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Only Scott can put these

exclusive featuresinareceiver

No chance of signals from
strong local stations popping
up where they don’t belong
on the dial and blotting out
the more distant stations you
want to hear! The 342 incor-
porates revolutionary new
field effect transistor circuitry
for maximum tuner sensitiv-
ity with virtually no cross-
modulation, no drift, no more
problems caused by chang-
ing tube characteristics. Scott
is the first, and only, manu-
facturer to use this important
advance in solid state design.

You can forget about shorted
connections burning out ex-
pensive transistors because
Scott engineers did not! The
342 is designed to withstand
these common problems: ac-
cidental shorting of speaker
terminals, subjecting the in-
put to a high level transient
signal, or operating the am-
plifier section without a load.
Special quick-acting fuses
protect both your expensive
speakers and the transistors
themselves.

Scott uses silicon power tran-
sistors in the 342. Silicon is
more costly than germanium,
but far superior in terms of
ruggedness, reliability, and
resistance to overload, heat
and aging. The silicon tran-
sistors in the 342 output cir-
cuitry provide instantaneous
power for even the most ex-
treme music dynamics. This
Scott circuit achieves ex-
tremely low distortion at low
power levels . . . makes all
your listening so much more
enjoyable.

And Scott puts them all

inareceiver under $300

The new 65-watt Scott 342 solid state FM stereo re-
ceiver gives you the features, the quality, the reliability, the
magnificent sound you've come to expect from Scott . . .
and at a price less than $300!

Costing less than ordinary vacuum tube equipment,
this no-compromise solid state unit incorporates the pop-
ular features of the most expensive Scott components .

Qutput and driver transformers, major sources of dis-
tortion and diminished power, are eliminated from Scott’s
radically new solid-state amplifier design. As a direct result

of transformerless output design, the Scott 342 has high
frequency response superior to separate stereo compo-
nents costing far more.

The Scott 342 includes these important features found
in the most expensive Scott components: tape monitor
switching, speaker switching with provision for remote
speaker selection, switched front panel stereo headphone
output, front panel stereo balance switch, individual
clutched bass, treble, and volume controls for each chan-
nel, fully automatic stereo switching and many more.

THE 342 FM STEREO RECEIVER . . . Usable
Sensitivity, 2.7 upv; Harmonic Distortion,
0.8%; Drift, 0.02%; Frequency Response, 18-
25,000 cps =1 db; Music Power Rating per
channel, 3214 watts; Cross Modulation Re-
jection, 85 db; Stereo Separation, 35 db;
Capture Ratio, 6.0 db; Selectivity, 40 db.

Scott . . . where innovation is a tradition

W SCOTT®

For complete information and specifications, circle Reader Service Number 100.
H. H. Scott, Inc., 111 Powdermill Road, Maynard, Mass. Dept. 35-01. Export: Scott International, Maynard, Mass.
Prices and specifications subject to change without notice. Prices slightly higher west of Rockies.
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g “ 4L7‘61 plve” floul’l'ly %?e'é & Twenty-five years ago, Electro-Voice developed the
S L.C oot 1 0004 Epwanp TarxaLL Caney first close-talking, noise-cancelling microphones.
ANFORD L. CAHN James C. Galloway, ]OSEPH G10VANELLI | During the last two and one-half decades, this type

A(Iverfising Director Los 92‘42305;‘3"“&1g}”dyooag HanroLb LAWRENCE of microphone has found a secure niche for itself
’ ' ’ ) i F ialized applications where communi-
CHESTER SANTON in many specia

7 Warren Birkenhead, Ine., cations must be maintained despite high ambient
Encar E. NEWMAN e e Sion Hama- Henrnax BURSTEIN oise levels,
Circulation Director matsu-cho, BERTRAN STANLEIGH |

Minato-ku, Tokyo, Japan . . . . .
e okyo, Jap A typical application for noise-cancelling micro-

phones is in aircraft. Most light planes, for in-
stance, have a meusured sound level in the cockpit
of from 100 to 109 db. Sound levels in larger
piston aircraft and jet planes are also high
enough to seriously affeet voice communications.

Push-Pull Drive from a Spllt—LO‘dd St"‘ge Ceor{_{e Fletche Coope) Other applications include steel mills. military
l’utting ]llnkbox Meters to Work—II Donald R. Hicke ’ vehicles, missile installations, aireraft carriers, etc.
Audio Measurements Course—Part 1 Norman H. Crowhurst Noise-cancelling microphones are designed 10 re-

spond efficiently to near sounds (about 34" away
An Improved Omnidirectional from the [ront opening) and to be relatively in-
Microphone Harold S. Z\[awby sensitive to more distant sounds. This is acliieverl

by providing two ports spaced ahout 4" to 1"
! apart. leading to opposite sides of the diaphragm.
By speaking directly into the front port, a pres-
sure diffcrence is created between the front and
back of the diaphragm. resulting in high output.

Light Listening Chester Santon Sounds of more distant origin will arrive at both
| ports with substantially equal amplitudes, thus no

Record Revue Edward Tatnall C(Inby pressure difference and little or no output.
]azz and All That Bertram SY(IHIGf'gh Phase differences from distant sound arriving at

the two parts will preven: complete cancellation of
unwanted noise. Since this phase difference is
more acute at higher frequencies, most noise-can-
celling microphones cut off at about 3 kHz. Small
microphone size and careful port spacing can also

UTC Speaker Svstem Maximus 7 reduce unwanted output due to phase differences.
: : Cancellation is most effective at lower frequencies,
Knight-Kit Deluxe Stereo Tape Recorder “Superba” KG-415 generally following the mnormal distribution of
. noise energy in most loeations.
Sonotone Speaker System Kit RM-1K

Noise-cancelling microphones can henefit the user
Harman-Kardon Compact Stereo System SC-440 | even when noise is not a problem. For instance the
distortion caused by close-fitting helmets ean bhe
| reduced by this microphone type. Most mnotable
example of this is in the microphones supplied to
the Mercury and Gemini space programs by

| Electro-Voice.
Audioclinic ]oseplz Giovanelli Effective application of noise-cancelling micro-
Letters phones depends heavily on correct application.
- First, there must be noise of sufficient intensity to
Audio ETC Edwarl Tatnall C(lﬂby | justify their use. Second, operators must he trained
About Music Harold Lawrence to use the microphone properly. Speaking at a

distance of more than 34" from the front port can
seriously reduce output and render the noise-

Sound and Sight Harold D. Weiler cancelling feature almost completely inoperative.
When used properly, however. well-designed noise-

is Month's : ‘ ; : ;
This Month’s Cover cancelling microphones can make a substantial
New Products contribution to communications clarity and de-
pendability,

Editor’s Review

Tape Guide Herman Burstein
Advertising Index
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Articled

Test  Equipment—What
you should have to per-
form routine perform-
ance checks on vour own
equipment and installa-
tion.

W

A Test Tape for 4-track
stereo recorder head po-
sition adjustment.

7 De - equalizing circuitry
to permit quick checking
of amplifier equalizer cir-
Cuits.

' and :

Part 2 of Norman H.
Crowhurst’s ““Audio
Measurements Course.” |

s Prafiles

Heathkit Multiplex Gen-

erator

Revox G-36 Tape Re-
corder

Electro-Voice 1177 Solid-
State Receiver

In the February Issue

| On the newsstands, at your
| favorite audio dealer’s, or
in your own mailbox.
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~ AUDIO CLINIC

Joseph Giovanelli

i
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' Send questions to:
Joseph Giovanelli
l 2819 Newkirk Ave.
Brooklyn, N. Y.
| Include stamped, self-addressed
1 envelope.
Compatibility

Q. Can transistorized hi-fi components
he used in the same system with tube-type
components? The literature I have read on
solid-state equipment does not make this
point clear.

For example, can a transistorized pre-
amplifier be fed into a tube-type hasic am-
plifier, or a transistorized tape recorder
playback preamplifier be fed into a tube-
type preamplifier of the high-fidelity sys-
em?

If you develop this question in your
column in Aumo, I would like you to dis-
cuss what determines compatibility between
solid-state and tube-type components. If
they are not compatible, how do you make
Jdem compatible?

I understand that these tube type com-
ponents are essentially voltage-operated de-
vices and transistorized equipment works
on varying currents. If this so. why do con-
ventional earphones and loudspeakers work
with solid-state equipment? Carl Stoffels,
Chicago, Illinois.

A. If we have a solid-state preamplifier,
there is no real reason why we cannot teed
this device into any tubc-type power amp-
liier. The main consideration is the im-
pedance of the solid-state device and the
impedance of the tube device into which
it feeds. So long as the amplifier’s input
impedance is not lower than the specified
load impedance of the solid-state preampli-
fier, there will not be any difficulty. Be-
cause a solid-state device is usually a Jow-
impedance device and because in tube-
type amplifiers, input impedance is usually
quite high, this criterion is met. The point
to remember is that if the amplifier’s input
impedance is too low, the coupl'ng capac-
itor in the preamplifier may be too small
to pass all the low frequencies into the
power amplifier. Therefore, some loss of
low-frequency response will be the result.

This same point holds true for a trans-
istorized tape plavback preamp. The input
| impedance of a tube-lvpe preamp is likelv
to be much higher than required for the
outpul circuit of the tape plavback preamp
—including the size of the coupling ca-
pacitor.

There is sometiines a problem when the
device feeding a preamp is a tube-type
device and the preamp or power amplifier

Aec inPEdRAISI NS TRy
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is a solid-state device. Solid-state devices
often have very low input impedances.
This fact must be taken into account when
selecting driving sources for them. If the
impedances are correct as described, vou
will have no compatibility problem, any
more than is true of tube-operated devices
connected to other tube-type devices.

Naturallv, vou must take into account
the sensitivity of the power ammplifier versus
the requirements of the solid-state preamp,
just as vou do when puairing sets of tube-
tvpe components.

You are correct in stating that tube de-
vices are voltage-operated whereas solid-
state equipment is current-operated. The
concept that stages are voltage-operated
or current-operated is more a matter of
convenience in discussion than of strict ac-
curacy. The grid circuit of a tube is very
high in impedance. However, there is a
grid return resistor across which the in-
put signal is developed. As is true of any
resistor, some current will flow in it when
a voltage drop is present. Therefore, we
can sav, that to whatever degree the arid
resistor draws current, the devices under
discussion are current-operated.

The circuits of solid-state cquipment are
basically low-impedance circuits. Because
considerably more current will flow in them
than in vacuum-tube circuits, we say they
are current-operated devices. However, the
resistance of such circuits, even when low,
will, because of the flow of current in them,
have a voltage drop across themn. Thus, to
soine extent we can sav that these devices
are voltage operated. Naturallv in tube-tvpe
devices, the voltage clement is most domi-
nant and the current too small to be con-
sidered for most applications. The con-
verse is true of sol'd-state devices. \Whether
stages are essentially voltage-operated or
current-operated devices, thev have one
thing in common. In a voltage-operated de-
vice, the existing small carrent will, when
multiplied by the wvoltage, indicate that
some power is required to drive it. Con-
versely, the small voltace required to op-
erate a current-operated device will, when
multiplied by the current, show that power
is required to drive it.

A loudspeaker or headset is a current-
operated device as can be seen from its
rather low impedance. Therefore, in order
to obtain maximum performance from these
devices when used in tube-tvpe circuits,
there must be some wav found to trans-
form the rather high output impedance of
the tube to the low impedance of the
phones or speaker. The simplest method of
doing this is to use a transformer. The
voltage across the secondary terminals of
the transforimer is quite low but the cur-
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This 1s the AT 60, quite possibly the “best buy” among automatic turntables,
considering how much this excellent unit has to cffer. There’s a true
dynamically balanced tone arm of the most advanced tubular aluminum
construction . . . a precision stylus force adjustment . . . an arm system
which could track flawlessly at 16 gram . . . a balanced, heavy cast turntable
... and the other outstanding features shown below. Then . . . consider that
the AT60 sells not for $100.00, or even more . .. but for $59.50 . .. and
you will begin to realize that a record-playing instrument of such calibre
at this modest price could have been developed only by Garrard. More than
50 years of leadership, supported by the great advantages of established
volume, substantial manufacturing facilities, and vast engineering resources
... combine to make the AT60 the exceptional purchase which it is.

Tubular, dynamically-balanced
counterweight-adjusted

tone arm—same type and
construction as on the highest
priced automatic turntables
and popular separate arms.

Built-in stylus force
adjustment and pressure
gauge, legible from top
for precision setting

to fractions of a gram.

Automatic anti-skating contro)
eliminates the natural

side pressure on the stylus
which often causes distortion
and rapid record wear

with ordinary tone arms.

Heavy cast, balanced, oversized
turntable.

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

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

Double-shielded Laboratory
Series® 4 pole shaded motor
designed exclusively for the AT60.

Lightweight cutaway shell
and finger lift.

Ultra-compact—fits easily

into any record changer

space. Only 153" left to right,
13%" front to rear, 4%s" above
AT and 2%" below motor board.
T PR

Important reading:
32-page Comparator Guide

detailing all Garrard models. ®
Write for complimentary copy

to Garrard, Dept. GA-16,

Westbury, New York 11591.

WORLD'S FINEST

CIRCLE NO. 103 ON READER SERVICE CAFRD
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BUILDING A BETTER CONSOLE? HERE ARE YOUR
ALTEC AUDIO CONTROLS!

ALTEC 9064A NOTCH FIL-
TER eliminates unwanted
narrow-band frequencies
with negligible effect on
program material. The

h 9064A is made to your spe-
cification with notch frequencies from 50
to 20,000 cps. Available as single or dual
= notch filter. 2"H x 3"W x 2-15/16"D

b #

ALTEC ATTENUATORS, MIXERS, VU
EXTENDERS AND STEREO PAN POTENTI-
OMETERS provide less than 1-milliohm
contact resistance, lower noise, easier
upkeep, and longer life. Choose from
more than 300 types, either rotary or
straight-line. New rotaries use pure silver
dual brushes, independently sprung to
eliminate “‘'stumble.”

. 9065A FIXED LOW-PASS

= and 9066A FIXED HIGH-
® PASSFILTERS provide 18
§ db peroctave attenuation
3 N from selected cut-off
point. (30-db per octave
unitsalsoavailable.) Noinsertion loss. The
9065A may be ordered to any cut-off point
from 50 to 20,000 cps; the 9066A from 40
& N to 20,000 cps. 1'%45"H x 11%4"W x 21%¢"D.

— ALTEC 9068A VARI-

T ABLE LOW-PASS FIL-

TER AND 9069A VAR-

IABLE HIGH-PASS

G L FILTER provide 18 db

L§ ! peroctave attenua-

. tion with 10 positions

of LF and HF cut-off. With toroidally wound

inductances, units may be used in

ALTEC 9060A MICROPHONE EQUALIZER | extremely low-level circuitry without noise

provides up to 12-db equalization,and 16- | or hum pick-up. Zero insertion loss. 9068A

db attenuation at 100 cycles and 10 kc. LOW-PASS FILTER is 3"H x 214"W x 515"D.
Straight-line controls are precisely cali- | 9069A HIGH-PASS FILTER is same size.

bratedin 2-db steps. Passive L/C/R bridged

T network circuit. Compact plug-in

design. 3%2"H x 114"W x 51%"D

ALTEC 9067A VARI-
ABLE LOW- AND
HIGH-PASS COMBI-
NATION FILTER combines the 9068A and
9069A for rack mounting. Rear-mounting
inputand output terminals normaled thru
front panel jacks. 3%4"H x 19"W x 514"D.

ALTEC 9061A & 9063A PROGRAM
EQUALIZERS provide continuously vari-
able equalization at selectable frequen-
cies: up to 12-db boost at 40 or 100
cycles, and 3, 5, 10 or 15 kc; 16-db
attenuation at 100 cycles and 10 kc. Pas-
sive circuitry. 9061A, for plug-in mount- | A\ rec PRECISION NETWORKS introduce
ne, ffaatures straight-line controls. 3%;"H no frequency discrimination or distortion
x 12" Wx52'D. 90634, for standard rack | 5170 1o 150 ke. Units include mixers,
mounting, has rear-mounted input and matching pads, fixed-loss pads, bridging
output terminals normaled through front- pads, and VU meter extenders in unbal.
paqel Jackls and rotary control switches. anced “T" and balanced ‘"H"" configura-
372"H x 19"W x 5%'D tions. Networks come in four sizes, are
enclosed against dust and dirt, and are
available in a wide range of impedances.

Send today on your letterhead for special
professional discounts (available to bona
fide recordingand broadcast studios only).
We'll send you name of nearest Profes-
sional Altec Distributorand complete Altec
ALTEC 9062A & 9073A GRAPHIC EQUAL- | catalog covering speech input and piay-
IZERS have completely passive circuitry | back equipment. Write Dept. Al.

which induces no hum or distortion at
levels from —70to —24 dbm. The 9062A © 1965 AL
provides quiet, positive variable boost or | |

attenuation in 1 db steps at seven critical
frequencies. The 9073A boosts or atten-
uates six different frequencies of +8 or
—8 db in 1 db steps. Precise slider con-

trols have an accuracy of =0.5 db per LANS,NG
step, enabling a frequency overlap for

an essentially flat response. Escutcheon ALTEC LAN SING

plates available for rack mounting. )
9062A, 3%"H x 10"W x 514”D. 9073A, A Division of (LT Ling Altec, Inc.
3%"H x 8%"W x 514"D. ANAHEIM, CALIFORNIA
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rent available is high—high enough to drive
the speaker or low-impedance phones.

Therefore, your question as to how a
solid-state device can operate a speaker
could have been “how a tube-type device
can drive a speaker.” Solid-state devices
have low output impedances. Therefore,
they naturally are fine drivers for loud-
speakers and low-impedance headsets. Be-
cause of this, there is no need for bulky
output transformers to match the imped-
ances of the amplifier to those of the speak-
ers or headsets.
Elimination of “’pops’ in a music system

Q. When my music system is rurned on
and the set is at normal listening level, a
change of setting of the function switch
produces a loud “pop” in the speakers.
In addition, when the tape monitor switch
is moced, “pops” occur.

How can the “pops” be eliminaed? W.
C. Harmack, Toledo, Ohio.

The problem of the “pops” in vour
equipment is not a new or a strange one.
The source of this problem is that as a
circuit is switched in, the coupling ca-
pacitor at the output of a piece of equip-
ment connected to the selector switch
charges up by wav of the arid resistor of
the particular stage fed by the arm of
the selector switch. The capacitor will
charge until the switch is in the proper
position—corresponding to a particular am-
plificr function, such as tuner. This is so
because the capacitor has no charging path
to ground. The rapid charging of the ca-
pacitor looks to the rest of the amplifier
just like any other audio signal coming
trom one or another of the input sources.

The casiest way to cure your problem is
to connect a 3-mecohm resistor to each
contact representing an input source on
the function switch—tuner, tape recorder,
phon(wmph and so on. Do not connect the
arm of this switch to ground. This con-
nection would accomplish nothing. Simply
connect each of the contacts to ground via
these 5 megohm resistors, one for each con-
tact. Repeat this same process for the moni-
tor switch. If the equipment is stereophon-
ic, then whatever is done on one channel.
should be duplicated on the other. In all
likelihood your problem will he com-
pletely eliminated.

Two Preampliers from a Single Cartridge

Q. Will you please show me how I can
split the output from a S-millivolt mono-
phonic cartridge having an impedance of
200 ohms, and feed it to two preanips
without significant signal loss or impedance
mismatch? L. B. Boger, Salisbury, North
Cuarolina.

A. To connect your cartridge to two sep-
arate preamps, use a Y-connector. Connect
the input of the Y connector to the
leads from the tonearm. Connect the two
outputs of the Y conneclor to the appropri-
ate preamp inputs. You can make these con-
nections with no ill effects because the
impedance of the cartridge is very low as
compared to the impedance of the preamp.
[Further, the low impedance of the cartridge
nullifies any losses in the interconnectin:
cables.

It may be necessarv to run a short,
heavy gmund strap hetween the two pre-
amplifier chassis so that hum can be kept
to a minimum. Pz
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The Lively Sound of 66! New from UNIVERSITY comemmon
— A lively trio of new, enjoyable compact 3-way
speaker systems. Modern Scandinavian styling in
rich, natural oiled walnut with contemporary boucle
grille. Three sizes that go anywhere.

Description — New high compliance 12"
The SENIOR 66 woofer, high efficiency mid-range, patented
Super Tweeter. m 30 watts IPM*. » 22-24,000 cps. ® 2334" x 157" x 11¥2"
D. m Brilliance/Presence control. m Selling Price $123.50

Description — New high compliance
The COMPANION 66 10" woofer, high efficiency mid-
range, new 312" wide-angle tweeter. m 30 watts IPM* — 24-20,000 cps.
® 24" x 1312 x 1112 D. m Brilliance Control. m Selling Price $99.50.

Description — Exclusive mass-loaded
The MINI'FLEX 66 long {hrlow woofer, direlct radiator mid-

SENIOR 66

range, new 312" wide-angle tweeter m 20 watts {PM* — 40-18,000 cps.
® 15" x 912" x 6 D. m Sealed air suspension system — ebony trim on
oiled walnut. m Selling Price $61.50

*IPM — Music Power

Listen to the lively 66’s at your franchised University dealer
today — ask him about his special component stereo systems
that feature University’s total lively sound of music. Send for
University’s newest catalog and guide to Stereo. Al free.
Write to Desk A.63,

MiaIFLEX 66

Listen—University Sounds Better

UNIVERSITY SOUND

A DIVISION OF LTV LING ALTEC. INC. 9500 W. Reno Oklahoma City, Oklahoma

Circle 107 on Reader Service Card
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SPECIAL
FREE OFFER

irom Tandbery

Two Stereo Speakers
Worth $9900

To introduce the superb Tandberg MINI-SPEAKER Modcl
113 Stereco Loudspeakers, you will receive a pair free of
charge when you buy a Tandberg Model 74B Tape Recorder.

A numbered certificate given to you at the time of your pur-
chase, together with your guarantee card, should be forwarded
to us. Upon receipt, we’ll ship two MINI-SPEAKERS direct
frec of any additional cost.

The new Tandberg MINI-SPEAKER has been specifically
designed to provide a high fidelity response. The MINI-
SPEAKER is housed in an attractive teakwood cabinet.
OUTPUT: 8 watts IMPEDANCE: 4 ohms
WOOFER: 6.5” TWEETER: 27
FREQUENCY RESPONSE: 60-16,000 cps

MINI-SPEAKER DIMENSIONS: 7” long x 9” high x 9" deep

The Tandberg Model 748 Tape Recorder offers you better,
clearer, more natural sound. If you don’t know where to get
your Tandberg Model 74B, write us for dealer list.

This special free offer begins Oct. 15 and expires Jan. 31,
1966 in the U. S. only.

TANDBERG OF AMERICA,INC.

P.0. BOX 171 / 8 THIRD AVENUE / PELHAM, NEW YORK 10803
Circle 109 on Reader Service Card
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LETTERS

We Get Around
Sm:
I must say that I have been favorably impressed by the
reacler reaction to my article, “Effect of power-line variation
on low-frequency operation of amplifiers,” which appeared in
the February issue. The replics to the article were for the
most part adnussions of similar problems and requests for
some form of cure.
However, the most remarkable reply to date is the letter
received recently I am told that the Reader’s Digest gets
around a bit—well, so does Aubto. Keep up the good work We
may have found another common bond between man—H; Fi.
Georce S. Leusten, Chf Engr,
Alpme Geophysical Associates, Inc
Oak St., Norwood, N J.

The Letter—

Sir:

I read your article in the I'chbruary issue of Auvmo with
great interest, since this is exactly the difficulty I am experi-
encing at present, with the mains nonunally known to be 110+
50 Hz, but temporarily dropping down to about 85 volts dur-
mg the evening hours, just when I have time for listening to
my records.

I have considered ferro-resonant a.c. regulation and/or
stabilization as a means of remedy ng this situation, but with
the lack of data at my disposal there is some uncertaint
about this on my part, which is why T am wnting vou about
|| SR

B. Tug,
¢/o Djl. Lemboh 78,
Makassar, Indonesia

(Aupnio has subscribers in many places unfami‘har to most
of us, such as Aden. Saudi Arabia, Southern Rhodesia, Nigeria
Libena, Cvprus, Congo, Thailand, Turkey, Pakistan, Macao,
Iran, Israel, and Surawuk, to name a few. Ep.)

AUDIO and Others
SIR:

I have enjoved Aunto since about 1956. I find the articles
interesting, although I have not tried any of the construction
projects, but I am looking very sertously at the transistor
oscillator which appeared last July. (We, too, with our usual
modifications. Ep.) 1 am particularly interested in transducer
articles since this is still a region for major improvement in
technology, perhaps less in speaker design now than in phono-
graph pickups.

I'd also like to see some basic electronics on transistor op-
eration and use so I can get the “feel” of transistors that I
have with vacuum tubes.

Finally, a word about another publication which I don’t
think is a competitor but apparently vou do—Stercophile. 1
should think that Mr. Holt would be allowed to advertise
in Auvbio. (He would, if he wanted 0. Ep.) Mr. Holt some-
times generates more heat than light (Something which Aunio
does not do), but there is a need for a publication of that sort
in the industry. When I want information on “how to do” or
“how does it work,” or “try this project at home,” T turn to
Aubto, but if T want some controversial reading, Stereophile
certainly fills the bill, and I think it could do with wider
circulation,

Guramman B Fuvron
Manchester, Conn.
Back Issues Available
Siz:

I have 75 issues of Aupio ranging from July, 1959, to Oc-
tober, 1965, all in cood condition, which 1 wish to sell for
the special lot price of $16.00 on a first-come, first-served
basis. Upon receipt of the $16.00, I will ship via REA Express,
transportation charges collect.

If vou know of anyone interested in such a compilation of
historical and technical know-how, please pass this ofler
along to him.

Jack M. MiLLEw
888 Fighth Ave.

New York, N.Y. 10019
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-202ES

THIS NEWEST DEVELOPMENT. .. PROVES
TWO HEADS ARE BETTER THAN ONE!

Rather than have a single microphone respond to
the myriad of frequencies imposed upon it at any
given time, we sought an alternative.

The result is embodied in the new D-202ES micro-
phone. This revolutionary development contains
two independent capsules, optimally adjusted to
specific ranges. One responds to the low frequency
range, and the second capsule—to the high fre-
quency range with a built-in cross-over network at
500 cycles. The frequency response curve is prac-
tically linear between 30 and 15,000 cps and is
extremely smooth. Front-to-back discrimination is
greater than 20 db over the entire frequency range
and the 90° curve is completely parallel to the
0° curve.

The D-202ES is ruggedly constructed and includes
a new sintered bronze cap which functions as a
wind and dust screen. Its specifications follow.
Its performance is unexcelled. Need we say more?
Send today for more information.

SPECIFICATIONS

30-15,000 cps.
+ 2db

Cardioid

—20 db minimum

Frequency range

Frequency response
Directional characteristics
Front-to-back discrimination

Sensitivity —53db (0.2 mV/u bar)
Impedance 200 ohm
Bass attention 0to—20dbat 50cps.
Connections  Cannon XLR
Dimensions  8Vz in. long
Weight 912 oz.

A product of AKG research, Vienna.

/ FREQUENCY RESPONSE CURVE
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Shock Mount
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System
Protective Cap
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Mass Tube
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Switch
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Bass Roll-Off
Switch 3
e .

Rear Sound Openings,
with Windscreen

ACTUAL SIZE

PROFESSIONAL
SOUND PRODUCTS

/Vore/co®

NORTH AMERICAN PHILIPS COMPANY, INC.

Protessional Products Division, 100 East 42nd St.. New York, N.Y. 10017 }
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Who Says
Great Stereo
Components

Aren’t

Decorator

Designed?

Meet the new Empire Royal
Grenadier...first speaker
system designed and engi-
neered in sight and sound
for stereophonic reproduc-
tion. Lets you sit anywhere
—hear everything. Its regal
shape projects a majestic
sound unlike any you've
ever heard before. A 15"
mass loaded woofer,
world's largest ceramic
magnet structure and die-
cast full dispersion acous-
tic fens allow you to enjoy
the highest fidelity of mu-
sic plus phenomenal stereo
separation from anywhere
in the room.Speaker place-
ment non-critical. For a
sound demonstration go
'round to your dealer or
write for complete color
brochure.

Empire Scientitic Corp. ¢ 845 Stewart Ave., Garden City, L. [, N. Y,

Circle 108 on Reader Service Card

LIGHT LISTENING

On a Clear Day You Can See Forever (Original
Broadway Cast)

RCA Victor LSOD 2006
The 196566 musicals on Broadway
will have to do better than this show if
they hope to make any real dent in the-
atrical history. “On a Clear Day” was
expected to kick off the new season in
hit form because it is a product of two
great names in the Main-Stem firma-
ment. Alan Jay Lerner has provided the
book and lyrics. Now that Frederick
Loewe, his former partner, is no longer
active as a composer, Lerner has teamed
with another grcat Broadway tunesmith
for this show. “On a Clear Day’” boasts
music by Burton Lane, still very well
remembered for the great tunes he con-
tributed to “Finian’s Rainbow.” Al-
though these two had collaborated once
before (a 1951 motion picture called
“Royal Wedding”), this was to be their
first Broadway production. It would be
a pleasant duty to greet their latest
effort with the cheers their reputation
deserves. Instead, “On a Clear Day”
spins a tale of extrasensory perception
that baffles most of the senses this re-
viewer can bring to bear in following it.
Without the visual bencfits of costume
change, the home listener is hard put
to figure out the action as it shifts be-
tween the twentieth and cighteenth
centuries. Perhaps the major weakness
is a score that can boast only one pass-
able candidate for musical honors, a
nice ballad called “Melinda.” Too many
of the other tunes are tritc beyond be-
lief for a composer of Lane’s stature.
It would seem that my reaction to the
show album is shared by some potential
ticket buyers in New York City. De-
spite a healthy advance sale, reduced-
price seats for the show hecame avail-
able through local channels the first
week in November.

Art Buchwald
Capitol T 2205
Here is one debut on records that
should please anyone susceptible to adult
humor. Art Buchwald has long heen one
of the funniest men in daily print. His
vocal delivery is equally devastating in
this Capitol taping of one of his regular
lecture appearances. The college audi-
ence at the taping session is with him
all the way. Buchwald, a far-from-inno-
cent native of Mt. Vernon, N.Y., first
gained fame as a free-wheeling colum-
nist writing from Paris for the New
York Herald Tribune. His fourteen-year
stay in Europe equipped him with an
oversized air of detachment which he
then proceeded to apply to American
foibles upon his return here. By now
he’s hecome one of the best political
humorists since Will Rogers. Somewhere

12 Forest Ave., Hastings-on-Hudson,
I N.Y. 10706

ABaTA6 R AH AaAIKMHADD Y

Chester Santon

along the way, Buchwald developed an
economy of expression that is the hall-
mark of truly biting satire. There's
hardly a non-working word to be found
in the narrative of his career that
opens the record or the rest of the
topics roasted in the course of the disc.
Buchwald’s successful debut as a record
comedian is helped by a low-pressure
style that avoids gags as such while
rambling through his slightly outlandish
experiences with a disarming air of
surprise.

Skitch . . . Tonight!
Columbia CS 9167
Here’'s a quirk you don’t encounter
very often in today’s dog-eat-dog enter-
tainment world. In this fine recording
the Columbia Broadcasting System,
through its Columbia Records subsidi-
ary, is boosting the Skitch Henderson
orchestra which appears nightly on the
“Tonight” TV show seen and heard over
the facilities of the National Broadcast-
ing Co. On the basis of this disc, I would
say that NBC's arch rival is doing more
for the Henderson band with this re-
lease than its home network manages
in weeks of broadcasting. It is no fault
of the band that it finds itself pretty
much in the background while Johnny
Carson’s “Tonight” guests hold forth on
the show. There are top men in the
band and this record shows it. The
smart arrangements prove this orchestra
can hold its own with the best of them.
Imaginative novelties occupy much of
Henderson’s attention in this program.
His sense of humor flows easiest in
“Tootie Flootie,” an arrangement for
four regular and an alto flute. Equally
impressive is the fact that the band
doesn’t lose any of its sophistication in
the “weightier” swing tunes.

Percy Faith Strings: Broadway Bouquet
Columbia Tape €CQ 754
It is an established fact among tape
(and record) fans that Percy Faith has
released some of the finest performances
available in the lighter fields of music.
The resourcefulness of his arrangements
and the manner in which they are exe-
cuted place him in a unique niche. This
happy state of affairs goes back to early
days of stereo tape when two-track re-
leases were considered a semi-luxury
medium. In recent years Faith's style,
along with that of Kostelanetz and a
few other Columbia stars, gradually un-
derwent a significant change—a change
calculated to make him more popular
with the teenage crowd. For a post-
teenage reviewer such as this one, it's
a pleasure to find him back in his regu-
lar style of music making in this wide-
ranging collection of Broadway favor-
ites. The sorcery in the handling of
high, middle, and low strings tends to
(Continued on page 56)
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Over-Engineered & Under-Priced!
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This Remarkable New HEATHKIT® FM Stereo Receiver
Has 5 uv Sensitivity, 30 Watts Music Power,
All-Transistor Circuitry, and Costs Just $99.95*

Only Your Pocketbook Can Tell The Differ-
ence . . . between the superb solid-state
performance of this new Heathkit AR-14
Receiver and its low price. Here for the
first time is a truly fine sterco receiver for
under $100. With #o component skimping.
And no circuit short-cuts.

