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When professionals 
o 

need a tuner, 
they choose Scott ° 

"Your tuner means that for the first time we have 
been able to monitor and rebroadcast stereo sig- 
nals from WFCR in Amherst, a distance of over 110 
miles. The signal quality is as clear as if it had 
originated locally . .. certainly a vast improvement 
over our earlier rebroadcast efforts." 

William Busick (shown below) 
FM Engineering Supervisor 

Lowell Institute Cooperative Broadcasting Council 
Educational TV Channel 2 and WGBH-FM 

Br ;ton, Massachusetts 
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(Tuner sensitiv'ty curve) 
A Scott tuner reaches full limiting at a much lower 
signal strength than competitive high quality tuners 
and receivers. Professionals agree, a Scott receives 
more listenable stations with minimum noise... 
in other words, more stations more clearly. 

C3 SC OTT 
H. H. Scott, Inc., Maynard, Massachusetts 01754 

Dept. 01120 

Check No. 100 on Reader Service Card 



HEARD THE LATEST? 

4 -track, 2 -channel stereo 
All -silicon transistor pre -amps 
Pause control 
Digital counter 
Dual VU meter 
Fast winding 
Automatic stop at end of tape 
0.2% wow and flutter (RMS) 
Frequency response: 40 to 12,000 HZ 

A - 2 S/N ratio: 45 dB or more 4 Crosstalk: 40 dB between adjacent 
tracks at 100 Hz 
Microphone optional 

This is what happens when a big name thinks small. It's the TEAC A-24, and it's making cassette 
history. This deck is powered by a unique hysteresis synciror_ois outer rotor motor for compact 
convenience, powerhouse performance. And it comes compte with all the craftsmanship 
it takes to make a TEAC. 

More exclusive features: a special end -of -tape sensing circuit which not only stops the cassette, 
but completely disengages the mechanism - releasing pushbuttons, pinch roller and idlers - 
to avoid "flats" and deformation of critical drive components. Two specially -designed heads for 
outstanding frequency response. Just about the lowest wow and flutter that ever came out of a cassette. 

Of course, no sound system is really complete without cassette 
capability. So if it's time to round out your equipment, its time 
to sound out our A-24. 

T E ACa 
TEAC Corporation of America 2000 Colorado Avenue Santa Monica, California 90404 Check No. 1 on Reader Service Card 



say 
SHARPE 
for the 
sound of 
satisfaction 

When you purchase SHARPE 
Stereo Headphones, you get the 
finest that money can buy. 
Whether you choose the new 
budget minded Model 7 or the top 
rated MKII ... or any other 
SHARPE Stereo Headphones, 
you will experience presence, 
fidelity, and brilliance unmatched 
by any other brand. For example, 
the MK If stereophones with their 
smooth frequency response from 
15-30,000 Hz (30-15,000 ± 3.5 
dB) are the choice of the pros... 
they should know quality when 
they hear it. 

Ask your dealer about "Stereo 
Central:' SHARPE's new 
development in stereophone 
remote control convenience. The 
ultimate in electronic design, 
Stereo Central's unique phase 
blending control extends two - 
channel stereo to the full spectrum 
of sound achieved from four - 
channel stereo systems. Styled in 
rich walnut wood grain, Stereo 
Central will compliment your decor 
and offer an ideal stereophone 
storage facility. 
Use the handy reader -service card 
for the name of the SHARPE 
franchised dealer nearest you. 

a 

SHARPE 
AUDIO DIVISION 
SCINTREX INC. 
390 Creekside Drive, Amherst Industrial Park 
Tonawanda, N.Y. 14150 
Export Agents: 
Elpa Marketing Industries Inc. 
New Hyde Park, N.Y. 11044 

ALSO AVAILABLE IN CANADA 
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Who can deny the majestic beauty of 
the concert grand piano and the ful- 
fillment of its promise as commanded 
by the articulate fingers of a truly ac- 
complished artist? So it is with the 
Wharfedale W60E, the latest and finest 
version of a loudspeaker system with 
a reputation for excellence and a her- 
itage of consummate pleasure going 
back over 20 years. 

And for good reason; for beneath 
the appealing cabinet design, crafts- 
manship and fine furniture finish, the 
W60E is the product of acoustical and 
electrical engineers whose talents 
and skill enjoy world recognition. 

A 121/2" woofer is used, with heavy, 
cast alloy chassis to maintain original 
gap and cone suspension tolerances. 
Its molded one-piece cone has a new 
high excursion neofrene surround and 
provides extended, distortion -free 
bass; while a massive 91/2 lb. magnet 
assembly ensures excellent transient 

response. A new 5" midrange, 
mounted in an isolated nonreflecting 
cylindrical chamber, has a high com- 
pliance suspension with a four layer 
voice coil for greater power handling 
and exceptionally clean, smooth, un- 
interrupted response over a wider 
range of octaves. The system is com- 
pleted by a new 1" mylar dome super 
tweeter with a phase compensating 
diffuser and extra -heavy magnet for 
properly balanced, crystal clear, 
wide-angle dispersion of treble tones. 

Measuring 24"x15"x12", the W60E 
is ideal for both shelf or floor use. At 
$153.00 list each, it is the same "best 
buy" it has always been. 

For catalog, write to Wharfedale 
Division, British Industries Co., Dept. 
HX-10, Westbury, N.Y. 11590. 

ACHROMATIC SPEAKER SYSTEMS 

The new W60E looks great... 
sounds greater 

Check No. 3 on Reader Service Card 



Coming 
in 

January 
SPECIAL TAPE RECORDER 
DIRECTORY: 

Listing mono, stereo and quad- 
raphonic reel-to-reel machines 

TAPE RECORDER 
MAINTENANCE: 

Part Seven in the series by H. 
W. Hellyer 

EQUIPMENT PROFILES 
include: 

Harman-Kardon Citation Eleven 
Preamplifier 

Advent 100 Dolby noise reduc- 
tion unit 

PLUS 

Record and Tape Reviews and 
all the regular features. 

About the cover: 
Santa has apparently been tempted 
by the warm fire and he could not 
resist trying the Koss stereophones. 
Talking about temptation, the attrac- 
tive girl above-also wearing Koss 
phones-is one of the Bunnies aboard 
Hugh Hefner's private airplane . . . 

Audioclinic JOSEPH GIOVANELLI 

Driving two speakers From Two 
Stereo Amps 

Q. I have two amplifiers. 1 would like 
to feed both of these stereo amplifiers 
into two common speakers. How can I 
make this connection and, at the same 
time, eliminate the possibility of damage 
to the components if both of these am- 
plifiers are turned on at the same time? 

I would like to make this connection 
without using switches. -1st Lt. James 
M. Rose, Peekskill, New York. 

A. I see no way by which you can 
have two amplifiers connected to a sin- 
gle set of speakers without switching 
unless you are willing to sacrifice some 
power which otherwise would be avail- 
able from the amplifiers as a possible 
reserve margin. You could isolate the 
speakers from either amplifier by con- 
necting them to the amplifiers through 
8- or even better, 16 -ohm resistors. Power 
will be lost across these resistors and some 
additional power will be lost across the 
amplifier which is not in use. 

I recommend switching, even if the 
switching is accomplished by a relay 
system. By using a relay connected to 
the convenience outlet on each power 
amplifier, you can arrange matters so that, 
when one amplifier is turned on, the other 
amplifier is disconnected from the circuit. 
If wiring has been done correctly, simul- 
taneously turning on the two amplifiers 
will result in neither amplifier being con- 
nected to the speakers. No damage can 
result. (I could not have said that when 
vacuum -tube amplifier circuits were king.) 

The relay for amplifier No. 1 will, 
when energized, connect the speakers. 
However, it will interrupt a possible 
connection to amplifier two. If amplifier 
two is turned on and amplifier one is off, 
a relay associated with amplifier two will 
connect the speakers to it, but will dis- 
connect the speakers from amplifier one. 
If both amplifiers are turned on, each 
relay will attempt to connect the speakers 
to their respective amplifiers, but con- 
tacts will interrupt the opposite circuit. 
Thus, no amplifier will be connected. 
This would call for two double -throw, 
four -pole relays with 120-V a.c. fields. 

Additional switch contacts might need 
to be provided in the event that one or 
both amplifiers do not use ground as one 
of their output terminals. 

Dubbing Rented Tapes 

Q. I am planning to purchase a stereo 
dubbing deck. But before investing my 
money I would like to know if it is legal 
to rent tapes and copy them for home 
use. What is your opinion concerning the 
renting of tapes and then copying them 
for one's own tape library? (Name with- 
held) 

A. So long as one confines the use of 
a tape copy to oneself, the legality of 
copying a rented tape or rented phono 
disk tends to be academic. It is when you 
try to make commercial use of the copy 
or start passing the copy among friends 
that the trouble is apt to start. The above 
statements are based on some articles on 
the subject that I have read in the past, 
and in no way constitute a guide to your 
actions. For such a guide I urge that you 
consult an attorney. My opinion about 
renting tapes or disks and copying them 
is that this is unethical, even if not illegal. 

Using VU meters with 
Disc -Cutting Systems 

Q. I plan to install a VU meter across 
the 16 -ohm output of my power amplifier, 
to be used in conjunction with my disc - 
cutting system. I would like to know if 
there is any objection to using the circuit 
shown in Fig. 1, to drive the vu meter. 

Would installing a matching trans- 
former between the output of the voltage 
amplifier and the meter help the per- 
formance of the meter? See Fig. 2. 

Walter Marion, Evergreen Park, Illi- 
nois 

A. The circuit you have shown in Fig. 
1 should work reasonably well. However, 
I do not like connecting a meter directly 

FROM 

16 2 TAP 
OF POWER 

AMP 

1008 
METER 1S 

CAL. _ 

1.0µF 

VOLTAGE 
AMP 

12AX7 

vu 

SIMPSON 
#147 

Fig. 1 

in the plate circuit of an amplifier. The 
coupling capacitor will assume a sudden 
charge when the amplifier is first turned 
on, pinning the meter. Meters are, of 
course, capable of handling a certain 
amount of overload. However, there is no 
reason to tempt fate. Rather than using 
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How crazy 
are you about stereo? 

No matter how deep your stereo 
psychosis, there s a Panasonic 
to bring you soo:hing relief 
Because we star: with a receiver 
for the stereo nut. And end ip 
with one for the nut who's 
completely out of his mind about 
stereo. 

Start with tour Model SA -40 
and you're nct hinging home a 
beginner's model. You're in.o 
FM/AM and FM stereo. With FET, 
four sensitive IF circuits, 
built-in Ferrite antenna in AM, 

S220 
s, 40 

S250 
SF 50 

$280 
SA -60 

$350 
S4-70 

$400 
SA -6500 

$1000 
.-n-4000 

anc a =requency response of 2e 
Hz tc 30,000 Hz (-3db). And 
direct coapl_ng. 

And the specs get more 
impre;siv-e the more you get into 
our SA -50; 0 and 70 

Then there's our SA -6500. 
Wi:hdirect-coupled power ampli- 
fier No =nput transformer. No 
output trans former. No output 
capacitor. Which means more 
"nc's' fcr distortion. With 200 
wa:ts ( IHF: worth of power. 
1.8 r i IHF; FM sensitivity. 

Crystal flter and 4 -Pole MOS-FET 
7.ront end. 

When you fnally teach our 
SA -4000. it's the end. Absolutely. 
Because it contains eery recent 
development ir_ rransis:or and 
microc:reuit design. And then son -e. 

Wads can tell you a lot 
about these receivers. Ent your 
ears can =ell you more. Take 
them to your Panasonic Hi-Fi and 
component dealer. And listen. 
It could be the :rie sane moment 
a stereo nut could ask far. 
Approximate list pricesshcwrs. 

PANASONIC. 
just slighlfy aaeai of our lime. 

200 Park Avenue, New fork 10017. For raur nearest Panasonic H -_: deals'', call 8C0 &ì1-4299. In N_., 80C 962-2803. We pay for the call. Ask akaut ou- receivers. 
Check No. 5 on Re ace- Service Card 



uNE ABSOLUTELY 
NVARY ING 
CONSTANT 
SPEED FACTOR 
Of all the parameters 
affecting tape 
recorder perform 

few are as im- 
portant as con- 
stant speed. 

Considering 
the havoc even 
comparatively 
small speed variations 
play with recorded 
sound, it's rather surprising that 
most tape recorder manufacturers 
seem to give short shrift to this 
vital, performance affecting fea- 
ture. On the other hand, the 
manufacturers of professional 
recording equipment go to great 
lengths and expense to insure both 
short and long term speed stability 
and constancy. And so do the 
people who make the Revox A77. 

The Revox A77 is the only 
machine in its price class that 
incorporates a servo -controlled 
capstan motor that automatically 
adjusts and corrects itself so as 
to guarantee a maximum speed 
deviation of less than .2%. 

According to Audio Magazine, 
"The electronic speed control held 
the speed exactly 'on the nose' at 
all inputvoltages from 135 down to 
92... and at all frequencies from 
40 to 70 Hz". Stated simply, this 
means the Revox is unaffected by 
those all too common fluctuations 
thatoccurin both line voltage and 
frequency. 

When you consider the uncom- 
promising design philosophy, 
meticulous craftsmanship 
and outstanding 
performance 
built into every 
Revox, you begin 
to understand 
why we say. 

RE VOX 
DELIVERS WHAT 
ALLpT¡NE REST 

PROR Roslyn Heights, DSE. 
Revox Corporation 
212 Mineola Avenue, 

N.Y. 11577 
1721 N. Highland Ave., Hollywood, Calif. 90028 
in Canada: Tri -Tel Associates, Ltd.,Toronto,Canada 

Check No. 6 on Reader Service Card 

Audioclinic, cont. 
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Fig. 5 

62052 

(PROGRAM RIAA 
Fig. 4 AMPLIFIER) PRE -EMPHASIS 

both halves of the 12AX7 to provide gain, 
why not use the second half of this tube 
as a cathode follower? The meter is 
coupled via a capacitor to the cathode 
of this circuit. The capacitor feeding sig- 
nal to the meter would charge very 
slowly during the tube's warmup, as the 
electron emission from its cathode slowly 
builds up. 

As an alternative you could use a 
matching transformer in the plate cir- 
cuit as mentioned in your question. The 
meter should be connected in series with 
a 3.9-k ohm, 1 -per cent resistor, with 
this series combination being connected 
to the 600 -ohm winding of this matching 
transformer. This transformer should be 
shunted by a 600 -ohm resistor. See Fig. 
3. The use of this resistor provides for 
proper damping characteristics of your 
VU meter. This is extremely important 
when a number of meters are used, and 
where they must all read alike when a 
given signal is impressed on them. This 
factor is not particularly important for 
your application. 

As I have said, a voltage amplifier can 
be used to drive a VU meter. However, 
it is possible to drive the VU meter di- 
rectly from the output of the power 
amplifier. Use a line -to -voice -coil trans- 
former as shown in Fig. 4. Notice once 
again that we are using the 3.9-k ohm 
resistor. This improves meter damping, 
but also isolates the meter from the power - 
amplifier circuitry, thereby minimizing 
distortion. What we have here is a basic 
circuit, not calibrated to your needs. You 
will have to devise an attenuator network 

6 

VU 

CUTTER 

CUTTER 

DRI VING 

AMPLI FIER 

which can be used to calibrate the meter. 
The amount of signal provided from the 
line -to -voice -coil transformer will be far 
too much when the cutting head is op- 
erated at normal recording level. When 
using the circuits described thus far, 
the VU meter "sees" the signal supplied 
to the disc recording head. This signal 
is pre -emphasized for proper RIAA treble 
compensation. Some people do not use 
a VU meter in this way. I, myself, have 
the VU meters in the output of a pro- 
gram amplifier, which, in turn, feeds the 
RIAA equalizer, whose output feeds the 
input of the disc recording power ampli- 
fiers. See block diagram, Fig. 5. Under 
these conditions the VU meter will "see" 
the same kind of signal as read on the VU 
meter in the tape recording chain. You 
can see that this makes comparisons 
between tape playback and disc recorder 
feed more meaningful. 

In the arrangement where the VU 
meter is driven by the pre -emphasized 
signal, the meter will often read higher 
than it will with the arrangement shown 
in Fig. 5. With practice, either system 
can be used to advantage. The main 
thing to remember is that good disc re- 
cordings can be made best when you 
observe the VU meter in relation to 
the sound you hear from your monitor 
speaker. This implies that you must be 
totally familiar with the characteristics 
of your meter and those of your monitor 
speaker. Further, you must understand 
the relationship that these two factors 
have upon the cutting process. 

(Continued on page 89) 
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Music doesn't have 
to be dead 

just because it isn't live. 

RCA tapes put life in your recordings. 
And we have whatever kind of 

tape it takes to do it. 
Low noise mastering tape for the 

pros. In 14-,1/z-,1- and 2 -inch widths. 
Back -lubricated tape for Stereo 8 

or 4 -track cartridges. 
Duplicating tapes for cassettes 

and reel-to-reel. 
And Red Seal cassettes and Red 

Seal reel-to-reel for personal recording. 
These tapes don't miss a note. 

Your music sounds alive on RCA tapes. 
Sound us out. Write RCA 

Magnetic Products, 201 E. 50th St., 
New York 10022. 

RC" 
Recording Tape 

Check No. 7 on Reader Service Card 



What's New in Audio 
Ampex 362 tape cassette 

A new blank cassette having an extended 
frequency response is now available from 
Ampex. Response is said to be virtually 
flat up to 10 kHz. Price: C60, $2.95. A 

"library caddy" is given free to purchas- 
ers of six cassettes. 

Check No. 135 on Reader Service Card 

Kenwood KA -4002 
This is a very inexpensive amplifier with 
many of the facilities of larger models. 
Power output is said to be 95 watts 
(IHF) with a harmonic and IM distor- 
tion of less than 0.5%. Features include 
terminals for two pairs of stereo speakers, 

* 1 

center channel, two phonos, tape deck, 
and two auxiliary inputs. Step -type tone 
controls are used, and push -buttons select 
high and low filters, tape monitor, and 
loudness control. Price: $139; walnut 
cabinet, $15. 

Check No. 134 on Reader Service Card 

Marantz 26 receiver 
Marantz says this is their first budget - 
priced AM -FM receiver, but it incorpor- 
ates many of the sophisticated features of 

the top -of -the -line receivers, such as 
Gyro -Touch tuning, individual controls 
for bass and treble, three stereo inputs, 
and the same type of advanced circuitry. 
FM sensitivity is quoted at 3 µv, and 
power output is 10 watts (rms) per chan- 
nel. Price: $219.00, including cabinet. 

