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Scott’s best solid-state components!
Build them yourself and save $160

Now you can cnjoy the world’s most advanced solid-
state engineering, and save up to $160, when you build
these Scott solid-state kits. Scott kits give you the same
features, performance, quality, and long-lived reliability
you've come to expect from their factory-wired counter-
parts . . . the only difference is, you build them.

And building them is easy ... Scott’s exclusive kit construc-

tion book with full-size, full-color step-by-step diagrams
reduces the possibility of wiring error ... cuts construction
time to a minimum. All critical circuits are pre-wired, pre-
tested, and mounted on heavy-duty printed circuit boards
at the Scott factory. All wires are color-coded, pre-cut and
pre-stripped to the proper length. Here is a preview of the
exclusive Scott features you'll find in your Scott Kit Pak:
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Rugged silicon output transistors
give full audio frequency
performance at high power ... drive
even the most inefficient speakers.

Massive military-type heat sinks
keep output transistors running
cool . .. assure top performance
under high power output conditions.

Ultra-sensitive LT-112 FM Stereo Tuner Kit
<%

Rugged pre-wired, pre-tested printed
circuit boards greatly reduce the
possibility of error ... stand up
under years of strenuous usc.

Exclusive Circuit Monitor allows you
to set output stage bias and balance
for absolutely minimum distortion,
without external test equipment.

l g__—SeNAL—~

— —= TUNING =— *

METER
ALIGN

SIGNAL | | CENTER
STRENGTH TUNING

Exclusive ‘““Three-Way" front panel
tuning meter serves as a signal-
strength indicator, zero-center
indicator, or highly accurate
alignment meter.

Scott silicon transistor IF circuit
provides amazing stability,
selectivity, and wide bandwidth . ..
far superior to germanium
transistor performance.

Patented Scott Time-Switching
multiplex circuitry insures lowest
distortion and best stereo
separation. Multiplex section is
pre-wired and pre-tested.

New Scott silver-plated front end
gives exceptional sensitivity . ..
cutperforms and outlasts even the
best conventional tube or
transistor front ends.

Specifications LK-60: Music Power/Channel @ 4 ohms. 60/60; Frequency Response, 15-30,000 cps =1 db; Power Bandwidth, 20-20,000 cps. Price,$189.95.
Specifications LT-112: Usable Sensitivity (IHF), 2.2 uv; Selectivity, 4.0 db; Cross Modulation Rejection, 80 db; Price, $179.95.

For complete specifications and featurcs of both Scott solid state stereo kits, fill out this coupon:
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Please send me complete informa-
tion on these great Scott kits:

NAME

ADDRESS

CITY

STATE

SCOTT?

H. H. Scott, Inc., 111 Powdermill Road,

Dept. 35-03, Maynard, Massachusetts
Export: Scott International, Maynard, Mass. Prices and specifica-
tions subject to change without notice. Prices slightly higher
west of Rockies.
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Number 31 in a series of discussions
by Electro-Voice engineers

A COLUMN
ON
COLUMNS

JOHN R. GILLIOM
Senior Engineer

‘\\_,

Columnar loudspeaker arrays have recently under-
zone extensive development, concentrated primarily
on electrical and acoustical characteristics. Internal
variations in speaker size and number, plus in-
genious filtering circuits have substantially in-
creased the uscfulness of this type of speaker sys-
tem. The exterior of most columnar speakers, how-
ever, lias received scant attention.

The most popular housings are of steel or wood,
both offering easy fabrication, but penalizing the
user with high weight. Steel cabinets also tend to
rattle and may well rust when used in outdoor
applications. Wood enclosures are completely un-
suited 1o extended exterior use, with the added
liability of an increase in bulk of the system.

A new columnar speaker, the Electro-Voice Model
LR1SA line radiator, attacks the housing problem
differently. The back and sides of the column are
formed from a single aluminum extrusion that is
simply cut to whatever length is appropriate for
the column design. The extruded aluminum hous-
ing has proved more rigid than an equivalent steel
cabinet, and has resulted in a weight reduction
of about 20%.

Each end of the column is sealed by a die-cast cap
and rubber gasket, and the three-way mounting
hardware is attached to these caps. The loud-
speakers are mounted on a tempered hardboard
panel which simply slides into grooves in the
aluminum extrusion. The speakers are protected
by a perforated steel grille and a layer of Acousti-
foam*. This foam plastic serves as an unusually ef-
fective water barrier (if you lay the column face
up and fill the front with water, the speakers re-
main dry!) yet the material doees not degrade re-
sponse or affect the polar characteristics of the
system,

The LR4SA utilizes six 5”x7” speakers, replacing
twelve 4" speakers in the earlier design. The
change has had negligille effect on polar pattern.
However. the more rigid oval cone speakers offer
extended high [requency response and smoother
overall performance.

Capacitive filters are used in a unique circuit that
effectively reduces the length of the array at high
frequencies without reducing high frequency out-
put. As a result, unwanted lobes to the rear, top
and bottom are minimized over standard column
designs and dispersion is uniform over the entire
range.

The net result is a relatively light, rigid, weather-
proof. and attractive line radiator equally suited to
indoor or outdoor applications.

*T AL

For technical data on any E-V product, wrile:
ELECTRO-VOICE, INC., Dept, 363A
602 Cecil St., Buchanan, Michigan 49107

ElecthoYbres

SETTING NEW STANDARDS IN SOUND
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' Continuing — A Solid-
~ State Flutter Meter, by
Arthur E. Gladfelter.
Beginning of the actual
construction informa-
tion.
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Part 4 of Norman

Crowhurst’s Audio
Measurements Course.

Intimations of Irrespon-
sibility, or Circuits for
Speculation, by George
Fletcher Cooper. The
author explores some
possible — though not
necessarily probable —
circuit configurations.

Together with the usual
departments, record re-
views, and

| Profiles

Uher 9000 Tape Re-
corder (announced for
this issue, but pushed
out by the London
Show).

S8 SR
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speaker System. Pilot
R1100. A new solid-
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state receiver.
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3*' In the April Issue

favorite audio dealer’s, or |
in your own mailbox.

AUDIO CLINI(

Joseph Giovanelli

Send questions to:
Joseph Giovanelli
2819 Newkirk Ave.
Brooklyn, N. Y.
include stamped, self-addressed
envelope.

Signal-To Noise Considerations
1 have a problem with which 1
would like your advice or comment.

I bought a commercial electronic cross-
over. The theory behind this equipment is
wonderful and it almost works. It is a neat,
compuct piece of equipment. It crosses
over perfectly as per settings. It has per-
fect volume control on hoth HF and LF
systems, but it introduces obijectionable
noise into both HF and LF circuits.

What type of noise? It is hard to de-
scribe—a rushing, or frying noise, but that
seems to be it. I have written to the manu-
facturer several times. The reply hinges
around signal-to-noise ratio. It involves
incorporating an audio pot of ahout 500.-
000 ohms in the output and adjusting it
for hest signal-to-noise ratio.

You know what I think? This is a poor
way to handle hi-fi results, and I think
that I'm being pushed around.

On my own, I have designed a standard
crossover circuit (crossover about 1000
Iz) which I am now using. No fuss, no
muss, just switch it on and there you are,
without the rushing, frying background.

Why don’t I give up and go back to
sleep? The commercial product has so
many desirable features, and I am the
curious type, but I don’t know enough
al:out what is wrong to even start setting
it right.

Can you give me some help with this?
Please answer by mail if possible. J. R.
Simonin, Detroit, Michigan.

A. 1 always answer all questions by
mail regardless of their suitability for use
in AupiocLinic. Even those which are
used are answered by mail because I do
not want to keep my correspondents wait-
ing for long periods of time between the
receipt of their letters and the publication
of the material in my column. Also, I al-
ways make sure that a correspondent
wishes his name to be used.

1 believe the answer the manufacturer
of the electronic crossover network gave
vou is a valid one. I also believe that it
needs some elaboration.

Do your power amplifiers have level con-
trols? If they have, you are all set. What
you do is to connect the crossover networks
to the amplifier in the normal manner. Ad-

just the level controls in the power ampli
fier for reduced hiss. Then turn the pre-
amplifier on and listen to the sound. Is
there sufficient signal from the preamp to
drive the power amplifier at this new gain
control setting? If there is, and there will
probably be enough, you are then finished
with your adjustments.

But, suppose that you have no level con-
trols on your power amplifier, and I sus-
pect that this was the assumption made
by the manufacturer of the crossover net-
work. You can incorporate the controls at
the output of the crossover network or at
the input of the power amplifier. 1 prefer
that the control be located at the input of
the power amplifier because the capaci-
tance of the interconnecting cable from
the arm of the control will not result in a
loss of high frequencies.

Such a signal attenuating arrangement
can be of the conventional potentiometer
variety or it may be of the fixed attenuator
tvpe, which is nothing more than a volt-
age divider made from two resistors set to
an attentuation of 10 db or whatever value
is needed to reduce the hiss to an un-
objectionable level.

I am sorry that you feel you have been
given a run-around by the manufacturer.
But, consider this point. Equipment is
made in many different ways. Sometimes
it is necessary to compensate somewhat
when a particular piece of equipment is
added to an existing system. I suppose this
is a curse of sorts, but it is a blessing also.
Tt makes available a tremendous amount
of flexibility which cannot be obtained in
any other manner.

Output Transformer Substitution

In aftempting to substitute a Triad
HFM-193, 70-volt output transformer, for
a conventional 16-ohm unit, 1 found it
impossible to reconnect the feedback loop.
I have tried various resistors connected to
the 125-ohm tap without any success.

The original feedhack circuit incorpor-
ated an 8200-ohm resistor, shunted by a
220-pF capacitor. This circuit was con-
nected to the 16-ohm tap of the original
transformer and to a point between a
2200 ohm resistor in the cathode circuit of
an EF86 tube, and a 100-ohm resistor
whose other end is grounded.

Would you please advise me as to how 1
can complete a satisfactory feedback cir-
cuit using a HFM-193 transformer? The
EF'86 tube is directly coupled to a “long-
tailed” phase-inverter tube. A. D. Wads-
worth, Ah-Gwah-Ching, Minnesota.

A. I can see three approaches to your
problem. The first approach would be to

AUDIO e MARCH, 1966



Graceful cast aluminum tone arm
is counterbalanced—dfirst time
this type of arm has been available
in a popular priced unit. This
feature alone gives the Model 50
particular significance—an
automatic In the economy field
which can track high quality
cartridges for finer sound
reproduction.

Oversized turntable handsomes
mat is reminiscent of previous
Garrard models in a considerably
higher price echelon

Two spindles—a convenient short
spindle for playing single records
manually; an interchangeable
center drop spindle for automatic
play when desired. Spindles
remove for safety and convenience
when taking records off the
turntable.

In automatic position, Model 50
intermixes records of any size
or sequence

Stylus pressure adjusted with
simple, accessible finger touch
device, for correct tracking force,
according to the cartridge
manufacturers’ specifications.

Super sensitive trip, with Dupont
Delrin® to offset friction, operates
with any high compllance pickup
at correct minimal tracking force.

Shell is lightweight cut away type
with extended finger lift for
safety in handling. It plugs in...
accommodates your widest
personal choice of cartridges

can be removed from the arm
instantly to change cartridge

or service stylus.

Garrard 4-pole shaded “Induction
Surge'' motor, with dynamically
balanced rotor, shielded from
hum. Constant speed assured,
free from vibration.

Ultra-compact—fits easily into
any record changer space. Only
1474" left to right, 122" front to
o rear, 454" above and 278" below
B motor board.

) e ) @ Simple installation. Fully wired
- . for stereo, with a 4-pin, S-wire
"= system utilizing separate connec-
tion for ground, to eliminate humy
Leads connect to the changer with
a built in Amplok ptug (for AC)
and a female twin phono socket
mounted on the unit plate (for
audio). Simply plug in at
the piayer!

Important reading: 32-page
Comparator Guide detailing al¢
Garrard models. Write for

This is the Model 50 Garrard’s most compact manual/automatic — Qmolimentary copy to
turntable. Despite its modest price of only $44.50, dealers large and e s
small, in every part of the country, think enough of this unit to include it
in the overwhelming majority of advertised systems which they pre-select.
The dealer knows he can combine the Model 50 with the finest, most
expensive brand name amplifiers, receivers, and speakerz, and offer them
to his most discriminating customers assured that it will be compatible
and an enduring credit to his reputation. The dealer’s recommendation
18 important to you. It is every bit as significant as the vmpressive list

of features on this page, which the Model 50 tncorporates. This is the
lowest priced Garrard automatic . . . but all Gorrards mzet exacily the
same strict standards of quality. Therefore,

you can buy a Modzl 50 with complete assurance
and you will use it with pride as well as pleasure

for years to come. WORLD’S FINEST

CIRCLE NO. 103 ON READER SERVICE CARD



FM ANTENNAS

finest in every
price range!

AWARD WINNING
FIN(EO FM-4G
ANTENNA
$24.90 list

Discover the difference that a FINCO Antenna
makes in FM sound. FINCO's maximum gain

e S
ua_'d -
o
; —
Award Winning
FINCO FM-5
$36.35 list
A ™ . 5 ) s
R
2N

Model FMSL-5
$17.95 list

Model FMSL-8
$29.95 list

means a substantially greater signal over the
full 88 to 108 MC band. Regardless of your
location, you bring in more stations—with
exacting station separation —free from multi-
path reflections. Choose a superb FINCO FM
Antenna, and get perfect FM sound.

Include a FINCO FM Band Pass Filter and
stop FM interference by blocking out un-

Model FMSL-10

wanted signals from TV stations, citizens
band, amateur transmitters, electric motors,
fluorescent lamps, automobile ignitions, etc.
You'll never hear a signal that’s cleaner,
clearer, purer.

FINCO is the name to look for, when you want
the very best in FM reception.

THE FINNEY COMPANY |
34 West Interstate - Bedford, Ohio

Write for Bulletin #20-213, Dept. AM

Circle 105 on Reader Service Card
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Mode! FMSL-12
$49.95 list

=2

Model 3007

Band Pass Filter $6.95 list
Eliminate FM Interference
with FINCO's Band Pass Filter

use a resistor much higher than the origi-
nal 8200-ohm feedback resistor, perhaps 10
times higher, or even more. The capacitor
should be omitted until vou have estab-
lished some kind of feedback action which
appears reasonable. The capacitor will serve
to obtain the last possible amount of feed-
back and to maintain amplifier stability.
The capacitor will be something like 1/3
its original value or even smaller. This is
a matter of transformer design and of ex-
perimentation. A ‘scope and a square-wave
generator are needed to obtain the best
value for this capacitor.

The second approach would be to use
a voltage divider across the 125-ohm or 70-
volt-line winding. Make the total value of
this divider about 1000 ohms and have 100
ohms Dbetween ground and the junction
of the remaining 900 ohms and the feed-
back resistor. Under these circumstances I
suspect that the feedback resistor and ca-
pacitor would be close to their original
values. Experimentation would, of course,
be necessary to verify this.

The third approach is to reduce the size
of the 100-ohm resistor in the low end of
the cathode circuit of your EF86 tube, to
a value of perhaps 10 ohms. The feedback
would be inserted between the high end
of this 10-ohm resistor and ground. Again,
1 suspect that the values in the original
feedback circuit would be close to those
required in the original amplifier design

1 believe that either of these last two
approaches is the best one.

In all three methods, a potentiometer
connected as a rheostat can be used in
series with a fixed resistor. This combination
is used as a substitute for the feedback re-
sistor. The potentiometer is adjusted until
optimum feedback is achieved. Its value,
plus that of any series resistor which has
been added, will be equal to the required
feedback resistor. A ’scope will be use-
ful when determining the amount of ca-
pacitance to be placed across this feed-
back resistor, as has already bheen pointed
out. Once the square-wave response has
been improved, it is possible that the feed-
back may again be increased by decreas-
ing the value of the feedback resistor. You
will want to be sure however, that the
amplifier has about 6 db margin of stabil-
itv. That is to say, if you increase the
feedback 6 db bheyond the point you select
as your optimum, the amplifier will just
break into oscillation.

You may find that no capacitor is re-
quired.

If all three of these approaches fail, it
is very likely that vou have connected vour
output transformer in opposite phase, lead-
ing to the introduction of positive feedback
rather than the negative feedback which
vou seek. Merely reversing the two pri-
mary leads of the transformer should solve
vour problem. If there are screen taps on
your transformer, these, too, should be re-
versed.

AUDIO e MARCH, 1966



ONLY 4% OF RECORDED SELECTIONS' TAKE UP MORE THAN

ONE DISC.

WHETHER YOU USE A CHANGER OR A MANUAL TURNTABLE,

THE REMAINING 96% MUST BE TURNED OVER BY HAND.

Should you buy a turntable or a record changer?

If a good part of your listening is to multi-record albums and
you hate to get up every twenty minutes (or if you like to
stack records for background music), your best bet is a good
changer.**

For playing single records the AR turntablz is, if anything, a
little more convenient than most automatics because of its
operating simplicity. But this is a relatively minor considera-
tion compared to its other advantages —uncompromised pro-
fessional performance and insensitivity to floor shocks.

Rumble, wow, flutter, and speed accuracy are guaranteed, as
a condition of sale, to meet NAB specifications for broadcast
turntables. The speed remains accurate within 0.3% (1/20 of

5% higher in the West and Deep South

ACOUSTIC RESEARCH, INC.,

24 Thorndike Street,

a half tone) whether or not you are using a dust cleaner that
bears on the record, and no matter how much the line volt-
age varies.

Literature, including descriptions of the top stereo systems
chosen by four magazines (all four chose the AR turntable from
a field of competing units costing up to twice as much), is
available on request.

*Close to 100% of non-classical titles, and 89% of classical titles
are on single discs. Data taken from the current Schwann catalog.

**In choosing a record changer make sure that it does not slow
down from the end of one side to the beginning of the next, or the
orchestra will seem to go flat after each record drop. A speed error
as small as 1% means a discernible pitch error of 1/6 of a half tone.

[ R $7800 complete with arm, oiled walnut base, and dust

cover, but less cartridge, 33% and 45 rpm

Cambridge, Massachusetts 02141

Circle 106 on Reader Service Card
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Whatever your receiver or amplifier is
capable of doing, EMI loudspeakers have
a unique way of making it sound better.

Perhaps it's the ease with which EMI
loudspeakers project sound. So smooth
and natural, it seems to float on the air
in all its concert hall glory. Filling the
room.

Or perhaps, it's the deep bass, the in-
comparable realistic midrange and the
full, silky highs.

Or it could be the subtle detailing of
their transient perfect response that
catches you unawares.

So, for better sound from your receiver
or amplifier, come on up to EMI loud-
speakers. -

There's an EMI loudspeaker
to meet any requirement and
budget. From $49.95* to
$395.00*

*Slightly higher in South and West

EMIY/SCOPE

Scope Electronics Corporation
470 Park Avenue South
New York, New York 10016

Also available in Canada.
Circle 107 on Reader Service Card

LETTERS

Schematics with Profiles?
SIR:
I feel your magazine would be con-

' siderably better if you included schematics

with your EQuUiPMENT PROFILES as vou
once did.
They were helpful in forming judgments
on such equipment.
W. L. GrurrIN
192 Alleghany St.,
Roxbury, Mass. 02120
(We would really like to, hut since the
advent of stereo, they take up a prodi-
gious amount of space. The magazines
which specialize in servicing information
usually employ “fold-outs” in order to get
ail the information on one sheetl of paper.

Ep.)

Wooden Monster
SIR:

My story on the “Wooden Monster” in
the October issue seems to be in good
shape with the exception of the graphs in
Figs. 4, 5, and 6. The frequency scales are
all shown ten times greater than they should
be. In Fig. 4, the curve runs from 10 Hz
to 100 Hz rather than from 100 to 1000 as
shown. In Fig. 5 the curve extends from
20 Hz to 100 Hz, and in Fig. 6 the curve
should be between 5 and 100 Hz.

C. WiLLiaM PHILLIPS,
Spaco, Inc.,

3022 University Drive,
Huntsville, Alabama

“In a Word, Don’t"”’
Str:
We would like to say “Amen” to the

advice given by Herman Burstein in THE
Tare Guipk in the September, 1965 issue.

In a word, Mr, Burstein said “don’t.” He
might have added “positively.”

While it is true that a consumer can save
money by purchasing a top-quality recorder
in Japan, the consumer is leaving himself
open for a lifetime of headaches. Many of
the brand names found in Japan are not
seen in the U.S. If only for brand recogni-
tion purposes, many U.S. importers use
their own names on the machines they sell.
In addition, the importers often have modi-
fications made on the machines by the
Japanese manufacturers.

The owner of a machine bought directly
from Japan is probably going to find him-
self with a recorder which will not be re-
paired under warranty, if repairs should
become necessary, and it is possible that
the machine may contain parts which can
not be replaced in the U.S.

This situation holds true for nearly all
hi fi equipment. American importers and
Japanese manufacturers have spent years
building their present distribution and serv-
ice networks, in an effort to ensure con-
sumer satisfaction. Consumers who bypass
routine business channels in purchasing
hi fi equipment (domestic as well as im-
ported) frequently find themselves with
the most expensive “bargains” they ever
owned.