How Can We Do 1t? First, famous Heuath
know-how that’s been responsible for the
best value in hi-fi components since 1949,

Second, you buy direct from the factory
(dclivered right to your door) . . . no
middleman profits to add to the price.

Third, you build it yourself in around 20
hours. Thus, labor costs are climinated.
And building it is haif the fun. Takes no
special skills or knowledge. Simple Heathkit
step-by-step instructions and large pictori-
als show you what to do, and how to doit

. even how to solder! The tuner “front-
end” is already preassembled & aligned.
You just assemble two circuit boards,
mount some parts on the chassis, and wire
the controls. So easy anyone can do it. And
what better way to sce what it’s made of?

Advanced Solid-State Circuitry. The AR-14
uses 31 transistors and 11 diodes for that
clean “‘transistor sound”, cool operation
and long life . . . no tube deterioration.

Its new transformerless output circuit is
known as complementary design. Each
channel uses two output transistors—a
PNP type. and an NPN type—complemen-
tary. This has proven superior, exhibiting
lower phase shift, wider response, and

lower distortion. All power transistors are
adequately heat-sinked for long life.

The FM multiplex tuner circuit uses a 3-
transistor “‘front-end” and a 4-stage 1F
section.

15-50,000 cps Response . . . Sensitive Tun-
ing. Two prcamplifiers and two power
amps provide a frequency-power response
of + I dbfrom 15 to 50,000 cps . . . and at
full power in both channels, thanks to a
generous power supply design. And there's
plenty of power to drive all but the most
inefficient speaker system . . . 30 watts IHF
music power or 20 watts RMS at 4 and 8
ohms output, slightly less at 16 ohms. Its
sensitive FM tuner cagerly sceks stations,
far and near . . . and you’ll like the easy
way the flywheel dial glides across the
band. For beat-free tape recording, the
tuner outputs are filtered.

Front-Panel Controls For Full Command!
Include a 6-position source switch to handle
the tuner, plus your tapes and records,
sterco or mono; dual-concentric volume
contral to individually adjust each chan-
nel; a tandem treble control with push-pull
AC power switch; tandem bass control
with push-pull speaker on-off switch for
use when listening with stereo headphones
from the convenient front panel jack;
stereo phase control for 45 db or better
separation; and automatic stereo indica-
tor light.

Bookshelf Size, 3-Way Installation. Mea-
sures just 37" Hx 154" Wx 12"D ... a

boon for limited spaces. Its handsome ano-
dized extruded aluminum front panel fits
neatly in a wall, your custom cabinet, or in
cither optional Heath walnut veneer or
beige steel cabinets. Marry it with two
speakers and enjoy. Use the coupon to
order yours now.

Kit AR-14, 15 Ibs., less cabinet. .. .$99.95
AE-55, 4 Ibs., walnut veneer cabinet. . $9.95
AE-65, 5 Ibs., beige steel cabinet. . ..$3.95

Available As Stereo Separates!

Kit A)-14 FM/FMX Tuner . ., . $49.95!*
Same fine tuner performance as the AR-14.
Assembles in just 4 to 6 hours! 14 transistors,
5 diodes.

walnut cab. $7.95, metal cab. $3.50. 6 Ibs.

Kit AA-14 30-Watt Amplifier . . . $59.95*
17 transistors, 6 diodes. Performance and fea-
tures equal to AR-14’s amplifier section. As-
sembles in around 10 hours.

walnut cab. $7.95, metal cab. $3.50. 11 Ibs.
*less cabinet

FREE! 1966 Heathkit Catalog! | Heath Company, Dept. 41-1 |
LIS N Benton Harbor, Michigan 49023 l
HEATHKIT 1966 Contains descriptions and . . @

o . . - lus sh ng.

rw P e specifications of the AR-14 [J Enclosed is $ piu 'ppIng l

e and all Heathkit Sterco/ Please send model(s) . = - I
bl IiiFi plus250 other Heath- [] Please send FREE 1966 Heathkit Catalog. |
- zﬁ J. | kits. Use coupon, or write | N |

s [ v | Heath Company, Benton ame - == T
-?i'w Harbor, Michigan 49023 for | Address. _ e = o o _ ]
“#your FREE copy! city . state o Zip ]
Prices & specifications subject to change without notice. HF-189 I
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SOUNDMEN GET

SOUND ANSWERS
FROM

FAIRCHILD!

O "o
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FAIRCHILD DYNALIZER MODEL 673

The newest approach for the creation of
“apparent loudness’’—the Dynalizer is an
automatic dynamic audio spectrum equal-
izer which redistributes frequency re-
sponse of the channel to compensate for
listening response curves as developed
by Fletcher-Munson. Adds fullness and
body to program material.

NEW! FAIRCHILD BASS-X -

A dynamic low frequency roll-

off ‘filter — that can roll off 1!
high level low frequency infor-
mation, starting at 500 cycles,
with a maximum obtainable
attenuation of 12 db at 30
cycles. Device is automatic, is
in use only when needed —
therefore it does not alter |,
overall apparent low end

response to the ear. THE FAIRCHILD
BASS-X allows higher levels to be main-
tained in disc recording, and particularly
assists AM stations in increasing their ef-
fective signal by automatically controlling
the often troublesome low end response.

= FAIRCHILD CONAX

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

FAIRCHILD LIMITER MODEL 670

Fast attack stereo
limiter (50 microsec-
onds) with low distor-
tion and absence of
thumps. Sum and
difference limiting
position eliminates
floating stereo image.
Includes regular channel A and B limit-
ing. Dual controls, dual meters provided.
Used throughout the world. (Mono model
available).

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

FAIRCHILD

RECORDING EQUIPMENT CORPORATION
10-40 45th Ave.. Long Island City 1. N. Y
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Edward Tatnall Canby

i | SOLID-STATE MICRO-VALVE

I's been quite a while since 1 started
using the pickup which is surely the most
“revolutionary” in the last quarter-cen-
turv—at least in principle, the one which
applies a transistor valve to the transduc-
ing job that starts at the stvlus tip. The
Euphonics Miniconic phono cartridge is
the gadget and, though it was not exactly
a brand new sensation when 1 got to it,
I felt immediately that here was a fun-
damental innovation of a sort T could not
alford to pass by. For in this cartridge
the stvlus operates not as a gencrator, but
as a true valve. This is in eflect an ampli-
fier-transducer, the signal input a phvsical
vibration, the outgoing signal a modulated
biasing current. The solid-state element—
called covly the Pixie—is thus basically
unlike the equally solid-state ceramic or
cr)stul unit, which is a strain-sensitive
generator, not a strain-sensitive valve.

Now this is a wow of an idea! And (as
Luphonics savs, with no more than the
asual commercial modesty), as modern as
tomorrow. It brings a variant of the tran-
sistor, a silicon element, to still one more
basic segment ol the hi-fi svstem. In
truth, it does provide some mighty im-
pressive ud\'antagos. Too many to go into
in detail (and, as always, this is done
much better by my more technical col-
leagues) —but what impressed me especial-
lv was (a) the extremely small size of the
silicon unit itself, the business end of
which is actually smaller than the dia-
mond stylus, and (b) in contrast, the re-
inarkable over all potency ol this bias-
current arrangement, which prodnces a
signal out of the stvlus motion ‘with (they
say) some 10,000 times the efficiency of a
magnelic. Extremely tiny physical size,
relatively whopping output! That’s some-
thing. And most impressive of all is the
principle, which at last frees the stvlus
froni the onerous job of clectrical genera-
toi. Now, it merely operates an electrical
valve—it is the mechanical “grid” which
controls “plate” cnrrent.

That is the same basic step, vou sec,

| as we took “way back in the Twenties

wlien we removed the mechanical styvlus,
the old phonograph “ncedle,” from the
nasty job of acoustic sound-generation.
Until then, acoustic output depended di-
rectlv on stylus energv. Afterwards, we
could amplify a given stvlus signal to any
degree, from outside sources of energy.
But, through all these succeeding vears,
the pickup cartridge itself has remained
a basic generator, electrical instead of
mechanical.

WWW ArBaiacrasdiadiadtistory com

Now—FEuphonics  reduces mechanical
work to the ultimate minimum, or almost.
The tiny physical motion of the unusually
small stylus assembly, controlling the sili-
con valve, is all that is left. (“Beam-of-
light” or electron-beam groove tracking?
That would eliminate all physical motion
from the input end of the disc svstem;
we often liear of it, but nobody vet seems
to have figured how to track a groove
without physical contact. Maybe somebody
will invent a groove “carriage,” which will
ride along the groove and carry on itself
an electron beam or something, aimed in-
to the groove which is being tracked but
—somehow-—uncoupled from its physical
vibrations. Ugh. Makes me see double
just to think about it.)

So—this would seem to be “it.,” this
Euphonics principle. More power to the
idea.

It remains, when such an idea is put in-
to practice, clothe it in reality. This the
Euphonics people have done, in the two
basic senses. First—the unit itsclf, the sili-
con valve and the stvlus attached to it
mounted in a workable cartridee head.
Plus optional power supply (until the hias
or “plate” supply is available on standard
amplifiers).  Sccond, the associated  arm
and assorted optional equipment to adapt
the arrangement to existing home or other
plaving svstems.

Sometimes 1 think these relatively un-
exciting but necessarv after-jobs are the
most important of all—-for they make o
break the commercial embodiment of an
idea. And the more radicallv new the
idea itselt, the tougher is the assignment.

I won’t soon forget. for instance, the
earlv and pioneering Vico transistor am
plifiers. in which the new revolution in
solid-state amplification was embodied in
such grotesquely miscalculated inputs, out-
puts, impedances, and what-not that it
was very nearly impossible to get a us-
able signal from a standard pickup to a
standard  loudspeaker. Just minor petty
matters, for the most part, and a lack of
experience in the crude realities of the
hi-fi field as it then was.

All T need to sav, then, is that—all
things considered—the  Fuphonic  people
have done a very good job in this vital
respect. I received a fairly early sample
of their complete integrated arm-and-cart-
ridge, the Miniconic TK-15-1.S (the fan-
cier of two alternalive cartridge types—
the P models have conical instead of bi-
radial, or elliptical, tip) and T experienced
merely the normal Canby quantity of
agony in the throes of installation and rec-
ord listening.

»
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The new Sony Solid State 350 adds professional performance to home entertainment systems

Selecting the brilliant new Sony Solid State 350 to fulfill
the stereo tape recording and playback functions of your
professional component music system will also endur-
ingly compliment your impeccable taste and passion for
music at its finest. With an instant connection to your
other stereo components, the versatile two-speed Sony
350 places at your pleasure a full array of professional
features, including: 3 heads for tapc and source monitor-
ing. Vertical or horizontal operation. Belt-free, true
capstan drive. Stereo recording amplifiers and playback

pre-amps. Dual V U meters. Automatic sentinel switch.
Frequency response 50-15,000 cps # 2db. S.N. ratio
plus 50db. Flutter and wow under 0.15%. Richly hand-
some gold and black decor with luxurious walnut
grained low profile base. This remarkable instrument
is yours at the equally remarkable price of less than
$199.50. Should you want to add portability to all
this, there’s the Model 350C, mounted in handsome
dark gray and satin-chrome carrying case, at less than
$2195O For information write Superscope, Inc., Sun Valley, Calif.

SONY SUPERSCOPE The Tapeway to Stereo 3

Portable Model 350C

Circle 110 on Reader Service Card
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ROBERTS

710 STEREO
TAPE RECORDER

N\
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PLAYS THE NEW LP STEREO SPEED OF TOMORROW—174IPS

O

-

PLAYS ALL 4 STANDARD SPEEDS

22,000 Cycle [] Sound-with-Sound, Track Adding
Cross Field Response
1 FM Multiplex Ready

"] Electrical Speed Control
20 Watts of Flawless Stereo ] Automatic Shut-off

Two 7" Speakers

This superb instrument is a hallmark of tape recorded enjoyment in the home.

A DIVISION OF RHEEM MANUFACTURING COMPANY, WITH 75 PLANTS ARQUND THE WORLD

12
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% ROBERTS

5922 Bowcroft Street. Los Angeles, California 90016
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FFor example, the instant mv big fingers
touched the removable plug-in cartridge
head, it came out of the arm socket—
but in the wrong place. The plugged part,
four neat little flat contacts, staved in the
shell. The rest pulled out—and the tiny
wires . . . well, luckilv I had my most
skillful assistant on hand and he wuas able
to micro-solder things back together again.
Just one of those little details. Then I
discovered an odd faculty of the light
weight tubular arm, which is mounted
via a single short protruding bearing rod
that sits in a hole, with a thinner side
rod which acts as a detent to keep the
arm from turning too far in either direc-
tion (yes, it is adjustable). The front end,
when not working, goes into an arm rest
of U-shaped plastic and is clamped there
by light friction. Unfortunately for me,
cvery time I tried to push the arm into
this arm-rest socket the rear end heaved
itself up and out of its bearing hole and
the whole durned arm flopped over, dead,
with the tinv connecting wires dangling
dangerously loose! Again, a minor matter
(though a miscalculation on somebodv’s
part) and T soon learned to live with
this tvpe of accident-proneness.

But what does it sound like? Well, 1
hardly need say that both my ears and
that of corroborating witnesses testify as
to the expected high quality sound avail-
able from this silicon-valve svstem. Clean
—but ves. It is plus-or-minus 2 db 20-to-
20,000 in the specs, and responds from
“d.c. to beyond 50 kHz.” It definitely
sounds that way.

Moreover, the entire stylus unit is ex-
tremely light in mass—the diamond is
held direct (nude is the lovely word)
rather than mounted in a bulky metal
strround. That most definitely is a fine
idea, and precisely what everv cartridge-
maker works towards, as well as he is
able to with his particular design. The
non-generator  stvlus,  though, can  be
smaller than most—and thus sonnd clean-
er. And the system itself is simpler than
most, as well as lighter. Even simpler
than a ceramic generator array.

In actnal practice I found that the main
working problems with this pickup as-
sembly were like those of every other
very modern lightweight, ultra-wide-range
unit. The thing sticks to vour fingers
when vou trv to put it on the record, it’s
so light. Tt fouls itself in microscopic
swirls of dust and skips grooves when it
hits the tiniest trace of a grit-mountain-
just like most new pickups todav. And 1
did notice that with an ontput down to
d.c, this cartridge is likely to show up
any and all low-frequency deficiencies of a
mechanical  sort.  Acoustical  feedback
through the floor, for instance, gives a
beautiful and destructive h-b-h-blat at
around 8 Hz if I accidentallv turn the
volume ’way up. through my 100-100
solid-state amplifier. Phew!

These are not in any wav to be con-
sidered serious impediments. And the price
for the whole system is decidedly reason-
able—this is not an inherentlv expensive
type of pickup, except insofar as it s
polished up to Iaboratory tolerances of

(Continued on page 57)
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ONLY 4% OF RECORDED SELECTIONS® TAKE UP MORE THAN

ONE DISC.

WHET

ER YOU USE A CHANGER OR A MANUAL TURNTABLE,

THE REMAINING 96% MUST BE TURNED OVER BY HAND.

AUDIO

Should you buy a turntable or a record changer?

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

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

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

5% higher in the West and Deep South

ACOUSTIC RESEARCH, INC.,

24 Thorndike Street,

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

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

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

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

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

cover, but less cartridge, 33%; and 45 rpm

Cambridge, Massachusetts 02141

Circle 115 on Reader Service Card

JANUARY, 1966

13

WAMAL AReacinradpdiahistan. com



ABOUT MUNIG

KABI LARETEI—A TALKING
PIANIST

TuE woaAaN in the red dress who
walked onto the stage of Carnegie
Hall had the sharply defined features of
a Katharine Hepburn and the erect posture
of a hallet dancer. Turning to the audi-
ence to acknowledge the applause, she
announced, in a conversational tone that
seemed to reduce the large auditorium to
an intimate salon, that the work she was
to perform—Hindemith’s Ludus Tonalis—
had been described as a modern counter-
part of Bacl’s Well-Tempered Clavier.
Familiar to advanced piuno students every-
where, it nevertheless remained unknown
to the average music lover. She wus de-
termined to remedv the situation. Later
she would invite the audience to ask her
questions about the music and wonld re-
peat sections of the work upon recjuest.

More applause. Then Kiibi Laretei, wife
of the celebrated fihn and theatrical direc-
tor Ingmar Bergman, sat down and plaved
through the hour-long collection of tugues
and interludes with no more than a two-
minute hreak. According to the New York
Times, her performance revealed “the
varieties of mood and appeal offered by
the fugues [and made much] of the vir-
tuosity, wit, winsomeness, and tenderness
contained in the interludes.” The audience
responded warmly. After several curtain
calls, Miss Laretei held up her hand to

*152 L. 62nd St., New York, N.Y. 10021
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stop the applause. In a light clear voice,
she said that, according to the printed
program, the question-and-answer period
was to follow the intermission; but wonld
the andience like to dispense with the
break and go on with the program. “No
intermission!” came the shouted replv.
Beaming, the pianist invited those in the
rear of the orchestra to move forward and
occupy seats closer to the stage. (The
hall was only partially tull due to the
recently concluded New York newspaper
strike.)

It should be pointed out at once that
snch u procedure is highlv unorthodox at
Carnegie Ilall where artists seldom speak
to the audience except to announce en-
cores in telegraphic stvle: “Chopin
Mazurka . . . A minor.” Miss Laretei's
break with recital-hall tradition made for
a refreshing musical evening.

Good looks, poise, and solid pianistic
talent have made Kibi Laretei the most
popular musical performer on  Swedish
television a sort of female Leonard
Bernstein. She enjovs sharing her enthu-
siasms with her audience, demonstrating
passages Lo point up her talks,qnd gen-
erally advancing the cause of classical
music. But she is more than an articulate
exponent of her art. A pupil of the late
Edwin Fischer, Miss Laretei has impres-
sive credentials as a concert artist. She
made her dcbut in Stockholm in 1946,
and soon began touring with principal
orchestras in Sweden and throughont Scan-
dinavia. Engagements as a recitalist and
with leading orchestras in Europe and

The author dis-
cusses the score
with Miss Laretei
during the re-
cording session.

WWW._areecineatrdiahistony com

Lingland consolidated her position on the
musical scene. But it was during an English
tour that Miss Laretei first discovered her
special abilities as a “talking pianist.” Her
television debut on the BBC was a re-
sounding success and led to a series of TV
programs in Stockholm. Since then, Miss
Laretei has become known in Sweden as
“Mrs. Music” because of her programs of
talk and music for children and adults,
and her frequent recitals and concert ap-
pearances.

Despite her broad concert and TV ex-
perience, Miss Larctei has made few re-
cordings. But when Philips Records en-
gaged ler to record Ludus Tonalis two
davs after her Carnegie Hall performance,
no one expected her to sulfer from mike
fright. Earlv on the afternoon of the first
session, she wrrived at the studio for a
warm-up. Miss Laretei wanted to accus-
tom herself to the acoustics of the studio,
formerly the ballroom of the Great North-
ern Hotel. Apart from the construction of
1 glass-paneled  contiol booth, and coats
of white paint, the hall had not been
‘treated”; the sconces, chandeliers, Auted
columns, and hardwood floor combined
to give the room a bright, reverberant
sound, more “live” than that of most
studios.

“Too much glitter, not enough warmth,”
was Miss Lavetei’s reaction after playing
a movement from the work we were to
record. Engincers and technicians rolled
out bright crimson carpets al various stra-
tegic places on the polished floor. After
another test, Miss Laretei said that the
damping had improved the sound con-
siderably, but that it still seemed blurred
from her vantage point. A rug was moved
closer to the piano, and another placed
under the piano stool.

Inside the control hooth, two three-track
Ampex tape machines were loaded and
readv to go. The three Telefunken micro-
phones (3 201) were arraved evenly along
the side of the piano and between six and
seven feet above the floor. Miss Laretei
was asked to play the Pracludium, which
covers a wide dynamic range from the
brilliant opening to the toccata-like suc-
cession of broken chords, the lvrical Arioso.
and the solemn, broad conclusion.

The first thing a recording producer
listens for as the sonnd emerges from the
monitor speakers is balance. Are all the
registers of the piano in proper perspective?
In the first page of the music, it was ap-
parent that the sound was bass-shy. En-
gineer Robert Eberenz lowered the right
microphone, moved the hoom forward
slightly, and the hass notes became notice-
ably rounder and had more bodv. We
turned to the treble: not enough presence;
more reflected than direct sound. The left
microphone wus brought closer to the
instroment. Now the mechanical action of
the pedals and hammers was obtrusive
and the pickup brittle. A half-way  point
was selected (a matter of inches) and
instantly the sound improved: we had
gained presence without the ear-on-the-
strings percussiveness that mars so many
piano recordings The same procedure was
repeated  for the middle register, after
which we listened to the over-all balance.
The tests consumed 45 minutes of our

(Continued on page 67)
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EDITOR’S REVIEW

HENEVER WE TIINK OF IT in time to make the

January issue, we like to list all of the high

fidelity shows which are definitely scheduled
lor the coming year by the time the issuc goes to
press. In order to make such a listing complete, we
must include those shows all over the world, as well
as the more familiar ones in the U.S. In addition to
those shows which are strictly hi-fi affairs, there are a
few others which are of general interest to the elec-
tronics world, and those, too, we list.

The first hi-fi show scheduled is in Philadelphia, at
the Benjamin Franklin Hotel, on February 18, 19, and
20. We'll be there.

Next comes the Festival du Son, the fifth hi fi show
to be held in Paris, from March 10 to 15. This is fol-
lowed by the Los Anmles High Fidelity Music Show,
which takes place hom Malch 27 thl()utfh April 3.
Jumping over the Atlantic again, we encounter the In-
ternational Audio Fair and High Fidelity Show at the
Lussell Hotel in London, April 14 to 17. Coincidental
with this is the U.S. Department of Commeree exhibit
of U.S. products, to be held at the U.S. Trade Center
in London from April 14 to 22. Some 37 brands of
American-made hi-fi gear are slated to be shown to
the British for the first time by a U.S. Exhibit.

Aupro will most certainly be at the U.S. Show in
London, since we will include, in our March issue,
the complete program of the exhibit, together with
some historical material about the U.S. shows held so
far in Frankfort, Milan, Tokyo, and Bangkok. And
since we will be on the scene, we will certainly be
able to visit the local event as well. With two shows
vying for the attention of the British buft, they should
go all out to be as interesting and attractive as pos-
sible.

Back to San Francisco on April 18 for the THF show
which Jasts from the 18th to the 25th. Obviously,
Aubto will have to be represented there, as well as in
Los Angeles.

Next in the list of hi-fi shows is the BIG one—New
York. This is scheduled for the fall, and is the most
looked-forward-to show of the year. This one is sched-
uled, but where and when are not vet specified.

In addition to the hi-fi shows, but of interest to clec-
tronic engineers, there is the Salon International des
Composants Electroniques, to be held in Paris from
i'eb. 3 to 8. And the enormous Messe in Hanover takes
place from April 30 to Mav 8. And of course we
1nustn’t overlook the IEEE show in New York from
March 21 to 24. National Electronics Wecek, the suc-
cessor to the old Chicago “Parts Show” is scheduled
for May 30 to June 5 in San Francisco. Then comes the
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Music Show—increasingly important to the audio in-
dustry—to be held in Chicago from July 10 to July 14.

That is an impressive list—it would appear that the
coming year will signal the coming of age of the en-
tire ]11(rh fidelity l)usmcw We look f(nwald to an in-
tucstm(f 12 m()ntlts which should bring a greater
awareness of lngh ﬁdclity and an enormous upsurge of
video home recording.

GERMAN TRIP

There is a possibility—and so far, only that—that a
trip will be offered through Germany to visit a num-
Ler of audio equipment manufacturers, much in the
footsteps of our own visit there in 1964, This will be
made available to anybody interested (if it does ma-
terialize) and it is expected that it will follow immedi-
ately the U.S. Department of Commerce exhibit of
U.S. hi-fi gear in London. As soon as any turther in-
formation is available, you may be sure that you will
read about it here.

HOME VIDEO RECORDING

Although video recorders are “just around the cor-
ner,” even though some are now available, we find an
enormous interest in the whole subject. Primarilv the
recorder mechanism is the same breed of device as an
audio recorder, with the added feature of the rotating
head. As a matter of fact, the first one we got our
hands on got rather a beating in shipment, but we had
it running right off the bat \\lthout ever looking mto
the instr uctlon book—a pr actice we don’t 10commend
That is to say, we had it running and recording audio,
and it was obviously playing back, but no picture. The
record circuitry had been damaged. The monitor
worked, and we could tell that thc playback was op-
erating. We are trying to get over the point of its han-
dling essentially like any other recorder.

Basically the techniques do not differ appreciably
from those of an audio recorder, as far as the operator
needs to know. But the whole operation opens up a
new vista of things to do—anyone who has photog-
raphy as a second hobby will be fascinated by what a
video recorder can do, and how well it does it. We
haven’t begin to exhaust the possibilities—one of our
first interests now is the construction of a video cam-
era—just for the fun of it.

And that is, atter all, why we have hobbies—some-
thing we can “work” with (read that “play,” it vou
like) and derive enjoyment from it. We are ce rtamlv
enthusiastic over the prospects of home video, and we
think you will be, too.

I3
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Capture natural sound with Plickering.

AUDIO

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

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

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

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

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

PICKERING—for those who can [hear] the difference,

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

Circle 118 on Reader Service Card
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Compare these Sherwood features and specs! ALL-SILICON reliability. Noise-threshold-gated automatic FM Stereo/mono switching, FM stereo light, zero-center
tuning meter, FM interchannel hush adjustment, front-panel stereo headphone jack, rocker-action switches for tape monitor, mono/stereo, noise filter, speaker
disconnect and loudness contour. 100 watts music power (8 ohms) @ 0.3% harm distortion. IM distortion 0.1% @ 10 watts or less. Power bandwidth 12-35,000 cps.
Phono sens. 1.8 mv. Hum and noise (phono) —70 db. FM sens. (IHF) 1.6 uv for 30 db quieting. FM signal-to-noise: 70 db. Capture ratio: 2.4 db. Drift +.01%,.
40 silicon transistors plus 14 silicon diodes and rectifiers. Size: 163% x 4% x 14 in. dp.

V-Vacuum
Tube
S-ALL-SILICON
T-Germanium
Transistor

Bogen RT 8000

Dyna FM-3, PAS-3, & S-70
Fisher 600 T v

Harman-Kardon SR-900

Mclntosh MR71 & MA230

Reference T (above) may include some silicon transistors.

Figures above are manufacturers’ published specifications
oxcept (*) which are published test findings.

SHERWOOD SPECS

SPEAK FOR THEMSELVES

SHERWOOD S-8800 ALL-SILICON

100 102 104 106 108 WC

vatance

YTy

S$-8800 100-watt FM ALL-SILICON Receiver
$359.50 for custom mounting

$368.50 in walnut leatherette case
$387.50 in hand-rubbed walnut cabinet s

Sherwood Electronic Laboratories, Inc., 4300 North California Avenue, Chicago, Illinois 60618 ‘Write Dept. Al
Circle 119 on Reader Service Card
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Push-Pull Drive from a
Split-Load Stage.

GEORGE FLETCHER COOPER

To obtain optimum performance in transistor driver stages, it is necessary
to make thorough analytical checks on the various operating conditions, in-
vestigating drive current and voltage, and the resulting source impedances.

HE USE OF A LOW-IMPEDANCE DRIV-
TER to provide a wide frequency

response from output transistors of
limited beta cut-off frequency is re-
ported to give an improved frequency
response. A very elementary analysis
shows that this is true, but as I pointed
out in an article recentlv (Transistor
Output Stages Aupio, Oct. 1965), the
advantage mav be just an illusion. Mv
reasons for suggesting this are that dur-
ing the interval between the end of the
alpha rise-time and the end of the beta
rise-time the driver stage will nced to
produce an excessive amount of drive
current. On the other hand the drive
current at the high frequencies with
which we are concerned will normally
be verv low and this may save the sit-
wation.

If we accept the limitations of this
kind of system, which certainly offers
the possibility of producing power out-
put stages with the cheapest power
transistors. should we limit owrselves to
the use of the common-collector driver?
Once we accept the fact that we may
well need a rather large drive cwrent
we see that the common-collector stage
in the form to which a correspondent
has drawn mv attention is not partic-
ularlv  convenient. This form uses a
1:1:1 transformer to drive the push-pull
ontput stage and is almost equivalent
to using a p-n-n/n-p-n nhase-splitter as
a common-collector drive pair except

Fig. 1. Basic form of split-load stage.
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Fig. 2. Tne split-load stage displayed as a feedback amplifier.

that the single transistor must be oper-
ated in class A.

The more 1 think about this circuit
the less I like it. We have guained the
very tight coupling of the trifilar trans-
former at the cost of running the drive
transistor inefficiently with a particular-
ly non-optimum load. One day I must
take up a remark by Mr. Crowhurst in
the Mav, 1962, issue of Autnio on this
matter. The point at issue, however, is
that we need to get plenty of power
from our driver and we must try to give
it a reasonable load. As usual, a gronund-
ed-emitter stage will give us an exces-
sive source impedance while a ground-
ed-collector stage needs too much
voltage drive to operate efficiently.

This situation is one which calls for
the use of a split-load circuit. There is
nothing which is fundamentallv special
about this circuit, nothing which jus-
tifies giving it an individual name, ex-
cept the fact that in applying feedback
around a conventional stage the circuit
has been so simplified that it is not
practicable to break the svstem down
into an amplifier and a feedback path
which can be treated separatelv. Since
we must analvze the circuit as a simple
unit and since we must write something
at the head of the page, this circuit has
a name.

AArBadaGRaHiadikie S by

General Circuit Configuration

The basic circuit is drawn in Fig. 1.
The load is coupled to transformer
windings in both the emitter and col-
lector circuits of the transistor and is
thus split, as it were, between the emit-
ter and collector. The transistor is
therefore acting as something between
a common-emitter stage, which would
have all the load at the collector, and
a common-collector stage, which would
have all the load at the emitter. The
properties of the circuit are thus likely
to be intermediate between the two con-
ventional forms and we shall see that
this is indeed the case. The use of the
split-load technique gives us a degree
of freedom in design which is of great
value. We olten lace the difficulty that
the common-emitter stage will not do
what we want, but we cannot provide
the drive for a common collector stage.

There does not seem to be verv much
published about the use of the split-load
stage, and what little there is appears
to be concerned onlv with its use in the
output of an amnvlifier. One short note
concerns the split-load arrangement in
a class-B stage and noints out its ad-
vantages under conditions of low sunplv
voltage and low temnerature in reduc-
ing cross-over distortion. The discus-
sion of low battery voltage is based on

19



Fig. 3. This way of drawing the circuit
keeps the mathematics simple.

the use of a simple fixed voltage-divided
chain for the bias. This system will ob-
viously give too little bias if the supply
battery is low and we shall get the fa-
miliar  low-gain  cross-over distortion
which, because the gain is low, is not
greatly improved by the use of nega-
tive feedback.

Since the split-load stage demands a
larger voltage swing at the bases of the
transistors, the origin distortion is a
smaller part of the whole signal. From
the point of view of a designer who is
only interested in his paper figures this
can be advantageous. We must remem-
ber, however, that it was pointed out
(nite a long time ago, by Licklider, that
this particular kind of distortion sounds
much worse than the figures suggest.
The reason for this is that the amount
of distortion is constant and thus the
percentage of distortion for small sig-
nals is very high even though for a
tull-load signal the distortion figures
may seem quite satisfactory. All that
we achieve by using the split-load cir-
cuit is a lowering of the level at which
the distortion is really unpleasant: pi-
anissimo instead of piano becomes
badissimo instead of bad.

In order to analyze the split-load
circuit we may begin by rearranging it
to see if it has any easily recognized
characteristics. We can ground one side
of the load, as we have done at (A) in
Fig. 2, and then simply re-draw the
emitter winding of the transformer in
a different part of the paper, as we
have done at (B) in the same Figure.
We do not know whether the load
winding or the emitter winding has the
more turns but in either event we can
reduce the right side of the transformer
to an auto-transformer of the form
shown at (C) and (D). This config-
uration shows very simplv the way in
which we get negative feedback of a
fraction (which may be improper) of
the load voltage applied in series with
the input of a common-emitter stage.

20

We know that this will increase the
input impedance and reduce the output
impedance. We sce that we are likely
to be rewarded in our study of the
circuit, for both these features are val-
uable.

When we begin the analysis there
are several ways in which we can con-
veniently arrange the symbols on the
transformer windings. We can carry
through the whole analysis in terms of
the turns a, b, and ¢, shown in Fig. 1;
we can get a slightlv simpler ontlook if
we take the transformer as having the
ratios m, (I-m), and n. The simplest
form of all is based on the fact that
come what may the load seen by the
transistor is [ (@ + b)/c]* R. Provided
we muake aflowance for this impedance
transformation in any practical case,
we can use a straightforward one-to-one
transformer with this load impedance
R for our theory.

