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One design engineer tells
another exactly how he
puts the “high” in “fideljty”

New design! Just demonstrated the model!
FM’s superb...such quieting...rock-stable
tuning! Can’t hear any hum in the wide-open
audio preamplifier...or noise in the treble!
And the power amplifier...just feel that bass!
He has good reason to be proud. From front
end to output stage, the design’s a honey.
And, as he says: “...the tubes are RCA!"
RCA tubes for monophonic and stereo-
phonic high fidelity have been especially de-

ﬂﬁand

the ™
tubes |
are # |
RCA!"

signed to bring out the best in your equip-
ment. Among these are four special types—
RCA-6973 and 7027 beam power tubes, RCA-
7025, a high-mu twin triode controlled for
hum and noise and the 7199, a remarkable
triode-pentode combination.

Your RCA Field Representative will be glad
to help you select the right tube for your
cireuit. Call him now. Or you can get techni-
cal data from RCA Commercial Engineering,
Section D-91-DE, Harrison, N. J.

RCA tubes for High Fidelity also available from
your local Authorizred RCA Tube Distributor

Electron Tube Division
®

WWW_ akherieaniadimhietary com

RCA Field Offices

EAST:

744 Broad Sireet
Nework 2, N, J.
HUmboldt 5-3900
MIDWEST:

Suite 1154
Merchandise Mar Plozo
Chicogo 54, MlI.
WHitehall 4-2900
WEST:

4355 E. Woshington Blvd.
Los Angeles 22, Calif.
RAymond 3-8361
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Tung-Sol audio tubes

now twin-packed

in matched pairs

by the manufacturer

588] For service in

omplifiers of up to 50
walts,

6550 For service in

omplifiers and commer-
ciol audic equipment of
up to 100 wotls,

OW you can come as close to

faultless sound reproduction
as the design and circuitry of
your hi-fi equipment will permit.
Tung-Sol 5881 and 6550 beam-
power amplifier tubes are factory-
matched to very tight perform-
ance limits and twin-packed to
help you achieve lowest distor-
tion levels at all volume levels.

Use of Tung-Sol 5881 and 6550
tubes has long been associated
with amplifiers of the very finest
design. These tubes have always
been produced to closest possible
tolerances with cathode current
ranges held to an absolute mini-
mum.

Now, in twin-packed pairs, they
assure the hi-fi enthusiast and
the commercial sound engineer
of replacement tubes that will
provide new standards of per-
formance—a feature of special
importance with the newest am-
plifiers and loudspeakers, particu-
larly binaural sound equipment.
See your parts supplier.

Tung-Sol Electrie Ine., Newark
4, New Jersey.

tTUNG-SOL

2

AUDIOCLINIC??

JOSEPH GIOVANELLI*

Amplifiers and FM Inteiference

Q. I live aboul three eity blocks from a
fairly strong FM station which docs com-
mereial  broadeast musie via wmultipler.
This FM signal has been coming through
my music system for about two years. By
juggling the wvarious a.c. power leads,
audio cables, and all conecorned, 1 have
been able lo keep the amownt of signal
pleked at a minimum.

1 have just completed a sleveo instolla-
tion. The FM station is coming in wmseh
more strongly, and cwrionsty enonwgh, it iz
more pronounced in the “left” channel
than ir the other. In the vight channel, 1
gel an overdose of hum, which doecsn’t
worry me. I have been fighting the Joom
war fer years, and I am confident 1 can
lick: that. My question is, How can [
prevent this annoying inlerference? Cam-
eron Magnon, Tampa, Fla.

A. The first thing to aseertain is just
where the signal is entering the equipment.
To do this, first short the pickup leads. If
the signal eceases, you have obviously lo-
cated the souree of entry, the pickup and for
associated leads. If the interference still
persists, short the grid of the second stage
of the preamplifier and so on down the line
until you have found the point of entry
of the signal.

You will then have to experiment with
bypass capacitors. You probably can find
one whose value is sufficiently large to
shunt out the interfering signal and yet
sinall enough so as not to limit the high-
frequency response of the equipment.

If this method fails, place @ ehoke in
series with the offending lead. This choke
can be made by winding 20 toyns of No. 24
enameled wire around a l-megohm 2-watt
resistor. You may have to provide shielding
for this filter arrangement. The filter ean
be rendered even move ecffeetive through
the use of a second ecapacitor, arranged in
the cireuit in sueh manner that the eireuit
iz o capacitor-input pi-type filter.

Should the interference still continue,
you will liave to resort to a wavetrap rather
than to the filter system just deseribod,
This ig made of a series-resonant civeuit
placed aeross the offending input circuit,
and a parallel resomant circuit placed in
series with the hot lead. Thic wunit must
be shielded and the shield returned to a
good ground. Capacitorg here should be
variable, and their values are 10 puf
maximum to 1 puf with their rotors open.
Induetances arve wound of No. 14 enameled
wire on a 3&-ineh form. Baeh induetance
should eontain 3 or 4 turns, The inductince
should not be elosewound, but rather,
shiould be spaced. After the coils are wound
the forms are slipped out, leaving a self-
supporking structure. After the wiring of
the wavetrap hax been completed, set the
amplifier to the phono position or whichever
position produces the interference, and ad-
just the funed cirenif for minimun signal.

Tf no such dip ean be found, the c¢oils in
the network contain too much or too little
inductance. You can determine which of
these conditions prevails by compressing
the turns. Comipression increases induet-
ance, expansion deereases it. If this pro-
cedure does not produce a null in the sig-
nal, you must then add or subtract turns.

* 8420 Newlirk Ave., Brooklyn 3, N. ¥.
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Speaker-Miciophone

Q. Is there any reason why a speaker
could not be adapted for use as a miero-
phone? It would seem to me that a speaker
system should wield resulls at least ax
good as a comparable quality microphone
in this regard. 1 have no idea whal oulput
can be capeeled from a speaker working
in reverse, bul | would guess that well over
1 my could bhe obtaned under working
conditions. If the oulput would be inordi-
nately high, is theve any simple way lo ve-
duce the strength of the signal to a work-
able value? Also, would there be any diffi-
culty with impedance mismateh, and how
can this be reclified? John Graner, Greal
Neck, N. Y.

A, The experiments T have performed
suggest that a speaker ¢an serve very well
as i microphone. Unfortunately, a speaker
which gives a good aceount of itself at the
bass end, doesn’'t always perform the same
at the high end and vice versa. 1 found
that one needs a highly compliant speaker
for use as o mike, just as one needs such
a speaker if it ig to be nsed in an infinite
haffle enclosure.

Impedance matehing is not much of a
problem. You are likely te get enough drive
from the loudspenker so that you eam con-
neet it directly to the grid of the mike
input of the prenmplifier. If you need more
gain than that provided by the unaided
speaker, you ean use a line-to-grid trans-
former to make up the difference. Unless
you load the sccondary of the matehing
trangformer in some¢ manner, you cannot
achieve a mateh of impedances sinee the
grid is virtually an open circuit and, there-
fore, performs no loading action. If you
wish to try matching impedances, use a
30-ohim to grid transformer and load the
secondary with o resistor whose value is
half of the secondary's nominal impedance.
(The foregoing assumes that the imped-
ance of the speaker being used iz 16-ohms.)
If thiz combination overloads the front
end, you will have to use the ordinary po-
tentiometer cireuit, with the full resistance
of the pot serving as the transformer's
load.

If you are going to use transformers,
you must use good ones. If you do not do
so, vou will lose any advantages of the
microphone. You will never know whether
the transformer is causing a given effect
or whether the microphone is caunsing it.

A microphone of the type in which you
are iuterested has some other advantages,
notably that, beeause of its lurge pickup
area, more sound ean be captured. This
can mean that the diaphragm need not be
driven far at all in order to obtain a good
output level. As is well known, the less a
diaphragm can be moved, the better will
be the results obtained sinee the motion is
more nearly linear when the exeursions are
kept small, This is merely a hypothesis I'm

throwing out for those interested in
experimentation. I lhave not tested its
validity.

Amplifier Instability and Remote Lines

Q. Thiz past weekend I was asked to
connect a remote speaker system for a
[riend.

The system consists of an amplifier feed-
ing « 500-ohm lne, thenee 1o a 500-ohm
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Address

City

Stereo and monaural . .. most people ready to buy high fidelity com-
ponents seek advice from friends who own them. Generally you will find that these
knowledgeable owners have a Garrard changer. And if you ask experienced dealers,
they will invariably tell you that for any high fidelity system, stereo or monaural, the
world’s finest record changer is the...

WWW amerdacaaradioRistery com
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RICHARD TUCKER
tapes his own
recordings on

That alone is not
the reason why
you should use

Here’'s why
you should use

It's the best-engineered tape in the world
...gives you better highs...better lows...
better sound all around! Saves your tape
recovder, too—because the irish FERRO-
SHEEN process results in smoother tape
...tape that can’t sand down your mag-
netic heads or shed oxide powder into your
machine. Price? Same as ordinary tape!

Available wherever quality tape ia sold.
ORRadio Industries, Inc., Opelika, Alabama

Ezxport: Morhan Exporting Corp., New York,N. Y.
Canada: Atlas Radio Corp,, Ltd., Toronto, Ontario

4

speaker and an 8-ohm speaker fed threugh
a matching transformer, each speaker con-
trolled by “1” pads on the speaker side of
the transformer. The distribution line was
an unknown (but very long) length of No.
18 lamip cord.

At moderately loud volume levels, the
system was unstable and would motorboat
badly. Reduction of bass would stave off
the motorboating some but not much. In
connecting an outboard jack to the line I
noticed that holding onc lead of the line
while standing on wet ground encourcged
the instability; touching the other lead
had no effect. Also, this effect was not
noticeable when standing on a dry beoard.

The amplifier was connected 1o the
speaker through a short lead and full gain
could Ve used with no instability.

From the above I assume the instability
ig due to line capacitance. I so, could this
be eliminated wilhout replacing the line,
since veplacement would be almost vmpos-
sible? H. S. Newins, Red Bluff, Calif,

A. I agree with you that the instability
is caused by an alteration of the feedback
eharacteristics of the amiplifier resulting
from the long line. It will be hard to say
whetber this trouble is the result of capaci-
tive ‘effects or inductive effects because a
long line will contain significant amounts
of bhoth.

Before adding reactances and eapaci-
tances in an attempt to tune this diffienlty,
ground the amplifier to a good ground, and
ground the common side of the far end
of the 500-ohm line and one side of =ach
gpeaker voice eoil. Sometimes this kind of
grounding will shunt out this kind of in-
stability. If it works, it will save you much
trinl and error fiddling with inductances
and capacitanees which will otherwise be
your fate,

Stereaphonic or Monophonic Sound

Q. I have many monophonic discs and
tapes. Now, with the advent of stereo, is
my monophonie collection worthless? Ar-
thur Darrow, Albany, N. Y.

A. I have met many people who lament
the fact that stereo has made their fine
record collections obsolete and miserable.

While it iz unquestionably true that the
addition of spaciousness to mugic adds
much to our emotional réactions to. it, it
does not and should not mean that we can
no longer enjoy our otherwise fine dises.
When you stop and thizk abount it many
people began collecting records in the 20's
and before, and the sound on those early
dises was poor indeed compared fo those
of today. Those people have not disearded
them, I guess this is partly related to
sentiment and is the symbol of a past
whiech many of them considered to be
better than the present. Probably, though,
in the vast majority of instances, people
hold onto these dises simply because of the
artistry of those appearing on them. Stereo,
wonderful though it is, cannot give us
those oldtimers who have flashed across the
concert and popular stages. This is not
simply true of the 20's. It holds even for
comparatively reeent monophonie releases.
What about those releases of old 78's or
the immortal performances of Toscanini?
True, sterea could have enhanced all of
these performances, but they are still fine,
valid ones, even without stereo., Of course,
a record need not be world-acelaimed in
order for it to be enjoyable to you. The
main thing is that youn liked it when you
bonght it aud probably did right up until
thie time you heard your first stereo broad-
cast,” Listen to that menophonie dise or
tape again and you will probably enjoy it
as much ag always, I have such dises and
tapes in my own colleetion, and I have
stereo as well,

If possible, you should have equipment
capable of playing both types of material.
After all, there will be new music and new
performances of old music. All of this will
be recorded for our enjoyment. It will be
captured in stereophonie sound.

You should not feel that the steveo sys-
tem is just a flagh in the pan, since mate:
rial is coming at us with extreme rapidity,
and this material and the equipment with
which to play it, is being sold at a tre-
mendous rate. It is hard to believe, but in
the short time that the stereo disc and
tapes have been with us. over 1,000 titles
have been released. P2

The Home Stereo Concert

WWW amerncaaradioRistery com
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NEW LITERATURE

e Alpha Wire Corporation, 200 Varick St.,
New York 14, N. Y. is now offering free a
wire-stranding chart, designated ZK-4,
which makes it possible to determine vap-
idly the available stranding combinations
for various sizes of conductor wire. This
information is shown on a one-page refer-
ence chart which also tells the number of
smaller gauge wires necessary to make up
the cross-gectional area of a conductor.
The chart is free, and will be furnished on
request to Alphe Wire Corporation, or in
response to the Reader Service Card. D-16

e Astron Corporation, 235 Grant Avenue,
Sast Newark, New Jersey, announces the
availability of Service Replacement Cata-
log AC-7 which covers technical data on
the company's full line of capacitors and
filters for radio, TV, and electronic appli-
cations. The illustrated 16-page Dbooklet
features a photographic “guided tour” of
the Astron plant and explaing product pro-
duction from researching and engineering
to testing and guality control. Complete
product listings are also shown, D-17

® BElectron Tube Division of Radio Corpo-
ration of America has just announced the
latest edition of the well known RCA Re-
ceiving Tube Manual, RC-19, This manual,
which is claimed to have sold more than
two million copies since 1947 in earlier edi-
tions (and we wonder how many more
were sold before then, for we remember
them much further back than 1247), is the
most comprehensive and authoritative
book of its type in the industry. The new
edition has been revised, expanded, and
brought up to date. It contains techmical
data for more than 625 receiving tubes,
including types for black-and-white and
color television, sevies-string applications,
12-volt automobile radio receivers, and
high fidelity audio, and more than 95 pic-
ture tubes including color types. A verita-
ble education in vacuum tubes and their
applications, this new manual also covers
basic tube theory in the same easy-to-un-
derstand style used in previous editions.
The section on Electron Tube Applicationg
has been expanded to include a descrip-
tion of tone-control circuits for hi-fi audio
amplifiers and high-voltage regulator cir-
cuits for TV use. Other sections include
information on generic tube types, inter-
pretation of tube data, and electron-tube
installation.

The Receiving-Tube Classifieation Chart
hits been revised to show the latest tube
data, and types designed for series-string
applications are gpecially marked for easy
selection.

The popular Circuits section at the back
of the book shows a new intercom for
three or more stations and several new
high-fidelity audio amplifier circuits in-
cluding preamps for magnetic and ceramic
pickups, an audio control unit incorporat-
ing both volume and tone controls, and
two complete hi-fi amplifiers having out-
puts of 10 and 35 watts, respectively, and
suitable for both monophonic and stereo
applications.

