s GENERAL LIBRARPY

o
| Cakfornia Institutssef TeSholoo

ENGINEERING MUSIC SOUND REPRODUCTION

10cps HIGH-PASS
FILTER

Lo
=]
e O
=3

A

0 Zaes
0 22MEG
Q ZZMEG

FROM  PICKUP
47000

RTRTY

10 1
(MEG ™I

10
A‘AEG

40 A0 A0

MEG PMEG. {MEG TMEG

Trorouzh stul- of the effect ef stereophoni:
sound on listzrers is important before dever
opinz she servme commercially. See page 5C.

11&31‘0

¥ o0

Tailoring a “front end” to your own specifications ccn be fairly simple
if you take the trouble to study types of equalizers and tone conirols
as one author did before building the one he liked best. See page 17.
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LOUDSPEAKERS and ENCLOSURES -- A 31-page section
SIMPLE HIGH-QUALITY PHONO AMPLIFIER
STEREOPHONIC LISTENER TESTS

ACCURATE DESIGN OF PHONO EQUALIZERS




TRADE MARK

polyester film offers you
these important new advantages
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PHYSICAL PROPERTIES
“Mylar” polyester film compared to ordinary plastic base material
{cellulose acetate)

1 Mil 1.5 Mil 2 Mil 1.5 Mil

PROPERTY “MYLAR “MYLAR” "“MYLAR" Acetate

Tensile Strength, psi 25,000 25,000 25,000 11,000
Impact Strength, kg-cm 90 170 200 10
Tear Strength, grams 22 35 75 5
Break Elongation, % 80 95 105 20
Softening Point, °F 464-473 464-473 464-473 149-230
Moisture Absorption, % (at 100% RH) 0.3 0.3 0.3 9.0
Bending Modulus, psi 500,000 500,000 500,000 350,000
Flex Life, cycles at 0° F 20,000 - - 500

AUDIO DEVICES, Inc.

444 Madison Ave., New York, 22, N. Y.

Expart Dept., 13 East 40th St., New York 16, N, Y., Cables ""ARLAB"

many times stronger

withstands extreme temperatures
impervious to moisture
maximum storage life

most permanent magnetic
recording medium ever developed

Audiotape on “Mylar” polyester film provides a degree of
permanence and durability unattainable with any other
base material.

Its exceptional mechanical strength makes it practically
unbreakable in normal use. Polyester remains stable over
a temperature range from 58° below zero to 302° Fahren-
heit. It is virtually immune to humidity or moisture in any
concentration —can be stored for long periods of time
without embrittling of the base material.

The new polyester Audiotape has exactly the same mag-
netic characteristics as the standard plastic-base Audiotape
— assures the same BALANCED PERFORMANCE and
faithful reproduction that have made it first choice with
s0 many professional recordists all over the world.

If you have been troubled with tape breakage, high
humidity or dryness, Audiotape on “Mylar” will prove well
worth the somewhat higher price., In standard thickness
(1¥2 mil), for example, the cost is only 50% more than
regular plastic base tape.

Ask your dealer for our new folder describing Audiotape
on “Mylar”. Or write to Audio Devices, Inc.
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Industry
“Workhorse'’

639

BROADCAST
DYNAMIC
MICROPHONE

USED ON

TV

| AND

BC

] Uniform high quality performance

day-after-day in studio and remote
pick-ups has proved the rugged
dependability of the “635”.

| Exclusive E-V Acoustalloy

diaphragm assures smooth,

| peak-free response 40-15,000 cps.

Output is —55 db. 50-250 ohms
impedance selector. Tiltable head.

\ 56”-27 thread. Cannon XL-3
connector. 18 ft. cable.

' List Price $75.00

Normal trade discount applies,

‘ See your Authorized E-V
Distributor or Write for
further information.

NO FINER CHOICE THAN

ElecthoYores

BUCHANAN » MICHIGAN



Delivers MORE Power
for PROFESSIONAL Use

These latest-of-all Carter DC to AC Con-
verters are specially engineered for pro-
fessional and commercial applications re«
quiring a high capacity source of 60 cycles
AC from a DC power supply. Operates
from storage batteries or from DC line
voitage. Three ‘“Custom” models, deliver=
ing 300, 400, or 500 watts 115 or 220 V. AC.
Wide range of input vol:age, 12, 24, 32, 64,
110 or 230 V. DC. Unequalled capacity for
operating professional recording, sound
movie equipment and large screen TV re-
ceivers. Available with or without manual
freqquency control featuse,

(1
e

) ra

MAIL COUPON FOR CATALOG

{ (uu,

2648 N. Maplewood Ave.
Chicago 47

- —— = o
Carter Motos Co. il
2548 N. Maplewood Ave., Chicago 47
Please send new catalogs containing com-
plete information on Carter “*'Custom' Con-
verters and other Rotary Power Supplies.

Name.
Address.

by Edwin C. Miller of Havre, Mont..

is of interest among this month’s crop
of patents because it is simple, vet highly
effective. Volume limiters are used in hroad-
casting and recording to prevent overmodu-
lation or to keep average modulation fairly
constant. This one is particularly useful for
additional purposes because of its very close
control of output over a large input range.
The circuit will maintain audio output con-
stant within 1 db over a 20-db range of in-
put voltages. This makes it useful, for ex-
ample, in test generators with inherently
nonlinear amplitude-frequency curves and,
in one of my own special applications, in an
electronic musical instrument in which pitch
is varied by substituting capacitors across
a tuning coil. At each frequency the Q of
the coil is different and in most oscillators
this causes a variation in level. The Miller
circuit would keep level constant from tone
to tone.

The patent number is 2,679,626, and it is
assigned to Northwest Radio Consultant
Service, a partnership in which Mr. Miller
probably participates.

Figure 1 shows the single-tube circuit of
the limiter; the two triodes are in the en-
velope of a 6SL7-GT. There are two paths
for the signal from the input. One path goes
through C,, Ci;, Rs; and C, directly to the
output terminals. This is the main signal
path, the capacitors and resistor being in-
cluded for d.c. and a.c. isolation, respec-
tively, from other elements of the circuit.

Vs is placed directly across the output and
its plate resistance constitutes the shunt leg
of a voltage divider of which R; is the series
leg. Knowing that, it is easy to sce that the
output amplitude can be varied by varving
the plate resistance of V., easily done by
varying the d.c. on its grid.

Input signal also passes through R, to the
grid of V. Since the V/, plate is connected
directly to B-plus it looks at first glance like
a cathode follower, but the cathode resistor
R; is bypassed by Cs. The high-value cath-
ode resistor causes a high bias which places
the point of operation of V', close 1o cutoff
and well below the linear portion of the tube

A NEW VOLUME-LIMITER CIRCUIT invented

* Audio Consultant, 255 West 841h Street,
New York 24, N. Y.
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RICHARD H. DORF*

MEASURED AT 41500cps
OQUTPUT db 2db

FROM  Odb
COMPRESSION 2db
LEVEL 4db
6db

Odb 6db 12db 18db
INPUT

Fig. 2

signal on the ¥, grid is to produce a positive
d.c. cathode voltage which is proportional to
the audio input amplitude.

The d.c. V; cathode voltage is applied to
the grid-cathode circuit of Vs, causing grid-
current flow. As the input audio amplitude
rises the effective grid cathode resistance of
V. is reduced approximately logarithmically.
This lowers its plate resistance; since this
plate resistance is the shunt leg of the signal
output voltage divider, the audio output is
likewise reduced.

This is an entirely practical circuit which
anyone can build without difficulty (techni-
characteristic. As a result, the effect of a
cally speaking—the legal difficulties are up to
you). Adjustment is very simple. Apply a 1,
000-cps audio voltage to the input terminals.
Set Rs (which you might make a 15,000-ohm
potentiometer, as the value given in the dia-
gram is the approximate setting value) at
maximum resistance and increase the audio
input to the point where compression begins
—where output no longer rises along with
input. Measure the input voltage; then in-
crease the input voltage to five times the
measured value and adjust R; to provide an
output voltage equal to one fifth the new
input voltage. Figure 2 shows roughly the
variation in output for given input varia-
tions.

The patent specification shows a second,
somewhat more complex circuit designed
along the same lines. It may be more suit-
able for program applications in that it pro-
duces a fairly fast compression on peaks and
a slow recovery. As usual, 25 cents sent to
the Commissioner of Patents, Washington
25, D. C, will get you a copy.

The Official Gazette

There may be those among habitual read-
ers of this department who wonder how
the writer comes across all the suitable
patents to describe. The source is the Offi-
cial Gazette of the U. S. Patent Office,
issued weekly and on hand at all major
libraries (also available by subscription).

The Patent Office Gazette lists all patents
granted for the week, showing the major
claim and the main drawing for each. Di-
vided, as it is now, into General and Me-
chanical, Chemical, and Electrical sections,
it is a prime source of information and in-
spiration for workers in every field, and is
heartily recommended to the attention of
possessors of inquisitive and original minds.
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an investment in

performance
and pride

from its portable case, you can easily trans-
fer the Ampex 400 fo a permanent installa-
tion in your home music system

Never before could so much be recorded
so well on a machine so small.

i "
o1 f/lc nest 1n N eco.w/:‘(l o

AMPEX CORPORATION
934 CHARTER STREET * REDWOOD CITY, CALIF.

Write for descriptive bulletin to Dept. B-1699,
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The Ampex 600 is a design triumph that is sure to please adventurers

in recorded sound everywhere. The performance that has made Ampex
the supreme name in professional recording has been engineered

info a machine of truly portable size at o reasonable price. You will
love your new "600"; your friends will admire it; it will give you faithful
service for many years to come.

CONCERT HALL QUALITY ... living room comfort

The Ampex 400 captures the full glories of the human voice or the
sweeping majesty of symphonic orchestrations. It records and reproduces
with such clarity and flawless accuracy that highly perceptive ears
seldom can distinguish the tape recordings from the live performances.
This superlative quality results from a broad frequency response,

wide dynamic range, imperceptible distortion, uniform tape motion, and
freedom from amplifier hum and noise.

s Frequency response 40 to 15,000 cps at a tape speed of
712 in/sec.

+ Signal-to-noise ratio over 55 db.

o Flutter and wow under 0.25% rms.

e Timing accuracy == 3.6 sec.in a full half hour recording,

HOBBIES IN SOUND for pleasure and pride

Weighing less than 28 pounds, the Ampex 600 can be used anywhere,

by anyone: no professional recording engineer is needed. Use it at home
to record the musician in your family, the choir at your church,
“wedding bells" and parties, or the performances of your talented friends.
Use it "outside” to record bird calls, waterfront and railroad whistles,
foreign dialects, folk songs, and other rare voices, music and sounds.

Separate microphone and line input recording channels.
Quantitative VU meter for accurate program levels.

Phones jack for monitoring during recording and “mixing.”
Record safety button to prevent unintentional erasure.

* @ @ &

Your Ampex 600 is engineered for years of true high-fidelity performance
at a truly reasonable price, $545.

seesour local Pompes Dstsbetor tod
W, see rour toca mpex 13{1‘1 H{'Ol" to(-a_y

AM[PE ;g DISTRIBUTORS IN PRINCIPAL CITIES

"CORPORATION | (Listed in the Telephone Directory under “Recording
g Equipment"’)




\MANCE

DOSTER

ELOPED

lusion in facilities
FCC requirements

g-in, two stage, low noise, preamplifier or
br use in radio and TV broadcast systems,
systems. While important space saving has
of this amplifier, Langevin sacrificed none of
ependability which make the Langevin Model
terion of excellence. In fact performance char-
y improved. Included are such quality features
nectors and push-button metering facilities.

= - SPACE SAVING
| THAT REALLY COUNTSI

% 61% reduction in volume per-
mits mounting of 33 Model
5116 units in the space re.
quired by 12 of the very popu-
lar Langevin Model 116-B.

Photo below, illustrates the
extremely compact racking
possible with the new Model
5116, Note complete accessi-
bility and uncongested appear-
ance. Units at extreme right
are Langevin 5117 Program/
Monitor Amplifiers.

B S ——

WRITE TODAY—

for complete data and
specifications on the
Langevin line of mini-
ature plug-in equip-
ment including pro-
gram, booster and
monitor amplifiers,
power supplies, etc.
Please address re-
quests on company
letterhead.

————————y gy y

4
LANGEVIN MANUFACTURING CORPORATION
37 WEST 65th STREET, NEW YORK 23, N. Y.

Q A SUBSIDIARY OF THE W. L. MAXSON CORPORATION

NEW LITERATURE

® Shure Brothers, Inc., 225 W. Huron St.,
Chicago 10, Ill, has greatly eased the prob-
lem of determining microphone sensitivity
with a new Microphone Sensitivity Con-
version Chart, which permits interchange
of values in the three most commonly
used systems. The chart is recommended
to those engaged in buying, selling, or
using microphones. Relative ratings can
be ohtained in a few seconds. The chart
will be mailed on request.

® G & H Wood Products Company, 75 N.
11th St. Brooklyn 11, N. Y., announces the
publication of a new, colorful catalog of
the Cabinart line of high-fidelity equip-
ment cabinets, speaker enclosures, and un-
finished kits. This booklet is exceptionally
well-produced, including excellent illus-
trations, dimensional information, finish
specifications, and prices. Copy may be
obtained from local dealers in high-fidelity
equipment, or by writing direct to the
company.

