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Read 
anyd 

warranties 
latel 9 A product is, in the long run, no better than the competence of the 

manufacturer; and a warranty simply reflects the manufacturer's 
confidence in his own product. Scott's philosophy is basic ... we deliver 

not just equipment, but performance of the highest level. For this reason, Scott equipment is built 
with quality where it counts, not just where it shows. Scott equipment is built to last, not merely 
to sell at a price. 
This is Scott's warranty. It reflects our belief that the best is the least expensive in the long run. 
Our warranty covers both parts and labor for two full years. Read it for yourself. 
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`.° Ca SC OTT All H. H. Scott professional quality tuners, 

amplifiers, receivers, compact stereo music o systems, and loudspeaker systems are warranted against de- 
(,..... , fects in material and workmanship for two years from the date 

.._.>% 
of sale to the consumer. The unit must be delivered to and picked 
up from either an authorized Scott warranty service station or 
the Customer Service Department, H. H. Scott, Inc., 117 Powder - 
mill Road, Maynard, Massachusetts 01754. «o This warranty covers repair and/or replacement of any part 
found by the manufacturer, or his agent, to be defective, includ- á, ing any associated labor cost. 
The above warranty does not apply to (1) accessory parts ex- _ plicitly covered by the field warranty of an original manufac- 
turer; (2) units subjected to accidental damage or misuse in o violation of instructions; (3) normal wear and tear; (4) units re - á paired or altered by other than authorized service agencies; 
and (5) units with removed or defaced serial number. 
This applies to 1968 and later model year units. 

.... .. 
I 1 1f I I I I I I I I I 1 I I I I I I I 

o -- o o - o ó 
1968, H. H. Scott, Inc. 

D. 

Check No. 100 on Reader Service Card 



AUDIO 
ARTHUR P. SALSBERG, Editor 

EDWARD TATNALL CANBY, Associate Editor 
PETER RENICH RICHARD CLIFF 
Art Director Design 

Contributing Editors 
HERMAN BURSTEIN JOSEPH GIOVANELLI 

LEONARD FELDMAN ALEXANDER ROSNER 
BERTRAM STANLEIGH STUART TRIFF 

BERT WHYTE 

January 1969 Vol. 53, No. 1 

Successor to 1ZADI0 
, Est. 1911 

C. G. MCPRouD, Publisher 

SANFORD L. CAHN 
Marketing Director 

R. KENNETH BAXTER 
Production Manager 

MARY CLAFFEY 
Subscription Manager 

FEATURE ARTICLES 

Behind the Scenes -8 -Track Tape Cartridges 10 Bert Whyte 
The Cross -Field Technique 21 Fritjof Brodtkorb 

Layman's Guide to Tape Recorder Specifications 25 

Tape Recorder Directory 34, 36, 38, 40 
Video Tape Recorder Directory 44 

The Commonality of Speaker Systems 
and Musical Instruments-Part 2 

ABZ's of FM-More on FM Detection 
Electronic Organs-Part 5 

Sound & Decor Styles 

er, 

46 
58 
60 
62 

EQUIPMENT PROFILES 

Antony Doschek 
Leonard Feldman 
Norman H. Crowhurst 

Lafayette AM/FM-Stereo Receiver 50 LR -1500T 
Knight -Kit Sweep/Marker Generator 52 KG -687 

Elac Stereo Phono Cartridge 54 STS -444E 
Klipsch Speaker System 56 Cornwall II 

e 

RECORD/TAPE REVIEWS 

IYLTITOTL O, 

HIGH FIDELITY 
YAMUGLTULLRL 

Off 

Classical 66 Edward Tatnall Canby 
Light Listening 72 Stuart Triff 

Jazz 74 Bertram Stanleigh 
Tape Reviews 76 Bert Whyte 

AUDIO IN GENERAL 

Audioclinic 
Audio Techniques 

What's New in Audio 
Tape Guide 

Editor's Review 
Classified 

Advertising Index 

2 
4 
8 

16 
18 
80 
82 

Joseph Giovanelli 

Herman Burstein 

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, $6.00 per year. Printed in U.S.A. at 
Philadelphia, Pa. All rights reserved. Entire contents copyrighted 1968 by 
North American Publishing Co. Second class postage paid at Phila., Pa. 
REGIONAL SALES OFFICES: Sanford L. Cahn, 41 E. 42nd St., New York, 
N. Y. 10017, (212) 687-8924; Louis Weber, 5201 N. Harlem Ave., Chicago, 
Ill. 60656, (312) 775-0755; Jay Martin, 9350 Wilshire Blvd., Beverly 
Hills, Calif., (213) 273-1495. 

REPRESENTATIVE: Warren Birkenhead, Inc., No. 25, 2-chome, Shiba Hama- 
matsu -cho, Minato-ku, Tokyo, Japan. 

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

Number 64 in a series of discussions 
by Electro -Voice engineers 

HORNING 

IN 
RAY NEWMAN 
Senior Product 
Engineer 

In recent years great interest has been evi- 
denced in large output speaker systems exhibit- 
ing a high order of durability. The demand has 
come from the acceptance of electronically am- 
plified musical instruments and the development 
of new musical idioms involving these instru- 
ments. 
Typical products in this field are cone speakers, 
re -engineered to handle greater input power, 
and commonly installed in direct -radiator 
ported enclosures. These systems have the ad- 
vantage of simple construction and generous 
mid -base response. However, at very low fre- 
quencies the enclosure usually offers little 
acoustical loading of the speaker diaphragm, 
limiting bass response, and permitting excessive 
excursions that seriously affect power handling 
and durability. Designs offered ranged from 
acoustical nonsense to a few systems of good 
physical design, depending on the acoustical 
sophistication of the company involved. 
Before producing speakers for the modern 
music market, Electro -Voice first defined the 
characteristics of the ideal speaker system: 1) 
Low distortion at high power output; 2) Dura- 
bility at high power inputs; 3) Maximum con- 
version efficiency; 4) Wide, uniform frequency 
response, beyond the usual 5kHz limit of most 
instrument speakers; 5) Good physical durabil- 
ity and moderate weight for portability. 
It was felt that a sophisticated front -loaded all - 
horn system offered the greatest potential for 
improvement. It should be noted that such 
designs are not undertaken lightly, as design 
demands are rigorous, requiring extensive in- 
vestments in experience and equipment to be 
successful. 
Examination of such a design indicated the 
following advantages over conventional direct 
radiator types: 1) Conversion efficiency of 25- 
30% compared to about 10% for direct radia- 
tor systems. With about 4 db more output for 
equivalent input, this more than doubles the 
available amplifier power; 2) Low distortion at 
high output levels due to small diaphragm am- 
plitudes insured by the high conversión effi- 
ciency and effective diaphragm loading at all 
frequencies resulting from good horn design; 
3) Durability at high output levels as horn 
loading provides high sound levels with moder- 
ate diaphragm excursions, even at very low fre- 
quencies. Additionally, sturdy SRO15 woofers 
are used in the system; 4) Extended frequency 
range insured by multiple horns, each designed 
to cover a specific range efficiently; 5) Rugged 
physical design at reasonable weight as a result 
of a design created solely for this market. 
Two speaker systems evolved from this study: 
the Eliminator 1 and Eliminator 2. Both are so- 
phisticated multi -horn units that take full ad- 
vantage of horn loading. The Eliminator 1 is a 
three-way system with response extending be- 
yond audibility. The Eliminator 2 is a two-way 
system with useful response to 10kHz and un- 
usually high power handling capability. 

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

ELECTRO -VOICE, INC., Dept. 193A 

602 Cecil St., Buchanan, Michigan 49107 

gkcer 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 
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Coming in 
February 

1969 
A Layman's Guide to Hi-Fi/ 
Stereo Specifications-Here's 
a down-to-earth description 
of tuner, amplifier, and re- 
ceiver specifications. Includ- 
ed is information on how to 
interpret graphs that relate to 
specifications. 

High -Frequency Bias Re- 
quirements for Tape Record- 
ing-Andrew H. Persoon of 
the 3M Company describes 
how high -frequency bias cur- 
rent to a record head com- 
pensates for non-linearities, 
why proper bias adjustment 
provides a better signal-to- 
noise ratio and optimum fre- 
quency response. 

The Commonality of Speaker 
Systems and Musical Instru- 
ments - Antony Doschek 
concludes this series by dis- 
cussing idiophones-drums, 
cymbals, triangles, marimbas, 
etc. 

Electronic Organs, Part 6 - 
Norman Crowhurst examines 
methods used to achieve vi- 
brato or tremolo on elec- 
tronic organs. 

PLUS: Equipment Profiles, 
ABZs of FM, Audioclinic, 
Tape Guide, Record and Tape 
Reviews and other regular 
Audio departments. 

ABOUT THE COVER: 
Audiophile R. M. Holmes gave spe- 
cial consideration to reproducing 
music when his home in Canada 
was being built. His music system, 
part of which is shown on the 
cover, was assembled so that he 
could pre -record daily programs 
for CFMO-FM, the station he man- 
aged at that time. See page 62 for 
a complete description of his sys- 
tem, including record/playback 
switching methods. 

Audioclinic 
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. 

Stray Magnetic Fields 

Q. I have an equipment cabinet 
which, at present, contains a changer, 
a tape deck, a solid-state amplifier and 
a transistorized tuner. 

The center section of this cabinet is 
reserved for a TV set. I shortly plan to 
put a table model color TV set in this 
area. Because of the space limitations, 
this model will probably have a metal 
cabinet. I realize that the color set will 
generate a strong magnetic field. I 
would like to know what effect this will 
have upon the components, especially 
the tape deck and the phonograph, 
which are located in the immediate vi- 
cinity. 

Is there any way I can effectively 
shield the center compartment? If not, 
will there be a detrimental effect on the 
components? 

I hope you can help me with this, be- 
cause the answers I have gotten range 
from "no effect at all" to the recom- 
mended use of copper sheathing. - 
Robert Rosenberg, Flushing, L.I., N.Y. 

A. You will be glad to know that I 
doubt you will have difficulty with mag- 
netic fields associated with your new 
TV receiver. It is possible that there 
will be some hum if the television re- 
ceiver and the high-fidelity equipment 
are operated simultaneously. However, 
I see no reason to expect deterioration 
of your high-fidelity system because of 
these fields. 

Even if there was a tendency of the 
fields around the television set to mag- 
netize your tape heads, they can easily 
be demagnetizd periodically. You prob- 
ably are already taking such precau- 
tions. 

Stereo Discs with Mono Pickups 

Q. Recently I saw advertisements of 
several record companies saying that 
their records could be played with 
mono tonearm/cartridges without a loss 
of quality. 

I cannot understand this. Because 
the stereo groove is a spatial curve, 
and the mono stylus has its degree of 
freedom only in the horizontal, not in 
the vertical direction, the stylus cannot 
follow the vertical component of the 
groove. Any attempt to track the stereo 
groove with a mono cartridge would 
damage the record permanently be- 
cause the stylus in its forced vertical 
motion, hampered by the inertial forces 
of the tonearm, would grind the 
grooves, resulting in distorted sound. 

Am I right? What is your opinifin?- 
Dr. Helmut G. Lackner, Huntsville, 
Alabama 

A. Up to a point, you are correct that 
there would be damage when playing 
the average stereo recording with a 
monophonic cartridge. This is more 
theoretical than practical today, how- 
ever. 

The largest amount of groove devia- 
tion takes place because of the low - 
frequency content of the music. The 
lows can cause so much trouble that 
they must be reduced in amplitude in 
the vertical plane so that the recording 
stylus does not leave the surface of the 
disc during the recording process. Sud- 
denly, somebody realized that if this 
process is carried to a point where most 
of the bass was recorded having only 
a horizontal component, stereophonic 
directionality would scarcely be de- 
graded, and the actual, vertical swing 
of the groove would be considerably re- 
duced. Playing a record which is pro- 
cessed in this manner on a monophonic 
cartridge is found to produce little or 
no audible difference in terms of dis- 
tortion or record wear. (Also, today's 
mono cartridges exhibit greater vertical 
compliance than did earlier ones.) 

The only quarrel I have with this 
arrangement is that merely combining 
two channels, as is the case when listen- 
ing to a stereo disc monophonically, 
will not necessarily give you as good a 
result as a true, mono mix made during 
the original recording session. Never- 
theless, you will find that the resulting 
product is a good one, and that you 
can play it very well indeed with any 
pickup you choose. I have proved this 
to my own satisfaction before I under- 
took to cut similar types of discs. 

External Connections 
to Tape Heads 

I have been toying with the idea of 
adapting my recorder, which is pres- 
ently a monophonic record and stereo- 
phonic playback type, to include both 
stereo record and playback features. 
This would utilize external record/ 
playback electronics in my home and 
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PAPER 
STROBE 
DISC 

DIDRAL 
READOUT 
COUNTER 

COST:.. 
SaT5.Do 

Garrard's 
Synchro-Lab Motor 

demonstration at 
the New York and 

San Francisco 
Hi-Fi Shows. 

Customers and Salesmen: Were you there 
when we proved the need for unvariable speed 

We must have used the most boring rec- 
ord ever played at a hi-fi show...and one 
of the most instructive. No music on it- 
only a constant, 1,000 cycle note...held 
to within 1/10 of one percent accuracy! 

It wasn't even meant to be listened to, 
but to be measured. And the people who 
visited Garrard's exhibits at the New York 
and San Francisco shows came not to 
listen, but to watch,. as the record was 
played back on a Garrard SL 95, with a 
precision digital counter monitoring its 
output frequency. 

Each day, throughout the 10 days of the 
shows, dealers and visitors watched the 
SL 95 playing the same record, hour 
after hour, for up to 10 hours a day. And, 
every 10 seconds, the line voltage to the 
turntable was varied deliberately with a 
Variac transformer, from a low of 65 to a 
high of 135 volts, and then back. 
Meanwhile, a sophisticated digi- 
tal readout counter-same type 
as used in space technology- 
faithfully monitored the actual 
frequency at which the pre- 
recorded, 1,000 cycle note was 
being reproduced. For the turn- 
table to meet the critical stand- 
ards of the National Association 
of Broadcasters (NAB), the out- 
put frequency would have to be 
held within plus or minus toler- 
ance of 3/10 of one percent 
under normal operating condi- 
tions. In other words, the digital 
counter would have to display 
a readout of between 997 and 
1,003 cycles. 
Conditions were, of course, 
anything but normal: extreme 

voltage variations; long hours of play; 
high room and motor temperature; much 
tougher circumstances than in any home. 
Nevertheless, the Garrard SL 95 held its 
speed constant, and the c gital counter 
displayed a readout of between 999 and 
1,001 cycles...three times.better than the 
rigorous NAB standard! 
To keep the speed-and the record pitch 
this accurate-required the Garrard 
Synchro-Lab Motor. Within fractions of a 

second after it is turned on, it locks in to 
the precise speed of the record being 
played, and it stays locked in until 
turned off-because this motor operates 
in strict synchronization with the rigidly 
controlled 60 -cycle frequency of the 
electric power line-reliable and accu- 
rate as an electric clock. However, un- 
like conventional "synchronous" motors, 
the Synchro-Lab Motor is powerful 

World's Finest 

enough to bring the turntable up to its 
proper speed in an instant, as only "in- 
duction" motors (with far less accurate 
speed control) could do previously. This 
is because Garrard's exclusive Synchro- 
Lab design combines both synchronous 
and induction windings on a single rotor. 

Incidentally, there are significant benefits 
from the Synchro-Lab Motor in addition 
to perfectly constant speed. The old- 
fashioned heavy turntable has now been 
eliminated, because its flywheel effect is 
no longer needed for speed accuracy. 
This, in turn, cuts rumble and preserves 
the life of the important center bearing. 
And, you will find no variable speed con- 
trol on the Garrard SL 95, simply because 
no such control (even with a strobe disc 
and special viewing lamp) allows the 
turntable to be set to correct speed-and 
kept there-with the unfailing accuracy 

built into the Garrard Motor. 

By the way, you may have won- 
dered how that dull, 1,000 cycle 
record fared, with over 100 
hours of playing time during the 
two shows. It fared quite well- 
it's still playable-after a wear 
test equivalent to years of play 
for the average record. That 
says nothing, of course, about 
the SL 95's motor, but it does 
say quite a bit for the tracking 
capabilities of its gyroscopi- 
cally gimballed, magnificently 
engineered tonearm system. 

There are seven Garrard 
models from $37.50 to $129.50, 
less base and cartridge. Five of 
them incorporate the Synchro- 
Lab Motor. 

Send for a complimentary Comparator Guide, with full feature -by -feature descriptions. Write to Garrard, Dept. AA1-9, Westbury, N.Y. 11590. 



would include being able to disconnect 
this arrangement so that the internal 
facilities could be used when I record 
outside of my home. 

T/t 
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TAPE HEAD 

REC/PLAY OUTPUT 

r'--- 
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á á \ K K 

I W w W 
K 

Fig. 1-Tape Head Rec/Play Output. 

Figure 1 shows how this was accom- 
plished. To implement this circuit, 
mount Switchcraft's "Tiny Jax" on the 
rear of the recorder and wire them ac- 
cording to the diagram. When using ex- 
ternal amplifiers, plug them into these 
jacks and record or play back, bypass- 
ing the electronics in the machine. 

When I take the recorder outside my 
home, I merely unplug the external am- 
plifiers, and the recorder is ready for 
portable use. 

TAPE HEAD PLAYBACK OUTPUT 

IINTERNAL 
kLECTRONICS 

IREC/PLAY 

1 AMP 

ICHAN B 
PLAYBACK 
PRE -AMP 

a I 

z I 

aQI ;=1 
Fig. 2-Tape Head Playback Output. 

Figure 2 is an arrangement for stereo 
playback only, directly from the tape 
head. I used this circuit arrangement in 
the past and it worked well. 

In my recorder I did have to watch 
the paths of the wires carefully in order 
to prevent feedback. This precaution 
may not always be necessary, but do 
not be surprised if you must reroute 
leads a number of times before you get 
the machine tamed down.-Name With- 
held. 

Audio Techniques 

Note: Most of the time we want to 
keep the items in this column on the 
short, snappy side. However, when 
something really interesting comes 
along, it should be printed in a way 
as to give it the full treatment that 
it deserves. Here is one from reader 
Thomas R. Hackett of New York 
City. It concerns AM reception, im- 
portant because so many new com- 
ponent receivers today are available 
with this broadcast band in addition 
to FM and FM stereo. 

Broadcast -Band Interference 
("Birdies") from TV Sets 

"Unbelievable as it may seem, inter- 
ference to AM receivers caused by the 
radiation of harmonics of a TV set's 
horizontal sweep circuits can be elimi- 
nated. 

"The most obvious remedy is to get 
at the TV set and prevent sweep sig- 
nals from leaving. Use a high-pass filter 
in the antenna lead-in, tying it to earth 
ground and mounting it on a can on the 
back of the receiver. Then use a line 
filter (like the Sprague Filterol) in the 
a.c. line to the TV set, again mounting 
it on the back of the set and tying it to 
earth ground. (Use the shortest amount 
of line between the set and the filter 
which you can reasonably use so that 
the line cord itself won't radiate appre- 
ciable signal.) If the interference per- 
sists, use aluminum foil to shield the 
TV, taping it around the yoke and in- 
side the cabinet. Use high -voltage plas- 
tic between the foil and the yoke, and 
ground the foil. 

"The above will usually eliminate the 
`birdies,' but, occasionally, further de - 
coupling will have to be performed at 
the receiver. Also, sometimes you can- 
not get at the TV set. You have no 
choice but to work at the broadcast - 
band receiver. 

"First, use one of those a.c. line filters 
to eliminate any TV sweep that is on 
the power line. Tie the radio chassis 
to earth ground-not a.c. ground! This 
a.c., or waterpipe, ground always picks 
up more interference and noise than it 
eliminates. Use an entirely separate 
ground spike, or several if possible, and 
run the shortest possible cable to the 
chassis, using the largest wire gauge 
you can-No. 4 if you wish. (You must 
be careful to observe proper polarity of 
the line plug if the receiver has a 'hot' 
chassis.) 

"Try antenna re -orientation; if a 
long wire is used, tune or turn it for 
a null of the TV `birdies.' If a loop is 
used, rewind it with mike cable having 
two conductors plus shield, making a 
low -impedance loop, which will elimi- 
nate much noise by itself. You will have 
to get an r.f. transformer to match the 
low -Z loop to the input circuit of the 
radio receiver. Naturally, the shield is 
ground, but leave a gap in the shield at 
some point so signals can enter the 
loop. You'll be surprised at how much 
ITV can be eliminated. 

"A few years ago I did a thorough in- 
vestigation of sweep interference, dur- 
ing the course of which I tabulated all 
possible cases, took many field mea- 
surements, constructed a few bread- 
board receivers, experimented with 
various types of TV receivers, line fil- 
ters, etc. Among the fruits of this re- 
search were the following facts: The 
`birdies' precisely fixed as the two 
sources of oscillation are closely con- 
trolled by FCC standards: BC trans- 
mitters must remain within 20 Hz of 
their assigned frequency. The horizon- 
tal sweep frequency is controlled by the 
TV station's sync generator. The fre- 
quency of this generator is 15,734.264 
plus or minus 0.044 Hz for color pro- 
grams, 15,750 Hz (no tolerance) for 
black -and -white programs. Field mea- 
surements of the latter B & W signals 
indicates tolerance is as close as for 
color. The only noticeable shift is when 
the station goes from B & W to color. 

"To cite an example, when a station 
is transmitting B & W, the 43rd har- 
monic of the horizontal signal is 677.250 
kHz, causing a 2,750 Hz beat with any 
BC station transmitting on 680 kHz. 
When the TV station switches to color, 
the 43rd harmonic then becomes 
676.573 kHz, causing an audio beat of 
3427 Hz, which is noticeable to the ear. 
The sync generator tolerance of 0.044 
Hz means that the audio beat in the 
radio will shift from a low of 3428 Hz 
to a high of 3425 Hz, which no one can 
detect, as it is a slow shift. 

"Furthermore, if you must have a 
wide -band AM tuner, most of the chan- 
nels will be plagued with 'birdies,' un- 
less you decouple the tuner. If you 
cannot decouple or if this does not get 
rid of all the hash, and you do not have 
or do not need a wide -band tuner, and 
can get by with 5 kHz audio response, 
you have 34.6% of the AM broadcast 
band to listen to-or 37 channels. These 
are the channels on which the beats are 
above 5 kHz. Examples: 560 kHz, on 
which the beats are 7000 and 8750 Hz; 
590 kHz, 7250 and 8500 kHz; 620 and 
640, on which they are 5750 kHz. Of 
course, you are in luck if there are no 
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CHE HALLAS 

6876. Featuring lanis Joplin sing- 
ing Piece Of M) Heart, Summer- 
time, 9 more 

It/4)491r: 
THE 

IT 

WAITING 'OR THE:UN 

Hello, Love Yo 

, 10 MOE 

THE BEAT I)F THE BRASS 

HERB AbPERTÒ 
THE TIRANA BRASS 

. se .S 

6479. Intl ides Herb Alpert's vo 
cal hit: 'Nis Guy's In Love With 
You, Cabawt, Etc. 

HOROWITZ 

ON TELEVISION 

RAY CONNIFF 
enc the Singers 

TURM AROUND, 
LOO< AT ME 

Pes 
Mrs Rabies( 

9 MO! 

THE 5"' DIMENSION 
STONED SOUL PICNIC 

6825. Featuring their hit: Stoned 
Soul Picnic, Sweet Blindness, It's 
A Great Life, etc. 

ANDY 

WILLIAMS 
HONEY 
Pws 

8y the Time 
I Get 

to Phon :, 
9 MORE 

6823. Also: five To 6550. Program taken 6857. Also: People; 6558 Plus: Love Is 

One, W in te rt me from performances The C ood,The Bad And Blue; Windy; Up, Up 

Love, 11 in all at Carnegie Hall The Ugly 11 in all And Away; etc. 

GARY FUCKETT & 

THE UNION GIP 

Featuring -YOUNG 11111 

<..: Weisz 10 MINE 

PERCY FAITH 
His Orch. and Chorus 

ANGEL OF THE 
MORNING 

Pua Mrs. Robinson 
MacArthur Park 

ANDRE 
KOSTELANETZ 

and his Orchestra 

Scarborough Fair 

COLUMBIA 
STEREO TAPE CLUB 

now offers you 

FREE- if you join now 
REVOLUTIONARY SELF - 

THREADING TAKE-UP REEL \ .T / 

NY 6 
7"REEL-TO-REEL 
STEREO TAPES 

lust drop the end of the tape over this 
reel, start your recorder, and watch it 
thread itself! Unique Scotche process 
automatically threads up tape of any 
thickness, releases freely on rewind. 

WES MONTGOMERY 
DOWN HERE ON 
THE GROUND. 

Plus: Wind Sony 9 MORE 

S JUNDTRACK) 

THE 

tdt GRADUATE 
Sorg, Performed by 

1^e i a 
Garfunkel 

6480. Includes: ion- 6762. Plus Do You 631:. "Like the mov- 6511. Plus: I'll Get 6489. Plus: Up And At 

ey,The Mighty Quinn, Know The Way To San ie, a kit album" By, Love Is Blue,Tre It, Georgia On My 

Lady Madonna, etc. lose, Honey, etc. -Bi (board Magazine Look Of Love, etc. Mind, 10 in all 

6340. Also: Li e A 

lover, The Loos Of 
Love, Ruda, et.. 

JOHNNY 

RIVERS 
Realizution 

Sumner 
Rail 

9 MORE 

BARBRA 
STREISAND 

A 
Happen, ng 

Central Park 

THE 

VENTURES 
THE HORSE 

-Plvs- 
Grazing in 
the Grass 

I emERry 110 MORE 

BERNSTEIN'S 
GREATEST HITS 

NEW YORK 

PHAHARMON C 

DONOVAN 
IN 

CONCERT 

There Is a Mountain 
Mellow Yellow 

r:1 I2 MORE 

6964. Cry Me A River, 6797. Also: Here 5236. España, On The 6706. Plus: Poor Cow, 

People, Second Hand Cones The Judge, Trail. Waltz Of The Young Girl Blues, 
Rose, many more The Gal op, etc. Flowers, etc. Preachin' love, etc. 

ROGER 

WILLIAMS 
GOLDEN 

HITS 

Barn free 
Somewhere, 
My Lore 

R MDR: 

JOHNNY'S 
GREATEST HITS 
Chances Are 

Wonderful ! 