Instead of taking the split as being
at a point m from one end, which
would give ratios of m, I-m, and 1, it
seems to me to be preferable to keep
the minus sign out of the ratios. I sus-
pect that this belief that it makes the
mathematics easier is completely with-
out foundation, hut vou must believe in
something and so long as no one else
believes it you have not much chance of
starting any trouble. Anyway, this
choice of symbols looks quite reasonable
if we draw the circuit in the form shown
in Fig. 3.

Which Equivalent Circuit

The next question is which transistor
equivalent circuit we should use. It
seems that if we are to make some sav-
age approximation later we can best
use the hybrid-= circnit, especially as
the approximation leads us towards the
sort of data we are likely to have on a
transistor which is not fully docu-
mented. The over-all circuit then takes
the form shown in Fig. 4, in which the
transistor “generator” is characterized
by the transconductance. G,..

In the study of transistor circuits we

can say that every equivalent circuit
implies its own approximations or, if
you prefer it, every set of approxima-
tions from which we build up an equiv-
alent circuit shapes the final equivalent.
Let us do some cutting down in Fig. 4
and see where it will lead us. To begin
with let us take it that this transistor is
fed from a low-impedance source. We
know that r,,’ is usually low and thus
the feedback through r,’, cannot have
much effect. We can therefore ignore
this term completely in our rough cal-
culations.

We can Dbe pretty certain that the
input resistance which is now right
across the tap of the transformer, will
not absorb any substantial amount of
power from the output. In my time I've
had a few headaches from the need to
put power into the feedback circuit,
though always in designing amplifiers
which were pushed to produce-ten mil-
liwatts, but this is not oneyof the topics
vou find taken into account in anv of
the texts. Combining all these simpli-
fications we can reduce the circuit to
the form shown in Fig. 5.

There is even one further simplifica-
tion which we can make, for we know
that the pentode-like characteristics of
transistors  will normallv let us work
with a load resistance far below the
value of the internal impedance. When
the circuit is used as a driver stage we
shall probably be using a load which is
less than the optimum and the argu-
ment for dropping is reinforced. The
results cannot fail to be pretty simple.
We shall drive a current

I = g, V.. through the load R and

thus generate a voltage V = g, R..
7

hor

The value of V., . will be the differ-
ence between the generator voltage V,
and the feedbuck voltage V/(1 + n), so
that we have

V... =V,-V/(1 +n)
from which

V=g RV, -g. R V/( +n)

V=V,g.R/[1+ g.R./(1+ n)].

b hb' b

Fig. 4. The full equivalent circuit of the split-load driver stage.
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Fig. 5. The approximate equivalent circuit.

Although this equation is of consid-
crable interest it is not what we are
concerned with immediately. After all,
we are looking for a low-impedance
device to act as a driver. Let us force
a current I, into the output terminals.
The cuwrrent which flows through R,
will be made up of I, and the current
from the generator g, V.., so that we
shall have a total current

= I., + 8m Vh'ﬂ
and we shall produce across the load
resistance R, a voltage

V — IRL = (Zo + gm Vb’e) RL~
But we must have

Ve = =V /(1 + n), since V, = 0 for
this experiment,

V=1[1,-g.,V/l +n)]R,

oo V[l 4+ g,R/(1+n)]=1R
from which V/I, = R./(1 + g. R,
(1 + n)).

This, of course, is the impedance
seen at the output terminals. I we muke
n go to infinitv it is just R,, and il we
make n = 0 it is just R,/ (1 + g. R,)
which is the usual form for an em tter
follower. We can see this best by tuking
the output condnctance I,/V, which is

(x + 5
RL + 1 + n
tnat this is the parallel combination
of the load resistance itself, and the
actual transistor circuit, which pio Iices
a conductance term g,,/ (1 + n) corres-
ponding to an impedanceof (1 + n/g,..
\We can use this very simple torn uniil
we start to run up towards the value of
ree. For one small transistor, chosen
only because it is where the book han-
pens to fall open, we have I, = 40
mA/V and r.. = 50,000 ochms. With a
value of 1/g, = 25 ohms we should be
using n = 1000 or more before we wor-
ried about r,., and that is not at all the
sort of value we shall be considering.
Even r/,. at 1250 ohms will not be
likely to raise any problems, even when
n is small, and rather surprisinglv this
is in fact a more significant term. If we
explore the other approximations we
find that so long as n is a reasonablv
small number thev are all quite proper
simplifications which introduce errvors
verv much smaller than the differences
between transistors of the same tipe.

. Immediately we see

AUDIO e JANUARY, 1966

Practical Example

In order to keep our ideas under
control it is probably useful to pick up
some fairly real numbers. One moder-
ately small transistor, with a rating just
below half-a-watt at 45° C and a cur-
rent limit of 1A I find has a transcon-
ductance of rather more than 1 A/volt
and if we take 1/g,, as 1 ohm we shall
be on the safe side because most tran-

Fig. 6. Quadrifilar-wound push-pull
driver.

sistors ol this type will give us lower
iinpedances. This type ol transistor is
probably capuble of driving something
like a 10-watt push-pull stage and for
this we should need a drive at cach base
of some 30 mA and perhaps 400-500
mV. We might even go higher with the
voltage drive because we might choose
to put some resistance in the emitter
leads of our power transistors.

I am not designing an amplifier here,
of course, but looking at the sort of
amplifier which might come ont from
the use of particular transistors. What
I have to consider is the best wav of
using a driver with a 1-ohm impedance
to feed a power transistor with a 10-
ohm input impedance. This 10 ohins is
the standard g¢ronnded-emitter input
impedance and we might consider that
the l-ohm source impedance was rel-
ativelv small in comparison. However.
we saw in the previous article that what
we mean hv small in this connection is
small compared with the input im-
pedance in the gronnded-base connec-

ABaHAGRiHiadiks SO0 B

tion. Even if beta were as low as 20
this would give us an input impedance
ol only one-half ohm.

Even a power transistor with a trans-
conductance of 10 A/V connected as a
pure emitter follower will not really
provide an impedance which from the
point of view of distortion can be called
low in this context. We mav, however,
digress to notice that it we choose a
value of n = —1 in the theoretical ex-
pression above we shall apparently get
a source impedance of zero. It seems
when we go on to apply this to our
practical circuit that this is very much
a nonsense, because the autotransiormer
in I'ig. 4 becomes a short-circuit of its
own accord. What we are in fact doing
here is muking the feedback positive.
a well-known method of getting a verv
low source impedance. If wc are to do
this it must be by some other technique.
Suppose that we do use positive feed-
back and that bv some means still
rather obscure we maintain the unity
ratio from the driver to the transistor
currentlv being driven. The driver can-
not provide the necessary drive current,
since this is the emitter current, of the
driven transistor.

Increased Current Drive
We may well do better to provide
more current drive and a form which 1
find attractive is the arrangement shown
in Iig. 6. This is a split-load circuit in
which n = 1, so that the available drive
current at one half-secondary is twice
the standing current of the driver tran-
sistor. The four equal windings can be
very tightly coupled, because we can
use quadrifilar, twinned-twin, winding,.
True, the impedance which drives the
power transistors will have been % ohm
instead of 1 ohm, the value we should
cget with an emitter follower and a
trifilar winding, so that we should, so
far as I can see. actuallv gain on the
deal.
(Continued on page 65)
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Fig. 7. Calculation of driver impedance.
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Putting Junkbox Meters to Work—II

DONALD R. HICKE*

A discussion of the various types of meters for AC and how
to convert a “junkbox” d.c. meter to a.c. measurements.

N PArT I OF THIS SERIES (August,
I 1965) the operation of an ordinary
d.c. moving-coil meter was ex-
plained and the procedure for deter-
mining the electrical characteristics of
the coil was given. Using these char-
acteristics, design equations were pre-
sented to enable the reader to convert
the junkbox meter into a useful volt-
meter, ammeter, or ohmmeter. All of
the material presented, however, dealt
with direct-current operation; in this
installment the problems of making
similar measurements on alternating
currents will be outlined and methods
given for converting the same junkbox
meters to that purpose.

The Problem

For those who may have missed Part
I, it was explained that the ordinary
d’Arsonval meter consists of a coil of
wire mounted on pivots within the air
gap of a powerful permanent magnet
and that the coil, being restrained with
springs, is deflected an amount propor-
tional to the current flowing in it. The
direction of rotation depends upon the
polarity of the permanent nmagnet, the
direction in which the coil is wound
and the direction of current flow in the
coil. The first two of these factors is
fixed bv the meter manufacturer; he
makes an attempt to define the third
one by marking the meter terminals
with “4” and “—”. Those who fail to
heed these markings are usually re-
warded with a muted thud as the point-
er slams against the lower stop. Or-
dinarily there is no damage to the
meter when this happens, but notice
that it demonstrates the bi-directional
property of the permanent-magnet
meter.

If the pointer is purposely offset to
center scale by adiusting the zero set
screw, and if a small current is applied
alternately in one direction and then
the other, the pointer happily flicks
back and forth indicating the applied
polaritv. Whether or not it also indi-
cates the magnitude of the current de-
pends on how rapidly the current is re-

®5016 Lori Circle, NAV., Huntsville, Ala-
bama 35810
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FIELD COIL
MOVING COtL

a.c. VOLTAGE
FIELD COIL

Fig. 2-1. The permanent magnet is re-
placed by field coils in this a.c. volt-
meter, called an “electrodynamometer.”

versed and how fast the pointer can
move. As the frequency of the applied
reversals is increased, a point is soon
reached where the pointer gives up and
refuses to move at all. Since this occurs
at only a few tens of Hz at the most, it
is readily apparent that some other
method must be found to measure a.c.
at the frequency most often encountered
by the home experimenter—60 Hz.

The Solution
One way to solve the problem of

the reluctant meter movement is to
AAA
FIELD COIL
FIXED VANE
a.c. VOLTAGE

- MOVING VANE

FIELD COIL

Fig. 2-2. Repulsion of like magnetic
poles provides the indicator movement
in the moving-vane a.c. meter,
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make the “permanent” magnetic field
oscillate at the same rates as the current
flowing in the moving coil, This is ac-
complished in the electrodynamometer
by replacing the horseshoe-slmped mag-
net with lurge field coils between which
the moving coil is mounted, as shown
in Fig. 2-1. Now the torque acting on
the moving coil is alwavs in the same
direction, and the pointer can respond.
When measuring current, the field coils
are made of heavy wire and a shunt is
connected across the moving coil, be-
cause it cannot carry heavy currents.
In the earlier article, it was stated that
the deflection of the moving coil is pro-
portional to the strength of the mag-
netic field and to the current ﬂowing in
the moving coil. The same holds true
for the electrodvnamometer, but since
the magnetic field is also dependent up-
on the current being measured, the de-
flection of the coil becomes proportional
to the square of the current. When mea-
suring a.c., the pointer responds to a
value known mathematically as the
mean-square of the cwrent and the
scale is marked in terms of the square
root of this quantitv. Thus the electro-
dvnamometer indicates the root-mean-
square value of an alternating current,
which by definition is equivalent to a
direct current of the same magnitude.
This will be explained in greater detail
later on. Because it responds equally
well to d.c. and a.c., it may be used
to calibrate other a.c. meters by ref-
erencing a known d.c. source. Because
of its size, complexity, and precision,
the electrodynamometer is a true labor-
atory instrument and is not likely to be
found in the junkbox.

Another approach to the problem of
measuring a.c. is to use the field coils
0 generate an ullernuting nmgnetic
field, but replacing the moving coil with
two pieces of solt iron. Several different
types of construction are possible, but
the basic idea may be seen by referring
to Fig. 2-2, which shows the two iron
vanes mounted between the coils. Be-
cause both vanes are in the same mag-
netic field, both are magnetized in the
same direction; but because like mag-
netic poles repel each other, the moving
vane is repulsed and carries with it a
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pointer to indicate the amount of cur-
rent flowing in the coils. When the field
reverses direction the magnetic poles
in the iron vanes are also reversed, but
they are still similar to each other and
continue to repel. The deflection ordi-
narily follows the mean-square of the
current as in the electrodynamometer.
but it can be made nearly linear over
most of the scale by properly shaping
the vanes. Unfortunately, this meter
cannot be used as a reference on d.c.
because the vanes tend to become per-
manently magnetized.

The moving-vane meter is widely
used in inexpensive a.c. anmmeters, and
one or two samples may possibly be
found in the junkbox. Changing the full-
scale range involves removing the field
coil while noting the number of turns,
then rewinding it with a greater or
lesser number of turns, depending on
whether the full-scale range is to be
decreased or increased. For example, if
twice the sensitivity were desired, twice
the number of turns would be needed.,
and so on. This may require using a
smaller diameter wire to get it all in
the space available. The author has
not tried to modify a moving-vane
meter in this manner because, frankly,
it sounds like an awful lot of work for
a three-dollar instrument.

Rectifier-Type Instruments

Still another solution, and the one
that has been the most popular, is to
leave the meter alone and instead modi-
fy the current flowing through the mov-
ing coil. The simplest approach is to
use a single rectifier cell, connected as
shown in Fig. 2-3. The rectifier can be
any of the standard tyvpes, although
germanium and silicon diodes are gain-
ing in popularitv over the more com-
monlv-used copper oxide rectifiers. The
diode conducts current only in the di-
rection indicated by the arrow, and
clips off negative excwrsions of the ap-
plied voltage. An inexpensive 1IN34 or
IN58 may be used. In the equation for
R., use the rms value for voltage and
the full-scale meter rating for current,
and use the valiue ol diode resistance at
peak meter current (more about the di
ode resistance later).

The moving coil responds to the av-
erage value of the current flowing
through it, which can be shown mathe-
matically to be equal to 0.318 of the
peak value for a sine wave only. The
meter also indicates the average value
of a complex wave form, but it will
not necessarily be equal to 0.318 times
the peak value. In fact, the half-wave
a.c. meter has the useful property of
giving an indication of the degree of
non-svmmetry of a complex waveform
by simply reversing the leads and com-
paring the readings.
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Fig. 2-3. The half-wave rectifier meter
circuit. The equations are valid only for
sine waves.

Some of the disadvantages of the cir-
cuit described are that it is subject to
rectifier burnout, requires a non-linear
scale, and is not very sensitive. A care-
ful examination of the nature ol the
rectifier shows why this is so and what
can he done about it.

One of the characteristics of a semi-
conductor rectifier is that it can with-
stand only a limited amount of voltage
in the reverse direction. If this “peak-
inverse-voltage” (P.LV.) is exceeded.
the device conducts current in the re-
verse direction and is no longer a use-
ful rectifier. In a copper oxide recti-
fier this breakdown point occurs be-
tween 2 and 5 volts, but for germanium
and silicon it may be as high as several
hundred volts. The IN34 germanium
diode. for example, has a P.IV. rating
of 75 volts.? Another characteristic is
that even at low reverse voltages there
is a tendency for the rectifier to conduct
a small amount, in the order of micro-
amperes, which subtracts from the for-
ward current and causes the meter in-
dication to be low. The 1N34 is rated
for a maximum reverse current of 50
pA at 10 volts and 800 A at 50 volts ®

The dotted lines in Fig. 2-3 show a
commonly-used solution to both prob-

“Semiconductors”, General Electric Com-
pany, publication 640.10, page 18.

2Ibid
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lems: a clamping diode, which may be
another 1N34, is connected across the
meter and its rectifier. When the ap-
plied voltage is in the positive direction,
the clamping diode has no effect upon
the circuit. In the negative direction,
however, it protects the meter rectifier
froin burnout by conducting and reduc-
ing the voltage across the meter recti-
fier to approximately 0.2 volts. At this
low value of reverse voltage. current
through the meter rectifier is negligible.

The non-linearity of the circuit is
caused by another characteristic of semi-
conductors. Fig. 2-4 shows a plot of volt-
age drop wvs. forward current in two
germanium diodes. The measurements
were made on two units the author
happened to have on hand and may not
be representative of all diodes of the
saine type, but the shape of the curves
is tvpical. It shows that the diode re-
sistance varies great]y at low current
levels and continues to be non-linear,
although to a lesser degree, at higher
currents. This is why the scale of most
a.c. meters looks crowded at the left
side but approaches a linear scale at the
vight side. From a curve of this type,
the diode resistance Ry may be calcu-
lated for use in the equations of Fig.
2-3.

The low sensitivity of the half-wave
meter circuit is caused by clipping off
and throwing away half of the applied
voltage. An easy way to almost double
the sensitivity is to use a full-wave rec-
tifier circuit, as shown in Fig. 2-5. Here
the negative excursions of the applied
voltage are inverted and used, instead
of being thrown away. The meter indi-
cates 0.635 times the peak value of an
applied sine wave, minus the voltage
drop through the two diodes in series.
Sometimes, in the interests of economy,
two adjacent diodes are replaced with
fixed resistors. The value varies from
500 to 5000 ohmns depending upon the
tvpe of meter, the type of diodes, and
the meter sensitivity desired. A higher
resistance would tend to swamp out

=)
[S)

1N34 -

~—— 1N58

FORWARD CURRENT, mA
o
—

FORWARD VOLTAGE DROP, VOLTS

Fig. 2-4. Forward voltage drop across
two typical germanium diodes.
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variations ot the diode resistance and
make the meter scale more nearly linear,
but it requires a more sensitive meter
movement. A lower resistance is re-
quired for less sensitive meters, but it
cannot be made too low because it is
shunted directly across the meter and
reduces the resistance (ohms-per-volt)
of the entire voltmeter circuit,

Calibration

The calibration of a d.c. voltmeter
circuit is usually no problem: one simp-
ly obtains a known d.c. voltage source,
such as a fresh mercury cell, and tailors
the value of series resistance R. until
the meter indicates the proper voltage.
Higher ranges are obtained by con-
structing a voltage divider with preci-
sion resistors, and checked with several
battery cells connected in series. Un-
fortunately, calibration of an a.c. meter
circuit is not quite as simplc. In the
first place, there are several wavs to
describe alternating voltages, and. sec-
ondly, they do not come in convenient
little packages for calibration, like mer-
cury cells. Both of these problems can
be overcome, however, if the nature of
an a.c. voltage is understood.

The most easily-recognized descrip-
tion of an alternating voltage is its peak-
to-peak amplitude. When viewed on an
oscilloscope, it is the total vertical dis-
tance from the top of the positive peak
to the hottom of the negative peak.
This value is important to an audio or
communications engineer, because many
signals are defined by their peak-to-peak
values. A moving-coil meter with a full-
wave rectifier and a large capacitor
could he used to measure peak voltage,
but the meter requires a certain amount
of current, typically anywhere from 350
microamps to 20 milliamps. This tends
to discharge the capucitor between volt-
age peaks, causing the meter to indi-
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cate low. In addition, signal sources of
the type which would require peak
readings usually cannot supply the pow-
er it would take to operate a moving-
coil meter. Generally, peak-to-peak volt-
age measurements are best left to spe-
cialized instruments such as oscillo-
scopes.

Anotlier obvious characteristic of a
svmmetrical a.c. voltage is that its av-
erage value is zero. That is, it will cause
as much current to flow in one direction
as it does in the other. But if our junk-
box meter requir(‘s too much current to
measure peak voltage, and if it responds
only to the average value of current in
the coil. how can we measure an a.c.
voltage? The answer is that we cheat—
a little. Both the half-wave rectifier cir-
cuit of Fig. 2-3 and the full-wave cir-
cuit of Fig. 2-5 allow an a.c. voltage
to be measured by distorting it so that

it is no longer symmetrical. The half-
wave circuit simply throws away the
negative excursions; the full-wave cir-
cuit inverts them and sandwiches them
between the positive peaks. Now the
meter has current flowing through it in
one direction only, and it indicates the
average value of this current.
Unfortunately, the average current
from a rectified sine wave is of little
significance, because it varies with the
type of meter circuit and with the losses
in the rectifiers. The ideal solition
would be to choose some represen-
tation of an a.c. voltage which is inde-
pendent of the particular method of
measurement and which can be easily
duplicated by anyone. The standard us-
ually used is the root-mean-square, or
rms value, whch was mentioned briefly
before. It is defined as that amplitude
of alternating current which does the
same amount of work as a certain value
of direct current. It can be shown
mathematically that a sine-wave current
of 2.82 units peak-to-peak, or 1.414
units from zero to peak, is equivalent
to a direct current of 1.0 units. This
suggoests that the a.c. meter circuit may
be calibrated directly by measuring the
ability of the a.c. voltage to produce
heat in a resistor and comparing it to a
d.c. voltage which produces the same
amount of heat. Although this is the
right way to calibrate an a.c. meter, the
process of taking temperature readings
on a resistor is tedious and time-con-
suming, and subject to errors from
c]mnges in ambient temperature or non-
repeatability of the thermometer used.
A far simpler method which has suffi-
cient accuracy for the average home ex-
perimenter is to assume that the a.c.
voltage is a pure sine wave and measure
its peak value with a calibrated d.c.
meter, then compare this to the average

a.c. VOLTAGE

R

> a.c. VOLTMETER

d.c. VOLTMETER

T2
T1
VOLTAGE X-Y
— N ~ VpeaK
~ VRus

z DZN

Voe = Vpeak APPROXIMATELY)

vZ
Vems = 5~ Vo 0707 Vg

Fig. 2-6. Circuit for calibrating an a.c. voltmeter.
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CARDIOID

MICROPHONES . ..

Suppress boominess

Reject feedback

Eliminate background noise
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SHURE MICROPHONES

EEFEE UNIDYNE

UNIDIRECTIONAL DYNAMIC MICROPHONES

There’s a reason why there are more Shure Unidyne Microphones in the public-address

systems of the world than any other microphone series:

it is their unique, problem-

solving true cardioid pickup pattern. They are uniquely capable of controlling teedback,

suppressing background sounds,

and minimizing “boominess.” They allow the speaker

or performer unparalleled freedom of movement without distorting the voice or intro-
And now, there is a Unidyne model to fit every and

ducing undesirable “coloration

any budget and application

PERFORMANCE

SHURE
UNIDYNE IH

Premier product of the famed
Unidyne family. Smallest in
size, ultra-modern appearance,
extra lightweight. Dual Imped-
arce. Model with on-off switch
5455—%89.95 list. Model 545
without switch—$85.00 list.

PRICE
UNIDYNE 1©A

Newest addition to the Uni
dyne family. Superb perform
ance at an economy price.
Built-in on-off switch. Choice
of impedances

Model 5805B Low Impedance—
$52.00 list.

Model 5805A High tmpedance
—%59.00 list.

SEND FOR DATA SHEETS AND CATALOG:
Shure Brothers, Inc., 222 Hartrey Avenue, Evanston, lllinois

PRESTIGE
SHURE
UNIDYNE 11

The world’s most famous
microphone. Renowned for its
intimate, mellow sound . .
and for ruggedness both in
doors and out. Multi-lmped-
ance.

Model 555W with on-off switch
—$85.00 list.

Model 555 without switch—
$83.00 list.

WORLD STANDARD \WHERFVER SOUND PERFORMANCE AND RELIABILITY ARE PARAMOUNT
Circle 120 on Reader Service Card
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reading on the a.c. meter. A suggested
circuit is shown in Fig. 2-6. The two
transformers provide a source of variable
a.c. voltage. Almost any power trans-
former may be used for T, but it
should have a fairly high output voltage
to minimize the effect of the voltage
drop across the diodes. A model-train
transformer could be used for T, feed-
ing into a filament winding on T.. The
capacitor should be 30 microfarads or
more; select one that gives the highest
reading on the d.c. voltmeter, as this
signifies low leakage and sufficient ca-
pacitance to remain charged between
voltage peaks. Be sure not to exceed
the working voltage rating of the ca-
pacitor. The diodes must be able to
withstand a peak inverse voltage of at
least twice the d.c. voltmeter indication.
From a catalog, sclect one based upon
the rating of transformer T, and the
highest d.c. voltage expected.

If all this sounds like too much bother
and expense, use the power supply in
an old amplifier or television set. Re-
move all the tubes except the rectifier
and disconnect all lToads from the filter
capacitor. This will give a one-point
calibration which may be sufficient for
some applications (the train-transform-
er idea could still be used if a separate,
fixed voltage is supplied to the filament
of the rectifier tube).

The actual process of calibration is
quite simple. The output of the vari-
able transformer T, is increased until
the d.c. voltmeter, which was previously
calibrated as explained above, and the
a,c. voltmeter to be calibrated both in-
dicate near full scale. Because of the
filter capacitor C, the d.c. reading is
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equal to the peak voltage from the out-
put of transformer T,. The a.c. meter,
although it indicates the average value
of the rectified current flowing through
it, may be marked in terms of the
mms value of the a.c. voltage. Adjust
both series resistor Ry and the variable
transformer so that the a.c. meter indi-
cates the proper voltage at full scale.
For example, if the a.c. meter to be
calibrated approaches full scale when
the d.c. meter indicates approximately
70 volts, adjust T, so the d.c. meter in-
dicates exactly 71.4 volts. Then adjust
R, until the a.c. meter is exactly at full
scale and mark the meter 50 volts. Re-
duce the d.c. voltage in steps, marking
each point desired on the scale of the
a.c. meter.

To avoid errors in the measurement
because of unequal voltages from the
two halves of the secondary of trans-
former T, it might be a good idea to
connect the a.c. meter to points X and
Z, instead of X and Y. The meter will
indicate twice as high as before. so
simply multiply the calculated values
by two when marking the scale.

AC Ammeters

The same meter-rectifier circuits dis-
cussed previously may also be adapted
to measure n]ternnting current. For low
values of current. the meter and its
rectifiers are simply inserted in the line.
It using a full-wave circuit, select a
meter movement whose full scale direct
current is approximately 0.9 times the
maximum rms current expected. If us-
ing a half-wave circuit with a clamping
diode, the factor is 0.45. This is to
compensate for the fact that the meter

ABadAaGRAHIaAIKM HSDDRY

responds to the average value instead
of the root-mean-square value of the
alternating current.

Higher currents require the use of a
shunt or transformer. In either case the
object is to produce a sufficient voltage
drop across the shunt or to generate a
large enough voltage in the transformer
to give usable deflection of the meter
movement.

Calibration of an a.c. ammeter may
be made using the circuit of Fig. 2-7.
The test current is checked either with
another ammeter of known accuracy or
by measuring the voltage drop across
a known resistor with an a.c. voltmeter.
Calibrating resistor R, is adjusted so
that the meter indicates the proper full-
scale current. Use a potentiometer of
about five times the meter resistance. 1f
a shunt is used for heavier currents, it
may be adjusted instead of resistor R,.
Then the current is reduced in even
steps, and the proper value marked on
the meter scale.

VU Meters
Some readers may have had occasion
to monitor audio signal levels in a tape
recorder and becn disappointed in the
performance of the usual neon bulb in-
(Continued on page 62)
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Fig. 2-8. Two VU-meter circuits which

may be added to a tape recorder. (A),

for a “0” level of 1 volt, and (B) for a
0" level of 68 millivolts.
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Fisher receiver is greater

than the sum of
its components.

Fisher has always maintained that an all-in-one re-
ceiver can equal or surpass the performance of separate
components of similar circuitry. And at far lower cost.

The most recent and eloquent proof of this is the
new 440-T, the first all-solid-state sterco receiver of
Fisher quality under $330.

On a single chassis occupying only 16% inches of
shelf space and only 11 inches {ront to back, the 440-T
incorporates a sensitive FM-stereo tuner with auto-
matic mono-stereo switching, an extremely versatile
sterco control-preamplifier, and a heavy-duty stereo
amplitier. All transistorized, all with Fisher reliability.

By ecliminating duplication of parts and circuits,
such us extra power supplics and the low-impedance
circuitry usually associated with connecting cables, the
440-T actually has a plus factor of reliability over sep-
arate components. Obviously, fewer parts mean fewer
trouble spots. But that isn't all. Hum and noise are
more casily reduced to imperceptible levels. And criti-
cal preamplifier and power circuits opcrate at their
electrical best. Elimination of other unnecessary parts,
such as extra chassis, jacks, knobs, etc., clearly means
a considerable cost saving.

The Fisher
440-T

7,

In the 440-T, Fisher enginecring has also achieved a
new degree of reliability in transistorized components.
Conservatively rated silicon output transistors permit
higher undistorted power and long, trouble-free oper-
ation. Damaging heat has been designed out. The
receiver can be operated at full power, hour after hour,
without harm. You can cven short the speaker leads
without causing damage. Adjustments and alignments
have been practically eliminated, so that the 440-T will
operate as perfectly after two yeurs as on the first day.

In spite of its technical sophistication (just look at
the specs!), the 440-T is so simple to operate that even
your wife will enjoy using it from the very first day.
Masses and messes of wire are gone; you simply con-
nect a pair of fine speakers and turn on the music.

It is this total approach to integrated design that
makes the 440-T more than just the sum of a tuner, an
amplifier and a control center. And that is why itis an
unprecedented buy at $329.50. (Cabinet, $24.95.)

Features and Specifications
Tuner Section:
4-gang transistor front end: 4 IF stages; 3 limiters, STEREO BEACON*;
automatic stereo swiltching: sensitivity, 2.0 uv (I1HF); stereo separa-
tion, 35 db; S/N (100% mod.), 68 db; seicctivity, 50 db; capture
ratio, 2.2 db.

Amplifier Section:

Silicon output transistors; short circuit protection; speaker selector
swilch (main or aux.); front-panel headphone juck; music power
(IHF), 4-ohms, 70 watts; harmonic and IM distortion, 0.8%; fre-
quency response (overall), 20-22,000 cps 1.5 db; hum and noise,
80 db: input scnsitivity, phono magnetic (low), 4.5 mv, stereo sep-
aration, phono magnetic, 50 db

Size: 16%7 wide x 5% high x 123" deep (including knobs and
heat sink).
Weight: 21 pounds.

#PATENT PENDING

2
) Colier

TN FEVT G AT

The Fisher
ANDBK

LA | |

FREE! $2.00 VALUE! Send for your free
copy of the new 1966 edition of The Fisher
Handbook. This revised and enlarged version
of the famous Fisher high fidelity reference
guide is amagniticent 80-page book. Detailed in-
formation on all Fisher componentsis included.

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

Name

Address
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Audio Measurements Course

Part 1.

NORMAN H. CROWHURST*

In this first installment of a new Series by this author, a thorough outline is
given of the things we must measure in order to assess the performance of an
amplifier. The types of tests are described, together with an outline of what
measurements we must make, and the equipment set-up required to make them.

ECHNICALLY, THE TERM “AUDIO”
T applies to any signal in the audible

frequency range which may or may
not have been converted from a sound
wave, or which may he used to produce
a sound wave. So the basic piece of
equipment to handle audio is an am-
plifier, and the measurements one needs
to make on it concern the fidelity with
which it handles the audio frequencies
presented to it.

Parameters to Measure

The easiest way to comprehend the
relationship of the various parameters
Is to discuss them in the order their
importance was first realised. First was:
Frequency Response. Any musical or
audible program contains a varietv of
frequencies, from the lowest audible up
to the highest audible. The commonly
accepted range is {from 20 Hz, periods,
or vibrations per second, up to 20,000
Hz, or 20 kHz. Actually, many people
cannot hear a pure tone of 20 Hz, un-
less it is loud enough to generate har-
monics in the middle ear, in which case
its presence is identified by these har-
monics; and few people can hear 20
kHz at the other end. Most hearing fa-
cilities “die” somewhere in the region
from 10 to 18 kHz. But the range of 20
Hz to 20 kHz uses nice round numbers,
and ensures that the performance is ad-

®*Box 651, Gold Beach, Ore. 97444

~ FUNDAMENTAL

SECOND HARMONIC

RESULTANT

FUNDAMENTAL

THIRD HARMONIC

RESULTANT

(B)

Fig. 1-2. How an added harmonic can change o waveform: (A) second harmonic;
(B) third harmonic.

equate, in this regard, for the most sen-
sitive human ears.

When ([requency response was first
prescribed as a measure of fidelity, the
assumption was that “guality” of repro-
duction suffered due to some of the
original frequencies getting lost, or
being relatively reduced in magnitude.
As reproducers of the time were pre-
dominantly of the moving-iron variety,
and many were still using acoustic
phonographs, while the telephone con-
centrated its response close to 1000 Hz,
this was undoubtedly the most obvious
defect in reproduction at that time
(Fig. 1-1). Deficiency in response to
frequencies away from a rather strident

Fig. 1-1. Frequen-
cy response cur-
ves of several
early devices,
compared with a
more modern sys-
tem, to show why
. frequency  con-
tent was the first
criterion of qual-
ity considered.
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mid-frequency resonance lent consid-
erable coloration to the reproduction.
But as amplifiers and reproducers—
transducers—were developed with more
and more adequate {requency response,
it becaine evident that specification of
frequency response did not tell every-
thing. Tests with amplifiers and cali-
brated attenuators showed that human
hearing can not perceive change in level
less than 1 decibel, which represents a
voltage or current ratio of 12 per cent
up or 11 percent down. As equipment
could soon be produced that would stay
within these limits from 20 Hz to 20
kHz, whieh still sounded audibly de-
fective, this led to the conclusion that
some other kind of measurement was
necessary. This led to the recognition
of:
Harmonic Distortion. The major notion
in measuring {requency response was
that some frequencies present in the
original were missing, or were relatively
reduced in magnitude. The recognition
of harmonic distortion was the first
measurement directed at finding fre-
quencies that should not be there,
something added by the equipment.
Due to non-linearity of the amplifying
or other handling function, a sinusoidal
input waveform departed from its true
shape, and the resulting output wave
could be analvzed into the fundamental
(a pure sine wave) and spurious har-
monics (Fig. 1-2).
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THIS WAS THE WORLD'S FINEST PREAMPLIFIER

PAS-3X

Kit $69.95
Assembled $109.95

For years since its introduction, the Dynaco preamplifier design
has been generally accepted as one in which the noise and dis-
tortion are so low and the quality so high that attempts to im-
prove it would be laboratory exercises rather than commercial
enterprises. Yet we have always been questioned as to why we
did not gild this lily by adding step type tone controls. The
enthusiastic audiophiles who ask this tell us that they want to
be sure that their tone controls are out of the circuit when not
being used. Our answer has always been that continuous con-
trols give a range of flexibility which cannot be attained with
step type controls, and that the “neutral” position of our con-

trols produces a flat response characteristic adequate for the
most critical need.