® Frank L. Capps & Co., Inc. 20 Addison
Place, Valley Stream, N. Y., will mail on
request literature describing a new series
of Capps condenser microphones. Data and
characteristics are given on three new
models, as well as description of asso-
ciated power supplies and cables.

® International Rectifier Corporation, 1521
E. Grand Ave., El Segundo, Calif., lists rat-
ings and specifications on the company's
germanium diodes in Bulletin GD-1A. In-
cluded in the bulletin is a complete re-
placement guide of International ger-
manium diodes for replacing various
RETMA types. Available on request.

® Yale Industries Corp., 82-09 251st St.,
Bellerose 26, N. Y., announces the release
of a catalog sheet which fully describes
the construction and operation of its Model
TS-4 cutter-splicer for magnetic recording
tape. The TS-4 cuts rounded indentations
in the tape edges, giving the tape a “Gib-
son Girl” shape, leaving the edges free of
adhesive. Copy will be mailed on request.

® Photocircuits Corporation, Glen Cove,
N. Y., has prepared one of the most valu-
able publications of its kind in a new bro-
chure which describes printed circuits,
their functions, fabrication, and applica-
tions. The two-color eight-page booklet in-
cludes comprehensive information on
printed-circuit materials, electrical charac-
teristics and components. Assembly with
dip soldering and plated-through holes is
also described. Design improvements and
lower production costs for many types of
equipment are amply suggested in this
excellent booklet which will be mailed
on request, free of charge.

® G. H. Leland, Inc., Dayton 2, Ohio, is
distributing on a monthly basis a series of
engineering sketch sheets with the pur-
pose of acquainting design engineers with
various applications for the company's
Ledex rotary solenoids and circuit se-
lectors. These reports should be of con-
siderable value to engineers who face
problems involving snap-action power or
circuit selection. To get on the mailing list
engineers should write the address shown
above.

® Telex Inc., Telex Park, St. Paul, Minn,,
describes the new Telex dynamic and mag-
netic pillow speakers which the company
has recently introduced, in a two-color
catalog sheet which will be mailed on re-
quest. Specifications and advantages of
both units are listed along with suggested
uses in hospitals, homes, hotels, and com-
mercial transportation vehicles.

e Rhein Sound Systems, Inc., 2 Coburn
Ave., Orlando, Fla., lists the company's
complete line of 27 amplifiers and asso-
ciated equipment in a new catalog folder
which will be mailed on request. Featured
in the literature is a well-planned amplifier
selection chart which will greatly assist
both distributors and users in choosing
the proper amplifier for a given applica-
tion.

® Insulated Circuits, Inc, 115 Roosevelt
Ave., Belleville, N. J,, announces the avail-
ability of Bulletin No. 106 on Carry-
Through Printed Circuits, a four-page
leaflet which describes many facets of
printed circuit production. Included are
detailed photographs and drawings of
printed circuit patterns. Copy will be
mailed on request.

AUDIO e AUGUST, 1954



_ In the MIRACORD XA-100 you find a three-speed

automatic changer where every component is held
to the closest tolerances of high precision—where
wow and rumble are eliminated. The results
achieved provide everything the most exacting

individual could wish for.

The MIRACORD XA-100 comes complete with
the “Magic Wand” and single play spindles. An
automatic record spindle for 45 rpm is available

as an accessory. Every unit is shipped completely
assembled with leads and plugs attached ready for
operation. The MIRACORD XA-100 is superbly
finished in rich burgundy with surf-white trim.

THESE ARE THE FEATURES YOU'VE ALWAYS WANTED!

« Simple control-at-a-glance through four push-
buttons: Star), Pouse, Filter and Repeot.

o (ompletely automatic operation at 333, 45
ond 78 rpm; and ten and twelve-inch records
can be infermixed.

o Built in filter 1o suppress surface noise of old
records.

® Continuous record repeat if desired.

 Adjustable mechanism to pre-set pouse be-
tween records.

o Simple thumb screw adjustment compensates
for cartridge weight (No tools necessary).

o Specially engineered four pole motor insures
rumble-free operation.

« White rubber matted turniable.

« Silent automalic shutoff.

« Constant speed guaranteed whether one or ten
records ore on the turntable—insures correct
pitch—eliminates wow.

MIRAPHON XM 110

incorporates all the MIRACORD's hig quality
sound reproduction characteristics in a
single play unit.

o Record capacity: 8 12" record: or 10 10" rec-
ords {or a corresponding mix-ure of both) or
10 77 records.

s Ball bearing suspension of tusntable.

* The plug:in head has been specially designed
to accommodate your choice o cartridge.

* By inverting the single play pindle the same
record will repeat continvously.

o The tone arm is constructec of a specially
developed noise-reducing plastic and also has
ball bearing suspension which eliminates any
displacement of the stylus and guarantees
equal pressure of the stylus.

¢ Replacement parts ond accessories are avail-
able for immediate delivery.

« The MIRACORD XA-100 and MIRAPHON XM-110
(see below) are guaranteed for six months
ogainst defective materjals and workmanship.

The manually operafed

AUDIOGERSH @ CORPORATION

Exclusive Distributors in the U. S. for ELAC Record Players

Tre “MAGI WaN)" spindle has been devel-
ooed after maw yea-s of research, and ite
operation s remerkable. It eliminates stabi-
lzing plates ard pusher arms. The life of
your recoads i- inFinitely prolonged!

AUTOMATIC CONTROL!

START: This button stcrts the mechanism. 1t gl enables you at any time fo
change 13 the next reccrd.

FILTER: Push this bulton ta eliminate surfoace noise caused by old records,

REPEAT: Push this bulton ta repeat the record b2 ng played.

PAUSE: Now you can automaically szlest o * pause’* time between records of
from five seconds to fize mirutes! The elect en setting appears at a window
directl® above the push buttcn. “'Pavsamatic™ i @ vrique MIRACORD XA-100
feature. Here is your :hoice of pause engils i1 seconds) between records:

SETTINGS

1 M 3 4

0

78 5 sec 35 sec 70 sec 105 sec 140 sec
45 9 sec 60 sec 120 sec 180 sec 240 sec
12 sec 82 s=¢ 144 sec 246 sec 328 sec

AUDIOGERSd CORPORATION
254 Grand Avenue, New Haven 13, Conn. Dept. A7 !
Please send me descriptive literafure.

Name
Address
City _Tone State

- - - - - - - - -




fqualizer
|Inits

for better audio consoles

DIALOG EQALIZER

TYPE 8533
SR
- . 4

... use in your present
console...bring your

equipment up to date...

Now is the timeto’’Freshen-
up’ your audio with new
Cinema Equalizer Units. De-
signed in convenient size
they mount like a mixer
control. Write today for

catalog # 12E.

CINEMA ENGINEERING CO.

DIVISION AEROVOX CORPORATION
1100 CHESTNUT STREET - BURBANK, CALIF.

FACTORY REPRESENTATIVES
THROUGHOUT THE NATION

EXPORT AGENTS: Frozor & Honsen, Lid.
301 Clay $t.- San Francisco, Calif.- U.S.A,

Loudoner’'s Leiter

RICHARD ARBIB*

Mr. Arbib, who has coniributed so many
London Letters to our recent issues of
Aubio, has just completed a six-wwecks' trip
in the U.S.A. Before leaving for England
he sent us a dictated tape which gives a
Londoner’s impression of American audio.

audio makes it clear that you have ad-

vantages and disadvantages compared
with us in England. You have, of course,
much larger population and a more wealthy
middle class. A visit to some of your radio
shops, audio show rooms, and record stores
was a revelation to an Englishman. Visits
to England of Sam Poncher (Newark Elec-
tric Company, Chicago) and Dave Ormont
(Hudson Radio, New York) during the past
year provided an excellent excuse for me to
see them on their home ground. I do not be-
lieve that in Europe we have any radio store
as large as Newark Electric Company in
Chicago, and I believe that that is not nec-
cessarily the largest in the whole of Amer-
ica. The method of using telephone relays at
the Hudson showrooms to enable instant
comaprisons to be made between twenty-five
tuners, twenty-five amplifiers, and as many
loudspeakers and record players was indeed
very ingenious and far more elaborate and
efficacious than anything I have seen else-
where.

I found it equally interesting to see how
one and a half million records could be sold
per year in not a very large store. I refer, of
course, to Sam Goody’s in New Yerk, which
was quite unique—as far as I was concerned
—in that records were being sold without
being heard but with the proviso that the
customer could, if he or she desired, bring
the record back after one playing and ex-
change it for another. Visits to stores of
this kind cannot be other than iuvigorating
to an Englishman, for our market is so much
smaller that no English shop can operate on
such a large scale as your American ones.
On the other hand, conditions in England do
not make it essential for people to have to
expend so much on records and hi-fi equip-
ment.

I thought that the average quality heard
from an American television set was really
appalling. With the exception of the Hoff-
man television receiver, which I heard in
Los Angeles, most of your American sets
appear to use speakers of only five or six
inches in diameter. As your sound is bhroad-
cast on FM, this really seems to be a ter-
rible waste of facilities which are available
for good quality. On the other hand, to an
Englishman, so many of the programs are
mediocre that I can well imagine that many
Americans turn to records for good quality.

Although all hi-fi enthusiasts are not nec-
essarily lovers of classical music, I imagine
that most of them are so. Consequently, your
lack of live broadcasts of symphony orches-
tras on radio or television places your hi-fi
enthusiasts at a disadvantage compared with
us in England. We can always rely on at
least one svmphony concert being broadcast
each day live from one of the three BBC
programs. Consequently, the urge for us to
buy records is to a great extent not as im-
perative as it is in America.

On the other hand, there are quite a num-
ber of commercially produced radio-gramo-

* Multicore Solders, Ltd., Hemel Hemp-
stead, Herts., England.

EVEN A BRIEF EXAMINATION of American

phones in England—what you call combin-
ations i America—which can really be
classed in the hi-fi market. Practically every
British radio and television manufacturer
markets at least one of such instruments,
whereas it seems that many of your radio
and television manufacturers did not in-
clude any combinations in their line of
models, Advertised claims by some Ameri-
can manufacturers that their products were
“high fidelity” seemed in some instances to
be an exaggeration, and I imagine that you
must be careful that disrepute is not brought
upon high fidelity by exaggerated claims.
Some of the statements in regard to fre-
quency range of tape recorders at slow
speeds, to me seemed to be very remarkable.
You either have engineers who are able to
produce quite different results from tape
than any other technicians, or else it is just
the result of American advertising technique.

I found that so-called music was used as
a background much more in America than
in England. I thought that often tlie best ad-
vantage was not made of the facilities of-
fered. For examiple, on the Super Chief train
there are loudspeakers, quite well baftled, in
practically all the rooms on the train. It
must have been an expensive matter to com-
plete this installation, including intricate
switching in each room so that the occupant
can avail himself of radio programs or clas-
sical or light music programs. Yet the qual-
ity of the classical and light music programs
was appallingly poor. An investigation of
the method by which the programs were
provided showed that it was taken off wire
recordings, probably designed four or five
years ago. Surely, this should be replaced
by modern tape machines. I was privileged
to visit the local headquarters of the Muzak
organization in Los Angeles and was more
than interested to learn that the new tape
equipment will have a frequency range ex-
tending to 15,000 cps. Yet in many of the
places in which the Muzak service is used,
I feel certain advantage is not taken of the
high-quality reproduction which should be
available. The future for hi-fi in America
cannot be other than bright, and I was in-
terested to be able to buy one of the first
tape recordings issued by RCA. Obviously,
there is going to be one problem with these
tape recordings and that is—the matter of
length. T was disappointed to find that a reel
of the Tchaikovsky Fifth was only occupied
by music on one and two-thirds sides. The
purchaser of a gramophone record cat see
quite clearly if only part of one side is filled
up with music, whereas the buyer of a tape
is unable to discover this fact without first
hearing it. I was also very surprised to see
that the reel was not labeled in any way.
Surely, reels of recorded tape should look
different from unrecorded reels. They should
be of a different color and the name of the
piece and the composer should be stenciled
or permanently printed thercon.

It is obvious that in a country where there
are two hundred different record manufac-
turers and so many producers of tuners and
amplifiers and loudspeakers that the outlook
for hi-fi cannot be other than bright. It is
certainly most invigorating for an English-
man to be privileged to examine, unfortu-
nately only too briefly, the audio market in
America.
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. We'll sell many customers

i through its rich sound...

i the “artistic” performance

{ of this entirely new recording tape!

L Just listen and compare to appreciate

W its freedom from distortion and noise...

its balanced high and low frequency response...
wll its unvarying output from reel to reel. ..

Many others will buy it
: for its scientific engineering

and material quality...literally every
inch precision tested and laboratory bonded
for uniformity, optimum sensiiivity,
and adherence of oxide coating...
your continuous satisfaction guaranteed
through maximum tensile strength,
shelf-life and splice-ability.

Still others will insist upon it

for convenience and value built-in

above and beyond its superior

audio performance. Every reel comes

to you in a resealable polyphane

plastic bag, with spliced color-coded
leader for extra cue time,

and 5 full inches of Tuck splicing tape...
all these extra features at no extra cost!

