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FOR HIGH-FIDELITY
AUDIO OUTPUT

NEW RCA-7868 NOVAR POWER PENTODE OFFERS OUTSTANDING DESIGN ADVANTAGES

With this new tube RCA brings all the advantages of novar
design to high-fidelity circuitry.

RCA-7868 is a high-perveance 9-pin novar power pentode
for output stages of hi-fi audio amplifiers, phonographs and
radio receivers. You'll get up to 44 watts of power output
from a pair of them in Class AB; push-pull service in audio
amplifiers.

RCA-7868 is the first hi-fi tube type in RCA’s new novar
line of large, all-glass 9-pin receiving tubes. Its cost to you
is less than that of any equivalent tube regardless of base
configuration.

RCA-7868 has all the advantages of novar design, the only
all-glass, integral-base receiving tube design to offer:

Larger internal lead diameter—for strong cage support and high
thermal conductivity for very effective heat dissipation.

RCA ELECTRON TUBE DIVISION FIELD OFFICES

EAST: 744 Broad Street, Newark 2, New Jersey, HUmboldt 5-3900
WEST: 6801 E. Washington Blivd., Lés Angeles 22, California, RAymond 3-8361

Chicagoe S4, lllinois, WHitehall 4-2900

Wider spacing between pins (0.172”)—to minimize the possibility
of voltage breakdown; hence greater reliability.

Pin length of 0.335”—for firm retention of tube in socket.

Pin circle diameter of 0.687"’—large enough to permit use of both
T9 and T12 envélopes.

RCA Dark Heater—found exclusively in RCA receiving tubes...
additional assurance of reljability.

RCA 7868 has two base-pin connections each for grids #1 and 2;
special radiator dn siderods of grid =2 assures cooler operation.

Take full adyantage of this major contribution to audio
technology. See your RCA Field Representative for full de-
tails...or write:, Commercial Engineering, Section K-91-DE
RCA Electron Tube Division, Harrison, N. J.

The Most Trusted Name 1 Electronics

MIDWEST: Suite 1154, Merchandise Mart Plaza,

WWW amedcearadioRistery com
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« FOR PRO-
FESSIONAL
AND HOME
USE

STEREO SPACER !

for consistently
superior stereo |
recordings |

Complete Data
Available

COMING!
A NEW STEREO 1
MICROPHONE | J

DYNACO

Super
Fidelity

: OUTPUT
TRANSFORMERS

Advanced pulse techniques and Dy-
naco’s patented para-coupled windings
and massive grain-oriented cores insure
superior square wave performance an

near-perfect transients. All transform-
ers handle full rated power from 20
cps to 20 KC, and are conservatively
rated and guaranteed to handle double
nominal power from 30 cps to 15 KC.

SPECIFICATIONS
Response: Pius or minus 1 db 6 cps to 60 KC.
Power Curve: Within 1 db 20 cps to 20 KC.
Square Wave Response: No ringing or dis-
tortion from 20 cps. to 20 KC.
Permissible Feedback: 30 db.

MODELS

A-410 15 watts EL-84, 6V6, 6AQS5 14.95
A-420 30 watts 5881, EL-34, KT-66 19.95
A-430 60 watts KT-88, EL-34 29.95
A-440 120 watts KT-88, 6550 39.95
A-450 120 watts pp par KT-88, EL-34 39.95
A-470 35 watts pp par EL-84, EL-34 24,95

(all with tapped primaries except A-440 which
has tertiary for screen or cathode feedback)

Write for complete data on Dynaco transform-
ers iucludinﬁ/ suggested circuits and moderni-
zation of

wattls outpul.

illiamson-type amplifiers to 50

DYNACO. .

3912 Powelton Ave., Philadelphia 4, Pa. |

JOSEPH

Poor Phono Equalization

Q. I recently built a speaker system.
When connected with my amplifier and
FM tuncr, it sounds fine with nice, [clean
lows. [ recently bought a turntable and
cartridge. I paralleled the two channels of
the cartridge by means of a “Y” adapter
and feed this into the magnetic phono, jack
on the back of my 12-watt preamplifier-
amplifier combination. When playing mono-
phonic discs, the low notes appear io be
attenuated. I have played only one stereo-
phonic disc (momnophonically) so farn and
cannot compare the low notes on it to those
heard when using my tuner at this L’me.

The recommended load impedance of my
cartridge is 47,000 ohms per channel. When
I parallel these, I get 23,600 ohms. LZ do
not know the load impedance of the input
of the phono positition on my amplifier
combination. Is there some mismatcﬂlthaz‘
I don’t know about or am I just imagining
the loss of lows? ”

If you suggest paralleling the inputs
with some value of resistance, would you
state the value and also the wattage of
the resistor? Since I don’t know the im-
pedance at the input of the phonograph
position of the unit, can you suggest to
me a way of measuring it? Charles M. Mc-
Leough, Philadelphia, Pennsylvania.

A. First of all, it is possible tha*‘ you
are lacking low frequencies because the
dises used for the comparison simply in
themselves lack lows. Otherwise, thére is
no reason why the paralleling of the cart-
ridge sections should result in a loss of
low-frequency response. If the reconi-
mended load impedance presented to the
cartridge was not obhserved, there would
be a change in the amount of higﬂ fre-
quencies present in the playback of the
dises in question. Jf the resistor ap the
input of the stage was too low in value,
highs would be attenuated; if the resistor
was too high in value, highs would be
accentuated. In either case, the lows would
remain unaffected.

If you are lacking lows, it is pogsible
that there is something wrong with the
equalization eircuits in your amplifier; The
use of a frequeucy test disc and a volt-
meter will quickly tell you the story with
regard to equalization. T ean go into more
detail about this test procedure if it is
desired.

* 3420 Newkirk Ave., Brooklyn 8, N.Y.

WWW akherieairniadiahistory com
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To determine the input load actually
presented to the pickup you need only to
connect an ohmnieter across the input to
the phono position of the preamplifier
with the cartridge disconnected. The re-
sistance measured at this point will rep-
resent the load seen by the cartridge. It
should be adjusted as is required by the
characteristics of the high-frequency re-
sponse.

More likely, however, you may possibly
have connected the two outputs of your
pickup out of phase. Suggest you check
this first.

Determining Speaker Resonance

Q. I wish to build a bass reflex enclosure,
but I do not know the resonant frequency
of my woofer. The speaker has a nominal
impedance of 8 ohms. Richard Teperson,
Cincinnati, Ohio.

A. Every musical note has an audio
frequency, or piteh. If you have good
musieal piteh, or if you have a piano
handy, you can tap the speaker cone and
note the tone which was produced. You can
then figure the frequency of the tone using
standard reference pitehes and the proper
ratios between musical notes. T shall be
glad to explain this further if requested.

If the foregoing procedure is impossible
for you to use, you will have to run an
impedance curve of the speaker. To do this,
an audio oscillator is connected across a
series network consisting of a variable
resistor (0 to 100 ohms) and the speaker
to be measured. Feed in various frequen-
cies and adjust the value of the variable
resistor so that the voltage across the re-
sistor will equal that of the voltage across
the speaker. Do this for each frequency
fed into the speaker. Then, measure the re-
sistance of the resistor with an ohmmeter.
This will give you the impedance of the
speaker directly in ohms. At same low
frequency you will encounter a sharp rise
in impedanece. This is the resonant fre-
quency. When the speaker is properly in-
stalled in the bass reflex enclosure, the
impedance curve will be smoother at this
resonant frequency than was true of the
curve of the speaker in free air. Thus, the
use of this technique provides a method of
adjusting the bass reflex enclosure for
optimum performance. The port loading
is adjusted for the smoothest impedance
curve over a small frequency range above
and below resonance.

There is another method for obtaining

AUDIO e NOVEMBER, 1961
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adjustable counterweight.

Once balanced and set, the Type A tone arm will track perfectly each

side of the stereo groove, even if the record player is intentionally tifted
or the record warped.

table inside; {b) heavy, polished, cast metal turntable

i Turntable is an exclusive sandwich design, (a) drive turn-
outside and (c) a resilient foam barrier between.

- S =
Garrard's Type A Automatic Turntafle gives you a true dyiam-
ically-balanced tone arm, with the extremely important, heavy

balance, at zero pressure.

et rEE s
.

Driving heart of the Type A is Garrard’s Laboratory Ser':es
motor with top and bottom shielded by specially designed ing mechanism is foolproof...gives the Type A
plates, eliminating any possibility of magnetic hum. the tremendous convenience of automatic play.

An extravagant concept, yes...but the price of the Garrard Type A Automatic Turntable
modest ...only §79.50. For literature, write Dept. GS-11,Garrard Sales Corp.

WWW ammerieaniadiahictary com

A - 2
Thus, ‘o adjust the stylus tracking force, you simply  Then, the scale tuilt into the arm enables Jou to
move the counterweight until the arm is’in perfect  set the lightest tracking force prescribed for any

, Port Washington, New York.

Here very simply is why
Garrard's "™ Type A
Automatic Turntable
has become America’s
number one record player

Garrard has combined a dyramizally balanced tone arm; a
heavy, fulksize turntable; a leboratory-balanced precision
motor...plas the convenience of the world’s finest zutcmratic
record-charger (to use whe1 ycu desire). Each is a precision
device comparable to pro‘essional equipment of th2 kind
which, up to now, ycu wcud tave had to buy separately.

cartridge, evan those labelled “‘professional.”

o
e

Perfect performance also requires mini-  Another important feature is Type A’s non-magnetic
mum swing friction.. guaranteed by the turntable... heavy-cast, full-sized. and balanced.
pair of neadle pivots holding the arm. Weight: 6 Ibs.

Garrard's exc usive pusher platform record chang-

is exceedingly oy & . '

world’s finest
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I THE
NEW: AUDIOGUIDE

\

////\
HUINE

Featuring

FM-STEREO

. . Eight complete articles about

i3 £0 the most exciting development
FM - STER since the beginning of high
— fidelity . . . written by the
\96\"96?' men who worked be-
ct hind the scenes to

pRODY
EVIEW make FM STEREO

PR

possible

o

$1.00 postpaid*

(Approximately 160 pages)

HERE’'S WHAT YOU GET FOR ONLY $1.00

PART |_Eighr articles with complete schematics and descriptive data by

such authorities as Antal Csicsatka and Robert M. Linz of Gen-
eral Electric Co., Daniel R. von Recklinghausen of H. H. Scott, Inc., Fred Merg-
ner of Fisher Radio Corporation, Leonard Feldman of Crosby Electronics, Inc.,
Carl G. Eilers of Zenith Radio Corporation, Norman H. Crowhurst, and
AUDIO’s own Dave Saslaw and Edward Tatnall Canby—a complete compila-

tion of the FM-Stereo articles in the June, July, and August issues.

PART “_A complete “Buyers Guide” to all of the newest high fidelity

products, some yet to be unveiled at the 1961 New York High
Fidelity Music Show. Truly the most complete directory of FM-Stereo and
components, with all specifications and prices.

AUDIO, pept. AG-2,
P. O. Box 629,
Mineola, New York.

Enclosedis $............. , please send me postpaid® ... copies of the new AUDIOGUIDE.

e Ry gy S e S S SR SRS —S—r—p—
F . 1 [y SO USSR
Gy - om: = o Soremlitime o et e Wi Zone ........... State ..o

*Sent postpaid in the U.S., Canada, and Mexico. Please add 25¢ for foreign orders.

WWW akherieairniadiahistory com

the resonant frequeney which will give
faster results than the above but will not
give the nnpedance curve of the speaker.
With this method a fixed resistor is used
in series with the speaker. The value of
this resistance should be approximately
equal to the nominal impedance of the
speaker. At resonance you will note a
sharp drop in voltage across this resistor.

Intermittent Static in an Amplifier

@Q. For the past few months, whenever
I turn my set on or off, I hear a heavy,
static noise for about ten to fifteen seconds.
While playing records or FM there is very
little noise—in fact, virtually none. This
equipment has operated satisfactorly for
the past six years. I have replaced tubes
in the amplifiers (only) and this did not
clear up the trouble.

Siz months ago I changed a ground
connection to avoid a loop effect. Could
this be the cause of the trouble? My radio
serviceman could not help me. If you could
give me the theory of such troubles perhaps
I can find the actual cause myself. Alex E.
Gold, M.D. Hempstead, N. Y.

A. Trankly, I do not know the source
of the static-like noise. I can, however,
tell you how to find out its cause.

First, disconneet the audio cables from
the inputs of your amplifiers, leaving the
amplifier outputs connected to the speak-
ers. Turn on the equipment and note if the
noise occurs. If the noise does not occur
you know that the amplifiers are not at
fault.

Next, conneet the preamplifier to the
inputs of the amplifiers. Again turn on the
equipment. If the noise is heard, you will
know that it is coming from the preampli-
fier. All inputs to the inputs to the pre-
amplifier should be removed during this
test. If the noise does not oceur, then you
will have to assume that it is in one of the
units whieh feed the preamplifier. It is not
unlikely that a tube is defective somewhere
in the preamplifier ecireuit, so check all
tubes first.

The checks now to be outlined are to
be followed regardless of whether the diffi-
culty was found to be in the amplifier or
preamplifier. It the amplifier is the culprit,
start with the output.

Test Procedure. Assuming that the prob-
lem is a result of some defect in the pre-
amplifier, start with the cathode follower,
and short each successive grid to ground,
working backward through the preampli-
fier. This shorting should be done prefer-
ably with a large eapacitor—1 or 2 pf.
(The ecapacitor will offer a very low reac-
tance path to the a.c. signal voltage applied
to the grid as compared to the value of the
grid load resistor of that grid -circuit
thus, bypassing the signal. The capacitor
is recommended because some stages are
directly coupled to the plate of the pre-
vious stages or these stages are floating
above ground. Directly shorting the grids
of these stages to ground could short out
the d.e. component of such cireuits, which
could cause damage to the equipment, and
at best yield faulty results. The capacitor
offers virtually infinite opposition to the

(Continued on page 79)
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Belden has it...

Every wire and cable you need for
sound and intercom service and installation

Belden Sound and Intercom Cables are de-
signed and engineered for highest audio
efficiency and quiet performance. These
cables are available in a wide range of types,
sizes, and insulations, for all sound and inter-
com installations. Ask your Belden Electron-
ics Distributor for complete specifications.

Microphone and Shielded Power Supply Cables Miniature Broadcast Audio Cable

Belden Multiple Pair Individu-
ally Shielded Cables use
Beldfoil*, a Belden develop-
ment and a majos break-
through in the seerch for
quiet cables.

Muulple ,Pail' - 8767 *Belden Trademark
Unshielded : T Ree-U--rc'-Of.f-

- Cable _ .
 ..1t051 pairs

LA = I TR Y O

e e B Sy = il

Special Application Cable Belde“
| - WIREMAKER FOR INDUSTRY
e 8734 ‘ SINCE 1902

- = CHICAGO

8763
- power supply cords e cord sets and portable cordage e
' electrical household cords e magnet wire »

lead wire e automotive wire and cable e aircraft
wires o welding cable

m Hi-Fi Connecting

W Cable 8421
AUDIO e NOVEMBER, 1961 5
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The World of Audio
is now a step ahead
because of . ..

C

W
o~

V$-800D
WONDER-WORKING STEREO
CARTRIDGE MOVING-COIL TYPE

Where this amazing product is
used, no HEAD AMPLIFIER or
IMPUT TRANSFORMER is re-
quired, for it operates with 5:
millivolt output! -- an incredibly
high figure? Because its output
is high, and because it is of a
low-impedance type and, hence,
free from inductive “hum’’ effect,
it can be adapted to even a
simple turntabie.

SPECIFICATIONS

OUTPUT VOLTAGE
....9my, 1,000 cps, Scm/sec
FREQUENCY RANGE......10~20,000 cps
CHANNEL BALANCE..... +0.5 db, 1,000¢ps
CHANNEL ISOLATION
...Over 30db, 40-12,000 cps
COMPLIANCE......15% 10°6 cm/dyne
DC RESISTANCE.... .33 ohms
IMPEDANCE...... 35 ohms, 1.000 cps.
LOAD RESISTANCE
100 ohms to 100 kilohms
NEEDLE PRESSURE . .1.5-3¢grams
STYLUS. 0.7 mil, diamond

GA-18
PROFESSIONAL STEREO TONE
ARM PERFECT-BALANCE TYPE

The GA-15 tone arm provides a
means of directly reading the
needle pressure for all cartridges
in the weight range of 1-20grams.
Perfect balance, too, can be
maintained with this high-perfor-
mance tone arm having a
4-terminal plug-in arm head. Any
type of cartridges can be moun-
ted on this torne arm.
Constructed with greater empha
sis on its performance than on
its visual features, this tone arm
is free from arm resonance, that
1S, resonant vibration

LETTERS

Wrong Number

Sik:

If any readers write to me abour my
article in the October issue, “FM Sweep
Alignment Unit—Austerity Model.” I am
of the opinion that his letter might be re-
turned since you have shown my address
incorreetly. It should be P.O. Box| 160,
Madison Square Station, New York 10,
N. Y., instead of Times Square Statign.

I hope that if any readers’ letters are
returned, they will re-direct them proPer]y.