Rosert E. GERSON,

Electronics Division,

Japan Light Machinery Center
437 Fifth Avneue,

New York, N.Y. 10016

Ben 1. Arons—1916- 1966

GAIN IT BECOMES our un-
A pleasant duty to chronicle
the passing of a well-known
member of the audio industry—
one who was respected by every-
one who knew him. Ben L. Arons,
Executive Vice-President of Fish-
er Radio Corporation, died sud-
denly on February 6, 1966, while
on vacation in Florida.

A graduate of St. John’s Uni-
versity, Mr. Arons served as a
Licutenant in the U.S. Navy dur-
ing World War II, following
which he was with the Recon-
struction Finance Corporation,
joining Fisher Radio Corporation
in 1946.

He was active in the high fi-
delity industry, and a member of
the Board of Directors of the In-
stitute of High Fidelity. He is
survived by his widow, Syra, and
two children, Michael and Jean.

Ben will be missed by the en-
tire industry because of his de-
votion to it, as well as for his
unfailing charm and courtesy.

AUDIO o
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Take a real close look. We are
proud of this original microphone
used by so many top recording
artists. Now, like any successful
product, it is being copied in
appearance. However, there are
any number of top performance
characteristics, which we doubt can
be duplicated, which will continue to
make the D-24E first choice of
foremost entertainers as well as
recording and broadcast engineers.

The D-24E boasts a wide and smooth
frequency response (an individually
plotted frequency curve is supplied
with each unit); no popping nor
harshness, plus above average
cardioid characteristics to guard,
against feedback.

Write for details or see your local
dealer today. He will show you,
many more advantages,

‘ A

One step removed,
the D-119ES provides
similar characteristics
such as good cardioid
and freedom from
popping. It may be
connected directly to
any amplifier —
high or low impedance.
With on-off switch.

J

MADE IN AUSTRIA BY AKG GMBH.

1-66

]  PROFESSIONAL
/%/' e/co SOUND PRODUCTS

Professional Products Division, 100 East 42nd St.. New York. N.Y 10017 v L

NORTH AMERICAN PHILIPS COMPANY, INC.
Circle 109 on Reader Service Card
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LIGHT LISTENING

Skyscraper (Original Broadway Cast)
Capitol SVAS 2422
“Skyscraper” is hardly a towering ad-
dition to the current Broadway skyline
but it will have to do until something
more imposing takes its place. It seems
that with each new season, the musicals
on Broadway are getting off to a slower
start. With all the complications that are
an inevitable part of a large production
these days, no one expects to find a
sizable musical rcady to open on the
first day of autumn. It probably isn't
a coincidence that most of the worth-
while shows in recent ycars have been
opening well along in the winter after
the cast has been able to put in months
of work following the usual doldrums of
summer time show business. A whale of
a lot of good professionals have been in-
volved in the preparation of “Sky-
scraper” but it would be stretching a
point to claim they have come up with
even a moderately scintillating musical.
The star is the well known Julie Harris,
appearing here in her first singing role.
The absence of an average singing talent
on her part is really not too noticeable
because the producers have paired her
with a leading man just able to get by
in his songs. It's a small miracle they
manage as much musical interest as
they do when you consider the prosaic
nature of the plot. “Skyscraper” is based
on an old Elmer Rice play called “Dream
Girl” and recounts the far-from-excit-
ing story of a stubborn young lady who
refuses to sell her tiny Manhattan
brownstone standing in the path of a
skyscraper slated for her block. I can
seec how the plans for the show first
looked promising to its backers. Pro-
ducers Feuer and Martin have had their
share of musical comedy successes in the
past. Composer Jimmy Van Heusen and
lyricist Sammy Cahn, jointly and with
other writers, have received five Aca-
demy Awards for past efforts. Their
main contribution here is the song
“Everybody Has the Right to be Wrong”
and several other tunes that paint vig-
nettes of New York life. In “Local 403"
the construction crew working on the
skyscraper finds itself being berated
by its foreman for conduct unbecoming
a Manhattan work gang: ignoring two
passing girls. “Haute Couture” and “The
Gaiety” has the authors paying tribute
to the New York fashion scene and a
leading delicatessen in the Times Square
area. Among the featured players, Char-
les Nelson Reilly provides a silver lining
of professionalism in a cynical-type song
he does so well. The show may not be a
block buster but it does offer employ-
ment to people outside the building
trades.

%12 Forest Ave., Hastings-on-Hudson, N. Y.
10706
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Chester Santon

Scottish Heritage
Columbia CS 9207
An up-to-date sterco recording of bag-
pipes and drums should be able to mus-
ter a bit of space at least in magazines
whose publishers have some form of
“Mc” in their name. Up ’til now the
Angel, London, and Audio Fidelity labels
have done the most to ingratiate them-
selves with pipe 'n drum fans seeking
sonic thrills in this somewhat specialized
musical field. Columbia Records is en-
tering the lists with a recording made
in Canada that offers the standard fea-
tures of clean miking and processing
available on most of the label’s current
releases. The setting for the recording
is historic Fort York in Toronto and it
would take a pipe expert indeed to de-
termine where the musical content of
niarches, reels, jigs. and polkas differs
from similar material offered by Euro-
pean bands on other labels. Unlike some
of the Angel and London productions,
however, little effort has been expended
by Columbia to create the illusion of an
outdoor parade ground. The sound, while
not cramped, is more closely miked than
average for pipe bands.

Marlene Dietrich in London
Columbia OS 2830
Lets assume the worst. A reader of
this column is too young to know what
Marlene Dietrich has been all about and
he hasn’t been enterprising enough to
investigate her existing series of records
on the Columbia, Decca, and Capitol
labels. The fact that many of her re-
cordings are available only in mono
sound certainly is no excuse for unfa-
miliarity with an artist of this stature.
Even the youngest and most callow
listener, upon sampling Miss Dietrich’s
list of currently obtainable records,
would have to admit this London concert
appearance, recorded in heautifully bal-
anced stereo, is the best of the lot. As
a full-fledged member of the “Dietrich
generation,” I wouldn’t hesitate to rate
this release one of the truly outstanding
recordings of the past decade in the
field of light entertainment. No matter
where one approaches the list of good
things on this reecord, the final accolade
must be reserved for the amazing Die-
trich personality and the way she can
still project it in a song. Some of the
outstanding features of the album can
be considered man-made, but the Die-
trich charm is a phenomenon released by
the gods only to a favored few. The
smart arrangements, the uncanny rap-
port between orchestra and star, the
unerring taste in the choice of material
—most of these things can be worked
out with lavish use of money and hard
work. The key ingredient is a star’s per-
sonality no young singer of today could
quite duplicate. The singer’s ease in
handling German and French would be

enough to sct her albums apart but,
along with Miss Dietrich’'s Continental
specialties, there are other surprises in
the treatment of typically American
standards such as “I Can't Give You
Anything but Love” and ‘“Honeysuckle
Rose.” Much of my enthusiasm for this
recording can bec traced to the excep-
tionally deft work of the recording crew
that miked the Dietrich performancec at
a concert in the Queen’s Theatre in Lon-
don. A model job has been turned in
during the course of what must have
been a very pleasant recording assign-
ment. A

Copenhagen Pops
Capitol 5G 7253

The dvnasty in light music founded by
Johann Strauss in Vienna overshadowed
quite a few composers of the time who had
clected to write in a similar vein. Fellow
Austrians were not the ()nly ones to pro-
duce music destined to remain in the shade
while the glittering works of the Strauss
family went out to conguer the world. It
took the mushrooming sales of LP records
and the search for less well-known light
music to bring other composers of the
Strauss period into any kind of prominence.
Even then, fame was quite slow in coming
to the carefree melodies of Hans Christian
lLumbye, who could be described as the
Danish Johann Strauss.

Lumbye organized his own orchestra in
Denmark back in 1839 prettv much for the
purpose of playing Strauss concoctions
then invading the country for the first time.
It wasn’t long before he was turning out
his own galops, polkas, and waltzes as con-
ductor of the orchestra at the famous
Tivoli Gardens in Copenhagen, a tourist
attraction to this day. Cupitol Records now
performs a distinct service to connoisseurs
of blithe melody in presenting u represent-
ative collection of Lumbve’s works that
includes some of his best material. The
Copenhagen Symphony Orchestra is led
with aplomb bv Lavard Friisholm in a
program that gets off to a bracing start
with “The Copenhagen Steam Railway
Calop” inspired by the opening of the
city’s first railway in 1847. In this and
other  confections (the cork-popping
“Champagne Galop” and so on you'll find
the Danes most generous in their dispensa-
tion of sound eflects).

Elke Sommer: Love in Any Language
M-G-M E 4321
Admirers of Elke Sommer’s ultra-
blonde beauty on the screen of their
local theatre will be the first to pay
attention to this new release at their
record dealer. Such admirers have been
busy enough with other matters not to
wonder if the girl could also sing. Here
is their chance to find out. Marlene Die-
trich, another Berlin Girl, may not con-
sider Miss Sommer a logical successor
in the field of continental song but any
reasonably lenient male will be sure to
detect a certain similarity. If for no
other reason, Miss Sommer deserves a
lot of credit for attempting to rival the
great Dietrich in taking on songs in a
variety of languages. You'll find lyrics
here in German, Spanish, Italian, French,
and English. They’re handled very nicely
for a movie star entering a new line of
work. A
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At last! A solid-state
ampliﬁer as great to listen to

as 1t 1s to talk about.

The relatively young technology of transistor circuits
has resulted in quite a number of solid-state amplifier
designs that sound better on paper or in conversation
than in listening tests. It seems that producing a no-
compromise transistor amplifier which equals or sur-
passes the performance of comparable vacuum-tube
models demands a special kind of engineering ability
and experience. The Fisher kind.

Fisher solid-state amplifier design begins with the
elimination of the output transformers. Thus, the bass
performance and transient response of the new Fisher
TX-200 stereo control-amplifier are not limited by trans-
former characteristics. And instead of the conventional
two output transistors per channel, Fisher engineers
put in four, to give you conservative operation at high
power.

Not only can the rated power of 90 watts (IHF Stan-

F R Ra RPORATION, INC

AN R P € 3 HER RAD Na

dard) be obtained at 8 ohms, but almost as much power
is available at 4 or 16 ohms, via the special impedance-
selector switch. The IHF power bandwidth (half power at
low distortion) extends from 12 to 50,000 cps!

As for preamplifier and control features, the TX-200
provides 16 inputs and 12 outputs to accommodate
every type of program source, recording instrument,
loudspeaker or headphone — plus 16 controls and
switches for total control of the sound by the listener.

And, unlike certain hastily engineered transistor am-
plifiers, the TX-200 works equally well after three hours,
three months, or three years. That's Fisher reliability.
And that’s really something to talk about.

Size: 15-1/8"x 4-13/16” x 11-7/8” deep. Weight: 24 Ibs.
Price: $279.50. Cabinet: $24.95. (The Fisher TFM-200, a
transistorized tuner designed to match the TX-200, costs
$229.50.)

P — S S S S S e ————

N FREE! $2.00 VALUE! Send for your free |
I " o155 100 et copy of the new 1966 edition of The Fisherl
R Handbook. This revised and enlarged version
I %E&g&?r of the famous Fisher high fidelity referencel
I | y guide is amagnificent 80-page book. Detailed in- I
I ] formation on all Fisher componentsis included. |
I ! Fisher Radio Corporation I
| A 11-35 45th Road, |
' ] Long Island City, N. Y. 11101 '
: ' Name _ :
' 033 I
l Address |
' City State Zip I
| Y .. L L T T T T T T

oo The Fisher TX-200
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ABOUT MUSIC

Harold Lawrence

Recording in the Concertgebouw, Amsterdam (Part I)

‘new’ hall is always a challenging ex-
perience. You may have heard con-
certs and listened to recordings made in
that hall, but will it respond to your micro-
phones and your general recording ap-
proach? You are determined to get the
most out of the hall, however, and you are
reassured by the fact that your electronic
gear has been set up in a legendary con-
cert hall: the Concertgebouw of Amster-
dam.
Built in 1888, this center of Dutch con-
cert life ranks high among the world’s

R ECORDING FOR THE FIRST TIME in a

The dynamic range of the Concertge-
bouw is breathtaking. The softest tones
will not thin out in their journey through
the hall, or worse, die stillborn on the
stage. The reverberation period reinforces
orchestral crescendos; at no time does the
hall “limit” or swallow up the full impact
of an orchestra’s peak power. The listener
is surrounded by a wanmn mixture of direct
and reflected sound. Like a noble wine, the
Concertgebouw’s “original taste” (direct
sound) is enhanced by a lingering after-
taste (reverberation) that bathes the aural
palate.

Fig. 1. Willem van Otterloo conducting the Hague Philharmonic in the Concertge-
bouw during recording session.

music rooms. With a reverberation period
of two seconds when occupied, the sound
is mellow and well blended, ideal for
music of the Romantic era. The Concert-
gebouw seats 2206, is unusually wide (95
teet) and has a ceiling 30 feet above the
orchestra. Diffusion is remarkably even:
orchestral details emerge with vivid clarity
out of a rich homogeneous texture. As in
most halls, the sound in the balcony is
preferable to that on the floor, where the
longer time-delay caused by the hall’s
width and length reduces clarity for those
concertgoers seated on the side or too close
to the stage. There is also a falling off of
double-bass level due to the audience
seated behind the orchestra. But to this
listener, the faults of the Concertgebouw
are vastly outweighed by the fusion and
luminosity of the over-all sound.
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A great hall is to the recordist what a
great wine is to a viticulturist. Entering
the empty Concertgebouw on the brisk
January morning a day before the first ses-
sion, one could almost “smell” the vintage
sound of the hall. The house lights spread
a golden glow over the old-fashioned
elegance of the auditorium. Stagehands
had removed hundreds of seats from the
floor, laying bare the hardwood surfaces.
The conductor’s podium, with its red vel-
vet carpet and railing, taken down from
the stage, now faced an array of orches-

tral chuirs in the center of the auditorium.

The decision to record on the floor was
bused on several factors: the steep stadium
steps of the stage afforded little or no
maneuverabilitv for most instruments; with
a tull orchestra, the producer is restricted
to a limited mmnber of physical arrange-
ments; there is little he can do about per-
cussion, harp, piano, double basses, and
other sections except to move around
microphones; he must settle for what he
can pick up in the positions available to
him. And these positions entail sonic
penalties: double basses and timpani lose
energy on the relatively thin stage floor;
horn sound tends to be soaked up by the
upholstered audience seats rising up from
behind the stage toward the organ pipes,
and the close proximity to the stage walls
of certain sections can result in a boxed-
in sound, in contrast to the open sound
of instruments closer to the apron of the
stage.

The above hazards virtually are elim-
inated by moving the orchestra to the floor.
Here instruments can be deployed at will
on the center of the cleared floor. Winds,
brass, and other sections can be raised on
platforms according to the needs of the
musical score. Baffles can be brought into
play to reinforce double busses, horns, and
other sections when necessary. Even a
Stokowski would have total freedom to
carry out the most far-out ideas on orches-
tral placement.

Another advantage of working on the
floor is the fact that sound waves radiate
from a centrally located sound source, re-
sulting in an improvement in blend and a
more consistent reverberation pattern.
Finally, the floor itself provides a sturdier
acoustical underpinning due to the five-
inch concrete-and-sand base beneath the
hardwood planks.

On January 3rd, Philips produced the
first of a series of recording sessions in
the Concertgebouw using equipment new-
1y designed and built in its laboratories in
Baarn. The orchestra was Holland’s second
symphonic organization, the Hague Resi-
dentie, whose musical director is Willem
van Otterloo. As the musicians filed into
the hall it filled up with the sounds of
their greeting each other—this was their
first session after the Christmas and New
Year holidavs. Overlooking the setup was a
television camera which was to relay the
scene via closed-circuit TV to the mouitor
room downstairs, where the recording and
plavback equipment was housed. As van
Otterloo ascended the podium, the men ap-
plauded; he made a brief speech, signalled
the oboist to sound the ‘A’ and announced
the first work to be recorded. In the con-
trol room, the Philips recording crew lis-
tened to the familiar crescendo of tuning
noises, straining their ears for some clue
as to the shape of sounds to come.

(To be continued)

Give...so more will live

HEART FUND
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Sounds Like A Million

COSTS HLY 39

3

Honestly, we did not expect you to believe it —

You are right — no speaker system sounds like a million, no matter
how high the cost.

But the Martin 390 does sound as good as systems costing twice
as much — and maybe even better.

The price?
We don’t lose money on it — but we don’t make much, either.

Frankly, we decided this price would introduce Martin Speaker
System Sound to more people — people like you who treasure
“Living Sound”— and don’t believe it’s necessary to spend a mint
of money to have it.

Specifications?
We have loads of them — all you need — some are listed here.

But, after all, you can't tell sound by looking at numbers — it’s
the sound you’re listening for.

So, hie off to one of our franchised dealers and hear the 390
“Living Sound” - then you decide.

We know the answer — but we want you to be sure, too.

marfin Speaker Sysiems

nN78 Broadway
New York 10001
Tel Area Code 212
[Si=I=Eml=1S] =T

If your dealer has not yet stocked Martin Speaker Systenis write us
his name and address along with vours and we will equip his shop
with our “Living Sound"” Speaker Systems for your convenience.

Circle 111 on Reader Service Card
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Some Specifications:

Dimensions
18” x 10” x 9” Weight 12 Ibs.

Cabinet
3/4” Hand-rubbed Walnut

Impedance

8 Ohms (4 Ohms with direct coupled
transistor amplifiers)

Response
40 Hz to 18,000 Hz

Tweeter
New type 3” closed-back tweeter with
hyperbolic configuration

Woofer

8” extended range woofer of special design

New Damping Technique
With infinite baffle loading

Power Handling Capacity

S to 25 watts (will handle more power if
used at reasonable listening levels)

Crossover

LC type at 5000 Hz; oil-filled capacitor
and low loss air coil for minimum phase
shift

Grill comes
in 4 colors:
Cloud White
Indigo
Tangerine
Sienna

Warranty
For a period of 2 years.
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Edward Tatnall Canby

Pitch and Tempo Regulator

vERY 80 OFTEN I run into what I like

to call a double-taker. One of those

things that you read about, or look
at, ever so casually, and then maybe two
seconds (or two hours later—you draw in
a sudden quick breath and sputter out,
“WHAT??? Now wait a minute! Lemme
see that thing again. And vou take another
look, a lot longer. a lot closer.

I ran into one of these, a real dilly, a
year or so ago. It's been rankling me, in
my mind, ever since. Won’t let me go.
Can’t remember just which ad, or tech-
nical account, or promotional flyer first hit
nie with the old one-two, but it could,
mavbhe have been the following. Concern-
ed a certain tape recording accessory,
hooked onto vour pro recorder for re-
recording radio programs and the like.
Anything on tape, like, say, music. Or
speech. What did it do? This:

“To change program length without
changing pitch. To change pitch without
changing program length.” That's all it
SaVS.

\WWHAT??? Now wait a minute. . . .”

You see what I mean. So I determined to
do something immediately—1 couldn’t let
that ride along in my mind unexplained.

Immediately, in myv slightly confused
world, takes a little longer. But I'm a per-
sistent guy, no matter how slow. And so
after a couple of vears of sporadic com-
nmunication with Stephen Temmer of Goth-
am Audio, 1 actually got down to busi-
ness one day last fall and went over to
see the impossible. And to hear same. It’s
called the Eltro MLR 38/15 Tempo and
Pitch Regulator., (or, at least, the model
then in production was so called. A newer
streamlined version is now out, essentially
the same machine.)

Now, how in the T.ord’s own name can
anybody in this realistic, factual world
start speeding up recorded pitch without
changing the tempo or speed? And, con-
versely, how in anybody’s name can vou do
the equally fantastic, and make the re-
corded music move faster, or slower, while
staying at the same pitch? And all this via
the turn of a convenient knob, repeatably,
predictably, accurately?

For those who have not quite vet done
the proper double-take, let me remind one
and all of the variable-speed turntable
(the old acoustic wind-up is the prime
example!) whereby the speed AND pitch,
indissolubly locked together by Mama
Nature herself, go faster/higher, or slower/
lower, depending on the table’s rpm of the
moment. Speed up the table and the music
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goes up in pitch—as in speed—with a lovely
fire-siren effect. Slow down, and the
pitch sags most dismally in the familiar
groaning manner. Play speech too fast and
the speaker changes personalitv—the virile
male baritone becomes a petulant tenor.
Slow him down and he turns into a grand-
fatherly bass, fat and tubby in sound.

(Did you ever discover, by the way,
that pitch change is actually far more
sensitive for speech than for music? A
quarter-tone rise or drop over the normal
pitch in music is noticeable to most of us
but not at all unpleasant—plenty of record
players do it all the time for us. But the
same  variation in a well-known voice
wreaks a devastating change in personality.
Don’t I know—thanks to many misguided
recordings and playbacks of my own
broadcast tapes!)

... So how do we go about detaching
speed from pitch? Absolutely unnaturall
Like enlarging a photograph without mak-
ing the figures in it any bigger. Or de-
taching weight from specific gravity. (Yep,
can do. In a centrifuge. Or in space.)

