAL-TO-NOISE - Equalizer: 90 db below a 1 volt Input 

CUTPUT IMPEDANCE: 600 ohms 

MAXIMUM OUTPUT: 5 volts into hi impedance, 
2.5 volts into 600 ohms 

EQUALIZER LEVEL: Zero -gain controls for left and right 
continuously variable, for unity gain compensation 

BQUAat 

30, LIZER 60, 2ÓN 40, 480, 960, 1920, 3940, 7680GE: 

12 db boost and 12 db cut, 
ch 

octave 
an 

15,360 Hz. 

MAX. OUTPUT SIGNAL: Variable master volume control 
allows adjustment of optimum output to match amplifier 
CIRCUIT BOARDS: Military grade G-10 glass epoxy 

RESISTORS: Low -noise selected carbon -film 
POWER SUPPLY: Separate supply for photo and equalizer 
DIMENSIONS: Walnut -grained case 71/4" x 20" x 111/4" deep 

WARRANTY: 2 years parts and labor 

SHIPPING WEIGHT: 28 lbs. 
MADE IN U.S.A. 

PE 2217 $499.50 
includes walnut -grained cabinet or rack mounts. 

FREE! 
ett::walum 

THE ''WHY'S AND HOW'S OF EQUALIZATION," an 
easy to understand explanation of the relationship 
of acoustics to your environment. This 8 page 
booklet also contains many unique ideas on "How 
:he Soundcraftsmen Equalizer can measurably 
enhance your listening pleasures." "How typical 
-oom problems are eliminated by Equalization," 
and a "10 -point self -rated Equalization Evaluation 
check -List." 

L721 NEWPORT CIRCLE, SANTA ANA, CA 92705 



What's New in Audio 
Bozak Multi -Driver Speaker 

The Monitor -C loudspeaker is a 

two-way floor -standing system using 
four woofer drivers and eight 
tweeters. The crossover is at 2,000 

Hertz. All drivers have aluminum con- 
es, with the tweeters angled to pro- 
vide wide range horizontal and ver- 
tical dispersion. The Monitor -C is 

rated at 150 watts, and nominal in- 
pedance is eight ohms. Price: $489.50. 

Check No. 61 on Reader Service Card 

3M Metal Reel 

This 7 -in. aluminum reel has heavy 
flanges and is precisely made and 
assembled to give better protection to 
tape edges than plastic reels, though 
it's the same size and has the same 
tape capacity. It's also claimed to assist 
better tape alignment. Three thread- 
ing slots are provided. Sold through 
most audio dealers at $9.35. 

Check No. 62 on Reader Service Card 

Superscope Four -Channel Receiver 

The QR-450 stereo/four-channel 
receiver is rated at 20 watts con- 
tinuous per channel in stereo, 8 watts 
per channel in quadraphonic, all 
channels driven, at 1% THD, 40 Hz to 
20 kHz, all into 8 ohms. It includes SQ 
decoding, as well as derived Am- 
bience rear sound. CD -4 capability 
may be added by plugging any CD -4 
demodulator into jacks provided for 
the purpose. Joystick control of 
balance between four (or two) chan- 
nels is provided on the front panel. In 
walnut finish case the Superscope 
QR-450 is priced at $399.95. 

Check No. 64 on Reader Service Card 

Design Acoustics Speaker 

The D-4 loudspeaker is a 3 -way sys- 
tem mounted in a trapezoidal en- 
closure 38 in. H. x 91/2 in. D. x 171/2 in. 
W. The 10 -in. woofer radiates from a 

sealed enclosure out the rear, while 
each of the three 21/2 -in. tweeters is 

mounted on a different frontal plane 
to achieve maximum dispersion. One 
5 -in. midrange driver is also used. 
Controls permit lowering either 
woofer or tweeter output by 3 dB. 
Response is stated as flat to 40 Hz. 
Price: $199. 

Check No. 65 on Reader Service Card 

Frazier Mark VI -A Loudspeaker 
The Mark VI -A is a massive, floor - 

standing, three-way system employ- 
ing a 12 -in. woofer, an 8 -in. midrange 
driver, and two tweeters. One of 
these is a 3 in. x 7 in. compression 
horn, the other a super -tweeter stated 
to reproduce signals up to beyond the 
audible range. Crossover networks 
using air -core inductors are designed 
for 600 Hz and 3000 Hz. Rated at 30 
watts continuous power handling, the 
system is quite efficient, being speci- 
fied as producing 85-88 dB sound 
pressure level at 15 feet with electri- 
cal input of only 0.4 watt. Variable 
midrange and high frequency con- 
trols are included. The Frazier Mark 
VI -A weighs 111 lbs. and is 253/4 in. W. 
x 29 in. H. x 161/8 in. D. It is priced at 
$450. 

Check No. 66 on Reader Service Card 

JVC Cassette Deck 

The CD -1669 deck includes JVC's 
ANRS noise reduction system, along 
with a detection circuit which auto- 
matically, during playback, deter- 
mines whether the tape was re- 
corded with ANRS and switches the 
system on or off as required. Two 
switches permit selecting bias and 
equalization for three different types 
of tape; regular, low -noise, or 
chromium dioxide. In addition to the 
recording (VU) meters, a warning in- 
dicator lamp flashes when over - 
recording takes place. Tapes may be 
rewound to a predetermined point, at 
which time the machine goes into 
Play mode by itself. A remote control 
unit is included in the price of $499.95. 

Check No. 67 on Reader Service Card 
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From Concept to Reality 

The Powerful NEW 
KENWOOD KR -9400 

It's the receiver you've built in sour mind.., with more oov.er, 
unwaver'ng qua.ity, and fea;ures never before incorporated 

into a stereo receiver KENWOOD has read YOU - 

thoughts anc ncw 'ntroduces the KR -9400. 
You'llIthink it's a dr.gan 

come true. 
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KENWOOD 15777 S. Breadwoy, Gardena, CA 90248 72-02 Fifty-first Ave., Woodside, N.Y. 11377 In Canada: Magnason,c Canada, Ltd. 

Check No. 14 on Reader Service Card 



Audio ETC 

CLAUSTROPHONIA. Some peo- 
ple may wonder why a few of us 
writers keep hammering away 

on that well -explored subject, quad- 
raphonic sound. It's a dead goose, 
isn't it? 

Well, I'll admit it's a struggling 
goose with problems. No wonder it 
won't fly. It has three wings and eigh- 
teen legs and not enough lift to get off 
the ground. Suffers from discular dis- 
crophy, a disease whereby the parts 
take off in all directions. A flying fib- 
rillation. "Fly SQ!" says one wing. "Fly 
CD -4!" says another. And the third? 
Its time will come. Between 'em all, 
you'll have to admit, quadraphonic 
hasn't yet reached the stratosphere, 
though latest measurements place it 
at least a number of inches into 
launch, flailing madly. Yet, I love it, 
and I think it has a future, like the ugly 
duckling. 

You know, this month is our 27th 
anniversary (and mine) on the audio 
circuit, a long time and not far from 
one third of the entire history of re- 
produced sound, going back to old 
Thomas Alva Edison and his Little 
Lamb. What I'm wondering is, will the 
quadraphonic goose ever make it to 
its proper niche? A lot of people think 
not. They don't think it's very import- 
ant_ Just another gadget ploy, etc., 
and so on. What people think in our 
sort of business, tends to be the prag- 
matic truth, at least for the moment. 
And so quadraphonic sound, right 
now, is suffering from a lack of im- 
portance. In a word, it is being ig- 
nored. 

What concerns us is why? And 
some curious ideas have been sprout- 
ing within me on this score. I don't 
believe these people! What I think is 

that quadraphonic is too important. It 
offers too much. Too much, too 
quick. So we pretend it isn't there. 

Edward Tatnall Canby 

Music Everywhere 
In the big world outside of hi fi, 

where people these days are practi- 
cally wired for sound, with transis- 
tors, pocket recorders, car radios, 8 - 

tracks, cassettes and, of course, ster- 
eos all over, plus sound in banks, ele- 
vators, rest rooms, planes, supermar- 
kets, swimming pools, ski runs, quad- 
raphonic admittedly has no place. 
These messages are coded for our 
own zany sort of listening, lo -fi, frag- 
mented, backgrounded, threshold - 
liminal even at top volume and per- 
fectly satisfactory to most hearers. 
These signals need no help from our 
latest four-way system. They do very 
well in straight mono (even via 
stereo!), from the thin squeak of a tiny 
radio, dangling on a wrist, to the bel- 
low of gigantic mono sound I looked 
at the other day in a New York rock - 
type night spot, the big speakers 
turned off and silent. These are brute - 
force messages, even the tiny ones, 
and they do their job without quad- 
raphonic aid. 

But even our musical friends shun 
quadraphonic, which is something 
else again. People who will go right 
out and spend thousands of dollars on 
"good equipment" (they avoid the 
term "hi fi") in order to set up the 
right sonic environment for their 
home living, even these people, stay 
away in droves. They buy stereo. 

Sticking With Stereo 
A young lawyer, very music mind- 

ed, just called me. He has bought 
himself a whole new system, from the 
ground up, including a cassette deck. 
(Guess why he called. You guessed. 
He wants to copy off my disc re- 
cords.) After a long description of it 

all, I asked him, why not quadra- 
phonic? H ---no, was the instant an- 
swer. Why that? Perfectly affable, of 
course. Just not in any way inter- 
ested. It's not for him. Why? 

I didn't press the issue. But if I had, 
he would have trotted out all the 
appropriate reasons. Expense. That's 
easy. Anything is expensive when you 
don't really want it. Too complicated. 
No room for it. In that big place of his! 
And anyhow, what's in it for me? A lot 
of extra fuss for nothing much but 
gadgetry. That would be his attitude. 

I see it differently. Quadraphonic, 
he has sensed all too quickly, might 
just be a bit too much for him. This he 
is not saying, but I get the drift. Even 
sight unseen and sound unheard, he 
is already aware of a certain some- 
thing in this quadraphonic, a sort of 
threat. He is not stupid. He gets the 
all-important message. 

He spends plenty of time listening. 
He wants his music right, of good 
quality, up to date, well reproduced, 
well played, and ready at his elbow. 
But it is only a part of his life. It must 
fit, elegantly. It must not be too per- 
vasive; that would be disrupting. (It's 
his home after all.) This music must be 
around, but not too much around, if 
you see what I mean. And that's what 
he has, to perfection. 

What I perceive, then, is a carefully 
hidden element of fear. He doesn't 
realize it, but I sense it. This quadra- 
phonic thing might make the sort of 
demands on his lifestyle that he is not 
prepared to accept. Why should he? 

Our problem is that he is instinc- 
tively right. This is indeed the very 
nature of the quadraphonic im- 
pact-haven't we been saying so right 
along? You can catch the idea easily 
enough just from the ads. Surround 
Sound! It grabs. It plasters you with 

(Continued on next page) 
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The source of perfection 
in sound...tracks at 
one gram (or less) in stereo 
and discrete. 

Frankly, perfection doesn't come easily. 
Pickering's engineers pursued the idea 

of a totally new departure in cartridge 
design with all the zeal of true crusaders. 

They had a reason ... there was a 

demand for a pickup to play both stereo 
and discrete (as well as SQ and QS) with 
total and absolute precision at one gram. 

That they succeeded is a remarkable 
achievement because this cartridge 
successfully tracks all types of records 
at forces even lighter than one gram. 
It is a real first to do it this accurately. 

The Pickering's XUV/4500Q possesses 
excellent performance characteristics that 
provide outstanding frequency response 
and separation beyond 50 kHz. These 
improvements make possible the most 
faithful reproduction of the 30 kHz FM - 
modulated material on discrete records. 
It is noteworthy that Pickering's exclusive, 
new design development, which 
provides superior 4 -channel discrete 
performance, also greatly enhances the 
reproduction of stereo records. 

The XUV/45000 features Pickering's 
patented Quadrahedral® stylus assembly. 
The Quadrahedral stylus assembly incor- 
porates those features that produce 
extended j4" for 4 -channel as 
well as stereo. This means that it possesses 
not only superior performance in low fre- 
quency tracking, but also in high frequency 
tracing ability. When combined with the 
exclusive QuadrahedronTM stylus tip, 
a brand new shape, it can truly be called: 
"the Source of perfection in Sound", whether 
the playback requirement is stereo, SO, QS 
or discrete 4 -channel. 

The specifications are so exciting 
that we hope you will write to 
Pickering and Company, Inc., Dept. A 

101 Sunnyside Blvd., Plainview, 
New York 11803 for further information. 

PICKERING 
"for those who can hear the difference" 
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sonic experience. It comes at you 
from everywhere on all sides, it lifts 
you right out of your living room (uh - 
uh), it plonks you right in the heart of 
the music (uh -uh). Correct. The four- 
way speaker array is, in fact, much 
more potent than any mere two - 
speaker stereo, over on one side of a 

room. It carries more information, it 
demands more attention. It removes 
more of the actual environment, plays 
down the listening room, builds up 
the music itself. Good. But our lawyer 
friend, before he has heard so much 
as a note of it, steers straight away. To 
a safer sound-stereo. Fine thing. 

That message is getting to a great 
many people and in my mind, over 
and above ALL the other pressing rea- 
sons, this is the reason quadraphonic 
is still making a slow start. This thing 
really might change our lives (and we 
aren't too sure we like the idea). Fear 
of the unknown. 

How We Listen 
The change, again, is much more 

profound than mere equipment and 
furniture problems might indicate, 
though these make a fine excuse be- 
cause they do exist. It's in our listen- 
ing itself, our very habits of living. 
Long held habits, collectively built up 
over several lifetimes straight from 
Edison through the mono age and on 
safely into stereo-habits so finely 
tuned now and so extremely satisfac- 
tory at this late date that few people 
can contemplate any sort of funda- 
mental listening change without feel- 
ing very uneasy. 

I think that stereo for a short time 
posed a similar problem, back at the 
beginning, and ran into similar emo- 
tional resistance. It didn't last long. 
Mainly, stereo was just a physical nui- 
sance, since it involved a then -drastic 
rearrangement of furniture, from the 
concept of a single point -source 
mono sound, to the idea of a whole 
wall, or a wide stretch thereof. I can 
remember how thoroughly I had to 
rebuild my own listening area and my 
whole concept of speaker place- 
ment, room reflections and so on, be- 
fore I got the hang of stereo listen- 
ing. So it was with most of us. But what 
we soon found, was that once our 
stereo was settled in place, we could 
settle back pretty much into our old 
listening habits. 

Stereo brought extra sonic infor- 
mation, more realism. In mono, we 
had listened through a sort of "hole in 
the wall" (a favorite analogy, back 
then), from our listening room into 
another and bigger space in which the 
music played. (The virtues of record- 
ed space were discovered long be- 

fore stereo came along.) Stereo en- 
larged that hole to encompass an en- 
tire wall. You looked right through 
one end of your room, or out one 
whole side, into that other and big- 
ger space, now made more immedi- 
ate and real via the stereo interaction 
between the speakers. But the music, 
you understand, was still out there, 
beyond. You were still in here, on 
your side of the wall, listening from 
the safety and comfort of your own 
private quarters. You still are, in pres- 
ent stereo. It's a foolproof listening 
system. To be in two places at once! 
Marvelous idea. Isn't TV the same? 
And reading the morning paper at the 
breakfast table? This is so much a part 
of our existence that it amounts to a 

basic security. We need it. A good 
part of a century has gone into the de- 
velopment of its myriad details in all 
their subtlety. Let's not rock that living 
room couch too hastily. 