Check No. 133 on Reader Service Card 

BHK F-1 flutter meter 
This meter uses a new circuit which 
allows measurements to be made over a 
2-4 kHz range of carrier frequencies. 

Bandwidth is 0.5-6.0 Hz, 6.0-250 Hz, and 
0.5-250 Hz with meter ranges of 0.3% 

and 1.0% FSD. Price: $340; F-lA, with 
built-in 3 -kHz oscillator, $350. 

Check No. 132 on Reader Service Card 

Hartley loudspeakers 
Two super woofers are now available 
from Hartley-an 18 -in. and a 24 -in. 
model. Both use 14 -lb. Alcomax magnets, 
laminated fiberglass spiders, double voice 
coils, heat sinks, and magnetic suspension. 

These new speakers are ideal for music 
groups, electronic organs, or other appli- 
cations needing high acoustic power. 
Price: 218 HS, $250; 224 HS, $300. 

Check No. 131 on Reader Service Card 

Tapes for sound effects 
Radio Shack have just introduced a sound 
effect tape which includes a ping-pong 
game, a DC -7 take-off, thunder and rain 
storm, birds, fireworks, foghorns, ocean 
sounds, a carillon and bagpipes. Ask for 
51-4777 ( Cassette) 51-5777 ( Cartridge) 
or 51-7777 (7) " reel-to-reel ). 
Price, $3.95. 

Check No. 130 on Reader Service Card 

Sansui AU 999 stereo amplifier 
This new Sansui amplifier is a versatile, 
integrated unit suitable for professional 
use. It has a number of interesting inno- 
vations including independent control of 
preamplifier and amplifier sections. This 
permits the insertion of electronic cross- 

overs or the facility of separate programs. 
Three step -type tone controls are pro- 
vided for each channel, and they can be 
removed from the circuit completely if 
required. Power output is rated at 70 
watts per channel (rms), and signal-to- 
noise is claimed at better than 80 dB for 
phono inputs. An unusual refinement is 
the provision of a variable -resistance load 
for one of the two phono inputs thus 
allowing optimum matching. Another use- 
ful feature is the presetting of controls to 
adjust phono and auxiliary input levels. 
Price: $299.95. 

Check No. 129 on Reader Service Card 

Catalogs 
Telex has issued a new catalog, BI -2166-2, 
covering more than 30 general communi- 
cation and dictation headphones and 
other private listening devices and acces- 
sories. 

Check No. 128 on Reader Service Card 

Stanford International offers "Micro- 
phones-How to Choose and Use," a free 
booklet giving the fundamentals of micro- 
phones and the characteristics of each 
type. Other information included covers 
microphone placement, feedback, limiting 
factors, impedances, techniques and ap- 
plications. 

Check No. 127 on Reader Service Card 

Allied Radio Shack has a new 460 -page 
catalog which gives information on 
Knight -Kit products, including amplifiers, 
tuners, receivers, and test equipment. 
Available for $1.00 from Allied Radio 
Shack, 100 N. Western Rye., Chicago, Ill. 
60680. 

Rek-O-Kut parts 
A complete line of replacement and spare 
parts for Rek-O-Kut turntables and tone - 
arms is now available from two company 
warehouses: 1568 N. Sierra, Fresno, 
Calif. and 716 Jersey Ave., Gloucester 
City, N.J. The parts are available from 
either warehouse in individual or bulk 
quantities. 
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JVC proudly introduces the expensive stereo that 
isn't-model 5010.* Just look what it has going for you. 

Its most outstanding feature is the Advanced Sound 
Effect Amplifier (SEA), JVC's exclusive ±12db, 5 zone 
tone control that opens up new dimensions in sound. 
SEA divides the sound spectrum into 5 frequency 
ranges. Let's you compensate for acoustic deficien- 
cies in almost any room. Highlight a voice or musical 
instrument. Tailor sound to your own personal taste. 
The chart at the right shows the difference between 
SEA and conventional tone controls. But SEA is just 
the begiinning. 

There's a new FM linear dial scale. Sophisticated 
FET. Wire wrapped contacts. 2 -way speaker switch. 
40 watts output at less than 1% IM distortion. A beau- 
tiful wood cabinet, and much more. 

While you're at your dealer, also check out JVC's 
Model 5020, 75 watts IHF; Model 5030, 140 watts IHF; 
and our top of the line, Model 5040, 200 watts IHF. 

Whichever you choose, you will be choosing the 
finest. See them all at your nearest JVC dealer, or 
write us direct for his name, address and color 
brochure. 

*Suggested list price $229.95 
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BEHIND THE SCENES BERT WHYTE 

Various business training and communications video recording applications are possible with video cartridge recorders, such as the 

Ampex Instavision system. Here a skilled keypunch operator demonstrates correct procedures which are recorded for later viewing. 

About a year ago I reported on the 
introduction of the Columbia 

"EVR" television cartridge system. You 
may recall that this is basically a playback 
only system, in which Columbia -processed 
pre-recorded material will be sold to the 
owners of the cartridge playback unit. 
Much was made of the impact this kind 
of system would have in the industrial 
and educational markets, where specially 
recorded material on almost any conceiv- 
able subject would be offered. Columbia 
even had a "tie-in" service with the New 
York Times set up to cover the educa- 
tional aspects of the system. The biggest 
market envisioned of course, was John Q. 
Public. Here again the variety of subject 
material that could be offered was end- 
less, but there was a distinct emphasis on 

the possibilities of obtaining a library of 
major company movies. Like many new 
developments, things have not moved as 

fast as Columbia had envisioned. How- 
ever, the EVR concept got a good boost 
with the recent announcement by 20th 
Century Pictures that they would make 
available to the EVR library their feature 
films that were older than five years from 
original release date. This automatically 
provides a vast backlog of films that could 
be offered on EVR cartridges. 

Not to be outdone by Columbia, RCA 
recently announced their "SelectaVision" 
system, which is also a playback only 
concept offering pre-recorded material to 
the public and specialized markets. The 
RCA system is one of the most technolog- 
ically sophisticated devices ever contem- 

plated as a consumer product. It is too 
complex to go into detail here, involving 
as it does such "far out" concepts as holo- 
grams and laser beams. The playback 
unit employs a low -power gas laser to 
"read" the pictures, and there has been 
comment in some quarters about some 

possible hazards of having such a device 
in the home. Nothing has been proven 
about this, one way or the other, and it 
probably can be placed in the same cate- 
gory as radiation from TV sets. In any 
case, in "laboratory format," the Selecta - 
Vision system works as advertised. It 
faces the same problems as the EVR sys- 

tem in respect to movie libraries and other 
specialized material for pre-recorded re- 
lease. 

;Continued on next page) 
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Altec introduces a 4 -foot control console 
with up to 28 inputs and 16 outputs. 
It's built to your specs...delivered ready to use. 

is the all -new, all -solid-state Altec 9300A control 
console. Only 51Y2 inches long, it features direct - 
plug -in modular construction that lets you custom 
tailor your own board by simply selecting the 
specific modules you need. 
The new Altec 9300A gives you up to 28 inputs 
and up to 16 outputs. And any input may be 
connected to any output by means of a switching 
matrix on each input channel. 
Here are some exclusive features designed into 
the new Altec 9300A. 

Channel Check provides an individual instant 
check of all input lines without interrupting the 
program. 

A Pre Cue pushbutton transfers signals from the 
output buss to the cue buss. 

A Modulite' Visual Volume Level Indicator on 
each module tells exactly how much level is 
being fed to tape machines. 

Echo Facilities permit selection of internal or 
external reverb devices and a bright or soft timbre. 

Color -coded knobs enable fast and easy 
matching of input channels with correct output 
selector modules. 

22 dB of headroom. 

Mal l this coupon for all the details on the 
new Altec 9300A console. 

To: Altec Lansing, 1515 South Manchester Ave. 
Anaheim, California 92803. 

Please send me all the details on the all -new Altec 
9300A control console-including information on how its 
unique modular design will let me simply plug in different 
modules as I need them. 
G I'd like to hear more. Please get in touch with me. 

Name Phone 

Position Studio 

Address 

City State Zip 

ALTE C 
L ANSI NGA 

A QUA. ITV COMPANY OF LTV LING ALTEC. INC 
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The SL -8 
was the finest 
phono arm 
in the world 
until 
we designed 
The SL -8E. 

How do you improve on the best? 
Just add automatic cueing. 

At the touch of a button the arm 
lowers softly to the record. An- 
other touch of the button raises the 
arm. 

At the end of play, the arm auto- 
matically lifts with the same gentle 
motion. 

The FINEST POSSIBLE Sound Re- 

production is still the same. 

RABCO 
Manufacturers of THE Servo Control Arm 

11937 TECH ROAD, 
SILVER SPRING, MARYLAND 20904 

Check No. 12 on Reader Service Card 

The new Instavision recorder -player uses standard half -inch wide 
video tape enclosed in a circular plastic cartridge 4.6 inches in 
diameter by 0.7 inches thick. 

Several months ago, Audio reported on 
the Teldec video disc system, and as I 
write this, it has had its first demonstra- 
tion in this country at the Audio Engi- 
neering Convention in New York. Apart 
from the technical triumph of a video disc, 
and its commercial advantages, there 
exists the distinct possiblity of a discrete 
four channel stereo disc. With 70khz 
capability at 33% rpm bandwidth is cer- 
tainly not a problem. From the strictly 
video aspects, we have here too a play- 
back only system, and just because it is a 
disc rather than a cartridge doesn't lessen 
the ramifications of this concept. 

The latest entry into the video cartridge 
sweepstakes is the Ampex Corp. with 
their "Instavision" system, and after see- 
ing it demonstrated I must say that I am 
very impressed. In my opinion the Insta - 
vision system has several clear-cut advan- 
tages over competing systems, but quite 
apart from that, this also appears to be 
a system ready for production. There is 
nothing ephemeral about this develop- 
ment! Target date for the Instavision sys- 
tem is mid -1971 and there would seem to 
be no obstacles to its introduction at that 
time. 

The big point of departure between the 
Instavision system and competing car- 
tridge units is that it can record and play- 
back video information. This is possible 
because the Instavision system uses con- 
ventional half -inch magnetic tape. The 
tape is housed in a 4.6 inch diameter by 
.7 inch cartridge, which is self -threading 
on Instavision recorder/players. The 
complete Instavision system consists of a 
miniature videotape recorder 11 x 13 x 
4.5 inches that weighs less than 16 pounds 
complete with common flashlight or re - 

12 

chargeable batteries, a hand-held mono- 
chrome camera with zoom lens that 
weighs less than 5 pounds and has a 
electronic viewfinder which actually is a 
tiny television receiver so that one can 
frame scenes precisely and view what is 

being recorded, and of course, the video 
cartridge. Standard with each recorder or 
player is a separate power pack that 
houses an A/C power converter for plug- 
in operation, a battery recharger and 
optional electronics for color record or 
playback. The power pack is designed as 
a base for the recorder during any of 
these operations and probably would sit 
on top of the TV set in use. The recorder 
is detached from the base for portable 
use. The Tnstavision system is to be sold 
in several formats. A monochrome play- 
back only unit is expected to cost $800, 
a monochrome recorder/player or color 
player will be $900 and a color recorder/ 
player is ticketed at an even thousand 
dollars. 

The Instavision recorder/player oper- 
ates on the helical scan basis and 
conforms to "Type One" standards for 
half -inch tape. The Type One standards 
have purportedly been adopted by such 
manufacturers of half -inch magnetic tape 
equipment as Sony, Phillips, and Grundig. 
As such, the Instavision cartridge is com- 
patible with conventional reel-to-reel re- 
corders embodying the Type One stan- 
dards. The cartridge will permit 30 
minutes recording time at the 7.5 ips 
Type One standard, or 60 minutes in ex- 
tended mode, which is 3% ips. Blank 
cartridges are expected to sell for less 
than $13.00. The cartridges permit fast 
forward or rewind operation with the 

(Continued on page 87) 
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4Dìmensional Stereo 

FRONT 

with the Dynaco SCA»80. 

() 
A 

OMNI" C 

SCA-80 ($169.95 kit, $249.95 assembled) 

The Dynaco SCA-80 is a high quality two -channel 
stereo control amplifier incorporating patented cir- 
cuitry* so you can enjoy the Dynaco system of four 
dimensional stereo (front and back as well as the 
usual left and right) by adding just two more loud- 
speakers . . . just two more speakers. 

In addition to recordings made spe- 
cifically for the Dynaco system, many 
of your existing stereo recordings (disc 
and tape) already include the phase 
relationships required for four dimen- 
sional playback. You can use present 
stereo phonograph cartridges or tape 
recorders without any modifications. 
Four dimensional programs are now 
being received by existing FM stereo 
tuners. 

*U. S. patent #3,417,203 

The Dynaco four-dimensional system fully utilizes 
material already on stereo recordings. It faithfully 
reproduces in your own listening room the acousti- 
cal environment in which the recording was made. 

Dynacp four-dimensional sound can be played 
back through the SCA-80 (or the PAT -4 
or PAS -3x preamplifier and any stereo 
power amplifier) with a total of four 
loudspeakers, connected as Dynaco 
specifies. This configuration is com- 
pletely compatible with playback of all 
stereophonic and monophonic record- 
ings, and enhances virtually all stereo- 
phonic material. 

Write for full details on how you can 
connect four speakers to enjoy Dynaco 
four-dimensional stereo. 

Dynaco A-25 speakers ($79.95 each-assembled only) 

d ynraco 3060 JEFFERSON ST., PHILA., PA. 19121 
IN EUROPE WRITE: DYNACO A/S, HUMLUM, STRUER, DENMARK 
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Dear Editor, 
Dear Sir, 

I am offering below a few comments on the subject of Doppler 
effect in loudspeakers. I have studied this effect for several years 
in a casual manner and have made a number of actual measure- 
ments on the sound field of long throw loudspeakers. 

First we should note that it is relatively easy, if one uses 
Massas charts, to see that the total distortion due to Doppler 
effect depends not only on the amplitude of the modulating sig- 
nal but on the frequency difference as well. Thus, very approxi- 
mately 

f_ 
Distortion = A 

f, 
percent 

Where A is about .33, f2 is the modulated, i.e. higher, frequency 
and f, is the modulating, i.e. lower, frequency. 

If the ratio of the higher to the lower frequency is 10, e.g.: 
50 Hz and 500 Hz, which is not unreasonable, we get the follow- 
ing levels of distortion. 

Acoustic Output for 10" cone 
0.1 watt at 30 Hz 

800 cps 
3.5 % 

1000 cps 
4.4 % 

0.1 watt at 50 Hz .79% .99% 

0.1 watt at 100 Hz .10% .12% 

1.0 watt at 30 Hz 10.5 % 13 % 

1.0 watt at 50 Hz 2.5 % 3.1 % 

1.0 watt at 100 Hz .32% .4 % 

Some of the figures in the above tables seem rather large. How- 
ever, be assured, that they have been measured and agree rea- 
sonably well with theory. Also, we may note at this point that 
the distortion, or modulation phenomenan, if you prefer, is 
clearly audible. 

One must conclude that this form of distortion is real and of 
significance now that we have extended bass response, small but 
long throw cones, and substantial acoustic output demands. 
There are two approaches we can use to minimize this type of 
distortion. One is to use larger cones or several small cones to 
make up the equivalent area. The second is to reproduce a lim- 
ited frequency range with each cone. These rather obvious solu- 
tions have been used by many high quality systems such as 
Bozak and others for over 25 years. 

If we limit the low frequency cone to 200 cps maximum, we 
find the following distortion figures. 

Frequencies Acoustic Output K' ^oaa 15" cone Acoustic Output Distortion for 10" cone 
30 - 300 0.1 watt : 3 % .62 % 0.1 watt at 30 Hz 0.88 % 

50 - 500 0.1 watt 5 .22 % 0.1 watt at 50 Hz 0.2 % 

100 - 1000 0.1 watt 12% .056% 0.1 watt at 100 Hz 0.025% 
30 - 300 1.0 watt % 1.9 % 1.0 watt at 30 Hz 2.7 % 

50 - 500 1.0 watt : 5 % .66 % 1.0 watt at 50 Hz 0.62 % 

100 -1000 1.0 watt 4 % .17 % 1.0 watt at 100 Hz 0.08 % 

Or if we hold the upper frequency at 
vary the lower frequency, we get 

Hz and 1000 Hz but These latter figures look much more acceptable since distor- 
(Continued on page 93) 

toward the newest shape in sound 

Possibly some one has been bending your ear about the newest 
shape in sound. It's called CELESTA! This speaker has a cast 
chassis, functionally -formed under extremely high pressure for 
lasting precision. A baked -on lacquer finish and slim profile 
(8" model is only 31(6" total depth) are distinguishing features 
of all SIX CELESTA models. Vibration -free, rugged CELESTA 
frames assure added years of listening pleasure. So go on ... 
bend some one else's ear about the newest shape in sound ... 
CELESTA. Incidentally, free cabinet plans included with speaker. 

See your dealer, or write UTAH for complete information 

1 4 
i HUNTINGTON, INDIANA 
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The voltage supply in your city can vary 
as much as 10%. And even the slightest 
variation such as that caused by a toaster 
or an air conditioner will change tape 
speed significantly. To deal effectively 
with this situation, the Concord Mark Ill 
is equipped with a hysteresis motordrive 
which does not rely on line voltage but 
rather on the 60 cycle power line fre- 
quency. It maintains constant speed re- 
gardless of voltage variation. 

And the Concord Mark Ill offers far 
more than just hysteresis -drive. 3 quality 
heads: the record and playback heads 
are made of a newly deyeloped, pressure - 
sintered ferrite. Their diamond -hard char- 
acteristics make it possible for Concord 
to offer a 25 -year guarantee. These heads 

maintain their original high standard of 
performance for rrrany, many years- no 
significant head wear, no deterioration 
in frequency response or signal-to-noise 
ratio. 

Otherfeatu res: the tape transport mech- 
anism assures a fast start-up; two tension 
arms stamp out burble; a special filter 
eliminates flutter due to tape scrape or 
cogging action; a cue control; flip -up 
head cover for professional editing; tape 
monitoring; three speeds; sound -on - 

sound; variable echo control for reverb; 
calibrated VU meters; stereo headphone 
jack. Concord Mark Ill, a lot of value for 
under $250. 

Concord Mark Series decks start at 
under $200. For free cómparison chart 

write: Concord Electronics Corporation, 
1935 Armacost Ave. Los Angeles, Calif. 
90025, a subsidiary of Ehrenreich Photo - 
Optical Industries, Incorporated. kial 

Concord Mark III with hysteresis motordrive 

It could turn 
an allegretto into 

an andante 
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Tape Guide HERMAN BURSTEIN 

Tape Speed vs. Quality 

Q. Can you please tell me the differ- 
ence in quality between operating at 7'á 
and at 3% ips? (Joseph Torneo Jr., Scran- 
ton, Pa.) 