However, our avowed philosophy of perfectionism has kept
us working on the possibility of some improvement in the circuit
—and this work has now led to the first major change in our
preamplifier design since it was initiated. This development (on
which patents are pending) is applicable to all continuous tone
control systems and immediately makes them superior to the
far more expensive step type controls. What we have accom-
plished is to keep the infinite resolution capability of the con-
tinuous control, but to remove all frequency and phase discrim-
inating networks from the circuit when the control is rotated to
its mechanical center. This new design is incorporated in the
PAS-3X (PAS-2X, too) which is now at your dealer’'s at the same
low price.

Further, for the nominal charge of $10.00, a conversion kit
TC-3X is available to update any Dyna PAS-2 or PAS-3.

Can you hear the difference? We doubt it. The preamp was
amazingly good in the past. We have improved it for the sake of
improvement, not because we think it needed it. It has always
surpassed every other preamp without regard to cost. And, it is
superior on more than measurements—listening tests prove
that the Dyna preamp adds no coloration to the sound and that
its inclusion in the hi fi chain is undetectable. Partially dia-
grammed below is the performance you can expect from the
PAS-3X—why you can never get better overall quality regard-
less of how much money you spend.

1% t 1%
l 60 &17000 c I 4:1 ] l | T
ps, 4: ) A ) )
75)— Residual instrument distortion 0.025% . 75__Re5|dual msg;?pesm d;:(oétlonzg'?s}c%_—‘
J— o/
o s 2 volts — 0.05  0.05 005
3 volts—0.04 %, © __ 3volts — 005 0.05 0.055
_ 0. A
5 volts—0.07 % 5 volts — 0.05 0.05 0.065
I
25 25
3 volts S volts
_‘ 10 cps Square Wave
3 20 00 TKC SKC 20 KC
VOLTS OUTPUT FREQUENCY
Intermodulation Distortion Harmonic Distortion N g T3
+10db /

o ——en

~10 db

1 KC Square Wave

Four cycle 20KC tone burst from generator
(above) matches PAS-3X (below)

~
I~
-

FREQUENCY

Tone Control Range

/

1KC 20 KC

10 KC Square Wave

There are Dynakit amplifiers in all power brackets which will do justice to the perfectionist’s preamplifier.
All are rated for continuous power.

2 Mark ITIs
60 watts/
channel

Kits
$79.95 each

Stereo 70 Stereo 35
35 watts/ 17.5 watts/
channel channel

Kit Kit

$99.95 $59.95

"

Complete specifications and impartial test reports are available on request.
In Europe write Audiodyne a/s Christian X’s vej 42, Aarhus, Denmark.

DYNACO INC- 3912 POWELTON AVENUE, PHILADELPHIA 4, PA.
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' {M TEST SET
| a.c. METER
I, / / A/l > e l
. |
HIGHER FREQ. | - I |
OSCILLATOR |
| HIGH-PASS LOW-PASS |
COMBINING FILTER RECTIFIE FILTER
: e [ o [T/ !
LOWER FREQ. ( |
0SCILLATOR L N D *_ _____ — ]
I
AMPLIFIER
BEING
TESTED

Fig. 1-3. The complete set-up for making the SMPE intermodulation test

Next thing, of course, as with fre-
quency-response measurement, was to
find out what relative importance the
distortion had. Tests at that time, mainly
using second harmonic (first overtone
in music) showed that few listeners
could detect less than 5 percent added
harmonic, as diftferent from pure funda-
mental. Some researchers went further,
checking the effect of harmonics higher
than second, and found that, the higher
the order of the harmonic, the smaller
the quantity needed to make it iden-
tifiable as distortion.

But when harmonic measurements

had been nsed as the next means of up-
grading equipment, it was found that
distortion which should not be at all
audible, according to carefully con-
ducted tests, still could be quite notice-
able on reproduced music or other pro-
gram material. This led to recognition
of another effect of non-linear distortion.
more readily discernible to human hear-
ing than the harmonic form, given the
name:
Intermodulation Distortion. For this kind
to occur, at least two frequencies must
be present at the same time. Both fre-
quency response and harmonic distor-
tion were measured with only one fre-
guency at a time. Frequencies through-
out the audible range were used, but
only one at a time. This newly recog-
nized form of distortion occurs when
the program contains at least two fre-
quencies. Of course, most programs con-
tains many more than two frequencies
at a given instant, but to keep measure-
ments simple, only two were considered
at one time.

30

Fig. 1-4. Analysis
of an amplitude-
modulated car-
rier, into unmodu-
lated carrier and
sidebands. Note
that adding the
two sidebands to-
gether in correct
phase or timing
relationship, re-
sults in the carrier
amplitude chang-
ing, while its fre-
quency or period
{the spacing be-
tween points at
which it crosses
the zero line)
doesn't,

-
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‘Leave it'to us.
The néw, integrated
V' Misacord 40a

‘\
+

: 'with its own
cartridge.

Factory cartridge installation insures correct
/installation —optimum playback quality and lowest
record wear. Distortion and tracking problems due to
incorrect positioning and angling are eliminated.

. It is natural that the manufacturer who built the

- first turntable-quality changer, and the first moving
magnet stereo cartridge, should be the first to combine
the two in an integrated unit.

The new Miracord 40A plays records manually or
automatically, singly or in sequence, at all speeds. Its
features include: heavy, one-piece, dvnamically
balanecd 12” turntable; dynamically balanced tone
arm; calibrated stvlus-force dial; high-torque, 4-pole
induction motor; and the famous feathertouch push
buttons which help make the Miracord the most gentle
of all turntables.

The new Elac 240 mono/sterco cartridge in the
Miracord 40A has an 0.7 mil diamond stylus. It is
distinguished by clean channel separation, low
distortion and smooth, flat response. Its performance

is comparable to many highly reputed, stereo-only
cartridges available today.

The new Miracord 40A is priced at $89.50.
complete with Elac 240 cartridge, but less base. See
and hear it at your hi-fi dealer. For further details,
write: Benjamin Electronic Sound Corp.,
Farmingdale, N.Y. 11736

new Miracord 40a

ArBaaHAG REdiad K SDD Ry



Fig. 1-5. A mixture of two higher fre-

quencies of equal amplitude produces

this envelope, which is very similar to
the modulated one of Fig. 1-4.

Intermodulation can snow up in one
of two ways, according to the relation-
ship between the trequencies that give
rise to it. If low frequencies and high
frequencies occur together (at least one
of each) then the low frequencies may
modulate the higher frequencies, giving
the latter a “dithery” or “gargling” ef-
fect. This effect was particularly notice-
able on some of the early movie sound
tracks, so the Society of Motion Picture
Engineers (SMPE, now the Society ol
Motion Picture and Television Engin-
eers, SMPTE) devised the test that be-
came known as the SMPE intermodula-
tion measurcement,

This measurement combines a low
frequency and a high frequency in spe-
cified amplitude ratio, usually the low
one having four times the magnitude of
the high one; passes this combination
through the amplifier or other part of a
system and then measures the modula-
tion of the high by the low by: (1) re-
moving the low frequency; (2) rectify-
ing and filtering the remaining high fre-
quency (Fig. 1-3).

For the kind of distortion it aims to
detect. that method of measurement
seems foolproof at first sight. But the
fact is that some quite audible forms
can “get by” without detection by this
method of measurement. We'll go more
fullv into that when we describe the
method in detail.

The other form of intermodulation

Fig. 1-6. Distortion in an amplifier or

system can change the waveform of Fig.

1-5 to something like this one, which in-

cludes o lower-frequency component

(heavy dashed line) not present in the
original wave.

32

distortion is more noticeable when there
are at least two higher frequencies, not
harmonically related (that is, not in a
simple numerical ratio). When the dis-
tortion occurs, a lower tone, or buzz,
usually betrays its presence. What hap-
pens can best be understood by think-
ing of the usual form of radio modula-
tion in reverse.

When a radio or other higher [re-
quency is amplitude-modulated by a
lower frequency, the result can be
analyzed into an addition (modulating
is really a multiplying of one frequency
by another) of two or more higher {re-
quencies (I'ig. 1-4). So the envelope
formed by combining two higher fre-
quencies has a contour that is, or should
be, fluctuating at their difference fre-
quency (Fig. 1-3). If one frequency
differs from the other by 100 Hz (e.g.
one is 5000 Hz and the other 5100 Hz)
then the envelope will be a wave with
a frequency of 100 Hz.

When this form of intermodulation

input any two higher frequencies that
difter by a specific number of Hz, usu-
ally 100 or 400. The output is then
passed through a filter to find whether
any 100-Hz (or 400-Hz) tone is pres-
ent and how much (Fig. 1-7). No dis-
tortion means no 100 (or 400) Hz pres-
ent in the output.

In practice, it may be simpler to set
one frequency to, say 5000 Hz and then
set the other one to approximately 5100
Hz, adjusting it carefully to get a max-
imum reading on the output from the
100-Hz filter. If a maximum is found
closer to the original frequency, such
as 5,050 Hz, the reading is due to high-
er order effects. The procedure for cal-
ibrating we will describe when we deal
with this method of measurement fully.

This measurement too is of limited
validity. But it finds a form of inter-
modulation distortion different from the
SMPE test. Which is the better test has
been a subject for much argument. The
true answer seems to rest with the pur-

o]

I a.c. METER IM TEST SET |

HIGH FREQ. %1 l |
100 Hz

l COMBINING FILTER I

NETWORK _A I

HIGH FREQ. #2 I

AMPLIFIER
BEING
TESTED

Fig. 1-7. The complete set-up for making the CCIF intermodulation test.

distortion occurs, the envelope is no
longer a symmetrical and sinusoidal
100 Hz, but contains some distortion.
Usually the sine wave at the top will be
bigger or smaller than that at the bot-
tom (Fig. 1-6). This results in an actual
100 Hz being produced (heavy dashed
line) as well as the effective 100 Hz in
the modulation envelope. So the 100 Hz
now becomes audible. where it would
not be, if the modulation wave form
were pure, due to the wave onlv con-
taining the original frequencies (such
as 5000 and 5100 Hz).

This form of distortion forms the
basis of the internationally recognized
CCIF measurement (those letters stand
for the French name of the interna-
tional organizations that established the
method). It consists simply of using for

ArBaiA6 RsHiad KM HADD Y

pose of the test, or the kind of equip-
ment on which it is performed. How-
ever, neither method is completely sat-
istactory in “finding” all of the distor-
tion which it is intended to detect. This
too we will explain more fully when we
describe the tests in detail.

Meanwhile there are two more meas-
urements, one of which began to be
important much sooner than the other,
that relate to another property of any
program material, its
Dynamic Range. This refers to the loud-
ness, or decibel range, between the
loudest and quietest sounds in a com-
posite program, or that an amplifier or
svstem can handle. The loudest part is
limited in an amplifier or system by the
maximum power, while the quietest
part is limited bv background hiss, rum-

AUDIO e JANUARY, 1966



Under this copy of HOUSE BEAUTIFUL

is our new combination of
a sensitive AM/FM stereo tuner
plus a powerful 50 watt stereo amplifier.

Beauful.



It might strike you as just a fine decorator accessory.
True, it is an asset anywhere in any room. But if you
can tear yourself away from just looking at it, flick it
on and you’ll HEAR the true beauty it was invented for.
Fifty watts of extraordinary stereo sound can't be
seen, but you'll feel it completely filling your room. The
receiver is all solid state. E-V has removed all the
bulk, the heat, and the cost that mean nothing to your
listening {and looking) enjoyment. Series 1100 units
give you all the control you need to satisfy the most
discerning musical taste. Peek at the features of the

E-~V 1177 FIFTY WATT FM STEREO RECEIVER

amplifier and tuner. Everything said about those units
has been combined in this receiver, and that’s a lot
in a package this size. All connections are recessed
and hidden. Every model is complete with case includ-
ing salid walnut end panels. There are the sound source
lights, “spot of light” tuning dial, and FTS stereo broad-
cast indicator that works even when you're listening
to records. It's almost as much fun to watch as to
hear. At home in a bookshelf, on a table or cabinet.
Just add a pair of Electro-Voice speakers for a com-
pletely satisfying high fidelity system.

E-V 1178 FIFTY WATT AM/FM STEREQO RECEIVER

AiieEd HnPRBdREISIONS oy



Careful! Here's an amplifier so small you may misplace
it under a few decorator magazines. You'll never mis-
place the sound, of course — it's superb! But the
size means you can really put the E-V 1144 anywhere.
Whatever your sound source — tuner, turntable, tape
—it has a place with this amplifier. And the unit shows
you what's operating, because there's a color light bar,
different for each source, glowing on the front panel.
The amplifier is completely enclosed, of course, with a
solid walnut panel at each end. Connections are hidden
under the back. Solid!

E-V 1144 FIFTY WATT STEREQO CONTROL AMPLIFIER

-
o
i
3
%
x
= |
1]

nia design /eight

And for a perfect companion, the E-V tuner, matching
the amplifier exactly. This all-solid-state unit just won't
let you stray from optimum satisfaction. You tune, and
the “spot of light” leads you along the dial. Your fav-
orite stations can be marked by exclusive E-V movable
locaters. If you wish, AFC locks in fm stations, and the
illuminated meter shows when tuning is perfect. The
FTS (full time stereo) light tells when stereo is there!
Listen, it's simply great. After all, this is one tuner that's
as sensitive as you are.

E-V 1155 FM STEREQO TUNER
E-V 1156 AM/FM STEREQ TUKNER

AAfdagRsHia8ikiai SO0 6N



P et

COMPUTER-TYPE INDICATOR LIGHTS call out
which audio source you are hearing — tuner, phono,
or auxiliary. The lights are attractively color keyed
for quick and easy identification.

Electro-Voice electronic components are warranted for two
years from date of purchase against defects in materials
and workmanship. Any unit showing evidence of such de-
fect will be repaired or replaced without charge.

E-V 1144 FIFTY WATT STEREO AMPLIFIER ..... $124.50
E-V 1155 FM STEREO TUNER .................. 160.00
E-V 1156 AM/FM STEREO TUNER .............. 195.00

E-V 1177 FIFTY WATT FM STEREO RECEIVER .. 280.00
E-V 1178 FIFTY WATT AM/FM STEREO RECEIVER 315.00

EXCLUSIVE STATION LOCATORS mark your favor-

ite stations for quick, accurate tuning. Easily reset
at any time.

“SPOT OF LIGHT" DIAL INDICATOR, instead of hard
to see pointer, pinpoints tuning day or night.

“FT8” (full time stereo) INDICATOR LIGHT glows
whenever you are tuned to a stereo broadcast even
when listening to records or tape, or system is
switched to mono. Automatic fm stereo switching.

ZERO-CENTER TUNING METER permits ultra-pre-
cise tuning of weakest signals. Illuminated for easy
use.

55

12828

FIT ANY SPACE with E-V 1100 series solid
state electronics. Tuner and amplifier
units stack less than 6'/2” high. Case with
solid walnut end panels is standard —
nothing extra to buy.

NEAT INSTALLATION ANYWHERE is assured by re-
cessed terminal panel at rear. All connections are
out of sight. Wires can be wrapped together and run
behind a table leg. Units can be placed flush against
a wall if space is at a premium.

amplifier specifications / IHF music power output, 50 watts (into 8 ohms, output increases into lower impedances), 25 watts
per channel / Continuous sine wave output, 18 watts per channel / Frequency response, *=1.5 db 20-20,000 cps at rated out-
put, 1.5 db 20-30,000 cps at 1 watt / Harmonic Distortion, less than 1.0% at rated output / Hum and noise, better than 70
db below rated output (magnetic phono input better than 60 db below rated output) / Inputs—phono (mag), tuner, aux, tape
(high level). tuner specifications: Sensitivity, 2 uv IHF. amplifier and tuner dimensions: 3%/s” high, 8%/a” wide, 10'/4" deep. / re-
ceiver dimensions: 3%3” high, 157/s” wide, 10'/s" deep.

ELECTRO-VOICE, INCORPORATED BUCHANAN, MICHIGAN 49107

Setting courtesy ot Herman Miller, Inc.

You can see and hear 1100 series
components at your E-V high fidelity
specialist’s showroom.

EleélhoYores

LITHO IN U.S.A. Form 1072

WWWametineatrdiabistam.com



INPUT OUTPUT
METER METER
AMPLIFIER a
BEING 8
TESTED -
OSCILLATOR
{ VARIABLE WATTS
(A) FREQUENCY RESPONSE
ouUTPUT
METER
——
| AMPLIFIER a
BEING <
TESTED 3
0SCli *ATOR
f VARIABLE
DISTORTION
HELD
CONSTANT
(B) POWER RESPONSE

Fig. 1-8. Distinction between method of
making (A) frequency-response and (B)
power-response measurements.

ble, or hum, collectively called “noise.”
So dynamic range is not one measure-
ment, but two.

Maximum Power. For the simplest kind
of signal, a single tone, like that used
for measuring frequency response and
harmonic distortion, this is related to
both of these forms of measurement.
Maximum power will usually vary ac-
cording to the freqnency at which it is
measured, and according to the degree
of distortion allowed in making the

_ —_—
|
| |
| . 1
|
|
' |
L ] L J
(A) SQUARE WAVE
I |

(B) TONE BURST

Fig. 1-9. Two types of “transient” test
waveform that have enjoyed some pop-
ularity.

€ Circle 124 on Reader Service Card
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AUDIO
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AMPLIFIER
BEING TESTED

ouTPUT
LOAD

Fig. 1-11. Or is this right? (Answer next month}.

measurement. If a specific degree of
distortion is set, lower powers almost
invariably result in lower distortion.
The maximum power at a particular
frequency is the level at which distor-
tion reaches the allowable amount.

Power response relates the maximum
power to frequency and reads much
like a frequency response, but there is
an important difference (Fig. 1-8).

Frequency response tells how the out-
put will change as input frequency is
changed, provided the output is always
within, preferably well within, the max-
imum power at all frequencies. It as-
sumes constant input level of varving
frequency and undistorted output at
all frequencies. The measurement may
not actually be made at constant input
level for all frequencies, as we shall
later see, but this is the assumption
behind the concept of f{requency re-
sponse. If, to make the measurement,
input level has to be changed to avoid
distortion at some frequencies, or noise
at others, the result is “corrected” to
compensate for the change of level ac-
tually used.

Power response is not conecerned with
the input level required at the various
frequencies to obtain maximum power,
only with how much output power can
be obtained at various frequencies, be-
fore the distortion limit is reached.
Power is the top end of the dynamic-
range figure for any particular frequen-
cy; the bottom limit is:

Noise. In electronic equipment, such as
amplifiers, most background noise is
thermal in origin—due to random agita-
tion of molecules in resistors, tubes,

transistors, and other components, be-
cause of their natural heat—temperature
above absolute zero. Such random noise
can more accuratelv be regarded as
containing an infinitely random series
of events distributed through time, than
of frequencies distributed through the
audio spectrum (from 20 to 20,000
Hz.). But they are heard as hiss, with
various colorations, according to what
is, in effect, a frequency content of
these random “happenings.” So this is
the way noise is most often analyzed
for audio measurement purposes.

But the level measured is quite diff-
erent from that used for periodic wave-
forms, because the noise is not an in-
finite composure of different frequen-
cies, but an infinite variety of magni-
tudles and time spacings of pulses, unre-
lated to one another.

Another element of noise is periodic
in nature: hum that somehow gets in-
jected from the supply source (where a
system is line operated, or operates in
the vicinity of an a.c. power supply or
svstem) or rumble, due to some me-
chanical action injecting an electrical
“signal.”

Finally, even assuming that frequen-
cv response, harmonic distortion and
intermodulation tests, as well as meas-
urements to determine dynamic range,
do tell the whole story in their respec-
tive areas, certain distortions began to
be noticed which quite obviously would
not be detected by anv of these meth-
ods, even if those measurements could
be improved to “catch” what they might
presently be missing. This deficiency is

(Continued on page 67)

AUDIO
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Fig. 1-10. Is this what you need to measure frequency response?
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An Improved Omnidirectional

Microphone

HAROLD S. MAWBY*

The descripion of the design of a commercial product is often the best source of
tutorial information about the device which can be found, particularly when the
product has the reputation long enjoyed by the 635 microphone. The design of
the 635A, its successor, indicates why it, too, should achieve the same reputation.

HE SIMPLEST AND OLDEST tvpe of
Tmicrophone, the omnidirectional,
has many characteristics which can
be put into balance to result in a su-
perior unit when compared to the ster-
eotvped omnidirectional microphone.
While directional microphones are
more commonly used todav because of
the increase of users’ knowledge and
their own improved quality, there still
remains a broad area for the omnidirec-
tional microphone as a mecessarv and
useful audio instrument. This device,
being inherently a simpler instrument
in mechanical and acoustical design
and construction, has been the first in
use and the lowest in equivalent cost.
It has come through many vears of

Microphone Engineer, Electro-Voice, Inc.,
Buchanan, Michigan.

38

trial and error to result in the high-
quality  uaits  available on  today’s
market.

For years of dependuble service with-
out maintenance ol any kind, the Elec-
tro-Voice Model 635 omnidirectional
dynamic microphone would have a high
rating. With the changing times, the
studio and station user has had a
change in requirements of an omnidi-
rectional microphone. The up-dating of
the Model 635 has resulted in the re-
cently released Model 635A, shown in
Fig. 1.

A comparison of Fig. 1 with Fig. 2,
the older 635, will show that there is no
resemblance. Most important, of course,
are the changes on the inside of this
new shape.

All of the past good qualities of the
635 are the foundation for the many

Fig. 1. The new
Electro - Voice
635A omnidirec-
tional micro-
phone, on a 310
stand clamp. This

is an updated

version of the

“old reliable”
635.

Aaer nPEHdRAISTENA Ty

small  but important
found in the 635A.

improvements

Description of the 635A

Rugged construction was a basic re-
quirement placed high on the list in
design. The case is constructed from
steel. The front grille work is formed
from heavy-gauge wire screening. These
result in a durable shell around the in-
tricate transducer.

The generating element is a dynamic
or moving-coil unit. The %-inch diam-
eter diaphragm is made of .0015-in.
Acoustallov® which is stable under se-
vere sound pressures and temperatures.
The finish has kept in mind the tele-
vision user requirement of minimum
light reflection. A non-reflecting matte
satin chrome finish which will wth-
stand much scuffing is used.

The 635A, designed for hand-held
use, requires that mechanical shock
noise be reduced to a minimum. This
consists mainly of contact noise from
the case and cuble. Two design con-
siderations that contribute much are
mechanical isolation of the generating
clement from the microphone case and
the control over the compliance and
damping of the dynmamic element.

Isolation of the generating element
has the disadvantage of enlarging the
over-all diameter of the final micro-
phone shape. After manv tests with
materials of varyving compliances and
thicknesses, it was found that a simple
boot of low-durometer plastisol around
the generating element gave necessary
isolation with a minimum enlargement
of the final shape.

The second consideration is to mini-
mize the eftfect of the vibrations that
are transmitted through the plastisol
isolator to the generating element that
will put the magnctic structure into vi-
bration. Unless the diaphragm-coil as-
sembly moves with the magnetic struc-
ture, there will be a relative motion
between the magnetic field and the
diaphragm coil, which will result in un-
wanted electrical noise.
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Jensen Model HS-2 Stereo Head-
phones bring an exciting new dimen-
sion to your favorite recordings.
Unusually smooth full range undis-
torted output set these headphones
apart. Soft foam cushions provide
feather weight comfort and preserve
the undistorted bass response with-
out pressure. Response is true, com-

JENSEN MANUFACTURING DIVISION / THE MUTER COMPANY

Canada: Radio Speakers of Canada, Ltd.,

AUDIO e JANUARY, 1966

HAVE vOU
HERRD

= = 6601

Argentina: Ucoa Radio, S.A., Buenos Aires

Circle 121 on Reader Service Card
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SOUTH LARAMIE AVENUE,

plete, distortion-free from below 20
to 17,000 cycles!

HS-2 Stereo Headphones may be
connected to any stereo or mono
system. A full 8-foot input cable is
conveniently located to the rear of
the left phone. Of course, it carries
the Jensen 5 year hi-fi guarantee.
Suggested resale price $24.95. See
your Jensen hi-fi dealer.

¢ This product carries 3

The JENSEN
FIVE YEAR

WARRANTY

CHICAGO, ILLINOIS 60638

+  Mexico: Fapartel, S.A,, Naucalpan, Mex.

39



The analogue of the mechanical and
acoustical network can be shown in the
electrical form as in Fig. 3.

Observing the equivalent network,
the velocity of the diaphragm-coil and
velocity of the magnetic structure can
be made equal if impedance of C,, is
large enough. Thus the diaphragm stiff-
ness will help in noise reduction.

If the velocity of the magnetic struc-
ture can be made a mininunn so that
V, approaches 0, mininum noise will
be transferred. This means making the
impedance M,, large, which is the mass
of the magnetic structure. Desired size
and weight of the final microphone
must be kept in mind at this point.

Observe also that R, the acoustical
damping of the diaphragm, must be
large enough to control the resonance
of M, with Cp, which is the diaphragm
resonance.

Fig. 2. The original E-V 635 microphone.

In selecting the above component
values, we must remember the 635A
is a dynamic or moving-coil transducer.
This requires, from Eq. (I), that the
velocity v, of the diaphragm coil be
constant for all frequencies over which
a constant or “flat” output is desired.

e—= B ]Un (1)
where e — generated voltage
B = flux densitv
l length of the coil wire in
the magnetic field
vy = velocitv of the diaph-
ragm-coil wire

The velocity of the diaphragm coil

is determined by Ea. (2).

vy, = (P/Z) sin o ¢ (2)
where v, = velocity of the diaph-
ragm coil

P = sound pressure actuat-

ing the diaphragm
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fz=

Impedance of the me-

chanical and acoustic
system of the micro-
phone

As can be seen from Eq. (2), if the
pressure P is constant with frequency,
then to make v, constant, the imped-
ance Z must not change with frequen-
cy or Z must become R. This is called
a resistance-controlled element. This
means the diaphragm is highly damped
and as discussed previously, is part of
the answer to the 635A being less sen-
sitive to mechanical shock. Further-
more, the highly damped diaphragm
does not vibrate easily when the per-
former snaps the microphone in or out
of the stand clamp during a perform-
ance. If the microphone is being passed
from hand-to-hand while “alive,” there
is little mechanical noise. The highly
damped diaphragm is also the funda-
mental step in making the microphone
less susceptable to wind and breath
blasts.

The design shape allows the 635A
to be used as a hand-held microphone.
Thus, there is the user who will use
it very close to the lips. This requires
protection against “pops” as in a phrase
such as “Peter Piper Picked a Peck of
Pickled Peppers,” which, it has been
said, rarely occurs in ordinary con-
versation. The sudden high sound pres-
sures formed at the lips will require a
“pop” or breath-blast filter. This acous-
tic filter on the 635A is placed in front
of the diaphragm directly behind the
front grille. This eliminates the need of
an external windscreen in most outdoor
applications. Just below the “pop” fl-
ter is a dust filter.

Between it and the diaghragm is a
fine screen constructed of a magnetic
material. This screen is in the leakage
magnetic field of the generating ele-
ment. The screen becomes magnctized
enough to attract any fine metal dust
and filings. This prevents a gradual
dirt build-up on the diaphragm, which
would cause a change in frequency
response, the incidence of distortion,
and loss in sensitivity,

Case Considerations

The size and shape of the case is
determined by several acoustic neces-
sities and desired user features.

The case diameter of % in. was based
around the XLR-3-11 plug. This plug
is preferred in the broadcast and re-
cording business.

The %-in. diameter is also small
enough so that a female performer
can handle the microphone comfort-
ablv.

A larger diameter at the front of
the microphone was based around a
generating element which had an out-
put sensitivity that was desirable in a

ABadAa6RAHiad K s HADD Y

V ,= Velocity of diaphragm coil

V., = Velocity of magnetic structure

MI"
m F
Com "
M
| CC
Ra
(A)
Diaphragm - Diaphragm Magnetic
coil mass compliance i/lructure mass
F =Force
applied to
magnetic
structure

‘_’_ Acoustic damping
C. of diaphragm

™ Microphone case cavity

(B)

Fig. 3. Mechanical noise isolation in

the 635A. (A) cross section of the gen-

erating element, and (B) the equivalent
electrical network.

hand-held microphone. The larger the
area of the diaphragm, the more
coupling there is between it and the
air.

Diaphragin area is analogous to turns
ratio in a transformer impedance-
matching problem. In this case, a larg-
er diaphragm requires a larger ter-
minating sealed cavitv behind the
diaphragm. The size of this sealed
cavity is a determining factor in the
support of a low-frequency response.

Fig. 4. The “snap-out” Model 311 stand
clamp.
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FM ANTENNA

finest in every price range! AN

[l Model FMSL-5
$17.95 list
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Model FMSL-8
$29.95 list

AWARD WINNING
FINCO FM-4G
ANTENNA
$24.90 list

INGC

Discover the difference that a FINCO Antenna makes in Model FMSL-10

FM sound. FINCO’s maximum gain means a substantially Haae
greater signal over the full 88 to 108 MC band. Regardless
of your location, you bring in more stations — with exacting — e ==
station separation — free from multi-path reflections. Choose i . >

2

a superb FINCO FM Antenna, and get perfect FM sound.

Include a FINCO FM Band Pass Filter and stop FM interference by Model FMSL-12
blocking out unwanted signals from TV stations, citizens band, $49.95 Jist
amateur transmitters, electric motors, fluorescent lamps, automobile
\e
=2 }
)

ignitions, etc. You'll never hear a signal that’s cleaner, clearer, purer.

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

THE F l N N E Y c 0 M P A N Y glaonddell’:gﬂilter 56'95 list
34 West Interstate Street ¢ Bedford, Ohio Eliminate FM Interference with
Write for Bulletin #20-213, Dept. AM FINCO’s Band Pass Filter
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Plate r— Diaphragm

e
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E E = .1 “ L2 Generating element

-
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Resonator holes Diaghragm mpetance
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o +
Resonator cavity
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(B)

Fig. 5. The Helmholz resonator—(A) me-
chanical form, and (B) its analagous
electrical circuit.

The desired low-frequency range
then determines the volume of the
microphone case, thus the only dimen-
sion not discussed—the length of the
microphone case—has been determined.
The over-all length of the microphone
is 515/16 in.

When the 635A is not being hand-
held, it can be stand-mounted in either
the Model 310 clamp, as shown in Fig.
1, or in the snap-out Model 311 shown
in Fig. 4. Both of these elamps have @
%-27 coupler, and both have a swivel
action which permits tilting the micro-
phoue to any desired angle. The 311
clamp allows the performer to snap
the microphone in and out easilv. The
total weight of the microphone is only
6 ounces, which is not tiring to hold
for an extended period of time, even
in the female hand.

To help reduce weight and manufac-
tiuring cost, no transformer is used in
the microphone case. £48 copper wire,
(.0013 in. diameter) is used in wind-
ing the voice coil. The impedance of
the voice coil is 150 ohms, which is
the terminating impedance of the
microphone. Eliminating the transform-
er also eliminates a possible pick-up
of stray magnetic fields.

There is only one opening to the
generating element, which mukes the
635A an omnidirectional microphone.
At the high-frequency end of the audio
range the polar response becomes
slightly directional. This is due to the
baffle effect of the front of the micro-
phone case. There is a controlled, very
slight leak which allows for pressure
equalization on both sides of the diaph-
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ragm. This is required as the atmos-
pheric pressure varies to avoid any
static pressure on the diaphragm.

High-frequency response is limited
bv the mass of the moving system—
the major mass being the voice-coil.
Aluminum wire was eliminated be-
cause a 150-ohm coil was desired. This
requires aluminum wire finer than prac-
tical to use in production. Copper wire
has greater conductivity than alumi-
num so that for cquivalent voice-coil
impedance and number of turns, a
finer wire than the equivalent alumi-
num would have to be used. Copper
is much more ductile, and smaller sizes
are easier to work with.

Additional support is given to the
response from 8000 Hz out by the use
of a Helmbholtz resonator. This resona-
tor fits into the equivalent circuit of
the microphone acoustic system as
shown in Fig. 5.

