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Introducing Scott's new 
Q100 Quadrant 
The first successful 

360° full range 
speaker system. 



At last all -direction sound with wide range 
response plus full reverberatory effect. 

Since the introduction of stereo, there have been 
many attempts to develop a speaker system that would 
reproduce the full -frequency sound and 3 -dimension- 
al audio effect of an actual live performance. Up until 
now, all of these attempts have failed in one or more 
respects. Either the frequency range was limited, or 
speaker placement was critical, or the listener had to 
sit in a certain limited area, or the expense involved 
was beyond the reach of the average audiophile. Now, 
with Scott's introduction of the Quadrant speaker 
system, these limitations have been eliminated. 

360° of sound 

The Quadrant idea is basically simple. The Quad- 
rant speaker has four sides. An 8" woofer (low -fre- 
quency speaker) is mounted on side One. Another 
8" woofer is mounted on side Three. Four 3" mid- 
range/tweeters (mid -to -high -frequency speakers) are 
mounted on all four sides, one to a side. Woofers ra- 
diate sound waves in a 180° arc . . . midrange/ 
tweeters, in an arc of 90°. As a result, the Scott Quad- 
rant covers a full circle with a full range of sound. 

Stereo follows you everywhere 

To use the Quadrant speakers, you place them 
virtually anywhere in the room (even with one corner 
against the wall!) and turn on your sound source. 
Now, walk around the room and listen. No matter 
where you go, you hear full -range, 3 -dimensional 
stereo. Even the elusive high frequency notes follow 
you everywhere. Even in a funny -shaped room. Even 
in a room with so-called "dead spots." 

Same principle as live performance 
Here's why. A live performance gives you the stereo 

effect no matter where you sit. This is because you're 
listening to a 3 -dimensional sound source . . . an 
orchestra, for example. You hear sounds, not only 
directly from the various elements of the orchestra, 
but also reflected from the walls of the concert hall. 
Similarly, the Quadrant speaker system projects 
sound, not only directly at you (as do conventional 
speakers), but also in all directions using the reflec- 
tive qualities of the walls to heighten the "live" stereo 
effect. 

Total stereo realism 

The net result of Scott's innovation in the field of 
speaker development is the Quadrant speaker system 
... a total stereo speaker system, and an incredible 
state-of-the-art advancement in stereo realism. The 
Quadrant speaker system is priced at $149.95 , actu- 
ally much less than many speakers which can't mea- 
sure up to the Quadrant sound. 

CO S G OT T® 
H.H. Scott Inc., I I l I'owdermill Road, Maynard, Mass. 01754 

Export: Scott International, Maynard, Mass. 

Conventional speakers . . these tend to be directional. 
They have good wide -range response only within a rela- 
tively narrow triangular listening area. Stereo "presence" 
is limited because not enough sound reverberates from 
the sides and rear of listening area. 

Omnidirectional speakers ... most are omnidirection 
al only in the bass range ... but notice that the vital 
high frequency tones, regardless of elaborate baffle sys- 
tems, are perceptible only in a limited listening area. 

Reflective speakers ... these can give a satisfactory 
illusion of presence and depth. However, these systems 
require an equalizer for flat response. This in turn gen- 
erally requires the use of separate (and expensive) pre - 
amps and ultra -high -wattage power amps. 

Scott's Quadrant speakers represent a no -compromise 
design. Quadrant speakers can be placed virtually any- 
where, give extraordinarily good wide -range response 
and 3 -dimensional stereo realism and presence through- 
out the room. In addition, no equalizers or special ampli- 
fiers are required. © 1969, H.H. Scott, Inc. 
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JOHN R. GILLIOM 
Chief Engineer, 
Loudspeakers 

Reducing spurious resonances in a moving dia- 
phragm is one of the most persistent and chal- 
lenging problems facing speaker engineers. And 
in small cone tweeters, success in solving the 
problem dictates not only the ability of the 
speaker to provide smooth response over its 
effective range, but also strongly influences 
transient response capabilities. 

In designing the current E -V 21/2" cone tweeter, 
much of the development effort went into con- 
trol of unwanted resonances, not only at the 
upper end of the spectrum, but also at the 
crossover point-a range often slighted but of 
more than casual significance to overall system 
response. 

Investigation indicated that in addition to the 
fundamental resonance near the crossover fre- 
quency a 1st -order circular break-up mode of 
6 kHz caused the edge of the cone to vibrate 
at excessive amplitudes. The solution was clas- 
sical: addition of a controlled viscosity plasti- 
cized polyvinyl chloride compound to the 
compliance roll. 

This material, commonly called damping com- 
pound, permeates the cone material, and when 
dry its high internal friction provides the de- 
sired control of rim resonances. But laboratory 
tests indicated that the quantity of damping 
compound to be added was most critical. Since 
the total cone mass was only 0.5 grams, even 
minor variations in damping compound char- 
acteristics and volume could lead to gross over - 
or under -damping. 

The solution was fully automatic application 
of the compound. It teas achieved by mounting 
the cone on a small turntable whose speed is 
precisely controlled. A carefully metered dis- 
penser automatically flows exactly 200 milli- 
grams of damping compound on the cone dur- 
ing a single rotation, with a tolerance of 
±30 mg. (0.001 oz.). After the compound 
dries, each cone is then weighed before accep- 
tance for final assembly. 

In addition to the application of metered 
amounts of damping compound, other efforts to 
control cone motion have proved successful. 
Behind each cone is placed a glass fiber pad 
that fills the space between the cone and the 
frame behind it. Precisely controlled in both 
consistency and quantity, this pad adds me- 
chanical and acoustic damping to the cone to 
reduce unwanted cone breakup, while contrib- 
uting little to the mass of the moving system, 
so that extended high frequency response may 
be maintained. 

The result of these and other design character- 
istics that control resonances has been response 
that is relatively peak -free without excessive 
loss of efficiency. 

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

ELECTRO -VOICE, INC., Dept. 693A 
602 Cecil St., Buchanan, Michigan 49107 

Jkcee- okz 
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38 Cortina 3200 
40 Cortina 3150 
44 TD -125 
46 8001/T 
50 HK -50 

RECORD/TAPE REVIEWS 

AUDIO Successor to Est. 1911 

ARTHUR P. SALSBERG, Editor C. G. McPRouD, Publisher 
EDWARD TATNALL CANBY, Associate Editor 

RICHARD CLIFF 
Design 

Contributing Editors 
HERMAN BURSTEIN 

LEONARD FELDMAN 

JOSEPH GIOVANELLI 

ALEXANDER ROSNER 

BERTRAM STANLEIGH SHERWOOD L. WEINGARTEN 

BERT WHYTE 

FEATURE ARTICLES 

Metamorphosis of Retail Hi-Fi Stores 
Compatibility at Philadelphia 

Layman's Guide to 
Phono Cartridge Specifications 

Post Recording Session 
ABZs of Stereo FM- 

Historical Background 
Can Crossover Distortion Be Detected by Ear 

GERSHAN T. THALBERG 

Publishing Director 
SANFORD L. CAHN 

Marketing Director 
R. KENNETH BAXTER 

Production Manager 
JUDITH S. ZuCICER 

Advertising Manager 
MARY CLAFFEY 

Subscription Manager 

10 Bert Whyte 
14 Edward Tatnall Canby 

20 James H. Kogen 
30 John M. Woram 

54 Leonard Feldman 
56 James Bongiorno 

EQUIPMENT PROFILES 

EICO Stereo -FM Tuner 
EICO Stereo Integrated Amplifier 

Thorens Electronic Transcription Turntable 
NordMende Stereo Tape Recorder 

Harman-Kardon Speaker System 

s 

INSTITUT[ o, 
HIGH FIDELITY 

MANUIICTUNIII 
INC 

Classical 
Soul Music Panorama 

Jazz 
Tape Reviews 

58 Edward Tatnall Canby 
66 Sherwood L. Weingarten 
68 Bertram Stanleigh 
70 Bert Whyte 

AUDIO IN GENERAL 

Audioclinic 
Letters 

Tape Guide 
Editor's Review 

What's New in Audio 
Classified 

Advertising Index 

4 Joseph Giovanelli 
8 

16 Herman Burstein 
18 
52 
72 
74 

AUDIO (title registered U. S. Pat. Off.) is published monthly by North 
American Publishing Co., I. J. Borowsky, President; Frank Nemeyer, C. G. 
McProud, Arthur Sitner, and Roger Damio, Vice Presidents. Subscription 
rates-U. S. Possessions, Canada, and Mexico, $5.00 for one year; $9.00 
for two years; all other countries, $8.00 per year. Printed in U.S.A. at 
Philadelphia, Pa. All rights reserved. Entire contents copyrighted 1969 by 
North American Publishing Co. Second class postage paid at Phila., Pa. 
REGIONAL SALES OFFICES: Gershan T. Thalberg and Sanford L. Cahn, 41 
East 42nd St., New York, N. Y. 10017; Telephone (212) 687-8924. 
Louis Weber, 5201 N. Harlem Ave., Chicago, Ill. 60656; (312) 775-0755. 
Jay Martin, 15010 Ventura Blvd., Sherman Oaks, Calif.; (213) 981-7852. 

AUDIO Editorial and Publishing Offices, 134 N. 13th St., Philadelphia, Pa. 19107 
Postmaster: Send Form 3579 to the above address. 

Check No. 101 on Reader Service Card 

2 Check No. 3 on Reader Service Card 



EQUIPMENT TEST REPORTS 
by Hirsch -Houck Laboratories 

«In use tests, the Garrard SL 95 
performed flawlessly. 

From both mechanical operation 
and listening quality standpoints, 

it left nothing to be desired.» 
Stereo Review, Arril 1969 
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Coming in 
July 1969 

A New IM Test Method for 
Tape Recorders - Norman 
Crowhurst discusses the prin- 
ciples of a novel way in 

which to measure inter - 
modulation distortion in tape 
recorders. 

A Primer on Sound Level 
Meters-Bernard Katz exam- 
ines sound level meters, from 
what they are to how they 
work. 

Audio/FM Test Instrument 
Roundup-A sampling of test 
instruments used for audio 
and for FM test and measure- 
ment. 

How Stereo FM Transmission 
Works-Leonard Feldman de- 
tails how the sum -and -differ- 
ence multiplex FM system 
operates. 

PLUS: Reviews on the lat- 
est stereo hi-fi component 
equipment, LP records, pre- 
recorded tapes; Audioclinic, 
Tape Guide, Behind the 
Scenes, Sound & Decor 
Styles, and other regular de - 
pa rtments. 

ABOUT THE COVER: Eugene Ormandy 
and the Philadelphia Orchestra are shown 
here with Artur Rubinstein during a re- 
cording session for RCA's Red Seal record 
label. The recording, the Chopin Second 
Piano Concerto, is reviewed by Edward 
Tatnall Canby on page 58, together with 
six other new Ormandy/Philadelphia re- 
leases. In addition, Mr. Canby gives his 

personal views of the Ormandy/Philadel- 
phia move from Columbia Records to 
RCA Records, and its effect on future 
recordings, on page 14. 

Audio clinic 
JOSEPH GIOVANELLI 

If you have a problem or question on 
audio, write to Mr. Joseph Giovanelli 
at AUDIO, 134 North Thirteenth Street, 
Philadelphia, Pa. 19107. All letters are 
answered. Please enclose a stamped, 
self-addressed envelope. 

Intermittent Loss of Signal 

Q. I am having a problem that I un- 
derstand is relatively common. The 
audio output of my amplifier frequent- 
ly drops out on one or both channels. 
It never becomes completely inaudible 
at such times. When this happens, it is 
possible to restore normal level by tun- 
ing the volume control up quite far. 
Then full sound returns with a loud 
"pop" in the speaker. This phenome- 
non occurs whether the source is the 
tuner or the changer.-Edward Moore, 
Chicago, Ill. 

A. Your letter was not clear as to 
whether the trouble with your ampli- 
fier occurs simultaneously on both 
channels or just on one at a time. 
Therefore, I do not have much to go on. 
However, let's give it a try. 

One reason that this sort of trouble 
takes place is that output tubes become 
gasy. Once this gas conducts, the nor- 
mal function of the tube is impossible. 
When this trouble occurs, take a look 
at the output stage to see if the color 
has changed as compared to what it is 
when the stage is working correctly. 
You might not have to do much more 
than to change your output tubes. 

Another possibility is that of defec- 
tive coupling capacitors. Turning a vol- 
ume control or an input selector switch 
could put a transient pulse across de- 
fective parts and temporarily restore 
them to normal operation. I recom- 
mend the use of a different audio am- 
plifier to trace down from one stage to 
the next to see which one "acts up," 
resulting in this tremendous loss of 
gain. Once the faulty stage is located, 
check the various voltage and resis- 
tances in this stage against those in the 

manufacturer's manual. 
We know that your trouble originates 

after the phonograph stage. We know 
this because the tuner circuitry is also 
involved when this condition occurs. 

We talked in terms of a tube ampli- 
fier, but the same general tracing proce- 
dure would be followed if a solid-state 
amplifier is to be checked. You will 
again want to check voltages and re- 
sistances. However, the voltages are 
likely to be quite low on some base cir- 
cuits. Be sure you have a meter which 
is capable of measuring them accu- 
rately. 

If the trouble occurs simultaneously 
on both channels, then you'll know that 
it is the result of something which is 
common to both channels, and that can 
only be the power supply unless you 
have some kind of center -channel ar- 
rangement. Then you'd want to check 
the connections to this equipment for 
possible shorts or opens. 

Speakers & Speaker Systems 

Q. My question is: What is the dif- 
ference between speaker systems and 
loudspeakers? What are the advantages 
of one over the other? Is the speaker 
enclosure a critical factor in sound re- 
production? Could I just set one of the 
loudspeakers on a shelf and get good 
sound?-Capt. Thomas A. Nims, APO 
San Francisco, Calif. 

A. A loudspeaker differs from a 
speaker system in that the loudspeaker 
is just one of the elements which make 
up a complete system. The speaker sys- 
tem generally usually consists of at 
least one woofer, perhaps a midrange 
speaker and a tweeter. Further, it con- 
tains a crossover network to divide the 
frequency spectrum among the various 
speakers. Finally, the complete system 
is contained within an enclosure or 
cabinet. The cabinet is designed to com- 
plement the parameters of the speaker, 
especially the woofer. 