Copies of the RC-19 RCA Receiving
Tube Manual can be obtained from RCA
Tube distributors, or by sending 73 cents
to Commercial Engineering, Electron Tube
Divigion, Radio Corporation of America,
Harrison, New Jarsey.

e Astron Corporation, East Newark, N, J,,
is making available to design engineers a
series of publications called “Techniques,”
covering a variety of subjects in the ca-
pacitor field. The current issue deals with
“Application Noteg on the Solid Electroly-
tic Tantalum Capacitor,” in an article by
Matthew Katz, Engineer in Charge of Lhe
Tantalum Department of Astron Corpora-
tion. Other Astron components will receive
similar treatment in subsequent issues to
provide ready visualization for the design
engineer sceking characteristics for spe-
cial problems.

Reguests for copies should be addressed
to Astron Corperation, 255 Grant Ave,,
Tast Newark, N. J.

AUDIO e APRIL, 1959

OBOE . . . a double-reed woodwind. Fundomental [requency range: 250 to 1750 cps, Overtones extend to 14.100 cps.

T’S as if you were on the podium—baton in hand—directing the woodwind
section to ‘give you more oboe'. For, with the Blonder-Tongue Audio Baton,
you are in complete command of the tonal color of the performance.

The Audio Baton does this by dividing the audible spectrum into nine separately
controllable octaves. Each octave can be independently boosted or attenuated as
much as 14 db. By boosting the overtone frequencies of a specific instrument you
can enhance its character and timbre. By boosting its fundamentals, as well, you
can bring the instrument forward in relation to the rest of the orchestra or ensemble.
To make even the finest high fidelity system sound better, simply connect the
Audio Baton. In modern enclosure 119.95 at high fidelity dealers or write:
Blonder-Tongue Laboratories, Inc.,, 9 Alling Street, Newark 2, New Jersey.

fingertip control of the full orchestral range...
octave by octave...new blonder-tongue audio baton

5
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for less work and more play

GET THE TURNTABLE
THAT CHANGES RECORDS)

B i N R BT S T O I S M S

veoanwr e n

MIRACORD XS-200

D e T T T

R i A T

No turntable and no record player,
in the history of high fidelity, gives
you more quality and more features
than the famous MIRACORD XS-200!
® heavyweight, professional-type turn-
table—and a fully-autom:tic changer!
® plays both stereo and monophonic!
& push-button controlled throughout!
® Magic Wand spindles eliminate
pusher platforms and stabilizing
armx|
¢ intermixes 104 and 12%; plays all
4 gpeeds; has a 4-pole motor!
® even as a turntable it shuts off
automatically when vecord is
finished and tone arm returns to
rest position.

—vyet 1L cokls only 567501111dn‘ophile net

B N L SR S I RS

B T T T I I P R P

STEREOTWIN

bt AL LI IR T P W e e e e

R

the stereo cartridge that

ELIMINATES HUM!

STEREOTWIN is the perfect magnetic
hi-fi eartridge for stereo and mon-
aural! It fits all record changers and
standard tone arms. And thanks to
special construction and MuMetal
shielding, it eliminates hum! Instant
stylus replucement, too.

NOwW 54450 awdiophile net
L

2

For Free catalopue. please twrite Dept. 4

AUDIOGERSH CORP.

514 Broadway, New York 12, N.Y, J
WORTH 6-0800

FAR AHEAD) THE FINEST BY FAR
Rvailable at selected dealers.

LETTERS

Galactic Noise

Sik:

Harmmn-Kardon hng evoated o mild favor
in the industry by introducing a new term
in the published speecificationz of its new
Model ST350 AM-I'M sterco simuleast and
FM multiplex taner.

The paragraph deseribing the FM see-
tion reads “remarkable sonsitivity permits
distant station reception—Ilimited only by
milactic noige.”

The compmiuy has heen husy answeriug
consumer  correspondence and telephone
culls on the wmeaning of “galnctic noise”
aud itg influence on funer design. We
frankly wever roalized the sybject would
appeal to so many audio euthusiasts, For
those consuners who may not have seen our
ad or published specifientions and who ave
interested in tuner design, I would like to
explain the meaning of the term,

Galactic noise ean be tormed as noise or
interference from outer space. Every star
and galaxy emits electromagnetic radiation
over a wide frequeney spectrum. Part of
this speetrum is light and can be seen.
Another part is radiation in the VHEF
portion of the band and ean be picked up
by any FM or TV receiver of sufficient
sensitivity, The charactoristie of the noire
1 guize similar to thermal resistor noise
and to “shot"” noise in vaenum tubes,

Altliough galactic uoise is not present in
a4 roeeiver whon eonngeted to o signal
generator for measurement, the noise will
enter the tuner as soon as it is connested
to an antenna. For a toner to reecive an
FM sigual, the signal must exeeed hoth the
intermally generated noige and the galaetie
uojse in intensity. The galactic noise,
therefore, becomes a practical linit to the
possible sensitivity of an FM receiver,
poorly designed tuner will not he affected
by fthig typo of onoise hecause the noise
created within the tunec is sufficiently high
to mask the galactic noise. Our new STE50
offers a front-ond design whose noise figure
is 50 low that this woise from outer spuce
is itz only limit.

LroN Kuny, Sales Promotion Manager,
HapMAN-ITARVON, INC.,

521 Main 8¢,
Westhury, 1. I, N. Y.

Corrections

Stk ;

Three corrections should be enteved on
the sechematie of “The Purple Cow™ im-
plifiecr on page 31 of the January issue,

The resistor between the arm of the 5k
potentiometer and the junctioned plates 2
aud 5 of the 68SN7 ig 18,000 ohmy, instend
of 1200 as shown. Additionally, the eathode
piu 8 of the 6U8 should be marked as
Laving a 140-volt potentinl. The next item
is my error and L[ apologize for it, but the
voltnge at plates 2 and 5 of the 65N7
should have Leen shown as 8935 volts instend
of THS.

J. Q. WINTEREPOON,

85 Keller Ave,

Kenmore 17, N
(And we apologize Jor the firsl two criors.
Ep.) :

Ste;

I Yigve notad two errors in our artielz on
the Regal speaker systemas, The “rear view!
photograph of the system as shown on page
25 of the Mureh issue ix actually a phantom
view, In Fig. 6 on page 26, (A) is drawn
incorreetly. The voice eoil ig shown jost the
same length as that of (B), but it should

WAAMWN. akmevieaniadiohictary com

be just as long ag the gap and no longer.
Rosere C. Avepox, Engineer,
Euegrro-Vorer, Inc.,
Buchanan, Michigan

The Bi-Ortho Circuit
Stz

Lately you have been printing a lot of
intervesting and informative articles on
stereo reproduction, and as a reader T am
certainly pleased. However, every now and
then an article appears that makes me
wonder. Such an artivle is “For Stareo, the
Bi-Ortho Output Circunit,” by €. Nicholas
Pryor, in your Novenber issue.

The idea of providing more power reserve
(except nnder unusunal signal conditions)
for cach stereo channel fhan is available
from two separate amplifisrs using the same
output tubes ig a good one. However, con-
trary to popuolar opinion, a cathode fol-
loweer will deliver the maxinum output to a
load equal to the plate registance ry of the
tube, aud uot to a load of ry/(w+ ). The
steret lies an being able to drive the grid
with Jarger sigunl swings in the case of
the higher-resistance load. So Mr. Pryor’s
channel providing the BE, output is work-
ing under very unfortunate loading condi-
tiong amd the power output from this
chamiel will be Hmited compared to that
ot the AL, channel. Any hoped-for poiver
reserve. over a ftwo-amplifier system is
thereby prevented. In addition, a preat
differential in power output exists between
the two channels—uan undesirable condition
indeed. Mr, Pryor hog ended up with a
system of lesser gquality than lie needed to.

If Mr. Pryor would use the same trans-
former in the cathode e¢hannel (BE,) as
he nged in the plate channel, he woulil eure
these illy; both ehannels would have the
same output power, e would have his re-
sexve: power, and he would avoid the naces-
sity of winding an output transformer.

One further point. A re-evaluation of the
nagnitade of various ontput-fube-grid
driving voltages is in order. It seems proh-
able that simple snms and differences of
L, and E, will not do the frick; however,
this needs farther investigation.

Wirniaa ¢, Houa,
917A Bireli Road,
East Lansing, Michigan

Spedcker Cabinet Controversy
Sik:

The interests of elavity might be hetter
served if Mssrs. Williams and Novak, in
thetr rebuttal (LETTERS, Junuary) to Mr.
Villehur (LErrERs, Décember), wonld plead
to the issue.

As Mr. Villehur poiuts out, their state-
ment that “A large box always allows more
and cleaner bass than does 4 small box,”
is patently either incorrect or ineomplete.
Williams and Novak tacitly concede this
hy basing their explanation on the assump-
tion that the same speaker i3 used in each
CAse,

This particnlnr assumption apparoutly
binds them to the canventional viéwpoint:
having chosen a spenker, system resonance
is a fanction of box size. Althougl valid,
thiz viewpoint is no more so thaw what I
take to be Mr. Villehur's: having chosen a
system resonange, box size is a fanetion of
speaker eompliance. Once this chosen reso-
nange 8 attained by a proper combination
of box aud speaker eomplianve, an inerease
in hox gize iy pointless,

For given sound output ani frequeney,
the eone must nmove i vertain distance.

(Continued on page 81)
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HEATHKIT

» style
- performance
- fuality

STEREO EQUIPMENT CABINET KIT
MODEL SE-1 (center unit) $4 4995

Shpn. Wi 182 Tas.

MODEL SC-1 (speaker enclosure) $ 3695

Shog. WI. 42 Ibs. each

Superbly designed cabinetry to house your complete sterco system.
Delivered with pré-cut panels to fit Heathkit AM-FM tuner (PT-1),
stereo preamplifier (SP-1 & 2) and record changer (RP-3). Blank
panels also supplied to cut out for any other ecquipment you may now
own, Adequate space also provided for tape deck, speakers, record
storage and amplifiers. Speaker wings wiltl told Heathkit SS-2 or
other speaker units of similar size. Available in unfinished birch or
mabogany plywood.

MONAURAL-STEREO PREAMPLIFIER World's largest manufacturer of
KIT (Two Channel Mixer) electronic instruments in kit form

MODEL SP-2 (stereo) $56.95 Shpg. Wi, 15 Ibs.

MODEL SP-1{monaural) $37.85 Shpg. Wt. 13 bs. HEATH CONMIPANY
MODEL C-SP-1 (converts SP-1 to SP-2) $21.95 Benton Harbor, 25, Michigan
Shpg. Wt. 5 Ibs. f

Special “‘building block™ design allows you to [N ElEe
purchase instrument in monaural version and add H
stereo or second channel later if desired. The SP-1 =
monaural preamplifier features six separate inputs
with 4 input level eontrols. A function selector
switch on the SP-2 provides two channel mixing,
A 20’ remote balance control is provided.

HIGH FIDELITY
RECORD CHANGER KIT

MODEL RP-3 $G 495

Turntable quality with fully automatic
features! A unique ‘‘turntable pause” allows
record to fall gently into place while turntable is stopped. The tone
arm engages the motionless record, and a friction clutch assures
smooth start. Automatic speed selector plays mixed 334 and 4§
RPM records regardless of sequence. Four speeds available: 16, 3334,
45 and 78 RPM. Changer complete with GE-VR-II cartridge with
diamond LP and sapphire 78 stylus, changer base, stylus pressurc
gauge and 45 RPM spindle. Shpg. Wt. 19 lbs.

“EXTRA PERFORMANCE'' 55
WATT HI-FI AMPLIFIER KIT

A real work horse packed with top quality
features, this hi-fi amplifier represents a &
remarkable value at less than a dollar per
watt. Full 2udio ountput at maximum
damping is a true 55 watts from 20 CPS
10 20 ke with less than 2% total harmonic  MODEL W7-M $5496
distortion throughout the entire raoge.

Featuring famous **bas-bal’" circuit, push-

pull EL34 tubes and new modern styling.

Shpg. Wt. 28 1bs.
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“BOOKSHELF' 12 WATT AMPLIFIER KIT
MODEL EA-2 $2895

There are many rcasons why this attractive amplifier is such a tre-
mendous dollar value. You get rich, full range, high fidelity sound
reproduction with low distortion and noise . . . pfus **modern styling”.
The many features include full range frequency response 20 to 20,000
CPS +1 db with less than 147 distortion over this range at full 12
watl oulput—its own built-in preamplifier with provision for thrce
separate inputs, mag phono, crystal phono. and tuner—RTAA cqual-
ization—separate bass and treble tone controls—special hum control
and it's casy-to-build. Complete instructions and pictorial diagrams
shaow whete every part goes. Cabinet shell has smooth leather texture
in black with inlaid gold design. Shpg. Wt. |5 Ibs.

YMASTER CONTROL'® PREAMPLIFIER KIT
MODEL WA-P2 ${975

All the controls you need to master a complete high fidelity system
are incorporated in this versatile instrument. Feaiures 3 switch-
selected inputs each with level control. Provides tape recorder and
cathode-follower outputs. Full frequency response i5 obtained within
+ 134 db from 15 to 35,000 CPS and will do full justice to the finest
available program sources. Eg__;iization is provided for LP, RIAA,
AES, and early }'3 records. Shpg. Wi, 7 Ibs.

HIGH FIDELITY TAPE
RECORDER KIT
MODEL TR-1A $9995 MODEL TE-1 $3995

Includes fapa deck assembly. pre. Shpd. WL 10 103, (Tape Preamplifier Onily)
amplifier and roll of tape.

The model TR-1A provides monaural record/playback with fast

forward and rewind functions. 714 and 334 |PS tape speeds arc
selected by changing belt drive. Flutter and wow are held to less than
0.35%,. Frequency response at 7% 1PS 2.0 db 50-10,000 CPS, at
334 IPS +2.0 db 50-6,500 CPS. The model TE-§ record/playback
tape prcamplifier, supplied with the mechanicul assembly, provides
NARTB playback oqualization, A two-position selector switch pro-
vides for mike or line input. Separate record and playback gain
conlrols, Cathode follower output, Complete instructions provided
for easy assembly. Signal-to-noisc ratio is better than 45 db below
normal recording level with less than 14 total harmonic distortion.
(Tape mechanism not sold separately). Shpg. Wt. 24 lbs.

' delity mater:al E_(ﬁclen c:rcmé

HIGH FIDELITY AM TUNER KIT
MODEL BC-1A $269°5

Designed especially for high fidelity applications
this AM tuner will give you reception close to
FM. A special detector is sacorporated and the
IF circuits are “‘broadbunded™ for low signal
distortion. Sensitivily and selectivity are cxcellent
and quiet performance is assured by a high
signal-to-notse ratio. All tunable components
are prealigned before shipment. Your “‘best buy'
in an AM tuner. Shpg. Wt. 9 Ibs.

t_um:r s }ohr least expensive ssour{,e of

“UNIVERSAL" 12 WATT
AMPLIFIER KIT
MODEL UA-1 $2196

Ydeal for stereo or monaural applications, this
{2-watt power packape leatures less than 29,
total harmonic distortion throughout the entire
audio range (20 to 20,000 CfS) at full 12-watt
output. Use with preamplifier models WA-P2
or SP-1 & 2. Taps for 4, 8 and.16 ohm speakers.
Shpg. Wt 13 lbs.