The Helmholtz resonator is formed
physically in the front of the micro-
phone as shown at (A) in Fig. 5. The
inertance of the holes (equivalent to
inductance), resonates with the com-
pliance of the air volume (equivalent
to capacitance), between the retainer
and diaphragm, as shown at (B).

Response

The response of the total microphone
is shown in Fig. 6. As shown, the re-
sponse is slightly rising and very
smooth. This response was selected
after many field tests because the slight
rise from 2000 Hz gives increased pre-
sence and articulation without a harsh
sound. The low-frequency response is
shaped to control rumble without un-
balancing the useful low-frequency re-
sponse. Without the Helmholtz resona-
tor and with a reduced back cavity,
the respomse would be as shown dotted.

The smoothness of the response curve
is important because the polar response
is omnidirectional. In field tests the
635A has been found superior to some

directional microphones on feedback;
the latter often have a peaked frequency
response in a band where the polar
response is also weak.

Production

In production of the 6354, the gen-
erating element is thoroughly tested
before assembly in the final micro-
phone. Damping of the diaphragm is
accomplished by inserting a felt mate-
rial between the diaphragm and back-
case cavity. This felt is them adjnsted
acoustically with the particular diaph-
ragm coil that has been installed in
the generating element. At this testing
period the response of the generating
element only is checked for smoothness
of response and output sensitivity. It
is then placed in a 130-dB sound field,
and if any distortion is shown, the ele-
ment is rejected.

It the microphone has passed all of
the above tests, it is then installed in
a final microphone case, placed in an
anechoic sound room and checked for
frequency response in a free sound
field.

Per‘odically, a 635A is sampled from
the final test and given a drop test. The
drop test consists of ten drops at ran-
dom angles from a height of four feet
onto a hardwood floor. The sampled
microphone is then given the final fre-
quency-response test again. A visual
inspection after dropping, gives indi-
cation of inferior case parts or mate-
rials.

A B635A is a microphone in action.
It is equipped with a durable cable
which will withstand much use.

The polarity of the microphone from
the activating acoustical signal on the
generating element to the end of the
cable is maintained. This allows multi-
ple microphone users to have all micro-
phones in phase with each other.

The increased frequency with which
the 635A is seen in everyday activities
is the final test of it’s ability to serve
as a new and useful audio tool. A
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90-WATT OF AMPLE POWER!
AUTOMATIC STEREO SWITCHING!
AMAZING VERSATILITY!

MODEL SX-1000T

NEW 90-WATT SOLID STATE FM MULTIPLEX STEREO RECEIVER

MODEL SX-1000T

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

Large power by 2SD-45 transistors [0] Sensitive protec- single-ended pushpull circuits using silicon power transis-
tive transistorized switch and relay for protecting transis- tors, direct-coupled output to loudspeakers Frequency
torized circuits [0] FM circuitry: cascode front-end using response: +2db, from 20 to 20.000 cps (overall) Pro-
4 nuvistors, 4 dual-tuning IF stages, with muting circuit tection circuit: electronic switching [0 Line requirements:
O Tuning range: 88~108Mc [0 FM sensitivity (JHF): 2 115/230 volts, 5060 cycles AC 0] Music power output:
microvolts Multiplex circuitry: time-switching circuit, 90 watts (IHF), witnh 16 ohms loads Dimensions: 17-
with automatic mono/stereo switch Audio circuitry: 1/27 (W) x 5-7/8” (H) x 15-1/8” (D).

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

O] AM frequency range: 535~ 1605 kc AM sensitivity er output: 40 watts (IHF), with 16 ohms loads [0 Dimen-
(IHF): 16 microvolts AM antenna input: built-in ferrite sions: 17-1/2” (W) x 57/8" (H) x 16:15/16” (D). All other
loopstick with terminal for external antenna [0 Music pow- specifications are the same as for Model SX-1000T.

MAIN PRODUCTS: [0 Hi-Fi Speakers [0 Stereo Hi-Fi Amplifiers L] Hi-Fi Speakes Systems [Cd Stereo Hi-Fi Turntables &
Record players.

PIONEER ELECTRONIC CORPORATION

® 15-5, Nishi 4-chome, Omori, Ota-ku, Tokyo, Japan
Cable Address: PIONEER TOKYO
NEW YORK OFFICE: 350 Fifth Ave., New York, N.Y. 10001

Telephone: (212) LA4-1757/8

Circle 127 on Reader Service Card
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SOUD AND SIGIT

HAROLD D. WEILER

SINCE Trnomas A. EpisoN was an avid
reader of scientific journals it is
unlikely that he missed Obelin Smith’s
article on magnetc recording which we
reprinted in part last month. It is inter-
esting to conjecture what would have been
the result if Edison had applied his tre-
mendous knowledge of magnetism and
electricity to this form of recording in-
stead of his acoustic recorder. Would his
motion picture camera (dlustrated below)
have resembled the recently released No-
relco video camera? He also, of course,
would have had to invent the vacuum
tube.

To return to the Edison kinetoscope,
even before Caveat 110 was completed
he began to improve and perfect the in-
strument, for its closing sentence reads,
“By using very large transparent shells
(of glass) the pictures may even be pro-
jected on the screen as in micro-photo-
graphic projection or enlargement, the
cylinder beng revolved and the source
of light inside the cvlinder, negative rec-
ords only being recorded.”

While each of the previous experiments
had resulted in improvements there were
still a number of problems plaguing Edi-
son, despite his optimism: the lack of
concentricity of the plaster cvlinders, their
comparatively rough surface and the still
rema ning problem of focusing the micro-
scope on the curved image.

Before Edison had an opportunity of
employing glass cyvlinders a paper was
read before a group of photographic en-
thusiasts at the Franklin Institute in
Philadelphia on the evening of November
21, 1885, by John Carbutt of the same
city. It described his new invention “The
Perfect Substitute for Glass” (photo-
graphic plates). It consisted of a coating
of photographic emulsion on thin (0.01
in.) flexible plates of nitrocellulose. The
paper was published the following month
in the Journal of the Franklin Institute.
It was at this point where Edison’s read-
ing of scientific jouwrnals served him well,
for he evidentlv read the paper, and

quickly ordered the new material. It pro-
vided a perfect solution to his immediate
problem.

A large cylinder similar to that illus-
trated last month was slit to accommo-

date Carbutt’s new sensitized celluloid
film., Images were recorded, the film de-
veloped and placed on a newly construct-
ed transparent drum. This time the
source of illummination, the Geissler tube,
was inside the drum. The pictures were
again superior to those obtained previous-
ly. The results were slow, but encourag-
ing. Each new experiment resulted in
another improvement. Edison, however,
was evidently still dissatisfied, for the
experimentation continued into the new
vear of 1889.

The reason for Edison’s dissatisfaction
becomes obvious when we read Caveat
114 which was sent to his patent attorney
on l'ebruary 3, 1889, conceived in Janu-
ary, 1889. It describes a new type of cyl-
inder. The old problem of proper focusing
of the microscope on the round cylinder
was evidently still annoyingly present for
Edison wrote, “This gives a flat face for
the photographic record from the micro-
scope and the picture is not thrown out
of focus as it would be if the cyvlindrical
surface were round, especially on very
small cvlinders which it is necessary to
use on commercial apparatus.”

This experiment was evidently a fail-
ure, for according to Edison’s Caveat 114
dated May 20, 1889, he had returned to
the transparent cylinder. Larger images
were required but the rotundity of the
surface and the resultant difficulty in ob-
taining proper focus precluded their use.
It was exasperating for when the images
were viewed Hat (not mounted on the
cylinder) they were perfect.

We know that the invention of the
Kodak camera could not have escaped
Edison. It was completely described and
illustrated in Scientific American, Septem-
ber 15, 1888, Here was a device which
could store enough film to take 100 21%”-
diameter pictures in a space G} x 3 x 3%
inches—more film than thev required. So
on the morning of June 3, 1889, the East-
man Dry Plate Company received a letter
inquiring as to the price of the camera
from the Edison Phonograph Works.

The Kodak Edison acquired was evi-
dently obtained from Scovill Manufactur-
ing Company some time between June 7,
1889, and the time the second one was
acquired on November 23, 1894. It was

Edison’s motion
picture camera
mentioned herein.

ABadia6RAHal K s HSDDRY

a truly marvelous piece of equipment for
the time, as revolutionary as Koduk’s re-
cently introduced Instamatic cameras of
today. For the best description of the
cameras available prior to the introduc-
tion of the #1 Kodak and its advantages
over them, we must quote Ackerman’s
“George Eastman.” Ieretofore, the so-
called “detective” camera has been the
only instrument suitable for wayside pho-
tography and even with this form of
camera it has been necessary to perform
upwards of ten operations in order to
make one exposure, as the mere act of
“taking” the picture is called. The omis-
sion of any one of these consecutive op-
erations entailed a liability of total fail-
ure of the picture.”

“The Kodak reduces the ten or more
operations heretofore necessary to make an
exposure with detective cameras to three
operations These three operations
were widely advertised: “I—Pull the
string. 2—Turn the key. 3—Dress the but-
ton.” With practice one could take three,
perhaps even four pictures per minute!”

When we read this description of the
state of the photographic art at the time,
we cannot help but marvel at Edison’s
genius for here was a brand new develop-
ment with which as many as three or four
pictures a minute could be taken. Edison
had already taken more than double this
amount per second. However, we firmly
believe that it wuas Eastman’s Kodak z1
which inspired Thomas A. Edison to
change from his cvlinder concept and
adopt a strip of film.

W. K. L. Dickson’s description (].S.
M.P.E., December, 1933), of the next step
in the invention of the kinetograph seems
to confirm this theory; he writes, “My
next attempt, after abandoning drums
and the lke was to proceed with narrow
strips of Carbutt celluloid, 18 inches long,
notched on the top, and impelled inter-
mittently by a clock escapement move-
ment. A rotating shutter and a lens of 1%-
in. focus were used. The pictures were
i-in. square. This tentative test or ex-
periment seemed to be leading me in the
right direction, as will be shown.” Slowly,
laboriously, step-by-step each obstacle
was overcome. Through the use of a strip
the comparatively flexible film was held
flat at the exact moment of exposure or
viewing. Dickson’s article continues, “On
trving to join these strips, the usual trou-
ble was that the joints stuck in the frame
or open guide, which, however, we made
as springy as possible.”

Another problem quickly became ap-
parent, the required stop-and-go motion
quickly tore the notches from the film and
the film itself. Some other means of mov-
ing the film was required. The automatic
telegraph  Edison had invented earlier
provided him with the solution, for its
paper tape was moved with a sprocket
engaging perforations in the paper. This
method was quickly adopted. A perfora-
tor was made and the film punched. A new
sprocket was substituted. However, the
problem of the joints between the short
film strips remained until the Eastman
Company announced in early June, 1889,
their transparent film. A
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Some plain talk from Kodak about tape:

The lowdown on low-noise tapes... ==

and on low-speed tapes

Designing a “low noise” tape is a bit
like trying to fit a six-foot man with a
pair of pants tailored for a five footer.
Cutting off his legs is a solution .. . but
it lacks elegance. Tapewise, if all you
do is use a low-noise tape, you end up
with lowered output; i.e., mighty short
legs. And if you push up the gain,
where's the low noise you were hoping
for?

The art of low noisemanship re-
quires a bit more finesse. And it's not
so hard to master if you take a listen
to Kobak's Type 34A Hi Output Pro-
fessional Tape. Try this test: Listen to
a "no signal” tape at high gain. Now
turn down the gain until the hiss dis-
appears. Wouldn't it be nice if you
could listen to the tape that way? The
solution, obviously, is to pick a tape
you can put a lot on—and play it back
at low gain...and low noise, naturally!

Enters the star. Compared to our own
Type 31A Standard Play Tape, and to
the low-noise product from a compet-
itor we must keep mum about, the
chart below reveals that KODAK Type
34A Hi Output Tape gives five or more
additional decibels of undistorted out-
put. At similar output levels, Type 34A
is just as quiet as the next fellow’s. It
does this with no increase in print-
through over general-purpose tapes.
Pretty nice for silence lovers. The

values expressed in the chart are in
decibels at optimum bias settings
using our Type 31A as the reference.

Some like it slow. In medieval times,
a favorite subject of theological dis-
cussion was just how many angels
could dance on the head of a pin.
KobaK can provide no informed opin-
ion on this question, but leaps into the
fray when it comes to how much sig-
nal you can squeeze on a given length
of tape. Since tape started, tape
speeds have been dropping. First it
was 15 ips, then 7% ips; the day of
33% ips is here for some. And the re-
corder manufacturers still haven't
stopped. Who knows where it will end.

But there are some problems in-
volved. At 15 ips a single cycle of
signal at 1,000 cycles-per-second
covers 15 thousandths of an inch lon-
gitudinally on the tape as it travels by.
At 1% ips (to go to extremes) it's down
to less than 2 thousandths of an inch.
As a result, as tape travel speeds de-
crease, tape “resolution,” to borrow a
photographic word, becomes more
and more important. A second prob-
lem is that external magnetic flux on
the tape available to thread the re-
produce head also decreases in pro-
portion. This means that you need a
high-efficiency tape. Last but not
least, the tape itself has to be thin for

Bias

Sensitivity at 37.5 mil wavelength
tnput at 2% harmonic distortion
Output at 2% harmonic distortion
Saturation Output

Maximum Dynamic Range
Modulation S/N Ratio

—20 to 1000 CPS

—1000 to 15,000 CPS

KODAK
31A Tape
0.0
0.0
+10.0
+11.5
+20.0
75.0

62.0
64.0

Premium-priced KODAK
competitive 34A Tape

low-noise tape

+0.4 +0.8

—3.0 +2.1

+11.4 +13.0

+10.7 +16.3

+19.0 +23.6

79.0 79.0

570 62.0

65.0 67.0

EASTMAN KODAK COMPANY, Rochester, N.Y.
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maximum footage on a given reel.
People buy long-playing tapes be-
cause they play long.

Put all these problems together and
our trusty Kobak 11P Y2 Mil Double
Play Tape sounds better and better.
Look at the chart which compares it
to a premium-priced famous name
brand recently improved for low
speed...and to a competitive general-
purpose tape. KODAK 11P shows off
as well as the first, and better than
the second. Figures are in decibels
using our 11P as the reference.

Premium-priced
Competitive  competitive ~ KODAK 11P
double-play  “improved”  double-play
tape low-speed tape tape
Optimum
bias +0.5 —0.5 0.0
Sensitivity
at 37.5 mil
wavelength  —0.6 —1.2 0.0
1 mil
wavelength —25 —0.2 0.0
0.6 mil
wavelength  —2.6 +0.4 0.0

KoDAK Sound Recording Tapes are
available at most electronic, camera,
and department stores. New, 24-page,
comprehensive “Plain Talk” booklet
covers all the important aspects of
tape performance, and is free on re-
quest. Write: Department 8, Eastman
Kodak Company, Rochester, N. Y.
14650.

1250 . on 1 mil DUROL Base

STANDARD PLAY 31A

KU DAK

Exelnsire: Kodnk Thrend Kuvy reef
Exetmotew: lentficeison peiawd on tope
Bxetasiee: Hondrome itbeory b
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/@ RECORD REVUE

Edward Tatnall Canby *

FROM BRITTEN TO DENMARK

Britten: Rejoice in the Lamb; Missa Brevis; A
Ceremony of Carols. Choir of St. John’s Col-
lege, Cambridge, G. Guest.

Argo ZRG 5440 stereo

Britten is the outstanding British
composer of the last quarter century or
so—and his music is British beyond
compare. So unlike anything we can
turn out over here! It is modern, and
yet traditional; it can be difficult but
it is always for people. both to perform
and to hear, and it is above all real
vocal music, in the great British tradi-
tion. We have no such thing to fall back
on, ourselves, except in our rich areas
of folk music.

What a splendid record! This is a
vsibrant, vivid choir, the usual brace of
little hoys plus a few male countertenors
and the lower parts, tenors and bass.
But what strong singing! These kids
simply light into the music, and so do
their elders. As you listen, here, it is
wonderfully evident that, whatever we
may think of Britten as a ‘“classical”
modernist. he hits the musical nail on
the head in his homeland. The music
suits the performers, they blossom out
for it, they understand every note.

Quite a variety. The familiar Cere-
mony of Carols has a rousing perform-
ance, almost raw in its fervor. No
sweety-pie little angel-boys here. The
Missa Brevis, a short Mass, is for three-
part boys' choir with supporting instru-
mental music. The Cantata Rejoice in
the Lamb, an earlier work (1943), goes
back to a late-Victorian sort of writing,
with much rousing solo music—it's a
setting of the delightful 18th-century re-
ligious poetry of Christopher Smart. who
was smart but an inmate of an asylum;
its most famous passage is the soliloquy
on his Cat Jeoffry and its natural
enemy, the Mouse. Charming music, cat-
like and mousey. Altogether a superb
choral recording.

Britten:  Part
Halsey.

Songs. Elizabethan  Singers.
Argo RG 424 mono
(also stereo)

Here is the British composer at home
in his most versatile medium, adult
choral music. These assorted choruses,
unaccompanied and with piano, are
virtuoso affairs, showing off every facet
of choral expression. Five Flower Songs,
to ancient English words, are relatively
serious works of contrapuntal complex-
ity—except the last, a whirlwind thing
about Green Broom. Then comes a group
of songs with piano (Robert Graves,
W. H. Auden) and, on Side 2, a very
un-folk-like setting of the Ballad of
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Little Musgrave (often heard in a U.S.
folk version) and a group of rather
glutinously rich “choral dances” out of
the opera, Gloriana. composed for
Elizaheth’s 1953 coronation. Finally, a
pair of stunt folk-type pieces (not
American-type folk but traditional Eng-
lish!), ending with Oliver Cromavell, in
which is featured the fastest sung Eng-
lish I've ever heard. OliverCromwelllay-
buriedanddead., Theregrewanoldapple-
treeoveriishead . . .

Singing by the medium-large chorus
is very expert in both the slow and
rapid music but a bit unblended, with
solo-type voices that tend to stand out,
plus a good deal of compound vibrato.

Doesn’t matter-the group sings well
and intelligibly, and with excellent
humor.

The Brontés. A dramatic reading by Margaret
Webster.
Vanguard VRS 9176/77 (2) mono

Recordings of drama are coming in
thick and fast—they seem to be the
latest sensation, and indeed they do
offer terrific entertainment wvalue. The
Brontée family was that obscure, in-
grown houseful of strange English
creatures, in the early 1800’s, a parson
father, a whole brace of girls and one
boy, who out of almost nothing turned
into the century’s most brilliant novel-
ist family Charlotte, Anne, Emily—
capped by their most famous book,
“Wuthering Heights,” The girls wrote
delicately under male psecudonyms, for
Victorian ladies weren’t supposed to
write novels.

They lived in utter isolation in a tiny
village, except for brief spells as gov-
erness to spoiled brats, or at schools,
dreadful places; and, one after the
other, they died, dreadfully, languishing
away. It’s all in this really absorbing
spoken tale, in a kind of journal form,
out of letters, biography, writings, put
together for “live” stage reading by
Margaret Wehster and done here—just
the one, single voice—to perfection. It's
an evening's wonder, and will leave you
thinking for miany a day after.

Bernstein Nielsen
Danish Orchestra.

Symphony No. 3.
(With book'et)

Columbia MS 6769 stereo.

Nielsen (1865-1931) was Denmark’s
only composer, at least for the outside
world; and when Bernstein conducted
this symphony (1911) recently with the
Danes’ own special orchestra—it prac-
tically broke up the country, they were
so excited.

Well, I love the Danes but I dunno.
He was good, all right, but he’s awful

Royal
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dated right now, Nielsen, unless you
like this kind of thing. A real, old-
fashioned late-to-neo-Romantic. Lots of
people are swooning about the music
so you'd better take it seriously, espe-
cially if you like, say, Sibelius and
Rachmaninoff. Nice hidden (swvordless)
soprano and tenor in the second move-
ment.

It is a stirring performance. You
can just hear the faithful Danes rising
to the great occasion. They never heard
it so good.

Nielsen: Symphony No. 4 (“The Inextinguish-
able’’). Hallé Orch., Sir John Barbirolli.
Vanguard Everyman SRV 179SD stereo

Well, T haven't extinguished this one
yet -T'm listening as I write. It's from
1916 and retlects, they say, some of the
emotions of World War I. To me it
sounds a bhit more “old-fashioned” than
No. 3, even more Romantic but, in its
Romantic way, quite lovely. Also quite
long, full of typical late-Romantic wan-
derings all over the lot, full of tuneful
ideas, oddly like Shostakovitch at times
but more mellow, more human. Very
moody, very passionate—Dbetter than
Shostakovitch (for my ear) but
again, I dunno. You have to like bhig-
scale, long-drawn-out symphonic Rom-
anticism to fall head over heels for
this excellent Dane. I do enjoy him
here, T'll admit. More than in the Sym-
phony No. 3 preceding.

Performance is also sincere and musi-
cally first-rate; for Sir John B. (he
once also conducted the New York
Philharmonic—remember?) is just of
the right generation for this music. He
really makes it bhoil and roar and sigh
and weep. Excellent.

VIRTUOSO PIANO

Lorin Hollander. Moussorgsky: Pictures at an
Exhibition; Rachmaninoff: Prelude in C-Sharp
Minor; Prokofieff: Toccata.
RCA Victor LSC 2823 stereo
Only a few years ago, the 14-year-old
Lorin Hollander sallied forth on records
to do bhattle with the biggest pianos
around, which very nearly collapsed un-
der the attack. What a juvenile fiend!
Now he’s somewhat older, still smiling
boyishly, neatly dressed and barbered
(see jacket-cover photos) and the pow-
erhouse attack is still there. But it is
tempered—if you keep the volume down
a bit—by a more mature intelligence.
Moussorsky’s battle horse, originally
for piano, can take the Hollander ap-
proach very nicely and does—this per-
formance contrasts interestingly with
Horowitz’ famous souped-up piano ver-
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sion, somewhat re-transcribed from the
Ravel orchestration. Plenty of drama
here, but a good deal of crisp subtlety
and tension too. I like it. As for the
small-type “encores,” the famous old
C-sharp minor prelude gets an astonish-
ingly solemn and impressive setting-
forth, the well-known holy terror (for
pianists) of the Prokofieff Toccata is as
nothing under the Hollander steel-spring
fingers.

RCA beats anybody in recording a
big-piano sound. Don’t know what they
do but it reminds you of the M-G-M
lion (when he was young and virile).
Terrific.

Bach:
piano.

Goldberg Variations.  Peter  Serkin,
RCA Victor LSC 2851 stereo.
Peter Serkin is a chip off a notable

block. His father is the pianist and all-

around musician Rudolf Serkin, and
Peter was 17 when this record was
made. It is astonishingly mature and

well thought out as a performance, and
brilliant in technical execution, too.
There aren't a dozen pianists in the
country who could hope to match this
sort of music-making.

The comparison will be made with
Glenn Gould, who recorded a “Gold-
berg” as one of his first piano sensa-
tions. He, too, was a brilliant young
newcomer. But Gould was (and is) far
morc eccentric, morc self-instructed,
much less aware of outside traditions
and musical culture. Gould makes up his
own Bach, and Beethoven, and it is
musically remarkable, if outrageously
un-stylish. Serkin knows better. He has
heard this music and plenty more from
the best sources through most of his
life. So—no fancy long-hair eccentrici-
ties, though there’s hair enough on
Peter’'s head. (In fact, he looks a bit
like Gould.)

Not only are the individual variations
done with impeccable undecrstanding
and communication but, you will find,
the whole huge architecture of this big
piece is conceived as one, growing in
drama and cumulative tension over two
long LP sides until the final few varia-
tions (taken without a break) are
breathtaking in effect. Some of the big-
gest players on both piano and harp-
sichord have utterly failed to see this
dramatic whole—though old Landow-
ska knew all about it.

Yes—the dramatic approach smacks
of the Romantic. But, first, the piano is
a Romantic instrument by rights and
this is good pianism. Why play piano
like harpsichord? Second, the drama,
without the slightest question, is there,
in the cumulative effect of these doz-
ens of variations, these patterns-with-
in-patterns. It couldn’t be otherwise.
What matters, simply, is the performer’s
awareness of this—and how he chooses
to bring that awareness forward. On
the harpsichord the means may be
quite different than those best for the
piano.

More power to Peter!

Schumann: Symphonic Etudes, Op. 13; Toccata
in C, Op. 7. Gyorgy Cziffra, piano.
Decca DL 710115 stereo
Schumann’s big piano music is just
about the toughest music to project
that there is, today. Most pianists can
play the notes easily enough—but to
project the spirit—fiery, yet related,
tender, triumphant, honest, naive and
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often redundant to dullness, takes
colossal understanding and piano dra-
ma, as well as a superb ear—for Schu-
mann’'s harmonies are not simple.

This Cziffra puts on a tremendous
show, technically brilliant. But the mu-
sic doesn‘t come off. Another pianistic
head rolls in the dust—there have been
plenty before.

Here, all is fiery Hungarian bravura,
terribly intense and not at all relaxed
(as 1 hear it). The great climaxcs are
furious, instead of grand, the romance
is pushed too hard, the drama is un-
stable rather than persuasive. It goes
unstable only too easily, alas. For Schu-
niann, one must have an utterly calm,
reassuring confidence, a radiantly
serene personality, to balance out the
high-charge, pathos-bathos music. It
needs that kind of emotional support.
No wonder that there have been many
great woman Schumann players—Ilike
Dame Myra Hess, or, of course. Clara
Schumann, the composer’s pianist wife.
They had it.

Nor does Cziffra do his pedaling well,
and his harmony-hearing. There are
microscopic chord-blurs, where each
harmony should sound of itself, cleanly.
And the climactic harmony-changes—
that sudden astounding shift just at the
end of the long Etudes — these are
passed over as though nothing special
had happened. Nothing has, if you don’t
hear it!

Nothing wrong with the Cziffra fingers
and wrists and arms. They encompass
the strenuous music with the greatest
of security.

Schubert: Chamber Works for Piano Duo.
Caroline Wood, Eleanor Hancock.
Collectors Guild CGC 641 mono
(507 Fifth Av. N.Y. 10017}
Two girl pianists graduate from Juil-

lard: one of them marries a recording

engineer, and pianist, too, and next
thing you know—Eleanor Hancock
plays, this, with Caroline Norwood;

David Hancock makes the recording—
and writes the musical annotations.
Some family deal!

The music is for two pianists at one
piano, sitting side by side. That doesn’t
make for a good show in the concert
hall, but it is marvelous for the home
musician, as thousands of people knew
before the lazy phonograph came along.
These girls gave a Town Hall recital,
nevertheless, for which they should get
medals. Most pianists are much too
vain. They want the whole instrument
for themselves, natch.

Schubert is tough music to play—
one piano or two. Only the very greatest
musical minds really bring it off super-
bly, both the notes and the sense. And
so these two girls do really nobly. Their
coordination is perfect, not a note out
of place or stumbled. Their scherzi
trip along neatly, their slow melodies
sing out, their Schubert lightning-har-
mories, those marvelously subtle
changes, are always in place. If I keep
thinking of the two top Schubert men
in Austria. the fabulous team of Demus
and Badura-Skoda, who once recorded
so much for Westminster, it is merely
with nostalgia and the thought that
(as the ads say) only in Austria do
they play more Schubert better. Nobody
could beat them. Not even these girls.

The music includes the big B flat
Sonata Op. 30, the Fantasia in F Minor,
Op. 103, an Andantino Varie, Op. 84, No.
1, and a March, Op. 121, No. 2.
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OLD MUSIC FROM DOVER

Guillaume Dufay: Secvlar and Sacred Music
for Voices and Instruments. Ambrosian Singers
& Players, Denis Stevens.

Dover HCR 5261 mono
Missa Salve; Missa de Sancta Maria (Anon.
13th ¢. Masses, England, Spain). Ambrosian
Singers, Stevens.

Dover HCR 5263 mono
Secular Vocal Music of the Renaissance from
Spain, ltaly and France. Ambrosian Singers,
Stevens.

Dover HCR 5262 mono

The low-priced Dover line (%2 list,
mono and stereo) now includes a num-
ber of discs of these English “old mu-
sic” performers, led by a leading musi-
cologist-scholar who-—amazing to say—
is also a sensitive performing conduc-
tor. For anyone even mildly interested
in this really old music, these perform-
ances are wonderfully communicative,
though some are more S0 than others.
The Ambrosian singers, solo voices,
share a musical sensitivity and earnest-
ness with their conductor, as well as
first-rate musicianship in respect to
phrasing and shaping. Dover includes all
texts, with translations, for the low-low
price.

However, there is one qualification
here. Today’s solo voices are trained
not to blend together in ensemble. They
invariably use vibrato, sing forcefully
(to carry in the concert hall or opera
house) and with an erratic and often
inaccurate “line,” as compared with
musical instruments. It is not easy to
live down this background, even with
the best of intentions.

And so the finest music here is that
which is sung by solo voices, not more
than two at a time., with other parts
done instrumentally. That includes most
of the material on these discs. As soon
as three or four or more voices sing
together there is that unpleasant wob-
bly non-blend that is typical of today’s
professional vocalism and was clearly
not the sound of the original music.

The early 15th century music of Du-
fay is superb in the first of these rec-
ords above. It is a strange musical
“speech” at first—but in these gentle,
plastic, responsive performances it
soon gets through. The secular works
are done intimately close, the Latin-
text pieces in church-type acoustics.

The two 13th-century Masses are
astonishingly potent as well as “pri-
mitive’—primitive only in that the con-
cept of harmony and of independent
voice-lines is just beginning to show.
Other than that, the music is sheer
Gothic. that combination of stark, raw
expression — gargoyle-like — with utter
sophistication, that so impresses us in
the great cathedral architecture.

The most familiar style, the 16th cen-
tury Renaissance music (HCR 5262),
is the least effective. Too many four-
and five-part vocal ensembles, done
with much heartfelt inaccuracy of de-
tail and lots of expressive wobble, in a
somewhat old-fashioned “Romantic”
manner. But here, again, the partly-in-
strumental numbers nicely save the
day. They are excellent.

Anthology of Renaissance Music. (Dufay, Des

Prez, Morley, Victoria, Palestrina, Jaquet of

Mantua Mouton) Primavera Singers of the
N.Y. Pro Musica, Greenberg.

Dover HCR 5248 mono

How utterly unlike the British Am-

brosian Singers! These are solo “pro”

(Continued on page 65)
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UTC SOUND MAXIMUS 7
SPEAKER SYSTEM

This is the largest and most costly of
the Maximus systems. These systems are
all advertised as having the ability to get
a maximum of sound out of a minimum of
enclosure. As the largest of the species,
the Maximus 7 is prettv. much the same
size as other popular “bookshelf” speak-
ers. (Encyclopadia Britannica books, that
is, and then some.)

By way of features, the Maximus 7
utilizes a long-throw 12-inch woofer that
is pneumatically (acoustically?) suspended
within the sealed cabinet. Crossover at
1800 Hz is to a pair of mid/high cone
drivers with directive lenses in front. A
second crossover at 8000 Hyz goes to a
dome super-tweeter, again featuring a
pattern shaping front-piece.

The enclosure itself is of the customary
rectangular shape, and is finished on all
sides, including the back panel. The front
grille frame is attached by snap-fasteners;
it is thus readily removable.

Once off, the grille-less box reveals the
four drivers and a pair of otherwise un-
mentioned control pots. These allow a
fair degree of mid-range and high-end
adjustment to suit the acoustical environ-
ment in which the speaker finds itself.
Also, the bare-faced box is not unattrac-
tive of itself. The drivers are all well-
finished and the wood of the front panel
is the same finished oiled walnut as the
rest of the enclosure. All in all, the Maxi-
mus 7 dressed or naked is complementary
to most decorating schemes.

Connection is to the 8-ohm tap of vour
amplifier. The rear posts of the speaker
are coded for phasing purposes by a red
patch on one of the connection posts. This
could come ofl, so it might be a good idea
to scratch a small x into the woodwork
under this post.

Elfficiency is low. Ten good watts would
be minimum, twenty would be a better
idea. Weight might also be a factor if
vou ‘want to wall-mount the units. Thev
are just under 60 Ihs. each. This can prove
a considerable strain on modern walls
unless special precautions are taken.

The Sound
The Maximus 7, just as its smaller rela-
tives, is a distinguished speaker. It sounds
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Fig. 1. Maximus 7 Loudspeaker System,
without (above) and with (below) the
snap-out frame and grille.
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with the authority of quality of manu-
facture and design. That is to say, that
the music that poured forth from the
pair of units we had as samples was
listenable indeed.

Perhaps the most distinguishing quality
is crispness. There is none of the muddi-
ness that is so common to compact sys-
tems. From one end of the frequency
spectrum to the other, sound was always
clear.

Another quality we liked was the lack
of special emphasis that could be placed
(through use of the speaker controls) at
any section of the speaker’s range. There
is that kind of evenness of response
usually  only associated with the finer
electrostatics.

Add to this a highly respectable bass
end—virtually flat to 45 Hz with a rapid
roll-off  below; still usable output at 25
Hz. And a top end that goes well beyond
the reliability of our ears and micro-
phones.