ALLEN R. GREENLEAF.

P.0. Box 160, Madison Square Sthtion.

New York 10, N. Y.

(Let's hope the Post ()ffice pays some
attention to the Zone numbers, but if they
don’t Aublo will retmburse any rea(lér 10¢
for any returned envelope addressed to
Mr. Greenleaf. Ep.)

Multiple Speakers Again

SIR:

I have just studied, with great inferest,
the article by James F. Novak in the Sep-
tember issue. Sinee two of my own articles
on the subject were cited as references,
may I reply?

Mr. Novak charges that the popularity of
small-speaker arrays such as Mr. Muliler's
designs and my own “Sweet Sixteen" ap-
pears to be due to *‘subjective listeming”
and adds that T offered “‘no acceptable ex-
planation”™ why many speakers are better
than one. e has apparently devoted a
great deal of effort and no small expense
to an attempt to debunk the array concept.

I have no quibble with his mathematies
or his measurements. I do, however, seri-
ously question his conclusions.

The entire article is based upon a single
underlying assumption—that ealeulations
of performance and lab measurements are
directly applicable to judgement ‘of a
loudspeaker system's performance iil the
home. While this assumption is admijtedly
a most valuable tool in the design and pre-
liminary testing of new systems, feel
quite strongly that it falls short when ap-
plied at the ultimate-consumer level.

The point I am trying to make is this:
since the typical audiofan’s acoustic en-
vironment contains so many unpredittable
factors, he can expect no correlation at all
between lah-measured speaker performance

i and the sounds produced by the same unit

in his home. Room resonances, reflections,
sound ahsorption, and so on, all combrne to
alter the system's characteristies. | The
smooth curve of a lab-standard unif may
become jagged, and conversely, the jagged
curve of a “low-quality” system may be
smoothed into a thing of beauty.

Let's look again at Mr. Novak’s charge

| that the popularity of small-speaker arrays

is due to “‘subjective listening.” I ask, can
listening be done by any other means?
The only appropriate test for a !loud-
speaker is, “How does it sound in the
home with program material?”’ and the
only way to perform this test is through
subjective evaluation and comparison
against known standards. The rosu{ts of
these tests can be “objectivized” (if | may
coin a particularly gruesome word) by
statistical means if enough such tests are
performed. RBell Telephone lLabs learned
this long ago, and this in essence T; the
method I followed in measuring pernform-
ance of the “Sweet Sixteen.”

I am grateful to Mr. Novak for his
exhaustive treatment of the subject: al-

WWW akherieainiadiahietary com

though I cannot agree with his tinal con
clusion, his measurements have confirmed
what I have believed to he a fuct for the
last two years—that the total performance
of a small-speaker array in the region be-
low 1000 eps is in virtually all respects
equal to that of a single top-quality woofer.
The performance above 1000 eps must re
main a matter of subjective judgement.
In conclusion, I feel that Mr. Novak

has brought into focus one of the major
points conunected with evaluation of (Jif-
ferent loudspeaker syvstems—the fact that
systems which are comparable in sound
quality show up vast differences in labor-
atory tests. I am sure that he will agree
with my closing remarks: Betfore any one
comes to any decision concerning loud
speakers, he should listen to the units in
volved, in his home, rather than reading
specifications and making the decision on
the basis of measurements alone. If this
course is followed, the listener will know
that the system he picked sounded best
to him iz his own surroundings—and
what else, after all, can we expect from
any good speaker system?

Jin KYLE,

1851 Stanford Ave.,

Santa Susana, California

(That last paragraph sounds singularly
like the advice we have given for these lust
fourteen years. e do mot belicve there
are any ‘“erperis” or “authorities” who
know more about what a given individual
likes than the individual himself. We have
always said. “Listen to the products of
the reputable manufacturers and then
choose the one you like best.” If every
manufacturer was absolutely right in his
design and manufacture, it would seem as
though all of thetr produets would sound
ezactly alike. Since they don’t—and that’s
an understatement—our best out” is to
listen and then choose. HBut, listen to «a
wide variety of program material, listen
carefully and thoroughly, and listen for
more than a few minutes before making
the choice. Eb.)

Lost, Strayed, or . . .

SIR:

Two AKG microphones were carried off’
from our Room 334 during the N. Y. Audio
Show. These units were: a D24B60, serial
number 1565, and a DIIN. Prospective
purchasers are cautioned about the D24,
since the serial number is known. If both
these microphones were just borrowed, we
would be pleased to have them returned
at the borrower's convenience.

V. J. SKEE,

Electronie Applications, Ine.,
194 Richmond Hill Ave..
Stamford, Conn.

Electronic Speed Control

Sm:

How about getting oune of your con-
tributing experts to develop an electronic
speed control for turntables and tape re-
corders with either four-pole or synchro-
nous motors, and using parts that are all
available from the usual suppliers. It
should have sufficient power capacity for
any turntable or tape recorder, and a wide
range of speed adjustment.

Kerra CoNRAD.

Wayland, N. Y.
(And we’d welcome a story like this, too.
Ep.)
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Langevin

MODEL EQ-252-A
GRAPHIC EQUALIZER

1 POSITIONS FOR ULTIMATE CONTROL

OF SPECTRAL QUALITY IN RECORDING, TV-BROADCAST AND MOTION PICTURES

FEATURES
7 Selected Positions of Variable Hi-Lo Equalization and Attenuation.

Gold plated, Noise-free, Switching through =8 db in 1 db steps during
active use.

Hum-free performance through toroid coils from —70 to +24 dbm.

Ne tubes or power required —all passive Bridge T circuits in one
integrated unit.

Small size: 32" x 10%2" x 5% " deep.

The Langevin Model EQ-252-A Graphic Equalizer fufills the critical need
for multiple control at the subjectively important points of the audio
range. It employs miniaturized, military quality, gold plated, etched
circuitry in each of the 7 plug-in filter units, resulting in a passive
assembly requiring no tubes or power supplies. Only input and output
connections are required. Sliding Levers permit 8 db of equalization
and 8 db of attenuation in 1 db steps at 50, 130, 320, 800, 2000, 5000
and 12,500 cps during the program through noise-free gold-plated switch-
ing. Modern controls give quiet operation at —70 up to +24 dbm.

Filter assemblies use sealed toroid coils for hum-free operation. Careful
design delivers =% db accuracy. Overlap from one filter to the next
gives combined flat output when levers are in a straight line in any
equalized or attenuated position (see curves). Special frequencies are
available to order; overlap may or may not provide combined flat output
between adjacent positions as the standard frequencies shown have been
calculated for this effect. In zero position each or ali filters are flat
(resistive only, 16 db loss) from input to output. Because all passive
circuitry is used there is no distortion when operated up to plus 24 dbm.
Impedance is 600 ohms in and out; for other impedances use Langevin
line to line transformers, Model TF-602-C. The model E0-252-A is limited
to 600 ohms impedance for the reason that lower impedances would
double the size of the equalizer components every time the impedance
is halved.

"“Over thirty-five years of audio progress”

SPECIFICATIONS

Circuit: Bridged T; Impedance: 500/600 ohms; Insertion Loss: 16 db;
Operating level: —70 to +24 dbm; Positions: 7, with 8 db of equaliza-
tion and & db of attenuation at 50, 130, 320, 830, 2000, 5000 and
12,500 cps in 1 db steps; Distortion: none; Coils: Sealec toroids; Power
Requirements: none; Response: See curves; Panel Finish: Black, satin
finish, non-halation, ancdized aluminum; Terminals: solder type, turret:
Filter Sections: 7 plug-in, printed circuit type; Size: 312" high by 10%2"
long by 53** deep overali.

ORDERING INFORMATION

Model EQ-252-A Graphic Equalizer equipped with red knobs, complete
with mounting hardware and instructions. Weight. net 9 ibs.: 14 Ibs.
shipping. Price, Net $475.00.

Recommended Accessories

When lower impedances than 600 ohms are required, use the foliowing
matching eoils in and out:

Model TF-602-C Line to Line Tranmsformer, Weight, Net, 2%4 Ibs.; 312 Ibs.
shipping. Price, Net, $25.50.

EXimEinmn

FREE Write Today! $1.00 Value—84 Page Professional Audio

Equipment Catalogue covering Low-Level Amplifers, Limrters,

Power Amplifiers, Variable and Fixed Equalizers, High and

W Low Pass Filters, VU Meters and Panels, Plugs, Patchcords,

a lacks and Jackstrips, Telephone Keys, Transfcrmers, Pracision
—

Instrument Switches and complete line of new Langevin Atten-
uators, Pan-Pots, Straight Line and Rotary Mixers, YU Range
Extenders and many others.

A Division of Sonotec Incorporated

503 SOUTH GRAND AVENUE

SANTA ANA, CALIFORNI A
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CHESTER SANTON*

Enoch Light: Stereo 35/MM
Command RS 826

The Command label has switched to 35-mm
film for its master recordings. The change-
over is being made with a lot more hoopla
than we witnessed some time ago when Ever-
est began to use film instead of tape for their
original recordings. Actually, the new Com-
mand process needs only minimum assistance
from the publicity department because some
improvements are obvious as soon as you
try this record on a decent system. One ques-
tion occurred to me while listening to this
disc. Did they need all fourteen microphones
to manage the orchestra? I'm completely will-
ing to grant that problems are bound to
arise when you spread out sixty men on the
stage of Carnegie I{all and then try to record
for maximum instrumental presence in a
parcel of pop tunes. Two or three mikes could
hardly be expected to do the job in the posi-
tions favored for such material by most
engineers. At any rate, I'm inclined to blame
the multitude of mikes for the results I got
in trying this record on two different systems.
On the first set of components, I experienced
a sensation of presence that I had never heard
before on that particular rig. It was a pleas-
ant surprise because the system has fairly
steep rolloff in the speakers at both the high
and low end. Transferring to the second sys-
tem, which I know to be more linear in re-
sponse throughout the spectrum. I discovered
that the record was considerably less excit-
ing and that the number of mikes involved
was more evident. The arrangements may be
a clue. They seem more frantic the second
time around as they try to live up to the
claims on the cover that do more than imply
that the supreme thrill of a lifetime awaits
anyone lucky enough to get within earshot
of this disc. When are those boys in the back
office going to relax? After all, fellas, it's only
a record.

Thunderstorm
Riverside Fortissimo XK 8005

The collection of sounds on this record
first appeared on one of Riverside’s conven-
tional pressings a few years ago. The stir
created at that time could not be called a
deafening one. The blame did not lie with
either the listener or the record company.
All firms turning out well-engineered discs
in those days faced a similar problem. The
dises sounded only as exciting as the stereo
pickups then available. Of the two basic
“commodities” being recorded, music fared
somewhat better when played with those
cartridges than did the challenging sounds
represented on this disc. As stereo pickups be-
gan to assume a response that could be
described as reasonably linear, as separation
at the upper end began to approach the
present figure, records such as this began
to deliver the goods. The Fortissimo process
developed by Riverside gives their original
thunderstorm and other episodes a new lease
on life. In this new pressing, the street noises
and low murmur of traffic before the thunder
begins to roll are good indications of im-
proved signal-to-noise ratio. Select a fairly

* 12 Forest Ave., Hastings-on-Hudson,
N.Y.
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high setting in playback volume and you’ll
hear a raft of incidental sounds throughout
the disc that weren't particularly noti¢eable
in the earlier edition. Most of Side Ome is
devoted to the storm. The story of its lengthy
progress is spelled out in the continually
shifting sound of rain—in the air and| ulti-
mately coursing through the drains close to
the mikes. The Coney Island carousel and a
Maryland farm tractor are typical examples
of close-up recording. Most of the front-to-
rear motion has been assigned to the tractor.
The sports car race, tobacco auction and the
small-town parade are only moderately fnter-
esting. The widest groove excursions (rivaling
most of those heard on test records) have
been saved for the last band of Side Two:
the sounds of the liner ‘“Queen Mary’ 'as it
prepares to leave New York harbor. The blast
of the ship’s horn may depress the nap of
the living room rug but not the spirits of
its owner. The harbor seems to serve gs an
excellent reflector of the other sounds in this
episode—tugs, children’s voices and wheeling
gulls. These are soon forgotten when the
blast of that horn tickles every bolt along
the whole length of the vessel.

Reginald Dixon at the Blackpool Organ
Capitol ST 10285

If you feel that your collection of organ
recordings should include at least one Wur-
litzer played on foreign soil, here is a good
chance to take care of the matter. A further
point of interest in this recording is the
opportunity to hear the M-S system of stereo
miking as applied by EMI in a “live” audito-
rium. Capitol Records set into motion thjs ex-
ceptional chain of events for the orgam fan
with the decision to release in this country
a three-manual Wurlitzer recording made at
Blackpool, Britain's famous resort towm on
the Irish Sea. Reginald Dixon, the feagured
organist in this release, has appeared at the
Blackpool Tower Ballroom since 1930, build-
ing a sizeable following in all parts of
Britain with year-around BBC broadcasts,
telecasts, and recordings that date back to
1932, Dixon’s association with the Tower
Ballroom has survived several interruptions:
service in the RAF during World War II, a
1957 fire that necessitated the rebuildiag of
the organ and, three years ago, an operation
involving a nerve in the organist’s right!arm.
His complete recovery is demonstrated early
in the record as he skims the keyboards in a
dizzily-paced version of the Sabre Dance. All
the tunes are well-established American fa-
vorites. A sure and fluid sense of rhythm in
specialties such as Toy Trumpet and China-
town may surprise listeners who havé as-
sociated deft console work solely with Amer-
ican organists. The ballads are built on warm
layers of the organ’s lower voices that are
spread out in a pattern singularly free of
complications. The bracing sea air that draws
visitors to the resort would appear to have
a tonic effect on the pipes themselves.

Michel Legrand: The New | Love Porik
Columbia CS 8440
As a rule, whenever a record outfit refers
to one of its releases as a landmark| the

well-oriented listener is inclined to reach for
his pouch of salt. Record reviewers, in
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particular, have been known to take an extra
grain as soon as the publicity mills begin to
grind. Sales figures, however, proved con-
clusively some years ago that Columbia really
had something unique in the first album by
Michel Legrand titled “I Love DParis.” Further
evidence that the Parisian conductor had
caught on in the American market came in
the steady procession of albums that followed.
In the mono version, the original “Paris’ re-
lease became one of the best selling instru-
mental albums in record history. Now it has
been remade for stereo. The arrangements
are the same so the technical work gives us
an excellent chance to get up to date on cur-
rent stereo techniques in the French capitol.
The recording characteristic used here can
hardly be described as a self-effacing one.
The highs meet you more than half way.
Once you reduce the prominence of the upper
frequencies, you'll find that the miking offers
a stereo canvas that is singularly free of
seams. Particularly impressive is the cohesion
of the whole family of strings during the slow
ripple effects of La Seine. The bouncy, im-
pertinent, trademarked Legrand style shows
up well in a tune from a Maurice Chevalier
show of 1930. Perhaps the neatest trick in
the album is the Gallic accent given to music
by our own Cole Porter, Mack Gordon, Ver-
non Duke, and Jerome Kern.

Jackie Gleason: Lover’s Portfolio
Capitol SWBO 1619

This latest Gleason production is his most
ambitious project in the romancing depart-
ment he set up in the record catalogs some
ten years ago. Packaged in a black portfolio
is a four-stage, two-record album designed
to guarantee a Big Evening. In order to
make matters easier for the beginner, Mr.
Gleason divides the evening into four con-
venient sections—with music and drinks care-
fully designed to accompany each segment.
It must be stated immediately that J. G.
has stinted nowhere along the line. The pian-
ist during the preliminary stage is obviously
a top-notch performer in the cocktail circuit
despite the fact that he is not identified on
the label. In the next section, the Dixie Jazz
Group is pungent and very much to the point
in its style. Side Three of the album furnishes
dance music in highly authentic society-band
swing. The last episode finds Jackie up to his
favorite tricks, this time leading one of the
best-sounding “Music For Lovers” orchestras
he’'s ever assembled. If you feel that Dr.
Gleason’s Magic Elixir of Salutory Sound
has proved beneficial to you in any of the
18 previous Capitol bottlings, this latest
formula needs no further endorsement from
me.

Percussion—African  Jungle
Reprise R 6001

Primitive
Drums

Were any record company to consider an
actual tour of all the regions of Africa rep-
resented in this release, the shipping costs
for recording gear alone would probably rule
out the project. With most of Africa ocenpy-
ing the spotlight these days, all sorts of ex-
pedients are being used by the record industry
to bring the music of that continent into
closer range. Directors of field expeditions
who have tracked drum rhythms such as
these to their native lair may throw up their
hands in horror at the mere idea of record-
ing this material in a clearing on America's
West Coast. This six-man Californian per-
cussion team boasts only one African mem-
ber—Adinortey Puplampu of Ghana. Helping
the enterprise are studio facilities that are
far more conducive to luxuriant highs and
lows than a typical field recording site. The
informal repertory ranges from a 6/8 war
rhythm of the Egyptian Sudan to a Watusi
Wedding Dance from Ruanda-Urundi.