A. If you are using the finest tape 
machines that today's state of the art 
can produce, and top quality tape, there 
tends to be very little audible difference 
between results at these two speeds. Per- 
haps there will be a little less noise and 
a little more "transparency" at 73.1 ips. 
Also, you have more "headroom" at 73i 
ips: there is less chance of running into 
distortion at high frequencies because less 
treble boost is applied in recording at this 
speed. The differences in general tend to 
be more obvious to measuring instru- 
ments than to the ear-provided you are 
using a top-notch machine and tape. 

"Sour" Notes 

Q. My problem is distortion in the form 
of "sour" notes, most noticeably in the 
high frequencies. I am unable to remedy 
the problem despite the fact that I regu- 
larly clean and demagnetize the heads. 
I would greatly appreciate your advice. 
(D. V. Turner, Los Angeles, California ) 

A. The difficulty you describe appears 
due to wow in your tape transport. And 
this could be due to an out -of -round 
idler wheel, belt slippage, oil or other 
lubricant on the capstan or pressure 
roller, and so on. I suggest that you clean 
the capstan and pressure roller thorough- 
ly with whatever fluid is recommended 
by the manufacturer of your tape ma- 
chine. Also clean all other parts, such as 
guides, contacted by the tape. If this 
doesn't help, I am afraid the problem 
must be referred to an authorized service 
center suggested by the manufacturer. 

Microphone Selection 

Q. I'm shopping for a new microphone 
and I'm completely in the dark about the 
rating of sensitivity and output. I have a 
good tape recorder and a good micro- 
phone, but for voice and lecture record- 
ing the microphone is too sensitive. If it 
is touched or moved while recording, the 
recording sounds as though a train went 
by. One evaluator of this microphone said 
that it was great except that the output 

was low. The manufacturer's literature 
gives a sensitivity figure of about - 50 
dB. What gives? 

Specifically, what specifications do I 
look for to obtain a microphone which 
can be placed several feet, maybe as 
many as 15, from the person speaking 
and still get adequate pickup for record- 
ing? (Rex H. Shudde, Philadelphia, Pa.) 

A. Rather than risk confusing you all 
the more by trying to explain in limited 
space the various methods of rating mi- 
crophone sensitivity, let me state that the 
figure you cited indicates that yours is 
a highly sensitive microphone; that is, it 
has relatively high output. The lower the 
figure given (disregarding the minus 
sign), the higher the sensitivity. Thus a 
microphone rated at -50 dB has greater 
sensitivity than one rated at -55 dB. 
Incidentally, a rating of -55 dB is about 
average for high -quality microphones. 

As for picking up low -frequency noises, 
this is a problem of mounting the micro- 
phone so that it is insulated from such 
sounds. A boom type of mounting or 
other shock mounting may be necessary 
in your circumstances. A microphone 
should not be moved or touched when in 
use. Some microphones are available with 
a switch that reduces bass response, and 
this might help with your problem. If 
you plan to use a microphone with no 
more than about 15 feet of cable (low - 
capacitance cable), a high -impedance 
microphone is ordinarily satisfactory. For 
longer cables, a low -impedance micro- 
phone is advisable; otherwise treble 
frequencies are attenuated by the cable 
capacitance. 

Azimuth Alignment 

Q. What is the proper procedure for 
azimuth alignment of a 4 -track recorder 
with a full -track test tape. Should the 
alignment method recommended by the 
machine's manufacturer be followed with 
the two channels strapped together, or 
is it necessary to repeat the procedure 
using first one channel and then the other 
for playback of the azimuth test tone 
while adjusting the head for a maximum 
indictaion on a VTVM? (Robert Pearson, 
Chicago, Illinois) 

A. I think that the best procedure is 
one which deals with each channel sepa- 
rately. If a single head position does not 

maximize output on both tracks, then it 
is necessary to find a compromise posi- 
tion which results in about equal per- 
formance on the two tracks. 

Lack of Bias 

Q. My tape deck is giving me some 
difficulty; perhaps you can suggest some 
corrective measures. The most annoying 
and bewildering problem is the intermit- 
tent loss of the erasing and recording 
functions on both channels. In attempting 
to record during such losses, the input 
signal does get far enough through the 
record amplifier to drive the VU meters 
to full level, and the RECORD indicators 
light up when the RECORD buttons are 
pushed. However, on playback the tape 
is found to contain no signal unless the 
input while recording was turned up to 
a level which would register well above 
the 0 point on the VU meters, and under 
such circumstances the recording which 
does result is of course severely distorted. 
Previously recorded material is not erased 
if a used tape is being employed in the 
recording process. This difficulty comes 
and goes unpredictably, disappearing for 
weeks at a time, only to reappear sud- 
denly and remain for similar lengthy 
periods. (Theodore L. Purnell, Ham- 
monton, New Jersey) 

A. It appears that your difficulty lies 
in the bias oscillator circuit. Loss of oscil- 
lator current would make the erase head 
inoperative, and it would cause the re- 
corded signal on the tape to be very low 
and distorted. The trouble may be as 
simple as a faulty oscillator component 
(transistor, capacitor, or the like). It may 
lie in an intermittent connection. Or it 
may lie in a component, such as a resistor 
or capacitor, leading from the oscillator 
circuit to the heads. If you have a service 
manual that gives operating voltages in 
the record mode, you might check these 
voltages in the oscillator and related 
circuits. /E 

If you have a problem or question on 
tape recording, write to Mr. Herman 
Burnstein at AUDIO, 134 North Thir- 
teenth Street, Philadelphia, Pa. 19107. 
All letters are answered. Please enclose 
a stamped, self-addressed envelope. 
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The Sony Model 850 is socretìing to compete with, 
and our competition is really finding it tough. 

The Sony 850 is a Professional Quality Stereo 
Tape Deck that offers features the oompetitior- has 
never even dreamed abotn. 

True, the 850 features professional 10'/2 inch 
reels for the maximum ir_ uninterrupted recording 
time-so do the others. S -..t the Scny 850 has three 
speeds, including 15 inches per second, unique 
'logic controlled" push buttons which make it 

impossible to break or damage tape and provide 
Lawless tape handlir_. And a special APS 
Frcgram Scanner that automatically locates and 
plays your musical se_ections and eliminates 
r?threading. 

'LIS S.iperscope, Inc, Sgt Vineland Ave., Sun Valley C, ht. 9I 2 

The Sony 85C comes in two -track and quarter - 
track record versions, each with a fourth head for 
playback of both two -track and quarter -track 
tapes. Each can a.so be converted from two -track 
to cuarter-track record in seconds with Sony's 
cptianal plug-in head block. 

Stop running around in circles. Make .he oom- 
F arson yourse:f. The Sony Model E50 professional 
Quality Tape Deck is available at ycur nearest 
Sor y: Supersc,r,pe dealer. 

Also available: the Mc del 854-4 Quadradial 
4 -channel tape deck for recording and playing 
4 -channel Quadradial sound. EIEEE 91YAP:NPE. 

You never kean3 it E good.® 



Editor's 
Review 

The AES convention attracts more and more 
people every year and this year's attendance 
was at least fifty per cent up on last year's. 

There were sixty-seven exhibitors at the Hotel 
New Yorker and although there were some com- 
plaints regarding the choice of venue, I imagine 
everyone was well satisfied with the results. 
Seventy-five technical papers were presented- 
the most popular being the Teldec video record 
demonstration, the recording session given by the 
New York AES section, and John Chownings 
"Simulation of Moving Sound Sources" using com- 
puter techniques. The `panning' of various elec- 
tronic and other sounds round the room was most 
effective. I myself was particularly interested in 
Percy Wilson's talk on British contributions to 
audio during the past years, as I had known many 
of the people so well. John Eargle's talk and dem- 
onstration of quadraphonic sound derived from 
existing two and three -track master tapes was also 
worthy of mention. 

Sound quality as a whole was very much better 
than we have heard on previous years. (A lot of 
truth in the old story of the shoemaker's children! ) 

The four large loudspeakers systems in the hall 
were designed by Rectilinear and they used some 
new Becker speaker units. Bernie Beck of the latter 
company was in charge of the Public Address sys- 
tem, a duty he performed most efficiently. Upstairs 
in the smaller rooms, the quadraphonic demonstra- 
tions by JVC, Electro -Voice and Scheiber proved 
very popular. 

At the annual banquet, several awards were 
given out. The John H. Potts Memorial Medallion 
went to Rudy Bozak, and Dr. Beranek in making 
the presentation cited his "outstanding achieve- 
ments in the field of audio engineering." Arthur 
Haddy of the British Decca company received the 
Berliner Award, and Citations were given to Mar- 
vin Camras and John D. Colvin. 

The Recording Industry of America (RIAA) has 
just issued an estimate of 1970 record and tape 
sales. Here they are compared with the 1969 
figures: 

1969 1970 
(millions) ( millions ) 

Records (billions ) $1.17 $1.2 
8 -track cartridges $300 $400 
4 -track cartridges $21 $8 
Cassettes $75 $105 
Reel-to-reel $21 $21 

Records and eight -track cartridges show a healthy 
gain -so do cassettes, with reel-to-reel just holding 
their own and four -track declining. Next year will 
undoubtedly see a further increase in cassette sales 
due to the Dolby and Crolyn innovations, but 
whether the demand for reel-to-reel tape will go 
up or remain static is anybody's guess. 

We must be doing something right! 
Circulation of Audio increased from 47,966 in 1968 
to this year's figure of 87,497 ( average monthly 
sale). This is very gratifying and we hope to show 
a similar increase next year. The larger the circula- 
tion, the more advertisers, and more advertisers 
mean we can have a larger magazine. As I have 
said before, we want to print more articles for 
beginners as well as sophisticated technical arti- 
cles for the knowledgeable. More space would also 
allow us to publish even better equipment evalua- 
tions and reviews. 

Opera lovers will be pleased to learn that the 
opera record reviews by Richard Freed will be- 
come a regular feature. Another recent innovation, 
the "London Letter" by Donald Aldous, was well 
received and will appear from time to time. 

0 o 0 

It used to be fairly easy to make predictions 
about the future -videophones, space travel and all 
that. But now? lust look at what has happened 
during the past thirty years or so with the develop- 
ment of atomic science, the invention of lasers, 
transistors, computers and the vast complex tech- 
nology of the Space Age.... In just 29 years' time, 
it will be the year 2000-but I will not attempt to 
make any prophecies. As the year 1971 is just 
around the corner, we at Audio will content our- 
selves by wishing you all a Merry Christmas and a 
Happy New Year. Especially to R. F. of Washing- 
ton, D.C., who meticulously annotates all our typo- 
graphical errors; to J. C. of Silver Springs, Md., 
who is distressed when we use Latin -Greek hybrid 
words, and to Robert Walker of Los Angeles 
( where else?) who believes the moon is shaped 
like a turtle and has written a book to prove it! 

G. W. T. 
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IN MAKING RECORDS 
STANTON IS THE STANDARD 

Whatever your requirements for recording and 
playback, Stanton's Series 681 cartridges are 
the calibration standard. And there is a 681 model 
engineered specifically for each of these critical 
applications. 

The Stanton 681A-For Cutting Head Calibration 
With Stanton's Model 681A, cutting heads can be 

accurately calibrated with the cartridge,for it has 
been primarily designed as a calibration standard in 
recording system checkouts for linearity and 
equalization. Frequency response is factory cali- 
brated to the most rigid tolerances and the flattest 
possible response is assured for precise alignment 
of recording channels. Implicit in this kind of 
stability and constancy is a reliability factor un- 
matched by any other cartridge for this application. 

The Stanton 681 EE-For Critical Listening 
In critical playback auditioning, whether a 

pre -production disc sample sounds too "dead" or 
"bright" is largely a matter of cartridge selection. 
Here too, Stanton provides the evaluation standard 
in its model 681EE. In this application, the Stanton 
681EE offers the highest obtainable audio quality in 

Photographed at Capitol Records. 

the present state of the art. It is designed for low - 
distortion tracking with minimum stylus force, 
regardless of the recorded velocity or the distance of 
the groove from the disc center. High compliance,. 
low mass and low pressure assure perfect safety 
even on irreplaceable records. 

All Stanton Calibration Standard cartridges are 
guaranteed to meet the specifications with exacting 
limits. Their warranty comes packed with each unit 
-the calibration test results for that individual 
cartridge. 

For complete information and specifications write 
Stanton Magnetics, Inc., Terminal Drive, 
Plainview, L.I., New York. 

sTaNTon 

Check No. 1S on Reader Service Card 



Stereo 
Headphone 
Review 

STEREO HEADPHONES as we know 
them today apparently made their 
appearance in 1959, and while 

there was only one manufacturer that year, 

now there are many. John Koss intro- 
duced the idea of "Stereophones" and 
has made a successful business of phones 
ever since. 

Earphones are not new, of course. 
They have been used by radio "hams" 
for at least fifty years, and before that 
they were used for any listening that 
was necessary. They were necessary 
then because the signals were low in 

level, and there were no amplifiers to 
make them audible over loudspeakers- 
even if we had loudspeakers. And the 
first loudspeakers were simply a single 
phone coupled to a horn. This arrange- 
ment gave way in the 20's to the first 
dynamic horn driver, introduced by Mag- 
navox and still coupled to a horn. Even 
though the cone loudspeaker had been 
invented in about 1877, it did not be- 
come popular enough-or good enough- 
to enjoy general use until late in the 20's. 

The first earphone was similar to the 
telephone receiver, from which it de- 
rived, purely as a means to provide a 
smaller device which could be worn on 
a band over the head instead of being 
held in the hand as one did the old tele- 
phone receiver. It consisted of a magnet, 
a coil of wire, and a diaphragm. The 
minute currents through the coil varied 
the attraction of its core to the iron dia- 
phragm, resulting in movement of the 
diaphragm which moved the air in con- 
tact with it to create sound waves. The 
field created by the coil alone would 
attract the diaphragm on each half cycle 
of the signal, so the magnet was nec- 
essary to provide a "bias" to the dia- 
phragm. Then the diaphragm would be 
attracted more on one half cycle and 
less on the next half cycle, rather than 
equally on both half cycles. Without the 
magnet, the reproduced signal would be 
twice the frequency of the applied cur- 
rent; with it, the sound would be equiva- 
lent to the signal current. 

Somewhat improved phones were 
made with an armature inside a coil and 
a small linkage between one end of the 
armature and the center of a diaphragm. 
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This was the principle of the original 
"Baldwin" phones, which were some- 
what more sensitive than the earlier 
types, and which could have better qual- 
ity. Another type was the ribbon phone 
of RCA manufacture. This was one of 
the first really high quality headphones. 
It consisted of a thin ribbon imbedded 
into a diaphragm in such a way as to 
be held between the poles of the coil, 
together with the permanent magnet. 
These phones were called "High Fidelity 
Headphones," and canied the designa- 
tion MI -3453 by RCA. 

Dynamic headphones made their ap- 
pearance in the 30's, and one excellent 
type was provided by Western Electric. 
They were used by mixers for location 
recording in the early days of sound 
movies. Later types consisted of tiny 
hearing -aid devices which were worn 
with molded plastic earpieces which ef- 
fectively eliminated air leakage and pro- 
vided excellent low -frequency response. 

"Stereophones" 

With the advent of stereophonic re- 
cording, the first listening was always 
done with phones-hence the name 
"binaural" became a part of the vocabu- 
lary of any knowledgeable audiophile. 
In fact, it took some doing to eliminate 
the word from our lexicon, and we still 
haven't succeeded in eliminating "mon- 
aural" which is often used when mono- 
phonic is meant. 

John Koss introduced his "Stereo- 
phones" during the 50's, employing a 
3M -in. dynamic speaker in each of the 
two earpieces. They created quite a sen- 
sation-so much so that many other man- 
ufacturers began to get into the market 
with their products so that today there 
must be upward of a hundred separate 
models available. Koss alone lists nine 
models, ranging in price from $150 for 
the ESP -9 Studio Monitor down to a 
lowest price of $19.95, which is simply 
an improved model of his first Stereo- 
phones. Our September issue listed 35 
separate models, and two more are listed 
in the November issue. And for the Prod- 
uct Preview issue, we limited each manu- 
facturer so that not every model could 

J"l 

Fig. 1-Koss artificial ear. Dark portion is 

molded rubber and provides the requisite 
6 cm' cavity. 

be listed. Furthermore, not every manu- 
facturer was included in the listings. 

Because of the many makes and mod- 
els, we planned to cover the subject as 
thoroughly as possible in this issue, giving 
more details of the models selected by the 
manufacturer, providing response curves 
and comparing sensitivities and the sound 
isolation effect of many of the popular 
headphones on the market. 

As a starter, we requested samples 
from a number of manufacturers, and 
soon we had an office full of headphones 
-fifteen in all. And still not every manu- 
facturer was included, and certainly not 
every model they produce. 

Performance Measurements 

The measurement of headphone per- 
formance is relatively complicated. The 
phones must be coupled to a microphone 
by means of an "artificial ear" of specific 
characteristics-and here there is a con- 
siderable difference of opinion. There are 
U.S. standards, International Electrotech- 
nical Commission standards, and the 
British National Physical Laboratory stan- 
dards -and they do not all coincide. The 
basic artificial ear coupler consists of a 
6 -cu. cm. volume between the phone and 
the microphone diaphragm, while a 2.5 
cu. cm. volume is used for hearing -aid 
measurements. Various types are avail- 
able commercially, and at relatively high 
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costs, so we borrowed the one used by 
Koss, together with a Bruel and Kjaer 
3i -in. condenser microphone, its cathode 
follower and power supply. These we 
used as standard, since they were used 
by Koss in measurements on their ESP -9 
Studio Monitor Stereophones, which are 
in the category of highest quality. Then 
to make sure that we could continue 
headphone measurements after we re- 
turned the artificial ear and the B & K 

microphone to Koss, we built our own 
artificial ear, using an AKG C -451E con- 
denser microphone. Our model consists 
of a 5% maple body, 6% in. long with a 
%-in. hole through the center for the 
microphone. The 6 -cu. cm. volume was 
retained as in the Koss model. The C - 
451E microphone is a %-in. condenser, 
complete with an FET "follower" and a 
bi -polar transistor as an amplifier driving 
an output transformer. In addition, an- 
other transistor serves as an oscillator 
which generates a high -voltage signal 
which is rectified to supply 60 volts as 
a polarizing potential for the condenser 
cartridge. The FET and the two tran- 
sistors are fed by simplexing a direct 
current through the input transformer 
of the following amplifier-as used for 
recording, for example-and the output 
transformer of the microphone. Any volt- 
age from 73% to 52 can be used with suit- 
able curreñt limiting resistors. With this 
microphone, only two wires and the 
shield are required, and when used in 
the usual fashion with a transformer at 
the input of a recording amplifier, it is 
possible to interchange microphones so 
that condensers or dynamics can be used 
as the need dictates. A simple modifica- 
tion makes it possible to use this micro- 
phone for measurements without an 
input transformer, and this model is 
priced within the range of most users' 
budgets. The calibration shows it to be 
flat to 15,000 Hz, and reasonably flat to 
over 20,000. 