The sum of all of these virtues comes
out a most reasonable system. Music has
that open, easy quality that we have come
to expect from finer systems. Perhaps the
musical mid-range is a trifle rougher than
our tastes ultimatelv prefer, but this is
taste and not a clear-cut objective state-
ment. In any case, the other good quali-
ties more than overcome this teeling. We
can safely say that we could live with
this system. And that says a lot.

Finally, add the list price of $189.00.
Total the sum of all of these parts and
you will find, as we have found, that the
Maximus 7 is a most worthy product,
deserving of consideration from any point
of view. Circle 200

KNIGHT-KIT ““SUPERBA" KG-415
DELUXE STEREO TAPE RECORDER
This is a kit which is a perfect delight
to profile for two reasons—it was a pleas-
ure to construct it, and it performed so
well after it was completed. We feel as
though we can say this with authority,
because, due to circumstances beyond our
control, we actually constructed two of
them within the space of one month, and
both fulfilled their expectations completely.

The KG-415 consists of two separate
units—the electronics package, and a Vik-
ing 87-RMQ transport, which is a two-
speed deck with three heads. It employs
two motors, both of the induction tvpe,
with one used for the capstan drive (and
rewind), and the other for take-up (and
fast forward). The three heads—erase,
record, and play—are all of the “prem-
ium” tvpe, made by Nortronics, and hav-
ing the hyperbolic contour which elim-
inates the need for pressure pads. Two
separate knobs control the tape motion—
the inner one for forward record and
play movement, and the outer one for
the fast spooling operation. In addition,
a “cue” position of the inner knob permits
hand movement of the reels for editing
purposes. A button in the center of this
concentric knob actuates the bias/erase
oscillator and simultaneously lights an in-
dicator lamp on the amplifier panel. A
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three-dial pushbutton-reset digital counter
is also mounted on the panel.

The Amplifier

The electronics portion of the recorder
is entirely solid-state, using 17 transistors
and six diodes. The over-all arrangement
is somewhat unusual in that there is one
rotary switch at the center of the panel,
which selects the mode of operation. This
switch has six positions—play left, play
right, play stereo, record left, record right,
and record stereo. Six little windows along
the panel indicate the selected modes, one
of them lighting up for each position of
the switch. The plav windows are blue
while the record windows are red. Even
though a switch is in one of the record
positions, the unit does not vecord unless
the button on the deck is pressed, and
the recording action is signalled by the
light at the center, directly above the
selector switch.

Four other switches are mounted on the
panel, as well as eight controls. The
switches, of the slide type, turn on the
a.c. power, select equalization for either
7% ips or 3%, select monitoring from
source or {rom the tape, and set up the
internal circuitry for mnormal operation,
echo (in which the plavback signal is
fed back into the same channel and re-
recorded), or sound-on-sound, (in which
the playback signal from the left channel
is fed back to the recording circuits of
the right channel, and vice versa).

The two small knobs adjacent to the
level-indicating meters permit the adjust-
ment of the source monitoring level to
equal that of the playback level. The
knobs along the bottom are, from left to
right, left plavback level, left line record-
ing level, left microphone recording level,
right microphone, right line, and right
playback. The three jacks serve for micro-
phone inputs, left and right, with the
center one for headphone monitoring.

The rear apron of the chassis mounts
a pair of line inputs, a pair of output
phono jacks, a pair of monitor phono
jacks, a test-oscillator switch, a test-os-
cillator output jack, a pair of convenience
outlets, a fuse, and the line-cord. On the
top of the chassis are three pairs of phono
jacks for the three heads, and two single
jacks, one for the bias/erase oscillator
control cable from the deck and one for
the record indicator light cable.

The test oscillator is a transistorized
circuit which provides a test signal of
1000 Hz at slightlv over 0.5 volts for
various alignment operations. This is the
only transistor circuit actually constructed
on the chassis. All the rest are built in
module form on six separate printed-cir-
cuit boards which plug into connectors on
the chassis. Four of these are identical,
each employing three transistors, and
serve as record and playback amplifiers.
Differing types of feedback are applied
around these circuits for play and record
use, but this feedback is applied at the
connectors so the modules remain inter-
changeable. The high gain required for
playback is also necessary for the micro-
phone for recording.

A fifth module is the stereo headphone
amplifier, which provides a low-imped-
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Fig. 2. Knight
KG-415 “Super-
ba’’ Solid-State
Tape Deck Kit.

ance cutput for use with conventional 4-
or 8-ohm phones. The sixth module is the
bias/erase oscillator, using two npn silicon
transistors in a push-pull circuit operating
at around 80 kHz. All other transistors are
pnp germaniums. Two additional small
modules provide the required equalization
for recording.

Construction

Over-all construction time was just over
20 hours for the first set and about an
hour less on the second. Instructions arc
simple and clear, and exceptionally ac-
curate. Knight-kits generally provide pre-
cut and pre-stripped wire, which makes
it possible for the instructions to specify,
for example, “Green wire. Solder one end
to terminal 8 of S-4. Route the other end
as shown: it will be connected later.”
Most wire lengths follow the EIA coding
—red is 2 in., orange 3 in,, and so on.
Where there are exceptions, the length is
given. Brown is 10 in., white with brown
tracer is 11 in., continuing as far as nec-
essary. The wire furnished is a new type
which we have not heretofore encoun-

tered in kits—it seems to be lightly sold-
ered, so that although stranded, it is
nearly as still as solid hookup wire, and
thus makes for neat construction because
the wire stays where you put it. Another
advantage is that it does not fray out as
you attach it to a terminal. The shielded
cables supplied are also cut to length and
stripped, so that the drudgery of wire
measuring, cutting, and stripping is en-
tirely eliminated.

The bias and erase currents are in-
dividually adjustable for the two channels
on another module, which like all the
amplifier modules, is protected by a metal
shield.

Side Dbrackets attach to the chassis and
support the deck above it, and the whole
recorder may be mounted in an optional
walnut-finished wood base or in a portable
case, also optional.

Interconnecting  cables, already ter-
minated, are furnished for making the
connections between deck and chassis,
and these, along with the power cord from
the deck motors, are held neatly against
the brackets by plastic cable clamyps.
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Performance

Considering the minor (?) variations in
transistor parameters, it was amazing how
nearly identical the individual amplifier
modules measured—within 0.5 dB through-
out, and all the way from 30 to 25,000
Hz. Figure 3 shows the frequency re-
sponse of the recorder/amplifier assembly
in three sections—left and right channels
at 7% ips; left and right channels at 3%
ips; and response from Ampex Standard
tapes 31321-01 and 31331-01, averaged
between the channels. The bump at 100
Hz on the 7%-ips cirve we have seen so
often on many different recorders that
we have come to believe that the standard
tape has the boost, rather than all of the
recorders. Note the expanded scale. If
these curves had been plotted with the
usual spacing of 5 dB between the hori-
zontal lines, thev would have appeared to
be straight lines almost—to show how close
the channels actually are over the entire
range, we expanded the dB scale as in-
dicated. This is exceptionally good per-
formance for any non-broadcast machine,
in our opinion. At an indicated record
level of 0 VU, the distortion through the
recording amplifier, onto the tape, and off
through the playback amplifier measured
1.1 per cent, and it reached only 2 per
cent at an indicated record level of +8
UV. Signal-to-noise ratio measured 52 dB
referred to a 0-VU signal, when using
Scotch 202 low-noise tape. Flutter and
wow came to slightly under 0.2 per cent
at 7% ips. At the relatively low price of
$249.95 plus some 20 hours of pleasur-
able work, we think the KG-415 is an
excellent buy.

On our second machine—we had to part
with the first one, but measurements were
practicallv identical—we elected to install
Preh 6998" panel-mounting sockets for
microphone inputs, since all onr micro-
phones terminate in Preh plugs. The “hot”
connection on these plugs, as used in
other machines so equipped, is terminal
3, with terminal 2 the common or ground,
and terminal 1 is normally unused. Ve
connected a 0.12-meg }-watt resistor be-
tween terminals 1 and 3, thus providing
another high-level input to each channel
when not using the microphone. Access
to this terminal can be had by using any
3-pin Hirschmann or Preh plug with the
high-level circuit feeding into terminal 1.
With this modification, it is possible to
mix two high-level sources into each chan-
nel, although still retaining the abilitv to
mix a microphone with a single high-
level source. This strikes us as a desirable
modification—though we haven’t vet had
occasion to use it. But we could, if we
necded to.

With the faces of the heads upward,
and the head cover being hinged so as to
lift up when desired for cleaning, adjust-
mg, this machine is easv to nse for editing.

Mention was made of the monitor and
output jacks on the rear apron. These are
actually fed by the same circuitry, but
the output jacks are connected only when
the selector switch is in a play position.
The monitor jacks are “hot” at all posi-
tions of the switch. Circle 201

! Available from Switcheraft.
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SONOTONE RM-1K SPEAKER
SYSTEM KIT.

It isn’t too often that we can say that a
kit was entirely built while we were watch-
ing Roger Moore cavort as Leslie Charteris’
The Saint. And the onlv reason that the
kit took as long as a full hour is because
every once in a while Simon Templar
succeeded in distracting us completely from
our duties.

This is an easy and fast kit, but we
really do not suggest construction con-
current with TV. The kit reallv does de-
serve sole attention. Its low price belies the
fact that the finished product is quite a
decent product. But we are getting ahead
ol ourselves.

To begin with the kit is very well packed.
All of the parts are contained within the
cabinet which is alreadv constructed and
sanded smooth, readv-to-finish. The cabinet
in turn, nestles behind a thick laver of
protective packaging material. Before vou
do any thing, stop. Read the instruction
manual.

On the very first page, in the very first
instruction, is the instruction: “Put on
gloves supplied before handling the Fiber-
glass (sic) acoustic material.”

Good advice indeed. Glass fiber can
cause nasty splinters. Sonotone has pro-
vided a pair of thin gauge plastic gloves.
They are not much good for anything
else, but they will see vou through the kit.

Construction involves monnting the am-
plifier connection block, crossover coil
and capacitor, and control pot on the rear
panel. Dwing installation of the amplifier
block you can make later wiring easier for
yourself by straightening the lugs. (As
received, thev will have a slight upwards
bend. Left this way, the lugs contact the
wall of the back panel making it difficult
to insert a wire into the Ing holes later on.)

The 6-inch high-compliance woofer and
1%-inch tweeter mount on the cabinet
front panel. In the woofer mounting care
must be taken that the screws coming up
from the panel do not puncture the woofer
cone. Also, we found on our samples that
the woofer (which fits into a slight well
in the front panel) had to be rather firmly
pressed into position because of a lack of
speaker, screw hole, and well alignment.
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Fig. 4. Sonotone RM-1K Speaker
System Kit.
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Also in mounting the tweeter, which
screws to the panel with wood screws, the
panel holes provided and the speaker
chassis holes did not quite line up. This
is of no real consequence. The wood
screws can easily cut new holes.

Actual wiring is simple. Most wire has
been cut to length, but they have not
been stripped. There are no tight spots
to wire except the aforementioned am-
plifier block.

All that’s left now is to place the two
Fiberglas bats into the enclosure. Use
those gloves! Now screw on the back panel
and the job is complete.

Note that we have not mentioned the
finishing of the box. That is beyond the
hour’s time we have discussed. The
smooth, bland grain tukes well to grain
treatments or painting. The instruction
manual does not go into great detail on
this subject except to point out that you
can do your finishing before or after con-
struction. It is actuallv easier before the
front and rear panels are assembled.

The Sound

Building is one thing. But then, vou
must listen to the speaker. And this is
what determines the ultimate worth. It
must be understood that this is a speaker
system that lists for all of $35.50. That
is not much to spend for a speaker. So,
we expected verv little when we con-
rected them to the 8-ohm taps of our
amplifier. What a pleasant surprise!

No, this is not a great speaker. It has
no deep bass, the upper registers of music
are a bit rough and somewhat peaked.
Bnt the over-all effect is good. Transients
are excellent. The frequency range seems
much wider than it really is; this is par-
ticularly true of the bass end. With its
weuknesses, this speaker still remains easy
to listen to. There is no gross unpleasant-
ness abont the sound. Rather, music, is
projected forward a bit but is otherwise
very smooth.

Fregnency sweeps showed that the over-
all range is indeed as smooth as it sounds.
There is a rise at 3-4000 Hz, and above
that it extends well out to 15,000 Hz,
albeit somewhat subdued.

All through the musical midrange, sound
is level. Going down into the bass region
finds good output to 80 Iz Falloff helow
that is rapid, with an effort of output
still there at 40 Hz. Below that—nothing.
Heavv bass pushing of the long-throw
woofer showed that it had high resistance
to doubling ellects or other distortions.
These are some of the reasons why this
speaker produces the musical effect of
bass in excess of what is really there.

The finished speaker is of low efficiency.
It wants an amplifier capable of ten watts
of music power, particularly at the bass
frequencies. Given a good source, the
speaker responds with good sound.

Again, it must be emphasized that this
is a small and inexpensive component.
There really is no right to expect much
from it. So it is all the more Pleasant to
report that it is indeed a product that
our ears found produced almost livable
sound, which makes this kit quite a bar-

gain, Circle 202
(Continued on page 63)
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In this unretouched photograph, the
long, black hair of the brush built into
the new Stanton 581 is shown in action
on a rather dusty record. Note that all
the loose lint, fuzz and dust are kept out
of the groove and away from the stylus.
That’s why the Longhair is the ideal
sterco cartridge for your Gesualdo mad-
rigals and Frescobaldi toccatas. Its pro-
tective action is completely automatic,
every time you play the record, without
extra gadgets or accessories.

The stem of the brush is ingeniously
hinged on an off-center pivot, so that,
regardless of the stylus force, the bristles
never exert a pressure greater than 1
gram and always stay the right number
of grooves ahead of the stylus point. The
bristles provide just the right amount

AW IO U

You are looking at the world’s only true “, cartridge.

of resistance to skating, too.

But even without the brush, the
Stanton 581 Longhair is today’s most
desirable stereo cartridge. Like its
predecessors in the Stanton Calibration
Standard series, it is built to the unique-
ly stringent tolerances of Stanton pro-
fessional audio products. Its amazmgly
small size and light weight (only 5
grams!) make it possible to take full ad-
vantage of the new low-mass tone arms.
And its frequency response is factory
calibrated within 1 db from 20 to 10,000
cps and within 2 db from 10,000 to
20,000 cps. Available with 0.5-mil dia-
mond (581AA) or elliptical diamond
(581EL) ; price $49.50.

For free literature, write to Stanton
Magnetics, Inc., Plainview, L.I., N.Y.

Stanton

Circle 131 on Reader Service Card
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ARE YOU LISTENING
TO TAPES THROUGH
“A HOLE IN YOUR HEAD”

Until now you've had no choice.

Ever since the advent of music
tapes, manufacturers, to remain
competitive, have tightened up on
the head gap, reaching for higher
and higher f{requency response.
But nobody did anything for the
low end.

y,
A UNTIL

, NOW

1

! /
P&Ly
MHI (MacAllister/Hogan, Inc.)
is a2 new name in the market place,
but represents a fair bit of experi-
ence in terms of tape and high
fidelity. MHI is now producing a
line of tape heads that will put the
woofer to work. The new MHI
head will give you all the highs,
outstanding efficiency (with an ac-
tual “Q” of five) and a low end
you’ve never before heard.

EXPLANATION?
SIMPLE GEOMETRY.

The ordinary head has construc-
tion essentially as shown in Hlus-
tration A. The head laminations
contact the tape over a length of
less than onc tenth inch. Such a
head “sees” the tape through a
window, “a hole in the head”. Tt
must tend to reject all frequencies
below 40 cycles at 75 ip.s. (80
cycles at 15 i.p.s.).
Illustration B

S 'Y
. |

] |

Illustration A

The cross section of an MHI head
is shown in IHlustration B. The
tape/core lap provides intimate
contact over a length of almost
a quarter of an inch. This head
will fully resolve a 20 cycle wave
form at 7V% i.p.s.

At 7V2 ip.s. the 100 micro-inch depos-
ited-glass gap in the type Q101 MHI
head provides high-end response to 20
kes = 2 db. The same head also pro-
vides low-end response to 20 cycles +
2 db. These specs are based on normal,
un-gimmicked tape equalization, and
relate to a competitively priced non-
professional head that fits your own
tape recorder,

Inquiries are welcome.

Meanwhile . . . look again at the
playback head on your tape equip-
ment, Do you now agree that you
really have been listening to tapes
through a hole in your head?

MacALLISTER /HOGAN, INC.
5710 W. 36th St.
Minneapolis, Minn, 55416
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Benny Goodman: The Small Groups
RCA Victor Vintage Series Mono LPV521
These are reissues of the glorious
quartet, quintet, and sextet waxings that
Goodman made for Victor in the middle
thirties before his switch to Columbia.
Of the sixteen tunes on this disc, China
Boy, My Melancholy Baby. The Blues in
My Flat, The Blues in Your Flat, Vieni,
Vieni, Dizey Spells, Exactly Like You. I
Cried for You. All My Life, and Stompin’
at the Suvoy have never previously ap-
peared on LP. The performances feature
Teddy Wilson, piano, and Lionel Hamp-
ton, vibes, with Gene Krupa on drums
in most instances. Dave Tough is on
skins for three numbers recorded in 1938,
and a fourth waxing from that year
has drummer Buddy Schutz. There are
vocals by Hampton on Ewzactly Like
Youn. Vibraphone Blues and The Blues
in My Flat, Helen Ward on All My Life,
and Martha Tilton on Bei Mir Bist Du
Schon, which also features Ziggy Elman
on trumpet. I'd expected to find these
performances a trifle dated after all
these years, but I was completely bowled
over by the vigor on these exciting discs.
Although they were all recorded be-
tween 1936 and 1938, sound is quite ade-
quate-—sometimes better than on the
original shellac pressings.

Al Grey: Shades of Grey
Tangerine Mono TRC-1504
Al Grey, tromhone, is joined by a
group of veteran jazzmen who have in
most cases worked with the Basie band
at one time or another—Harry “Sweets”
Edison, trumpet, Eddie “Lockjaw”
Davis, tenor, Elvira Redd, tenor. Grover
Mitchell, trombone, William Hughes,
trombone, Kirk Stuart, piano, Wyatt
Ruther, bass, Sonny Payne, drums, Ru-
fus Jones, drums, and an unnamed or-
ganist. While everyone involved turns in
the kind of polished performance that
can be expected from such experienced
professionals, the results are less than
exhilarating. In his solos Grey has a
penchant for stressing technical gym-
nastics for no other reason than to dis-
play his virtuosity, and the ensemble
arrangements by Roger Spotts (is he
the anonymous organist?) are rather
thick and heavy. Sound on this mono
version is on the same level as the rest
of the production—smoothly profession-
al but dull.

The Jazz Crusaders: Chile Con Soul
Pacific Jazz Stereo $T-20092
The Jazz Crusaders—Winton Felder,
tenor, Wayne Henderson, trombone,
Nesbert Hooper. drums, and Joe Sample,
piano-—are augmented by Hubert Laws,
Jr., flute, Al McKibbon, bass, Hungaria
Garcia, timbales and cowbell, Carlos

*70 Irving Place, New York, N.Y. 10003

B fHAGRAH AHIKEHSADD By

Bertram Stanleigh

Vidal, conga, and Clare Fischer, organ,
in a sprightly group of Latin-influenced
improvisations that are always fresh
and origimal. Laws, who had worked
with the Crusaders when they were the
Modern Jazz Sextet, is right at home
here, particularly at such moments as
his flute is paired with Joe Sample’s
piano. No one pushes too hard, and the
results are a most engaging blend of
colo and ensemble. The recording is
spread out, with a slightly distant qual-
ity, except for flute and percussion
which are prominently forward and are
reproduced with an abundance of crisp
transients.

Gil Fuller and the Monterey Jazz Festival Orch.
Featuring Dizzy Gillespie
Pacific Jazz Stereo PJ-93
The only real interest here is in Dizzy,
even though Fuller and the band get
top billing. Fuller had done arrange-
ments for the Gillespie band of the late
forties, and it was Dizzy who selected
him to serve as musical director and
coordinator of the 1965 Monterey Jazz
Festival. His arrangements are smooth,
and the band is slick, but there is a
subdued quality to all of its contri-
butions that robs this platter of the
excitement it ought to generate. Dizzy's
solos are another matter. He's in good
shape, and his performances are as
fluent and breakneck as ever, even
though rather distant miking suggests a
more placid quality than is characteris-
tic of him. A new version of Dizzy’s
Groovin’ High will be of immediate
interest to all admirers. It’s a much
more mellow account than the shellac
version made with Charlie Parker in
the early forties.

The Rod Levitt Orchestra: Insight
RCA Victor Mono LPM-3372
About a year ago, Levitt's first record-
ing appeared on the now defunct River-
side label. It was a remarkably fine disc
that demonstrated Levitt’s superior
taste as composer and arranger and the
exceptional precision of his group as
performers. The same group is intact on
this new Dynagroove recording, and
their musicianship is on a par with
their earlier triumph. In addition to five
original tunes by Levitt, this new wax-
ing includes Oh, You Beautiful Doll
Fugue for Tinhorns, Al I Do is Dream
of You. and Don Redman’s Cherry. The
sound on this platter is about the best
mono jazz I've heard from Victor or

anyone else. Don’t miss it!

Jimmy Witherspoon: Blue Spoon
Prestige Mono 7327
This is a perfect match of vocal and
instrumental forces. Prestige has sup-
plied the ideal support for Witherspoon
with a quartet made up of Gildo
Mahones, piano, Kenny Burrell, guitar,

AUDIO e JANUARY, 1966



Eddie Kahn, bass, and Roy Haynes,
drums. “Spoon’s” melancholy is elo-
quently reflected in the playing of
Mahones and Burrell, and the balance
between voice and instruments makes
this a genuine collaboration. Certainly
no present-day vocalist is a more pro-
found interpreter of the blues than
Witherspoon, and this new collection
gives him an opportunity to present his
highly original version of Nobody Loves
You When Youwre Down and Out and
nine less familiar numbers: I Wonder.
It’s @ Low Down Dirty Shame. Back !0
New Orleans. It’s All in the Game. Blues
in the Morning. I'll. Never Be Free,
Once There Lived a Fool. For Old
Time’s Sake, and The Time has Come.
The recorded sound of the instrumental
contribution is up to engineer Rudy Van
Gelder’s usual top-notch standard, but
Jimmy sometimes crowds his mike too
closely, creating one or two metallic
sounding blasts—a minor matter when
matched against the meaningful music
making on this exceptional platter.

THIS MONTH’S COVER

From Herbert Cohen, of Brooklyn, N.Y.,
comes this attractive listening facility,
which faces a fully carpeted and acoustic-
ally sound 12 X 20-ft. room. The equip-
ment, shown below, comprises a McIntosh
MR-67 tuner, (with Finco antenna and
CDR rotator, and using 72-ohin coax feed-
er) a Thorens TD-124 turntable with an
Orthophon elliptical cartridge, Crown SS-
700 stereo tlape recorder, Narantz model
7C sterco preamp, McIntosh MI-3 multi-
path indicator, two Marantz model 8 am-
plifiers, and two Marantz electronic cross-
overs, all feeding a pair of Tarnoy 15-in.
woofers and two JansZen electrostatic
speakers, crossing over at 1000 Hz. Head-
phone listening is accommodated by a
pair of Superex phones, and a 2l-in. Ze-
nith color TV set provides the visual en-
tertainment. Mr. Cohen, his wife, two
sons, and a daughter are all proud of the
installation and derive much enjoyment
fromn it.

AUDIO e
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If you want chromium trim, light weight,
eye-catching colours and built-in obsolescence
—if you read exciting specifications and
pretend they are true—if you acquire a
recorder solely to keep up with the Joneses
—the Ferrograph is not for you.

Ferrograph tape recorders are built in a
tradition of engineering that believes the
weight of the instrument. within reason, to
be of small moment — that you cannot have
quality without amply designed components
— that. there isno easy way toachievequality.

The Ferrograph is designed for the man who
wants a tape recorder to perform as well some
years nence as it does when first delivered to
him. Ee is concerned with the pleasure—- the
enduring pleasure—a guality instrument
adequately designed and well engineered will
give him. He is a discerning character who is
able to appreciate guality when he hears it,
recognize engineering skill when he sees it—
in a werd, he is a connoisseur.

Model 634 (Stereo) $597

The Manual of the Ferrograph, a sixty-four page
illustrated volume, bound in cloth, and contain-
ing full operational and technical data, is
supplied to every Ferrograph owner. You can
obtain this manual in advance however by send-
ing $3 with the coupon below to us in London.

(Indicate Stereo or Mono).
r—_--——_—_-_ﬂ

I D Please send me a copy of the
Ferrograph leaflet.

D Please send me a copy of the
“Manual of the Ferrograph' for which
I enclose $3. [ Stereo or Mono [

ADDRESS ...

|
1
|
= NAME
|
|
—

The Enduring Ferro gl'apz

THE FERROGRAPH CO. LTD. 84,

Blackfriars

Road, London, S.E.1. England

Circle 155 on Reader Service Card
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NEW PRODUCTS

! ® Sold-State Preamplitier. The Marantz
7T Stereo Console is the latest version
of this series of preamplifiers. It is their

tirst all-transistor unit, marking the
company’s entry into the solid-state
product marketplace. Appearance is

similar to earlier units with the addi-
tion of front-panel jacks for record and
playback connection and headphones.
Important specifications include: 64.5

dB of gain from phono to main output,
with 42,5 dB available at the fixed-gain
Frequency

recording outputs. response

is quoted as 20-20,000 Hz.=0.1 dB. IM
distortion is 0.15 per cent at 10 volts
RMS output and dynamic range is

stated at 100 dB above 1 aV equivalent
noise input (1 4V to 100 mV at less than
0.15 per cent IM distortion). The special
features of four pair of low-level in-
puts, dual position high-and low-cut
filters, and RIAA-old 73-old Columbia
LI, and tape head and microphone
equalizations are retained. So are the
step-switch tone controls that are out
of the circuit in center position. List
price of the Marantz 7T is $295.00 .
Circle 205

¢ 10-Rand All-Transistor Peortable Kit.
The new Heathkit GR-43 portable tunes
150-400 kHz longwave, 88-108 mHz FJI,
550-1600 kKHz AM, plus seven shortwave
bands covering 2-22.5 mHz. Tuning a
single band is made easy by a 10-posi-
tion rotating dial. Assembly time is
claimed as only ten hours partly he-

cause of 16 transistors, 6 diodes and 44
assembled
circuits.

and
Two

factory
frequency

aligned radio
separate FAI

BRATHKIT

and AM tuners are preassembled, ready
to drop into place. The FM tuner is the
same as is used in Heath deluxe com-
ponent tuners. Two built-in antennas,
a ferrite rod for AM and longwave, and
a telescoping five-foot whip for FM and
shortwave are provided. A 4 x 6-inch
speaker or headphone may bhe used for
listening. 8ix standard “D” cells plus
one “C” cell provide power. An a.c. con-
verter is optionally available at $6.95,
Price of the kit unit is $159.95.

Circle 206

® Rezulated Power Supply. Experiment-
ers in transistors are only one group
that will find value in a product such
as this. The ETCO 1030 power supply of-
fers two independent continuously vari-
able sources. One provides a bias out-
put from 0 to 150 volts at 2 mA, and
the other provides 0 to 400 volts at cur-
rents up to 150 mA, Both outputs are
regulated to 1/3 of 1 per cent or 0.3
volts (whichever is higher) for loads up
to 100 mA. The quality of regulation is
such that a change of line voltage of

54

10 volts will cause less than an 0.5
volt change (maximum) in the output.
In all cases ripple is claimed to be less

Also provided are un-
regulated filament voltages of 6.3 volts
with or without center tap and 12.6
volis, both at 3 amps. A front panel d.c.
milliammeter and separate voltmeter can
be switched for setting and monitoring
either bias or regulated outputs. A con-
venience switch allows you to shut off
power to the circuit under test without
shutting off tilament power to the power
supply itsell. This permits instant turn-
on action. The supply is available ax a
kit or factory wired. The kit is $59.95,
the wired unit is $99.95. Circle 207

than 3 mV rms.

® Low-Cost Amplifier Kit. Latest addi-
tion to the Lafavette kit line is this
integrated amplifier. Component lavout

is spacious, allowing for easv construc-
tion. Three pairs of inputs are provided
for magnetic phono, tuner, and auxili-
ary sources. The power on-off switch
also 1incorporates a speaker phasing
control; bass, treble, and volume con-
trols are dual concentric for separate
channel adjustment. Three rocker-type

left
modes and loudness compensa-
tion. There is a stereo earphone output.

pranel switches select and

channel

right

Important specifications include: Power
output of 45 watts IHF; 3 mV phono
sensitivity; 10-25,000 Hz 0.5 dB re-
sponse at 1 watt; IM distortion less
than 0.3 per cent at normal listening
level; hum and noise of -70 dB} and -50
dB for high level and phono respectively.
Output impedances for this vacuum-tube
amplifier are provided for &- and 16-
ohm speakers. List price of the kit is
$59.95 less cabinet. Circle 208

® Revised 'L'ransistor Awmplitier. Signifi-
cantly increased power output is only
one of the virtues claimed for this up-
dating of the popular Sherwood S-9000.

Dubbed the §-9000a,
put is now 80 watts IHI" per channel,

8-ohm power out-

60 watts continuous sine-wave with
both channels operated simultaneously.
Power bandwidth at 0.5 per cent THD
is 12 to 25,000 Hz. Phono dynamic swing

WWW amecioeaipdiabiston com

has been increased to allow for an over-
load point of 250 mV while sensitivity
for full output is 1.8 mV. IM distortion
is rated at 0.25 per cent full power and
0.1 per cent at 10 watts or less. The
speaker damping factor is 40 and maxi-
mum hum and noise is quoted at -80 dB
at the tuner input and -70 dB on phono.
Features include tfront-panel rocker
switches, tupe monitoring, loudness
compensation, and scratch and rumble
filters. There is a headphone jack and
a speaker muting switch. Construction
uses all-silicon transistors, glass-
polvester circuit boards and a regulated
power supply. Size is 14”7 x 123”7 x 47,

Circle 209

® Three-Head Tape Deek. Built-in sepa
rate stereo record and play preamplitiers
along with separate record, play, and
erase heads allow full tape/source moii-
toring and true sound-on-sound record-
ing. All solid-state circuitry is featured
This is the Sony 350 deck. Styling is in
black/gold decor and the unit is set upon
4 walnut-grained low-profile base. Four
track record and play, stereo or mono,
is offered. Two VU-type meters monilor

the signals. Drive is by single motor with
rim-drive rewind and take-up functions.
A pause control and digital tape counter
make tape indexing and editing easy.
Speeds are at 7'. and 3% ips; frequency
response is stated as 50-15,000 Hz = 2
di3; signal-to-noise ratio is better than
50 dB: tlutter and wow at the higher
speed is less than 0.19 per cent and the
maximum reel size is seven inches. List
price is $199.50. The same unit is also
available in a portable case at a list of
$219.50. Circle 210

® Revised Tape Packaging, Library-
type hoxes for sound recording tape are
now being provided by Eastman Kodak
for their tupe line. Designed to har-
monize with room decors, the bheige-
colored boxes have dark brown ends and

are protected before purchase by a re-

movable vellow sleeve. Ample space is
provided on the box spine for writing
in pertinent identification. The rear of
the box is lined for the addition of com-
plete notes. All Kodak 5- and 7-inch
reels are now so packaged at no addi-
tional cost. Circle 211

|
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HERMAN BURSTEIN

Send questions to:
Herman Burstein
280 Twin Lane E.
Wantagh, N. Y.
Include stamped, self-addressed

envelope.

A few preliminary remarks are in order
before getting to this month’s questions
and answers.

First, we want to call your attention
to an informative and readable booklet
about tape and tape recording just pub-
lished by Eastman Kodak and available
free of charge for single copies. It is called
“Some Plain Talk from Kodak About
Sound Recording Tape.” \rite for it to
the Editorial Service Bureau, Eastman Ko-
dak Company, 343 State Street, Rochester
4 N. Y.

Second, we would like to remind you
that it is contrary to the policy of this col-
umn to make specific recommendations as
to audio equipment, including tape rve-
corders and tape, by brand and model. In
other words, it is not the purpose of this
column to indicate whether we think Brand
A or Brand B is better, or whether Model
1 or Model 2 of Brand A is better. We can
only deal with basic principles and aspects
of tape recording that enable vou to de-
cde for yourself which is the hest buy
for your dollar and vour purposes.

Third, we would like to ask von again
to please enclose a stamped, self-addressed
envelope with your queries. In the case
of readers outside the United States, omit
the stamp; the U.S. Post Office does not
honor foreign stamps.

Home-Building a Tape Recorder
Amplifier

Q. I am planning to construct a tape
amplifier based on a magazine article. The
circuit shows record equalization for 3%
and 7% ips, the latter being NAB equaliza-
tion. However, I plan to use the amplifier
with a 15-ips transport. What changes
should I make for NAB record equaliza-
tion at 15 ips? If you cannot give me
definite values, please suggest a method of
calculating  these values.