If you make up your own speaker 
system, you will need to obtain the 
woofer, midrange if any, the tweeter, 
and the crossover network, and place 
them in the enclosure yourself. This en- 
closure might not be a cabinet at all. 
It might be built into a wall, with the 
wall serving as what is known as an 
"infinite baffle." Some enclosures are 
simply closets. The large, interior vol- 
ume of the closet provides good bass 
response. You will need to line the en- 
closure with insulation that will absorb 
sound. The sound produced by the back 
of the speaker is lost with this kind of 
system. 
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Touch and go! 
Or stop. Speed up. Start again. 'Play 
il any way you want - on the 
A40l0SU tape deck, all you dois 
push a button. its exclusive 
symmetrical ccntrol system makes 
anyone a smart operator. A flick of 
tie finger turns reels right or left, 
fast or slow, forward or back. 

~~~ 

RECORD SELECT 

Instantly, effortlessly. Like electric 
typewriter keys 
Another nice touch: oft -the -tape 
monitoring while recording, thanks to 
separate æcorÓand playback heads. 
(Most other machines in this price 
range can monitor the sound 
source only.: - 

Calms tape tension, too: unique tape 
tension control is directly connected 
with 'eel motors. It actually adjusts 
motor voltage for smooth tension, 
even or half -and -quarter -mill tapes. 

Now wculdn't you rather give a !jsten 

than get a lesson? 

A-4010SU^ 
Electric automatic reverse ^* separately u"mp"=/si"" heads ^ Mike -line mixing ^Exz/""*" triple-motored drive 

system `c recording amps, o playback nreamn" 

IT 



Whether the enclosure is of the in- 
finite baffle variety or of some other 
design, you must have one to achieve 
good sound. The speaker alone cannot 
be simply placed on a shelf for you'll 
never get good sound from it. Bass re- 
sponse will be affected mostly. Further, 
the loudspeaker is delicate. The mov- 
ing elements of loudspeakers are paper 
cones. They can be easily ripped if they 
are exposed. 

If you really want to learn something 
about loudspeaker systems, you might 
wish to construct a kit. Some manufac- 
turers offer speaker systems which are 
not assembled. You are sent parts and 
instructions as to how to assemble them 
into a working system. 

Speakers for Solid -State Amplifiers 
Q. I have read that solid-state ampli- 

fiers have only one output impedance. 
or tap, to which speakers can be con- 
nected. Every set of specifications I 
have seen has shown that the highest 
power transference is delivered into a 
four -ohm load. 

If amplifiers are most powerful at 
four ohms, why are most speakers 
8 -ohms models? Why do speaker manu- 
facturers recommend 8 -ohm speakers 

for use with solid-state equipment?- 
Robert A. Sisk, Boston, Mass. 

A. Most solid-state amplifiers do de- 
liver their rated power at around four 
ohms. Here is the problem with using 
four -ohm speakers. At certain points 
in their impedance curve, their im- 
pedance dips quite low to perhaps two 
ohms or lower. The solid-state ampli- 
fier is distinctly unhappy under these 
circumstances. The transistors want to 
supply even more power than ever, but 
this causes more heat to be generated 
in the output transistors. The stage 
could well destroy itself. Fortunately, 
the protection circuits in amplifiers are 
improving all the time. Hence, this 
danger is being reduced. However, it is 
a good idea to use a resistor in series 
with the speaker if a four -ohm speaker 
is to be used. The value of this resistor 
should be four ohms and its wattage 
rating should be equal to the power - 
handling capacity of the speaker. 

The addition of this resistor will 
lower the damping to the speaker, how- 
ever. 

Eight -ohm speakers also will exhibit 
a dip in their impedance curves to per- 
haps as low as four ohms. This four - 
ohm impedance will not create undue 

heating of the output stage of a solid- 
state amplifier. Further, because no 
series resistance is required, damping 
of the speaker is maintained at a high 
degree. 

Thus, the eight -ohm speaker is a 
good compromise in terms of solid-state 
amplifiers. 

Electronic Crossover 
Considerations 

There is an important difference be- 
tween electronic and passive crossover 
networks. It is in the accuracy needed 
in the overlap at crossover. In the pas- 
sive crossover, that portion of the sig- 
nal not passed through one of the net- 
works usually gets into another, while 
in the electronic crossover it is easy to 
leave holes or excessive signal at the 
crossover points. Unless the crossover 
is right on target, it could add colora- 
tion to the sound. This, I believe, is 
the most difficult problem in the elec- 
tronic system. I caution the home 
constructor to avoid electronic cross- 
over construction unless he has a flat 
audio oscillator, a good, wide -range 
a.c. meter, and lots of patience. Name 
Withheld 

This round 
surround 

is revolutionizes 
the speaker 

industry. 

It suspends the woofer cone 
in University Sound's newest 
speaker system - the Project M. 
It allows the cone to make inch - 
long excursions and still maintain 
linearity accurate to within .001%. 
Try that on your woofer. 

What does it mean? 
For the first time, a compact 

speaker system that can match 

specifications with the finest 
amplifiers and receivers. It means 
rich, uncluttered, accurate sound 
nearly a full octave below every 
other comparably priced speaker 
system on the market. Coupled 
with the Project M's exceptionally 

clean tweeter, it means a fully 
balanced range of sound from 30 
to more than 20,000 Hz, with no 
mid -range regeneration gaps. 

See your University dealer and 
hear the difference. 

SPECIFICATIONS: Acoustic Suspension 
System Frequency Response: 30 to 
20,000 Hz Power Handling Capacity: 
60 watts Recommended Amplifier Power: 
30 watts IPM Impedance: 8 ohms 
Finished on four sides in oiled walnut 

Dimensions: 231/2" x 123/4" x 11/8" 
Shipping Weight: 30 lbs. 

Listen ... University Sounds Better 

UNIVERSITY® SOUND 
l S l O N OF MI [. N O t r! C. M C. 

P.O. Box 26105, Oklahoma City, Oklahoma 73126 
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unique: revolutionary 

Soune Effect Amplificr. 

Unique "S.E.A." Sound Effect Amplifier tone control system of models 5001 and 5003 
eliminates conventional bass and treble controls. Provides individual control of the five different 

frequencies that comprise the total tonal spectrum; 60, 250, 1000, 5000 and 15000 Hz. 

In Introducing the striking all solid state 60 watt 
5001 and 140 watt 5003 AM/FM Multiplex Stereo 
Tuner Amplifiers, JVC brings the stereo fan a new 
dimension in stereo enjoyment-the complete con- 
trol of sound effects. 
This exciting innovation is made possible through 
the incorporation of a built-in Sound Effect Ampli- 
fier (S.E.A.), a versatile component that divides the 
audio range into five different frequencies. It en- 
ables the 5001 and 5003 to be tailored to the acous- 
tical characteristics of any room, or to match the 
sound characteristics of any cartridge or speaker 
system, functions that were once reserved for ex- 
pensive studio equipment. But even without the 
built-in S.E.A. system, the 5001 and 5003 would be 
outstanding values. They offer improved standards 
in FM sensitivity and selectivity by utilizing the latest 
FET circuitry with four IF limiters in the frontend of 
the 5001 and five in the 5003. They both deliver a 

wide 20 to 20,000Hz power bandwidth while holding 
distortion down to less than 1%. They feature com- 
pletely automatic stereo switching with a separation 
figure of better than 35dB. They allow two speaker 

systems to be used either independently or simul- 
taneously. Indicative of their unchallenged per- 
formance is their refined styling. All controls are 
arranged for convenient operation. The attractive 
black window remains black when the power is off, 
but reveals both dial scales and tuning meter when 
the power is on. For the creative stereo fan, the JVC 
5001 and 5003 are unquestionably the finest medium 
and high powered receivers available today. 

How the SEA System Works 

Glance at the two charts appearing on this page. In 

looking at the ordinary amplifier frequency charac- 
teristics where only bass and treble tone controls 
are provided, you can see how response in all fre- 
quency ranges at the low and high levels is clipped 
off. Compare this chart with the one showing the 
SEA frequency response characteristics, and the 
difference is obvious. No clipping occurs in the SEA 
system. It offers full control of sound in 60, 250,1,000, 
5,000 and 15,000Hz frequency ranges from -10 to 
-4-10db. For the first time ever, you have the power 
to determine the kind of sound you want to hear. 

For additional information and a copy of our new full color catalog write Dept. AM: 

JVC America, Inc., A Subsidiary of Victor Company of Japan, Ltd., c/o Delmonico International Corp. 
50-35 56th Road. Maspeth, N.Y. 11378-Subsidiary of Elgin National Industries. Inc. 

Ina 
S.E.A. Frequency Control Characterst,cs 

-ti 
t.. 

,®,Ordinary Amplifier Frequency 

ß!1111i 
61E111111í 

Characteristics 
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the joy of 
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pUl2lty 

the ()RAMA Of 
tmjestic 

pOWEI2 

We could say much more about the 
new DC300 "breakthrough" amplifier, 
but High Fidelity has already said it in 
its March equipment report (based on 
CBS Labs test data): "a stereo ampli- 
fier that shatters all previous perform- 
ance records. Its performance is so 

good, it seems to mock the measuring 
equipment used for evaluating it. Dis- 
tortion ... is more of a theoretical 
'must be there' concept than an actual 
measurable phenomenon. Response is 

literally a ruler -flat line." Their final 
conclusion? This "sonic Samson" de- 
livers "in sum the highest performance 
yet uncountered in an amplifier." 

Like to learn more? Check the 
reader service card and we'll send you 
the full Equipment Report plus litera- 
ture. We'll also send you the name of 
your local dealer who will let you give 

the DC300 the roughest "lab test" of 
all-the personal listening enjoyment 
test. Or write Crown, Dept. A-6 Box 
1000, Elkhart, Indiana, 46514. 

SO PURE . . . YOU CAN 

HEAR THE DIFFERENCE 

MeLicriurri.` 

Letters 
For months I have been seeking a 

source of electrostatic tweeter units, 
but without success. Surely Robert 
Ehle's article ("How to Add Electro- 
static Tweeters," AUDIO, April 1969) , 

deserved a fill-in on what he was talk- 
ing about. The speaker directory sec- 
tion mentions nothing in this specialty 
field. 

Would you be so kind as to provide 
me with addresses of manufacturers of 
electrostatic speakers? The Japanese 
make the Electrostat line; the Electro - 
stat -3 was once rated the equal of the 
Ionovac. Ehle mentions German made 
units for $1.50! I have been unable to 
find mention of any in the parts house 
catalogs at my disposal. Apparently 
much is available if one is lucky enough 
to live in an area where they can be 
encountered. 

E. A. WALSH 
Roy, Utah 

Mr. Ehle used Stat. Hochton -Laut- 
sprecher electrostatic tweeters, sold by 
Poly-Paks, Lynn field, Mass., a few 
years ago. Other brands include the 
West German import, Kingdom -Lo- 
renz, said by the author to be available 
for under five dollars, and the Electro - 
stat model you mention. It is difficult to 
pinpoint which dealer has what on 
items that are not too popular. In addi- 
tion to seeking such products from vari- 
ous dealers and mail-order houses, one 
may from time to time pick up a used 
product on a dealer's trade-in shelf. 
One may also search out hard -to -find 
products through the Classified Ad sec- 
tion of AuDio-Ed. 

Specific reference is made on p. 70 of 
the December 1968 issue of AUDIO to 

Wireless Microphone equipment, in- 
correctly labeled "Part of the Senn - 
heiser Line." These items are the 
Vega Model 5P Pocket Transmitter, 
Vega Model 5SH Hand Mike with 
Shure Cardioid Head, Vega Model 
5L Lavalier Mike, and Vega Model 
10 Receiver. 

CLEVE WILKINSON 
Vega Electronics Corp. 
Santa Clara, Calif. 

Unfortunately I discovered an error 
in Fig. 7 of my manuscript, "Five - 
Channel Stereo at Home" (AUDIO, 

March 1969). To get the correct phase 
relationship, the leads to speakers three 
and four must be reversed. 

Also, in one point, the middle of the 
second column on page 23, my text was 
modified to "Auto transformers may be 

used to simplify the installation," 
whereas my manuscript stated: "Auto 
transformers may only be used if the 
ground connections of the two ampli- 
fiers do not lead to difficulties which 
will usually be the case." 

That is something quite different! 
The outputs of the two amplifiers must 
be connected in such a way that the 
two voltages are not simply in parallel, 
but add up to get the desired effect. 

If we had no galvanic connection be- 
tween the existing left and right am- 
plifier, auto -transformers could be used 
without difficulties. To get a common 
reference point they had to be con- 
nected together at one convenient 
point. Otherwise they would "hang 
somewhere in the air." It would also be 
advisable to connect that common point 
in some way to the ground or earth to 
avoid hum as it is usually done in most 
amplifiers. 

In most, if not in all, practical stereo 
systems, there is a connection between 
the two amplifiers even if it may be 
hidden. In the diagrams I have drawn 
that connection with a dotted line. To 
simplify the diagrams I have shown 
only three speakers, but the taps are 
for all five. Now let's assume that we 
have a mono signal, i.e., exactly the 
same voltage and phase on the output 
terminals of both the right (R) and the 
left (L) amplifier. I have indicated that 
voltage or potential above a zero point 
at left. 

To get an addition of the two voltages 
(of the left and right amplifiers) they 
must not be connected in parallel but 
in series or, in other words, one has 
to be set on top of the other (or below 
the other), always with the correct 
polarity. 

In Fig. 1 we have no supplementary 
connection of the two auto -transform- 
ers but the (perhaps hidden) existing 
connection within the amplifier. Noth- 
ing will happen in that case, nothing 
at all; not even a sound will emanate 
from the center speaker! As the two 
auto transformers are connected in 
parallel their voltages will not be 
summed and the center speaker will 
only reproduce a difference of the left 
and right signal. With a mono signal 
both leads have the same potential. The 
five -channel system will not work in 
this case! 

If as in Fig. 2 a supplementary con- 
nection (marked in all diagrams with 
an arrow) is made between the two 
auto -transformers, things become even 
worse: the left auto -transformer will be 
shorted and, of course, there will be no 
sound at all from it. But for some solid- 
state amplifiers, the shorting of the out- 
put will be "fatal"! I do not take the 

(Continued on page 65) 
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When low distortion is a critical requirement, 
Acoustic Research speaker systems are a logical choice. 

Acoustic Research speaker systems are carefully designed and meticulously inspected to be certain that 

they reproduce sound while introducing no sound of their own. This lack of distortion partly explains 

their natural, uncolored music reproduction in rooms both large and small, of delicate harpsichord 

tones or the tutti of a Beethoven symphony. As at a concert, the listener hears what the musicians have 

created, free of unnatural artifice or misguided attempts at enhancement. 

At a recent performance of Deserts by Edgar Varese, a work for stereophonic magnetic tape and 

symphony orchestra, the Boston Symphony Orchestra was accompanied by six AR -3a speaker systems 

reproducing the composer's tape. The requirement was authenticity of reproduction without distortion of 

the acoustical setting provided by Boston's Symphony Hall, which Bruno Walter called "the noblest 

of American concert halls." The speaker systems are shown on the stage during tests. 

AR -3a speaker systems are priced from $225 to $250, depending on cabinet finish. Write for complete 

technical data and an AR catalog describing our other speaker systems, turntable and amplifier. 

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

Overseas Inquiries: Write to AR International at above address 
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MISM 
BERT WHYTE 

Metamorphosis of 
Retail Hi-Fi Stores 

RECENTLY I had occasion to visit a 
number of retail hi-fi stores in the New 
York Metropolitan area. I visited stores 
belonging to independents, branch 
shops of several "chains"; from the 
biggest establishments to the smallest. 
What I encountered on these visits was, 
with rare exceptions, depressing. 

Frankly, I had come prepared for the 
worst. Over the years, I have made a 
number of "store surveys." The "sur- 
veys" are infrequent enough, and the 
personnel turnover in these stores often 
enough, that my visits are usually on 
an anonymous basis. I had witnessed a 
gradual deterioration in overall quality 
of services offered by retail hi-fi sales 
outlets, but this last survey was shock- 
ing. 

For the most part, the physical plants 
have become shoddier and even less 
functional than previously observed. 
The caliber of store personnel has 
shown a particularly sharp decline. 
There are few real salesmen or audio 
consultants left, merely a bunch of in- 
ept "order -takers," it seems. The 
chances for a person to get a pleasant, 
well -organized, meaningful demonstra- 
tion are almost nil. 

The "bill of indictment" against most 
of these places is endless. Many of them 
are just plain dirty. Smudged walls, 
dusty equipment, and either scuffed, 
abraded vinyl tile floors or carpet that 
is threadbare or badly in need of clean- 
ing. One wall is usually given over to 
a hideous jumble of "bookshelf" type 
loudspeakers. These speakers are fitted 
together on a basis of their size. Some 
are placed vertically, others horizon- 

tally; some favored types are evidently 
placed a proper and reasonable dis- 
tance apart, to afford some semblance 
of good stereo perspective. Other 
speakers are either too close or too far 
apart for stereo. In many places the 
wall of speakers extends right up to the 
ceiling, and those units so unfortunate 
to be placed at the top will produce less 
bass response than they would at floor 
level; and no matter how well their 
tweeters spread the high frequencies, 
they will be beamed over the heads of 
the auditors. The larger speakers (if 
any) are placed on the floor where they 
will fit physically, with little regard for 
sonic consideration. In general, the 
demonstration rooms are acoustic hor- 
rors. I'll grant that in many cases the 
shape and construction of the room 
may not be suitable to begin with and 
not easy to alter. But surely some at- 
tempt could be made to improve the 
acoustics by the use of carpeting on the 
floor, judiciously placed draperies of 
suitable weight, the use of acoustic tile 
on the ceiling or even on the walls. And 
conspicuously absent in most of the 
demo rooms I visited were any kind of 
chairs or benches. The sales philoso- 
phy seems to be a "get 'em in and get 
'em out one!" 

When it comes to "A -B" comparator 
boards in these shops, the situation is 
truly grim. Either there is no board at 
all, or it isn't working or it works spo- 
radically. When they do work, they are 
often inadequate in flexibility. Further, 
most are hum creators, provision for 
impedance matching has long been ig- 
nored, and there is almost never any 
way to adjust levels so that the two 
components being compared are equal 
in output. Although phono cartridges 
are the one component that hi-fi en- 
thusiasts change most frequently, few 
comparator boards are set up to "A -B" 
them. To top everything, the guy 
who designed and possibly even built 
the comparator board has generally 
long since left the store for greener 
fields. When repairs are needed, no one 
knows anything about the board, the 
circuit diagram usually is missing .. . 

and that's that! 
As I have already noted, the per- 

sonnel that mans these stores leave 
much to be desired. Their knowledge of 
audio is extremely limited, and while 
this is bad enough, worse still is that 
they are veritable fountains of mis- 
information. Small wonder that you 
see many incredibly botched and mis - 
mated component stereo systems in 
people's homes! On top of all this, more 
than a few of these "salesmen" are 
surly and downright rude. I must point 
out in all fairness, however, that much 

of the salesman's attitude is attribut- 
able to the sales policies of the store 
owners and to quite a degree to the 
customers themselves. Frequently, 
store owners exert tremendous pres- 
sure on their men to make a sale .. . 

any kind of a sale ... no matter how 
incompatible may be the components 
under consideration, or ill-suited to the 
buyer's environment. But there is an- 
other side. With the rampant discount- 
ing that exists in the New York market 
(and elsewhere, as well) the salesman 
is continually harrassed by the cus- 
tomers who want to "make a deal." And 
these customers can be mighty abusive! 
Of course, basic to this whole business 
of personnel is that the store owners 
haven't sense enough to pay sufficient 
wages and incentive commissions to at- 
tract and hold the really knowledgable 
audio salesmen. These days many of 
the smart lads wind up working for 
the manufacturers. 

Assuming you finally manage to ar- 
range for a demonstration of some 
loudspeakers that have aroused your 
interest, here is what is likely to hap- 
pen: the salesman will proceed to tune 
in an stereo FM program. Almost any 
station will do, as he rarely bothers to 
ask whether you prefer pop or classical 
music. Now I don't have a thing against 
stereo FM, but it certainly is not the 
best source for demonstrating loud- 
speakers. Ask to hear a record played 
through the speakers and chances are 
the salesman will lamely inform you 
that he is not set up to play records at 
the moment, as the cartridges have 
been removed to prevent pilferage. But 
you insist and, after removing the cart- 
ridges from their hiding place, he in- 
serts one into the arm of a changer. 
You then tell him you prefer that he 
use a separate arm and turntable. After 
some dirty looks he produces the 
proper head and cartridge and inserts 
it in the arm and plops it on a record. 
Now if he happened to use an SME 
or Sony tone arm, both of which have 
many adjustments to ensure proper 
tracking, chances are that he will ig- 
nore these niceties and proceed in a 
heavy-handed way. However, assum- 
ing you get by this hurdle, what kind 
of recording does he use to demon- 
strate the speakers? Almost invariably 
it is some "super hi-fi" pop recording 
with a huge peaked middle range, lots 
of false boomy bass, ping-pong direc- 
tional qualities, and "Mammoth Cave" 
reverb. Accompanying the music is 
often a fascinating collection of pops, 
ticks, scratches, hiss and other distor- 
tions. If by chance he demonstrates a 
classical recording, it is usually non- 
descript and it too is covered with a 
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IF YOU REALLY VALUE YOUR RECORDS 

DON'T UNDERRATE 
THE GRAM! 

(...a commentary on the critical role of tracking forces in 

evaluating trackability and trackability claims) 

TRACKABILITY: 
The "secret" of High Trackability is to enable the stylus tip to follow 
the hyper -complex record groove up to and beyond the theoretical 
cutting limits of modern recordings-not only at select and discrete 
frequencies, but across the entire audible spectrum-and at light 
tracking forces that are below both the threshold of audible record 
wear and excessive stylus tip wear. 

The key parameter is "AT LIGHT TRACKING FORCES!" 

A general rule covering trackability is: the higher the tracking force, 
the greater the ability of the stylus to stay in the groove. Unfortunately, 
at higher forces you are trading trackability for trouble. At a glance, 
the difference between 3 gram and 1, 11/2, or 2 grams may not appear 
significant. You could not possibly detect the difference by touch. But 
your record can! And so can the stylus! 

TRACKING FORCES: 
Perhaps it will help your visualization of the forces involved to trans- 
late "grams" to actual pounds per square inch of pressure on the 
record groove. For example, using 34 gram of force as a reference 
(with a .2 mil x .7 mil radius elliptical stylus) means tlsat 60,000 lbs. 
(30 tons) per square inch is the resultant pressure on the groove 
walls. At one gram, this increases to 66,000 lbs. per square inch, an 
increase of three tons per square inch-and at 11/ grams, the force 
rises to 75,000 lbs. per square inch, an increase of 71/2 tons per square 
inch. At two grams, or 83,000 lbs. per square inch, 111 tons per 
square inch have been added over the 3/4 gram force. At 21 grams, or 
88,000 lbs. per square inch, a whopping 14 tons per square inch have 
been added! 
The table below indicates the tracking force in grams and pounds, 
ranging from 3/4 gram to 21 grams-plIJs their respective resultant 
pressures in pounds per square inch. 

TRACKING FORCE GROOVE WALL PRESSURE 

GRAMS POUNDS POUNDS PER SQUARE INCH 

(See Note No. 1) 

3/4 .0017 60,000 
1 .0022 66,000 +10% (over 3/4 gram) 
11/2 .0033 75,000 +25% (over 34 gram) 
2 .0044 83,000 +38% (over 3/4 gram) 
21/2 .0055 88,000 +47% (over 3/4 gram) 

SPECIAL NOTE: 
The Shure V-15 Type II "Super -Track" Cartridge is capable of tracking 
the majority of records at 3,4 gram; however state-of-the-art advances 
in the recording industry have brought about a growing number of 
records which require 1 gram tracking force in order to fully capture 
the expanded dynamic range of the recorded material. (3/4 gram track- 
ing requires not only a cartridge capable of effectively tracking at 3/4 

gram, but also a high quality manual arm [such as the Shure -SME) 
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or a high quality automatic turntable arm capable of tracking at 
3/4 gram.) 

TESTS: 
Our tests, and the tests of many independent authorities (see Note 
No. 2), have indicated two main points: 
A. At tracking forces over 2 or 21/2 grams, vinylite record wear is 

dramatically increased. Much of the "high fidelity" is shaved off 
of the record groove walls at both high and low ends after a rela- 
tively few playings. 

B. At tracking forces over 11 grams, stylus wear is increased to a 
marked degree. When the stylus is worn, the chisel -like edges not 
only damage the record grooves-but tracing distortion over 3000 
Hz by a worn stylus on a brand new record is so gross that many 
instrumental sounds become a burlesque of themselves. Also, styli 
replacements are required much more frequently. The chart below 
indicates how stylus tip life increased exponentially between 11 

and 3 grams-and this substantial increase in stylus life signifi- 
cantly extends the life of your records. 

RELATIVE AVERAGE TIP LIFE VS. TRACKING FORCE 

100% 
10% 777 

20% 

120% 

3 2 

STYLUS FORCE-GRAMS/STYLUS TIP: DIAMONO 

No cartridge that we have tested (and we have repeatedly tested 
random off -the -dealer -shelf samples of all makes and many models of 
cartridges) can equal the Shure V-15 Type II in fulfilling all of the re- 
quirements of a High Trackability cartridge-both initially and after 
prolonged testing, especially at record -and -stylus saving low tracking 
forces. In fact, our next -to -best cartridges-the lower cost M91 Series 
-are comparable to, or superior to, any other cartridge tested in 
meeting all these trackability requirements, regardless of price. 

NOTES: 
1. From calculations for an elliptical stylus with .2 mil x .7 mil radius 

contact points, using the Hertzian equation for indentors. 

2. See HiFi/ Stereo Review, October 1968; High Fidelity, November 
1968; Shure has conducted over 10,000 hours of wear tests. 

V-15 TYPE II 
SUPER -TRACK HIGH FIDELITY PHONOGRAPH CARTRIDGE 

Write: Shure Brothers, Inc., 222 Hartrey Avenue, Evanston, Illinois 60204 
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BEHIND THE SCENES 
(Continued) 

fine, gray patina of scratches, gouges, 
etc. So if you're shopping for equip- 
ment, be sure to bring along some 
mint -condition records with which you 
are familiar. 

Perhaps you may think I am exag- 
gerating this situation. I assure you 
that I am not. What is happening is 
that the store owners, in their furious 
pursuit for volume sales, are trying to 
use "appliance business" techniques 
with stereo hi-fi component equipment. 
Of course, these days one must be care- 
ful to distinguish the difference be- 
tween bona fide stereo components and 
the flood of cheap jack "packaged sys- 
tems" that are foisted on a gullible 
public. Much of these systems are 
slanted towards the burgeoning youth 
market. Stereo is very "in" with the 
kids, but most have neither the money 
nor the discrimination to indulge them- 
selves in truly good component systems. 

What a contrast it is to visit one of 
the "traditional" hi-fi "salons," where 
the courteous and knowledgable sales- 
men have the time and patience to 
present a pleasant and informative 
demonstration. There is an attempt to 
give their demo rooms some of the 
decor and feeling of a typical living 
room; there is attention paid to acoustic 
control and their room has been 
planned with foresight for the place- 
ment requirements of stereo speaker 
systems. Yes, a few of these places still 
exist, but they do not generally dis- 
count merchandise. Further, some open 
a carton before the customer takes 
home the equipment it contains in or- 
der to check it out thoroughly for pos- 
sible defects. And after -sales problems 
are taken care of with genuine courtesy 
and concern. As always, "you get what 
you pay for." 

However, even the better salons will 