Stereo, you see, went just far 
enough and not too far. It modified 
our lives mainly in pleasurable ways, 
without any great new demands. We 
became, in the end, relaxed and con- 
fident with it, at ease in our home lis- 
tening. Stereo was, and is, a big suc- 
cess. 

One might suppose that quadra- 
phonic merely adds a bit more to the 
same easy, happy perception. Reas- 
onable-but not so. We can manage 
the new furniture. What bothers is the 
crucial surround sound, the very basic 
and prime idea of quadraphonic, the 
configuration which launched it in 
the first place. It works. It breaks 
straight into the whole concept of liv- 
ing room listening which we have 
built up so carefully over these years. 
No more walls. No more you, in your 
living room, looking out, towards 
those other sonic places-that safe, 
private, and detached you, enjoying 
just as much as you want and no 
more. Now you are IN the music. It 
buffets you, it hits you. Surround 
Sound. Don't you see how the very 
ads we have used are bound to gen- 
erate resistance, as well as sales? Fas- 
cinating, but also scary. Here are 
those four speakers, and there you are 
trapped, caught. Where is your fine 
living room now? Gone! The ads tell 
you so. The music engulfs you from 
every side. You aren't even there; you 
are in some new and (maybe) won- 
derful place. Ugh. Some people just 
want to sit down and relax. I can see 
how some might call it claustrophon- 
ia. 

Of course, this is all figurative, not 
literal. The furniture stays put, the liv- 
ing room is still comfortable. (Though 
some people wrongly think you'll 
need swivel chairs, preferably motor- 

ized.) You can hear the new back 
speakers without even craning your 
neck; they behave very nicely. You're 
really OK! You're out free. You can go 
ahead, just as usual. 

And yet you can't. There is a differ- 
ence and you will not be able to avoid 
it. The difference will grow on you, in- 
evitably, without fail, and you will in- 
deed have to adjust your life style to 
some degree. You will listen harder. 
You have to. You won't be able to 
help it. Slowly but surely, in the end, 
you will have to adjust. It may be a bit 
trying, but in the end, it will be very 
rewarding. 

Stick with stereo, though, and 
you'll have no problems. A lot of 
people are sticking with stereo. 
Which shows an awareness, I think, 
that has not yet come to our manu- 
facturers. People in general are sur- 
prisingly quick to catch on when their 
close interests are involved. 

So, problems or no, quadraphonic 
sound is the best thing that has ever 
hit home listening. I say that as a 

teacher, not a salesman. I say it be- 
cause, for the first time since Edison, 
our sound can now take our listening 
back towards where it began-live 
music and active involvement. The 
live concert, as you know, if you go, 
demands a kind of attention that we 
simply have not been prepared to 
give to our home listening. No noise, 
no wiggles, and if you so much as rus- 
tle a program you get stared at. Living 
music, in the act of being made, on 
the spot, in real time. It is there-and 
so are you-a marvelous conjunc- 
tion. If you are knowledgeable, if you 
know how, you can be entirely re- 
warded for that sort of concentration 
because live music has a formidable 
audio-visual punch. 

Now we have an electronic med- 
ium, at last, with a similarly po- 
tent punch-not merely volume, but 
information power. It is NOT the 
same as a live performance. But it has 
comparable potency, and this for the 
first time. If that power is there, then 
people will find out how to use it. 
Sooner or later they will come 
around. A new impact at home, and 
new ways of ordering lives to fit. That 
will take adjustment. Which is exactly 
what people now understand. 

Sextaphonic, octaphonic, room -a - 
phonic. Once this new medium gets 
going, we'll never be the same again. 
So have patience! We have to get the 
lumbering, discrophic, quadraphon- 
ic goose into the air, first of all. We 
should lay off all that Grab -You -Sur- 
round -You propaganda. It scares. Lay 
on some soothing syrup. It's not going 
to be as bad as you think, folks. Might 
even be Fun. 
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"Transistor sound?" 
Our nEw OWE( amplifiEr 

is too fast for it. 

Reducing harmonic distortion in most 
amplifiers requires a great deal of negative 
feedback. Which means a lot of voltage gain 
is needed-and a lot of voltage gain stages. 

As a result, an electrical signal takes so 
long to be fed back within most amplifiers that 
you end up with transient intermodulation 
distortion (or "TIM") and "transistor sound"- 
an acoustical signal with a 
harsh edge to it. 

Our revolutionary new 
Model CM912, however, re- 
quires relatively little feedback 
-and only two voltage gain 
stages instead of the custom- 
ary five or seven. So the elec- 
trical signal travels a lot faster, 
the TIM is virtually eliminated 
and the resulting sound is re- 
markably smooth, natural and 
un-transistorish. 

As specialists in compo- 
nents for the professional and 
for the serious audiophile, we 
knew we could do away with 
transistor sound by combining 
skilful design with the use of 
top-quality components-be- 
cause better components 
mean we don't have to com- 
pensate by using as 
many of them. And 
this, in turn, reduces 
the amount of feed- 
back we need. 

nnmE-BRAnD 
GOmPOnEnTS 
THROUGHOUT 
So we specified high-speed 

Motorola transistors in a fully complementary 
common -emitter arrangement, Allen-Bradley 
low -noise resistors, General Electric 24,000-µF 
power supply capacitors and oversized ex- 
truded aluminum heat sinks for maximum heat 
dissipation. We also insisted on glass epoxy 
printed circuit boards. 

Our determination to make our dual - 
channel power amplifier a 

KEY SPEGIfIGATIOTIS 

POWER OUTPUT: 225 watts RMS per 
channel into 4 t,150 watts RMS into 8c', 

with less than 0.2% total harmonic dis- 

tortion, both channels driven, at any 
frequency from 20 to 20,000 Hz. 

IM DISTORTION: Less than 0.1% up to 
rated power. 

FREQUENCY RESPONSE: ±0.1 db from 
20 to 20,000 Hz. ± 0.25 db at 12 watts 
from 5 Hz to 130 kHz. 

OVERLOAD RESPONSE: Recovery 
from clipping less than 2 µ sec. 

DAMPING FACTOR: Better than 50 

at 8n, 20 to 20,000 Hz. 

HUM AND NOISE: 100 db below 200 
watts RMS. 

STABILITY: Will drive any load up to 
621F at full power from 20 to 20,000 Hz. 

CIRCUITRY: Fully differential input, 
fully complementary common -emitter 
output. 

SPEAKER PROTECTION: Relay type. 

LABORATOR/E.' 
EXCEPTIONAL COMPONENTS FOR THE EXCEPTIONAL EAR. 

quality unit didn't stop there 
either. We've incorporated such 
unusual features as high - 
accuracy power meters, posi- 
tive -latching speaker relays, a 
thermostatically controlled 
cooling system and fully modu- 
lar construction as well. 

If your dealer doesn't yet 
carry the CM912, just drop a 
line to C/M Laboratories, 
327 Connecticut Avenue, 
Norwalk, Connecticut 06854. 
We'll not only mail you addi- 
tional information, but, if you 
wish, we'll arrange a demon- 
stration for you at a dealer in 

your area. (No obligation, 
of course.) 

Hear the CM912-and 
move ahead to the sound of 

the future...fast! 

Check No. 11 on Reader Service Card 



Basics 
Of Turntables 

David L. Josephson 

RECENTLY AN AD for a major manufacturer of turntab- 
les appeared in this magazine, showing an LP record 
supported on a hand-held pencil; in the other hand 

was a phonograph cartridge. The ad was headlined, "This is 

all we want to do. But perfectly." That sums up the whole 
turntable game in one phrase. All of the arguments for the 
various types of motors, drive systems, and tone arm types 
are all toward one end ... spinning a record at a constant, 
specified speed with no vibration in any plane, and holding 
a phono cartridge exactly tangent to the record grooves, 
with just the right amount of downward pressure, and no 
other pressures or forces. If a turntable could do all those 
things, it would be the be-all and end-all of all turntables, 
and the arguments would end there. But as it is now, there 
are as many different kinds of turntables as there are of any 
other stereo component (excepting speakers-Editor), and 
no one can clearly be called best. 

This article will attempt to clear up some of the confu- 
sion and mystery surrounding these record -playing devi- 
ces, and should help you make your next turntable pur- 
chase with a little more insight into what is needed to do 
that spinning bit mentioned above. 

Perhaps the first criterion for judging turntable quality is 

speed accuracy. The two standard speeds today are 331/3 
and 45 rpm; 162A and 78.26 rpm however are sometimes 
encountered. A good turntable should be able to hold its set 
speed within 0.5% (at worst) over extended periods of time. 
The accuracy of nearly all types of turntable motors de- 
pends directly or indirectly on the frequency accuracy of 
the incoming power line to keep the table at a precise 
speed. Power line frequency is almost always accurate to 
within about 0.04°%o, so the speed of the turntable can be no 
more accurate than that. 

An equally important turntable standard concerns more 
rapid changes in speed-wow and flutter. These are per- 
iodic variations in the speed of the turntable, producing a 

wavering sound. Flutter is defined as a fast variation in re- 
cord speed; usually on the order of 10 cycles per second or 
more (not Hz, because it is a cyclic variation and not an a.c. 
signal). It is usually caused by mechanical irregularities in 
the motor itself (bumps on the drive shaft or magnetic prob- 
lems in the motor) or in the drive mechanism (pulleys, id- 
lers). Wow, also known as once -around flutter, is a varia- 
tion which occurs only once for each revolution of the turn- 
table. The most common cause of this is a warped record. 
When the stylus is tracking the bumpy (and therefore 
stretched and/or compressed) record surface, the surface 

speed changes and thus the pitch of the reproduced sound 
changes. Wow can also be caused by variations in the turn- 
table platter; whichever part of it is driven by the motor. A 
motor defect in a direct -drive turntable would be more 
likely to cause wow than flutter. In any case, the total wow 
and flutter, periodic variations in speed of any type, can be 
kept below 0.2% in a well designed turntable. Flutter and 
wow are especially bothersome in solo piano, flute, and gui- 
tar recordings ... flutter above 0.3% can be easily detected 
when listening to such music, and it rapidly becomes very 
annoying. 

Rumble 
Any periodic extraneous mechanical noise added by the 

turntable to the program material is called rumble. Rumble 
is usually caused by poor isolation of the motor from the rest 
of the turntable, the platter and arm in particular. Rumble is 
usually worst in a rim -drive turntable, since the platter is dri- 
ven directly from the shaft of the high-speed motor through 
a relatively stiff rubber idler wheel. In belt -drive turntables, 
rumble is usually considerably reduced (for a given motor 
and speed) because more of the vibration is damped out in 
the stretchy rubber belt. Rumble is also directly related to 
motor speed ... the lower the motor speed, the lower will 
be the frequency of the rumble, and therefore the less ob- 
jectionable (theoretically). The rumble frequency of the 
usual 1800 -rpm, 4 -pole induction motor is around 30 Hz, 
and most cartridges and amplifiers, and many speakers 
reproduce down to 30 Hz ... rumble of this frequency and 
higher is especially bothersome. The theoretical minimum - 
rumble motor would be one operating at the record speed 
itself ... a direct drive machine. Nearly all of the rumble in 
this type of motor would come not from the motor itself, 
but from friction and vibration in the various motor and 
platter bearings. 

Rumble is measured in much the same way hum and 
noise is measured in purely electronic equipment. A stan- 
dard 1 -kHz tone recorded at a specified lateral groove 
velocity is played, and a notch filter takes out the 1 -kHz 
tone; everything else is measured as rumble. It is expressed 
in decibels (dB) below the reference tone level. Most rum- 
ble measurements are made through a "weighting" filter 
which accentuates the higher frequency components 
(above 20 Hz) so that as the frequency of the rumble in- 
creases up to about 500 Hz, the indication of rumble level 
also increases. This system is fine except for the subsonic 
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rumble which may be present in the turntable. We will dis- 
cuss this later. The long-established National Association of 
Broadcasters standard for rumble in reproducing turntables 
is (for stereo) that the low -frequency rumble shall be 35 dB 
or more below a 100 Hz tone cut at 1 cm/sec peak velocity in 
either plane. High frequency rumble is to be at least 50 dB 
below 100 Hz, at a peak velocity of 5 cm/sec. These are not 
up to the performance standards of today's turntables and 
can be plainly audible. Any turntable aspiring to the high- 
fidelity market should have rumble down at least 45 dB, and 
the better units exhibit rumble down 60 dB or more. Many 
turntable manufacturers are switching to the DIN B method 
of measurement or the similar Japanese standard; both are 
somewhat similar to the NAB technique but are more strin- 
gent. 

Poor design in under -deck components of a turntable can 
cause problems with hum. Inductive fields from the motor 
can induce hum in an unshielded cartridge or in the leads 
from the cartridge to the turntable output jacks, which are 
often unshielded for increased flexibility. The rumble figure 
for a given turntable almost always includes the hum and 
noise in the output as well as rumble from mechanical sour- 
ces. 

Two Basic Design Choices 
Now that we have examined the various criteria and 

measurement standards by which turntables are judged, we 
can more easily understand the methods various manufac- 
turers have used over the years to achieve these standards. 
There are two: The method used for transferring the power 
from the motor to the turntable platter, and the type of 
motor used. 

The simplest turntable motor, found in kiddie record 
players of the $29.95 variety as well as in a number of high- 
priced stereophile models, is the 1800 -rpm, 4 -pole induc- 
tion or "squirrel -cage" motor. The 60 -Hz line current is 

applied to the four field windings which form "poles" in 
such a manner that a rotating magnetic field is produced. In 
a 4 -pole motor, this field spins at 1800 rpm. For a n -pole 
motor, the rotating field speed ("synchronous" speed) is 

found by using the equation: 
(power line frequency)2 = synch speed (rpm) 

n/2 
The rotating part in the middle of the motor, called 
the rotor or the armature, catches and is spun by the 
rotating field. Because of the losses in the air, and in the. 
rotor itself, it never reaches full synchronous speed, but 
rather a speed about 3% lower. This loss in speed is called 
"slip." The induction motor is about equally sensitive to 
variations in power line frequency and to voltage. If the fre- 
quency changes, the speed of the rotating field will change, 
and if the voltage changes, the amount of slip will change. 
Further, since it is not a constant -speed device, it will also 
change speed with variations in load (the amount of work 
it's required to do). Induction motors can be made very 
cheaply and are fairly stable in speed if the load, power line 
frequency, and voltage remain stable. They also produce a 

higher amount of torque for a given motor size (and cost), 
and thus are used to run all sorts of mechanical contrap- 
tions, not to mention record players. 

The first constant speed motor for turntables was the hy- 
steresis synchronous motor. In this type, the rotor's internal 
magnetic structure is changed so that the slip is reduced 
nearly to zero. This makes the synchronous motor depen- 
dent almost entirely on the accuracy of the incoming power 
line frequency for its speed stability. Since in the U.S. this is 

usually 0.04% or better, it is a reasonable standard upon 
which to hang something. The line voltage can vary as much 
as 10% before the slip in a synchronous motor will change 

enough to change its speed. Synchronous motors can be 
made constant in speed within about 0.1% for a given 
power line accuracy. The speed of a synchronous motor 
may be computed using the same formula as for the squir- 
rel -cage motor. Thus we find that a direct -drive synchron- 
ous motor needs 216 poles to operate on 60 Hz line current. 
Incidentally, a synchronous motor going that slowly, and 
supplying enough torque to drive a 12 -in. turntable would 
have to be about a foot in diameter. 