Ella Fitzgerald: Get Happy
Verve ¢y VSTC 256

In this release, Ella forsakes the scholarly
devotion to the work of an individual com-
poser found in her series of Songhooks. While
few listeners will claim that this tape con-
stitutes the major Fitzgerald album of the
vear, Ella’s unique standing among popular
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you built this Fisher Speaker System yourself!

Introducing the Fisher KS-1 Slim-Line Speaker Kit.

You will have to do some strenuous convincing before
anyone believes that this superb-sounding and elegant-
looking Fisher loudspeaker system was home-built. A
three-way system of this caliber would be important news
even if it were factory-assembled, especially as it is of the
new slim-line form, which requires ultrasophisticated
engineering for top results. But, thanks to exceptionally
careful and imaginative planning by Fisher engineers,
you can build the KS-1 and have Fisher performance at
an important saving.

This is the only slim-line speaker system available in kit
form and it is designed around the most advanced com-
ponents: a 10-inch free-piston woofer with 30 cps free-
air resonance and 4-lb. magnet structure; a S-inch
AcoustiGlas-packed midrange unit; separate super-
tweeter; fully wired and balanced three-way LC dividing
network with 1400 cps and 5000 cps crossovers; 18” x
24” x 5" cabinet packed with AcoustiGlas padding; and
matching grille cloth. You install the driver units, cannect
the network, complete the preassembled cabinet—and you

are the owner of a truly high-quality loudspeaker, which
can be either wall-hung or placed anywhere on the floor
to blend harmoniously with your home decor.

The sound of the Fisher KS-1 will astonish you; it is
extremely clear, with precise transients, as well as full
and rich—quite unprecedented in a system of this size and
price. Don’t miss 2 demonstration at your Fisher dealer.
Price, in birch or walnut, sanded and ready for your
choice of finish, $59.50*. Factory assembled, $84.50*.

USE THIS COUPON FOR COMPLETE INFORMATION
| Fisher Radio Corporation
21-29 44th Drive, Long Island City 1, N. Y.
Please send the following Fisher literature without charge:

O Specifications on the Fisher KS-1 Speaker Kit.

guide and catalogue for custom stereo installations.

Name.
Address.

I
|
|
|
|
{0 1962 Fisher Handbook, a 40-page illustrated reference =
I
I
|

City. Zone State. A11NK1

e |

THE FISHER

¥Factory assembled in oiled walnut, $89.50. Prices slightly higher in the Far west. EXPORT : Telesco (nternational Corp.. 171 Madison Ave.. N. Y. 16, N Y. In Canada: Tri-Tel Associates, Ltd.
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MICROPHONE
BOOM CABLE

Flexibility is one of the first require-
ments of a microphone cable—particu-
larly when it is used on a mike boom.
Lenz Microphone Boom Cable offers
you the maximum in flexibility —it’s as
limp as a piece of twine!

Along with its extreme flexibility, it is
quiet! Twist it into a knot, there’s not

the slightest noise to mar the sound
track.

Because it is designed for the job, this
is the perfect mike cable.

Made in 3 to 7 conductor types to suit
any mike.

Lenz also manufactures ‘‘Multiplex”
Double Channel Audio Cable for stereo
broadcast receivers, Hyanode High
Voltage Lead Wire, Cables for Public
Address Systems and other similar
cables for special applications.

Write today for complete details and
sample of Lenz Microphone Boom Cable.
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LENZ ELECTRIC MANUFACTURING CO. 1752 No. Western Ave., Chicago 47, lllinois
IN BUSINESS SINCE 1904
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vocalists still draws the attention of knowl-
edgeable tape fans. Here they will find pass-
ing reference to Gershwin and Berlin but
most of the program is made up of morsels
typified by You Turned the Tables on Me
and Beat Me Daddy Eight to the Bar. Adding
a further touch of variety is the fact that
four well-known bandleaders furnished ar-
rangements for this session. We are not given
the identity of the orchestra heard with Ella
but the arrangers are Nelson Riddle, Frank
DeVol, Russ Garcia, and Paul Weston. The
last-named turns in the real jolt of the al-
bum. Usually associated with “background”
music that has an easy-going drawl, Weston
provides a jazz springboard in Blue Skies
that launehes Ella into one of her better
imitations of instrumental improvisation.
The sound in this release is similar to that
of previous Verve recordings despite the fact
that the label has been acquired by M-G-M
Records. I find it less easy to Get Happy with
the disc version. The record is unnecessarily
bright on my set up.

Dance Music of India
Capitol T10263

Credit the import department of Capitol
Records with the knack of uncovering a
genuinely off-beat item every now and then.
The classical music of India has intrigued
the repertory divisions of several leading
labels although we have no indication that
it has aroused equal enthusiasm in the book-
keeping departments. Indian music has been
gaining even more highly-placed friends.
Yehudi Menuhin in addition to his regular
concert tours, has been one of the most active
Western spokesnien for the cause of Indian
harmony. Although based on ancient melodic
geales and rhythmic patterns, the instru-
mentals heard here are aimed at a much
wider audience than one capable of listening
for hours om end to the subtle gradations
of the lute-like sitar and the tabla drums.
Fleshed out with the modern sound of strings,
flutes and a percussion section containing
finger cymbals, gongs, xylophone and giant
drums, this is the sort of light music you
would encounter today in the film and radio
studios of India. Capitol’s accuracy in the
handling of instrumental color is the final
ingredient in a “background” album of a
markedly different nature.

Stan Kenton: The Romantic Approach
Capitol ST 1533

This is not the first time that Kenton has
channeled the power of his big band into
ballad standards. If I recall, this is the first
instance he has done so with the help of a
brass instrument designed at his own request.
The instrument is something called a mello-
phonium. It is neither a mellophone nor a
French horn although it does resemble them.
The mellophnnium follows a straight line
from mouthpiece to bell instead of deseribing
the semi-circle that the others do. Its tonal
range falls somewhere between the trumpet
and the trombene. Kenton uses four of them.
along with a tuba. to under-prop his already
staunch brasses and reeds in ballads includ-
ing Onec in a While, Fools Rush In, and
Imagination. Tempos are slow even when
judged by the usual Kenton ballad style.
Further solidity is contributed by Stan’s
well-forward piano. Some listeners may de-
cide that a typical ballad doesn’t deserve
all the sonority Kenton gives it but a well-
endowed xferea system will thrive on the lush
soundl.

Seductive Strings by Siravo
Time 3 ST 2019

George Siravo is one of a host of ar-
rangers now receiving conducting assign-
ments from the newer labels. His work
behind the scenes for Frank Sinatra and
Doris Day established him in the field many
years ago. In this album, he has an oppor-
tunity to plot out ideas for a large string
orchestra that highlights the solo cornet
of “Doc” Severinsen. The treatment of
standard tunes such as Star Dust, Poor But-
terfly, and East of the Sun is aimed quite
frankly at the audience that enjoyed the

(Continued on page 88)
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world’s
most perfectly balanced

playback arm

- New
empire 980

featuring the sensational

DYNA LIFT®

the sound ends where the record ends.

Adds eleven outstanding qualities:

1. Dyna Lift* Self lifting device eliminates stvlus abuse and undesirable run out groove sound at the
end of the record.  Dyna lift’s magnetic system lifts arm perfectly from record more delicately than
possible with the human hand. As proven by actual tests conducted. o 2. Perfect Dynamic Balance
Achieved by locating pivot points at exact center of arm mass. o 3. Precise stylus force adjustment
Calibrated knob dials any stylus force from 0-8 grams. Accuracy = 0.1g o 4. Maximum complianee
Precision vertical and lateral ball bearing suspensions, ¢ 5. Lowest fundamental resonance 8 cycles
per sccond. o 6. Stylus overhang adjustment Unique cartridge bracket-mount permits adjustiment ol
cartridge position in shell for lowest tracking evror. (0.65°) o 7. Lowest inertia Achieved by eritically
calculated distribution of arm mass. o 8. 5 wire circuit eliminates ground loops scparate 5th wire
provides common ground for arm and turntable. Complete shielding. ¢ 9. Plug-in installation Arm
provided with plug terminal and supplied with 4 foot shielded plug in cable assembly. o 10. Self latching
arm rest. ¢ 11. Vertical Height Adjustment for hoth arm and arm rest—1% inches, o

Empire 980 Arm including Dyna-Lift $50.00 m
Visit your Hi-Fidelity dealer now. e m ' re

For descriptive literature write to: oynaemaire inc., [l Garoen Cirv.n v
*Patent pending.
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TWO SMALL SPEAKERS

I'm always intrigued by new speaker
sizes, espeeially small ones. I'm interested
in the internal ingenuities of construction
that go along with new sizes—as a result,
or as the cause. One thing leads to another,
and never so clearly as in the continued
evolution of that composite whole called
the speaker system. New sizes this year
are a case in point. Two kiuds, represent-
ing two developing lines of thought, ex-
periment and practice. One is the “thinsy”
speaker, only a few inches from back to
front and easy to mount against a wall
or, standing free, as a sort of small room
divider. The other is a new generation of
smaller “bookshelf” items, the smallest
of whieh (like the Weathers babies that
look like big books) will, at last actually
fit into a normal bookcase! Even the
larger models are significantly smaller
than former styles, and therefore are
significantly different in price, construe-
tion, and musical effect.

Some ten years ago I thought up a
name for the thinking that goes into small
speaker systems: the Space versus Bass
Ratio. (Look out there, printer. Not Spass
versus base.) How much bass can you get
out of how little space (and at what cost) ?
How much do you lose by cutting down
on speaker enclosure size, and/or on the
speaker itself? More important, how much
can you regain by ingenuity in design?

Here is where the ever-new interest
springs up, year after year, in these highly
practical designs. For there’s no question
about it, the bass-space ratio has con-
tinued to improve and still continues. I've
made some quite dramatic comparisons
recently, just to prove it to myself.

The R-J was the first enclosure to try
for a deliberately and ingeniously upped
bass-space ratio, in an unusually small
(for them) speaker box. The AR came
along with a more all-out arrangement and
initiated the all-in-one complete speaker
gystem trend that has grown with the
“bookshelf” movement. After those two,
practically everybody got onto the book-
shelf bandwagon and the semi-trailers
attached to it, bookshelf-type speaker
systems that were merely new versions of
ported, slotted, tubed enclosures in the
old bass reflex family.

“Merely,” I guess, is no longer the word.
There is, to be sure, a technical difference
and maybe a legal one between an all-
enclosed, sealed box and one with holes
in it, of whatever sort. I suppose even a
leaky enclosure counts as unsealed and
hence is a tuned enclosure of sorts, even if
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unintentionally! In practical fact, however,
the gap in workable performance, in musi-
cal terms, has been astonishingly | well
smoothed over today between those spepkers
of high principle that really hit maximum-
quality bottom bass, minus peaks, and
those systems, making an easier and simpler
compromise, that do not go down quite
as low nor as smoothly yet manage to
sound remarkably musical just the dame.

The gap has departed to all intents and
purposes because, as so often happens,
multifariously ingenious modifications and
improvements in and around a theoretically
less-than-ideal enclosure principle |have
been cumulatively so constructive thap the
compromise which is left is reduced to a
relatively minor factor. Dozens of smallish
speaker systems today are no more |than
modified bass reflex systems in principle,
loaded with slots, tubes, ports, tuned| this
way and that, matched to speakers of
newly ingenious and versatile performance.
The faults of the big old “boom box” are
gone, for the hi-fi listener, at least. Hi-fi
booms today are mild and unobtrusive, the
bass is lowish and firm, if not as low as
the ideal system might ecall for, nor as
solid. The over-all sound is not perfect,
but it is serviceably very good, especially
at the lower prices that these ingenious
compromises make possible. {

The enclosures themselves, of course, are
only the half of it. The new speakers count
heavily, very heavily, both in the improved
lower end, size for size, and in the smoather
upper highs now available right dowh to
the cheaper small speakers. I’d say 'that
in these last ten years the most stri*king
improvement in speaker quality has' not
been in the top-quality reproducers but
among the low-cost small speaker lines,
where there has been plenty of room for
ingenious improvement at low expense.
New cone materials and shapes, newly in-
genious surrounds of extreme compliince,
new long-throw mountings, better efficiency
in the magnetic configurations—the gain
in performance is really astonishing where-
ever the designers have been at wort. I
bow down respectfully before these speaker
nmen, who have managed to wangle so much
out of such a limited area of low/cost
operation.

Jensen X-10

Two new speakers that I have been
trying out in pairs illustrate some facts
of this development. Both pairs are low-
priced, one type at rock-bottom lgvel.
Both are smaller than most familiar small
types of the last few years, one of them
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very much smaller. Each speaker aims at
its own particular set of desirabilities,
its own special parameters, to meet a
particular situation, a price range, a set
of practicalities. Each has been designed
with all the ingenuity that could be brought
to bear, as of today, on the particular
set-up involved. They are quite different,
these two. Indeed, there’s no real way to
compare them.

One is Jensen’s baby X-10, a not-too-
cheap speaker box, around $30, that is
the neatest, handiest little thing to carry
around you ever saw. You want to pick
it up and put it down again to look at.
Its tiny size is somehow just right, of its
sort—it invites easy portability and easy
locating in the decor. Its proportions
are somehow graceful—I can’t think of
a better word—like those of a New
England colonijal house, just right for the
size. The front is nicely designed, the
finish is satiny, the weight is negligible
and you can cuddle the thing in your
arms. You'll keep placing it here and there
for effect, like a vase of flowers or an art
book, just to see how it will look.

I have at least a thousand dollars’
worth of speakers in my house, but the
other day a couple walked in and in two
minutes wanted to buy the Jensen X-10s,
the pair of them sitting demurely in the
bookshelves over my fireplace. That was
the hi-fi these people were looking for,
all right.

Size? Shoe box, more or less, a bit
wider: 714 in. by 4% in. by 13 in. I give
you close measurements—I really should
use sixteenths—because there must be
something occult about the fractionally
exact proportions, so right of their sort.
4-in. of the front panel at one end are
paneled off in wood, fluted and emblazoned
with the Jensen J and a white volume
control. There's a 5-in. woofer (new long-
throw type) and a tiny tweeter, upper
middle. Really a handsome package, es-
pecially in pairs.

(But Jensen forgot one thing. Stereo
symmetry. I keep one of the speakers
upside down, so that the wood panelings
will be at opposite ends of the two boxes,
right and left. Looks nice and the upside
down ornamental j makes an interesting
backwards question mark, with its dot
below it.[)

The little speakers rate 6 watts each
and make an astonishing amount of big
sound (I was about to say noise, but
that seems inappropriate). I gave them
a rigorous and flattering test. No “exten-
sion” speakers for me—I hooked them
straight up in place of my mnormal lis-
tening speakers, which cost ten times as
much.

No, the results were not quite perfect.
The high end, or maybe the lower-middle
upper highs in the high crossover region,
were mildly on the strident side when I
blew up my stereo to full volume, virtually
as loud as with my big speakers. The bass
was of course weak—but I found that a
solid bass boost on the amplifier controls
restored the musical balance, with plenty
of musical bottom and a reduction of the
shrillness. This is the KLH Model Eight
principle, a modified amplifier output
curve, rigged to help the tiny speaker
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FIVI MIULTIPLEX
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TRANSISTORIZED
4-TRACK STEREO TAPE DECK RP100
Completely assembled, wired and tested.
$399.95

Semi-kit includes a completely assembled and
tested transport, electronics in kit form.
$299.95
Luggage-type Carrying Case—$29.95
Standard 19-inch Rack Mount—-$9.95

A top quality stereo tape recorder permits you
to build a stereo tape library of your favorite
music at low cost. As your musical interests
change, you may record the new music that
interests you at no additional cost.

Perfected 4-track stereo/mono recording, 4 &
2 track playback. True high fidelity transistor
electronics, individual for record & playback,
plus separate record & playback heads permit-
ting off-the-tape monitor. 2 recording level
meters, mixing, mic & level controls, switched
sound-on-sound recording. Electrodynamically
braked supply & take-up reel motors; hysteresis
synchronous capstan motor. Individual sole-
noids for pinch-roller & tape lifters. All-electric,
interlocked push-button transport control &
interlocked safety ‘‘record’’ pushbutton. Preci-
sion tape guidance & sweep loading — no pres-
sure pads. No slurring or tape bounce problems.
Digital turns counter. Vertical or horizontal
mounting. Modular plug-in construction. An or-
iginal, exclusive EICO product designed & man-
ufactured in U.S.A. (patents pending).

Listen to the EICO Hour, WABC-FM, N.Y. 95.5 MC, Mon.-Fri., 7:15-8 P.M.
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FM-AM STEREO TUNER ST96
Kit $89.95 Wired $129.95

Includes Metal Cover and FET

et o by | ..r“ z
e e {0
ey sy ey
70-WATT INTEGRATED STEREO AMPLIFIER ST70
Kit $94.95 Includes Metal Cover Wired $149.95
40-WATT INTEGRATED STEREO AMPLIFIER ST40
Kit $79.95 Includes Metal Cover Wired $129.95

8T96: FM and AM stereo tuners on one com-
pact chassis. Easy-to-assemble: prewired, pre-
aligned RF and IF stages for AM and FM.
Exclusive precision prewired EYETRONIC®
tuning on both AM and FM.