For a sound source, we used a CBS 
STR-100 record, which has a swept sig- 
nal from 40 to 20,000 Hz for both right 
and left channels. The left sweep only 
was used, and the output of the ADC 25 
cartridge was fed to a preamplifier equal- 
ized to produce a signal flat within ±1 
dB over the range. This was then fed to 
the tuner input of a Dynaco SCA 80, 
with the speaker output terminated in 8 
ohms, and the phones were plugged into 
the front -panel jack, which had the usual 
100 ohms in series with each lead for 
the phones. The signal was adjusted for 4 
volts across the 8 ohms-a 2 -watt signal. 

The Koss ESP -6 phones require a dif- 
ferent connection. The 4 -wire lead from 
the E-9 Energizer is connected direct 
to the speaker terminals of the amplifier, 
and the speakers are connected to the 
Energizer. The phones are plugged into 
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Fig. 2-Artificial ear made for our tests. It consists of a maple block with a 3/4 -in. hole 
through the center to accommodate the AKG C -451E condenser microphone used for the 
measurements. 

ADC -25 

CBS STR-100 
SWEEP RECORD 

EQUALIZED 
PRE AMP 

ARTIFICIAL 
EAR 

DYNACO 
SCA-80 

SQUARE 
NAVE 

GENERATOR 
400 Hz 

A 

AKG C -451E 
MICROPHONE 

OYNACO 
SCA-80 

GRAPHIC 
RECORDER 

SPEAKER 

ARTIFICIAL 
EAR 

A.F. VOLTMETER 

Fig. 3-(A) Setup of equipment for making response curves on the headphones. 
(B) Setup of equipment for making isolation tests. 

the socket on the Energizer, which in 
turn is plugged into an a.c. outlet. This 
provides both signal and polarizing po- 
tential for the electrostatic phones. The 
polarizing voltage can be provided by 
the rectified a.c. line voltage or by the 
signal itself which is stepped up in volt- 
age and rectified by a voltage tripler to 
provide for self-energization. The two 
methods are selectable by a switch on 
the front panel of the Energizer. In addi- 
tion, another switch turns the speakers 
on or off as desired. 

Using the ESP -9's connected properly, 
we first ran several curves with the Bruel 
and Kjaer microphone and the Koss artifi- 
cial ear, recording the output on the 
prototype instrument shown in Fig. 2. 
After satisfying ourselves that these mea- 
surements were consistent, we next made 
the same runs with our own version of 
the artificial ear using the AKG C -451E 
microphone with an omnidirectional cap- 
sule. Thus we had a comparison between 
a standard measuring device and our 
own version. Then we proceeded to make 
curves on all the other headphones we 
had accumulated. 

Our next measurement was to deter- 
mine the sensitivity of the various 

phones. We fed a 1000 -Hz signal into 
the SCA-80 and adjusted the level to an 
output of 3 volts, which was held con- 
stant for the measurement of all the 
headphones in our collection. Having a 
known level for the ESP -9's, we could 
readily compare the sensitivities of all 
the phones. 

Next we placed a loudspeaker near 
the artificial ear and played a 400 -Hz 
square wave through it, setting the level 
to get a readable signal from the micro- 
phone in the artificial ear. Then we 
placed each pair of phones consecutively 
on the ear, settled it for a minimum sig- 
nal output, and measured the difference. 
This "isolation" figure is listed for each 
of the models tested, and represents the 
reduction of external noise when the 
phones are on the head. It may or may 
not be important, depending on the use 
to which you plan to put the phones. 
If you are recording in a location where 
you can hear the natural sound directly, 
you will want good isolation so that all 
you really hear is that picked up by the 
microphone. If it is for listening in your 
home so you do not disturb others, the 
isolation is not so important. 

(Continued on page 24) 
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Under $5 

A. Shure stylus gauge, model SFG -2. 
Most readers will know that heavy 
tracking weights will cause record 
damage ... but too low a weight is 
just as bad! You can measure stylus 
pressure with this new Shure gauge 
with the arm in playing position. 
Range is 1/2 gram to 3 grams and it 
costs only $4.95. 

B. Nortronics tape head cleaner, avail- 
able in both liquid and spray forms. 
Don't risk head damage by using un- 
suitable chemicals! Price $2.75 spray 
can. 8 oz. liquid $2.25. 

C. Robins THC-9 Cleaner Cartridge. 
Here is a different type of cleaner- 
one that talks! Well, almost ... The 
tape has four pre-recorded 'beep' 
tones that indicate when the heads 
are well and truly cleaned. For eight - 
track machines only, price $2.50. 

D. These new TDK blank tape cassettes 
use a special type of ferric oxide 
coating giving a response up to 20 
kHz. Price C.90, $3.59. 

E. Here is a reel which will save frayed 
tape and nerves. It features an in- 
genious automatic locking device 
called the Autothread that really 
works! Price 79¢ for 5 inch, 99% for 
7 -inch reels. (Radio -Shack). 

Under $20 
F. The periodic use of a tape head de- 

magnetizer will often improve signal- 
to-noise and reduce distortion. This 
unit is made by Duotone and is in- 
tended for cassette players. Price 
$7.95 (model S.A. 75). 

G. You probably wondered what this 
gadget is-well, it is a microphone 
desk stand and it is made by Shure. 
It is unusually versatile and will ac- 
cept microphones with both swivel 
adaptors and connectors. Thread 
size is 27, % inch. Price $9.00. 

s the Dosix cassette "Carou- 
sel" made by the Double Sixteen 
Co. Holding 25 cassettes, it comes 
complete with labels and an index 
card. Three models are available 
and the deluxe version shown costs 
$11.95. 

I. Another answer to the problem of 
cassette storage-this one is from 
Ampex and is called a cassette Li- 
brary. Complete with six C-60 blank 
cassettes the Ampex Library costs 
$13.50. 

Under $120 

J. Sony-Superscope MX -12 Mixer. This 
is a six -channel stereo/mono unit 
with provision for high and low level 
outputs, center channel switch, and 
many other features. Powered by in- 
ternal batteries or AC adaptor the 
MX -12 costs $99.50. 

K.L. How about reviving the system with 
a new phono cartridge? The 
Pickering XV -15 is shown with the 
'snap -in' mounting assembly which 
greatly simplifies cartridge replace- 
ments. One of Pickering's engineers 
says it is "the greatest thing since 
the invention of the wheel or the 
zipper or drip-dry shirts." We 
wouldn't go that far but it certainly 
does save a lot of time and cuss 
words . . . Another excellent car- 
tridge is the ADC 25 which comes 
complete with three different styli- 
if you want the best results from 
those difficult records, it might be 
worth the extra cost. Price of the 
top -of -the line Pickering XV -15 is $65 
and the ADC 25 will set you back 
$100. Alternatively, model 26 with 
one stylus costs $75. 

M. Elektra-Amplidyne Speaker Equal- 
izer. Reviewed in our June issue, this 
unit was developed primarily to com- 
pensate for certain speaker deficien- 
cies but it can improve room acous- 
tics to some extent. It costs $149.50 
but it may well make your system 
sound $500 better! For room equal- 

izing, units like the Advent FBC, 

Altec "Voicette" or the Frazier En- 

vironmental equalizer are recom- 
mended-but they cost rather 
than the SE -111. 

N. Why not convert to 4 -channel? The 
unit shown is the new Electro -Voice 
decoder which will produce four 
channels from a mono or two -chan- 
nel program source. You will of 
course need another stereo power 
amplifier and a pair of speakers but 
you will then be able to play quadra- 
phonic tapes with the appropriate 
deck. Price of the decoder is $50. 

O. About those speakers for the rear 
channels: Ideally, they should be 

similar to the front pair but for rea- 
sons of cost and space it might be 

necessary to compromise a little. In 

practice, the sound degradation is 
quite small-especially if the rear 
two "come from the same stables" so 
to speak. In other words, two AR.5's 
will match up pretty well with AR.3's 
and Rectilinear 10's will work quite 
happily with Rectilinear Ill's . . . 

Shown is the Wharfedale W-25 which 
measures 151/2 by 10 by 8 inches 
and costs $58.75. 

P. Another small speaker with above - 
average performance is the $55 
EPI 50 which measures only 13 x 10 

x 8 inches. Also consider the ADC 
404 at the same price or the larger 
Dynaco A -25's at $79.95. You might 
also try the effect of a single rear 
speaker connected between the 
other two channels as suggested by 
David Hafler (Audio July, 1970). You 
may like it or you may not-but it 
certainly does not cost much to find 
out... 

Q. Original heading for this section was 
"under $100" but we increased it to 
$120 so we could include the Advent 
101 Dolby Noise Reduction System. 
It can be used with any good -quality 
home tape recorder-reel to reel or 
cassette and effect a dramatic im- 
provement. 
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HEADPHONES - Continued 

AKG K-60 

98 

100 IK 

FREQ. 82 

10K 

Gray plastic shells; d.c. resistance, 550 
ohms per phone; for 600 -ohm circuits, 
although usable with typical receiver 
headphone jacks. Removable silver -col- 
ored vinyl pads 33íx43í in., foam filled. 
Double flat steel headband, plastic cov- 
ered. Right and left phones identified by 
colored dots on band-yellow for left, red 
for right. Gray plastic cord, split to 
phones, 7 ft. long, detachable plug. Sen- 
sitivity: 95 dB SPL; isolation 19 dB. 
Weight, 11 oz. Price $39.50. 

Check No. 112 on Reader Service Card 

Beyer DT -48s 

108 

100 1K 

FREQ. H 

Aluminum shells, marked L and R; 
d.c. resistance, 5 ohms per phone. Foam 
filled vinyl pads 3x434 in. Adjustable steel 
hand with plastic top, two vinyl -covered 
foam pads. Cord 10 ft. long, split to each 
phone, with yellow and red bands to 
indicate left and right. Metal -shell plug, 
detachable. Furnished with leather -like \ vinyl zippered case. Sensitivity: 106 dB 
SPL; isolation 21 dB. Weight, 16 oz. 
Price: $98.00. Available with 50 -ohm 
impedance for use with Nagra and Stella - 

10K vox recorders as Model DT -48N, $98.00. 
Check No. 113 on Reader Service Card 

100 1K 

FREQ. M2 

10K 

Olive plastic shells; d.c. resistance, 8 

ohms per phone. Removable leather -like 
black vinyl pads, foam filled, 3%x4% in. 
Plastic headband, foam rubber head pad. 
Coiled black cord to left phone, extends 
to 6 ft., permanent molded plug. Sensi- 
tivity, 115 dB SPL; isolation, 6 dB. 
Weight, 20 oz. Price: $29.95. 

Check No. 114 on Reader Service Card 

Clark/100A 

100 i 
Gray plastic shells; d.c. resistance, 20 

ohms each phone. (Also available in 300 
and 600 ohms.) Removable molded foam 
pads 34x4 in., adjustable fiat steel band 
with molded foam pad. Black coiled cord 
extends to 10 ft., permanent molded 
plug. Sensitivity, 98 dB SPL, isolation 10 

00 1K oK 
dB. Weight, 16 oz. Price $50.00. 1FREQ. 

82 Check No. 115 on Reader Service Card 

Fisher HP -100 

106 ' 

24 

100 1K 

FREQ. 82 
10K 

Light gray plastic shells with molded 
frame for flat foam pads over ears; d.c. 
resistance, 50 ohms each phone. Plastic 
covered wire headband. Gray cord split 
to each phone, 8 ft. long, with perma- 
nent molded plug. Red plastic indicator 
on right phone, yellow on left. Sensitiv- 
ity, 104 dB SPL; isolation, 2 dB. Weight, 
15 oz. Price $39.95. 

Check No. 116 on Reader Service Card 
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100 1K 

FREQ. H2 

10K 

White plastic shells; d.c. resistance 4 

ohms per phone. Pads of g -in. foam, 33x 
434 in., circumaural, dark gray in color. 
Adjustable two -wire headband, plastic 
top and foam head pad. Cord to left 
phone, 8 ft. long, and fitted with perma- 
nent plug. No identification as to which 
phone is intended for which ear. Sensi- 
tivity, 104 dB SPL; isolation, 2 dB. 
Weight, 15 oz. Price $39.95. 

Check No. 117 on Reader Service Card 

Koss PRO-4AA Koss ESP 9 
Only electrostatic phones in group. 

Black plastic shell, with removable vinyl 
liquid -filled pads 3',4x434. Single wide steel 
band, adjustable, with plastic cover and 
foam head pad. Cord connected to left 
phone, 6 ft. long, and fitted with 5 -prong 
plug which mates with socket on E-9 
Energizer, which plugs into a.c. socket, 
and connected to speaker terminals by 
4 -wire cable with spade tips. Switch on 
energizer permits selection of a.c. or 
signal -powered polarizing circuit, and a 
second switch turns on speakers which 
are connected to terminal strip on rear 

Koss PRO-4AA of Energizer. Sensitivity, 88 dB SPL; 
isolation, 11 dB. Weight, 19 oz. exclusive 
of Energizer. Price, $150.00, including 
Energizer. 

Check No. 118 on Reader Service Card 

96 Tan plastic shells; d.c. resistance, 8 
" \ ohms per phone. Removable liquid -filled 

pads 3fix4'4. Wide steel band, adjustable, 
with plastic cover, foam head pad. Coiled 
4 -conductor cord, extendable to 10 ft., 
removable plug. Sensitivity, 96 dB SPL; 

100 1K 10K isolation 10 dB. Weight, 19 oz. Price, 
FRED. H2 $60.00. Check No. 119 on Reader Service Card 

Lafayette F-990 

100 1K 

FREQ. 02 

10K 

White plastic shells, 8 ohms d.c. resist- 
ance per phone. Round foam -filled vinyl 
pads, brown adjustable plastic band, 
foam filled vinyl head pad. Cord attached 
to one phone, 7 ft. in length, and fitted 
with removable plug. Sensitivity, 112 dB 
SPL; isolation, 9 dB. Weight, 20 oz. 
Price, $29.95. 

Check No. 120 on Reader Service Card 

Pioneer SE -50 

100 IK 

FREQ. H2 

Plastic shells, white vinyl covered; d.c. 
resistance, 8 ohms per phone. Each phone 
fitted with level control for total signal 
and a second control for highs. Phones 
consist of 3 -in. cone low -frequency unit 
and horn -type high -frequency unit, with 
capacitor dividing network. Leather cov- 
ered adjustable steel band, leather foam - 
filled head pad. Leather foam -filled pads 
4x432 in., removable. Coiled black cord 
extends to 16 ft., fitted with permanent 
plug. Furnished in attractive black vinyl - 
covered case with red and white lining. 

12K Sensitivity, 103 dB SPL; isolation, 15 dB. 
Weight, 20 oz. Price, $49.95. 

Check No. 121 on Reader Service Card 
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Sennheiser HD -414 

Sharpe 7 

i 
8 

97 

100 

+'\ 
103 ± 

e 

94 ± 

100 

100 

Gray plastic shells, 2000 ohms d.c. 
resistance per phone. "Open -Aire" ear 
pads of fine foam, 23 inches in diameter, 
3 in. thick. Gray plastic band with no 
head pads, unnecessary because of light 
weight. Cord 15 ft. long, split to the two 
phones. Left phone identified by yellow 
plastic band on cord, right by red band. 
Cord furnished with removable black 
plug, and plastic "reel" furnished to wind 
cord on. Sensitivity, 97 dB SPL; isola- 
tion, 2 dB. High impedance permits di- 
rect use with preamp output and with 
tape recorder monitor jacks designed 

1K 13K for high -Z phones. Weight 5 oz. Price, 
FREQ. H2 $29.95. Check No. 122 on Reader Service Card 

Green plastic shells, d.c. resistance 16 
ohms per phone. Removable plastic pads 
33/4x5 in., liquid -filled. Green plastic ad- 
justable band with plastic head pad. 
Green coiled cord extendable to 15 ft., 
fitted with permanent plug. Sensitivity, 
103 dB SPL; isolation, 8 dB. Weight, 18 

1K 10K oz. Price, $19.95. 
FREQ. H2 Check No. 123 on Reader Service Card 

1K 

FREQ. H2 

10K 

Plastic and aluminum shells, d.c. re- 
sistance 8 ohms per phone. Removable 
,foam -filled vinyl pads 33íx43/4 in. Adjust- 
able single steel band plastic covered. 
Cloth covered 7 -ft. cable, removable 
plug. Sensitivity, 94 dB SPL; isolation, 
12 dB. Weight, 133í oz. Price, $27.50. 

Check No. 124 on Reader Service Card 

Superex PRO -4 -B -V 

97 

r 
eg 

100 1K 

FREQ. 112 

Dynamic cone woofer, ceramic tweet- 
er; d.c. resistance, 8 ohms per phone. 
Available with impedances of 60, 2000, 
and 15,000 ohms. Dual steel band, ad- 
justable, plastic covered, with vinyl head 
pad. Green plastic shells. Removable 
foam -filled vinyl pads 35x4 in. Black 4 - 
wire coiled cord extendable to 15 ft., 
detachable plastic plug. Sensitivity, 111 
dB SPL; isolation, 20 dB. Weight, 23 oz. 

10K Price, $59.95. 
Check No. 125 on Reader Service Card 

Telex Studio 1 

Telex Serenata 

These models were not available in 
time to include their performance charac- 
teristics, but they will be included in a 
future issue. Ivory plastic shells; surgical 
silicone compound ear pads. Adjustable 
steel band, plastic cover, with head pad. 
Slide -type level controls on each phone, 
together with tone control for each. 
Coiled cord, 25 ft. long, with molded 
permanent plug. Weight, 24 oz. Price, 
$99.95. Studio 2 (without controls), 
$84.95. 

Check No. 126 on Reader Service Card 
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Introducing the Ampex Extended Frequency Cassette 
You no longer have to trade quality 
sound for cassette convenience. 
With Ampex Extended Frequency 
Cassettes you can use the full range, 
the maximum frequency response of 
your stereo system. Record anything. 
Rock to Pop to Classics. Enjoy better 
listening with lower noise because of 
super -smooth Ferrosheen® tape. Get 
higher output with exclusive small 
particle black oxide formula that pro- 
duces more magnetic energy per 
square inch of tape. Capture it all on 
Ampex Extended Frequency Cas- 
settes...cassettes that look as good 
as they sound. 