At least one company has combined the virtues and 
liabilities of the two motors described so far into one unit. 
Garrard has used this type of motor for many years under 
the trade name Synchro-Lab. This motor has better speed 
regulation than a standard induction motor, and greater tor- 
que for a given size than a standard synchronous motor of 
similar size. 

So far we have been dealing with motors operating di- 
rectly from the power line, and dependent on the power 
line voltage or frequency for their accuracy. The power line 
is often, at any given moment, at a quite different voltage 
from a moment previous, although in the U.S. the frequen- 
cy accuracy is very good. It is possible to sample the actual 
speed of the turntable and compare it with a frequency 
standard generated within the turntable, and adjust the 
speed of the motor so that the two correspond. This gener- 
al system, whether it uses an a.c. motor or a d.c. motor, is 

called servo -control. In the a.c. system a synchronous motor 
is fed the output of an amplified oscillator. The speed of the 
turntable is sensed and compared with the separate oscilla- 
tor, and the frequency of the motor -driving oscillator is ad- 
justed to stay in step. This eliminates speed fluctuations 
caused either by power line variations (within reasonable 
limits) or by mechanical changes in the motor drive parts. 

It depends only on the accuracy of the standard oscilla- 
tor and the response time of the servo -control. In a d.c. 
servo system, the speed variations are compared with the 
standard oscillator, and the difference is converted into a 

change in the d.c. power going to the motor. 
Standard d.c. motors use a commutator and brushes to 

mechanically switch the polarity of the magnetic fields in 
the armature. In motors required to have stable speed, this 
causes a problem in that the rotating field is not a continu- 
ously moving force, but rather a series of repeated impul- 
ses. Problems also arise when the commutator and the 
brushes wear to the point where they arc every time the 
brushes pass a particular part of the armature. Most d.c.- 
operated motors used in high fidelity equipment are not 
really d.c. motors at all. Most are either synchronous motors 
driven by d.c.-powered oscillators, or else use electronic 
means to switch the power going to the various coils in- 
stead of brushes and a commutator. A series of coils around 
the circumference of the motor case is fed a signal genera - 

Fig. 1-Exploded view of a servo -controlled d.c.-powered 
motor (Dual 701 turntable) Right (A) house servo circuitry, 
middle (B) is a field coil assembly, left (C) is rotor, atop 
which goes platter. 
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ted by the servo -control circuitry. This produces the same 
rotating field used in synchronous and induction motors. In 
order to keep the output speed constant, the speed of the 
motor is sensed, either by photoelectric means or through 
another series of coils and magnets which generate an a.c. 
signal proportional to the motor speed as the motor turns. 
This is then fed back to the oscillator in an inverse feedback 
loop to keep the motor speed constant. It is possible to 
achieve very high stability in a motor of this kind, as shown 
by wow and flutter figures for these turntables being typi- 
cally less than 0.1%. 

Several interesting developments have been made in 
motor design, one of which is the ".inside out" synchron- 
ous motor. This uses the same principle as a standard syn- 
chronous motor except that the field coils are on the inside 
of the motor and the armature (rotor) spins around them. 
This permits the rotor to be bigger for a given field coil size 
providing greater flywheel effect, hence less flutter. 

Once the motor has gotten up to the right speed its 
power must be transferred to the turntable platter, to turn 
the record. There are three different ways to effect this 
transfer: idler -rim drive, belt drive and direct drive. Each 
method has advantages as well as disadvantages. You can 
best decide which system is appropriate for you when you 
know how each works. 

Idler -Rim Drive 
Idler -rim drive, the most common type, uses a relatively 

high-speed motor. This can be either an a.c. line -operated 
unit, or a servo -controlled motor. The motor has a step - 
ground shaft, with various diameters corresponding to dif- 
ferent speeds. When the turntable is turned on, a small rub- 
ber wheel (called an idler, puck, or tire) is engaged be- 
tween the motor shaft (at the proper diameter for the de- 
sired speed) and some drivable surface of the platter. The 
turntable turns in the same direction as the motor shaft, at a 

speed dependent on the motor speed and the ratio be- 
tween the motor shaft diameter and the diameter of the dri- 
ven part. For higher speeds, the motor shaft diameter is lar- 
ger, while the rotating speed of the motor remains un- 
changed. Flutter can be reduced to a very low level if the co- 
efficient of friction between the motor shaft and the idler, 
and that between the idler and the platter drive surface is 

made high enough ... in other words, if the rubber is good 
and live. Very little torque is lost in this type of drive system, 
so record changing mechanisms operated from the platter 

Fig. 2-Dual 1219 uses typical idler -rim drive. Note stepped 
motor shaft at right of the idler which contacts both the 
shaft and the inside of the platter when installed. 

instead of directly from the motor itself still get plenty of 
power to operate. Another advantage is that speeds can be 
changed easily, just by shifting the position of the idler ver- 
tically so that it Contacts different diameters of the motor 
shaft. Because of their high torque capability, rim -drive 
turntables also start quickly, making them useful in broad- 
cast applications where instant cuing is required. 

The main problem with the idler -rim drive system is rum- 
ble. First of all, the motor must run at a relatively fast speed 
in order to drive the turntable at a proper speed through the 
reduction of the idler. This makes the rumble frequency 
higher to begin with than it would be with a slow speed 
motor, and therefore more objectionable. Second, the 
motor is connected directly to the platter by means of the 
solid idler. Thus any vibration in the motor is transmitted to 
the platter and comes out as rumble, even if the motor is 

totally isolated from the turntable in its mounting. If the 
idler is made too spongy, to eliminate the rumble transmis- 
sion, it gets slippery. Make it stiffer, to transmit more tor- 
que, and you're back to lots of rumble. With proper design 
of the motor, support fixtures and drive mechanisms, the 
rumble of rim drive turntables can be reduced to an accept- 
able level. One interesting approach to the rumble problem 
inherent in idler -rim drive turntables is used by only one 
manufacturer, the Swiss Lenco Company. Instead of a verti- 
cal motor shaft and horizontal idler, the motor is suspen- 
ded horizontally by springs, and the idler wheel engages be- 
tween the motor shaft and the underside of the platter. This 
seems to make the rumble mostly vertical, rather than later- 
al or radial, so that the standard stereo reproducing cart- 
ridge does not pick up as much noise as with conventional 
idler -drive systems. 

Belt Drive 
The first commercially built turntables which merited the 

phrase "high fidelity" were belt -driven ones from Com- 
ponents Corp. during the mid -Fifties. Interestingly, Emile 
Berliner, who developed the flat phonograph disc, also used 
belt drive. With this drive system, the motor has a pulley on 
the end of its shaft that drives a flexible rubber belt. The 
motor can be outside the platter and the belt around the 
platter's outer circumference, or it can be inside, as with a 

rim -drive turntable, driving an inner pulley machined into 
the platter. Motors and speeds used are often similar to 
those in rim -drive turntables, as the ratio of motor diam- 
eters to drive -surface diameters is similar. Nearly all of the 
rumble in the motor shaft is damped out by the elasticity of 
the belt. Once the motor and platter get up to speed, flut- 
ter and wow are reduced to very low levels. The main prob- 
lems with belt drive are functions of the belt itself. Quite a' 
bit of torque is lost in stretching the belt while bringing the" 
relatively massive platter up to speed; thus belt -drive turn- 
tables usually take at least a full revolution to get up to the 
playing speed at 331/3 rpm. Further, this torque loss limits 
the use of complex record -changing devices which use the 
main turntable motor for power. Another problem with belt 
drive is the difficulty in changing speeds. You either have to 
electrically switch the speeds of the motor, which requires a 
d.c. or oscillator -driven a.c. motor (because the speed ratios 
commonly available in ordinary a.c. motors do not corres- 
pond to the ratios of record -playing speeds), or else mech- 
anically change the belt from one section of the driving 
pulley to another. 

Direct Drive 
Perhaps the most promising new type of turntable design 

for home use is direct drive. With this system, the power 
from the motor does not pass through any speed -reducing 
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weight (1/2 to 11/2 grams), while others will not stay in the 
groove accurately ("track") at less than 3 grams. In most 
cases the cartridge weighs considerably more than the re- 
commended tracking force, so the arm, by means of a spring 
or counterweight, balances this out except for the recom- 
mended tracking force. 

Tangent error is that error in the angle of the cartridge 
with respect to exact tangency with the circumference of 
the record. When this error is too great, the edges of the sty- 
lus can grind off the delicate ridges of the record grooves, 
making the sound permanently muddy. Smaller amounts of 
tangent error will simply cause distorted reproduction. For a 

conventional tone arm, tangency only occurs at one point 
along the arm's arc across the record. however, there have 
been two methods developed to reduce this error to near 
zero, and these are described later on. 

The bearings in the pivot of the tone arm are quite impor- 
tant, since their design (and condition) determine how 
much force the stylus must exert on the outside groove 
edge in order to stay in the groove. Kiddie record players 
and inexpensive changers use very simple sleeve bearings, 
which require quite a bit of force to move compared to the 
ball, point, knife, and magnetic bearings used in the better 
manual turntables and separate arms. 

One final consideration is arm resonance. This is the fre- 
quency or frequencies at which the arm will vibrate to some 
extent when the stylus comes across a note of this frequen- 
cy on the record. This can cause strange peaks or dips in the 
frequency response of the system near the resonant fre- 
quency. Really bad effects can occur if the rumble frequen- 
cy of the turntable motor is at or near the arm resonant fre- 
quency. The rumble would be magnified many times and 
could cause severe intermodulation distortion of the audio. 
Several means have been used to lower the resonant fre- 
quency of arms below the audio range. The arm can be a 

metal tube, filled with a wood dowel or fiberglass wool, or 
the entire arm can be made of wood, or duraluminum, 
which is substantially less likely to resonate than other 
metals. 

Minimizing Tangent Error 
Four types of tone arm designs have been used over the 

years, none of them completely ideal. The main difference 
SERVO MOTOR 
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Fig. 6-Simplified drawing of servo -controlled straight line 
arm, Rabco SL -8. 

between them has been in their approach to the problem of 
tangent error. 

The straight arm with the cartridge mounted at an angle 
on the end has the largest tangent error. Straight arms are 
inexpensive to make, and with proper selection of the angle 
at which the arm pivot and cartridge shell are mounted, they 
can be perfectly adequate for many listening purposes. 

One obvious and simple solution to the tangency error of 
a straight arm is simply to make the arm longer and bend it 
into an "S" shape. One can in this way significantly de- 
crease the tangent error without resorting to an arm which 
is longer overall. 

The first approach to the absolute solution of the tangent 
error problem was the straight-line pickup arm, and it 
wasn't really a new approach for the disc process at all. All 
professional recording lathes use this design to drive the 
cutter head across the surface of the disc by a spiraling lead - 
screw. The straight-line reproducing arm can, be of two 
types. The first is free to move across the surface of the re- 
cord, being suspended on one or more metal rails. This 
presents the obvious problem of friction. The other straight- 
line reproducing arm design uses a servo motor to drive the 
cartridge across the record. The straight-line arm was first 
introduced in the fifties under the name Ortho-Sonic. Since 
then a number of companies, including Rabco and Mar- 
antz, have made arms using this technique. 

Finally, the pantograph arm presents an entirely different 
solution to the tangent error problem. In this type of arm, 
also introduced in the 50s, some part of the arm is construc- 
ted so that the angle of the cartridge head is continuously 
varied with respect to the tangent of the record circumfer- 
ence. In the original Ortho-Vox arm, the entire arm would 
change angle as it progressed across the surface of the re- 
cord. In the more recent Garrard design, the cartridge head 
is pivoted, one corner being connected by a rod parallel to 
the main arm to a series of levers and cams at the main arm 
pivot. This continuously changes the tangent angle of the 
cartridge shell with respect to the record. 

Both straight-line and pantograph designs reduce the 
tangent error to a point where it ceases to be a factor. It 
can't ever be exactly zero, but either design effectively 
eliminates the problem. 

It has been argued that the infintesimal betterments of 
sound quality achieved with these various rumble -reducing 
and tangent -error -reducing systems are for naught; that the 
average commercial record quality does not even approach 
that of the finer home audio systems. This is true; the aver- 
age commercial record quality is pretty poor compared to 
the best. But the aim of audiophiles is to extract every bit of 
realism possible. Thus every little bit of garbage one can re- 
move from the signal helps, even with the worst commer- 
cial records. And, of course, you can only derive the fullest 
enjoyment from the best recordings when you have a sys- 
tem that will allow every bit of the recorded sound to get 
out of the record and into your ears. 

Fig. 7-Pantograph action of articulated arm developed by 
Garrard. 
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THE SERIOUS collector of older recordings faces the 
challenge of getting the best possible sound from im- 
perfect originals. Most of these records are quite noisy 

by today's standards. For example, 78 rpm commercial discs, 
even though in mint condition, will have a typical signal-to- 
noise ratio of only 30 to 35 dB due to the somewhat abrasive 
nature of the record material. 

Most collectors dub their best records onto tape. This way 
they may be played as often as desired-and conveniently 
shared with other collectors-while the often irreplaceable 
originals are safely preserved. Also, the sound can often be 
improved considerably during the copying process through 
equalization and filtering. I'm going to describe a flexible, 
low-cost noise filter designed for taping records with a 

maximum "fidelity -to -noise" ratio. It can be duplicated by 
the serious electronics hobbyist for about $60, or slightly less 
if certain features or ranges won't be needed. Although not 
recommended as a beginner's project, the experimenter 
with some circuit experience should have no difficulty. 
Minimum equipment requirements are an oscilloscope, 
sine wave generator, and multimeter. 

The heart of this circuit is a dynamic noise suppressor with 
frequency characteristics and convenience features which 

Fig. 1-Interior of the dynamic filter. 
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are optimized for its intended use. The concept of dynamic 
noise suppression has existed for many years. Workable cir- 
cuits were designed by H.H. Scott in 1946, and their perfor- 
mance was improved by Scott and others in 1947 and 1948. 
Then, with the advent of the vinyl microgroove record and 
the rapidly increasing use of tape, both of which offered a 

considerable noise improvement over the 78 rpm system, 
the dynamic noise suppressor was almost forgotten. Re- 
cently, R. Burwen has revived this principle and applied it 
primarily to tape playback. Taking full advantage of mod- 
ern integrated circuits, Burwen has designed highly 
sophisticated and flexible systems with impressive specifica- 
tions. These, however, are too expensive for many hobby- 
ists and do not have frequency characteristics optimized 
specifically for old, intrinsically band -limited material. 

Theory 
Dynamic noise suppression is simple in concept. Record 

surface noise varies in spectral content, but the higher 
frequencies (above 1 or 2 kHz) predominate. Low-pass 
filtering is commonly used to limit noise. But unless used 
sparingly, this type of filtering band -limits the program 
material, making it sound muffled and lifeless. The dynamic 
filter, however, provides a method by which a signal can be 
effectively extracted from the noise (at least subjectively) 
when signal and noise occupy overlapping frequency 
ranges. 

Operation of the dynamic noise suppressor depends 
upon a characteristic of the human auditory apparatus. If 
two signals occupying well -separated frequency ranges are 
present simultaneously, they are clearly perceived as in- 
dividual entities. (This effect is often used to advantage in 
public address systems for noisy environments. If consider- 
able high -frequency boost is used, voice announcements 
will seem to cut through ambient noise of predominately 
lower frequency without having to be excessively loud.) This 
is the case, at least for a large portion of the time, for a 

typical recorded signal with attendant surface noise; hence, 
the annoyance of the noise. However, if two simultaneous 
signals occupy substantially the same frequency ranges, the 
ear will tend to hear only the louder signal and ignore the 
weaker one. A level difference of only a few dB is sufficient 
for one signal to effectively override, or mask, the other. 
Operation of the dynamic noise suppressor depends upon 
this masking effect. 