YOU'RE NEVER OUT OF DATE
WITH HEATHKITS

Heathkit hi-fi systems are designed for maximum flexi-
bility. Simple conversion from basic to complex systems
or from monaural lo slerec is easily accomplished by
adding lo already existing unils, Heathkil engineering
skill is your guaraniee against obsolescence. Expand

your hi-fi as your budget permils . . . and, if you like,
spread the payments over easy monthly instalfments
with the Heath Time Payment Plan.

AUDIO e APRIL, 1959
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CONTEMPORARY
Model CE-1B Birch
Model CE-1M Mahogany

CHAIRSIDE ENCLOSURE KIT
MODEL CE-1 $4395 cuch

Control your complete home hi-fi system right from
your easy chair with this handsome chairside en-
closure in either traditional or contemporary mod-
els. It is designed to house the Heathkit AM and
FM tuners (BC-1A and FM-3A) and the WA-P2
preamplifier, along with the RP-3 or majority of
record changers which will fit in the space provided.
Well ventilated space is provided in the rear of the
enclosure for any of the Heathkit amplifiers de-
signed to operate with the WA-P2. The tilt-out
shelf can be installed on either right or left side as
desired during the construction, and the lift-top
lid in front can also be reversed. All parts are pre-
cut and predrilled for easy assembly. The con-
temporary cabinet is available in either mahogany
or birch, and the traditional cabinet is available in
mahogany suitable for the finish of your choice.
All hardware supplicd. Shpg. Wt. 46 1bs.

* No Woodworking Experience
Required For Construction.

o All Parts Precut & Predrilled
For Ease of Assembly.

TRADITIONAL

* Maximum Overall Dimensions: Model CE-1T Mahogany

18" W. x 24" H. x 35%" D. 7

POAPE 000D 000V0s0TAacTINETTRIURDAOIIASDREROIOAROGESSR -

IT'S EASY ... IT'S FUN “BASIC RANGE" HI-FI SPEAKER SYSTEM KIT

The modest cost of this basic speaker sys-
AND YOU SAVE UP TO % tem makes it a spectacular buy for any
WITH DO-IT-YOURSELF HEATHKITS

hi-fi enthusiast. Uses an 8° mid-range
Putling together your own Heathkil can be one of the most :&‘:‘?{ha:géﬁ%ﬁ;ﬁ?&g.;{-?otgﬁwﬁg
exclling hobbies you ever enjoyed. Simple step-by-step In- : ) CPS. C'rés‘sové'r circuit is built - i
structions and large piclorial diagrams show you where “in Vﬁth balance Cbn't"rﬁl. --Iﬁ:l;- |
every parl goes. You can'{ possibly go wrong. No previous 3 e :
electronic or kit building experience is required. You'll |
|
|

pedance is 16 ohms. Power rat-
learn a lol about your equipment as you bulld it, and, of

ing 25 watts. Tweeter horn ro-

tates si at the : a
course, you will experience the pride and salisfaction of E s thab e pekCTRmAL,
having done it yourself.

be used in either an upright or
horizontal position. Cabinet is
made of veneer-surfaced fur-"
niture-grade plywood suitable
forlight or dark finish. All wood
parts are precut and predrilled.
for easy assembly. Shpg. Wi,
26 Ibs.

==

MODEL 55-2 $3995
Legs: No. 91-26 Shpg. Wt 3 Ib. $4.95

DIAMOND STYLUS HI-Fi

PICKUP CARTRIDGE

MODEL MF-1 $2695

Replace your present pickup with the MF-1
and enjoy the fullest fidelity your library of
LP’s has to offer. Designed to Heath specifica-
tions to offer you one of the finest cartridges
available today. Nominally flat response from
20 to 20,000 CPS. Shpg, Wt. I 1b, J

*‘RANGE EXTENDING’' HI-FI
SPEAKER SYSTEM KIT

The SS-1B employs a 15" woofer and super
tweeter to extend overall response of basic
§S-2 speaker from 35 10 16,000 CPS +35 db.
Crossover circuit js built in. Impedance is 16
ohms, power rating 35 watts. Constructed of

LEGATO HI-FI SPEAKER SYSTEM KIT
MODEL HH-1 $29995

The startling realism of sound repro-
duction by the Legato is achieved
through the use of two 15" Altec
Lansing low frequency drivers and a
specially designed exponential horn
with high frequency driver. The special
crossover network is built in. Covers
25 to 20,000 CPS within + 35 db. Power
rating 50 watts. Cabinet is constructed
of 34" veneer-surfaced plywood in
cither African mahogany or white
birch suitable for the finish of your
choice. All parts are precut and pre-
drilled for casy assembly. Shpg. Wt.
195 lbs.

34" veneer-surfaced plywood suitable for light
or dark finish. Shpg. Wt, 80 Ibs.

COMPANY - BENTON HARBOR 25, MICH.

”@bsidr’ary of Daysirom, Inc.

O Please send the Free Heathkit catalog.

piaoneer in
“dfo-lt-yourself’"
electronics

MODEL SS-1B
$999s

Enclosed find §........ name
Please enclase t
{or parcel post—express
?rdels are s!\iobc?l ae-
ivery charges collect.
All prices F.0.8. Bonton  20dress
Harbor, Mich, A 20% de-
posit is required on all
C.0.D. ordars. Pricas :
subject to change with-  city & state
out nolice.
SEND FOR FREE CATALOG
TN UANTITY ITEM MODEL NO. PRICE
Describing over 100 easy-to-build 9
kits in hi-fi, test, marine and ham
radio fields. Also contains com-
plete specifications and sche-
matics.
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1. RCA and.STEREO -

HIS IS PUTTING the cart before tha horse

—but the three large, identieal press

envelopes I received in one mail from
RCA Victor that will be discussed below
enclosed some pointers on stereo that were
so unexpectedly to the point-(even though
in triplicate)—that X am prefixing them to
my somewbat satirical discussion on mail-
ing pieces in gemeral, which you'll get to
after you read this. The three XCA pack-
ages constituted one of thoss bulky press
colleetions, inspirational multigraphed
articles by famous personalities, glossy
ejght-by-tens of record stars and the like,
that tend to clutter up our mails these
days. I’d like to dare to throw them all
out unopened but I never do. For inevita-
bly, every so often, there iz a uugget of
pure gold on foolscap to be fourd in them,
Right in the middle of this package was a
clip entitled “Some Frequently Asked Ques-
tions—and Their Answers—About Stereo
Records.” Oh-oh, says I and almost threw it
agide. The wusual staff, I thought, and
probably I koow tbe answers anyhow.

But not a hit. These RCA questions were
reasonable, sensgible, genuinely of the sort
that people do ask, And the answers were
intelligent omes. Somebody at RCA is on
the ball, as the old phrase goes.

Out of the tem or so questions and
answers typed over three pages, I red-
penciled a couple for your information and
intereat.

“How should I place the loud speakers
lo get the best resulfs from siereo records
and tapes?”

Is that a cogent questionl RCA suggests
that since every room has its own acoustical
proporties, the best results, first, will be
achieved hy trial and error. That is 2 view-
point that I heartily endorse. The thing
not to do, as anybody ought to be able to
understand, is to buy your stereo fixed
and ready-mounted, then plop it into what-
ever small space the prevailing decor
allows. RCA is so right and this eommon
sense 38 pleasant to read.

The rest of the answer, though, is even
better. RCA goes on to a rule of thumb
for speaker separation that is the simplest
and beat I've yet seen for the general stereo
user. Rather devastating, too, if you'll keep
in your mind's eye some of the fancier
steren congoles now on the market.

“ds a rule of thumb, the most effeot can
be achicved by siliing the same distance
Jrom the speakers as the speakers ave from
each other. . . . It 18 not recommended
plactng speakers closer than siz feel to-

10

Edward ZEtnalICanby

-gether; -as the-trus -stereo effect will most
likely dbe lost.”

Take that from RCA oand ponder it well.
Sometimes the truth can be so esimple that
it's hard to believe. And note a further
implication in RCA’s angwer, that a good
and likely optimum separation for the
average smallish living room is around
eight feet. Better saw that new stereo
cousole of yours in half and fill in the
gpace between with o nice, unclnttered
table or something.

Another elincher of a question posed by
RCA’s stereo man, is “Will I bg able to
hear the stereo effect at any other place in
the room?” (That Js, any other place than
midway between speakers, as far back as
they are spaced apart).

Now as we all know, thers haa been more
hot air, more confusion—and more bard
thinking—on this aspect of stereo than
almost anywhere. ¢lse; the ingemious solu-
tions to the problem have ranged all over
the Yot from Stereodots to Klipsch systems
with center speaker and pair of corners.
T've been experimenting sporadically on
this stibject myself, but with results mot
yet worth detailed publication. And 80 I
like RCA’s good answer, as to what you
can expect to hear in some other part of
the room thau the optimum stereo listening
spot.

“Of course (you will hear stereo effect),
but the effeot will not be as great. There is
a marked difference in sound gqualily be-
tiween a slandard and a stereo disk even
tho they are listened to outside of the room
in which thsy are played. Sterco sound
gives the effeol of more solidity and depth
than monaural sound, no matter where the
listener is in respect to the loud speaker
placement.”

Now that is n very shrewd observation
and, as far ag my experience is concerned,
a true one. RCA has scooped me and I'm
glad to hand them the palm. I've been
noticing this very thing for a long time—
and wondering why. How ean it he? But
it is. .

I have a small kitchenette off the main
living room in my New York apartment
and, come breakfast or smack time, T often
sit there sipping coffee, listening to the
musgic eoming in from the main room. Now
that stereo hasg arrived, I listen to stereo
in there, too. At first, of course, I said to
myself—well, I'll just have to hecar my
stereo mono for a few minutes while I
finish my coffee braak. Comfort before
listening pleasure. Aud so I listened arournd
the corner, through an open door—and

diseovered to my utter surprise that stereo -

WWW asmerieaniadiahictary com

music sounded steréo, through that door,
off in a straight line directly to one sido
of the epeakers.

Btereo side-to-side separation? Noj; it
could not of course do that. SBeparation
was obviously impossible. Then what?

Well, I never have been able to put it
into words, nor really explnin it to myself
in technological terms. And yet it is there
and very definitely there. Even without a
trace of side-to-side separation, with a
through-the-door sound transmission ihat
would seem to be entirely “mono,” I still
can sense a stereo effect, and it is a worth-
while effeet, an improvement over the
literal mono.

8o RCA bas a real] point here and this
is the firgt time I have seen it suggested in
print, ’

It’s interesting, isn’t it, how much better
a publicity handout can be when the ma-
terial is obviously direct, first-hand, and
not tbe usval watered-down re-hash by
somebody who has no direct and personal
understanding of the matter. Practically
everything we read thess days is second
hand. And yet the reader—any reader—

- can spot real stuff instantly when he finally

gets to see it. The difference between a
write-up that is direct from experienee and
one that isg’t cannot be very well concealed.
It's just that we get so used to the second-
hand stuff that we forget what it's like to
have it first hand.

(Maybe RCA’s writer didn't do the
listening himself, in person. But if not,
then he obviously got his dope straight
from somebody who did.)

More, pleagse, RCA, and let’s hope others
do likewise. We could mse a bit of first-band
stereo clarifieation these days.

- » »

Has RCA Deer recording in sterso, as
have other companies?t Why of ecoursel
They probably do the biggest and fanaiest
Job of anybody. Have they been at it for
longf Natehl RCA practically started
large-company stereo in this country, if I
am right, Tapes came out from RCA ’'way
back. RCA discs were announced about as
quickly as anybody’s, roughly speaking.
Does RCA have lots and lots of stereo
material on hand, then? Obviouvsly. RCA
Vietor remains one of the industry’s record-
produecing giants.

OK, then. If my blue cards are right (I
make cards for zall review recordings, blue
for stereo, white for mono), then I have
received the following totals in stereo dises,
give or take a few, allowing for likely
stray items.

RCA stereo discs (classical): 9

London ffss stereo dises (clagsieal): 117

Columbia stereo discs (classical): abt 16

Does look funny, doesn’t it? At firet I
thought maybe RCA was trying to pull
back with one stereo hand while pushing
forward with the other. But I have just
had the explanmation from RCA itself.

Review copies. Seems the company de-
cided, 'way back, that we reviewers were
consorvatives; they would send just o few
stereo samples and all other discs in mono
form, auntomatically, unless we' agked for
stereo all on our owm : :

As for me, J figured RCA would send us
stereo ns fast as jt could-~umnless we posi-
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the
experts
say.. .
In HI-F
the best buys are

STEREO

AND
MONAURAL

World-famous
EICO advantages
guarantee your complete satisfaction:

e Advanced engineering e Finest quality components
e "'Beginner-Tested," easy step-by-step instructions
o LIFETIME service & calibration guarantee

IN STOCK — Compare, then take home any EICO
equipment—right “off the shelf''—from 1900 neighbor-
hood EICO dealers,

FM Tuner HF190
AM Tuner HFT94

=
Monaural Integrated Amplifiers:

i 30, 20, and 12-Watt
(use 2 for Stereo)

Bookshelf
Speaker System
HFS1

Omni-directional

Monaural Preamplifiers: Speaker S
il I P ystem HFS2

{stack 2 for Stereo)

36" H x 1514 W x 11" D

NEW STEREOPHONIC EQUIPMENT

HFBS: Stereo Dual Preamplifier is a complete stereo con-
trol system in “’low silhouette” design adaptable to any
type af installation. Selects, preamplifies, contrals any
stereo source—tape, discs, broadcasts. Superb variable
crossover, feedback lone controls driven by feedback
amplifier pairs in each channel. Distortion borders on
unmeasurable even at high output levels. Separate lo-
fevel input in each channel for mag. phono, tape head,
mike. Separate hi-level inputs for AM & FM tuners & FM
Multiplex. One each auxiliary A & B input in each channel.
Independent level, bass & treble controls in each channel
may be operated together with built-in clutch. Switched-
in loudness compensator. Function Selector peumits hear-
ing each stereo channel individually, and reversing them;
also use of unit for sterea or monophonic play. Full-wave
rectifier tube power supply. 5-12AX7/ECCA3, 1-6X4. Works
with any high-quality stereo power amplifier such as
EICO HF86, or any 2 high-quality mono power ampilfiers
such as EICO HF14, HF22, HF30, HF35, HFS0, HF6O.
“Extreme flexibility . . . a bargain'' — HI-FI REVIEW.
Kit $39.95. Wired $64.95. Includes cover.