FM TUNER: Switched AFC (Automatic Fre.
quency Control). Sensitivity: 1.5uv for 20db
quieting. Frequency Response: 20-15,000 cps
=+-1db. Multiplex-ready: Regular and MX out-
puts built in.

AM TUNER: Switched ‘‘wide’” and ‘narrow’
bandpass. High Q filter eliminates 10 kc whistle.
Sensitivity: 3uv for 1.0Y output at 20db S/N
ratio. Frequency Response: 20-9,000 cps
(“‘wide’"), 20-4,500 cps ('‘narrow’’).

BOTH AMPLIFIERS: Complete stereo centers
plus two excellent power amplifiers. Accept,
control, and amplify signals from any stereo
or mono source.

ST70: Cathode-coupled phase inverter circuitry
preceded by a direct-coupled voltage amplifier.
Harmonic Distortion: less than 19% from 25-
20,000 cps within 1 db of 70 watts. Frequency
Response: +14db 10-50,000 cps.

ST40: Highly stable Williamson-type power
amplifiers. Harmonic Distortion: less than 1%
from 40-20,000 cps within 1 db of 40 watts.
Frequency Response: =14 db 12-25,000 cps.

@196t
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Electronic Instrument Co., Inc.
3300 N, Bivd., L.1.C. 1, N.Y.

AUTOBAPTOR MXS5
e Rl G it $39.95
Wired $64.95
An original EICO
contribution to
the art of FM
Multiplex reception.

(Patent Pending)

Designed for all EICO FM equipment (HFT90,
HFT92, ST96) and any other component qual-
ity, wide-band FM tuners having multiplex
outputs, the new MX99 incorporates the best
features of both matrixing and sampling tech-
niques. It is free of phase-distorting filters and
provides the required, or better-than-required,
suppression of all spurious signals including
SCA (67kc) background music carrier, re-
inserted 38kc sub-carrier, 19kc pilot carrier and
all harmonics thereof. This is very important
for high quality tape recording, where spurious
signals can beat against the tape recorder bias
oscillator and result in audible spurious tones
in a recording. This adaptor will synchronize
with any usable output from the FM tuner and
will demodulate without significant dictortion
tuner outputs as high as 7 volts peak-to-peak
(2.5 volts RMS).

The MX99 is self-powered, provides entirely
automatic stereo/mono operation and includes
low impedance cathode follower outputs to per-
mit long lines. An indicator lamp turns onwhen
the station selected is broadcasting multiplex
stereo. A separation of 35db between channels
is typical across the entire audio spectrum. An
over-all gain of unity is provided from input to
output on both stereo and mono.

] ]
I EICO, 3300 N. Blvd., L.I.C. 1, N. Y. A1)
7 Send free 32-page catalog & dealer’'s name
] O Send new 36-page Guidebook to HI-FI for I
I which | enclose 25¢ for postage & handling. |
T NAME oo :
: AQUFESS ettt e 1
] City i Zone .... State............... i

Over 2 MILLION EICO instruments in use.
Most EICO Dealers offer budget terms.
Add 59% in West.

Export Dept., Roburn Agencies Inc., 431 Greenwich St., New York 13
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Jdandberg
for hetter, clearer,
atural

MODEL 65

3 SPEED 4 TRACK
STEREO PLAYBACK
TAPE DECK $199.50

A proud new achievement! For
pure playback of 2 and 4 track
stereo and monaural tapes. Superb
frequency response. Installs in hi-fi
systems. Has facilities for adding
erase and record heads; 2 outputs
for plug-in preamplifiers. Adapt-
able for language lab and indus-
trial use.

MODEL 6

3 SPEED 4 TRACK
STEREO RECORD/PLAYBACK

towards maximum low-cnd effectiyeness.
Under the circumstances, acting as re-
placements for top-quality speakers of
much larger size, the X-10's did a good
job. You'd be astonished at the volume
they can turn out.

Jensen’s idea is for these to he hooked
up right across your regular speaker ter-
minals, in parallel with the regular stereo
speakers. That’s one reason for the volume
control on each speaker. But you ecan use
them alone easily enough, and they’ll take
a lot more than six watts, I'd guessﬁ‘judg—
ing from what I put into them without
causing any damage. A huge sound for

the size. ,

Oh yes, T forgot to say that these are
more or less totally-enclosed speaker{]s, not
counting the leaks that probably occur
around the back panel, which is Father
casually fastened down via eight serews.
The design verges upon the air-loaded
principle and therefore this rates ds the
smallest separate speaker yet to come any-
where near that idea. Interesting. | (The
KLH Eight is smaller by a bit, but does
not sell separately from its assokiated
FM tuner.)

Cabinart

Most readers will remember the (abin-
art name, which used to be attached to a
vast array of low-cost hi-fi furniture,
mostly in kit form and unfinished. For a
number of years, Cabinart enclosures were
practically taken for granted in |every
budget-conscious, kit-style, out-in-the-open
home system, not to mention plenty that
were painted and draped for faney decor.
Well, after a hiatus, Cabinart is |baek,
and this time it’s a new speaker line, in

the Cabinart tradition of optimum| low-
cost value.
The Cabinart speaker system I [ have

been trying out, in a pair for stereo, is
really an astonishing piece of equi]%»ment
at its price, whieh is an unbelidvable
fifteen bucks—speaker and enclpsure,
complete and integrated. It is a smallish
bookshelf system, about three quarters
conventional size, with an 8-in. speaker
inside of quite extraordinary quality. There
is a larger speaker system too, flor a
slightly larger sum of pennies, that I
haven’t tried. IJ]

I am really impressed—though I'm not
exactly expeeting this speaker to put the
250 models out of business. Impressed by

| the sound and by the simple ingenuify of

the entire econstruetion. Cabinart | gets
credit for choosing the unusually! fine

TAPE DECK 3$498.

Ask any owner about this mag-
nificent instrument! Incorporates
into hi-fi systems. Records 4 track;
plays back 2 and 4 track stereo
and monaural tapes. Has 3 separate
heads and offers Track Adding,
Sound-On-Sound, Direct Monitor,
Silent Pause, Push Button Control.
Remote control “F” model avail-
able.

SEE YOUR DEALER OR WRITE DIRECT

-Tandberg of America, Inc. 8 Third Ave., Pelham, H. Y.
CIRCLE 14A

14

low-cost speaker mechanism that goes in-
side; but credit definitely goes, top, to
Utah, the long-established speaker company
that makes this little 8-in. unit. Let's say
that it might cost you at maximum, gudio-
fan semi-net, the large sum of $5. More
likely $3. At this price, it is an ampzing
piece of hi-fi machinery, to mateh an
| ingenious bit of enclosure cabinetry,
The economies in the Cabiuart enclosure
come via that company’s long-time know-
how in wood products. The stuff is wood
all right—wood chips. A kind of mar-
bleized eomposition, soft but solid, su‘Foth,

non-resonant, adequately rigid and guite
good looking even without finish. You can
(Continued on pags 60)
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internationally famous

HEADPHONES

FINEST FOR QUALITY
PERMOFLUX headphones, known for
their smooth flat frequency response
and rugged construction, provide
highest fidelity and maximum listen-
ing pleasure. Both monaural and
stereo types available, low and high
impedance —
DHS Series — DELUXE — for the pro-
fessional users
HD Series — CUSTOM — for the au-
diophile & hi-fi users
AND ANNOUNCING —
HL Series — the All New FEATHER-
LITE Series — for general communi-
cations language teaching.
Write for brochure, or send your specications:

PERMOFLUX CORPORATION

P. O. Box 1449 —- Glendale, California
CIRCLE 14B

PURCHASING
A HIi-FI
SYSTEM?

TIME PAYMENTS AVAILABLE
Up to 2 years to payl

Send Us | i
Your List Of | i
Gomponents

For A
Package
Quotation

Acoustic Research
Janszen
Wharfedale

USL Citizen Band
Gonset @ Hallicrafter
Texas Crystals
Concertone @ Viking
Bell ® G E
Weathers
Harman—Kardon
Eico @ Pilot ® TEC
Sherwood*

ESL e Frazier
Superscope

Dual Changer
Bogen e Leak

YOU CAN Dynakit o Fisher
BUY WITH ih Seott
CONFIDENCE | Thoren:
AT AIREX DeWald
All merchandise is 2‘.’.’.‘,{.:,,';‘.’?’"’
brand new, factory Wollensak

fresh & guaranteed.
Free Hi-FI Catalog

AIREX
RADIO

CORPORATION

85-AM Cortlandt St.,N. Y. 7, WO 4-1820

Gorrard ® Norelco
Miracord
Glaser-Steers
Rek-O-Kut
Components
Tandberg*
Fairchild
Pickering ® Gray
Avdio Tape
Magnecord*
Rockford Cabinets
Artizan Cabinets
*Fair Traded

CIRCLE 14C
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the best buy in Hi-Fi!

Cabimnart =

SFEAKKER SYSTEMS

test and compare mark I 8“model

cabinart guarantees . mark I 12“model

Cabinart Acoustical Eng. Corp.

cabinart cabinets atAEiSe milatadargy 3

Please ship the following to be used in my home for 10
full days. | understand unit (s) may be returned and
my money refunded within that time unless fully
satisfied.

.......... Mark I Unfinished $15.00 each

......... Mark II Unfinished $22.50 each

.......... Mark I Oiled Walnut $25.00 each

.......... Mark II Oiled Walnut $36.00 sach
(Please make check or money order payable to
Cabinart Acoustical.)

e o e i L

cabinart acoustical eng. corp. Name =
Haledon, New Jersey Address
City State
__________________________________________ 3
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EDITOR'S REVIEW

FM STEREO PROBLEMS

S WITH ANY NEW DEVICE, there are likely
A to be some problems when it comes to the actual
application of F'M Stereo to the many types and
makes of existing FM receivers and tuners. We have
been ‘‘living with’’ the new service now for well over
a month, and we have had many conversations with
others who have jumped into the stereo melee amongst
the first contingent. There are some problems, but
none seems to be very serious.

In the first place, many tuners made in the early
days of hoping for the arrival of multiplex were not
designed for the proper coupling to the type of
adapter required by the new system. Early multiplex
adapters were predicated on receiving from the dis-
criminator or ratio detector only those frequencies
from about 20,000 c¢ps upward, and the coupling ca-
pacitor used was in many instances as small as .001 pf.
This worked perfeetly well with the original idea of
multiplexing, but is not satisfactory with the aceepted
system because the adapter must be fed with the com-
plete spectrum from 20 to (at least) 53,000 eps. Above
that upper limit the response may roll off, but for
minimum distortion the transmission must be essen-
tially flat to 53,000 cps. The reason for using a small
capacitor was to minimize the loading on the discrimi-
nator or ratio detector circuit, and since only the high
frequencies were needed, the small eoupling capacitor
was adequate. The cure is obvious—if you have a
tuner in which the multiplex jack is fed from the
diseriminator by a small capacitor, simply replace it
with one having a capacitance of not less than .01,
and possibly as much as 0.1 pf.

Some tuners employed a fairly high value of re-
sistance to isolate the adapter from the normal eir-
cuits. This resistor with the input capacitance of the
adapter and the capacitance of the connecting cable
serves as a low-pass filter, and may roll off the higher
frequencies too greatly to allow for optimum per-
formance from the adapter. Again, simply replace the
resistor with a capaecitor as suggested above. With
most of the modern adapters, you are not going to use
any of the cireuitry in your present tuner after the
discriminator or ratio detector even when listening to
mono programs, since for simplified switching the
mono signal derives from the adapter rather than
from the tuner’s normal circuit. Thus the isolation
provided by either the small eapacitor or the resistor
is no longer needed.

One other problem that has been mentioned by some
readers is the presence of a squeal in the output of a
tape recorder when the stereo sigmals are recorded
and played back. This is due to the feed-through of
the 38-ke subearrier or the 19-ke pilot to the adapter
output, showing up as 57 ke—the third harmonie of
the pilot—or as 76 ke, which is the second harmonic
of the subecarrier. The bias oscillator on the tape re-
corder is quite likely to operate in the vieinity of 80
ke on the better machines, and possibly around 60 ke
on the less expensive units, and with the large amount
of pre-emphasis required with the present standards
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for tape recording, any 57- or 76-ke present in the
signal fed to the tape recorder is quite likely to beat
with the bids oscillator frequency and be recorded as
3000 or 4000 cps. Again the cure is fairly obvious,
although the hardware for doing it may be more com-
plicated. What is required is one or more rejection
filters at the eritical frequencies. Some experimenta-
tion may berequired, and we would weleome knowing
of the steps taken by any readers who have solved
specific problems. There are so many possible com-
binations of adapters and tape recorders that it would
be an endless task for one person to work all of them
out. We feel sure, however, that manufacturers are
fully cognizant of these problems and that they will
have them all licked before very long.

At least, we hope these comments may solve some of
the problems our readers will encounter.

THE AES CONVENTION

The Audio Engineering Society has just completed
its thirteenth Annual Convention, and an excellent
one it was with fourteen sessions and over a hundred
papers. At the annual banquet of the Society, John
K. Hilliard of Altec received the John H. Potts Me-
morial Awaurd, Roy Dally of General Electric was
given the Emile Berliner Award, and Sherman Fair-
child received the Society’s own award for outstand-
ing service to the Society.

Frank MeIntosh received a special citation for his
contributions in the design of high-quality, high-
efficiency amplifying systems. Arthur G. Evans, Jr.,
of Radio Corporation of America, Indianapolis, re-
ceived a Fellowship for his work in mass production
of high-quality disc pressings.

C. J. LeBel, founder and ‘‘permanent’’ secretary of
the Societyrlhas long been credited with using the
‘‘needle’’ on committee chairmen to get things done
on time. As chairmen’s hides became tougher, C.J.
has had to resort to stronger medicine, and by his own
admission he started this year to use a harpoon.
Smarting, undoubtedly, from the repeated application
of his harpeon, the Awards Committee apparently
retrieved ong of them, mounted it on a plaque, and
presented it'to C.J. The idea was so unusual, in our
opinion, (though in past years we have had personal
experience with the needle), that we reproduce the
Harpoon award on this page. Congratulations, C.J.,
no man ever earned it more.

AUDIO e NOVEMBER, 1961
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SYIANION

stereo_fluxvalve pickup

PICKERING & COMPANY INC. offers the stereo fluxvalve pickup in the following models: the
Calibration Standard 381, the Collector's Series 380, the Pro-Standard Mark Il and the Stereo 90.
Priced from $16.50 to $60.00, available at audio specialists everywhere,

‘F OR THOSE W H O C AN H E AR T H E DIFFERENTCE™

Pickering and Company—Piainview, Loag Island, New York

AUDIO e NOVEMBER, 1961 17
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Nearly two centuries ago, Karl Gauss,
“Prince of Mathematicians,” kept a diary
which was destined to become one of the
most significant documents in the history
of mathematics.

In his diary Gauss jotted down the
results of elaborate calculations that had
led him to fundamental discoveries in math-
ematics. But he never published these
discoveries, and many of them remained
undisclosed during his lifetime.

It wasn’t until almost 50 years after
Gauss’s death that his diary was found and
published. Much time and talent, mean-
while, had been spent in duplicating Gauss’s
efforts. Mathematical progress had been
needlessly slowed.

In contrast, today’s scientists and engi-
neers are alert to the importance of sharing
their findings through publication. In fact,
the number of definitive papers published

THE DIARY
. THAT
IMPRISONED
PROGRESS

in a scientific or technological field has
become a sure sign of the creative effort
in that field.

Bell Laboratories scientists and engi-
neers publish more than 800 papers a year,
reporting riew observations and new think-
ing in the arts and sciences that serve
communications. They have also authored
more than| 50 technical books, many of
which have become standard works of ref-
erence. The steady stream of new informa-
tion that comes out of Bell Laboratories
again reflebts the scope and depth of the
creativity| that works to improve Bell
System communications.

BELL TELEPHONE LABORATORIES

World center oficommunications research and development
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Common-Bass Stereo
Speaker System

FRANCIS F. CHEN*®

One speaker can handle the bass of both stereo channels if
the crossover frequency is low enough to avoid directionality.

that the hi-fi hohbyist often faces.

One is that his good wife, under-
standing though she may be in other
wiays, objects to the “Laboratory Look”
im her living room. The other is that
his good wife, musie-lover though she
is, thinks that one-half of the family
budget is too much to spend on elee-
tronies. Now evervbody who reads this
magazine knows that you can't get good
muste reproduction without o eertain
minimal ountlay of ecash or without a
certain minimal number of components
and interconnecting ecables, which may
not all look heautiful. And nearly every-
body does not have the inexhaustible
capital and engineering time necessary
to build one of the “ultimate’ systems
that so often appear in print.

The more realistie problem of getting
highest quality and versatility (impor-
tant to the hobbyist) within the ever-
present restrictions of cost and decor
is a challenging one. To solve it, one
must give eareful thought as to what is
important and what is superfluous. To
he sure, in the present ease the problem
of cost was solved not only by *Doing-
It-Myselt” and by careful choice of
components, hut also to some extent by
the Principle of Infinitesimal Aeceretion
(*You don't mind, dear if T get a
couple of KI.-34's this week?’): but
the latter ploy is at any rate a useful
one for the hobbyist to have at his
command.