The dynamic filter has a fairly steep low-pass character - 
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A Dynamic Noise Filter 

istic which, in the absence of signal, starts cutting off at 
about 1 kHz. This very effectively rejects the noise spec- 
trum. When a signal having high -frequency components at 
sufficient amplitude comes along, the filter is made to 
"open up"; that is, its cutoff frequency is quickly raised. As 
the high -frequency program content drops in frequency 
and/or amplitude, bandwidth contracts. The idea is that 
when high -frequency signal components are present, they 
will tend to mask the accompanying noise. When highs are 
not present, the wide bandwidth is not needed. Admit- 
tedly, the recovered signal is not as faithful as a noise -free 
original would be. For example, high -frequency content in 
low-level passages may be lost. Of some help here is the fact 
that many musical instruments tend to have less harmonic 
content at low acoustic levels. In spite of this compromise, 
the processed signal is usually far more pleasing to the ear 
than the noisy input signal. 

The bandwidth control signal is derived by separating the 
high -frequency program components from the signal -plus - 
noise. Unless the signal level is consistently higher than the 
noise to begin with, this becomes impossible. Thus, there is 

a minimum signal-to-noise requirement below which no 
improvement is possible. As the original S/N improves, the 
dynamic suppressor's performance improves also. 

Ideally, the signal frequency range to which bandwidth is 

most sensitive should correspond to the frequency range of 
maximum noise. The optimum filter characteristic for 
separating the bandwidth -control signal from the noisy in- 
put thus varies widely with the characteristics of the noise 
with which we are dealing. Bandwidth control sensitivity (or 
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gain) must be set properly for the incoming signal level and 
noise properties. Bandwidth should respond rapidly to sig- 
nal changes to avoid loss of transients and to prevent aud- 
ible "swishing" sounds which can be produced by delayed 
bandwidth contraction. 

Design Approach 
I have tried to implement the basic requirements out- 

lined above as completely as possible in an easy -to -use, low- 
cost unit. A dynamic high-pass filter stage was considered 
but later dropped, as high -frequency noise predominates 
on most older records. It is my experience that low -fre- 
quency noise can usually be handled adequately with a 

simple manually -set rumble filter. 
Figure 2 shows an overall block diagram of the noise filter. 

Operational amplifier Al is connected as a non -inverting 
amplifier with a voltage gain of 3.2 (10 dB), enabling the sys- 
tem to be driven to 0 VU with an input level of 0.25 volt. 
This amplifier also serves as a buffer, providing an input 
impedance of 100 kilohms for compatibility with virtually 
any signal source. 

Amplifier Al drives the rumble filter, which could be 
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Fig. 3-Optional high-pass rumble filter schematic. 
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omitted if one is available in the associated external equip- 
ment. Following this is the pre -filter, which is simply a low- 
pass filter with a manually -set cutoff. This filter is important 
for several reasons. First, it removes noise which is above the 
frequency range of the recorded signal. Many recordings 
have no signal content above 4 or 5 kHz (even lower for 
acoustic records), and no program content is lost by cutting 
off the upper range. Thus, the total noise voltage is lowered, 
often appreciably, permitting the use of higher suppression 
gain settings as will be seen later. Another reason for this fil- 
ter is that the dynamic filter can do nothing to reduce the 
annoyance of high -frequency distortion. Furthermore, since 
a limited -bandwidth signal cannot effectively mask higher - 
frequency noise, removal of the latter helps to eliminate 
audible evidence of the continually changing bandwidth. 

From the pre -filter output the signal passes to the volt- 
age -controlled l -p filter and, via the suppression gain con- 
trol, to the h -p filter/precision detector whose function is to 
derive the bandwidth control signal. This point additionally 
goes to a switch which permits the dynamic filter to be by- 
passed at will so that its effect with various control settings 
may be easily judged. Another switch permits the output to 
be compared with the "raw" input signal. 

All of the filters used in this system, including the volt- 
age -controlled filter, are of the 2 -pole active type, giving a 

12 dB/octave rolloff slope. The damping factor is chosen 
(with one exception) for a Butterworth response, which pro- 
duces the steepest possible slope beyond cutoff with no 
peaking in the passband. (High-pass filters with 3 -dB peak- 
ing were tried, but these produced a slightly rough, 
"grainy" sound compared to the flat-passband version.) The 
design approaches are widely published and need no 
further discussion here. The rumble filter (Fig. 3) and the 
pre -filter (Fig. 4) are of this type; their response curves are 
shown in Fig. 5. The rumble filter is not essential to proper 
suppressor operation, but is convenient in case an effective 
low-cut filter is not included with the associated preampli- 
fier in the copying setup. The design shown here has rather 
high settings intended primarily for acoustic records. 

The bandwidth control signal is derived with the circuit of 
Fig. 6, which consists of a high-pass filter followed by a pre- 
cision detector. The filter damping factor is made low in 
order to produce a pronounced peak and more rapid low - 
frequency rolloff (Fig. 7). Three selectable cutoffs produce 
peaks at 3.5, 5, and 7.5 kHz; these were empirically de- 
termined to best accommodate a wide range of noise 
characteristics and recorded bandwidths. The filter output is 

coupled to the detector via a small capacitor to make the 
low -frequency rolloff even steeper below 1.6 kHz. The 
precision full -wave detector uses diodes in the feedback cir- 
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Fig. 5-Frequency characteristics of the manually -set rumble 
filter and pre -filter. 

cuit of an op -amp to effectively produce ideal rectification 
characteristics down to the millivolt region. The output 
amplifier doubles as a post -detection filter. Resistor R 

determines the gain, and capacitor C makes this stage 
behave as an operational integrator with time constant RC. 
A switch is provided for increasing the time constant by 
paralleling capacitor Cl; this is helpful with sources having 
sharp impulse noise. The output of the detector/filter cir- 
cuit controls the bandwidth of the dynamic suppression fil- 
ter according to the curve of Fig. 9. 

Early experiments showed that it is undesirable to make 
the no -signal cutoff lower than absolutely necessary to sub- 
stantially reduce noise with a particular signal source. When 
the cutoff is made lower than actually needed, weak signals 
are unnecessarily band -limited and the dynamic filter pro- 
duces such a level -dependent bandwidth contrast that its 

action is much more likely to be audible. Hence a BASE 

CUTOFF (not "BASS CUTOFF") control was found to be de- 
sirable. This control is simply a pot which offsets the detec- 
tor output at zero signal level by applying a variable refer- 
ence voltage to the op amp non -inverting inputs. This volt- 
age, variable from about -1 volt to -6 volts, establishes a 

"starting point" or base cutoff frequency which can be set 

just low enough to virtually eliminate no -signal noise. 
The variable -cutoff filter, Fig. 8, is the very heart of the 

system. Since there is some part selection and adjustment 
necessary, it must be checked out separately. The basic con- 
figuration is similar to that of the pre -filter, except the tat- 
ter's switch -selected resistors have been replaced by field- 
effect transistors (FETs). FET channel resistance R Ds changes 
as a function of gate voltage V cs as shown in Fig. 11, thus 
varying cutoff frequency. A resistor across each FET estab- 
lishes a solid lower cutoff limit and smooths the control 
characteristic as the FETs approach their "off" state. The gate 
circuit network, consisting of diode D1 and resistors R1 

through R5, is used to empirically shape the control curve 
(Fig. 9) for best audible results. Diode D1 prevents excessive 
positive gate drive, maintaining isolation between the gate 
and signal circuits. 

An input attenuator (R10 and R11) limits the signal ampli- 
tude presented to the FETs to about 0.1 volt p -p at 0 VU to 
ensure low distortion. Output amplifier A7 makes up exactly 
for this loss. An op amp having external frequency com- 
pensation was used here so that this relatively high -gain 
stage could be tailored for flat response to 15 kHz (a µa741 
could be used, but would roll off slightly above 10 kHz). Re- 
sistors R16 and R17 attenuate the output signal by an 

amount equal to the gain, so that this amplifier doubles as 

the unity -gain buffer required for filter operation. The high- 
est cutoff frequency is dictated by minimum FET resistance 
and capacitors Cl and C2. The latter should have values in a 

ratio of about 3:1 to produce the desired Butterworth 
response. Figure 10 shows the measured response of the 
complete filter for four values of control voltage. 
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The universal 4 -channel receiver. 
Since 4 -channel has been created,music lovers everywhere 

have been waiting for a universal method to decode every 4 -channel system. SANSUI has created it, 

and here it is, like a revelation: Quad Almighty. 
The SANSUI vario -matrix' now incorporated in every SANSUI 4 -channel receiver is able to decode effectively 

with remarkable musicality and clarity, all 4 -channel matrix encoded records, QS or SQ, tapes and broadcasts. 
The Sansui QRX-7001 as well as the QRX-6001 also incorporates our CD -4 demodulator. 

Of course the Sansui vario -matrix has the unique synthesizing capacity to give you breathtakingly beautiful 4 -channel 
reproduction from all of your stereo records, tapes or broadcasts. 

Also available is the SANSUI QRX 6001, 3500, 3000, and QR 1500 for the fullest line of 4 -channel receivers. 
Hear a demonstration of any of the QRX family of Quad receivers at your 

franchised Sansui dealer today or write to us for our booklet: "The Sounds of SANSUI". 

Sansurs unique technology that permits the highest degree of channel separation and 
gives unequalled 4 -channel synthesizing from any 2 -channel source. 

SANSUI ELECTRONICS CORP. 
Woodside, New York 11377. Gardena, California 90247. SANSUI ELECTRIC CO. LTD. Tokyo, Japan 

SANSUI AUDIO EUROPE S.A. Antwerp, Belgium ELECTRONIC DISTRIBUTORS (Cenada) B.C. 

Check No. 26 on Reader Service Card 



Unfortunately, FETs vary widely in characteristics, even 
between units of the same type, so these devices must be 
selected. The two FETs must be reasonably well matched 
over a 15:1 Ros range for a 15:1 range in cutoff frequency 
(15 kHz to 1 kHz). (Dual matched FETs are available, but are 
more expensive and not necessarily matched for the para- 
meter of interest here.) A transistor curve tracer is most con- 
venient for this purpose and permits selection for best 
linearity as well as matching. I used N -channel 2N4220s on 
hand ($1.50 each) and selected the best matched pair out of 
a group of 6 units. Figure 11 shows the V -I characteristics of 
one of these. There are many other inexpensive FETs which 
should work as well, such as the 2N5484, 2N5716, and 2N5717 
at under $1 each. In fact, any general-purpose, depletion - 
type FET with fairly low zero -bias current ( loss) and pinch - 
off voltage (Vp) should be usable. P -channel units would re- 
quire reversing diodes D1 and D2 and the polarity of the 
control voltage. 

If a curve tracer is not available, the setup of Fig. 12 can be 
used. A transistor socket will facilitate changing FETs. A 
good procedure is to first measure Ros at Vcs = 0. Then in- 
crease Vcs (negatively for N -channel FETs) until Ros is 

about three times the zero -bias value; this corresponds to a 

mid -range cutoff frequency where matching is the most 
critical. With this Vcs setting try different FETs until a 10 per- 
cent or better match is found. If Ros values seem to cluster 
higher or lower, try another unit as a reference and try 
matching to it. When matched units are found, check the 
match at minimum Ros (Vcs = +0.5 V) and at 10 times this 
value of ROS . A 20 percent mismatch can be tolerated at 
these extremes. My 2N4220s measure 610 ohms at zero bias, 
360 ohms at Vcs = +0.5 V., and about 8 kilohms at Vcs = 

0 

6 

CD 

12 

j - 18 
w 
-J 

D 
24 

a 
D 36 
O 

42 

i,ti f 
7A 

ra. h 
e... 

.,,,, 

t-, 

i 

I 

100 IK I0K 

FREQUENCY -Hz 

Fig. 7-Frequency characteristics of the filter used to derive 
the bandwidth control signal. 
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Fig. 8-Voltage-controlled filter schematic. FETs Q1 and Q2 
are critical and must be selected (see text). 

-0.7 V. R11 and R12 are chosen for a cutoff of between 800 
Hz and 1 kHz with the control voltage at its maximum nega- 
tive value of about -6 volts. Circuit cutoff at zero FET bias 
should be roughly 12 kHz (see Fig. 9). A slight forward bias, 
limited to about +0.5 volt at the FET gates by diode D2, then 
boosts the cutoff to at least 15 kHz with maximum positive 
output from the precision detector. 

Resistors R6, R7, R18, R19, and R20 reduce harmonic dis- 
tortion significantly. R6 and R7 feed some signal to the FET 

gate circuit so that signal voltage does not appear between 
source and gate, which would make Ros vary slightly with 
instantaneous low -frequency signal amplitude and polarity. 
R18, R19, and R20 feed back some output signal to the gates 
to further reduce distortion (this is a cancellation effect, not 
true negative feedback). 

Distortion settings are best made in the vicinity of cutoff, 
where FET linearity is the most critical. Connect a variable - 
voltage d.c. source (the slider of a 5K pot temporarily con- 
nected between -15 V and ground will suffice) to the band- 
width control input and set it for a cutoff frequency of 2 

kHz. Then, with a 2 kHz sinusoidal input at about 0 VU (2.2 V 
p -p), set trimpots R7 and R18 for lowest harmonic distor- 
tion at the output. It should be possible to sharply null the 
total harmonic content, which consists primarily of the 2nd 
and 3rd harmonics, to at least 60 dB below 0 VU. Then vary 
the cutoff frequency and make sure distortion is low for all 
settings. Of course, the filter itself will reduce harmonic dis- 
tortion appreciably at its lower cutoff values. Lacking a dis- 
tortion meter or wave analyzer, these adjustments can be 
made quite well by driving the input at 7 volts p -p (10 dB 
above 0 VU) to accentuate the distortion and setting very 
carefully for a symmetrical output waveform as monitored 
by a 'scope. Fixed resistors, determined by two decade 
boxes (the settings interact somewhat), could replace the 
pots. These adjustments, once made, are permanent unless 
the FETs are changed. 
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Fig. 9-Variable-bandwidth filter cutoff frequency vs. con- 
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Before you buy a manual turntable, 
consider what" manual" really means. 

"Manual" means more than just "single play:' 
Every time you play a record, you must pick up the 
tonearm and move it to the record. And at the end of 
play, you must stop whatever you're doing, go to the 
turntable and return the tonearm to its resting post. 
All by hand. 

Not only is this incon- 
venient, it's also risky, be- 
cause the business end of a 
tonearm is virtually weight- 
less. Handling it without 
damage to the delicate stylus 
and your fragile records 
takes a very steady hand. 

What about 
the automatic's extra 
moving parts? 

An advantage often 
assumed for the manual 
turntable is simplicity: few 
moving parts. The automatic 
turntable does have addi- 
tional parts, but they serve 
only to move the tonearm to 
and from the record when 
cycling. During play, a fully 
automatic Dual turntable has no more moving parts 
than a manual: motor, platter and drive system. 

What's more, every manual turntable requires 
one additional moving part that no Dual ever 
requires: you. 

Why many manual turntable owners 
switched to Dual. 