WFaB: Sterea Dual Power Amplifier for use with HF85
above or any good self-powered stereo preamp. Identical
Williamson-type push-pull ELB4 power amplifiers, con-
servatively rated at 14W, may be operated in parallel to
deliver 28W for non-stereo use. Either input can be made
common for both amplifiers by Service Selector switch.
Voltage amplifier & split-load phase inverter circuitry
feature EICO-developed 12DW7 audio tube for significantly
better performance. Kit $43.95. Wired $74.95.

WF81: Sterea Dual Amplifier-Preamplifier selects, ampli-
fies & controis any stereo source — lape, discs, broad-
casts—& feeds it thru self-cantained dual 14W amplifiers
to a pair of speakers. Monophonically: 28 watts for your
speakers; complele stereo preamp. Ganged level controls,
separate focus (balance) contral, independent full-range
bass & treble conltrols for each channel. Identical William-
son-type, push-pull EL8A power amplifiers, excellent out-
put transformers. "'Service Selector” switch permits one
preamp-control section ta drive the internal power ampli-
fiers while other preamp-control section is left free to
drive vour existing external amplifier. “Excellent” —
SATURDAY REVIEW; HI-FI MUSIC AT HOME. “Oulstand-
ing quality . . . extremely versatile” — RADIO & TV NEWS
LAB-TESTED, Kit $69.95. Wired $109.95. Includes cover.
MONO PREAMPLIFIERS (stack 2 for Sterec) HF-65: superb
new design. Inputs for tape head, microphone, mag-
phona cartridge & hi-level sources. IM distortion 0.04%
@ 2V out, Attractive ‘‘low silhouvette” design. HFE5R
Kit $29.95, Wired $44.95, HF65 (with power supply) Kit
$33.95. Wired $49.95.

MONO POWER AMPLIFIERS
{use 2 for STEREQ)

HF60 (60W), HF50 (50W), HF35 (35W), HF30 (30W), HF22
(22W), HF14 (14W): from Kit $23.50. Wired $41.50.

MONQ INTEGRATED AMPLIFIERS
(use 2 for STEREOQ)

HF52 (50W), HF32 (30W), HF20 (20W), HF12 (12W): from
Kit $34.95. Wired $57.95.

SPEAKER SYSTEMS (use 2 for STEREO)

HFS2: Nalural bass 30-200 cps via slot-loaded 12-ft. split
conical bass horn. Middies & lower highs: front radiation
from 814" edge-damped cone. Distortionless spike-shaped
super-tweeter radiates omni-directionally. Flat 45-20,000
cps, useful 30-40,000 ¢ps. 16 ohms. HWD 36", 154",
11%4”. *“Eminently musical''—Holt, HIGH FIDELITY, “Fine
for stereo”—MODERN HI-FI. Completelv {actory-built:
Mahogany or Walnut, $139.95; Blonde, $144.95.

HFS1: Bookshelf Speaker System, complete with factory-
built cabinet. Jensen 8” woofer, malching Jensen com-
pression-driver exponential horn tweeter. Smaoth clean
bass: crisp extended highs. 70-12,000 cps range.
Capacity 25 w. 8 ohms, HWD: 11" x 23" x 9. Wiring
time 15 min. Price $39.95.

FM TUNER HFTY90: Surpasses wired tuners up to 3X its
cost. For the first time, makes praclical even for the
novice the building of an FM tuner kit equal 1o really good
factory-wired units. No alignment instruments needed.
Pre-wired, pre-aligned temperature-compensated *‘front
end' is drift-free — eliminates need for AFC. Precision
“eye-lronic’ DM-70 traveling luning indicator, supplied
pre-wired, contracts at exact center of each FM channel,
Pre-aligned IF coils. Sensitivity 6X that of other kit
tuners: 1.5 uv for 20 db quieting, 2.5 uv for 30 db quiet-
ing, full limiting from 25 uv. IF bandwidth 260 kc at 6
db points. Frequency response unmiform 20-20,000 cps
== 1 db. Cathode-follower & Multiplex outpuls. Flywheel
tuning, automatic gain control, stabilized low limiling
threshald for excellent performance from weaker signals,
broad-band ratio detector for improved tapture ratic &
easier tuning, full-wave rectifier & heavy flitering, very
low distortion. "One of the best buys you can get in
high fidelity kits’’—AUDIOCRAFT Kit Report. Kit $39.95°.
Wired $65.95*. Cover $3.95. “Less Cover, F.E.T. incl.

NEW AM TUNER HFT94: Matches HFT90. Selects “hi-fi"
wide (20c — 9kc @ —3 db) or weak-station narrow
(20c — 5k¢ @ —3 db) bandpass. Tuned RF stage for high
selectivity & sensitivity; precision '‘eye-tromic’’ tuning.
Built-in ferrite loop, prealigned RF & IF coils. Sensitivity
3 uv @ 30% mod. for 1.0 V out, 20 db S/N. Very low
noise & distortion. High-Q 10 kc whistle filter.
Kit $39.95. Wired $69.95, incl. Cover & F.E.T.

EICO, 33.00 Northern Blvd,, L.I.C. I, N.Y. A-4

SHOW ME HOW TO SAVE 50% on 65 I
models of top-quality:

Monaural Power Amplifiers:
60, 50, 35, 30, 22 and 14-Watt
tuse 2 for Stereo)
Stereo Power Amplifier HFE6

{0 Ri-Fi [J Test Instruments [J "“Ham” Gear I
Send FREE catalog & name of neighbor-
hood EICO dealer.

Over 1 MILLION EICO instruments in use throughout the world.

In New York hear “The EICO Sterec Hour,” WBAI-FM, 99.5 m¢, Mondays, Thursdays and Saturdays, 7:00 P.M.
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STEREO CARTRIDGE $49.50
PATIBLE WITH:

STEREO TOMNE ARM $29.95
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tively objected. I'm that much of a hard-
enad convert. Genial misunderstanding all
around and I wonld have uoticed it sooner,
via RCA’s publicity, if I weren’t so buried
these days in mountains of paper (see
below),

Lota of RCA sterco dises on the market,
then, if not on reviewers’ shrlves., But I
still have a fecling in my bones thxt RCA
liag stereo of another sort up ity sleeve.
What about that little time bomb with the
fuse pulled out, the RCA Victor Stereo
Tape Cartridge? Not a word for months—-
but T can’t believe RCA lag given it up.
Just regrouping forces. T suspect that the
fuse will soon be Lt again,

I shouldw’t wonder. And if 30, remember,
I'm still in favor of the magazine, as u
nseful supplement to the dise market and
the tape recorder market. (8o ar¢ we if it
has adequate quality—doubiful at 3% ips
—and if the flulter is adequately low—not
yet demonsiratad by any cartridge/maga-
zine deviece. Ep,)

2 PRESS STUFF

Darn it, publicity sometimes gots e
dowsn. And it's not ulways in the ways you
are hwagining—though I'm always ready
to prolifcrate objections to wmy favorite
grammatical falsehood, the Dangling Com-
parizon—the hi-fi that has the i which is
hi-er, the bread that is richer, the chocolate
that is choclatier, the car that has 20 per
cenf. more (proved by famous research
laboratory, of course), To all of these fine
¢laims you need merely add the question—
THAN WHAT{—to show up the dangle,
The answer may be semi-legifioate, say;
last year's model, which naturally ean’t be
deseribed as inferior, even though this
year's model CAN be deseribed as superior!
If yon want to have your superiority with-
out any inferiority, then just use the
Dangling Comparative, and at least you
may be speaking the truth after n fashion,
granting that the newest model actually ¥
better.

No—I'm uot even thioking about an-
other pet peeve of mine, that superbly
meaningless term “the only.” Sure, Col-
gate’s is the only toothpaste with Gardol.
So is General Eleetrie the only company
that makes the GE stereo cartridge. (Last
I heard, anyhow.)

1 can’t remember at the moment the
name of Pepsodent’s “only"” ingredient, but
I do know that my mouth is the only
month with Superteath. I just named my
teeth that two minutes ago.

Whut T had in mind, actually, is the
businesg of super-redundancey in the mail-
ings that go out to folks like me, to
inform and imprese. As a praekitioner aud
writer on hi fi, records, musie, and rolated
subjeets; I am now on Everybody's mailing
list. And, it seems, Everybody and his
brother are trading lists. The mailiug liats
have got so big that nobody hothers to
check any more who gets whaf or how
many times. The volume 15 too “mass”; the
individual iz so mieroscopie « faetor in
this immense pperation that o petty matter
like Quplication ean’t be allowed to gum
up the works. That's the way it looka to
me.

WWW ammeticanradiehietery com

Thus, for exaniple, I made the mistake
of subseribing to Life some years back, T
don’'t remember just when. No eomplaints
—I read the mag and like it. But what
gets me down is that Lije doesn't yet
know T'm a subseriber and obviously never
will.

Practically every week, now, I get a new
bid to subseribe to Life via some speeial,
last-minute offer, for new readers. New
readers, my cye! What d’'they think I've
been reading all these years? Every week,
the postman goes right on jamming Life
itself into my apartnient house mailbox, ag
he always has, then rolling np the rest of
my mul around 2 peneil and squashing the
letters up the folds of the muguzine, evi-
dently with a blunt instrument; when he’s
got it all in quite solid and immovable le
locks the outer loek, incorporating sections
of several envelopes one of which ahways
includes a wonthly pay check. It tukes me
a good ten minntes to extricate the remains,
with the cheek torn ard Life minus half
the front cover.

And jugt as sure as fate, two of the
squashed letters invite me to subseribe to
that marvelous speeial-bargain sheet, Life.
Maybe three, For one of the worst aspects
of the mail glut is its duplication. I never
gek any publieity just onee; it eomes in
mnltiples, Yesterday I reeeived three
large identical packages from RCA Vietor,
all of them about the marvels of sterea, all
three addressed identically but with (I
note) different reference symbels, Different
agpeets, I suppose, of my own public
character, as RCA sizex me up. Cryptie,
too. One is called RS-T, “Reviewers Sery-
ice, grade ¥”7 The next is marked PA-
PURB. Obviously that must he my capacity
as a PAtient PUBlicist. Or maybe it
Public Address. . . . I dunno. I seem to
have lost the third euvelope . . . . it must
have got mixed up with a piece of Life,
Bach of these had 28 cents in first class
postage on it, seven ounees’ worth. They
were identical in contents.

The triplication is only the final and
most drastic sunoysnce. What really pets
me down is the deliberate repetition of the
some material in different forms, as though
to drive us vecipients to the wall by slieer
reiteration. Why send a press release,
another press release, then forty-five ex-
cerpts from a dozen magazines and news-
paperg promoting the same material, plus
a booklet dom¢ wp on slick paper, all
repenting the samo words? The ultimate
futility is the uppearance of one's own
name in theso persuvagive duplications!
People keep sending me nmy Own reviews or
eriticisma to peranade me that what an
export like myself says just must be right.
This, I suppose, iz a form of feedbuck.

(‘apitol Reeords and Billhoard—to name
merely two names—are on my list right
now. Billbaard thinkg I'm a record dealer
(I'm on somebody’s mailing list) and keeps
dunning me, in duplicate of course, abont
the Profit$ I'm just bound to make in my
store via $tereo, if I'Ml just send in the
enclosed speeial wnhseription offér card,
available for a very limited time. (It's
aliways very lLwited, month after month.

" Tve given Billboard some fairly peppery

publicity in this eolumn, as readers may
just possibly recolleet, but do you think
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NEW STEREOPHONIC EQUIPMENT
HFB5: Stereo Dual Preampiifier is a complete stereo con-
trol system in ‘“low silhovette’ design adaptable to any
type of installation, Selects, preamplifies, controls any
stereo source—tape, discs, hroadcasls Superb variable
crossover, feedback tone cun!rols driven by feedback
amplifier pairs In each channel. Distortion borders on
unmeasurable even at high output levels. Separate lo-
level input in each channel for mag., phono, tape head,
_th e mike, Separate hi-level inputs for AM & FM tuners & FM

Multiplex. One each auxiliary A & B input in each channel.
Independent level, bass & treble conlrols in each channel
may be operated together with built-in clutch. Switched-
in foudness compensator. Function Selector permits hear-
ing each stereo channel individually, and reversing them;
also use of unit for stereo or monophonic play, Full-wave
ex p e r S rectifier tube power supply. 5-12AX7/ECC83, 1-6X4. Works
with any high-quality steres power amplifier such as
EICO HF86, or any 2 high-quality mona power amplifiers
such as EICO HF14, HF22, HF30, HF35, HF50, HF60.
“Extreme flexibility . . . a bargain' — HI-FI REVIEW.

Say Kit $39.95. Wired $64.95. Includes cover.

SRR HFB6: Sterea Dual Power Amplifier for use with HF85
above or any good self-powered stereo preamp. ldentical
2 Williamson-type push-pull EL84 power amplifiers, con-
I servatively rated at 14W, may be operated in paralle! to

T deliver 28W for non-stereo use, Either inpul can be made
common for both amplifiers by Service Selector switch.
Voltage amplifier & split-load phase inverter circuilry
feature EICO-developed 12DW7 audio tube for significantly
better performance. Kit $43.35. Wired $74.35.

HF81: Stersc Dual Amglifier-Preamplifier salacts, ampli-
fies & controls any stereo source — tape, discs, broad-
casts—& feeds it thru seif-contained dual 14W amplifiers
to a pair of speakers. Monaophonically: 28 watls for your
speakers; complete stereo preamp. Ganged level controls,
separate focus (balance) control, independent full-range
bass & treble controls for each channel. Identical William-
son-type, push-pull ELB4 power amplifiers, excellent out-

STEREQ

AND
MONAURAL

the best buys are

world-famous put transformers. ''Service Selecq(\or" switch permits orlw.
preamp-control section to drive the internal power ampli-

EICO advantages fiers while other preamp-control se;:tion i; lcfltl 1re$ to
H H - drive vour existing external amplifier. "Excellent” —

guarantee your complete satisfaction: SATURDAY REVIEW; HI-F| MUSIC AT HOME. “Outstand-

Ing quality , . . extremely versatile'' — RADIO & TV NEWS
LAB-TESYED. Kit $69.95. Wired $109.95. Includes cover.