Packaging so handsome it com- 
plements any piece of fine equip- 
ment. Combined with complete 
inside indexing and packaged with 
gold leaf for elegant labeling. 

Ask your Ampex dealer to demon- 
strate the difference. 

Ask, too, about the special cas- 
sette caddy introductory offer. (Buy 
6 C60 Extended Frequency Cas- 
settes and get a handsome wal- 
nut grain storage case free.) Your 
equipment deserves nothing but 
the best-Ampex Extended Fre- 
quency Cassettes. 

Check No. 27 on Reader Service Card 

AMPEX 
Ampex Corporation, 
Magnetic Tape Division 
401 Broadway, Redwood City, 
California 94063 



A Sound -Level Meter 
How to Build and Use a Sound -Level Meter with One -Third Octave Filters 

MOST 
SERIOUS RECORDED -MUSIC 

listeners are aware that the sound 
they eventually hear depends to 

a large extent on the acoustics of their 
listening room. Even after determining 
the best possible placement for the speak- 
ers, and perhaps adding some drapes or a 
rug, the system as a whole can sound 
muddy, or lack the lifelike quality of the 
more -fortunate systems. True realism de- 
pends on having a flat frequency response 
where you listen, and most rooms will not 
cooperate. Fortunately, frequency re- 
sponse is easy to vary electronically. 
Several devices have appeared recently 
which are intended to deal with this 
problem, and simple electronic filters are 
really quite easy to make. Unhappily, ad- 
justing such a filter can be frustrating. It 
is difficult to determine just what correc- 
tions to make by merely listening to 
music. One of the most meaningful ways 
of measuring the frequency response of a 

hi-fi system is to measure the response of 
the system to narrow bands of filtered 
noise. The little instrument described in 
this article, when combined with a high - 
quality omnidirectional microphone, is 
capable of making this kind of measure- 
ment as well as many others. The sound 
level meter is not tricky to build, and 
should cost less than fifty dollars. 

All the meter needs to measure room 
response is a calibrated preamplifier, a 
tunable active filter, and a VU meter. To 
measure the sound levels of music and 
machines, a bass filter is included to give 
the standard "A" weightings. The result 
is a true sound -level meter, capable of 
measuring sounds down to 20 dB SPL 
and third -octave noise down to 0 dB 
SPL. With a microphone sensitivity of 
-60 dB re 1V/pbar, this corresponds to 
a pure tone input of only 0.18 µV rms, 
making it possible to measure the noise 
output of almost anything. 

Before describing the circuit, I think I 
should say something about the way the 
instrument is to be used, and how that 
use determines the choice of microphone. 
Figure 1 shows the response of my living 

DAVID GRIESINGER 

room to pure tones and to third -octave 
noise, with the mike placed where I do 
most of my listening. The wide variations 
in the pure -tone response exist in all 
rooms, and correspond to resonances or 
standing waves similar to the ones in 

organ pipes. The number of possible fre- 
quencies for these resonances or standing 
waves is very large, since the sound wave 
can bounce around the room in many 
directions, using combinations of the 
walls, floor, and ceiling as reflectors. We 
hear the combination of all the reflec- 
ions. For some frequencies, these reflec- 
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FREQUENCY -Hz 

tions add up in phase, creating a peak, 
and for others they cancel each other out, 
giving us no sound at all. The ear is much 
more sensitive to peaks in the response 
than to dips. 

Above 200 Hz the response to pure 
tones looks similar, except that it becomes 
rather difficult to measure. The variations 
in the response get very close together on 
the dial of the oscillator, and unless you 
tune very slowly it is easy to miss them 
entirely. 

Fortunately, music sounds much better 
in such a room than this curve would 
seem to predict. Musical tones are con- 
tinuously changing, and the individual 
resonances do not have time to build up. 
The response that we subjectively hear is 

the average of nearby resonances, and is 

a lot smoother than the pure -tone curve. 
Unfortunately, it is still not very flat. To 

SPECIFICATIONS 
Sensitivity 30 to 120 dB SPL when 

used with microphone 
having sensitivity of -60 
dB re 1V/µbar 

Frequency 20 to 20,000 Hz in three 
Range ranges 

Frequency ±10% 
Accuracy 

Input 100 k ohms at Mic input 
Impedance 1.0 Meg at high-level 

input 
Power 9 V at 2.5 mA from tran - 

Required sistor radio battery. Life 

about 10 hours. 

measure accurately how a room sounds to 

music, one must use tones which re- 

semble music in the way they waver. 
Although music generally wavers about 
a semitone, or a twelfth of an octave, 
noise filtered through a third -octave filter 
gives good results. Figure 1 shows that 
the third -octave curve follows the re- 
sponse to pure tones. The noise curve 
may look smooth, but it must be treated 
with respect. A dip or a peak of three 
decibels in a third -octave -noise curve is 

almost always audible, especially if it oc- 

curs between 300 and 2000 Hz. 

200 

Fig. 1-Low-frequency re- 

sponse of the author's 
room with AR -5 placed 
near a corner and micro- 
phone at room center. 
(- -lb octave noise;-pure 
tones) 

The basic principle of this discussion 
has been that sound in a room does not 
simply come from the speaker to you, 
but forms standing waves which sur- 
round you. To measure the intensity of 
the sound correctly you must use an om- 
nidirectional microphone. Cardioid micro- 
phones have a predictable response in a 
very large room or in an anechoic 
chamber, but when put into a standing 
wave their output can vary widely. 

Microphone Selection 

The microphone used must be at least 
as good as the system you are trying to 
measure. Fortunately, there are many 
high -quality omnidirectional condenser 
microphones available. These micro- 
phones have been designed for recording, 
but they can easily be used for sound 
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Which stereo hobbyist are you... 
the listener or the experimenter? 

Pioneer caters to both. 
As a reader of this magazine, listening 
to music is undoubtedly.one of your 
more relaxing hobbies. In which case 
the Pioneer SA -900 Integrated Ampli- 
fier and -X-900 AM -FM Tuner are for 
you. Together, they produce the finest 
stereo sound reproduction. And, if 
you want to go one step further into the 
realm o' stereo experimentation, this 
is where to start. 

For instance, the SA -900 permits 
you to operate the pre and main ampli- 
fiers separately. You can connect an 
electron c crossover and two power 
amplifiers for 3 -channel multi -amp 
stereo. And for added effect you can 
patch in a reverb amp. The possibili- 

ties are limitless. With music power at 
145 watts IHF (50 t 50 watts RMS, at 
8 ohms, both channels operating) 
there's unbounded power to spare. 
Harmonic distortion is less than 
0.08%. Stepped tone controls provide 
the finest precision adjustments. 
As High Fidelity (July 1970) com- 
mented: "... For an amplifier as good 
as this and with as many useful fea- 
tures, you'd expect to pay consider- 
ably more than the ($259.95) 
price listed." 

The TX -900 AM -FM tuner com- 
bines ideally with the SA -900 ampli- 
fier. Using three FET's and two RF 
stages in the front end plus two crystal 

filters and four IC's in the IF section, 
IHF sensitivity (1.70V ), selectivity 
(65dB) and captme ratio (1.5dB) are 
superb. Tuning is precise with a bright 
spot indicator and twin meters. A vari- 
able muting switch accommodates 
weak signals while suppressing inter - 
channel noise. $259.95 

See and hear both units at your 
local Pioneer dealer. 

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

West Coast: 1335 W. 134th St., Gardena, Calif. 90247 Canada: S. H. Parker Co., 67 Lesmill Rd., Don Mills, On ario 

f ID PIONEER 



measurement, especially if you do not 
need to know the absolute level of the 
sound. 

There is a complication to using a re- 
cording mike. Any omnidirectional micro- 
phone is only really omnidirectional at 
low frequencies. When the wavelength of 
the measured sound becomes close to the 
diameter of the microphone, diffraction 
effects tend to reduce the response to any 
wave which does not come from the 
front. If the sound in your room comes 
from all directions, some roll -off to the 
measured sound will be noticed at high 
frequencies. To compensate for this effect 
some manufacturers build a treble rise 
into the response of microphones designed 
to measure noise. These mikes, such as 
the B&K 4134, are flat to randomly inci- 
dent noise (Fig. 2). Recording mikes are 
usually closer to the B&K 4133, with a 
flat on -axis response. Most people would 
shudder at a treble rise in the on -axis 
response, although when using an omni- 
directional mike in a large live hall some 
treble boost is often necessary. 

Notice from Fig. 2 that diffraction 
effects depend strongly on the diameter 
of the microphone. B&K types 4131 and 
4132 are one -inch microphones, 4133 and 
4134 are half -inch, and 4135 and 4136 
are quarter -inch. For a microphone of 
%-inch diameter or less, these diffraction 
effects occur mostly above 4 kHz, and 
are serious only above 10 kHz. The sound 
in a room is usually not omnidirectional 
at those frequencies. Some loss of treble 
will be noticed due to the nature of 
the microphone, but if it is pointed di- 
rectly at the speaker this roll -off is not 
too serious. In any case it is not possible 
to predict exactly how much it will be. 
When making measurements at these 
frequencies it is better to look for the 
smoothness of the response. If you want 
an exact number, the best way to get it 
is to point the microphone 90 deg. from 
the speaker, and correct the resulting 
measurements for the response of the 
microphone to randomly incident noise. 
Some microphone manufacturers supply 
such a curve with the mike. For those 
which don't, it tends to be close to the 
response to pure tones at 90 deg. inci- 
dence. 

The condenser microphone chosen 
should have a well known on -axis re- 
sponse, and be %-inch diameter or less. If 
you intend to make a large number of 
speaker measurements, a M -inch sound - 
measurement microphone might be a 
good investment. Otherwise it would be 
wise to choose your microphone for its 
use in other applications, such as record- 
ing. Remember that good omnidirectional 
microphones of similar diameter and flat 
on -axis response will sound identical. 
Cardioid microphones are currently pop- 
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Fig. 2-Typical frequency responses of some B & K condenser microphones. 0°=free- 
field response at 0° (normal incidence); 90°=free-field response at 90° (grazing inci- 
dence); R=random incidence response, and P=pressure response. 

ular, but I prefer to use an omni wher- 
ever I can. They tend to add echo in a 
natural way, and lack the increase in bass 
when close to the source of sound. 

Making the Measurements 

Making speaker measurements is de- 
lightfully simple. You just feed some 
source of broad -band noise into the 
speaker system, and measure the resulting 
sound with the meter. Noise which 
sounds uniform in frequency content and 
has equal energy content per third -octave 
band is called pink noise. If you have 
such a generator, use it. Otherwise, use 
the interstation noise from an FM tuner. 
You may have to disconnect the antenna 
to get noise which sounds uniform 
enough. This noise is not pink, but you 
can correct your curves by measuring it 
electrically with the meter. 

The microphone should be placed in 
the position you use for most of your 
listening. If you get too close to the 
speakers, interference between the driv- 
ers can give misleading results, although 
you can test for high -frequency disper- 
sion this way. You should occasionally 
turn off the speakers to make sure that 
the background sound in the room is 

below the level you are measuring. 
Measure each speaker separately, since 
they usually require different compen- 
sation. If you insist on having a compos- 
ite curve for the whole system, be sure to 
set the tuner on stereo to get independent 
noise in both channels. Otherwise inter- 
ference effects can occur. 

The measured response is usually less 
than wonderful! What can you do about 
it? Try moving the speaker first. The 
standard things to try are lifting the 
speaker off the floor or away from the 
wall by a foot or so, to the long side 
rather than the short side of a room, or 
vice versa. You should avoid having two 
reflective surfaces facing each other. I 
prefer to make these changes by ear, 
using a choral recording or a record of a 
familiar voice. 

Your response will probably still show 
various slopes in the midrange. These 
slopes are very important. Try varying 
both the settings of the speaker balance 
controls and the amplifier tone controls. 
If you can't do much this way, you must 
add some compensating networks be- 
tween the preamplifier and the amplifier. 
If your preamp has low output impedance 
when compared to the input impedance 
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this is what the experts say 
about the Astrocour/Marlux 407: 

et 
Every once in a while we come across a product which 
so clearly stands out in its class that we must evaluate it 

relative to much more expensive equipment, otherwise only 
superlatives would be found on this page. The fact is that 

Astrocom/Marlux has produced a terrific tape deck..." (AUDIO, DECEMBER 1959) 

cc 
Especially notable are its low wow and flutter, 

low distortion, excellent signal-to-noise ratio, absolute meter 
accuracy, and smooth extended response for both playback (01 pre-recorded tapes) 

and for record/playback (of tape made on it)..." (HIGH FIDEEiTY, MAY 1970) 

c!The distortion was under 1.6% with record leVels as great as +10 dB 
(far off -scale on the meters). In an A -B comparison of input and output signals, 

the Astrocom- Marlux did a truly excellent job at 7.5 ips. 
Even with FM interstation hiss as a "program" (one of the most severe tests 

of a tape recorder) virtually no difference could be heard 
between input and output signals....I9 (STEREO REVIEW, AUGUST 1370) 

What more can we say? 

Now hear and see the 407 yourself at your Astrocom dealer. 

ASTROCOM 
Oneonta, New York 13820 

Check No. 31 on Reader Service Card 



of the amplifier, simple networks of the 
type shown in Fig. 3 will need no ampli- 
fication. Often a simple network of this 
type can improve the sound greatly, 
especially when combined with changes 
in the speaker controls. More complicated 
filters can be built, but will require some 
amplification. See the article on inte- 
grated -circuit preamplifiers in the June 
issue of this magazine. When you are 
through you should have sound that is 
noticeably more natural. Don't hesitate 
to readjust your tone controls for indi- 
vidual records. Some speakers may have 
a hidden peak which makes the sound 
unpleasant, and records are often made 
with the treble boosted. 

Circuit Description 

The circuit of the meter (Fig. 4) looks 
more complicated than it actually is. The 
original version of the device used inte- 
grated circuits, but it had more noise and 
drew more battery current than this one, 
which draws only 2.5 mA. The basic 
amplifiers are very easy to build. 

The first three transistors function as a 
simple preamp. The gain is determined 
by the value of the first emitter resistor. 
Even though the overall gain varies from 
200 to one there is no tendency to oscil- 
late, since the first emitter resistor con- 
trols both the open loop and the closed 
loop gains. Because of its single ended 

"A" NET WORK AND 
INPUT PREAMP POS. FEEDBACK MIXING 

ON SEPARATE BOARD OR SPACED 
APART FROM FOLLOWING CIRCUITRY 
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input, when used at gains over ten this 
amplifier is capable of very -low -noise 
operation. 

The next stage is both an amplifier and 
an active filter, and deserves some de- 
tailed explanation. Consider the circuit 
with the function switch in the first fil- 
tered position. Q. then acts as a simple 
emitter follower, and supplies signal from 
the mike preamp to the top of the fre- 
quency -selecting network. This network 
is called a Wien bridge. The top section, 
with the resistor and the capacitor in ser- 
ies, functions as a high-pass filter. The 
bottom section, with the resistor and the 
capacitor to ground, acts as a low-pass 
filter. Together the two networks form a 
band-pass filter with a center frequency 
given by f =1/27rRC. At the center of the 
pass band, the output of the network is 
in phase with the input, and has about 
one third the amplitude. Since both the 
high-pass and the low-pass networks 
have only one section, the slope of the 
sides of the band-pass curve is 6 dB per 
octave. 

We can make the filter sharper by add- 
ing positive feedback. The amplifier 
which follows the bridge has a gain of 
about ten. Signal from its output returns 
to the input of the filter through the feed- 
back mixing resistors R, and R,. When 
we add positive feedback the gain of the 
whole circuit is increased, but since the 
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To call it«an amplifier" 
would be like 

calling a Porsche 
"Basic transportation': 

There is unusual satisfaction that comes from 
fulfilling a prosaic task in a far from prosaic 
manner. 

Hence this amplifying system: the Sony TA - 
2000 professional preamplifier and the Sony TA - 
3200F power amplifier. Together, they perform 
all an amplifier's standard tasks in a satisfyingly 
impeccable manner; but their 67 levers, switches, 
meters, knobs and jacks allow you to perform 
some interesting functions that are anything but 
standard. 

Dual-purpose meters. 
The two VU meters on the preamplifier front 

panel, for example, are no more necessary than 
a tachometer on an automobile. But they do 
serve the dual purpose of simplifying record - 
level control when the TA -2000 is used as a, 
dubbing center, and of allowing you to test your 
system's frequency response and channel separ- 
ation (as well as those of your phono cartridge) 
and to adjust the azimuth of your tape heads. 

A broadcast/recording monitor console in 
miniature. 

The TA -2000 resembles professional sound 
consoles in more than its VU meters. In addition 
to the 20 jacks and seven input level controls 
provided on its rear panel for permanent con- 
nections to the rest of your hi-fi system, the TA - 
2000 boasts a professional patch board in minia- 
ture on its front. 

Thus, you can feed the inputs from micro- 
phones, electric guitars, portable recorders or 
other signal sources into your system without 
moving the preamplifier or disturbing your nor- 
mal system connections in the least. And a front - 
panel Line Out jack feeds signals for dubbing or 
other purposes into an external amp or tape 
recorder, with full control of tone and level from 
the front -panel controls and VU meters. 

The tone correction and filtering facilities are 
also reminiscent of professional practice, allow- 
ing a total of 488 precisely repeatable response 
settings, including one in which all tone controls 
and filters are removed completely from the 
circuit. 

The amplifier-no mere "black box" 
A power amplifier can be considered simply as 

a "black box" with input and output connections, 
a power cord, and an on/off switch; and such an 
amplifier can perform as well (or poorly) as the 
next one. But in designing the TA -3200F Sony 
took pains to match the amplifier's facilities to 
the preamplifier's. 

Thus to complement the TA - 
2000's two pairs of stereo 
outputs, the TA -3200F has two 
stereo pairs of inputs, selected 
by a switch on the front panel. 
Other front panel controls in- 
clude independent input level con- 
trols for both channels, a speaker 

Check No. 33 on Reader Service Card 
Porsche is a trademark of Dr. -I ng.h.c.F.Porsche KG 

selector switch, and a power limiter (in case your 
present speaker should lack the power handling 
capacity of the next one you intend to buy). 

Circuitry unusual, performance more so 
The single -ended, push-pull output circuitry of 

the TA -3200F amplifier is supplied with both 
positive and negative voltages (not just positive 
and "ground") from dual balanced power 
supplies. This system allows the amplifier to be 
coupled directly to the speakers with no inter- 
vening coupling capacitors to cause phase 
shift or low -end roll -off (A switch on the rear 
panel does let you limit the bass response below 
30Hz if you should want to, otherwise, it extends 
all the way down to 10Hz.) 