be the first to admit that try as they 
might, listening to a system in their 
stores simply isn't as good as the actual 
home environment. Thus, with the aid 
of certain manufacturers, there is a 
trend towards the selling of compo- 
nents on a "free home trial" basis. The 
customer lives with the system in his 
home for two weeks, is able to play his 
favorite records or tapes and can really 
get a meaningful evaluation of the 
equipment. Experience has shown that 
a high percentage of these systems is 
sold, or that a certain component is 
substituted for another in order to con- 
summate the sale. In the event the sys- 
tem is not sold and returned to the 
store, the manufacturer assumes re- 
sponsibility for any scratches or dam- 

age to his particular component. Given 
this sort of option, most customers are 
fairly conscientious with the equipment 
and little actual damage is sustained. 
Admittedly there are certain problems 
with this approach. For example, some 
people insist on getting their compo- 
nents in factory -sealed cartons. As a 
former owner of a hi-fi salon, and with 
all due respect to the manufacturers, 
most of my customers were happier 
when I assembled and tested the com- 
ponents before delivering them to their 
homes. As long as the dealer and the 
manufacturer stand behind their prod- 
uct, the customer has little to fear as 
regards product substitution or an in- 
ferior or "used" product. 

Guess I'm old fashioned for I still 
believe that top-quality merchandise 
should be sold with all the trappings 
and knowledgeability that can be mus- 
tered. Mixing mass -market stereo 
equipment with some of the more 
splendid examples of the hi-fi compo- 
nent art in the same showroom often 
reduces customer assistance to the least 
common denominator. 

It's like selling Mustang and Ferrari 
autos under the same roof, with Mus- 
tang -trained people. Manufacturers 
are expanding their markets, of course, 
and hungrily eye large -volume sales. 
But I, for one, do not welcome the mer- 
chandising changes for component 
stereo hi-fi that mass -market product 
lines have wrought. 

* * * 

This seems to be gripe month so I 
may as well get something else off my 
chest. Lately I have been reading some 
articles by several "opera experts" in 
which they compare the almost legend- 
ary singers of the past with today's 
artists. 

In general they wax rhapsodic about 

the prowess of Slezak and Caruso and 
Scotti, Galli-Curci, Mary Garden, et 
al, while denigrating the abilities of 
our Richard Tucker, Fisher-Dieskau, 
Boris Cristoff and Birgit Nilsson, Re- 
nata Tebaldi and Leontyne Price. The 
olden singers had "bigger voices," more 
"orotund tones," "better projection," 
"more expressivity," "sheer vocal 
beauty," etc., etc. 

When these "experts" tell me they 
heard these artists in person, I will 
have to respect their impressions, even 
though the mind is notoriously poor in 
the retention of sound or tonal memo- 
ries (that's why we have "A -B" tests). 
But when one of the "experts" says, 
"to clearly establish the superiority of 
the `golden age' singers, one merely 
has to play one of their recordings...." 
What comes out as far as I am con- 
cerned is a distorted caricature of a 
voice. The "experts" talk about "ex- 
pressivity." To a degree, yes. But there 
never was an acoustic recording of any 
of their revered artists in which we 
ever could have any idea of a true 
pianissimo, since it was necessary for 
the artist to bellow into a huge mega- 
phone in order to drive the crude cut- 
ting stylus, to say nothing of the fact 
that the high hiss background of the 
shellac record with its asphaltic gritty 
filler would swamp such sound in any 
case. They talk of "sheer vocal beauty," 
when all you can hear is this tinny 
compressed sound, completely devoid 
of the harmonics that give a voice its 
distinctive timbre, and totally lacking 
in "liveness" or "presence," with no 
reverberant information whatever. I 
think the old acoustic records are inter- 
esting mementoes from the dawn of 
sound reproduction, but to regard them 
as truly representational of these art- 
ists' voices is utter delusion. It's time 
we slew this silly dragon. Æ 

CC?.> 7 .. . . . 1f/ 
. . . . ' ----1" 
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"... microphone, guitar, headphones, tape recorder, cartridge player, 
extra speakers, and two bullet holes from my neighbor." 
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if you kisow the name... 

earefeite. 

SBw.sui 

you know the quality. 
and quality is what we bui 3 into every Sansui component. Our latest AM/ FM Stereo 
Receiver, the Sansui 800 brings an entirely new performance standard to the medium 
power range. The Sansui 800 features 70 Watts of Music Power (IHF), 20-40,000 Hz 
power bandwidth, IM distortion of less than 0.8°% frequency response of 15-50,000 
Hz, channel separation of better than 35 db. The Sansui 800 has a newly developed 
noise canceler, short -proof speaker terminals plus extra long tuning dials to compli- 
ment its years ahead styling. One look and one listen to the new Sansui 800 will 
convince you why we and your dealer believe that the 300 is one of the truly great 
receiver values at $259.95. 

AM/FM Stereo Receivers: Sansui 5000 180 watts $449.95 Sansui 2000 130 watts 
$299.95 IN Sansui 800 70 vatts $259.95 I Sansui 350 46 watts $199.95. ktegrated 
Stereo Amp-Prear=_mp: Sansui AU '77 70 watts $279.95. 

ua 
SANSUI ELECTRONICS CORPORATION, 34-43 56TH ST., WOODSIDE, NEW YORK 11377 

Sansui Electric Co., Ltd., Tokyo, Japan European Office Frankfurt a.M., West Germany 



r 
Compatibility 

at 
Philadelphia 

EDWARD TATNALL CANBY 

THE PHILADELPHIA ORCHESTRA 

has come home to RCA after 
twenty years with Columbia, 

and the sound of it is very good. It's 
an ideal re -marriage. 

The Victor -Philadelphia record- 
ings began in the acoustic days be- 
fore 1920 when recording first turned 
from opera to symphonic repertory. 
During the electrified Thirties, a 
long series of RCA Victor (the lat- 
ter name now being phased out) - 

Philadelphia albums set a top Amer- 
ican standard that persisted straight 
through until the end of WW II. In 
those days between the wars, as I 
remember, an American record 
without the Philadelphia name on 
its label somehow looked wrong, like 
a box of film without Kodak. The 
Philadelphia was the only American 
orchestra to reach total equality 
with those illustrious imported 
names from classical Europe-the 
Vienna, London, and Berlin Phil- 
harmonics, the Paris Conservatoire, 
the Amsterdam Concertgebouw. 
Not even Boston rated so high. 

Now RCA is back in Philadelphia 
and great is the rejoicing. It took 
a while for the first batch of new 
records to appear, and a lot longer 
for me to play through all of them. 
But now I am wholly won over. If 
Columbia will pardon me-it should 
have happened sooner. 

A matter of compatibility. My 
thoughts on this score are strictly 
my own but I suspect that both RCA 
and Columbia will go along with me. 
The two giants, so closely parallel, 
are actually very different in per- 
sonality. For my money, the Colum- 
bia image never did match that of 
Philadelphia, Whereas RCA's suits 
it to a T. 

RCA's long-time approach to 
"first line" (red seal) classical music 
has been astonishingly consistent, in 
spite of fringe operations. It was 
once stated in so many words by an 
RCA executive whom I will not 
quote. In effect, it is: keep right on 
recording the solid, basically Ro- 
mantic repertory heard in every 
symphony concert hall in America, 

along with the brilliant performing 
virtuosi who set it off. Do the same 
pieces over and over again, because 
there are always new listeners and 
new appeals in these highly reliable 
old products. Keep putting the vin- 
tage wine in slightly new bottles; it'll 
sell. It always has-that is, always 
for the last 40 -odd years. These are 
the famed "Fifty Pieces" of the con- 
cert repertory cited by Virgil Thom- 
son, and they do not include Ba- 
roque, sitar music, nor so much as 
a hint of electronics. 

Thus how many times has RCA 
recorded the Grieg Piano Concerto! 
And the Pathétique Symphony? 
They appear again in the new 
batch from Philadelphia. Beethoven, 
Rachmaninoff, Chopin, Brahms, 
Tchaikowsky, Schubert, all roll off 
the RCA presses eternally. And they 
roll from the "live" instruments of 
the Philadelphia Orchestra, too. The 
very first Philadelphia concerts, in 
1900-1901 (see reproductions in the 
new album), could fit into the 1969 

since. True, most of us grow up to 
like the Fifty Pieces, after all. But 
we do not forget the other and newer 
music, you may be sure. 

Now though Columbia Records 
can probably match every RCA of- 
fering on a purely catalogue basis- 
the coverage is enormous-this com- 
pany, nevertheless, has always had 
its ear somewhat tuned to musical 
change. Columbia's symphony or- 
chestras, you will find, tend to be 
those where a certain unrest, on the 
home scene, has led to subdued but 
definite experiment in the regular 
concert series-new repertory, new 
evaluations of the old, special con- 
centrations on one composer, even a 
leaning towards non -symphonic ma- 
terial, from concerti grossi to elec- 
tronic tape. Uncomfortable at home, 
these orchestras tend to gravitate to 
Columbia for recording, where they 
find a greater freedom. Included is 
the New York Philharmonic, under 
two inveterate and idealistic experi- 
menters, Bernstein and Mitropou- 

Pianist Van Clihurn makes first recording with the Philadelphia Orchestra and 
Eugene Ormandy. 

schedule without raising a Philadel- los. Columbia has even created 
phia eyebrow. special orchestras for such diverse 

Outside the concert halls, music music -makers as Bruno Walter and 
has changed. In the 1930s a new and Igor Stravinsky. 
diverse repertory previously un- We must realize that within its 
known in this country began to flood own walls the "live" symphony con - 
in on imported records, to stir up cert is a specialized and monolithic 
wider interests among record fans. social institution, very averse to 
I was one of these-I spent airless change. Those who rock its musical 
hours in record booths going over boat are in trouble-Leopold Sto - 
the fascinating new stuff, spending kowsky, for instance, in Philadel- 
every cent I could afford. My scorn phia of the 1920s. Like the classic 
for the "standard repertory" grew Greek -temple art museum (cf. 
accordingly with each day, and I Philadelphia), the Symphony can - 
wasn't the only one! We were a new not easily be modernized short of 
generation of listeners - and there total demolition, and nobody really 
have been more generations ever wants that. But outside the walls, 
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all is different. The audience for rec- 
ords is much larger, more diverse 
and more tolerant of change-for 
there's nothing monolithic about the 
home living room. Musical innova- 
tion on records is more practical. 
But is innovation always desirable? 
It depends. 

You see, the Philadelphia is 
America's outstanding example of 
the perfectly adjusted Symphony 
Orchestra, living in peace within its 
own hallowed walls and with its spe- 
cial audience. Mr. Ormandy, its con- 
ductor since 1936, has a life contract; 
and for good reason. He enjoys play- 
ing the Same Old Pieces, over and 
over (even though he can add a 
good deal of modern when he wants 
to) , because he believes in the 
music, and does not ever tire of the 
performing. To maintain a reper- 
tory and a tradition of superb play- 
ing is surely a worthy ideal when it 
is done with faith and conviction, as 
it is in Philadelphia. 

Somehow, then, I have always felt 
that Columbia was ill at ease in 
Philadelphia. There was a curious 
feeling that the Orchestra was "rele- 
gated" to the standard repertory- 
while other orchestras did Colum- 
bia's venturesome things. Somehow, 
I heard a certain defensiveness in 
the Philadelphia's playing under 
this subtle implication. It was surely 
never a conscious thing on either 
side, but I think it was there. Even 
the Columbia engineers, making fab- 
ulous hi fi out of the Philadelphia 
sound, seemed often to be hyping up 
the old warhorses. Hype up the 
pride of the Philadelphia repertory! 
A profound difference in viewpoint, 
if I guess right. 

Now, with RCA back, everyone is 
in seventh heaven. RCA is just as 
devoted to the enduring old classics 
as is Philadelphia. Under this beam- 
ing new approval, Ormandy's music 
has positively blossomed, as well it 
should. Even the RCA engineers 
have contributed their proper bit of 
stereo conservatism, a sound that is 
perfectly suited to the Philadelphia 
temperament though it might not do 
for a Bernstein extravaganza in New 
York. Don't expect raw miracles. 
Ormandy is still the elegant pur- 
veyor of the same old high-grade 
Philadelphia cream cheese. But is it 
good!! Of its sort, the best you can 
buy. 
See page 58 for reviews of new 
RCA recordings of the Philadelphia 

Orchestra. 

Only through electrostatics can so bright and crisp 
a sound be possible. Electrostatic elements in 

Koss Model ESP -6 Stereophones reproduce sound a 
full 3 octaves beyond the limits of ordinary voice 

coil and cone -type driver elements.. Then, because 
this tiny electrostatic speaker is coupled directly 

to your ear, there is no loss of frequencies as when 
speaker sounds are disguised in a room. ESP -6 
reproduction is independent of room acoustics. 

There's no other sound quite like it. It's the sound 
you've always wanted, but couldn't really envision 

because it couldn't be produced until Koss 
invented Model ESP -6 Electrostatic Stereophones. 
Each set of ESP -6 Stereophones comes complete 

with an individual machine run curve. But the 
curve is only a map of the real sound. 'Kau don't 

get the real thing until you hear it. And 
do that now at your nearest hi fi shop. 

Then you'll know what we mean. 
you can 

cgi KOSS 
KOSS ELECTRONICS INC. 
2227 N. 31st Street Milwaukee, Wrs. 53208 

Export: Koss Electronics S.r.l. 
Via Bellini 7, 20054/No'a Milanese, Italia 
Export Cable: Stereofone 

now 

a 

Sound 

in 

MOSS 

slereonhones 

that is 

better 

than 

sneakers 

new Nuss 

electrostatic 

stereophones 

produce 

a sound 

never before 

possible 

model esp-6 
stereophones' 
$95.00 
Complete with fitted, 
portable carrying case 
and individually 
measured response curve. 

'Patents applied for 
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get the 

NEWS 
FREE! 

The McIntosh Catalog gives all 
the details on the new McIn- 
tosh solid state equipment. In 
addition, you'll receive abso- 
lutely free a complete up-to- 
date FM Station Directory. 
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Tape Guide 
HERMAN BURSTEIN 

Amplifier vs. Speaker 
Power Ratings 

Q. I am the owner of a * * * tape re- 
corder, which puts out 12 watts of 
music power -16 watts per channel. I 
have decided to buy an amplifier rated 
at 18 watts per channel, and speakers 
rated at 40 watts each. What I would 
like to know is: Is the amplifier power- 
ful enough to get the full effect of my 
speakers, or will I need a more power- 
ful one?-Edward J. Meschi, APO, 
San Francisco, Calif. 

A. Generally, an amplifier that can 
deliver 18 watts per channel through- 
out the audio range at low distortion is 
adequate to drive any medium -effi- 
ciency speakers to a very loud level 
in rooms of a size ordinarily found in 
a home. The fact that a speaker is 
rated at 40 watts does not mean that it 
requires 40 watts in order to drive it to 
realistic volume. What is meant is that 
the speaker will not promptly burn out 
if as much as 40 watts happens to be 
fed into the speaker. 

Portable Adjunct Recorder 

Q. I have a high quality * * * tape re- 
corder, which is in a permanent instal- 
lation in my home. I would like to get 
a portable tape recorder, tape on the 
outside, and then play these tapes back 
on the * * * machine. Would I be able 
to play back these tapes all right? Can 
you recommend a portable that I can 
use? Also, would it be all right if I 
bought a small TV set with an ear jack 
and used that to tape from TV?-S. 
Valenza, Jackson Heights, N. Y. 

A. Yes, you could use your * * * ma- 
chine to play back the tapes made on 
ti portable. If the portable employs 
standard (NAB) equalization, you will 
obtain flat (substantially) frequency 
responses. However, depending on the 
quality of the portable, you may not 
obtain as good a recording-in terms of 
low noise, distortion, and wow and 
flutter-as if you employed the * * * 

machine for recording. 
You might get reasonably good re- 

sults from the earphone output of a 
small TV set; however, make sure that 
the TV has a power transformer, or 
you run the danger of fatal shock. Also, 
make sure that the TV produces suffi- 
ciently little noise and buzz. 

Left -Channel Dropout 

Q. Using a 10 -kHz signal into my 
tape recorder, and monitoring the out- 
put with an a.c. VTVM, I have ob- 
served marked fluctuations of 8 to 10 
dB in the output of the left channel 
(tracks 1 and 4). The output of the 
right channel fluctuates only about 1/2 

dB. To reduce this fluctuation I have 
unsuccessfully tried the following: in- 
creased tape tension, changing tapes, 
cleaning and lubricating all heads and 
tape guides, and cleaning the capstan 
and pinch roller. I hope you will be 
able to solve this problem.-Thomas T. 
Aoki, FPO, San Francisco, Calif. 

A. Your problem with the left chan- 
nel is not an uncommon one and is 
known as "left -channel dropout." It is 
due to imperfect contact between the 
head and tape. Contact is apt to be 
worst at the tape edges, where you have 
tracks 1 and 4. Adjustment of the tape 
guides might help. Slight adjustment of 
the vertical plane of the head might 
help. If your machine employs a pres- 
sure pad, greater pressure might help 
(although this may adversely affect 
wow and flutter). Your best appeal may 
be to the manufacturer or an author- 
ized service station. 

Adjacent Channel Spillover 
Q. I seem to have trouble with the 

alignment of the playback head of my 
tape machine, which is intended to re- 
produce half-track or four -track pre- 
recorded tape. When playing quarter - 
track tape, the head picks up the 
recorded material on the adjacent 
tracks. Can this trouble be corrected 
by the owner of a home tape recorder? 
If so, how can I proceed to correct head 
misalignment myself? Are there any 
special tools or electronic instruments 
necessary? - Raymond Arcand, Mon- 
treal, Canada 

A. In a loose way of speaking, you 
could try making a vertical alignment 
of the playback head. In the absence of 
a vertical alignment tape or other nec- 
essary equipment, you would align the 
had so that the top edge of the upper 
gap is even with the upper edge of the 
tape, or very slightly below the upper 
edge of the tape. However. it is likely 
that in moving the head vertically you 
will upset its azimuth alignment, which 
calls for the gap being exactly perpen- 
dicular to the long dimension of the 
tape. This adjustment cannot be made 
visually, at least not satisfactorily. In- 
stead, it calls for an azimuth alignment 
tape. While playing this tape, bearing 
a frequency of 10,000 Hz or higher, one 
adjusts the head for maximum output, 
usually checked with a VTVM. Æ 
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The best stereo tape deck 
your money can buy. Period! 

Lightweight. A full 7 -inch reel capacity profes- 
sional studio tape deck. Pick it up and take it 
anywhere. Operates on a self -enclosed re- 
chargeable nickel -cadmium battery pack-or 
plugged into AC. 

Better -than -Studio Specs. 
Frequency response: 20 
Hz to 22 KHz, 40 Hz to 
18 KHz ±2 dB@ 71/2 ips. 
S -N ratio at peak level 
to unweighted noise: 
(Model 770-2) 58 dB 
or better; (Model 
770-4) 56 dB or bet- 
ter. Wow and flut- 
ter: less than 
0.09% @ 71/2, less 
than 0.12% @ 

33/4, less than 
0.2% @ 17/s. 

Exclusive Sony 
Noise -Reduction 
System. Sony "SNR" 
automatically reduces 
gain of playback 
amplifier by 6 dB 
during very low 
passages, when background noise is 
most predominant. Noise level is 
greatly reduced, dynamic range ex- 
panded 100%. Also incorporated is a 
built-in limiter to automatically con- 
trol overload distortion. Both "SNR" 
and limiter are switch defeatable. 

Three Speeds. 71/2, 3314, P/s ips. Other 
features include two professionally 
calibrated VU meters, built-in 
line -and -mike mixing, push-button 
operation, scrape flutter filter, low - 
impedance Cannon plug mike in- 
puts, tape/source monitoring. 

Four Heads. The 770-2 has 
two -track erase, record, and 
playback heads plus a four - 
track playback head. The 
770-4 has four -track erase, 
record, and playback heads 

plus a two -track playback 
head. 

ServoControl Motor with 
VariSpeed Tuning. Auto- 
matically maintains 
exact speed during 
mechanical load 
changes and voltage 
variations. Built-in 
VariSpeed tuning 
permits vernier ad- 
justment of plus or 
minus 7% of any of 
the three speeds. 
Ideal for pitch tun- 
ing to any musical 
instrument. 

Sony Model 770. Priced at $750. For 
a free copy or our latest tape recorder 
catalog, write to Mr. Phillips, Sony/ 
Superscope, Inc., 8142 Vineland Ave- 
nue, Sun Valley, California 91352. 

SONY Lz i .,...- :, 

You never heard it so good. 

*1969,SUPERSCOPE,INC. 



I;DITOIt'S 

REVIEW 

Goodby "Nipper" 
By the time you read this, the four 141/2 -ft. 

stained-glass windows ensconced 11 stories high 
near the top of RCA's Building No. 17 in Cam- 
den, N. J. will be gone, ending a 53 -year vigil 
that started when the building housed the Victor 
Talking Machine Co. Each of the mosaic win- 
dows depicted one of the most colorful trademarks 
we have ever known-"His Master's Voice," with 
a painting of a fox terrier dog, Nipper, cocking 
his head while listening to a record playing on a 
Gramophone. 

With RCA revamping its corporate image to 
reflect the varied, world-wide role it plays today 
(witness the recent change made in the RCA 
logo) , "Nipper" has apparently become too pro- 
vincial. The trademark was never owned exclu- 

sively by RCA, as many know, since companies 
in foreign lands have claims on it too. But here in 
the U. S. A. it was synonymous with both RCA 
Victor and remembrance of a glorious period. 

In place of the watchtower positions held by 
"Nipper" for so long will be four 22 -ft. x 6 -ft., 
white, plastic -and -aluminum RCA logos. 

It'll never be the same. 

"Filter -Tipped" Ear Plugs 

With so many frightening reports about hear- 
ing impairment being caused by heavy exposure 
to high sound levels (reaching peaks of 120 dB) 
from bandstand "rock" musicians and from juke- 
boxes, Sigma Engineering, North Hollywood, Calif. 
took a tip from cigarette manufacturers and devel- 
oped a device which is claimed to "filter out 
damaging noises while permitting harmless sound 
levels to pass through." 

Called "Lee Sonic EAR-VALv," the tiny devices 
fit into the ears much as conventional earplugs 
do. The $3.95 -per -set devices have a sound - 

actuated mechanism with a valve, a cylinder, and 
hairsprings which are said to act to protect per- 
sons who are faced with long exposure to high-level 
sound (say, bandstand performers who employ 
electronically amplified instruments) . 

New Developments 

The Sony Corporation has introduced a mono 
lithic power integrated circuit. Delivering a 26 - 
watt output, this is said to be the highest power 
rating from a monolithic IC to date. (The 26 
watts "maximum linear power" corresponds to 
18 watts continuous power.) 

Not all developments reach the practical stage, 
such as the one noted above. Last year, for ex- 
ample, N. V. Philips, the Netherlands electronics 
firm, developed a virtually weightless, high 
energy, throwaway battery, called "energy paper." 
A single sheet, weighing less than one -tenth of 
an ounce, was said to operate a prototype Norelco 
shaver for six or seven minutes. The battery was 
then thrown away and a fresh piece of "paper" 
was inserted in preparation for the next shave. 

According to reports, the experimental "energy 
paper" exhibits a power density five times greater 
than that of ordinary dry cells, a flat discharge 
curve, and low cost. The paper "battery" is acti- 
vated by inserting it into water. Again, we were 
cautioned last year that the "energy paper" was 
highly experimental. Its value would certainly be 
great if it evolves into a practical device. 

Another interesting experimental device is an 
electric typewriter that operates from Morse- 
code "dit-dah" sounds voiced into a microphone. 
Claim for the device, under development by a 
British division of ITT, is accurate typing at 20 
words per minute. 

"Studio Practice" Lectures 

The Los Angeles Watts Training Center has 
engaged Oliver Berliner of SounDesign Engi- 
neers for a series of lectures on recording studio 
practices to be given to the underprivileged, it 
was announced recently. The free lectures and 
practice sessions-from microphone selection and 
placement through to cutting of the disc master 
and disc pressing-take place every week at Tel - 
audio Centre Studios, located near Disneyland. 

Mr. Berliner observes that the "underprivi- 
leged" are getting instruction in an area that is 
not available to other persons. We can attest to 
this, since AUDIO has a continual flow of let- 
ters from readers who are searching for courses 
such as this, with no success. Recognizing the 
need for a training program in the field of pro- 
fessional audio, AuDIo had proposed to an officer 
of the Audio Engineering Society that the AES 
consider sponsoring a course in professional audio 
practices for both neophytes and persons in the 
field who wish to upgrade their knowledge. The 
subject was discussed at a Board meeting last 
year with inconclusive results. A. P. S. 
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Words are inherently limited in stimulating 
the emotions aroused by music. This is especially so 
in describing how high fidelity components perform. 

With cartridges, for example, we speak of 
flat frequency response, high compliance, 
low mass, stereo separation. Words like these 
enlighten the technically minded. But they do 
little or nothing for those who seek only 
the sheer pleasure of listening. 

We kept both aspects in mind when developing 
the XV -15 series of cartridges. We made 
the technical measurements. And we listened. 

We listened especially for the ability of 
these cartridges to reproduce the entire range 

PHOTOGRAPH BY !RABB BOSON 

of every instrument. With no loss of power. 
In the case of the percussion, this meant a cartridge 
that could recreate the exact nuances that distinguish 
the bass drum from the largest kettledrum. The big 
triangle from the little triangle. The felt drumstick from 
the wooden drumstick. 

We call this achievement "100% percussion power." 
When you play your records with an XV -15, you won't be 

concerned with even that simple phrase. 
Instead, you'll just feel and enjoy the renewed experience 

of what high fidelity is really all about. 
PICKERING 

THE NEW PICKERING XV -15/ 750E. 
PREMIER MODEL OF THE XV -15 SERIES.TRACKS AT ½T0 1 GRAM. DYNAMIC COUPLING FACTOR OF 750 FOR 

USE IN FINEST TONEARMS. $60.00. OTHER XV-15 CARTRIDGES FROM $29.95. PICKERING & CO.,PLAINVIEW, L.I., N.Y. 



Layman's Guide to 

Phono Cartridge Specifications 
JAMES H. KOGEN* 

ONE OF THE MOST frustrating 
problems for the consumer is 
that of understanding and in- 

terpreting manufacturers' specifica- 
tions. This difficulty is greatly magni- 
fied when standards of measurement 
do not exist or are not adhered to by 
manufacturers. 

As of now, there is no officially ap- 
proved set of specifications or standards 
for phonograph cartridges. There is no 
official test record or official test pro- 
cedure. Thus, each manufacturer em- 
ploys his own method of measurement, 
interprets the results as he sees fit, and 
advertises his specifications in accord- 
ance with the dictates of his own con- 
science. 

Here are the phonograph cartridge 
specifications as they are most gener- 
ally understood in the community of 
engineers who design and use these 
cartridges. These specifications will be 
related to the functional requirements 
of the user wherever possible. 

Basic Performance Requirements 

The primary function of a phono- 
graph cartridge is that of converting the 
modulation in the record groove into 
electrical signals. The more important 
functional requirements for the stereo 
cartridge are: 

1. The needle must follow all modu- 
lations on the record without losing 
contact with the groove. Loss of contact 
produces extreme distortion, which can- 
not be tolerated in high -quality repro- 
ducing systems. Although no standard 
exists for the terminology identifying 
this characteristic, the words "track- 
ing," "tracking ability," and "trackabil- 
ity" are commonly used. 

2. The transforming of record modu- 
lation into an electrical signal must be 
performed with great fidelity. The abil- 
ity of the cartridge to do this for the 
spectrum of tones is described in part 
by its "frequency response." 

3. The stereo cartridge must repro- 
duce both channels of the stereo rec- 

*Shure Brothers, Inc., Evanston, Ill. 

ord. In doing so, each channel must be 
reproduced independently; that is, in- 
formation from one channel must not 
leak into the other channel. The term 
used to describe this characteristic is 
"separation." 

4. The output voltage of the car- 
tridge must be well above the level of 
the spurious noise sources which exist 
in any reproducing system. The terms 
used for describing this quality are 
"output voltage," "output," "nominal 
output," and "sensitivity." 

5. While the frequency response de- 
scribes the ability of the cartridge to 
reproduce information which is on the 
record, the cartridge may produce sig- 
nals that are not on the record. This 
is an undesirable quality, to which the 
generic word "distortion" is applied. 