...and this
extra performance
and extra value

will make new 67]100190 T ey

the household word 1n recording tapes

(Encore means more in recorded results time after time...Just try it!)

Developed and manufactured by the Magnetic Products Division TECHNICAL TAPE CORPORATION  Morris Heights 53, N. Y.
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Check these ratings
of the Tung-Sol 5381

T
:

o

3

n

PLATE CURRENT (1p) - MILLTAMPERES

o

300 400
PLATE YOLTS

CLASS ABy PUSH-PULL AMPLIFIER —TRIODE CONNECTION
Grid #2 connected fo Plate Values are for two tubes

Heater Voltage b

Heater Current 0.9
Plate Voltage 400
Grid Voltage -45
Peak AF Grid to Grid Voltage 90
Zero-Signal Plate Current 65
Maximum Signal Plote Current 130
Load Resistance 4000
Total Harmonic Distortion 4.4
Power Qutput 13.3

RATINGS (Inferpreted According to RMA Standard M8-210)
Heater Voltage 6.3
Maximum Heater-Cathode Voltage
Maximum Plate Voltage
Maximum Grid #2 Voltage
Maximum Plate Voltage (Triode Connection)
Maximum Plate Dissipation
Maximum Grid #2 Dissipation i
Maximum Plate Dissipation (Triode Connection)
Maoximum Grid Resistance (Fixed Bias}

Maximum Grid Resistance (Self Bias) Megohm

In creating the 5881, Tung-Sol engineers have made fullest use of
design and production techniques which have proved thenselves over
the past 15 years. Pure barium getter to effectively absorb gas for the
life of the tube—gold-plated wire to minimize grid emission—are
among the major design improvements in the 5881. This tube is
directly interchangeable with the GLG.

Tung-Sol'produces the 5881 under laboratory conditions to insure peak
efficiency and maximum uniformity. Order it from your regular supplier.

TUNG-SOL ELECTRIC INC,, Newark 4, N. J.

Sales Offices: Atlanta, Chicago, Culver City (Los Angcles), Dallas,
Denver, Detroit, Newark, Seattle

TUNG-SOL makes All-Glass Sealed Beam
Lamps, Miniature Lamps, Signal-Flashers, Pic-
wure Tubes, Radio, TV and Special Purpose Elec-
tron Tubes and Semiconductor Products.

LETTERS

Ears, Speakers, and So On

Sir:

I would like to thank Professor Joseph J. Auntonitis for his
valuable information on the construction of the human ear
(LETTERS, April, 1954) in which he mentions that on the surface
of the hasilar memberane are complex formations of cells, and
the most important of which is the Organ of Corti which includes
the hair cells. These are thought to generate impulses in the
auditory nerve when set in motion.

I wonder if Professor Antonitis ever stops to ponder on the
fact that the cells, thought to generate impulses in the auditory
nerve when set in motion, might be numerous small independent
resonators and transducers that are capable of converting
mechanical energy to electrical energy. (I strongly believe that
the nerve system is, in fact, an electrical system in a human
body.)

As I said before in my article, “A Perfect I.oudspeaker,” what
we aim to do is to create a completely new electro-mechanical
transducer, (or driver, as Prof. Antonitis puts it), which, by
imitating the characteristics of the human ear system, can repro-
duce sound of various frequencies, in the form of true replica.
I am at a loss to understand what induced Prof. A to think that
I did suggest to build a replica of the ear as my dream loud-
speaker. His suggestion that a conventional electro-mechanical
driver should be used to build a completely new system of electro-
mechanical transducer would need a sounder theory to make
it even feasible.

Scientifically speaking, I should think that we ought to be able
to find our way in this world of sciences, with the blessing of
inspiration of course, to look for something more than meets
the eye.

Leung, CuOo YUk
52, North Side,

Clapham Common,
London, SW. 4,
England

The Inscrutable East
Sk ;

Having been globe-trotting these many moons, I have been
away from my dear old Aubio and have just gotten through
six monthly issues. I thought “The Great Loudspeaker Mystery”
would put the cat among the pigeons, and enjoyed Mr. Leung
Cho Yuk’s esoteric contribution on the subject. Since Professor
Antonitis so competently disposed of the physiological aspect
of the matter, may I content myself with disposing of /is whole
thesis in a few words?

To design a speaker on the basis of the design of the human
ear is what a metaphysician would call a pseudo-science because
it is a science based on a fallacy. The ear is a device whereby
sound waves are caused to actuate the nervous system and send
signals to the brain. Nobody knows what those signals are; we
know only that the effect on the brain is such that mentally
we develop the concept that what has actuated the ear is some-
thing we call “sound.” A speaker, on the other hand, causes
the air to vibrate when electrical currents are applied to it, and
the best we can venture to say is that if the ear’s impulses through
the nerves are electrical currents, then a speaker is the reverse
of the ear, and should therefore be designed like a mouth, while
a microphone should be designed like the ear. (May we interject
the mention of the reciprocity theorum? Ep.) Mr. leung seems
to suspect this in the earlier part of his article, but then turns
a somersault, like Karl Marx turning Hegel on his head.

Oddly enough, my notion of the flexible diaphragm seems
to fill the bill all ways, for it could on the one hand be considered
as an essembly of Mr. Leung’s 24.000 discs, while on the other
it somewhat resembles Professor Antonitis’ sheet of fairly soft
gelatine. As any scientific theory can be considered a valid work-
ing hypothesis until an exception has been found, I humbly per-
severe with my curious notions until someone trips me up.

H. A. HarTiEY

62, Latymer Court,
Hammersmith,
London, W. 6, England

(Tt is 1o be hoped that since these two corvespondents are, if
not countrymen, at least in the same city, they might possibly
get together and hammer sowmething out that the Swmiths and
Joneses can understand. To carry this a bit along, let’s further
hope that neither gets so vehement in his theories that the local
constabulary night clap *im in some common gaol for bodily
assault, And may we mouth an “’ere’s *ow” lo cheer them on.
En.)
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YOUR ELECTRONIC
EQUIPMENT

Demands Highly Specialized

THE MANUFACTURERS
AND SERVICE MEN
WHO SERVE BEST

Speefy Belden

WIREMAKER FOR INDUSTRY
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For the Finest Performance Money Can Buy

BROADCASTERS
and RECORDING :
STUDIOS

choose the

>

EK-0-KUT

16-INCH 3-SPEED TURNTABLE

Model B-16H

The name Rek-O-Kut has always been identified with specialized skill and
experience in professional disc recording and transcription equipment.
It is no wonder, therefore, that Rek-O-Kut should produce a turntable of
such flawless design and performance as is revealed by the B-16H.

HERE ARE THE DETAILS: The turntable of the Rek-O-Kut B-16H is made of cast
aluminum, and exerts no pull on magnetic cartridges. It is precision lathe-
machined with an extra-heavy rim for dynamically balanced flywhee! action, and
it is driven by a hysteresis synchronous motor for accurate timing at all speeds.
Rim driven through idlers, speed variation is well within NARTB requirements.

A simple speed-control knob permits instantaneous selection of any record speed:
335, 45, or 78 rpm. A permanently built-in 45-rpm record bushing is flush-
mounted around the standard spindle. A slight twist extends it above the table
surface, ready for use. The B-16H reaches operating speed within 4 revolution
at 333 and 45 rpm.

Record slippage is eliminated through the use of a new mat material. Rumble,
wow, and flutter are practically non-existent. The operation of the Rek-O-Kut
B-16H is so simple and consistently reliable, that it requires only routine
maintenance.

In fact, the entire performance behavior of the B-16H leaves nothing to
be desired. Economically, it is the finest investment you can make. It is
without peer or equal among the leading quality turntables available
today, although priced at only $250.00.

Dimensioned for ready replacement in present consoles.

Console Cabinet Model C-7B for B-16H

Turntable base nests in felt . . . no screws or bolts, Has
two compartments with piano hinges and flush ring-latches.
Includes built-in electrical outlets and levelling casters.

Dimensiens: 33"h x 22w x 20'%"d..........$109.95

T TIPSR R

THE REK-0-KUT CO.

38-01 Queens Boulevard, Long Island City 1, New York

Export Div.: 458 Bway., New York 13, U.S.A. » Cables: Morhanex
in Canada: Atlas Radio Corp., Ltd., 560 King St. W., Toronto 2B
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Write for complete specifications to Dept. EH-1

| Phase Inverter

Sik:

This is in defence of the cross-coupled
iput and phase inverter condemned by Mr.
George Varkonyi in the May issue of
Aubto. In my experience there is none finer.
Among the “seli-balancing” inverters, the
cross-coupler is the only one that really
does it, low frequencies or high. With spe-
cial H.I'. tubes, matched as to their capa-
citances, it reaches into the sonar region
where the split-load inverter cannot follow
hecause “the total shunt capacitances across
the two channels necessarily differ.”
| May I suggest that Mr. Varkonyi's un-
satisfactory experiences are due to the
associated circuits rather than to the cross-
coupled inverter? Indeed, Mr. Marshall’s
“Golden-Ear” amplifier, quite admirable in
conception, shows all the earmarks of blind
| experimentation without any ’rithmetic or
design behind it. One instance of this is
the curious inconsistency in specifying + 1%
components and then wantonly upsetting
the balance thus achieved by a unilateral
feedback loop which shunts the input cath-
ode to earth and thus produces an ohmic
unbalance of 3000 to 2680, or 1i%. Even
so the results might not have been so disas-
trous as obscrved by Mr. Varkonyi but for
the direct coupling to the drivers which
extends the initial static unbalance to three
stages and even increases it.

Unfortunately, this is not the only source
of distortion. Far more serious is the slap-
dash treatment of the whole feedback econ-
omy which actually creates conditions
inimical to clean reproduction on all but
the very lowest levels. At a superficial esti-
mate, the total amount of feedback, not
counting that of the cathode followers, is
35 db. But about two-thirds of this consti-
stute uncontrolled current feedback in the
unbypassed cathodes: 6.2 db in the voltage
amplifiers, 16.2 db in the drivers. Qwing to
the reduced gain, the inner loop carries,
not the 16 db envisaged by Mr. Marshall,
| but merely 0.8 db, ie. a futile amount not
worth the price of those resistors and capa-
citors. The external loop, similarly weak-
ened, delivers the moderate amount of 12
db. Nor is there any possibility of testing
the amplifier with 40 db of over-all feedback
as Mr. Marshall claims to have done : after
all those other feedbacks, there simply is
not that much gain.

This unusual design of the feedback sys-
tem places both amplifying stages at a
grave disadvantage especially as Mr. Mar-
shall favors output tubes with a 60-plus
volts input. At the reduced supply voltage
available, a 65N7, or a 12BH7, or a 5687
‘tube in the driver stage could possibly do
| the job with a 6 or 8 per cent distortion

(which would be reduced to one-seventh
| of this amount by the 16.2 db plus 0.8 db
feedback). But the 9002 tube chosen by
Mr. Marshall is not cut out for such stren-
uous work: it will distort considerably
more. However, worse is still to come. In
| view of the reduced gain in the driver stage,
the phase inverter (or its voltage ampli-
fier) is called upon to deliver 25 volts per
plate. But this it was never meant to do,
in spite of Mr. Marshall’s hreezy assurances
that the inverter would deliver 50 volts
“distortion-free.” If we consult the Syl-
vania Technical Manual, we find that, with
a supply of 100 volts, the 12AX7 is capable
of delivering 4.6 volts with a 4.1 per cent
distortion, and this at the grid current point
beyond which angels fear to tread. With the
150 volts provided in the “Golden-Ear,”
we may expect 9-10 volts, which is a far
cry from the 25 volts required by the de-
sign. Nor may we expect help from the feed-
back (6.2 db plus 12 db at this point). The
latter is calculated to decrease gain and
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distortion eight times as well as to make
the grids accept an eightfold burden. But
as soon as we press the tube beyond the
output indicated, distortion increases by
leaps and bounds. So we have no hope of
limiting the distortion of this stage to 0.5
per cent (i.e. 4.1 per cent divided by 8).
However, with a higher supply voltage, the
tube might have a chance: at 250 volts, it
could deliver 245 v. with a 0.6 per cent
distortion (i.e. 4.95 per cent divided by
8). And with a supply of 300—400 volts the
results would be even better. But Mr.
Marshall has thrown away invaluable volts
in order to operate his gimmick of a VR
tube as a “stabiliser” in a circuit which is
perfectly stable without it. So, if Mr. Var-
konyi has noted as much as 18 per cent of
intermodulation distortion and, in square
wave tests, found “almost unrecognisable”
waveshapes, the explanation is not far to
seek. But it is equally clear that the cross-
coupled inverter has nothing to do with it.

In fact, Mr. Varkonyi himself supplies
some evidence of the inverter’s inherent ex-
cellence. With the unbalanced feedback loop
connected to the off grid of the input stage
(and, presumably, with a more reasonable
circuitry in the driver stage), he reports
0.2 per cent of intermodulation distortion
with 18 db of feedback at 10 watts. Such a
result is very HiFi, in fact, better than
Leak’s “Point One” (which only claims
0.1 per cent of harmonic distortion). Simi-
lar evidence was recently offered by Mr.
Charles P. Boegli, of the Cincinnati Re-
search Company, whose tests, published in
a contemporary, show that the cross-coupled
inverter (6SL7) delivers 15 volts with 0.8
per cent of intermodulation without any
external feedback. With an 18 db loop, this
would result in (.1 per cent.