The individual stages within the amplifier are 
also directly coupled with a transformerless 
complementary -symmetry driver stage, and 
Darlington type capacitorless coupling between 
the voltage amplifier stages. 

As a result, in part, of this unique approach, 
the TA -3200F produces 200 watts of continuous 
(RMS) power at 8 ohms, across the entire fre- 
quency range from 20 to 20,000 Hz; IHF Dy- 
namic Power is rated at 320 watts into 8 ohms 
(and fully 500 watts into a 4 -ohm load). 

But more important by far is the quality of the 
sound; intermodulation and harmonic distortion 
levels are held to a mere 0.1% at full rated output, 
and 0.03% at the more likely listening level of 
one-half watt. The signal-to-noise ratio is an in- 
credible 110dB. And the full damping factor of 
170 is maintained down to the lowest, most 
critical frequencies (another advantage of the 
capacitorless output circuit). 

The companion TA -2000 preamplifier also 
boasts vanishingly low distortion and a wide 
signal-to-noise ratio, but this is less unusual in a 
preamplifier of the TA -2000's quality (and price). 
What is unusual is the performance of the phono 
and tape head preamplifier circuits; for though 
they have sufficient sensitivity (0.06mV) for the 
lowest -output cartridges (even without accessory 
transformers), these preamplifier circuits are vir- 
tually immune to overload-even with input sig- 
nals 80 times greater than normal. 

Their sole vice: they are hardly Inexpensive 
Of course, at a price of $329.50 (suggested 

list) for the TA -2000 preamplifier, and $349.50 
(suggested list) for the TA -3200F power amp, 
this system cannot be considered other than a 
luxury. But then, it was intended to be. For there 
are those to whom fulfillment of prosaic tasks is 

unfilling. And among them 
are not only many of our 

customers, but also many 
of our engineers. Sony 

Corporation of America, 
47-47 Van Dam Street, 

Long Island City, 
New York 11101. 

SONY® 



band-pass filter is inside the feedback 
loop the amount of feedback, and thus 
the increase in gain, is controlled by the 
network. The center frequency, since it 
has both the highest amplitude and the 
correct phase, is boosted the most. Fre- 
quencies far down on the sides of the 
band-pass curve get very little positive 
feedback, and are not increased in am- 
plitude. Obviously, if the gain of the 
amplifier is set high enough to overcome 
the losses in the feedback mixing net- 
work and the Wien bridge, the unit will 
oscillate at the center frequency. By 
using just slightly less gain, you can make 
the filter as sharp as you want. 

Setting the gain of the filter amplifier 
is equivalent to adjusting the Q of an 
LC resonant filter. You set the filter to 
give a third -octave pass band by setting 
an oscillator to the center of the pass 
band in one position of the frequency - 
selector switch, and then adjusting the 
amplifier until the meter indicates 10 dB 
less when the switch is moved one-third 
octave either way. The resulting filter 
shape is shown in Fig. 5. 

Notice that the bottom of the curve 
still has a slope of 6 dB per octave. Since 
the frequencies down there have no posi- 
tive feedback, the slope of the curve is 

determined by the response of the Wein 
bridge without feedback. The slope could 
be increased to conform to the U.S. stan- 
dard for sound level meters only by 
adding two more independent Wien 
bridges in series with the first, and that 
would make the meter much more com- 
plicated. Fortunately, this filter shape is 
adequate for measuring speaker response, 
and will also give useful results when 
used to measure most noises. 

When you measure a noise in the flat 
or "A" positions of the meter, and then 
filter out all but a narrow band of fre- 
quencies, the power reaching the meter 
is lowered. This device compensates for 
this effect by raising the response of the 
meter to pure tones by 20 dB when you 
switch to a filtered mode. The addition 
of positive feedback causes the pure -tone 
gain to increase by about 14 dB, and the 
additional 6 dB is obtained by lowering 
the sensitivity when the meter is set to 
"flat." In this position, the feedback line 
is grounded, and R, and R, reduce the 
signal. Q, is bypassed to improve the 
signal-to-noise ratio. The "A" filter also 
reduces the signal, as well as providing 
the proper bass response for these mea- 
surements. 

The amplifier which follows the filter 
adds extra sensitivity to the unit, and 
helps to keep the input preamplifier from 
overloading when there is a strong signal 
outside the pass band of the filter. The 
rather strange way the gains of the two 
amplifiers have been staggered represents 

Fig.5 $-Filter shape of 
sound -level meter com- 
p a red with curve for:,; 
standard third -octave fil- 
ters. Note that skirts of the 
curve do not continue at 
the same slope, but in- 
stead decrease to a slope 
of 6 dB per octave. 

Fig. 6-Completed sound - 
level meter with con- 
denser microphone and 
its power supply. 

a compromise between optimum signal- 
to-noise ratio and freedom from overload. 

The output of the final amplifier goes 
directly into a standard VU meter. These 
meters are damped to have a relatively 
fast response, and when measuring low 
frequency noise the meter tends to jump 
around quite a bit. However, I found that 
it was not difficult to average the swings 
by eye, and no attempt was made to give 
the meter a slow response. Any standard 
VU meter will work in the circuit, al- 
though the damping in the cheaper 
models tends to vary from unit to unit. 

Construction 

Building the circuit is rather straight- 
forward, and many alterations are possi- 
ble from the parts listed. The sug- 
gested case is only 4 x 6 x 13í in., but it 
is not too crowded if the PSA switches 
are used. A larger case could be used, 
but if it is plastic it should be lined with 
grounded foil. The transistors listed have 
very low noise, and are inexpensive. 
Make sure you use Mylar capacitors in 
the bridge. Ceramics types have too great 
a power factor. No matter how you build 
the circuit it will work for measuring 
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ceiver that has been created for the connoisseur who demands the ultimate in tonal 
magnificence and clarity of sound. The Sansui 5000A features a new FM Pack with 
linear tuning for greater selectivity and pin -point station selection . . . All -Silicon 
AM tuner for maximum stability ... inputs for three separate sets of speaker sys- 
tems ... records up to 4 tape decks simultaneously ... just a few of the features 
which will make the Sansui 5000A the nucleus of your most comprehensive hi-fi 
music system for years to come. At your Sansui Audio Dealer. $399.95 

Sli,___s_7.i,c 
SANSUI ELECTRONICS CORP. 

Woodside, New York, 11377 Los Angeles, California 90007 

SANSUI ELECTRIC CO., LTD., Tokyo, Japan Frankfurt a. M., West Germany Electronic Distributors (Canada), British Columbia 

Check No. 35 on Reader Service Card 



speakers, but the extra gain can be a lot 
of fun. To keep the device stable at the 
highest gains I was forced to add a 
shield between the sections of the sen- 
sitivity switch. I simply cut a piece of 
metal about 1 inch square from a can 
and added it like an extra wafer to the 
switch. A pair of 2-56 nuts on top of the 
shield ensure that it stays grounded. Since 
the works of a VU meter are conected 
to the output of the final amplifier, you 
may have to add a grounded foil shield 
around the case of the meter. I built the 
preamp and its power-supply-decoupling 
capacitors on a separate board, tucked 
behind the sensitivity switch. The input 
jacks and wiring should be shielded. The 
rest of the circuit can be built any way 
you want, except that the output of the 
final amplifier should be at least one 
inch from any of the filter parts. I built 
the rest of the circuit on a large board 
which attaches to the meter terminals. 

For those of you who have not done 
much construction of this type, I highly 
recommend using Vector board and T28 
subminiature clips. Make sure you also 
use an insertion tool. Figure 6, A -D, shows 
how I built the filter amplifier. 

Calibrating the instrument is simple, 
although there are some tricks to making 
the device work properly at all settings 
of the switches. First, the 8 k resistors in 
the frequency -selecting network must be 
matched to within 1 per cent. If the 
selectivity (or the sensitivity to pure tones) 
changes as the frequency -selecting switch 
is rotated, these resistors should be 
trimmed. Reducing R3 will increase the 
selectivity at the high -frequency settings. 
Since you will probably want to make 
this resistor by putting two lower resis- 
tors in series, simply measure the resul- 
ting combination on a good ohmmeter, 
and adjust it to 8 k. Secondly, the ratios 
of the capacitors in the bridge circuit 
must be matched to within 1 per cent. 
If you can find a capacitance bridge, or 
1 -per cent capacitors, use them. Other- 
wise, adjust the selectivity of the unit 
with the multiplier set on the lowest 
range. Then switch to the next range, 
and add small trimming capaitors to one 
of the .01 capacitors until this range has 
the same selectivity. You may have to 
readjust the oscillator to stay at the cen- 
ter of the pass band. Increasing the value 
of the upper capacitor will increase the 
selectivity, and vice versa. Then do the 
same for the highest range. When you 
are through, the meter should have the 
same selectivity and sensitivity to pure 
tones through the whole audio range. 

The overall sensitivity of the unit is 
adjusted by using the cal potentiometer. 

SE 

Fig. 6B-Layout of parts on Vector boards for final amplifier at left and filter amplifier at 
right. Preamp section is similar to the final amplifier. All layouts are designed to be 
maximally flat so cover can be slipped on barely over the parts, thus serving as a shield. 

Fig. 6C-Start of construction, before Vector board is installed over meter terminals. Note 
shield between sections of gain switch at lower left. Frequency -determining switch is 

seen at upper left corner. Metal shield at left covers microphone input jack. 

Fig. 6D-Vector board in place over meter terminals. Note similarity of parts layout to 
drawing of Fig. 6B. 
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To do this you will have to determine the 
sound pressure which corresponds to a 

voltage you can generate easily. Unfor- 
tunately, microphone specifications are 
given in many ways. Figure 7 may be 
useful. Sound measurement microphones 
without built-in transformers tend to have 
a sensitivity of about -60 dB re IV/ 
Aar, and the meter is designed around 
this kind of input. Many recording mikes 
have some 20 dB greater sensitivity due 
to a matching transformer. If your micro - 

The author designed and built this micro- 
phone for use with his S -L meter. The 
electronics are similar to an Altec 210. 

phone is above -55 dB re 1V/µbar you 
should reduce the level to about -60 dB 
with resistors, or use the microphone 
without a matching transformer. One 
µbar is equivalent to 74 dB SPL, so a 

microphone of -60 dB sensitivity re 1V/ 
µbar should have an output of .02 V rms 
at 100 dB SPL. This corresponds to .05 
V p -p, so a 1 -volt p -p signal into the 
high-level input should read 105 dB on 
the meter. 

0 dB SPL= 
20 microNewtons/meterz= 
2x10' µbar (1µbar=dyne/cm') 

Thus all the following microphones 
have the same sensitivity: 

- 60 dB re Iv/µbar 
- 40 dB re Iv/10 dynes/cm' 
1 my/µbar 

When using a transformer, multiply 
by the square root of the impedance 
ratio. 

Fig. 7 -Some comparative sensitivities. 

When you are through you should 
have a very useful instrument. Besides 
making many speaker measurements, I 

immediately used mine to shop for a 
really quiet air conditioner. I have used 
the meter to design low -noise mike pre - 
amps, and for making signal-to-noise im- 
provements in my tape recorders. One 
can easily calibrate it in microvolts, and 
use it as a very sensitive a.f. voltmeter. 
Use your imagination! /E 

PARTS LIST 
Capacitors: 
Cl, C2, C12 

C3 

10 µF, 12 V, electro- 
lytic Sprague TE -1128 

.033 µF, Sprague 

Resistors, Cond. 
R22, R23 

R28 

10 k pot, Mallory 
MTC-1 

4700 ohms 
3339R8 R51, R61 2000 

C4 .0047 µF, Sprague R52, R62 2700 
4929R8 R53, R63 3300 

C5 330 pF, Sprague R54, R64 If 3900 
3329R8 R55, R65 5100 

C6,* C7* 0.1 µF, 1% R56, R66 6800 
R57, R67 It 8200 

C8,* C9* .01 µF,1% R58, R68 If 11 k 

R59, R69 13 k 

C10,* C11* .001 µf, 1% R60, R70 If 16 k 

* Mylar. Suggest you buy four of each and R71, R76 4700 
match, according to text. R72, R77 If 1100 

C13, C15 20 µF, 10 V, Sprague R73, R78 330 
TE -1130 R74, R79 100 

C14 .01 µF, Sprague R75, R80 62 
1039R8 

C16, C19 100 µF, 3 V, Sprague 
TE -1402 

C17, C18 100 µF, 6 V, Sprague Miscellaneous 

Resistors -1/4 -watt, 
R1 

R2 

R3, R13, R14, R15, 

TE -1102 

5%, except as marked. 
1.0 meg 
110 k ohms 

Q1, Q3, Q4, Q5, 
Q6, Q8, Q10 

Q2, Q7, Q9 

2N3707 transistor 
(N PN) 

2N4058 transistor 
(PNP) 

R19, R25, R26, 
R30, R31 30 k if 

Case 
Bottom plate 

Bud AC -1405 
Bud BPA-1505 

R4 

R5, R6, R27 
100 
100 k 

it 
Sw 1, lA 
Sw 2, 2A 

Centralab PSA-204 
Centralab PSA-204 

R7, R8, R11, R12, 
R16, R24, R29 10 k fi 

Sw 3 

Sw 4 
Centralab PSA-210 
Switchcraft 903 

R9, R10 1000 Meter VU, Calectro Dl -930 
R17, R18 7.95 k, "1% Battery Eveready 226BP, 9 V 
R20, R32 51 K " transistor radio type 
R21 68 k " Battery Clip Cinch -Jones 5M 

WA 
"The full hundred watts really brightens up the brass, doesn't it?" 
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One 
clearly stands out 
from 

all the rest 

There are differences among 
the dozens of stereo receivers 
on the shelves. 

What makes Bogen clearly 
stand out from the rest? 

Crescendo Control, as a 
starter. That's the switch in the 
upper right hand corner. It's a 
Bogen exclusive. And it's on five 
of our eight receivers and com- 
pacts. What it does, quite simply, 
is restore, with no distortion, all 
the full brilliance compressed by 
engineers at every recording per- 
formance. It also allows extremely 
"low -noise" home recording and 
equal -volume -level playback. 

Control Panel ... clearly 
another Bogen stand -out. Con- 
venient (and sensible) linear slide 
controls and push -buttons re- 
place conventional, old fashioned 
knobs and switches. Adjusting is 
definite, precise. Push a few and 
see. Look at the styling around 
(and over) the controls...Bogen 
alone has escaped the "same- 
ness rut." Walnut? Brushed 
bronze? Black -leatherette? 
Gold -tone? Modern orange -and - 
white? Whatever turns you on, 
style -wise, you'll find on a Bogen. 

Power .. as much (or as 
little) as you really need. If 65 
clean watts fill your room, there's 
a receiver or compact just for you. 
If you happen to need 150, or 
something in between...one of the 
eight models will fill the bill, and 
fill your home with beautiful 
Bogen sound. 

Value ... is clearly signifi- 
cant. Our BR360 Receiver has 
been favorably recommended 
when compared with competitive 
models. However, there's a qual- 
ity Bogen for any budget - be- 
cause all Bogen receivers and 
compacts, regardless of price, 
have the same basic circuits, and 
differ only in power and features. 
Bogen quality and performance 
will never be compromised by 
price! 

Bogen has the system. 
What else do we offer to add to 
your listening enjoyment? Tape 
cassette recorder or 8 -track 
stereo cartridge decks? Fabulous 
sound stereo headphones? Turn- 
tables? Bogen has them all. As 
for the famec Row 10 speaker 
systems...listen just once. They 
speak for themselves. 

Want the convenience of a 

compact? We've combined our 
best receivers with deluxe record - 
changers and companion Row 10 
speakers. The result is a line of 
magnificent stereo compacts. 
Check them out. Your eyes and 
ears are in for a pleasant surprise. 

A word about "know-how." 
Far from a Johnny-come-latery ïn 

the field, Bogen has four decades 
of Sound Professionalism behind 
it. Competence takes longer than 
overnight. 

Send for our colorful, inform- 
ative brochure. It's fact -filled and 
free. We think you'll agree tha: 
one product line...one company... 
does clearly stand out...Bogen. 

E3 O G E M 
e LEAR-ïIEGLER, INC. /BO(;E.Y DIVISION / PARAMUS, NEW JERSEY 07E52 
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EVEN AFTER 31 YEARS and more than a thousand records since 
his first, that isn't as silly a question as it first sounds. Be- 

cause I didn't ask if you ever heard of Frank Sinatra, or if you 
know it's he when one of his records is played. I asked if you 
ever heard him. And the difference is like seeing the sun go down 
or watching a sunset: one is physical, surface; the other emo- 
tional, total. 

To hear Sinatra, you've got to listen, immerse yourself in the 
lyric and let him tell you the story of the song. 

Sure he's made some ho -hum recordings and some downright 
poor ones. But when he cares-and that's most times-he turns 
out what is usually the truest vocal reading of the song he's 
singing. That is not to imply there aren't any better singers than 
he. I think Steve Lawrence is, and probably Vic Damone still is, 

and some others too. And it doesn't mean that sometimes a good 
record by Sinatra won't be done better by someone else. ( His 
"Funny Valentine" is fine, but I believe Eydie Gorme's is more 
dramatic; his "Wait Till You See Her" is excellent, but I like 
Damone's better.) But . . . Sinatra's reading of a lyric is the 
reading of that lyric more often. Most often. And many times 
besides being the best reading, it is so superior, you never want 
to listen to anyone else's. 

What makes the difference? I'll feebly try to put down on 
paper some of the distinctive qualities that set Sinatra apart. 

Allowing there are better singers, there is, nevertheless, his 
trueness of tone. Depending on the sentiments of the particular 
lyric, the timbre of his voice can be warm and loving or cold 
and bitter; it can be bursting with joy or remorseful almost to 
tears. A lot of this he does by his enunciation of the key words 
of the key phrase of the song. And because of his good taste, he 
invariably knows which are the key words and phrases. 

When he sings "I love you," the vowel in "love" is prolonged, 
yet subtle; the "ve" tagged on, yet never sounding like an after- 
thought. The "you" is intimate and personal: he means you, 
young lady, only you. With words such as "heart" and "hold" 
and "help," he often purrs the "h" to bring you right in close. 
Here again though, he doesn't use this device everytime, with 
every "h," but only when it's right for the mood of the song. 

Sinatra's breath control lets him sing almost as many words 
as he wants to without breaking a phrase to take a breath. He 
does this so naturally you forget that other singers sometimes 
indiscriminately gulp for needed breath. Maybe they can't 
breathe the way he does or else they just don't realize they ruin 
the word or phrase. Sinatra has both the breath and the feeling 
to phrase better than anybody else! 