6. "Channel balance" specifies the 
difference in output level of the two 
stereo channels of the cartridge. 

7. "Hum" is the noise induced into 
the cartridge by external electrical and 
magnetic fields. 

Tracking Ability 
There is little argument that the abil- 

ity of the stylus to maintain continu- 
ous contact with the record groove is of 
paramount importance. What is often 
not recognized is the fact that the abil- 
ity of the stylus to do this is dependent 
upon the frequency of the modulating 
signal. The following example illus- 
strates this phenomenon. 

Assume we have a record with three 
bands, containing 128 Hz, 1024 Hz and 
10,000 Hz. These frequencies would be, 
respectively, one octave below middle 
C, two octaves above middle C, and a 
very high frequency which might be 
found as an overtone in some musical 
instruments. All of these bands are re- 
corded at a peak modulation velocity of 
5 centimeters per second. The term 
"modulation velocity" refers to the 
speed at which the stylus must move 
side -to -side while following the groove, 
as shown graphically in Fig. 1. Note 
that although the stylus reaches the 
same peak velocity at each frequency, 

it must do so many more times each 
second for the higher -frequency signal 
than for the low -frequency signal. 
Without going into the physics of the 
situation, our intuition tells us that the 
requirement for a stylus to follow the 
high -frequency signal is considerably 
different from that of following a low - 

Fig. 1 -Three modulation signals 
with the same peak velocity, but 

different frequency. 
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frequency signal. For many cartridges, 
we would find that there would be 
little difficulty encountered in repro- 
ducing the 1024 -Hz tone. A somewhat 
better cartridge would be required to 
produce the low -frequency tone also. 
And an even better cartridge would be 
needed to reproduce all three signals 
faithfully. 

Manufacturers specify the tracking 
ability of the cartridge in a variety of 
ways, some rather obscure. The follow- 
ing are the most common. 

1. Tracking. The specification is nor- 
mally given for a low frequency such 
as 400 Hz, although frequency is often 
not stated. The specifications will give 
the maximum modulation velocity 
which the cartridge can track at that 
low frequency. For a good quality car- 
tridge, this velocity should be greater 
than 12 centimeters per second at the 
lowest specified stylus force and at 400 
Hz. It should be kept in mind that this 
specification in no way tells the user 
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the tracking ability of the cartridge at 
the high frequencies. 

2. Compliance. The compliance of 
the stylus is a measure of how easily 
the stylus can be deflected. This param- 
eter is related fairly closely to the low - 
frequency tracking ability. More -com- 
pliant cartridges generally track the 
low frequencies better. Most companies 
specify compliance under a static or 
stationary load. This is not too mean- 
ingful in that in operation the stylus is 
moving rapidly. Since compliance of 
most cartridges decreases as the fre- 
quency increases, the static compliance 
is generally higher than effective com- 
pliance when the stylus is in motion. 
All of this is to say that the compliance 
specification is practically meaningless 
to the user and might best be ignored 
altogether. 

We should note here that compliance 
can be a meaningful characteristic if 
the proper value is known. This re- 
quires measurement of compliance 
while the stylus is in motion. Such 
measurements result in compliance fig- 
ures lower than the static compliance. 
Dynamic compliance is useful in de- 
termining the resonant frequency of 
the tone-arm/cartridge system and is, 
therefore, important to the designer of 
tone arms. 

3. Stylus tip mass. This term refers 
to the effective mass of the stylus as- 
sembly. Properly applied, it refers to 
more than just the diamond tip, and 
includes the stylus shank and other 
attached members. 

This is a mechanical property of a 
cartridge which affects the high -fre- 
quency tracking ability. There is no 
standard method of accurately measur- 
ing stylus -tip mass. Specifications are 
normally based on weight measure - 
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ments and calculations. Even if an ac- 
curate measurement were made, the 
existence of low tip mass does not nec- 
essarily guarantee good high -frequency 
tracking ability. With these two factors 
in mind, we would recommend that this 
specification also be ignored in review- 
ing phono cartridge specifications. 

4. Tracking -ability curves. Since we 
are concerned with the tracking charac- 
teristic of a cartridge over the complete 
audible frequency spectrum, the ideal 
specification would provide just this 
information. Figure 2 is a curve show- 
ing such a specification in graphical 
terms. A graph of this sort gives a com- 
plete picture of the tracking ability of 
the cartridge and requires no inferences 
or interpretations by the user. Figure 2 

also shows minimum limits required for 
the superior phonograph cartridge in 
terms of the theoretical maximum ve- 
locities to be found on 33% -rpm stereo 
records. Many good -quality records 
exist which exceed the theoretical max- 
imum. The tracking ability of the car- 
tridge should, therefore, be well above 
the theoretical maximum. Some of the 
45 -rpm monophonic records have mod- 
ulation in excess of the velocities shown 
in this figure. A velocity of 35 cm/sec- 
ond at 400 Hz is not at all uncommon 
on "pop" records. Since such records 
usually contain considerable distortion 
and do not require high-fidelity repro- 
tion, they are not normally considered 
in setting tracking ability objectives for 
high-fidelity phono cartridges. 

Since there is no standard for spe- 
cifying tracking ability, and since few 
manufacturers present the complete 
pictures shown in Fig. 2, the purchaser 
would do well to test the cartridge be- 
fore he buys it. This can be done quite 
easily by asking the dealer to demon - 

Fig. 2-"Tracking ability" curve. 
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strate the cartridge on a record which 
will exhibit the tracking characteristic 
of the cartridge. Some suggested rec- 
ords are: 

(a) Polydor #237310 (Stereo); 
"Elizabeth Serenade." Listen 
particularly to the bells. 

(b) London #SPC 21010; "H.M.S. 
Pinafore," Side 2, Band 1. Listen 
for the "S" sounds while the 
male vocalist is singing. 

(c) Nonesuch #H-71019 (Stereo); 
J. S. Bach, Four Concertos for 
Harpsichords and Orchestra. 

Keep in mind that the records used 
should be in good condition, preferably 
new. 

Frequency Response 

The spectrum of frequencies which 
the human being can hear covers a 
range from about 20 Hz to 20,000 Hz. 
The phonograph cartridge should re- 
produce all frequencies within this 
range exactly as these frequencies were 
put into the record groove. An ideal 
cartridge would have a response curve 
of a horizontal straight line. The fre- 
quency response of a cartridge might 
look like that of Fig. 3. The man- 
ufacturer's specification for the car- 
tridge of Fig. 3 could read: "Response: 
20-20,000 Hz ± 2 dB." 

Most manufacturers specify the typi- 
cal frequency response of their car- 
tridge. The typical response is the 
average of a large number of cartridges. 
Any single cartridge might vary from 
the typical by a tolerance stipulated 
by the manufacturer's quality stand- 
ards and manufacturing capability. 
Thus, as shown in Fig. 4, any single 
cartridge might vary from the typical 

Fig. 3-Frequency response characteristic of phono cartridge with 
a specification of 20-20,000 Hz ±2 dB. 
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C -6000A - STEREO HOME ENTERTAINMENT SYSTEM, incluces 2'S 
Systems, Changer and AM -F1 P.eceiyer . 



NEW GENERATION 

IS HERETO HEAR! 
The Pioneer family's grown. And now a 

new Pioneer generation demands to be 
heard! 

The most exciting array of Compacts, 
Tape Decks, Receivers, Tuners, Ampli- 
fiers, Speaker Systems and Audio Acces- 
sories ever offered by one company is 
here to hear. Every new model designed 
and produced with the care and exact 
precision that has made Pioneer the No.1 
Audio Company in the world. 

Component for component, you'll hear 
more with Pioneer. And if the Pioneer cost 
for the finest comes to less than you expected 
- tip your hat to advanced electronic manufac- 
turing techniques - and carry off the sound 
rewards. This is one new generation that's out 
to preserve the status quo! 

See and hear the new and expanded Pioreer 
sound family at your nearby Pioneer fran- 
chised dealer. Or write ... 

PIONEER ELECTRONICS U.S.A. CORPORATION 
140 Smith Street, Farmingdale, L. I., New York 11735 

'F - STEREO TAPE DECK 
Automatic Reverse . $299.95 

SR -202 - SOLID STATE 
STEREO REVERB . $95.00 

11 

TX -900 - STEREO AM -FM TUNER . $239.95 
SA -900 - STEREO 200 -Watt AMPLIFIER . $259.95 

5X-440 - AM -FM 40 -Watt RECEIVER . $189.95 

CS -66 - 10", 3 -way SPEAKER ''"° 
SYSTEM . $109.00 
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Fig. 4-Tolerance limits of a phono cartridge's frequency response, 

where solid line is typical response and dotted lines are variations 

due to manufacturer's quality standards. 
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by some additional amount within the 
tolerance limits. This tolerance is not 
normally specified. 

One source of confusion in specifying 
frequency response is the determina- 
tion of the upper and lower frequency 
limits. The low -frequency response 
limit is determined to a major degree 
by the arm used with the pickup and 
the equalization of the preamp. The 
pickup itself has no lower -frequency 
limit. One point to note, however, is 
that an appreciable response extended 
below the audible limit of 20 Hz can 
make the system quite vulnerable to 
record warps, eccentricities, and floor 
vibration. 

A complete specification would re- 
quire a statement as to how many dB 
down the response would have to fall 
to reach the limit. Figure 5 shows a 
curve which rolls off at the high end. 
If the upper limit is specified at "3 dB 
down," the upper response limit is 
20,000 Hz. If the upper limit is taken 
at 20 dB down, the upper limit is 
53,000 Hz. Since in the latter case very 
little output is available, an unqualified 
specification of 53,000 Hz would be very 
misleading to the consumer. A mean- 
ingful specification should be based on 
response limits based on a maximum 
of "6 dB down," and preferably "3 dB 
down." 

When reviewing the frequency re- 
sponse specification, the user should 
keep in mind the following: 

1. Frequency response for top car- 
tridges should extend over the complete 
audible spectrum of 20 to 20,000 Hz. 
Medium -quality cartridges should have 
a response to 17,000 Hz. 

2. Under no circumstance should the 
cartridges have a peak at frequencies 
below 10,000 Hz. 

3. Many good -quality cartridges do 
have a peak in the 13,000 to 17,000 -Hz 
range. This peak should be no greater 
than 5 dB. While such a peak can be 
accepted, it is not desirable and is not 
found in the very -best -quality car- 
tridges. 

10k 20k 

-3dB REF. 1kHz 
-6dB 

AO dB 

1k 10k 20k 30k 
24k 

FREQUENCY (Hz) 

Fig. 5-Frequency-response curve showing several high -frequency 
limits, depending on how specified. 
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4. The best -quality cartridges should 
have no peak below 20,000 Hz. 

Separation 

The separation specification for a 
phonograph cartridge tells how inde- 
pendent one channel is from the other. 
Typically, the measurement would be 
made with a record groove that is mod- 
ulated in only one channel. A measure- 
ment would be made of the output of 
the cartridge when playing the modu- 
lated channel. This would then be com- 
pared to the output of the other 
channel. Figure 6 shows the groove 
configuration and a typical graph of 
output for the two channels. The sepa- 
ration is shown as the difference in out- 
put between the two channels. Note 
that the separation varies with fre- 
quency. The ideal presentation should, 
therefore, be a curve showing separa- 
tion versus frequency, such as Fig. 6. 
Most manufacturers simplify the spe- 
cification by stating separation only at 
selected frequencies, such as 100, 1000, 
and 10,000 Hz. A further simplification 
would be a statement of separation only 
at one frequency, generally 1000 Hz. In 
reviewing separation specifications, the 
user should look for at least: 

1. 20 and, preferably, 25 dB 
separation at 1000 Hz. 

Fig. 6-Crosstalk curves illustrate the de- 
gree of leakage from one stereo channel 
to another vs. frequency. Measurement is 

made while playing a record groove that 
is modulated in only one channel, as 

pictured. 
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2. 15 to 20 dB separation at 10 kHz. 
3. 15 to 20 dB separation at 100 Hz. 
Separation specifications apply only 

when the cartridge is properly mount- 
ed. When viewed from the front, the 
bottom surface of the cartridge must be 
parallel to the record surface. Tilting 
of the cartridge only two or three de- 
grees can result in a serious degrada- 
tion of separation and must be avoided 
if the manufacturer's specifications are 
to be achieved. 

Output Voltage 
The output voltage is specified for a 

given modulation velocity. For exam- 
ple, a cartridge might be rated 0.6 milli- 
volts at one centimeter per second mod- 
ulation velocity (abbreviated at 0.6 
mV/cm/sec). In reviewing the output 
specification, it is important to know 
the modulation velocity which was used 
used in making the rating. Table I 
shows specifications for three car- 
tridges, all of which have the same out- 
put but with specifications based on 
different modulation velocities. 

TABLE 1 

Cartridge Level Test Velocity 
#1 3.0 mV 5 cm/sec peak 
#2 6.0 mV 10 cm/sec peak 
#3 0.6 mV/cm/sec Any 

Typically, 0.6 mV/cm/sec is ade- 
quate output for high -quality, low -noise 
systems. Lower -quality systems often 
have higher noise levels, and cartridges 
with output voltages of 1 to 2 mV/cm/ 
sec offer the advantage of a higher sig- 
nal-to-noise ratio. 

Distortion 
As applied to a phono cartridge, the 

word "distortion" refers to any phe- 
nomenon that produces output signal 
components not in the record modula- 
tion. If the record modulation, for ex- 
ample, were a pure 400 -Hz sine wave 
tone, distortion in the phono cartridge 
might produce an electrical signal with 
800, 1200, 1600, and many more fre- 

10k zok quencies in addition to the 400 -Hz 
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"At 7Y2 ips, the response was within +0.5 db, -2.0 db 
from 20 to 20,000 Hz. This has never been 
equalled by any other recorder we have tested." 

Stereo Review 

"So good is the servo control that it has proved 
extremely difficult in practice to measure 
any waver of wow or flutter; for quite long 
intervals the meter drops below the point at 
which reliable readings are possible ... Studer 
and his team have truly produced a tape 
recorder landmark." 

... Audio Record Review 

"This recorder is a masterpiece of electronic 
and mechanical engineering." 

... Hi-Fi Sound 

"This is the flattest machine we have ever tested." 

.. Audio 

This is the REVOX A77 priced from $499.00 

R EVOX Technical details from: REVOX CORPORATION 
P. 0. Box 196 - 212 Mineola Avenue 
Roslyn Heights, New York 11577 

In Canada, contact: TRI -TEL ASSOCIATES LTD., Toronto 

AUDIO JUNE 1969 
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Phono Cartridge Specifications 
fundamental. Distortion specifications 
should, therefore, indicate how much 
of the undesirable component is added 
by the phono cartridge. 

Because of the complexity of the 
many mechanisms that produce distor- 
tion, it is impossible to provide a simple 
specification that completely describes 
this characteristic. We will describe two 
popular methods of measuring distor- 
tion, but must state from the beginning 
that both methods leave much to be de- 
sired. One of the major deficiencies of 
all distortion measurements is in the 
correlation between the measurement 
and subjective reaction. No measuring 
technique exists today which tells in 
simple fashion how bad the distortion 
sounds to the listener. The problem is 
further complicated by the fact that 
some kinds of distortion sound worse 
than other kinds. 

The most commonly cited distortion 
measurement is total harmonic distor- 
tion. This measurement is made by us- 
ing a record with a single, frequency 
of, for example, 1000 Hz. This record 
must be as distortion -free as possible. 
An instrument called a "distortion an- 
alyzer" is used to measure the output 
of the phonograph cartridge at all fre- 
quencies that come out of the cartridge 
but are not in the record and are, by 
definition, distortion frequencies. 

Measurements of good -quality car- 
tridges on test records, such as the 
CBS-STR-120, produce total harmonic 
distortion figures in the range of 1 to 3 
per cent. Distortion of this magnitude 
is generally considered to be subjec- 
tively tolerable. A specification in this 
range with this record would be accep- 
table, but, as stated previously, would 
not tell the whole story of distortion. 

A second commonly used distortion 
measurement is based on intermodula- 
tion, usually referred to as "IM." When 
two frequencies are introduced into a 
distortive device, the output will con- 
tain, in addition to the two fundamen- 
tal tones, sum and difference frequen- 
cies. The input signals often used are 
400 and 4000 Hz, and the distortion 
products are 3600 Hz (difference) and 
4400 Hz (sum), plus a large number of 
other tones related to these sum-and- 
d'fference frequencies. 

A typical record used in making the 
IM test is the CBS STR-111. The out- 
put of the cartridge at the sum and dif- 
ference frequencies is measured and 
compared to the output at 4000 Hz. The 
ratio in per cent is the IM distortion. 
IM specifications in the order of 1 to 
2 per cent on the STR-111 are typical 
of good -quality cartridges. 

It should be noted that distortion 
measurements can vary considerably, 
depending on the test record employed. 

At present, measurements to a mini- 
mum of about 1 per cent represent the 
state of the art. 

At this time, extensive work is being 
carried out on the theoretical and prac- 
tical aspects of phono -cartridge distor- 
tion. Much has yet to be done in per- 
fecting measurement techniques and 
determining the relationship between 
measurement and subjective response. 

Hum 

Most cartridges are susceptible, in 
one degree or another, to the electrical 
fields which come from the turntable, 
amplifiers, and associated wiring. Good - 
quality cartridges are rendered insen- 
sitive to this hum pickup by adequate 
shielding or by other means. Hum 
should be specified in a given magnetic 
field normally rated in oersteds. A 
good -quality cartridge would have hum 
pickup of less than 0.2 millivolts in a 
1 -oersted field. 

Channel Balance 

This specification refers to the differ- 
ence in output level from the two stereo 
channels. Typically, the specification 
might read "Channel balance within 2 
dB." This says that one channel might 
be as much as, but no greater than, 2 
dB higher in output than the other 
channel. Since all stereo amplifiers are 
provided with balance controls, chan- 
nel -balance differences of as much as 
2 dB can be corrected easily and, there- 
fore, introduce no problem. 

If, when installing the cartridge, it is 
found that the balance control of the 
amplifier must be offset by a very large 
amount, something in the system is out 
of balance. Along with the amplifier 
and speakers, the cartridge should be 
checked to make certain it is not de- 
fective. 

Tracking Force 

Several of the functional character- 
istics just described depend on the 
tracking force employed. It is impor- 
tant, therefore, to understand the effect 
and significance of this force. 

The tracking force is tie amount of 
force (specified in grams) between the 
stylus tip and the record. This is a very 
important specification because it is 
closely related to the rate of wear of 
both the stylus tip and the record. Ex- 
tensive measurements have shown, as 
an example, that the life of a diamond 
tip can more than double when track- 
ing force is halved at forces below 11/2 

grams. It is important, therefore, that 
the cartridge be capable of performing 
properly at a minimum tracking force. 

Tracking force is closely related to 
tracking ability. Cartridges should 
never be used at a tracking force be- 
low that required for proper tracking. 
Although lower tracking force leads 
towards longer tip and record life, im- 
proper tracking will shorten record life. 
Thus, the tracking force must be set 
sufficiently high to ensure proper track- 
ing. 

The manufacturer's specification 
provides a range of tracking force over 
which the cartridge is supposed to track 
properly. At the minimum force, the 
cartridge should track most program 
material. Higher tracking forces may 
be needed for records with extremely 
high modulation levels and also when 
the cartridge is used with equipment 
that may be somewhat less than opti- 
mum. For example, a tone arm with 
some measurable degree of friction 
would require a higher tracking force 
than a completely frictionless arm. 

The maximum tracking force gener- 
ally refers to the force above which 
the stylus will collapse and the car- 
tridge body will touch the record sur- 
face. With low -quality tone arms, it 
may be found that a very high tracking 
force is needed to maintain proper op- 
eration; and, thus, a cartridge which is 
capable of supporting the higher track- 
ing force will be required. If, for exam- 
ple, a record changer requires 4 grams 
of tracking force for proper operation, 
one would not want to use a cartridge 
designed for 3/4 to 11/2 grams tracking 
force, since the stylus would collapse 
with the application of 4 grams. 

In evaluating the tracking force spe- 
cification, the user should: 

1. Choose a cartridge compatible 
with his tone arm. In general, car- 
tridges rated in the 3/4- to 11/2 -gram 
range require the very -best -quality 
tone arm. Such arms must either be 
purchased separately or as part of a 
top-quality automatic turntable or 
changer. 

2. When used in conjunction with 
medium- or low-priced changers, the 
higher -tracking -force cartridges in the 
11/2- to 3-, or 3- to 5 -gram range should 
be employed. It should be borne in 
mind that the use of these higher track- 
ing forces will accelerate wear of both 
the stylus tip and the records. 

3. Careful consideration should be 
given to the validity of the minimum 
tracking force specification. This can be 
determined by the user through a sim- 
ple demonstration, such as that de- 
scribed under "Tracking Ability." The 
dealer should be asked to demonstrate 
the operation of the cartridge at the 
minimum specified tracking force with 
the specified demonstration record. The 
user can then judge for himself the 
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2001 

a Sony Sound Odyssey 
If you are prepared to regard sound reproduc- 
tion as an experience, and if this experience 
could possibly be worth $2000 plus to you, 
read on. 

This is the story about an epic sound system. 
An all -stops -out, damn -the -expense sound sys- 
tem. Extravagantly priced and extravagant in 
performance. 

Three Sony TA -3120 solid-state stereo ampli- 
fiers deliver more than 300 watts of audio 
power with distortion low enough to be virtu- 
ally immeasurable. 

The control center: the professional Sony 
TA -2000 preamplifier. Typical of its creden- 
tials: IM distortion well under 0.1% at any 

input; dynamic range of 80dB, more than 
enough to reproduce the full loudest -to -soft- 
est sound range of a symphony orchestra. 
Controls and conveniences? A brace of VU 
meters; tone controls with 11 discreet switch 
positions; tone -control cancel switch; level 
set controls at each input; stereo outputs that 
can be adjusted to suit the needs of different 
power amplifiers, etc. 

The Sony TA -4300 solid-state electronic 
crossover is the heart of the ideal multi -chan- 
nel system. Operating between the pre -amp 
and the 6 power amplifier sections, it feeds 
each speaker only the range it has been de- 
signed to reproduce. 

The program sources: The ST -5000 FET 

stereo tuner with the Sony solid-state i.f. filter 
that never needs realigning brings in stations 
that never seemed to exist before. The TTS- 
3000 servo -controlled turntable, rated by High 
Fidel ityMagazineas having"the lowest rumble 
figure yet measured (-77dB)" and the PUA -286 
transcription arm track records flawlessly. 

Enjoy an epic experience. Audition the 
$2001 system. Sony Corporation of America, 
47-47 Van Dam St., Long Island City, N.Y. 11101 
(3) TA -3120 amplifiers, $249.50 each; TA -2000 pre- 
amplifier, $329.50; TA -4300 3 -way electronic cross- 
over, $199.50; 5000FW FM stereo tuner, $449.50; 
TTS-3000 turntable, $149.50; PUA -286 arm, $99 50: 
cabinet for 5000FW, $24.50. 

SONY® 
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TIP 
RADIUS 

(B) 

RECORD 

SUR FACE 

GROOVE 

SMALL RADIUS 
TYPICALLY 

0.2 or 0.3 MIL. 

GROOVE 
Fig. 7-(A) Illustrates a view of the stylus 
tip looking down the record groove. In (B), 

a view of an elliptical tip is shown looking 
at the record at an angle of 45 degrees 

(parallel to one groove wall). Fig. 8-A conical stylus (left) and an elliptical stylus (right) are shown here. 

validity of the manufacturer's specifi- 
cation. 

One final word on this subject relates 
to the range of tracking force suitable 
for a given cartridge. It has been our 
experience that a range of a little over 
two -to -one is the maximum that one 
can reasonably expect from a phono- 
graph cartridge. Thus, ratings of 3/4 to 
11/2 grams, 11/2 to 3 grams, and 3 to 5 
grams are typical. Cartridges which 
purport to operate over ranges of as 
much as 1 to 6 grams generally are de- 
signed for 6 grams and operate prop- 
erly only down to about 3 grams. At 1 

gram, such a cartridge would normally 
be found to track very poorly and 
would in no way be comparable to a 
cartridge designed specifically for 1 - 

gram tracking force. 
Superior tracking ability at low 

tracking forces of 3/4 to 1 gram is far 
more difficult to achieve than at the 
higher tracking forces of 3 to 5 grams. 
For this reason, cartridges designed for 
3/4 to 11/2 grams are generally identified 
by very lightweight, low -mass stylus 
mechanisms and commensurably higher 
price -tags. 

Physical Characteristics 

A. Size and Weight. The user should 
check the physical characteristics of the 
cartridge to make certain that it fits in 
the head of his tone arm and also to 
make certain that the weight of the car- 
tridge can be balanced out by the tone 
arm employed. The following factors 
should be checked: 

1. Overall dimensions to make cer- 
tain the cartridge will fit in the tone 
arm head. 

2. The mounting arrangement of the 
cartridge as compared with that of the 
tone arm. 

3. The balance adjustment of the 
tone arm to make certain it is sufficient 
to balance out the weight of the pro- 

posed cartridge. Some tone arms do not 
have sufficient range of adjustment to 
balance out some of the heavier car- 
tridges. 

B. Tip Radius. This specification re- 
fers to that portion of the diamond tip 
that touches the record groove (Figure 
7A). For conical tips with spherical 
ends, the most commonly used radius 
for both mono and stereo grooves is 0.7 
mil (.0007 inches) . Some manufactur- 
ers supply special tips of 2.7 mil (.0027 
inches) radius for playing old 78 -rpm 
shellac records. 

Bi -radial or elliptical tips are speci- 
fied with two radii, such as 0.2 x 0.7 
mil. (The same tip may be described 
as .0002 x .0007 in.) The first number 
refers to the radius of the tip at the 
points where it touches the groove (Fig. 
7B). The second number refers to the 
front radius of the tip (Fig. 7A). At 
present, typical elliptical styli are of- 
fered at 0.2 x 0.7, 0.3 x 0.7, and 0.2 x 
0.9 for use in the 3/4- to 11/2 -gram track- 
ing force range. Elliptical styli with 
0.4 x 0.7 and 0.4 x 0.9 are offered for 
use at tracking forces up to 4 grams. 
Figure 8 shows photographs of conical 
and elliptical tips. 

Electrical Specifications 

The industry has standardized on an 
impedance of 47,000 ohms at the input 
to amplifiers used in conjunction with 
magnetic phono cartridges. Most car- 
tridges are designed to work into 47,000 
ohms and most amplifiers are designed 
with an input impedance of 47,000 
ohms. The user should check to make 
certain that this is the rating of his 
amplifier and that the cartridge is de- 
signed for this value. 

Some manufacturers provide values 
of optimum load capacitance. All 
phonograph systems contain some ca- 
pacitance in the tone arm, connecting 
cable, and amplifier input. Variation of 

this capacitance within a reasonable 
range is not significant for most users. 
The most critical user should follow the 
manufacturer's specification. This re- 
quires a measurement of the system in- 
put capacitance or use of values sup- 
plied by the manufacturers of the com- 
ponents. If the capacitance is lower 
than specified, a small capacitor con- 
nected across the amplifier input can be 
used to provide the optimum value. 

A statement is usually made in the 
manufacturer's specification of the in- 
ductance and d.c. resistance in the car- 
tridge. These figures are of little value 
to the user, since they are part of the 
design criteria relating to the use of 
the cartridge with the standard 47,000 - 
ohm load. 

Conclusion 
Great progress has been made in re- 

cent years in improving techniques for 
measuring and specifying phono car- 
tridges. This progress has resulted in a 
better understanding of the character- 