From warranty cards, we know that many Dual 
owners formerly owned manual turntables and 
switched to enjoy Dual's quality performance plus 
fully -automatic convenience and safety. 

For many years, more audio 
experts-hifi editors, engineers 
and record reviewers-have 

owned Duals than any other make of quality 
turntable. So have the readers of the leading 
music/equipment magazines. Certainly no group is 

more concerned about record protection and the 
quality of music than these people. 

Even the lowest 
priced Dual, model 1225, at 
$129.95 has more precision 
than you are ever likely to 
need. As for the highest - 
priced Dual, the $400 
electronic, direct -drive 
model 701, test reports have 
been extraordinary. Most 
independent test labs 
acknowledge that its rumble, 
wow and flutter are below 
the measuring capability of 
their test equipment. 

A word for those 
who still think they 
want to play manually. 

Despite all the above, 
you may still prefer to play 
your records manually. 
The Dual tonearm gives you 

this option, because it is as free-floating during play 
as any manual -only tonearm. Thus you can always 
place it on the record or lift it off-manually. 

However, we predict that you will soon take 
full advantage of the convenience and security of 
Dual's full automation. Which is what most Dual 
owners prefer. 

And considering what kind of 
people own Duals, that's something 
you really should consider. 

United Audio Products 
120 So. Columbus Ave., 
Mt. Vernon, N.Y. 10553 
Exclusive U.S. Distribution Agency for Dual 

Check No.15 on Reader Service Card 

The multi -play automatic Dual 1229Q, $269.95; Other multi -play 
automatics from $139.95. All less base and dust cover. 

Single -play automatics are the Dual 601, $270; and the electronic 
direct -drive Dual 701, $400. Both include base and dust cover. 

Dual 



Fig. 13 shows the distortion of the complete noise filter 
measured at two fixed values of bandwidth control voltage. 
At normal levels, distortion is so low that it is largely a 

measurement of the harmonic distortion of the test oscilla- 
tor. The large margin above 0 VU passes the highest pro- 
gram peaks ever likely to be encountered without clipping. 

The simple power supply of Fig. 14 easily supplies the 
power requirement of ±15 volts at about 10 mA. 

Construction 
The entire filter can be duplicated for about $60 with new 

parts. Sources of the major components are shown in the 
Parts List; substitutes can be used in most cases. Quarter - 
watt, 5 percent composition resistors are suitable. Layout is 

not critical, since signal levels are high and impedances are 
relatively low. I strongly recommend that each of the func- 
tional blocks of Fig. 2 be built and checked for reasonable 
conformance with the curves before integration into the 
system. This makes troubleshooting for errors and oc- 
casional bad components much easier, practically ensuring 
success. My unit (Fig. 1 and lead photo) is a "breadboard 
in a box." The circuit is still undergoing occasional changes, 
even though it is a third -generation model. Parts are 
mounted on terminal boards which were on hand. A neater 
approach would be to use the commercially -available perf- 
board with snap -in terminals. 

Operation 
After checking the wiring, apply power to the unit and 

check for proper power supply voltages. Positive and nega- 
tive supplies should both be between 14 and 16 volts with 
respect to ground. Much lower values would indicate a 

short circuit or bad op amp. Current drain should be on the 
order of 10 mA. 

The noise filter can be conveniently connected to your 
audio system by means of the Tape In and Tape Out jacks in- 
cluded on most preamplifiers. An advantage to this con- 
nection is that the processed signal passes through the pre - 
amp tone controls, which can be set for the most pleasing 
final balance. For taping, the recorder input is paralleled 
with the output which drives the power amplifier. 

For initial set-up experience, a record having a good fre- 
quency range and moderate, steady surface hiss is desir- 
able. (A slightly noisy FM station can also be used, but re- 
sults will not be quite as good because of the latter's flatter 
noise spectrum.) Initial control settings should be: 
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Fig. 10-Variable-bandwidth filter characteristics for several 
control voltage values. 

Pre -Filter: Off 
Rumble Filter: Off 
Time Const: Off 
Peak Rej. Freq.: 5 kHz 
Base Cutoff: CCW 
Suppr. Gain: CCW 
Dyn. Super.: Off 
Sig. Compare: Input 

The signal should now pass through the unit unaffected, ex- 
cept the Level Set control will vary the gain from zero to 3.2 
(10 dB). Set the level for 0 VU on signal peaks as you would 
set a recording level. Whenever the source is changed, the 
signal level should be reset as necessary. 

Now switch the Sig. Compare switch to "output." The sig- 
nal is now passing through the rumble filter (if used) and 
pre -filter, but bypassing the dynamic filter. Lowering the 
Pre -Filter cutoff setting should progressively cut off the 
highs. At the lower settings, which are primarily for acoustic 
records, the signal will sound severely band -limited. The 
best setting is the lowest cutoff which does not significantly 
affect the recorded bandwidth. I have found that with vocal 
music, the unfiltered sibilant sounds provide a means of 
judging bandwidth. If sibilants are quite strong and natural, 
a 7 kHz or higher cutoff is indicated. If they are weak or have 
a slight "whistling" sound, the upper limit is about 5 kHz. If 
sibilants are lacking, a 4 kHz or lower setting is best. Of 
course, the presence of high -frequency distortion may dic- 
tate a compromise setting a notch or two lower than indi- 
cated above. The filtered and unfiltered sounds may be 
compared at any time by means of the Sig. Compare switch. 
The optional rumble filter is used for the occasional re- 
cords which have warpage or bumps or low -frequency 
noise in the recording. For acoustic records it can be 
routinely left at 150 Hz, as nothing is recorded below about 
200 Hz. 

Next flip the Dyn Suppr switch to "on," putting the 
dynamic suppressor in the circuit. The sound should be- 
come very dull and lifeless, as the high -frequency cutoff is 

now 1 kHz or less. Increase the Base Cutoff setting until 
record noise just begins to be audible. The signal will prob- 
ably still be quite lacking in high -frequency content (if it is 

not, only the pre -filter may be needed for this particular 
source). Now turn up the Suppr Gain slowly. This should 
"magically" restore the highs without increasing the noise 
level. The highest possible setting which does not notice- 
ably increase the noise is normally best. 

At this point it is edifying to monitor the bandwidth con- 
trol input signal to the variable -bandwidth filter with a d.c.- 
coupled oscilloscope. The instantaneous voltage here is a 

measure of high -frequency program amplitude and 
dynamic filter bandwidth (see Fig. 9). It should follow 
transients rapidly and may reach saturation (about +14 volts) 
on musical passages having high harmonic content and on 
strong voice sibilants. 

The Peak Rej. Freq switch selects the frequency of peak 
rejection by choosing the appropriate filter curve (Fig. 7) for 
separating the bandwidth -control voltage from the input 
signal. The 5 kHz position is used for most electrical 78 rpm 
records. For acoustic records or very noisy electrical 78s 
where the pre -filter is set for 4 kHz or less, the 3.5 kHz posi- 
tion gives better results. Here the Time Const. switch can be 
set for 15 mS. The longer time constant also helps to 
attenuate sharp clicks and pops occuring in quiet passages, 
as it prevents the bandwidth from increasing rapidly enough 
to follow their steep wavefronts. The 7.5 kHz position is used 
for wideband recordings and tape. 

With a little practice, you will be able to set the controls 
quickly for optimum performance. It is often best to set the 
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Base Cutoff for a significant improvement, rather than to try 
to eliminate the noise completely. This will minimize low- 
level band limiting, and the suppressor will be less likely to 
betray its presence with obvious bandwidth changes. 

Performance 
Figures 5 and 10 indicate the bandwidth ranges available. 

The pre -filter and dynamic filter (slope is 24 dB/octave 
above both cutoffs) can together provide well over 60 dB of 
noise attenuation at 10 kHz and over 40 dB at 5 kHz. The 
overall improvement in signal-to-noise ratio is strongly 
determined by the character and spectrum of the noise, 
which varies greatly with records. W,ith the steady hiss 
typical of new electrical recordings on shellac, an average 
improvement of 8 dB (unweighted) is realized from the 
dynamic filter alone. Including the effects of the rumble fil- 
ter and pre -filter on band -limited material, S/N improve- 
ment can be more than 12 dB. The apparent improvement is 

even greater, since the ear heavily weighs the higher fre- 
quencies where record noise is concentrated. The effect of 
the noise filter is surprisingly great on records which were 
originally thought to be quiet without filtering. It is a little 
weird at first to hear a familiar old record with realistic 
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Fig. 11-Variable-resistance characteristics of a junction 
field-effect transistor with low values of drain -to -source 
voltage. 
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Fig. 12-Set-up for selecting FETs by static measurements 
(see text). Small 15 V batteries or the power supply of Fig. 13 
may be used. 

strings and brass and clear voice sibilants, but with the back- 
ground suddenly rendered deadly quiet. I have spent many 
hours listening to the records and tapes in my collection and 
enjoying them anew. 

The noise filter works very well on tape noise, providing 
at least 8 dB total S/N improvement. A stereo version built 
for tape only could be simplified considerably, as only the 
Level Set, Base Cutoff, Suppr. Gain, and Sig. Compare con- 
trols would be needed. The power supply as shown can 
easily handle two channels. 

The noise level of the filter itself depends mostly on out- 
put amplifier A7. Of several units I tried, the noise level 
ranged from 62 to 68 dB below 0 VU. 

A few tips on the mechanical aspects of copying records 
are in order here. The importance of good tracking cannot 
be overemphasized. More can be gained here than with any 
amount of electronic processing. Groove radius, depth, and 
angle were not standardized on early discs, and experi- 
mentation with tracking force and stylus size, if possible, 
may yield a considerable improvement in both noise and 
distortion. The playback stylus should, of course, ride on the 
sides of the groove. If it is too small it may ride the bottom of 
the groove and skate from side to side in a partially uncon- 
trolled manner, creating severe distortion. If too large, it will 
ride high in the groove where it is more sensitive to surface 
blemishes. Also, larger styli cannot follow high -frequency 
modulation as well, especially on the inner record grooves. 
Elliptical styli are helpful on relatively wide -range 78s if the 
latter have not been damaged by previous playings. 

Acoustic records (1925 and earlier) tend to have a larger 
groove, since with acoustic playback the mechanically -im- 
parted stylus motion had to supply all the sound power. For 
these, a stylus of 4 -mil (.004") radius may produce better re- 
sults than the standard 3 -mil size. Custom-made styli with a 
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Fig. 13-Overall harmonic distortion of the noise filter for 
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New from Acoustic Research 

The AR-10rr 
A new standard of musical accuracy 
and an unprecedented degree of placement flexibility 

Musical accuracy 
The new AR-10rr is the most 
accurate musical reproducer 
that Acoustic Research has 
ever built for use in the home. 
It has been designed to deliver 
uniform flat energy response 
in most listening rooms. This 
means that the musical 
balance of the input signal will 
be accurately transmitted to 
the listener, and listeners in 
virtually all listening positions 
will hear the performance in 
the same way. A new tweeter 
and crossover network make 
this new standard of accuracy 
possible. 

Speaker placement 
Speaker placement in the 
listening room is of critical 
importance to the musical 
balance of the system. 
That's why most speaker 
manufacturers give explicit 
instructions on exactly where 
their speakers must be placed 
for best results. The AR-10rr 
however has been designed 
for maximum flexibility in this 
respect. It can operate in 
almost any location in your 
room with no sacrifice in 

accuracy. 

Check No. 1 on Reader Service Card 

The AR-10rr can be positioned 
against a wall, in a corner, or 
even in the middle of the room. 

Simply resetting a single 
switch will ensure the right 
amount of bass energy for any 
position -something that is not 
possible with conventional 
loudspeaker designs or 
equalization techniques. 

Acoustic Research has 
prepared a comprehensive 
description of the AR-10rr 
speaker system. You can get a 
free copy by sending us the 
coupon below. 

Acoustic Research 
10 American Drive 
Norwood 
Massachusetts 02062 
Telephone: 617 769 4200 

. TELEDYNE COMPANY 

Please send me a complete description of the AR-10rr AU -6 
Name 

Address 



the 
greatest 
innovation 
since 
solid state 

THE TUBE. Many audiophiles think it's old- 
fashioned. They're thinking of yesterday's tube 
equipment, with its poor circuits, poor tube 
types, and design problems. Today's improved 
tubes, combined with modern technology, de- 
liver better audio reproduction than present 
solid-state electronics. In Audio Research 
components, the tube becomes a positive 
breakthrough. 

The vacuum tube is just one of the many 
innovations in Audio Research equipment. 
There's our own patented circuitry and power 
supply regulation, plus the toughest manufac- 
turing and quality control standards in the in- 
dustry. That's why our preamplifiers and power 
amplifiers deliver unequalled accuracy and 
subtlety across the full range of musical fre- 
quencies. We call it "high definition." We've 
also got the speaker that does justice to the 
finest components - the MAGNEPLANAR* 
Tympani Series, based on a design so unique 
it won a top award in a national inventors' 
competition. 

Audio Research equipment has more to offer 
the demanding audiophile than any other com- 
ponents on the market. Arrange for a demon- 
stration at your dealer. Once you've heard 
what Audio Research innovations mean to 
music reproduction, you won't be satisfied 
with anything less. Write for product 
literature. 
Attentiam audio specialist dealers: see our operational 
display during June CES, McCormick Place, Chicago. 
Room 20-5W. 
*TM MAGNEPAN, INC. 

audio research 
corporation 

"truncated" tip (really a smooth transition from a 2- or 3 -mil 
radius to about a 4 -mil radius at the very tip) have been used 
to track the groove sides of 78s properly while avoiding con- 
tact with the bottom. (Truncated and other special styli are 
available from International Observatory Instruments, 5401 

Wakefield Drive, Nashville, Tenn. 37220.) Although not a 

cure-all, these can give dramatic results on selected discs. A 

2.5 -mil stylus is best for most post -1946 transcriptions. 
Obviously, the pickup should have adequate lateral compli- 
ance and should produce no output for vertical motion. 
Incidentally, electrical recordings made before the mid - 
1940s are mostly recorded flat, that is, they have no high -fre- 
quency pre -emphasis, while later records have pre -empha- 
sis of as much as 16 dB at 10 kHz. 

Edison cylinders (160 rpm) and discs (80 rpm), some Pathé 
discs, and some early wax transcriptions are vertically modu- 
lated. Here the stylus does ride on the groove bottom, and 
the pickup should have only vertical response. This can be 
obtained (as can lateral -only response) from a suitably - 
phased stereo cartridge. Stylus radii of 4 to 10 mils are typical 
here; as always, experimentation is in order. 

Future Development 
The experimenter may want to try to improve the perfor- 

mance of the circuit described. Of course, additional types 
of processing can be added, such as more effective click 
suppression at the filter input or multi -channel equaliza- 
tion at the output. These would be electrically independent 
of the noise filter, and beyond the scope of this paper. How- 
ever, there are some possibilities for improving the noise fil- 
ter itself. Many of these, unfortunately, would require an 
incongruous increase in complexity and cost. 

Sharper filter cutoffs give a marginal improvement on 
very noisy material, but setup adjustments become more 
critical. Dynamic high-pass (low-cut) filtering using a simple 
6 dB/octave slope might be a reasonable addition. Since the 
noise -rejection frequency band of the low-pass dynamic fil- 
ter should complement the noise spectrum of the signal, a 

statistical study of record and tape noise spectra might lead 
to a better shape for the bandwidth -control -signal separa- 
tion filter of Fig. 7. The separation filter selector could be 
ganged with the pre -filter cutoff switch to eliminate one 
control knob. Perhaps a noticeable improvement could be 
realized by experimenting with the shape of the bandwidth 
control characteristic, Fig. 9. The attack time constant could 
be shortened by using a more elaborate filter at the pre- 
cision detector output; this would improve the response to 
occasionally encountered wide -band transients. 