More about his diction. You never have to guess what he's 
singing. This is carefully accomplished, because even today when 
he speaks you can hear more than a trace of his north Jersey - 
New York upbringing, and yet even his earliest records were 
free of this. Another example of Sinatra's discipline to detail. 

He always has had the benefit of the finest musicians. And 
because, probably, of his three years with Dorsey at the start 
of his career, he makes the most of these musicians. The Colum- 
bia records with Axel Stordahl in the forties were, for the most 
part, rather stereotyped. But the orchestration was lush with 
lots of strings and usually a harp which clothed well Sinatra's 
voice and the love songs he usually sang. Kind of ordinary maybe, 
but certainly never bad. 

When he switched to Capitol Records in 1953, however, 
Sinatra teamed up with a different arranger, Nelson Riddle, who 
was highly imaginative and inventive. Riddle used fewer strings 
than Stordahl, and many of his ballads had a hint of muscle to 
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them. This approach fit the new Sinatra voice perfectly. The 
baby fat was gone from it; the tone and phrasing more com- 
manding. On up -tempo tunes, which he'd never been consistently 
good at until then, he often played with the beat while never 
losing it. And Riddle orchestrated for him as no arranger had 
ever orchestrated for any singer before. It was a totally new 
and exciting sound for both ballads and rhythm. 

Then in 1957. Sinatra cut his first album with Gordon Jenkins, 
and as Frank described it, "It was 200 violins and one drum!" 
Of course it was a lot more than that. "Where Are You" was 
oboes and flutes and bassoons in a symphony of despair, and 
Sinatra's voice took on a new and darker sound, more melancholy, 
more remorseful. Then, two years later, they followed with more 
of the same sound in their second album, "No One Cares." 

In the sixties, it was more Riddle, more Jenkins, along with 
some others mostly good, and last year Sinatra used Don Costa 
exclusively. Costa, who had done one album with him a few 
years back using a lush ballad sound, added new excitement to 
his orchestration with guitars and vibes and even a harpsichord. 
Wild! ... yet tasteful. And when it was needed, when it was 
right ... a ballad touch. For instance, when they did "By the 
Time I Get to Phoenix" and "Little Green Apples," Sinatra made 
these love songs sound like love songs and not just "catchy little 
tunes." 

These ingredients alone, however-tone, diction, phrasing, 
breathing, and the right orchestration-do not a Sinatra make. 
This is evident in the scores of vocalists who have tried through 
the years to utilize these skills. They usually only sound like 
Sinatra copycats and not very good. Because they are copying, 
and more importantly because they lack his nonpareil good 
taste in the interpolation of a lyric. This is, perhaps, the most 
important ingredient: Good taste. Sinatra knows when to do 
what he does and how to interpret the lyric to give it a personal 
expression that transcends words. 

"Come Fly With Me," for instance, is bursting with ebullience 
and cock -o' -the -walk confidence, just like his "Mr. Success." And 
in "Moonlight Becomes You," when he sings .. . 

"You're all dressed up to go dreaming, 
Now don't you tell me I'm wrong. 
What a night to go dreaming! 
Mind if I tag along?" 

you can see your best girl looking prettier than she's ever looked 
before! When he sings "Sleep Warm," you wish her the pleasant- 
est of dreams, and there was "My Girl," the little known tune by 
C. Freed that Frank recorded 20 years ago .. . 

"Lucky heart to be part of a love like this 
Where every single kiss is a short cut to heaven. 
Heaven knows, she's everything that's dear to me .. . 

She smiles ... and cloudy days are clear to me. 
Yes, the world is my oyster and I've got the pearl .. . 

I'm happy, 'cause I've got my Girl!" 

Schmaltz? Sure! But when Sinatra sings it, you believe every 
word; My Girl becomes your girl, and you love her like crazy! 

One of his outstanding vocal performances is "You My Love." 
This is from the film, "Young at Heart," and never got the play 
of the title song. But Sinatra sings it flawlessly, and his breath- 
ing and phrasing are so good he sings the song all the way 
through taking only nine breaths. 

These are examples of his I love you/you love me artistry and 
there are many more, but it is the songs of unrequited love, the 
bittersweet lament of the tormented loser that he does best. Have 
you ever been hurt by love? Just listen to "I'm a Fool to Want 
You," or "A Cottage for Sale," or "What's New?" You'll cry your 
eyes out! And there's the lonely melancholy of "Dindi" ... "like 
a river that can't find the sea, that would be me, without you 
my Dindi," and the hopelessness of "Maybe You'll Be There"... 

"Each time I see a crowd of people, 
Just like a fool I stop and stare. 
It's really not the proper thing to do, 
But Maybe You'll Be There!" 

There are dozens like these, scores even. And there are also a 
few of the other side of sadness. You know, when the girl loves 
you and really pours her heart out, but you don't love her any- 
more ....... 

"How insensitive I must have seemed 
When she told me that she loved me. 
How unmoved and cold I must have seemed 
When she told me so sincerely... . 

What was Ito say ... what can you say 
When a love affair is over?" 

He makes you hate yourself and everybody who's ever shunned a 
lover! 

Other artists have recorded most of these songs. But none like 
Sinatra. None with his musicianship, his vocal honesty. None! So 

ask yourself, "Have I ever heard Frank Sinatra?" 
If you have some of his albums, listen to them again. And 

really listen! By yourself, lights out, door closed. You'll hear him, 
feel his artistry. And you'll never be the same again. 

If your collection is lacking, start by buying "Wee Small 
Hours," "Songs for Swingin' Lovers," and "Come Fly With Me." 
These are all Capitol albums recorded some years ago, but they 
should still be available. If not, shop around for them, or write 
to Capitol. It's worth the effort. 

l 

Wee Small Hours CAP W581 
Songs/ Swingin' Lovers CAP W653 
Come Fly With Me CAP W920 
Only the Lonely CAP W1053 
September of My Years REP FS1014 
With Antonio Carlos Jobim REP FS1021 
A Swingin' Affair CAP W803 
Where Are You CAP W855 
Songs/Young Lovers CAP W1432 
Ring a Ding Ding REP FS1001 
Swing Easy CAP W1429 
Look to Your Heart CAP W1164 i 

And his latest album, "Watertown" REP FS1031, shows that 
while the voice may no longer be The Voice, he still has no peer 
in wringing your heart strings in a story of abject remorse. No 
peer! 

Lyrics quoted are from the following songs: 

"Moonlight Becomes You" Burke/ 
Van Heusen 

"My Girl" Freed 
"Dindi" Gilbert/Jobim/Oliviera 
"Maybe You'll Be There" Bloom/Gallop 
"How Insensitive" Jobim/Gimbel.' 

De Morses 

ASCAP Famous Music Corp. 

BMI Ludlow Music, Inc. 
ASCAP Ipanema Music Corp. 
ASCAP Triangle Music Corp. 
BMI Duchess Music Corp. 

42 Check No. 44 on Reader Service Card -31.- 



Canby' 
Loops 

at the 
TV Disc 

EDWARD TATNALL CANBY 

No -THE DISC isn't about to die. It will 
be reborn in a radically new format, 
for a long new lease on life. 

That was my instant conclusion as I 
took in the astonishing details of the new 
Teldec disk, described in AUDIO in Sep- 
tember (p. 8). There it is!, every instinct 
screamed at me, either this amazing disc 
or another of similar aspect. Not merely 
a disc for audio, this time. A disc for TV 
with incidental sound and-more impor- 
tant to us-an audio disc with TV capac- 
ity. An enormous new signal potential, to 
encompass everything in audio we can 
now imagine and more. That's how the 
new disc must be. In the near future 
audio and video are going to be seen and 
heard together more and more often. 
Most new -generation media will have at 
least the capacity for both sound and 
picture, though sound alone will remain 
important when we want to have it that 
way. 

As you see, I am in a predicting mood. 
Mark my words, then, and roast me 
whole if I'm wrong. 

Let's survey the present background. 
No doubt about it, our present disc is 

approaching a kind of glorious dead end. 
Not yet in terms of perfection for, mir- 
aculously, it is still advancing ( and-at 
this writing-we have yet to hear the 
Dolby B disc though Dolby B cassettes 
are in production). The original LP -45 
promoters of the late Forties, if they had 
been in isolation all these years, would 
be astounded at the elegant sophistication 
of our present disc product with its wide 
dynamic range, near -silent surfaces 
( sometimes) and remarkably low distor- 
tion. Disc is still mass production quality 
king. Reel-to-reel tape is unlikely to 
catch up. Cassette will take a little longer 
-the cassette does have the potential, as 
we have found in this last year or so. 

( Eight -track for autos is not really in 
the quality sweepstakes. It seems OK in 
its own special way.) 

And so in present terms, assuming no 
larger pressures, we find disc comfortably 
established with room still left for tech- 
nical polishing; we see cassette coming 
along fast, rapidly taking up its own 
larger potential for improvement; and 
thus the two are ready to compete for 
the quality audio -recording market as 
equals, neatly sewing it up between them 
with plenty of room for both in full 
stereo. 

But how much more there is to say! 
Pressures. First, pressure of techno- 

logical advances. Mass production re- 
quires a crystalizing of formats within 
fixed limits, while technical know-how 
moves inexorably onward. In time, these 
limits become intolerable and internal 
adjustments can no longer keep up. There 
must be a Big Break. A drastic readjust- 
ment, like an earthquake that relieves 
majar earth strains at a fault line. Today 
is a time for Big Breaks, as we know, 
particularly in areas involving electronics 
and miniaturization. Like disc. 

Not only disc. Magnetic tape, too, is in 
trouble. That once -red-hot hope for new 
audio and then video technology is now 
working dangerously close to a technical 
bind, even as it expands into brilliant 
new formations. It's going too slowly. 
Audio tape does improve, cassettes and 
Dolby and chrome add new dimensions; 

in TV the videotape system is still ex- 
panding by contracting its information 
density-more for less. But not fast 
enough. New technologies are overtaking 
all forms. of tape. 

Second, two specific major pressures 
are now battering both tape and disc, 
like two hurricanes hitting a pair of over- 
loaded freighters. One, the big one, is TV 
itself, an enormous, overbearing monster 
( to change analogies) which swallows up 
audio, given half a chance, the way the 
whale took in Jonah. ( The whale didn't 
even notice until Jonah began fighting, 
down inside.) 

The thing about TV, right now, is that 
it is invading the recording field-not 
merely in professional video recording 
but in the much more potent area of 
consumer records, TV publications, mass 
produced like LPs and 45s. That is a new 
and enormous behemoth crowding in on 
our little audio territory. 

Present audio recordings-all sorts- 
relate to this coming TV somewhat as 
radio did to earlier television broadcast- 
ing. Change fast, or be absorbed! Radio 
did, and radio is still with us, perilously. 
( Earlier, the old acoustic disc went 
through the same thing in the face of 
early radio broadcast. It changed, radi- 
cally, and managed to survive.) Radio 
lives on because it responded with new 
exclusives, unbeatable FM quality and 
unmatchable stereo, but also by exploiting 
new formats, idiomatic for sound alone. 
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( Somehow, TV isn't yet very desirable, 
say, on the beach or in a car, or walking 
in the park. Nor for a Beethoven sym- 
phony, which is more sound than sight. ) 

Big challenge, big response. And so in 
audio it's no longer merely which disc 
vs. which tape. It's audio recording vs. 
video. A new game. New rules. Big 
Changes needed. 

Television is the big hurricane. The 
smaller one, a mean little storm, is this 
new four -channel stereo, quadraphonics 
(as I like to call it) . The impact of it is 
particularly crucial at this moment be- 
cause it throws the present audio scene 
into the proverbial cocked hat; it is so 
variably compatible with our present sys- 
tems. Suddenly, audio disc is up against 
it, right in its own domain. So, oddly, is 

the new cassette, if for different reasons 
( compatibility with present cassettes.) 
And lo! the lowly eight -track cartridge 
gains an instant advantage by virtue of 
its conservatism-lots of tracks on an old 
fashioned quarter -inch tape! Crazy. Disc 
and tape are thus caught in a frenzy of 
uneasy cross -currents, with a dozen ways 
to impress four channels into the space 
where there are now two, or expand 
present two -channel recordings into four 
(it goes both ways); and none of them 
seems really right though all have over- 
lapping merits which we cannot afford to 
ignore. Only one can win, in the end. 
Which will it be? If you ask me, none. 
Not in the long view. Our present media 
are just too lopsidedly inadequate. This 
second hurricane is too much. 

I hate to say it, but to impose four 
channels of sound via any system upon 
the present disc is like installing inte- 
grated circuits in a trolley car. Wrong 
vehicle. Even a PCC car, one of those 
streamlined modernized trolleys. Wrong 
vehicle! 

And of course it is quite out of the 
question to impose video capability on 
present commercial discs. Even though it 
has bravely been tried. 

Technology, you see, while bringing 
the disc to unheard-of perfection in its 
present format, has simultaneously moved 
on far ahead. Our noble disc is an out- 
dated vehicle. 

Remember how radical the micro- 
groove record seemed when it first 
appeared? An unbelievably tiny groove, 
a tiny pickup and stylus, a vastly length- 
ened playing time at much slower speeds, 
a new, flexible record to replace break- 
able shellac. Was that a compound Big 
Break! It updated the disc process to 
match the accumulation of sixty -odd 
years of potential. Now, in a shorter time 
(we move faster), there is again a vast 
accumulation. And another Big Break is 
absolutely in the works. Not instantly. 

But inevitably. Big breaks are proliferat- 
ing all over the place, and inexorably in 
the new directions already noted above- 
the combination of audio and video ele- 
ments that will clearly be the Age to 
Come. Mixed media! Multi -media! Al- 
ready, these are normal terms in the lan- 
guage. New technologies! EVR, television 
in published cartridges via a return to 
photographic miniaturization, a picture 
one quarter the size of the tiny super -8 
picture, color coded in black and white 
(it plays in color ), and two incidental 
channels of audio-all in one miniature 
cartridge film. RCA's coming alternative, 
the "plastic wrap" TV recording made 
with holographic techniques and cheaply 
embossed on its medium. It's still under- 
developed but it will be coming along. 

These, you see, are Big Breaks, into 
brand new areas. And these TV records 
will fly right in the face of our present 
audio records-unless. Unless we adapt 
and change. Teldec disc is the beginning 
of that change. We will meet these chal- 
lenges only with equivalently radical 
new capabilities, new super -vehicles. This 
is one of them. 

But, you say, it's a TV disc so what's 
the fuss. Please read again. It makes no 
difference. It's a disc. And it has fantastic 
new capabilities, for whatever you want 
to do with it. Any disc that can accom- 
modate TV in practical form can also 
absorb, alternatively, all the audio you 
can ever imagine at one gulp, with 
miles of room to spare. Phew! You want 
a twenty -channel stereo disc? Teldec can 
do, if I guess right. Four channels, as the 
Editor noted in September, offers no 
problems. Hardly even notice them. 
There is enormous audio reserve capacity, 
to be slanted in any direction or com- 
bination of directions we may want- 
fidelity, length of play, number of chan- 
nels, control functions, turning off the 
house lights, setting the furnace thermo- 
stat and letting out the cat. Put it all on 
this disc! Could be. ( Yes-incidental 
problems. I blissfully by-pass them. 
They'll get solved. ) 

Let me sum up the Teldec character- 
istics again, to give you a more vivid 
sense of the degree of updating with 
which we are now to be involved. 

1. Tiny grooves -130 per millimeter, 
less than a tenth the size of the big, fat 
LP microgroove. ( See photo Sept. p. 96.) 
An ultra -thin, pliable disc more like a 
sheet of film, reproducible in the millions. 
A speed, for TV, of no less than 1500 rpm. 
Could run at any slower speed for audio 
uses. 

2. This thin disc can be tracked, even 
with such grooves and at such a speed. 
( Thin discs of standard microgroove type 
often will neither turn nor track.) A new 

Microphotograph of a hair compared with 
the new record grooves. 

overhead tangential system, with feed- 
back, keeps the stylus where it belongs 
under these extraordinary conditions. ( A 
bit clumsy, with cords like an old fash- 
ioned dentist's drill, but remember the 
early record changers?) The fragile disc 
itself stays in place by being air sus- 
pended. It's an airfoil disc. It sits, turns, 
on a cushion of air which flows out past 
the edges. By a circular venturi action at 
the outside edge, reduced pressure forces 
the disc down. Atmospheric pressure 
above is higher. Simple! An old idea in 
an ingenious new application. (Is it a 
venturi or an airfoil? I guess it's both. ) 

3. The grooves are vertical -cut and fre- 
quency modulated. Wow! An FM disc. 
Is that revolutionary enough? This should 
eliminate much unwanted noise ( goodbye 
Dolby?) . And it allows, more directly, 
for a groove of constant width, so that 
grooves may be packed densely side by 
side, without variable land. Edison did 
the same, to an extent, with his vertical - 
cut discs of WW I vintage which played 
much longer than their lateral equivalents. 

4. The pickup system, to my mind, is 
the most revolutionary aspect. At last, 
after our years of fighting plastic's annoy- 
ing elasticity and bounce, Teldec has 
put this very factor to work. As you 
could see in our illustration, ( Sept. p. 
96,) the new stylus rides in the groove, 
first compressing the vertical modulations, 
then letting them snap back into place 
to generate the signal. If I get this right, 
it is a wholly new way of "reading" the 
disc message. In one swell foop, as we 
used to say, it converts a problem para- 
meter of discs into a major asset. Enough 

(Continued on page 90) 
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Bill Ws= .r makes his 
living in sound. He writes 
and prances music for 
televisi:n and radio 
advertizas. Chevrolet. 
Kraft. Oldsmobile and 
Continrtal Airlines. He 
pioneem 1 in the uses of 
the Moog Synthesizer. 
And ha= %mitten songs for 
Peggy Lae Dean Martin, 
Gordon MacCrea and 
others. Over the years, 
Bill pro&ized more than 
5,000 sou _rd tracks for 
radio a- d television. 

ATV commercial composer 
talks about the new 
VM pmtessionals. 
"If you're a pro, you can't help but be impressed with the new VM PROFESSIONALS." 

"I sure like the way my music sounds on them. Sensitive. Subtle. And yet this is the 
kind of equipment you can play ten hours a day and not have trouble with." 

"I am particularly impressed with the receiver. The VM PROFESSIONAL 1521. 
It has a new type filter that really gives you great FM selectivity. 
And the stereo separation! It's almost as good as some 8 -track 
playbacks I heard in recording studios." 