istics of the cartridge which contribute 
significantly to the listener's subjective 
reaction. Many of these characteristics 
have been described here. 

Unfortunately, little exists in the way 
of standards, either in terms of measur- 
ing means or in specifications. This 
makes the problem for the prospective 
purchaser of cartridges rather difficult. 
In reviewing a specification, an evalua- 
tion must be made of what a given 
manufacturer means in terms of meth- 
ods and conditions of measurement. For 
many specifications, the user has no 
assurance that one manufacturer 
means the same as the next. To aid the 
user, the manufacturer ideally would 
supply very comprehensive specifica- 
tion data. Obviously there is a practical 
limit to what can be done in this regard. 
Today's specifications offer a compro- 

' mise between completeness and prac- 
ticality. 
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Hòw does the 
BOSE 901 

eliminate audible 
RESONANCES? 

If you have heard the BOSE 901 Direst/ReflectingTM 
speaker system, or if you have read the reviews in 

High Fidelity, in Stereo Review, and now in the 
December Audio, you already kiow that the 901 is 

the longest step forward it speaker design in 
perhaps two decades. Since the superiority of the 

901 (covered by patents issued aid pending) derives 
from an interrelated grout of zdvances, each 

depending on the others far its full potential, we 
hope you will be interested in a fuller explanation 

than is possible in a single issue- This discussion is 
one of a series on the theoretical and technological 

basis of the performance of the BOSE 901. 
The best known feature of the BOSE 

901 is its Direct/Reflecting 
design, which copies the 
proportion of direct to 

reflected sound 
measured in the 
concert hall. But 
aiming a speaker 

at a wall does not 
magically give it 

greatness. What is not 
yet so well known is that 

even in conventional 
terms the 901 is a better 

speaker -a more precise 
instrument than other 

speakers for converting an 
electrical into an acoustic 

signal. The primary source of 
this precision is the use of an, 

array of 9 same -size, full - 
range, acoustically coupled 

speakers in each 901. 
In the research that led to the 

901, a digital computer was 
used to simulate an ideal 

vibrating surface "having no resonances, phase shift, 
diffraction, or distortion of any kind." It was then 
proved (and demonstrated at a professional group 

meeting of the I.E.E.E. in Nov. 1964) that a multiplicity 
of closely spaced, acoustically coupled, full -range 

speakers "can produce music and speech signals in a 

normal listening environmen: that are subjectively 
indistinguishable from those that would be produced by 
an ideal pulsating sphere in :he same environment." 
Any speaker has many inherent resonances - 
frequencies where its response is irregular. Our 
research determined that when many similar speakers 
are closely spaced and acoustically coupled to a 
common chamber, the resonant frequencies of each 
speaker diverge from those of every other speaker. 
As a result, each resonance becomes inaudible, since 
it causes a change in the output of only one speaker 
of the many. 

Anyone familiar with the 

your present speakers - 

problems of resonances in 
conventional speaker design 
will appreciate how important a 
discovery this is. In the case 
of the 901, it means that only 
one speaker out of 9 can be 
in -esonance at a time -a 
prcportion which is inaudible. 
The resultant freedom from 
audible resonances and other 
forms of distortion helps to 
account for the utter clarity 
and honesty of musical 
performance for which the 901 
has already become famous. 
For the present, if you would 
like to hear the difference that 
a nultiplicity of full -range 
speakers can make (in 
combination with 3 other major 
advances), ask your franchised 
BOSE dealer for an A - B 
comparison of the 901 with the 
best conventional speakers - 
reyardless of their size or 
price. Then, go back to 
if }ou can. 

*From 'ON THE DESIGN, IVEASUREMENT AND 
EVALUATION OF LOUDSPEAKERS', Dr. A. G. Bose, 
a paper presented at the 1968 convention of the Audio 
Engineering Society. Copies of the complete paper 
are available from the Bose Corp. for fifty cents. 

You can hear the difference now. 

THE dirmei - 
CORP. 

East Natick Irdustrial Park, Natick, Massachusetts 017E0 

BOSE 901 DIRECT/REFLECTINGTM Speaker System-$476 the Stereo Pair, including Active Equalizer. Slightly higher in the west and southwest. Pedestal base extra. 
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JOHN WORAM 

Here are mixing techniques used 

after an 8 -track recording is made 
at a "live" session 

SOME YEARS AGO, all work on a record had to be done 
during the actual recording session. If you couldn't 
get whaj you wanted during the session; there was 

little possibility for after -session improvements. Today, 
conditions are different. In fact, in many cases, more work 
is done after the session than during it. This change has 
been brought about largely as a result of the new multi- 
track tape recorders now in use at most professional 
studios. In a previous article (AUDIO, May 1969), we de- 
scribed how, during the recording session, the instrumen- 
tation for Peggy March's new single, "Purple Hat," was 
spread out over eight separate tracks. This technique 
allows the producer more flexibility in creating a defini- 
tive final product during a so-called re -mix or tape - 
mastering session. 

The expression "re -mix" is a current variation of the 
earlier "re-recording." At first, all mixing was done dur- 
ing the recording session. When more than one micro- 
phone was used, the outputs of the various mics were 
combined, or mixed, to form a single complex signal 
which was then fed to a disc -cutting lathe-and later on, 
as technology progressed, to a monophonic tape recorder. 
In some cases, this tape would later be copied, or "re- 
recorded" and some equalization or volume changes 
made. They would have to be slight, since any changes 
made would affect the entire sound, and not just the 
violins or drums, for example. In later years, the micro- 
phones would be mixed on to two (and still later, three) 
separate tracks, and these would later be re-recorded or 
"re -mixed" to form a final master tape. As this master 
tape was made, each of the separate tracks from the tape 
made during the recording session could be equalized 
and adjusted independently. 

Now we come to a recording session where an eight - 
track tape machine is more often than not in use. If the 
recording group is small, it is entirely possible that each 
track contains the output from only one microphone, in 
which case no "mixing" at all is done during the actual 

session. On the Peggy March session, the tracks con- 
tained the outputs of anywhere from one microphone 
(the lead -guitar track) to 12 (the combined brass -and - 
string -section track) . 

One of the greatest advantages of the stereo tape or disc 
is that sounds need not be confined to either the left or 
right speaker, but may seem to originate from any point 
between them. Our first task was to determine a suitable 
left -to -right orientation for the various instruments. After 
a little experimenting, we arrived at the following: 

1. Peggy 
2. Lead guitar 
3. Rhythm guitar 

& piano 
4. Drums & 

percussion 

Center 
Left of Center 
Right of 
Center 
Left 

5. Fender bass Right 
6. Brass only Right 
7. Strings only Right 
8. Brass & strings 

combined Left 

By a complex process, only partially understood, our 
ears are able to determine the point of origin of a sound. 
If a noise originates on our extreme left side, it reaches 
our left ear sooner (and louder) than it does our right. 
Both ears hear equally well a sound coming from directly 
in front of us. This comparison of left- and right -signal 
information is what helps us to locate the source of a 
sound with accuracy. For this reason, people who have 
lost their hearing in one ear often are unable to determine 
the direction from which a sound is coming. 

In re -mixing, the illusion of a singer standing directly 
between the two speakers is created by feeding the vocal 
track to both the left and right tracks of the master tape. 
In playback, the listener sitting equidistant from the two 
speakers, hears the singer equally well with both ears, 
and concludes that the voice is coming not from both 
speakers, but from a point directly between them. The 
drums and percussion seem to be coming from the left 
because that signal has been fed only to the left track 
of the master tape. The slightly right -of -center rhythm 
guitar and piano sound that way because, although they 
have been fed to both tracks, they have been fed in un- 
equal proportions, with more signal going to the right 
track. A tabulation of the left -to -right distribution of the 
eight tracks is given below. The numbers indicate the 
relative amount of each of the eight work -part tracks that 
may be found on the final two -track master tape. (The 
multitrack tape made during the recording session is 
usually called the "Work -Part" tape to distinguish it 
from the finished master tape). 

Track Contents L -to -R Ratio 
1 Peggy March 1 to 1 

2 Lead guitar 2 1 

3 Rhythm guitar & piano 1 2 
4 Drums & percussion 1 o 
5 Fender bass 0 1 

6 Brass only 0 1 

7 Strings only 0 1 

8 Brass & strings combined 1 0 

In other words, the left track contains twice as much 
of the lead -guitar signal as the right track; the left and 
right tracks contain equal amounts of the soloist, and 
so on. 

Actually, the Fender -bass tabulation is not entirely 
correct. Last month, we described how the output from 
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OUR NEWEST AMPLIFIER 
The transistorized Stereo 120 was introduced 
in 1966, and the demand still exceeds the 
supply. 

Our newest power amplifier doesn't replace 
our earlier ones, so you can now have Dynaco 

performance with either tubes or transistors. 
The mono 60 watt Mark Ill is still current and 

a classic after twelve years. The $99 Stereo 70 
remains the most widely accepted amplifier 
ever made, even after ten years. 

This unprecedented longevity is explained 
by Dynaco's unswerving devotion to perform- 

ance, reliability, and unmatched low cost. The 

Stereo 120 kit is only $159.95 or $199.95 
factory assembled. It is easily the most desired 
of all solid state power amplifiers. At less than 
half the ccst of comparable amplifiers, such 
consummate value just naturally gets around. 

Dynaco introduces new products only when 
they fill a real need. They never render pre- 
vious models obsolete. 

We can't promise that the Stereo 120 will 
still be our newest amplifier in 1979. 

But we do know it won't be out of date. 

DYNACO, INC., 3060 JEFFERSON ST., PHILA., PA. 19121 
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the Fender bass track is first divided at about middle 
C. The below -C segment is fed equally to both tracks, 
while the above -C segment is fed to the right track only. 
The reason for this was outlined earlier. Thus, even 
though the ratio given above is not electronically correct, 
it represents the illusion that the listener hears-that is, 
of the bass being on the extreme right side. 

The modern pop recording studio is usually a fairly 
"dead" room. It does not possess any distinctive "room 
sound" such as found at Carnegie Hall. There is very 
little reverberation or echo within the studio itself, and 
what little there may be is further minimized by placing 
flats or "gobos" in strategic locations. The advantage of 
this treatment is that sounds produced within the studio 
do not travel very far. A microphone placed near a guitar 
will hear only the sounds produced by the guitar itself. 
There will be no echo as the sound of the guitar returns 
from distant walls since the treatment of the walls (and 
the gobos placed around the guitar) prevent the sound 
from ever reaching the walls and even it if did, they 
would keep the reflected sound from getting back to the 
microphone. Furthermore, there will be little or no sound 
picked up from adjacent instruments. As a result, the 
signal transmitted to the tape machine will be clear, crisp, 
clean, and perhaps a little too "dead" for most tastes. 
However, it will be a sound that can be later equalized, 
limited, compressed, and otherwise manipulated without 
affecting the sounds of other instruments recorded on 
other tracks. This treatment may be anything from an 
imperceptible boosting of some upper frequencies, to a 
complete electronics overhaul to produce some unusual 
effect beyond the capabilities of the instrument itself. 

At any point during this process, artificial echo or re- 
verberation may be added. This too may vary from an 
accurate simulation of a concert -hall type of reverberation 
to science -fiction -type multiple echo. 

On the Peggy March re -mix session, we used just a bit 
of the latter at the beginning of the record. The song 
"Purple Hat" opens with Peggy singing an unaccom- 
panied phrase, "She wore a purple hat when she went 
away." To help create a mood of detached loneliness, we 
used a mechanical reverberator. The vocal output from 
the eight -track tape was fed to the reverberation device 
from a point ahead of the vocal mixer. In this way, a 
signal is fed to the chamber even if the mixer is off. Thus, 
varying the amount of direct signal to the two -track 
master tape (by moving the vocal mixer) does not affect, 
the echo signal. With the mixer off, the tape receives an 
echo signal only. As the mixer is brought up, the direct 
signal is fed to the tape also. As more and more direct 
signal is applied, the echo signal loses its apparent promi- 
nence, since it remains unchanged in level. The device 
we used has two random outputs. We fed one output to 
the left track, and the other to the right track, which 
offered a further contrast to the single direct -vocal track 
which was fed equally to both tracks. To begin the song, 
we kept the vocal mixer at a low setting so that there was 
a relatively higher echo effect. As the song progressed, 
the vocal mixer was raised slightly until a more "normal" 
effect was achieved. 

The string and brass sections were treated differently. 
As described earlier, the combined brass -and -string track 

(#8) was fed to the left. The separate brass (#6) and 
string (#7) tracks were placed on the right. We added a 
little low end to track #6 and a bit of highs to track #7 
so there would be a slight difference in the left -to -right 
sound. The lows helped to emphasize the trombones, 
while the highs brought out the upper strings. 

We wanted a very spacious, airy sound on the strings 
and brass. This was achieved (I hope) by feeding the 
right signal into an echo room. As opposed to the me- 
chanical devices, this is an actual room located in the 
basement of the studio building, and it contains an am- 
plifier, a speaker, and a microphone. The treatment of 

the room makes it highly reverberant. The signal is sent 
down to the room, amplified, and fed to the speaker. The 
microphone located across the room receives the highly 
reflected sound and returns it to the re -mix console. We 
then took this echo -return signal and fed it to the oppo- 
site (left) track, so that the echo seems to come from a 
point far removed from the original source of sound. In 
like manner, the left brass and strings were fed to a dif- 
ferent echo room and returned to the right side. 

Often the signal being sent to the echo device is de- 
layed slightly by first being fed to the record head of 
an auxiliary tape machine. The playback -head output is 
then fed to the echo device (or room) . Thus, the signal 
is delayed by the time it takes for the tape to travel from 
the record head to the playback head. Frequently, this 
will create a more realistic impression, since natural echo 
always occurs slightly after the direct signal is heard. 

By not applying echo to the guitars, piano and drums, 
these instruments retain their sharp clarity. Their more 
percussive sounds stand out in relief against the "wall-to- 
wall" brass -and -string background. 

By its nature, the bass often produces an expansive 
sound lacking the definition of a regular guitar. Also, the 
note -to-note dynamic range is apt to be quite large. To 
give the bass a more percussive, "tighter" sound, its out- 
put was fed through a compressor, which, in studio lan- 
guage, is called a "limiter." At low levels, the compressor 
has little effect. However, when the output from the bass 
increases, the compressor "holds down" or "limits" this 
signal. The dynamic range is thus reduced, so that after 
"limiting," the entire bass signal can be raised in level. 
The result is a more -controlled, driving bass sound that 
can provide an audible pulse beneath the sounds of the 
other instruments. 

After several trial runs to check the suitability of our 
settings, the two -track master tape was made, and later 
on, a reference disc was cut using the master tape as its 
source. After approval, a master lacquer will be cut and 
sent to the record plant for processing, pressing, and 
labelling. A few test pressings may be sent back to the 
studios for a final check-up to verify that the finished 
product matches the master tape. At a later date, if more 
pressings are required, a new lacquer disc will be cut, 
again using the same master tape, and stampers will be 
made from the disc. 

And that's about all there is to a contemporary pop 
recording. The specifics vary from record to record, de- 
pending on the type of music involved, but the general 
procedures are usually much the same as those described 
above. Æ 
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Sound 
& Decor 
Styles 

AUDIO INVITES YOU 
TO SEND IN PHOTOS 
AND DETAILS ON 
YOUR HI-FI SYSTEM. 
PAYMENT WILL BE 
MADE FOR ALL PUB- 
LISHED MATERIAL. 

Texan designs flexible stereo sys- 
tem and hides speaker systems 
from view. 

Tom Rose, Dallas, Texas 

AFTER starting out in high fidelity in 

1958 I progressed through many 
changes to the present system. This 

system was built to satisfy three main 
goals: (1) high quality, (2) maximum flexi- 
bility, both electrical and mechanical, (3) 

concealed speakers. Needless to say, 
this is not the final system. It was rack - 
mounted specifically to make it easy to 
change. At least once every six months 
there is a change in one of the compo- 
nents. 

The stereo system itself is located in 

the study, while the main speakers are 
located in the living room. Wooden cabi- 
nets were first tried, but they lacked the 
flexibility required. Rack mounting, with 
its modular panel sizes, allows compo- 
nents to be shifted around within the sys- 
tem and new ones added as required. 
Short desk racks were chosen over full 
6 -ft. floor models because of cost con- 
siderations and the large amount of panel 
space that needed to be at a convenient 
operating height. The system is com- 
posed of four racks set on a home -built 
base that contains record and magazine 

storage in the bottom section. Draperies 
extend from the top of the system to the 
ceiling, and from floor to ceiling on the 
right side to make it appear built-in. Two 
International Electronics "Gigolos" are 
located behind the draperies above the 
system for monitoring purposes. The 
equipment from upper left to lower right 
consists of (Rack 1): Citation Ill multiplex 
FM tuner, Dumont 401R oscilloscope, 
Ballantine 300R VTVM, Power Supply; 
(Rack 2): Ampex 354, tape recorder, out- 
put VU meters; (Rack 3): Citation II pre- 
amplifier, system jack field, speaker com- 
parison panel, remote control, speaker 
jack field, Dynakit "Stereo 120" power 
amplifier; (Rack 4): Ampex 351 tape 
transport, two -channel playback preamp- 
lifiers, audio oscillator. Not shown is a 

Dynakit Mark Ill power amplifier for the 
center channel. An AR turntable rests on 
the base. 

The Dumont scope has identical X and 
Y amplifiers and is used for peak power 
measurement, stereo separation, and 
balance checks. The a.c. VTVM is used 
mainly for recorder adjustments. The 
Ampex recorders are each equipped with 
complementary 4 -position head assem- 
blies. One machine has 1/4 -track erase, 
record and play and 2 -track play, while 
the other one has 2 -track erase, record 
and play and 1/4 -track play. This allows 
any combination of track configurations 
to be recorded or played. The VU meter 
panel allows the system to be balanced 

before going into the listening room. With 
the normalized jack field, any element in 

the system is available at the front for 
testing. If I am trying out a new compo- 
nent, it can be connected into the system 
by the jack field without disturbing the 
system wiring. The jack field provides 
maximum system flexibility. For example, 
I can have as many as three separate 
stereo programs going through the sys- 
tem at once without interference. 

All serious listening is done in the liv- 
ing room where the main speaker sys- 
tems are located. The speaker systems 

are located on the narrow wall in the 
corners looking over the two chairs. To 
increase the stereo illusion of a con- 
tinuous wall of sound, a false wall of 
draperies was placed in front of the 
speakers. The speaker systems consist 
of a pair of AR -3s for the two main chan- 
nels and a 15 -in. coaxial in an 8 -cu. -ft., 
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home -built bass -reflex enclosure for 
center -channel fill. The material for the 
false wall has a loose, open weave. Fre- 
quency -response curves were run on 
over a dozen various fabric samples, and 
the one that was finally chosen was a 

compromise between a weave so loose 
and open that it did not hide much, but 
had very little losses, and the tighter 
weaves which had significant losses at 
the high end. The material used was flat, 
up to about 8000 Hz, and then it started 
gradually falling off. At 15 kHz about 2 or 
3 dB is lost in the wall. The tweeter level 
controls compensate for this small loss. 
Reverberation time of the room can be 
varied slightly by the draperies on the 
side wall. The 18 ft. of draperies can be 
opened to expose windows. 

A remote -control panel (see photo) in 
the living room provides for master 115 
volts a.c. power "on" and "off," turn- 
table a.c. "on" and "off," volume control 
for each of the three channels, and mode 
selection (FM, phono, Ampex 1, Ampex 
2, or a mute position to mute the audio 
while retaining the original levels when 
the system is restored to normal). The 
accessory module that plugs into the 
front of the basic control unit provides 
control of the two Ampex transports. The 
remote -control system uses 48-V d.c. re- 
lays for switching and Raysistors (light - 
controlled resistors) for level control. 

There are better ways to build false 
walls than the way chosen, but I did not 
want the cost or performance of a solid 
structural wall, so I used draperies. The 
success of any false wall, especially a 

non-structural one like this, is how well 
it "appears" to be an actual wall. Five 
lamps hanging down just in front of the 
draperies make them appear to be the 
end of the room. To make the draperies 
appear more continuous, wall to wall, 
and floor to ceiling, they were made from 
one piece of material without seams. 
Special drapery hardware was used to 
give uniform pleats, floor to ceiling. To 
further enhance the illusion that the 
false drapery wall is the end of the room, 
the adjacent wall is covered floor to ceil- 
ing with the same type of draperies for 
3/4 of its length. The other walls and 
ceilling are painted the same color as 
the draperies. 

The false drapery wall has proven bet- 
ter than originally planned. The absence 
of visible speaker enclosures increases 
the stereo illusion, and makes my wife 
happier because she doesn't have two 
"boxes" setting in the living room. This 
is an economical solution to the problem 
of how to integrate speaker enclosures 
into the room decor and make them ap- 
pear unobtrusive. Æ 

78"s 
Live: 

JAMES QUIGLEY 

Browsing in a record store some time 
ago, I came across some selections I 
hadn't seen on a record label in a long 
time. 

"That's a great record," the clerk 
commented as he walked past. Well, 
yes, I guess it is. But the funny thing 
is that is was recorded around 1935! 

Although the LP jacket takes no spe- 
cific note of the fact, these recordings 
were originally made in Italy as 78's.. 
Now an American company has seen 
fit to dub them onto an LP and reissue 
them, with the words "HIGH FIDEL- 
ITY" displayed prominently on the 
outside. If they were pops, the LP 
would probably be called a pirated re- 
cording today. But being classical col- 
lectors items no longer protected by 
copyright, the word "piracy" just 
doesn't come to mind. 

You can still get the original 78's, if 
you want them. There are record deal- 
ers, often with avid mail-order follow- 
ings, who specialize in servicing the 
collector. These particular discs (Ros- 
sini excerpts, sung by Conchita Super - 
via) are not rare, as such things are 
accounted. Of the half -dozen or so that 
were used in compiling the LP, most 
should turn up in good copies with a 
little digging. Total cost for the whole 
set (once you manage to get them all) 
-about ten times what the LP would 
set you back. 

Ten times as much for `old-fash- 
ioned 78's" as for the same music on 
a modern, convenient, unbreakable 
quiet -surfaced, lightweight, compact, 
ravishingly beautiful LP? Well, just 
between you and me, there is unde- 

niable snob appeal in owning the orig- 
inals"-of anything. But for the audio 
fan, there may be very real advantages 
in terms of sound, as well. 

Notice that I say "may be." Remem- 
ber that those discs you pay six to 
seven dollars for (or much more, if 
they're harder to come by) are not 
new. They have been played-perhaps 
with a sapphire stylus, perhaps with a 
cactus needle, perhaps even with a 
rusty wire brad by someone fooling 
around with Aunt Martha's old wind- 
up Victrola. They have been subject to 
other kinds of wear, too: paper 
scratches, cat hairs, spilled Coke, stack- 
ing without covers. 

But some surprising sounds are wait- 
ing for you if you haven't played a good 
78 in some time. Listen, for example, 
to some of the Boston Symphony re- 
cordings made around the end of the 
acoustic era. Sometimes, when I feel a 
bit too smug about the current state 
of hi-fi, I put on the Petruchka Suite. 
The fullness, detail, and dynamic range 
of these recordings will astonish you if 
you think of this era in terms of the 
wheezy, "golden age" discs with which 
the apostles of the phonograph sprin- 
kle their radio programs. 

Similarly, if you think all 78's must 
have discouragingly high surface noise, 
try some of those glorious German 
Polydors or the Victors from the 30's 
with the scroll design on the label. 
Then compare them with some of those 
early, injection -molded, polyethylene 
LP's! 

This question of surface noise can be 
confusing if you're not used to 78's. 
Sounds seem to vary all over the lot; 
and sometimes the same recording will 
sound quite different from one pressing 
to another. 

I remember the look of distaste on a 
singer friend's face once when I bought 
some of the Galli-Curci/Schipa duets. 
"We had them at home," he com- 
plained. "I can't stand the way they 
sing off -pitch." 

But I insisted he listen; and to his 
surprise, he was delighted. The differ- 
ence was that I was playing HMV 
pressings, whereas he had been brought 
up on war -time Victors. 

Formulas for "shellac" were care- 
fully guarded company secrets in the 
days of 78's. RCA Victor had hundreds 
of formulas. Canadian Victor, however, 
developed its own (and some collectors 
prefer their products). A recording on 
these Victor labels might also be avail- 
able from England in pressings by 
HMV. Their material, while matched 
by the best Victrola pressings from the 
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30's, enjoyed a reputation as the finest 
in the world. 

But times change. If you have ad- 
mired an old John McCormack disc, 
you may be able to get it in a postwar 
Irish pressing. But don't expect it to 
sound the same as the earlier one. Even 
more noticeable is the deterioration in 
the postwar Italian HMV (La Voce del 
Padrone) pressings of early electrical 
and late acoustic records by such oper- 
atic greats as Ponselle, Gigli, and 
Pinza. 

Similarly, when World War II pre- 
vented Victor from getting the mate- 
rials they had been using, they changed 
the formula completely. The resulting 
pressings which continued to be issued 
without major improvement until after 
the advent of vinyl, were recognized 
from the first to be a giant step back- 
ward. 

To the user of modern LP's, it would 
seem to be a pity that more 78's were 
not pressed in vinyl. But the resiliency 
of the material makes a considerable 
difference to the reproduction. LP's are 
cut with that factor already allowed 
for. And besides, at slow speed, with 
light stylus tracking, relatively little 
"give" is induced in the material. 

When you find vinyl 78's, however, 
you will usually also find mushy sound. 
And the tendency of vinyl to develop 
a static charge tends to undermine its 
intrinsically lower surface noise by 
substituting the crackling sound of dust 
for the even hiss of good shellac. 

Frequency response? There's no get- 
ting around the fact that most (but not 
all) of the 78's in existence were re- 
corded with equipment that we would 
not call wide range today. 

Deutsche Grammophon (the post- 
war name for German Polydor) made 
some brilliantly wide -range 78's that 
are, if anything, even more vivid than 
the famous English Decca (now Lon- 
don) ffrr pressings. But still, dB for 
dB and Hz for Hz, 78's can't match the 
modern LP. 

Yet, if you savor the individuality of 
sound with those subtle differences that 
make each recording unique, you owe 