T INERE AKK TWO COMMON PROBLEMS

The Common Woofer

The first problem counsidered was that
of the most expensive part of a hi-fi
system. Why do good speakers cost so
mmeh ! The answer is that they do not,
as lung as one sticks to 8-in. speakers.
1t is only the 12- and 15-in. speakers
that bear the disheartening price tag.
It is, however, an inescapable faet that
good bass requires large piston area
and low resonance. The obvious solu-
tion, then, is to use three speakers:
two matched %-in. units for the mid-
range and treble of the two channels,
and a 15-in. woofer for the common bass.

*P. 0. Box 81, Kingston, N, J.
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This costs eonsiderably less than tweo
15-in. full-range units. The savings are
partially offset by the need (to be ex-
plained later) for three amplifiers in-
stead of two, and for a crossover unit.
The latter can easily be constructed,
however, using the two-tube cirenit to
be deseribed later; and it turns out that
three amplifiers, of which only one need
handle the bass, do not necessarily
cost more than two amplifiers, both of
which must produce, say, 25 “clean”
watts at 30 cps. \Aguin the costliness
of good bass has made itself apparent.
this time in terms of the power handling
capaeity needed in the amplifier, and in
particular in the amount of iron needed
in the output transformer.

At this point 1 should note that in the
choice of a woofer I considered using a
battery of, say, 20 or 30 small, cheap
speakers in a series-parallel array,
instead of using a single 15-in. speaker.
The piston area would indeed be large,
and one might hope that the distortion
wonld be small in spite of the cheapness
of the magnets, because the cone ex-
cursion of each speaker would be small.
ITowever, bhesides heing a somewhat
clumsier arrangement, this method
would also entail some risk in that the
flinsy magnets may not properly damp
the cone motions. Besides, 20 or 30
speakers are not exactly cheap. It was
therefore decided to leave the multiple-
speaker array to possible future ex-
perimentation, in spite of several favor-
able reports in the literature.

Crossover Frequency

The next problem to eonsider was the
choice of a erossover frequency. Now
it is a well-known physical prineiple
that two signal sourees ecannot be dis
tinguished directionally if they are sep-
arated by a distance of the order of
magnitude of the wavelength emitted.
Since the geometry of my living room
requires the speakers to be about 13
feet apart, and sinee a wavelength of
13 feet corresponds to a frequeney of
85 eps, it would appear that a cross-
over well below 100 ¢ps would be
necessary to avoid losing any stereo-

WWW_ametdicaasadiahistery com

phonic effect through the use of
single woofer for both channels. ITow
ever, the dividing line is a fuzzy one:
one cannot say that at 100 eps there is
definitely no directional effect, while at
110 eps, or 150 eps. there definitely is.
Aside from the vagueness of the physical
principle cited above, the acousties of the
room and the psychology of hearing
would also enter in; and indeed, com-
mon-hass stereo systems have been niade
with crossover well above 100 eps. The
decision, therefore. was to make the
crossover frequency as low as possible.
consistent with other limitations.

In listening tests, it may sometimies
appear that a low note, helow 100 cps,
has some directionality. This is probably
due to the sudden onset of the note.
This initial transient consists of higher
frequency components and would be
reproduced by the tweeter. For this
reason, directionality should be tested
only with steady tones.

The ‘*‘other limitations” mentioned
above are the ones imposed by the bass
response of the 8-in. speakers. The
units chosen were Wharfedale Super-s
1'S/AL’s, which have high flux density.
good efficiency all the way to 15,000
eps. smooth response, and a soft sux-
pension. The free-uir resonance of these
speakers is around 70 e¢ps. Beeause of
the decor of the living-room, these
speakers had to be mounted in different
types of cabinets: theretore, differences
in cabinet resonances wonld ecanse the
speakers to be mismatched in the low-
frequency region. For this reason, it
was felt that the crossover frequency
should occur at least an octave ahovc
the free-air resonance of the speakers.
and a frequency of 150 eps was chosen.

Type of Crossover

The usual type of crossover, an Lt
cireuit inserted between the speaker and
the amplifier, cannot easily be obtained
at a frequency as low as 150 eps. The
reason is that the ecapacitor has to be
large—in the neighborhood of 100 nf,
This would be most unwieldy unles-
one used an electrolytic. ITowever.
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oo L e L
& TC %o i TC % | Fig. 1. Sin?'ple
crossover et
© A © © (8) © works. Only low-
pass networks are
shown: the corre-
R, R, R, sponding high-

pass networks

would be similar

with the elements
interchanged.

electrolytics do not maintain their ca-
pacitance value very accurately and,
moreover, would have to be used “back-
to-back” (requiring double the ecapaci-
tance in each) in order to “hold off” the
a.c. voltage. When used this way the
capacitance of the electrolytics can
change suddenly in the middle of a
loud passage! The inductor, of the order
of 10 mh, would also be a large affair,
sinee 1t would have to be wound with
heavy wire to avoid a large insertion
loss.

The alternative is to use an “elec-
tronic” crossover ahead of the amplifier,
and this is the more sophisticated and
the more soul-satisfying way of doing
1t. This would require a separate am-
plifier for each speaker, but, as men-
tioned before, this is not necessarily
more expensive. By having separate
amplifiers and speakers for the highs
and the lows, one gains in addition a
most attractive bonus: intermodulation
distortion (execept in the program
source) is for all praectical purposes
completely eliminated!

An attenuation of 12 db per octave
is generally recommended for the cross-
over network. One can achieve this by
a half-section LC filter, as in (A) of
Fig. 1, or by two simple RC filters, as
in (C) or (D) of Fig. 1. The LC filter
has a distinet advantage in that the
phase shift is 0 deg. on one side of the
crossover frequency and 180 deg. on the
other. Thus one can bring the high- and
low-frequency speakers into phase by
merely reversing the leads on one
speaker. However, the use of an in-
ductor at the preamp level would be
asking for trouble with hum pickup.
This leaves the RC network, with its
horrible phase shift characteristics, and
leads us to a discussion of phase shift
and frequency response in low-frequency
RC crossovers.

The Two-Section RC Crossover

Consider first the one-section low-
pass filter in (B) of Fig. 1, in which
the resistor, R, and the capacitor, C,
form a simple voltage divider (opera-
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ting into infinite impedance) for the
input signal, e;. At any angular fre-
quency, o, the output voltage ¢, will be
given by

&\ _ 1/ 1
(z)xm <R+m‘> 256

If we define the ecrossover frequency,
w, as 1/RC,

()2
e/ r ®,

The corresponding high-pass network,
with B and C interchanged, would give

en 1
= <1+%> Eq. (3)

At frequencies which are low compared
with o, Eq. (2) shows that (e,)), ~
(e;)r, and at frequencies which |are
high compared with ®,, Eq. (3) shows
that (e,) g =~ (¢;) - At frequencies near
®,, there is a phase shift, since there
Is a sizable imaginary part to Eg. |(2)
and (3); and the question arises as to
how the outputs from the high- and ]n‘ow-
pass networks are to be added.

If the two signals are added together
first and then fed into the same speaker,
the acoustic output would be found by
adding Eq. (2) and (3) and then squar-
ing the result:

(@ ().

2
I S T L
w
1472 1420

w, Jw

Even though the phase shift is 45 deg.
in the critical region around w=w,,|the
phases are such that the veetor sum is
always unity. Thus the frequency | re-
sponse is flat throughout. The same
would be true, but not as exaectly, if
the two outputs were fed to two speakers
right next to each other. However, if
the two speakers were far apart ‘rnd
the erossover frequency fairly high,|the
total acoustic intensity would be the
sum of those from each speaker; that is,
the voltages would not add in plase

Eq. (2)

Eq. (4)
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and would have to be squared before
adding :

€o\? €\ 1
el \e )™ o
i/ \e/n 1+<_>

o

L1

2

1+ (‘l>

o

This is also equal to 7! From this stand-

point, the single RC network is the

ideal crossover; the frequency response

is flat no matter how the signals are
added.

Incidentally, you ean easily see that
for the LC circuit of (A) in Fig. 1,
e,/¢; is real, and there is no difficulty
with phase shifts. However, just because
e,/e; 1s real, the equations analogous to
Eg. (4) and (5) cannot both be true;
only Eq. (4) is true in the case of the
LC circuit.

The trouble with the single RC section
1s, of course, that it rolls off at only
6 db per octave, which usually does
not provide sufficient isolation of fre-
quencies. In our particular case, with
f» at 150 eps, this means that the cabinet
resonances of the 8-in. speakers at
around 70 eps will be only 6 db down
—not a very great difference to the ear.
The next logical step would be to try
two RC sections in cascade, as in (C)
of Fig. 1. Here, if R: and C: are equal
to R: and C: the first section would
not be working into a large impedance
and would not provide as fast a rolloff
as it should. This can be improved if
the second section is made higher in
impedance than the first, or hetter yet,
if the two sections are isolated by a
cathode follower, as in (D) of Fig. 1.

In this case the response is found by
applying Eq. (2) and (3) twice:

<Z—;’>L= <1+-J£>_ <1+%>_ Eq. (6)
€0 w,\~1! w,\~! 7 7
<’>H (1+;-;> (17> ol

This has been written this way, without
the exponent 2, because by “squaring”
we shall always mean multiplying a
quantity by its complex conjugate, which

=1 Eq. (5)

°OH

1/2

1/2

e

oL

Fig. 2. Behavior of the dual RC network
at the crossover frequency.
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is not what is required here. Now if we
square and then add, we will not get
unity :

2 2 2 -2

(603

e/ \%/n ®,

. 2\~2
+<1+(—0’;—) 1. Eq. (8)

/
Moreover, the phase angle between the
two signals will change with frequency.
At the crossover frequency, ® = o, each
of the terms in the above equation is
equal to V4, so the total intensity is
only Y of what it should be.

Most previous designers have gotten
around this either by negative feedback
to lower e; in the flat regions of the
response curves or by using different
w,’s in the low-pass and the high-pass
sections, so that at the actnal erossover
point, (¢,/¢;)% for each section is down
only to l4. However, this still does not
provide unity gain and zero phase shift
at other frequencies. These considera-
tions have been given in detail in two ex-
cellent articles by Norman Crowhurst!-2,

1 N. Crowhurst, “The RC Crossover Com-
promise,” Aubio, July 1957,

the latter of which, unfortunately, did
not appear until my system was all fin-
ished. The point I want to make here,
however, seemis to have been missed in
these articles, although Mv. Crowhurst
touches on this in a more recent article’
which begins to attack the most basie
and difficult problems of stereophonic
sound. And that point is, why should
RC erossovers be designed so that the
separate intensities of the two speakers
add up to unity? Isn’t it possible that
under some circumstances the sound
waves from the two speakers add in
phase?

This depends on the frequeney. At
very high frequencies phasing eannot
make any difference; therc are so many
reflections that phasing is all mixed up
by the time the waves reach the ear any-
way. At 6000 cps, the wavelength is
only a couple of inches; and if phasing
mattered, the cone of a tweeter would
have to lie in the same plane as the cone
of the midrange unit, within half an
inch or so. This is impossible, sinee cones
are deeper than that. In actual practice,
T have been unable to tell the difference

when the leads are reversed to a tweeter
which erosses over at 8000 c¢ps. At middle
frequencies, which are important for the
stereophonie effect, phasing makes a
difference, but just how is a compli-
cated business. Everyone knows, how-
ever, that if the phase were as much
as 180 deg. off, the stereo effect is lost
for two spatially separated speakers.
Our interest now is in what happens
rear the ervossover frequency to a mid-
range unit and a woofer which are not
necessarily separated. In this case the
effect of phasing is probably just as
great, hut easier to analyze. At very
low frequencies, it seems to me, phasing
must be correct and one must add the
(ecomplex) signals to the two speakers
together first before squaring, as in Eq.
(4) to get the total sound intensity.
This must be true beeause the bass re-
flex prineiple is known to work; if only
total intensity mattered, the back wave
from the port of a reflex cabinet would
add to the speaker resonance instead
of reducing it.

If this is true, ohserve what the double
RC crossover would do. If we add Fy.
(6) and (7) without squaring them first,

2 N. Crowhurst, “Eleetronic Crossover 3N. Crowhurst, ‘“Audio Matrixing,” .
Design,” Auprto, Sept. 1960. Avpio, Nov. 1960. we would get (after multiplying numera-
L IN
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¢l C L Hi
swi1-3
= our
S =
> >
2 _
=2 @ 2 =
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Fig. 3. Schematic diagram of the electronic crossover.
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tor and denominator by w,? and jtw?
respectively),

5t
¢i/r. \e&/u (0+jo)(w,+ jo)

j!m!
+ Fq.
Gora)Goroy 4O

Now let us reverse the leads to one
speaker, so that the sign between the
two termns becomes minus, thus can-
celling the j¢, and then combine over
the common denominator:

(2).()
— + —
/L &/ H
®,* + w?
(@, 7o) (0,7 50y T 1O

Upon squaring, each factor in the de-
nominator becomes w,? + ®?, and we get
unity. Voila! No shifting of crossover
points with the resultant mess in phase
shifts; no complicated alignment pro-
cedure to perfect a feedback circuit.

For those who like vectors, this is
what happens at the crossover frequency
(Fig. 2). The voltages from the high-
pass and low-pass filters have magni-
tude 1% and are shifted +90 deg. in
phase relative to the incoming signmal,
so that they are 150 deg out of phase
with each other. If we square each
separately, each becomes 14, and the
sum is only 15. However, if we reverse
the leads to one speaker to bring the
high and low signals into phase and then
add them before squaring, we get 1.
Things work out equally nicely at all
other frequencies, as long as such simple
addition of phased signals oceurs.

How low a frequency must one have
hefore this occurs with actual acoustic
signals? To determine this, a simple
test was performed in the living room.
Equal low-frequency signals were fed
from an oscillator, through amplifiers,
to two speakers. In this test the speakers
were separated, but this is unimportant,
since the assumption is that the cross-
over frequency is so low that there is no
directionality. The intensity of the sound
at the opposite end of the room was ob-
served both by ear and by a microphone
feeding an oscilloscope. As the leads to
one speaker are reversed, the intensity
should go from 0 (complete cancella-
tion) to 4 times the intensity of one
speaker alone, if the acoustic waves
added in phase. Of course complete can-
cellation does not occur in actual praec-
tice, but at 100 eps, there was a large
change in loudness as the leads were
reversed. At 150 cps the change was
much less pronounced. The coneclusion
was that the simple circuit in (D) of
Fig. 1, with two identical RC sections
in cascade, should be used with cross-
over frequencies below 100 cps, and
that at our previously chosen erossover
frequency of 150 cps, the frequency
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response of this eircuit is only apprexi-
mately flat but that it should be as gpod
as that of the faneier ecirenits usually
used.

The Two-Tube Stereo Crossover

Before building the cireuit of Fig: 3,
we considered the two electronic cross-
overs on the market. One, the Marantz,
seemed to be carefully designed with
feedback; but it was prohibitively |ex-
pensive. The other, by Heathkit, was
unnecessarily bulky for our purpose
and seemed to have been designed to
provide a peak at the crossover fre-
quency.

The circuit of Fig. 3 serves the fume-
tions of dividing the frequencies abpve
and below 150 eps for each channel and
of adding the low frequencies from the
two channels together. Cathode followers
are used both to provide high input
impedance and to isolate the two sections
of the cascaded RC networks. Only
two tubes, each a twin triode, are neces-
sary; and the whole ecircuit can be ‘en-
closed in a 3-in. x 5-in. x 7-in. aluminum
utility box, which also contains two
octal sockets for distributing B+ and
filament power to two preamps. A four-
prong Jones plug receives power from
the bass amplifier.

The circuit is exceedingly simple. In
the left channel (the right channel is
identieal), C, and R, form one RC net-
work with w, = 1000, corresponding to a
crossover frequency of about 150 eps.
The cathode follower V,, then lowers
the impedance level so that the second
RC section, consisting of C; and R,
with the same ®,, can be made of such
low impedance elements that no output
cathode follower is necessary to drive
the cable to the amplifier. In the bass
channel, R, and R, serve both to add
the left and right signals together nd
to form the first RC section with C,.
The second RC section, R,; and C,,
follows the cathode follower V, . An
amplifier stage, V,p, with a gain| of
approximately 2 is necessary because
the adding network cuts the bass gain
by 2. R,; and R,, may be varied, keep-
ing their sum constant, to change ithe
gain of the bass channel, depending
on the gain of the bass amplifier. Here
the gain has been made slightly less
than 2 because my bass amplifier has
higher gain than the treble ampliﬁprs.
The final adjustment, of course, is to be
made with the level controls on the
amplifiers. When testing with a signal
source in only one channel, be surg to
short the other channel input to groynd,
or the adding network will not halve
the bass gain the way it would in actual
use.