An obviously desirable change would be to replace the 
FET bandwidth -control filter with one of the voltage -con- 
trolled state -variable type. This would eliminate the need 
for FET selection, but would increase the cost severalfold. It 
therefore appears that the original goal of high perfor- 
mance per dollar has been achieved, yielding a practical de- 
sign which is within reach of the hobbyist. 
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INTRODUCING TDK SUPER AVILYN. 
IT OUTSOUNDS CHROME. 

AND THE #1 FERRICHROME. 

INDEPENDENT LAB TEST RESULTS 
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]lr 

6tl Distortion (I.M,) 1st 2nd 3rd 

Low -Frequency 
Response Accuracy 

Mid -Frequency 
Response Accuracy 

High -Frequency 
Response Accuracy 

Maximum Output 
Level (3%thd 

Ist ist ist ist 1g1 

1st 2nd 5th 5th 
211 

2nd 2nd 6th 5th 1s 

Pt 2nd 4th 6th 51 

Output (0 VU) ist 4th 5th 2nd 21 

Surface 
Abrasiveness low high high high to 

eize)f 

SUPER AVILYN CASSETTE 

SA-üe® eTDK. 
STATE OF THE ART PERFORMANCE 

h 

Seven tapes were tested (TDK SA. TDK KR, Scotch Chrome, BASF Chromdioxid, 
Advent Chrome, Scotch Classic, and Maxell UD) and ranked 1st to 7th. The chart 
shows the results for 5 representative tapes tested. 

The following tape decks were selected for use in the tests: Nakamichi 500 & 1000, 
Advent 201, and TEAC 450. 

You want the best sound you can get 
from your cassette recorder without 
worrying about headwear. And until now, 
chrome and ferrichrome had the sound - 
they outperformed ferric oxide tapes in 
extended high frequency response with 
lower noise. 

Well, TDK has advanced cassette 
recording to a new standard of high 
fidelity. It's new Super Avilyn, the 
cassette that outsounds chrome, the best- 
selling ferrichrome, and the top -ranked 
ferric oxide tapes. 

Its magnetic particle is new. 
It soaks up more sound and plays it 
back with less distortion. That's power 
and clarity you can hear. 

Super Avilyn doesn't require special 
bias/eq. setting for optimum perform- 
ance. It is compatible with any tape deck 
that has the standard CrO2 bias/eq. setting. 

Distortion -that's the big story. 
Look at these lab test figures. 

LEAST DISTORTION-CLEAREST SOUND. 

TDK SA A BC D 

0 VU 11% 13% 26% 50% 32% 

-5VU 4.5% 5.4% 11% 17.5% 5.4% 

-IOVU 4.2% 4.5% 8.5% 7.8% 4.8% 

-20VU 4.9% 5.0% 8.0% 5.2% 6.0% 

SMPTE METHOD: I.M. DISTORTION -7000 Hz-60Hz, 4:1 ratio. 

There's just no contest. Super Avilyn 
delivered the clearest, cleanest sound. 
More lifelike sound-and to a discriminat- 
ing ear, that's the ultimate test. Fact is, 
Super Avilyn is the new state of the art. 

TDK Electronics Corp. 
755 Eastgate Blvd., Garden City, 
N.Y. 11530. Also available in Canada. 

4TDK. 
Wait till you hear 

what you've been missing. 



MIKE EDDINGER 

"YOU'RE MISSING THE WHOLE POINT OF 
BUILDING HI-FI KITS, FRED!" 

Parts List 
Qty Part Mfg. Number Source 

Power UTC FT13 or Newark #2F702 
Xformer* Allied 6K48HF Allied #705-0065 

1 Bridge Rect (B) Allied VE08 Allied #976-3021 
4 250µF, 25V (C) Allied N -G-500 Allied #710-1356 
6 Op Amp (A1 -A6) Fairchild U5B77- Allied #569-2100 

41393 
1 Op Amp (A7) Motorola Newark (no # req'd) 

MLM301AP1 
10 FET (Q1 and Q2) Motorola Newark (no # req'd) 

2N4220 
4 Diode Fairchild 1N4153 Allied #551-4153 
1 VU Meter Micronta 22-019 Allied #910-4519 
3 SPDT Toggle Sw Cutler -Hammer Newark #29F2274 

SF1SBX191 
1 Selector Sw (S1) Mallory 32261 Newark #22F056 
1 Selector Sw (52) Mallory 3229) Newark #22F061 
1 Selector Sw (S3) Mallory 32231 Newark #22F055 
1 Pot, 100K Audio Taper 

(Level Set) Mallory U39 Newark #9F221 
1 Pwr. Sw. for above Mallory U526 Newark #9F246 
1 Pot, 10K Linear Mallory U20 Newark #9F089 

(Base Freq.) 
1 Pot, 10K Audio Taper 

(Suppr Gain) Mallory U18 Newark #9F087 

*Allied transformer is larger than UTC, but costs less. 

These parts should be available at any industrial electronics supply 
store. Some electronics parts distributors will also carry. For mail 
order use Newark Electronics, 500 N. Pulaski Rd., Chicago, III. 60624 
or Allied Electronics, 401 E. 8th St., Fort Worth, Texas, 76102. 
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Headroom headaches 
ADVICE FROM: Ed Flaherty, recording engineer, Capitol Records, Inc. 

PROBLEM: When you're low on headroom your recordings are 
cramped by distortion and lost highs. 

RECORDING TIP: Plan ahead for headroom. If you're recording a 

live band, have them rehearse the loudest passage while you set your 
record level at "0"'on the VU meter. Or so your peak indicator doesn't 
flash excessiv,ely. Now record the whole session at that pre-set level. 

(Do the same whether you're recording live or dubbing.) 

TAPE TIP: The Music Tope by Capitol gives you more headroom to 
start with-up to 3 db more than standard tapes. So you can red line it 

with less chance of distortion and loss of high frequencies. 

When you record ordinary things, use an ordinary tape. 
But when you record music, record on 

the 
+rule 
tope 

the 

music Pe 

0 CAPITOL MAGNETIC PRODUCTS ® the music tapeTM .' Etc. 
A DIVISION of MRDS INC cassette cartridge open reel BY CAPITOL AEG OA Or cNl LOS ANGELES. CALIFORNIALIEOR 90018 A MEMBER OF THE EMI GROUP rM OF Emi limirEo 
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Indulge yourself in epicurean de- 
lights by placing a record on the 
Philips GA 209 fully automated elec- 
tronic turntable. Then walk away. The 
209 takes it from there. It automati- 
cally selects the precise speed you've 
calibrated. And it automatically meas- 
ures the record size, cueing the tone 
arm gently to the lead-in groove. 

The 209 is the only turntable with 
three DC motors. One rifts the tone 
arm. The second transports it The 
third, a DC servo motorltacho gener- 
ator, spins the platter. 

The precision ground drive belt 
even filters out rumble as well. 

Next on the menu is the surpris- 
ingly attractive SC 102A stereo con - 

trol centerlpre amp. It gives you top 
professional quality in your home. Pre - 
amp performance specifications like 
the 02A's could cost over $600. The 
102A casts less than half. 

For anent red, we proudly present 
our Motional FeedbackTm System. 
Known as"Little David:' it's more than 
a match for floor standing giant speak- 
ers. That's because it has much more 
inside its 15 x 113 x 8%" cabinet than 
any other speaker. 

There's a three-way speaker sys- 
tem. It rolls off cleanly at 35 Hz and 
tops at 20,000 Hz. Then there's inter- 
nal bi-ampl fication. One power amp 
for the woofer. Another for the mid- 
range and tweeter. Together they pro- 
duce more than 103 dB sound pres- 
sure level at one meter. 

Anc most important, our Mo- 
tional Feedback circuitry. Starting in 

the woofercone apex, there's a piezo- 
electric accelerometer. Together with 
an internal electronic comparator, it 

corrects any d fferences between the 
incoming signal and woofer cone mo- 
tion.This virtuallyeliminates distortion 
...at the speed of light. 

Visit your better audio shop for 
Philips nigh fidelity components. 
Order the complete system. Or a lä 

carte. 

PHILIPS AUDIO VIDEO SYSTEMS CORP. 
AUDIO DIVISION 
91 McKee Drive. Mahwah, N.J. 07430 

If you want del cious sound, just use Philip, ,ngredients. 

TM-N V Philipº. Holland 

Check No. 22 on Reader Service Card 



Equipment Profiles 

Heath Model AR -2020 
Four -Channel AM/FM Receiver 

MANUFACTURER'S SPECIFICATIONS 
FM TUNER SECTION 
IHF Sensitivity: 2.0 µV. S/N: 60 dB. Selectivity: 60 dB. 
Capture Ratio: 2.0 dB. THD: Mono, 0.5%; Stereo, 0.75%. I.F. 
Rejection: 75 dB. Image Rejection: 50 dB. Spurious Rejec- 
tion: 70 dB. AM Suppression: 50 dB. Frequency Response: 
20 Hz to 15 kHz ±1 dB. Stereo Separation: 1 kHz, 35 dB 
minimum. Sub -carrier Suppression: 60 dB. 

AM TUNER SECTION 
Sensitivity: 100 µV/M. Selectivity: 40 dB. Image Rejection: 
75 dB at 600 kHz. I.F. Rejection: 60 dB. S/N: 35 dB. THD: 
2.0°%o. 

AMPLIFIER AND PREAMPLIFIER SECTION 
Continuous Power Output: 15 watts per channel, all 
channels driver, 8 -ohm loads, with 0.5% total harmonic dis- 
tortion and 0.5% intermodulation distortion, 20 Hz to 20 
kHz. Damping Factor: 30. Input Sensitivity: Phono, 2 mV; 
Tuner, Aux, Tape, 200 mV. Phono Overload: 35 mV or better 
(depends on input level setting). Frequency Response: 7 Hz 
to 50 kHz +1 dB. Power Bandwidth (IHF): 5 Hz to 30 kHz. 
S/N: Phono, -60 dB (referred to 10 mV); Aux, Tape, -70 dB. 
Residual Noise: -85 dB. Tape Output Level: 0.4 volts. 

GENERAL SPECIFICATIONS 
Power Requirements: 120 or 240 volts, 50/60 Hz, 100 watts 
(at full output). Dimensions: 20 in. W x 5 in. D. Net Weight: 
24 lbs. Retail Price: $279.95, kit. 

Fig. 1-Rear panel of the Heath AR -2020. 

Always at the forefront of audio developments, the Heath 
Company apparently set out to prove with the AR -2020 that 
it is possible to "get into" four -channel sound via the kit - 
building route at such a low, low price that it would attract 
audio fans who have been reluctant to spend the large sums 
of money required for "ready-made" four -channel 
receivers. To a considerable degree, Heathkit has 
succeeded, in that the power output (15 watts per channel) 
and overall performance quality of the AR -2020 are certainly 
the equal of receivers costing $100 to $150 more. While 
Heath apparently did not set out to attract the ultra -sophisti- 
cated quadraphile since the AR -2020 doesn't include a CD -4 
demodulator or logic in its SQ decoder, still this receiver's 
solid, economical performance should appeal to and satisfy 
both the beginning and moderately sophisticated quadra- 
phile. In addition, a few of the control features, such as 

loudness compensation and high- and low -frequency filters, 
have been eliminated in this unit to further reduce cost. The 
unit thus offers solid basic performance without the com- 
plications of the latest technical refinements. 

The front panel, pictured here, is all black, set off by two 
horizontal, chrome trim strips. AM and FM dial scales are in- 
visible until power is applied. The usual stereo indicator 
light appears to the left of the dial scale when a stereo 
broadcast is tuned in. The right third of the panel includes 
the tuning knob, four individual level controls (there is no 
balance control), master volume control and separate bass 
and treble controls for front and back channels. Below the 
dial scale area are 12 identical push -buttons. Six of these 
select program source, four others choose between four - 
channel, stereo, mono and matrix (SQ) modes, while the re - 

Fig. 2-Interior of the AR -2020. 
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maining two are for power on/off and for speaker actua- 
tion (with the speaker button out, phones -only can be 
heard). A pair of phone jacks for front and back plugs of 
four -channel headphones complete the front panel layout. 

The rear panel, pictured in Fig. 1, has input and output 
jacks for phono, four -channel and two -channel AUX in- 
puts, four -channel tape inputs and outputs, a ground 
terminal, antenna terminals for 300 ohm and 75 ohm con- 
nections, and conventional screw terminals for front and 
back speaker connection. Switched and unswitched a.c. 
convenience outlets are also provided, as is a fully rotatable 
and pivotable ferrite -bar AM antenna. 

Internal Construction and Circuitry 
The AR -2020 is available only in kit form (unlike some 

other Heath products which may be purchased in wired 
form as well). Although we did not personally put together 
this particular receiver, we did have access to Heath's ex- 
cellent (as always) àssembly and owner's manual. It runs to 
150 pages and is replete with step-by-step construction de- 
tails, diagrams, alignment instructions (with and without 
special test equipment), and even a lengthy circuit -descrip- 
tion section for the more technically minded builder. A view 
of the inside of the chassis is shown in Fig. 2. Ten major p.c. 
modules are used, the largest of which is the AM/FM tuner 
module which includes the front-end as well as the multi- 
plex decoder section. Phono preamplification is accom- 
plished by means of a single IC, as is SQ matrix decoding. 
ICs are also used in the FM i.f. section for amplification 
limiting and quadrature detection. The multiplex decoder 
uses a phase -lock -loop IC and requires no tuned coils. Ac- 
curate "lock" and separation is set by means of a single 
potentiometer. Both AM and FM r.f. sections include three 
gang variable capacitors, and the FM r.f. amplifier uses an 
FET. Tone control circuits are of the feedback type and each 
uses a Darlington transistor pair (in one package) for gain. 
Power amplifier sections are entirely direct -coupled and 
have differential amplifier inputs and dual plus and minus 
voltage supplies for the power output transistors. Speaker 
and output protection is in the form of replaceable two 
ampere fuses in each speaker feed line. Unfortunately 
absent from the circuit are any tape -monitor circuit -inter- 
ruption points-a feature which will be missed by users who 
own three -head tape decks and also prevents a user from 
substituting a more sophisticated SQ logic decoder for the 
basic matrix decoder presently used in the AR -2020 unless 
wiring modifications are made at a later date. Extensive volt- 
age regulation is provided for all operating voltages except 
the high voltages used for the power output stages. In all, 
we counted 56 transistors, 5 IC's, 1 FET, and 22 diodes or 
diode packages in the AR -2020. 
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Laboratory Measurements 
Because we did not personally build this receiver, we had 

an opportunity to judge how well an amateur who has no 
equipment with which to align the finished product will 
fare. While we generally support the practice of factory or 
service station alignment of FM tuner circuitry, Heath has 
intelligently gotten around what could have been trouble 
for the kit -builder through the use of a phase -lock -loop IC 
in the multiplex section and careful factory alignment. IHF 
sensitivity was measured as 1.9 µV, a bit better than the 2.0 
uV specified. Mono noise and THD, plotted in Fig. 3, ex- 
ceeded their specifications, reaching 67 dB and 0.35%, 
respectively, while just 5.0 µV of input signal strength was 
required in mono to reach 50 dB of quieting. Noise reduc- 
tion in stereo FM was slower, as is normal, and reached a 

maximum value of 57 dB at 1000µV. THD in stereo was again 
better than claimed, at 0.5% for mid -frequencies. 