"And I really like the VM PROFESSIONAL automatic 
turntable. The "Synchro-Matic" 1555. It tracks beautifully. 
I can't pick up any tonal variation from the beginning to the end 
of a record. That's probably because the tone arm is longer. 
91/2 inches. And the tripping mechanism is photo -electric, so 
there's no mechanical distortion." 

"It's really great at reproducing those nuances and shading you work 
so hard to get out of a vocal or an arrangement." 

"And the spindle! Really something to see. It gently lowers records 
all the way down to a motionless platter. That's what I call loving care." 

"Of course the speakers make the whole outfit payoff. They're VM's 
new Spiral Reflex System speakers. Compact. And very efficient. Gives 
you really clean basses and horns. And none of the instruments ever 
sound strained or pushed, even in attack -passages." 

"And another thing, about 95% of all the component parts in the 
VM PROFESSIONAL line are made in America. And I know it isn't 
fashionable, but to me that means better and tougher." 

"The only problem 1 have 
with my VM PROFES- 
SIONAL outfit is, I can't 
decide whether to leave 
it at my studio o: - 
take it home." 

°I just may 
have b buy 
anther one." 

For engineering specs on the complete VM Professional Series write: 

THE VM 
PROFESSIONAL 1555 
Two synchronous motors 
-24 -pole for turntable, one 
for changer mechanism 

Belt driven, completely 
isolated, low mass, 
dynamically balanced 
turntable Gentle 
lowering spindle 

Automatic record size 
sensor system Photo cell 
cycle-change sensor 
eliminates side pressure 
and trip noise Piston- 
dam pped 2 -way cue control 

9W' tone arm (from 
pivot to stylus); the 
longest on any automatic 
turntable Piano -key 
control center isolated 
from turntable and pick-up 
arm Quick -change, 
plug-in housing accepts 
any standard magnetic 
cartridge Rumble: 
-52 db (CBS weighting) 

Comes complete with 
Shure magnetic cartridge 
and attractive walnut 
base with dust cover. 

VM CORPORATION 
Dept. 74, P.O. Box 1247, Benton Harbor, Michigan 49022 or call direct, Area Code 616-925-8841. (Ask for Dept. 74.) 
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KLH Model 33 
Loudspeaker System 

ON AXIS 

AVERAGE OF TWO, 45 DEG. 
OFF AXIS 

AVERAGE OF THREE-ON AND 
OFF AXIS 

40 100 1K 

FREQUENCY-Hz 

10K 

Fig. 1-Frequency-response curves measured 4 feet above the floor, horizontal position. 

MANUFACTURER'S SPECIFICATIONS: 
Impedance: 8 Ohms. Dimensions: 23-5/8" 
x 12-3/4" x 10-15/16". Weight: 33 Pounds. 
Price: $99.95. 

KLH's Model 33 is an excellent new 
speaker, which departs from conventional 
acoustic suspension by incorporating a 
2 -in. diameter ducted port in the front 
baffle. KLH calls it "controlled acoustic 
compliance" and it is so heavily damped 
that very little radiation occurs. What it 
does is smooth the impedance and control 
cone motion at the lowest frequencies. 

The two-way system utilizes a 10 -in. 
high compliance woofer having a 7 -in. 
piston made of asphalt -impregnated paper 
and a Di -in. tweeter with a ceramic mag- 
net. A metal screen protects the tweeter 
from prying fingers. The crossover fre- 
quency is just below 1500 Hz. A 3 -posi- 
tion high -frequency level control, recessed 
into the rear of the enclosure, evenly 
attenuates the high end. 

The oiled walnut cabinet, which is 

finished on all four sides, has a beaded 
front molding and a brown grille cloth, 
backed by black. These combine with the 
nice proportions to give a really appealing 
touch to this compact loudspeaker system. 
The recessed input terminals and tweeter 
level control permit use of the speaker 
right up against the wall-either vertically 
or horizontally. 

We measured frequency response by 
placing the speaker in a room horizon- 
tally, at sitting -ear height. The tweeter 
level control was set to NORMAL position. 
Test signals of ',á -octave pink noise were 
fed to the speaker at a level which caused 
the speaker to put out a SPL of 90 dB 

on -axis at three feet. 
A second set of test readings was then 

taken at two 45 -deg. off -axis positions and 
averaged. The third curve is an averaged 
plot of three off -axis and the on -axis re- 
sponse. It most closely represents the 
system's power response. 

As seen in Fig. 1, the frequency re- 
sponse of the Model 33 is excellent, aver- 
aging to ±3 dB over the entire range 
measured. The low -frequency variations 
are room effects and are to be dis- 
regarded. 

The unit's impedance curve is shown in 
Fig. 3 and gives some clue as to the 
speaker's smoothness confirmed by white 
noise tests. 

Harmonic distortion measurements were 
made at 6.4 -volt and 9 -volt inputs, and 
are shown in Fig. 3. These represent 
approximate power levels of 5 and 10 

watts, respectively, and show the low 
distortion of the woofer. At 40 Hz, for 
example, the distortion was less than 2 

per cent at 5 watts. We consider 40 Hz to 
be the low -frequency limit of this speaker. 

Efficiency of the KLH 33 is average 
relative to acoustic suspension speakers 
as a whole. We recommend using an am- 
plifier with 30 watts of available power 
( rms) per channel. There is no problem 
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in using a much more powerful amplifier 
either. In fact the speaker system can 
handle 90 -watt bursts without noticeable 
distortion. 

Oscilloscope photos of tone bursts are 
shown in Fig. 2. They confirm the fine 
transient response of the speaker. 

Listening tests conformed closely to 
our test data. The high end was there 
and evenly dispersed into most parts of 
the room, resulting in a very transparent 
quality, easy to listen to. Only the lowest - 
frequency fundamentals present on some 
materials were subdued. Otherwise the 
bass was unusually clear and tight for 
such a small box. We would favor this 
speaker in a moderately priced installa- 
tion. Another nice product from KLH. 
Congratulations, Victor Campos. A.R. 

Check No. 62 on Reader Service Card 
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Fig. 3-Impedance and harmonic distortion. 

Empire Troubador Model 598 
Turntable System 

MANUFACTURER'S SPECIFICATIONS: 
Speeds: 331/3, 45, 78; Motor: Hysteresis - 

Synchronous, outer -rotor type; Platter 
Diameter: 12 in.; Drive; Belt, from 
stepped pulley on motor shaft; Platter 
Weight: 7 lbs.; Arm: Model 990, integral; 
mounted on three -arm "star" structure 
with turntable bearing at center; star is 

flexibly mounted to motor board; Stylus - 

force method: Balance and calibrated 
spring; Max. Tracking Error: 0.7 deg.; 
Wow and Flutter: .01%; Rumble: -55 dB 

(NAB); Dimensions: 16 x 131/2 in.; Height 
above mounting surface: 31/4 in.; Depth 
below base plate: 31/2 in.; Finish: Swiss 

ground gold. Overall Dimensions (with 
base and dust cover: 171/2 in wide, 151/e 

in. deep, 8 in. high. Price: $199.95. Op- 
tional walnut base and Plexiglass dust 
cover, $34.95. 

The new Model 598 from Empire was 
made necessary when the latest cartridge 
-the 1000 ZE-was found to be limited 
only by the turntable/arm combination 
with which it was used. The cartridge 
was actually capable of lighter stylus 
forces than could be employed with 
existing turntables and arms. So the en - 
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gineers started out to improve the turn- 
table/arm part of the record -playing 
chain to take advantage of the perfor- 
mance possible with the new cartridge. 

To begin with, the turntable itself had 
to be driven by a belt from a hysteresis - 
synchronous motor to ensure constancy of 
speed and a minimum of rumble which 
in many units is transmitted from the 
motor to the platter by contact through 
the idler. The platter had to be heavy, 
and even at its relatively slow rotation it 
had to be dynamically balanced. To avoid 
interaction between the platter and the 
magnets in the usual magnetic -cartridge, 
the platter had to be of non-ferrous ma- 
terial-aluminum. To be heavy, there- 
fore, it had to be large, with most of the 
weight concentrated in the rim, which 
meant that the rim had to be deep. But a 
3 -inch thickness of platter standing above 
the chassis of a turntable would not look 
very attractive, so it was made of two 
parts-the heavy, deep aluminum platter, 
and a "dress" ring of the same aluminum 
proportioned attractively, which could be 
left visible above the chassis, while still 
leaving the heavy belt -driven platter as 
it was, only now it would be obscured 
unless the dress ring was removed-a ne- 
cessity when changing speeds, for addi- 
tional speed -changing "hardware" would 
only complicate construction and lead to 
possible increases in rumble. Then a large 
customized rubber mat was added to 
cover the platter and dress ring, resulting 
in a handsome visible part of the turn- 
table. 

It is, of course, necessary that the arm 
and the turntable be solidly attached to 
each other-no compliance or relative 
motion can be tolerated-and furthermore, 
the entire structure must be flexibly 
mounted to the chassis, which could then 
be firmly mounted to a base, or into any 
custom enclosure the user wanted. Con- 
sequently, the two were mounted on a 
cast tripod -like structure, with the three 
"legs" each suspended by a combination 
of a spring and a piston which effectively 
damp out any vibration or shock which 
might be transmitted from the chassis to 
the tripod. The shaft, integral with the 
turntable, is of finely polished chrome 
steel, and the oilite bearing honed to fit the 
individual shaft with which it is to work. 

The arm is mounted on a "shelf" on 
one of the tripod legs, and electrical con- 
nections are made with a 5 -pin plug and 
socket. Both vertical and horizontal pivots 
are sealed instrument -type ball bearings, 
and after balancing with the counter- 
weight for the mass of the cartridge, the 
stylus force is set by a calibrated hair- 
spring, the dial being calibrated in one - 
gram steps, each about % in. At the top 
of the bearing structure, a vernier ad- 
justment sets the anti -skating compensa - 

Fig. 1-Showing arm mounting and "Dyna-lift." 

tion. The counterweight axis is an exten- 
sion of the stylus -to -pivot axis to eliminate 
any unbalance from that source. The 
cueing control lifts and lowers the arm 
gently and exactly where you want it, 
with no bias as the arm is lowered. The 
whole arm assembly can be raised or 
lowered over a range of 1% in. to permit 
its use with any turntable when it is ob- 
tained as a separate unit. On its base is a 
"Dyna-lift" which will raise the arm at 
the end of a record, or if you want to 
play a record with a smaller -than -standard 
runout groove, you may tilt the lift away. 

The head of the arm is permanently at- 
tached, with a cartridge -mounting plate 
that is instantly removable by loosening 
a thumbscrew in the center of the head. 
This allows the cartridge and mounting 
plate to be removed from the arm. Con- 
tact between the plate and the arm is by 
gold-plated pins and springs. 

The arm rest is attached to the chassis, 
and fitted with a light which illuminates 
the record surface where the stylus is to 
be set down. A plastic ring can be rotated 
to douse the light when it is not wanted. 
The rest is fitted with a nylon hold-down 
pin which is spring loaded to secure the 
arm gently but firmly. The white nylon 
pin serves also as a pilot light to indicate 
when the power is on-which is done by 
depressing a black push -push button near 
the front of the chassis to turn power on 
or off. 

A die-cast cover plate protects the 
motor pulley and the belt, and is remov- 
able when a speed change is desired. The 
belt is simply moved from one step on 
the pulley to another, and the platter 
rotated by hand for a revolution or so to 
get the belt in alignment with the pulley 
step. An adjusting screw on the motor 
mount provides a vernier speed control. 

The chassis plate, arm, dress ring, and 
arm rest are all in a Swiss gold finish, pro- 
viding a handsome unit which could well 
be mounted where it could be admired. 
When used with the optional walnut base 

and plexiglass dust cover, it is a truly 
handsome unit. The dust cover has wal- 
nut end pieces, and is hinged to a walnut 
back plate in such a manner as to stay 
where you put it-either raised or lowered 
or anywhere in between. 

But enough for the description-let's 
get to the performance. 

Performance 

The 598 is just about all it is claimed 
to be. It does have a very low rumble, it 
does have a very low wow -and -flutter 
figure, it is almost impervious to jarring 
or bumping of the base so you can use 
it in a home where the flooring is not as 
sturdy as you would like. The rumble 
figure is probably the most important, and 
we measured it as -54 dB by the NAB 
method, which corresponds to about -74 
dB by the ARLL (audible rumble loud- 
ness level), and even that -54 figure is 
straining our measuring facilities. In short, 
the turntable is practically silent-sort of 
a Dolby-ized phonograph. Imagine what 
that will mean when we get more Dolby- 
ized records. After a brief run-in, we 
found wow -and -flutter to be .03 per cent 
in the 6- to 250 -Hz range, with an in- 
crease to .06 per cent in the 0.5- to 6- and 
0.5- to 250 -Hz ranges, all of which are 
excellent. The remaining important pa- 
rameter is the arm resonance, which we 
found to be well below 10 Hz, and from 
observations of the response curve-on 
which we found a tiny bump at 13 Hz- 
to be at 6.5 Hz. 

In view of these performance figures, 
one can only conclude that the 598 is a 
finely crafted and well designed record 
playing device. And its sheer beauty 
should make it acceptable to any home- 
maker who prefers equipment that does 
not look like a broadcast station. 

C.G.McP. 
Check No. 65 on Reader Service Card 
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1911 Allied Radio Shack Catalog! 
Thousands of electronic values! 

Allied Radio and Radio Shack have 
joined forces to form the largest elec- 
tronics distributing company in he 
world! This new 460 -page cata'og 
offers you the best of both com- 
panies: famous -name brands, new 
products you'll find nowhere else 
(including some items you didn't 
even think were invented yet), and 
special money -saving prices that only 
the combined buying power of these 
two great companies could offer! 

World's Largest Electronic Department 
Stores. Over 800 stores in 48 states. See 
your phone book for store nearest you. 
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Exclusive 
Quality Audio Products 
at Factory -Direct Savings ` es ai Allied TD1099.3-Head 

Stereo Tape Deck. New one-piece 

t 

vinyl 

head makes tape threading 
snap. Price includes 

aid covered case. Spectacular 

$179.95Realistic STA-120Wideband 
AM, FET-FM Stereo Receiver.140 

Watts,8 Ohms. With walnut 
case. Outstanding 

value! 

$269.95 
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World's finest selection of famous -name electronic brands- 

enjoy the convenience of shopping from one book! 
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PE Automatic Turntable, 
Model 2040 

MANUFACTURER'S SPECIFICATIONS: 

Speeds: 33, 45, 78 rpm; Pitch Control: 
Range of 6% at all speeds; Wow and 
Flutter: 0.1%; Rumble: -58 dB (ARLL); 

Tangential Tracking Error: 1.8 deg. max; 
Vertical Tracking Angle: Adjustable to 15 

deg. for 1 to 8 records; Stylus Force: Ad- 
justable from 0 to 6 gms; Cartridge 
Weight Range: 3 to 15 gms; Dimensions 
of chassis plate: 14x12 in. Weight: 15-1/2 
lbs. Price: $145.00. 

The PE -2040 is the successor to the 
earlier PE -2020 which was profiled in 
these pages in May, 1968, and in many 
respects is similar, but with a number of 
refinements and improvements that come 
in the normal course of manufacture. It 
still retains the unique ability to be ad- 
justable for a 15 -deg. vertical tracking 
angle for any particular record on a stack 
from one to eight, with a compromise 
setting of "4" when playing an entire 
stack automatically, thus ensuring an 
average variation in tracking angle for 
the first and last records, and a correct 
angle for the middle one. 

The turntable operates at the three most 
common speeds, and this is one of the 
differences between the PE -2020 and the 
newer PE -2040. The older machine also 
operated at 16% rpm, but the only records 
we have encountered at this speed are 
"talking books"-none is apparently being 
released with musical content, to our 
knowledge. 

The arm consists of an aluminum tube 
with the angled head at the forward end, 
a counterweight at the rear, the cross 
pivot being angled in the favored man- 
ner. Stylus force is set by a calibrated 
knob on the sturdy bearing structure, and 
covers the range from 0 to 6 grams. The 
counterweight is flexibly mounted on a 

nylon sleeve which is threaded to permit 
fine adjustment of balance for the par- 
ticular cartridge in use-a set-up opera- 
tion which is done with the stylus -force 
knob set at "0" on its range. The desired 
stylus force is then set by the knob. 

Fig. 1-Showing head with Ortofon 
cartridge. 

Anti -skating compensation is controlled 
by a knob at the left rear of the arm 
bearing as well as by the setting of the 
stylus -force control knob. If you are 
using a conical stylus with a radius be- 
tween 0.6 and 0.7 mils, you simply set 

the anti -skating control to "4" and the 
proper compensation is applied regardless 
of the stylus -force selected. For other 
styli-both conical and elliptical-you con- 
sult a table in the Operating Instructions 
for the correct setting of the anti -skating 
knob. All anti -skating compensation can 
be removed by turning a screw in the 
center of the stylus -force knob to its 
maximum counter -clockwise position. The 
compensation is returned to normal by 
rotating the stylus -force control to "0" 
and then resetting it to the desired value. 

The operation of the turntable has 
some interesting features. As in most 
automatics, the cycling is provided by 
a mechanism driven by a gear on the 
hub of the platter, and in the PE -2040 
this gear is nylon. The cycling operation 
is inaugurated by the control lever, which 
has four positions-from left to right, 
they are MANUAL START, 0, AUTOMATIC 

STOP, and AUTOMATIC START. When this 
lever is moved to the AUTOMATIC START 

position, a linkage shifts a small segment 
of the gear on the main cam into engage- 
ment with the turntable gear, and as the 
cam is rotated, the various functions are 
performed. When the selected operation 
is completed, the control lever returns to 
"0" position. 

The platter has a depression in the 
center large enough in diameter to accept 
a 7 -in. record. If a 7 -in. record is in 
place, it depresses a pin in the platter 
which causes the set down position of 
the arm to be at the proper place for 
the 7 -in. record. If no record is on the 
platter, the arm will not set down on the 
rubber mat, thus avoiding possible dam- 
age to the stylus. This is a valuable pro- 
tective feature. 

If there is a 12 -in. record on the plat- 
ter, a sensing pin which rises from the 
chassis during the change cycle encount- 
ers the larger diameter of the record 
and "sends a message" to the arm to set 
down at the llfi-in. diameter as required 
by the 12 -in. record. A 10 -in. record 
holds down the safety pin, but does not 
get scanned by the sensing pin, so the 
set -down position is correct for the 10 -in. 
record. This function is in effect for the 
automatic operation only, since in the 
manual position, the arm is free to be 
lifted and set down on the record in the 
usual manner for manual tables-with the 
fingers-or by the "lift lever" located just 
behind the operating control lever. You 
can, however, place a single record on 
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