Wonderful! 

plus ID mare 

6733. Plus: Leek To 5553. Plus: Maria, 2E39. ' The best mu. 6366. Includes: Old 1013. Also: Twelfth 
Your Soul, Whiter Moon River, Tester- slc:l score of '65." Friends, Mrs. Robin- of Never, No Love, 

Shade Of Pale etc. day, Dominique, etc. Am. Record Guide son, At The Zoo, etc. Come to Me, etc. 

GHOE _. 

GRAND 
CANYON 

SUIT 

Bernet -in 
N.Y 

PhllharmnC 

THE FOUR TOPS' 
GREATEST HITS 

Cant Delp Myself 

Ifs the Same old Song 

MORE 

JCHPW'!Y CASH'S 
GREATEST HITS, VOL t 
Rlr-g of Poe Jackson 

I Walk the Line 
e MORE 

Ae't 11-, 

People 
Absent 

Minded Me 

Fine 
And Dandy 

1645. 3elightf I per- 5603. Plus: Baby I 085. Plus: Orange 1646. Also: Love Is 

formar ce of testés Need Your Loving, Besson Special; It A Bore, My Lord And 

soarin; tone oem Bernadette, 8 more Ain't Me, Babe; etc. Master, Autumn, etc. 

SIMONliGARFINKEL 
PARSLY, SAGE 

Rd MARY 
R I,YMf 

Norsward 
B_d 

The angring 
Contersation 

tlEAORE 

The Incredible 
JIMMY SMITH 

I'm Movin' On 

MORE NOSTELANETZ 
and His 

Orchestra 

t `L Far the 
Young 

Si pe 

Heart 

THE TEMPTATIONS 

GREATEST HITS 

A e 

The Way You Do 
The Things You Do 

My Girl ro MORE 

coRor1.114 

3442. Also: A Poem 5634. Plus: What 6E58. Mrs. Robinson, 3720. Also: My Baby, 

on the Underzround Kind Of Fool Am I, Taunt Girl, Lady Get Ready, Don't 
Wall, Cloudy, etc. Back Talk, etc. Madonna, etc. Look Back, etc. 

'BOB DYLAN'S' 
GREATEST -ITS 

Mr. Tambourine Man 
Blowin in the Wind 

It Ain't Me, 3abe 
I Want You - MORE 

3851. Plus:Rainy 
Day Women, like A 

Rolling Stone etc. 

TWIN - 
PACKS 
Twice the 
music -yet 
each counts 
as one 
selection 

GERSHWIN 
RHApsODY 

IN BLUE 

Spellbound 
Concerto 
Warsaw 

Concerto 
3 MORE 

4302. A real bargain 5874. I Hear A Sym. 
fur classical music phony, Ask Any Girl, 
levers Baby Love, etc. 

FOR$ 
ONLY 

95 
if you join the Club now, and agree to purchase 
as few as five additional selections during the 

coming year, from the more than 30U to be offered 

JUST LOOK AT THE FANTASTIC SELECTION of best-sellers the 

Columbia Stereo Tape Club is now offering new members! 

The greatest stars ... the biggest hits ... and all available 
in the incomparable stereo fidelity of 4 -track reel-to-reel 
tape! To introduce you to the Columbia Stereo Tape Club, 

you may select any 6 of the stereo tapes shown here, and 

we'll send them to you for only $6.95! That's right - . 

6 STEREO TAPES for only $6.95, and all you need do is agree 

to purchase as few as five tapes during the coming year at 

the regular Club price. 

HOW THE CLUB OPERATES: Each month you'll receive your 

free copy of the Club's magazine which describes and dis- 

plays tapes for many different listening interests and from 
many different manufacturers. You may accept the regular 

selection for the field of music in which you are primarily 
interested, or take any of the scores of other tapes offered 
you, or take no tape at all that month. 

YOUR OWN CHARGE ACCOUNT! Upon enrollment, the Club 

will open a charge account in your name. You'll pay for the 
tapes you want only after you've received them and are 

enjoying them. The tapes you want will be mailed and billed 
to you at the regular Club price of $7.95 (occasional Original 
Cast recordings somewhat higher), plus a small mailing and 

handling charge. 
YOU GET FREE TAPES! Once you've completed your enroll- 
ment agreement, you'll get a stereo tape of your choice 
FREE for every two tapes you purchase! 

SEND NO MONEY NOW! Just fill in and mail the coupon today! 

Note: All tapes offered by the Club must be played 
back on 4 -track reel-to-reel stereo equipment. 

APO, FPO addressees: write for special offer 

COLUMBIA STEREO TAPE CLUB 
Terre Haute, Indiana 47808 

SEND NO MONEY - JUST MAIL COUPON 

COLUMBIA STEREO TAPE CLUB 
Terre Haute, Indiana 47808 
Please enroll me as a member of the Club. 
I've indicated at the right the 6 tapes I wish 
to receive for only $6.95, plus postage and 
handling. Include the self -threading take- 
up reel FREE. 

My main musical interest is (check one) : 

D CLASSICAL POPULAR 
I agree to purchase five selections during the 
coming year . . - and I may cancel member- 
ship at any time thereafter, If I continue, I 
am to receive a stereo tape of my choice 
FREE for every two additional selections I 
accept. 

SEND ME THE 
6 TAPES 

(fill in numbers) 

Name 
Last Name (Please Print) 

Address 

City 

State 

L 

Zip 
450-5/12 

01969 CBS Dicect Marketing Services T200, S69 
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A sound example in point: Pioneer's SE -30 Stereo Headphones - 
perhaps the audiophile's ultimate buy in responsive, distortionless, 
headphone sound. 
SE -30 test figures* prove it, with a response curve variation of only 
13 dB from 50 Hz to 13 kHz with reference to an average sound 
pressure level of 70 dB! At 66.5 dB, the response curve "normal- 
ized" at - 6.5 dB. Distortion was extremely low; at 400 Hz, the left 
and right phones showed under 0.3% measured separately; at 1 

kHz, distortion measured only 0.5% and 0.6%, respectively! 
As do all quality Pioneer products, Pioneer headphones set the 
standards in their respective categories. All are provided with per- 
manent storage case. 

PIONEER SE -30 
Stereo Headphones 

$29.95 

PIONEER SE -20 
Stereo Headphones 

$19.95 

The NEW 
PIONEER SE -50 

2 Way Stereo Headphones 
$49.50 

See and hear the complete Pioneer line at select High Fidelity dealers 
everywhere. PIONEER ELECTRONICS U.S.A. CORP., 140 Smith St., 
Farmingdale, L. I., New York 11735 

PIONEER Citi) 
...More Value All -Ways! 

*CBS Lab Tests As Reported In High Fidelity Magazine - May, 1968. 

Write Pioneer for reprint and other literature. 
Check No. 6 on Reader Service Card 

nearby stations on those channels, but 
there are usually some. 

"I found that the 'birdies' fell into 
four classes when heard on a receiver 
with a 5 -kHz passband. Here they are: 

"CLEAR (beats from 7.75 to 6.0 
kHz): Since these frequencies fall 
outside the receiver's i.f. passband, 
they are not reproduced, and chan- 
nels having these beats are free 
from interference. 

"BARELY AUDIBLE (beats 
from 5.75 to 4.0 kHz): These fre- 
quencies are on the skirts of the 
receiver's i.f. response curve, and 
channels with these beat notes will 
be observed to have a slight inter- 
ference, although usually not too 
objectionable. 

"PARTLY BLOCKED (beats 
from 3.75 to 2.0 kHz): These fre- 
quencies fall throughout the range 
of speech and music, and can be 
quite annoying. However, on 
strong AM signals these beat notes 
are overridden somewhat and in- 
terference is minimized. 

"COMPLETELY BLOCKED 
(beats from 1.75 kHz to zero beat): 
These low frequencies cut through 
nearby signals, making channels 
on which they are found com- 
pletely unusable. Rarely will a sta- 
tion have sufficient intensity to 
partially override a low -frequency 
beat, though the channel will never 
sound very good. 
"The stronger the AM station's sig- 

nal, the less the resulting interference, 
regardless of beat frequency or loca- 
tion of TV set. 

"Beat interference is getting to be 
less of a problem than it was in the 
Fifties because the newer sets must 
limit radiation by FCC edict (FCC 
Rule 15.63). Also, observe Rule 15.82: 

"The operator of a radio re- 
ceiver, regardless of tuning range. 
date of manufacture, or of certifi- 
cation, which causes harmful inter- 
ference shall promptly take steps 
to eliminate this harmful interfer- 
ence. 
"Note that the term 'radio receiver,' 

as here used, means a receiver of radio 
waves, and includes all television sets 
because they receive both picture and 
sound via radio waves. Hence, if your 
neighbor's TV set is ruining your radio 
reception, you can, after being polite 
and trying to cure the trouble, read the 
law to him and have him clean it up. 

"If money is no object, I recommend 
single-sideband techniques, especially 
a selectable-sideband communications 
receiver. You can reject 'birdies' on one 
sideband while listening to the other. 
If you insist on response to 10 kHz [if 
the broadcast station transmits this 
high], this gives you reception on 73% 
of the channels, while you can listen to 
all but two channels, or 98% if the re- 
sponse is limited to 5 kHz. (The two 
unusables are 630 and 1260 kHz, on 
which there are zero beats.)" 

6 
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PIONEER alors distortìon-tree 
stereo reception in 4 brilliant stages: 
Teat yourself to virtually distcrtion-free AM/FVI stereo reception by choosing 
a-ry one of these ultra -sensitive receivers by Pioneer. 

TOP BUY! 
The SX-300T 

Output: 40 wals (IHF) at 4 ohm.; 
frequency response: 20-20,00C Hz 

inputs: magnetic and ceram 
phono, -ape head and tape. 

monitor; sensitivity: 3 uv(1HFi 
channel separation: betterthar 

35áB at 1 kHz. $179.96 
(Walnut cabinet op-ional 

The SX-7 00íT 

Output: 60 watts at 8 OYrs; 
distortion: less than ' `4 at rcted 

output; FM sensitivity ( HF): 
2.2uv; signal-to-noise ratio 60 dB; 
frequency response: 1 dB tom 

25-50,0)0 Hz; chanrel saparetcn: 
35 d3 at 1,000 H_; fol con:lots. 

$249.95 (Walnut cabinet opti>n:l) 

SUPER VALUE! 
The SX-1 ]00TD 

with FET anc ICs 
Octpat: 130 watts (IHF) at4 hns, 

120 watts at 8 ohms; frequency 
response: 20.60,000 Hz; ipLs: 

2 magnetic and 1 ceramic vio -e, 
tape head, tape monitor, 

headphones etc.; sensitivity: 1 7 
uv(IHF); channel separation: 

better than 38 dB at 1 kHz $310. 
(Walnut cabinet opionei) 

THE ULTIMATE! 
The SX-150)T 

with FET and IC's 
Cutput: 170 watts (IHF); harmcaiz 

distortion: lass than 0.1% 
1,00) Hz 30 wafts 8 ohm beac 

power bandwidth: 15-73,000 Hz 
sensitivity: 1.7 u -,/11H9; signs - 

to -noise ratio: 65 dB (IHFi.. 
caotore ratio: 1 dB a` 98 mHÿ 

channel separatior 37 d= at 
1,000 Hz; full cow:r ts. $38t1. 

(Walnut side peels. ncludsdl 

F'cneer makes believers oit c` skep'! s. Visit gour High Fidelity dealer for a 

camonstration of the Pioncer ne. Lisien and believe! 

P1ONEERm1Y1 Write for literature and list of franchised Pioneer dealers in your area. 
...More Value au -ways! PIONEER ELECTRONICS U.S.A. CORP., 140 Smith St., Farmingdala, L.I., New York 11735 

Check No. 7 cn Reader Service Card 
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What's New 
In Audio 

BIB Tape Head 
Maintenance Kit 

Tape recorder users usually have a 
problem in keeping track of the miscel- 
laneous collection of devices useful in 
cleaning heads, and if the bits and 
pieces are not readily at hand, the 
cleaning job may be indefinitely post- 
poned. 

The Bib kit is contained in a plastic 
wallet, and provides everything neces- 
sary to keep heads in a clean condition, 
regardless of the type of machine- 
reel-to-reel, cartridge, or cassette. Two 
blue applicator tools are included, each 
resembling a toothbrush handle with 
a felt pad on the bent end. These are 
used with the liquid cleaner provided 

to remove all traces of tape oxide. Two 
more such applicators, with white han- 
dles, are used for the final drying of the 
head faces. For removing bits of tape 
and other particles, a double -ended 
brush is provided-one end like a small 
broom and the other a tiny "bottle 
brush." A supply of "Q -Tips" is also 
included, together with a packet of 
Kleenex tissues. These common items 
can usually be found in the home, but 
rarely in the vicinity of the tape re- 
corder. The liquid instrument cleaner 
serves additionally for cleaning all 
other external parts of the recorder, as 
well as for other hi-fi equipment. Full 
instructions accompany the kit. $2.95. 

Check No. 8 on Reader Service Card 

Tape Head Wear Indicator 
The new "Spot Check" heads by 

Michigan Magnetics are so constructed 
as to tell when they are about to wear 
out by showing a red indicator on the 
face of the head when there are about 
100 hours of useful life left. Thus the 
consumer will be forewarned that a 
head is about to wear out, and can 
avoid the disappointment of making a 
recording only to find that the head has 
failed. Another benefit is that the user 
will know when the head is not worn 
out so if frequency response has de- 
teriorated, he will know that the 
trouble is not the result of a worn-out 
head. 

Check No. 10 on Reader Service Card 

"Background Music" 
Decoder 

According to S.C.A. Services Com- 
pany, its SCA-1 "background music" 
decoder provides the commercial -free 
music programs heard in restaurants 
and other public places, although it is 
illegal to use this unit for commercial 
purposes. The SCA-1 works with an 
FM tuner or receiver, and is available 

wired ($64.50) or in kit form ($49.95). 
The solid-state unit includes two IC's, 
three FET's, and three transistors. In 
addition, a "mute" control is said to 
eliminate noise that occurs during 
changes in musical selections. The de- 
coder comes with a local "background - 
music" station list. Dimensions are 6% 
in. wide, 51/4 in. deep, and 21/2 in. high. 

Check No: 12 on Reader Service Card 

New Shure 
Phono Cartridge Series 

Shure Brothers, Inc., announces a 
new series of stereo phonograph cart- 
ridges, including three models, each of 
which graduates in price and "track - 
ability" performance. All feature an 
"easy -mount" design: the user mounts 
a retaining clip in the tone -arm head, 
connects its leads to the cartridge's 
terminals, then simply snaps the cart- 
ridge into the retaining clip. 

Model M91E, top cartridge in the 
series, has performance characteristics 
second only to Shure's finest line, the 
V-15 Type II, according to the manu- 
facturer. It is designed to track at % to 11/2 grams, and is equipped with a 
.0002 in. x .0007 in. elliptical diamond 
stylus. Because of its light weight, the 
maker recommends this $49.95 model 
for low -mass tone arms and high -qual- 

ity automatic turntables. For the 
economy -minded audio buff who might 
be satisfied with slightly lower per- 
formance than that of the M91E, Shure 
offers the M92E cartridge for $44.95. 
This model also tracks at 3/4 to 11/2 
grams, and is equipped with a .0002 in. 
x .0007 in. elliptical diamond stylus. 
The third and lowest -priced ($39.95) 
cartridge in this series, M93E, is de- 
signed for automatic turntables that 
track in the 11/2 to 3 grams range. It 
has a .0004 in. x .0007 in. elliptical 
diamond stylus. 

Check No. 14 on Reader Service Card 

Kenwood 200 -Watt Receiver 
Model TK -140X is the newest AM/ 

FM stereo receiver on the market from 
Kenwood Electronics, Inc. It is a 200 - 
watt, solid-state unit, and is priced at 
$349.95, including cabinet. A luminous 
on -off dial, stereo light indicator, and 
tuning meter enhance the receiver's ex- 
ternal appearance. The unit contains 
a four -gang tuning capacitor, three 
FET's and four IC's. The TK -140X 
features a capture ratio of 1 dB, and 
a sensitivity of 1.7í,1,V, according to the 

11111111111111 

manufacturer. In addition, image re- 
jection, cross modulation, and IF rejec- 
tion are reported to be better than 100 
dB. Harmonic distortion is rated at less 
than 0.5 % by Kenwood, while alter- 
nate channel selectivity is 45 dB. Other 
features of the TK -140X are: output 
terminal provisions for two sets of 
stereo speakers; two -channel preampli- 
fier outputs and main amplifier inputs; 
silicon power transistors; a muting cir- 
cuit; and a patented electronic protec- 
tion circuit. The receiver measures 
161/2 in. W x 51/2 in. H x 121/4 in. D. 

Check No. 16 on Reader Service Card 

300 -Watt Power Amplifier 
Crown International marks its sec- 

ond entry into the amplifier field with 
its DC300 model. According to Crown, 
this dual -channel unit delivers 300 
watts of sustained power from each 
channel (400 watts IHF). Self-protec- 

tion circuits (three are patented) turn 
the amplifier off when it overloads. S/N 
is reported to be better than 100 dB; 
intermodulation is 0.05% and THD is 
0.02%. Priced at $685.00, the DC300 
measures 7 in. x 19 in. x 93/4 in. and 
weighs 42 pounds. 

Check No. 18 on Reader Service Card 

8 
AUDIO JANUARY 1969 



Shown above and described below are just a few examples of the most unique and formidable Fine of stereo equipment in the world 
today. From powerful stereo systems, to all -in -one compacts, to breathtaking individual components, there is a model 
designed for everyone from the most ardent stereo enthusiast to the casual listener. 
Model 5303-Powerful Spectrum Speaker System-Non-Directional Sound Total sound diffusion-a full 360 degrees. Four free edge woofers 
and four horn -type tweeters in hermetically sealed metal enclosures to handle up to 80 watts in input. Frequency response 
range from 20 to 20,000 Hz. May be pedestal -mounted or suspended from the ceiling. Diameter: 131/2" 26.4 tbs. 

Model 5003-140 Watl Solid State AM/FM-FM Stereo Receiver with exclusive "Sound Effect Amplifier" Tone Control System 
Full 140 watts power output. All solid state FET circuitry with five IF stages. Automatic stereo switching, two speaker system selector, 
stereo. and fine tuning indicators. Full complement of inputs, jacks and terminals with matching controls. 57/e" H, 203/4" W, 141/4" D 
30.8 lbs. w/ cabinet 
Model 1684-Solid State 4 -Track Stereo Tape Deck-Built-in pre -amplifier for superb reproduction at 71/2 and 33/4 ips. 7 -inch reels. 
Automatic stop device, professional VU meters, 3 -digit tape counter, DIN and pin jack conrectors. Accessories include full and empty 
7 -inch reels, DIN cord, splicing tape, dust cover and two reel clamps. Oil -finished wooden cabinet. 
12 transistors 155/4" H, 13%" W, 63/4" D 22 lbs. 
Model 6102-Delhrxe Automatic 4 -Speed Stereo Turntable and 8 -Track Stereo Player-Large 11 -inch 
platter for wow and flutter characteristics less than 0.3%. Tubular tonearm 
with moving magnetic cartridge and diamond stylus. 8 -Track Stereo player features a 6 
transistor preamplifier and wow and flutter characteristics of less than 0.3%. 
Fine furniture finished wood with molded acrylic dust cover. 
9'/2" H, 171/4" W, 13/" D 23.4 lbs. 
Model 5001-60 Watl Solid State AM/FM-FM Stereo Receiver with exclusive 
Sound Effect Amplifier-With built-in Sound Effect Amplifier (SEA), you have complete 
freedom and control of the total tonal spectrum in five different frequencies: 
60, 250, 1,000, 5,000 and 15,000 Hz. New FET circuitry with four IF stages. 
Automatic stereo switching. 514"H, 204" W, 141/4" D 30.8lbs. w/ cabinet Manufactured by Victor Company of Japan, Ltd. 

For additional information and a copy of our new full -color folder, write: Dept. 1, 

JVC America, Inc., A Subsidiary of Victor Company of Japan, Ltd., c/o Delmonico International Corp., 50-35 56th Rd., Maspeth, N.Y. 11378, Subsidiary of TST Industries, Inc. 
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3211MEU 
TEE 

NAM 
BERT WHYTE 

8 -Track Tape Cartridges 

RCA VICTOR RECENTLY announced 
that it had produced its eight -millionth 
Stereo -8 tape cartridge since the intro- 
duction of this format three years ago. 
As of a few months ago, Ampex was 
producing in excess of 20,000 8 -track 
cartridges per day! Other duplicating 
companies around the country are re- 
porting production statistics which are 
equally impressive. To an old reel-to- 
reel man like myself, these figures are 
staggering. In fact, RCA states that its 
Stereo -8 sales over the past three years 
are five times as great as all the reel- 
to-reel tape sales for the past fourteen 
years! 

Obviously, the 8 -track tape cartridge 
is a howling success, in spite of the 
gloomy predictions in certain quarters 
that it would fail because of the "gim- 
micky format," "impossible to maintain 
production tolerances," "mechanical 
difficulties," etc., etc. Actually, many of 
these criticisms had a certain degree of 
validity and there were unforeseen 
problems, many of which have yet to be 
resolved. Unquestionably, the stimulus 
of the multi -million car market and its 
vast profit potential resulted in a 
money -is -no -object approach to solving 
the major problems, and the production 
facilities today are far more sophisti- 
cated than they were in 1965. Natu- 
rally, the quality of 8 -track tape 
cartridges varies from company to com- 
pany. Some are better than others in 
terms of hiss, crosstalk, and other dis- 
tortions. However, I think it would be 
safe to say that, at least as far as pro- 
duction is concerned, most 8 -track tape 
problems are "manageable." It is when 
we get to the nitty-gritty nuts -and -bolts 

aspect of the playback of 8 -track tape 
cartridges in the car or home that we 
run into some problems, some of which 
are unique. 

It is always good practice to examine 
a new tape cartridge carefully before 
you insert it into the slot of your play- 
back machine. Check the pinch roller, 
to determine if it revolves freely. 
Ninety nine per cent of the time it will 
be all right, but you will occasionally 
find the pinch roller frozen in its bear- 
ing. When you insert a cartridge and 
after a reasonable period you don't 
hear any sound, chances are that it is 
this pinch roller problem. Also check 
the cartridge tape for proper slack. Pull 
the tape over the pinch roller, with 
your thumb simulating the capstan 
shaft. The tape should move freely 
down into the cartridge and onto the 
reel. If the tape doesn't move, insert a 
pencil under the tape and pull up- 
wards, forming a loop of tape you can 
grasp. Sometimes a firm pull will free 
the tape sufficiently to make the cart- 
ridge usable. If reasonable pressure 
won't free the tape, further effort is use- 
less and you must seek recourse with 
your dealer. You will also encounter 
cartridges which are operable, but the 
little felts of the pressure pads are 
missing and the bare metal rubbing 
against the tape can cause trouble. 

Now picture this situation. You've 
checked a cartridge and everything ap- 
pears to be okay. So you insert it into 
your machine and you are tooling down 
the highway blissfully enjoying your 
Sinatra in stereo. All of a sudden there 
is a horrible sound ... Awk! Grunn- 
ncchh! . . . and finally no Sinatra, 
no sound at all. You pull out the cart- 
ridge. At last you try to pull it out 
and find to your chagrin that you have 
two strands of tape coming out of the 
cartridge and the apex of the strands 
appears to be caught in the machine. 
Zounds, what a mess! 

Well, first things first. Let me assure 
you that there is no way to extricate 
the tape cartridge without cutting it 
free. I know. I've tried. Not once but 
three times this has happened to me 
and on three different machines. So 
steel yourself and cut the tape. Don't 
try to break the tape with your hands. 
There is a good reason for this I'll tell 
you about a little later. Now that the 
cartridge is out of the way, if you can 
look into the tape slot, you'll find that 
the tape has wrapped itself around the 
capstan shaft! What happened is this: 
most 8 -track playback machines have a 
drive system wherein a heavy flywheel 
is part of the capstan shaft and it is 
used to help smooth tape motion. The 
capstan shaft is under the center of the 
flywheel, perpendicular to it, and 
seated in a bearing situated in the bot- 

tom part of the tape machine structure. 
The flywheel rides in a bearing on top 
of a yoke, which is connected to the 
side of the bottom bearing and in which 
the capstan shaft "rides." Apparently 
this yoke supports the flywheel and 
affords a degree of rigidity to help pre- 
vent wobble in the shaft. This yoke is 
not a true bearing and of course, it isn't 
lubricated. Tolerances are fairly tight, 
but there is enough clearance between 
the capstan shaft and the yoke that 
under certain circumstances the tape 
is caught between the shaft and the 
yoke and quickly wraps itself around 
the shaft. When the clearance is ex- 
ceeded, the shaft seizes in the yoke. 

Why does this happen? I've asked 
quite a few "experts" and have received 
quite a variety of answers. The concen- 
sus seems to favor the idea that some- 
thing impedes the smooth flow of tape 
between the pinch roller and capstan 
shaft, momentarily "snagging" on the 
shaft, but enough to upset the equilib- 
rium of the endless loop and thus get 
wound around the shaft. One expert 
blamed it on the dynamics of the end- 
less loop itself. As you know the 8 -track 
tape is back -lubricated with graphite. 
While this is pretty slick stuff, I sup- 
pose it is conceivable that some sort of 
bump or dirt or other irregularity on 
the back surface of the tape could inter- 
rupt the motion and cause a snag. One 
other idea was that as the tape is 
played back many times, the edges be- 
come "scalloped" and this could upset 
the dynamics. Mebbe so ... but I have 
had it happen with a brand new tape. 

One of the most logical -sounding rea- 
sons was that of a "bleeding" splice in 
itself, or this kind of splice worsened 
by excessive heat. No doubt you are 
aware that the automatic switching of 
the four stereo sequences is accom- 
plished by means of a foil contact strip. 
It probably wouldn't take much "bleed- 
ing" or "oozing" of the adhesive under 
the edges of the foil strip to cause a 
snag. It is claimed that when the play- 
back machines are used for fairly long 
periods of time, they get quite warm. 
This is especially true of the machines 
built into the dashboards of new cars 
as original equipment, where lack of 
ventilation is alleged to cause tempera- 
tures in excess of 130 deg. If this tem- 
perature is beyond the thermal toler- 
ance of the adhesive it naturally would 
aggravate the "snagging" problem. At 
the moment I have no way of knowing 
if this heat problem is valid. I rather 
doubt it, but my friends at 3M may be 
able to cast some light on the subject. 
Still another opinion was that with the 
extreme bending angles the tape in the 
cartridge is subjected to, it is easy to 
form small "kinks" in the tape which 
could be pulled behind the capstan 
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The cartridge looms large 
for a simple reason: 
It is the point of contact between the entire hi-fi system and the recording. What happens at the tip of 

its tiny stylus determines what will happen in all those big and impressive components that are so obvious 

to the eye and, in the aggregate, so apparent to the pocketbook. Worldwide, experts and critics have 

hailed the discovery of Trackability as the definitive measurement of cartridge performance. When 
evaluated against this measurement, the superb Shure V-15 Type II Super Track stands alone. 

Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois 60204 

The analog -computer -designed Shure V-15 Type II Super-Trackability cartridge maintains contact between the stylus 
and record groove at tracking forces from 3/4 to 11/2 grams throughout and beyond the audible spectrum (20-25,000 
Hz). Independent critics say it will make all of your records, stereo and mono, sound better and last longer. 
Tracks 18 cm/sec. and up at 400 Hz; tracks 26 cm/sec. and up at 5,000 Az; tracks 18 cm sec. and up at 10,000 Hz. 
This minimum trackability is well above the theoretical limits of cutting velocities found in quality records. $67.50. 

© 1968 Shure Brothers, Inc. 



shaft. Since this opinion was ventured 
by a rabid supporter of the cassette for- 
mat, I tend to discount this possibility. 

No matter what the cause, when the 
tape gets wound around the capstan 
shaft, you're in trouble. If your play- 
back machine is of the "add on" variety, 
at least you can remove the unit from 
the car and work on it at home or 
transport it to a repair station. If your 
playback machine is original equip- 
ment built into the car, this "tape 
wrap" problem can be financially cata- 
strophic. According to Wally's Tape 
City, a New York firm specializing in 
8 -track car installations, in some cars it 
is necessary to remove the unit, repair 
and check it and re -install it in the 
dashboard. The tab for this can reach 
30 or 40 dollars! 

Fortunately, there are some things 
you can do yourself before resorting to 
professional help. Let's assume you 
have the kind of unit you can remove 
from your car easily and take to a work 
table with a good strong light. Next 
thing is to get an injector -type razor 
blade. In a vise or between two pliers 
break off a piece of the blade approxi- 
mately %ths of an inch (avert your 
eyes when you do this). Now grasp the 
blade with long -nose pliers, insert into 
the tape slot and carefully cut through 
the layers of tape. While the shaft is 
hardened steel, don't take a chance of 
scoring it by cutting with too much 
pressure. After cutting the tape, use the 
long -nose pliers to grasp the loose ends 
and a good solid tug will usually free 
the tape from the shaft. An alternative 
method is to use a long screwdriver to 
cut the tape. However, most screw- 
drivers aren't sharp enough to do this 
without a lot of hacking, and must be 
given a sharp edge with a file or grind- 
stone. Needless to say, the same tech- 
niques can be used on machine built 
into the dashboards, but you need a 
good trouble -light or flashlight, a lot of 
physical agility and luck. If you can't 
cut the tape in an "add-on" machine, it 
will be necessary to disassemble the 
unit to the point where the flywheel/ 
capstan shaft can be lifted out of the 
yoke and bearing. I must warn you that 
there are a lot of parts packed into an 
8 -track cartridge player, some of which 
are held in tension by the casing. To 
tackle this job without at least an ex- 
ploded diagram and considerable dex- 
terity is a chancy business. 

Can anything be done to salvage 'the 
damaged cartridge? The tape can be 
spliced like any reel-to-reel tape, with, 
of course, special attention to the splic- 
ing tape for any signs of excess adhe- 
sive. You will remejnber that earlier in 
this article I Cautioned against break- 
ing the tape by hand in order to free 
the cartridge. This is because most 8 - 

track tapes are made of Mylar and 
pulling it results in stretching and 
"tubing," which would destroy more 
program material than merely cutting 
the tape. Naturally, there will be music 
missing at the splice point, because of 
the tape which was destroyed in wrap- 
ping around the capstan shaft. Since we 
are dealing with the 8 -track, endless - 
loop format the music will be missing 
at the same point in all four sequences 
on the tape. Since cartridges range 
from 6 to 9 dollars each, perhaps you 
won't be too distressed by the missing 
material, especially if it's pop music. 
Hopefully, you may never have to con- 
tend with this tape problem, but it 
evidently happens with sufficient fre- 
quency to warrant a thorough investi- 
gation by the interested companies and 
followed by instituting remedial meas- 
ures in either the cartridges or play- 
back units or both. 

There are other playback problems 
with 8 -track cartridge machines. Many 
of the earlier units had hum and ex- 
cessive motor noise, of a cyclic variety. 
What may be termed "second genera- 
tion" units are much quieter and have 
better tape motion. In either case, it's 
a good idea to check the grounds. In 
machines installed in cars, not only 
should there be a good ground wire 
from the tape machine case to the car 
chassis, but ground points throughout 
the car should be checked, as they are 
often broken. In home stereo 8 -track 
units, be sure to run a ground wire 
from the case to the input of your pre- 
amplifier. 

One other aspect of the newer 8 -track 
playback machines is that they have an 
output impedance of 8 ohms, rather 
than the 2- to 4 -ohms impedance of the 
first playback units. This enables a 
much greater choice in speakers and 
the opportunity to employ some really 
high - quality speakers. Installation 
space varies among the various car 
models, but the high fidelity 8 -in. speak- 
ers made by Wharfedale, Jim Lansing, 
University, Jensen, and Electro -Voice 
are shallow enough to make their use 
possible. I know they will fit into the 
storage wells in my Corvette, and I in- 
tend to investigate these speakers at the 
earliest opportunity. Bass response re- 
mains the major problem in car instal- 
lations. In most cases the lack of bass 
is an affront to the musical balance and 
the ear. The worst situation is where 
tiny "pre-packaged" speaker/baffles 
are installed under the dash or on the 
kick panels or above the sun visors. The 
sound coming from these abominations 
is a shrill caricature of the original re- 
cording. The car doors are a favorite 
place for speaker installation and will 
certainly afford improved bass. Make 
sure there is plenty of fiberglass stuffed 

behind the speakers. This seems to help 
the bass response and also helps to sub- 
due the metallic resonances the speak- 
ers excite in the doors of certain cars. 

Another aspect of bass response will 
have to be resolved by the manufac- 
turers of the playback units. I refer to 
their lamentable practice of furnishing 
their machines with the type of tone 
control that apparently increases bass 
response by attenuating treble re- 
sponse. I would like to see them adopt 
a fixed standard treble equalization 
(most car interiors don't vary much in 
terms of reflection and absorption) and 
furnish a separate bass control. To 
anticipate a question, compensatory 
equalization of the recording to suit the 
environment of the car has been tried, 
and is being used to some extent. For 
a variety of reasons it is only margin- 
ally successful, usually more trouble 
than it's worth ... the result is gener- 
ally mishmash... . 

Like everything else, the playback 
problems of the 8 -track stereo tape 
cartridge will be resolved by time and 
money. For the most part, considering 
the difficult, even exotic configuration 
of the 8 -track cartridge format, it works 
remarkably well, with a high degree of 
consistency. The problems that have 
been discussed are minor in scope, con- 
sidering the millions of cartridges in 
use. Nonetheless, these shortcomings 
do exist and ignoring them won't make 
them go away. 

One final note-and certainly a du- 
bious testimony to the success and pop- 
ularity of the 8 -track tape cartridge- 
is that the playback units have become 
the favorite targets of car burglars. I 
have been a victim and I understand 
quite a few RCA people have had ma- 
chines stolen from their cars. A check 
with my insurance agent reveals this to 
be a common and ever-growing occur- 
ence. It would appear that when an 8 - 
track stereo tape cartridge system is 
installed in a car, it is prudent to in- 
stall a burglar alarm as well. 

Off -the -air Recording 

Some months ago, Mr. Norman Ra- 
cusin, Vice President and General 
Manager of RCA Victor, made a speech 
at a tape symposium in which he voiced 
alarm at the growing practice of "off 
the air" recording by means of the 
stereo tape cassette. His contention 
was that the cassette has made this 
type of recording so simple that it can 
be done by anyone including the teen- 
agers who constitute the majority of 
the record -buying public. He saw this 
as a definite threat to the future of the 
record business. He cited the figures for 
the cassette business in Britain, 50 per 
cent of sales being for blank tape cas - 

12 AUDIO JANUARY 1969 



The brand for all reasons 

The BSR McDonald 600 encompasses every fine 
feature one could desire in an automatic turntable. 

Decor-matic Power Base can be set to automatically 
turn off receiver after last record is played or allow 
receiver to operate without turntable. 

Heavy cast, specially balanced turntable. 

Dynamic anti -skate control applies continuously 
corrected compensation at all groove diameters. 

Cueing and pause control lever allows for exact positioning 
of stylus on record and permits you to interrupt listening 
and reposition to same groove. 

Micrometer stylus pressure adjustment permits 

BSR McDONALD 600 

Every BSR McDonald automatic turntable is precision made 

in Great Britain to the most exacting engineering speci- 
fications. As a matter of fact, practically every one of 

the hundreds of parts are fabricated by us - to assure 

uniform excellence. 
Upon their arrival in the U.S., every model is unpacked and 

re -tested under actual playing conditions. Even the tini- 
est flaw cannot escape our unique detection system. 
That's why BSR service calls are the lowest in the indus- 
try - and perhaps that also explains why BSR sells more 

turntables than anyone else in the world. 

1/3 gram settings from 0 to 6 grams. 
PRECISION CRAFTED IN GREAT BRITAIN 

Automatic lock on tone arm after last record is played. 

Dynamically balanced 4 -pole induction motor has high 
torque, constant speed design-assuring minimum rumble 

B 
Please send FREE detailed literature on all 
BSR McDonald automatic turntables. 

and wow. 

Low mass tubular aluminum tone arm perfectly 
counter -balanced both horizontally and vertically. 

Name 
Resiliently mounted, coarse and fine vernier adjustable 
counterweight. Address 

Tone arm is jam -proof even if it is held during the cycling 
operation. City State Zip 

Clip -in cartridge holder, provides universal mounting 
and quick change. 

Stereo muting switch for complete silence during Ci9 
BSR ........ 

change cycle. -- Mc DONALD 
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settes. He stated that if this "off the air" 
recording trend became really wide- 
spread, who would pay for recordings 
produced by the record companies? In 
his conclusion, Mr. Racusin said that in 
order to combat this problem, it might 
be desirable for engineers to devise 
some technique which could make a 
broadcast signal either impossible or 
extremely difficult to record, without, of 
course, altering the musical content of 
the program. 

Is Mr. Racusin being unduly con- 
cerned, or is his speech a timely warn- 
ing? There will be those who will raise a 
supercilious eyebrow about this matter 
since Mr. Racusin's company intro- 
duced the 8 -track stereo tape cartridge, 
which, as you know, is almost exclusive- 
ly a playback medium. Well, it is not 
my function to impugn Mr. Racusin's 
motives. As far as I am concerned, he 
raises some interesting points that 
merit serious consideration. 

I was sent a copy of Mr. Racusin's 
speech and in addition, a reprint of an 
advertisement by Harman-Kardon, the 
message of which would give palpita- 
tions to any record company executive. 
The ad concerned the Harman-Kardon 
SC2520, a modular system which com- 
bines a stereo record player, stereo FM 
receiver and a built-in stereo cassette 
recorder. Emblazoned across the top of 
the ad was this eyecatcher: YOU MAY 
NEVER BUY ANOTHER RECORD! 
The ad copy told'how easy and simple 
it was to record programs off the air, or 
from a friend's disc recording via the 
cassette recorder, all with high fidelity 
quality. I believe a half -dozen blank 
tape cassettes were being offered as a 
bonus for purchasing the system. It is 
easy to appreciate the shock value of 
the ad blurb, but at a selling price of 
$479, this isn't going to constitute such 
a vast market that it is a threat to the 
record industry. 

Let's look at the other end of the 
scale. It is possible to buy an AM radio 
with a built-in monophonic cassette 
recorder for as little as $49. There are 
AM/FM portable radios with recorders 
for $99 and on up to 4 band portables 
with recorders for $149. It is obvious 
that even for the affluent American 
teenager, this is "a lot of bread, man!" 
The ubiquitous transistor radios which 
seem permanently grafted to the ears 
of the kids, like some monstrous Orwel- 
lien fantasy, range between $5 and $15. 
This is what they buy for themselves. 
The jazzier units are usually presents 
from parents, and it would appear that 
"dear old dad" would have to furnish 
the wherewithal for these radio/cassette 
combinations. While North Americans 
are probably the most doting and indul- 
gent parents on earth, it seems hard to 
conceive that they would buy these for 

their offspring in such quantity as to 
upset the record market. However, let's 
keep an open mind and delve a little 
deeper into the teenage economy. 

The kids buy their pop/rock 45 -rpm 
recordings for an average cost of 69 to 
79 cents each. There is one selection on 
each side averaging 3 minutes in dura- 
tion. So for their money they get about 
6 minutes of music. Now you can buy 
a 30 -minute blank tape cassette as 
cheap as 99 cents. If the kids record it 
properly they can get five times as 
much music-at least 10 selections-for 
20 or 30 cents more than they paid for 
a single 45 -rpm recording. Consider too, 
that most of the pop/rock music the 
kids listen to is very ephemeral in na- 
ture-a big popular hit for a few 
months, even weeks-and then it fades 
into limbo. Thus when the kids tire of 
their material or it is displaced from the 
"top forty," they can record new hits on 
the same cassette. The way the kids de- 
vour records, the cassette approach 
could save them quite a bit of money 
and the smarter kids (and their pa- 
rents) might be encouraged to make 
the "larger -than -usual" purchase of the 
radio/cassette recorder figuring that it 
would soon pay for itself. 

This all sounds very rosy for the 
young'uns, but what about the sound 
quality of the "off the air" cassette re- 
cordings? I've listened to these cheap 
radio/cassette units and, speaking per- 
sonally, I could be very crass and give 
all I've heard a blanket indictment as 
utter sonic horrors. About the kindest 
thing that could be said about the bet- 
ter units, is that they have somewhat 
less distortion than the others, which 
affords a little better clarity. Actually 
the cassette recorders are mirroring the 
source quite well, the playback offering 
the same quality of music and distor- 
tion as the radio. You've heard this 
kind of sound before ... tinny, peaky, 
shrill, nasal, and utterly devoid of any 
bass response below 150-200 hertz. We 
must not forget however, that kids are 
used to this sonic assault. Whether the 
45 -rpm records they buy sound better 
through their parents' "mahogany 
monstrosities"-the typical living room 
consoles-than their cassette record- 
ings, is a moot point. It is sad in a way 
-in spite of the rock content, most of 
which I can't stand, you would be sur- 
prised how much high -quality sound 
you can get from the 45's made by the 
better labels, when played back over a 
good component system. In any case, 
one tends to think that the kids would 
be satisfied with the quality of the cas- 
sette off -the -air recordings. But even 
conceding this and spelling out the 
monetary advantages, I still can't see 
this growing to sufficient volume to de- 
press the record market. 

However, for the sake of argument, 
let's assume that the off -the -air record- 
ing grew to epidemic proportions, what 
could be done to stop the practice? Mr. 
Racusin's suggestion of some technique 
to alter the broadcast signal to render 
it unrecordable, seems impractical. I 
have discussed this point with AUDIO'S 
own Len Feldman and with Murray 
Crosby, both eminent radio engineering 
authorities, and they cannot conceive of 
anything that would work. In any case, 
there would be quite a legal and politi- 
cal ruckus involving the FCC and the 
public if such signal "doctoring" were 
attempted. 

As you know, off -the -air recording 
via (open) reel-to-reel machines has 
been going on for years. Mr. Racusin 
tends to downgrade the reel-to-reel 
practitioners as being too few, because 
the techniques involved are consider- 
ably more complicated than obtained 
with cassette recorders. I feel there is 
more money being lost to the reel-to- 
reel enthusiasts, because of their abil- 
ity to make relatively high -quality 
recordings. This is especially the case 
with albums of stereo mood music. 
Given a good quality receiver or FM 
stereo tuner and a stereo recorder, one 
can record this type of music ad infini- 
tum, with a tremendous variety of pro- 
gram material from which to choose, 
and at substantially lower cost than 
buying the equivalent disc recordings. 
Many also record the classical mate- 
rial, but here the quality differential is 
on the side of the disc, a fact recognized 
by most off -the -air recordists. 

The legal aspects of off -the -air re- 
cording have never been clearly de- 
fined. There is a sort of tacit under- 
standing that any recording made 
off -the -air intended for personal use 
and not offered for sale is legal. Copy- 
ing of pre-recorded tapes is technically 
illegal and some tape boxes proclaim 
this warning. But whether it is cassette 
or reel-to-reel, off -the -air or commer- 
cial tape, and it is all declared illegal, 
how on earth could you ever police such 
activities? It is patently impossible. 

In summation, if off -the -air record- 
ing ever did become an economic threat 
to the record business, the record com- 
panies would have only themselves to 
blame. They have sown the seeds of 
their own destruction by not charging 
the broadcasters a fee for using their 
recordings. They have even aided and 
abetted their downfall by giving free 
records to the stations. This country is 
one of the few where stations can 
broadcast recordings without paying 
for the privilege. I know this is heresy, 
but the record companies think they 

(Continued on page 77) 
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Okay, so my studio's boomy 
on the bottom end 
With my ear I can equalize 
a&m' . an body. 

e 

Sure. But "close" is good only in horseshoes. It used to 
be okay in equalizing, too. But that was before a revolu- 
tionary new method called Acousta-Voice.TM 

Acousta-Voice is a scientific and acoustically sophis- 
ticated method of tuning a sound system to a room in 
much the same way that an organ is voiced to the par- 
ticular auditorium. 

So? So think about it. You know that a studio, even 
with identical equipment in every room, has different 
sound characteristics in each of these rooms. You have 
to compensate, by ear, for each of those sound charac- 
teristics. 

Now, what if every room could be made the same 
acoustically, in effect? Acousta-Voice has done it for 
Century Records. Two stereo disc mastering rooms, and 
the quality control room have been Acousta-Voiced. 
That's three rooms. All exactly the same. 

Century Records' Chief Engineer, Bob Metcalf, says 
Acousta-Voicing gives you the same base to start equal- 
izing from. Now that's a real edge in itself, especially 
if what you're working on has been recorded in other 
than studio conditions. You know, like a gym, a club, 
a cafeteria or outdoors. 

Another thing. The fatigue factor is very low with 
an Acousta-Voiced studio. The ear stays fresh much 
longer because due to uniform frequency response the 
loudness doesn't have to be raised to hear a detail. That 
means the monitor doesn't have to be up so high. Met- 
calf has installed A -B switches in all three rooms. The 
difference is amazing. 

If a person is really fussy about sound, an Acousta- 
Voiced studio should be investigated. You don't have to 
wait to build a new studio. It can be done right now. 
But only by certain Altec factory -trained CE Sound 
Contractors who've invested a lot of money in test 
equipment and a lot of hours in very intensive training. 

So, for full information about 
Acousta-Voice, write to Altec 
Lansing, 1515 So. Manchester 
Ave., Anaheim, Calif. 92803. 

ALTEC 

A Division of af?M Ling Altec, Inc. 
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Tape Guide 
HERMAN BURSTEIN 

If you have a problem or question on 
tape recording write to Mr. Herman 
Burstein at AUDIO, 134 North Thir- 
teenth Street, Philadelphia, Pa. 19107. 
Please enclose a stamped, self- 
addressed envelope. All letters are 

answered. 

Harsh Sound 

Q. The problem with my tape re- 
corder is harsh or raspy highs. This is 
particularly evident on program mate- 
rial having components above 10 kHz, 
such as violins and snare drums. The 
problem appears to be in the record 
section of the machine, because tapes 
recorded on another machine and 
played back on mine sound fine. The 
type of tape used has some effect on 
the degree of harshness. Some tests 
have been run on my machine. Fre- 
quency response and harmonic distor- 
tion, measured up to 20 kHz, look all 
right. Bias frequency, waveform, and 
level have been checked and appear 
OK. Bias level was even varied, but this 
did not help. All heads were cleaned 
with denatured alcohol before the tests. 
Tape to head contact appears satis- 
factory. Any assistance you can offer 
will be greatly appreciated.-Robert O. 
Kindl, Wethersfield, Conn. 

A. It is barely possible that the re- 
cord head is at fault, although a defec- 
tive head is more likely to give trouble 
in the bass region than in the treble 
range. Perhaps you are over -recording 
because the record level indicator is 
miscalibrated. There may be something 
amiss in the record electronics, such as 
leaky capacitors, low voltage, etc. You 
may have an excessively rough pres- 
sure pad, or one with excessive tension, 
resulting in tape flutter and consequent 
distortion. The record head itself may 
have accidentally become roughened, 
causing flutter. A tape guide may have 
a gummy deposit, causing flutter. And 
there is the faint possibility that a 
highly magnetized head is responsible 
for your difficulty. Clean and demagne- 
tize everything in sight. 

To determine whether or not your 
crossover is operating correctly, feed 
an audio oscillator into the inputs of 

your amplifier, making sure that all 

speakers have been disconnected and 
that dummy loads of the correct im- 
pedance are connected in their place. 
Connect a voltmeter across your mid- 
range crossover output. See if the volt- 
age drops off at the proper rate of 6 or 
12 dB per octave below the lowest fre- 
quency for which that network was de- 
signed. If the highs are not fed into the 
midrange portion of the network, make 
the same test above the highest fre- 
quency for which the network was 
designed. 

If the network fails to operate prop- 
erly, capacitors are usually the ele- 
ments to be suspected. 

Equalization Compatibility 
Q. I am considering the purchase of 

a British tape recorder which records 
to the European standard designated 
CCIR or DIN. I am wondering if I am 
going to experience any difficulty in 
getting good recordings in association 
with American equipment that follows 
the NAB standard. If so, is there any 
way of compensating for this? I would 
also like to know how far from the tape 
recorder heads it would be safe to store 
a bulk eraser. When the eraser is im- 
mediately turned off, does the magnetic 
field dissipate or is there a residual field 
present for a few minutes?-John Na- 
poliello, Philadelphia, Pa. 

A. On the whole you can probably 
get satisfactory results even though 
using CCIR instead of NAB playback 
equalization for NAB recordings, pro- 
vided you employ the tone controls of 
your audio system. Generally, you will 
have to supply some bass boost and 
treble cut-in mild amounts. Bear in 
mind that recording engineers tamper 
a good deal with frequency balance, so 
that perfectly flat record -playback re- 
sponse does not necessarily confprm to 
the frequency balance of the original 
sound source. 

As long as the bulk eraser is not acti- 
vated you can bring it as close to the 
tape heads as you wish. When acti- 
vated, keep it at least six feet from the 
heads. When the eraser is turned off, 
the magnetic field dissipates almost in- 
stantaneously. 

The Cross -Field Principle 
Q. If the cross -field head (a separate 

head mounted opposite the record head 
to supply bias current) really does 
greatly improve frequency response at 
a given tape speed, why has only one 
tape recorder manufacturer used it? 
I understand that the basic patent is 

held by Armour Research, and I can- 
not believe they have given an exclu- 
sive to one company.-Gerald Shirley, 
Tuckahoe, N. Y. 

A. About four years ago I discussed 
this subject with a leading figure in the 
tape recorder industry, and he ex- 
pressed the belief that if the cross -field 
principle were that effective in improv- 
ing high -frequency response it would 
have been adopted by more tape ma- 
chine manufacturers. He wondered 
whether the improvement in high -fre- 
quency response might be obtained at 
the cost of deterioration of some other 
aspect of performance. On the other 
hand, within the past year a manufac- 
turer of high reputation has incor- 
porated the cross -field head in its tape 
recorder. Hence the answer may lie in 
the fact that it takes time for improve- 
ments to gain wide acceptance, and 
that it is more costly and mechanically 
complex to incorporate a separate head 
for supplying bias current. 

For further information, see the 
article starting on page 21. 

More on Bias 

Q. Some time ago you commented 
that cross -field bias does not result in 
as much high -frequency erase as when 
the bias is applied by the record head. 
Could you explain what you mean by 
this? - William Jackson, APO San 
Francisco, Calif. 

A. When high -frequency current is 
fed to the record head along with the 
audio signal, this high -frequency, or 
bias current serves to increase the 
amount of signal recorded on the tape 
and to reduce the distortion of the re- 
corded signal. However, bias current 
also serves to erase what is on the tape, 
in the same fashion as when a great 
deal of bias current is fed to the erase 
head. Because the amount of bias cur- 
rent fed to the record head is much less 
than the amount fed to the erase head, 
the record head has less of an erasing 
effect. Erasure is predominant at high 
frequencies, because such frequencies 
are recorded more closely to the sur- 
face of the oxide coating than are the 
low frequencies; the latter penetrate 
more deeply into the oxide. Hence in 
relative terms there is high frequency 
loss due to bias current in the record 
head. When a cross -field head is used, 
the magnetic bias field is applied from 
the base side of the tape, rather than 
from the oxide coating side. And it is 
claimed by some that this arrangement 
results in less high -frequency loss due 
to bias current. Æ 
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How to recognize a stacked deck. 

Unprecedented Specifications & Fea- 
tures. Achieves true high-fidelity per- 
formance even at slower speeds: 
(20-22,000 Hz @ 71/ ips, 20-17,000 
Hz @ 34 ips, 20-9000 Hz @ 1'/8 ips). 
Three speeds, four -track stereo and 
mono recording and playback, 7 -inch 
reels, Automatic Sentinel Shut-off, 
two VU meters, 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. 

4)1969 SUVERSCOM, INC. 

The Choice of Experts.This is the improved 
successor to the famous Sony Model 350, 
selected as a "best buy" by the nation's 
leading consumer reporting service. 

Sony Mod 21 355. P- ced under $229.50. 
For a free copy of our latest ca:alcg, write 
to Mr. Phillips, Sony/ Supersccpe, Inc., 
8142 Vineland Avenue, Sun valley, Cali- 
fornia 91:252. 

You never heard it so good. 