I put the question to one of my vounger
audio bufl friends just now, and got an
answer in around 15 seconds. Correct. So
I'd better stop stalling around. You do it
via rotating heads. Like in a videotape
recorder only different.

Wire Brush Scanner

. . . Funny, T just thought of an odd
analogy for the latter, and mavbe the form-
er too. Know those dizzy rear-steering wire-
brush-and-spray street cleaners you see in
big cities, zooming along next to the curb,
scooping all the dirt and debris, lightly
sprayed with water, into a central hopper?
Well, those wire brushes, striking sparks
(and making your spine shiver sometimes)
are “scanning” the street surface some-
what in the fashion of rotating heads on a
passing tape (especially, a helical-scan
videotape!). They manage collectively
with many fast-moving steel wires, to cover
a vast mileage of asphalt at a very high
sweep speed, though the machine moves
along the tape—I mean, the street—at a re-
latively slow pace. The wires and the
brushes do an overlapping job that is sup-
posed to contact all the “information”—i.e.,
dirt and debris—at a properly vigorous
sweep frequency.

(Don’t be disturbed if vou see a trail of
junk being emitted from the rears of these
monsters almost as fast as the “information”
is picked up at the front. Mere bureacratic
inefficiency. The gadget is supposed to
clean the street perfectly.)

15 ips Standstill

The Eltro Regulator sweeps the tape
surface lengthwise, via a quadruple head,
a turning four-banger system, four heads
precisely aligned 90 deg. apart on a re-
volving axis, drum-like. The passing tape
wraps 90 deg., or a quarter way, around
this drum so that as one head leaves it the
next picks up the (taped) story, with-
out perceptible break in continuity.

Indeed, if you will turn this four-header
around, with the tape standing motion-
less, vou'll get a fine “scan” of a very tiny
piece of taped sound, over and over again,
the individual sound-bits joined into a
continuous output. Very odd. Turn the
heads faster and, of course, like Mama
Nature said, the pitch rises.

If you'll turn these heads backwards,
thus, at precisely 15 ips on a 15-ips tape,
vou'll get a steady playback sample of a
short segment, at the correct pitch. Sort
of like a repeating groove on a disc record,
only the repeats are a lot faster and blend
together.

Backwards? Of course. Matter of rela-
tivitv. If the tape moves forward over a
stationarv head, then the head must move
backward over a stationary tape.

Aha! Now start moving the tape too. As
vou begin tape motion—while those heads
continue to whirl in reverse at 13 ips.—
some interesting things begin to happen.
Instead of the same bit of tape, you now
begin to get overlapping segments, each
one a bit further advanced along the tape
than the last. Move the tape slowly and
vou get a slowly-progressing, over-and-
over version of what's on the tape, not so
much from a to z as, say, from a to e and
then b to f and ¢ to g and so on. As you
move vour tape faster, the heads still turn-
ing at the fixed 15 ips, vour samplings
spread out along the recording.

\When you reach a tape speed of 15 ips,
vou will, of course have restored the origi-
nal continuity of the taped material, at the
correct time-sequence speed, exactly as
recorded.

(WHAT??? Now weit a minute. . . )

Just that. And what of the pitch? That
depends on the relative speed between
tape surface and head(s). With the tape
standing still, remember, and those heads
smoothly rotating at 15 ips backwards,
abutting on euch other (they are all con-
nected in a single-series coil, by the way),
the resulting sound was at normal pitch,
though taken entirely from one short bit of
tape. Move the tape itself also, at 13 ips
forward—and the sum total is 30 ips. That’s
what the collective heads “hear”.

So you are now producing a most re-
markable plavback sound. The duration
of the programmed material is normal. Ten
minutes of original recording comes out in
ten minutes. All the rhyvthms, beats, note-
lengths, all the words, syllables, sentences,
are timed normally, as recorded. BUT,
thanks to the turning street-cleaner heads,
the plaving speed is doubled. And so the
sound, at norinal speed (tempo) is heard
an octave higher than normal.

You have done the impossible. You have
detached playving time from pitch.

Actually, the Eltro does not have this
extreme range—it can raise pitch variably
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A wonderful adventure in sound awaits you with your discovery that the so

AUDIO

The Sound of Marantz
is the Sound of
Music at its Very Best.

SLT-12 Turntable, with Straight Line Tracking—a
revolutionary development from Marantz. Finally, the art of tracking a record precisely
duplicates the art of cutting a record. The Marantz SLT-12 Straight Line Tracking
System exactly conforms to the angle, posture and the tracking used in the cutting of
an original master stereo record. This perfect compatibility eliminates inherent defi-
ciencies of conventional swing arm record player systems and gives incredibly perfect
reproduction. 1t is the only system available which faithfully reproduces sound as it was
originally recorded.

10B FM Stereo Tuner —rated by Hi Fi/Stereo Review
magazine, “I have never seen a tuner to compare with it...so outstanding that it is
literally in a class by itself”
7T Solid State Stereo Console—a solid state component
unequalled in performance, versatility and flexibility.

8B Dual 35 Stereophonic Power Amplifier —American Record
Guide magazine says, “The Marantz 8B is a logical choice for ears that demand the
best sound for now and for the future’’

rmanaramniw

MARANTZ, INC. SUBSIDIARY OF |_SUPEASCOPE | INC.
25-14 BROADWAY, LONG ISLAND CITY, NEW YORK

Model 7T Sterco Pre-Amplifier  Model 8B Stereo Amplifier

MARCH, 1966

und of Marantz is the sound of music at
its very best. You, too, can own an incomparable Marantz system. Ask your dealer about the easy finance plan.
Circle 112 on Reader Service Card
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'SOUND ANSWERS
FROM
FAIRCHILD!

"" "‘ ‘

NEW! FAIRCHILD COMPATILIZER

An automatic approach to the production
of compatible stereo records. Unit rejects
low frequency information automatically
above a predetermined level. COMPATI-
LIZER also permits increase in high level
recording time on discs and provides
maximum separation on stereo records
above 100 cycles.

NEW! FAIRCHILD BASS-X -

A dynamic low frequency rofl-
off filter —that can roll off
high fevel low frequency infor-
mation, starting at 500 cycles,
with a maximum obtainable
attenuation of 12 db at 30
cycles. Device is automatic, is
in use only when needed —
therefore it does not alter
overall apparent low end
response to the ear. THE FAIRCHILD
BASS-X allows higher levels to be main-
tained in disc recording, and particularly
assists AM stations in increasing their ef-
fective signal by automatically controlling
the often troublesome low end response.

@
o

walk

FAIRCHILD CONAX

The world-accepted way to control high
frequency spillovers in FM due to pre-
emphasis. Lets your station maintain real
high levels even with brass and crashing
cymbals and still avoid FCC citations.

THE REVERBERTRON

The new compact rever-
beration system which

gives your station that . | |
real big voice. With the T

Reverbertron you can g i 1 47
have that Carnegie Hall & »» A{ﬁ

effect as close as the
gain control on the Reverbertron. And
there’s the added plus of an increase In
apparent loudness of your station sound
due to reverberation, as originally
described by Dr. Maxfield.

Write to FAIRCHILD ~ the pacemakerin pro-
fessional audio products — for complete details.

SOUNDMEN GET

FAIRCHILD

RECORDING EQUIPMENT CORPORATION
10-40 45th Ave.. Long Istand City 1. N.Y.

Circle 113 on Reader Service Card
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lupwards (tempo or speed sequence re-
maining fixed) as far as seven half-tones
above normal or an interval of a fifth, a
"pitch ratio of 1 to 1% (i.e. 2:3). But by an
inverse process—run the heads the other
|wav—it can lower the pitch (speed or
ltempo remaining fixed) ahuost to sub-
sonic levels, a full three octaves, a ratio of
[ 1to% (8:1). That turns a very high soprano
intc a very ponderous basso. Quite a trick.

Paradoxically, the Eltro gets its pitch
| variation by fixing the tape speed itself at
' standard—running it off the regular capstan
of vour own recorder. The wvariable is
entirely the rotating head systemn.
Tempo

But let us continue a slightly theoretical
operation here. Now, about the Other
Half, the alternative whereby, pitch re-
maining fived, tempo or speed is varied,
time itself, so to speak, slowed up or
| speeded ahead. Suppose we take that tape
running at normal 15 ips with the heads
turning against the tape direction at 15 ips
| for a tape “scan” of 30 ips—and start doing
further tricks. Let’s raise the tape speed
above normal.

Then the time-sequence goes faster, of
course. Always does. Ten minutes are
speeded up, maybe to five. Just run the
tape at 30 ips.

If you now stop the heads from turning,
youll get a “normal” double-speed play-
back, at the same pitch we had a moment
ago—an octave higher than recorded.
Right? But now turn the heads the other
\(Iirection, so their scanning subtracts from
the actual tape speed, instead of adding to
it. That brings the pitch down, yes?
| And so if you do it just right, voull
bring the pitch back to normal—while the
spced of recorded events remains twice
normal. Tempo change.

With tempo control, vou may play
back a spoken recording in a perfectly nor-
nmal voice, but twice as fast as recorded.
| Or a piece of music in the same key as re-
corded but speeded up to double time. Or
vou may slow the recording down, simil-
arly.

s

You may conceive this process in two
|steps, and it can be done thus quite free
|of present patent restrictions. (There are
' other machines which can do it this way,
|toc.) First, you speed up the recorded
[tape, or slow it down, via a variable cap-
stan speed. Then vou speed up, slow down,
lor reverse the rotating heads to readjust
the pitch to normal, i.e. a net 15 ips.

But Eltro doesn’t do it that way. Eltro
does it automatically, simultaneously and
in permanent pitch “sync.” You just turn
a knoly for faster or slower tempo and the
music, or speech, goes faster or slower over
a wide range while the pitch stays fixed,
precisely normal, precisely at 15 ips. This
is the exclusive, patented aspect of this
particular systen. The variable pitch sys-
tem, via rotating heads, is not now re-
|stz'icted; other systems can and do make
use of it. Automatically controlled variable
tempo is the Eltro refinement, and it is
wonderfully ingenious.

Relativity

| The thing is done by a tricky electrical
relationship between turning-head speed
and tape capstan speed. If these two can be
continuously variable in a calculated re-

lationship—when vou change one the other
changes too—then the combined effect, the
actual speed between tape surface and
heads can be maintained automatically at
a fixed 15 ips—and pitch will remain un-
changed. Only the tempo or speed-of-events
will vary.

It is done via an ingenious double-acting
motor. Both the inside and the outside of
this motor rotate. The inner segment, the
normal rotating armature, is the tape cap-
stan drive. The outer segment, the usual
stator, also rotates and is geared to the
revolving head assembly. (Mechanically
linked, anyhow—whetlier by gears or
simple pressure wheels I dunno. Didn’t take
the cover off.)

So now we get into some lovely rela-
tivity! A two-element motor, and its own
“internal” fixed speed is 900 rpi. Tum on
the juice and the inside element rotates
at 900 in respect to the outside. If you
hold the outside motionless, the capstan
goes at 900 rpm. But if you turn the out-
side, say at 100 rpm the other direction,
then the inside runs at only 800 rpm. (It
doesn’t know the diflerence, so to speak—
it still is producing 900 rpm in its own pri-
vate inner motor-world.)

1f you stop the capstan entirely, the out-
side shell will run along blithely at 900
rpm in reverse—and the motor is as happy
as ever.

Now what is needed in this special situ-
ation, is a system whereby when the cap-
stan drives tape at 15 ips, the rotating
heads stand still (and we have normal
playback), but as the capstan goes either
slower or faster in forward tape motion,
the heads turn variably, in either direction,
so as to maintain 15 ips between heads and
tape.

Speed up the tape itself, above normal,
and the heads must turn in the same direc-
tion, to reduce the “contact” speed back to
normal. Slow the tape down below normal
and vou must turn the heads the other
way, backwards (as per above) to re-
store the normal pitch.

The outside element of the double-ac-
tion motor is the one which can do this
job. Your capstan always goes forward.
(The machine doesn’t produce backwards
sound, thank you. In fact, the capstan
variable is between 350 and 1600 rpm,,
forward.) On the other hand, the heads go
either way, or stand still. So, the set-up is a
cinch.

When the outside of the trick motor is
motionless, the 900 rpm on the inside
drives tape at 15 ips. Normal playback.
Turn the outside forward (same turning
direction as the capstan) and tape speed
goes up. Turn the outside the otherway and
tape speed goes down. And since the out-
sidle is also geared to the turning heads,
the joint electro-mechanical relationship
stays neatly fixed. Head turning speed
varies inversely with tape speed.

Variable Friction

One more link still missing. How do you
turn the outside of the two-way motor?
That's the essential control and obviously
it can’t be done by hand-turning! Eltro
does it via a second motor and a mechan-
ical linkage that does what is needed, i.e.

(Continued on page 83)
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Let’s Look Ins:
The Dynamac
Microphone,

HIS is no ordinary microphone.

It’s a University Dynamic. Its

manner of working is no less
complex than a modern day computer.
Its system of elements is a carefully
integrated electromechanical network
in a critical acoustical area. Without
showing it, it’s really quite a bit
more than it appears to be — you
have to listen to know the results of

its performance.

For example — you move
toward a flurry of activity
on a busy street corner and
witness a man-on-the-street
interview. To you and other
observers the conversation
is barely audible above the
noise of people and traffic.
But to radio listeners the
conversation is clear and
unaffected by the sounds of
the city . . . They are re-
mote . . . in the background
‘where they belong. This is
the distinct advantage of a
microphone with a good
directional pick-up pattern.

Modet 8100
Oirectionai

{Cardioi
With Switch

L]

Mode] 8000
Directional

(Cardioid,
Shock Mounted

To demonstrate another
case in point — Imagine
yourself an unseen observer
in a conference room of a
large organization. A tape
recorder, fed by a single
microphone in the center of
the conference table, is in
use to store all that is said.
Many speak at once; some
face away from the micro-
phone; it appears that all
that is said may never be
recorded, but every word is
captured on the magnetic

shock mountes - tape for later review.

AUDIO e
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Both are University Dy-
namic Microphones, but
they are different in de-
sign, to serve different ap-
plications. The first is a
highly directional (cardi-
oid) dynamic microphone, !
sensitive only to the areas

of sound intended for radio

transmission or recording E
. .. proportionally attenuat-

ing sounds emanating from %\
adjacent unwanted areas.

The second is a highly ]-
omni-directional dynamic
microphone sensitive to
sounds in all surrounding
areas, specifically designed
to pick up all sounds.

Model 2000
ni-

mi
Oirectionat

University makes only dynamic micro-
phones, and they have the
precision and reliability of
modern day computers. Look

H at the inside to confirm
this. The bullet shaped
dome of the directional car-
dioid is a precise and signi-
ficant component of the
system. It smoothes the vital
mid-range to provide a more
dynamie, natural quality of
sound. Filters, in a special
configuration, soften sud-
den bursts of sound, mini-
mize sibilants and protect
the inner components from
dust, dirt and the elements.

A series of ducts further

extends the performance of

the microphone’s transducer
element providing gross and
fine tuning (similar to the
bass ducts of a speaker sys-
tem) to sharpen the direc-

K tional characteristics and

wisswn  reinforce the bass response.
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Model 2040
omni

Model 2050
omni

Directional
With Swivel
& Switch

The unusual, rugged, yet
highly sensitive character-
istics of the exclusive
University UNILAR dia-
phragm are responsible for
the remarkable high fre-
quency performance of the
University Dynamic Micro-
phone—sharp, bright, clear
and transparent. The
UNILAR diaphragm is not
easily seen in the precision
cut-a-way shown above. It
is extremely light and sliver
thin, rugged and virtually
indestructible. It could
easily withstand torturous
bursts of sound and vibra-
tion, even without the ‘“ex-
tra-measure-of -protection”
blast filter screen in the
assembly. This feature alone
guarantees continued distor-
tion-free and trouble-free
performance . . . and, it is
only one of many features
that make the University
Dynamic Microphone the
choice of professionals and
recording buffs. No matter

what the nature of sound, University
captures the live natural quality that
makes the difference right from the

start . .

. better than other

microphones costing $10, $15
or even $20 more. And, the

exclusive University war-
ranty gives you five times
as long to enjoy this “lively
sound.” Stop at a franchised
University Dealer today and
try for yourself. Get more
info too!
C62M, UNIVERSITY
SOUND, P. O. Box 1056,
Oklahoma City,
73101 . . .
FREE copy of ‘“Micro-

Write to Desk

Oklahoma
we’ll send you a

{Cardioid)
with Lavalier

phones 66.”
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EDITOR’S REVIEW

s THIS ISSUE is being “put to bed,” the Philadelphia
High Fidelity Music Show is just beginning. And
the Los Angeles show is approaching. In spite of

that, this issue is largely devoted to the first United
States Department of Commerce High Fidelity and
Stereo Components Exhibition to be held in London,
starting concurrently with the International Audio Fes-
tival on April 14. To make sure that several thousand
copies of Aubto will be in London in time for the U.S.
show, the show issue had to be this one—hence the
apparent carliness of the show issue. Over thirty dif-
terent manufacturers’ products are being exhibited in
London, which is an important event for these manu-
facturers and the British hi-fi buffs. More about the
show in the special section starting on page 33.

MORE THAN WE COULD CHEW

[t seems that we have been listing articles on page
2 under Coming, and then not finding room enough to
include them. This is always embarrasing, and we
hope that no one has been inconvenienced by the lack
of follow-through. We still have the articles on hand,
as well as the profiles, and they will come along as
tast as possible.

TRUTH IN ADVERTISING

In general, the claims of the legitimate manufac-
turers in their advertising are usually borne out by the
products themselves, but we have recently heard some
complaints relative to the advertising of low-priced
tape recorders—usually of the reel-drive type—and not
really any concern of anyone who wants a good re-
corder suitable for music, and that includes most of
Aupio’s readers.

It seems that some retailers, notably in the schlock
category, are advertising portable tape recorders at
prices ranging from less than $20 to as much as just
under $40, and then when the customer walks in to
purchase one, he is sold the package for some $5 more
than the advertised price, “to include the microphone,”
and possibly an earphone.

In the same sense that a music system invariably
includes loudspeakers to reproduce the sound and a
tuner to provide the source, and a record player or
changer to provide another source—and all of that at

16

a quoted price, it certainly seems to us that the cus-
tomer is being “had,” when he buys a tape recorder at
what he thinks is the advertised or displayed price,
and then has to come up with another five dollars or
so to get the microphone. A portable tape recorder—
no matter how cheap—is of no value unless there is
some source of sound signal to record. And once the
tape is recorded, the user will certainly want to hear
it played back. Most of the small and inexpensive tape
recorders do not have speakers, which is understand-
able it the price is to be kept low. But in our opinion,
a “portable tape recorder” must include a microphone
and cither an earphone or speaker in the advertised
price to be a complete device. When one buyvs an elec-
tric clock or an electric frying pan, he expects to get
a line cord with it—the things are of no use without
line cords. Similarly, one should be able to expect that
a “portable” tape recorder would be complete.

HIGH FIDELITY TELEVISION

Well, why not? We are not referring solely to the
sound aspects of TV, but to the picture as well. Anyone
who has lived with a good TV set which has a sound
output feeding a typical component amplifier and a
high-quality loudspeaker svstem knows that the sound
can be—and often is—as good as that from an FM
tuner, as it should be since the sound portion of the
signal is FM, although not of the same channel width.

We are thinking primarily of the picture quality.
The Conrac “Fleetwood”—while it was on the market—
was a fine example of picture quality in a black and
white set. Conrac still makes most of the monitors used
in TV stations, both black and white and color, and
they produce beautiful pictures. Even allowing for the
degradation of the picture from transmission over the
air, the old Fleetwood was capable of picture quality
which came close to studio monitor performance. Such
a picture requires a video if. pass band of close to 4.5
MHz, but most sets today do not approach that figure
—half of it is much more likelv.

The time has come when someone will again make
such a high-quality TV receiver—one that will produce
a picture almost as good as a studio monitor. Then we
will have a fitting companion for our prized home
music systems.
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Capfure natural sound with fickering.

AUDIO

From the softest flutter of the woodwinds to the floor-shaking boom of the bass drum,
natural sound begins with Pickering. Right where the stylus meets the groove.

Any of the new Pickering V-15 stereo cartridges will reproduce the groove, the whole
groove and nothing but the groove. That's why a Pickering can’t help sounding natural if
the record and the rest of the equipment are of equally high quality.

To assure compatibility with your stereo equipment, there are four different Pickering
V-15 pickups, each designed for a specific application. The new V-15AC-2 is for conven-
tional record changers where high output and heavier tracking forces are required. The new
V-15AT-2 is for lighter tracking in high-quality automatic turntables. The even more com-
pliant V-15AM-1 is ideal for professional-type manual turntables. And the V-TSAME-1 with
elliptical stylus is the choice of the technical sophisticate who demands the last word in
tracking ability.

No other pickup design is quite like the Pickering V-15. The cartridge weighs next to
nothing (5 grams) in order to take full advantage of low-mass tone arm systems. Pickering’s
exclusive Floating Stylus and patented replaceable V-Guard stylus assembly protect both

the record and the diamond. But the final payoff is in the sound. You will hear the difference.

PICKERING—for those who can the difference.