Figure 4 shows stereo FM separation and distortion versus 
frequency in both mono and stereo FM. Some 39 dB of 
separation was observed at mid -frequencies, tapering down 
to 20 dB at 15 kHz and 27 dB at 50 Hz. Mono THD was at 
approximately at the 0.5% level for all audio frequencies, 
while in stereo, THD rose significantly at low and high fre- 
quency extremes. The rise in THD at high frequencies (2.0% 
at 10 kHz) is attributable to "beats" between audio and 
carrier products, but the low -end rise in THD was observed 
to be primarily third -order harmonic distortion. 

Other measurements made in FM included a capture 
ratio of 1.8 dB, carrier suppression of 63 dB and spurious sig- 
nal rejections which generally conformed to published 
claims. 

AM measurements were surprisingly good for a unit in 
this price class. Signal-to-noise ratio in AM measured better 
than 35 dB and THD for 30% modulation was well under 
1.5%. 
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The amplifier sections of the AR -2020 are designed strictly 
for four -channel applications, since when you switch to 
STEREO on the front panel, you will then have the same pro- 
gram material played over the back channel speakers as is 

heard from the fron speakers. Thus, there is no facility for 
"strapping" power in the stereo or mono modes. Accord- 
ingly measurements were confined strictly to four -channel 
use of the amplifier sections. 

As shown in Fig. 5, THD remains well below 0.2% until 
rated power per channel is exceeded. Rated THD of 0.5% is 

reached at an output of 19 watts per channel. IM reaches the 
same rated value at the same output, decreasing to 0.2% for 
lower power output levels. Power bandwidth, plotted in Fig. 
6 extends from 8 Hz to 70 kHz. It should be pointed out that 
power bandwidth, as defined by the IHF, is the pair of fre- 
quency extremes at which power output for rated THD is 

down 3 dB from mid -band rated output. This definition dif- 
fers from the new "power bandwidth" defined in the newly 
adopted FTC power disclosure rules. That newer definition 
implies that power bandwidth is the pair of frequency ex- 
tremes at which a product can produce its full rated output 
at rated THD or lower. Based upon this more stringent 
definition, the Heath AR -2020 would be entitled to a power 
rating somewhat higher than the 15 watts per channel 
claimed since, as is evident in Fig. 7, THD is well below the 
rated value of 0.5% even at the frequency extremes of 20 Hz 
and 20 kHz. 

Tone control range of bass and treble controls on the AR - 
2020 is graphed in Fig. 8 and is typical of the action of this 
type of feedback tone -control circuitry. Signal-to-noise 
ratio in AUX measured 75 dB, and at minimum volume, hum 
and noise was 91 dB below rated output. We must take the 
Heath company to task insofar as their phono hum -and - 
noise spec is concerned. Like many other manufacturers 
that we have criticized before, Heath chooses to reference 
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their phono hum spec to a cartridge signal input of 10 milli- 
volts, yet, a few lines earlier, they point out that phono in- 
put sensitivity is a mere 2.0 millivolts. This discrepancy can 
easily confuse the uninitiated, and yet the full story is there 
if the reader knows how to interpret the figures. In terms of 
2 mV input, the hum spec should have been published as 

- 46 dB according to Heath's published spec-not -60 dB. 
Well, in actual fact, the set is a good deal better than that, 
since we measured -54 dB based on the 2 mV reference. 
Translated back to Heath's 10 mV reference, that would be 
- 68 dB-a very good reading indeed and one which Heath 
needn't worry about. Phono overload was 70 mV, much 
better than claimed though not as high as we have mea- 
sured on many other units which use discrete transistors in 
their preamp circuitry instead of an IC. It should be pointed 
out that since the phono inputs have adjustable sensitivity 
(level -set controls are accessible through holes in the chassis 
bottom cover), this need not concern users of higher -out- 
put cartridges who will no doubt decrease the input 
sensitivity so that reproduced levels match those of the 
tuner or other program sources. As a matter of fact, the 
presence of phono input -level controls on such a low- 
priced unit is quite welcome, since it is rarely found even on 
higher -priced stereo or four -channel receivers these days. 

Listening Tests 
The AR -2020 performed quite well on both FM and AM. 

Even using our "standard test" FM stations, which put out 
relatively weak stereo signals but which aren't bothered by 
multipath, we were generally able to pick up quite listen - 
able signals. With an outdoor antenna connected, the qual- 
ity of most of the still marginal signals improved so that they 
too were listenable. 

Power output was sufficient for driving medium to high 
efficiency speakers, but this is not the receiver to use if you 
fancy the low -efficiency acoustic -suspension variety of 
speakers and if your listening room is very much larger than 
usual. The receiver works nicely with such program sources 
as discrete four -channel tapes (either from open reel or 8 - 
track), stereo cassette decks, and its own internal radio 
facilities. Its matrix circuitry is, as we have stated, of the 
earliest SQ type, so that your enjoyment of SQ and other 
matrix records will depend to some extent how fussy you 
are about separation and how willing you are to "stay put" 
in a preferred listening area in the room. Certainly, the AR - 
2020 does offer a great deal for its low kit price-plus the joy 
of building it yourself, and thus is a good answer for those 
seeking an "easy on the wallet" entry into four channel, 
though it won't appeal quite as much to those who are seek- 
ing the ultimate in four -channel reproduction. 

Leonard Feldman 
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You probably know ADS for its complete 
line of high performance home loud- 
speaker systems. Our top model, 
the LV 1020 studio monitor, has 
rapidly become a favorite among 
dedicated audiophiles and pro- 
fessionals. Now the unmatched 
open clarity and exact response 
to the most subtle musical de- 
tail, the famous 'Invisible Sound', 
has been extended into a mini- 
ature package! 
The new ADS 2001 speaker 
system brings 'Invisible Sound' 
into your car, boat, plane, 
camper, mobile recording van - 
or wherever music reproduction 
of the highest quality is needed, 
space is limited, and only 12 Volt 
DC is available. 
No existing mobile music sys- 
tem can be remotely compared 
to the high power, bi -amplified 
ADS 2001! 
Engineering breakthroughs be- 
gin with the drivers: ADS engi- 
neers succeeded in developing 
a 4" precision woofer, which 
compares in overall power han- 
dling and its ability to move air 
to a good 6" woofer. This tiny 
superdriver is matched with a 
1" soft -dome tweeter derived 
from the uniformly excellent 
model installed in the entire ADS line 
BRAUN LV 1020 studio speakers. 

Sophisticated electronics were necessary to 
give these speakers their stunning perform- 
ance. A minimum of 160 W of sinewave power, 
provided by four independent Darlington 

up tp the 

3EA FLI 
power amplifiers, is available for the 

woofers and tweeters, coupled 
with electronic crossover networks 
(active filters), equalizers,and opto - 
electronic limiters. 

The power -supply is a high fre- 
quency DC -DC switching con- 
verter operating at 25,000 Hz; 

it provides over 350 watts of 
electrical power to the amplifiers 
from an ordinary 12 V battery. 

All three components of the 
ADS 2001 system are pack- 
aged in high impact precision 
metal cabinets, finished in black. 
The compact power supply/ 
amplifier box can be installed 
virtually wherever a sufficiently 
large space is available (trunk, 
under hood, engine compart- 
ment, boat -peak, etc.), and the 
7"x4"x4" speaker cabinets have 
multiple provisions for optimum 
mounting. 

You can experience the 'INVISIBLE 

SOUND' of the ADS 2001 system 
at over 200 authorized ADS 
dealers across the United States. 
Find out why the ADS 2001 is so 
powerful yet 'invisible; just like 
the legendary LV 1020 studio 
monitor and all ADS speakers. 

For additional information and 
dealer list write to: ANALOG & 

DIGITAL SYSTEMS, INC., 377 Putnam Avenue, 
Cambridge, Massachusetts 02139. 
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Yamaha YP-701 Automatic Turntable 

MANUFACTURER'S SPECIFICATIONS 
Motor: Synchronous outer -rotor type. Speeds: 331/3 and 45 
rpm. Automatic pick-up and return. Wow and Flutter: less 
than 0.05%. S/N Ratio: 50 dB. Platter: Diecast aluminum, 12 
in. diameter. Tonearm: Static -balanced "S" type, gravity 
center mechanism. Stylus Force: 0 to 4 gms. Shell: Universal 
plug-in type; weight, 12 gms. Cartridge Weight Range: 5 to 
15 gms. 
General Specifications 
Power Source: Switchable-100,110, 117, 125, 200, 240 V., 
50/60 Hz. Power Consumption: 15 W. Dimensions: 19 in. W. 
x 161/4 in. D. x 61/4 in. H. Weight: 20 lbs. Price: $220.00. 

Fig. 1 - Top view of turntable. 

Fig. 2- Internal view of turntable 

It was bound to happen some day. Some company would 
bring out an automatic turntable that was belt driven-and 
it finally has. The Yamaha YP-701 has no idler, no stepped 
pulley on the motor which contacts an idler wheel which in 
turn contacts the inside rim of the platter to provide the 
driving power. Instead, the platter is driven by a belt around 
its rim and around a two-step motor shaft for 331A and 45 
rpm, in just the same manner as is often found in profes- 
sional turntables of the highest quality. (Belt -driven auto- 
matic turntables are also being marketed by British Indus- 
tries Corpration.-Editor) 

The automatic part of the mechanism is engaged only 
during the shut-off cycle, and therefore contributes no drag 
to the platter while it is actually playing the record, which is 

as it should be. At the conclusion of playing the mechanism 
is tripped, engaging a nylon gear on the turntable shaft 
which drives a large gear which goes through the usual cycle 
to lift the arm and return it to the rest, then shuts off the 
motor. 

The chassis, finished in satin silver, is mounted on a solid 
plywood base, rubber insulated and damped. The platter is 

die cast, and fitted with a neatly textured mat. At the left 
front corner is a toggle which changes speed by shifting the 
belt from one diameter of the motor shaft to the other, and 
at the right front corner is another toggle which turns on the 
motor switch, or initiates a cycle which causes the arm to lift 
and return to its rest, and then stops the motor. 

The arm balancing weight is an unusual feature. Once the 
actual zero -balance point has been determined, the for- 
ward portion of the weight, which turns separately from the 
rear portion, is set to indicate "O" and then the entire 
weight is rotated to set the desired stylus force, with the gra- 
duations on the front portion of the weight then serving to 
indicate the actual stylus force, in grams. The arm is shaped 
in a gentle "S" curve to provide the horizontal balancing 
which in other turntables is often provided by a separate 
weight extending laterally from the arm, thus contributing 
possible confusion as to where it should actually be set for 
optimum performance. 

Anti -skate compensation is provided by a small weight 
which hangs from a thread over an integral formed -wire 
support. The cueing lever has a comfortably -sized handle 
forward of the arm support, and the arm rest has a wire 
locking device to hold the arm firmly while moving the 
entire turntable. The perforated light -weight cartridge head 
is held onto the arm by a bayonet -type locking ring. 

Underneath, the chassis is a model of neatness. Of spe- 
cial importance is the well -shielded termination for the ex- 
ternal leads which are already prepared for use with CD -4 
cartridges, having the low capacitance of 93 pF, in contrast 
to usual capacitance of the order of 300 pF in turntables not 
especially set up for CD -4 cartridges. 

On the rear of the base is an etched plate indicating the 
proper orientation of a multi -pin plug which may be 
inserted for various voltages encountered throughout the 
world -100, 110, 117, 125, 220, and 240. 

A small lever accessible under the platter permits adjust- 
ment for frequency -50 or 60 Hz, thus making the unit us- 
able practically everywhere, since 25 -Hz line supply is rare- 
ly, if at all, encountered anymore. 

Performance 
Using the CBS BTR-150 test record, wow and flutter was 

measured at 0.06 %. Separately, wow alone measured 0.05 
%, and flutter 9.04%, both of which are excellent. Rumble 
was measured at -55 dB (NAB weighted) below 3.54 cm/sec 
at 1000 Hz, also a good figure, even with a high quality turn- 
table. 

Since the motor is hysteresis synchronous, its speed was 
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Today, underdog. 
Tomorrow, topdog. 

We make receivers, tape 
recorders and speakers. 

We're good at it. 
Because we've been 

putting most of our energy 
into our products. Not our 
advertising. 

After all, if our products 
weren't any good then you 
wouldn't want them. 

No matter how big our 
name was. 

But the fact remains 
someone can make the best 
components in the world 

and still not sell many of 
them because not enough 
people know about them. 

That doesn't mean we're 
going to tell you our com- 
ponents are the best in the 
world. No one can say that. 

What we're saying is this: 
We're going to start telling 

you more about them. But 
there's going to be no false 
promises, no empty claims. 

We're going to tell you 
exactly what we make. And 
how to get the most out of it. 

We're going to prove that 
a sale doesn't end when you 
walk out of the store. 

We're going to do some 
things to shake up this busi- 
ness. And turn a few heads. 

We have some big names 
to compete with. 

You know who they are. 
So from now on the 

underdog is going to look 
more and more like the 
topdog. 

Because that's exactly 
what we intend to be. 

If you're going to get big, you gott I be gocd. 

We're good. 



not affected by large variations in voltage, and speed was 
maintained with the line voltage dropped as low as 30 volts, 
although reliable operation and the arm -returning cycle re- 
quired at least 65 volts, much lower than any domestic sup- 
ply is likely to run. 

Operation and handling of this unit was extremely 
smooth, and while it is not inexpensive, its performance 

rates high. In order to maintain its high performance, the 
maintenance kit provided contains an oil dispenser, two 
screwdrivers, tweezers, two stylus brushes of different types 
a record cleaner (the usual "cleaning" cloth), and a tube of 
grease-all in addition to the 45 -rpm adapter. With these, 
the user should be able to maintain the unit's original per- 
formance for years. C. G. McProud 

Check No. 81 on Reader Service Card 

C/M Laboratories Receiver RR805 

MANUFACTURER'S SPECIFICATIONS 
FM Tuner Section 
IHF Sensitivity: 1.8 tV. Quieting Slope: 6 /IV for 60 dB 
quieting. Selectivity: 70 dB. Frequency Response: 30 Hz to 
15 kHz, + 1 dB. THD: mono, 0.3%; stereo, 0.5%. S/N Ratio: 
70 dB. Image Rejection: 100 dB. I.F. Rejection: 100 dB. Cap- 
ture Ratio: 1.5 dB. 
AM Tuner Section 
IHF Sensitivity: 15 µV (external antenna). Selectivity: 40 dB. 
S/N Ratio: 50 dB. Image Rejection: 75 dB. I.F. Rejection: 75 
dB. 
Amplifier Section 
Power output: 54 watts per channel from 20 to 20,000 Hz 
into either 4- or 8-ohm loads, at maximum harmonic dis- 
tortion of 0.3%. IM Distortion: 0.2%. Input Sensitivity: 
Phono 1, 2.2 mV; Phono 2, 4.0 mV; AUX 1,2, and Tape, 115 
mV. Frequency Response: Phono, RIAA ± 0.5 dB. Phono 
Overload: 125 mV. S/N Ratio: Phono, 65 dB; AUX and Tape, 
75 dB. Residual Noise: 1.5 mV. Low Filter: -10 dB at 20 Hz. 
High Filter: -10 dB at 10 kHz. 
General Specifications 
Dimensions: 19 in. W. x 5 1/4 in. H. x 17 in. D. (including rack 
handles, AM antenna extended). Weight: 38 lbs. Price: 
$600.00. 