The other two positions of the switch
SW, provide crossover frequencies of
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0 and *—that is, with the entire pro-
gram going straight through to the
tweeters alone or to the woofer alone.
This frill may be omitted, if desired,
but is quite useful for checking the
system as well as for having musie even
when one of the speakers or amplifiers
is temporarily out of commission. The
impedances of the input RC sections
have been chosen so that for any of the
switch positions the preamps are not
loaded by less than 0.5 megohm at any
frequency below 20,000 eps. Such a
high hmpedance level is possible only
hecause of the high effective input im-
pedance of the cathode followers. This
15 the reason, for instance, that the
amplifier stage in the bass section can-
not be the input stage. The 0.5-megohm
input impedance allows the crossovers
to be used with any preamp, including
those, such as the Dynakit, which will
not drive an impedance smaller than 0.5
nmegohm without internal modification.
Several crossover frequencies ecan be
incorporated and selected with the
switch SW, if one wants to build a
more versatile crossover. However, if
one goes to a lower frequency than 150
cps by, say, increasing R, the input
impedance of the cathode follower will
no longer be negligible; and if one
goes to a higher frequency, the /s
for the RC sections should be staggered
to provide uniform frequency response,
since the acoustic signals will no longer
add in phase, according to our earlier
discussion. In my unit I have incorpora-
ted crossovers at 300 and 600 cps in
case the power handling capacities of
the speakers have to be used to the
fullest; however, the occasion has never
arisen.

Precision resistors and capacitors can
he used for the elements of the RC net-
works, but this expense is not necessary.
1t would be sufficiently accurate to use
20 per cent elements and then adjust
R, and R, and, if necessary, C, and C,
until all three sections gave an e,/¢;
of 1% at the same frequency. If an
oscilloscope with a horizontal input is
available, a slightly more sensitive
method would be to put the input sig-
nal from an oscillator on one axis and
the output from the crossover on the
other and to find the crossover point
by finding the frequency at which the
Lissajous figure can bhe made into a
cirele. The adjustment cean be made
simply by adding different resistors in
series or parallel with R, or R, until
the erossover point occurs at the proper
frequency. The exact frequency does
not matter so much, of course, as the
matching of the crossover frequency in
the three sections.

Two warnings should be given to
the constructor: first, do not turn the
switch SW, when the loudspeakers are
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on, since the discharging of the coupling
capacitors will eause a loud pop. Second,
he sure the B+ supply is sufficiently
well  filtered—the amplifier section  is
sensitive to hum. Althongh the ecircuit
was designed to operate with a B+ of
300 v, at which the tube currents are 3
ni in the cathode follower seetions and
6 ma in the amplifier section, I had to
add several filter scetions to my B+
souree (the bass power amplifier), drop-
ping the B + to 200 v, before the hum
was eliminated. Both the erossover unit
and my Dyna preamps, however, operate
well at 200 v.

Alignment of the Speakers

Tn ovder to phase the three speakers
properly, the following procedure was
adopted, First a signal at the crossover
frequency of 150 eps was fed into the
woofer (on the left) and the right
speaker, and the phase of the latter was
adjusted to the position in which the
signal sounded louder. Then the left
and right speakers were brought into
phase by using the white noise signal
on the Audio Fidelity Test Reeord.
White noise, T find, is the most unam-
higuons method to cheek phasing. The
enin of the hass channel was then ad-
justed to get smooth response with the
low-frequeney glide tone on the Popular
Seience Test Reeord No. 1.

The Speakers

The other components in the systemn
and the reasons for theiv choice will
now bhe deseribed, starting at the back
end—the speakers. The eabinet for the
woofer is a Karlson, built from 34-in.
plywood, veneered with walnut, and fin-
ished with boiled linseed oil (Fig. 4).
The joints were both glued and serewed
(using a total of 130 serews), and
weatherstripping was used to provide
an air tight seal on the baek, The inside
surfaces were shellacked, with IMiberglas
damping material on the two recom-
mended  surfaces. The Karlson has a
reputation for making a cheap speaker
sound good, and indeed it sounded fine
with my old $20 15-in. woofer in it. In
one splurge, however, 1 aecquired an
Altee 803B, the least expensive of the
first-rate woofers, and now the speaker
is too good for the cabinet. This speaker
resonates at 25 eps in free air, but its
output at the lowest frequencies is
limited by the cahinet, and, to some ex-
tent, by the size of the room. The Kuarl-
son also has a peak fvom 70 to 90 ¢ps:
fortunately, this peak is rather hroad,
presumably because of the exponential
slot. Some day I may get around to
mounting the 803B in an exponential
horn or an infinite bafile, although I
would hate to part with my first veneer-
ing job, which turned out rather well.

The midrange-tweeter speakers are

AUDIO e NOVEMBER, 1961

This arrangement was my solution in
the wonophonie days to the problem of
wanting to mount the midrange unit
open-backed. but not having provision
for it within the Karlson. The faet
that the two ecabinets are physieally
separate also allows for flexibility in
arrangement of the furniture. The small
rectangular opening in the open-back
cabinet is not a port but a mounting
hole for a University 4401 tweeter. This
was originally added to the Super 8
with 2 crossover at 8000 ¢ps, but it has
since been disconnected sinee the Super
3 was found to need no help at all at
the highest frequeneies. and the tweeter
merely served to unhalanee the left and
right channels.

The right speaker, as shown in Fig.
5, is mounted in an old corner bass
reflex ecabinet originally built for a
cheap 12-in. speaker. Fortunately, the
resonance of the Super 8 (a little be-
low 70 ¢ps), is close to that of the
original 12-in. speaker, and no retuning
of the port was neeessary. Moreover,
the Super 8 is not heing used as a
full-range speaker anyway. There was
some worry that the difference in eabi-
netry for the left and right speakers,
necessitated by considerations of decor.
would anbalanee the two channels. How-
ever, this did not turn out to bhe the
case. The velative positions of the speak-
ers are shown in Fig. 6. The chair be-
tween them is of eomrse not the one
used for listening. but the balance is
s0 good that even from this chair one
¢an hear a soloist apparently standing
in the middle of the opposite wall and
staving there.

You have uo doubt noted the extreme
separation of the speakers—some 13
feet—and the fact that they are
“heamed” toward the center of the

Fig. 6. Placement of the speakers.

hoth Wharfedale Super 8's, but mounted
differently. The left unit is housed in a
small matehing cabinet on top of the
Karlson, as shown in Fig. 4. The back
of the cabinet is open, covered only
with a grill eloth to keep out the dust.
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room. This means that there is only
one really good listening position. How-
ever, this has not turned out to he a
great disadvantage, sinee I have found
that all serious listening has to be done
alone anyway. When there is a erowd,
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Fig. 7. The amplifiers.

there is always econversation, In spite of
the speaker separation, there is abso-
lutely no “hole-in-the-middle.” On mono-
phonie sources, the sound comes out of
the middle of the wall between the two
speakers. If a program has heen re-
corded with too mueh separation, a twn
of the blend switeh fills in the hole to
any degree desired.

The Super 8’s seem to have presence
peaks around 2000 and 5000 eps, which
are accentuated by the sensitivity of
the ear in this frequency range. A broad-
band RLC filler, constrncted with a
hand-wound ehoke, and eentered around
4000 cps, was inserted in the speaker
eireuit to attenuate these peaks and pro-
vide a smoother apparent frequeney re-
sponse curve. ITowever, most musie did
not sound as good with this filter in
place as without, mainly because solo
instruments would sound muffled and
far away. With the filter in, the sound
was more nearly like that from “color-
less” speaker systems such as the acous-
tic Research series, but on A-B ecompari-
son I almost always prefer the Super
8's as they eome. The filtering action of
my wife's plants fortunately seems to
have a negligihle effeect.

Amplifiers

The amplifiers, shown in Fig. 7, are
located on top of a heating duet in the
basement. Also visible are the conneet-
ing cables going through a hole in the
floor to the living room, a pateh panel
for distributing speaker leads to differ-
ent parts of the house, and a fan for
cooling the output tubes of the bass
amplitier. The emphasis, it should be
quite apparent, has been on aceessibility
rather than neatness. The amplifiers are
actually so close to the preamps that
the standard length eables supplied with
the preamps could be used.

The homemade hass amplitier, which
also supplies all the preamp and ecross-
over power, employs a modified Dynakit
cireuit. An ammeter has been added to
check the eurrent in the output tubes,
the bias and balance being independently
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adjustable. Controls have also | been
added for independent adjustmept of
crrent and voltage feedback, anfl for
changing from ultralinear to triode op-
eration. These switches have sined been
found to be unnecessary, the damping
being already optimal in the original
design. !

The treble amplifier is an Eico HF-86
dual 14-watter. This amount of power
is entirely adequate for the e&eiont
Super 8's, partieularly since the gmpli-
fier does not need to supply any| bass.
With the wife and children safely out
of the house, it is possible to turn the
volume up to almost the threshgld of
pain without any sign of distortion.

The bass amplifier will deliver up to
50 watts. Since it is used only for the
region below 150 eps, this is more power
than is necessary for ordinary program
material. ITowever, if there are power
peaks in the program sufficiently|large
to produce distortion, these peaks will
oceur in the bass, simply because fuch a
large peak in the midrange would be
painfully loud. Moreover, running the
bass amplifier way below its power rat-
ing would practically eliminate harmonie
distortion at the lowest frequencies.

Preamps and Control Circuits

The preamps ave Dynakit PAM-1's
and a DSC-1 stereo control. Thesd were
chosen for their versatility, dedirable

combination and arrangement of con-
trols, and well thought out and sophisti-
cated circuitry, as well as for the dis-
tortionless and humless reproduction
they are known for. I have had only two
complaints with the Dynakits: first, the
master volume control had to be changed
several times (at Dyna’s expense) before
one was found that tracked reasonably
aceurately; second, there is no provi-
sion for having both a tape head and a
seeond RIAA input. I believe the latter
has been fixed in the PAS-2, which came
out after I had bought my preamps.
The PAS-2 has several advantages over
the PAM-1 plus DSC-1 combination,
particularly in cost, but does not have
quite the versatility. I still think the
volume control should have heen changed
to a stepped one, even if only 20 per
cent resistors are used.

The control panel is shown in Fig. 8.
Under the Dynakits are two homemade
chassis with etched brass panels and
knobs to mateh the preamps. The unit
on the left contains the speaker econ-
trols, phase reversal switeches for the
three speakers, a switech for inserting
the presence filter mentioned hefore, and
a switeh for connecting the left ampli-
fier to the remote outlets, to either an
8-ohm or a 4-ohm extension speaker or
to both an 8-ohm speaker and the nor-
mal left speaker. The knob marked “VU
meter” will be explained later. The unit
on the right, under the end of the pre-
amps which are insensitive to hum, eon-
tains three relays. Power to the entire
system 1s turned on through a holding
relay. This relay ean be released, thus
turning everything off, either manually
or automatically at the end of a tape
or record, as selected hy the eenter
switch. There is also provision for plug-
ging in a timer to twn the system on
and off, for recording radio programs
in absentia. One of the a.c. switches on
the preamps may be used to turn off
the amplifiers alone; the other, for
turning off the programn sources alone.

The Program Sources

The preamps and program sources
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THE ONLY TURNTABLE/CHANGER,

BETTER THAN THE DUAL-1006 ...

AUDIO e NOVEMBER, 1961

istre DUAL-CUSTOM.
But they look the same ? Naturally. All the changes
and refinements are underneath. Where it counts.
No added frills or chrome. Only improvements—on
a machine that offers honest, outstanding perform-
ance-—performance and operating features that
any other unit would give its eyeteeth for.

If you consider yourself a discerning buyer who
shops an honest value you’ll consider the Dual-
Custom. Otherwise, you just won’t.

But if you’re the individual you (and we) like to
think you are—you’ll watck the Custom perform,
hear it reproduce, inspect its features, run it
through its paces, read the fine print in the avail-
able literature. Then you’ll examine all other
machines—regardless of price.

Having done that, we maintain that your judg-
ment will do a better job selling the Dual-Custom
than we could ever do. Why not get all the informa-
tion on the Dual-Custom. Re-
member,youactuallyhaven’t = a 4
Shopped antil vou've ex. united @udio
amined all the facts. Write: 12 West18th St., New York 11, N.Y.
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are shown in Fig. 9. The eabinet was a
floor sample picked up for $10, to which
lucite doors and my wife’s artistic de-
sign have been added. The electronic
crossover can be seen under the cabinet,
together with the seemingly unavoidable
mess of cables. Records are stored in
the lower part of the cabinet, and tapes
on the small shelf in the adjoining book-
case on the right. The tuner is a Bogen
R660, the only component left from the
first inearnation of this system and the
first one due to be replaced, although it
still works quite well.

The enclosures in the cabinet are only
about 13-in. x 17-in, x15-in. deep and
originally lhoused only a Miracord
X5-200 changer with a GE GC-7 ear-
tridge. It was obvious that no ordinary
turntable or tape recorder eould fit in
sueh a space. and that expanding to a

SEnSre i

1,

[

larger cabinet would raise howls from
you-know-who. Fortunately, there are
two components of high quality which
do not take up any more room than
necessary. They are also very reasonabhly
priced.

The turntable is a Weathers KL-1 kit,
mounted on an aluminum plate sus-
pended above a wooden base. The ear-
tridge and avin chosen is the B & O
TA-12 ecombination. In the turntable
base are mounted an hour-counter to
keep track of the stylus wear, and a
Realistic dual VU meter. The latter is
conneeted across the 32-ohm taps of the
Eico dual amplifier to give a little more
gain in monitoring the signal actually
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arriving at the speakers. By means of a
switech on the speaker control panel, the
left meter can also be put aecrosy the
woofer or an external speaker., The
turntable is lighted hy a 6-watt fluores-
cent lamp at the top front of tllejcabi—
net. The light also serves as a strobe
lamp. To redunce hum, the ballast and
starter for the lamp are located iJ‘n the
hasement. The lamp is switched by one
of the unused loudness switehes on the
PAM-1’s.

The tape deck i1z a Viking Stereo
Compact RMQ quarter-track maghine
with two built-in recording amplifiers.
This and the Tandberg 6 were thé two
high-calibre decks which would fit in
my ecabinet, and. unfortunately, the dif-
ference in price was a factor of 2, The
Viking is an excellent deck, with a
00009-in.-gap playback head and a

ment cabinet.

separate wide-gap record head, naking
slow-speed quarter-track recording a
reality. I find that with sufficient |treble
boost, the loss in quality at 334 ;gps is
quite acceptable for most musie, except
when there are high-pitched perenssior
instruments, and I now do most of the
recording off the radio at 334 ips, get-
ting 6 hours of musie on a single 1800-
ft. reel. The Viking is made for hobby-
ists like myself, and between the Viking
and the Dyna preamps, versatility is
virtually unlimited. At the moment I do
not have playback preamps on the tape
deck, and the playback heads are con-
nected directly to the “special” input of
the Dynakits, so that the tape-monitor

WWW amerdceatadioRistery com

Fig. 9. The home-
decorated equip-

switch cannot be used. However, be-
cause of the great flexibility, I ean still
monitor monophonic recordings by using
one preamp for the program source and
the other for tape playback, and using
the channel reverse switch as a monitor
switeh, The VU meters on the recording
amplifiers are very useful; however,
they do not light up, and I had to add
pilot lights to show when the awplifiers
are on.

I now tape all of my new stereo
records, using a slightly greater than
normal stylus force, and play the rec-
ords only on special occasions. Aside
from redueing record wear, this practice
also eliminates the necessity of meticu-
lously dusting the record each time and
of changing records every 20 minutes.

After writing this article, T got up
the courage to add up the cost of this
system. I eame to the conclusion that,
exclusive of the tape deck, it can be
reproduced for less than $500, plus an
awful lot of work. For $350 to $600,
one can probably buy a “standard” sys-
tem of similar quality. but without the
versatility and luxury features of this
system. Although I would hesitate to
recommend this common-bass speaker
system to the average musie listener, I
think it deserves consideration by audio
hobbyists. The common-bass speaker sys-
tem is partieularly useful when the
woofer can be mounted in a wall, using
a closet, a garage, or another room as
an infinite baffle. The location of the
woofer in the room would be immaterial
because of the low crossover frequency,
and the Super 8s would require very
little room. If the Super 8’s were prop-
erly baffled as full-range units?, the
crossover could be reduced to below 100
cps; then our assumptions of in-phase
addition of acoustic signals and of non-
directionality of the bass would hold
much more accurately, The common-bass
system would also be useful to those
who have “full-range” speaker systems
which have insufficient output below 60
eps, and who wish to add a single woofer

to supplement the extreme bass. E
PARTS LIST

R, R, R, R, R, 1 megohm

3 By 2 megohms

R, Ry, R,, 2200 ohms

Ry Ry, Ry, 47,000 ohms, 1 watt
R, R, 20,000 ohms

Ry 10,000 ohms

R 470.000 ohms

Ry 18,000 ohms, 1 watt
Ry 1000 ohms
Ry 8200 ohms, 1 watt
Cy C, 500 pf

Cy, C,, Cs, Co, Cyy 0.1 pf
C;, C; 0.05 uf

5 0.002 pf

V¥V, 12AU7

S, G-pole, 3-position

+J. L., Grauer, g4, 80 Pounds, a Super

8. and the Shim Method,” AUDIO, Jan. 1961.
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HOW TO BUY YOUR

If you demand bookshelf speaker systems
nilf\ clean, undistorted bass . . . impact
mid-range . . . flawless highs —then you’ll
only consider the University RRL bookshelf
spea<er systems. ‘Radiation Resisiance
Loading’ together with high compliance
speakers is the sccret behind their startling
performance. Here’s how it works. The
exclusive principle of Radiation Resisiance
Loading permits the highly compliant
woofer to use only a small portion of
its cone excursion to produce maximum
sound output. This reduction in conc cx-

cursion virtually eliminates distortion and
signiﬁcantlf' lowers power demands on the

amplifier. Result: the best available per-
formance with a minimum loss of efliciency.
Result to you: incredible sound that ean
be amply amplified by any wnplifier with
10 clean watts.