EIJITOR'S 
REVIE`i' 

Tape Explosion 

1968 was a great year for the magnetic tape 
and equipment industry ... 1969 promises to be 
an even better one. One industry spokesman pre- 
dicted that 1968's retail sales of magnetic tape 
products would reach $500 million, for example. 
Other bullish estimates were: 1968 tape recorder 
sales should reach $280 million; $1 billion in car- 
tridge tapes and related playing equipment by 
1972; $90 million in retail sales of cassette units 
for 1969 (compared to an estimated $70 million 
for 1968); one major producer of 8 -track pre- 
recorded tape cartridges estimated their 1968 
retail sales at $160 million, with 4 -track tape 
cartridges at $40 million. Reports are that tape 
duplicators for cartridges and cassettes are hard- 
pressed to meet present demands for recorded 
material. 

See -Through Radio Antenna 

"Trick -or -treaters" during the past Halloween 
celebration gave my automobile a rakish appear- 
ance by bending its whip antenna back to about 
a 45 -deg. angle. Wouldn't have happened with a 
1969 Grand Prix auto from the Pontiac Motor 
Division, though. 

According to reports, PPG Industries, Inc. has 
developed a glass windshield for the Grand Prix 
model that also acts as an AM and/or FM an- 
tenna. A nearly invisible antenna, consisting of 
an antenna wire that is about twice the thickness 
of a human hair, forms an extended "T" inside 
the windshield. A terminal block for connection 
to a radio is concealed at the bottom of the 
windshield. 

If the new antenna operates as claimed, expect 
conventional monopole and "rabbit ear" antennas 
to go the way of the Auk. 

Noise Abatement 

Excessive noise can induce a hearing loss, as 
has been noted here on a few occasions. A num- 
ber of proposals have been made to reduce this 
hazard, with special emphasis on occupational 
health. For example, test results of tractor drivers' 
hearing suggests that deafness is an occupational 
hazard, and that tractor noise that is sufficiently 
high in intensity, with exposure over a period of 
years, causes high -frequency losses. 

The British Standards Institution proposed the 
following noise limits in 1967 (measured outside 
at 3.6 m away from walls or buildings) : 

Max. levels, dB 
District 
Rural 
Suburban 
Urban 
General Industry 
Predominantly Industrial° 

Weekday 
50 
55 
60 
70 
75 

Night 
40 
45 
50 
60 
65 

When noise control is not possible to achieve, 
ear protection has been used as part of a hearing 
conservation program. Ear plugs are commonly 
used, with varying effectiveness, depending on 
material used. Typical attenuations in decibels 
are: 
Frequency, Hz 250 500 1000 2000 4000 
Fiberglass wool 11 13 17 29 35 
Normal ear plug 16 17 24 28 27 
Medium ear muff 18 26 43 43 46 

Tape Recorder Directory 
This issue's tape recorder directory (see page 

34) includes 77 audio tape recorder models from 
28 manufacturers, and 20 video tape recorders 
from 6 manufacturers. Most of the audio tape 
recorders listed are open reel-to-reel types, with 
a sampling of cartridge and cassette units. 

All specifications have been supplied by respec- 
tive manufacturers, not by measurements made 
by the AUDIO staff. Due to so many past requests 
for frequency response specifications, we have 
listed them in this roundup. 

Further information may be obtained by writ- 
ing directly to the manufacturer or by noting your 
request on the Reader Service Card at the back 
of the magazine. A.P.S. 
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Invitation to euphoria. 

Among all those who 
listen to music from 
records, there is a select 
few who do it very, 
very seriously. They 
originally spent count- 
less hours comparing 
one component against 
another. Then they tried 
their speakers here and 
there at home until they 
worked to perfection 
with the room. 

And when people like 
this listen, they do 
nothing but listen. Just 
as though they had paid 
good money for dinner 
out, orchestra seats and 
a baby sitter. 

They know what that 
record should sound 
like. From deep soul - 
satisfying bass to those 
delicate, sweet highs. 

They're never satisfied 
until they find them- 
selves in that blissful 
state that tells them 
there's just nowhere 
else to go. 

Euphoria. 
If you don't know it, 

just leave everything 
as it is. Except your 
cartridge and favorite 
record. Take both to an 
audio dealer who has 
a particularly good 
listening room. 

Listen first with your 
present cartridge. 
Then with the golden 
XV 15/750E. That's all. 

You won't mind spend- 
ing the sixty dollars. 
It's the least expensive 
passage to euphoria 
you'll ever find. 

Pickering & Co., 
Plainview,L.I.,N.Y. 

THE X.-15/750. WITF A DYNAMIC COUPLING FACTOR DE 750, DELIVERS 1001 MUSIC POWER THROUGHOUT THE ENTIRE 
AUDIBLE RANCE AT 1/2 TO 1 GRAM TRACKING FORCE. IT IS THE NEWEST AND FINEST OF PICKERING'S XV -15 SERIES. 
EACH KV.15 MODEL IS DCF-RATED FOR A SPECIFIC CALIBER OF TONEARM, FROM A DCF OF 200 TO 750. AND ALL DELIVER 
100% MUSIC POWER. PRICED FROM $29.95. DYNAMIC COUPLING FACTOR AND DCF ARE SERVICE MARKS OF PICKERING & CO. 

Check No. 19 on Reader Service Card 
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First of a 

new breed This is what high performance is all about. A bold and beautiful new FM Stereo 
Receiver bred to leave the others behind. 160 crisp, clean watts-power in 

-from reserve. Up -front, ultra -now circuitry featuring Field -Effect Transistors and 

microcircuitry. Front -panel, push-button command of main, remote, or mono 

Sherwood extension speakers and loudness contour. Sherwood high-fidelity-where the 
action is-long on reliability with a three-year warranty. 

Model 5-8800a $399.50 

-eSiiPruuooft-- 
Sherwood Electronic Laboratories, Inc. 4300 North California Avenue, Chicago, Illinois 60618 Write Dept. 1-A 

Check No. 20 on Reader Service Card 
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The Cross -Field Technique 
FRITJOF BRODTKORB* 

Description of a biasing technique which is claimed to improve performance 
and frequency response at low tape speeds 

S LOWER TAPE SPEEDS become 
more common for sound re- 
production from magnetic 

tape, the difficulties in maintaining 
a satisfactory dynamic range are 
accentuated. The limitations are im- 
posed partly by the increased pre - 
emphasis required for obtaining a 
given frequency range at a satisfac- 
tory signal/noise ratio. 

Recent developments in these 
fields, based on the work done at 
Tandbergs Radiofabrikk A/S. 

The tape recording technique de- 
veloped rapidly during and shortly 
after the second world war when 
plastic tape with a coating of mag- 
netic material was introduced, open- 
ing the possibility for application of 
high -frequency biasing. 

The magnetizing process is inher- 
ently nonlinear, of course. If the tape 
is magnetized by the signal alone, 
the resulting signal played back from 
the tape will be severely distorted. 
In the early days of tape recording, 
steel wire was used as the magnetic 
medium. It was then found that the 
distortion could be reduced by ex- 
posing the wire to a permanent mag- 
netic field superimposed on the 
signal field during recording. This 
resulted, however, in a strong back- 
ground noise from the wire during 
playback. A great step forward was 
taken when the permanent magnetic 
field was replaced by an alternating 
field of high frequency, as the plastic 
tape coated with a thin magnetic 
layer became available. When such 
a tape is exposed to a magnetic field 
simultaneously excited by the signal 
and the high -frequency bias, a vir- 
tually distortionless reproduction at 
a very low noise level is obtained, 
With this technique the magnetic 
tape advanced to a leading position 
amongst media for recording and re- 
production of sound. 

*Chie/ Engineer, Tandberge Radiofabrikh A/S 

Obtainable bandwidth in mag- 
netic tape recording is limited by 
tape speed. When the wavelength of 
the signal recorded on the tape ap- 
proaches the width of the recording 
zone, the frequency response is se- 

verely reduced. 
To move the critical frequency 

upwards, the recording zone must be 
made narrower. This can be accom- 
plished either by reducing the bias 
and using thinner tape or by intro- 
ducing the cross -field technique. The 
aspects of the two alternatives are 
discussed here, and it is claimed that 
the cross -field technique on long -play 
tape gives 6 -dB lower tape noise 
than the conventional technique on 
triple -play tape. 

In most recent years, efforts have 
been aimed at the development of 
better tapes and recording tech- 
niques which will make it possible to 
record at the lowest possible tape 
speed while maintaining an ade- 
quate frequency range. 

Methods to Extend 
Frequency Range 

Before these improvements are 
described, it is best to take a closer 
look at the recording process itself. 

An important limitation is im- 
posed by self -erasing, which occurs 
in the recording zone as the tape 
wavelength of the signal to be re- 
corded has diminished, to the same 
order of magnitude as the width of 
the recording zone. More precisely, 
the magnetic field will be completely 
or partly cancelled when the exten- 
sion of the recording zone along the 
trailing edge of the recording gap 
becomes greater than or equal to half 
the wavelength of the signal to be 
recorded. At a tape speed of 71/2 ips, 
the critical wavelength corresponds 
to fairly high frequencies which are 
of no significance for reproduction 
of speech and music. At 3% ips and 
17/a ips, however, the cancelling 

effect occurs within the useful fre- 
quency range when conventional re- 
cording technique is used. It is 
therefore desirable to make the re- 
cording zone as narrow as possible 
(shorter extension along the tape) 
in order to be able to record at short 
wavelengths. 

Several methods have been ap- 
plied to accomplish this: (1) the de- 
sign of the recording head has been 
improved, resulting in a narrowing 
of the recording zone. (2) It has been 
found that the frequency range can 
be extended by using tape with a 
thinner magnetic coating-the so 
called triple -play tape. This is, un- 
fortunately, accompanied by a re- 
duction of the maximum available 
playback signal amplitude and, con- 
sequently, a relative increase in tape 
noise. (3) a relatively new record- 
ing technique, the Cross -field tech- 
nique, has been developed, giving a 
similar extension of the frequency 
range for normal coating thickness 
(long -play tape) without any in- 
crease of tape noise. 

Reduction of Bias. For thick mag- 
netic coating, the recording zone will 
contract if the bias amplitude is re- 
duced. If the signal amplitude is 
maintained, this will cause distor- 
tion from the deepest parts of the 
coating, where the bias becomes in- 
sufficient. This effect is prevailing 
for the lower and medium frequen- 
cies, which are the more important 
ones. In order to avoid this distor- 
tion, the signal amplitude must be 
correspondingly decreased so as to 
have the same depth of penetration 
for the signal and bias fields. This 
will, in turn, reduce the available 
playback signal amplitude. It is thus 
obvious that recording at reduced 
bias utilizes the magnetic coating 
poorly. It leads to less available sig- 
nal relative to the tape noise, and 
has the further drawback that in - 
homogeneities in the coating are 
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accentuated in the form of signal 
drop -outs. 

Generally, it can be stated that the 
available recorded signal amplitude 
depends on the bulk of magnetic 
material being excited. In the lower - 
and middle -frequency ranges, the 
signal increases proportionally to 
the coating thickness for all tapes in 
current use. The noise level is main- 
ly determined by the surface struc- 
ture of the tape and is, therefore, 
practically constant when the thick- 
ness of the tape is varied. 

A possible method for increasing 
the bulk of material being magnet- 
ized would be to increase the width 
of the track from quarter -track to 
half-track. This will increase the 
signal amplitude by 6 dB. The noise 
will increase only by 3 dB because of 
its random frequency and phase re- 
lationships. The net gain in signal- 
to-noise ratio is, therefore, 3 dB for 
a doubling of the track width. 

Reduced Coating Thickness. In or- 
der to benefit from the possibilities 
associated with reduced bias and, 
thereby, narrower recording zone, 
thinner tapes with reduced coating 
thickness have been produced. These 
tapes will give a weaker signal in the 
lower and middle frequency range. 
In contrast, the higher frequencies 
will have larger amplitudes than 
those obtained with thick coating 
because of the narrowing of the re- 
cording zone. Consequently, the fre- 
quency range is extended upwards, 
accompanied by a general decrease 
in signal level. The wider frequency 
range is thus obtained at the sacri- 
fice of S/N. 

Figure 1 shows how the signal am- 

plitude varies as a function of fre- 
quency for tapes with thick and thin 
coating. Curve 3 represents the 
thick tape with a coating of 12 mi- 
crons (long -play tape), whereas 
curve 2 represents the thin triple - 
play tape with 6 microns coating 
thickness. Both tapes have been 
optimally biased; that is, maximum 
available signal amplitude occurs at 
600 Hz for 33/4 ips. The curves have 
been plotted using conventional re- 
cording technique at a tape speed of 
33/4 ips, and show the tape character- 
istic for constant signal recording 
current when played back through a 
flat -response amplifier. This enables 
the relative response for the two 
categories of tape to be read directly 
in decibels. 

As shown, curves 2 and 3 intersect 
at 10,000 Hz. At frequencies below 
the crossover, the thinner coating 
gives a loss of 6 dB as compared to 
the thick coating. If the tape is run 
at half the speed, the crossover fre- 
quency is also reduced by the same 
amount to 5000 Hz. By switching to 
thin tape coating, the amplitudes of 
the higher frequencies are not re- 
duced, and it will appear that a 6 -dB 
gain at higher frequencies has been 
achieved as compared to the lower 
frequencies. This, however, is gained 
at the sacrifice of S/N in the most 
important frequency range where a 
corresponding attenuation occurs, 
an unfortunate occurrence because 
the S/N already represents a serious 
restriction on good sound reproduc- 
tion. 

The ideal solution would be to ex- 
tend the frequency range at a given 
tape speed without deteriorating the 

S/N ratio. As explained in the fol- 
lowing, this is possible by applica- 
tion of the cross -field -bias recording 
technique. 

The Cross -field Technique 
The cross -field technique is char- 

acterized by an extra head that in- 
troduces the bias field, close to the 
record head gap, in opposition to the 
signal field. The resulting field is 
more perpendicular to the tape sur- 
face, and the recording zone becomes 
narrower. The self -erasing effect has 
now moved towards considerably 
higher frequencies, and the record- 
ing field at middle and lower fre- 
quencies penetrates through the 
thicker magnetic coating. An im- 
provement of frequency response has 
thus been obtained without any com- 
promise in the signal-to-noise ratio. 

In our tape recorder laboratory, 
extensive measurements have been 
made to determine the amount of 
signal gain obtained by using cross - 
field bias instead of conventional 
bias. The improvement can be found 
from Fig. 1, where curve 1 shows the 
resulting frequency response for 
cross -field bias. Comparing with 
curve 3 representing the same con- 
ditions for conventional bias, we find 
that the two techniques at a tape 
speed of 3% ips give equal ampli- 
tudes up to 1000 Hz, where the 
curves diverge and show a difference 
of 5 dB in favour of the cross -field 
technique at 10,000 Hz. It can thus 
be stated that the cross -field tech- 
nique gives the same signal ampli- 
tude at lower and middle frequen- 
cies, as compared with conventional 
recording, and a significant signal 
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Fig. 3. Playback equalization, IEC-standard 
Fig. 2. Construction of Overall Record/Playback Curve. 

improvement at higher frequencies. 
If we compare the curve for cross - 

field recording on long -play tape 
(curve 1) with conventional record- 
ing on triple -play tape (curve 2) , we 
find the curves to be virtually par- 
allel to one another, with the latter 
6 dB down. This means that with 
cross -field bias, the frequency range 
for long -play tape with 12 -micron 
coating is the same as that obtained 
with triple -play tape (6 -micron coat- 
ing) using conventional technique. 
The gain in S/N, however, is di- 
rectly expressed by the distance be- 
tween the two curves; that is, 6 dB. 

To recapitulate, there are pres- 
ently two ways to extend frequency 
range at low tape speeds. One way is 
to make the recording zone narrower 
by reducing the bias. This implies 
the use of thinner tape, leading to a 
subsequent decrease of the signal 
level and a corresponding incease of 
the relative noise level. The other 
possibility is to contract the record- 
ing zone by means of cross -field bias, 
whereby the thick tape can be used 
and the low noise level maintained. 

Practical Cross -field Technique 

Frequency Corrections During Rec- 
ord and Playback. Before discussing 
design guidelines for cross -field bias- 
ing, it is necessary to review how fre- 
quency characteristics of a tape re- 
corder arise. Figure 1 shows that the 
frequency response of the head and 
the tape alone is far from being flat. 
The amplitude drops off radically at 
the upper and lower extremes of the 
frequency range. 

At lower frequencies, the ampli- 

tude rolls of at a slope of 6 dB/octave 
because recording has been done 
with a constant magnetic field. At 
the upper end, the signal drop is 
caused by the previously mentioned 
wavelength losses, together with 
head and tape losses. In order to 
compensate for this, the gains of rec- 
ord and playback amplifiers are in- 
creased at both ends of the frequency 
range. See Fig. 2. 

In the lower frequency range, to 
the left of the tape curve peak, the 
playback amplifier gain is increased 
by 6 dB/octave down, compensating 
for the negative slope of the tape 
curve shown in Fig. 2. The location 
of the peak depends on the tape 
speed. Therefore, the break fre- 
quency for the playback amplifier is 
set individually for each tape speed, 
as shown in Fig. 3. The 3 -dB points 
for the frequency curves at the differ- 
ent tape speeds are determined by 
time constants specified in the inter- 
national IEC standard, as follows: 

71/2 ips- 70 its 
(corresponding to 3 dB at 2260 Hz) 

33/4 ips- 90 As 
(corresponding to 3 dB at 1770 Hz) 

1% ips-120 p.s 

(corresponding to 3 dB at 1330 Hz) 

The dropoff at the upper end of 
the tape curve is caused by recording 
losses which can hardly be compen- 
sated for during playback because it 
would result in a severe increase of 
tape noise. In this frequency range, 
therefore, the signal level is raised 
before recording, thereby increasing 
the distance between signal and 
noise. This is the so-called pre -em- 
phasis, which is not restricted by in- 

ternational standards. It is up to the 
manufacturer to freely develop and 
improve the recording technique; he 
can choose recording process and 
pre -emphasis as desired. The only 
requirement is that the signal be re- 
produced correctly, using the stan- 
dard playback curve. 

Dynamic Range. If a reasonable 
quality is to be maintained, the toler- 
able amount of pre -emphasis at 
high frequencies with respect to the 
medium -frequency amplitudes is 
limited. The consequence of pre -em- 
phasis is that the tape recorder will 
require a reduced signal level in the 
pre -emphasized range in order to 
avoid tape saturation. A less pro- 
nounced pre -emphasis gives a wider 
safety margin against overload phe- 
nomena. For this reason, the re- 
quired pre -emphasis for obtaining 
the specified frequency characteris- 
tics of a tape recorder should always 
be stated. A flat frequency response 
up to 10 kHz, attained by 10 -dB pre - 
emphasis, gives a far better dynamic 
range than if 20 -dB pre -emphasis 
were used for the same achievement. 

Generally, the frequency distribu- 
tion of music and speech shows that 
the amplitudes diminish with in- 
creasing frequencies, and it is fair to 
presume signal levels 10 dB down at 
10,000 Hz as compared to 1000 Hz. 
It will therefore be tolerable to in- 
crease the signal 10 dB at 10,000 Hz 
with little risk of tape saturation. 
This is supported by the fact that 
FM broadcast programs are sub- 
mitted to such a correction before 
transmission. The purpose in this 
case is to raise the signal out of the 
background noise. 
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A limit of 10 -dB pre -emphasis at 
10,000 Hz is no longer an exagger- 
ated quality requirement. The more 
modern types of music have, in fact, 
that much sound energy within the 
higher frequency range. Therefore, 
the pre -emphasis represents a risk of 
tape saturation unless the overall 
recording level is decreased, which 
will again lead to a less favorable 
S/N. 

Improvements at Various Tape 
Speeds. If in spite of the above com- 
ments a maximum limit of 10 -dB 
pre -emphasis is taken as a reference, 
it is interesting to compare what can 
be achieved at tape speeds of 71/2, 

3% and 17/8 ips by application of 
cross -field biasing, with the results 
obtained by using thinner tape coat- 
ing. We have already found that the 
tape curves for the two cases are 
virtually parallel to one another. 
Therefore, the pre-emhpasis curves 
will be equal. Thick magnetic coat- 
ing gives the highest signal level and, 
consequently, the best signal/noise 
ratio. 

As previously mentioned, record- 
ing losses associated with the width 
of the recording zone will not occur 
at 71/2 ips. This applies for cross -field 
as well as for conventional tech- 
niques in the relevant frequency 
range. At this speed, however, other 
frequency -dependent losses necessi- 
tate a pre -emphasis of 8 dB. This 
means that the established 10 -dB 
pre -emphasis limit is nearly reached. 
Because the self -erasing problem 
within the desired frequency range 
at 71/2 ips does not arise, the cross - 
field will not alter the overall situa- 
tion at this tape speed. The use of 

thinner tape will, however, give an 
increase of the tape noise by 6 dB 
without any advantages in return. 

If the tape speed is reduced to 33/4 
ips, the wavelength -depending losses 
begin to appear. Conventional tech- 
nique and thick tape require a pre - 
emphasis of 20 dB at 10,000 Hz. 
With cross -field technique, these 
losses can be reduced to a magnitude 
where only 12 dB pre -emphasis at 
10,000 Hz is required. It can thus be 
stated that owing to the new tech- 
nique, one has succeeded in keeping 
the wavelength losses at a level low 
enough to obtain a frequency re- 
sponse at 3% ips that is approxi- 
mately equal to the one at 71/2 ips 
for conventional technique. This has 
been achieved without exaggerating 
pre -emphasis. The tape noise will, 
however, increase by 2 dB because 
of the higher playback amplification 
required for a given signal level in 
the range from 2000 Hz and upwards 
at 3% ips. See Fig. 3. 

At 1% ips a still greater profit is 
gained by the new technique. A pre - 
emphasis that compensates for re- 
cording losses up to 10,000 Hz will, 
with cross -field bias, have to be 18 
dB, which is nearly the same as 
needed for 33/4 ips by conventional 
biasing. Again, 2 dB more noise will 
have to be accepted because of in- 
creased playback amplifier gain from 
1300 Hz and upwards. In other 
words, this will give 4 dB more rela- 
tive noise than is the case at 71/2 ips. 

Conclusion 

The chart below is a summary of 
playback data for cross -field record- 
ing on thick tape and conventional 

recording on thin tape. Standard 
IEC playback curves are assumed. 
Cross -field recording on long -play 
tape at 71/2 ips is taken as the refer- 
ence for tape noise. 

Tape 
Tape noise level 

noise level triple -play 
Pre- long -play tape con - 

Tope emphasis tape cross- ventional 
speed ips at 10 kHz field bias bias 

71/2 8 dB 0 dB + 6 dB 

33/4 12 dB +2dB + 8dB 
178 18 dB +4dB +10 dB 

Figure 5 shows the resulting fre- 
quency curves obtained with the pre - 
emphasis and tape noise given in the 
accompanying table of playback 
data when the cross -field technique 
is used for thick tapes. The greatest 
advantage obtained by using cross - 
field recording on thick tape instead 
of conventional recording on thin 
tape is a reduction of tape noise. 
From the table it can be found that 
cross -field is 6 dB better in this re- 
spect at all three tape speeds. 

It may be of some interest to know 
the relative increase of the tape noise 
when the tape speed is reduced from 
7% ips to 17/8 ips. Taking the tabu- 
lated data for cross -field as a refer- 
ence, we find that the tape noise will 
increase by 4 dB for cross -field, as 
well as for conventional technique, 
due to the higher playback gain re- 
quired at low tape speed. Further- 
more the tape speed reduction re- 
quires a 10 dB higher pre -emphasis 
in order to maintain the frequency 
response up to 10,000 Hz. Hence the 
overload safety margin in the upper 
frequency range is correspondingly 
reduced. The 8 -dB pre -emphasis at 

(Continued on page 79) 
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Layman's Guide to 

Tape 
Recorder 
Specifications 

AUDIO ENTHUSIASTS pay fairly fancy 
prices for good home tape recorders; 
tags on high -quality machines are often 
$300 and upward. Yet their specifica- 
tions are not quite as fancy when com- 
pared with those for other audio equip- 
ment such as tuners and amplifiers. A 
high-priced tape machine may claim 
S/N (signal-to-noise ratio) of only 
50 dB, while tuners and amplifiers 
vaunt S/N of 60 dB, 70 dB, and even 
higher. A tape machine may claim rela- 
tively flat response over the range of 
50-15,000 Hz, while other equipment 
will claim virtually flat response from 
20 to 30,000 Hz, 50,000 Hz, or higher. 

Understandably, in judging the qual- 
ity of a tape recorder by its specifica- 
tions-presented by the manufacturer 
or in an equipment profile-the audio- 
phile will want to know what can be 
considered excellent performance in 
light of today's state of the art. And he 
will want to know what is good, and 
what is only fair. It is the purpose here 
to help him acquire such knowledge, 
guided by (1) performance achieved by 
today's top-flight home machines, and 
(2) performance standards set by NAB 
(National Association of Broadcasters) 
for professional machines. 

Much of what we have to say con- 
cerns three principal criteria of per- 
formance: frequency response, S/N, 
and distortion. We shall also talk about 
such things as motion, crosstalk, chan- 
nel separation, tape speeds, head gaps, 
various tape recorder features, and the 
like. 

Interdependence of Frequency 
Response, S/N, and Distortion 

We must remind readers how inter- 
dependent the three parameters noted 
above are in the case of a tape recorder. 
An improvement in one aspect of per- 
formance necessarily entails a sacrifice 
in one or both of the other two aspects. 
For example, a significant extension of 

treble response-say from 15,000 to 
20,000 Hz at 7.5 ips (inches per second) 
-could be achieved if one is willing to 
let distortion rise appreciably and/or 
let S/N drop appreciably. A substan- 
tial improvement in S/N could be ob- 
tained by letting distortion and/or 
frequency response go to pot. And so 
forth. 

Why is this so? Perhaps we can most 
easily explain by illustration. Suppose 
that at 7.5 ips, using conventional tape, 
a machine correctly specifies that fre- 
quency response is down no more than 
2 dB at 15,000 Hz; that S/N is 55 dB 
at peak recording level; and that har- 
monic distortion is 3% at peak record- 
ing level. Without changing the ma- 
chine or tape or state of the art, what 
could we do to extend treble response 
to, say, 22,000 Hz for Fido's benefit? 
One thing that might be done is to de- 
crease bias current a little. The effect 
of reducing bias current through the 
record head is to reduce "bias erase"- 
the tendency of the head to erase the 
very frequencies it is trying to record. 
Since bias erase becomes more severe 
as frequency rises, a reduction in bias 
current results in improved treble re- 
sponse. 