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

Circle 115 on Reader Service Card
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Compare these Sherwood S-7800 features and specs! ALL-SILICON reliability. Noise-threshold-gated automatic FM Stereo/mono switching, FM stereo light,
zero-center tuning meter, FM interchannel hush adjustment, Front-panel mono/stereo switch and stereo headphone jack, Rocker-action switches for tape
monitor, noise filter, speakers (A) and (B) disconnect. Music power 100 watts (8 ochms) @ 0.3% harm distortion. IM distortion 0.1% @ 10 watts or less. Power
bandwidth 12-35,000 cps. Phono sens. 1.8 mv. Hum and noise (phono) —70 db. FM sens. (IHF) 1.6 uv for 30 db quieting. FM signal-to-noise: 70 db. Capture ratio:
2.4 db. Drift =.01%. AM sens. 2.0 uv. AM bandwidth 7.5 kc. 43 Silicon transistors plus 16 Silicon diodes and rectifiers. Size: 16%4 x 4% x 14 in. dp.

Did you
miss our
last ad’?

*If you missed our previous ad companng Sherwood’s new S$-8800 ALL-
SILICON FM receiver with many other receivers, write for your free copy.

SHERWOOO

Vi

IN ALL-SILICON
TUNERS ANO
AMPLIFIERS

§-7800 100-W. FM-AM Receiver
Chassis: $399.50
Wal. Cab. 28.00
Now we’'ve added AM...and the industry’s longest warranty

—3 years—to our ALL-SILICON 100-watt FM receiver.

How can Sherwood ofter this long warranty? Only because
we said “No!" to both ordinary Germanium Transistors and
old-fashioned tube Nuvistors, insisting on ALL-SILICON relia-
bility. No other receiver has its pacesetting 1.6uv FM sensi-
tivity, its remarkable 0.19, distortion rating. for the most
true-to-life sound.

Sherwood Electronic Laboratories, Inc., 4300 North California Avenue, Chicago, 1llinois 60618 Write Dept. A3
Circle 116 on Reader Service Card
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Build Your Guist

Solid-State Flutter Meter

BY: ARTHUR E. GLADFELTER*

This article describes an instrument capable of measuring the Flutter
and Wow in sound recorders. Construction, calibration, and method of
flutter measurement are included. Measured flutter data from several
tape recorders are compared with the manufacturer’s specifications.

In Four Parts

Part 1—How it works—and what it does

BTAINING LOW FLUTTER AND

wow in a tape recorder is just

as important as obtaining low
distortion, wide frequency response and
a good signal-to-noise ratio. There is
not a single element associated with
the tape drive that cannot introduce
flutter. If you doubt this, record a fre-
quency of about 2 to 3 kHz on the best
audio recorder you can obtain. It will
be very obvious during a listening A-B
test; the signal being played back has
some “wiggles” and “garble” the orig-
inal did not contain. The disturbance,
or flutter, that is perceived is actually
frequency modulation of the input sig-
nal. The modulation is caused by min-
ute variations in the tape speed.

Any mechanical element within the
tape transport that is associated with
tape motion can cause flutter. Some of
the more common causes of flutter in-
clude:

1. Eccentricities and mechanical un-
balance of reels, rotating guides, cap-
stan, pressure roller, pulleys, and bear-
ings.

2. Trregularities in the surface and
variation in compliance of tape, belts,
and rubber rims.

3. Changes in motor torque caused
directly by the motor and indirectly
by variations in power-]ine frequency
and voltage.

4. Variation in friction; such as tape-
to-head friction, variation in bearing
torque, and so on.

5. Cohesion between successive tape
layers and irregularities in width of
tape.

Why should a flutter measurement be
made when the manufacturer states, for
example, it is less than 0.1 per cent?

Senior Electrical Engineer,
The Bendix Corporation, York Division,
York, Pennsylvania
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Front view of the
author’'s  flutter
meter.

From a reputable firm, this figure would
probably be correct—at least when the
recorder was factory fresh. But what
is the flutter after several thousand
hours of operation, or does the flutter
change after the machine has been run-
ning for several hours and becomes
warm? How often should the iron oxide,
dust, dirt, and the like be cleaned from
various elements? How does flutter vary
from start to end of a reel? Answers to
these questions can be obtained from
accurate flutter measurements. In addi-
tion, various mechanical adjustments
(hold-back tension, takeup tension,
pressure pads, and so on) can be made
in an attempt to obtain minimum flutter.

Definition Of Flutter

Per cent of flutter is defined as a ratio
of the root-mean-square deviation in
frequency of the tone to the mean fre-
quency of the tone.! If the deviation is
in a sinusoidal pattern, the per cent
flutter, f,, is:

(100) (d 1 o

=02 () (Fa- 1)
Where df, is the maximum deviation
from the average frequency, f..,. The
flutter rate is the number of times per
second the frequency deviates. Each
complete excursion from maximum to
minimum and back again comprises one
cvcle. A flutter rate of about 1 to 5 H,

(d f,)
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is heard as wow, while above 5 Hz the
ear recognizes the variation as flutter.

The instrument used for the meas-
urement of flutter contains a carrier
oscillator. The oscillator signal is re-
corded on the tape via the record cir-
cuitry contained within the tape ma-
chine. The signal derived from the
playback head is processed by an FM
receiver that measures the frequncy
modulation of the 3000-Hz carrier; that
is, the signal passes through a band-
pass amplifier, limiter, and discrimina-
tor. Following the discriminator, vari-
ous filters are used to measure the flut-
ter and/or wow spectrums separately.
The deviation in frequency and conse-
quent per cent flutter, will correspond
to an a.c. voltage, the amplitude of
which is measured and displayed by a
microammeter. An output jack is pro-
vided for observing flutter components
with an oscilloscope.

Block Diagram Description

The various front panel functions and
basic circuits utilized within the flutter
meter can be explained by referring to
Fig. 1. A stable 3000-Hz tone (f,) in
Eq. 1) is generated and applied to the
recorder input. The oscillator input(J,)
amplitude is about 0.75 V rms and can
be applied to the recorder high-level
input. During playback, the recorder
output is applied to the flutter meter
input. (J,) Following a level control
(R,) the signal passes through a three-
stage band-pass amplifier. In addition
to providing sufficient gain to drive the
limiter, the amplifier improves the sig-
nal-to-noise ratio by providing more re-
jection to the frequencies on either side
of 3 kHz; i.e., any components from 60
Hz on the low end, or from the bias
oscillator on the high end. The symbols

20

Rear view of the
completed flutter
meter.

Q.. Q., etc. on the block diagram refer
to the various transistors in the over-all
schematic of Fig. 2.

The output signal from the 3-kHz
band-pass amplifier is attenuated and
then applied to the “level set” position
on the “range” switch. When in this
position the voltmeter monitors the in-
put amplitude. R, can then be used to
adjust the incoming signal amplitude to
a level sufficient to drive the limiter.
The limiter, or more correctly a Schmitt
trigger circuit that is utilized as a limit-
er, converts the incoming sine wave to a
square wave. The amplitude and sym-
metry of the limiter output are virtuallv
unaffected by a wide range (at least
30 dB) of input amplitudes, such as
might be caused by tape dropout.

The limiter output or discriminator in-
put will be a 3-kHz square wave that is
deviating, at the flutter rate, above and
below 3 kHz. The discriminator, which
is really the “heart” of the system, con-
verts the frequency changes into am-
plitude variations. This conversion from
frequency to amplitude allows conven-
tional voltmeter techniques to be used
to display the percentage of flutter. The
discriminator output amplitude will in-
crease for frequencies above 3 kHz and
decrease for frequencies below 3 kHz.

The discriminator output amplitude
for 0.30 per cent flutter will he of the
order of 13 to 14 millivolts rms—exact
figures will be given in the ealibration
procedure, As a result of this relatively
low level, a low-frequency amplifier
with response deliberately limited to
about 1000 Hz is used following the
diseriminator. The band-width is re-
stricted to 1000 Hz to further attenuate
the 3 kHz components that are not re-
jected by the discriminator and also to

assure that the amplifier is not saturated
by the 3-kHz signal. Of course, the
1000-Hz low-frequency amplifier, with
a voltage gain of about 35 dB, could
be eliminated and the sensitivity of the
voltmeter circuitry increased. However,
if this approach had been used, the
signal levels passing thru the following
low-pass and band-pass filters would be
35 dB lower, with the possibility of hum
pickup,—~basically because of the larger
number of passive components within
the filters and also because of the higher
impedance levels in the filter than in
the 1000-Hz low-pass amplifier. With
35 dB of amplification prior to the fil-
ters no shielding is required, nor is the
parts layout critical.

The 250-Hz low-pass filter following
the 1000-Hz low-frequency amplifier
is used to further attenuate the 3-kHz
components and to fulfill requirements
established by the LR.E, (now LE.
E.E.), that all flutter rates up to 200 Hz
should be considered. It should be men-
tioned that tape recorders may have
flutter-rate disturbances introduced by
high-frequency frictional vibration up
to and beyond 2 kHz". The upper rate
limit of 200 Hz appears to be an out-
come of the limit that was used for the
96-Hz potential flutter and its second
harmonic (192 Hz) caused by sprock-
et-holed disturbances in 33-mm film-
drive systems. However, to adhere to
previously established standards, a 250-
Hz low-pass filter is used, to obtain re-
latively flat response up to 200 Hz.

For the purpose of analyzing the
cause of flutter in a recording system,
it is often desirable to make measure-
ments in several ranges of flutter-fre-
quency. By knowing the flutter rate,
and then comparing this with the
known rotational rates of the elements
in the drive system, it is easier to cor-
relate a given flutter disturbance with
its mechanical cause. This then is the
purpose of the 6-Hz low-pass and 6-Hz
high-pass filters that are inserted be-
twen the 250-Hz low-pass filter and the
dual emitter-follower-voltineter. S, can
then select any one of three bands that
cover 0.5 to 6 Hz, 6 to 250 Hz or 0.5
to 250 Hz.

To prevent appreciable loading on
the three filters, a dual emitter follower
is used to increase the input impedance
of the voltmeter circuitry, In addition,
the “range” rotary switch S. is incor-
porated in the emitter-follower output
circuitry. The voltmeter is a two-stage
amplifier, with a microammeter in the
feedback network. This will respond to
the average voltage (or deviation in
frequency); however, the meter is cali-
brated to read the rms value with a
sinusoidal futter rate. The voltmeter
low-frequency response must extend to
below 0.5 Hz, thus eliminating many
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existing rms voltmeters as a substitute
indicating device.

The remaining block in Fig. 1, the
power supply, provides +33 V d.c. at
about 33 mA. All blocks, except the fil-
ters and attenuators, are connected via
decoupling networks to the regulated
power supply.

Before leaving the block diagram dis-
cussion, one further item should be
mentioned. In some systems, a low-pass
filter with a cutofl frequency slightly
above 3 kHz is inserted between the
limiter output and the discriminator
input. The purpose of the filter is to
remove the odd harmonics (9 kHz, 15
kHz, etc. and so on) from the average
3 kHz or the “carrier” frequency. A
low-pass filter was not used because of
the inherent filtering from the discrimi-
nator tuned circuits and also because of
the decreasing amplitude of the higher
harmonics. That is, the third harmonic
will be reduced 10 dB, the fifth har-
monic 14 dB, and so on, relative to the
amplitude of the 3-kHz carrier. The
over-all system tests, to be described
later, justify the omission of a 3-kHz
low-pass filter.

Circuit Description and
Design Consideration

First consider the 3000-Hz oscillator
Qn, which is of the Colpitts® configura-
tion. Feedback from the tank circuit
(L., Cs, and C,, in series) is provided
by C,; and C,,. The base bius current is
supplied by R,, and R,. The Colpitts
scheme was selected in preference to a
Hartley because of the ease in adjusting
the feedback; that is, the feedback

design phase merely by selecting C,,
and C,,. In contrast, the Hartley scheme
would have required a tapped inductor.

It is not necessary to have the oscil-
lator frequency precisely 3000-Hz. In
fact, the frequency can be within a few
per cent of 3000 Hz as long as the exact
frequency is known and used during
the calibration procedure. It is, how-
ever, desirable to come as close as pos-
sible to 3000 Hz if for no other reasons
than to: 1. Conform with existing stand-
ards. 2. Simplify the calibration pro-
cedure. 3. Assure the fact that the fre-
quency is at the design center frequency
of the discriminator, even though d.c.
coupling is not maintained in the am-
plifiers following the discriminator.

Using the values in the schematic
diagram of Fig. 2, the frequency of os-
cillation will be about:

1
f . _
2 . / LJ C.«: CJ,/,
\ C.!.‘ + CM

L. = 37mH
C.. = 0.10uF

C, — 0.334F
f— 3.06 kHz

The components in the tank circuit
have a tolerance of =10 percent. Even
if the tolerance on the tank circuit
components is reduced to =5 percent
(or even =2 percent) the error in the
oscillator frequency could be =5 per-

reason, =10 percent capacitors are
used, and L. is tailored to obtain ex-
actly 3000 Hz. L, is made by winding
2400 turns of No. 36 wire on a 2 watt,
240 k ohm resistor, as shown in Fig. 3.
Using an accurate frequency detector,
such as an electronic counter, turns are
removed (about a turn per cyele) until
the frequency is exactly 3000 Hz. Of
course, a variable inductor can be used,
but was ruled out because of the cost
vs. size compromise for many readily
available inductors and, to a lessor
extent, because of the change in induc-
tance with temperature.

The frequency stability is almost en-
tirely dependent on changes in the ca-
pacitance of C., and C,, with temper-
ature. Changes in hy, have virtually no
affect on the frequency. For example,
decreasing the temperature of Q, to
32° F increased the frequency from
3000 to 3004 Hz. Increasing Q,, tem-
perature to +150° F decreased the
frequency to 2995 Hz. Similarly, vari-
ations in the oscillator d-¢ supply volt-
age (althongh a regulated power sup-
plv provides +25 v.d.c at 3.5 mA to
the oscillator) from +16 to +28 Vd.c.,
or even variations in the output load
(at ], to a dead short, provide about
9.Hz change in frequency. While it is
not important that the oscillator output
waveform be extremelv low in distor-
tion, the total harmonic distortion
measured 1.4 percent.

The signal from the recorder output
is applied, via J, and R,, to a two-stage
R-C coupled common-emitter amplifier
(Q. and Q.) which is directly coupled
to an emitter follower (Q,). With R,

fraction could be changed during the cent (or even =2 percent). For this in the maximum-gain position, the input
LEVEL
INpUT CONTROL
J1 V
—— 3000-Hz LIMITER AMPLIFIER
- - (1000-H 250-H
BAND-PASS (SCHMITT ; z 2
: AMPLIFIER ' Triceer =0 R LOWFREQ) [—s—f  LOW-PASS
= 2 04,05, Q6 ‘ .
I at.ez, Q3 ! Ql11, Q12
| Y ‘
_________ |
_____ |
I[— 11 OUTPUT: 0?36' -
I vape RECORDER | o 5 & FILTERS <cop
UNDER TEST 1 Y S1 — Q) 2
| INPUT L otz
| I - - HIGH-PASS e =
A FILTER 5
3000-Hz DUAL
0SCILLATOR 1 EMITTER VOLTMETER
o) FOLLOWER Q15,016
Q17 013, 014
6-Hz !
m | tow-pass [ | -
FILTER 1.0570 6 Hz LEVEL | RANGE AND
33 v.d.c. 2. 670250 Hz LEVEL SET
AT 53mA 3.0.5T0 250 Hz
T FIXED
H7vac. REGULATED é ATTENUATOR
> POWER SUPPLY
s :
Fig. 1. Block diagram of the author’s flutter meter.
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R,
Rn, Ru.
Variuble Resistors

1

R,

RS?’ Rb‘o

Fixed Resistors, 2
3

The Parts List

Recognizing the interest this project may instill in our readers, and yet being unable

Parts List
Iixed Resistors—%-watt, 5 per

300k
220 k
15k
2700
100 k
56 k
7500
6800
4700
8200
10k
3300
3900
22k
750
3000
2200
20k
2000
9100
1000
39k
1800
27k
330 k
24 k
51k
390k
13k
68k
1.8 Meg
2.4 Meg
47k
3600
820
620
18k
2400
30k
560
220

250 k, linear.
Mallory U-
46

5000, linear.
Mallory U-
14

1000  linear.
Bourns 15-Z
Trim, 3067-
P

walt, 10%
270 k (for
coil forms)

Capacitors
C,C,

Qo

a
3
o
5

a
&
-~

™

A0N0n
o
&

<

SRR
oo
a

~ e
s o3 €
2

an af.

0 ~
S E
e
o
S

wlw et Te e
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a o
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e
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C.!5) C.!G
Transistors
Q:

Qs

Ql7’ Ols

All others (14)
Diodes

CR,

CR,, CR, CR, CR,
CR;

CR., CR, CR, CR,
CR,,

Inductors

Lv [i’ Ls

L,

L,

Miscellaneous

S,

s,
T,
Lamp
Meter
Chassis
Cabinet
]l’ ],’ ]"
Misc: Knobs 3
Heat Sink (Q,) 1
Printed Circuit Boards

Printed Circuit Tape Resist,

to include the entire article in one issue, we are furnishing the complete parts list with
this installment so that readers may begin to collect all the required material in readi-
ness for the concluding installments.

.01 P, +20%, disc ceramic, Sprague 53GABS10
.001 uF, +£10%, disc ceramic, Sprague 10TSD10

0.22 uF, =10%, 100V. Sprague 192P22492

.03 uF, £10%, 100V. Spraguc 63P30332

470 pF, +10% Sprague 192P47192

500 uF, 50 V. Sprague TVAIL3135

0.1 uFF, 100 V. *£10% Spraguc 192P10492
250 uF, 25 V. Sprague TVA1208

022 uIF, £10%, 100 V. Sprague 192P22392
.047 uF, +=10%, 100 V. Sprague 192P47392
0033 uF, £10%, 100 V. Sprague 192P33292
0.15 uF, +10%, 100 V. Sprague 192P15492
033 uF, =10%, 100 V. Sprague 192P333492
1.0 uF, =10%, 100 V. Sprague 118P10502S2
10 uF, *=10%, 20 V. Tantalum; Sprague 109D106X9025C2
250 uF, 15V. Sprague TE-1138

20 uF, 30V. Sprague TE1305

50 uF, 25 V. Sprague TE1209

100 uF, 50 V., Sprague TVA1310

0.33 ub, +=10%, 100 V. Sprague 118P3349282
250 uF, 30 V. Sprague TVA1312

2N1306 RCA, TI
2N1307 RCA, Tl
2N3053 RCA
aN3710 TI

13 V. +5% 400 m\V Zener, 1NQ64B
100-V, 1.0A. Motorola 1N4002

33V. +5% 400 mW Zener, 1IN973B
IN126A

IN914

93 mlIl, 210 ohms (see text)
2 H, 170 ohms max (see text)
37 mH, 130 ohms (see text)

1-pole, 3-pos. rotary switch, Centralab 1461
2-pole, 5-pos. rotary switch, Centralab PA-1002
SPST toggle switch

Transformer, 32-V. sec, 100 mA. Allied Radio, 64-U-732
Drake Tvpe 6073-534 “Glo-Lite”

100 A, Simpson Model 1329

5" x 77 x 2” Bud AC-402

8” H x 6%” W x 8” D Bud WA-1540

Phono jacks, Switchcraft Type 11

Harry Davies 1920-C

Wakefield Tvpe NF205 (27¢)

1/16” x 5” x 5” (2 required)

1/16” x 4%” x 34%” (1 required)

1/16” wide
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o

— PLEXIGLASS, ETC,

SOLDER
/

GLUE, EPOXY PATCH,

HOLE FOR WIRE
PHENOLIC,

L ’1 ETC. |
#36 HEAVY FORMVAR %6" DIAMETER
MAGNET WIRE
Circuit Inductance | d.c. resis.} Diameter Approx Wire
Symbol Nom. mH (Ohms) ({inches) no. tuens size
L1, L2, L3 93 220 10 3400 =36
L5 37 130 0731 | 2400 =36

Note: A 240k {minimum) 2-watt resistor is used as a
coil form. The inductance of L5 will be about 37 mH
with 2300 turns. 2400 tums are wound, and then
tums are removed as described in text.

Fig. 3. Coil winding data.

impedance is 60k ohms. At 3 kHz, Q,
has a voltage gain of 10 dB and Q. a
gain of 28 dB. L, and C, form a series-
resonant circuit in the emitter of Q.
and provide maximum gain at 3 kHz.
The emitter follows (Q;) provides a low
driving impedance for the Schmitt trig-
ger (Q, and Q.) and also the resistive
attentuator R,, and R.. The response
of the band-pass amplifier is shown in
Fig. 4. The rejection is 25 dB at 80
kHz and about 43 dB at 120 Hz.