But the most conclusive evidence is of-
fered by Mr, Ulric J. Childs’ amplifier from
which both White’s “Powertron” and Mar-
shall’'s “Golden-Ear” derive their inspira-
tion. Featured three years ago in one of
your contemporaries, it was carefully tested
and re-examined by an independent investi-
gator last year. The square wave patterns
published 1n this connection have very
straight sides and no rounding of corners,
with little noticeable overshooting even at
higher frequencies. Mr. Varkonyi may be
interested to learn that, even at the phe-
nominally high square-wave f{requency of
40,000 cps at 30 watts, the square-wave
shape is clearly recognisable. Of the cross-
coupled inverter, which is largely respon-
sible for these results, the author says: “It
leaves little to be desired. . . . The inter-
modulation distortion was so low that it
was impossible to obtain a reading on the
analyser.”

Of course, the phase inverter alone can
work no magic unless the associated circuits
are worthy of it. A cursory examination
of Mr. Childs’ brain child reveals that it
was designed as carefully as the famous
Williamson. To begin with, it does not sac-
rifice efficiency on the altar of an extra
direct coupling whose benefits would be
illusory. In spite of two balanced double
loops, the inverter operates painlessly at
300 volts, and the drivers eschew undue dis-
tortion as they are cursed neither with
6ARE6’s nor with 16 db of wild current feed-
back. It is apparently dangerous to tamper
with such an integrated design, as Mr.
Williamson has pointed out elsewhere. But
there is no reason why Mr. Marshall’s (or
Mr. White’s) idea, even with that extra
direct coupling, could not be made to work
equally well, provided equal pains were
taken to define and to integrate the numer-
ous variables.

Joun A. BURTNIEKS,
506 W. 42nd. St,
New York, N. Y.
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The unique mcdel D 36 multi-pattern
moving-coil microphone providing a
selection of 8 patterns between
spherical and cardioid, by remote con-
trol (as illustrated).

Other models: model D 25 with spe-
cial shock abscrber mounting for film
studio and TV boom work.

model D 20 for stand mounting, in
broadcast and recording studios

Frequency res>onse: 30 to 18,000
c.p.s.

Front-to-back discrimination
oid) : up to 25 db
Sensitivity: 60 ochms O.C.-0.14mV/
,;bar

Power rating: - 50 db

%* A, K.G. patents applied for in all principal countries
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Sole Agents for
U. S A
Electrovert, Inc.
489 Fi‘th Avenue,
New York City

CANADA
Electrovert Ltd.,
265 Craig Street W.,
Montreal 1
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Out of the roar of big guns ...

T

The jarring shocks of gunfire . . . the

/'//{//(ﬂ’/z

insidious dampness of salt spray . . .

L A PR

_"-," globe-girdling distances and static!
'? wenFR™ f e National radio receivers have taken
Y punushmén‘l' like " thi /24 hours a d\’\ month-after-month on board 9 out of 10 Navy ships.

7 Nahénal radic equnpmen’r has also served the Army,
‘I’he Civil Aeronauhcs\Admmus’rrahon industry, the Kon-Tiki
| Equdlflon and radio amateurs throughout the world.
Only a background like this — unmatched by any other
high-fidelity manufacturer — could produce the magnificent new HORIZON

Criterion AM-FM tuner and inter-matched amplifiers.

loned % tomnicsion .
ational®>

k FOR COMPLETE SPECIFICATIONS WRITE DEPT. A-84
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20-WATT AMPLIFIER $84.95 (SIZE: 141" x 4")

To syrpass the present high level of amplifier design,
National proudly introduces new power amplifiers with a
revolutionary new output circuit employing unity coupling.

With unity coupling, the output tfransformer is no
longer required to supply the coupling between output
tubes for distortion cancellation as in normal push-pull
circuits. Instead, the transformer supplies only the imped-
ance matching between the tubes and the speaker system,
thus eliminating impulse distortion created by trans-
formers. Music is reproduced with an unclouded trans-
parency — at all listening levels — never before achieved!

The HORIZON 20 is a 20-watt amplifier with a total
harmonic distortion of less than .39, and total intermodu-
lation distortion of less than 19, at full rated output.
Frequency response is #.1 db 20 ¢ps to 20 kes., + 1 db
10 cps to 100 kes. Power response at rated output is
=+ .15 db, 20 cps to 20 kes. Hum and noise is 80 db below
rated output.

RSP

SELECTOR 1
ECHoy 9ASS 1REELE LOUDKESS

U0

PREAMPLIFIER-CONTROL UNIT $49.95

The HORIZON 5 achieves a new high in frequency
response [+ | db, 20 cps to 100 kes) and voltage output
(up to 10 volts) — a new low in distortion (less than .29,
harmonic, .3%, intermodulation)!

Four inputs, 7 record equalization curves, a loudness-
volume control and bass and treble controls are provided.

Entire unit slips quickly, easily into either the tuner or
20-watt amplifier.

NATIONAL CO., INC., 61 SHERMAN ST., MALDEN 48, MASS.
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AM-EM TUNER $169.95 (SIZE: 164" x 73%")

Never before a tuner so versatile!

You can enjoy full-band AM!

You can listen to matchless, drift-free FM!

You can hear both at the same time, using dual sound
systems!

You can receive revolutionary new binaural broadcasts
as they are made available in your area! Two gain controls
and separate tuning condensers are provided — one for
AM, one for FM!

Exclusive Mutamatic FM Tuning eliminates all hiss and
noise between stations, so annoying when tuning con-
ventional tuners! Stations leap out of velvety silence —
stay locked in automatically! Superior design eliminates
dritt.

An exceptional capture ratio rejects all unwanted sig-
nals up to 80% of the strength of the desired signal.
The FM sensitivity proves the name — 'the Criterion” —
by which all other tuners are judged.
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LOUDNESS®
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[0-WATT AMPLIFIER $79.95 (SIZE: 1414," x 4")

seLectoR
»

Incorporating the revolutionary new unity-coupled cir-
cuit in a 10-watt amplifier design, the HORIZON 10
offers performance never before achieved at such a
moderate price!

The built-in preamp-control unit offers a choice of 3
inputs, 3 record equalization curves, a loudness controf
and separate bass and treble controls.

Harmonic distortion is less than 5% intermodulation
distortion, less than 2%, at rated output. Frequency re-
sponse is + | db, 20 cps to 20 kcs.; power response,
=2 db, 20 cps to 20 kes. Hum and noise are better than
70 db below rated output on high-level input, better
than 50 db on low level input.




EDITOR'S REPORT

FM and GOOD MUSIC STATIONS

E ARE ALWAYS GRATIFIED when we receive a re-
WSl)onse to remarks in these columns, and it ap-

pears that the July page awoke some interesting
reactions. T'he moan by many broadcasters about *Good
Music™ not paying did bring a definite reaction from a
few of the more successiul FM stations throughout the
country. Qur own preference for good music, reasonably
uninterrupted by inane commercials—not that all com-
mercials are inane, but no one will deny that many are
—quite often constrains us to beg for more music, nore
I'M stations, and better quality of transmission. But
against clanns that stations cannot live on good music
alone, we have no immediate argument, for relatively
few business men cherish the idea of operating a radio
station entirely on a philanthropic basis.

However, C. M. Edmonds of KCMS-FM in Manitou
Springs, Colorado ends his letter with “Does *Good
Music’ Pay? You double-darn betcha.” KCMS-FM is
located in a community of 30,000 radio families; there
are two AM stations, two post-freeze TV stations, and
the one I'M station which is independent. Mr. [Edmonds’
programming is 60 per cent classical, 5 per cent jazz,
and the remainder light concert. He says the competi-
tion gives the listeners hill hilly and pop vocal and spot
announcenients by the hundreds while he gives them
Beethoven’s Fifth for dinner. Thirty per cent of the
families that have FM receivers have made their wishes
and likes felt and as a result KCMS-FM is in the black.

To all this we say “Hurrah.” Perhaps it is even pos-
sible in a city of seven million to entertain enough lis-
teners with notling but the more esoteric of modern com-
posers and still keep alive—although one station in New
York tried it and failed—but when a station can survive
because of the lListening likes of enough listeners who
have I'M in a community of 30,000 radio families, it
must prove that there is a market for a quality product,
even in the entertainment field. \We helieve more FM
stations should follow Mr. Edmonds’ example. Inciden-
tally, he reports that KOA (Denver) recently got 22,000
replies from 40 states about their programs from 11: 00
pm.until 5: 30 am. (M.S.T.)—over 90 per cent were
for serious music.

Al stations might take a leaf from Muzak’s book—
this organization programs for all its licensees, each
one playing the same selection at the same local time. A
similar programming service could well serve hundreds
of radio stations at a fraction of the cost of individual
programing, and would probably do a better job of it.
We still await the announcement of such a service.

Another project we have a longing for is the estab-
lishment of a chair in audio engineering at some univer-
sity—we Delieve the industry would gain in the long
run by such a step.

14

FEDERAL ENGINEERING JOBS

It is regrettable that it is unlawful for the Federal
Governnient to purchase advertising space or to solicit
advertising where the applicant for the job offered is
expected to pay a fee for referral. It would seem that
advertising media might possibly receive postal credits
or an offset against income tax for the use of space for
such advertising. It is not the case, however, so notices
¢f job availability must be carried by magazines and
1newspapers as a service to their readers.

The U. S. Naval Air Station at Point Mugu, Port
Hueneme, California, offers a long list of positions for
electronic engineers, electronic scientists, physicists, and
general engineers at salaries ranging from $8360 down
to $3410 per year. A list oi the available openings may
be obtained by writing Fmplovment Superintendent at
the above address.

The Air Force urgently needs Civilian Electronic
Engineers and Physicists. If vou have experience or
training in electronic research and development or in
the installation and maintenance of fixed plant facilities,
vou may qualify for one of these jobs at salaries from
$9600 down to $3410. Free on-the-joh graduate degree
training is offered by Syracuse University College of
Engineering. IFor further information, write Professional
and Scientific Recruiter, Placement and Emiployee Rela-
tions Branch, Rome Air Force Depot. Rome, New York.

HOWARD C. ANTHONY

The entire electronics industry was saddened to learn of
the death of Howard C. Anthony of Heath Company, Benton
Harbor, Michigan, in an airplane crash near Dayton, Tennes-
see, on July 23. Mr. Anthony and a party of friends, which in-
cluded Gordon Paxson and the Company pilot Lawrence Dur-
ham, were making a demonstration flight in a new 8-place
private plane when some undetermined trouble occasioned
the crash during a thunderstorm.

Heath Company, of which Mr. Anthony was president, is
known principally for its line of test equipment kits, which
has expanded in recent years to include audio amplifiers and
communication gear. Mr. Anthony, 42, leaves a widow, Helen
C. Anthony, who was also his partner in the business. They
had no children.
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Jts no secret

Professionals use Pickering fpgnere Cartridges

You're in the best of company if you use a Pickering /#2472 Cartridge. You have this in common with:

f

1. Leading record companies who use Pickering Cartridges for qualil_\' conirol.
25 Lea(ling FA‘I/[\Z‘] good music stations and network studios.
3

. Leading manulacturers of profossionul equipment [or radio stations. record-
ing studios, wired music systems and automatic phonographs. who install
Pl'c’zering Cartridges for the maximum performance of their equipment.

_/!42 Pickering /#2272 Pickups are the Choice of Recording and Broadcast Engineers!

“All modern disc recordings are made with //4’/41/4:/74
cutters. Within the geometrical and mechanical lim-
itations of recording and reproducing equipment, a
Pickering Pickup will re-generate an exact replica of
/Q/M/?Z cutter response to the original program of
music, speech or sound. This is a fundamentally in-
herent characteristic of the Pickering Pickup, sup-
norted by basic electromagnetic theory and countless

precise laboratory measurements. This is why Picker-
ing /QA’MIJ Pickups provide the most nearly perfect
coupling possible, between reproducing equipment
and original program. This is why they sound cleaner
... less distorted.

“Through the medium of the disc material, the re-
producing system is effectively driven by the cutter
electrical response itself.”

L @ P ":KE “ING and company incorporated o Oceanside, L. I., New York !

PICKERING PROFESSIONAL AUDIO COMPONENTS

prs e :
Tor hhnie 1tte /‘/l/&lé%_!/%/ %%7/7//’;)

v« « Demonstrated and seld by Leading Radio Parts Distributors everywhere. For the one nearest you and for detailed literature; write Dept, A-5
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In a quiet room at Eell Laboratories an engineer scales off the distance
between two condenser micraphones during o calibrating test. Able to

measure air pressure variations of a few billionths of an atmosphere, such
microphones play a crucial role in the scientific study of telephone instruments.

Those small cylinders facing each other
are condenser microphones—measuring tools
that play a vital part in making your tele-
phone easier to hear and talk through.