So far, so good. But something else 
happens when bias current is cut. Dis- 
tortion rises, and quite sharply. Hence 
the gain in treble response comes at the 
expense of more distortion. On the 
other hand, might it be possible to 
avoid the rise in distortion? Yes. How? 
Simply by recording at a lower level. 

But with less signal recorded on the 
tape, we get lower S/N in playback. 
Hence we have traded better treble re- 
sponse for a deterioration in S/N. Or 
we could take a compromise position 
by trading the treble gain for moderate 
sacrifices in both distortion and S/N. 

With a little imagination, the reader 
can figure out the consequence of try- 
ing to achieve an improvement in S/N 
or distortion. 

S/N Specifications 

S/N deals with the ratio, in dB, be- 
tween the desired audio signal and 
noise due to the record and playback 
amplifiers, hum picked up by the play- 
back head, and tape noise. 

S/N and distortion specifications 
tend to be the ones most puzzling, not 
only to amateur audiophiles but to pro- 
fessionals as well. This is because the 
meaning of these two specifications is 
tied to a precise definition of peak re- 
cording level (also known as maximum 
permissible recording level) , and un- 
fortunately this definition is not always 
clearly given. 

For a number of years it has been 

the practice of high -quality machines 
for home use (and even professional 
use) to define peak recording level as 
that which at 400 Hz produces 3% har- 
monic distortion on (conventional) 
tape. (To make an important digres- 
sion: VU meters in machines of pro- 
fessional quality are generally set to 
read 0 VU either at a recording level 
that produces 1% distortion or, pretty 
much the same thing, at a level about 
8 dB below that which produces 3% 
distortion. The reason is to allow for 
the mechanical lag of the pointer, 
which cannot follow sharp transients 
and therefore tends to under -indicate 
peak recording level. By keeping the 
VU pointer at or below 0 VU, the re- 
cordist therefore has a margin of safety 
of about 8 dB.) Experience has shown 
that a recording level which does not 
exceed 3% harmonic distortion at 400 
Hz, where audio energy is apt to be 
most intense, results in quite accept- 
able reproduction. The forthcoming 
NAB test tapes contain an "NAB 
Standard Reference Level," which is a 
400 Hz tone recorded at a level 8 dB 
below that producing 3% third har- 
monic distortion at 7.5 ips. 

Therefore let us be satisfied to con- 
sider peak recording level that which 
at 400 Hz produces 3% harmonic dis- 
tortion on conventional tape at 7.5 ips. 
Accordingly, S/N is the ratio in play- 
back between a 400 -Hz signal recorded 
on a machine at peak recording level 
and all the noise produced by that ma- 
chine in the absence of such a 400 Hz 
signal. 

Using conventional tape, the NAB 
standard calls for S/N to be at Mast 
53 dB at both 7.5 and 3.75 ips for 
quarter -track operation (and about the 
same for half-track). However, there 
are some home machines that under 
these conditions can achieve S/N as 
high as 56 dB, and perhaps a bit more. 
Therefore excellent, good, and fair SIN 
performance might be defined as shown 
in Fig. 1. 

The peak recording level is some- 
times defined as that which produces 
1% harmonic distortion. Then the 
specified S/N ratio should be adjusted 
upward by about 8 dB. Thus if the 
specification states that S/N is 44 dB 
below the 1% distortion level, we can 
state that S/N is about 52 dB with 
reference to the recording level that 
produces 3% distortion. The reference 
level may be given as 0 VU. Properly- 
but not always -0 VU should corre- 
spond to a recording level that pro- 
duces about 1% harmonic distortion 
and is about 8 dB below that which 
produces 3% harmonic distortion. So 
again we can add 8 dB to a specification 
based on 0 VU. WARNING: Be sure 
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Parameter Excellent Good Fair Unit 

S/N 54-56 50-53. 45-50 dB 

7'/2 30-16,000 50-13,000 50-10,000 Hz 

Frequency response 3% 50-12,000 50-10,000 50-8000 Hz 

17/8 50-8000 50-7000 50-5000 Hz 

Uniformity of 
playback response ±1 ±2 ±3 dB 

Uniformity of 
record/playback response +2 +3 +5 

( 7'/2 0.1 0.2 0.25 % 
Wow and flutter { 3% 0.2 0.25 0.3 % 

17/8 0.3 0.4 0.5 % 
Absolute speed error 0.3 0.5 1.0 

Crosstalk 60 54 48 dB 

Channel Separation 40 35 30 dB 

Fig. 1-How to interpret Tape Recorder Specifications. 
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Fig. 2-Standard reproducing characteristics for magnetic tape 
records. Reference frequency: 400 Hz. 

that the distortion level is 1% when 
the VU meter is driven to 0 VU while 
recording a steady 400 Hz tone. To be 
sure, consult the tape machine's speci- 
fications or its manufacturer or an 
equipment profile of the machine. 

On occasion one may find that peak 
recording level corresponds to 5% 
harmonic distortion at 400 Hz. Then 
one should subtract about 6 to 8 dB 
from the specified S/N. Ror example, a 
rating of 58 dB would be reduced to 
about 50-52 dB. 

One more word of caution: Make 
sure that the S/N specification pertains 
to the entire record -playback process, 
including the heads. At times it has 
been found that a specification was re- 
lated only to the tape electronics, en- 
abling a manufacturer to claim a juicy 
60 dB. 

Distortion 
Much of the preceding section bears 

on the distortion specification as well 
as on the S/N one. We have seen that 
distortion is really a matter of defini- 
tion rather than of design in the case 
of a tape recorder. For the purpose of 
calculating S/N, the accepted practice 
of high -quality home tape recorders is 
to use as a reference the recording level 
which produces 3% harmonic distor- 
tion on the tape at 400 Hz. The practice 
might just as well have developed of 
rating S/N on the basis of 2% or 1% 
distortion; but this would not mean 
that the tape machine produces any 
less distortion. The distortion level is 
due to the amount of signal that one 
tries to get onto the tape, not to the 
quality of the tape machine. 

Tape recorder specifications rarely 
mention IM (intermodulation distor- 
tion). The fact is that when a recorder 
is producing only about 1% THD 
(total harmonic distortion), IM is sub- 
stantially higher; a typical figure might 
be 6% or 8% IM. When a machine is 

producing 3% THD, measured IM 
might rise to a figure like 12% or 15% 
or more. Because such figures are dis- 
tressing to the eye, they are omitted. 
But the results appear considerably less 
distressing to the ear. For one thing, 
we are talking about IM at or close to 
peak recording levels, which are only 
occasional. For another, some part of 
the measured IM products may be out- 
side the range of hearing. 

Frequency Response 
If one were to record and play a tape 

with a machine containing no fre- 
quency equalization, there would be 
considerable bass and treble loss in 
playback. For reasons having to do with 
maximization of S/N and minimization 
of distortion, it has been found desir- 
able to correct for the bass and treble 
losses by supplying bass boost largely 
in playback, and treble boost laregly in 
recording. Accordingly, there are 
standard playback characteristics for 
each tape speed; the characteristic 
shows how much bass boost shall be 
supplied in playback. No standard 
characteristic is specified for record- 
ing. Instead, broadly stated, the stand- 
ards provide that recording equaliza- 
tion (mainly treble boost) shall be such 
that, when taken in conjunction with 
playback equalization, the result shall 
be flat response (within specified toler- 
ance limits). In other words, the record - 
playback process shall be such that the 
magnitude of each audio frequency 
relative to 1000 Hz (or relative to any 
other reference frequency) shall be the 
same at the output of the process as at 
the input. 

The playback characteristic of a tape 
machine should be as shown in Fig. 2. 
For 15 and 7.5 ips, the standard re- 
sponse curve consists of about 36 dB of 
bass boost, commencing (3 dB up) at 
3180 Hz and leveling off (3 dB below 
maximum) at 50 Hz. For 3.75 and 

1.875 ips, there is about 31 dB of bass 
boost, this time commencing at 1770 
Hz and again leveling off at 50 Hz. 

It must be clearly understood that 
this playback curve is not simply that 
of an equalization circuit in the tape 
playback amplifier. Therefore it is not 
sufficient to measure the playback 
equalization of the tape amplifier to 
determine whether playback response 
is correct. Instead, the standard re- 
sponse curve is the combined result of 
the equalization circuit plus the devia- 
tions of the actual playback head from 
those of an "ideal" head. Compared 
with an ideal head (which displays re- 
sponse steadily rising 6 dB per octave 
for constant magnetic flux through the 
head), actual heads tend to display 
irregularities in the low -bass and high - 
treble frequencies. Typically these con- 
sist of moderate treble loss (due to gap 
width, and coil and cable capacitances), 
and exaggerated bass (due to the entire 
head and not merely its gap reacting to 
the flux emanating from the tape at 
long wavelengths, i.e. low frequencies). 
The playback amplifier is required to 
compensate for such aberrations, re- 
sulting in the total response curves of 
Fig. 2. 

It is beyond the capability of most 
people to measure the total playback 
response of a tape machine, including 
that of the playback head. Therefore 
the means of checking playback re- 
sponse is to play a test tape and meas- 
ure response at the output of the tape 
amplifier. (At the time of writing, the 
NAB test tapes are not yet available. 
However, other test tapes, such as 
those of Ampex, serve in the interim.) 
If the machine has perfectly accurate 
playback response, the output of its 
tape amplifier will be flat. In other 
words, all recorded frequencies on the 
test tape will have the same measured 
amplitude at the amplifier output. 

The criteria of playback response are 
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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 cost of comparable amplifiers, such 

consummate value just naturally gets around. 

Dynaco iatroduces 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 width of the frequency range cov- 
ered and the uniformity (flatness) of 
response over this range. In broad 
terms, the NAB standards suggest that 
high -quality performance requires a 
range of about 30 to 15,000 Hz for 15 
and 7.5 ips; of about 50 to 10,000 Hz 
for 3.75 ips; and of about 100 to 5000 
Hz for 1.875 ips. And for the bulk of 
each indicated range, these standards 
suggest a uniformity of about ±1 dB 
for 15 and 7.5 ips; of about +1, -1.5 
dB for 3.75 ips; and of ±2 dB for 1.875 
ips. Reduced to tabular form, these 
criteria also appear in Fig. 1. 

The indications of Fig. 1 must be 
read with understanding and probably 
also with some grains of salt. For one 
thing, the suggested ranges presume 
that there is a compromise among the 
conflicting requirements of broad fre- 
quency response, low distortion, and 
high S/N. For another, the reader 
should not be too literal. For example, 
if the playback response of a machine 
at 7.5 ips is ±1 dB to 15,500 Hz rather 
than to 16,000 Hz, this too is probably 
excellent. Also, the reader should allow 
for some extra dropoff at the extremes 
of the audio range. To illustrate, if a 
machine maintains ±1 dB response be- 
tween 50 and 12,000 Hz at 7.5 ips, but 
drops off to -2 dB at 30 and 16,000 
Hz, this again is probably excellent. 

We turn now to the question of re- 
cord -playback response, and here we 
have a problem, namely the extent to 
which we should allow the NAB stan- 
dard for professional machines to affect 
our viewpoint concerning machines for 
home use. The intention of NAB is 
that, regardless how inaccurate the 
playback response of a particular ma- 
chine may be, its recording character- 
istic shall be accurate, enabling tapes 
recorded on this machine to yield flat 
response when played on other ma- 
chines with accurate playback re- 
sponse. In other words, inaccuracies in 
playback response shall not be com- 
pensated by opposite inaccuracies in 
recording equalization so as to yield 
flat record -playback response. 

This is appropriate for professional 
machines, which turn out recordings to 
be played in large part on other ma- 
chines. But the recordings of home 
machines are played largely or en- 
tirely on the same machine. Therefore, 
in the case of home machines, we are 
concerned with the flatness of record - 
playback response, quite apart from the 
accuracy of playback response (impor- 
tant only in playing tapes made on 
other machines, such as pre-recorded 
tapes). Accordingly we shall be guided 
by NAB standards only in the follow- 
ing sense: permissible deviations from 
accurate recording will be added, more 
or less, to permissible deviations from 

accurate playback to arrive at a con- 
cept of accuracy on a record -playback 
basis. 

Excellent, good, and fair range of 
record -playback response may be con- 
sidered the same as for playback range 
of response, already discussed, and are 
also shown in Fig. 1. As before, under- 
standing and salt are needed. For ex- 
ample, if response at 7.5 ips is down 
2 dB at 13,000 Hz and 3 dB at 16,000 
Hz, that is still excellent. 

Head Gaps 

Because a narrow head gap plays an 
important part in achieving extended 
treble response, specifications often 
state the gap width. Thus a typical 
figure for a playback head or a record - 
playback head is .00005" - 50 micro - 
inches. 

The recordist should realize that a 
narrow gap is crucial only for play- 
back. For recording, a relatively wide 
gap is more desirable. If the tape ma- 
chine has separate record and playback 
heads, an appropriate value for the 
record head is more nearly 500 than 50 
micro -inches. 

The question then is how narrow the 
gap need be to sustain treble response. 
A close answer may be obtained from 
the equation G = 900,000S/2f, where 
'G is gap in micro -inches, S is tape 
speed in inches per second, and f is 
frequency in Hz. To illustrate, assume 
it is attempted to achieve substantially 
flat response to 10,000 Hz at 1.875 ips. 
The indicated gap width is G (900,000 
X 1.875) / (2 X 10,000) = 1,687,500/ 
20,000 = 84 micro -inches. 

Since in actual tape machines one 
finds playback gaps as narrow as 50 
micro -inches, and perhaps narrower, it 
is unlikely that gap width of this order 
is a limitation on treble response- 
assuming the gap has very straight 
edges as well as being very narrow. 
Much more likely as the cause of the 
limitation are the severe magnetic 
losses that occur in recording. 

Tape Speeds 

Earlier discussion has suggested the 
quality of performance which can be 
achieved at 7.5 ips, which is now the 
NAB standard speed, and at 3.75 ips. 
More explicitly, in the present state 
of the art-encompassing tape heads, 
tape electronics, tape, knowledge of 
optimum equalization techniques, and 
mechanical design- high-fidelity per- 
formance is readily achievable at 7.5 
ips, and within grasp at 3.75 ips. In 
some top-flight home machines, per- 
formance at 3.75 ips is little if at all 
distinguishable to the ear from that at 
7.5 ips, although instruments can mea- 
sure differences. Hence it is desirable 

that a home machine offer tape speeds 
of at least 7.5 and 3.75 ips. 

It doesn't defy memory to recall a 
time when tape recorders of good repu- 
tation sought to extend response only 
to about 8000 Hz at 7.5 ips. Today this 
kind of response is attainable at 1.875 
ips, along with reasonably good per- 
formance in other respects (S/N, dis- 
tortion, motion, and so on). Accord- 
ingly, 1.875 ips may now be considered 
a "serious," and therefore desirable, 
speed for such things as background 
music, speech, and other applications 
where requirements are less stringent 
than for high fidelity reproduction but 
nonetheless fairly demanding. The art 
advances. 

Format 
Quarter -track operation, either stereo 

or mono, is the usual format for home 
machines. That is, provision is made 
for recording four tracks, each nomi- 
nally 43 mils wide, with three islands 
of 24 mils each between tracks. With 
tape moving from left to right and the 
oxide facing away from the operator, 
the tracks are numbered 1 to 4 from 
top to bottom of the tape. 

For stereo, tracks 1 and 3 are used 
in one direction of tape travel, respec- 
tively carrying the left and right chan- 
nels; tracks 4 and 2, respectively carry- 
inging the left and right channels, are 
used in the other direction. For mono, 
the operating sequence is 1-4-3-2. In 
mono, the machine should be capable 
of recording each track individually; to 
make this point clear, the machine 
should not be erasing track 3 while re- 
cording track 1, and vice versa; nor 
should it be erasing track 2 while re- 
cording track 4, and vice versa. By the 
same token, the machine should be 
capable of playing each track indi- 
vidually. 

Motion 
The NAB standards require that 

flutter and wow, on an unweighted, rms 
basis, shall not exceed 0.2% at 7.5 ips, 
0.25% at 3.75 ips, and 0.5% at 1.875 
ips. Wow consists of a few (up to about 
10) deviations per second from average 
tape speed; flutter consists of more fre- 
quent deviations. The flutter and wow 
percentage shows the relationship be- 
tween the amount of speed deviation 
and the average speed. 

Taking into account not only the 
NAB requirements but also the pres- 
ent capability of high quality home 
machines, these criteria are also tabu- 
lated in Fig. 1. 

NAB requires that professional ma- 
chines have a speed error of no more 
than 0.2% (plus or minus) throughout 
the reel. This means that in an hour of 
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All turntables 
are not 

created equal. 

(This is a public service message from Marantz.) 

There are two ways to build a turntable. The ordinary way. 

And the Marantz straight-line tracking way. 
Straight-line tracking makes a home turntable system 

reproduce the sound on a phonograph record exactly as it 

was originally etched by the studio cutting head. And only 
Marantz has straight-line tracking. Straight-line tracking 
keeps the tone -arm precisely tangent to the grooves- 
not sloshing around in them. 

That's why it is the only known 
way to give you absolutely uniform 
stereo separation and frequency 
response from the outermost 
groove to the innermost (where 
distortion is greatest). In addition, 
straight-line tracking eliminates 
tracking error distortion, uneven 
stylus wear, and skating force. 

Another Marantz feature, positive cueing control, ends 
accidental record scratching forever. One simple control 
knob lets you set the stylus in any groove you desire. 

The Marantz Model SLT-12U turntable is equipped with a 

universal pick-up head which is adaptable to a broad selec- 
tion of popular cartridges. No wonder-feature for feature- 
it is the ideal instrument to enable you to enjoy perfect 

stereo sound in your home- 
exactly as heard in the finest 
recording studios. And best of all, 
it is priced at just $295. 

There is so much that goes into 
making a Marantz a Marantz, that 
your local franchised Marantz 
dealer will be pleased to give you 
a demonstration. Then let your 
ears make up your mind. 
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recorded material, there shall be a gain 
or loss of no more than 7.2 seconds, 
which is a rather rigorous requirement. 
The figures for speed accuracy are also 
shown in Fig. 1. 

As an important operating con- 
venience, particularly where time is 
money, professional machines provide 
for very fast wind and rewind of tapes, 
with a travel rate of about 1200 feet in 
30 seconds being typical. In home ma- 
chines, however, this is apt to take more 
like 60 to 90 seconds, and sometimes as 
much as two minutes. To us, a fast 
wind specification of about 60 to 90 
seconds for 1200 feet appears more de- 
sirable than one appreciably under 60 
seconds. The reason is that home ma- 
chines seldom wind the tape as 
smoothly as professional machines do, 
and excessively fast winding may cause 
tape stresses that deform the tape and 
distort the sound. 

Crosstalk 
This refers to signal leakage between 

adjacent tape tracks. NAB specifies 
that between 200 and 10,000 Hz the dif- 
ference between the original signal on 
one track and the leakage signal on the 
adjacent track shall be at least 60 dB. 
This may also be considered the stan- 
dard of excellence for home machines. 
Inasmuch as S/N, although excellent, 
is likely to be a smaller figure-say 55 
dB-then crosstalk is apt to be masked 
by other noise. Excellent, good, and 
fair performance criteria are tabulated 
in Fig. 1. 

Channel Separation 
This refers to signal leakage between 

channels of a stereo system-between 
the left channel and right channel sec- 
tions of the tape heads, or between the 
left channel and right channel sections 
of the tape electronics. NAB specifies 
that between 100 and 10,000 Hz there 
shall be channel separation of at least 
40 dB; this may be considered the stan- 
dard of excellence for home machines 
as well, also shown in Fig. 1. 

Why is the requirement for channel 
separation considerably less stringent 
than for crosstalk? The reason is that 
the question of channel separation 
arises only for stereo signals, which are 
ordinarily related to each other. Leak- 
age of signal from one channel to the 
other is therefore unlikely to be audible, 
and if audible it is unlikely to be dis- 
turbing. But in the case of crosstalk, 
where adjacent tracks contain unre- 
lated signals (see the earlier section on 
Format), a small amount of signal 
leakage can be audible and disturbing. 

Record -Level Indicator 
Inasmuch as the present subject ties 

in with distortion and S/N, the reader 
is referred back to the earlier sections 

on the latter two subjects for necessary 
background. 

If the indicator is a magic eye tube, 
it has virtually instantaneous and full 
response to sharp transients. It truly 
indicates the level of signal peaks, 
which cause the most distortion. Ac- 
cordingly, the magic eye should be ad- 
justed so that it barely closes when 
recording a steady 400 -Hz tone at a 
level that produces 3% harmonic dis- 
tortion on the tape. Should the eye not 
close until a higher recording level is 
reached, excessive distortion may ap- 
pear on the tape. Should the eye close 
before the 3% distortion level is 
reached, the recorded signal level may 
be of insufficient magnitude, resulting 
in poor S/N. 

If the indicator is a VU meter (or a 
meter with reasonably similar charac- 
teristics), being a mechanical rather 
than electronic device it will not re- 
spond fully to signal peaks; it will tend 
to under -indicate their magnitude, in- 
ducing the operator to record at too 
high a level, with consequent excessive 
distortion. Therefore it is customary to 
provide "headroom" by having the 
meter indicate peak recording level- 
that is, 0 VU-well before a steady 
400 -Hz signal produces 3% THD on 
the tape. The general procedure is to 
allow about 8 -dB headroom. One way 
is to adjust the meter to indicate 0 VU 
when recording a 400 -Hz signal at a 
level 8 dB below the level which pro- 
duces 3% harmonic distortion on the 
tape. Another, and approximately 
equivalent, way is to adjust the meter 
to indicate 0 VU when recording a 
400 -Hz signal at a level which produces 
1% harmonic distortion on the tape. 
Hence the specifications should indi- 
cate that one of these two methods of 
adjusting the VU meter has been em- 
ployed. 

(A number of persons believe that 
8 dB is often not enough headroom. 
Some program material may contain 
peaks as much as 15 and even 20 dB 
above the level indicated by the VU 
meter. Therefore, an electronic eye or 
an oscilloscope may be desired as an 
adjunct to or substitute for the VU 
meter as a record -level indicator. An- 
other alternative is a peak -reading 
meter, rather than one which indicates 
average level as does the VU meter.) 

Other Things to Consider 
Thus far in the main we have been 

discussing the quality of performance 
of a tape machine as revealed by its 
specifications. The specifications may 
have a good deal further to say which 
is of interest to the audiophile. How- 
ever, the additional information is 
likely to bear not on measures of per- 
formance but on features which pro- 

vide operating convenience and flexi- 
bility. Following are a number of the 
features that may be specified. (The 
order of presentation is of no signifi- 
cance.) 

Sound -on -Sound. This provides for 
synchronized, sequential recording of 
two or more sound sources on a single 
track. For example, one person can be- 
come a trio, quartet, and so on by: 
recording his voice on track 1; playing 
track 1, recording this signal on track 3, 
and at the same time adding his voice 
afresh to track 3; playing track 3, re- 
cording the track 3 signal on track 1, 
and adding his voice afresh to track 1; 
and so on as long as desired. 

Echo Effect. This permits the re- 
corded sound to be repeated on the 
same track at small intervals and at 
successively diminishing magnitudes, 
thus achieving an effect akin to an echo. 

Reverse Operation. This saves the 
operator the inconvenience of having 
to interchange the tape reels on the 
hubs when desiring to operate the tape 
in "opposite direction" - for example 
when desiring to record tracks 4 and 2 
after recording tracks 1 and 3. Instead, 
the machine permits the direction of 
tape travel to be reversed. A number 
of machines feature automatic reverse; 
some only in playback, and others both 
in recording and playback; some only 
in one direction of tape travel, and 
some in both directions. 

Tape Lifter. Some machines permit 
the tape to remain in contact with the 
heads when the tape is being rapidly 
wound or rewound, thereby accelerat- 
ing head wear. The tape lifter spaces 
the tape away from the heads during 
rapid wind. 

Pause Control. Generally, if the tape 
machine is in the recording mode and 
if the transport is stopped, the machine 
is automatically taken out of record- 
ing mode, thereby avoiding accidental 
erasure when operation is resumed. 
However, a pause control may be 
offered that enables the user at his 
option to stop the transport yet keep 
the machine in recording mode. 

Tape Counter. To facilitate finding a 
passage in a reel of tape, most home 
machines provide a digital counter with 
a reset knob or button. 

Push -Button Controls. Some ma- 
chines use relatively "primitive" means 
of putting the transport through its 
modes of operation - by knobs or a 
"joystick." Others offer push-button 
controls. These may still be mechani- 
cal devices, although fancier in appear- 
ance. Or they may control solenoids, 
enabling the user to operate the trans- 
port easily and quickly with a light 
touch. 

Inputs and Outputs. The tape re- 
corder should have at least two inputs, 
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Martin Audio announces 
the first professional stereo mixer 
with built in echo mixing facilities 

SONOMIX 602E 

Sonomix 602 is the newest member of our mixer 
family. It incorporates all the features of the 
Sonomix 601 mono - six microphone or line inputs, 
AC or accessory ni -cad battery pack - plus dual 
stereo outputs with each mixing pot switchable to 
left, center or right channel. Each input has its own 
echo pot, which mixes to a mono echo send to 
drive an external echo chamber. The echo signal is 

fed to left and right echo return pots, and mixed 
with the channel outputs. 

95DB Gain 200 SZ Microphone Inputs 100 kn Line Inputs 
+4 VU 6002 Stereo Outputs 
XLR Connectors on MIC Inputs and Line Outputs 

Model 602E with echo mixing and desk top cabinet $1005 

Model 602E without cabinet for rack mounting $ 945 

Model 602 without echo mixing for rack mounting $ 795 

MARTIN AUDIO CORP. 
56 WEST 45th STREET / NEW YORK, NEW YORK 10036 / 212-661-6987 

Check No. 31 on Reader Service Card 
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one for high-level sources such as a 
tuner or audio preamplifier; and the 
other for low-level sources such as a 
microphone (and sometimes for a mag- 
netic phonograph pickup, including 
proper equalization). If the tape ma- 
chine contains its own power amplifier 
and speaker, it should still provide an 
output jack for feeding an external 
amplifier. For minimum distortion, the 
output signal should be taken at a point 
prior to the output transformer (if any) 
of the internal amplifier. It is further 
desirable that the machine provide a 
second output jack for an external 
speaker; in this case the signal would 
be taken from a point following the 
internal amplifier. 