* Advanced engineering » Finest quality components MONO PREAMPLIFIERS (stack 2 far Stereo) HF-65: superb

J

“ . iir : : . > i -

* "Beginner-Tested," easy step-by-step instructions :g‘:risalr%’:i'd;;m:!:i-l':\:ellasgﬁrch:sa.diMmc;ic;ﬂapr??«;‘neb.an:‘gé =
i : ‘ @ t. Attractive "low silhouette” design, HFesA [

LIFETIME service & calibration guarantee Kit $29.95. Wired $14.85. KFSS (with power supply) Kit [

$33.95. Wired $49.95.

e [N STOCK Compare, then take home any EICO s e
(use 2 for STEREQ)

equipment—right “off the shelf’—fr i -
2 om 1900 neighbor HFGO (60W), HFSO (SOW), HE35 (35W), HF30 (30W), HF22

hood EICO dealers. (22W), HF14 (14W): from Kit $23.50. Wired $41.50.
MONO INTEGRATED AMPLIFIERS
(use 2 for STEREO)
HF52 (50W), HF32 (30W), HF20 (20W), HF12 (12W): from
Kit $34.95. Wired $57.95.
SPEAKER SYSTEMS (use 2 for STEREO)
HFS2: Natural bass 30-200 cps via slot-loaded 12-ft, split
conical bass horn. Middles & lower highs: {ront radiation
from 834" edge-damped cone, Distortionless spike-shaped
super-tweeter radiates omni-directionallv, Flat 45-20,000
cps, useful 30-40,000 cps. 16 ohms. HWD 36”, 15Vi”,
1134", “Eminently musical''—Holt, HIGH FIDELITY, *'Fine
for stereo’’—MODERN HI-FI. Completely factory-buil(:
Mahogany or Walnut, $139.95; Blonde, $144.9!
HFS1: Baokshelf Speaker System, complete wdh factory-
built cabinet. Jensen 8 wooter, matching Jensen com-
pression-driver exponential horn tweeter. Smooth clean

Inc. 23 00 M.

Co.,

FM Tuner HFT90 bass; crisp extended highs. 70-12,000 cps range.
AM Tuner HFT94 Capacity 25 w. 8 ohms. HWD: 11" x 23 x 9”. Wiring

r time 15 min. Price $39.95.
_’/ FM TUNER HFYS0: Surpasses wired tuners up to 3X its

Copyright 1958 by Claoctromic Insir.

cost. For the first time, makes practical even for the
novice the building of an FM tuner kit equal to really good
factory-wired units. No alignment instruments needed.
Pre-wired, pre-aligned temperature-compensated ''front
end'' is drift-free — eliminates need for AFC. Precision
‘“‘eye-tronic'' DM-70 traveling tuning indicator. supplied
pre-wired, contracts at exact cenler of each FM channel.
Pre- alngned IF coils. Sensitivily 6X that of other kit
tuners: 1.5 uv for 20 db quieting, 2.5 uv for 30 db quiet-
ing, full limiting from 25 uv, IF bandwidth 260 kc at 6
db points. Frequency response uniform 20-20,000 cps
= 1 db. Cathode-follower & Multiplex outpuls. Flywheel
tuning, automatic gain control, stabilized low limiting
threshold for excellent performance from weaker sigaals,
broad-band ratio detector for improved capture ratio &
easier funing, full-wave rectifier & heavy filtering, very
low distortion, “Gne of the best buys you can get in
high fidelity kits” —AUDIOCRAFY Kit Report. Kit $39.95*,
Wired $65.95*. Cover $3.95. *Less Cover, F.E.T. incl.

REW AM TUNER HFY94: Matchcs HFT90. Selects "hi-i’’
wide (20c — 9kc @ —3 db) or weak-station narrow
(20¢ — 5kc @ —3 db) bandpass. Tuned RF stage for high
P Omni-directional selectivity & sensitivity; precision 'eye-tronic” tuning.
Monaural Preamplifiers: Speaker System HFS2 Built-in ferrite loop, preatigned RF & IF coils. Sensitivity
, HF65A 36" H x 154" W x 114" D 3uv @ 30% mod. for 1.0 V out, 20 db S/N. Very low
(stack 2 for Stereo) noise & dlstorhon High-Q 10 kc whistle filter.

" Kit $39.95. Wired $69.95, incl. Cover & F.E.T.

Add 5% in the West.

s Bc;‘ohséielg
Monaural In:egrated Amplifiers: FATDESAIEM
20, and 12-Watt i
" (use 2 for Ste?}g}_

EICO, 33.00 Narthern Bivd,, L.I.C. 1, N.Y. A-4

SHOW ME HOW TO SAVE 50% on 65

M al Power Amplifiers: I models of top-quality:
I

60, 50, 35, 30, 22 and 14-Watl
use 2 for Stereo)
Stereo Power Amplifier HF86

] Hi-Fi ] Test Instruments [ ‘‘Ham’ Gear
Send FREE catalog & name of neighbor-
hood EICO dealer.
HAME, ...

I ADDRESS... -
Over 1 MILLION EICO instruments in use throughout the world. CITN e e o b P TR O N L LAEA AR o

In New York hear “The EICO Stereo Hour,” WBAI-FM, 99.5 mc, Mondays, Thursdays and Saturdays, 7:00 P.M.
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STEREO CARTRIDGE 54%.50
COMPATIBLE WITH:
Maonoy

STEREOQ TONE ARM $29.95

Malnut Wood
ires and Sh

GRADO

UBORATORIES, INC

2614 Zih Avenue Brooklyn 20, Mew York

Export-Simontrice, 25 Warren St nNoY. C.
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tively objeeted. ’m that much of a hard-
encd convert, Genial misunderstanding all
around and T would have noticed it soouer,
via RCA’s publicity, if T weren't so buried
these days in mountains of paper (see
below).

Lots of RCA stereo dises on. the market,
then, if not on reviewers' shelves. But I
still have a feeling in my bones that RCA
has stereo of another sort up its sleeve.
What about that little time bomb with the
fuse pulled out, the RCA Viefor Stereo
Tape Cartridge? Not a word for months—
but T ean’t believe RCA has given it up.
Just regrouping forees. I suspect that the
fuso will soon bLe lit again.

I shouldn’t wonder. And if s0, remember,
I'm still in favor of the magazine, as a
useful supplement to. the dise market and
the tape recorder market. (So are we if il
has adequate quality—doubiful at 3% ips
—~—und i the flutler is adequately low—not
yet demonstrated by any cartridge/maga-
zine device. En.)

2 PRESS STUFF

Darn it, publicity sométimes gets me
down, And it’s not always in the ways you
are imzginisg—though I'm always ready
to proliferaté oljeetions to my favorite
grammatical falsehood, the Dangling Com-
parison—the hi-fi that has the i which is
li-er, the bread that is richer, the ¢hocolate
that is choclatier, the cax that has 20 per
cent more (proved Ly famous resemrch
laboratory, of course), To all of these fine
claimg you need merely add the question—
THAN WHAT?—to show up the dangle.
The answer may be semi-legitimate, say,
last year’s model, whieh naturally ean’t be
destribed as inferior, ‘even though this
year's model: CAN be described as superior!
Xf you want to have your superiority with-
out any inferiority, then just use the
Danglingy  Comparative, and at least you
may be speaking the truth after a fashion,
granting thut the newest model actually s
better,

No—In not even thinking about an-
other pet peeve of inine, that superbly
meaningless term “the only.” Sure, Col-
gate's iz the only toothpaste withi Gardol.
So is Geuneral Electric the only compaiy
that makes the GE stereo cartridge. (Last
I heard, anyhow.)

I can’t remember at the montent the
name of Pepsodent’s “only” iugredient, but
I do know that my mouth is the only
nouth with: Superteath. I just named my
teeth that two minutes ago.

What I Lad in mind, sctually, is the
business of super-redundancy in the mail-
ings that go out to folks like wme, to
inform and inpregs. As a practitioner and
writer on hi fi, records, musie, and related
subjects, I am now on Everyhody’s mailing
lisf, And, it seems, Everybody and his
brother are trading lists. The mailing lists
have got so big that nobody bothers to
check wnuy more who gets what or how
many times. The volume is too “mass”; tle
individual is so microscopie a factor in
this immense operation that a petty matter
like duplication can’t be allowed to gum
up the works, That's the way it looks to
me.

WWAW ameticaaradieRietery com

Thug, for example, T made the mistake
of subseribing to Life some years back, T
don’t remember just when, No complaints
—I read the mag and like it. But what
gets me down is that Life doesn't yet
know I’'m a subscriber and obviously never
will.

Practically every week, now, I get a new
bid to subseribe to Life via some speeial,
lost-minute offer, for uew readers. Neow
readers, my eyel! What Q'they think Dve
been reading all these years? Every week,
the postman goes right on jamming Life
itself into my aparbtment house mailbox, as
hie nlways has, then rolling up the rest of
my mail around a peneil and sguashing the
letters up the folds of the magazine, evi-
dently with a blunt ingtrument; when he's
got it all in quite solid and immovable he
locks the outer lock, ineorperating sectious
of several envelopes one of which always
ineludes a monthly pay check. It takes me
a good ten minutes to extriente the remaing,
with the eleck torn and ZLife minus halt
the frout cover.

And just as sure as fate, two of tle
squashed letters invite me to subseribe to
that marvelons special-bargain sheet, Life.
Maybe three. For one of the worst aspects
of the mail glut is its duplieation. 1 never
get any publicity just omee: it comes ju
multiples. Yesterday I reeeived three
Iarge identical packapges from: RCA Victor,
all of them about the marvels of stereo, all
three addressed identicslly but with (I
note) different reference gymbols. Différent
aspects, I suppose, of my own public
character, ag RCA sizes meé up. Cryptie,
too. O is ealled RS-F, *Revicwers Serv-
ice, grade F”? The aext is marked PA-
PUB. Obriously that must be my eapacity
a3 a PAtient PUBlicist. Or maybe its
Puoblic Address. . . . I dunno. I seem to
have lost the third envelope . . . . it must
have got mixed up with a piece of Life.
Each of these had 28 conts in first class
postage on it, seven ounces' worth. They
svere idontical in contents,

The triplication is ouly the final and
most drastic aunoyance. What really gets
me down I8 the deliberate repetition of the
same material in different forms, as thongh
to drive us recipients to the wall by sheer
reitoration. Why send a press release,
anather press release, then forty-five ex-
cerpts from a dozen magazines and news-
popers promoting the ssme material, plus
a booklet done wp on slick paper, all
repeating the same words? The ultimats
futility is the appearmnce of one's own
name in these persuasive duplications!
People keep sending me my own reviews or
criticisms to persuude me that what an
expert like myself says just must be right.
This, I suppose, iz a form of feedback.

Capitol Reeords and Biliboard—to name
merely two names—are on my list right
now. Billboard thinks I’'m a reeord dealer
(I'm on somebody’s mailing list) and keeps
dunning me, in doplicate of course, about
the Profity I’'m just bound to make in my
store via §tereo, if 'l just send in the
enclosed special subseription offer card,
available for a very limited time. (It's
alwayd very limited, monch after month,

f‘vc given Billboard sone fairly peppery

publicity in this column; as readers may
just possibly recollect, but do you think
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There’s more to tape surface than meets the eye. Any coating
process can make the surface of unpolished tape look smooth.
However, unpolished tape surfaces contain microscopic irreg-
ularities that prevent the tape from making intimate contact
with the recorder heads. With ordinary tapes, it takes about
10 plays, a “breaking in” period, before these irregularities
are smoothed out and proper contact is made.

During this critical period you lose important high frequen-
cies and force your recorder heads to do the job of physically
polishing the tape surface. This can result in excessive wear-
ing of your recorder heads and in gradual head deterioration.

With SOUNDCRAFT TAPEs there is no “breaking in™ period—
no excessive head wear—no loss of high frequency response...

REEVES S !

AUDIO e APRIL, 1959

ONLY SOUNDCRAFT TAPES ARE MICROPOLISHED SMGUH!

JUNDCRAF T o

Great Pasture Road. Danbury, Conn. e West Coast: 342 N. La Brea, Los Angeles 36, Calif. o Canada: 700 Weston Road, Toronto 9, Ont., Canada r.s»

because SOUNDCRAFT TAPES ARE MICROPOLISHED! MICROPOLISH-
ING is SOUNDCRAFT's exclusive way of physically polishing the
tape to insure a mirror-smooth and irregularity-free tape
surface. Your recorder heads make immediate and intimate
contact with the tape surface, guaranteeing uniform high
frequency response right from the very first play. Remember,
only SOUNDCRAFT TAPES are MICROPOLISHED for your protec
tion. Buy them—use them, your recorder doesn’t deserve less
than the best. Write for SOUNDCRAFT's free catalog RS58-10R.

EXCLUSIVE BONUS RECORDING — “Sweet Moods of Jazz
in Stereo” recorded on one of two 7° reels of tape in
SOUNDCRAFT’S NEW PREMIUM PACK. You pay for the
tape plus only $1.00. Ask your dealer today!
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by John K. Hilliard.

Director of Advanced Engineering

PLACEMENT OFf LOUDSPEAKERS
FOR SYEREO

This much-discussed subject has been con-
fused through attempts at oversimplifica-
tion. There are a few clear-cut principles
that should be followed for good stereo.

Two separate chanaoels, from source
through amplification to the spcakers, pro-
vide the time and intensity ditference that
develops the spatial quality of stereo. If
the speakers 4are too closely spuced, as in a
single enclosure which houses two speakers
only a few feet apart, the fime 4nd inten-
sity difference is so small that spatial
quality is severely limited. Eight feet is
considered minimum spacing between
speakess for good stereo and they should
be placed in a common plane.

Good listening begins the same distance in
front of the speakers that they are spaced
apart, and continues for twice this distance.
For example, if the speakers are placed 8
apart, the good listening area begins 8’ in
front of the speakers and continues to 16,

Greater spread between speakers is desir-
able but the listening area musl be moved
back proportionately. Listening too close
to widely separated speakers creafes a
“hole in the center” which gives the impres-
sion of itwo distinctly separate sound
sources rather than the desired broad frorit
of sound. When speakers have to be too
widely spaced or placed in corners, o
slightly converging angle will improve the
stereo.

The effective dispersion angle at high fre-
quencies is usually limited to 90°. To
obtain the benefit of the entire audible
frequency range.the listener should remain
within this angle.

Both reflected and divect sound is required.
However, staccato or transient tones are
localized for the stereo effect only through
direct sound. Because of this, the speakers
should be directed at the listener and not
first bounced off side walls or other reflec-
tors.

Precision engineéring and stringent quality
control give ALTEC speakers a closely
marched loudness over the entire frequency
range—eliminating the disturbing phenon-
enon of sound jumping from speaker to
speaker on certain notes.

Write for free catalogue : ALTEC LANSING
CORPORATION, Dept. 4A, 1515 South
Manchester Avenue, Anaheim, Calif., 161
Sixth Avenue, New York 13, N. Y. 1.5
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Billboard will ever fiud out? Maybe its
right bamd will, but not the left, that
insensate, unrensoning, juggernauntish co-
lossug that ix the Bitbourd muiling list!
'l surely be opening Billboard subserip-
tion blanks, three letters in each mail, at
least until Doomsday unless Billboard gives
up the corporate ghost. That would be too
bad—it's a useful mag. T jost don't like
its mailing-list department.