They are being calibrated by an engineer
at Bell Telephone Laboratories to give ex-
tremely accurate information on the kind of
sound your telephone companv handles.
Armed with these vital fundamental data on
what sound s, Bell Laboratories scientists

BELL TELEPHONE LABORATORIES

Imoroving America’s telephone service offers careers for creative men in scientific and technical fields.

SOUND STEPS ON THE SCALES

devise the instruments and equipment that
transmit it best.

At Western Electric, manufacturing unit
of the Bell System, a condenser microphone
“listens” as your ear would listen to every
telephcne before it goes into service. The
condenser microphone is but one of many
precise tools that Laboratories scientists
have developed to make telephone service
better and more economical.




External and internal views of the author’s self-powered control unit.

A Low-Distortion Tone-Control

Amplifier

W. B. BERNARD, Cdr., USN*

A well-designed “front end” which should provide sufficient flexibility for anyone,
since the curves can be tailored to fit by judicious selection of capacitors and resistors.

VER TIIE PAST FEW YEARS the author
has been working to develop an in-
put amplifier and tone control cir-

cuit with fewer than the average number
of faults. This article is a story of the
evolution of such a circuit and Fig. 1 1s
the family tree of the circuit.

The circuit shown at (A) in Fig. 1
is a widely used circuit which provides
for boost and cut for both bass and treble.
There is no interaction between the two
tone controls but the circuit requires that
three grids be operated at low signal
levels with the attendant danger of hum
and at high levels the three triodes with-
out feedback are likely to produce more
distortion than the output amplifier that
follows themn.

The circuit of (B) is a simplification
using one high-mu triode. Its only ad-
vantage is simplitication since the dis-
tortion produced was quite high as
shown in the author’s article on distor-
tion in voltage amplifiers! and the low-
and high-frequency controls suffered
from interaction.

To alleviate these difficulties the cir-
cuit of (C) in Fig. 1 was developed.
The inverse feedback reduced the dis-
tortion to a rcasonable level and the re-
sistor between the sliders of the bass and
treble controls minimized the interaction
of these controls.

In general the circuit of (C) was a
great improvement over anything previ-
ously tried but it was considered desir-
able to separate completely the bass and

amplifier of (D) resulted. As the slider
on the treble control is moved to the left
the amount of high-frequency feedback is
reduced and therefore the gain of the
amplifier is increased at these frequen-
cies. If the shider is moved to the right
the amount of high frequency feedluclk
is increased thus reducing the treble gain
of the amplitier.

All the foregoing circuits suffer from
one fault. At the midfrequencies there
are one or more points in the circuit

where a tube is required to operate at
20 db above the desired output level i
crder to allow for a 20 db hoost at high
or low frequencies. This excess level
adds considerable unnecessary distortion
so the next step was to eliminate the nec-
essity for operation at such a high level.
The circuit shown at (E) in Fig. 1 was
designed to produce all compensation but
bass cut by variation of the feedback cir-
cuit. Because of the practical difficulties
of obtaining bass cut by variation of
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treble controls so the treble control was Tk R
moved to the feedback network and the TREBLE TREBLE
W e P (D) (E)
* 4420 Narragansett Ave., San Diego 7,
Calif. Fig. 1. Six steps in the development of the control unit described by the author. Each of the

* Aunto ENGINEERING, Feb., 1953. circuits from (A) to (E) had some faults; all are presumed to be eliminated in (F).
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Fig. 2. Using a variable resistor and fixed

capacitors in a tone control gives curves like

(A). By changing capacitors, leaving the re-

sistor fixed, variable-turnover curves may be
achieved, as in (B).

feedback it is accomplished by an RC
circuit connected to the output of the
amplifier. For the sake of illustration
separate bass boost and cut controls are
shown but it is of course desirable to
combine these on one shaft,

The circuit of (E) was a step forward
but it still did not seem to be the opti-
mum design. The requirements for a
voltage gain of 10, tone compensation of
20 db, and about 20 db of negative feed-
back, were not compatible with the oper-
ation of the high-mu triodes with reason-
able loads. These difficulties were over-
come in the circuit of (F). Here a pen-
tode voltage amplifier is used for the first
tube and a low-mu triode is used for the
second tube.

This circuit fulfills the requirements
listed in the paragraph above and has
additional advantages. The pentode grid
which is fed from the volume control has
a very low input capacitance when com-
pared to a triode where the Miller effect
has to be considered and the application
of the inverse feedback further reduces
this input capacitance. As a result, the
major portion of the capacitance load on
the volume control comes from the wir-
ing and consequently there is no problem
of loss of high-frequency response at mid-
settings of the volume control. The out-
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Fig. 4. Over-all schematic of the tone-control amplifier, combined with ordinary preamplifier.

put impedance of the low-mu triode is
quite low and it is further reduced by the
inverse feedback so any length of output
cable within reason will have no appre-
ciable effect on the high-frequency re-
sponse. A calculation shows that under
the worst condition (maximum treble
boost of 20 db) the output impedance of
the amplifier 1s about 600 ohms. This
goes down to less than 100 ohms if flat
response or treble cut is used. These im-
pedances are as good as or better than
would be realized by a cathode follower
using the same tube.

The fact that a single potentiometer
can not be used for both bass boost and
cut may be considered to be a disadvan-
tage but the use of a step-type control also
has some advantages in that each step can
be designed to give any desired curve up
tc the maximum of 6 db per octave cor-
rection. A variable resistor with one
fixed capacitor gives curves which all

T T ] 1 I 11
RET
20 ! — [ TT1 ! i IL T
F__\\ CL i lf-- | _’.4 #_
~ | LA
+10 i [ W/ Fig. 3. Limit curves
L 1] ﬂ** Su + g H‘,_; o from the author's
o0 I S . wa Bl unit, with one inter-
© > el T —] el mediate curve shown
-+ /*/'F*T_/ 1T — ~TI\ to indicate trend of
Ve o ! =~ control operation.
/1/_ 2 —1 4L T L
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I R S SR (S N I —
1
et : ) 4 d K 1000 ‘ I'loooc Lt
FREQUENCY tN CYCLES PER SECOND
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have the same turnover frequency and
initial slope as shown at (A) in Fig. 2.
By changing the capacitor and leaving
the resistor fixed we get curves which
have the same slope but different turn-
over frequencies as shown at (B). Only
by varying both R and C can we obtain
the curves with different slopes which is
the result usually desired. This makes it
desirable to use a step-type control for
treble hoost and cut although in this case
a single potentiometer would serve. By
a special arrangement of switch wafers
the resulting assemblies are quite com-
pact. The maximum compensation and
one intermediate curve are shown in
Fig. 3.

Figure 4 shows the diagram of the
complete unit which was constructed.
The phonograph preamplifier section is
conventional and will not be described in
detail. In addition to the three choices of
low-frequency turnover compensation, a
sharp-cutoff filter as described by Pick-
ering® is incorporated at the input of the
preamplifier. The values shown are for
a GE cartridge. A 10-cps high-pass filter
is incorporated at the output of the am-
plifier to reduce turntable rumble and to
prevent low-frequency transients from
unduly disturbing the power amplifier or
causing speaker cone excursions of un-
desirable amplitude. Such transients are
prone to occur if a radio tuner which is
operated into the system is tuned from
station to station with the volume control
turned up to a reasonable level. It may be
stated as a general rule that there is no
reason to feed into the main amplifier any

“N. C. Pickering, “Effect of load imped-
ance on magnetic pickup response,” Aubio
ENGINEERING, March, 1953.

(Continued on page 77)
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Sound Diffusion In Rooms

M. RETTINGER*

A review of the methods used to describe the acoustic quality of a room or auditorium by a simple “fig-
ure of merit,” together with a discussion of the effect of acoustic treatment on the various methods.

HE EXPERIMENTAL EVALUATION of
Troom acoustics has for a long time

rested on the determination of the re-
verberation characteristic of the enclo-
sure. Such obvious acoustic defects as
echoes and sound concentrations were
easily detected by the simple expedient
of clapping one’s hands at some distance
from the suspected surfaces and listening
for any echo effects. Noise level tests,
too, could readily be made with any one
of a number of sound level meters avail-
able on the market.

But quietude, absence of echoes, and
an acceptable reverberation characteris-
tic, it was felt, were not the sole criteria
for good room acoustics. A condition
known as “diffusion” also constituted an
important acoustic factor, because it
tended to provide more nearly the same
acoustic conditions everywhere in an en-
closure.

Since the end of the war, much work
has been done, mostly in Europe, to ar-
rive at some criterion for this condition
of sound homogeneity in a room which
would recognize the variations in sound-
pressure peaks and valleys that prevail
throughout a bounded space when a loud-
speaker is energized by a steady sinu-
soidal signal. Such peaks and dips can
for a single frequency be plotted in the
form of a topographic map showing,
usually in a plane, the distribution of the
sound pressure. Similarly, when the sig-
nal frequency is varied slowly and con-
tinuously, and the microphone position
remains fixed, the sound pressure varia-
tions appear in the form of an apparently
haphazard series of peaks and dips. Fig-
ure 1 1s an example. These, it was felt,
had some bearing on the hearing condi-
tions of a room because apparently simi-
lar rooms, alike in reverberation time
and volume, showed sometimes totally
unlike steady-state transmission charac-
teristics, and were also known sometimes
to have unlike hearing conditions. This
phenomenon was first discussed by E. C.
Wente.! While he drew no particularly
pertinent conclusions from his investi-
gations, short of showing that these va-
riations became less with increasing ab-
sorption in the room, he led to the
establishment of several techniques for

* RCA Victor Division, 1560 N. Vine
Street, Hollywood, California

*E. C. Wente, “The Characteristics of
Sound Transmission in Rooms,” J. Acous.
Soc. Am., V. 7, No. 2, Pt. 1, Oct. 1935, p.
123.
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Fig. 1. Typical curve showing sound pressure
variations over the audio spectrum between
350 and 400 cps.

the experimental evaluation of rooms in
this manner.

A room which has a relatively great
steady-state transmission irregularity
(defined below) is said to exhibit a
“roughness” in sound reproduction, at
least at prolonged passages of speech and
music where steady-state conditions
tend to prevail. The ‘“roughness” is
sometimes dependent on the point of ob-
servation in the room. These irregular-
ities are dependent not only on the
amount of sound absorption in the en-
closure—cecreasing with increasing ab-
sorption—but also on the geometry of
the room, decreasing, at least above a
certain frequency and up to a certain
point, with a more irregular wall con-
tour. Because the amount of absorp-
tion in a room of conventionally good
design (no parallel reflective surfaces,
no concave walls, etc) is fixed by the op-
timal reverberation period which has
been well established for rooms of differ-
ent volume and fixed purpose (sound-
recording, lecturing, etc.) it remained to
consider the transmission irregularity in
terms of effective room geometry.

Bolt and Roop® investigated this prob-
lem partly theoretically and partly expe-
rimentally, and introduced the term “fre-
quency irregularity’” (defined below).
Before discussing the results of these in-
vestigations, it may be desirable to con-
sider the causes of these fluctuations in
sound pressure as a function of position
and frequency. In the classic theory of
sound, which availed itself of sound
“rays” in the investigation of room
acoustics—in other words, in terms of
geometrical acoustics—such effects are
spoken of as interference effects. One
sound ray interferes with another, de-
pending on the amplitude and phase re-
lationship of the two. The more modern

2R. H. Bolt and R. W. Roop, “Frequency
Response Fluctuations in Rooms,” J. Acous.
Soc. Am., V. 22, No. 2, March 1950, p. 280.

theory of room acoustics speaks of the
sound pressure at a point in the enclo-
sure as the vector sum of the pressures
associated with each of the normal
modes. This concept becomes of particu-
lar importance only when it is desired to
evaluate the frequency irregularity theo-
retically, in terms of statistics, because
it lends itself more readily to mathemati-
cal computation. In this discussion, how-
ever, only experimental investigations
will be considered

Evaluation Factors

We are now prepared to consider four
factors employed in the evaluation of
steady-state sound pressure distribution
measurements

1. Transmission irregularity. In an
arbitrary frequency band, the transmis-
sion irregularity is the sum of all the
“crest” values, in decibels, minus the sum
of all the ‘“valley” values, in decibels.
Mathematically it can be stated as

TI.=2ZP-2p
when P = pressure maximum in db and
p = pressure minimum in db.

This is a convenient experimental quan-
tity, though a wholly arbitrary one.

E. C. Wente, who first investigated
and defined transmission irregularity,
learned that the variations decreased
with increasing absorption in a room.
He also showed that they depended on
the geometry of the room, at least inso-
far as the distribution of the absorbent
material in the room was concerned. He
drew attention to the requirement of a
high recorder speed and of varying the
signal frequency very slowly (by means
of an auxiliary incremental capacitor in
the usual beat-frequency oscillator used
for the tests).

2. Freguency trregularity. This term,
introduced by Bolt and Roop, refers to
the transmission irregularity per one-
cycle band width, and employs the unit
db per cycle. Mathematically, the term
may be written

IP-Zp
Af
where P = pressure maximum in db,
f = pressure minimum in db, and

f=1frequency interval in cycles
per second.

FlI.=

The rate of frequency sweeping se-
lected for the tests was 1.3 cps and the
total irregularity was measured in suc-
cessive 25-cps bands.