The Schmitt trigger' (Q, and Q.) is
a regenerative histable circuit, the state
of which depends on the amplitude of
the input voltage. To explain the circuit
operation, assume that no base bias is
supplied to Q, from R,,. Q, would then
be oFr and Q, would be biased ox by
the base cwirent through R,, and R..
The voltage at the emitters of both
transistors is then determined mainly
by R.. and R.,, and is about 5.5 V d.c.
If the input level to Q, base rises above
5.5 V d.c. plus the base-to-emitter drop
of 0.6 V d.c., or about 6.1 V d.c, O,
begins to conduct and regeneratively
turns oFrF Q.. Q, is then ox, and the
voltage at the emitters is now about
4.5 V d.c. and is less than the initial
value of 5.5 V d.c.—because R,; is larger
than R.,. When the input voltage is re-
duced to 4.5 V d.c. plus the base-to-
emitter drop, or about 5.1 V d.c., Q, will
again conduct. During the transition
period, the change in Q. collector volt-
age will be about 19 volts. Potentiome-
ter R,, which selects the trip point on
Q,, is adjusted to provide a symmetrical
square wave at the limiter output emit-
ter follower, Q..

The limiter output is coupled to the
discriminator® input by the d.c. block-
ing capacitors Co and Cu L and C,
connected to base of Q;, have a parallel
resonance of 3520 Hz and the waveform

24

at the base of Q. (which is very nearly
sinusoidal) will have maximum ampli-
tude when the incoming frequency is
3520 Hz. Q,, which is nonconducting in
the absence of a signal, is connected as
an emitter-following-detector and will
rectify the positive portion of Q; base
waveform and provide a voltage across
R.; and C,,. The voltage will be a max-
imum at 3520 Hz and will decrease us
the frequency is decreased below 3520
Hz. The low side of R., and C,, are
clamped to a fixed voltage of +13 V d.c.
by zener diode CR,. For the incoming
signal, the common tie point of R,
R.., CR, cathode, and so on, can be
considered as a signal ground, with the
output signal being coupled by R., to
the buse of Q..

L, and L,;, connected to the base of
Qs, have a resonance frequency of 2420
Hz and will detect the negative portion
of the incoming waveform. This will
provide a voltage drop across R., and
C,; that will decrease as the frequency
is increased above 2420 Hz. The out-

puts from the two detectors are then
combined by the two summing resistors,
R., and Ry, and applied to the base of
Q.. The over-all discriminator response,
for an input squarewave of 19 volts
peak-to-peak, is shown in Fig. 5. Note
the output voltage at the base of Q.
represents a change in voltage, relative
to the reference voltage of about 13
V d.c,, and does not indicate an ab-
solute voltage.

Q. through Q. comprise a low-fre-
quency amplifier with a voltage gain of
35 dB. The bandwidth extends from
about 0.2 Hz to 1000 Hz, with the high-
frequency response being deliberately
limited bv C,, C., and C.,. The upper
cutolt frequency of 1000 Hz was chosen
in order to have virtually flat response
to 250 Hz. At 250 Hz the voltage gain
is 34,7 dB, or a decrease of 0.3 dB. At
3000 Hz the voltage gain is 22 dB. To
prevent loading on the discriminator
output, the impedance looking into the
base of Q. is tvpically 450 k ohms, with
a “worst” case minimum value of 300 k
ohms. The base bias voltage for Q, is
derived from zener diode CR, The
direct coupling of stages from CR,
anode to the emitter of Q, may, at a
first glance, appear to be unstable with
variations in the zener voltage of CR,
and changes in temperature. This, how-
ever, is not the case because the d.c.
voltage gain of stages Q. and Q,, is less
than unity, and any change in the volt-
age at the anode of CR, will appear as
a smaller change at the emitter of Q,,.
The emitter-follower Q,., provides a
relatively low output impedance (about
150 ohms) for the following 250-Hz
low-pass filter.

The 250-Hz low-pass filter” has three
poles and is terminated by R,,. Although
the filter has been designated as a 250-
Hz filter, the actual cutoff frequency
was designed to be 600 Hz—the reason
being that when the 35-dB amplifier
and low-pass filter are combined, the
over-all response will have a cutoff fre-
quency of about 250 Hz. The frequency
response of the combined low-frequency

T Input applied to J1. Output at Q3. 11711
Emitter with level control RL) in| | |
maximum qain pqsition. | } |
+40 |- “1 —— ‘J-P- — ++
|
R i L
ool IR
: = H et
Fig. 4. Response |2 \ }
of the band-pass |u*2°f— ) ' - — F'H
filter. < = 11 ; 1
g | | [ | l
S +10p— 1 ‘ —— I t .[] :._ S—
|
| 1 [J | 1
1 |
0 4 ! H+
Bl
SRR
-10 I |
200 " 1000 o000 T S 00000
FREQUENCY IN Hz
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tor circuit.

amplifier and low-puss flter is shown in
Fig. 6, which represents the response
from the base of Q, to R,.. The over-all
gain is less than 33 dB because of the
insertion loss of the low-pass filter.

The 6-Hz low-pass filter and 6-Hz
high-pass filter consist of the R-C com-
ponents between R, and positions 1
and 2 on S,. Each is a two-pole filter
and has an ultimate slope above (or
below) the cutoff frequency of 12 dB/
octave. Measured data from the filters
are shown in Fig. 7. In addition, the
relative response from IYig. 6 has been
replotted on Fig. 7. Thus, a glance at
Fig. 7 will readily indicate the response
for any one of the three positions on
the flutter rate (or filters) selector, S,

The voltmeter or indicating circuitry
consists of stages Q,; to Q.. Q. and Q,,
provide an input resistance of about
750k ohms. C,,, connected to the emit-
ter of Q,,, removes the d.c. voltage from
the range resistors, R;, thru R,,. C,; (and
R.;) could be eliminated; however, this
will result in a much longer meter-
settling-time, when switching to various
positions on the range switch.

Q. and Q,, comprise a conventional
two-stage R-C coupled common-emit-
ter amplifier, with an open loop voltage
gain of about 25 dB. Feedback is ap-
plied from the collector of Q. to the
emitter Q,; via the full-wave bridge and
microammeter. The closed loop voltage
gain is about 15 dB, with the exact
value determined by the setting of Rw,
which is used to calibrate the 0.30
percent range and R, the 1.0 percent
range. No calibration is provided for
the 3.0 percent range; however, the
error should be no more than 5 percent
on the full-scale reading—the tolerance
on the resistors. If the percentage of
flutter is high enough to warrant use of
the 3.0 percent range, a 5 percent error
should he of little concern. CR,,, in
paralle] with the meter, limits the max-
imum meter current to about 300 micro-
amperes, or three times the full-scale
value of 100 microamperes. Tvpically,
the input sensitivity at the base of Q.

AUDIO e
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is about 0.5 V rms required for {ull-
scale deflection.

The power supply consists of a full-
wave bridge rectifier followed by a
series regulator, Taps are selected on
power transtormer T, to provide a nom-
inal output voltage of 32 V rms (34
V rms measured). After rectification,
the average voltage at the collector of
Q. will be about 40 V d.c-with an
input voltage of 115 V a.c. Q.. is merely
an emitter follower, with the base volt-
age determined by the zener voltage
(33 V d.c.) of CR,. The d.c. output
voltage, due to the base-to-emitter drop
in Q,, will be about 32.5 V d.c.

Using the 0.30 percent flutter range
and 115 V a.c. as a reference, an in-
crease in the line voltage to 125 V a.c.
will cause less than a | percent increase
(or error) in the percentage of flutter.
Reducing the voltage to 105 V a.c. will
cause a decrease of about 0.6 percent
and 100 V rms will yield a decrease of
about 2 percent; ie., the meter will
read 0.294 percent for 0.30 percent.

Packaging Concept

To make a professional looking unit,
a BUD “Portacab” meter case was se-
lected to house all components. The in-
dicator, a Simpson 4}-inch Wide-Vue
meter, was chosen for accuracv, ease of
reading, and compatibility with the

Portacab case. The front panel controls
and input connections were positioned
as functionully as possible. For example,
all input-output jacks are mounted at
the bottom of the front panel and below
the three controls. With this arrange-
ment, the various connecting jacks and
wires will be less likely to obscure the
front-panel controls.

All electrical components, except
those on the front panel, L, and T, are
mounted on printed-circuit  boards,
which are attached to a basic 5x7x2-in.
aluminum chassis. The front panel and
chussis are then fastened together to
form an assembly which can be slid
easilv into the shell of the Portacab
meter case.

The design objective for the internal
layout was to have easy access (for
test purposes) to all electrical junctions.
This is achieved by mounting two
printed circuit boards vertically and
with the components lacing outward.
The third board is mounted horizon-
tally with the components facing the
open side of the chassis.

The first board contains the band-
pass amplifier, Schmitt trigger, discrim-
inator, and a portion of the low-frequen-
cv amplifier. On the second board are
the last stages of the low-frequency am-
plifier, filters, and voltmeter circuitry.
The third board contains the 3-kHz
oscillator and regulated power supply.
Printed circuit boards No. 1 and No. 2,
and L, are mounted vertically (with
angle brackets) on the top of the basic
chassis. The third board and power
transformer are mounted underneath
the chassis. The interconnections be-
tween hoards (and the front panel) are
made with No. 20 or No. 22 stranded
wire. The input lead and 3-kHz oscil-
lator output are, however, routed with
RC-174/U coaxial cable.

Photographs of the unit are shown
in Figs. 8 and 9.

Parts Considerations
A list of the materials required to
make one unit is given in the Parts

[ Tnput applied to base of Q9 V1A 47xf capacitor. I 1 [l_'
+35 Output measured at junction of L4, R42, C23 etc. _ |
mmaaen LT 1] 1
+30 +—1 + [ BN UN DI E—
| \\ ‘ | |
+25 T 1l | o "‘1 1+ 44
. o I I I I V1| I I R 11
Fig. 6. Frequency s L] | 11
response of the [ [l |
+10} RS — -
low - frequency | ‘
amplifier and the i SRR 1T 1T
low-pass filter. o B IL l —
=5 | H i i 4
-0+ i -4
| | |
] !
|
-20 ] ]L i ’ I | I
N R > e o
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List. All parts except the inductors, are
oft-the-shelf items, and can be pur-
chased from Allied Radio and Newark
Electronics. (Neither firm lists all the
parts in their catalogs.)

L,, L., L, and L; are fabricated, and
L, can be purchased from Barry Elec-
tronics, 512 Broadway, New York, N.Y.
10012, L, is a two-henry inductor de-
scribed by Barry as an FTR Mini-
Choke, catalog No. 11-35, and is priced
at 40¢. The choke, obviously a surplus
part is a staple iten and has been in
the Bary catalogs for several vears. A
commercial equivalent can, of course,
be used. A UTC VIC-13 variable in-
ductor will work very well, although the
price is $7.20 and it would have to be
adjusted so the inductance was 2 Hy.
An alternate 2-Hv fixed inductor would
be the UTC MQB-7 priced at $14.70.

The cost of parts, for one unit, will
be about $99. Of this figure, the meter
and cabinet cost about $27, capacitors
824, resistors and pots $15, transistors
S11, diodes $8 and so on.

At a first glance the cost of parts may
appear high. But remember, only one
bargain part, L,, has been used. Besides,
one commerciallv available vacuum-
tube flutter meter sells for about $500.
The unit was designed for performance
and not to be sold for a particular price.
The cost also reflects the use of 5 per-
cent resistors, compared to 10 percent
resistors that are often used. The use of
5 percent resistors increases the cost
about $4.50. After considering the ini-
tial tolerance and the effects of temper-
ature and aging on resistors, it is felt
the additional cost can be justified
easilv.

All transistors, except Q; and Q,; are
NPN planar silicon. The 2N3710,
made by Texas Instruments, was se-
lected because of the price (49¢ cach)
and size. It has a plastic enclosure, a
minimum /i, of 90 and a maximum col-
lector-to-emitter voltage of 30 V d.c.
Because the 2N3710 is relatively new
and has a different base configuration,
the buse connection is shown in Fig. 9.
The 2N3053, made by RCA, was se-
lected because of the cost vs. perform-
ance. Other transistors that can be used.
for O, and Q.., but at greater cost, are
the 2N2102 or the 2N2270. An old
standby, the 2NG97 can also be used,
but because of the type of construction,
the dissipation of the 2N697 is less than
the three previously described transis-
tors.

During the early design phase it was
not known exactly what the limiter
peak-to-peak amplitude would be. For
this reason germanium transistors were
selected for Q. and Q,, because of the
lower Dbase-to-emitter voltage in com-
parison to silicon transistors. (At the
time, a delivery problem was also en-
countered with the silicon complement

26

Fig. 7. Frequency
response of both
filters.

of the 2N3710, the 2N3702). As it
turned out, the limiter amplitude is
large, about 19 volts peak-to-peak, in
comparison to the difference in base-to-
emitter voltage of germanium and sili-
con transistors (0.2 volts vs. 0.6 volt).
If the reader wishes to make the flutter
meter an all-silicon unit, the 2N3702
may be substituted for the 2N1307, and
the 2N3710 for the 2N1306, providing
the printed circuit board layout is modi-
fied.

All capacitors in the parts list except
the disc ceramics, arc called out by a
manufacturer’s part number.

With many solid-state devices, there
are vast differences in price. This is the
case of zener diodes CR, and CR,. Of
the firms making readily available zener
diodes, International Rectifier appears
to have the lowest prices on the 1N964B
and 1IN973B.

Winding the Coils

Data for winding L,, L., L, and L; are
given in Fig. 3. A 2-watt resistor, with
a minimum resistance of 240k ohms, is
used as a coil form. The sides of the
coil form are circular discs made from
an insulating material such as Bakelite,
plexiglass, or any phenolic material.
These discs are fastened to the resistor
using an epoxy adhesive, such as Eoco-
bond 26. Small holes are then drilled in
the sides ol the coil form. The wire is
then passed through the holes and sol-
dered to the resistor leads with the
solder joints close to the body of the
resistor.

The coils can be made with the aid
of a %-inch electric drill and a Variac to
control the speed. The coil form is se-
cured to the drill by putting one end of
the resistor lead into and firmly against
the end of the drill chuck. It is also
helpful to place a small washer between
the drill chuck and the body of the
resistor.

In the absence of a suitable counter
to indicate the number of turns, there
are many ways the builder can wind
the approximate number of turns. Ob-
viously, turns can be added and the
inductance or d.c. resistance measured
until the values shown in the table of

Fig. 3 are obtained. Alternately, turns
can be added and the reasonance fre-
quency of an L-C network can be
measured. That is, L, can be tailored
with C; (0.03 uf) So the resonance
frequency is 3 kHz; L, can be tailored
with C,, (0.22 uf) so the resonance
frequency is 3520 Hz; and L. can be
tailored with C,; (0.47 pf) so the net-
work frequency is about 2420 Hz.

Two of the frequencies just given,
2420 Hz and 3520 Hz, are the design
center values for the discriminator.
Even if the inductance values specified
in the table of Fig. 3 are obtained ex-
actly, the network resonance frequency
can be in error by about +5 per cent
because of the ®£10 per cent tolerance
on the capacitors. Variations in the dis-
criminator network frequency up to
and even slightly above 5 per cent will
have virtually no effect on the final per-
formance.

Making the Printed Circuit Boards

The printed-circuit board layouts for
all three boards are shown in Figs. 10,
11 and 12. The board layouts are re-
produced full scale, so that no inter-
mediate steps are required to reduce
the size. Boards 1 and 2 are 5 in. square,
and board 3 is 3% by 4% in. These
measurements are also specified in the
parts list and can be verified by meas-
urement of Figs. 10 through 12

To show how the printed-circuit
boards are made, board No. 3 will be
used as an example. This is the easiest
board to make and contains the least
number of components. After the board
has been cut to size, the copper clad
side should be cleaned to remove any
dirt or filn that has accumulated. Clean-
ing is most easilv accomplished with
crocus cloth. Ajax cleanser or a large
eraser. The board is then laid on the
workbench or flat surface, with the
copper side up. SCOTCH or masking
tape is used on alternate corners to
hold the board in position. The sketch
of board No. 3 (I'ig. 12) is then placed
squarely on top of the printed-circuit
board. A center punch, with a very fine
tip is used to locate all holes. Alter-
natelv, if vou do not wish to have a

(Continued on page 88)
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< Perfection results from =~ —
(~CHOICE .. NOT CHANGE

Since no single phono cartridge can be all things to all people,
we earnestly recommend that you employ these individual
criteria in selecting your personal cartridge from the broad

Shure Stereo Dynelic group:

YOUR EAR: First and foremost, listen. There are subtle dif-
ferences in tonality that beggar description and are quite
unrelated to “bare” specifications—yel add immeasurably

to your personal listening pleasure.

YOUR EQUIPMENT: Consider first your tone arm’s range of

\

f

BEST SELLER

Model M3D

Where cost is the dominant factor,
the M3D provides extremely musi-
cal and transparent sound at a
rock bottom price. The original,
famous Shure Stereo Dynetic Car-
tridge...Tracks at pressures as low
as 3 grams, as high as 6 grams.
For any changer.

Model M7/N21D

Top-rated cartridge featuring high-
ly compliant N21D stylus. Opti-
mum tracking at 2 grams to

kminimize record wear.

KTHE “FLOATING”
CARTRIDGE

M8OE GARD-A-MATIC®
WITH ELLIPTICAL STYLUS

Bounce-proof, scratch-proof per-
formance for Garrard tab 80 and
Model A70 Series automatic turn
tables. Especially useful for appli-
cations where floor vibration is a
problem. Spring-mounted in tone
arm shell. Unique safety feature
retracts stylus and cartridge when
force exceeds 1'/2 grams . . . pre-
vents scratching record and dam-
aging stylus.

High Fidelity Phono Cartridges . .

_/

SHHURE

tracking forces. Too, keep in mind that the cartridge ordinarily
represents the smallest monetary investment in the system, yet
the ultimate sound delivered depends first on the signal re-
produced by the cartridge . . .
your entire system.

YOUR EXCHEQUER: Shure cartridges cover the entire eco-
nomic spectrum. And they are ALL Shure in quality, all Shure

“skimping” here downgrades

in performance. Even the least coslly has received copious

critical acclaim.

/ ECONOMICAL \
TREND-SETTER

M44 SERIES

Premium quality at a modest
price. 15° tracking angle conforms
to standard adopted by major rec-
ord companies. Remarkably low
IM and Harmonic distortion...ex-
cellent channel separation, pro-
viding superlative stereo effect.
Scratch-proof retractable stylus.
M44-5 with .0005 stylus for %4 to
1/2 gram tracking. M44-7 for 1'/2
to 3 grams, .0007 stylus. M44-C for
3 to 5 grams, .0007 stylus. M44-G

Kfor 3/4 to 1'/2 grams, .0007 SWIUSJ
(" THE ULTIMATE! \

WITH
BI-RADIAL ELLIPTICAL STYLUS

for the purist who wants the very
best, regardless of price. Reduces
tracing (pinch gfiect), IM and Har-
monic distortion to unprecedented
lows. 15° tracking. Scratch-proof,
100. Produced under famed Shure
Master Quality Control Program
—literally hand-made and individ-
ually tested. In a class by itself for
mono as well as stereo discs. For
manual or automatic turntables

&lracking at 34 to 1'/2 grams. j

( ALL THE MOST
WANTED FEATURES

M55E

15° ELLIPTICAL STYLUS

TRACKING,

Professional performance at a
modest price. Compares favorably
to the incomparable Shure V-15,
except that it is produced under
standard Shure quality control and
manufacturing techniques. Re-
markable freedom from IM, Har-
monic and tracing distortion. Will
definitely and audibly improve the
sound of monaural as well as
stereo records. Upgrade M44 car-

tridge (if you can track at 1/
Kgrams or less) with N55E stylus‘./

/'NEW STEREO AMPLIFIEQ
FOR PRIVATE HEADPHONE USE

7
@
o.,

“SOLO-PHONE"
COMPACT-ECONOMICAL

Specially designed for personal-
ized headphone listening to rec-
ords, tape recorder or AM/FM
tuner. Fully transistorized. Singu-
larly low distortion. Cabinet
smartly styled in wood and metal,
10'4" x 32" x 3”. Two input jacks
for phono and tuner or tape. Dual-
concentric volume control permits
balance of left and right signals
for optimum stereo appreciation.
Accommodates two sets of head-
phones. ldeal for home, classroom,
record stores, hospitals, student
quarters. Model SA-1 for 110V.-
50/60 cycles. Mode! SA-2 for 110/

220V.-50/60 cycles.

. World Standard Wherever Sound Quality is Paramount

Shure Brothers, Inc., 222 Hartrey Ave., Evanston, Illinois
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High Input Resistance
with Stability

L. D. SMITHEY*

When the need for an amplifier of very high input resistance arises, you do
not necessarily have to use special tubes, or even tubes at all. The suggestions
offered here show how you can work out the circuitry easily and effectively.

HE SERIOUS EXPERIMENTER IS occa-
Tsionally confronted with the need

for an amplifier having very high
input resistance at low frequency. In
such instances it may be necessary to
design and construct the amplifier be-
cause most audio preamplifiers avail-
able are designed for moderate-to-low
input resistance. This paper discusses
the basic requirements and limitations
inherent in obtaining high input re-
sistance with acceptable stability of the
amplifier operating point. Both vacuum
tube and transistor circuits are dis-
cussed, with emphasis on capacitive
sources.