Even good old Harpet's, the staid, elderly
magazine for which I algo write record
reviews, has got into its head that I ought
to subseribe and keeps sending me enthusi-
astic  bids, Teminding me abont how
intellectual T am and how 1 really onght to
réad this great magazing. The erowning
insgult, entirely ignored hy the mailing list
people, is that they don’t even mention my
colimu as one of the lovely things any
intellectunl like me onght to he reading in
Harper’s! But then they probably don’t
know I write for them,

Asg for Capitol—that ig, Capitol, Capitol-
BMI and Angel—this entirely worthy con-
vern, whose produets I frequently endovse
with pleagure, has three mailing nrms, two
imformational and one quite utilitarian,
They all fell us the same things, practically
sword for word, but in different sizes and
type faces. You can't split them up—it's
all or notling. Not even ay to classieal vs,
rock'n'roll; it all comes together, und the
valume is enormous. So if J want fo find
ont what's cooking at Capitel I have to
plough throngh the complete road itiner-
aries of every roek'n' roll and pops artist
in the Capitol eatalegue and read all about
the latest whamdizzy of a hit by young
Pseudo Jones the hottest teenage nmber
shice the last one, day hefore yesterday,
until finally T reach the info coneerning
my field. Pages and pages of stuff, a1l
promptly deposited in the waste basket—
and everything T need to know js alzo sent
out via the reviewers’ servive department.
Or is 112 I'm never quite satisfied and so 1
usunlly open everything and read.

Just to be sure we get the point, Capitol
also provides a little vest pocket magazine
called Music Views (or is 1hat Columlia?).
This i& in case you neéd reading matter on
the train or plane or maybe in a crowded
restanrant where publicity on big paper
wonldn’t be convenient. Anyhow, it tells the
same story on¢e again—with pictures,

All these mailings—reviewers’ service,
press relenses, and poeket sheets—are
merely the weekly routine. There’s also a
frequent uir-mail firgt-elass letter that tells
vou all about the hest sellers of the week
or something; I always think it’s a real
letter. That's four routine lines of stuff.
In addition, anything speeial that goes on
ut Capitol is likely to eall forth a Dbig
SPECTAT: ATR MAIL RUSH EMERG-
ENCY package, too big for my mail box,
which tnvariably arrives at my deor at
geven thirty in the morming—and boy, are
those special delivery boyvs sadistic, They
dow’t just ring the bell, they stand on it.
They know they aren't going to get any
rise from me und &0 they take out a few of
their own mailiug frostrations in a niee,
harmless way . . . That's for special ocea-
sions, but there is also my reguluar business
correspendence with Capitol, which gets
quite yvoluminoug on its own, sometimes,

As far as I can see, I'd better set up a

WWW. ameticaaradioRietery com

Capitol mail-opening division within my
office anil assign a fuoll-time staff to the
boiling-down process. They’d hrief me on
the cssential meat and the excess stoff
would be carted away in huge barrels. [t
iy now, but I do it myself.

Don’t think T'mx permanently down on
Capitol. Lots of other firms do about the
same thing. T could take any one of them
with the greatest good nature hut when you
add np all the mailing lists, all the delib-
erate duplications and repetitions, the mass
ot sheer paper that is thrown at any press
man or writer via the mail ig really in-
eredible. It’s just more than I, for one,
can take. I suggest that my ouailing heefs
and  their close relatives, the telegram
beefs, (below) apply just as much to the
lu-fi promotion departmentg as they do to
records and to the rest of the great Ameri-
¢an ceonomy im all its wastefulness of
paper-power. Remember—I'm.  speaking
here not of advertising in general but of
publicity aimed at writers, publicists, edi-
tors, the makers of further publicity. How
can we write whan we have to spend half
of each day just wading tlirpugh mail in
duplicate, triplicate, quintuplicate. T'm not
exaggerating a bit. 've had ad many as
five copies of some releases.

Well, this has taken almost az long to
write as I took to open this morning’s crop
of iuformation.

Rules for Publicizing the Publicists

1. Please, fellahs, give ug a chiance to
breathe (and wmaybe to think). Don't
depend entirely on gheer paper-volume and
package size. Tt ooks impressive but it
curdles onr blood. (And it won't fik in the
mail box.) Try being suceinet and evo-
nomieal, maybe. Give us your message
fairly, precisely and JUST ONCE, We can
read. We like to read.

2, If yon must send everything first
class air mail, then how abont removing
those big, bold letters, RUSH, IMPOR-
TANT INFORMATION, THIS IS FOR
YOU that somuliow pat on every wmailing
piece? Didn’t you know that the hloom is
long since oft that peach?

Didn't yon kuow that when people like
ns see RUSH, IMPORTANT INFORMA-
TION, THIS IS TOR YOU we just can’t
help renching for the waste paper basket
and, maybe, missing a useful message? 1
want to know what you have to say, re-
momber. T need to know, T have to know.

3. An opposite sort of peach is that niee,
friendly, perzonul letter— Dear Edwiard"
—that turns onl npon close inspection to
be a form letter, more or less disguised as
the caze may be,

Perhaps you didn't know it, but etiquette
and fairmindedness says that a personal
letter should be answered personally. T
believe in this etignette and do my best to
Iive up to it, at great expense of time. T
resent faked personal lefters, then, as a
breaeh of taste and as an unfsir taking-
advantage of my time and interest. Don’t
you do it. Make it really personal, if you
must. TU be pleased to hear from you,
and glad to have vour information. So will
most of tho vest of the ‘“press” as we
are sometimes called.

4. I you are planning a cocktail party

(Continued on page 80)
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FLJXVALVE AND T-GUARD ARE TRADEMARKS USED TO DENOTE THE QUALITY OF PICKERING B COMPANY INVENTIONS. 2371 A

Trt_.lly the finest stereo pickup ever made... And ... because of this the STANTON
the STANTON Stereo FLUXVALVE is - Stereo FLUXVALVE reproduces music
hermetically sealed in lifetime polystyrene with with magnificent sound quality...from both
all of the precision that has made Pickering stereophonic and monophonic records...with
a quality leader in the field of high fidelity negligible wear on record and stylus.
for more than a dozen years,
'n plain truth...the STANTON
For instance...only the Stereo FLUXVALVE is by far the finest stereo
STANTON Stereo FLUXVALVE has the pickup made...backed by 2 Lifetime Warranty*,
“T-GUARD” stylus assembly—so safe and easy assuring you a lifetime of uninterrupted,
to handle...so obedient and responsive trouble-free performance—with a quality of
to every musical nuance in the stereo groove. reproduction no other pickup can equal.
only the STANTON Ster'eo FLUXVALVE ha.S i We suggest you visit your Pickering Dealer soon
the parallel reproducing element contained in the —drop In and ask for a personal demonstratlon.

“T.GUARD"...assuring the proper angle of
correspondence between recording and playback
styli for maximum Vertical Tracking Accuracy. G
&

Tor those who [ﬂl) 15 GHBIEDCE  rwue cuatre mexw noeutey sacsvers av
*Excluding wesr and tear of the diemand stylus tip and parts
of the related moving system In the "T.-GUARD” assembly. PICKERING & COMPANY, INC., Plainview, N. Y.
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NEWLY REVISED—IT TAKES TW0 TD STERED’—ADDRESS DEPT. B-4D FOR YOUR FREE COPY.
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THE
ARCTIC EVE

THAT NEVER
SLEEPS '

This plastic radome houses a radar antenna constantly scanning the skies to detect the presence of aircraft.
A line of these radars provides early warning of any threatening approach to the North American continent.

The Distant Early Warning Line is now on perpetual guard duty. Spanning the
Arctic from Baffin Island to Alaska, this great system was conceived at the Lincoln
Laboratory of M.I.T. and produced under the leadership of Western Electric.

But first the DEW Line had to be engineered into a workable system. This was
done at Bell Telephone Laboratories.

The obstacles were formidable. Conventional means of communication—telephone
poles, cables and even line-of-sight microwave radio—weren’t feasible. A complicated
system had to be made to operate reliably in a climate so cold that outdoor maintenance
is impracticable farther than a few hundred feet from heated habitation.

Whenever possible, Bell Laboratories engineers utilized well-proven art. But as it
became necessary, they innovated. For example, they designed and dirvected the devel-
opment of a new and superior radar which automatically scans the skies. pinpoints a
plane and alerts the operator.

To veach around the horizon from one radar station to another, they applied on a
massive scale a development which they pioneered —transmission by tropospheric scatter.
Result: at a DEW Line Station you can dial directly a station more than a thousand miles
away and converse as clearly as with your home telephone.

. Bell Laboratories’ contribution to the DEW Line demonstrates again how telephone
science works for the defense of America.

BELL TELEPHONE LABORATORIES

WORLD GCENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT

B
o W
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Push Pull in Hi Fi

MANNIE HOROWITZ*

The push-pull amplifier has become standardized as the optimum circuit arrangement for providing
adequate power output with a minimum of distortion—so long as the tubes are used under proper
conditions. The author makes the performance of this type of amplifier thoroughly understandable.

HE PUSH-PULL POWER OUTPUT STAGE

can be studied from many angles. A

theoretical diseussion on composite
tube characteristics is interesting and
informative. A survey of the practical
applications of different push-pull or
driver circuits is an important asset to
any audiofan’s library.

In this article, several refinements in
push-pull ecircnits will be discussed.
These refinements are frequently de-
signed into the amplifier on an intuitive
basis rather than a scientific one. The

j

CRESY

INPUT TO GRID

N

TROUGH
CREST
OUTPYT FROM PLATE
TﬁOUGi‘i
| |
0* 9o 180° 270° 360°

82

Fig. 1. Typleal push-pull amplifier.

importance of o seientific analysis rather
than instinetive motivation can be well
appreciated by the serious bi-fi enthusi-
ast.

Graphical Analysis

A typieal self-biased triode push-pnll
output amplifier is drawn in Fig. 1.
Everything discussed about this triode
rvefers to the peutode as well—but to an
even larger degree due to the greater
curvature of the tube characteristics.

It is a well known fact that there is
a phase shift of 180 deg. between the
grid and the plate of any tube. When
the signal at the grid reaches a crest, the
signal at the plate is at a trough. The
reverse is also true. The phase relation-
ship of a sine wave signal at the grid
and plate of a tube is shown in Fig. 2.
Note the crest and trough reversal indi-
cating a 180 deg. phase shift. -

This is troe in the case of both tmbes
in the cireuit shown in Fig. 1. When W

* 945 E. 86th S1., Brooklyn 10, N. Y.
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Fig. 2. Grid-plate phose reversal—180-
deg. phase shift. ~

is at a crest, Y is at the trough; when X
is at a trough, Z is at a crest—aund wice
versa. ~

1t is equally well known that the volt-
age at W and X inust be exactly 180
deg. out of phase and exictly equat in
amplitude in order that the push-pull
amplifier operate properly. These volt-
ages at W and X will appear as shown
at (A) in Fig. 3. In class A operation,
the voltages at the respective plates, Y
and Z will appear as shown at (B) in

Fig. 3, each equally shifted in phase due
to the grid-plate phase relationship of
the tube. The signal voltages at the
plates will be greater than that at the
grids due to tube amplification.

The signal-voltage amplitude appear-
ing between the plate of each tmbe and
signal gronnd (B+ since C; in Fig. 1 is
a short circuit to ground for signals)
appears across one half of the output
transformer. The signal voltage hetween
Y and B+ due to tube I appears seross
the upper half of the transformer,
while the sighal voltage between Z and
B+ due to tube II appears across the
lower half of the transformer.

When the voltages at Z and Y are
equal, there is no difference of potential
between the ends of the transforwer.
The signals will then cancel out and no
voltage will appear at the output.

If the voltages are unequal, or equal
and 180 deg. out of phase, the difference
of the instantaneous voltages at the
plates will appear across the trans-
former, This will be the output signal.

In (B) of Fig. 3, let us assume a peak
gignal voltage of 30 volts between the
plates of each tube and ground. At the
beginning of the cycle, at the midpoint

(®)
{©)
(A)
w Y
x z
0°  90° 80° 270°  340°
GRID SIGNAL ¢ 90° 180° 270° 340°
a a " ] ° SIGNAL AT OUTPUT
‘ P’I?Aﬁ l;u(;NAzzu %0 TRANSFORMER PRIMARY

Fig. 3. Push pull signal under normal opemfion.-Note phase relationship of grids
W and X dnd phaes relationship of plates Y and Z. Output is double the output from
each plate individually.

WWW amercaaradioRietery com

19


www.americanradiohistory.com

Al

(A) ©
w Y
x z 0°  %0°  180° 270° 360°
0 90° 180° 270°  340° SIGNAL AT OUTPUT

TRANSFORMER PRIMARY
GRID SIGNAL
0°  90° 180° 270° 360"
PLATE SIGNAL

Fig. 4. Phase relationship when slgnals are fed in phase to the two grids. Note the
zero output across the output transformer.

(180 deg.) and at the end of the cyale
(360 deg.), there is zero signal voltage.
Thus there is no signal difference of
potentinl bhetween the two plates and
there is no signal voltage across the
output transformer,

At the 90-deg. point, the Y plate has
a trough of ~ 30 volts and the Z plate has
a crest of +30 volts. Thus there is a
difference of potential of 60 volts be-
tween these two points. Assuming the Z
plate a8 the “0”-voltage reference level,
the voltage between plates, or at the ¥
plate (across the output transformer)
is — 60 volts.

At the 270-deg. point in the cycle, the
reverse is true. The Y plate has a crest
of +30 volts and the Z plate a trough of
- 30 volts. Again assumwing the Z plate
as the “0”-voltage reference level, the
voltage between plates, or at the Y
plate is + 80 volts.

When plotting this information, the
voltage between plates of the tube
(across the output transformer) is a
sine wave of double the amplitude of
either plate output voltage alone.

1t should then become obviouns that if
the grid signals were of equal amplitude
and in phase (Fig. 4), the voltages be-
tween plates Y and Z would be in phase.
Being in phase, there would be no
difference of potential, during any point
of the ayecle, between plate Y and Z.
This would result in a zero signal out-
put.

From this graphical analysis, two
things governing push-pull operation
become obvious.

1. A signal applied 180 deg. out of
phase to each grid, results in double the
usual output from each tube individu-
ally.

2. A signal applied in phase to each
grid, results in gzero output from the
push-pull arrangement.

Rule 2 applies to all cases, while rule
1 applies only fo Class A operation of

20

the output tubes. In Class AB,, usually
used in hi fi amplifiers, the output is
greater than indicated due to increased
cfficiency.

Class AB,

In class A, we may assume operation
of the tube along a linear portion of its
characteristic curve, as shown in Fig. 5.

p
L

: /N

OUTPUT AT ONE PLATE

ke
L1
N

INPUT TO GRID

D

Fig. 5. Class A Operation. Q Is operating
point (blas voltage). Undistorted sine
wave at input and output.

Figure 6 shows the same tube operat-
ing in clags AB;. The signal reaches
cutoff (or at least a non-linear portion
of the curve) resulting in a distorted
output from each tube. Since the ont-
put from each tube is of identical
waveshape, but 180 deg. out of phase,
the distortion partially cancelz itself
out, resulting in a “pure” sine wave at
the outpnt.

The distortion from a tube can be
studied most beneficially by a Fourier
analysis. This is eovered in many texts-?
and will not be derived here. The results
of this analysis are simple and can be
stated briefly.

1 Hugh Hildreth Skilling, “Eleotrical
Engineering Clreusts.” John Wiley & Sons,
New York, 1957, pp 403—410.

2 MIT, “dpplied Eleolronies.” John
Wiley & Sons, New York, 1943, pp 438-439.
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Represent the plate current to Y in
Fig. 1 as i,,. This plate current consists
of three factors.