(Continued ow page 61)
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A Simple High-Quality Phono

Amplifier

R. D. MIDDLEBROOK™

An inexpensive audio amplifier with sufficient gain to drive a loudspeaker from a magnetic pickup
and which uses an unusually large amount of negative feedback over the output tube and transformer.

if the associated equipment can not

take advantage of it. Many high-qual-
ity amplifiers are available commercially,
all of them using push-pull output stages.
Their capabilities are impressive—and
so are their prices. Of the thousands of
non-technical people who have bought
these amplifiers, how many have spent
a proportionate amount of money on
their loudspeaker systems?

There is room for a cheaper and sim-
pler audio amplifier which can still be
considered high-quality. It is not gener-
ally believed that a single-ended output
stage is capable of producing results in
keeping with present-day standards; yet
it can be done. This article will describe
how excellent listening quality can be
obtained from a circuit which, at first
glance, doesn’t look as though it would
sound any better than a small table radio.

The secret of this transformation is
negative feedback. It is the writer’s be-
lief that most of the unpleasantness of
the reproduction from an ordinary sin-
gle tetrode or pentode output is due to
the low speaker damping, and not to the
harmonic distortion. Without entering
into the fierce discussion on the merits
or otherwise of negative output impe-
dance of amplifiers, it can be stated with
some confidence that an output resistance
somewhat less than the speaker resist-
ance is desirable in order to obtain sat-
isfactory damping. By using enough neg-
ative feedback this can be achieved with
a tetrode output tube, with all the attend-
ant advantages of reduced distortion and

* 1928 Cooley Awve., East Palo Alto, Calif.

T HE BEST AUDIO AMPLIFIER is wasted

extended frequency response. The am-
plifier to be described uses a single 6V0
beam tetrode tube, with an ordinary uni-
versal output transformer. The perform-
ance figures show that the results
obtained are definitely in the “high-
quality” class:

Maximum output : 3 watts
Total distortion: 1 per cent at 3
watts (1000 cps)
3 db down at 20
cps and 25,000 cps
Qutput resistance: 0.1 ohm

I'requency range:

The maximum power output of 3
watts is obtained at middle frequencies;
the maximum power obtainable at ex-
treme low and high frequencies depends
on the quality of the output transformer.
No amount of negative feedback can ef-
fect any improvement in this respect.
Using the Thordarson Type T22S58
universal output transformer, the maxi-
mum available power output falls to 3
db below 3 watts at 80 cps and at 8000
cps.

Since most present-day amplifiers pro-
fesing to be “high fidelity” are capable
of at least 10 watts output, a word in de-
fense of 3 watts may not be out of place.
10 or 20 watts certainly give a consid-

rable margin of safety, so that even the
peaks of the signal give rise to distor-
tion less than the figures quoted for max-
imum output. What the loudspeaker
does to the transient is, of course, an-
otlier story. In this amplifier, owing to
the large amount of negative {eedback,
the signal contains very small percent-
ages of distortion right up to the maxi-
mum output of 3 watts, and if the signal
is increased further. the peaks are

23db

36db
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TONE TONE
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Fig. 1. Block diagram of the amplifier, showing the two negative feedback loops.
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clipped. This effect is clearly visible on
an oscilloscope, not only for a sine wave
but also for the complex waves of music
or speech. As mentioned previously, the
guiding principle in the design of the
amplifier is economy in construction
while maintaining adequate performance
for ordinary home listening: the acid
test for success is therefore a listening
test. If an oscilloscope is connected
across the loudspeaker, while reproduc-
ing heavily-recorded music, it will be
seen that the gain can be increased until
the volume is sufficient to drown all con-
versation before the peaks start to clip.
In other words, all activity must cease
while the music is at full volume-—a con-
dition which must surely warm the heart
of any hi-fi enthusiast. Need more be
said about the adequacy of 3 watts?
The complete amplifier has sufficient
gain to produce full output from a mag-
netic pickup, such as the General Elec-
tric variable reluctance type. Figure 1
is a block diagram of the various stages,
and it is seen that the circuit can be
divided into two distinct parts, each em-
bodying heavy overall negative feedback.

Circuit Description

Figure 2 shows the complete circuit
ir; detail. The grid resistor R: is chosen
to be a suitable load for the pickup. The
first two triode sections form a straight
cascaded amplifier with a gain of 1400
times, which is reduced to an over-all
gain of 100 times by the negative feed-
back from the plate of 77: to the cathode
of V.. This link contains the tone control
circuits. Various tone control arrange-
ments are possible, and can be chosen
te suit the individual : however, two net-
works which have been found adequate
are described here.

Figure 3 is the bass control, which
gives a maximum of 12 db bass boost,
the magnitude of the rise heing con-
trolled by the potentiometer. The point
at which the rise begins is selected by
the switch. These turnover frequencies
are 80, 140, 200, 300, 400, and 500 cps.
The bass boost is sufficient to compensate
for the recording characteristic of LLP
records, and in practise it will be found
that usually the maximum amount of
boost is unnecessary.

Figure 4 shows the treble coutrol,
which has one position giving 3 db rise,
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one Hat position, and four positions giv-
ing treble cut. The potentiometer deter-
mines the degree of cut, and the switch
selects the turnover frequency. These
turnover frequencies are 1500, 2000,
4000, and 7000 cps. The 0.1 megohm
resistor is merely to prevent a thump at
the speaker when switching from the
Hat to the lift position.

Raised in level by 40 db by V. and
e, the signal is fed to the volume con-
trol anud then to the grid of Vs. This tube
has the unusually high plate load, R,
of 2.2 megohms, and is direct-coupled
to the grid of V.. Using a 2.2 megohm
load enables a gain of 340 times to be
realized ; if a.c. coupling were used, the
grid resistor of ¥/, would have to he at
least 10 megohms to avoid shunting the
load of Vs, and this exceeds the tube
manufacturer’s maximum permissible
value of 1.0 megohm. Using direct-coup-
ling also has the advantage that no
low-frequency phase shift is introduced.

For an 8-ohm loudspeaker load, an
output transformer turns ratio of 32 to
1 should be used. The voltage “gain”
from the grid of ¥V, to the transformer
secondary is approximately 0.76, thereby
giving a gain {from the grid of Vs to the
transformer secondary of 340 x 0.76 =
260 times. Since the feedback voltage
returned to the cathode of Vs is one
fourth of the output voltage, by virtue
of the 470- and 1500-ohm resistors form-
ing a voltage divider, the over-all gain
iz reduced from 260 times to 4 times:
that is we have 20log (260/4), or 36 db
of negative feedback.

Vs obtains its bias voltage from the
very small grid current flowing through
the 4.7 megohm grid resistor; this is
commonly described as “contact poten-
tial.” Bias amounts to about minus 0.75

plate current of Vs decreases, then its
plate voltage increases, carrying the grid
of V, with it. The plate current of V.
then rises, and its cathode voltage in-
creases. This also raises the screen volt-
age of Vs, tending to increase the plate
current of Vs and restore the operating
point. Thus we have in effect an internal
negative feedback loop which stabilizes
the working points of Vs and V. This
feedback loop is made inoperative for
signal voltages hy decoupling the screen
of Vs.

The resistor R: and capacitor Cr be-
tween the plate of }/; and the cathode of
Vs are to suppress high-frequency oscil-
lations. The capacitor should be a high-
quality mica type rated at 1000 volts.
If different taps are used on the output
transformer, or if a different transformer
is used, the values of these two compo-
nents may need to be adjusted. The
series grid resistor of Vs and the screen
resistor of I/, are included to guard
against parasitic oscillations.

The total current drain of the com-
plete amplifier is only about 40 milli-
amperes, and hence the power pack re-
quirements are modest. Using a 350-0-
350 volt high voltage winding on the
power transformer, sufficient voltage is
available to dispense with a choke in
favor of the much less expensive resistor
for smoothing purposes. The less efficient
smoothing thus obtained is nevertheless
quite adequate, because the large amount
of negative feedback reduces the 120-
cycle hum from the B+ line to complete
inaudibility. It is desirable to use one or
more of the standard methods for re-
ducing 60-cycle hum from the heater of
V1, such as tapping a ground connection
across the heater winding, (as shown)
or raising the heater winding to some
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1 POLE 1.0MEG. |
6 POSITION 1
SHORTING GLOCKWISE LOG |
SWITCH I

TO TREBLE TONE CONTROL

Fig. 3. A suggested bass-boost circuit. This
section corresponds to box “A” in Fig. 2.

FROM BASS TONE CONTROL
| SHORTING SWITCH 0 22MEG.
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OF V1
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Fig. 4. A suggested treble tone-control circuit.
This corresponds to box “B” in Fig. 2.

tire amplifier can be built on a chassis
8 by 6 inches, and the quality of its re-
production bears comparison with that
of amplifiers many times more expensive.

Parts LIST—AMPLIFIER

C; 0.1 nf, 600 v, paper
C. 50 i, 6 v, electrolytic
Cs 01 uf, 600 v, paper
C, 001 pf, 500 v, mica

Cs 0.5 nf, 200 v, paper

Cs 500 wf, 50 v, electrolytic

C, 100 ppf, 1000 v, mica

Caa, b 10-10 uf, 450 v, electrolytic

Cs, Cro 20 pf, 500 v, electrolytic

R, pickup load resistor (see text)
R., R: 0.12 meg, 1 watt

R, Rs 2200 ohms, 4 watt

R, R;, 0.47 meg, 72 watt

R 0.5 meg audio taper potentiometer
Rs 4.7 meg, ¥ watt

volt. The voltage developed across the positive potential with respect to ground. ﬁ R 5/7’():;0 Ohlm\i: é watt
470-ohm cathode resistor is only some Only one other point need be men- %7 2, o 2 Mo,
007 volt, and is thereforc negligible. tioned in connection with practical con- . 56,000-ohrs, ¥4 wat
The reason for using this method of struction. The cathode resistor, both R 330 ohms, ¥4 watt
biasing is that it avoids the low-fre- grid resistors, and grid capacitor of Vs R 1250 ohms. S5 watts
quency phase shift which would be in-  should be mounted as close as possible  Ru 1500 ohms, 1 watt
troduced by the conventional cathode to the tube socket. This is because the R 47,000 ohns, 1 watt
resistor and bypass capacitor. input impedance to Vs is extremely high Ru 10,000 Ohmss, 1 watt
One of the troubles inherent in direct- and the grid leads are very sensitive to R 1000 ohms, 5 watts
: O : R 0.27 megs, ¥ watt
coupled stages is the drift of operating hum pickup. ) - .,
: SRt : - . T, Output transformer, “Universal
point. This is avoided here by deriving All figures quoted above are measured type, 32: 1 ratio for 8-ohm loud-
the screen voltage of Vs from the cathode  values, not calculated. Aural results are speaker
of V7. through the 0.47-meg resistor. excellent: the cleanness of 'the bass re- T, Power transformer. 350-0-350 v at
The operation is as follows: suppose the  sponse 1s particularly pleasing. The en- 50 ma; 6.3 v at 2.0 amps
280v . W 2oy Ri8 324 3490v 1
ig le '47,000 P 10,00 d
gl om o3f Ok P pgp T
S 38 ol g3 T 28 E o
== = c7 -
i 2 oot
A
v4 04 v2 001 © v3 000v] V4
1/2 12AX7 172 12AX74 3 o 86
_D'. Dgil S Bu = ~28
— ) ; 242 ca Fa == 233 =veu!
"7 - T i+ Ml AR = 2e e
2’ Y 8% ooos | 27000 65 R14
b4 ] & 48 3 48 L Jees
-2 +32 0= 05 - : z
2 io €2c2|+ .23 24 3 cels 2o
wgd Fo == 939 rY 30 T  £3%8
m-:t&l oz, 2 IE:'; 50055y m';ﬁ
< ae, Y
'1'5'" 147VAC
Fig. 2. The complete schematic of the amplifier.
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Accurate Design of

Phono Equalizers

CHARLES F. HEMPSTEAD* AND HAMILTON BARHYDT*

In Two Parts—Part 1

Feedback equalizers can be designed as easily as forward-path
types by anyone not afraid to work with a few simple numbers.

URING THE PAST FEW YEARS most of
the articles which have appeared in
this and similar magazines describ-
ing the design of phonograph preampli-
fier equalizers have merely given results
in the form of a final circuit with a
rough statement of its performance. The
more detailed treatments have involved
only the passive-attenuator-type equal-
izer. For the feedback-type preamplifier
equalizer, which the authors prefer for
bass boost because of its greater freedom
from distortion, only approximate equa-
tions and rules of thumb have been given,
with the implication that an accurate
treatment is too complicated to be used
in practice. However, we have found that
the characteristics of this type of equal-
izer can be expressed by simple equa-
tions. The graphical presentation of the
results simplifies the design procedure
to the point where there is no reason
not to carry out the design accurately.
These rigorous expressions should also
help to settle the controversies which
have arisen over the amount of amplifier
gain needed to obtain proper bass equal-
ization down to a given frequency.
Equalization of recording characteris-
tics requires an amplifier having a gain-
frequency curve as indicated in Fig. 1,
where the variation in gain is often de-

* Cornell University, Ithaca, N. V.
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Fig. 1. Typical generalized equalization curve
used in record reproduction.
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scribed by “bass boost” or “treble roll-
off,” depending on the region of the spec-
trum involved. This separation into bass
and treble regions is made necessary by
the fact that recording engineers use two
or more ‘“turnover frequencies” about
which they vary the recorded sound am-
plitude in a specified manner®. It is the
function of the equalizer to perform the
inverse of this process and make the elec-
trical output as nearly an exact replica
of the original sound input as possible.
Fortunately, the separation of the turn-
over frequencies is great enough that we
can treat the bass and treble regions in-
dependently and thus simplify the design
problem. Between these two regions the
curves are smooth and fit the desired
characteristics very closely.