it to yourself to get out those old 78's 
and give them another try. The truism 
that "modern hi-fi equipment can't do 
a good job with 78's" simply isn't true. 

The more versatility you have in 
your system, the more you can expect 
to get out of your 78's. Variable com- 
pensation curves, variable filtering, 
tone controls, variable loudness - all 
these can be an advantage in matching 
playback to the flavor of the originals. 
It sounds like a lot of work; but if 
you're a nut like me, it's worth it. 

But how will these 78's compare with 
the LP dubs? Wouldn't you be better 
off buying the LP, which should have 

within its groove the best sound that 
can be got out of the originals? Not 
necessarily. Aside from dubbing jobs 
that are downright sloppy-and a good 
many of them have quietly been foisted 
off on the American record -buying 
public-there are two basic types. The 
first, and generally the best, is done by 
the owner of the original masters. The 
second uses records on which copy- 
right has expired or makes use of spe- 
cial provisions of the copyright laws 
where the recording is more recent. 
Quality on this second type is some- 
times pretty poor; try to listen before 
you buy. 

For the company who owns the orig- 
inal masters (the "Vault Treasures," 
as they are wont to call them), this is 
an opportunity to pick up a fast buck 
without paying artists or studio costs. 
And some of the results betray the fact. 
More often, however, a great deal of 
energy is expended to ensure that the 
product is as fine as modern technology 
can make it. 

Remember when RCA Victor was 
still holding out against Columbia's LP 
system? Having touted 45 as inherently 
superior, RCA had some fast talking to 
do when they put out their first LP 
issue. So, on a parchment scroll dis- 
tributed to their dealers, they pro- 
claimed that they would condescend to 
favor the LP format with their record- 
ings where the program material was 
"suited to the peculiarities of the me- 
dium," if I remember the phrase. One 
of their first issue of LP's included a 
dub of Friedrich Schorr's singing of the 
Fledermonolog from the late 20's. Orig- 
inally, it had filled both sides of a 
12 -inch 78. But in spite of the fact that 
continuity would certainly be reckoned 
one of the "peculiarities" of the LP 
medium (by contrast to both .78's and 
45's), Victor didn't even bother to 
splice the two halves together. 

In many cases, when plans are made 
to issue old recordings in the LP for- 
mat, it develops that metal matrices no 
longer exist or are deteriorated to the 
point that pressings from them will be 
inferior to good shellac pressings of the 
original issue. In that case, the ques- 
tion arises as to the best way of deal- 
ing with the characteristic. 

There are three basic methods of 
dealing with this kind of noise. The 
purist approach would not touch a hair 
of that precious sound: it would keep 
response in the copying equipment flat 
to beyond audibility on the theory that 
although the original recording equip- 
ment may not have had much to offer 
beyond 9,000 Hz, still there might be 
something that would be altered by 
filtering. 

The high-handed approach would 
filter out anything that's there until 

all trace of surface (and a good deal of 
the sheen and sparkle of the music 
along with it) is gone. When a collec- 
tion that includes some not -so -good 
originals is being put on LP, this ap- 
proach would filter them all, reducing 
them all to the lowest common denomi- 
nator of quality. The intent is to re- 
duce the "intrusiveness" of surface - 
noise sounds and fluctuating quality; 
but the results can be dreary. (If you 
get the chance, compare the originals 
of the Carmen excerpts with Farrar 
and Martinelli with the Camden re- 
issue, now out of print. About half of 
the originals were good, bright, late 
acoustics with all their "S's and T's" in 
place. A couple were poor. In the LP, 
everything is uniformly muffled and 
unintelligible.) 

The third method of attacking the 
surface noise problem is the sneaky 
approach. Electrola (a German EMI 
affiliate, marketed in this country as 
Odeon) is among the best -versed in this 
technique. They have frequently em- 
ployed it in their series, grandly titled 
Unvergänglich, Univergessen (which 
might be translated as "Unfailing, Un - 
forgotten"). These recordings carry the 
legend: Technisch verbessert im . . 

(literally, "Technically improved [sic!] 
in shellac surface noise . . ."). The 
Marcel Wittrisch record I have in front 
of me as I write was Technisch verbes- 
sert in 1958; and if that's verbessert, 
I'll eat my copy of The Victor Book of 
the Opera. 

The reason I call the method sneaky 
is because they try to make up for the 
highs lost in filtering surface noise by 
introducing a bump in the response 
curve just below the filter shoulder. 
The result makes the lovely lyric tenor 
of the original take on an odd, stran- 
gling quality. Sopranos treated to this 
method, particularly when the originals 
are early electrics (hardly a flattering 
vintage for the soprano voice), can de- 
velop the most appalling, pinched 
screech. 

Fortunately, not all of the series (or 
others of the sneaky school) are so 
drastically verbessert. But, even allow- 
ing for the many superb and ingenious 
jobs of dubbing represented in the cur- 
rent Schwann Catalog, it should be ob- 
vious that a good deal of the delight 
can be retained only if you're willing 
to go back to the originals. It should 
be obvious, too, that there is a great 
deal more to be gained by seeking out 
some originals than there is with 
others. But next time a friend finds 
"some of those old 78 records" in his 
basement, don't just chuck them out. 
Give them a listen. Chances are you'll 
still want to chuck them out; but still, 
every now and then .... Æ 
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NEW ! 

Acoustical 
Tests 

and Measurements 

Acoustical Tests and Measurements 
Don Davis 
The author covers in great detail a variety of tests 
needed to determine sound quality in large listen- 
ing areas: concert halls, auditoriums, factories, 
bus stations, and similar locations. This is a prac- 
tical book, written on a technician level, though 
neophytes will find the text and illustrations easy 
to understand. Chapters include: Instrumentation 
for Acoustical Tests, Charts and Criteria, How to 
Measure Ambient Noise, How to Measure Rever- 
beration Time, Pulse Testing, Testing the Sound 
System, How to Write the Survey Report, and 
Measuring Specifications. 192 pages. 
No. 121 $4.95 

Sound in the Theatre 
Harold Burris -Meyer and Vincent Mallory 
First book of its kind ... nothing like it has ever 
been published before! It is an authoritative text 
on electronic sound control for theatres, audi- 
toriums, concert halls and other large enclosed 
areas where the source and the audience are 
present together. Contains complete procedures: 
For planning, assembling and testing sound con- 
trol installations - Articulating sound control 
with other elements of production - Operation 
and maintenance of sound control equipment. 
Describes and illustrates 32 specific problems. 
No. 126 $6.95 

SAVE 
Monthly Special 

Save over 35 % with this collection of AUDIO books. 

Maintaining Hi-Fi Equipment ($2.90) 
7th AUDIO Anthology ($3.95) 

Troubleshooting High Fidelity Amplifiers ( $2.95 ) 
Total Value of All Three Books... $9.80 
YOUR COST ONLY ... $6.50 Postpaid 

in U.S.A. & Canada; Circle OS -500 
This offer good only on direct order to the publisher 

R0U61, .Ï 

-_SHOOTIIMj41 

Sigh - 
Fidelity r?,._.. 

-Amplifièrs' 

t 

-i,-(1ww.. 
TAPE RECORDER 

Maintaining HI-FI Equipment 
Joseph Marshall 
A valuable reference for anyone whose living 
or hobby is servicing hi-fi equipment. Outlines 
the professional approach for servicing all types 
of hi-fi components. Covers trouble -shooting of 
electronic, mechanical and acoustic problems. 
224 pages. 
No. 58 Paperback $2.90 

The 7th AUDIO Anthology 
Continuing the tradition of the Anthology series, 
this volume contains the most sought after mate- 
rial from AUDIO during 1962 and 1963-the 
period when transistors were "growing up" and 
when new methods and techniques were being 
used in the applications of the science of high 
fidelity. This volume should be in the library of 
everyone who wants to know why and how. 
No. 135 $3.95 

TROUBLESHOOTING High Fidelity 
Amplifiers Mannie Horowitz 
Written specifically for the serviceman and audio 
hobbyist who wants to get into the profitable field 
of stereo hi-fi service. 12 fact -filled chapters with 
a plain and simple approach to trouble -shooting 
all types of stereo and mono amplifiers-a direct 
text on curing both vacuum tube and transistor- 
ized amplifier ills. Easy to read-includes data on 
test instruments and procedures. 128 pages. 
No. 128 $2.95 

HI-FI TROUBLES 
How You Can Avoid Them How You 
Can Cure Them Herman Burstein 
Just published! At last, a book which deals 
directly with the problems you face in maintain- 
ing your audib system in peak condition. Tells 
you how to locate troubles, what to do about 
them and how to do it-and, just as important: 
what NOT to do. Helps you to achieve the best in 
listening pleasure from your equipment. 
No. 120 $3.95 

Getting The Most Out of Your 
Tape Recorder Herman Burstein 
Written in "plain talk" for the man who has, or 
wishes to buy, a tape recorder. It answers the 
myriad questions raised by tape recording en- 
thusiasts. Its chapters cover every phase of op- 
eration and maintenance-from adding a tape 
recorder to the hi-fi system, to a thorough dis- 
sertation on microphones. Lots of practical in- 
formation on how to buy. 176 pages. 
No. 251 $4.25 

AUDIO Bookshelf 
134 N. 13th Street, Phila., Pa. 19107 

* All U.S.A. and Canadian 
orders shipped postpaid. 

Please rush me the books circled below. I am enclosing the full remit- 

tance of $ (No C.O.D. or billing) 

58 120 121 126 128 251 0S500 135 

Name 

Address 

City State Zip 
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Equipment 
Profiles 

EICO Model 3200 Stereo FM Tuner 

EICO Model 3150 Stereo Control 
Amplifier 

Thorens TD -125 Manual Turntable 

NordMende Model 8001/T Stereo 

Tape Recorder 

Harman-Kardon Model HK -50 

Speaker System 

EICO Model 3200 "Cortina" 
Stereo FM Tuner 
MANUFACTURER'S SPECIFICATIONS: 

IHF Useable Sensitivity: 2.4 l.t,V. S/N: 
60 dB. Capture Ratio: Under 4.5 dB. IHF 
Selectivity: 45 dB. Frequency Response: 
20 Hz to 15 kHz ±1 dB. Image Rejection: 
45 dB. I.F. Rejection: 80 dB. Spurious Re- 

sponse Rejection: 80 dB. Total Harmonic 
Distortion: (Mono) Less than 0.75°/o. FM 

Stereo Separation: 40 dB at 1 kHz. Hum 
and Noise: 70 dB below output. Output 
Impedance: 5000 ohms. Dimensions: 12" 
W x 31/e" H x 73/4" D. Price: $99.95 (Kit); 
$139.95 (Wired). 

"The easiest kit I ever built," said 
the kit builder who assembled the 
EICO Model 3200 "Cortina" stereo 
FM tuner. Never having tackled a 
tuner kit before (he constructed audio 
amplifier kits and instruments previ- 
ously), he spent only five hours on as- 
sembly and one hour reading the 
manual and laying out parts. He found 
the instruction manual's parenthetical 
notes a great help, and construction 
time was speeded up by preassembled 
and prealigned sections. 

The kit builder encountered very few 
problems, noting that construction was 
"amazingly simple." Except for a tun- 
ing dial that "turned harder in the 
middle than at the other ends," the 
tuner worked like a charm when com- 
pleted, he observed. 

In our investigation of this unit, we 

had an opportunity to compare the 
"factory wired" product with the kit, 
wired by a relatively inexperienced 
"do-it-yourselfer." Aside from a few 
mis -dressed and overlong lead lengths 
(in the power supply section, .where 
lengths are not critical), the two units 
were very nearly identical. 

A photo of the completed tuner, 
housed in its metal "cage" (included in 
the price of the kit or wired unit) is 
shown in Fig. 1, while the "insides" are 
displayed in Fig. 2. From this latter 
photo, you can observe the three basic 
components which make up the tuner: 
starting from the left, the multiplex 
stereo decoder board, the FM-i.f. strip 
and the r.f. front end, obscured by the 
dial -drive drum. 

The simple, gold -finished, one-piece 
front panel has three slim "rocker" 
switches along its lower edge. The first 
of these is a mono/auto-stereo switch. 
This is followed by an AFC on/off 
switch and a power on/off switch. Illu- 
mination of the dial scale is adequate, if 
not startling, and frequency calibration 

Fig. 2-Open-chassis view of the EICO 
Model 3200 stereo tuner, showing layout 

of three major modules. 

was accurate within approximately one 
channel width (200 kHz). The mega- 
hertz spread from low end to high end 
is about the most linear we have seen. 
That is, there is no "bunching" of fre- 
quencies at either end of the band. A 
"logging" scale, calibrated from 0 to 
100, and sub -divided into 100 divisions, 
is also provided. The dial glass area 
also contains a peak -reading tuning 
meter as well as a stereo indicator light 
which denotes the presence of a stereo 
FM transmission. 

The circuitry employed in the Model 

EICO Model 3200 
stereo FM tuner, 
available as a kit or 
factory -assembled 
unit. 

3200 is quite basic. Only bi -polar types 
of transistors are used (no FET's) . 

There are three in the r.f. section, four 
in the i.f. strip and six in the multiplex 
decoder circuitry. Eight diodes, two 
silicon rectifiers and a varactor diode 
(for the AFC circuit) complete the 
solid-state count. 

As disclosed in Fig. 3, IHF sensitiv- 
ity measured 4 AV, falling short of the 
claimed 2.4 AV. No attempt at realign- 
ment was made. S/N ratio, on the 
other hand, vas 62 dB, a bit better than 
claimed by the manufacturer. One -dB 
limiting was achieved at 4 AV. Total 
Harmonic Distortion (in both mono 
and stereo) measured 1.2% at full 75 - 
kHz modulation. I.F. and Spurious Re- 
sponse rejection were excellent, mea- 
suring 80 dB, as claim ad, while selectiv- 
ity met its published claim. 

Stereo FM separation, as plotted in 
Fig. 4, falls somewhat short of the 40 
dB claimed. Again, no attempt at re- 
alignment was made. 

Both the measured THD and the 
failure to meet IHF Sensitivity claims 
prompted us to investigate the state of 
alignment of this particular unit. Using 
sweep alignment techniques, we checked 
the detector "S" curve at signal input 
levels of 5µV and 100 F,t,V. Results are 
shown in the photos of Fig. 5A and 5B, 
respectively. As we suspected, the fail- 
ure to meet the 2.4 AV sensitivity spec 
was caused by a constricted overall 
bandwidth at the lower signal -strength 
level. In both photos, total sweep width 
is 300 kHz (±150 kHz). At the lower 
signal level, however, there is curvature 
within the required 150 -kHz central 
portion of the sweep. Thus, the "least 
usable sensitivity" limitation does not 
arise due to the presence of noise, but 
from excessive distortion at low signal 
levels. This is confirmed in Fig. 3 by 
the fact that if one were to consider 
only noise (as was the case before the 
IHF spec was devised) in determining 
"quieting sensitivity," the Model 3200 
is capable of 30 dB of quieting at a mere 
1.6 ¡IV input! It is possible that re- 
alignment of the i.f. system might have 
"broadened" the response sufficiently 
to enable the tuner to meet its pub- 
lished IHF sensitivity spec, but, again, 
this was not attempted. 

Listening to the tuner in operation, 
the 1.2% THD was not as objectionable 
as we might have supposed. This is 
largely due to the fact that most sta- 
tions seldom permit full deviation (75 
kHz) to occur. If one backs down on 
modulation to, say, 50 or 60 kHz, THD 
quickly settles back to a very accepta- 
ble 0.5 or 0.6%. The moderate sensitiv- 
ity was in evidence, however. We were 
able to receive about 35 acceptable 
stations, some eleven of these in ac - 

1 

¡F 

! 
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The portable 
Concord F-400 
a superb stereo 
tape deck 
Combines cassette 
handling convenience 
with record and playback 
performance comparable 
to some of the finest 
reel-to-reel units. How? 
A newly engineered 
transport mechanism 
and an electronically - 
controlled capstan 
motor that all but 
eliminate the wow and 
flutter bugs. Plus narrow 
gap, flux -field heads 
for wide range frequency 
response. Has inputs 
for recording live, 
off -the -air, from records 
or from reel-to-reel 
tapes, or other program 
source. And outputs 
for playback thru 
external speakers, or 
thru your own home 
system power amplifier 
and speakers. 

Operates on batteries 
as well as AC. So you 
can also enjoy it away 
from home. Make live 
recordings on field trips, 
get-togethers-indoors, 
outdoors-anywhere. 
[Has VU meters, or you 
can use the automatic 
record -level control.) Or 
you can entertain with 
pre-recorded cassettes, 
or your own. Has built-in 
stereo power amplifiers 
and matched stereo 
speakers. 

The portable 
Concord F-400 
a superb 
tape recorder 

The Concord F-400 is like getting two instruments in one. Under $180 complete with microphone, patch cords 
and cassette. Modern solid-state circuitry throughout. Concord Electronics Corporation, 1935 Armacost Ave., 
Los Angeles, Calif. 90025. Subsidiary of Ehrenreich Photo -Optical Industries, Inc. 
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Equipment Profiles (continued) 
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ceptable stereo. (For reference, the 
best we've ever done at this site is 49 usa- 
ble signals, with 15 of them in stereo.) 

The peak -reading tuning meter 
helped in tuning for center of channel. 
It cannot do double duty as a signal - 
strength indicator, however, because it 
is highly non-linear. In tuning from 

1000 

Fig. 3 - FM charac- 
teristics of the Mod- 
el 3200 Cortina 

tuner. 

Fig. 4- 
Stereo separation 

characteristics. 

Fig. 5-Overall band- 
width response of 
the EICO stereo FM 

tuner for (A) a 5 -AV 
input signal and (B) 

a 100 -AV input sig- 
nal. 

one station to another, we observed that 
interstation noise was rather loud, of- 
ten "triggering" the stereo indicator 
lamp. Once "on station," there was no 
difficulty here. 

In sum, the EICO Model 3200 stereo 
tuner, while not a great performer as 
separate tuners go, should do very 
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nicely in non -fringe reception areas as 
part of a modest stereo hi-fi setup 
(especially when an adequate antenna 
is used) . The tuner kit, in particular, 
impresses one with its relatively low 
cost, ease of assembly, and small size. 

Check No. 40 on Reader Service Card 

EICO Model 3150 "Cortina" 
Stereo Control Amplifier 

MANUFACTURER'S SPECIFICATIONS: 

IHF Music Power: 100 watts (total), 8 

ohms. Continuous Power Output: 40 

watts per channel (8 ohms). THD: Under 
0.15°/0 at 40 watts rms/channel, both chan- 
nels driven. IM: Under 1°/o at rated output. 
Frequency Response: 10 Hz to 30 kHz 
± 1.5 dB. Hum and Noise: 80 dB below 
rated output. Power Bandwidth: 10 Hz to 
20 kHz at 0.5°/o THD. Damping Factor: 
35 or greater with 8 -ohm load. Tone Con- 
trol Range: Bass: ±15 dB at 50 Hz; Treble: 
± 15 dB at 10 kHz. Dimensions: 143/8' W 
x 31/8" H x 85/18" D. Price: $149.95 (Kit); 
$225.00 (wired). 

The Model 3150 "Cortina" is a high- 
powered, well designed, moderately 
priced unit. We examined a factory - 
assembled unit. 

The front panel of the 3150 model 
consists of a gold -finished heavy extru- 
sion with six equally spaced rotary con- 
trol knobs in the upper section and six 
evenly spaced rocker -switches in the 
lower section for secondary functions. 
An on/off indicator light and phone 
jack (for stereo headphones) at the ex- 
treme right end of the panel completes 
the layout, as shown in Fig. 1. Starting 
at the left, the rotary knobs consist of 
a three -position selector (phono, tuner, 
aux), a volume control, a balance con- 
trol, bass and treble controls, and a 
speaker selector switcli (for main, re- 
mote, both, and phones). The secon- 
dary rocker switches include a tape 
monitor switch, loudness -contour, on/ 
off, mono -stereo, low -frequency filter 
on/off, high -frequency filter on/off and 
power on/off. 

The rear panel (shown pictorially in 
Fig. 2A) contains a line fuse, switched 
and unswitched convenience a.c. out- 
lets, speaker terminals for main and 

EICO Model 3150 
stereo preamplifier/ 
power amplifier fea- 
tures 100 watts of 
total IHF Music 
Power with 8 -ohm 

loads. 

remote speakers (of the non -barrier 
type, offering less protection against 
speaker leads shorting) , a ground ter- 
minal post, and input jacks correspond- 
ing to the three positions of the selector 
switch. In addition, there are tape -in 
and tape -out pairs of jacks. The tape - 
out jacks are used for making tape re- 
cordings of any of the other program 
sources, while the tape -in jacks serve a 
dual purpose. They enable listening to 
recordings from a tape deck equipped 
with its own preamplifier, and also per- 
mit tape monitoring from "three - 
headed" tape recorders. For either of 
these uses, the tape monitor rocker on 
the front panel must be placed in the 
"tape" position since the main selector 
switch has only three positions, neither 
of which is for tape, per se. 

If ever a stereo amplifier could be 
thought of as two amplifiers, the EICO 
3150 falls into that category. Unlike 
other compact designs we have seen, 
EICO has chosen to supply p.c. boards 
for each channel for magnetic pream- 
plifier, voltage amplifier stages, and 
driver sections. Thus, the three boards 
of one channel are mounted on top of 
the chassis, while three identical boards 
of the other channel are similarly 
mounted below the chassis surface. It 
is this packaging technique which re- 
sults in the 31/8 in. overall height of the 
amplifier, belying the high wattage 
capability contained inside. 

About the only thing common to both 
channels is the rugged power supply, of 
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The Altec monitor/playback 
speaker has a new big brother: 
the 9845 Senior. 
When we introduced our Model 
844A, (now recoded as Model 
9844A), Compact Monitor/Play- 
back Speaker System about a 
decade ago, broadcast, record- 
ing, television and radio engi- 
neers quickly adopted it as the 
standard of excellence and com- 
parison. 

Now, we've created the 9845 
Senior Monitor/Playback 
Speaker System. The critical 
lower mid range has been sig- 
nificantly improved by the use 
of a new 500 Hz cast aluminum 
sectoral horn to provide control 

of these lower frequencies. The 
high frequency reproduction to 
22,000 Hz is achieved with the 
use of a larger, heavier magnet, 
compression type driver. To 
substantially extend the bass 
end response, our engineers 
have designed a larger enclo- 
sure of 13 -ply wood (9" wider, 
4" higher and 81/2" longer than 
the 844A) and have chosen a 
single Altec 416 type 15" bass 
transducer to provide optimum 
lateral dispersion to match high 
frequency horn at cross over 
frequency. Total weight is 130 

pounds. The smaller 9844A con- 
tinues to be available where 
space is a problem. 

We think it's the finest Moni- 
tor/Playback system available. 
As a critical audio engineer, you 
will agree. 

Get the whole story by asking 
for data sheet AL -1756 on the 
Senior Monitor/Playback 
Speaker System. Write Altec 
Lansing, 1515 South Manchester 
Avenue, Anaheim, Calif. 92803. 

A Division of 

Ling Altec, Inc. 

AUDIO JUNE 1969 
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Equipment Profiles continued) 
A 

B 

Fig. 2-The rear panel layout of EICO's 

Model 3150 stereo amplifier is shown in 

(A). Figures 2B and C show top and bot- 
tom views of the chassis, illustrating how 
duplicate printed -circuit boards are 

mounted for each channel. Twenty-six sili- 
con transistors, six silicon rectifiers and 
twelve biasing and protective -circuit di- 

odes are used in this design. 

which the massive power transformer 
(shown in the views of Figs. 2B and 
2C) is particularly impressive. As can 
be seen in the photos, it occupies about 
a third of the entire cubic volume of 
this amplifier. Other power supply 
components (such as electrolytics) are 
also conservatively rated for long life 
and cool operation. In protracted tests 
in which full power was extracted from 
both channels, the heat -sink area at 
the rear of the amplifier was warm to 

the touch, but not "hot," and even this 
moderate amount of heat would seldom 
result from normal musical listening, 
however high the level. 

Measured Performance 

EICO's engineers were conservative, 
too, in deciding upon the specifications 
for this amplifier. For example, we were 
able to drive both channels to 42 watts 
each before reaching a total harmonic 
distortion (THD) of 0.15%. But more 
significantly, we continued driving until 
an output of 55 watts per channel was 
attained, where the THD was then 
only 0.3%. Really objectionable THD 
did not occur until an output of about 
60 watts was obtained, as shown in 
Fig. 3. Equally outstanding is the IM 
characteristic, plotted in Fig. 3. The 
1% IM figure was not reached until an 
output power of 56 watts per channel 
was produced. And at rated output, the 
total IM per channel was only 0.5%. 
Power bandwidth, shown in Fig. 4, con- 
formed very closely to published spe- 
cifications, as did the tone control 
range, plotted in Fig. 5. Figure 5 also 
shows the filter action and the loudness 
contour compensation at 1/4 and 1/2 vol- 
ume settings. As for the high- and low - 
frequency filters, while they conform 
to published specs, they have a slope 
of only 6 dB/octave, limiting their use- 
fulness as "scratch" and "rumble" 
filters. 

A published specification given by 
EICO (but not summarized above, 
since it is not a specification required 
by the Institute of High Fidelity) is 
the rise time, stated to be 3.5 micro- 
seconds. While we did not measure this 
rise time directly, the photos of Fig. 4 
show square -wave response at 100 Hz 
and 10 kHz. The 10 -kHz square -wave 
response is about the best we have seen 
in an integrated amplifier (or even in 
a basic amplifier, for that matter). 

Further proof of excellence in tran- 
sient response was evident when we 
subjected the Model 3150 to extensive 
listening tests. A Cambridge recording 
of Bartok's Sonata for Two Pianos and 
Percussion (CRS -1803) served as a 
musical audition for this amplifier. The 
various shadings of the different per- 
cussive instruments were clearly dis- 
cernible with this amplifier. Often, cer- 
tain notes on a piano and the same - 
pitched tones of a xylophone are in- 
distinguishable from each other when 
heard through "muddy" (low damping 
factor and poor transient response) 
amplifiers. Such was definitely NOT 
the case here-the "woody" sound of 
the xylophone was distinctly heard and 
well defined, as were all the other per- 
cussive instruments. 

Residual hum and noise were quite 
acceptable, though the published spe- 
cification might mislead one. The 80 -dB 
S/N refers to full amplifier output with 
the volume control turned all the way 
down. Since hardly anybody listens to 
amplifiers in that condition, a more 
realistic figure for the high-level inputs 
is 75 dB; still more than enough dy- 
namic range for any purpose. In phono 
settings, the S/N ratio was a respecta- 
ble 62 dB below a 5 -mV input reference, 
at full output. 

For the prospective kit builder, this 
integrated amplifier is certainly an out- 
standing value at $149.95. For those 
seeking an amplifier that's factory 
wired, and packed solidly with honestly 
performing circuitry, the EICO 3150, at 
$225.00, is right up there with similarly 
priced and even more expensive com- 
petition. We believe it to be so good, 
that it outclasses the Cortina 3200 
stereo FM tuner (see preceding pro- 
file), which is probably better paired to 
the 70 -watt music power Cortina 3070 
integrated amplifier. The latter is 
priced the same as the tuner, too. 
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Fig. 3-Total harmonic and IM distortion 
of FICO 3150. From 1 watt to 50 watts, 
THD consisted primarily of second har- 
monic distortion. Above 50 watts, 3rd and 
higher -order harmonics were evident. 
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KENWOOD 
UNVEILS TWO NEW 
POPULAR -PRICED 

MODELS... 
STARTLING NEW VALUES AT 

$239.95* EACH 

The KENWOOD KR -77 and the KRS-44 take 
the "Best Values of the Year" Award, f ands 
down! Never before has KENWOOD incor- 
porated so much quality, power and perrorm- 
ance in a stereo receiver or a stereo receiver 
system at such a modest price. 

The KR -77 boasts 75 watts music power (IHF) at 4 ohms. 2 ICs, 2 FETs, 

4 -gang tuning condenser front-end provides outstanding 1.9 uV sensitivity, 
better than 60 dB signal to noise ratio and 2.5 dB capture ratio. The combi- 
nation of special circuits and heavy-duty silicon transistors delivers excep- 

tional frequency response and power bandwidth. New refinements as front 
panel jacks for stereo headphones and dubbing/tape record, inputs for two 

record players, left and right channel preamplifier outputs, terminals for 2 

sets of stereo speakers, and unique keyboard controls to regulate muting, 
loudness and low/high filters ... are some of the outstanding features that 
make the KR -77 such an outstanding value. 

`Including simulated walnut cabinets 

(Tcp) 
KRS-L4 STEREO RECEIVER SYSTEM 

48 -WATT FET IC FM/AM 
PL IS TWO MATCHING SPEAKERS 

(3otton; 
t -77 STEREO RECEIVEF . . 75-,VATT - 
FET I 2, SOLID STATE ' FM/Ar 

KENW000 combines the new and noteworthy KR -44 Stereo Receiver with 
two perfectly mated compatible speakers to achieve "instant stereo", skimp- 
ing not a whit on quality! The 48 watts of music power (IHF) at 4 ohms 
delivers enough power to drive two sets of stereo speakers ... and there are 

plenty of tape and phono inputs for the most complete stereo system. Add to 