Pirst, there is a d.c. component due to
the plate power supply or B+ Let us
coll this d.e. eurrent B,.

The second is the fondumentul signal
component. When a sine wave is fed to
the grid of a tube, & large signal com-
ponent at the original sine-wave fre-
quency appears at the ontpat. The am-
plitude of this component can be labeled
B,. Designating the fundamental fre-
quency as f,, the B, component varies
sinusoidally with this frequensy. Thus
the complete fundamental signal com-
ponent of the current is B,cos wi, where
w = 2xf.

The output being somewhat distorted,
must of pecessity also consist of some
harmonic components. Following the
procedure for finding the fundamental,
the amplitude of the second harmonic
component iz By, the third is Bj, the
fourth is B;, and so on. Similarly, the
sinugoidal variations at these frequen-
cies are respectively cos 2wt, cos 3w, cos
4wt, and so on. The complete harmonie
content of ¢y, is then Byeos 2wt + Byeos
3wt + B,cos 4ot . . . ete.

The plate current, i, is the sum of all
of these factors. Approximating the re-
sult only as far as the third harmoniec—
disregarding the fourth and higher
order distortion components, the plate
current is

iy, = B, + Beos of +
B, cos 20t + B, cos 308 (1)

Assuming first that 4,,, the onrrent of
tube JI is in phase with i), then
iy, =B, + B ,co8 w0t +
Bycos 20t + Bgeos 3wt (2)
It can be taken for granted that the
impedances of each of the two halves of
the ountput transformer are equal. The
voltage drops across each half are pro-
portional to the plate currents (E=
214y).

OUTPUF AT ONE PLATE

4

(NPUT TO GRID

>

Fig. 6. Class AB, operation of the same

tube. The qulescent point is moved down

so that less current flows when no signal

{s applied—which means less power

dissipated, resulting in greater tube
. efficlency.
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The total plate voltage appearing
across the trsensformer is then propor-
tional to ,, —1),, which is proportional
to the difference of potentinl between
the two tubes, 83 explained above
graphicslly. Subtracting Eq. (2) from
Eq. (1) shows a resultant zero output.
This is the same result previously de-
duced graphically in Fig. 4.

Assume next that ¢,, and 4, are 180
deg. out of phase—the case for normal
push-pull operation illustrated in Fig. 3.
Since 180 deg. is equivalent to x in
radian measure, adding = to each of the
angles in BEq. (2) will be the eguivalent
of an 180-deg. phase shift.

150 =B, + B,cos (0t + ) +
Bgeos 2(0t + %) + Beeos (@t +x) ... .=
B, B c08 ot + B,cos 20 —

Bjeos 3ot ...

(3)
Equation (3) follows from the trigo-
nometry which indieates the following
identities :
Cos ( wt+ m)=—cos ®f
Cos (2w + 2x) = + cos 2wt
Cos (300t + 3n) =— cos Jot.

Subtraeting Eq. (3) from Eq. (1)
results in an expression which is propor-
tional to the voltage across the output
transformer,

=gy, — iy, =
2(B,cos 0t + Bycos 3at) ... (4)

Thig indicates that all even harmonies
are cancelled out in the push pull out-
put. Only the third and higher odd har-
monics remain, The “2" in the Eq. (4)
indicates what we already found graph-
ically.- The amplitude is double the out-
put of a single tube.

implications

This long-winded discussion may be
considered to be a lot of trouble to
prove some factors which are common
knowledge. Everyone kunows that even
harmonics are cancelled in push-pall.
Everyone also kmows that the signal
applied to the two grids, W and X, must
be of equal amplitude and 180 deg. out
of phase. 80 why this dissertation?

Amplifiers are made out of tubes, re-
gistors, transformers, -capacitors—not
out of tube manuals, theoretical text
books or magagine articles.

Bypuass the Cathode Resistor?

Assume for one moment that the two
output tubes are dissimilarly non-linear.
In that case, the plate currents in Eg.
(1) are and equal to the plate enrrents
in Eg. (2). The fundamental amplitudes
B,, and the harmonic amplitudes, B,
and By, in the two equations are then
unequal. Subtraction of (2) from (I),
in the ease of im-phase signals, or (3)
from (Z) in tbe case of out-of-phase

AUDIO e APRIL, 1959
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Flg. 7. Same circult as Fig. 1, but with
separate bias resistors for each tube.
Resistor value 1s twice that of Fig. 1, for
only half of total current goes through it.
Bypass capacltor need be only holf that
of Fig. 1 to keep the circuits identical.
R,C, = (2R,)(C,/2).

signals, will result jn no cancellation of
the high-amplitude second harmonies.

The total plate current ¢, which is
equal to t,,—4,, appears sacross the
common cathode resistor, R, in Fig. 1,
a8 a voltage (i, —1y,) R,.

Due to circuitry configuration, the
voltage across this resistor appears be-
tween the cathode and grid of each tube
(between B and W, and A and X). Be-
ing an aroplifier, the tubes amplify this
signal as well as the desired signal ap-
pearing at the grids.

Assume that the resistor R, is by-
passed by a large capacitor, C,, as is the
case in Fig. 1. All the harmonics are
then bypassed to ground and not ampli-
fled. This may be the most desirable

, case,

In many amplifiers on the market, the
cathode resistor is not bypassed to
ground®. What happens then?

In class A operation, there is very
little effect on the harmonie distortion.

3 Robert M. Mitehell, “Effect of the
cathode capacitor on P-P output stage,”
Aopio, Nov. 1955, pp. -21-28, 75.

The signal across the ecathode resistor
causes the harmonics to appear at the
two grids, W and X in phase. These har-
moni¢ components will cancel out, re-
sulting in no or little additional harmonie
distortion.

In class A, and wmore so in class AB,
due to nonlinearity, the harmonies be-
tween the cathode and ground will
modulate the fundamental input signal
appearing between the grid and ground.
These resultant signalg are not in phase
and will not cancel. The final outeome
are additional factors of intermodulation
distortion.

Experiments of this type are intercst-
ing and shonld be tried by the reader
who possesses harmonie and IM distor-
tion measuring instruments. First make
the measurements withont a bypass
capacitor across the cathode resistor and
then with the bypass eapacitor con-
nected. The results are predietable. The
recoxd of the magnitudes is interesting.

Resnlts will indicate the desirability
of a bypass capacitor in Class A opera-
tion and the necessity of this eomponent
in class AB,.

Separate Cathode Resistor

Figure 1 shows one common resisior in
both eatbodes to develop bias voltage.
Is thiz the most desirable arrangement?
Figure 7 shows the same cirenit, bat with
two resistors, one in each cathode and
separately bypassed. Is this better or
worse?

Output tubes vary by as much as 40
per cent from each other. The plate cur-
rents ean be quite different—especially
when operated class AB; or more so in
Class AB,.

Assume that tube I has a lower plate
current than tube IT when operating 2t
the same bias conditions. Let us also
suppose that at 8 volts bias, tube I has
a plate corrent of 30 ma and tube II
has a plate corrent of 50 ma. The total
d.c. plate current through the common
cathode resistor of Fig. 1 would then be

(Continued on page 72)

(4) '
NO D.C, BALANCE CONTROL

FIXED NEGATIVE B(AS
ADJUSTABLE

(6)
WITH D. C. 8ALANCE CONTROL

zi:
82
—a
< 100K °
AAAAA -
hA AL AL
» D.C. B
> CE
>CONTROL | —L 470
AAAAA = °
VYV o
4 00K
-
»
»
»

FIXED NEGATIVE BIAS
ADJUSTABLE

Fig. 8. EL34 or KT88 may be used with adjustable bias of about 50 valts. Two ar-

rangements are
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Choice of a Crossover

Frequency

JAMES MOIR*

When two- or three-way speaker systems are used; somewhere in the
design procedure a decision must be made as to the crossover frequency.
This important consideration is thoroughly discussed by the author.

OR MANY GOOD REASONS the vast ma-
- jority of Thigh-quality wide-fre-
quency-range loudspeakers are of
dual-unit constrnction, with separate
units handling the low- and Hhigh-fre-
gqmency regions of the aundio speetrum.
This eontribution is intended to deal
with these factors tbat influence the
choice of erossover! frequency, the point
in the range at which equal amouxnts of
power are being handled by both units.
When two or more units are used to
cover the andio band it is necessary to
prevent the relatively large low-fre-
quency signals being applied to the
bigh-frequency spesker, for wnits in-
tended to have good performance in the
region of 3000-12,000 cps are neces-
sarily of sunch ligbt construetion that
they are ineapable of handling high
powers in the low-frequency range. In
addition it is advisable to preveni the
available high-frequency power being
dissipated in the low-frequency speaker
* Technical Director, Goodmans Indus-
tries, Ltd., Wembley, Middz., England.
1 The author’s term, ohangeover, was

converted 10 the more familiar (in U.8.4.)
crossover by the editors.

TABLE |

Values of Comp ts in Cross
Filter of Fig. |

Crossover Freq — 500 cps S000 cps
Ly 4.77 mh  0.477 mh
C 21.2 uf 212 uf
L= Re Hy. =15 4,77 mh at 500 cps
we 3140
C = 1 _ 10

“wR, T 3,40x15
=21.2 ufat 500 cps

and to confine it to the units which are
best able to convert it into sound. The
filters thet divide the power between the
two sels of speakers are known as divid-
ing networks or crossover fllters and
have several possible configurations.
However, it is worth pointing out that
typical speaker dividing nctworks may
leave the high-frequency unit handling
an appreciable amount of power at
frequencies below the nominal erossover
frequency. The simplest dividing net-
work, that shown in Fig. 1, has an at-
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Fig. 1. Performance of a simple filter-type dividing network.
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tenuation rate above and below the
crossover frequency of only 6 db per
octave, a point that must be borne in
mind when considering the design of
both the high-frequency ugit "and its
horn.

Two-way systems have been commer-
cially produeed with crossover fre-
guencies as low as 200 cps and as high
ag 5000 ops, this wide variation rather
suggesting that the “best” crossover
frequency is not subjeet to precise
determination. The factors controlling
the choice differ somewhat as between
professional and domestic installations
and so the problems will be discussed in
that order.

The difficulties involved in designing
any londspeaker with a flat response are
roughly proportional to the number of
octaves that the speaker is intended to
cover, though the “difficulties per octave”
are perhaps a little higher at the top
end of the audio range than they are at
the bottom end. The materials currently
available for manuvfacturing diaphragins
have densities that are mueh too high in
comparison to the density of air. This is
one of the prime causes of the low
electro-acoustical efficiensy of loud-
speakers, the penalty being particulariy
severe at the top end of the frequency
range. A division of the frequency range
into two equal four-octave bands would
place the crossover frequenecy at 800
eps, but the problem of designing an
efficient high-frequency speaker would
be eased by shifting the erossover fre-
quency up by omne octave leaving the
low-frequeney units to handle five oc-
taves and the high-frequeney unnit three
octaves. The good performance ovexr the
band between 500 and 12,000 eps of
several of the commercial units shows
that the problem, thongh difficult, can be
solved if a low price is not a primary
requisite.

Power Divisian

An alternative and prohably more
reasonable approach is to divide the
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total audio power equally hetween the
LY. and L.J* uvnits but as the nudin
power in a typieal orchestral eomposi-
tion iz  mot wmiformly distributed
throughout the andio range this does not
mean that the total frequency rvonge is
divided equally between ILF, and 119,
units. The peak power spectrum of o
typical orvchestral composition is indi-
cated by (A) in Fig. 2, from which it
will he seen thar the major peaks ave
concentrated in the low-frequency end
of the spectrnm below 500 eps. Graph-
ical integration of the peak power spee-
trum indicates that a erossover in the
region of 330 ¢ps results in equal
division ot the tokal peak power hetween
HL.F. and L.F. nnits. The distribution
of peak power thronghout the audio
speetrunl is an important faetox, for it
i5 the peak powers that determnine the
peak exenrsion of the speaker diaphragm
and its liability to mechanical failure.
Heating of the voice coil may also set
the limit but this is proportional to the
distribution of rng power throughont
the andio spectrum, the data on this
being presented st (B) in Pig. 2. While
the rms power distribution differs
radieally from the peak power distribu-
tion, it will be seen that the maximum
rms power—and therefore the maxinum
hienting of the speaker voice eoil—also
oeenr at the low-frequeney end of the
range.

Consideration of ecither peak or rms
power spectra sugeests that the eross-
over frequency should not be helow
H00-600 eps in view of the desivability
of minhnizing hoth the diaphragm ex-
cursion and the power that must be
dissipated as heat by the H.I, speaker
voice ¢oil.

Most professional londspeaker systems
employ horn type speakers for both
high- and low-frequency reproduction
but it has been shown that horns used
with hight power systetns may introduee
distortion due to the non-hnearity of the
air in the throat. Among other factors,
this distortion iz proportional to the
number of oetaves handled by the horn,

Fig. 3. Typical
multicellular horn
intended to give
a uniform polar
diagram over a
wide frequency
range.

thus suggesting vet another eriteria for
choire of crossover frequency. The prod-
uct of (power) x (handwidth in vetaves)
should be equal for both ILF. and L.T.
units, On thig basis the erossover should
oceur somewhere bhetween 330 and 800
¢ps, 500 eps being the geometrieal mean
of these two Mmits,

Distribution Patern

In @ wonophonic reprodocer system
intended for use in a large hall, ane of
the most important factors in obtaining
good performance and partienlarly good
presenee oy good intimnney, is a speaker
system hiaving a polar dingram tailored
to lit the aunditorium. A monophonic
reproducing system prevents the hearving
systeni uging its facility of diseriminat-
ing against the generally reverberant
sonnd and in these circumstances it is
always advantageons to mmimize the
amount of sound falling on the side
walls of the anditorinm. This may he
achieved hy desizning the speuker sys-
tem to have a distribution just suffi-
ciently wide to cover the seuting area
and uniform in  angular distribution
dawn to somewhere in the region of 400-
500 eps. It is purtienlarly important to
obtain miform angulay covernge in the
range between 400 and 2000 eps. The
beam width of a horn loudspeaker is to
a first approximation inversely propnr-

{A) EAK POWER DISTRIBUTION
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Fig. 2. Peak and rms power specira of o typical orchestral compasition.
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tional to the dimensions of the hom
nonth, with a useful measure of control
heing secured only above the frequeney
aft which the horn month is one wave-
length wide. If a month much in exeess
of two wavelengths wide 1s used, highly
undesirable side lohes appear, though
thix is a diffieulty that can be largely
chviated by nmlticellnlar eonstruetion
such as xhown in Fig. 3. Praclical diffi-
culties in huilding a horn make it neces-
savy to liniit the dimensions of the mouth
of a multicellular horn hut » horn mouth
2 feel across is quite feasible. This gives
adequnie control of the polar diagram
al frequencies of 300 eps and over.

fhere ave praetical advantages in
lintiting the depth (length) of a cinema
hortt as it must be accommodated behind
the sereen and thns from this point of
view it is advantageons to place the
lewer euntoff frequency of the horn as
high in the frequency range as possible
for this results in a short horn. However
40 inchex ix usoally nvailable in the
average theatre and within the limits of
these dimensions a erossover frequency
of 500 eps appears to be a good eonmpro-
mise for it enahles the entoff freguency
of the horn (due to the finite mouth aven
and rate of taper) to be placed at abont
250 eps, a desirable value for the ratio
of erossover frequency to horn-cutoft
frequency.