Bass Boost

We shall first treat the case of bass
boost in some detail as an example of the
design of an equalizer. A typical feedback
circuit for obtaining bass boost is shown
in Fig. 2. The basic amplifier has a volt-
age amplification without feedback of Ao,
considered to be independent of fre-
quency. The over-all amplification with
feedback at frequency f is

Ao
AD =148
where B(f) is the feedback facor. At suf-
ficiently high frequencies B(f) becomes

R
Bm - Ri+R
and A(f) becomes the midband gain
Ao
Am= 1_+ .*10[3;/1'

1 R. C. Moyer, “Evolution of a recording
curve,” Aupio ENGINEERING, July 1953,
page 19.

At very low frequencies B(f) becomes
R:
Pos Ry R R
and A (f) takes on its maximum value of
Ao
YT AoBy’
The ratio Av/Am is the maximum
amount of bass boost available. The
amount of bass boost at any frequency

can be expressed by the following equa-
tion

A
Am

A

Ab 1+ (f/fs)*
I+ (dv/dn 1/f)’

where the turnover frequency at which
bass boost starts is

Ri+ R:+Rs

fz - ZJICRJ(Rx + Rl) :

The left portion of the curve in Fig. 1
shows the general form of response. The
lower turnover frequency f: at which the
bass boost stops can be determined from
the equation

T An

A"l
fr ='£f:.

The value of f: depends on both the re-
sistance Rs shunting the feedback capac-
itor C and the limiting effect of the max-
imum amplification Ao that is available
from the amplifier. It is interesting to
notice that the shape of the curve depends
only on the As/Am; thus the effect of
Rs and Ao on the shape of the curve is
the same.

AMPLIFIER g

[ e I

Vin Re Ty Vout
MW

1 =3 L| 1

O ¢ ©

Fig. 2. The equalizer discussed in this article
handles the bass boost and has this configuration.
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‘e suggest you cut along this dotted liie & save for future reference)
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COMBINED DELUXE HIGH FIDELITY AM-FM TUNER, PRE-AMPLIFIER AND
20 WATT ULTRA-LINEAR WILLIAMSON AMPLIFIER

A BRILLIANT
NEW CONCEPTION

All the critical electronic
elements of a deluxe
high fidelity system on
one compact chassis.

s189=°
1 net

CThe Complete Story of the Festival in Non-Technical Language)

CONTROL 1—VOLUME & CONTOUR

In the Festival, Control 1 is actually two con-
trols in one set of concentric knobs. The inner
knob is the volume control (as on any radio or
tuner). However, the outer knob controls an ex-
clusive Harman-Kardon feature . . . called “Dy-
namic Loudness Contour”. This innovation
makes it possible to adjust the sound to your
own hearing, compensating automatically for the
natural inefficiency of the ear in hearing bass
and treble at low volume!

Once you set the outer knob to whichever of 6
contour positions sounds best to your ear, all
further reception is automatically compensated
to sound richest and most satisfying to you, re-
gardless of the volume level. Yes . . . you will
experience the same full pleasure when listening
at low volume that you now seek by turning the
volume control to “loud” on ordinary radio re-
ceivers!

In the Festival, provision is made for a wide
range of such loudness compensation, varying
from Position 1 (completely uncompensated) to
Position 6 (highly compensated). The well-
known Fletcher-Munson loudness contour
curves, based upon scientific studies of the aver-
age person’s hearing, are utilized in Position 4.
Positions 2 and 3 provide somewhat less com-
pensation than the average. Positions 5 and 6
provide somewhat more. This means that if you
are a Festival owner, you will find a contour
adjustment custom-suited to your own hearing.
With Harman-Kardon Dynamic Contour Con-
trol, you will hear “flat” response at low volumes.
Bass and treble will not fall away as you listen!

M{d. by Harman-Kardon, Toe.,

Boston, Mass.
RADI0 SHACK CORP.
167 Washington St.
Lofayette 3-3700
Write Far Free Hi-Fi Catalog

New York, N. Y,
ARROW ELECTRONICS, INC.
65 Cortlandt Street
Digby 9-4714
Always An Audio Fair

CONTROLS 2 and 4 — BASS and TREBLE

The Festival provides separate full range bass
and treble controls—which balance the char-
acteristics of your loudspeaker and associated
cquipment. .. match the sound to acoustics of
any room. Both controls provide 18 db of boost
and 18 db of attenuation...as required for gen-
uine high fidelity performance.

CONTROL 3—FUNCTION SELECTOR

6 Positions: AM © FM ¢ AUX * LP » RIAA * EUR
Three phono equalization positions on the Fes-
tival Function Selector knob compensate for
the characteristics of over 30 record labels in all
speeds, including:
LP: Most American long-playing records made before
1954 and some European LP’s.

RIAA: Records cut to the standards of Audio Engineer-
ing Society, NAB, new RCA Victor Ortho, and newly
standardized RIAA.

EUR : Most European long playing, some American LP’s
and most 78 RPM discs.

W here the contour selector adjusts to your per-
sonal musical tastes—‘the way you hear,” the
the Festival's tone and equalization controls
balance the sound ...adjust for the character-
istics of your entire high-fidelity system.
beginning with the record and endmg with the
room itself. This is truly the ultimate in flexibil-
ity and complete control of radio, record and
tape performance.

DECORATOR

You will instantly admire the beauty of the
Festival. The chassis and dial escutcheon are
finished in brushed copper. The dial scale is
treated in two colors and dramatically edge-

The Harman-Kardon “Festival” is sold and serviced throughout the country by these and other leading specialists in high-fidelity

New York, N, Y.
LEONARD RADIO, INC.
69 Cortlandt Street
Cortlandt 7-0315
The House Built On Service

Chicage, lllinois
ALLIED RADIO CORP.
100 N. Western Avenue
1Haymarket 1-6800
World's Lorgest Stocks
Of Hi-Fi Components

CONTROL 5—TUNING

Festival’s counterweighted tuning knob com-
bines luxurious professional “Feel” while tuning
with “AFC Defeat”’—again 2 controls in 1 set of
knobs—making tuning easier, and reception more
stable.

Once you select FM radio reception, you will
actually hear a marked difference from ordinary
sets...you have an ultra-sensitive Armstrong
system with Foster-Secley discriminator, and
Festival's AFC circuit (no drift —automatic
frequency control) provides perfect signal re-
ception. This means clear, full sound and true
aural balance...listening that truly approaghes
the live concut hall. Once a station is tuned in,
Festival’s AFC action locks the signal in place
automatically. Yet, if you wish to sharp-tune a
weak station, located close to a strong one on
the dial, you merely press the tuning knob in!
AFC is “defeated” for as long as you wish, and
you can tune in with ease. Press in to defeat—
release to lock...as simple as that! AFC then
automatically holds the weaker station in place
— will not let it drift off. Festival’s AM Radio
is a quality instrument with Harman-Kardon
extras that make listening more enjoyable. This
full band-width radio hasa 15 mv signal sensitiv-
ity...plus a built-in, extremely cfficient Harman-
Kardon-designed ceramic ferrite antenna,

STYLING

lighted. The knobs and markings are black...

A brushed copper cage which encloses the
Festival and permits its use without cabinet
installation, is available as an optional accessory.

52 West Housfon St.. N. Y. 12 Prices & specifications subject to change without notice.

Phoenix, Arizona
AUDI0 SPECIALISTS
333 Camelback Road
Amherst 5-0447
Arizona's Leading Hi-Fi Center

Los Angeles, California
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Washington, D
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Chicago, Illinois
VOICE AND VISION, INC.
53 East Walton
Whitehall 3-1166
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Graphical Design

The authors prefer to carry out the de-
sign of an equalizer graphically since it
is much euasier to see the sizes of any
errors involved and the frequencies at
which they occur. For this reason the
base boost curve has been plotted for
vartous values of A4s/Am in Fig. 3. To
find the best value of 4b/Am for a spe-
cific case the desired equalization curve
is plotted and compared with this family
of curves. This can be done conveniently
by replotting Fig. 3 on a larger piece of
paper and plotting the desired equaliza-
tion curve to the same scale on a piece
of tracing paper. The curve on the trac-
ing paper can be directly compared with
those replotted from Fig. 3 by placing
the tracing paper on top. Once one of
the response curves has been selected by
this method, we can see exactly the places
where the response differs from the de-
sired equalization curve and the amount
of the difference. Also, the turnover fre-
quency f: can be found by locating the
frequency on the tracing-paper curve
which lies over fe.

For an illustrative example let us deal
with a case involving the maximum
amount of bass boost. This amounts to a
6 db per octave boost starting at a 600-
cps turnover frequency. In order to min-
imize the necessary gain and obtain the
maximum stability, the smallest value
of Av/Am which will match the desired
equalization curve down to the lowest
frequency to be reproduced is chosen.
Few people have equipment which will
give good reproduction below 30 cps, so
we shall choose this as our lower limit.
We can fit the desired equalization curve
with an error of less than 1 db at 30 cps
by choosing Av/Am = 40.

For a given value of 4o the maximum
midband gain Am is obtained when A»
is made equal to Ao. This occurs when
Rs is made infinite; i. e, Rs is left out.
However there is danger of very-low-
frequency instability if there is not a
d.c. feedback path such as that provided
by Rs and it is desirable to obtain the
benefits of feedback even at the lowest

frequencies. Thus we should like to have
at least 6 db of feedback in the circuit as
a minimum, making the ratio 4o/Ab at
least as large as 2. Individual preference
on this point may vary, and the relative
values of gain can be altered to suit these
preferences. Choosing A4o/Ab=2 and
AP)/Am:4O gives Ao/Am:SO. If we
have an amplifier with a gain 4o of 2000,
which can be obtained with a cascaded
12AX7 driving a cathode follower, then
a midband gain Am of 25 is obtained,
giving an output level of 0.25 volt if a
GE cartridge is used. This is not enough
signal voltage to drive most power am-
plifiers to full output without additional
amplification. If contrary to the authors’
preferences 4v is made equal to Ao by
making Ks very large or omitting it al-
together, then for the same Ao of 2000
one can obtain an Am of 50.

After Ao, Am, and Av have been cho-
sen, the values of the components in the
feedback loop are calculated from the
following equations, which can be de-
rived from those given in an earlier
paragraph. R is also the bias resistor of
the first amplifier stage and is determined
by the design of the amplifier.

AoAm

Re= <*Ao **A?ﬂ)Rl_Rl

AoAp
Rs= <m>R,— (Ri+ Ry)

and
Ri+Re+Ry
ZﬂfERs(Rl +R )'

So far we have neglected the loading
effect of the feedback loop on the gain
Ao of the amplifier without feedback. If
the amplifier has a cathode-follower out-
put stage which has a very low output
impedance, then the loading effect will
usually be negligible. Moreover the low
output impedance and high input im-
pedance of the cathode follower simplify
the combination of the preamplifier with
other circuits. If it is desired, however,
to omit the cathode follower, resulting
in an amplifier with a high output im-
pedance, the loading of the feedback loop

C=
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Fig. 3. Set of curves constructed by the authors

can be used for designing the bass equalizer

graphically.
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will reduce the gain without feedback.
The effect is difficult to calculate exactly,
since the loading depends on frequency.
FFortunately, the over-all gain with feed-
back at midband frequencies depends
only slightly on the gain without feed-
back, since at these frequencies the feed-
back factor is relatively large. At low
frequencies the feedback factor becomes
small and -, does have an important
effect on the over-all gain with feedback,
but the loading effect is reduced at these
frequencies hecause of the increased re-
actance of the capacitor in the network.
Hence, for practical purposes 4o can be
calculated by considering the amplifier
as working into a load of

_ (Ro) (Rr)

Ri="Rs+ Rr)

where Ry is the input impedance of the
following stage and Rf is the impedance
of the feedback loop at some low fre-
quency, say fi, where Rf = R:+ R:+ 0.7 Rs.
The authors would like to point out that
this is the only crude approximation used
in this article and that it can be avoided
by the use of a cathode follower.