A. There is no precise NAB record
equalization. There is only precise plav-
back equalization, which is the same at 15
and 7% ips. The NAB standard provides
that record equalization should be ad-
justed to achieve flat response when the
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tape is plaved back in accordance with
NAB playback equalization. In recording
at 15 ips, vou will require less treble boost
than at 7% ips. The reduction will have to
be experimentally determined by playing
around with the values of resistance and/or
capacitance in the equalization network.
Thus the capacitor in the network will
have to be reduced.

Adding a VU Meter

Q. I wish to incorporate a VU meter in
my tape recorder. Should a cathode fol-
lower be used to isolate the meter from the
record and bias oscillator circuits so as not
tc load them down with the low impedance
of the meter?

A. It is virtually imperative to isolate
the VU meter from the recording circuit,
either by a transformer or by a cathode
or plate follower.

Tape Ampliers

Q. I am huilding separate tape ampli-
fiers for a stereo deck, each amplifier havo-
ing its own oscillator. Is any form of
synchronization necessary to prevent inter-
action (Dbeating) between the two oscilla-
lors?

A. If you employ separate oscillators,
which ordinarily is not necessary, you can
synchronize them by connecting a .005-u
capacitor from the plate of one oscillator
(either plate in the case of a push-pull
oscillator) to the corresponding plate of
the otlier oscillator.

Series-Parallel Heaters

Q. I notice that in a number of audio
components where dc. is applied to the
heaters, all the heaters are in series. Could
not the individual heaters he arranged in
series-parallel?

A. It is possible to employ a series-par-
alle] arrangement in order to facilitate use
of an available d.c. supplv. However, there
are two reasons for putting all the tubes
in series: (1) If the heater of one of the
tubes hecomes shorted, the resulting volt-
age overload on the other tubes is reduced
to the extent of the number of tubes in
series. For example, if four tubes share 24
volts, a short in one tube will result in 8
volts across each of the remaining three.
But if two tubes share 12 volts, a short in
one will result in 12 volts across the other.
(2) The higher the voltage of the supply,
the easier it is to flter it. Thus much
laroer values of filter capacitance are re-
quired for a 12-volt supply than for a 24-
volt one.

WWW. AarBaiieramadiakistamn. com
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BOYNTON HAS IT!

THE NEW SYNCRON AU-Ta
CONDENSER MICROPHONE

FOR PREMIUM SOUND PICKUP

AT A FRACTION OF USUAL COST!
At last! An American made quality condenser
microphone in a self-contained 9% unit that is
reshaping the recording industry.

Now . . . P. A. engineers, broadcasters, studios
and audiophiles can utilize the full potentials of
‘condenser” sound without the bulk and expense
of conventional condenser mikes.

Connect the cable and it’s ready to go. Over
2500 hours transistor battery life with low cost
mercury cells.

Frequency range: =3 db 40-20,000. Directional
characteristics: cardioid, with front to back ratio
of better than 20 db.

Output level: —50 db. Distortion: less than
0.5%. Rugged diaphragm provides broad, smooth
frequency response with total absence of annoying

peaks. Maximum sensitivity, PR'CE $16950

outstanding clarity of sound.
ONLY SYNCRON MAKES IT. ONLY BOYNTON SELLS IT.

B

MicCroPHONE

BOYNTON STUDIO 5™

295 Main St., Tuckahoe, N.Y. 10707 Tel. (914)SP9.5278
SOLE DISTRIBUTOR FOR

SYNCRAN AU-7a CONDENSER MICROPHONE
Dealerships available

Circle 160 on Reader Service Card

56

|

Quality Degradation

Q. When my tape recorder was new
at 7.5 ips I could not tell the original and
playback signals apart, and at 3.75 ips
the difference was harely noticeable. After
a year I notice a decreasc in quality.
Reproduction at 7.5 ips is burely toler-
able by hi-fi standards; it is quite poor
at 3.75 ips. When this trouble started, 1
checked head dlignment, pressure pads,
bias, and so on. I noticed that the bias
voltage varied from night to night, partly
causing the trouble. But even when the
bias is optimized the macline does not
record as well as when new. I do not think
the playback head is at fault, because old
tapes recorded when the machine was new
still sound all right. What, besides variation
in my house current, can cause the bias to
vary?

A. If you haven’t already done so, among
the first measures you should take to as-
sure extended treble response are head
demagnetization and head cleaning. The
bias variation may be due in some part to
the oscillator tube. Have you tried re-
placing it? It may be due to the capacitors
employed in the oscillator cirenit. They
should be mica (preferably silver mica)
rather than ceramic or paper. Possibly the
electromagnetic characteristics of the rec-
ord head have changed, perhaps hecause of
a shorted turn, physical shock, or the like.
Therefore replacement of the record head,
although inconvenient and not inexpensive,
is an indicated measure. I take it that vour
machine employs separate record and play-

| back heads; have vou checked the azimuth

alignment of the record head relative to
the playback head?

Alignment Tapes

Q. In one of your writings you men-
tion the use of the RCA track alignment
tape No. 12-5-64T, for quarter-track heads.
I have heen searching unsuccessfully for
this tape. Where is this tape available?

A. I suggest that you write to RCA Vie-
tor Record Division, 6800 E. 30th St.,
Indianapolis, Indiana. At least that is the
information given me by RCA in New
York City.

Mono Usage of Four Track Tape

Q. I have been warned not to tape
monophonically on all four tracks when
using a quarter-track machine because of
inevitable cross-talk. Is this warning justi-
fied?

A. My experience with top quality tape
recorders is that one can record success-
fully on a quarter-track mono basis, with
crosstalk being virtually non-existent and
therefore not a real problem. With ma-
chines of lesser quality, crosstalk does
sometimes become great enough to be
objectionable. One of the qualities of a
high-grade stereo head that distinguishes it
from a run-of-the-mill stereo head is the
minimization of crosstalk within the head.
The same is true for high-grade tape am-
plifiers wvs. ordinary ones. Thus you can
see where some of the money goes in the
better tape recorders,

AecHnRBdRA IS BnA Ty

Bias Traps

Q. 1 have a professional stereo tape re-
corder that records and plays simultane-
ously, and in checking the harmonic dis-
tortion of each channel at 400 1z 1 ob-
tained readings of about 26 per cent, which,
of course, is much too high. 1 believe this
is due to the fact that 1 was measuring
the Dbias frequency as well as harmonics
of the audio-signal. Some time ago you
gave a formula for determining the capaci-
tance that is resonant with a given induct-
ance at a given frequency, with induct-
ance stated in millihenries and frequency
in Kllz: C = 25,000,000/fL. Inasmuch
as the bias frequency of my tape recorder
is specified us 68KHz, and using a 2.5
mH inductance, 1 calculate that the re-
quired capucitance for a Dbias trap 1 wish
to construct is 2162 pf. Is this correct?

A. This is correct. But the easiest way
to tune the trap exactly to the oscillator
frequency is to use a variable inductance,
such as a TV width coil variable between
approximately 1 and 10 mH, along with a
fixed capacitance of about 2000 pf. I
take it that your bias trap will consist of
the capacitance and inductance in series
connected between the audio output and
ground.

Bias Voltage Change

Q. I have a ***" stereo tape recorder
which includes a VU meter that can be
switched to read bias. The bias stays con-
stant in the right channel but drops ahout
% dB in the left channel during the first
30 minutes. 1 have changed the bias os-
cillator tube, but with no improvement.
Does the decrease in bius degrade the re-
cording?

A. A change of about ¥ dB in bias cur-
rent will have a slight to moderate eflect,
depending in part on your starting point;
that is, depending on whether the bias is
initially at the optimum value or slightly
greater than optimum. Treble response will
be somewhat elevated, and distortion some-
what increased. The effect also depends in
part upon the particular tape that you use.
Some tapes are more tolerant—have a sensi-
tivity curve with a broader peak—than
others with respect to a variation in bias.
Finally, the effect will depend in part upon
tape speed; the higher the speed, probably
the less noticeable will be the effect.

Try changing the variable capacitor that
adjusts the amount of bias current to the
left channel. .

LIGHT LISTENING

(from page 8)
divert the ear from the echo chamber
and forced treble so common in today’s
popular releases. This, of course, is not
the sort of sound found in all Celumbia
releases. A classical Columbia tape is-
sued at the same time as this Faith
reel (Vivaldi’'s Four Seasons with Bern-
stein and the New York Philharmonic,
MQ 736) also features strings in no un-
certain fashion. Unlike Faith’s record-
ing, it delivers the natural string sound
that one can take for granted these
days. The Faith reel begins to sound like
the Bernstein only when treble is steeply
rolled off at about 10 kHz. AL
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AUDIO ETC.

(from page 12)

performance. I might note, just for iunfo,
that the pickup also comes m standard-
adapter form, for any old arm, including
changers, offering the same two basic
cartridges (bi-radial and plain conical dia-
mond) and that the small lightweight
power supply now necessary for their use
is correctly plugged and valued, with 11
output direct to an AUN input, by-passing
preamps, and for convenience a 1o ont
put with “re-equalization” to overcome the
standard  magnetic-input  equalization—
this last not reallv recommended with
much conviction by the company.

In an oddly undefinable way, this unit
does in fact suggest a ceramic in actual
operation—a superceramic—and of course
oflers such happy ceramic qualities as
total lack of hum, over-all hi-level signal
and the ultimately desirable absence of
preamplifier. [ do not know how thor-
oughly the Kuphonics people have got
their system protected—but it does seem
to me that here, within the ceramic fam-
ily of pickups, is a true cartridge-for-
the-future which, eventually, might re-
place most of the magnetics and ceramics
of present designs—and in the process
eliminate the peskv preamp, which could
easilv stand elimination if its services
were no longer needed.

By the unsnal technological process of
competitive practical improvement, the
magnetic is decidedly king for today and
maybe tomorrow too. Its that good. The
new Euphonics type isn’t for the future
because it sounds “better” by any huge de-
gree—though its small increments of im-
provement are definitely important—but
simply on the basis of the system itself—
the solid-state micro-valve that frees the
stylus of its generator burden. That is
something we can’t put aside.

MICROCIRCUITS—THE HI-FI KNOB

On my desk, each month, lie copies of
my two favorite science magazines—
Aupio and Scientific American. In one of
them I write about whatever 1 may know
In the other I read and gasp.

I suppose I might gasp once in awhile
at the marvels disclosed month by month
in onr own magazine. But mostly, T've
already heard about them, and so there
would be no point in gasping. But in the
other magazine, which covers the whole
large area of science, I'm a babe in the
woods, innocent and unknowing—and Tl
bet a hat yon’d be the same, for the most
part. The coverage there ranges over areas
as far apart as archaeology and genetics,
with vast quantities of chemical, biologi-
cal, and electronic data in between. Elec-
tronics, of course, turns up in almost
every article in some fashion. But once
in awhile there is something directly con-
cerned with electronics itself—or themsel-
ves. In that case, the spotlight hits close
to home—our home. Aupro.

Take the November, 1965, issue of that
magazine. (It was just in, when I had to
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make the
KENWOOD
3-point
test
., ., .,

compare compare compare

QUALITY ) FEATURES | PRIGE!

MODEL TK-50 FM MULTIPLEX STEREO RECEIVER

Our KENWOOD engineers are a very fussy group. And because
they are, they have built into Model TK-50 all the deluxe features
and high-quality performance usually associated with units sell-
ing for considerably more than the TK-50 price of $219.95!

Check some of these features — and make your own compari-
sons: Total music power of 60 watts at 4 ohms, 50 watts at
8 ohms. Wide frequency range accomplished by silicon power
transistors. High sensitivity of 2.5 microvolts (IHF Standard).

Model TK-50 has a four gang all transistor front-end, power
transistor protection circuit, automatic silent switching to proper
mode indicating instantly the reception of FM stereo broadcasts,
4 |.F. Stages with 3 limiters and wideband ratio detector, and
many other features that make it an outstanding value.

Add to all of this the handsome chassis, at no extra cost, and
we're sure you'll get that irresistible urge to become a KENWOOD
owner.

Why not see your nearest franchised KENWOOD dealer? He'll
be glad to assist you with the comparison test.

the sound approach to yuality @

KENWOOD

Los Angeles Office: 3700 South Broadway PI., Los Angeles, Calif. 90007, ADams 2-7217
New York Office: 212 Fifth Avenue, New York, New Yark 10010, MUrray Hill 3-1115
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GRADO

MODEL B

SOLID-STATE

STEREO CARTRIDGE

“THE FINEST CARTRIDGE | HAVE EVER HEARD REGARDLESS OF
PRICE, NOTHING CAN APPROACH IT FOR SOUND QUALITY.”

The Model “B” solid state cartridge is a tremendous advance in
cartridge design. It requires no power supplies, equalizers or trans-
formers. It does not contain any coils, wires, magnets or solder
joints, yet it produces voltage exactly like a moving coil cartridge
and plugs directly into the low level magnetic input.

Thet Model “B” uses gem quality hand polished diamond
stylus, 24K solid gold ribbon connectors and ultra miniature lam-
inated solid state strain generators.

Frequency response is 10 CPS to well beyond 50 KC. Semi-
automated production techniques keep the list price of this quality
cartridge to an amazingly low . . .

$19.95

For complete information write to:
Grado Laboratories Inc., 4614-Seventh Ave., Brooklyn, N. Y. 11220
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The 5th AUDIO Anthology

Edited by C. G.
McProud, publisher of
AUDIO. An anthology
of the most significant
articles covering: sterco
recording and reproduc-
tion; sterco multiplex;
measurcments; stereo
technology, construction
and thecory—which ap-
peared in AUDIO dur-
3 ing 1958 and 1959. The
S5th is truly a collectors’
item and a valuable
reference for the pro-
fessional enginecer,

thas

antholingy

= teacher, student, hob-
No. 125 $3.50 byist and hi-fi fan. 144
pages.

The 6th AUDIO Anthology

No_ 130

$3.95

Edited by C. G.
McProud, publisher of
AUDIO. Includes arti-
cles on the two most
significant milestones in
the ficld of high fidel-
ity: FM STEREQO and
TRANSISTORS IN
AUDIO EQUIPMENT. A
meaningful reference for
everyonc in the ficlds
of audio cngincering,
recording, broadcasting,
manufacturing and serv-
icing of components
and cquipment. A nec-
essary book for the high
fidelity cnthusiast. 144
pages.

The 7th AUDIO
Anthology

Edited by C. G. Mc-
Proud. A compendium
of articles relative to
the art of high fidelity
reprinted from AUDIO
Magazine. A valuable
reference tool for the
audio hobbyist, the lat-
est edition of this great
scries. 144 pages.

No. 135 $3.50

SPECIAL

Order all three

SAVE $3.00
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YOUR COST $7.95

P. O. Box 629. Mineola, New York 11502
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meet this particular deadline.) The cover
itself is one of those things to make an
audio bufl gasp. Microelectronics is the
title, and the handsome art work, in tur-
quoise Dblue with maroon line drawing,
depicts a cirenit. What a circuit! 1t con-
tains no less than 22 transistors and 46
resistors and it is an actual, working cir-
cuit, not a (liagrum. On the cover it is a
big square, seven inches on a side, full
of complex lines and channels and divi-
sions. And yet, do vou know how big this
actual circuit-module is in the flesh? Less
than a sixteenth of an inch square, on a
silicon wafer. Thev can turn out hundreds
of thonsinds of them and others of the
sort, to the most comple\ circuit >peciﬁcu—
tions, these davs.

Sure, no surprise for a lot of vou who
arc up to date on this sort of thing. But
vou must pardon me for getting het up.
For this really hit me—the long, detailed
article inside the magazine, which goes
into the whole field of microelectronic
integrated circuits as of the present. I'm
reeling, trving to bring it all into focus
with the electronic aspect of our own busi-
ness, as of the veurs to come.

Not that T haven’t heard of microelec-
tronics of this sort. I'm not that dumb. We
all know about the marvelous new etched
and deposited miracles, at least insofar as
transistors themselves are concerned, the
individual units. And also in connection
with the many micro-scale circuits, of the
printed sort and related tvpes, which we
already use in and out of audio. But here
is an advanced story, written up complete
in black and white (and turquoise and
maroon), to smack the eye, some ten pages
of text, photos, graphs, and diagrams that
make the whole process of turning out
complete integrated microcircunits  ultra-
clear for the goggle-eved initiate, includ-
ing designs, manufacturing techniques,
the difterent types of approach, and the
new applications for micromodule elec-
tronics in a vast range of practice. Enough
to make anybody gasp.

10,000,000 components

There’s an amusing graph, in this
article, entitled “Growth in Electronic
Complexity,” on which the vertical vari-
able is the Component Count per System
(ugh—let’s just say the number of tran-
sistors, diodes, resistors, etc etc.) and the
horizontal is a time-scale, running in five-
year units from 1950 to 1970. The “graph
line” is merely words, spaced out on the
graph space,

At the left bottom corner is “Iearing
Aid” 1t had a very few components, as
of around 1950. At the upper right is
“ESS No. 1,” an electronic switching sys-
tem upcoming from Bell, as of after
1965. In between, on the scale, are Por-
table Radio, Television Set, 1960 Com-
puter, Telstar, 7090 Computer—and then
that ESS No. 1 thing. What intrigued
me was the component-per-system verti-
cal scale itself, which is meusured in log
numbers, 10, 102, 10* and on up to 10
That’s 10,000,000 if T log rightly, ie,
10,000,000 electronic components for a
single “system™ They come that way, or
will soon.

Of course the average home entertain-
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ment circuit contains a goodly number
of components, by our own standards,
and we are all aware that the home TV
set in this respect takes a very small cake
of sorts. It looks pretty complicated in-
side, as any serviceman will say. Indeed,
on this graph, we note that the portable
radio lies just under the 107 line—with
nearly 100 separate clectronic components
—and TV is more than halfway up to 103,
as of around 1955 (when the present sets
began to crystallize out, so to speak). So
home TV already involves us, per unit,
in something along towards 1000 com-
penents, counting only the electronic ele-
ments.

It is obvious that even though tinv size
is helpful when microcircuit compound
component units are used in such a mod-
est numerical situation, even more impor-
tant is, first, low-cost mass production
of the mniiniature circuit elements and,
sccond. Their new reliability. For the
higher up we go in the scale of compo-
nentry numbers, the more astonomical
are the chances for chaos throngh failure.
Not to mention the little problem of lo-
cating the failure.

The 6600 computer made bv the Con-
trol Data Corp., for instance, sits “way
up near the top on the Scientific American
graph just helow the 108 line, as of 1965.
The text elucidates: this machine contains
approximately 100,000 diodes, 350,000
transistors and 500,000 resistors! And (it
says) they are all individually assembled.
On the same basis, Telstar isn’t far be-
hind—and you can count in all the other
space machines and telemetering services
and whatnot now flving, or sitting on the
ground, monitoring. Fantastic.

Tlence in these “wav out fields there has
been a fantastic pressure to develop cir-
cuit elements hoth more compact and
more reliable than anv individual compo-
nent can ever hope to be, in wired con-
nection with a couple of thousand or a
million others. The integrated, one-piece
microcomponent circuit is the result. And
the field is booming at an absolutelv thun-
derous rate. As Sci. Am. succinctly puts
it, in the account of the cover picture,
“Increasingly these tiny objects,
known as integrated circuits, are being
adapted for nonmilitary computers and
other electronic systems (italics mine) he-
cause of their low cost, high performance
and  extraordinary  veliability  (italics
mine).” :

Graduated Increments

Well, there you have it. The question
is, how will this astonishing development
affect us, eventually, in our own little
microcorner of the big world of elec-
tronics? How can we hest put these minor
miracles to use in the relatively prosaic
business of sonnd-making? (Purely rela-
tive; we're plenty glamorous, in our own
special way!)

Well, vou may be sure that plenty of
audio men are thinking about this, and
with a more practical approach than can
ever be mine. Practicalitv isn’t my biz.
I'm all for wild speculation about how
things just might turn out in the future.
(If T turn out to be right, then I'm prac-
tical after all.) But, speculation or no, 1
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can say one thing quick. No business like
ours moves towards successful change ex-
cept in graduated increments. [t just ain’t
possible, nor wise. Home-type gadgetry
must be proved out in the home itself,
after sale, and no amount of pre-sale
“laboratory testing” can jump us forward,
sav, ten yeurs at a jump, to bring out 1976
hi-fi next fall. So let’s not get too quickly
excited by the possibilities for complete
amplifiers that are a sixteenth of an inch
square. Though it could be.

I alwavs remember, in this connection,
the example of the Chrysler Airflow cars
back in the middle thirties. That was a
deliberate attempt, at least in stvling, to
jump far forward. The cars did exert an
immense influence on later design and still
do. They were sensational in that day—

do I remember old near-sighted  Alex-
ander  Woolcott  peering  short-sightedly
out of that unbelievably rakish slanted
rear side window! But, even so, the ac-
tual cars themselves, as we now can see
with hindsight, were remarkably clumsy
and gawky affairs, half-haked mix-ups,
combining brilliant innovation with ugly
bad-guessing in a design  that doesn’t
stand, so to speak, on its own four wheels.
You just can’t jump ahead that fast—
wholly, uniformly, ahead. It never works.
You end up with a monster.

And so we won’t have
amplifiers quite yet.

And yet—it makes one think. Can’t help
it. All you have to do is to read that
Scientific American article on the details,
the practical details, of the new micro-

arain-of-salt

What makes it different?

It’s got both AM and FM stereo = ultra-
wide power bandwidth = tape input and
output = radically new wide-dispersion
air-suspension speakers, matched to the
electronics = superb sculptured look...

L -lda-LN kardon

What other compact offers all the
features of the Stratophonic SC-4407?
All-transistor AM/FM stereo receiver
with extraordinary frequency response
and power bandwidth; stereo indica-
tor light; D’Arsonval tuning meter;
stereo headphone jack; and—new
from Harman-Kardon—air-suspension
speaker systems assuring perfect
stereo sound at any pointin any room

without critical speaker placement.
All this, plus the incomparable
good looks of the Stratophonic
SC-440, for only $399*. Hear it at your
Harman-Kardon dealer's. You’'ll like
it on sight ... buy it on sound.
Harman-Kardon, Inc., 15th & Lehigh
Ave., Philadelphia, Pa. 19132. A sub-
sidiary of The Jerrold Corporation.
*Slightly higher in the West. Dust cover optional.
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In virtually all loudspeakers the electrical energy is
first converted into mechanical energy and then into
acoustic energy. It is the stored mechanical energy
in the mass of the cone that is the chief reason why
loudspeakers usually sound like loudspeakers.

The moving elements of the QUAD Electrostatic
loudspeaker, however, are about 200 times lighter
than the average moving coil assembly and the
stored energy is correspondingly less.

This is why the QUAD is a musical loudspeaker — it
has no tone of its own!

For the closest approach to the original sound...
Our slogan for fifteen years and our design objective
for twice that long. Ask your dealer for details of the
QUAD range of high fidelity units or write direct to
Acoustical Manufacturing Co. Ltd., Ref. AU.
Huntingdon, England.

(0=—=] (@x=<) (@°229
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circuit techniques, to get all excited. For
here you have the whole thing already a
reality, with large clear pictures of manu-
facturing techniques, block diagrams ex-
plaining the production stages, the silicon
crystals, the growing-on of N-type layers
oxidizing, masking and etching, oxidizing
again, adding new layers, and so on, until
in one tiny block the whole latticework
of components is built into a solid,
single unit. Just extraordinary, and no
two ways about it.

I am happy, therefore, to plug my other
favorite magazine for all I'm worth. If
you want to read all about it, go right
out and find the November, 1965, Scien-
tific  American (with the microcircuit
cover). Or send for an offprint, at 20¢,
to W. H. Freeman and Co., 660 Market
St., San Francisco, Calif. 91404, Might
as well order 5 and enclose a dollar.

Hands and Fingers

It’'s obvious that we are never going
to have to cope with electronic compo-
nents in the hundreds of thousands per
hi-fi “comiponent.” (\We're going to have
to watch that word.) Nor do we have the
enormous space-technology problem of
maximum component content per unit of
weight and size. We in hi-fi do not need
to cram 100,000 components into a couple
of square inches and a few ounces of
total weight. We never will.

We are limited in our moves towards
compactness hv such elemental things as
hands and fingers, which don’t get any
smaller as time rolls on. Who wants an
amplifier so small that you can hardly
cet hold of it? And what do vou do about
the control knobs?? And the connecting
wires???

Then there’s the loudspeaker, that ir-
reducibly large(?) transducer. The input
end of sound reproduction is still, shall
we say, somewhat fluid, in flux, as to the
size and weight of its major components
and assemblies, with new developments
still coming along—though not without
problems. But at the speaker end, we

. have come down flat to at least two seem-

ing irreducibles. On the one hand we
have the cone and diaphragm “bookshelf”
speaker and on the other the electro-
static. Both can be made in many sizes
and shapes, with correspondingly variable
range of frequency coverage. But the
ratio of size to bandwidth remains rough-
ly constant. We have bhogged down in
sidewise motions, recently, not really mov-
ing forward in respect to more bass for
a given space or, alternatively, less space
for a given bass.

I'm talking in extremes—in terms that
might match up to the microcircuit de-
velopment in electronics. We are miles
away from a microspeaker (except head-
phones) to match the size-potential of
the electronic elements now appearing.
For that, we’d want a full-range unit
maybe an inch across and a half-inch
deep! Fat chance. The only place where
we have really begun to operate in this
area is in the littlest transistor radios—
but at a slight (!) sacrifice in tonal range,
alas,

Puff, puff, puff,
Still, and again . . . (Here I go.) Yo
could (I'm thinking out loud . . .) put all
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vour hi-fi components, your electronic ele-
ments, inte a thumb-sized box and hook
them up to a standard speaker at one
end and a record player at the other. Or
mount the tiny box inconspicuously on
either unit. 1t could nicely contain an
amplifier, stereo, plus a complete stereo
FM tuner and a preamp, if desired. But
those nasty big wires? Maybe you could
add, also inside the same little box, a high
quality UHF (for a short antenna) broad-
cast wireless unit, and put a correspond-
ing receiver (40 transistors, 100 resistors
and capacitors?) in another little inch-
square remote container. Look, Ma, no
wires. Just a pair of sugar-lump squares.

You'd have to attach the loose ampli-
fier-receiver square onfo something (I'm
thinking), or it might get lost, or sucked
into the vacuum cleaner. How about
building it into a table lamp? Or a book
end? Or an ash tray? Or encapsulate the
whole unit in one of those handsome
clear-plastic  cubes?  (But look—that’s
making it bigger again. Ugh.)

Nope, this won’t do. I forgot all about
the control knobs.

OK, then, let's build a remote control—
into the same little box. Lots of room
left! You just blow on the thing. One puff
and the volume goes up. Two puffs and
it goes down. Three pufls and the highs
are boosted 6 dB at 10¢ Tlz. No knobs.
But who has so much breath?

(Dear ETC: Let us have a puff on that
Lefore you throw it away. ED.)

Forget it! The greatest use welll be
making of these remarkable tiny one-
piece circuits in the future will be to take
advantage not so much of their size as
their low cost and their extreme reliability.
That’s common sense. With them, even-
tually, we’l have more versatile, more
reliable hi-fi for the monev. An RMIS
guar ntee for 20 years, unconditional—
could be.

We have actually gone a long way in

this direction with present solid state.
We see it already today, the more-
fi-in-less-space, the bigger-sound-forless-

money, in many a 1966 model. Including,
for a quick evample, E-V’s 1178 stereo
amplifier-receiver on our November back
cover, which is “no taller than a coffee
cup” and “no bigger than an open book.”
It's much, much bigger than its theoreti-
cal  microcircuit  electronic  equivalent,
which would probably take up a square
inch of space. But the E-V, nevertheless,
is a lot smaller than, say, the nearest
1955 equivalent, mono only. Really big
difference. Increments, again. Good ones.
And remember, the E-V 1178 has knobs
on it, for fingers. They really are awfully
handy, when you come down to it.

LA -2 2

I've got it! The Ultimate Answer.
Mount all your hi-fi electronic microcir-
cuits into the knobs themselves. Then just
fasten the knobs onto something . . . er,
well, say a nice hunk of solid oak. Better
still, screw them down onto the arm of
your favorite easy chair. Or make ‘em
removable, and “plug them in” any old
place where you need them, all over the
house. What an ideal The Hi-Fi Knob.
Seventeen models to choose from, seven-
teen complete Systems . . . A
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Some plain facts about the

AND MATCHING SOLID STATE ELECTRONICS
QUALITY DESIGNED FOR PROS AND SERIOUS RECORDISTS

Two speed tape transport with automatic sequence braking, choice of hyperbolic
head configurations, hysteresis capstan drive and heavy duty reel drive motors,
remote control jacks and 10" reel capacity. Superbly smooth tape handling —
interlocked *‘fool-proof’’ switching — fit for every studio.

Rack mount ready from $585.45

Record and playback amplifiers of modular design with interchangeable
plug-in options, mixing controls, A-B monitoring, 600 OHM line output
illuminated VU meters, exceed NAB standards.

Rack mount ready Monaural RP110-R2 $299.00
Stereo RP120-R2 $399.00

THESE ARE SOME OF THE PLAIN FACTS .. FOR COMPLETE
INFORMATION PLEASE WRITE FOR CATALOG...

MADE BY SKILLED AMERICAN CRAFTSMEN AT

TKIiNg or minnearouss®

9600 Aldrich Ave. S. Minneapolis. Minnesota, 55420

CENTRAL & SOUTH AMERICA: ManRep Corp.. P.O. Box 429 N.Miami Beach, Florida, UAS.A.‘ .
OVERSEAS EXPORT: International Division Viking of Minneapolis, Inc.. 9600 Aldrich Av. S.,Minneapolis. Minn., U.S.A.
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JUNK BOX METERS

(from page 26)

dicators. The tull-wave a.c. voltmeter
circuit of Fig. 2-5 mayv bhe used as a
volume-unit (VU) indicator for this
purpose.

An actual VU meter is a well-defined,

*“Radiotron Designer’s Hundbook,” edited
by ¥. Langtord-Smith, Harrison, NJT;
Radio Corporation of America, 1953, page
823.

standardized instrument.® It uses a
copper-oxide rectifier, has a specified in-

‘0 VU on the scale of a standurd VU meter,
with a 3600-chm resistor in series with the
meter, and across a terminated 600-ohm
line is actually +4 VU, or 2.5 mw. The
reference level is 1 mw, but the meter is
not sensitive enough to indicute zero at that
level. Eb.

HERE ITIS...ONLY $15%

The
Revolutionary

...ALL NEW FROM TELEX

Never before such fine performance
at such a low price. This all new
sterec beauty from Telex has big 314
inch speakers with over 7 square
inches of cone area. They deliver a
terrific bass response down'to 10 cycles
and reproduce highs clearly up to
15,000 cycles. Sound impedance 3-16

ohms. Forward Sound

You get the aural perspective of an
audience seat with the exclusive “for-
ward sound” acoustic effect that puts
stereo sound owt front. You adjust to
normal “in-head” stereo effect by
reversing phones.

Comfort

Soft foam cushions combine with
light weight to assure effortless listen-

Products of Sound Research

DEPARTMENT 20A, 3054 EXCELSIOR BLVD., MINNEAPOLIS, MINNESOTA

ing, even over long periods. Stereo
pleasure the way it should be en-
Joyed—in solid comfort.

Rich new styling

The all new Adjustatone complements
the decor of any room, any stereo
set. Inset panels and silver trim
accent the smooth line styling. Con-
struction is of stainless steel and in-
Jection molded high impact plastic.

Try the sensational new Adjusta-
tone at your dealer. No stereo set
should be without one. See also the
three other great Telex stereo head-
sets—the Stereo Twin ST-10 and
ST-20 and the ultimate of all stereo
headsets—the new Serenata. All
made in U.S.A.
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ternal impedance (3900 ohms), a cer-
tain response time (0.3 second for 99
per cent deflection), and is calibrated
for use ouly on a 600-ohm line (indi-
cates 0 VU for 2.5 milliwatt of power
at 1000 Hz).* The average home ex-
perimenter probably does not need all
that precision, but merely an indication
of relative signal amplitudes. In that
case, one of the circuits shown in Fig.
2-8 should suffice.

Circuit (A) is recommended by
Hogan® for addition to a vacuum-tube
tape recorder lm\'ing approximatelv one
volt rms audio signal level available.
Circuit (B) waus used by Abajian® in a
tape recorder having less than 100 mv
of signal. Both circuits were designed
for a standard VU meter, but should
work satisfactorily with the full-wave
a.c. voltmeter circuit of Fig. 2-3. For a
close approximation, use a meter move-
ment of 200 pA {ull scale and 3900
ohms resistance. Otherwise use any
meter from 50 pgA to 1 mA and add
series resistance if necessarv for a total
of approximately 4000 ohms.

Mark the meter scale for zero VU or
“normal” at 0.71 of full scale (71 per
cent deflection). Calibrate the circuit
as follows:

1. Apply a 1000-Hz tone to the input
of the recorder and increase the ampli-
tude in steps until distortion becomes
noticeable on playback.