In the erossover region, approximately
one octnve above and helow the crossover
frequency, the aver-sll response i dne
to the outputs from both loudspeakers.
A smooth combined performance is only
obtained when the two units are as elose
together as possible with their dia-
phragms in the same plane, This will he
clear from Fig. 4 showing the effect of
having two Jloudspeakers radiate the
same sound power. A listener seated on
the axis of the lower loudspeaker will
receive sound from the two londspeakers
over paths of slightly different lengths
and thus the sounds will arrive at the
Listener’s ears at slightly different times.
Looked at in the conventional manner
they will mrive with slightly differing
phases. At those frequencies at whieh the
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Fig. 4. Effect of spatial displacement of
two loudspeakers.

path length difference is exactly one half
the wavelength the two sounds will be in
phase opposition and there will be eom-
plete cancellation at the listener’s ears.

This is a wavelength effect and there-
fore the patb-length differance that
results in coroplete cancellation will
be inversely proportional to frequency.
Thus if the crossover frequency is 500
eps the wavelength is 24 in. and de-
structive interference will result when
the path-length difference is 12 in. At a
crossover frequency of 3000 ¢ps one half
wavelength corresponds to a path-length
difference of only 214 in. and this small
displacement will result in a severe dip
appearing in the combined response due
to interference.

Similar interference will result if the
two speakers do not have their dia-
phragms in the same vertieal plane even
though the units are coaxially monnted.

As this trouble is a wavelength effect
the amount of latitude in mounting is
greater when low crossover frequencies
are nsed. In cinema instellations the use
of backward sloping screens and radi-
cally different constructions for H.F.
and L.F. speaker horns often makes it
impossible to mount hoth horns in the
same vertical plave and thus the latitude
in positioning given by a low crossover
frequency is invaluable.

Although the point is not well docu-
mented it wonld slways seem unwise to
divide the frequency range anywhere in
the 600-1700 cps band ‘for this region
containg most of the important char-
acter-forming compovents (the formant
bands) in speech and it wounld appear
advisable to have them all appear from
one point in space. It is always dan-
gerous to change horses in mid-stream.

On eonsidering all the foregoing argu-
ments it would appear that the balance
of advantage lies with a low crossover
frequenay, at least in professional in-
stallations. There can be no well defined
optimum erossover frequency hut some-
where in the region of 500—800 cps seems
to have the majority of advantages.
Choice of a crossover much below 500
¢ps results in too much power being
diverted to the relatively fragile H.F.
unit while the directivity and wniform
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throat impedance requirements necessi-
tate large H.P. horns.

Crossover frequencies higher than
roughly 600 ¢ps bring the erossover into
the middle of the important character
forming band and demands thet the
large and bulky L.F. horn be designed to
provide uniform direetivity in the region
above 500 ops.

It is perhaps significant tbat crossover
frequendcies of 250, 330, and 500 cps have
all been employed in commereial sound
film systems at some time or other,
though it is equally significant that a
erossover frequency of 500 cps is now
almost standard with all the einema
equipment manufacturers.

Domestlc Systems

When a high-quality domestic speaker
system js being designed there are a
number of additional factors to be con-
sidered, while some of those already
discussed have modified significance.

In general the listeners sit closer to
the speaker system and interference be-
tween units due to path-length differ-
ences becomes & more serious problem, a
point illustrated by (B) in Fig. 4. As
the listener gets closer to the speaker
asgembly, the path-length difference in-
creases and thus the dip in response due
to interference moves lower down in the
frequency range. Room reverberation is

also less effective in masgking the irregu-
lerities. Coaxial mounting of H.F. and
L.F. units i1s almost essential if the
smoothest possible performance is de-
sired. This places an immediate limit on
the dimensions of the H.F. horn if a
horn type H.F. unit is used, for its
length cannot greatly exceed the back-
to-front depth of the L.F. unit, while
the mouth must not be sufficiently large
to obseure an appreciable fraction of the
L.F. cone. A typical 18-in. eoaxial
speaker unit, Fig. 5, with an adequate
magnmet will have a depth of about 114
in. but about 114 in. must be allowed for
the depth of the rear cover plate and the
diaphragm assembly, leaving only 10 in.
for the horn length. The horn mouth
cannot exceed roughly 6x 4 in. if it is
not to mask off most of the center of the
L.F. cone. These dimensional limitations
fix the horn cutoff in the region of 600
eps but if the throat impedance is {0 be
kept roughly constant the horn should
not be nsed below about 1000 eps. How-
ever a 6x4 in. horn will have no real
control of the directivity pattern at 1000
eps and this makes it preferable to use
a crossover frequency pearer 2000 c¢ps
where the horn mouth is about one wave-
length wide. This fits in fairly well with
the previous decision pot to use eross-
over frequencies between 600 and 1700

(Continued on page 79)
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An Eight-Position Mixer

For small studio, medium-sized studio, as an extra in a large studio, or for the ad-
vanced hobbyist-experimenter who does a lot of recording, this mixer panel will make
ordinarily difficult operations much simpler, and still provide professional results.

for tape, dise, and film recording, we

decided that a mixing panel would be
the center of our sound aetivities, es-
pecinlly for dubbing and re-recording on
film. Commereial mixers are undonhtedly
worth all they cost, eonsidering the en-
gineering that goes into them and the
quality that comes out, but our budget
did not allow for sueh an eight-position
mixer, so a number of standard cireunits
were ndapted into a very satisfactory
control panel, shown in Iig. 1.

Tor our purposes we needed one opti-
eal sound-on-film input, three imicro-
plione inputs, one tape input, and three
high-level phono inputs. An extra fape
playback with its own preamplifier can
ba substituted for one of the phono in-
puts when desired. Of course, it is im-
possible to handle all the knobs at onee,
but in use some of them are set to limit
the volunie to & desired level when the op-
vator of each phono, tape, or film ma-
chine turns the preamp voluwe all the
way up on cue. This makes the mixer's
job much more praetical.

Sinee the final recording in most of
our work would be on 16mm optical sound
track with a volume range of about 25
db, n volume compressor was built in,
although this can be rendered inactive
byy turning the compressor-expander con-
frol to zevo. For some types of films

I;\* SETTING UP 2 small recording studio

* 11520 Washinglon Blvd., Losz Angeles
66, California.
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where the anticipated aundience ov pro-
jeetor noise is high, greater intelligibility
results from compressing the volume
range to as little as 15 dbh. Occasionally
in playing hack or ecoxreeting for final re-
recording of old or noisy films or dises,
the volume expander c¢an be used spar-
ingly to improve the signal-to-noise ratio,

Hum and Noise Prevention

Two annoying features in onr previous
experience with home-built mixers were
hwm and microphonies in the preampli-
fier cirenits. Flmn was atfacked m a

Fig. 1. Neat effi-
cient appearance
of this panel gives

even the experi-
menter’'s  work-
shop a profes-

sional look.
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Fig. 2. End view
of mixer panel
and chassis show-
ing sponge-rubber
mounting of mixer
and preamp
tubes.

number of ways—separate aluminum
chassis for amplifier-mixer and power
supply to start with. A eompact portahle
wnit was desired, and with high-imped-
ance inputs, the power supply chassis
sitting next to the mixer does not seem
to induce huni. If low-impedance miero-
phone input transformers are used, it
may be neecessary to have the power sup-
ply three or more feet away from the
mixer chassis. Sometimes it is possible to
orient the power transformer so that
Jittle or no buni is indueed in the mike
transformers; eonnect each of the latter
in turn to the inpat of another high gain
amplifier, imd with the 60-eps eurrent
applied to the power transformer pri-
mary, rotate the power and wmike trans-
formers until the hom is reduced or
eliminated. The final test, of comge, is
made after the wixer is constructed, with
the volume level set for pickup of the
weakest sounds anticipated, and con-
neeted to a power amplifier and speaker
—ecarphones will not reproduce the low-
frequeney hwn officiently. If too much
hum is present, and the hum is reduced
hy moving the power supply away, a
two-unit ontfit is indivated, with a power
cable long enough to put the hum out of
sight (or ear, in this case).

The possibilify of ground loeps was
avoided by insulating or faping the
shielded signal wires where they might
touch the bare chassis; grounding the
shielded wires to the volume controls,
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Fig. 3. Rear view of panel and chassis out of its cabinet to show tube arrangement.

whieh are insulated from the ehassis by
fiher washers. Inside the chassis, the
braided shields were soldered to the
grounding hus bar running the length of
the chassis and eonnected to the chussis
at one spot only. Using audio eable with
outer insnlation would eliminate the need
for taping under the panel, but would
require strapping down under the ¢has-
sis, rather than soldering to the ground
bar.

The final item in hum prevention was
to supply all the heaters of the pre-am-
plifier and mixer tobes with filtered di-
reet enrrent, although perbaps only the
mike preamplifier fubes would require
d.e. & 115-volt isolating transformer,
with rectifier and filter, conveniently sup-
plies 150 milliamnperes of d.e. for the
eight series-connected hesters, and a 25-
watt variahle resistor is used for adjust-
ing the exact voltage. Lf using d.c.’on
only the mike preawp tubes, a somewhat
less expensive supply wight result from
rumning the four heaters in parallel, 12
volts at 600 ma.

Migrophonies were subdued by using
iminiature dual triodes instead of our old
(but tender and ticklish) standbys,
6SJ7's, and wounting the snckets on
strips of alwminum which wera mechani-
cally insulated to some extent from the
chussis by -1 strips of spouge rubber
cemented in place. Wiring was done with
rather flexible hook-up wire from these
sockets to terniinal strips holding the as-
socated resistors and eapacitors. Pre-
amplifier tubes are naturally fairly sen-
sitive to vibrations; tube shields were
added as an exfva precaution.

Fig. 4. Power Supply chossis, underside.
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Ct cuit Details

A bias control on the expander tube
aets ns 0 muster gain eontrol, althongh
the effect is not exaetly like a rormal
volume eontrol—its netion is slower in
building up if turned fast due to the bias
capacitor aceross it, but for vur purposes
it iz used mostly to adjust for the level
at which expansion or compression starts.
A switeh near the meter alters the cir-
enit. for eitlier compression or expausion.
An additional standard volume control,
Tt.s, 18 mounnted on the mixer chassis, as
seen in Fig. 2, to limit the voltage fed to
the 6L.7—this can be mounted on the top
panel if desived.

A jack for carphone moniforing was
pravided for the times when the mixer
wonld be nsed in the same room or studio
with aefors or speakers, and where a

“monitor speaker would feed hack. A zep-

arate tube for this fnnetion isclates the
phoenes trom the main andio ¢hannsl, and
prevents any drop i signal or aundible
clicks even if the phones are plugged in
during recording. No volume control was
used here, bhut one could he installed
ensily, prefevably on the lower chassis,
ginze it wonld not he changed mueh after
initial setting.

The 2Vs-in. square volume indicator
nmeter has a 01 ma movement, and was
choson from a number on hand heesuse
it follows the sound changes rather faith-
fully without jumping wildly abont.
Somewhat smaller than the size of meter
nsually seleeted Lov this pnrpose, it does
its job adequately and leaves more yoom
for eontrol knobs vn the panel. Of course,
a larger meter eould he substituted. hut
before mowunting, hook up your choice
temporarily (with its reetifier) to the
4- to 8-ohm output of avother amplifier
and ovhserve its action—if it reacts too
rapidly, it will he hard to follow in use.
Budget and panel space permitting, a
standard VU meter would be preferable.
This oue worked smoothly enongh so that
we never veplaced it.
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Physical Details

The top panel of the mixer is 14 x 19-
in. steel, a standard rack panel size, but
sinee the one used was 1/16-in. thick, a
Vp-in. angle ivon 17-in. long was bolted
across the under side near the veolume
contyols to prevent sageing. Ilat head
maehine serews were used, and the heads
were hidden by the eontrol plates. This
particnlar panel has ronnd mounting
holes instead of the usual slots. A lg-in.
thick aluminmum papel would be stiffer,
but the shaxp corners should be lightly
filed to avoid scratching .the operator.

Figures 2 and 3 show the 17X 7 X 215-
in. amplifier chagsis whieh was bent of
1/18-n. soft almminum, with a 4-in.
panel at the baek to held the Amphenal
input and output plugs, which are msu-
jnted from the chassis with the fber
wushers provided. Other types of input
eonncetors could be msed. A slightly
larger chassiz is reconmmended, sueh as
al7x8x3 (Bud ACHL2 ox equivalent),
mounting the nput conneetors on the
upper part of the chassis back.

The top panel is supported by four
brackets bent from 14 % 34-iu, strap iron:
aluminum about this size is available in
hardwave stores, and it hends nicely. Al-
lowance is wmade at the front for the
height of the power supply, plus about
an inch of spaee above the reetifier tube
to ivstall an insulated eooling vane if
necessated by exeessive heat. It was not
required in our mixer when used for only
two oy threo hours at a thwe. The angle
of the panel top is set at about 22 deg.,
although this could vary depending on
the huilder’s preference.

The power supply, Fig. 4. was bnilt on
another aluminum  chassis bent  espe-
dally for the purpose, approximately
17 x4 x 2 in. Two smaller cliasses about
8 x4x2 might be bulted together end-
to-end, or a 17> 4 x 3 deep chassis (such
as Bud AC432 or equivalent) eun he
used, with a sunken mount for the yecti-
fier tube, ns shown in Fig. 5. If a two-
unit wixer is not eonsidered too edmber-
gome, or is found’ necessary when nsing
hum-sensitive mike imput transtormers,
the power supply could he any shape,
preferably enclosed in a steel box. In
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Fig. 5. Method of recessing rectifier tube
socket to conserve height.
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turers do not advise more than 0.5 volt)
this case, the mixer panel size eould be
reduced to about 10 x19 in.

The cabinet, Fig. 6, was made of 34-in.
plywood, with the top allowing about
1% in. of wood to show all around the
panel. A somaewhit simpler box with
sides flush with the panel wonld make a
more compact eabinet for strietly porta-
ble use, but we preferred the solid im-
pressiveness of a larger hox. Three coats
of dark gray-green satin enamel cover
the plywood look, and make a pleasing
combination with the gray wrinkled
panel and black knobs. All-steel sloping
panel cabivets ave available from the
supply houses for those huilders not
equipped to ¢onstruet their vwn of wood.

Figuwre T shows the gpecial control
plates which were made by paste-up art
letters and photography; double-weight
papev prints were niounted beuweath 14-
in, plastic dial plates, giving a profes-
sional appearance, althongh they are
diffienit to show clearly in the photos he-
canse of internal reflections in the plas-
tic. Conventional stock alubynum dial
plates can be used here at less e