Fig. 1 - Rear view of receiver. 

C/M Laboratories of Norwalk, Connecticut, first entered 
the component high fidelity field some years ago with what 
were then state -of -the art, basic amplifiers and preampli- 
fiers whose performance and quality was universally ac- 
claimed by the audio fraternity. Many of those early pre - 
amps and amps found their way into professional applica- 
tions, and the name CM Labs has been associated with the 
superior equipment often found between consumer com- 
ponents and studio -grade equipment. More recently, the 
company has decided to strengthen its spot in the con- 
sumer market by importing consumer products from 
abroad, and by serving as the sole distributor of recognized 
high -end products manufactured by others but designed to 
C/M's exacting standards. Included in the C/M group are 
Cambridge Audio electronic and speaker system compon- 
ents, LWE speaker systems, and now a line of receivers 
which includes the Model RR805, a relatively high-powered 
unit suitable for rack mounting or for installation in an op- 
tional wooden cabinet. 

The front -panel layout clearly demonstrates that a "pro- 
fessional" look need not be esthetically unappealing in 
home situations. Major controls are located along the 
bottom of the panel and include dual -concentric Bass and 
Treble tone controls, a Mode switch (for Left -only, Right - 
only, Stereo, Reverse, and L+R), a six -position Program 
selector, Balance control, Master Level control, and fly- 
wheel -coupled Tuning knob. These last two controls use 
larger -sized knobs for easier grip. A row of 12 push buttons 
along the center section of the panel takes care of the con- 
trol functions, Power on/off, panel -light dimming, Speaker 
selection (Main or Remote), Loudness compensation on/off, 
high- and low-cut filters, a pair of Tape Monitor circuits, 
tone -control defeat, and Audio and FM Muting. To the right 

Fig. 2 - Internal view. 
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4 out of 5 
automatic turntables 
sold in Britain are BSR. 

9 out of 10 
automatic turntables 
sold in Japan are BSR. 

More automatic 
turntables sold in the 
U.S. are BSR than all 
other brands combined. 

The fact is, 2 out of 3 
automatic turntables 
in the world are BSR. 

B R 

McDONALD 
BSR (USA) Ltd. 

Blauvelt, N.Y. 10913 
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of these buttons are six tiny lights which indicate the pro- 
gram source selected. 

Two normally blacked -out areas of the panel become 
illuminated only when AM or FM is selected. A linear FM 
dial scale, a 0-100 logging scale, and an AM frequency scale 
are then visible, illuminated in soft green, in the larger of 
the two areas, while the smaller cut-out area to the right dis- 
closes signal -strength and center -of -channel tuning meters 
on either side of the usual stereo indicator light, an LED in 
this case. 

The rear of the unit, pictured in Fig. 1, contains twin pairs 
of Phono and AUX input terminals, jacks for Tape Monitor- 
ing (paralleled by DIN sockets), screw terminals for 300 - 
ohm, 75 -ohm, and AM antenna connections, and jumpered 
Main Amp In/Preamp Out jacks for, each channel. Speaker 
connections are made via spring -loaded terminals, which 
require only that stripped ends of speaker wires be inserted 
in appropriate small holes which appear when each "key" is 

depressed. There are individual speaker -line fuses as well as 

a power -line fuse and a pair of switched a.c. convenience 
receptacles. 

An interesting "first" (for us) is the inclusion of a pair of 
six -terminal sockets which are identified in the owner's 
manual as "output connections for feedback loudspeaker 
systems." LWE speakers systems (now handled by C/M Labs) 
employ motional feedback and require internal connect- 
ion to circuit points inside the amplifier with which they are 
to be used. C/M apparently felt that this requirement dis- 
couraged prospective users of these speakers in the past, 
since few audio buffs have both the technical skill and incli- 
nation to get at the innards of their components. By 
providing these sockets externally, CM will no doubt en - 
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courage sales of these companion products. A fully -pivot - 
able AM ferrite antenna completes the rear panel layout. 

Figure 2 shows the internal layout of the receiver. Un- 
cluttered in appearance, the receiver's most prominent 
components are the heat sinks on which the four output 
transistors are affixed. Two of these output devices have 
thermal sensing elements, and there is an additional circuit - 
protecting relay which delays turn -on for a second or two 
after the power button is depressed. Current limiting is not 
employed, since the designers of the RR805 maintain that it 
audibly affects performance at high listening levels. One 
executive of the firm told us, "Our current -limiting circuit 
consists of two, good, old, reliable speaker -line fuses!" 

While no schematic diagram was supplied with our 
sample, the rather brief preliminary operating instruction 
booklet spelled out the use of differential amplifier cir- 
cuitry, and it was obvious from the power -supply configu- 
ration and dual filter capacitors that the output circuitry is 

the direct -coupled type. The driver boards plug in, and may 
be easily removed for servicing. A four -gang variable capa- 
citor is used in the FM front-end, which is a fully -sealed, 
separate unit. The i.f. section is also fully shielded, and the 
stereo multiplex section employs a modified form of phase - 
lock -loop circuit which requires adjustment of two tuned 
circuits, as compared with the more usual type which needs 
adjustment of only a single potentiometer. While the IC - 
equipped FM i.f. section uses fixed -tuned, solid-state filters, 
the AM i.f. section employs the conventional interstage 
transformers and a three -gang variable capacitor. 

Tuner Section Measurements 
The FM quieting slope of the RR805 is so steep that 50 dB 

of quieting is reached with a mere 2.5 µV of signal input in 
mono. Between 6 and 7µV produces 60 dB of quieting, 
though ultimate S/N ratio reached only 68 dB instead of the 
70 dB claimed (see Fig. 3). Residual noise measured is not 
strictly speaking noise at all, but rather a bit of residual hum 
which at the -68 dB level from 100% modulation has far less 
audible effect than might be indicated by the -68 dB 
number alone. If C/M can eliminate this bit of 60 and 120 
Hertz hum, our 'scope observations indicate that actual 
noise might well measure closer to -75 dB. IHF sensitivity in 
mono measured exactly 1.8 µV as claimed. In stereo, how- 
ever, automatic switching did not take place until an input 
signal strength of 18 µV was reached, and there was a 

transitional region between 10 µV and 20 µV during which 
reception was "half way" between mono and stereo. The 
same appeared true of the muting circuit. Muting threshold 
defeat took place at about 18 µV, and from 10 to 18 µV the 
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What is the difference between A & B? 

Both the Gale GS401A and the Gale GS401B 
loudspeakers have the same objective: to 

recreate the most accurate sound possible and 
still fit into an ordinary bookshelf. 

Both combine very low coloration and harmonic 
distortion with a frequency response extending 

from 35-25,000 Hertz. Both can handle in excess 
of 100 Watts in order to generate the high 

acoustical levels necessary for the realistic 
reproduction of a large symphonic orchestra or 

modern rock music. 

Both are made in Great Britain and are available 
from only a limited number of very select dealers. 

The only difference is their appearance. The 
GS401 A has an exciting matte black and chrome 

exterior whereas the GS401 B is finished in a 
hand rubbed walnut veneer and has a more 

traditional appearance. 

For further information and list of appointed dealers, write to Sole Importer /Distributor 
Roth/Sindell Box No 49015 Los Angeles California 90049 

Check No. 34 on Reader Service Card 



muting circuit was half -activated, producing a fair amount 
of distortion. We suggest that anyone receiving marginally 
weak signals with this receiver would be better off disabling 
the muting with the pushbutton provided. 

Harmonic distortion in mono measured 0.3% at mid - 
band frequencies, as claimed, while in stereo, THD was 
0.45%, a bit better than the 0.5% claimed. THD at other fre- 
quencies is plotted in Fig. 4. Distortion remained well under 
0.5% for all significant frequencies in mono but tended to 
rise at the low- and high -frequency extremes in the stereo 
mode. Separation in stereo FM was 40 dB at mid frequen- 
cies, as claimed, decreasing to 30 dB at the low end and to 
about 28 dB at 10kHz. 

Capture ratio measured 1.5 dB, as specified, while i.f. and 
image rejection were 90 dB and over 100 dB respectively. 
Selectivity measured just over the 70 dB claimed, but we are 
at a loss to understand the adjacent -channel specification 
listed in the C/M booklet. It states that adjacent channel re- 
jection is 100 dB - either a misprint or a copywriter's goof. 
Obviously, if alternate channel selectivity is 70 dB, adjacent 
channel selectivity (which is the same as adjacent channel 
rejection and not presently a specification which needs to 
be published) cannot be any greater! Better print some new 
literature, C/M! 

AM specifications were generally met, though we suspect 
that C/M engineers may be measuring i.f. rejection at some 
frequency other than 600 kHz, since at that frequency it 

came nowhere near the 75 dB claimed. Distortion at 30% 
modulation was 1.3% on AM. 

Amplifier Measurements 
If the RR805's tuner section may be regarded as good (and 

it is), then the amplifier section should be described as Fig. 7 - Tone -control range, and filter and 
superb. It is conservatively rated, even in terms of FTC re- pensation characteristics. 

quirements. It delivered nearly 70 watts of power at mid -fre- 
quencies for the rated THD of 0.2%, as plotted in Fig. 5. IM 
distortion at normal listening levels was even lower than 
THD, reaching the rated 0.2% level at precisely the same 
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New bookshelf series! 

RTR delivers the 
thinking maris system 
...for less thanyou may think. 
RTR's new EXP-8 and EXP-12 ... sophisticated 
bookshelf speaker systems for the audiophile who 
takes his music seriously. That means true high 
fidelity. Free of coloration. Full of transparent audio 
reproduction. 

In other words, the new EXP series is pure RTR. 
Engineered and built from the voice coils up to reflect 
the most critical standards in the world of speakers. 
The wide -band tweeter exhibits the best transient 
performance from 1,000 to 15,000 Hz of any dynamic 
tweeter. And the woofers deliver hair -line delineation, 
natural boom -free bass. All this at a bookshelf 
system price. 

Think about it. Then listen to the new EXP series 
at your nearest franchised RTR dealer. For a dealer list 
and complete information, write: RTR INDUSTRIES, 
Dept. A , 8116 Deering Ave., Canoga Park, CA 91304. 
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Your experience has taught you 
the things that make a FINE microphone. 

Now treat yourself to a 
test experience with the Fl NEST. 

ASTATIC 800 SERIES 
CARDIOID AND OMNIDIRECTI ONAL 

Ask your nearest Astatic Distribitor or 
write direct for a trial installation. 

THE BIGGEST NAME IN 
PHONO CARTRIDGES, NEEDLES, MICROPHONES 

vii THE ASTATIC CORPORATION / Conneaut, Ohio 44030 U.S.A. 
In Canada: Canadian Astatic Ltd., Scarborough, Metro Toronto, Ontario 

Export Sales: Morhan Exporting Corp., 270 Newton Road, Plainview, New York 11803, U.S.A. 
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power output as was the case for THD, 70 watts. At nominal 
10 -watt levels, THD was a low 0.082%, while at wideband 
rated power (54 watts per channel), THD was 0.041% at 1 

kHz. 
Figure 6 discloses that C/M might well have rated the 

amplifier at more than 54 watts per channel over the 
spectrum from 20 Hz to 20,000 Hz, since at that power level, 
THD measured only 0.08% at 20 Hz (the usual limiting fre- 
quency for all such measurements) and 0.15% at the high 
frequency extreme of the audio band. 

The measured preamplifier and control characteristics 
were excellent too. Optional signal input sensitivity (2.2 mV 
for the Phono 1 inputs and 4.0 mV for Phono 2) is a wel- 
come feature in view of the rather wide range of outputs 
available from currently -popular phono cartridges. Of 
course, this approach rules out the use of two turntable sys- 
tems equipped with identical cartridges if equal gain is 

desired from each. Overload distortion occurred at 145 mV 
for both phono inputs, somewhat better than the 125 mV 
claimed by the manufacturer, and RIAA equalization was 
within 0.25 dB from 50 Hz to 20 kHz and was within the 
stated 0.5 dB down to 30 Hz. Frequency response from high- 
level inputs to amplifier output, with tone controls set either 
flat or defeated was within 1 dB from 5 Hz to 20 kHz and 
within 3 dB from 3 Hz to 90 kHz, indicating that C/M 
engineers subscribe to the "extra wideband response" 
philosophy of audio amplifier design. Hum and noise was 
down 62 dB with respect to input sensitivity for Phono 1 

(referred to full power output); 66 dB with respect to the 
Phono 2 inputs. AUX- and Tape -input hum and noise was 73 
dB below full putput, referred to nominal 115 mV input sen- 
sitivity for these high-level input positions. Residual noise 
was 83 dB below full output, which corresponds almost 

exactly to the 1.5 mV of residual noise claimed by the manu- 
facturer. 

Figure 7 shows the range of bass and treble tone -control 
action as well as filter and loudness compensation charac- 
teristics. Both low- and high -cut filters have a 6 db -per - 
octave slope which, in itself, is not objectionable. However 
the cut-off points for the filters are set too close to the mid - 
band and thus they are not much more effective than the 
already -available tone controls. Loudness compensation at 
the -30 dB setting of the master Level control is also plotted 
in Fig. 7 and affects high -end as well as low -end response. 

Listening Tests 

The RR805 was hooked up to a pair of acoustic -suspen- 
sion speaker systems of medium efficiency and produced 
highly satisfactory performance in phono and generally - 
creditable results when tuned to our favorite FM stations. 
Frequency calibration was accurate in both AM and FM, and 
the zero -center tuning meter was correctly calibrated to in- 
dicate proper tuning at the point of lowest distortion. Played 
at fairly loud listening levels with peaks just below clipping 
levels for more than two hours, the unit showed no sign of 
overheating. The same was true for the FTC one hour pre- 
conditioning test at one-third rated power with a fixed fre- 
quency input. Clearly, distortion levels as measured for the 
RR805 are not audible in listening tests, so that most of our 
subjective evaluation of this receiver's performance had to 
do with its ruggedness of construction, ease of control func- 
tion and use, control flexibility and features, adequacy of in- 
put and switching facilities and overall reliability. From our 
encounter with the C/M RR805, we rate the unit high in all 
these qualities. Leonard Feldman 
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GO PROFESSIONAL! 
Go Otan MX -5050 

Otari's new MX -5050 is a compact professional 
recorder that's scaled down in size but not in perfor- 
mance or features. Make no mistake. The Otari MX -5050 
is not another hi-fi recorder. Instead, it's a creative 
working tool for the professional recording engineer. 

The MX -5050 is designed to handle a wide 
spectrum of professional recording and production 
assignments: audiovisuals, broadcast programming, 
rock groups, high school and college bands, church 
and religious recording, drama classes, and local 
theater groups. 

Look at the professional recording features the 
Otari MX -5050 has to offer: two or four channels, front 
panel edit and cue, precision mounted splicing block on 
head cover, synchronous reproduce for over -dubbing, 
motion sense to prevent tape damage, XL connectors, 
600 ohm + 4dB output, balanced line transformers, 
built-in mic preamps, extra reproduce head (1/4 or 1/2 

track) on two channel version, plus much more. 
Go professional. Go Otari. 

Otari Corporation 
981 Industrial Road 
San Carlos, Calif. 94070 
(415) 593-1648 
In Canada: Noresco Mfg., 
Toronto 
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