Returning to the subject of a low- 
level input for microphones, most home 
machines provide only for accepting 
the signal from a high -impedance 
microphone, which puts out a relatively 
high signal. Some, however, provide for 
accepting the signal from low -imped- 
ance microphones, which deliver less 
signal but permit a long run of cable 
between the microphone and tape re- 
corder without appreciable loss of 
highs. (If the tape recorder will accept 
only a high -impedance microphone and 
the recordist wishes to use a low -im- 
pedance microphone, it is necessary 
for him to insert a step-up transformer 
between the microphone and the re- 
corder.) 

Input & Output Sensitivity. High- 
level sources such as FM tuners, TV, 
audio preamps, and so on, ordinarily 
deliver at least 0.5 V. Therefore the 
figure for input sensitivity of the tape 
recorder on high-level input should be 
no more than 0.5 V; in other words, no 
more than 0.5 V should be required to 
drive the tape recorder to peak record- 
ing level as shown by the record -level 
indicator. To allow some margin of 
safety, a number of machines have in- 
put sensitivities ranging down to about 
0.1 V. 

Similarly, the tape recorder should 
have adequate sensitivity on low-level 
input. The sensitivity figure should be 
no more than about 10 millivolts, while 
a sensitivity of about 2 or 3 millivolts 
is preferable. 

Inasmuch as most high-fidelity am- 
plifiers or preamps can be driven to the 
desired level by a signal of about 0.1 
to 0.5 V, the tape recorder should be 
able to deliver a correspondingly strong 
output signal. Allowing for a margin 
of safety, the tape recorder should be 
able to deliver peak signals of about 
1 V to following audio equipment. 

Automatic Equalization Change. 
Equalization requirements vary with 
tape speed both in recording and play- 
back. Most home machines automati- 
cally provide the necessary change in 

equalization as the user selects the de- 
sired tape speed. However, in some 
top-flight recorders this change is not 
performed automatically, and it is nec- 
essary for the operator to keep his wits 
about him to make sure that he does 
not use the wrong equalization in re- 
cording. (Making a mistake in play- 
back is much less consequential, be- 
cause no permanent harm is done by 
forgetting to set equalization cor- 
rectly.) 

A -B Switch. A machine having sepa- 
rate record and playback heads and 
thereby permitting simultaneous re- 
cording and playback will usually (but 
not always) incorporate an A -B switch. 
When recording, this permits the play- 
back signal to be compared with the 
incoming signal, so the operator can 
check recording quality for such things 
as faithful frequency response, low dis- 
tortion, and high S/N. By flipping 
the A -B switch between the positions 
representing the input and playback 
signals, he obtains an almost instan- 
taneous and valid comparison. The 
comparison can be made by means of 
earphones, or by one's audio system if 
properly connected to the tape re- 
corder. (The A -B switch is not strictly 
necessary, because audio preamps gen- 
erally contain such an A -B switch.) 

Bias Indication. Correct setting of 
bias current through the record head 
is critical in order to achieve the opti- 
mum combination of extended treble 
response, low distortion, and high S/N. 
This setting is performed by the manu- 
facturer at the factory, or else by a 
competent technician or machine oper- 
ator. To make sure that bias is at the 
proper value, some of the best ma- 
chines enable bias to be read on the 
machine's VU meter at the turn of a 
switch. 

Adjustment Facilities. In order to 
achieve optimum performance, the tape 
recorder should permit a variety of fine 
adjustments, including bias magnitude, 
bias frequency, input gain, output gain, 
record -level indication, erase current, 
azimuth, and perhaps others (such as 
equalization). To the extent that the 
tape machine contains controls facili- 
tating such adjustments, one can get 
the maximum performance designed 
into the machine. (Of course these ad- 
justment controls add to the cost of the 
machine and to the complexity of main- 
taining it.) 

Editing Facilities. If the user wishes 
to edit tape in fine detail-for example 
by making splices at a given syllable or 
musical note-it is important that the 
transport provide easy access to the 
portion of the tape that is directly in 
front of the heads. It is also necessary 
that the operator be able to move the 
tape by hand past the playback head 

and thereby find exactly the sound he 
is looking for. Some machines pay care- 
ful attention to such editing facilities. 

Number of Motors. It is well settled 
by now that a tape transport with a 
single motor rather than three (one 
for driving the capstan and the other 
two for driving the supply and takeup 
reels) can deliver mechanical perfor- 
mance of excellent quality. However, 
for greater durability, greater operat- 
ing convenience, and faster and 
smoother rapid winding, three motors 
tend to be superior. These virtues are 
generally of more importance to the 
professional user than to the home re- 
cordist. There is some gain with a one - 
motor machine in terms of a lighter, 
more compact, and less expensive ma- 
chine. 

The better home machines usually 
employ a synchronous motor to drive 
the capstan; this helps to achieve accu- 
rate speed and keep speed constant 
throughout the reel. Æ 
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the birth of the e5 

This is a photograph taken immediately after our final test of the proto- 
type of the AR -5. The speaker system was measured while buried in a flat, 

open field, facing upward, its front baffle flush with the ground. This 

technique provides more accurate information than indoor tests, especially 
at low frequencies, where the precision of such measurements is adversely 
affected by the limited size of an anechoic chamber. 

Our standard of accuracy when measuring the AR -5 prototype was the 

sound of live music, that is, absolute accuracy of reproduction. At AR, the 

best response curve for a speaker system, like that for a microphone 
or amplifier, is the one which most closely matches the input. 

The specifications which AR advertises are obtained from production 
units, not prototypes. All AR -5 systems must match the performance of 

the prototype within close tolerances. To see that this is true, every AR -5 

is tested numerous times in ways which permit it to be compared to 

the prototype. Only in this way can we be certain of what we have made, 

and consumers certain of what they are being offered. 

AR speaker systems have uniformly received favorable reviews in publica- 

tions which carry test reports. But even more accurate and comprehensive 
tests than most of these magazines perform are made on the AR production 

line, of every AR speaker system which will go into a listener's home. 

The AR -5 is priced from $156 to $175, depending on cabinet finish. 

ACOUSTIC RESEARCH, INC., 24 Thorndike Street, Cambridge, Mass. 02141 

Overseas Inquiries: Write to AR International at above address 

Check No. 33 on Reader Service Card 
AUDIO JANUARY 1969 33 



AUDIO 
Tape Recorder 
Directory 

Allied TD -1070 

SPEEDS ARE INDICATED BY LETTERS 

A - 7%, 3'<, 

B - 7'S, 3'/. 

C - 7'S, 3'., 1'4, "5 

D - 1'S 

E - 15, 7'S, 3'. 
F -15,7'S 
G -15,7'S,3;,1 ¡ 
N-3; 

1-3:,1'y Bell & Howell 2297 
5/5 - Sound on Sound 

SWS - Sound With Sound 

Ampex 1461 

Crown CX-844 

N N M Sf ah ,r' 
MANUFACTURER ` , + k ,l- F prR o 
(Circled numbers pas Ñ' 

intlicale adv. page) i p S 
3i 

¢1 

ge ,. -F. f k. C $ .. - Ors 

r c ? ii?o 4 4 f ` ; é Q SPECIAL FEATURES 
? :D b b , C: ` Q, e , 

4? i º '` a :°e <, d e a A.> É fi 1 4 v á .,a ò 4 
ALLIED TR -1040 7 Yes A 2 4 1 4-p belt 0.1 0.2 1.1 99.7 95 0.1 10K 100K No 2 VU 40-16K 181/2 x 9% 32 179.95 SIS; del. spkrs; split. 

Cap. start x l3'S 8 headphone outputs. 

92 TR -1070 7 No A 4 4 1 4-p belt 0.15 0.2 1.0 99.7 90 0.66 10K 2 VU 20-20k 21 x 18x8 36 299.95 Auto record/playback reverse. 

Cap. start 

TR -1080 7 Yes A 4 4 1 4-p belt 0.15 0.2 1.0 99.7 90 0.66 l0K 2 VU 40-19K 21 a 19x8 42 349.95 As above. 

Cap. start 

AMPEX 761 7 Yes A 3 4 1 4-p belt 0.15 0.15 150 150K 220K No 2 VU 5D15K 231 e 8/ 42 329.00 VS; WS; echo; cube 

±4 dB e 14 speakers. 

2150 7 No A 4 4 1 Hys- belt 0.12 0.15 130 110K 200K No 2 VU 50-17K 18,e 7 29 399.00 Bi-directional record; auto 

35 Sync ±4 dB x 1346 reverse; auto threading. 

1461 7 Yes A 4 4 1 belt 150 150K 220K No 2 VU 50-15K 231 e 81/2 40 429.00 SIS; SWS; echo; cube spkrs; 

±469 x 14 auto reverse; auto threading. 

2161 7 Yes 4 4 1 Hys- bell .08 0.15 99 120 2- 110K 200K Yes 2 VU 50-17K 1838 x 13% 42 499.95 Bi-directional recording; 

Sync 600 ±4 dB x 7% auto reverse; auto threading. 

AG -500 7 No A 3 Opt. 1 Hys- belt 0.17 0.25 3.0 99.8 90 0.15 30- 100K Yes 2 VU 60-10K 14 x 9/ 28 660.00 2 inputs/than; sep. gain con- 

opt.F Sync. 250 ±2 dB e 15 trots; avail. 13 or k track. 

BELL & 2291 7 No C 2/4 4 1 4 p Idler .09 0.15 <1.0 99.75 120 1.5 150K 240K Yes 2 VU 40.17K 1554 x 1355 22 299.95 Auto -load; auto -reverse. 

NOWELL /belt ±3 dB a 8/ 

2295 7 Yes C 2/4 4 1 4 p Idler .09 0.15 <1.0 99.75 120 1.5 150K 240K Yes 2 VU 40-17K 15k e 1310 25 349.95 As above. but incls. stereo pwr. amp!., 

/belt o3 dB e 81 8.4 W/than, 50.15,000 Hz. 

2297 7 Yes C 2/4 4 1 4 p Idler .09 0.15 <1.0 99.75 120 1.5 150K 240K Yes 2 VU 40-17K 151/2 x 1354 25 399.95 As above, but pen. amyl. is 

belt 
- 

-3 dB x 8k 15 w/than. 

CONCERTONE 790 11/2 Yes C 3 4 1 d.c. goy. Idler 0.2 0.25 99 -55 dB 50K 75K No 2 VU 30-15K 239.95 A.0/batt. open. 

CONCORD 776 7 Yes B 3 4 1 Hys belt <0.15 <0.18 1.5 98 150 0.5 10 1.5 Meg. Yes Dual 30-15K 20 x 13 40 350.00 Auto rev.; auto shutoff. 

VU ±3 dB x13 

CRAIG 2704 C-90 No D 2 4 1 Semi- belt 0.35 3.0 97 90 0.74 29K 100K Yes mtr. 50-10K 14% x 330 13 139.95 Deck only. 

CAS Sync e 1% ¡C-601 x 9% 

CROWN SX-724 101 No B 3 4 3 Hys belt .09 0.18 1.5 99.8 45 0.4 350K 100K Yes Dual 30-20K 20 a 13 45 995.00 Dual mixing; 2 -track play opt. 

VU x 13 "X" case 8 30.30 amp!. opt. 

SX-824 1054 No B 3 4 3 Hys belt .09 0.18 1.5 99.8 45 0.4 350K 100K Yes Dual 3O20K 19 x 15% 48 1495.00 Pro -800 transport, computer logic; 

VU x 9 electronics as above; rem.cont. opt. 

80 CX-724 10k No A 3 4 3 Hys belt .09 0.18 1.5 99.8 45 0.3 350K 100K Yes Dual 30-30K 19 x 1538 50 1295.00 Dual mixing; tone conts; echo; plug-in 

opt. opt. VU x 9 modules; Lo -Z mikes opt. 

CX-822 1011 No E 3 2 3 Hys belt .09 0.18 1.5 99.8 45 .01 250 100K Yes Dual 30-30K 19 x 1546 53 2120.00 Pro -800 transport, CX-724 electronics; 

bal. VU a 9 rem.cont. opt; with noisless "Record." 

CX-844 1014 No E 3 4- 3 Hys belt .09 0.18 1.5 99.8 45 .01 opt. opt. 2 mics. 4 VU 30-30K 19 x 2454 66 2880.00 Pro -800 transport; opt. Trac -Sync; 

ch. 250 or 

Hi -Z 
600 

bal. 

-chap. mfrs. o 9 noiseless rem. rec. control; 

601-n bal. out. 
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Will your tape recorder 
sound as good in December 
as it did in May? 
How do you know that a tape re- 
corder will sound as good in seven 
or eight months as it does when it's 
new? You obviously don't. Not with 
most. But you do with an Ampex 
player/recorder. Because of the 
exclusive, deep -gap Ampex heads. 

AMPEX 755 TAPE DECK 

Let us explain. The head is the 
most important part of any player/ 
recorder. It is an electromagnet 
which puts sound on magnetic tape 
(when recording) and recreates 
sound from patterns on the tape 
(playback). 

The rest of the recorder is designed 
to do nothing more than get the most 
out of the heads. 

All tape heads are produced to 
have the smallest possible air gaps 
between their poles. Because the 
smaller the gap, the higher the fre- 
quency that can be recorded or 
played back at a given tape speed. 

It would stand to reason then, 
that every manufacturer would try 
to make its head gaps as small as 
possible. And they do ... at the top 
where the tape meets the head. The 
trouble is, they have a great deal of 
difficulty keeping the gaps straight. 

ORDINARY 
NOT -SO -DEEP - 
TAPERED -GAP HEAD 
(Typical head used by other manufacturers) 

Take a look at the drawing of the 
ordinary tape head above. It has a 
pole gap distance of about 1/30th 
the width of a human hair. To begin 
with. But, as the head begins to 
wear down, the pole gap begins to 
widen. And the frequency response 
begins to deteriorate. So the unit 
can't possibly sound the same in 
December as it did in May. And in a 
relatively short time the head has to 
be replaced. We call this kind of 
typical head "tapered shallow -gap 
head." (Under ordinary circum- 
stances it wears out in 500 to 1000 

hours.) 

AMPEX 
DEEP -GAP HEAD 

(Exclusively on Ampex Player/Recorders) 

But Ampex deep -gap heads don't 
have that problem. Because they 
consist of two parallel poles brought 
together to the precisely proper dis- 
tance by a unique process. This 
manufacturing technique is exclusive 
with Ampex. It's much more time 
consuming, and requires painstak- 
ing microscopic precision. But, it's 
worth it. Because, even as Ampex 
heads begin to wear down, the gap 
distance continues to remain constant. 
And so does your frequency re- 
sponse! 

And in addition, because Ampex 
does not use pressure pads, Ampex 
deep -gap heads wear much more 
slowly. Don't be surprised if they 
last well over twelve years, even if 
you use your player/recorder two 
hours a night; every night. (That's 
about 10,000 hours, as compared to 
about 500-1000 for other tape heads.) 

So, if you're confused by all kinds 
of claims for frequency response, 
remember that frequency response 
usually drops after use. Except with 
Ampex player/recorders. There's no 
mystery. (1) Ampex heads last much 
longer. (2) Even when they do wear, 

the gap never varies and neither does 
the frequency response. Which is why 
you'll be ahead with Ampex. Way 
ahead. 

AMPEX 
AMPEX CORPORATION/CONSUMER EQUIPMENT DIVISION 
2201 WEST LUNT AVENUE/ELK GROVE, ILLINOIS 60007 
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Tape Recorders 
(continued) 

Dynaco B & 0 2000 

Harman-Kardon TD3 

Fisher RC -70 

KLH 40 

Knight -Kit KG -415 

Magnecord 1024 

MANUFACTURER 

indicate adv. parge)(Circ S` F ^ 

Es 
y+ 
r 

4D a' 

i d' 8{ `$ ,a^S Z Q¿ y, ;e y : 1C re y. i .° 4 4 i ` e c v Qvs D 4gpv' SPECIAL FEATURES v v a 

DY ACO B80 7 Yes A 3 4 1 Hys Idler .075 0.11 99.8 100 .05 200 Yes 2 VU 40-16K 17%x 13Yí 38 498.00 Slide -type mixing controls; 
21 1 ql 1 2000 ± 2 dB x 8'/4 plug-in circuits. 

FIS R RC -70 C-90 No D 2 4 1 d.c. belt <0.25 0.2 600 100K Dual 30-12K 5% x 11v,, 4% 149.95 Auto motor shut-off. Incls. pair of 

(31) CAS contr. c 14 - VU x 2" 4, dyn. mics. 

HANNAH TD -2 7 No A 2 4 I 4-p Idler 0.1 0.12 1.0 99.8 0.5 10K 500K Yes Dual 30-20K 114x 9% 16 149.50 Die-cast metal chassis. 
CARDON VU ± 2 dB x 6 

TD -3 7 No A 3 4 1 Hys Idler 0.1 0.12 1.0 99.8 0.5 10K 500K No Dual 30-22K 11%x 9% 16 219.50 As above; 40 micro -inch gap in 

VU ±2 dB x 6 play head. 

CAD -4 C-90 D 2 4 1 0.25 1.5 0.2 2500 200K Dual 30.121K 10 159.50 Digital counter, auto shutoff; 
CAS 01; VU ±2 dB 

KLH 40 7 No B 3 4 3 Ind. belt 0.1 0.15 1.0 >99 65 0.5 200K Yes VU 16 x 14% 60 600.00 oolay Noise redue, oye,'Fred. reap. 39 
it''' 45-15 KHx t 2iY dB; n; ìps, 45.20 KHx 

mtr. a 1 `4 -2re dB. 

KNI T -KIT KG -415 7 No B 3 4 2 4p belt <0.2 <0.3 <1.5 98 90 1.5 3000 50K Yes 2VU 50-18K 14 x 9'', 30 249.95K S S; SWS; Viking transp.; 
82 x 141/ K Kit of electronic components. 

LAFAYETTE RK -920 7 No A 4 4 2 Dual 0.2 0.25 99 00K 500K Dual 30-22K 17 a 8la 38 199.95 3 auto modes, Incl. rev. 
belt VU x 151/2 S S; SWS. 

1® 
RK -845 7 Yes A 2 4 1 4p belt 0.15 0.15 99 0.15 600 700K 40-18K 159 a 7' 29 229.95 Auto shut-off; 2 6 x 7 spkrs; 

e 14 S S; SWS. 

RK -960 7 Yes A 4 4 2 Dual 0.25 0.25 99 10K 500K Dual 30-22K 22 x 86 44 299.95 3 auto modes; incl. rev.; 
belt VU x 154 S/S; SWS. 

LEAR JET A-219 ctg H 1 8 dir. - <0.3 - - - - No - 8 e 71/2 9 119.95 Automobile cartridge player; 
x 3 no record facility. Pwr: 4w/chan. 

MAGNECORD 1020 81i No 8 3 4 3 Hys belt 0.17 0.22 1.0 99 80 0.27 50K hi Yes 2 VU 45-18K 17%x 13%, 35 570.00 
(TELEX) s3 dB e 6 

1022 8'/4 No B 3 2 3 Hys belt 0.17 0.22 1.0 99.8 80 0.38 150 hi Yes 2 VU 30.16K 19 e 15Y4 48 869.00 

45 
±2d8 x 1 

1024 83k No B 3 4 3 Hys belt 0.17 0.22 1.0 99.8 80 0.32 50K hi Yes 2 VU 45-18K 19 x 153k 48 725.00 

±3dB x12 

1028 1054 No F 3 2 3 Hys belt 0.1 <1.0 99.8 50 50K 160K No 2VU 35-16K 1Á4,x 13%, 47 1198.00 

,2dB x6; 
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Theworld's most 

tÌ powerful, oeésenitîve, 
costs $449.95: 

I It 1 

96 

F 1 S H1 li 
08 108 812 1I1 IN 107108 

9fi 911 100 110 139 I40 

C> 

The new Fisher 500 -TX not only 
puts out more clean watts, picks up 
more clean stations, features better 
controls and provides greater 
convenience than any other receiver 
in history. It is also the biggest per - 
dollar value, with a price of $449.95* 

More power. 
The Fisher 500 -TX delivers 190 

watts into normal, 8 -ohm speaker 
systems. Enough power to drive 
speakers throughout your home. 
And that's clean, distortion -free 
power. Harmonic distortion at full 
rated output at 1 kHz is only 0.5%. 
Intermodulation distortion at rated 
output is 0.8%. 

More stations. 
The tuner section of the 500 -TX 

receiver is comparable in every 
respect to expensive, state-of-the- 
art, separate tuners. 

Dual -gate MOSFET RF and 
mixer stages can handle input 
signals varying in strength over a 

range of 600,000 to 1, without 
overload and without the need for a 

Local/ Distant switch! The highly 
selective crystal filter in the IF strip 
is the same type as those used in 
professional communications 
receivers and makes possible the 

°Walnut cabinet $22.95 additional. 

clean reception of a weak, distant 
station even when it is between two 
strong, local stations on the dial. 
This is one of the main reasons why 
the 500 -TX can add new stations to 
your accustomed FM fare. (FM 
sensitivity, 1.7 microvolts, IHF.) 

More ways to tune. 
There are four ways you can 

tune the Fisher 500 -TX. In addition 
to conventional flywheel manual 
tuning of AM and FM stations, 
there's also Fisher Tune-O-MaticTM. 
This permits electronic pushbutton 
tuning of any four preselected FM 
statiors. Then there's the unique 
Fisher AutoScanTM. Touch one of 
two buttons and the next FM station 
up or down the dial is automatically 
tuned in. Hold down either button 
and all FM stations up or down the 
dial come in, one by one. And a 
remote control accessory lets you 
activate the AutoScan from your 
easy chair. 

Many more features. 
For a complete listing of 

features and specifications of the 
Fisher 500 -TX, send for the new 
Fisher Handbook. 

The Fisher 
Ir 

The Fisher 
Handbook 

-j 

Mail this coupon 
for your free copy of 
The Fisher Handbook 1969. 
This reference guide to hi-fi 
and stereo also 

includes detailed information on all 
Fisher components. 

Fisher Radio Corporation 
11-35 45th Road 
Long Island City, N.Y.11101 

Name_ 

Address 

City 

R. 

State 

7 

Zip 
030169 

OVERSEAS AND CANADIAN RES," NI'S PLEASE WRII, TO FII.HE.P. PAD," INTER ION.AL, INC., LONG ISLAND ChTV, N.V. 11101. 
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Tape Recorders 
(continued) 

Nordmende 8001/T 

4...,.. ,i 
i simumme 1®1 

Sony/Superscope TC -666D 

Panasonic RS-796US 

Norelco 4408 

MANUFACTURER 

ICiicled numbers 
Indicate adv. page) 

a 
ie .\ , 

i'D i 04 

P 

xl ó $ 
ID 

`c 
4' Z` e 
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,11G ^ e ¿ D 
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$ 8 d ` 3 á D; c 
ma+ 40 . 4` J.,- is i° CO e ,. 

ó `' e tl . 4 e c v D O ë SPECIAL FEATURES t e e * e xOq a .T 4 e e 3 3 V 
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NORDMENDE 8001T 7 Yes A 3 4 3 Hys belt 0.1 0.15 1.0 99 48 0.2 500 10K Yes Dual 40-18K 20 a 14 x 6 47 429.95 Built-in 4 -channel mixer. 
VU 

NORELCO 150 C-90 D 2 2 1 tr.reg. belt No mtr 44 e 24 3 64.50 Mono cassette "Carry -Corder"; 
CAS d.c. x t% incls. spkr, mic. 

2401 C-90 Yes D 2 4 1 Sync belt 0.4 0.25 mtr. 60.10K 15 x 9% Il ' 249.95 Stacks 8 plays 6 cassettes 
CAS 1', n 3 dB x 5% automatically; 2 talcs; rec, pub. add - 

4408 7 Yes A 2 4 1 Ind. belt 0.2 99 60 0.25 2000 500K . Yes 2 19 x 13 28% 349.50 Duoplay; S.'S; auto-stop; 

mfrs. e 81,: har. or vert. Oper; stereo mie. 

PANASONIC NQ C-90 Yes D 2 2 1 belt ARL 80-8K 9 e 10 410 49.95 Pop-up cassette player mono 
204 CAS 

e 23á ARL - auto. record level. 

RS 7 No A 2 4 1 4p Idler 0.1 0.15 180 IOK 1.5 M No 2 VU 30-18K 134 e 514 17S5 149.95 
766 x 11 

RS 7 No A 2 4 

L 
4p Idler 0.1 0.2 180 20K 100K No 2 VU 30-18K 13% e 6A 16 125.00 Headphone output. 

765 x 11 

RS 7 Yes A 4 4 1 4p belt 0.1 0.15 180 20K 100K Yes 2VU 30-20K 17 x 9 381. 329.95 Continuous auto reverse; 
7905 - x 161h dual capstan system 

RS 7 No A 4 4 1 4p belt 0.1 0.15 180 20K 100K No 2 VU 30-20k 1914 x 7'/ 38 249.95 Continuous auto reverse; 

796 x 14 headphone Output. 

REVOx 

39 

77A 10!5 opt. B 3 4 

2 opt. 

3 Servo dir. .04 .05 1.0 99.8 45 0.15 10 -hi 1 meg Yes 2VU 20-22K 

! 2 dB 

16 x 815 

x 14 

34 499.00 Wiwood case, opt. pwr. amps, 

970; other cases 8 acces. 

RCA MLC-20 ctg. No H 1 8 1 6'4 x 9% 8 69.95 8 -track cartridge player. 
x 3; 

ROBERTS 1725-111 7 Yes A 2 4 Ind. belt 0.2 0.3 3.0 97 75 2.0 500K 500K No 2VU 40-18K 14 x 1314 36 269.95 2 detachable spkrs. 
(ARAI) G Opt. x 12 

778X 7 Yes A 3 4 hys belt 0.18 0.3 2.0 98 75 0.5 50K 150K No 2VU 30-23K 17 x 14 50 429.95 Compatible reel-to-reel and 
G opt. 2 cart 3.0 x 11 cartridge rcdr; crossfield head. 

SONY/ TC -50 C-90 Yes D 1 2 1 d.c. belt 0.35 .078 low No mtr. 80-8K 3°4, e l'. IA 125.00 Built-in mic; AGC record 
SUPERSCOPE CAS .1% x5°4, mono. 

0 
TC -100 C-90 

CAS 

Yes D 2 2 l d.c. belt .078 low 100K No mtr. 50-10K 5',,x 2; 
x 9'; 

3'4, 99.50 Tone control; AGC record 

mono. 