Basic Considerations

A typical input circuit with a capac-
itive signal source is depicted in Fig. 1.
Here C, is the capacitance of the gen-
erator, C, is the total shunt capacitance,
R. is the bias return resistance. and R:
is the resistance seen looking into the
amplifier input terminals. This may be
taken as the equivalent of a crystal or
ceramic microphone input circuit when
the mechanical constants are neglected.

Low-Fequency Performance

We derive the input transfer func-
tion to be
e;  oC, Ii(mR (c,+C) + /l

e 1 +70)r R° (Cq"i‘iég)? (1)

#16911 Dulce Ynez Lane, Pacific Palisades,
Calif. 90272,

E
I

”cl
L]

Fig. 1. The capacitive source.
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where the driving point resistance is

R, R,

R= _—¢7h
R. + R,

(2)
From Eq. (1), the halt-power frequen-
¢y is found to be

1

h= 27 R (Cg_+- Cs)

3)

The half-power frequency as a function
ol driving-point resistance is plotted in
I'ig. 2 for several values of total capac-
itance. It is noted that half-power fre-
quencies of the order of 20 to 30 Hz
require unusually high values of driv-
ing-point resistance for typical capac-
itance values of the order of 500 to
600 pF.

The bias-return resistance and the
amplifier input resistance are combined
in parallel to determine the driving-
point resistance. It is clear from Eq. (2)
that the driving-point resistance is small-
er than cither the bias-return or input

resistance unless the input resistance is
negative. Thus, the driving-point re-
sistance may have any value, depend-
ing on the input resistance.

Noise Performance

Middlebrook has shown' that the op-
timum source resistance for a transistor

Fig. 3. Bias-voltage components.
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90-WATT OF AMPLE POWER!
AUTOMATIC STEREO SWITCHING!
AMAZING VERSATILITY!

MODEL SX-1000T

NEW 90-WATT SOLID STATE FM MULTIPLEX STEREO RECEIVER

MODEL SX-1000T

The above-mentioned are but a few of the superb features of PIONEER'S handsome new stereo
receiver, the SX-1000T, a feature-packed receiver for the discerning listener who wants true pro-
fessional performance at a practical price.

Large power by 2SD-45 transistors Sensitive protec- single-ended pushpull circuits using silicon power transis-
tive transistorized switch and relay for protecting transis tors, direct-coupled output to loudspeakers Freguency
torized circuits FM circuitry: cascode front-end using response: +2db. from 20 to 20,000 cps (overall) Pro-
4 nuvistors, 4 dual-tuning IF stages, with muting circuit tection circuit: electronic switching Line requirements:

Tuning range: 88~ 108 Mc FM sensitivity (IHF): 2 115/230 volts, 50/60 cycles AC Music power output:
microvolts ] Multiplex circuitry: time-switching circuit, 90 watts (IHF), with 16 ohms loads Dimensions: 17-
with automatic mono/stereo switch Audio circuitry: 1/27 (W) x 5-7/8" (H) x 15-1/8" (D)

NEW 40-WATT SOLID STATE AM/FM MULTIPLEX STEREO RECEIVER
MODEL SX-600T

AM frequency range: 535~ 1605 kc AM sensitivity er output: 40 watts (IHF), with 16 ohms loads Dimen-
(IHF): 16 microvolts AM antenna input: built-in ferrite sions: 17-1/2” (W) x5-7'8” (H) x 16-15/16” (D). All other
loopstick with terminal for external antenna O] Music pow- specifications are the same as for Model SX-1000T

MAIN PRODUCTS: Hi-Fi Speckers Stereo Hi-Fi Amplifiers [C] Hi-Fi Specker Systems Stereo Hi-Fi Turntables &

Record players.

PIONEER ELECTRONIC CORPORATION

® 15-5, Nishi 4-chome, Omori, Ota-ku, Tokyo, Japan
) Cable Address: PIONEER TOKYO
NEW YORK OFFICE: 350 Fifth Ave., New York, N.Y. 10001
Telephone: (212) LA4-1757/8

Circle 118 on Reader Service Card
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input circuit is about 1000 ohms. The
optimum noise ﬁgure cannot be im-
proved by any form of feedback, but
can be degraded. e has ulso shown
that the signal-to-noise ratio obtainable
with reactive sources is independent of
the transistor input resistance and is
inversely proportional to a function of
the bias-return resistance. Similarly, for
vacuum tubes it can be shown® that
increasing the value of the bias return
resistor improves the signal-to-noise
ratio when the source is reactive.

Bias Components and Stability

The quiescent bias-voltage compo-
nents are shown in Fig. 3 for constant
excitation voltage. The bias voltage is
expressed by

E‘ = Ecc - Ii Rc - Ile R/s (4)

m which the grid-current component of
cathode current may be neglected. Here
input current is taken as positive when
it has the same sign as anode (output)
current. If now we allow E: to increaase
by an increment Eq. (4) becomes

Ei—l-AEi:Ew—(Ii'*‘AIi)RA —
(Ilc + A II.;) Rh‘ (5)

since I: and I, are functions of E:. Sub-
tracting Eq. (4) from Eq. (5) and
dividing the result by AE: we have

I'= = (gl Rc + Em Rl) (6)
This expresses the conditions necessary
for a new operating point of neutral
stability resulting from a small (tran-
sient) change in hias voltage. This con-
dition cannot be satisfied with any value
of positive input conductance, since
transconductance and both resistances
are positive. Hence we conclude that
the stability of the operating point is
positive for any value of bias-return
resistance when the input conductance
is positive. But for negative input con-
ductance the stability is positive when

~1+tea R

— g,
&i

R, (7)

This is the largest value of bias-return
resistor that may be used in unv cir-
cumstances and the magnitude clearly
depends on the characteristics of the
ampliﬁer in question.

In general, both I and I are direct
functions of the excitation voltage. This
is of no particular consequence except
as the magnitude of g and gu change.
In the practical case both magnitudes
change in the same direction and the
ratio tends to remain constant. Suffice
to sav here that the presence of a
cathode resistor has a degenerative in-
fluence, therefore stability is improved.

The foregoing considerations apply
equally to semiconductor devices, given
appropriate changes in notation. The
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Fig. 4. Typical grid-current characteristic.
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Fig. 5. Composite grid characteristics.
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Fig. 6. Transistor input characteristic.

input current is taken as positive when
a portion of the emitted current flows
out of the base, whether the device is
of the P or N type. It should be ob-
served that stabilizing the operating
point against changes in operating tem-
perature is quito another muatter.

Effects of Feedback
Equation (2) gave the driving-point
resistance as
R. R,
R=-_° {l = —1—
R, + R, g + g
in which R appears larger than R. for
any value of negative input conduc-
tance, and conversely. If feedback is
applied to the cathode
AI
A g 8
A I — Ap

(2)

gi = (8)
where A" and A are the amplifier gains
with and without feedback, respective-
ly, and 8 is the feedback fraction. Equa-
tion (2) now becomes

1
i (9)
ge A S

which shows that the driving-point re-
sistance Is reduced by the application
of negative voltage feedback to the
cathode of un amplifier operating in
the negative input conductance region,
and conversely.

R =

INPUT AMPLIFIERS

The foregoing considerations show
that  good frequency and noise per-
formance require large driving-point
and bias-return resistances, respectively.
To determine the degree to which both
requirements may be satisfied simul-
taneously with acceptable stabilitv of
the operating point we must examine
the nature of the amplifier input.

Vacuum Tubes

In examining the input resistance of
vacuum tubes we find a rather com-
plicated mechanism. Of course, the
nature of the input conductance is de-
termined by the grid-current charac-
teristic of the particular tube under
consideration. We shall now examine a
typical characteristic and the mech-
anisms producing it.

Grid interceptions of electrons and
ions give rise to positive and negative
components of grid current, respective-

10k

- o
—125 VOLTS

2700

I
1
]

Fig. 7. A transis- > o
tor feedback am- R —”_,
plifier. o—l T
S = 5
- 3900
@ hd o
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THE NEW POWER

AND THE GLORY
of
HARMAN-KARDON

VEtE Pe SPEALBONTHIC UEEIVED mBAkL b

b b W I

bW

SR-600B - 80 watts IHF music power. $369*

...in the superb new “B” Series of Stratophonic all-transistor stereo receivers...increased
power, extraordinary power bandwidth, unequalled frequency response and reliability

Harman-Kardon's famous Stratophonic Series is all-new and im-
proved! Every “‘B”" Series receiver delivers greatly increased power;
packs a far wider bandwidth and flattar frequency response at full
power than comparable receivers at only one watt. And, only Series
“E"" receivers let you hear stereo in one or two rooms—separately
or simultaneously.

Take a look at the handsome new SR-600B above. It's the most
complete FM stereo receiver in its price class, with a power band-
width of 6 to 50,000 cps IHF and frequency response of 8 to 40,000
cps =1 db at full 80-watt rated power; harmonic distortion less than
1%, and usable FM sensitivity of 1.95 ,v.

Much of the credit for the incredibly lifelike sound of the "B’ Series
gees to engineering which includes diffused-junction germanium
transistors in all output circuits. Germaniums increase bandwidth
and reliability, are far cooler in operaticn than any silicon output
transistor now available.

Hear the unique transparency and purity of tone that is the glory
of Stratophonic Sound—on the new *B'" Series receivers at your
Harman-Kardon dealer’s now.

HARMAN-KARDON, INC.
kardon | sH & LEHIGH AVE.
PHILADELPHIA, PA. 19132

A subsidiary of The Jerrold Corporation

LEADER IN SOLID-STATE STEREO CCMPONENTS

Circle 119 on Reader Service Card

SR-900B . 100 watts IHF music power «
Power bandwidth 3 to 75,000 cps IHF «
Full-power frequency response 5 to 60,000
cps +1 db « Harmonic distortion less than
0.2% « Usable FM sensitivity 1.85 uv » $449*

SR-400B * AM and FM . 60 watts IHF music
power « Power bandwidth 6 to 50,000 cps
IHF « Full-power frequency resporise 8 to
40,000 cps +1 db « $309*

SR-300B ¢ FM stereo * 60 watts IHF music
power « Same fine specmcatlons as model
SR 400B, FM only « $279*

*Prices slightly higher in the West.
Walnut enclosures optional.
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Fig. 8. The field effect transistor (FET)

ly. Other sources, such as leakage, are
usually negligable in small audio tubes
and will not be considered in detail.
The intrinsic relations are shown in
Fig. 4.

Thermionic emission is a statistical
process resulting in a significant distri-
bution of electron kinetic energies.
Some fraction of emitted electrons is
sufficiently energetic to overcome the
field gradient produced by a slightly
negative grid. These electrons may or
may not be intercepted by the grid,
depending primarily on the tube geom-
etry. Thus the inception of positive
grid current occurs at some negative
grid potential ranging from a fraction
of a volt to one volt for the tube types
of interest herc. Positive grid current
increases precipitously as the grid is
made more positive.

Negative grid current results prin-
cipally from grid interception of ionized
molecules of residual gas. The pre-
ponderance of ionization results from
electrons colliding with gas molecules
in the interelectrode space. Since a de-
terminable minimum of energy is re-
quired to ionize a gas molecule not all
collisions result in ionization. Hence
positive grid current tends to be pro-
portional to residual gas density, elec-
tron density (plate current), and to the
square of the plate voltage. This mech-
anism is relatively independent of
cathode temperature, hence of heater
voltage.

Figure 5 shows a typical composite
grid-currcnt characteristic for constant
plate voltage. When the grid voltage is
increased from below plate-current cut-
off the initial grid current is negative
and displays negative slope with respect
to grid voltage. The grid current con-
tinues to increase negatively until the
positive component of grid current be-
comes significant. The positive com-
ponent now increases rapidly, causing
a negative peak and a transition to
large positive slope. The zero-current
(floating-grid) point normally occurs
when the grid is a fraction of a volt
negative,

32

The input conductance will he nega-
tive and relatively small to the left of
the current peak, and conversely. Op-
eration in the negutive-conductunce re-
gion is clearly indicated if small loading
on the driving source is a design objec-
tive. Operation near the current peak
results in a highly nonlinear conduc-
tance and will give rise to serious dis-
tortion, even for very small signals.

With a resistive bias return the neg-
ative grid current causes the grid volt-
age to be more positive than the bias
source, and conversely. As shown in
Fig. 5, the actual operating point, Q,
is located by the intersection of the
current curve and the grid-return load
line projected from the bias-return
point, Q'. This effect may be very sig-
nificant for large values of the grid-re-
turn resistor. In passing it should be
noted that the bias-point, Q, lies at
the origin of coordinates for “zero-bias™
operation. This causes the operating
point, Q, to lie in the positive grid
current region with a slightly negative
grid voltage.

Auy combination of bias point and
load line may be employed, at least
theoretically. However, the conse-
quences of certain combinations may
be undesirable, To examine this, let
us establish an operating point in the
linear negative conductance region and
choose a zero value of grid-return re-
sistance. This gives a vertical load line,
as depicted in Fig. 5, with bias and
opesating points being coincident. Now
increase the value of R,, causing the
bias point to move to the left and the
load line to rotate about the grid-cur-
rent intersection in a counterclockwise
direction. The bias point, Q’, will reach
a position causing the load line to lie
parallel to the grid characteristic at the
operating point, Q. Now the load pre-
sented to the driving circuit is zero, for
the input conductance is equal to the
negative of the bias-return conductance.
Further increase in the value of R, will
produce the ambiguous situation result-
ing from multiple intersections sug-
gested by the dotted load line. While it
is possible to proportion the circuit in
such a way that only one of the inter-
sections will produce a stable operating
point, no purpose will be served unless
negative loading of the driving source
is required. In general the use of a
value of R, larger in magnitude than
the reciprocal of the maximum negative
conductance should be avoided. Even
this large a value serves no purpose for
operation in the positive conductance
region.

Conventional Transistors
Conventional transistor action® de-
pends on the current injected by the

emitter being diffused through the base

region, collected at the output, and re-
turned to the emitter in the external
circuits. The device is normally cutoff,
requiring forward bias between the
emitter and the base for operation. This
results in a fraction of the injected cur-
rent being diverted to the base, hence
it is said to be current operated. This
causes the intrinsic input resistance to
be low.

Transistor action is highly sensitive
to variations in operating temperature,
hence care must be exercised in stabiliz-
ing the bias current to obtain satisfac-
tory performance. Reference 3 provides
an excellent treatment of this problem.

A typical input characteristic of a
small transistor in common-emitter con-
nection is shown in Fiz. 6. The con-
ductance for large current is about 8
mA/volt; it decreases toward zero as
the current is reduced. Thus the larg-
est obtainable input resistance is de-
termined by the smallest input (bias)
current at which stable operation can
be achieved with acceptable gain. In
practice this limit will provide a few
thousand ohms input resistance at best.
It is significant that negative input re-
sistance is not inherently available.

The common-collector configuration
provides an increase in input resistance
because of negative voltage feedback
(emitter degeneration). Large increas-
es require gains significantlv lurger
than unity, however, so two or more
transistors are needed. In addition, the
larger gains and a signal inversion ob-
tained with two stages allow bootstrap-
ping and other forms of feedback.

Middlebrook' has examined this prob-
lem thoroughly. A practical circuit re-
sulting from his work is shown in Fig.
7. Here, feedback is applied to the
emitter and base of the first transistor
to increase the input resistance and de-
crease the shunting effect of the bias-
return resistance, respectively. The base
feedback (positive) can be adjusted to
remove the shunting due to the bias
return (infinite resistance) and the in-
put resistance is in the order of ten
megohms or more, which, in this case,
is the driving-point resistance. How-

(Continued on page 91)

GATE (g) 9d DRAIN (d,)
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v_l _l_ Cgs m Y d
O~ S —
SOURCE (s)
Typical values:

Gate-to-source capacitance — Cgs 55pF
Gate-to-drain capacitance — ng 10pF
Transductance - g 1800 s mhos
Drain-to-source conductance 9, 1504 mhos

Fig. 9. FET low-frequency equivalent circuit.
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SEDTY

| proudly presents the

LONDON HIGH FIDELITY
EXHIBITION
APRIL 14-22, 1966

UNITED STATES TRADE CENTER Zowions*
See the Products of these Famous U.S. Manufacturers —

ACOUSTECH DYNACO KOSS/REK-0-KUT RSC—Muagnetic Tape Div.
ACOUSTIC RESEARCH EDITALL J. B. LANSING H. H. SCOTT

ALTEC ELECTRO-VOICE MARANTZ SHARPE

AMPEX EMPIRE McINTOSH SHERWOOD

BARZILAY FISHER MIDWEST AUDIO SHURE BROTHERS
BOZAK FRAZIER PICKERING TRUSONIC PRODUCTS
C-M LABORATORIES GRADO RSC—Audio Prods. Div.

CROWN  INTERNATIONAL KLH and of course, AUDIO Magazine
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The World’s Finest Stereo Systems

TUNERS/AMPLIFIERS/RECEIVERS/KITS/SPEAKERS/CONSOLES

For information on price and availability, please write to: GREAT BRITAIN A. C. Farnell, Ltd., 81 Kirkstall Road, Leeds 3, England /
FRANCE Cineco, S.A., 72, Avenue des Champs Elysces, Paris 8, France/ GERMANY Echoletle Vertrieb, Mariusstrasse 8 und Leopold-
strasse 46, 8000 Munchen 23, Germany / AUSTRIA Hans Lurf, Reichsratstrasse 17, Vienna 1, Austria / ITALY G. Ricordi & C.s.p.a.,
Via Salamone 77, Milano, ltaly / SWEDEN Georg Sylwander AB, Lidingovagen 75, Stockholm, Sweden

SCOTT®

SCOTT INTERNATIONAL, 111 Powdermill Road, Maynard, Massachusetts, U.S.A.
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American High Fidelity
Equipment Exhibition Shows U.S.
Gear to British Buffs

hile most knowledgeable audio buffs in England
will have become familiar with the specifications
and appearance from U.S. magazines, they may
not have a first-hand knowledge which comes from han-
dling the actual products. They will get the opportunity
during the eight-day show which opens on April 14 at
the U.S. Trade Center, 57 St. James St., London, S.W.1.

AUDIO e MARCH, 1966

Located only a short block from Piccadilly and in the
heart of the “West End,” the building is pictured above.

High Fidelity Exhibitions staged previously by the
Department of Commerce have proved to be most suc-
cessful for the U.S. manufacturers participating. At the
Frankfurt show in 1964, twenty-seven equipment manu-
facturers participated—nine new to the market—and they
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Left, the facade of the United States Trade Center in Milan, Italy, scene of the 1965 exhibition. At the right are shown
some of the enthusiasts, dealers, and distributors who attended.

signed up eleven agent/distributors, mnade off-the-floor
sales of over hulf a million dollars, and chalked up an
estimated additional sales total of $2,139,000 within a
vear of the show’s close. A similar show held in Milan in
February, 1965 had a total of thirty hi-i manufacturers,
including eight new to the market, resulted in sales from
the floor of $152,000, and an estimated additional total
of $877,000 in business within a year. The products of
thirty manufacturers are being shown this vear, and a
business total in excess of the Frankfurt figure is expected.

Department of Commerce Help

The Bureau of International Commerce of the Depart-
ment has 39 field offices from Alaska to Puerto Rico, each
staffed with foreign trade specialists who can provide full
assistance and information on international trade promo-
tion activities. Manyv American products are shown for
the first time in Britain at the United States Trade Center
which is located as shown on the small map below .

The Center is maintained by the United States Depart-
ment of Commerce as a permanent showplace and is
under the direction of Donald S. Kilbv. The show hours
are as follows:

April 14 10:00 am. to 9:00 p.m. Trade only.

April 15 10:00 am. to 5:00 p.m. Trade only.

April 16 10:00 am. to 5:00 p.m. Trade and public.

April 18-22 10.06 am. to 5:00 p.m. Trade and public.

This represents a departure from usual Trade Center
Exhibitions, in that the public is generally not admitted.
Since high fidelity is largely a consumer industry, the
custom is changed, and dealers throughout Great Britain
have been given tickets which thev distribute to hi-fi en-
thusiasts who request them.

American visitors to London during the first days of
this exhibition may also want to take advantage of the
International Audio Festival, which is being held from the
14th to the 18th of April at the Russell Hotel in Russell
Square. This show is an annual event, and has been held
regularly since 1957. This need not keep anvone away
from the U.S. exhibit, however, since the latter is not
open on evenings or Sunday.

On page 41 will be found a floor plan of the exhibit
showing the general arrangement of the booths and the
products being displaved while a description of some of
the products being shown follows on page 44. It is likelyv
that a number of unfamiliar names will be encountered,
along with the familiar ones. These are the U.S. exporters
who are agents for the manufacturers in those instances
where the companies do not have export departments
within their own organizations. To exhibitors and visitors
alike, we hope it will be a “Good Show.”

Below, left, A scene indicating that hi-fi interest is just as great in Italy as it is in the U.S. This picture was also made at the

Milan exhibition. Right, a street map section showing the location of The U.S. Trade Center.
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ENDORSED BY ELPA—The Elpa seal of
endorsement is a certification of excel-
lence in high fidelity. It is granted only
to that equipment which successfully
meets the stringent standards of per-
formance and design established by
ELPA MARKETING INDUSTRIES, INC.,

/ Dstinction

one of the world’s leading authorities
on high fidelity.