We said mid-range impact and flawless
highs? Right! In the RRL-12 there’s a 34"
dircet radiator with a rigid diaphragm that

AUDIO e NOVEMBER, 1961

compare

UNIVERSITY

(in every price category)
against all other brands

socks out a smooth-as-silk mid-range. And
for the very top of the scale—University’s
Sphericon Super Tweeter climbs out to
40,000 ¢ps (=2 db from 3,000 10 20,000 cps!).

In the RRL-8, two direct radiators are
used for those precious treble notes with
an cvenly dispersed response extending to
20,000 cps.

And both systems include a ‘brilliance’
conlrol to permit precise adjustment of tonal
balance to your particular room acoustics.

For decorating flexibility both RRLs are
finished on all four sides so they can be used
as either highboys or lowboys . . . on the
floor, or on bookshelves. Their hand-rubbed

For a solution to a really diffizult space prob-
lem, investigate the TMS-2 single cabinet stereo
speaker system.

WWW amercaaradiohistery. com.

FIRST (OR YOUR LAST) SPEAKER SYSTEM

and polished fine wood veneers and just-
right proportions lend a note of discreet
elegance whercver you place them. And note:
as an added feature, the grilles of both
models are easily removable to permit u
quick change of grille fabric if and when
you ever desire it. Finishes: The RRL-12
can be had in mahogany, walnut, oiled
walnut, limed oak and unfinished; the RRL-#
in mahogany, walnut, fruitwood and un-
finished.

RRL-12 prices start at $114.95. RRL-8
prices from $95.50.

For complete information about all of
University’s “best quality for the price”
speaker systems, writc: Desk R-11, Uni-
versity Loudspeakers, Ine., White Plains,
New York.

For those discriminating listeners with larger
rooms and larger budgets, consider the new
Classic Mark 11, 3-way speaker system.

Ht

UNIVERSITY.

A Division of Ling-Temco- VUI‘IE’II, Iac.
TIMELESS BEAUTY AND THE SQUND OF REALITY
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Stereo-Plus-Center
Recording Chan

To Two
nels

A center bridging amplifier with metering circuitry

HAROLD REED*

an audio system was a relatively Fach step has resulted in more realistic
simple arrangement—an input sound reproduction but at a grealt in-
transducer, an amplifier, and an output crease in cost and space requirements.
transducer. Later came mixing—more
input transducers, more output trans-
ducers, and the amplifier. Along came

ONCE UPON A TIME, as we look back, center we have three times everything.

while holding to a minimum the equip-
ment needed for recording and repro-
duetion. (See also bloeck diagram, Fig.
2.) Here, the output of two ecenter micro-
phones and their preamplifiers is mixed
and fed to a center sub-master control
and then to the input transformer of

. . The Circuit . - .
stereo—more of everything, in faet two the center amplifier. A 12AY7 tube is
times everything. Now, with stereo-plus- The circuit shown in Fig. 1 was de- wused in the first two stages which is

signed to provide for some center pick- followed by a 12AX7 serving as two
* 3917 Madison St., Hyattsville, Md. up in a two-channel stereo system, cathode followers. The output trans-
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Fig. 1. Schematic diagram of center bridging amp
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WE

TAKE OUR
TEXT
FROM

N ifkita

K irushchev

I A

“A Communist,” he has said in a re-
port to the Central Committee, "has
no right to be a mere onlooker.”
The free world may deplore the
methods used in the LLS.S.R. to in-
sure the participation of its citizens
in the plans of the Kremlin. But no
one can deny that Khrushchev, after
all, has put his finger on one of the

strengths of dictatorship—and one

of the weaknesses of democracy.
In our democratic society, you
have the freedom of choice to be
cither active or passive, a doer or an
onlooker, as you please. You may
choose simply to stand and watch
the world go by. That is your privi-
lege, and no one can penalize you.
But if there is no law compelling
vou to be active, no dictator telling
you that you must take your place
in the ranks

and sending you to
Siberia it you don’'t — is there not
at least an implied moral obligation
to be a participant rather than sim-
ply a spectator — a moral obligation
with a force far greater than a dic-
tator's rule? By definition, democ-
racy is the rule of the people, and
there is no rule when the people
shirk their responsibilities.

T e

[y

Remember the sense of common
purpose that we all shared in World
War II, whether we were fighting or
doing defense work or helping the
Red Cross or planting a victory gar-
den? In wartime, most of us accept
the necessity for action — and act.
But when the necessity grows less
urgent, we tend to forget how stim-
ulating it is to be active in a worth-
while cause, how satisfying the
resulting sense of fulfillment. Instead,
we fall back into the old habit of
letting George do it.

Occasionally, a Presidential elec-
tion stirs us out of our apathy, and
we work for the party and the can-
didates we favor — or at least take
the trouble to vote. But after it's
over, too many of us slip back into
the complacent role of the onlooker.

There are many Americans who
regard citizenship as a sinecure, re-
luctantly paying taxes but making
no attempt to influence what is hap-
pening in the government and the
community. Others are too fastidi-
ous or too phlegmatic to espousc a
cause and work for it. Still others
fear involvement and prefer to stay
on the surface of things, shunning
commitment but reserving the right
to criticize. They are living phantom
lives, wasting both the unique op-
portunities for action afforded by
our democracy and their own poten-
tialities as human beings.

They willingly pay lip service to
the two principles of conduct that
motivated our founding fathers —
do your parl and do your best—for-
getting that the operative word in
cach case is do. Intention, resolu-
tion, decision, determination—these
are not enough. No one will take
the thought for the deed. There is
no credit

and very little satisfac-

tion — in standing on the sidelines.

A

Participation is what counts — par-
ticipation in the service of whatever
cause is closest to your heart, what-
ever purpose appeals most strongly
to your intelligence.

Work to improve your local
school or library or hospital. Collect
to help conquer the diseases that
now conquer men. Teach English to
newcomers, read to the blind, join a
church project. Run for public office
— or work for someone clse who is
running. Further a cause you believe
in by organizing a group to support
it —or at least by taking pen in
hand. As Ecclesiastes put it : *“What-
socver thy hand findeth to do, do it
with thy might.”

We citizens of this democracy
cannot allow ourselves simply to
stand by in a world where no Com-
munist has the right to be a mere
onlooker. We must bestir ourselves,
accept both the responsibility and
the opportunity for service to com-
munity and country, find our respec-
tive causes and serve them with a

will.

As Oliver Wendell Ilolmes, Jr,
said back in 1884

As life is action and passion, il is
redquired of a man that he should
share the passion and action of
his time, al the peril of being
juddged not to have lived.

L A

Reproduced by

arrard

SALES CORP.

Port Washington, New York
by special permission of
MERRILL LYNCI],
PIERCE, FENNER & SMITH, Inc.

who originated this advertisement.

S I

A reprint of this message is available upon request from Garrard Sales Corp.
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formers are inserted directly in the
cathode circuits of this tube.

As shown in the bloek diagram, Fig. 2,
one center amplifier output is bridged
across the input of the left stereo channel
amplifier and the other output is bridged
across the right stereo channel amplifier
input. Resistors B,; and R,, of Fig. 1,
2000 ohms in value, are used to increase
the bridging impedance, which results in
negligible loading of the left and right
stereo channel circuits.

The center amplifier output trans-
formers have an impedance ratio of
10,000/2000 or 5. Considering the cath-

present this impedance to the meter
unless correctly terminated on the in-
put side. On the other hand, the cathode
follower should work into a higher im-
pedance, at least 10,000 ohms. Tn the
cireuit as shown, the 3900-ohm attenua-
tor termination is taken care of by
shunt resistor R,; in parallel witthzo,
and in series with the follower output.
Thus, (6200 x 10,600) /(6200 + 10,6*;‘)0) -
3912 ohms. The desired cathode follower
loading is handled by R,, in series with
the parallel combination of R,, and the
meter attenuator network and provides
an impedance of approximately 12,000

ode-follower output impedance to be ohms.
A 3| STEREO |3 SASTER
MIC PReamps | MIXING ot 12| “Lerr [REV% 00 "e0n
= ~| Amp. =
N
N
N\
N
3
] 18
STEREO | S
MIXING SUB-MASTER 3 S
MiC PREAMPS é:'—— R CENTER 1Z
NETWORKID 1500 = ame. @ 15
=~ ]
p |
4
I,
MIXING 3| STEREQ | 3 MASTER
— PREAMPS | ORI —{B | RIGHT (S|P esTe 00w °
AMP.

Fig. 2. Block diagram.

600 ohms, the reflected unpedance to
the secondary winding is 145 of this
value or 120 ohms. This, in series with
the 2000-ohm resistor results in a bridg-
ing impedance of 2120 ohms across 75
ohms which is the terminated 150-ohm
input impedance of the channel am-
plifiers. This is similar to the conven-
tional 15,000-t0-20,000-ohm bridging of
terminated 600-ohm lines.

To provide for proper balance be-
tween left, right, and center, and for
monitoring, a VU metering system is in-
cluded in the center amplifier circuitry.
This consists of a 12AX7 voltage am-
plifier and cathode follower. Signal
voltage for the meter cirecuit is taken
from the cathode cireuit of the cathode
follower feeding the right stereo channel
although this could just as well be
taken from the follower feeding the
left channel.

The VU meter itself is connected to
the cathode follower output through a
standard VU meter attenuator and series
resistor, R,,. For proper dynamic opera-
tion, the meter should be connected
across a 3900-ohm impedance source.
The standard meter attenuator will not

30

No resistor values are given in the
schematie diagram for the meter at-
tenuator network composed of R,,, R,;
and R,, since these values will depend
on the signal levels in any given stereo
system. In their meter data sheets,
manufacturers of well known VU meters
publish meter attenuator infornanation
giving in table form the resistance values
needed for any commonly required at-
tenuator loss in 1 db steps. This saves
the trouble of having to calculate them.

The audio system in which this center
amplifier was used provided a signal
level to the input in the order of minus
60 dbm due to considerable mixing
losses. Because of this, a high-quality

well-shielded input transformer
selected. The latter would not be neces-
sary where a higher signal voltage is

was

available. The output transformers are
relatively inexpensive but gave a good
account of themselves in this service.
The center amplifier as described was
assembled in a custom-built sterep re-
cording console which contained a com-
mon power supply. A power source of

WWW amerieaniadiohistory com

300 to 350 volts is satisfactory and the
current drain is less than 5 ma making
it possible to use almost any already
existing power supply. The heater cur-
rent drain is 0.9 amperes. If the avail-
able power supply will not handle this
additional current a separate heater
transformer can be employed. Exclud-
ing the power supply, the amplifier can
be assembled on a chassis as small as
4-in. x 12-in.

Specifications

The center amplifier was designed to
meet the following specifications: Har-
monic distortion 1 per cent or less over
the band of 30 to 15,000 ¢ps. Hum and

PARTS LIST

R, 82,000 ohms, 15 W

R, 1500 ohms, 3% W

Ry R, 220,000 ohms, % W

Rs; R:ay Res 1 megohm, 1/.’ w

Ry Ry Ry 100,000 ohms, %5 W

2 Ris 1800 ohms, 1% W
8 B 33,000 ohms, 1o W

Ry 120,000 ohms, 1 W

R 220,000 ohms, 1 W

Ry R, 2000 ohms, 14 W

R, 470,000 ohms, 3% W

Ry 560,000 ohms, % W

R 4700 ohms, Y% W

Ry 10,000 ohms, % W

R, 6200 ohms, 14 W

Ry, Ry, B, see text

R, 150,000 ohms, Y5 W

C, C,C,C..C; .01 uf, 400 V, paper

Cs 20/20/20 pf, 450/450/25
V, electrolytic

C, 20 pf, 450 V, eleetrolytic

Cs 1 nf, 200 V, electrolytie

qh Input transformer, UTC
LS-12X ’

T, T Output transformer, UTC
A-15

| 12AY7

V., T 12AX7

noise at least 60 db below +8 dbm out-
put established with a — 60 dbm input
signal. Frequency response within 1 db
from 30 to 15,000 cps.

The over-all gain of the center am-
plifier from the input transformer to
the output of the 2000-ohm bridging
resistor is 55 db.

Although as shown in Fig. 2, im-
pedances of both 150 and 600 ohms are
employed which were considered de-
sirable for the particular installation
in which the center amplifier was used,
the amplifier may be set up in other
stereo cireuitry using 600-ohm imped-
ances throughout. For instance, the same
input transformer can be strapped for
600-ohm input and if the left and right
channel amplifiers have 600-ohm in-
puts the center amplifier bridging re-
sistors can be increased to about 15,000
ohms to retain the same negligible
loading conditions on these channels.

F:
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Now, one tape that is more than “\% '..new Master Series from Capitol

By any and all criteria, there is no finer tape available. ¥

Frequency response is essentially flat throughout the audio
spectrum, signal-to-noise ratio one-third higher than the
acceptable minimum. Against the government specification per-
mitting 25% coating variance, this tape is guaranteed uniform
within 2% —and every reel carries a written guarantee cover-
ing all aspects of recording performance. Precision-produced
in nine types to meet every professional application, and
available now through selected audio dealers. EMI/US, Mag-
netic Tape Division, 1750 North Vine Street, Los Angeles 28,
Calif. oeaLers: Write for name of your nearest distributor.

AUDIO e NOVEMBER, 1961

STuDI0 12 1.5 mil acetate—the standard for serious recording
stupio 13— 1 mil acetate —50% tonger playing time per reel
sTupio 14— 1 mil Mylar*— extra-rugged polyester base

stupto 15—.5 mil Tensilized Mylar*— extre-long-play tape
STUDIO 16— 1.5 mil Mylar*—delivers the ultimate in strength
sTupio 22— 1.5 mil High Output acetate — ultra-retentive
sTupio 26— 1.5 mil High Output Mylar*— stronger than above
sTupio 32— 1.5 mil Low Print acetate — superior *master” tape
sTUDIO 36— 1.5 mil Low Print Mylar*— like above bu: stronger
*DU PONT'S TRADEMARK FOR [TS POLYESTER FitM.
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Tape Erasure

Q. I have a tape playback machine in-
eorporating a playback amplifier but not
a record amplifier. On one of my prere-
corded tapes there is a wvery moticeable
dropout on one channel for about two
minutes which I don’t believe was there
when I first played it. Could this be due
to a shorting of the ground and signal-
carrying wires? Will this erase the tape?

A. T don't see how erasure could result
from shorting of the ground and hot leads.
A magnetized playback head will tead to
erase, but the erasure is mostly of high
frequeneies and is not very pronounced.
Assuming that through some misadventure
a substantial amount of current were fed
to the playback head, erasure might take
place.

Head Magnetization

Q. Do playback heads become magne-
tized purely as the result of playing tapes?
I am not referring to heads which are used
for both recording and playback.

A. Playback heads do become magne-
tized as the result of playing tapes. The
asymmetrical waveforms presented to the
head in effect contain a d.c. component,
which results in gradual head magnetiza-
tion.

Q. If the cable from a playback head
to the playback amplifier is frequently
plugged in and out of the amplifier, would
this magnetize the head?

A. A playback head can become magne-
tized as the result of a ecurrent surge.
While there may be a trivial amount of
voltage across the head when it is con-
nected to an amplifier, I don’t think that
this voltage is enough to eause the kind of
surge we are talking about if you suddenly
plug in or plug out.

Dip in Response

Q. My tape recorder exhibits a dip in
response of about 5 or 6 db in the region
of 60 to 70 eps, and then it comes baek to
nearly flat response around 30 cps. What
is the reason for this, and what might I
do about it?

A. The dip in response is probably due
to the faet that at very low frequencies
the wavelength recorded on the tape ap-
proaches the magnitude of the head itself,
so that the head as a whole and not merely
the gap tends to react to the signal on
the tape. As a result, there are “inter-

280 Twin Lane E., Wantagh, N.Y.
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HERMAN BURSTEIN* |

n of

ference effects,” namely accentuati‘
some frequencies and partial canceliation
of others. Possibly, these interference et-
fects can be mitigated by slightly rotat-
ing the head in a horizontal plane——if the
mechanical design of your tape mgchine
permits you to do this—so that the tape
wrap about the head is not symmetrical.
That is, the tape should contact mare of
the head surface on one side of the gap
than on the other side.

Playback Equalization

Q. In using a tape tramnsport for play-
back, can I plug the output of the tape
head directly into the mike input ¢f my
audio preamp?

A. Plugging the output of the tape| play-
back head into the mike input jack of a
preamp will probably provide sufficient
amplification of the weak tape signal. But
it will provide none of the required|play-
back equalization. For example, a large
amount of bass boost is required to play
back a tape recorded according to the
NAB curve.