this the elegant styling of the oiled -walnut speakers ... the rich feel of the 
controls . .. the compact design of both receiver and speakers ... and it 
becomes apparent that the KRS-44 is the answer for low -budget music lovers 
with extravagant tastes! 

Visit your nearest Authorized KENWOOD Dealer 
and sound- test these two outstanding units .... 
or write for complete specifications to .. . 

tle sortrrd approach to quality 

KENWOOD 
370C S. Broadway PI., Los Angeles, Calif. 90007 
69-41 Calamus Ave., Wood.ide, N. Y. 11377 
Exclusive Canadian Distr. - Perfect Mfg. & Supplies Corp. Ltd. 
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Equipment Profiles (continued) 

Thorens 
TD -125 Electronic 
Transcription 
Turntable 

Shown with the 
Ortofon arm and 
cartridge, though 
any arm can be 
mounted. 

MANUFACTURER'S SPECIFICATIONS' 

Speeds: Three -45, 33'/2, and 162/3. Motor 
Type: Synchronous. Motor Speed: 250 rpm 
at 331/3. Interchangeable tonearm mount- 
ing board. Wow & Flutter: .089o. Rumble: 
-48 dB (unweighted); -68 dB 
(weighted). Drive System: belt. Power Re- 
quirements: 110-130 V a.c., or 200-240 V 
a.c., 50/60 Hz. Dimensions: 18" wide, 14" 
deep, 5" high. Weight: 32 lbs. Price: 
$185.00. Mounted on walnut base: 
$200.00. Dust cover optional. 

The serious high fidelity enthusiast 
is continually looking for the best piece 
of equipment in every category-the 
best tuner, the best amplifier, the best 
tape recorder, the best cartridge, the 
best turntable, and a speaker system 
he likes. And aside from an ultra - 
expensive broadcast -type table, it ap- 
pears that the features of the Thorens 
TD -125 place it as a favorite contender 
in the best turntable category. The per- 
formance features that the audio con- 
noisseur wants are low rumble and low 
wow and flutter. The TD -125 excels in 
both. The construction is such that any 
user would be proud of the unit, and 
any mechanical engineer would be en- 
thused by the obvious care that went 
into the design of this turntable. 

The Thorens TD -125 uses a long 
sleeve bearing, with two highly polished 
contact surfaces, and with a single steel 
ball for a thrust bearing. (The highly 
polished sleeve bearing, two inches 
long, is more likely to continue to be 
rumble -free for a number of years than 
is a multiple -ball bearing, good as they 
have come to be.) Thus the drive to the 
platter cannot be transmitted through 
the shaft, as it was many years ago 
through various types of gearing. The 
drive to the rim is now almost univer- 
sal, with most turntables being driven 
by an idler that contacts the motor 
pulley and the inside of the turntable 
rim at the same time. Thus, since the 
motor speed is much higher than that 
of the turntable, the motor rumble itself 
is transmitted directly to the platter. 
Some earlier Thorens models had the 
motor mounted on a separately iso- 
lated plate, and the motor drove the 
stepped pulley by a belt. This per- 
mitted mounting the stepped pulley on 
the framework on which the turntable 
bearing was mounted, with the idler 
still making the contact between the 
stepped pulley and the platter. This at 
least relieved the platter from direct 
contact with the motor, and was an im- 
provement over previous models. The 

Underside of the TD -125 turntable showing the synchronous motor 
at the left and the electronics assembly at the top. The speed - 
control switch is at the upper edge of the printed -circuit panel and 
is an integral part of it. The contacts and springs are gold plated 

for long life and solid contact. 

TD -125 uses a rubber -belt drive, iso- 
lating the motor from the platter. 

The step to the electronic turntable 
was an important one, since it per- 
mitted the use of a synchronous motor 
which could run at a much slower speed 
than is usual with the average induc- 
tion motor (1725 rpm, approximately) 
or the 1800 of the hysteresis -synchro- 
nous motor. The reduction of the motor 
speed from the usual much -higher 
speed reduced the energy which causes 
rumble by the square of the speed 
ratio, and in addition, permitted the 
use of a larger motor pulley which pro- 
vided a better drive ratio. For example, 
the motor pulley on the TD -125 mea- 
sures 0.736 in., and the rim of the 
driven inner turntable is 6.28 in. This 
is a much better arrangement for the 
belt, since it does not have to wrap 
around a small -diameter motor pulley, 
which in the case of a 1725 -rpm motor 
would have to be only 0.106 in. in diam- 
eter to drive the turntable at 331/3 rpm. 

Synchronous motors have their defi- 
note advantages as to consistent and 
accurate speeds, since their speed is 
directly dependent on the frequency of 
the a.c. line. But if one should want to 
vary the speed slightly, it becomes quite 
difficult with the line -operated synchro- 
nous motor, and if speed -changing ele- 
ments are introduced between the 
motor and the platter, the advantages 
of the synchronous motor are lost. 

In the TD -125, Thorens does use a 
low -speed synchronous motor, but it is 
not driven in synchronism with the a.c. 
line. 

Instead, it is driven by a locally gen- 
erated a.c. voltage at a frequency which 
is determined by a Wien -bridge oscil- 
lator, which is an exceptionally stable 
device. The output of the oscillator is 
amplified by a 20 -watt solid-state am - 

The motor drives the inner turntable through a small belt which iso- 
lates motor vibration from the turntable assembly. Below: the stro- 
boscope seen through the window at the front of the panel. The 
photo was taken at 331/3 rpm, and the line of light below the dots 
is the position of the 45 -rpm dots. A sliding window adjusts for 

the line frequency in use. 

411111rR 
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How to recognize a stacked deck. 

The Choice of Experts. This is the famous 
Sony Model 355 selected as a "besi buy" 
by the nation's leafing consumer report- 
ing service. 

Unprecedented Specifications & Fea- 
tures. Achieves true high-fidelity per- 
formance even at slower speeds: (20- 
22,000 Hz @ 71 ips, 20-17,000 Hz 
@ 33 ips, 20-9,000 Hz @ ips). 
Three speeds, 4 -track stereo and 
mono recording and playback, 7 -inch 
reels, Automatic Sentinel Shut-off, 
two VU meters, stereo headphone 
jack, pause control, four -digit tape 
counter, record interlock, vertical or 
horizontal operation. 

Instant Tape Threading & Vibration - 
Free Motor. Exclusive Sony Retracto- 
matic pinch roller permits simple, 
one -hand tape threading. Automatic 
tape lifter protects heads from wear 
during fast -forward and reverse. 
Vibration -free motor is completely 
isolated from tape mechanism by 
exclusive Sony "floating" shock - 
absorber action. 

Three Heads. Three -head design per- 
mits such professional features as 
tape/ source monitoring and sound - 
on -sound. Exclusive Sony circuit elim- 
inates record -head magnetization 
build-up, the most common cause of 
tape hiss. 

Noise -Suppressor Switch. Special 
filter eliminates undesirable hiss that 
may exist on older recorded tapes. - 

Scrape Flutter Filter. Special preci- 
sion idler mechanism located between 
erase and record heads eliminates 
tape modulation distortion. Formerly 
found only on professional studio 
equipment. 

Sony Model 355. Priced u -der 5229.50 
For a free copy of our latest cataiog, write 
to Mr. Phill ps, Sony/Superscaoe, Irc.. 
8142 Vinelaid Avenue, Sun Val ey, Cali- 
fornia 91352. 

BONY 13J4,,..p-re,..... 
You rever heard it SO good. 

.1969, SUPERSCOPE, iNC. 



Equipment Profiles (continued) 

plifier and fed to the motor, which re- 
quires only about 5 watts to drive it, 
so there is always an abundance of 
available power. The frequency of the 
oscillator is 20 Hz for the 16% speed, 
40 Hz for 331/3, and 55 Hz for 45 rpm. 
These frequencies are selected by a 
slide switch built into the printed cir- 
cuit board and gold plated for perma- 
nence, as are the contacting springs. 
Slight variations can be made in the 
frequency by a vernier control. The a.c. 
line frequency is used only as a refer- 
ence to illuminate the neon lamp which 
provides the stroboscopic action to tell 
you when you are exactly on speed. 
Thus if you want to play an instrument 
along with a record and need to change 
the pitch of the recorded music to 
match that of your instrument, you 
can do it easily, disregarding the 
stroboscope, by varying the oscillator 
frequency slightly by moving the plas- 
tic wheel which moves the arm of the 
control very gradually. 

Since the oscillator and amplifier op- 
erate on d.c., they are not influenced 
by the a.c. line frequency, even though 
the d.c. does come from the a.c. line 
through rectifiers and filters. 

The TD -125 has an inner turntable 
on which the platter itself sits, both 
being machined for a close fit, and 
both being dynamically balanced. The 
turntables and the chassis (or "motor 
board") are die cast from a non-ferrous 
metal, with the turntable weighing 8 
lbs. The turntable bearing and the tone - 
arm board are mounted on a separate 
framework which is shock mounted to 
the chassis. The motor, controls, am- 
plifier, power transformer, fuses, ter- 
minal blocks and so on are also solidly 
mounted on the chassis, and handling 
the on -off switch or the speed control 

does not affect the flexibly mounted 
turntable and tonearm mounting board 
at all. The two controls, however, look 
like no controls ever seen before-in- 
stead they look like blocks of alumi- 
num, but they are plastic, with an 
anodized aluminum plate bonded to the 
top surface. The stroboscope disc is 
viewed through a slot at the near side 
of the platter, and a sliding shield 
serves to cover the band for the unused 
frequency. Two bands are etched on a 
disc on the underside of the inner turn- 
table-one for 50 Hz, and the other for 
the U. S. standard of 60 Hz. Most of 
the world is on 50 Hz (and also usually 
at 220 or 250 volts), while practically 
only the U. S. stays on 60 Hz and 117 
volts. Hence the need for two supply 
frequencies and the adaptability for 
several voltages. 

Performance 

We tested the TD -125 with an Orto - 
fon arm and the SL -15T cartridge. The 
tonearm mounting board was already 
drilled for the Ortofon, although the 
TD -125 is normally supplied with an 
undrilled board. Locating the center for 
mounting the Ortofon arm is simple 
because of a strip of metal with a hole 
in one end for the turntable spindle 
and one in the other end for a plastic 
gauge which is placed on the mounting 
board at the right position and the 
necessary centers marked through holes 
in the base of the gauge. 

The TD -125 met all of its specifica- 
tions that we could measure (we were 
stumped with the -68 dB weighted 
rumble). We were able to confirm the 
48 dB unweighted rumble within 2 dB, 
but we were not too sure about the 
"silent" grooves on our test record. We 

did get down to -64 dB weighted 
(USASI "A" weighting). According to 
the NAB method, however, we mea- 
sured the unweighted rumble at 46 dB 
below the 100 -Hz reference of 1.4 cm/ 
sec peak velocity (which corresponds 
to 7 cm/sec peak velocity at 1000 Hz). 
The NAB standard for an acceptable 
turntable is -35 dB, so the TD -125's 
measured 46 is 11 dB better than the 
NAB standard. 

Wow and flutter measured .07 per 
cent, exceptionally good in a turntable, 
although not too uncommon in good 
tape recorders. But then, you can prac- 
tically pound on a tape recorder while 
it's playing without affecting its wow 
and flutter figure. 

Line -voltage variation between 95 
and 130 volts produced absolutely no 
change in turntable speed. The vernier 
control provided a ±21/2 per cent varia- 
tion when needed to match the pitch of 
a record to your musical instrument if 
you want to "play along." 

If you have room for its 18 -in. width, 
you will most certainly find the TD -125 
the answer to your continuing search 
for the ultimate in every department- 
beauty of functional design, virtual ab- 
sence of rumble, low wow and flutter, a 
shock -mounted drive system indepen- 
dent of controls, and simple tonearm 
change facility. The turntable has a 
three-year warranty on parts and labor, 
but from its sturdy construction, which 
includes self-lubricating bearings, it 
would seem more likely that you could 
keep it in use for ten years without any 
performance or maintenance problems. 
If you do, its $185.00 price tag breaks 
down to $18.50 a year, which is a real 
bargain. (Base and tonearm are extra.) 

Check No. 46 on Reader Servita Card 

NordMende NIMIIMINK"' . Model 8001/T 
Stereo 
Tape Recorder 

MANUFACTURER'S SPECIFICATIONS: 

Frequency Response: 40-18,000 Hz at 71/2 

ips, 40-15,000 Hz at 33/4 ips, 40-8000 Hz 

at 1'/s ips. Dynamic Range: 52 dB at 33/4 

ips. Wow and Flutter: 0.15°/o at 33/4 ips. 

NowomcNoc 

i.. (" r r e 

Amplifier Power: 3 watts rms/channel. In- 
put Sensitivity: Microphone -2 mV into 
200 ohms, Radio -5.0 mV into 50k ohms, 
High Level -300 mV into 500k ohms. Di- 
mensions: 191/2" wide, 14" deep, and 6" 
high. Weight: 36 lbs. Price $429.95. 

The NordMende Hi Fi 8001/T is a 
compact (but fairly heavy) 3 -speed, 
3 -head, 3 -motor, solid-state stereo tape 
recorder with two built-in speakers. 
The 4 -track, 7 -in. -reel -capacity unit, 
features sliding -type attenuator mixing 
facilities and a sleek (it's only 6 -in. 
high), modern appearance. This is 
capped by a handsome, fitted, plexiglas 
cover that snaps into place over the 
brushed chrome and black panel, leav- 
ing only the connectors exposed. 

There are three sets of inputs on the 
recorder, all independently controlla- 
ble with the sliding attenuators on the 
front panel. One set accepts micro- 
phones, which are supplied with the 
machine. A second set accepts a re- 
corder output from a preamplifier or 
receiver, and the third input will ac- 
cept a radio or some other low-level, 
unequalized source. The three inputs 
can be mixed by means of the sliding 
attenuators in any combination. Each 
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Anyone who 
wants the best, 
and is worried about 
spending an extra $20, 

ought to have 
his ears examined. 

Look at what you're getting 
for the extra $20.00. 

The Papst hysteresis 
motor for reduced noise and 
rumble, unvarying speed 
accuracy. An exclusive 
feature of the Miracord 50H. 

The cartridge insert with 
slotted lead screw for precise 
stylus overhang adjustment. 
Without this Miracord exclusive, 
your whole investment in 
a record -playing instrument 
could go down the drain. 
Because if the stylus overhang 
is incorrect, the finest cartridge 
will not track accurately. 

The exclusive Miracord 
pushbuttons-the gentlest 
touch is all that's needed to 
put the 50H into automatic play 
(stacks of 10 or single records). 
Or you can start the turntable 
and play single records 
manually by simply lifting the 
a -m and placing it on the record. 

In addition to these 
exclusive features, the 
Miracord 50H offers a metal 
cam (not plastic) for greater 
reliability; piston -damped 
cueing: effective anti -skate; a 

dynamically balanced arm 
that tracks to 1/ gram. 

Finally, consider what the 
leading experts are saying 
about the Miracord 50H. That 
$20 bill looks pretty tiny now, 
doesn't it? Miracord 50H less 
cartridge arm and base, 
$159.50. The Miracord 620 
($99.50) and the Miracord 630 
($119.50) follow in the great 
tradition of the 50H. See what 
we mean at your hi-fi dealer. 
Benjamin Electronic Sound Corp., 
Farmingdale, N.Y. 11735. 
Available in Canada. 

MIRACORD 50H 
another quality product from BENJAMIN. 
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Equipment Profiles (continued) 

slider controls one set of stereo inputs, 
except for the microphones, which 
have one slider per channel. 

The tape drive chain is as follows: 
The tape is driven via a capstan and 
pressure roller. The capstan's concen- 
tric flywheel is driven by an interwheel 
which is powered by a stepped pulley. 
The pulley is driven by a rubber belt 
from the shaft of the hysteresis -syn- 
chronous Papst motor. Speed change is 
accomplished by changing contact be- 
tween the interwheel and the three 
steps of the pulley. The capstan is 
highly polished and supported by a 
thrust bearing on top, making for very 
true rotation and contributing to the 
low flutter of the machine. The unit can 
be used either vertically or horizon- 
tally. One pressure pad pushes the tape 
against the left guide, while metal fin- 
gers hold the tape around the heads, 
with a metal shield pressing up against 
the tape at the playback head. (A small 
pressure pad here might improve the 
tape -to -head contact even more.) 

The automatic -stop sensing system 
of the machine requires an electrically 
conductive strip of tape to make con- 
tact between either the first or last 
tape guide and its adjacent sensing post 
to actuate a relay which stops the mo- 
tion of the tape. Since most domestic 
tapes do not have such strips attached 
to them at the beginning and end, the 
strips must be attached to achieve auto- 
matic stop, of course. In a single -motor 
machine which has a slow rewind (most 
of them do) , there's not much of a 
problem if a full reel of tape just keeps 
spinning until the operator stops it. 
But in a machine such as the Nord - 
Mende 8001/T, with its very fast - 
though even-rewind (it takes 48 sec- 
onds to rewind 1200 ft. of tape from a 
7 -in. reel) , some tape will be damaged 
at the end of the reel if the machine 
is left to flap away for any period of 
time. 

The microphones which come with 
the recorder are excellent for voice and 
home musical instruments. Their 
mounting and variable -angling arrange- 
ment are quite useful. They may be used 
together or they may be taken apart, 
having separate plugs with a dual cable 
which can be separated if the user 
wishes to spread the microphones far 
apart. 

This recorder offers remarkable flexi- 
bility, what with pushbutton operation, 
a four -digit tape counter, sound -with - 
sound facility, monitor capability both 
before and after the signal, illuminated 
and color -coded function indicators, not 
to mention the mixing panel. A novel 
feature, also, is the on -off switch, which 
is key operated. That is, the switch, in 
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Fig. 2-Reproduce frequency response at 
two speeds of the NordMende 8001/T 

recorder. 
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Fig. 3 - Record -reproduce frequency re- 

sponse of the 8001/T at three speeds, using 
Scotch 111 tape. 
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the form of a plastic key, can be re- 
moved, rendering the machine incapa- 
ble of being turned on (or off, depend- 
ing on which position the key was in 
before it was pulled out). This should 
be a welcome feature for those record- 
ists who can't keep their children's 
hands away from the works. 

The NordMende 8001/T performed 
well in all respects. Its playback fre- 
quency response, shown in Fig. 2, is 
practically a straight line. The record/ 
playback frequency response as speci- 
fied under the manufacturer's technical 
data only calls out the operating range. 
No dB variations are specified. It turns 
out that at the upper extremes of each 
range, the response is down quite a bit. 
We measured the following response, as 
taken from the graphs of Fig. 3: 50 to 
15,000 Hz ±3 dB at 71/2 ips, 50 to 8000 
±3 dB at 3% ips, and 50 to 4000 Hz 
±3 dB at 17/s ips. These figures are for 
record/playback combined and are re- 
spectable for a machine in this class. 
In addition, both channels track each 
other quite closely and exhibit no irreg- 
ular peaks or dips throughout their 
ranges. The test data were taken using 
the standard Scotch 111 recording tape. 

The signal-to-noise ratio (dynamic 
range) as specified by NordMende is 
52 dB at 33/4 ips. Our tests confirmed 
this, the data being as follows.: 

71/2 ips. 33/4 ips ips. 

Left channel 53.5 dB 53 dB 50 dB 
Right channel 52.5 dB 52 db 48 db 

These figures are far above machines 
in the middle -priced field and actually 
approach those of $500 machines. One 
of the reasons for the wide dynamic 
range-or low noise-is probably the 
effective shield over the playback head. 

Harmonic distortion measurements 
on our sample machine revealed 1% 
distortion at 1000 Hz at -15 VU (on 
the machine's meter) recording level, 
2% at -5 VU, and 5% at 0 VU. To 
place these figures in their proper per- 
spective, a measurement of 2% at 0 VU 
would be considered to be good. Since 
distortion, dynamic range, and fre- 
quency response are inter -related, it is 
possible that one was sacrificed for the 
other when adjustments were set by the 
manufacturer. 

Wow and flutter was below 0.1% at 
71/2 ips, and below 0.14% at 3% ips, 
both of which are better than specified, 
and excellent. 

The built-in amplifiers put out their 
specified 3 watts each before clipping, 
which is adequate to power the internal 
speakers to reasonable acoustic levels. 
Tone controls are effective. As expect- 
ed, the built-in speakers are limited in 
sound quality-though as good as any 
others in the same environment. They 
are quite useful when playing back ma- 
terial immediately upon recording it, 
and acceptable as main speakers when 
the recorder is not used in conjunction 
with a stereo system. 

We liked the way the machine han- 
dled. Controls are positive and "live," 
so you know when they're on. Unless 
one is accustomed to the non -standard- 
ized European -type of audio hiero- 
glyphics, however, the labelling of the 
functions and connectors is a little con- 
fusing. You have to get used to sym- 
bols like: 

V 

y 
Y 

Q 
IQir.®i e: 

All inputs and outputs are visible and 
accessible - a decided convenience 
when you have to connect and discon- 
nect the machine often. The tape heads 
are easy to clean, although we would 
tend to leave the head cover off since 
it's pretty hard to remove it. 

The vertical -swinging VU meters and 
illuminated recording -mode indicators 
are a pleasure to use, making recording 
particularly easy. A momentary -pause 
control further aids during recording 
operation. Thus, if you're willing to pay 
a little attention when using it, this 
machine is fun. 

While primarily suited to the Euro- 
pean tape recordist who is used to DIN 
connectors, high input sensitivities, and 
symbols in place of lettering on the 
front panel, the machine will neverthe- 
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"The finest 
loudspeakers I've 
ever listened to, 
regardless of size, 
type or price:' 

That's how Ronald M. Benrey, electron- 
ics editor of Popular Science, described 
a pair of Rectilinear Ill speaker systems 
in the May 1968 issue of his magazine, 
in an article on "The Stereo System I 

Wish I Owned." 
Mr. Benrey went on to justify his 

ranking of the Rectilinear Ill's: 
"They produce beautiful bass tones 

without boom, accurate midrange tones 
without a trace of coloration, and crys- 
tal-clear treble tones without a hint of 
harshness. And they do it at any vol- 
ume, including 'window -rattling' sound 
levels." 

Of course, one expert's opinion may 
differ considerably from another's. But 
here's what Julian D. Hirsch wrote in the 
"Equipment Test Reports" of Stereo Re- 
view, December 1967: 

"The Rectilinear Ill ranks as one of 
the most natural -sounding speaker sys- 
tems I have ever used in my home. Over 
a period of several months, we have 
had the opportunity to compare it with 
a number of other speakers. We have 
found speakers that can outpoint the 
Rectilinear Ill on any individual charac- 
teristics-frequency range, smoothness, 
distortion, efficiency, dispersion, or 
transient response. However ... none 
of the speakers combine all of these 
properties in such desirable pro- 
portions as the Rectilinear III." 

Summing up his test report, Mr. Hirsch 
concluded: "In our opinion, we have 
never heard better sound reproduction 
in our home, from any speaker of any 
size or price." 

Of course, both Mr. Benrey and Mr. 
Hirsch write for the readers of popular, 
large -circulation magazines. But here's 
what Larry Zide wrote for the more 
specialized audience of The American 
Record Guide ("Sound Ideas" column, 
October 19681: 

"The transient response of the 
speaker is superb ...the overall quality 
is extreme in its fidelity to 'live' music. 
The bass is solid and firm, the midrange 
is clear and neutral, and highs are bell - 
like in their cleanliness. 

"It all comes down to this: there are 
only a handful of speakers that I find 

completely satisfactory ... I have had 
these Rectilinear Ill units for a month 
now. Lately I have found myself listen- 
ing to them just for the pleasure of it. 
They are among the very best speakers 
on the market today." 

Of course, all of the opinions above 
appeared in publications that accept 
advertising. But here's what Buyer's 
Guide magazine wrote in their August 
1968 issue, just in case you're more in- 
clined to trust a consumer review with- 
out ads: 

"Rectilinear Ill_ has had tremendous 
impact on the hi-fi industry...This 
speaker's virtue is the fact that it is the 
first and only full -range dynamic 
speaker system that possesses sound 
quality which is directly comparable to 
electrostatic speakers. 

"... Flute and violin concertos as 
well as string quartet were reproduced 
with honest clarity ...Piano and organ 
music were effortlessly reproduced in a 
manner that suggested the instruments 
were being performed live. Jazz and 
rock music were unpretentious and true 
sounding ..." 

To such unanimity from such varied 
sources we need only add the dimen- 
sions and price of the Rectilinear Ill: 
35" by 18" by 12" deep, $279.00 in 
oiled walnut. 

(For further information, see your 
audio dealer or write directly 
to Rectilinear Research Corporation, 
30 Main Street, Brooklyn, N.Y. 11201.) 

Rectilinear I I I 
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less find many devotees here because 
of its nice design features. Summariz- 
ing, the 8001/T's main assets are an 
excellent signal-to-noise ratio, smooth 
playback frequency response, quiet op- 
eration, effective tape guiding, low wow 
and flutter, and a built-in mixing facil- 
ity. Its drawbacks are the lack of auto- 
matic stop without conductive foil, no 

monitor output to exernal equipment 
while recording except to headphones, 
and electronics that are easily over- 
loaded at the inputs from standard do- 
mestic preamplifiers and receivers un- 
less the signals are attenuated before 
they reach the inputs. 

Considering overall construction, we 
conclude that this is a fine product of 

precision mass production and quality 
control. It should find favor here among 
persons who want good recording ver- 
satility in a modern -styled, compact 
machine, and who are familiar with (or 
willing to become so) with a variety of 
European symbols that identify con- 
trols, switching and other functions. 

Check No. 48 on Reader Service Card 

Harman-Kardon 
Model HK -50 Speaker System 

MANUFACTURER'S SPECIFICATIONS: 

Frequency Response: 30 Hz -18 kHz. Pow- 

er Handling Capability: 50 Watts. Imped- 
ance: 8 ohms. Dimensions: 113/4" W x 

113/4" D x 181/4" H. Weight: 221/2 lbs. 

Price: $110. 

The Model HK -50 is Harman -Kar - 
don's latest entry into the highly com- 
petitive $100 price class of small 
speaker systems. From what we see and 
hear, it is a well -performing, nice - 
looking speaker system, is easy to use 
most anywhere, and not especially hard 
to pay for. It's the same component 
speaker system that is used as part of 
Harman-Kardon's Model SC2350 com- 
pact modular system. 

The HK -50 is not a "me too" speaker 
system design. It does not project the 
sound from the front; nor does it direct 
the sound toward the rear, to be re- 
flected from the wall. Rather, the 
speakers, which face upward, throw the 
sound waves up against a reflecting 
surface which is shaped so that it 
bounces the sound outward, all around. 
The intent is to achieve a broad dis- 
persion of sound so as to approach an 
omni-directional sound source. 

This is a two-way loudspeaker sys- 
tem, crossing over at 250 Hz. An 8 in. 
high -compliance woofer faces away 
from a fiberglas-filled, acoustic -suspen- 

sion -type sealed enclosure, into the 
apex of the reflecting surface. The 
21/4 in. cone -type tweeter also faces up 
toward one side of the reflector. Its po- 
sition assures sound dispersion for at 
least 270 degrees, being blocked only by 
the tip of the reflector, as seen in Fig. 2. 

The crossover network's high -frequency 
level or "brilliance" potentiometer, as 
well as speaker input terminals, are all 
recessed into the bottom of the speaker 
enclosure. There is a pair of screw 
terminals as well as a phono jack for 
use as speaker inputs, either of which 
can be used. 

The enclosure is acoustically sealed 
(even the phono jack has a rubber cap 
over it), while the back of the tweeter 
is sealed in its own compartment so 
that sound waves generated by the ad- 
jacent woofer won't interfere with it. A 
black, pleated grille cloth covers the 
four sound -emerging surfaces. A round, 
dark -gray, marble -looking insert is set 
into the top of the walnut cabinet. Be- 
sides enhancing the system's appear- 
ance by balancing some of the square 
lines of the cabinet, it acts as a mar - 
proof resting place for such things as 
lamps and ash trays, among other ob- 
jects. 

Performance 

The almost omni-directional charac- 
teristics of the HK -50 allow great flexi- 
bility in its placement. Since the highs 
aren't radiated over the common 90 - 
deg. angle, being spread around more, 
speaker placement is less critical than 
are conventional speaker systems for 
good performance. On the other hand, 
the HK -50 can exhibit a much greater 
variation in high -frequency perform- 
ance, depending on what type of rear 
and side surfaces surround it since it is 

dependent on them for added reflection 
of sound into the listening area. For- 
tunately, the wide latitude of the "bril- 
liance" control in the HK -50 is able to 