ENDORSED BY ELPA signifies that their
equipment, after exhaustive technical
and comparative tests, has been judged
to be, in its price range, the finest value
available in the world of high fidelity.

Exclusive Import and Export Agents for:

IMPORTS
THORENS S.A.
Ste. Croix, Switzerland

ReVOX S.A.
Regensdorf, Switzerland

ORTOFON A/S

Copenliagen, Denmark
PERPETUUM-EBNER

St. Georgen, West Germany

EUGEN BEYER
Heilbronn, West Germany

CECIL E. WATTS LTD.
Sunbury-on-Thames, England

EXPORTS

R. T. BOZAK MFG. CO.
Darien, Conn.

McINTOSH LABORATORY INC.
Binghamton, N. Y.

E. J. SHARPE INSTRUMENTS INC,
Buffalo, N. Y.

THE TALL CO.
Mt. Vernon, N. Y.

For Complete Details Write to Dept. AO3

ELPA

ELPA MARKETING |NDUSTR|ES, INC. New Hyde Park, New York

AUDIO e
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Whal makes Bozak's Symphony No. 1, Model
B-4000, lhe largest selling full-sized, full-
voiced speaker system in the world?

For one thing, it is specifically designed for
stereo. To achieve the broad, uniform distri-
bution of high frequencies needed for stereo
realism, the eight treble speakers in the B-4000
are arranged in a loaded vertical column array.
Thal's the same arrangement we designed for
the outdoor sound reinforcement systems
used by the New York Philharmonic and the
Metropolitan Opera.

Even though we designed and build the Sym-
phony No. 1 to provide the utmost in stereo
realism, we were gratified to have added rec-

“Well Articulated...Musically Balanced...Eminently Honest”
—High Fidelity

ognition for the results of our efforts from the
authoritative magazine High Fidelity in its
December issue.

Such phrases as ‘“outstandingly smooth and
uniform”, “lop performing speaker system”
and ‘“satisfying combinalion of breadth and
depth” also reaffirm your judgement in making
the B-4000 the popular speaker that it is.

If there's a cerlain indefinable something miss-
ing from your own music at home, perhaps you
should listen to the Bozak Symphony No. 1.
Your dealer will gladly demonstrate.

Or, if you'd like the opinion of an unbiased
expert, we'll gladly send you a reprint of High
Fidelity’s review.

For complete catalogue information write our
export agents. Elpa Marketing Industries, Inc.,
New Hyde Park, N. Y.

7

Box 1166, Darien, Connecticut
Circle 122 on Reader Service Card
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For complete catalogue information write our export agents, Elpa Marketing Industries, Inc., New Hyde Park, N.Y.

please check

[ C 22 tube stereo preamp [] MC 225 stereo power amp RLEREE

[] C 24 solid state preamp  [] MC 240 stereo power amp

[CJ MR 71 fm stereo tuner [[J MC 275 stereo power amp

[J MR 67 fm stereo tuner [J MA 230 stereo amp/preamp cITY STATE
[J MX 110 stereo tuner/preamp

yane HEED HENS DUEE SO EEEN B seen o BOST B o ESeed BESR RESeS eores SENEE NUEDE DUEED BURS BEEEN SN S SN SIS SEEES e Emy s

STREET

......

(e

Tired of throwing money
away?
Consider this:

All tuners, amplifiers, preamplifiers sound good when you
first get them. ONLY Mclntosh units continue to sound good
year after year, after year, after year, after year, etc.

Now the best stereo electronics can be yours. Why settle for

second best?
Melntosh o v

*from most dealers 6 Chambers St., Binghamton, N.Y.

Circle 123 on Reader Service Card
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Don't Let
Tape Breakage

or Tape Splicing
Scare You...

Get the

EDITa// vp2

The Inexpensive, Simplified
Professional Tape Editing
and Splicing System

you get Perfect
Results tne First Time
. Every Time!

With the exclusive patented
EDltabs, the EDITall handy
kit, now available for the
first time, puts you in the
Professional class . . . gives
you everything you need to
splice and edit tapes per-
fectly . .. even mend those
tiny bits and pieces.

SAVES YOUR TAPES
AS WELL AS YOUR MONEY!

Once you've used it you'll
agree with the pros...
there's no other completely
satisfactory method of splic-
ing, repairing and editing
tape. Another ELPA Quality
Product that saves you time,
temper and tape!

The EDITall KP-2 Contains:

e Patented Precision EDITall
Splicing Block

® 30 EDItab “instant” Splicing
Tabs

e Demagnetized Blade

® Special Tape Marking Pencil

® Introductory Tape Spiicing and
Tape Editing Guide

H ®

] EDI7abs These patented handy
{ 50 EDirabs splicing tabs join your tapes easily
b e Whenfused with]the EDLTaH, theydassure
you of a perfectly butted joint and a per-
'Il‘,l{‘_/‘ fectly aligned splice. Special formula
'3 =iz adhesive coating never oozes out and
= assures you smooth, sharp tape edges
> tach EDItab you use is your guarantee

of a perfect splice.

For Complete Details Write to
Dept. 116A3

ELPR
ANOTHER ELPA > ( QUALITY PRODUCT

MARKETIN N DU RIES
¥

40

&

"’ CECIL E. WATTS MANUAL

“HOW TO CLEAN, -
MAINTAIN AND
PROTECT RECORDS”

Learn how to get all the
enjoyment your record
collection can deliver.
Learn how to restore old
records to useful life
again. Learn how to give
all your records a new
lease on life.

HOW TO
CLEAN, MAINTAIN
AND PROTECT
RECORDS

v

No Other Manual Like It!

it contains such valuable chapters as:

How to handle records

The miracte in the groove

Dust and Static.

When to apply anti static agents
Storage of records

Cleaning equipment
Rejuvenation of records

Start to protect your record collection immediately
Send for your copy today.

for Complete Retails Write to Dept. 112A3

ELPa

ANOTHER ELPA QUALITY PRODUCT

MARKETIN DUSTRIES
HYDE PAR DRK

’,av“-"'a ENDORSED BY ELPA
-3

Ot New Book Tells You . .

"~ HOW TO GET THE MOST
FROM YOUR TAPE RECORDER

-

Written by Leading
~ m Autharities
Joel Tall, long known for
) | his work in tape editing
- and Martin Clifford,
noted author of books on
5 electronics.

Partial List of Contents

+ How a Tape Superimposing
Recorder Works Recording from Tape

* Types& Recording from FM

Selection of Tape How to Splice

Recording Live it

With Microphones How to Edi

Using a Mixer Forward and

Recording from Reverse Sound

Records + Storage of Tape

PLUS MUCH MORE

tf you now own, or plan to buy, a tape re-
corder of any make be sure to order this book
now. The amount you spend will Le more than
repaid in the extra pleasure you'll get when-
ever you use your tape recording equipment.

for Complete Retails Write to Dept. 112A3

xLPA
ANOTHER ELPA > < QUALITY PRODUCT
ELPA MARKE S
NEW HYDE PAR DR

Circle 124 on Reader Service Card

Sitin your own

Supei (. oncer/ Hall !

SHARPE HEADPHONES

give dynamlc new
range to stereo lzstemng

Only Sharpe Headphones have the
patented combination notise-attenu-
ation cup and cavity divider with
three harmonic dampers to produce
the unequaled flat frequency re-
sponse. Sharpe Headphones ‘shut
out” random noise that masks the
very highs, the very lows. Sharpe
Headphones reproduce the audio
frequency ranges smoothly and
distortion-free, outperforming the
finest loud-speakers. Professional in
every detail, from comfortable, dual-
slide headband toliquid-filled, noise-
attenuating ear seals.

o Complete with strain relief cord
o Dynamic driver ¢ Inner and outer
frequenm dampers o Acoustic seal-
ing ring o Full spectrum frequency
dampers and resonance attenuator.

Lifetime guarantee on performance,
workmanship, material.

Frequency response: flat from 20-20,000
cps + 3 db. Impedance: 8 ochms per phone,
used with 4, 8, 16 ohim outputs. Power out-
put: 2 watts per phone. Noise attenuation:
40 db at 1000 cps.

For specifications and
catalogue information
write our export agents
Elpa Marketing SHARPE
Industries, Inc., £

New Hyde Park, N.Y,

e:-?
ST s

@p SHARPE

Instruments, Inc.
DOEPT. A
955 MARYVALE DRIVE
BUFFALO, NEW YORK 14225
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ALTEC COVERS THE WORLD OF
MODERN COMMUNICATIONS

Altec Lansing Corporation designs and manufactures an across-the-board array of
quality sound products now serving every area of the communications industry.
Whatever your particular area of specialization may be, there is a specialized line
of quality, proved-in-the-field Altec equipment to serve you.

s
DYNAMIC MICROPHONE

— e N
e e
o

NOISE-CANCELLING
COMMUNICATIONS
MICROPHONE

260 WATT POWER AMPLIFIER

D
’h! P
b |
MULTICELLULAR HORN

15" “DUPLEX" ®
SPEAKER

PLUG-IN ALL-TRANSISTOR
REPEATER AMPLIFIER

REPEATER TERMINATING UNIT
(Complemented)

MICROPHONES

Altec manufactures over 15 different types of microphones to
meet every industry requirement: from broadcast condenser
microphones the size of a lipstick to push-to-talk, high dis-
crimination, noise-cancelling dynamic models. We even have
dynamic microphone/amplifier assemblies that rriple the fre-
quency range potential of G1-type handsets and headsets!

AMPLIFIERS & CONTROL AMPLIFIERS

Our broad line of amplifiers and control amplifiers range from
14 watts to 260 watts power output. Each is built to uncom-
promising standards of precision, accuracy and efficiency with
a frequency response of = 1db, 5-30,000 cps being typical.

SPEAKERS AND SPEAKER SYSTEMS

The superiority of Altec loudspeakers and horns has long been
recognized and used as the standard in more than 50% of the
motion picture theaters, stadiums and auditoriums throughout
the U.S. Types available range from 8", 12” or 15” cone type
speakers to giant multicellular horns which provide clear sound
coverage for vast indoor-outdoor areas.

SPECIALIZED SOUND DEVICES

Especially important to specialized communications needs are
special Altec sound developments, including:

NOALA®—Exclusive with Altec, NOALA automatically com-
pensates for variations in ambient noise levels; increases or
decreases output level of the sound system to compensate for
prevailing noise,

“SEQUR” — Contributes the ultimate in operating reliability,
Assures “fail-safe” functioning of the system by operating
power amplifiers in parallel into a common matched load.

“REVOCON"® — Permits remote control of a sound system
from any Jocation (e.g., from the rear of an auditorium) with-
out the slightest effect on sound quality,

WIRE COMMUNICATIONS EQUIPMENT

For many years, Altec Lansing Corporation has manufactured
all-transistor plug-in repeaters, compressors, equalizers, net-
works, transformers, power supplies and corollary equipment
for VF telephone channels, general telephone circuits, tele-
graph/teletype circuits and PBX installations. The advantaces
of this equipment are many: great space economies through
solid-state design, lowest heat, simple installation. And, for
urgent requirements, these products are available for immediate
delivery from stock.

MONO AND STEREO HIGH
FIDELITY SYSTEMS BY ALTEC

Long the standard of
the professional re-
cording studios and
theatres, Altec Play-
back stereo compo-
nents bring the same
superior performance
to the home,

THE WORLD-FAMOUS A-7 “VOICE OF THE
THEATRE”® SPEAKER SYSTEM IS NOW ALL
DRESSED UP FOR THE HOME! And the home
becomes the concert hall! Outside of looks, the
beautiful new Altec ‘‘Valencia” speaker system
and the famous Altec A-7 professional studio
model are the same. Same speaker components,
same perfect sound, same realism and presence.
These attributes are what have made the A-7 the
standard of America’s recording and broadcast
studios, theatres, and concert halls. Now, this
same perfection in studio stereo is available for
the home in sculptured walnut, only 2934” H,
27Y%" W, 19” D.

COMPLETE THE SYSTEM WITH THE WORLD'S
FIRST ALL-SILICON MONO/STEREQ RECEIVER:
THE 100-WATT ALTEC 711A. This revolutionary
solid-state receiver is an all-in-one combination
FM tuner and amplifier. Over a decade of expe-
rience in solid-state amplifiers is represented by
its advanced circuitry. The 711A also has inputs
for both mono and stereo record player and tape
deck. Extremely sensitive FM reception plus 100
watts of clean amplifier power. The 711A can be
operated as a monophonic receiver and also fea-
tures facilities for stereo reception when such
service becomes available in your area. Operates
on 120/240 volts, 50/60 cycles.

604E SUPER DUPLEX® 2.
WAY COAXIAL SPEAKER.
Long acclaimed by engi-
neers as the standard of
the American audio indus-
try, this 15-inch speaker
provides unusually uniform response throughout
its entire freqency range of 20 to 22,000 Hz. The
604E is a true coaxial, employing separate and
independent magnets and voice coils within a
single frame. True multicellular horn for excep-
tional distribution of highs.

COMPLETE ALTEC STEREO COMPONENT
SYSTEMS FROM $570 TO $1374.

SEE ALTEC AT THE AMERICAN HIGH FIDELITY EQUIPMENT EXHIBITION,

42
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AMERICA’'S MOST MODERN
STUDIO CONSOLES USE
ALTEC AUDIO CONTROLS!

I . -~

S—
[N I ]
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The engineers who design America's studio
consoles have come to rely on Altec audio
controls for the most advanced, trouble-free
performance. Before building a console, one
should consider the unique advantages of
Altec’s most recent studio components.

Following is but a small sampling of Altec's
complete line, which also includes micro-
phones equalizers, notch filters, fixed low-
pass and fixed high-pass filters, variable
low-pass and variable high-pass filters,
and precision networks.

ALTEC ATTENUATORS, MIXERS, VU EXTENDERS,
AND STEREQ PAN POTENTIOMETERS come in
more than 300 types, both rotary and straight-
line. New rotaries use pure-silver dual brushes,
independently sprung to eliminate “stumble.”

ALTEC PROGRAM EQUALIZERS provide continu-
ously variable equalization at selectable frequen-
cies. Passive circuitry, plug-in mounting or
standard rack mounting.

ALTEC GRAPHIC EQUALIZERS have completely
passive circuitry, inducing no hum or distortion.
Provide quiet, positive variable boost or attenua-
tion of frequencies, with a frequency overlap for
an essentially flat response.

ALTEC VARIABLE LOW. AND HIGH-PASS COM-
BINATION FILTER is ready for rack mounting.
Rear-mounting input and output terminals nor-
maled through front-panel jacks.

Houston Astrodome®

INDOOR STADIUMS. Largest Altec sound system in
history is also judged to be the finest ir the world.
Here, Altec amplifiers deliver 6,000 watis to power
gigantic garage-size Altzc speaker systams suaspended
from the roof of the structure.

:rexas Tech Stadium

A TS
'-z“

OUTDOOR STADIUMS. No roof here, but -vurd Irift is
added to the problem of making the announce- heard
clearly. High-lev2! Aitec multicell speakers cut
through wind and crowd noise to deliver the massage.

Lincoln Center’s Philharmonic Hal

g ! 'EHFA

music

CONCERT HALLS. Here, where musiciams,
critics, and experiencad concert-goers candinually sit

in judgment on sound qguality, is th2 true test of a
music sound system! Throughout the naviom, Altec
passes the test!

McCormick Place Theatre

THEATRES. ‘Altec ‘‘Voice of the Th2at'e’® speaker
systems, advanced salid-staze amplifierz, anc contral
consoles reproduce to perfestion the sosnas of musi=
and dsama for discrininating listaners.

AIRPORTS. Let the jets whine, the turtoprops roar—
Altec’s NOALA® automatically adjusts the system's
sound level to overcome prevailing ambient nolse:
Fail-safe system would operate even if hal the ampli-
fiers became inoperative!

First Corrgregatlonal t,hur h of Los Angeles
§ "% "

CHURCHES. The voice of the pastor. the music of th2
choir and organ reach every menber o- the songrese
tion n absolute clarity. And, Altec’s-fide ity provids
faceto-face inf macy so 2ssential inm cwach apzl
cations

THE U.S. TRADE CENTER, LONDON, ENGLAND, APRIL 12-23
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INDOORS
OROUT...

WHERE SOUND

IS IMPORTANT,

THE SYSTEM’S

* BY ALTEC!

Through the years, leading archi-
tects and engineers have speci-
fied custom Altec sound systems
whenever sound is an important
consideration. Altec’s experi-
ence with specialized sound
requirements of a great variety
of structures pays off in systems
of unmatched clarity and reli-
ability.

Whether you need a sound sys-
tem to carry an announcer’s
voice through the din of cheer-
ing fans or to reinforce the
whispered nuances of a concert-
hall violin, you can rely on Altec.
Your colleagues have for more
than 30 years!

DISTRIBUTORS

Here is an unique opportunity to
carry the world-famous line of Altec
audio and communications equip-
ment. Altec is the U.S.A’s largest
single-source manufacturer of audio
and communications equipment,
and it backs up its size with a 35-
year-old reputation for quality.
Write for further information.

©1966 AL

International Division

ALTEC LANSING

A Division of /L7~ Ling Altec, Inc.
ANAHEIM, CALIF., U.S.A. - TELEX: 678825
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Products shown by U.S. Manufacturers

With over thirty participating exhibitors, it is not possible to describe every item that will be displayed. V
to include at least one product of each manufacturer, kno wing that literature will be available in each dis

AR-3 Speaker System. In the vears since
its introduction the AR-3 system has
undergone revisions to one or more of its
three drivers, as the manufacturer found
a better way to do things. Thus, this
system remains a “standard” among coni-
pacts, if not among all systems. It is a
true three-way system with a 12-inch
acoustic-suspension woofer, a 2-inch mid-
range, and a l%-inch tweeter. The last
two named drivers are not conventional
cone units; rather the diaphragms re-
semble nothing so much as a fried or
poached egg yolk (of a very fresh egg).
This unconventional appearance and con-
struction, the domes are made of a pheu-

ACOUSTIC RESEARCH

olic material, is responsible for the wide
dispersion and smooth response of the
upper musical registers. Mid-range and
tweeter drivers are controlled in output
by rear panel shafts that allow a wide
range of tailoring of the speaker to acous-
tical conditions. If it is so desired, a rear-
panel strap may be removed converting
the system into a woofer-only operation—
up to about 1000 Hz. Impedance of the
entire system is 4 ohms and efficiency is
low. Recommended power is 25 watts
minimum per stereo channel. A wide va-
riety of wood finishes is available includ-
ing walnut, cherry, mahogany and teak.
Weight of the system is 60 Ibs.

AR Two-Speed Turntable. The AR turntable is of integrated
design, that is, the arm and table are a single unit. They are in
fact, linked together on a subplate, thus isolating them from
shocks received by the base. Drive is from an hysteresis-syn-
chronous drive motor (and a smaller starter motor) via belts.
Speed change is effected by shifting the belt on the larger
pulley. The arm is moderately viscous-damped. This is “butter-
finger” protection; if the arm should be dropped it would
gently float down to the disc. At playing angles, the viscous
substance is disengaged and there is no restraint on the arm.
The arm itself is of low mass with a removable plastic cartridge
shell. Stylus force is attained by moving a rear counterweight
back or forth. Toward that end, a high-precision plastic hal-
ance force guage is included witl the system. Also included is
a plastic dust cover. The table is mounted on an oiled-walnut
base. Dimensions are 12%” x 164" x 54”.

ACOUSTECH
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ALTEC

711A FM Stereo Receiver. This is an all-transistor stereo re-
ceiver that provides 50 watts of power per channel IHF (35
watts per channel, rms) and is equipped to receive FM mono
and stereo signals. In addition it has the input facilitv for stereo
tape head, magnetic phono and an extra high-level input.
Unusually flexible front-end controls are provided. Switches
are included that allow the user to play either the regular or a
remote pair of speakers. A stereo low-impedance earphone jack
may be used in conjunction with a switch that shuts off all
speakers for fully private listening. FM tuning is by signal-
strength meter. A separate light ignites in the presence of an
FM multiplex signal and the circuitry then switches auto-
matically from mono to stereo. Imporiant specifications in-
clude: IHF F\ sensitivity is 2.2 wV; stereo separation at 1000
Hz is stated as 40 dB; amplifier frequency response is +1 dB
10-100,000 Hz; phono sensitivity for full output is 5 mV; hum
and noise is 77 dB down from full output; and full-power total
harmonic distortion is 0.5 per cent. Weight is 19 Ibs,

44

Acoustech V. A massive power supply is only one of the fea-
tures that make this all solid-state control center/power ampli-
fier unique. The power transformer alone weighs 9% pounds.
This is partly vesponsible for the ample capacity and regulation
that makes possible full amplifier power under the most adverse
conditions. \With both channels operating simultaneously, the
Acoustech V will deliver 45 watts average per channel at less
than 0.25 per cent IM distortion. The preamplifier section uses
plug-in circuit boards that are made of glass epoxy and meet
the USA military specification G-10. A four-bank pushbutton
switch on the front panel incorporates switching facilities for
tape monitoring, muting loudspeakers, a.c. power, and engag-
ing the tone controls (which are out of the circuit unless this
control is depressed. Other important specifications include:
frequency response at normal listening levels of 5-75,000 Ilz
=+1dB; power response at full power of 20-20,000 Hz at under
0.25 per cent total harmonic distortion; 1% microsecond rise
time; hum and noise below rated output in phono (RIAA
compensation) of ~55 dB, ~75 B in high-level inputs; phono
sensitivity for full output is 2% or 10-mV. Shipping weight is
25 1bs.