TC -290 7 Yes A 2 4 1 Ind. Idler 0.1 0.15 150 0.14 low 100K No 2 30-18K 17 x 9', 29 249.50 Mag. phono cart. input; 
TC -230W mfrs. x 14 239.50 W mod w/spkrs; wal case. fl TC -355 7 No A 3 4 1 Ind. Idler .09 0.12 <1.6 150 0.19 low 100K No 2 20-22K 15'5, x 7.4. 22 229.50 s -s; 160 kHz bias; scrape 

mfrs. x 14 filter; headphone output. 

TC-K66D 7 No B 4 4 3 hys. belt .09 0.15 <1.5 60 0.19 low 100K No 2 20-22K 17'4, e 8'6, 48% 575.00 Auto reverse, rec and pb. 
sync. mtrs. x 16% scrape filter; auto noise red. 

TC -770-2 7 No A 4 4 1 d.c. belt .09 0.12 <2.0 120 0.2 250 100K Yes 2VU 20-22K 16',x5" 4p 24'y, 750.00 Built-in limiter; scrape filter; 
TC -770-4 Servo x 15'4, auto noise red; speed timing. 
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the inside story of Willi Studer 

The Revox A77 is Willi Studer's brain child ... born 
from years of experience designing magnetic 
recording equipment for the broadcasting and 
recording industries. This is a great machine that 
comfortably outperforms recorders costing 
even three times as much. Audio Magazine reported 
"the flattest machine we have ever tested." 
We've shown you the inside, too often overlooked. 
Let your Dealer show you the elegant styling 
and fine finish. Priced from $499.00 at leading 
high fidelity specialists. 

To know the detailed inside story on Willi Studer's 
Revox A77 read the fully descriptive story from 
Revox Corporation 212 Mineola Avenue 
Roslyn Heights N.Y.11 577 
Telephone (516) 484-4650 

In Canada contact 
Tri -tel Associates Ltd Toronto Canada 

REVOX 
AUDIO JANUARY 1969 
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Tape 
Recorders 
(continued) 

TEAC A-7030 

Uher 9500 

Viking 433 

Tandberg 64X 

Wollensak (3M Co.) 6200- 

MANUFACTURER 

(Circled number 
indicate adv. Pagel 

à 

/ 

4' ' $ Á1 { . k .. 

' A. S ^' á ÿ g ,á . 6` i { a 4' 
4e S i° i' c A. te , P e S ~ S ' 4+ t á ̀ti ̀ v . . y ó ¿ tl tl C` `" c .°` C SPECIAL FEATURES 

TANDBERG 1521 7 Yes A 2 2 <0.1 ,.'0.15 <1.0 98.5 0.1 200 1 meg No Mr. 30-20K 15 x 11"" 19.2 287.00 Mono. 

A dB x 651 

12410 7 Yes A 3 4 1 4p <0.1 <0.15 <1.0 98.5 No dual 20ß5K 15% x 11"., 23 485.00 Cross field head; 2 int. spkrs, 
mtr. «2dB e 6% ctr chan output. 

64X 7 No A 4 4 hys <0.1 <0.15 <1.0 99 98 0.125 5 meg 1 meg No eye 20-25K 15% x 11"ì, 23 549.00 Tube -type; cross -field head 

sync tubes «2 dB e 614 ctr. chan output. 

11-2 7 Yes A 4 2 <0.15 <0.25 <0.5 99 VU 

mtr. 

30-20K 

e2 dB 

13 x 10 x 4 9.5 449.50 Batt. oper. mono. portable; 

5" reels w/cover on. 

TAPESONIC 70 TRSQ 104 No E 3 4 3 hys dir. 0.12 0.23 99.8 45 Yes 2 VU 21 x 19 69" 615.00 "w/case (34.50 extra) VU 

a 84 meters are 44". 

TEAL A-20 C-90 No D 2 4 1 hys dir. 0.19 1.6 99.6 70 0.3 600 120K Yes dual 50-10K 91S x 10 10 139.50 Pop-up cassette holder; incls 
CAS Sync e 1% (C60) VU « 3 dB a 414 unidir stereo mir; pause button. 

A-12000 7 No B 3 4 3 2-spd belt 0.12 0.15 1.5 99.4 100 1.0 10K 100K Yes dual 30-20K 1514 x 17 46 299.50 S/S; walnut cab.; 4 -digit cntr. 

0 hys VU « 3 dB e 90 half- and full -track mods. 

available. 

A-401050 7 No B 4 4 3 2spd belt 0.12 0.15 1.2 99.5 100 0.25 100 100K Yes dual 30ß0K 17'% x 174 48 409.50 Foil -sensing auto reverse; opt. rem. 

hys VU e3 dB x 9,, cont; tape -tension control; tks opt. 

A-6010 7 No B 4 4 3 2spd belt .08 0.12 .09 99.8 90 0.5 10K 300K Yes dual 30-20K 174 e 20% 46 664.50 Phase sensing auto reverse; rev. and 
15 opt. hys VU ± 2dB e 841 repeat play; rem. cont. opt.; tks opt. 

A-7030 1054 No F " 4 3 2-spd belt .08 - .04 99.8 120 0.5 IOK 300K Yes dual 30-24K I74 x 20% 57 749.50 "4 hds: Z-tk 2 -chan. Iwd. rec., pb, and 

hvs VU ± 2dB x 84 erase 4 tk, 2 -chan playback; reel ten. adj. 

UNER 7000 7 No B 4 1 Sync Idler .08 0.12 3.0 99.5 100 0.35 2000 47K No 2 VU 40-18K 15 e 14 15 149.50 Tape deck 

1 meg :2dB x 7 

7300 7 No B 3 4 1 Sync Idler 0.14 0.18 3.0 99 100 0.35 2000 47K No mtr. 15 x 14 15 199.50 A -B monitor 

l meg x 7 

40001. 5 Yes C 2 2 1 Servo belt 0.18 0.22 3.0 99.5 120 0.1 2000 47K No mtr. 11 x 9 7 440.00 Portable, batt.. oiler. 
mono cont. dc. 1 meg x 34 

9500 7 No 4 4 1 hys Idler .05 .08 1.0 99.8 60 0.2 200 47K Yes 2 VU 20-20K 18 e 14 34 450.00 Slide prof. sync; s/s; sws; echo 

(2) Si R. 1M o 2 dB e 7f4 4 speeds; servo clutch system. 

1000 5 Yes 4 1 ind belt 0.1 0.12 1.0 99.5 120 0.2 200 47K No VU 40-200 11 x 9 B 695.00 Portable batt. opera prof. rcdr. 

d.c. 1 meg ± 2dB x 34 w/Pilotone sys. for MP use. 

VIKING 811 8-tr Yes H l B 1 ind belt 0.3 99.95 Table top unit; auto 8 pb track 
cart 149.95 selects w/2 satellite 

spkrs; 811 W. 

423 7 No A 2 4 3 ind belt 0.2 0.2 1.5 99.5 70 0.55 2500 120K No dual 80-15K 1515 x 12% 29 274.95 

O 
mtr a B1í 

88 7 No B 3 2 8 2 ind belt 0.2 1.0 99.5 90 1.0 hi 100K No dual 30-18K 13 x 13 22 349.95 

4 mtr x6% 

433 7 No A 3 4 3 ind belt 0.2 1.0 99.5 70 0.55 hi 120K Yes dual 40-18K 12%x 1541 31 374.95 

mtr e811 

880 7 Yes B 3 4 2 ind belt 0.2 1.0 99.5 90 1.0 hi 100K No dual 30-18K 2144 x 14% 44 449.95 In portable case; headphone jack. 

mtr x 9% 

WOLLENSAK 1500 SS 7 B 2 <0.3 98 0.3 27K 470K mtr 40-15K 11 x 10 16 185.00 Mono. 

«3dB x6 

6200 7 yes B 4 2 ind Idler 0.15 0.2 98 90 0.1 500 270K dual 40-15K 1654 z 1318 ' 200.00 Open front threading, built-in 
mtr x 64 spkrs.; Mod 6100 deck, $140.00. 

6300 7 Yes B 4 2 ind Idler 0.15 0.2 98 90 0.1 500 270K dual 40-15K 1654 x 134 22 230.00 As above, but w/sep. spkrs. 
mar x 64 

4800 C-90 Yes D 4 1 <0.3 0.1 500 270K dual 70-10K 13'4 x 9% 2154" Cassette recorder,player 

CAS e 1% mtr ± 3 dB x 4% 'Inds. spkrs. 
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Great VU from here. 
You're looking at one of the 
world's great stereo tape 
decks. Most people would 
rather listen to it. 

After that, this prestige 
performer speaks for itself. 
Continuously - up to four 
hours, with or without sensing 

foil, thanks to its unique phase 
sensing auto reverse. And you 
get foolproof fast winding and 
playback in both directions 
from an exclusive symmetrical 
control system. 

Of course, there's a lot more 
happening under that scenic 

VU down there. Features that 
could fill this page. But 
wouldn't you rather give a 

listen than get a lesson? 

Dual -speed hysteresis synchronous motor for capstan drive 2 exclusive eddy -current outer rotor motors for reel drive 4 heads, 

4 solid-state amps, all -silicon transistors Independent LINE and MIC input controls Tape tension control 

TEAC® 
TEAC Co-poration of America 21)00 Colorado Avenue, Santa Monica, California 90404 





We'll never,ever,change our tune. 
SOLII) 
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Not all receivers (and FM tuners) are 
created equal, and they get even more un- 
equal as theygrow older. Not Sony receivers 
and tuners. They sound great when you 
first hear them.When you bring them home. 
And years later, they give you the same 
brilliant performance you heard on the 
first day. The reason: a Sony engineering 
innovation, the new solid-state i.f. filter - 
the "forever filter." 

The "forever filter" replaces the con- 
ventional transformers used in most 
receivers and tuners. And that eliminates 
one of the major causes of performance 

slowly deteriorating over the years. Trans- 
formers are limited in selectivity by their 
winding resistance. What's more, they can 
easily go out of alignment due to heat, cold 
or mechanical shock. 

Sony solid-state i.f. filters permit the 
design of an FM section with an excellent 
capture ratio, superb stereo separation, 
razor-sharp selectivity and a minimum of 
distortion. To begin with, Sony solid-state 
filters mean better performance. To end 
with, the "forever filter" preserves this 
high standard of performance for almost 
ever, because it cannot go out of alignment. 

Sony uses their exclusive solid-state i.f. 
filters in the new deluxe 6120 FM stereo 
receiver ($699.50). In the new FM stereo/ 
FM -AM receivers, the Sony 6060 ($399.50) 
and Sony 6050 ($279.50) and in the highly 
acclaimed Sony ST-5000FW FM stereo 
tuner ($449.50). They sound great first time 
you hear them and they just never change 
their tune in later years. 

Visit your Sony stereo component dealer 
today. Sony Corporation of America, 
47-47 Van Dam Street, Long Island City, 

SONY® New York, 11101. All 
prices suggested list. 

AUDIO JANUARY 1969 
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Video 
Tape Recorder 
Directory 

Ampex VR -7000 

Panasonic NV -8100 

Sony TCV-2110 

Wollensak (3M Co.) VTR -150 

MANUFACTURER moa De oe o4' 

(Circled numbers e`>Q k e e 
indicate adv. page) `l. R ho§th 

Doc a e ti v 
oam 0 

A 

jI 
aD 

`oo SPECIAL FEATURES 

yr <, tv a Q i e 

AMPEX VP -4900 1 9.6 1000 30-3.0 

+2,-6 dB 

3300-330 90-9K 
±4 dB 

61 995.00 Playback unit only, 4 min. fast forward & rewind. 

VR -5100 1 9.6 1000 30-2.5 250 90-9K 

±4 dB 

62 1600.00 Tapes interchangeable on any other 1" helical -scan Ampex VTR. 

VR -7000 1 9.6 1000 30-3.5 350 50-12K 

±4 dB 

100 2500.00 Guar. tape interchangeability on any other 1" hel-scan Ampex VTR; 

may be modified for color 

CONCORD VTR -900 '/ 12 484 30-2.5 M 250 50-12K 52 995.00 Simple Oper; p.b. controls; plays back thru std TV; portable. 

VTR -600 1 12 484 30-2.5 M 250 80-10K 52 1150.00 Built-in head cleaning; portable. 

VTR -620 1 12 484 30-2.5 M 250 50-12K 52 1050.00 p.b. elect, editing, audio dubbing;monitoring of audio & video; ferrite video 

heads; p.b. head cleaning. 

VTR -700 1 12 484 30-2.5 M 250 50-12K 60 1495.00 Rem. cont. Oper; auto rem, activation; Cont. rec. & p.b., auto rewind; auto 

shut off. 

CRAIG 6401 1 9.5 250 70-10K 65 850.00 Rotary -transformer -coupled Video head assembly; color adaptable; 
automatic audio level control; remote cont. opt. 

6402 h 9.5 250 70-10K 59 1200.00 As above, but with built-in sync generator; editing; slow motion 

automatic video level control. 

PANASONIC NV -8000 1/2 12 484 to >2 M >220 80-10K 541/2 800.00 Audio dubbing; r.f. adaptable; video hd. auto clean. 

NV -8100 1/2 12 484 to >2 M >220 80-10K 541 950.00 as above. 

NV -8100D 1 12 484 to>2 M >220 80-10K 541/2 1050.00 as above, plus electronic editing. 

NV -204 1 12 484 10-3 M 350 50-12K 97 3750.00 Still/slow motion; r.f. adaptable, full remote control video head auto -clean. 

SONY CV -2100 / 71 450 30-2.5 220 80-10K 49 795.00 Video/Audio AGC, Audio Dub, Editing, easy operating, portable. 

CV -2200 1/2 71/2 450 30-2.5 220 80-10K 49 850.00 Video/Audio AGC, Audio Dub, Editing, easy operation, portable, 
RF Tape Duplicating. 

TCV-2110 S 71/2 450 30-2.5 220 80-10K 70 1050.00 Built in Monitor, Receiver, Video/Audio AGC, Audio Dub, Editing, 
easy operating. 

DVK-2400 1/2 71 450 30-2.5 220 80-10K 10.8 1250.00 Battery operated Videocorder/Camera ensemble, 

Zoom Lens, 1" tube Viewfinder, Battery charger included. 

EV-210 1 71 600 30-3.5 300 50-12K 88 3750.00 NTSC Color Adaptable, Slow -Still motion, 2 Audio Channels, Remote 

Control, Electronic Editing option. 

WOLLENSAK 

(3M Co.) 

VTR -150 1 71 180 50-2 M 50-10K 50 995.00 Simple function conts; spec. ferrite head, 1-yr warranty and promise of much 

longer life. 

VTR -150 

MC 

1 7/ 180 50-2 M 50-10K 275 2495.00 Complete mobile sys. includes above recdr, camera, tripod, mon. receiver; 
switching control panel; mic; headphones, in convenient console. 
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Every Hour of Every Day 
Magnecord tape recorders run hour after hour, every 
day, under the toughest broadcast conditions. The 
die-cast mainplate assures permanent mechanical 
alignment. Timing accuracy is constant with the hys- 
teresis synchronous capstan tape drive. Payout and 
take up reels have their own heavy duty split -capacitor 
motors. In short, solid state Magnecords are built to 
take it, day after day. You can depend on it. 

The quality of a Magnecord does not vary from 
model to model. Features do: 

MODEL 1021. Monaural broadcast unit. Inputs: 
Mixing bridge and choice of Lo -Z microphone or 
balanced bridge or unbalanced bridge. Cue Speaker. 
Monitor Amplifier. Two speeds. Balanced 150/600 
ohm output. 

AUDIO JANUARY 1969 

MODEL 1022. Studio or broadcast stereo unit. Inputs 
Per Channel: Auxiliary bridge and choice of Lo -Z 
microphone or balanced bridge or unbalanced bridge. 
Separate Playback and Record/Gain Controls for each 
channel. Master Playback and Record /Gain Controls. 
Balanced 150/600 ohm output. Choice of speeds and 
head configurations. Full remote option. 

MODEL 1024. Commercial or personal stereo unit. 
Inputs Per Channel: Hi -Z microphone, mixing bridge, 
auxiliary bridge. Full mixing facilities. 1K ohm emitter 
follower output. Choice of speeds and head config- 
urations. 

Write for the full story 
on a Magnecord tape re- 
corder. You can depend 
on a prompt answer. 

Check No. 45 on Reader Service Card 
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COMMUNICATIONS DIVISION 
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The Commonality of 
Speaker Systems & Musical Instruments 
ANTONY DOSCHEK 

Part 2: 'Chordophones 

IT IS REASONABLE to assume that 
the very first use of mechanical 
sound -producing devices was in- 

tended merely to attract attention. 
Acoustical artifacts antedate the 
growth of musical expression as an 
art form. But historians still specu- 
late as to whether wind or string in- 
struments were man's first attempts 
to create mechanical sounds of defi- 
nite pitch. Though we find Assyrian 
picturizations of wind instruments 
resembling the later Greek pipes -of - 
Pan, we also read of string instru- 
ments in early Sanskrit writings. 
The question is of considerable aca- 
demic interest in view of the fact 
that the instruments of the modern 
orchestra still employ the same 
acoustical principles that our pro- 
genitors used to sound a Philistine 
alert. 

The broad family of string instru- 
ments, the chordophones, is divisible 
into three general classes; depend- 
ing upon the manner in which the 
strings are set into vibration. The 
strings of harps and harpsicords, 
guitars, zithers, mandolins, banjos, 
etc., etc., are plucked, while violin - 
family strings are bowed and piano 
strings are struck. The chordophones 
have three other features in com- 
mon: bridges, resonators, and string 
tensioning apparatus. The funda- 
mental purpose of bridges is to con- 
vey string vibrations to the resona- 
tors, and their exact design is of 
considerable consequence to the 
character of instrument tone. Reso- 
nators may be vibratile slabs or en- 
closures provided with sound outlets 
or, as in the case of the banjo, 
stretched membranes. The funda- 
mental purpose of resonators is to 
amplify string vibrations to a usably 
audible level, though here again their 
design has a predominant effect on 
tone intensity and color. 

For musicologists who still debate 
the precedence of plucked or bowed 

instruments, we may offer a guess 
based on technological arguments: 
It is probable that the weak, short 
duration sound given off by early 
plucked instruments led some pre- 
historic Heifetz to devise the bow so 
as to be able to make a sound of long 
duration; thereby creating the first 
ancestor of the much abused, but 
musically prodigious violin family. 

The many ancestors of the mod- 
ern violin are often mentioned by 
name in musical essays, but there 
seems to be a certain uncertainty re- 
garding the chronology of the sev- 
eral species. Just for the record, 
therefore, we may indulge in a 
mnemonic play involving a cast -of - 
characters and their order of ap- 
pearance. The curtain opens on "the 
villagers"; an assortment of Indo- 
European and Arabic descent. The 
principals among them are the rebec, 
the troubador-fidel, the minnesinger - 
fiddle, the guisa, the organistrum or 
hurdy-gurdy vielle, and a seven -feet - 
high contraption of string -bean pro- 
portions called the nun's -fiddle or 
marine -trumpet. (The semantic as- 
sociation of the latter two names is a 

fine research project for a rainy Sun- 
day afternoon.) The protagonists of 
this cast were the minnesinger -fid- 
dles who, being dissatisfied with the 
existing disorder, elected to reform 
into a consort of viols; two members 
of which-the viola d'amore and the 
viola da gamba-may still be heard 
(but weakly) in Bach's "St. John 
Passion." The early leaders of this 
group were the discant (treble viol) , 

the viola -da -braccio (arm viol), and 
the viola -de -gamba (leg viol) . The 
viols, with six or more strings apiece 
and some with drone strings, over- 
taxed the players' ability to keep 
them in tune and a transistory sim- 
plification was introduced in the 
form of two five -string viols called 
the treble- and the tenor-quintons. 
However, the end of the quinton's 
parvenu reign is foretold in the next 
scene by the appearance of three hy- 
brid furies in the forms of the tenor - 
violin, bass -violin, and basso -da - 
camera. The prophesy of the coming 
of a pontifical hero, the viola, thick- 
ened the plot; but the hero's femi- 
nine lead, the violin, was considered 
to be too sensual to be admitted to 

ORCHESTRAD SYSTEMS: paracubical tuned Helmholtz resonators with 5 vibratile sides 

tuned to a broad series of fundamental frequencies; no internal batting; 12 -inch and 

8 -inch single, wide -range drivers; within the acoustic power handling capabilities-more 
than sufficient for rooms up to 3000 cubic feet-these systems display a transparent, widely - 

dispersed sound, but a high -resolution frequency response curve shows a very jagged, 

large peak -to -trough ratio. Nevertheless, every time that the Orchestracd ,\ stems were ex- 

posed for judgment 
alongside some of 
the best of the flat - 
response systems, 
Orchestrads were 
preferred by a very 
large majority of 
the trained listeners 
that were normally 
invited (musicians 
and audiophiles). 
The reason for this 
was never discov- 

ered. 

46 AUDIO JANUARY 1969 



the church music of the time. It is 
assumed that the cello played the 
bad guy (badly, because it was 
sometimes tuned a semi -tone below 
the other strings) and the bull -fiddle 
took the comedy relief part. At this 
point Gaspard da Salo, Maggini, the 
Amatis, Stradivarius, and the Guar- 
neris, among others, directed the 
leads into formal lines, setting the 
stage as we have it today. 

But the play has an epilogue: 
even after the 'grande luthiers' had 
perfected the bowed family of 
strings, three more types made a 
short-lived appearance in the forms 
of the violetta -marina, the viola 
pomposa, and the violino piccolo, 
for which. both Bach and Handel 
scored parts. Furthermore, scientists 
still study the acoustics of the violin; 
a recently developed instrument said 
to possess great tonal beauty is be- 
ing demonstrated in the Nether- 
lands. But by far the most concen- 
trated scientific approach to the 
study of string instrument acoustics 
is being carried out right here in our 
United States by individual re- 
searchers (see indices of the Journal 
of the Acoustical Society of America 
and, collectively, by the Catgut 
Acoustical Society. 

The vibrating string itself, of 
course, is the motor that drives the 
resonators of the chordophone fam- 
ily. The transverse mode of a string's 
vibration is easily seen by flicking a 
taut rubber band, which then dis- 
turbs the surrounding air sufficiently 
to produce a weak sound of definite 
pitch. When a string is spanned 
across the body of a resonator its 
physical motion sets the resonator 
plates and cavity into vibration and 
these, depending upon their design, 
amplify the string's vibrations as 
well as adding new frequencies of 
their own. However, the `transverse' 
is not the only mode of vibration 
that a string has; two other modes 
are present simultaneously - the 
`longitudinal' and the `torsional.' If 
we picture an instrument such as a 
violin, which has an erect bridge to 
conduct string vibrations to its belly 
(the plate on which the bridge 
rests) , we can visualize the trans- 
verse mode as influencing the bridge 
into a rolling motion; that is, the 
bridge actually describes an ellipti- 
cal movement in its own plane. The 

ORCHESTRAD SYS- 

TEMS: shells and 
plates during one 
stage of manufac- 
ture; the plates 
were tuned by in- 
ternal scraping after 
affixing to the shell. 
This was done by 
exciting the shell 
with an electro- 
magnetic driver 
while a contact mi- 
crophone at the 
center of the plate 
fed the principal 
resonant mode to 
read-out equip- 
ment. The plates were made from' high quality piano sounding board wood 

ingly good uniformity was achieved. 

longitudinal mode flexes the crown 
of the bridge back and forth along 
the axis of the string. But the effect 
of the torsional (twisting) mode is 
minor for strings as thin as those 
used on a violin. Nevertheless, the 
torsional mode of vibration does in- 
fluence tone color on instruments us- 
ing thick and heavy strings, such as 
the bull -fiddle or the grand piano. 
Furthermore, a string can vibrate in 

ORCHESTRAD SYSTEM: modified with 
cello assembly to prove that its behavior 
is similar to that of a string instrument; 
within the limits of bow crossings, the in- 

strument (hybrid?) was quite playable as a 

cello and displayed very good bass qual- 
ity; during a meeting of the Acoustical 
Society of America, a two-part canon was 

performed on the instrument by a re- 

corded piano part being reproduced by 
the speaker while the author played the 

the second part "live." 

and surpris - 

a large number of frequencies, all at 
the same time. Its fundamental pitch 
is determined by its length, mass, 
and tension; its harmonic and over- 
tone frequencies by the point along 
its length at which it is plucked or 
bowed. These complexities are com- 
pounded in practical instruments by 
additional frequencies set up in the 
belly being fed back to the string via 
the bridge. It is plain, therefore, that 
the musical tone produced by a sim- 
ple vibrating string is a horrendously 
complicated matter; and it gets more 
so as we look further into it. 

First -order approximations of the 
acoustical behavior of chordophone 
resonators are easy to understand. 
The front and back plates, and the 
ribs (sides) , of most instruments 
form a hollow box enclosing a defi- 
nite volume of air. The front plates 
are perforated by one or more aper- 
tures of definite area called sound 
holes, and these couple the air con- 
tained within the body of the instru- 
ment to the air of the listening room. 
When we have, within an enclosure, 
a known volume of air which can 
move to the outside through a known 
area we can apply several formulas 
to predict the resonant frequencies 
of the enclosure. The fundamental 
air resonance of a violin can be dem- 
onstrated by blowing across a sharp 
edge of an f -hole, which should 
sound a frequency close to the pitch 
of the open D -string (about 293 Hz) . 

Such an enclosure is called a Helm- 
holtz resonator, in honor of one of 
the first great investigators in the 
technology of music and acoustics. 
However, the thin, graduated plates 
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of a string instrument impart reso- 
nant frequencies of their own to the 
cavity resonator, and the whole as- 
sembly acts as a broad -band acoustic 
amplifier. If the plates and ribs of 
an enclosure were not capable of vi- 
brating, only those frequencies at or 
near the resonant modes of the en- 
closure would be audible to any 
practical extent, and the enclosure, 
acting somewhat like a closed -end 
pipe, would amplify its fundamen- 
tal modes and a series of odd -order 
harmonics. This is a clue to the deri- 
vation of the name "marine -trump- 
et" for the previously mentioned 
nun's -fiddle: because only the fun- 
damental and the odd -order series of 
harmonics were loud enough to be of 
any consequence these were the ones 
normally played, as on a bugle, and, 
for some reason, the instrument was 
often found in convents throughout 
Middle Europe. 