Q. I checked the playback and fecord
equalization of my **** tfape recorder at
7.5 ips and found these to be apparently
unsatisfactory. Whereas the NAB/! play-
back curve calls for a 26 db drop between
30 and 1000 eps, I measured a drop of
only 16 db. There is also supposed to be
a drop of 10 db between 1000 cpf‘ and
15,000 cps, but I measured onlyE ab.
Can you suggest the reasons for this dif-
ference? Is it possible that the amplifier of
the **** tape recorder was nmot designed
to follow the NAB curve? This machine
was designed before the NAB curve was
widely adopted by the industry for use
at 7.5 ips. |

A. One or more of the following factors
may account for your failure to obtain
the NAB playback curve in checking the
equalization of your tape recorder:| 1. It
is quite possible that at 7.5 ips your tape
machine employs what is sometimes called
the ‘“modified NAB curve.” This cgnsists
of bass boost commencing at 1590 cps in-
stead of 3180 cps. Accordingly, the total
rise between 15,000 and 30 eps is about
30 db instead of 36 db. Relative to 1000
eps, this is about 24 db bass boos‘ and
about 6 db treble eut. Henee your measure-
ments would be indicative of only'1 db
error in terms of treble cut, although they
still indicate an apparent deficiency of 8
db in bass boost. 2. Playback heads fre-
quently exhibit a rising characteristic in
the low bass region, sometimes reaching
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as mueh as 6 db. Therefore the standard
NAB playback curve must be tailored to
refleet whatever amount of bass boost oe-
curs in a speeific machine owing to the
particular head used there. If the head
in your machine happens to produce as.
much as 6 db rise at the very low end,
this would explain a substantial amount
of the apparent deficieney in bass playback
equalization. 3. The NAB standard per-
mits response to be down as much as 4 db
at 50 eps, which means about 7 db down
by the time you get to 30 eps. Here again
is a substantial accounting for the ap-
parent insufficiently of bass boost. 4. The
NAB standard permits a slight amount of
bass boost in recording, reaching 3 db at
50 cps and inereasing at still lower fre-
quencies. Thus your tape recorder quite
possibly supplies part of the required bass
hoost in reeording.

Taking all the foregoing into considera-
tion, it is desirable to make a true check
of playback response not merely by meas-
uring equalization but further by checking
output when playing a standard test tape.

Tape Head Gap

Q. IHow narrow should the gap of a
tape head be?

A. First, we have to differentiate be-
tween heads used for recording and those
used for playback. A narrow gap is of
importance only in playback. For treble
response virtually flat to 15,000 cps, the
gap of the playback head should not ex-
ceed .00025-in. (250 micro-inches) at 7.5
ips, .00012-in. (120 micro-inches) at 334
ips, and .00006-in. (60 micro-inches) at
1% ips. Modern playback heads found in
home tape machines generally have gaps
between .00009-in. and .00012-in. Gaps as
narrow as .00006-in. are not found in home
tape machines because the treble losses in
recording at 175 ips are so formidable
that, as yet, it is no use building heads
to play frequencies that are not on the
tape.

In recording, a head with a narrow gap
can be used quite satisfactorily. However,
because of magnetic and eleetrical factors,
the optimum tends to be a relatively wide
gap, about .0005-in. (500 micro-inches). As
the gap is narrowed, losses occur because
the electromagnetie field of the head tends
to jump across the gap instead of flowing
through the tape. Moreover, a relatively
wide gap lowers the inductanece of the
head; this reduces the head’s impedance
to current flow, and therefore it becomes
easier to pump audio signal and bias cur-
rent through the record head.

It is vital that the edges of the gap be
as straight and sharp as possible. If the
edges are not linear and sharp, cancella-
tion of the high frequencies takes place in
playback. Hence a gap of 120 miero-inches
might very well achieve better treble re-
sponse than a less linear gap of 90 miecro-
inches. In recording, gap linearity is more
important than gap width. The magnetic
signal impressed on the tape depends on
the magnetic condition of the tape at the
instant it leaves the trailing edge of the
gap, namely the last edge contacted by the
tape. A well-defined trailing edge is es-
sential for a well-defined recording. xE
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IT TAKES MORE THAN ADDING A 4-TRACK RECORD

HEAD TO MAKE A 4-TRACK RECORDER

With 100% more recorded information on the same width of tape, the alignment of

4-track tape is critical. This alignment is the result of meeting two basic requirements:

1. Precision heads that permit narrow-track recording without loss of performance of
normal, wide-track recording.

2. Precision “tracking” of the tape across these heads.

Even the slightest variation {the thickness of this piece of paper, for example) represents

enough misalignment to noticeably reduce frequency response and signal-to-noise ratio,

and induce crosstalk between tracks — all unsuitable for true high fidelity recording and

reproduction. The "4-track recorders” of non-professional design either lack this precision

or can quickly lose it in simple transporting or jarring.

Two years in development, the new 1200 Series incorporates many of the precision tracking

and narrow-track head techniques of Amp=2x Professional and Instrumentation recorders.

The new 1200 Series makes possible the convenience and economy of 4-track recording/

reproduction with full professional quality previously attainable only in 2-track.

PLAY OR RECORD =t

RECORDING VOLUME

FINE-LINE alignment — the first high fidelity adaptation of tracking techniques and tape guidance principles used in computer and
instrumentation tape equipment. FINE-LINE alignment on the 1200 Series provides full frequency response by keeping the tape track width
(.043") in precision alignment with the channel width (.043”) of the record and playback heads. This alignment starts the moment the
tape leaves the supply reel and continues past: (1) the constant-tension holdback; (2) the new 4-track selective eruse head: (3) the new
4-track record head; (4) the micro-adjusted tape guide; (5) the 4-track playback head; (6) the capstan.until the tape reaches the take-up
reel. All are precision mounted on (7, a professional, micro-milled die cuast frame to guarantee fine line alignment throughout the life of the

recorder.

NEW PRECISION TAPE TRACKING in the 1200 Series required track-
ing techniques in the tape guidance system previously used and associated only with
professional recorders and multi-track instrumentation tape equipment. The key to these
techniques is providing perfect alignment of the tape from the time it leaves the “supply”
reel until it reaches the ““takeup™ reel. This is lost in most 4-track recorder construction
when the stamped metal plate (conventionaliy used in home-recorder construction) strains
or warps out of alignment from the weight of the motor, clutches, flywheel, and other
mechanical assemblies that hang from this top ptate. The kind of alignment necessary for
narrow-track recording requires the stability of a professional-type, die cast frame
micro-milled in one operation so that the tape guidance sysiem and head assembly are
mounted on the same reference plane. And that's exactly what Ampex has done in the
1200 Series. We call it FINE-LINE alignment. You can see it by looking under the
top plate. You can hear it when you record and playback 2- and 4-track stereo tape or
4-track monophonic tape. It costs stightly more, but is lower cost in the long run. On the
average, Ampex-built recorders outlive lower-cost machines two to three times.

5 6

3 NEW PRECISION
HEADS —not only a 4-track
record head, but a 4-track playback
and a new selective erase head (es-
sential to monaphonic recording an
any one track) have teen added to
the Ampex 1200 Series. To eliminate
any possibility of track interference,
all three of these new heads now
have narrower channels (.043") to
precisely match the track-width of
the tape, while maintaining the
famous wide recording range and
longer life characteristic of Ampex
recorders.

WWW atmernceriadioRietery com
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THE FINE LINE

AMPEX 1200

Ampex adds a major contribution to 4-track
recording and reproduction with the intro-
duction of FINE-LINE alignment in
the 1200 series 2-and 4-track stereophonic
and 4-track monophonic tape recorder/
reproducers

The New 1200 Series includes over 170 changes in design o provide highest
performance and trouble-free operation. Among the major | feature and con-
struction advantages are: ‘

(A) Exclusive, automatic tape take-up — eliminates the annoying problems
of hand threading.

(B) Built-in mixer — 4 inputs (2 mic, 2 line) for professional recording
techniques.

(C) Master selector switch — permits simple changes from stereo to mono,
choice of individual track, A-B comparison of origifal and recorded
program, sound-on-sound, automatic shut-off.

(D) Constant holdback tension — provides equal tension| throughout reel
of tape.

(E) Selective Erase Head — permits increased monophonic flexibility with
sound-on-sound, language study, etc.

(F) Precision recording level meter — for accurate, professional quality re-
cording, reads both channels by simple switching — provides easy com-
parison and balancing of recording levels.

SPECIFICATIONS The Ampex 1200 incorporates the widest
range of abilities ever built into a single unit:
RECORDS 4-track stereophonic
4-track monophonic
PLAYS 4-track stereophonic
2-track stereophonic |
4-track monophonic ‘
SPEEDS records and plays at 3% and 7Y% ips with up to 8 hours,
32 minutes of monophonic recording or playing.
RECORDING INPUTS: High impedance inputs (radio—phono—TV—auxiliary).
Approximately 0.25 v rms for maximum normal recording level; high im-
pedance (600.v) microphone inputs.
PLAYBACK OUTPUTS: Approximately 0.75 volts rms from cathode follower
with tapes recorded to maximum normal recording level
FREQUENCY RESPONSE: 50-15,000 cps *2 db at 7V ips;|50-8,000 cps =2
db at 3% ips.
SIGNAL-TO-NOISE RATIO: Better than 55 db at 7%% ips;
at 3% ips.
FLUTTER AND WOW: Under 0.2% rms at 7%z ips; Under 0.3% rms at 3% ips.
(Measured according to American Standards Association.)

etter than 50 db
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Model 1260 with pair of maich-
ing Ampex Amplifier-Speakers
(2010)

Model 1250 — Without case

(not shown) Model| 1260 — Portable

AMPEX AUDIO COMPANY « Sunnyvale, California

WWW amercaaradioRietery com

(6) Exclusive "Auto-Set” shut-off — offers choice of 2 automatic shut-off
positions for unattended recording or playback.

(H) Convenient speed change (3%4-7V2) — rugged, dependable.

(1) Professional recording electronics — (similar to Ampex 351 series broad-
cast recorder) insures professional recording quality.

()) Directional selective braking — provides quick, positive stops without
stretching thin-base tapes.

(K) Heads — separate erase, record, playback for optimum performance in
each function.

(L) Tape transport—a precision system of constant-holdback tension, power-
ful 4-pole uniform-speed motor, and capstan assembly provide mechanical
specifications (wow & flutter) comparable to broadcast recorders.

(M) Die cast frame.

(N) Tape position indicator.

TIMING ACCURACY: Perfection of pitch to within ¥ of a half-tone.
HEADS:

Manufactured to the same standards of precision that exist in Ampex broadcast and
recording studio equipment. Surfaces are lapped flat within 10 millionths of an inch,
resulting in uniform performance characteristics throughout the life of the head. Stereo
head gap alignment: the one head gap in the stack with respect to the other is held
within 20 seconds of arc, equivalent to less than 10 millionths of an inch — a degree of
precision achieved through use of a unique process involving micro-accurate optical
measurements within a controlled environment. Head gap length is 90 millionths of an inch.

DIMENSIONS: Portable cases 9” x 15” x 17%”. Unmounted recorder 13"
x 6Y%" depth below top plate, 13" above. Recorder weight 36 pounds.

POWER REQUIREMENTS: 117 volts, 0.9 amperes, 60 cps (recorder); 117 volts,
0.5 amperes, 60 cps (amplifier-speaker).

SPECIFICATIONS STANDARDS:

(1) These technical specifications accuratelv reflect the true performance of
every unit off the production line. not a hand-picked sample.

(2) These are professional specifications. measured by professional equipment
standards and instruments and are comparable to those used in broadcast
and recording industry.

As such. most of these ratings are conservative and individual units mav be
found to exceed these published specifications. These spectfications are not
comparable to “‘sales literature specifications’ often used in consumer recorder
merchandising.

Model 1270 — Portable with
built-in matched pair of
amplifier-speakers

THE FINE LINE
1200
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The Electronic Organ—A High
Fidelity Musical Instrument

DAVID WOLKOV*

The electronic organ has been called, “A high-fidelity system
with a keyboard.” Here is a simple introduction to the electronic
organ plus a listing of most of the currently available models.

HE MELODIOUS VOICE of the organ is

once more being heard throughout

the land; not through wheezing air
pipes, but through high fidelity speakers.
This musie is being played and enjoyed
hy the audio fan himself, and is not re-
produced musie.

In 1959, $232,000,000* of electronic
organs were sold; for this ioney, 750,000
were of the Johnny-one-note type; and
125,000 were of the console type. 1960
statisties are now heing compiled.

An air organ is not complete unless
there are 1300 to 1600 pipes. In addition,
there must be blowers, wind chests and
swell shutter mechanisms. In contrast,
an electronic organ uses 100 tubes or
transistors, usually all contained within
the console, with only the amplifiers
and speaker systems external to the
console. Not only does it take less space,
but it avoids tearing up walls for the

*10 Sunbeam Roard. Plainview, L.I.,
NY
"t Electronics, Nov. 11, 1960, p. 40.
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pipe installation. Also, the electronic
organ costs only a fraction of the com-
parable air organ.

The 14-18th Century air organ, and
also the more recent air organs, were
designed to produce four different fam-
ilies of vcices. The distinetive organ
sound of air sighing through the pipes
is known as diapason. The three other
classes are the reed, the flute, and the
string.

As long ago as 1929, three Bell Lab-
oratory researchers, L. J. Sivian, H. K.
Dunn, and S. D, White found out what
the makeup of a musieal note was. Their
findings are learnedly reported in the
January, 1931, issue of the Journal of
the Acoustical Society of America. They
showed that music is more than the note,
its harmonics, and the decay curve, As
deserihed in the Formant Theory, the
characteristic voice of an instrument is
determined by certain fixed frequencies
(harmonies), always associated with the
instrument.

The University of Oklahoma conducted

WAy amerieannadiahictans cam,

a study concerning the voicing of air
organs, and the electronic organ was on
its way. Vacuum-tube oscillators and
filters simulated the air organ voices.
Then came high fidelity with clean, high
powered amplifiers and associated speak-
ers; and with these, the opportunity for
tremendous and magnificant organ
sound.

How and why have these electronic de-
vices been able to move in on what was
once the most specialized of musieal
instruments? There are many contrib-
uting reasous, but principally it is be-
cause the organ is one of the easiest in-
struments to play.

This does not mean there are no varia-
tions in skill and artistry, but rather
that the learner can easily learn to pro-
duce pleasant, listenable music. Unlike
pianos, whose tones build up and die
away, organs will sustain a sound as
long as the key is pressed. Even when
the tune is slowly picked out, note by
note, the melody will move along
smoothly.

Playing an electronic organ is made
easier by another characteristic that
distinguishes it from other keyboard
instruments. The keys are electric
switches, not levers controlling hammers.
This means that the sound is not affected
by uneven fingering. Years of practice
required for developing “touch” are not
required for adding expression to musie.
Percussion or legato, soft or loud, all
are at your command at the movement
of a switeh.

These easy-play advantages are com-
mon to most electronic organs. Musie
publishers have devised various kinds
of “pieture musie,” “pointer systems,”
and other self-teaching methods such as
the Russel Ames series. While any mu-
sical instrument when 1nastered is a
souree of joy and satisfaction, mastering
the organ 1is considerably more like
mastering an orchestra.

The conventional musical instrument
may take years to master—and so does
the organ. The learner on a violin will
sound indescribably horrible, but the
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tearner of the organ can smother his
sound with powerful cleetronie assists.
These give the musie character and qual-
ity. No other instrument can produce
“music” for the novice so readily.

A second contribution to the popular-
ity of the electroniec organ 1s ‘“high
fidelity”. From 16 eps up to 20,000 eps
the high-fidelity svstem is at its best
and, consequently, so is the eleetrie
orgaun.

The electroni¢ organ usually has many,
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Fig. 2. Schober
""Concert” grgan.

many oscillators  assoclated withy the
kevhoard. It also has filter networks for
modifying the harmonie content of the
audio wave. There are also mean$ for
shaping the rise and deeay of the yave.
Usnally, couplers are provided for {riss-
crossing the filters. The combined, mixed
ocutput is fed to vour preamp (mono
or stereo) and then on to a broad-band
amplifier and from there to the spéaker
systems. |
Ilow are you going to determine the

Fig. 3. Artisq.n
“Class V" organp.
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electronie organ bhest suited to  your
needs? First, you should know what
kinds of organ are available. Second,
vou should decide whether you would
want to build your own or purchase a
factory-built unit. It vou have enjoyed
building vour high tidelity installation
from kits, you ean do the same with an
electronie organ.

Types of Electronic Organs

The “Johuny-one-Note™ orgun 15 dis-
tinguished by a construetion that allows
but one note to he played at a time
similar to simple piano playing. The
sonmewhat more sophisticated units have
chord buttons which permit a chord ae-
companiment to be played along with
the solo. These are really not musical
instruments.

The aecompanying chart (Fig. d) lists
most of the organs available today whieh
are classed us musieal instruments. Even
simple instruments, sueh as the Ham-
mond chord organ, employ tone shaping
filters (stops) which ean be keyed-in so
that the fundamental tone 1s altered.
When several stops are depressed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>