AUDIO e MARCH, 1966



AMPEX
Stereo Tape Recording System. The Ampex 2061 is a complete
tape music system for the home. It consists of the Ampex 2060
recorder, two model 2013 speaker systems and two model 2001
microphones. The model 2060 recorder has the same features
as Ampex’s model 2070 except that it does not have built-in
speakers for monitoring. Preamplifiers and power amplifiers are
included. A reel of tape will load automatically by simply
having the end dropped into a waiting slot. This unit will
reverse automatically at the end of a reel of 4-track tape and
will play the second set of tracks in reverse operation. Record-
ing is also 4-track, though the machine will not record while
in the reverse play mode. 50-15,000 Hz response is claimed;
speeds ollered are 72, 3%, and 1% ips; wow and flutter averages

under 0.12 per cent at the highest speed. The speakers pro- mumn sterco effects with the speaker wire provided. Also in-
vided each contain one infinitely-baffled 6-inch woofer and cluded with this system are the two nwdel 2001 microphones.
3-inch tweeter. They may be used attached to the recorder These are ommnidirectional in characteristic, and are high-
or separatelv. When mounted the entire unit forms a one-piece impedance dynamics with a frequency response of 50-15,000
portable unit, up to 30 teet of separation ma; be had for maxi- Hz. Microphone stands are included.

BARZILAY

Lquipment Cabinet Kits. The cabinet pictured is only one of a
line of equipment enclosures that are delivered in kit form.
This is the Design One modcl. All of the kits have walnut
exterior surfaces. Step-by-step instructions are provided. Also
included are complete finishing materials so that the final prod-
uct will exactly resemble a fine-furniture work. This particular
cabinet model can contain a complete steres system including
the larger tape recorders. The speuker enclosures ave separale
and will accommodate drivers as large as 15 inches. The main
section is fronted by disappearing tambour doors. Almost five
feet of record and tape storage space is available in the lower
sections. All compouents mount from the top down. The entire
center section top may be raised lor access. As an alternate,
the cabinet can be constructed for front mounting components.
This center section can be purchased separately. However, if
the system is purchased at one time, the speaker enclosure top
panels will form one continuous grain pattern with the center
section.

BOZAK

P-4000-P Speuaker Systen. This model designation is for a complete full-audio-spectrum
speaker system mounted on a wooden board for insertion into an appropriately sized
cabinet of vour choice. Two 15-inch bass speakers, one 8-inch midrange, and a vertical
array of eight treble units are employed. Also included is a crossover that operates at
6 dB/octave at 200 and 1500 Hz. Over-all fundamental response is stated as 35 to
16,000 Hz. The tweeter array employved is instrumental in providing a dispersion figure
of 150 deg. at the high end. The system is designed to be used in a totally closed hous-
ing of 8 cubic feet. Impedance of the svstem is 8 ohms. This speaker system can also be
had in Bozak enclosures of contemporary or NMoorish design.

C/M LABORATORIES

Integrated Stereo Amplifier/Preamplifier. It is usual for inte-
grated units lo sacrifice one or another features and perform-
ance characteristics in order to achieve compact dimension and
a reasonable price. Nevertheless, C/M claims for this Model
CC-50S that it represents state-of-the-art performance char-
acteristics. Economies have been achieved by paring controls
to the minimum necessary to do an effective control job. Still,
full input and output versatility is not completely lost. Design
is all solid-state. Inputs are provided for magnetic phono and
tape head, and the usual high-level sources. Continuous power
output per channel rms is 50 watls into 8 ohms, 45 watts into
4 or 16 ohms. This full power is available over a 20-20,000
Hz bandwidth at less than 0.5 per cent harmonic distortion. IM
distortion is less than 0.5 per cent at 45 watts equivalent

R R OTRTR ™R
’:{ ‘) 1'} N j} ) power. Frequency response is 5-60,000 Hz =3 dB at one watt.
L ot

The damping factor to speakers is better than 200 at 8 ohms
over 20-20,000 Hz. Rated phono input is given as 3 to 15 mV,
equalization is for RIAA response. Total hum and noise is
70 dB below a 10 mV low-level input or 70 dB below a 0.25
volt high-level input. Full amplifier output protection against
mismateh or shorted conditions is provided.

PRCGUENTGY COMPENBATEC ®
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CROWN

SX700 Tape Recorders. There are two versions of this machine.
The model SX722 is equipped for two-track stereo record and
play. The model SX724 is identical except that the heads
supplied are of the quarter-track (four-track) variety. All
circuitry (there are separate record and play amplifiers), uses
silicon transistors and other solid-state devices exclusivelv.
Four push-button controls are provided for fast forward, re-
wind, stop, and play. Standard NAB-tvpe reels of 10%-inch
size or smaller are accommodated. A switch adjusts reel tension
as appropriaie. A separate microswitch will stop the system if
the tape should run out or break. High-impedance microphone
and high-level inputs are provided for each channel. They may
be mixed as needed since each input has its own gain control.
Large VU meters indicate input or output signal levels. Qutput
is at 600 ohms balanced with outputs up to plus 10 dBm. Other
important specifications include: speeds of 7% and 3% ips with
equalization switched at the same time speed is changed; over-
all frequency response at the higher speed of 30-20,000 Hz
+2 dB; signal-to-noise ratio is 54 (B; flutter and wow is 0.09
per cent. At 3% ips response is 30-15,000 Hz = 2dB; s/n is
45 dB; and flutter and wow is 0.18 per cent.

DYNACO

SCA-35 Iutegrated Amplifier. This unit is, by American stand-
ards, relatively low powered. Still) it has been built to uncom-
promising requirements in an elfort to provide a top-quality
product at the lowest possible price. The SCA-35 is even more
economical if purchased in do-it-vourself kit form. Much ol the
most tricky wiring is done at the factory on three-printed-
circuit boards that need only be wired into the chassis. Onlv
about eight hours are required to place the unit into service.
If you are not of the soldering-iron school Dyna does offer
this unit completely factory wired as the model SCA-33/A.
Kit or wired the final unit will deliver a total of 35 stereo walts
(17% watts per channel). Total harmonic distortion within 1
dB of this power will be under 1 per cent from 20 to 20,000
Hz. At average listening levels this distortion is less than
0.2 per cent. 20-20,000 Hz frequency response is +0.25 dB.
IN distortion is under 1 per cent at maximum power.

ELECTRO-VOICE

Solid-State Receiver and Model Seven Speakers. These three
components make up the heart of a stereophonic music system.
The Electro-Voice Seven speakers are each two-way systems with
an eight-inch acoustic-suspension woofer and a wide-dispersion
frequency tweeter of 3%-inch diameter. The enclosure is of
oiled-walnut finish with a natural-cane grille material at the
front. Impedance is 8 ohms and response is claimed at 50-
15,000 Hz. The E-V 1177 is a complete FA, mono or FM.-
Stereo, tuner, stereo preamplifier, and stereo 50-watt power
amplifier on a single chassis of compact design. All-transistor
design makes it possible to offer such a unit with a total height
above the shelf of 3% inches. Important specifications include:
frequency response of *+1.5 dB 20-50,000 Hz, total harmonic
distortion of less than 1 per cent at full power, phono sensi-
tivity of 3.5 mV; noise is 70 dB down in high-level inputs;
tuner sensitivity is 3 4V 1HF; FM stereo separation is 30 dB
and switching from mono to stereo is automatic in the presence
of a stereo signal. A stereo light indicates the reception of a
stereo transmission. Weight of the receiver is 14 lbs; of the
speakers 19 lbs. each.
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EdiTabs for Splicing Magnetic Tape.
These splicing tape tabs are particularly
designed to be used in splicers such as the
Editall blocks. In use, the pre-glued and
cut tab is directly applied to the trimmed
magnetic tape to be joined. There is no
splice overlap, nor does the adhesive flow
and cause tape layers to stick together.
Since the splice tab is slightly narrower
than the magnetic tape it is to join, the
use of these tabs precludes the need to
trim excessive tape after the splice has
been made. The package holds 50 Editabs;

controls is the most obvious feature of this amplifier. Only the
basic program selector buttons, the mode switch and volume
control/a.c. ofl control are visible with the trap-door closed.
Beneath that fap, though, is a full range of seldomm used, but
necessary functions. Included are bass and treble tone controls,
an output selector, and equalization, high filter, tape monitor,
and loudness compensation switches. There is also a stereo

Integrated Stereo Amplifier. Artful camouflage of seldom-used F
i
balance control. \usic power output of the amplifiers is 30 '

EDITALL

there are five cards each holding 10 tabs.

Tape Splicing Block. The KS-2 editing kit
consists of a 4-inch by %-inch by lli-inch
aluminum block, marking pencil, roll of
splicing tape and cutting blade. The block
itself is precision cut to accept standard
4-inch magnetic tape without the need for
additional hold-down devices. The stand-
ard 45-deg. splicing cut is possible as is a
90-degree cut for special splicing needs.
Countersunk mounting holes facilitate the
mounting of this splicing block.

EMPIRE

Troubador System. This is a quality manual system consisting of turn-
table, arm, base, and cartridge. The turntable itself is of heavy alumi-
num construction. It is driven by a resilient belt around its exterior rim.
Three speeds, 33 1/3, 45, 78, are available by manually moving the belt
up or down on the motor spindle (under the heavy plate. The tone arm
features precise stylus-force adjustment from one to cight grams. In use,
the arm is first zero balanced and then the force desired dialed at the
vertical pivot. Accuracy of the calibration is claimed at 0.1 gram. The
cartridge mounts in a slide and may be moved forward or back to
minimize tracking error. Maximum tracking error can thus be stated as
0.65 deg. with all cartridges. These units, turntable and arm, are pre-
mounted on a walnut-wood base. Also available from Empire is the new
888 cartridge of moving-magnet design offering a sharp-attack scuare
wave for lowest possible distortion of music. Stereo separation is in
excess of 30 dB. The 888P has a conical stvlus, tracks at the new
standard of 15 deg. and has a compliance of 15 x 10-° cm/dyne. Tracking
is as low as one half gram. There is also a version fitted with an elliptical
diamond. This is designated as the 888PE and offers improved groove
tracing in comparison with the standard 8887.

FISHER

walts per channel (27 watts per channel rms). Total harmonic

distortion is stated as 0.5 per cent at 30 watts. The IHF power
bandwidth at 1 per cent TIID is 25-40,000 Hz. IM distortion is
0.5 per cent at 30 watts. Over-all frequency response is stated
as 20-20,000 Hz = 1 dB. The damping factor to the speakers
is 10. Hum and noise is 60 dB below rated output in phono; it
is 0 dB down in high-level inputs. Ten vacuum tube: are used:
six 12AX7 and four 7591 power-output tubes. There is a
derived third-channel output that will directly feed a center
channel speaker. Also included is a low-impedance stereo ear-

tur pr1enES

sases 3 x 4

e

phone jack on the front panel. There is a speaker silencing

switch. Weight is 26 Ibs.
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GRADO

Model B Solid-State Stereophonic Cartridge. This new cartridge utilizes two ultra-high-
quality subminiature laminated solid-state strain generators to provide the stereo output.
Frequency response is claimed flat from d.c. to 50,000 Ilz, after which response begins
to rise slightly. The generators are impervious to nornal home environmental conditions
no matter how extreme and are completely time-stable. Output voltage is 5.5 mV al 3.54
cm/sec recorded velocity per channel. Stereo separation averages in excess of 20 dB over
the full frequency range. Stvli are user-replaceable and are available with a 0.6-mil
spherical diamond, 0.6 x 0.3-mil elliptical diamond, or 3-mil spherical diamond installed.
Compliance for all types is claimed at 25 x 10~ vertical or lateral. The cartridge will
track over the range of 1.5 to 5 grams force. It should see an input load of 47,000 ohms
for flattest response. D.c resistance of the elements is 12,000 ohms and the weight of
the over-all cartridge is 3.5 gramns.
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FRAZIER

Model XII-D Speaker System. A new-tyvpe 12-inch driver is used as the low-frequency

e v

component of this two-way system. The upper musical registers are propagated by two |

special cone-tvpe drivers. There is a built-in crossover network. Best possible hass re-
sponse is achieved from the hox by fixed acoustical tuning. Over-all, an unusual sinooth-
ness of the extended frequency response is claimed. Also claimed, and readily seen in
the accompanying illustration, is the handsome visual aspect of this svstem. The manu-
facturer’s literature rightfully states that it will minimize “wife trouble.” The finish is
oiled walnut that has been hand rubbed to a fine finish. Impedance of the svstem is 8
ohms. Dimensions are 14-inches wide, 24-inches hich, and 12-inches deep. \Weight is 54

Ibs.

KOSS

KQ 727 Stereo Headphones. These highly sensitive
stereo headphones will accept up to 60 watts per
channel from any normal program source and can be
used with any system having a 4- to 16-ohm output.
Foam-filled ear cushions are removable for casy clean-
ing. The phones are provided with an 8-foot coiled
cord that is terminated in a standard stereo plug.
Distortion is rated as less than 1 per cent al the maxi-
mum output of 143 dB S.P.L. The headband is
cushioned and is fully adjustable for head comfort.
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Stereo Music System. The KLIH Nineteen is a compact high-
quality complete music system for records and FM (mono and
stereo) radio. In addition, it offers inputs for auxiliarv sources
and has tape recorder feed outputs. The all-transistor circuitry
allows for a compactness and quality not possible with tube
units. The wide-range, low-distortion speakers will fit almost
anywhere because of their compact ( 14” wide x 8” high x 84"
deep) dimensions. The automatic turntable is a four-speed
Garrard unit specially modified to KLH specifications. It is
fitted with a Pickering V-15 cartridge to which the preamplifier
electronics have been carefullv matched. The KLH Nineteen
also incorporates a high-sensitivity solid-state tuner that will
receive FM mono and stereo broadcasts. A light will ignite in
the presence of a stereo station. Full controls are provided to
allow adjustment of the FM (or any) signal to individual tonal
preferences. All components are mounted in hand-finished oiled-
walnut enclosures.

J. B. LANSING SOUND

Solid-State Integrated Siereo Amplifier. |BL states that this
SAB00 is the first high-fidelity product to make use of analog
computer-type circuit design. The power amplifier is actually
a direct-coupled d.c. operational amplifier. As a result low-
frequency response extends uniformly to direct current. JBL’s
claim is that low-frequency phase shift is non-existant within
the circuit, resulting in complete stability and rHght coupling
to the loudspeaker. Because transter characteristics are in-
herently linear in all stages, high-order distortion products are
not produced regardless of power level or signal complexity.
It is also stated that the amplifier will not be damaged by
short circuit, open circuit, or overload. Another unusual fea-
ture is a three-position phono-cartridge input switch. This is
designed to provide the best possible dynamic range and
signal-to-noise ratio regardless of individual cartridge output
characteristics. Important specifications are: output power of
40 watts rms per chanuel; THD at full power of 0.25 per cent,
at one watt it is 0.18 per cent; IM at full power is 1 per cent,
at normal listening levels it is under 0.5 per cent; over-all fre-
quency response is stated as 3 to 60,000 Hz +3 dB; hum and
noise is 79 dB below rated output; phono input sensitivity is
5 mV and the preamp will not overload until 200 mV is
reached. There is a low-impedance headphone jack on the
front panel. Weight is 27 Ibs.
(Continued on page 54)
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¢ INTERNATIONAL
welecomes you to

its demonstration of

high-fidelity components
at the
LONDOXN AUDIO EXHIBITION

ai the U. S, Trade Center

April I3 to April 22

featuring:
ACOUSTIC RESEARCH, INC. GRADO LABORATORIES, INC,
Loudspeakers Cartridges
Turntables Tone Arms
Dustats

7\‘?

mmaar-amniax CO., INC
Amplifiers

Preamplifiers =

Tuners —

Turntables

Literature is available on request.

:bez-ama INTERNATIONAL 1140 Broadway, New York, N. Y. 10001

more §

Circle 128 on Reader Service Card
AUDIO e MARCH, 1966
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AR-2* (new model of
the AR-2)

AR-2a* (AR-2* plus super-
tweeter)

AR-3

AR-4X (new mode! of
the AR-4)

[Speakers are shown with grille cloths removed.]

why A&f ‘guarantees its speakers for 5 years

(covering all repair costs, including freight) :

f. #¢°s fair.
2. ¥t°s good business.

#. 41 heeps our guality control department on its toes.

£+ Because of #3, it doesn’t cost us very much.”

AR turntables are guaranteed for one year, with freight and repair costs covered.

The superior performance of AR speakers and turntables, attested to almost universally in equipment reviews,** is not likely toy
change after years of use. If the unlikely does occur, we take care of it.

Literature on AR products will be sent on request.

*The return rate of some models over the entire 5-year life of the guarantee is less than 1%.

**Lists of the top equipment choices of four magazines are available on request. All four chose the AR turntable, and three of the four
chose AR-3 speakers.

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

Circle 129 on Reader Service Card Circle 130 on Reader Service Card -»
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Since the beginning of the recorded disc the consumer has
been plagued by a series of apparently unsurmountable prob-
lems 1n phono reproduction. This was due mainly to the
inability of the phonograph cartridge to cope with the
recorded velocities (loud levels) cut into the record. These
problems have been especially aggravated with the intro-
duction of the stereophonic record.

Many years of research and development, between both
manufacturers of records and the designers and manufac-
turers of phonograph pickups, have succeeded in reducing
these problems to a bearable degree. However, no one has
ever manufactured for consumer use a pickup which con-
tained all of the properties which would eliminate completely
the problems inherent in stereophonic disc reproduction.

The Grado Model “B” solid state stereophonic pickup is
such a device. When design of the Model "B” was under-
taken, the performance standards were set so that sterco-
phonic discs could be played with absolutely no problem
whatsoever.

The Grado Model "B” has a frequency response range well
in excess of 50,000 cycles per second. This frequency re-
sponse is achieved primarily through excellent mechanical
coupling from the diamond stylus to the generators and more
important, through the sharp reduction in tip mass at the
stylus. The resulting reduction of intermodulation distortion
of mulriple high frequencies is to say the least, quite amazing.
This extremely wide frequency response gives the overall
sound reproduction (to use the description of many experts
who have heard the cartridge) "a fantastic clarity never
before experienced in any pickup,” either mono or stereo.

Audibly, one is almost stunned by the overall improve-
ment in reproduction. The general comment being “"One
would think it impossible that the change of one small part
of a system could make it sound so much betrer.”

Illustration No. 1 shows frequency and separation curves
of the Model "B” pickup, needless to say they are superb
by any standards and superior to other pickups in the con-
sumer market (regardless of price).

Illustration No. 2 shows a square wave of the right
channel of the Model "B using the CBS STR III Test record.
The notch on the left side of the square wave is cut into the
record and may easily be determined by running the record
at various speeds (the notch remains art all speeds). The
square wave produced by the Model “B” is virrually perfect.

MODEL "B SOLID STATE STEREOPHONIC CARTRIDGE

The Grado solid state stereo pickup does not contain any
wires, coils or solder joints. Its quality of construction is of
the highest order, utilizing 24 karat solid gold ribbon con-
nectors, military specification reliability, thermo compression
bonded electrical joints, ultra lightweight gem quality dia-
monds, with closely maintained dimensions, and with the
stylus tip radius lapped and hand polished to a mirror finish.

The Grado Model “B” stereo pickup has the longest
expectant life reliability and stability of any cartridge ever
manufactured for consumer use, completely insensitive to
normal temperature changes and atmospheric conditions,
including the high humidity of the Tropics. Quality control
is phenomenally good since each channel (during produc-
tion) can be and is individually adjusted for voltage oucput,
frequency response, damping characteristic and compliance.

The Grado Model "B” may be used for years and then
readjusted at the factory to perform exactly as new. Since
there are no coils or wires, and since there is no magnetic
circuitry, the Grado Model "B” is completely insensitive to
magnetic hum pickup and magnetic attraction to steel turn-
tables. Exceprt for the stylus assembly, which is easily replac-
able by the consumer in a matter of seconds, the Grado
Model "B” is virtually indestructible under normal use and
should last a lifetime. In fact the stylus is so easily replacable,
that one may use this feature as a means to convert the
cartridge immediately for playback of 78 R.P.M. records.

Mini-Duster Model B Cartridge

When using a cartridge in a
record changer, dust accumula-
tion becomes a major problem.
Unless every record is meticu.
lously cleaned before each play-
ing, dust will build up under
the stylus and eventually lift
the stylus right out of the record
groove causing severe playback distortion.

The Mini-Duster positions itself accurately during the
record changing cycle and is ever ready to clean the
record surface.

Although attached to the cartridge the Mini-Duster
operates independently of the cartridge and in no way
impairs the optimum performance characteristics of the
cartridge icself.

GRADO LABORATORIES, INC., 4614 Seventh Ave., Brooklyn 20, N.Y. USA
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FREQUENCY IN CYCLES PER SECOND
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GENERAL RADIO COMPANY. WEST CONCORD. MASS.