compensate for all but the most un- 
usual conditions which are likely to 
occur. We certainly found no problem 
in using the speaker in our listening 
room. 

Using our multiple microphone 
measurement technique, we plotted the 
frequency response of the speakers to 
fall between 50 and 14,000 Hz within 

8 dB. There was a slightly accentuated 
range in the crossover region and a 
small peak at 10 kHz. The bass rolled 
off steeply below 70 Hz, though we 
were still able to reproduce 40 Hz. At 
the other end of the spectrum, it started 
to roll off above 13 kHz, and we tracked 
it right up to 17 kHz. The tone -burst 
photos of Fig. 3 show a respectable re - 

300 Hz 

Fig. 2-HK-50's response to tone bursts of 
300 Hz and 4.5 kHz. See text. 

sponse despite the fact that it's reflect- 
ed waves that we're looking at. Direct 
sound waves would make for a prettier 
picture. 

The HK -50 may be considered to be 
in the low -efficiency speaker category. 
That is, it needs lots of power to make 
it really blast; about 30 watts (rim) per 
channel, in fact. But as always, it de- 
pends on the size and acoustic proper- 
ties of the room, as well as on how loud 
is loud enough for the listener. No 
doubt, there'll be plenty of 20 watt/ 
channel amplifiers driving the HK -50s 
to the full satisfaction of listeners. 

Stereo performance of the speakers 
impressed us during listening tests in 
a live and a medium -to -dead room. In 
both these environments the HK -50 
speakers performed beyond our expec- 
tations for such diminutive units. Ex- 
cept for only a handful of musical 
selections, we didn't miss the lack of 
very deep bass (probably because most 
recorded material doesn't have much 
information down there). Neither did 
we meet any significant restriction at 
the high end, thanks to the good sound 
dispersion in the rest of the range. The 
beauty of the thing, though, lies in the 
broad sound image that the HK -50 
speakers throw. In a symmetrical room, 
where the speakers were installed as 
end -tables at both side of a couch, a 
solid -sounding curtain of sound was 
projected right across to the other side 
of the room. 

Thus, the walnut- and black -styled 
HK -50s represent a refreshing design 
approach that could well solve one's 
speaker location problems. 

Check No. 52 on Reader Service Card 
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UDIO magazine 
is probably the world's 

toughest critic of 
audio equipment. 

Here's what they write 
about the Fisher 500 -TX: 

"The Fisher 500 -TX is a top -grade "Usable sensitivity was everything we 
could have desired and limiting took 
place ata remarkable 1.5MV. Ultimate 

"The flexibility normally signal-to-noise ratio was 65dB, as claimed. 
associated with Fisher products Stereo FM performance was excellent. 
has been expanded in completely 
new directions...." 

receiver...." 

"In addition to an ample quantity 
of controls, this new receiver 
features four ways in which to 
tune in desired FM stations." 

"... the optional remote control 
(Model RK -30, $9.95) enables 
the user to change stations 
from his chair without 
approaching the receiver itself." 

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

"... AutoScan is probably 
more accurate in tuning to 
[the] center of [the] desired 
channel than can be 
accomplished manually..." 

"We can confirm the power output 
specification, as given in terms of r.m.s., 
as actually exceeding the 65 watts 
per channel claimed ... Rated distortion 
(0.5%) is achieved at 66 watts, while 
IM reaches 1% at 68 watts. Power band- 
width extended from 8 to 38,000 Hz, 
based upon 65 watts per channel ..." 

"The Fisher 500 -TX is a top -grade 
receiver ...wonderful tuning convenience 
features... powerhouse of an amplifier 
... excellent transient response... 
truly 'big', clean sound." - - NZ - E - - M B - - - MI MI 

F Mail this coupon for your free copy of The Fisher 
Handbook, 1969 edition. This 72 -page full -color 1 
reference guide to hi-fi and stereo also includes 1 I detailed information on all Fisher components. 
Fisher Radio Corporation 1 

1 11-35 45th Road I Long Island City, N.Y. 11101 I 
I I 

Name 1 

1 Address I 
I City State Zip 1 

03066911 
1 - - - - - - - - - - - - - . 
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What's I\ ew 
In Audio 

FM Window Antenna 
FINCO's new Model FM -WT win- 

dow -mounted FM turnstile antenna 
can solve FM reception problems 
where rooftop antennas cannot be in- 
stalled. The all -directional antenna 

can be mounted either horizontally or 
vertically to fit any type of window 
through use of extendable window - 
f rame mounts which span up to 42 
inches. For wider or higher windows, 
extension -mount bars are also avail- 
able. The all -aluminum, corrosion - 
proof -finish antenna is priced at 
$16.95. 

Check No. 18 on Reader Service Card 

New 100 -Watt Stereo 
FM/AM Receiver 

Sherwood adds the new Model 
S -7600a stereo FM/AM receiver to its 
line, featuring 100 watts total power at 
4 ohms, microcircuits, and front-end 
FETs. The front panel includes rocker - 
type switches for loudness compensa- 

tion, main and/or remote speaker 
switching, and tape monitor. Other 
controls are loudness, bass, treble, bal- 
ance, and variable FM muting for 
minimizing noise between stations. 
Phono input level can be adjusted with 
a three -position switch on the rear 
panel. Size is 161/2" x 41/2" x 12" deep. 
A walnut -grained, leatherette metal 
case or an oiled -walnut wood cabinet 
is available as an option. 

Check No. 30 on Reader Service Card 

Fibreglass -Cone Speaker 

EMI's new Model 205 speaker sys- 
tem uses a fibreglass -reinforced paper 
cone in its 141/2" x 83/4" elliptical 

woofer. According to Benjamin Elec- 
tronic Sound Corp., the exclusive U. S. 
distributor of EMI high-fidelity com- 
ponents, the fibreglass cone eliminates 
paper fatigue and provides a great in- 
crease in cone handling power. 

The three-way bookshelf speaker 
system also includes two 5 -in. cone - 
type mid -range speakers and a new 
compression -type tweeter. The speaker 
has two crossover points, 1000 Hz and 
5000 Hz. Compensation for room 
acoustic conditions is provided by 
switch -type controls: a three -position 

switch for mid -range speakers and a 
three -position switch for the tweeter. 
The 141/4" x 133/4" x 243/4" oiled wal- 
nut enclosure has a pleated, removable 
grille panel. $225.00 each. 

Check No. 32 on Reader Service Card 

Record/Tape Filing System 

Here is an interesting record storage 
and retrieval system, called THE COM- 
PLEAT SYSTEM Filing Kit, that can be 
used to index from 50 to 350 LP al- 
bums, tapes or 45 -rpm records. The kit 
contains 24 dividers, 315 printed labels, 
and 55 blank labels, so that the user 
can classify a collection by type of 
music, composer, and performer, both 
alphabetically and numerically. A 
cross-reference system is also included. 
$7.95. 

Check No. 38 on Reader Service Card 

Portable Recorder with 
Built-in Condenser Mike 

Sony/Superscope introduces its new 
Servocontrol Model 800-B portable 
tape recorder, featuring a built-in con- 
denser "electret" microphone, as well 
as a F -26S cardioid microphone for 
hand-held and remote start/stop use. 
(An "electret" condenser microphone, 
unlike a conventional condenser mi- 
crophone, does not require an external 
polarizing voltage. With a diaphragm 
made of a special plastic film that re- 
tains the necessary electric potential 
permanently after being "charged" by 
the manufacturer, it is possible for this 
type of mike to be small and light. It 
is used here in conjunction with a 
miniature integrated circuit.) Interest- 
ingly, a special three -position switch 
enables the user to select either the 
internal mike, external mike, or both 
together. 

The 800-B features battery or a.c.- 
power operation, 5 -in. reel capacity, 
dual -track recording, a VU meter, and 
a digital tape counter. In addition, a 
fourth speed, 1/18 ips, permits record 
and playback time of up to eight hours; 
a built-in speed -adjustment knobs with 
an on/off switch varies the speed of the 
Servocontrol motor; the Sonymatic re- 
cording mode has positions for speech 

and for music recording, which, accord- 
ing to the manufacturer, broadens the. 
dynamic range capabilities of the re- 
corder. A switch permits changing from 
Sonymatic recording to manual. 

Signal-to-noise ratio is 48 dB. Wow 
and flutter is 0.1% at 71/2 ips, 0.15% 
at 33/4 ips, 0.2% at 1% ips. Price is 
under $229.50. 

Check No. 54 on Reader Service Card 

Literature 
Magnetic Tape Heads: Twenty -page, 

two-color catalog from Michigan Mag- 
netics contains specifications and per- 
formance data on tape heads: full - 
track, half-track, quarter -track, eight - 
track, and cassette. Each head descrip- 
tion is accompanied by specifications 
and typical response curves. 

Check No. 66 on Reader Service Card 

New speaker systems from Jensen 
Mfg. Div., The Muter Co., are featured 
in their color High Fidelity Sound 
Products Catalog, No. 165-P. Also illus- 
trated and described is Jensen's line of 
Sigma, Delta, and Triaxial coaxial and 
triaxial speakers, plus their line of hi-fi 
component speakers and accessories. 

Check No. 68 on Reader Service Card 
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What impressed 
the 
when testels d 

most 

the new X79.50 Dual? 

Speed Accuracy: "lt is quite 
immune to normal voltage 
changes affecting its speed... 
(American Record Guide) 
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Variable pitch control:"... each 
speed is adjustable by means of 
a 'pitch control' knob so that 
you can get on -the -nose speed 
accuracy (or slight deviations 
from it for special purposes)," 
(High Fidelity) 

Tracldng ability: "Significantly, 
the Dual 1212 went through its 
paces fitted with the Shure V-15 
Type 11, and it proved perfectly 
capable of handling a cartridge 
of this high quality." (High 
Fidelity) 

Tonearm balance and design: 
"The arm is fully balanced ... 
just as it is on the other Duals." 
(American Record Guide) 

"Arm friction, laterally and 
vertically, was negligible at less 
than 10 milligrams each. The 
arm needed less than 25 
milligrams to trip the automatic 
change mechanism, which 
bespeaks excellent balance and 
design in this area." (High 
Fidelity) 

Tracking settings: "The built-in 
stylus force adjustment proved 
absolutely accurate." (High 
Fidelity). 

"...anti -skating force 
adjustment... really works, as 
we verified by observing that the 
cartridge output waveform on 
high velocity records was 
clipped symmetrically on both 
channels." (Stereo Review) 

Cueing: "...you can use the cue 
control for a very gentle lowering 
of the pickup onto the record. 
You can also interrupt play at 
any portion of the record and 
resume play as you please." 
(High Fidelity) 

Total Performance:"...compatible 
with the finest amplifiers and 
speakers, as well as the most 
compliant cartridges available 
today..." (Stereo Review) 

You may be equally impressed 
when you read the complete test 
reports. Write to United Audio, 
535 Madison Avenue, 
New York, N.Y. 10022. Dual 

AUDIO JUNE 1969 
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ABZs of 

Stereo 
FM 

LEONARD FELDMAN 

A Brief History of 
Stereo Broadcasting 

NYONE WHO THINKS THAT STEREO 

broadcasting is an innovation 
of the 1950's and 1960's would 

do well to search out some of the pat- 
ents that have been brought to our at- 
tention in recent years. Here's an 
illuminating quotation from one of 
them (try to guess the year, as you 
read!): 

"This invention relates to a method 
of transmitting and receiving radio tel- 
ephonic impulses in such a manner as 
to evoke in the mind of the listener sub- 
stantially the same consciousness of lo- 
cation of the source of the sound or 
sounds as he would have obtained had 
he been personally present at the trans- 
mitting station." 

Nov. 4 , 1924. 
F. M. DOOLITTLE 

RADIOTELEPHONY 

Filed Feb. 21. 1924 

1,513,973 

../,,7h. .i,--ec 

The patent description goes on, ".. . 

There is one serious defect in the re- 
production of performances broadcast 
by radio ... for, however true the tones 
themselves may be to the original ones, 
the listener is deprived of that con- 
sciousness of location of the performer 
or performers which he would have 
were he present in person at the per- 
formance and hence the rendition is 
distorted and unnatural ..." 

Both quotations are taken, word for 
word, from Patent #1,513,973 granted 
to one Mr. Franklin M. Doolittle of 
New Haven, Connecticut on November 
4, 1924! As an aside, it's interesting to 
note that Mr. Doolittle had to wait less 
than eight months from the time he 
filed his application to the time his 
patent was granted. Today, most inven- 
tors wait four or five years for a patent 
to be granted-so jammed is our patent 
office in this age of technological geo- 
metric progression. 

Nor was Mr. Doolittle a single, unique 
prophet. In the recent Federal Patent 
Infringement case of Crosby vs. Gen- 
eral Electric, in which I participated as 
a witness for the plaintiff, at least 
twenty patents were submitted in evi- 
dence by both plaintiff and defendent, 
spanning over four decades of inventive 
effort all related to the problem of ster- 
eophony via radio. More about that 
case shortly, but let's not get ahead of 
our story. The cover page of Mr. Doo- 
little's patent is reproduced here at left, 
and any one conversant with even the 
rudimentary principles of stereophony 
would understand the concept without 
even reading the formal language of the 
patent itself. 

Obviously, if two independent sta- 
tions are used with two separate radio 
receivers, one of each pair may be used 
as a "left channel" while the other pair 
serves to transmit and receive the 
"right -channel" stereo information. It 
wouldn't matter if both set-ups were 
AM or FM (aside from fidelity and 
frequency response considerations), or 
if one station were AM while the other 
were FM (providing the listener was 
equipped with the proper types of re- 
ceivers to match). 

The fact is that in the mid -1950's, 
just about when tape recording began 
to provide the medium for preserving 
music in two -channel stereo form, radio 
station WQXR in New York (which 
has, even today, both an AM and an 
FM transmitter) began a series of ex- 
perimental broadcasts in just this way. 
Listeners were told to turn on both AM 
and FM radios, to position them in 
appropriate corners of the listening 
room and to listen to a "stereophonic 
broadcast." There were obvious short- 
comings, of course. The quality of re - 
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ception on the AM `channel" was 
never as good as that of the FM chan- 
nel, both in terms of frequency response 
and static -free characteristics. These 
"unbalanced" conditions often marred 
the otherwise delightful experience. In 
addition, the unsuspecting listener 
equipped with only one radio (be it 
AM or FM) heard a totally "one- 
sided" performance - emphasizing 
either the left side of the orchestra or 
the right, depending upon which type 
of receiver he happened to be using. 

It would seem only natural that if 
stereophonic sound is another step in 
the direction of high-fidelity musical 
reproduction, then stereo broadcasting 
should naturally occur on the "high- 
fidelity medium"-FM. Much has been 
written and said lately about the late 
Major Edwin Howard Armstrong, the 
acknowledged (finally) inventor of 
wideband FM as we know it today. A 
new, revised paperback edition of Law- 
rence Lessing's award -winning biogra- 
phy of this controversial man, entitled 
"Man of High Fidelity" was recently 
published, and should be on the "re- 
quired reading list" of everyone inter- 
ested in FM and audio. One of the 
early experiments conducted by Major 
Armstrong, a short while after his ini- 
tial invention of wideband FM, in- 
volved the simultaneous transmission 
of two programs using a single trans- 
mitter and a single radio -frequency 
channel. While the two programs were 
not the "left" and "right" channels of 
a stereo program, the idea of using 
"multiplexing" for this purpose was 
born way back then-in 1934! 

Those of you who have been follow- 
ing our earlier series, ABZs of FM, 
may recall, from an early installment, 
that it is possible to modulate the main 
FM carrier with more than just audio 
frequencies from 50 Hz to 15,000 Hz. 
Figure 2 illustrates the principle, show- 

ing how it is possible to utilize the 150 - 
kHz -wide FM channel for dual -channel 
transmission. In this graph, frequency 
spectrum is plotted from left to right 
and extends out to 5 kHz (to each side 
of center frequency. Only the "up- 
ward" spectrum is shown. A more ac- 
curate presentation would include a 
"mirror" image of the spectrum drawn 
to the left of the vertical axis). Devia- 
tion or modulation of the main carrier 
is plotted vertically, above and below 
the unmodulated carrier frequency 
taken, arbitrarily, as 98 MHz. 

Main, monophonic programming is 
seen to extend to 15 kHz (the highest 
audio frequency transmitted under 
FCC rules) , while deviation of the main 
carrier is seen to extend ±75 kHz 
above and below "center" frequency (in 
this case, 98 MHz). 

It is quite possible, without exceed- 
ing channel limitations, to add a super - 
audible sub -carrier frequency to the 
total modulation pattern and, in Fig. 2, 
this sub -carrier is shown to have a nom- 
inal frequency of 67 kHz. Thus, it will 
be inaudible to anyone equipped with 
a conventional FM receiver. If such a 
sub -carrier modulates the main carrier 
by 10 per cent of total deviation, it is 
necessary to "back off" the main pro- 
gram deviation to a maximum of 90 per 
cent, as shown by the dotted line in 
Fig. 1. Thus, maximum deviation re- 
sulting from main -channel program 
will be ±67.5 kHz, while the deviation 
contribution of the sub -channel will be 
7.5 kHz-the total of the two equalling 
the permissible maximum of 75 kHz, 
just as before. By backing down on the 
"loudness" or signal-to-noise ratio of 
the main program by about 1 dB (hard- 
ly detectible in terms of normal S/N 
ratios of 50, 60, or even 70 dB on good 
FM sets) space is made available for 
a second channel. The 67 -kHz sub - 
carrier may be thought of as a sort of 

Fig. 2-How a superaudible FM sub -carrier may be added to a regular FM program on 
a single transmitter. 
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low -frequency "radio" carrier riding 
"piggy -back" on top of the 98 -MHz 
main carrier. If its frequency is caused 
to deviate, in accordance with some 
new audio information, suitable cir- 
cuitry in special receivers can detect 
this second sub -carrier along with its 
FM, and demodulate the FM varia- 
tions in much the same way as the main 
channel FM is recovered. The second 
audio program can be recovered com- 
pletely independent of the main pro- 
gram. The deviation of the sub -carrier 
is shown to extend about ±5 kHz either 
side of the sub -channel frequency of 
67 kHz. 

It is this principle that Major Arm- 
strong used, first to transmit separate 
programs over one FM station and 
later, to demonstrate a crude but ac- 
ceptable form of stereo or binaural 
broadcast. Of course, since the left 
channel was still broadcast on the main 
channel and the right channel was 
transmitted via the "sub -carrier," the 
system still suffered from one of the 
major objections raised against the 
AM -FM combined stereo broadcasts, 
namely, the owner of an FM set not 
equipped with special added circuits, 
heard only the left side of the program. 
In addition, because so little r.f. energy 
was assigned to the sub -carrier portion 
of the combination, its inherent signal- 
to-noise ratio was inferior to that of 
the main -channel program. Finally, be- 
cause of spectral limitations, the sub - 
carrier program was not a "full fre- 
quency response" transmission either. 
Thus, about all that was gained in this 
pioneering effort was the fact that two 
transmitters were no longer needed 
and, a single, properly built receiver 
could be used instead of a separate AM 
and FM set as with the WQXR (and 
later, other stations) experiments in 
the fifties. 

What we now call "compatible stereo 
FM" was waiting in the wings, in the 
form of a patent applied for in 1953 by 
Mr. Murray G. Crosby, another noted 
inventor in the FM field. By the time 
his patent was granted in 1958, all man- 
ner of schemes were being presented 
for consideration - all of which pur- 
ported to provide the "perfect" answer 
for stereo broadcasting. Next month 
we shall examine the Crosby System as 
well as the approved FCC system pro- 
posed by General Electric and Zenith 
Radio, both of which offered the public 
truly compatible FM stereo. By com- 
patible, we mean that the monophonic 
listener was in no way penalized by 
stereo broadcasting, since he continued 
to receive a totally balanced mono- 
phonic equivalent of the stereo broad- 
cast-or the sum of the left and right 
channels. 

AUDIO JUNE 1969 55 



Can Crossover Distortion 
Be Detected By Ear? 

mNu,apLRll!IVi o n , 

JAMES BONGIORNO* 

Rn ill I 
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Five modified power amplifiers are compared 
subjectively to learn if "notch" distortion can be heard 

000 

CONDUCTED AN unusual listening ex- 
periment to determine if crossover dis- 
tortion in transistor power amplifiers 
is detectable on a subjective basis. Since 
the object was to compare a listening 
effect rather than specific products, the 
use of standard amplifiers was ruled 
out. Also, since the inherent distortions 
differ widely in types and amounts 
from products of different design, this 
was another reason for eliminating the 
use of commercial amplifiers. After all, 
the test was designed only to show some 
differences between crossover distortion 
and the absence of it. It was finally 
decided that the listening tests would 
be conducted using five different modi- 
fied amplifiers driving stacked AR3a's. 
The choice of AR's was arbitrary-they 
are well-rounded systems, and using 
them stacked in series would call for a 
lot of power from the amplifiers, while 
at the same time ensuring that no 
speaker cone breakup would occur at 
extremely high listening levels. (The 
cause and effect of crossover distortion 
was examined by the author in the 
May 1969 issue of AUD10-Ed.) 

It was further decided that all five 
amplifiers should have identical voltage 
gains and must also start clipping at 
exactly the same power level. The 
power supplies were also adjusted for 
equal short -time -constant overloads. 
And in all fairness, one of the ampli- 
fiers chosen was of the tube type. This 
presented a problem in the sense that 
practically all transistor amplifiers ex- 
hibit a much wider frequency response 
than even the best tube amplifiers. It 
was felt, therefore, that the score 
should be evened a little bit in order 
not to make the tube amplifier's pres- 

"Consulting Engineer 

ele111011911u 

I ence obvious. The tubed model selected 
was a Hadley Laboratories 601, which 
hasn't been available for a few years. 
Although the company isn't in business 
anymore this amplifier ranks as an out- 
standing tube model. A few modifica- 
tions and adjustments were made to get 
the performance close to that of the 
four transistor amplifiers being used. 
The distortion was almost as low as 
that of the transistor models and the 
bandwidth extended out almost as far, 
falling about 20 kHz short of the others. 

The four transistor amplifiers were 
characterized by the following: All four 
were of special design, but were exactly 
identical except that No. 1 had the spe- 
cial bias networks removed so that 
primary crossover distortion occurred 
above the two -watt power level (the 
two -watt level was chosen at will as 
only the effect was desired). No. 2 was 
normal with the exception that the bias 
network was redesigned in order to 
have secondary crossover distortion be- 
gin at the 2 -watt level; this redesign 
was necessary because nothing was 
done to No. 3, and in this special pro- 
prietary circuit, crossover distortion 
cannot occur. The reason for the re- 
design, then, was to have No. 2 perform 
as closely as possible to most commer- 
cial units presently available. No. 4 was 
biased to full Class A operation as a 
further test of difference. It might be 
stated, that for one channel to provide 
60 watts of Class A power into a 4 -ohm 
load, each output transistor must dis- 
sipate a quiescent power of approxi- 
mately 96 watts! In this unit, water- 
cooled forced -air convection was used 
to keep the junction temperature low. 
Amplifier No. 5 was the tube model. 

All distortions were checked at a 

power level of 60 watts rms, both chan- 
nels driven, and the distortions listed 
here were at a reference frequency of 
20 kHz. As expected, No. 1 registered 
the highest distortion, 0.12 per cent, but 
the peak -to -average distortion of the 
spikes was approximately 20 to 1, indi- 
cating a peak level of primary cross- 
over distortion of 2.5 per cent. Ampli- 
fier No. 2 measured .02 per cent, and 
again the peak -to -average level of sec- 
ondary crossover distortion was about 
20 to 1, which indicates a peak level of 
the notches at about 0.4 per cent. Ob- 
viously there is quite a difference be- 
tween these two amplifiers, showing 
the effect of the two different types of 
crossover distortion. No. 3 measured 
.006 per cent and was pure second har- 
monic with absolutely no crossover dis- 
tortion. No. 4, the full Class A ampli- 
fier, was the best, measuring .002 per 
cent; again being pure second har- 
monic (but it also might be stated that 
the residual of the test set-up was also 
.002 per cent). Amplifier No. 5, the 
tube model, measured .06 per cent with 
some high -order products visible, prob- 
ably due to the output transformer. 
These were the measurements; now for 
the listening tests. 

Listening Tests 

The six listeners consisted of a pop 
singer, a jazz pianist, two engineers, 
and two avid hi-fi enthusiasts, the 
writer excluded. They weren't told 
what was happening and, furthermore, 
amplifiers were switched completely at 
will with no particular sequence. All 
that was wanted was their listening 
impressions. 

Everyone rejected No. 1, the ampli - 
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fier with primary crossover distortion, 
almost instantly. Their impressions 
were that the sound was "dirty" and 
"gritty" and wasn't nearly as clean as 
the others. Could this be what charac- 
terized the early solid-state units? 
After No. 1 was eliminated, it took a 
couple of hours of solid listening to 
come to any valid conclusions. The 
music selected ranged through Chopin's 
Ballads by Rubenstein, Wagner's Die 
Walküre, the Oscar Peterson trio, the 
Gerald Wilson big band, and The Plan- 
ets by Gustav Holst, although it must 
be said that the panel was not neces- 
sarily versed in the appreciation of 
everything that was played. 

There was finally a general conclu- 
sion that No. 5, the tube amplifier, 
lacked the clarity and dimension of the 
others. According to the listeners, it 
seemed to have a mask or veil in front 
of the sound, especially at the fre- 
quency extremes. 

After another hour of listening the 
panel could not come to any valid con- 
clusions, so the meeting was closed for 
that night and it was planned to re- 
sume again the following week. At that 
next meeting, the two engineers had 
guessed the reason for the listening 
tests and were both very inquisitive, 
but information concerning the test am- 
plifiers and test methods were not re- 
vealed. There were supposed to be 
three amplifiers left, numbers 2, 3, and 
4. The tube amplifier was substituted 
for No. 4, however, in an effort to be 
tricky. Surprisingly, the change was 
noticed after about fifteen minutes! 
Number 4 was put back and the tube 
amplifier removed. Remaining, then, 
were an amplifier with a moderate 
amount of secondary crossover distor- 
tion, one Class B amplifier with no 
crossover distortion, and one Class A 
amplifier, obviously with no crossover 
distortion at all. 

After about two and a half hours, 
four of the six people commented that 
one of the "sounds" was fatiguing and 
the other one wasn't. Notice that they 
said other one, as they didn't know that 
there were two other amplifiers being 
used. The other two people could not 
verify that there was any difference at 
all. Better results than this had been 
expected, since I thought a good panel 
had been selected. It was later learned 
that both of these people had limited 
experience listening to music through 
good -quality equipment. The other four 
people were known friends, with "sea- 
soned" ears. 

It was then decided to remove the 
unit that they said was fatiguing, No. 2, 
leaving only the two amplifiers with no 
crossover distortion. The evening con- 

tinued with no other changes or con- 
clusions. We met again the following 
week and for the first hour and a half 
we just listened to the two amplifiers 
that did not have any crossover distor- 
tion, again with no conclusive results. 
No. 4, the Class A amplifier, was then 
secretly removed and No. 2 (which had 
the secondary crossover distortion) took 
its place. Finally, after about another 
hour, the listeners observed once again 
that No. 2 produced a slight fatiguing 
effect after prolonged listening. All four 
people came to the same conclusion, but 

not necessarily at the same time. 
Of course, it is realized that observa- 

tions and conclusions on such a limited 
scale are probably subject to as much 
controversy and cross-examination as 
there are individuals who read them. 
Also, these are only the writer's own 
conclusions, based on limited tests. It 
is firmly believed, however, that ultra- 
high -frequency distortion such as cross- 
over distortion, while not audible itself, 
does have a pronounced effect on music 
reproduction. Æ 
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