Fortunately, the plates of string 
instruments do vibrate and, there- 
fore, produce resonances of their 
own to assist the air cavity in pro- 
viding a more -or -less uniform ampli- 
fication of all frequencies within the 
compass (range) of the instrument. 
Ideal plates or slabs-that is, those 
of uniform density and thickness, 
under no tension, and of some regu- 
lar geometric shape such as a square, 
circle, etc.-show a fundamental vi- 
brational mode and a number of 
overtone modes which are not har- 
monics of the fundamental. When 
plates take highly irregular shapes, 
are not uniform in density or thick- 
ness, and are placed under the 
tension of the strings, varnish, and 
ribbing, their resonant frequencies 
completely defy engineering formu- 
las. It is for this reason that the 
creation of concert -quality string in- 
struments is still a fine art in this 
age of technical achievement. It is 
design experience, workmanship, 
and intuition that makes one builder 
produce fine pianos, for example, 
and another great pianos. 

Another important factor affect- 
ing the sound of chordophones is 
their directional patterns. Except in 
high frequencies, most string instru- 
ments radiate sound quite well to 
the rear of their bodies and in many 
directions other than at right angles 
to their plates. Design curvatures ac- 
count for these curious characteris- 
tics and, at the same time, avoid 

interior standing -waves, which 
would inhibit the radiation of their 
cavity resonances at standing -wave 
frequencies. But because the various 
frequency regions of a string instru- 
ment are constantly shifting direc- 
tions with respect to the listener, 
their sound is unique and difficult to 
reproduce with spacial fidelity in a 
close-up listening situation such as 
an average living room, whereas the 
listener can be fooled in an audi- 
torium because much of the sound 
he hears arrives via wall reflections. 

Loudspeaker Analogy 

Cone driver loudspeakers and en- 
closures are kissing -cousins of string 
instruments. Though fully sealed 
boxes of infinite baffles and acoustic 
suspension systems radiate no cav- 
ity sound, their cones do flex some- 
what like the vibratile plates of 
chordophones. Because flexural plate 
vibrations will generate audible fre- 
quencies foreign to the program sig- 
nal, cones have been designed in 
which the material ( generally paper) 
tapers radially in thickness, or are 
hyperbolically or parabolically 
curved, or carry molded or fabri- 
cated reinforcing ribs, or where the 
cone is stiffened with a phenolic im - 
pregnant. None of these expedients 
is entirely successful, of course, so 
that loudspeakers all exhibit more 
or less individual coloration. 

In 1932, A. L. Thuras patented 
the so called bass -reflex enclosure by 
proving that its efficiency at low fre- 
quencies was superior to that of the 
infinite -baffle system. Briefly, the 
basic principle is that of the Helm- 
holtz resonator - as used by most 
string instruments-in which the en- 
closed air acts as a spring (compres- 
sible medium) and the air moving 
through the port (sound hole) acts 
as a mass with a definite inertial 
property. As anyone knows who has 
ever bobbled a weight on a hanging 
spring in high-school physics, the 
frequency at which the device will 
insist on moving will depend upon 
the combined elasticity of the spring 
and the weight of the attached mass. 
But the important feature to note is 
that the weight and spring will not 
react to either the direction or the 
speed of the hand instantly: only 
after a brief, but fixed time interval. 
Therefore the design of a bass -reflex 

enclosure is arranged so that the 
cavity and port resonate at the low- 
est natural resonant frequency of the 
loudspeaker cone, and the direction 
of the sound -pressure wave from the 
port corresponds with that from the 
cone within a very small interval of 
time, thereby reinforcing cone radia- 
tion at low frequencies. But in spite 
of good engineering intentions the 
bass -reflex enclosure exhibits a cer- 
tain hollow coloration unless it is 
super -critically damped, at which 
point it begins to lose out in bass 
reinforcement. 

The ideal reproducer would seem 
to be a perfectly rigid, large piston 
that would pump air back and forth 
in perfect accord with the program 
signal that drives it. And since it is 
well known that a large piston can 
be made up of a large number of 
inherently rigid small elements, 
engineers devised the electrostatic 
speaker. Characteristically, electro- 
statics exhibit super -clean reproduc- 
tion, but at the expense of some 
weakness in the very low bass, and 
a relatively limited dynamic range. 

These are the reasons that led 
another seeker -after -truth to devise 
a loudspeaker enclosure system that 
attempted to emulate the acoustical 
behavior of string instruments as 
closely as possible. The system was 
given the technical name, "idio- 
phonic paracubical resonator." This 
means that it is a self -sounder sup- 
ported by a resonant cavity of such 
shape that no two sides are parallel 
to each other in order to eliminate 
standing -waves and the acoustic ab- 
sorption of fiberglass. During its 
short-lived commercial existence 
(due to outlandish production 
costs) it was known by the some- 
what less -than -subtle euphemism, 
"Orche -Strad." Five of its six sides 
were made of piano sound -board 
spruce in elliptical shapes and of in- 
dividually graduated thickness. Each 
plate was designed to have a funda- 
mental frequency and a series of 
overtone resonances differing from 
the others so as to reinforce the loud- 
speaker driver reproduction substan- 
tially smoothly throughout the audi- 
ble spectrum. The shape and cost of 
"the thing" was such that only the 
strong-willed, with brute -force con- 
trol over their wives, would tolerate 
it in their homes. 

(CONCLUSION NEXT MONTH) 
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How do you top the top -rated Miracord? 

Equip it with today's most advanced cartridge, the new 
Elac 444-E. The Elac 444-E and the Elac/Miracord 50H 
have much in common. Both are made by ELAC of West 
Germany. Both have recently received national acclaim 
The Miracord 50H rated tops by a leading independent 
testing organization. The Elac 444-E rated superior by 
50 discerning high fidelity salesmen. These hi-fi experts 
tested the Elac 444-E in their home systems and com- 
pared it to their present cartridges. A few comments: 

"A great groove -tamer for the straight -from -the -studio 
sound lover! All of today's terms won't describe the 
utmost enjoyment I experienced' 

"...probably one of the finest cartridges I've had the 

privilege to evaluate. I find it superior in all respects." 
The Miracord 50H automatic turntable with the Elac 

444-E cartridge is about the finest record playback sys- 
tem available today. The Elac 344-E cartridge is an excel- 
lent choice with the Miracord 620 (also awarded a top 
rating). Elac offers a complete selection of cartridges 
from $24.95 to $69.50. Miracord, a choice of automatic 
turntables from $89.50 to $149.50. 

Hear them today. Benjamin Electronic Sound Corp., 
Farmingdale, N.Y. 11735. Canada: White Electronics, Ont. 

ELAC/MIRACORD 



Equipment 
Profiles 

Lafayette LR -1500T AM/FM Stereo 
Receiver 

Knight -Kit KG -687 Sweep -Marker 
Generator 

Elac STS -444E Stereo Phono 
Cartridge 

Klipsch Cornwall II Speaker System 

Lafayette LR -1500T 
Solid State AM/FM 
Stereo Receiver 

MANUFACTURER'S SPECIFICATIONS: 
Amplifier Section. Power Output: Music 
Power (IHF), 175 W at 4 ohms, 125 W at 
8 ohms; RMS Power, 140 W at 4 ohms, 
100 W at 8 ohms. Harmonic Distortion: 
< 1°/o at rated output; < 0.15°/o at 1 W. 
Power Bandwidth (IHF): 20-35,000 Hz. Fre- 

quency Response: 20-20,000 Hz ±0.75 dB. 
Hum & Noise: high-level inputs, -75 dB; 
low-level inputs, -57 dB. Tone Control 
Action: ±12 dB at 50 Hz; ±12 dB at 
10,000 Hz. 

Tuner Section. (FM) Usable Sensitivity 
(IHF) 1.5 j,t.V. Selectivity, 40 dB. Capture 

ig. 1 -Lafayette LR -1500T AM/FM stereo receiver. 

Ratio: 1.25 dB. S/N: 68 dB. Harmonic Dis- 
tortion: 0.39o. Spurious Response Rejec- 
tion: 95 dB. AM Suppression: 50 dB. Stereo 
Separation: 40 dB at 400 Hz. (AM): Sensi- 
tivity: 15 V. Image Rejection: 50 dB at 
1 MHz. S/N: 45 dB. 

General. Dimensions: 163/4" W x 5" H x 

141/4" D. Weight: 30 lbs. Price: $279.95. 

The Lafayette LR -1500T is the "top - 
of -the -line" stereo receiver marketed by 
this well-known mail-order and retail 
company under its own name. All of 
the units in this line have been com- 
pletely re -styled and re -designed to 
provide an outward appearance that 
belies their reasonable prices. 

The LR-1500T's heavy brushed gold 
and brown charcoal panel is gracefully 
complemented by turned metal knobs 
for main functions and matching char- 
coal -brown rocker switches for secon- 
dary functions. Dial illumination is 
soft, but adequate, as is the subdued 

tuning -meter illumination. Just a hint 
of light green is evident. 

If you relish an abundance of con- 
trols, this receiver will delight you. Be- 
sides the usual ones there are some 
unexpected controls that bear mention- 
ing. The mode switch has the antici- 
pated MONO and STEREO positions, but 
it also has such positions as BALANCE R, 
BALANCE L (a pair of positions which 
enables you to hear a mono mix first 
out of the left speaker and then out of 
the right-a supposed aid in achieving 
level balance), STEREO REVERSE (a fea- 
ture that went out of most designs years 
ago, in view of recording and tape stan- 
dardization as to which was left and 
which was right) and, finally, L INPUT 
and R INPUT-a feeding of either of the 
input channels to both speakers. 

The tape -monitor switch, normally a 
simple on -off affair, is here given the 
status of a major control having four 
positions: off, stereo, left, and right. The 
"off" position is the normal one to use 

0 

-10 
-20 
-30 --- -__{ 

-40 
-50 
-60 
-70 

1 -dB Limiting (2.0pV) 

IHF Sensitivity 
1.7 pV 

! 
(02%) ó 

THD Fz I 
-o)sª & Distortioni. 

Noise 

0.2 1.0 10.0 

RF INPUT (MICROVOLTS) 
Fig. 2 -FM characteristics. 

Fig. 4 -Total harmonic distortion and IM 
distortion. 

THD&IM- 
one channel 
8 -ohm load. both 
channels driven IM 

1.5 

1.0 

0.5 ...................... THD 

00 10 20 30 40 50 60 

POWER OUTPUT (WATTS) 

to 
to 

25 Hz 

100 200 

o 

-10 
rn 
J 
m -20 
U 
O -30 

-40 

20 

Fig. 5 -Power bandwidth. 

25W 

"L"output with"L"-only signal applied 

MPX Filter "ON"'" 

"R" output with "L"- only 
signal applied 

35 kHz 

./ 

lÓ0 1k 

FREQUENCY (HERTZ) 
10k 20k 

Fig. 3 -Stereo FM separation. 

Fig. 6 -Tone control, loudness, and filter 
action. 

Ito tk 

FREQUENCY (HERTZ) 
1Ók 100k 

*20 _.,, .L_..oudness 
1 1 

., 

J10........_._.._..... .. p_... _ .. 

10 !/ - Lo,Hi 
-20 F ters 

20 100 Ik 

FREQUENCY (HERTZ) 
10k 20k 

J0 AUDIO JANUARY 1969 



FREE!World's 
Largest 

Electronic Kit Catalog 
New ... Over 300 Kits 
For Every Interest ... 

Save Up To 50% 

Deluxe Color TV . . the sets 
you've heard and read about that 
give better performance yet cost 
no more; three models: 295, 227 
& 180 sq. in. rectangular; with 
exclusive built-in self -servicing 
aids for best pictures always. Cus- 
tom, wall, or cabinet installation. 
New optional wireless remote 
controls, and new Heathkit an- 
tenna line. Also deluxe 12" B&W 
portable TV. 

Transistor Organs . deluxe 
19 -voice "Paramount" and low 
cost 10 -voice Thomas models in 
kit form with instant play "Color- 
Glo" - save up to $500. Also VOX 
"Jaguar" combo organ at 5200 
savings over assembled version. 

Electric Guitar Amplifiers and 
accessories ... 20, 25 & 120 watt 
amps, "fuzz" booster, headphone 
amp, plus famous name micro- 
phones and speakers. 

Portable and Table Radios and 
Phonographs ... choose AM, FM, 
and shortwave radios ... mono or 
stereo phonographs. 

Stereo/Hi-Fi Components . 

transistor stereo receivers (includ- 
ing the world famous Heathkit 
AR -15), amplifiers, tuners, speak- 
ers, turntables, cartridges, fur- 
niture. 

Amateur Radio Gear ... world's 
most complete (and popular) line 

SSB transceivers, transmitters, 
receivers, and accessories. 

Citizen's Band Radio ... 5 -watt 
fixed and mobile transceivers, 
walkie-talkies, crystals, antennas. 

Test and Lab Instruments ... a 
complete line for home & hobby, 
shop, educational and industrial 
use. Newly designed and styled 
for professional use. 

Scientific and Educational . 

the famous Berkeley Physics Lab, 
Malmstadt-Enke instrumentation 
including Analog /Digital equip- 
ment, IMPScope and kits for home 
& classroom study. 

Marine Electronics for safety 
and pleasure afloat . . . radio- 
phones, RDF, depth sounder, fuel 
vapor detector, and accessories. 

Photographic Aids . Heath/ 
Mitchell Fotoval, and Colorvaly 
darkroom computers for perfect 
B&W and color printing; electronic 
photo timer. 

HEATHKIT® 1969 
Over 300 electronic kits- 
world's largest selection - 

22nd year of kit leadership 

Catalog 810/69 
CopY.I9nl ,%! Mean Company 

MAIL COUPON NOW! 
Biggest Selection ... Over 300 Kits 
Up to 50% Savings 
Easiest To Build 

HEATH COMPANY, 
Benton Harbor, 

Dept. 41-1 ( ¡ 
Michigan 49022 

e, 

World Famous Easy -To -Understand Please send FREE Heathkit Catalog 
Construction Manuals 
Highest Quality Components 
Best Performance 

Name 
(please print) 

Unique Creative Satisfaction Address 

Pride Of Achievement 
Free Technical Consultation 
Easy Credit Terms 

City State Zip 

L 

CL -336 
1 

Check No. 51 on Reader Service Card 
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Equipment Profiles (continued) 

Fig. 7-Forty dB of 
stereo FM separa- 
tion on LR -1500T. 
Upper trace is right - 
channel output 
when left only is 

applied. Lower 
trace is left output. 

when you don't want the monitoring 
function. At first glance this is confus- 
ing (though not so when the same word 
is used on a slide or rocker switch). 
One tends to think it may be the oppo- 
site or, at very least, a power switch. 
As for the other positions, they indi- 
cate what comes out of the tape output 
jacks. Nomenclature on the dual vol- 
ume control is misleading. Labelled 
BALANCE and VOLUME, the implication is 
that the inner knob is a regular balance 
control while the outer controls level of 

both channels-not so at all! They're 
really a pair of individual channel -level 
controls. The word balance, as we later 
learned to interpret it, simply means, 
"Set the outer knob for desired level 
from one speaker and then use the 
inner knob to raise the level at the other 
speaker until it is 'balanced' with re- 
spect to the first"! In other words, there 
is no balance control as we have come 
to know it. 

A variable mute control, adjustable 
by rotating the edge of a knob up or 
down (see Fig. 1) is located between 
the tuning and speaker -mode controls. 
Since really effective muting between 
stations takes place very near the maxi- 
mum setting of this control, it might 
well have been a simple on/off switch 
instead of a continuously variable con- 
trol. Interestingly, it works on AM as 
well as on FM, and the AM of this 
receiver is worth listening to. Band- 
width is all that's claimed by the manu- 
facturers, which no doubt explains why 
we felt that the AM fidelity was not 
that much inferior to FM. The tuning 
meter, too, works as a peak indicat- 
ing meter for both AM and FM, being 
most effective on AM. On FM, as is 
true of so many of these meter circuits, 
it is useful for tuning in center of chan- 
nel, but not for gauging signal strength. 
(Anything over 20 f,t,V kicks the meter 
up to practically full scale.) 

The minor objections voiced with re- 
spect to the logic of the panel layout 
are more than offset by the measured 
and listened -to performance of the LR - 
1500T. Our measured IHF FM sensi- 
tivity was 1.7 f,t.V-a fine figure indeed. 
Figure 2 tells the rest of the story about 
quieting (70 dB against claimed 68 dB) 
and total harmonic distortion (0.2% 

against claimed 0.3%). Stereo FM 
separation does indeed make the 40 dB 
claimed, as shown in Fig. 3, although it 
is much less when the MPX filter is 
introduced. Happily, we did not require 
the use of this filter on 12 out of the 13 

stereo FM stations we received with 
this sensitive tuner section. 

As for the amplifier, it is really a 
rugged performer. Because of its ex- 
ceptionally high power rating, we de- 
cided to do our subjective listening with 
two sets of 8 -ohm speakers, with both 
in the same room. Playing the systems 
for about two hours at "discotheque" 
level (about 20 dB higher than "Car- 
negie Hall podium level") could not 
break up these fine sounding amplifiers. 
Audible IM was as low as any we've 
heard. The amplifiers refused to quit, 
even though driving four, relatively in- 
efficient "acoustic suspension" speaker 
systems! 

The THD and IM curves of Fig. 4 

confirm everything we heard, as do the 
power bandwidth curves of Fig. 5 and 
the frequency response and tone -con- 
trol action curves of Fig. 6. Loudness 
contour action at 1/2 and 1/4 volume and 
Lo & Hi Filter action is also shown in 
Fig. 6. The dual trace of Fig. 7 shows 
what 40 dB of stereo FM separation 

(A) (i3) 

Fig. 8-Square-wave response of LR -1500T 
at (A) 100 Hz and (B) 10 kHz. 

looks like, graphically, while Fig. 8 

illustrates square -wave response at 100 
Hz and 10,000 Hz. 

A real aid in balancing the phono 
cartridge to match FM and AM levels 
is the three -position rear -panel phono 
sensitivity switch. During our. tests we 
shorted the output terminals of one 
channel and found that the overload 
protection circuit (dubbed "Computor- 
Matic"TM) really works-sound is in- 
terrupted (and output transistors 
"saved") until the short is removed. 

In summarizing the attributes of the 
Lafayette LR -1500T AM/FM stereo 
receiver, it offers outstanding perfor- 
mance (even on AM), many controls 
(though perhaps too many), attractive 
styling, and a price that, at $279.95, 
appears to be unusually low. 
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Knight -Kit Sweep -Marker 
Generator Model KG -687 

£ 

MANUFACTURER'S SPECIFICATIONS: 

Frequency Coverage: 3 to 220 MHz (center 
frequencies) in five bands all on funda- 
mentals. Sweep Frequency: 60 Hz. Sweep 

Width: Continuously variable, 0-18 MHz 
on Band A; 0-8 MHz at TV i.f. frequencies. 
Output Voltage: 3 to 50 MHz, 0.3 V rms 

min.; 50 to 120 MHz, 0.1 V rms min.; 120 

MHz to 220 MHz, 50 mV rms. min. Marker 
Oscillator: 2 MHz to 75 MHz on three 
fundamental bands; additional harmonic 
band to 225 MHz. Crystal: 4.5 MHz sup- 
plied; 500 kHz to 20 MHz crystals of 
standard Mil He/6U type holder may be 
used. Output Impedance: 75 ohms. Blank- 
ing: r.f. shutoff during retrace. Output At- 
tenuator: 4 -step switched. Horizontal 
Phasing: screwdriver adjust. Dimensions: 
143/4 W x 73/4 H x 101/4 D. Weight: 13 

pounds. Price, $120.00. 

Occasionally, the audio buff needs a 
sweep generator to align his or an - 
other's FM tuner or receiver, or possi- 
bly to perform the usual miracles so 
that his (or another's) TV set resumes 
its usual high -quality performance. For 
this purpose, the sweep generator is 
practically indispensable. 

Since the fundamental requirements 
of the sweep generator are the same 
regardless of the basic frequency range, 
it is readily possible to construct a 
sweep unit which performs equally well 
in the TV frequencies and in the FM 
range. The basic principles of opera- 
tion is the characteristic of a saturable 
reactor to be modulated by a variable 
a.c. voltage so that the oscillator wind- 
ings on the same core are modulated 
by the a.c. signal. The oscillator con- 
sists of a transistor stage operating as 
a shunt -fed Colpitts oscillator with the 
inductive winding wound on the core of 
the saturable reactor. The output of the 
oscillator is fed through two cascaded 
emitter followers to the attenuator and 
and the output, thus minimizing oscil- 
lator loading. In order to maintain a 
constancy of signal output, part of the 
output from the second emitter fol- 
lower is rectified and fed back to an 
automatic level control transistor stage 
which varies the bias on the oscillator 
so as to maintain a constant voltage 
output over the swept range. 
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A LOUDSPEAKER ENCLOSURE 
AS EXCITINGLY BEAUTIFUL AS 

THE MUSIC IT REPRODUCES 

Reminiscent of the Graeco-Roman art forms, Mediter- 

ranean combines straight, simple lines in such a way as to 

become highly decorative. Its burnished gold grille cloth is 

accented by inserts of genuine wrought iron. 

The surfaces are true distressed Mediterranean oak in 

a warm finish. 

And Mediterranean allows the decorator to express his 

individuality in a unique way by replacing the oaken top 

panel with marble, slate or leather. 

The music? Mediterranean is designed to house either 

the Model B-300, the finest two-way loudspeaker system, or 

the acclaimed Model B -302A, a complete three way system. 

Both are Bozak which means there is no more natural re- 

production of music. 

AUDIO JANUARY 1969 

Darien, Connecticut 06820 
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Equipment Profiles (continued) 

A variable -frequency marker oscilla- 
tor is also supplied which provides 
marker "pips" over the range from 2 

MHz to 75 MHz, with additional 
harmonic coverage up to 225 MHz. 
Furthermore, there is provision for a 

crystal, together with the necessary 
transistor oscillator. A final transistor 
serves as a mixer amplifier. Nine tran- 
sistors and seven diodes are used in 
the circuit. One useful feature is the 
provision for two separately adjustable 
d.c. voltages to be used to bias certain 
stages in a TV set as specified in the 
alignment instructions for the set. 

The generator is equipped with a 
BNC output receptacle, and with 
phono jacks for connection to the set 
being aligned and to an internal de- 
modulator; additional phono jacks 
serve to connect to the vertical input of 
the scope for the demodulated signal, 
and another sweep signal for the hori- 
zontal amplifier of the scope. This volt- 
age is in phase with the swept r.f. sig- 
nal so as to portray the output in 
phase with the sweeping oscillator. 
Sweep width is adjustable, and output 
voltage is adjustable in steps as well as 
by a vernier. 

Construction of the kit is simple, re- 
quiring a maximum of about 15 hours, 
which includes the makeup of the con- 
necting cables and the final calibration. 
Final alignment makes the dial calibra- 
tion come adequately close to the ac- 
tual frequencies of the output, and is 
clearly delineated in the instructions. 

With the flexibility of signal genera- 
tion and modulation, together with the 
wide range of marker signals available, 
a generator of this sort is indispensable 
to the serviceman, or to the neighbor - 

Fig. 2 -Typical waveform encountered in 

aligning an FM discriminator or ratio de- 
tector. 

hood specialist in hi-fi and other elec- 
tronic phenomena-the average hi-fi 
buff. With this generator he can per- 
form the necessary "miracles" relating 
to correcting the performance of his- 
or his friends'-hi-fi tuners and TV 
sets. He will, of course, require an os- 
cilloscope, but if he is any kind of a 
serious audio buff, he already has one. 
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Elac Model STS -444-E 
Stereo Cartridge 

MANUFACTURER'S SPECIFICATIONS: 

Frequency Range: 10-24,000 Hz. Stylus 
Force: 0.75 to 1.5 grams. Sensitivity at 
1000 Hz: 10 mV at 10 cm/sec. Channel 
Difference at 1000 Hz: 1.5 dB. Stereo 
Separation: 26 dB at 1000 Hz, 17 dB at 
10,000 Hz. Tracking Ability: 3.8 cm/sec. for 
100 Hz at 0.75 grams. Diamond Stylus: 
Elliptical (frontal 0.9 mil, lateral 0.2 mil). 
Price, $69.50. 

The Elac STS 444-E is a fine stereo 
cartridge. It represents the top of Ben- 
jamin Electronic Sound's new line of 
five cartridges. In descending order of 
price they are Model STS 444-E, STS 
444-12, STS 344-E, STS 344-17, STS 
244-17. Like its predecessors, such as 
the popular STS 322, reviewed here in 
November 1967, it is a moving -magnet 
type, but is an improvement over the 
earlier units. The major difference is 
in tracking ability and channel separa- 
tion, a difference great enough to be 
audible. 

The STS 444-E is small and light. 
Thus it is ideal for modern low -mass 
tone arms, and should fit any of them. 
As in the earlier Elac designs, the pull- 
out stylus assembly, which is replace- 
able by the user, has a stylus which 
retracts (completely, this time) into a 
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semi -tube when excessive pressure is 
exerted on the stylus. Because the 
stylus assembly is so small, there is 
lots of room in the tube for the stylus 
to retract-even at a 45 -deg. angle-as 
would occur if a tone arm were acci- 
dentally pushed sideways and down- 
ward. 

This is a nifty feature, aimed at sav- 
ing time and trouble in replacing a bent 
and otherwise damaged stylus. The el- 
liptical configuration ratio of 2 x 9 mils 
is rather severe, which is probably why 
Elac recommends using this cartridge 
on stereo records only. It also means 
that exact parallel alignment of the 
stylus to the disc is mandatory for op- 
timum operation. 

For our tests, we installed the 444-E 
in an SME Model 3012 series 11 tone 
arm, set to track at 1.3 grams. We 
found that the cartridge easily ex- 
ceeded its modest specifications. Figure 
2 shows the frequency response and 
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Fig. 3 -Square -wave photos: left channel, 
5.0 cm/sec and 3.54 cm/sec velocity. 

separation between channels. Except 
for the resonant peak at approximately 
16 kHz, the unit has very smooth re- 
sponse, with excellent separation 
throughout the audio spectrum. Note 
that even at 25 Hz and 15 kHz there 
is still 15 dB of separation. The square - 
wave photos of Fig. 3 show the excel- 
lent transient response of the cartridge. 
The slight overshoot at the leading 
edge of the waveform is due to the 
16 -kHz peak. 

IM distortion at high velocities was 
judged to be relatively low for this type 
of design, and the cartridge tracked 
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Crosstalk 
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Fig. 2 - Frequency 
response and chan- 

nel separation. 
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