2. Reduce the input signal by 12 db,
i.e., to one fourth of its original value.

3. Adjust the VU meter circuit to
indicate 0 VU at this level of the input
signal.

This adjustment depends a lot on the
ballistics of the particular meter used,
and some experimentation may be nec-
essary to find the proper setting. The
basic idea is to set the meter to indi-
cate low to compensate for the occasion-
al audio peuaks which could drive the
recorder into distortion before the meter
has a chance to respond.

Summary

The requirement for a meter to be
installed in a piece of home-built equip-
ment is often unsatisfied for lack of
funds to purchase a special instrument.
This article has shown how to adapt a
junkbox meter to measure direct and
alternating currents and to perform sev-
eral special functions such as measuring
resistance or audio signal levels. Now
drag out those dustv meters and com-
plete your long-neglected projects!

°}. W. Hogan, Adding VU meter to tape
recorder, Electronics World, October, 1964.

‘Dr. J. Abajian and D. V. Jones, All-silicon
tape-playback preamps and recording cir-
cuit, Aunio, October, 1964.
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HARMAN-KARDON SC-440
COMPACT STEREO SYSTEM

While the average audio bull may not
consider that compact music systems are
the equal of his $2000 component system,
we cannot overlook them. They are popu-
lar; thev are not as expensive as our
regular svstems; they fill a need for homes
where there is not enouch room for two
large speaker systems which came in
boxes which could serve as Volkswagen
garages. Besides that, some of them offer
exceptionallv good listen ng. In addition,
thev often provide convenience features
not otherwise obtainable.

One such system is the Harman-Kardon
SC-440 which was introduced only last
fall, and since has chalked uwp an im-
pressive reception in the marketplaces. 1t
consists of three units—the receiver/record-
playver unit, and two loudspeaker systems,
The first part consists of 5-in. high cabinet
with its control panel at an angle of
about 30 deg. trom the horizontal, and
with the Garrard AT-60 record changer
flush-mounted on the top with its usual
spring suspension. An optional plastic dust
cover is available, increasing the over-all
heicht to 9 in. This cabinet arrangement
makes it possible to put the unit on even

“NEUMA

Dick Charles, successful composer and owner of Dick
Charles Recording Service, New York City, relies on
Neumann Condenser Microphones exclusively for the
finest sound quality possible. The U-67's & KM-54
shown above, are in constant use in his busy studio,

EQUIPMENT PROFILE

(from page 50)

a low table and vet have the controls
and the tuner dial readilv visible. The
loudspeaker  systems are  rectangular
“bookshelf” units, thouch of sulliciently
generous size to provide adequate bass
response. They actually measure 225 in.
high, 13% in. wide, and 10% in. deep. All
of the wood surfaces in the entire system
except the speaker cabinet backs are fin-
ished in oiled walnut of a particularly
pleasing, fairlv light shade. The speakers
consist of a 10-in. high-compliance, long-
excursion cone woofer and a 3%-in. cone
tweeter in its own acoustic housing. A
carefully designed crossover network pro-
vides a response which is smooth through-
out the crossover region, and the separate
tweeter housing prevents back pressure
from the woofer breaking up the tweeter—
a problem in some systems which do not
have this feature. The crossover is in the
vicinity of 1250 Ilz; response is delinitely
measurable to over 18,000 Hz, and fairly
uniform down to 30 Hz and falling off
somewhat below that, although still audi-
ble at 30. At 10,000 Hz, response 45 deg.
off axis is down only 5 dB from on-axis
level.

One intriguing feature we have not
encountered before is the removable grille
with the simplest of fastening devices—

AR

taking rough handling without affecting performance.

Here...not in an anechoic chamber. .. directiona! char-
acteristics, frequency response, and sensitivity must live
up to specs. Proof that Neumann Microphones are sat-
isfying the quality and application needs of the record-
ing industry is evident in this studio and many, many

AUDIO e JANUARY, 1966

THE SUPERIOR QUALITY WE NEED!”

others throughout the USA... throughout the world.
A complete line of twelve Neumann Condenser Micro-
phones covers the spectrum of studio requirements.
Write us about your particular problems...we’ll be glad
to show you how Neumann solves them best. ®

SO T HAaAADMNM
AUDIO CORPORATION

2 WEST 46 STREET, NEW YORK, N.Y., 10036 -
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six little pads of nylon “hook™ fabric are
mounted on the baflle, and six more on
the grille panel. The latter is held on
firmlv, and with no metal-to-metal con-
tact there is no chance of rattle developing.

The Garrard AT-60 is so well known,
of course, that little has to be said about
it. A groove routed on the wood cabinet
behind the turntable serves to hold the
unused spindle.

The control panel mounts a selector
switch, a tuning knob, power switch/vol-
ume  control, balance control, bass and
treble controls, and two slide switches—
one to add contour, and the other to cut
oft the speakers. There is, in addition,
4 headphone jack, tuning meter, and
stereo indicator light, and, of course, the
AM/FM  tuning  dial, softly illwminated
in green. On the rear of the cabinet are
the speaker pin-jacks, aux input jacks, and
recorder-feed jacks. A 4-ft. hank of wire
is attached to one terninal of the M
antenna strip, which will accommodate a
300-ohm dipole. Until we started check
ing performance, we did not even unfold
the hank of wire, so the unit was perfori-
ing on an eflective 4-in. length of wire,
and still limiting on all the N.Y. City
stations. The AM antenma is a loopstick
built inside the case.
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In Canada: J-Mar Electronics Ltd.
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Or your backs leisurely
£ by mail — save time and travel
we pay the postage.

Maintaining Hi-Fi Equipment

Joseph Marshall
A valuable reference for
ungone whose living or
hobby is servicing hi-fi
equipment. Outlines the
professional approach for
servicing all types of hi-
fi components. Covers
trouble-shooting of elec-
tronic, mechanical and
acoustic problems. 224

ages.
ﬁo. 58 Paperback $2.90°

Designing and Building Hi-Fi Furniture

Jeff Markel

Written by a professional
hi-fi furniture designer
who has taught furniture
design at leading col-
leges, this book is an au-
thentic reference of value
to the hi-fi fan and pro-
fessional custom builder,
Covers everything from
types of woods to furni«
ture finishing for the
mechonicallr adept; des
sign principles, styles and
arrangements for the

Hi-FI TROUBLES
By Herman Burstein

HOW YOU CAN AVOID THEM
HOW YOU CAN CURE THEM

Just published! At last, @
book which deals directly
with the problems you tace
in maintaining your audio
systcm in peak condition.
Tells you how to locate
troubles, what to do about
them and how to do it—and,
just as important: what NOT
to do. Helps you to achicve
the best in listening pleas-
ure from your cquipment.

decor minded, 224 pages.
No.79 Paperback $2.90*

No. 120

$3.95

R .
o NIBOOR

a

APE RECORDERS
AND

McProud High Fidelity Omnibook

Prepared and edited by
C. G. McProud, publisher
of Audio and noted aue
thority and pioneer in
the field of high fidelity,
Contains a wealth of
ideas, how to's, what
to’s, and when to's, write
ten so plainly that both
engineer and layman con
appreciate its valvable
context, Covers planning,
problems with decoration,
cabinets and building hi-
fi furniture. A perfecr

guide.
No. 115 $2.50*

Tape Recorders and Tape Recording"
Harold D. Weiler

A complete book on home
recording by the author
of High Fidelity Simpli-
fied. Easy to read and
learn the techniques re-
quired for professional
results with home re-
corders, Covers room
acoustics, microphone
techniques, sound effects,
editing and splicing, etc.
Invaluable to recording
enthusiasts,

No. 112 Paper Cover $2.95¢

¢ MONTHLY SPECIAL!

The 5th AUDIO Anthology

N Edited by C. G. McProud,
f publisher of AUDIO, An an-
thology of the most signifi-
cant articles covering: stereo
recording and reproduction;
stereo multiplex; measure.
ments; stereo technology,
construction and theory —
which oappeared in AUDIO

Lo during 1958 and 1959. The
[} 5th is truly o collectors’ item
and a valuable reference for
the professional engineer,
teacher, student, hobbyist and
hi-fi fan, 144 pages.

No. 125

“the best of AUDIO" " —
edited by C. G. McProud

anthotony

$3.50

The AUDIO Cyclopedia”

Howard M. Tremaine

Here {s one single volume
with the most compre-
hensive coverage of every
phase of auvdio. Concise,
accurate explanations of
all audio and hi-fi sub-
jects. More than 7 years
in preparation-—~the most
authoritative encyclope-
dic work with a unique
quick reference system for
instant answers to any
question, A vital com-
plete reference book for
every audio engineer,
technician, and serious
auvdiophile,

¢ 1280 pages
@ 3400 topics
© 1600 illustrations

e

1
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No. 123 $19.95*

The 6th AUDIO Anthology

A new compendium of
AUDIO knowledge. Here
is @ collection of the
best of AUDIO — The
AUDIO Clinic by Joseph
Giovanelli . . . noted
audio engincer and the
original high fidclity an-
swer-man — EQUIPMENT
PROFILES edited by C. G.
McProud . . . Editor of
AUDIO. Here is a wealth
of hi-fi and audio infor-
mation. Answers to the
most important issues in
high fidelity and a valu-
able reference.

No. 124 Volume | $2.00*

Edited by C. G. McProud,
publisher of AUDIO, Includes
articles on the two most sig-
nificant milestones in the field
of high fidelity: FM STEREO
and TRANSISTORS IN AUDIO
EQUIPMENT. A meaningful
reference for everyone in the
fields of audio engineering,
recording, broadcasting, man-
ufacturing ond servicing of
components and equipment,
A necessary book for the
high fidelity enthusiast. 144
poges.

No. 130 $3.95

SAVE $5.00

Save almost 50%, with this collection of AUDIO books.

"best of AUDIO" ($2.00)

5th AUDIO ANTHOLOGY ($3.50)

McProud High Fidelity Omnibook ($2.50) and
Tape Recorders & Tape Recording {$2.95)

TOTAL VALUE ALL FOUR BOOKS . .. $10.95

Your cost only . . . $5.95 Postpaid
CIRCLE OS400

This offer expires January 31, 1966, and is good only on direct order to the Publisher.

High Fidelity Simplified
Harold D. Weiler

The complete hi-fi story —
answers all questions about
tuners, changers, amplifiers,
tape recorders, speakers,
record playvers, etc. Lots of
ideas for custom installe-
tions. Tells how to achieve
concert hall reception in
your home. 216 pages.

No. 142 $3.30

AUDIO Bookshelf—RADIO MAGAZINES, INC.
P. O. Box 629, Mineola, New York 11502

*All U.S.A. and Canadian
orders shipped postpaid.

Getting The Most Out Of Your Tape Recorder

Herman Burstein

Written in "'plain talk’" for

Please send me the books | have circled below. | am enclosing the

full remittance of $........... ... ... (No C.0.D. or billing.)

58 79 112 135 120 123
124 125 130 142 251 05400
NAME
ADDRESS
cITy STATE ZIP___

the man who has, or wishes
to buy, a tape recorder. It

answers the myriad ques-

tions raised by tape record-
ing enthusiasts. Its chapters
cover every phase of opera-
tion and maintenance—from

odding a tape recorder to

the hi-fi system, to o thor-

ough dissertation on micro-

phones. Lots of practical
information on how to buy.
176 pages.

No. 251 $4.25
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Specifications
While technical specifications are rarely
stressed in either literature or advertising
for the so-called compact systems, the
true audio bufl still remains interested
in them. The SC-440 is a “system” version
of the SR-400 model in the Stratasonic
series. It has an IHF output of 36 watts
(both channels) at a distortion level of
1 per cent. Frequency response is +1dB
from 15 to 25,000 Hz at 1 watt, or 20 to
23,000 Hz at full power. S/N is 90 dB,
and the damping factor is 25. The I'M
tuner has a usable sensitivity of 2.9uv,
and on AM the sensitivity is 50uv/meter.
In all these departments the specifications
are the same as for the SR-400. But what
importance the specifications are with
respect to a complete system remains to
be determined. What is important is the
over-all sound quality, the convenience of
handling, and the quality of the loud-
speaker systems. Our first experience with
this model was at the Music Show last
summer, when we were standing near
one speaker when it gave out with a
particularly  impressive drum = passage
which came as a complete surprise—it
was that good. Both in operating con-
venience and physical attractiveness, the
SC-440 stands high in our estimation, it
is attractive, and it is a good performer.
Circle 204

RECORD REVUE

(from page 47)

voices too, but what is most evident
is the interpretation—the “Pro Musica”
style, now so familiar in dozens of
later recordings and thousands of con-
certs. (These are early recordings, I
think.) The Pro Musica singing here
is typically brilliant, hard as nails,
showy, fast and rigidly metrical—it
bangs along in strict time with never
a trace of word-shaping or plasticity,
except as one or another singer can’t
help it, now and then, on his own,

Admittedly, this style of performance
has been hugely successful--and it is
both brilliant and persuasive, But for
my slightly pained ear it just isn’t
right, nor musical. Everything sounds
alike; sensitivity, musical ‘“poetry,” is
replaced by vocal and rhythmic effi-
ciency, loud, hrassy, hardboiled. Try for
yourself!

Telemann: Four Sonatas for Flute and Con-
tinuo (‘’Methodical” Sonatas). Samuel Baron,
flute; A. Kouguell, cello, R. Conant, hps.

Dover HCR-ST-7004 stereo
Not all the Dover low-price line is mono
and/or reissue; this is new compatible
stereo, adding a domestic performance
of Telemann to the numerous European
offerings now available

It’s good, too, though for some reason
Samuel Baron’s flute has a dullish
sound in the recording. There is a
minimum of “New York’” hardness here,
and plenty of good Baroque communi-
cation to match anything from the con-
tinent.

The Sonatas are “methodical” in the
sense of a ‘“method”—they were
pedagogical examples of good composi-
tion and, in particular, were published
with the slow-movement ornamentation
completely written out, whereas ordi-
narily it was left to the performer to
improvise. Thus they are invaluable

AUDIO e JANUARY, 1966

guides to performance practice. Yet
like many “teaching” works by big
composers, these make first-rate musi-
cal listening as well, graceful music in

the characteristic Telemann vein—a
sweeter, more fluent Bach, less pro-
found but easier, more pliant.

A

SPLIT-LOAD STAGE

(from page 21)

Out of curiousity I have done the
simple sum of examining the design of
this transformer. The inductance must
be worked out for the drive conditions,
not the low-level response conditions,
and if we allow owselves to lose 3 db
of drive at 30 Hz, we must have 200
L = 10 ohms, where L is the half-sec-
ondary inductance and 10 ohms is the
power transistor input resistance. On a
small transformer we might expect to
get 1H/1000T, as a round number, so
that 1/20 H will need about 225 turns.
If we calculate for response alone we
find ourselves using 5 mH instead of
50 mH but the low-impedance gener-
ator must then be prepared to supply
the very high magnetizing current at
30 Hz and the core must be prepared
to stand the very high flux density. This
is a well-known trap in the design of
audio power transformer, a trap which
can catch the designer or the customer
who relies on a frequency response
measured at low levels.

The result obtained in the discussion
of Fig. 6 is sufficiently surprising to
merit a closer examination, for T must
confess that T find it rather hard to
believe. Surely the split-load circuit
cannot give us a lower impedance than
the emitter follower. In order to clarify
this point we must consider the essential
circuit shown in Fig. 7. When we look
back at the primary of the transformer,
which is what we are doing in Figs.
4 and 5, we see the impedance (I + n)/
2, and this, of course, gets larger and
larger as we increase n from its emitter-
follower value of zero. If we retain the
secondary at unity instead of allowing
it to follow the (1 + n) movement, we
get for the impedance which loads the
transistor the value (1 4 n)* R, and for
the source impedance we get (1 + n/
g./(1 + nY. In fact the sonrce im-
pedance is 1/ g, (1 4+ n) and thus if
n =1and g. = IA/V we get the value

already quoted, % ohm.

Improvement in Working Conditions
The price we have paid is quite sim-
ple: we have increased the voltage
swing and reduced the current swing.
In a driver situation this is all to the
good, because we will almost always
have plentv of voltage and a serious
current limitation. The power transistor
may need 50 mA, 100 mA, 200 mA or
more in the way of peak basc-current

AaacmPEdRAalabna i nny

gives you such quality sound and
weighs so little - at so quiet a price.

Only OKI 300 sounds so magnificent, and
costs so little. It's a compact concert hall,
lighter than 16 Ibs., spectacular solid-state
4 track stereo. And it dresses up any room
it's in, Hear it today — the matchless
sound of OKI 300. Only $219.95*,

1 year warranty.** See and hear it

at your OKI dealer.

*Manufacturer’s suggested list price.
**1 year parts, 6 mos. labor.

QUDL>

Chancellor Electronics, Inc.
457 Chancellor Avenue, Newark, New Jersey 07112
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build-your-own Knight-Kits®, For everything
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drive, leaving out the transient condi-
tions, but it will rarely require a volt
at the base to produce this current. The
drive transistor will be fed from the
common supply line at 12-14 volts, or
24-28 volts and if we use an emitter
follower we must get rid of most of
these volts in order to reduce dissipa-
tion.

Just to do some arithmetic let us as-
sume that we set our driver {o operate
at 40 A, 10 volts, which gives us 100
mW dlsslpahou By making n = 9 we
can provide a 1-volt, 400-mA drive to

each power transistor from a source im-
pedance of 0.1 ohm and we can keep
the common-base drive needed for the
transient up to 400 mA instead of the
emitter follower 40 mA.

You notice that what we are doing is
what we might have done when we
were very young. We look for the op-
timum load impedance for the driver
transistor, we design the circuit to fit
this to the load, we use negutive feed-
back to bring down the sowrce im-
pedance and to increase the input im-
pedance and we reach our solution. By
using this logical approach we have
created one new problem. The driver
load is 250 ohms and so we must make
our primary inductance something of
the order of 1 H or more for our 30-
Hz response. We shall find ourselves
back in the transformer design business.
I do not feel too worried about this. In
the first place, if we are going to use a
transformer we should be prepared to
i\veat out a design: in the second place

I do not think the design problems are
necessarily too difficult. We shall have
a fair number of turns on the collector
winding and we shall need a good air
gap to deal with the polarizing current.
The transformer will not be a very
small one. We have, however, some-
thing which we can call a fee(lback
winding, the emitter winding, which
has the same number of turns as each

half-secondary. These three windings
can therefore be a trifilar svstem and we
shall have very tight coupling between
the secondary and the feedback wind-
ing. Problems of leakage inductance
will be greatly reduced and I feel that
it is only the sheer physical size of the
transformer which can be counted
against it, even though it will still he
small compared with the transistor heat
sinks.

It remains for the reader to consider
whether he would prefer to get his low
impedance by feeding back around two
stages, bv using positive feedback, or
however. Here we have simply arrived,
I think, at the conclusion that if you
use a transformer at all, you will do
well to let it transform and not simply
use it as a phase splitter. This is to
choose the worst of two worlds.
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advertisements: 25¢ per word for commercial adver-
tisements. Rates are net, and no discounts will be
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first of the month preceding the date of issue.

HIGH FIDELITY SPEAKERS RIEPAIRED

AMPRITE SPEAKER SERVICE
JOS W, 243rd St New York 11, N, Y.
CII 2-4812
HARPSICHORD. Sane as owned by Philadel-
phia Orchestra and RCA Vietor. In kit form

for home workshop assembly, %150, Claviehord
ki, $100. Free brochure, Write Zuckermann
]ldl‘[)\lchOHl\ 115 Christopher 8t

boepr. R,
New York 14, N YL

FRIF T Send for money-saving sterco catalog
ATM and lowest quotations on your individual
components. rape recorder. or system require
ments. Electronic Values. Ine.. 200 W, 20t
Ntreet, New York. N Y. 10011,

AL SPEARKERS ENPERTLY REPAIRED
USED SPEAKERS BOUGH'
AUDIO SPEAKER TECIHNICS

22 Astor Place, New York 3, N, Y.
AL 42140

PRISSSING .\' FROM YO
WIHHOLESALE 'R ICI,.\ SPECIATL IN
SMALL  QUANTITIES, DUBLE  DUB L\l
RECORDING (‘U\II'\\\ 221 Carton Avenue,
Neptune N J. 07750
FOR - NALE D New  professional  condenser
microphone wirh variable directivity pattern.
[.on ()I'U.\', 46 . San Anronio St San Jose,
Calir

STEREO-REVERBERATORS for experimen

tal applicarion. 7. Mono, %5, Cal's Box 234,
Dearborn, Michigan,

ANY RECORD PUT ON TAYIE: Single, LP.
stereo. Quantity pricex. Tapes duplieated :
or 100 Write John . Elis. Rox 15832,
Del Valle, Los Angeles, Calif. 9001
WANTED: Bozak B-400  speaker  systen.
Please state price, vinrtage, condition in first
lerter. David Ellis, 2016 O Streef, N.W

D.C. 20036,

\Vasllin,‘:t(m.

WANTED: Two
overs, I«lommin,:.
Newloundland,

Marantz
1".0.

electronic  eross
Box 533, Stephenville,

Ampex 300 series recorder. 2-channel, 15-30
ips, less heads, $950. Marantz audio consolette
(mono). $£63. Tom Rose. 3410 Roekbluft
Dallas, Texas.

SENIOR DEVELOPMENT ENGINEER
Electro—Acoustic Transducers

The ideal candidate will possess the following:
Degree in Electrical Enginecring or Physics
® Aggressiveness and Creativity

® Proven Technical Ability

Ability to complete assignments with a mini-
mum of dircction in our development labora-
| tories

| This is a carcer opportunity for a person who
has an interest and preference for Electro-
’ Mechanical Devices. We are a dynamic organ-
ization whose products are marketed interna-
tionally. If you seek personal and professional
‘ growth where individual efforts are recognized,
then please forward @ complete resume in con-
fidence. Excellent salary and outstanding benefit
‘ program.

SHURE BROTHERS, INCORPORATED

222 HARTREY AVENUE
ILLINOIS 60204
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AUDIO MEASUREMENTS

(from page 37)

related to another characteristic of the
program material and called by the re-
lated name:

Transient Response. All the tests men-
tioned so far are performed with steady
tones: the response of the amplifier or
system to steady tomes of various fre-
quency, for frequency and power re-
sponse; the generation of harmonics by
a single steady tone, or of intermodula-
tion products by more than one steady
tone; and noise in the steadv absence
of “signal.” But program material con-
tains frequencies that come and go.
When thev come, or start, relatively
suddenlv, some observers noted distor-
tions that weren’t noticeable with steady
tones. So the realization of transient dis-
tortion was born.

Many tests have been proposed and
have gained some acceptance, for de-
tecting different forms of transient dis-
tortion, most noteworthy of which are
square waves and tone-burst testing.
The kind of test waveform for these are
shown in Fig. 1-9. We'll describe them.
as well as discussing their relative merit,
when we get to this part of the subject
area.

That’s run the gamut of basic meas-
urements encountered in the simplest
of amplifiers or systems. As we proceed
to other items in a system, we shall en-
counter other measurements that spe-
cifically apply to those items, such as
equalizers and preamplifiers or control
centers, phonograph pickups and turn-
tables, tape recorders and tuners, micro-
phones and loudspeakers.

In our next installment, we shall start
going into detail about these basic am-
plifier measurements, beginning with
frequency response. To get vou think-
ing about this, look at Fig. 1-10. Is this

all that is needed to measure frequency
response? Compare your conclusions
with our own, given in the panel.

OUR Conclusions

First error in the set-up of Fig. 1-10
is the implicit assumption that the
audio oscillator gives the same out-
put at all frequencies-no provision
is macde to measure it. So a meter
should be included to measnre input
as well as output. Next, it is highly
probable, speciully  with high-gain
amplifiers, that the oscillator will give
far too mu-h output, overloading the
amplifier before vou even start to turn
up the oscillator output control, pos-
sibly on hum from the oscillator. So
vou need some form of attenuator to
cut down the oscillator to a level us-
able for the amplifier input.

Further omissions are consider-
ation as to whether the input and
output of the amplifier have the cor-
rect terminating impednnces—input
source and output load. We haven't
mentioned them vet, have we? Based
on these answers, suppose we revise
our notion of what is required to the
set-up shown at Fig. 1-11: is this ade-
quate? Seems as if it should be,
doesn’t it? But how do vou know that
the meters hoth read voltage correctly
at all equencies? Suppose they don’t,
is there any way of making sure the
measured response is still correct?
And have we shown the output meter
connected on the correct side of the
input source resistor?

We'll answer these questions in our
next installment as well as showing
how frequency response can be auto-
mated, or improvised with limited
equipment. In later installments we’ll
proceed to other amplifier measure-
ments, as space and time allow.

ABOUT MUSIC

(from page 14)

session, during which Miss Laretei obling-
ly repe;lted the same movements many
times. Complimented on her patience, she
said, “Oh, I'm used to this. Rehearsals on
television are much more tiring. Here it’s
the sound youre after, on television the
lighting takes so much more time.”
Commenting on the first playback, Miss
Laretei said: “Tt strikes just the right bal-
ance between intimacy and brilliance. But
what especially pleases me is that T can
hear my performance out there. Engineers
always tell me: ‘Don’t worry about how it

AUDIO e JANUARY, 1966

sounds to vou. What counts is how it’s
being recorded.” But I cannot work at my
best that way. I must hear myself; other-
wise 1 feel T am playing into a vacuum.
In this studio, it’s lovely.” Looking at the
crimson rugs, she added, “And such elegant
acoustical damping!”

In the concert hall, hefore the television
cameras, or in the recording studio, Kiibi
Laretei is a musical missionary of rare
charm and persuasiveness. She could be
one answer to what one critic recently
called “the dying recital.”

WWW.ahBaerderadadiakiston,. com

INTERNATIONAL

— First Choice of those
who demand the Best!

Model SS822
2 Track Stereo

From

$1440
Unsurpassed Performance

ips db cps s/n
35 +2 50—20,000 57
+2  30—20,000 55
T33/4 42 30—10000 51
L o International
Box 1000, Dept. A-1
Elkhart, Indiana 46517

U

CAN A HI-FI ENTHUSIAST
FIND HAPPINESS with a

14 *
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AROUND THE HOUSE?

#*You bet! ‘“Princess’” automatic/manual turn.
table systems are British-crafted by Baifour
with jewel-like precision for greater
value! At $37.50 and $47.50.

Featuring ® Built-in Stylus Brush
e Automatic Tone Arm Lock
o Low Wow and Fiutter
See your dealer.

whad RFS INDUSTRIES, INC.

RFSE 102 Hartor Road, Port Washingtan, N.Y, 11050
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Live Better Electronically With

LAFAYETTE

RADIO ELECTRONICS

LAFAYETTE
1966 Catalog 660

Now BETTER THAN EVER

Featuring Everything
5 ’ 2 in Electronics for
« HOME
Pages - moustey
« LABORATORY

from the

“World’s Hi-Fi & Electronics Center”

CRITERION 1000B
4-TRACK STEREO
RECORDER IN
TEAK CABINET

S50-WATT SOLID STATE
STEREO AMPLIFIER
MODEL LA-248

'“PR0O-50" COMPACT
SOLID STATE
COMPONENT STEREO
MUSIC SYSTEM

Use Lafayette's Easy-Pay Budget Pian
No Money Down...Up to 24 Months to Pay

Satisfaction Guaranteed or Money Refunded

uSyosset, L.1.,

LAFAYETTE Radio ELECTRONICS
Dept. AA-6,P.0. Box 10

|
|
N.Y. 11791 1
Send me the Free 1966 I

|

: Lafayette Catalog 660
IName ............................................................... . l |
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¢ City I
| |
l State ... . l
bzip 1
(Please Give Your Z|p Code No)
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COMPONENTS & TAPE RECORDERS

e Easy-Pay-Plan—Up to 24 mos. to pay.
o 15 day money-back guarantee.
Franchised all lines,
5 yr. Mfr. Warranty.

assuring you up to

Most items shipped promptly from our

$250,000.00 inventory.

Trade-Ins—Righest allow-—Send your list.

Shipments double packed & fully insured.

Special consideration — Export & APO

inquiries.

21st yr. dependable service—World Wide.
Write for our price first. You'll be eglad
you did.
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HI-FIDELITY

‘ CENTER
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CANADA
High Fidelity Equipment

Complete Lines o  Complete Service

Hi-Fi Records — Components
and Accessories

&ELECTROAOICE
SOUND SYSTEMS

126 DUNDAS ST. WEST. TORONTO, CANADA
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TELETRONIX
LEVELING AMPLIFIER

Using Revolutionary Optical Control

s NO LAG
FLAT RESPONSE
REPLACES EXISTING
LINE AMPLIFIERS

e LOW NOISE LEVEL

OVER 500 IN USE BY MAJOR NETWORKS
INDEPENDENT STATIONS & RECORDING
STUDIOS

Qur 8th Year Of Service To Industry
i"‘TElETRONlX ENGINEERING CO.~=

manufacturers of
I FM Broadcast Transmitters and RF Amplifiers
I Audio Relays. Solid State Remote Station Controts
I Volume Levelers, FM Broadcast Antennae
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Perfection is worth waiting for...

A year ago Saul B. Marantz made this state-
ment: “Only when the development of solid
state elcctronics has reached the stage wherein
it can match the dependability and performancc
of Marantz-designed vacuum tube circuitry will
our equipment be transistorized.”

Now the Marantz Company is bringing out its
first solid state component. With the develop-
ment of the Marantz solid state 7T stereo pre-
amplifier completed and ready for the market,
Mr. Marantz is proudly able to state: “After 2
years of research, we know that at last a tran-
sistorized component can perform with the
established quality we demand.”

Until now, when a transistorized preamplifier
was operated for the best signal-to-noise ratio,
it was most readily subjected to overloading.
Thus, you had the unhappy choice of undue
noisc or clipping and distortion.

As of today, that is no longer the case. The
Marantz 7T matches the previously unequalled
signal-to-noise ratio of the Marantz 7, yet the
widest dynamic range from any sound source
will not overload even its sensitive low-level
phono stages.

And now, discriminating audiophiles, who
waited for the best, can rcap the rewards of
their patience . . . the new Marantz 7T.

GAIN: Phono to main output; 64.5 db.
Phono to recording output; 42.5 db.
High level to main output; 22.5 db.
FREQUENCY RESPONSE: 20 to 20,000 cps =+ 0.1 db.
TOTAL NOISE: 20 to 20,000 cps, 80 db below 10 mv
input. (1 uv equivalent broadband
noise input).
LM, DISTORTION: 0.15% at 10 volis RMS output.
DYNAMIC RANGE, PHONO INPUT: Approx. 100 db above
1 uv equivalent noise input. (1 uv to 100
millivolts at less than 0.15% 1.M.
Distortion)

NEW FEATURES:

2 Front Panel Jacks: For recording, copying or play-
back with an external tape recorder.

Panel Headphone Jack: Built-in circuit drives 500 ohm
or higher impedance phones.

Center Channel Output: Separatc A + B mixing cir-
cuit with level control.

Tape Play/Tape Copy Switch: Permits tape recording
playback or monitoring, plus duplication of tapes.

OTHER FEATURES: Selector Switch with automatic
equalization insertion, Mode Switch, Precision Volume
Control, Wide Range Balance Control, Selectable-
curve Feedback Tone Control, High Filter, Rumble
Filter, Power Switch, Output Level Adjustment for
high or low efficiency speakers. Tape-head Equalizer
adjustment, 6 AC Convenience Outlets. Panel Head-
phone Jack, Panel Tape Recorder Jack, Panel Tape
Playback Jack, Center Channel Output. All outputs
match 500 ohm inputs at very low distortion.

—

THE NEW
rmaarannilw

=S A

- s

Marantz
model 7T
$295.00

MARANTZ, INC. « SUBSIDIARY OF BIIJTIIHI/JF] INC. ¢ 25-14 BROADWAY, LONG ISLAND CITY, NEW YORK
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ELECTRO-VOICE, INC., Dept. 164A, Buchanan, Mich. 49107

Of Beetles, Beatles, and Beethoven!

The new E-V SEVEN speaker system—
like the VW beetle —is not for every-
one. You have to be someone special
to appreciate its value.

That's because the E-V SEVEN doesn't
go along with the crowd. There are no
claims that it's the world's finest loud-
speaker regardless of size —none of
that malarkey. (You know better, and
so do wel

So let us show you how much rare
value we've packed into this practical-
sized cabinet. Value you'd not suspect

in a speaker this size.

First off: it really fits a bookshelf. Just
9" deep, 10" high, 19" wide. Easier to
park anywhere you want to play it.

Then the sound: it starts with an
honest 50 cps from the 8" acoustic-
suspension woofer. On up—smoothly —
t0 15,000 cps from the 32" cone tweeter.

And no mere switch or volume con-
trol adjusts the highs. An expensive RC
network actually "“tilts” the E-V SEVEN's

response —up or down—from flat to.

whatever your room may need. Con-
Circle 104 on Reader Service Card
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tinuously smooth. Absolutely unique.
You can put up to 50 watts peak
power into the E-V SEVEN: no strain, just
music. Beethoven. The Beatles. Anything!
All this for just $65.00 list, in an oiled
walnut cabinet finished on four sides.
The E-V SEVEN is carefully engi-
neered, carefully constructed, and far
ahead of the other compacts in value —

just like the VW.

There is one big dif-
ference. We think you'll

like our styling better!