At this point we should like to make a
comparison between the passive R-C at-
tenuator-type equalizer, a type preferred
by many designers, and the feedback type
of equalizer for obtaining bass hoost.
Since the general equations for the two
types are exactly the same, the amount
of over-all gain needed to obtain a given
bass hoost and midband gain is the same
for either type. In one case the extra gain
is lost in the R-C attenuator, while in the
other case it is profitably used for inverse
feedback, reducing the distortion gener-
ated in the preamplifier. The results of
intermodulation distortion measurements
on voltage amplifiers® indicate that a pre-
amplifier incorporating an amplifier
without feedback and an R-C attenuator
equalizer would have about 1 per cent
or more intermodulation distortion at 1
volt output. The application of negative
feedback reduces the distortion by a fac-
tor of 1/1+ AoB, which is about .01 for
a typical preamplifier. The preamplifier
without feedback has the advantage that
the cathode bias resistor in the first
stage, wheili usually has to be left un-
bypassed in the feedback type in order
to apply inverse feedback conveniently,
can be bypassed, reducing hum and in-
creasing gain. However, by careful con-
struction techniques the hum can be re-
duced to a very low value even with a.c.
on the heaters® and can be reduced even
more if desired by using d.c. on the heat-
ers, not too large a price to pay for the
reduction of distortion afforded by in-
verse feedback. Or, if extra gain is
needed, a low-noise amplifier can be
used ahead of the equalizer amplitier,

2 W, B. Bernard, “Distortion in voltage
amplifiers,” Aupio ENGINEERING, February
1953, page 28.

3 F. W. Smith, “Heater supplies for am-
plifier hum reduction,” Aupio ENGINEER-
ING, August 1948, page 26.
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“Iley, you wanna hear some REAL bass

A comprehensive discussion of that all-important link

between the electronic elements of your home music system and your ear

— the loudspeaker and its housing—
together with a presentation of many of the products

available from the manufacturers.



designed and

built under
the personal

SUPervision
of G. A. Briggs

Wharfedale

Loudspeakers. . .respected throughout the world -
because of the personality and the principles
which guide their manufacture

Despite their modest price, Wharfedale Loudspeakers offer unique and distinctive
features such as cast chassis, cloth ccne suspension, and felt “‘buffer’” between the
speaker cone and frame. This imparts greater compliance to the cone, and results
in an improved damping factor and remarkably level respanse. You can hear the
difference in its full-bodied, non-strident ton> and undistarted music.
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of the British Industries Group.
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type of enclosure; or combined
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a 2-way system.
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3-speakers
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Designed 1o permit the use of 2
or more loudspeakers in o single
system, dividing ond distributing
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impedance

BRITISH INDUSTRIES CORPORATION 164 Duane Street, New York 13, N. Y.

- - e e . - S -

“*Sound Reproduction
“toudspeckers’

BOOKS “"Pionos, Pionists ond Sonics’
BY Althougn coverir dio «
G. A ering subjects, these fo G
BRIGGS books written ex
re Ec
de nd, foct, m
enj d

MAIL THIS COUPON TODAY

. for @ complimentary copy of “‘Sound Crofts-
monship™’, 16 pages illustroting and describing
Wharfedole loudspeokers ond the other products
of the British Industries Group.

British Industries Corp. Dept. A-8
164 Duane Street, New York 13, N. Y
Please send "‘Sound Croftsmanship’™ to

Nome.

Address

City .Zone. State.




Loudspeakers and Enclosures

A thorough description of how loudspeakers work, how they are constructed, why they need a baffle,

how they are combined in two-, three-,
type—in short, how select and use them so as to get the best reproduction

home music systems which have such

individuality or are chosen so much
on the basis of an almost emotional pref-
erence as the loudspeaker system. That
is hardly surprising. Loudspeakers, prac-
tically alone, are still not “perfected” to
the point where good is good and bad is
bad, and the good is characterless. Am-
plifiers today can easily be built with in-
audible distortion and practically any
power output one desires. Pickups have
wide frequency and dynamic ranges and
the best of them do not distort beyond
the point of negligibility. Many tuners
are available which, as far as the sound
coes, are identical in their flawless per-
formance. But nobody can say anything
like the same about loudspeakers.

No; speakers. speaker systems, and
speaker enclosures still ‘give the largest
rein to the enthusiast who wants to ex-
press a preference or a dislike or sit
and compare with quizzical expression
reflecting critical ears. Speaker systems
have individuality—one sounds different
from the next even though by whatever
standards we can evolve in an effort to
he scientiiic both are equally good. And,
too, because speakers are not purely elec-
tronic 11 nature—and enclosures are
eatirely nonelectronic—even many engi-
neers trained in electronics tend to place
them in a category smacking just a little
of the Black Arts—somewhere between
the good, clean electronic circuit in
which a schematic diagram tells all and
the mechanical assemibly in which lever
A moves gear B, which causes steam
cock C to open and inflate halloon D—
all of which can be scen with the naked
cve. As a result they usually avoid the
subject entirely and proceed by guess—
not a very rigorous technique.

And when 1t comes finally to enclo-
sures—al, what cults grow up around

T HERE ARE FEW 1f ary conmponents of

GOl FORM

[T

GONE

| V) masner /7

POLE PIEGES

olo/[
LEADS

Fig. 1. Basic loudspeaker structure. The voice

coil is wound on a form which is attached to

the voice coil apex and slipped over the core
of the field magnet.
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these mediums’ boxes with their ports
and vents sized just so and their internal
labyrinths of mysteriously shaped pieces
of wood glued and screwed in crazy-quilt
patterns, each with its imiathomable pur
pose and its exotic title!

In this section of Aunio this month
we intend to try removing some of the
mystery from loudspeaker systems. We
are aware that in this emotion-charged
subdivision of the audio field we will be
praised and damned for opinions we do
not express, largely by the iringe ol
very special enthusiasts who listen only
to drums and triangles—never music—
to test speaker systems, and who never
will find a svstem they can like for more
than a week at a time. But we feel
strongly that the solid substance of audio
people—those who like music, want it
to sound as good as possible, and are
willing to learn a bit about how to do
it—might like to ahsorb whatever corvect
and objective information we can furnish
on a subject not too often exposed to
public view.

To that end, Aupio has created this
special section. We will begin with the
beginning—what a speaker is and how
it works. From there we will go into
enclosures, telling the factual story of
why each tvpe is used and how it func.
tions. And to finish ofl, we will engage in
a review of a great many of the speakers,
systems, and components now on the
market, telling vou to the best oi our
ability in text English (rather than Ad-
vertising English) what cach one of
these representative selections from
manufacturers’ lines 1s all about.

It 1s our aim to make this section the
Compleat Loudspeaker Guide for you,
the aforesaid solid audio people, for
which purpose we shall engage in no
Engincerese; this section is not for en-
gineers (who are normally among our
favorite people), but for audio enthusi-
asts who want some easilv absorbed
background knowledge to help them in
their quest for fine sound and the most
enjoyable listening.

We have been helped a great deal by
the speaker and enclosure manufacturers
who have submitted data to us. Some of
these companies show their wares in
advertisements on these pages; many of
the ads are interesting and helpiul and
we invite your attention to them. But
please don’t expect to tind out what our
own preference is—if indeed we have
one. The facts (so far as they can be
determined) are what we're aiter.

And so concludes the Prologue. Let
the play begin!

and even four-way systems, what you can expect from each

in your own home.

STEEL FRAMWE

TERMINALS
A FRONT PLATE
BAGK PLATE
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[EASKEY MAGNET GOVER

Fig. 2. Cross-section of GE S$1201D speaker

shows actual makeup of a typical speaker

assembly. Other spcakers vary in details but
all function similarly.

Loudspeaker Censtruction

A loudspeaker is a d.c. motor with a
fiecld and an armature. The motion of
the armature, however, is reciprocating
—Dback and forth—rather than rotational.
The armature is called a voice coil, and
the field in all modern high-quality
speakers is furnished by a permanent
magnet, /figure 1 illustrates the basic
principle of operation. The field magnet
15 cvlindrical in shape and a cylindrical
coil form moves back and forth within
it. The voice coil is wound toward one
end ol the coil form and is connected to
the output of the amplifier. To the lett
end of the coil form is connected a cone
of paper or some material with a paper
or paper-like hase.

The voice-coil form fits loosely over
the steel core. which is one pole piece of
the magnet. The other pole piece concen-
trates the magnetic field through the
voice coil. The a.c. (audio) passed
through the coil causes magnetic lines
of force of changing direction every half
cycle. These lines ol force interact with
the field due to the magnet, as in an elec-
tric motor, and push the coil alternately
up and down over the core. Each time the
coil moves it pushes or pulls the cone,
which in turn compresses or rarifies the
air in front of the cone. When the com-
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pression and rarification takes place at
an audio rate—faster than perhaps 20
cps—the result is a sound wave in air—
and that’s how the loudspeaker is born.

How these parts look in an actual
speaker is illustrated by the cross-section
view of Fig. 2 and the exploded view of
Fig. 3 of the General Electric S1201D,
a low-priced speaker of excellent quality
intended for home music systems. Other
speakers differ in the details but this
speaker is a good illustration of con-
struction in general.

The frame is made of steel and is the
foundation of the speaker. The front
plate (note that it is disc-shaped, with a
hole in the center) is welded to the rear
of the frame. The magnet hutts against
it, and the back plate, screwed to the
front plate with long screws, holds the
magnet in place.

A steel core is held in place through
the center of the magnet and this core
continues the magnetic circuit, creating
an intense magnetic field in the annular
opening letween the front pole piece
and the core. In this annular opening is
slipped a coil form on which the voice
coil is wound. Permanently attached to
the voice coil form is the spider, a pleated
circle of flexible material, the outer edges
of which are cemented (or clamped, in
some speakers) to the frame. The small
end of the cone in turn is cemented to
the outer edge of the voice coil form.
When the coil moves, it tends to push
and pull the cone, but it is held in place
axially by the spider, which is flexible
so that the coil can move back and forth
in the annular opening or slot without
interference. The outer (large) edge
of the cone is cemented to the frame, and
there is a pleat in it so that it, too, re-
mains centered axially but is fairly free
to move back and forth.

The small dust cap simply covers the
outer end of the voice coil form so that
dust cannot enter and prevent the form
from moving smoothly in the slot. The
magnet cover is there for the obvious
purpose of protecting the magnet assem-
bly and improving appearance. The gas-
ket is a circle of cardboard or fiher which
is somewhat compressible so that when
the front of the frame is screwed to a
baffle the joint will he air tight.

Practically all speakers are made in

about this way, including the cheap kind
used where fidelity does not matter.
What, then, are some of the quality fac-
tors that distinguish @ high-quality
speaker from a poor one?

One is the field magnet. Alnico V, an
aluminum-nickel-cobalt-iron alloy, is al-
most universally used today in speak-
ers. But, up to a point, the larger the
magnet the better the speaker, all other
things being equal. As in other parts of
the audio system, output must be propor-
tional to input to avoid distortion. In the
case of the speaker this means that the
notion of the voice coil must he propor-
tional to the applied audio power over
the entire span of the motion. Since mo-
tion depends on the interaction of the
permanent-magnet flux and the electro-
magnetic voice-coil flux, certainly the
permanent-magnet flux must remain
constant over whatever distance the
voice coil is allowed to move. A small
magnet does not create enough flux to
do this; a large magnet creates uniform
flux density over a larger area, so that
more power can be applied and th: voice
coil can move farther before distortion.

Another quality factor is the voice
coil. The impedance of almost all voice
coils is relatively low—perhaps 3 to 16
ohms—because to obtain a higher imped-
ance mo-e turns would be necessary.
This would make the coil heavier and
the additional weight would add inertia
restricting the ability of the assembly
to respond exactly to the applied audio.

Inmipedance of a coil is made up of at
least two factors: d.c. resistance (what
you would measure with an ohmeter)
and inductive reactance. Every coil has
both, including a voice coil. The resist-
ive part of the voice coil impedance,
made up simply of the resistance of the
length of wire used, does nothing useful ;
it simply causes heat when current is
passed through the coil. The higher the
resistance, for a given current, the more
of the applied power is radiated in use-
less heat, for it is only the inductive part
of the impedance that is useful. Inductive
reactance itself consumes no power, so
the larger that part of the impedance
which is purely inductive reactance, the
more of the applied power is translated
into mechanical motion.

The worst possihle practice would be

GASKET CONE FRAME
f
SPIDER TERMINALS
8
VOICE COIL / COVER
ouST \ N i MAGNET
cAP ’
h ‘-- -a‘\
L = =, BOLT
CORE s
BACK
PLATE
‘ FRONT PLATE

Fig. 3. This photograph is an exploded view of the speaker shown in Fig. 2, with all the
parts shown in position to fit together when o giant hand (equipped with the proper tools)
accordions them together. This figure makes clear the exact shapes of some parts—the field
magnet, for example, which is obviously cylindrical. The spider-voice coil assembly picture is
especially useful, since it shows how the coil form is supported fairly rigidly, yet can move
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axially.

to make the voice coil out of resistance
wire. Even using ordinary copper wire,
however, there is a resistance of any-
thing from 1 to 12 ohms, as you know
if you have ever applied an ohmmeter to
a voice coil. For an impedance of 16
ohms, for example, a 12-ohm resistance
is a good part of the total and it is easy
to see why the average speaker is rather
netficient. Some of the highest-quality
speakers, therciore, employ aluminum
ribbon, wound on edge, for the voice
coil. Because the aluminum has a large
area its resistance is low; and because it
is light, it does not add undesirable
inertia.

Loudspeaker damping is more impor-
tant even than efficiency, and damping
also requires low d.c. resistance. Let us
see how damping works. Referring again
to /“ig. 1, suppose a sudden sharp drum-
beat comes along and causes the voice
coil (and cone) to move outward. We
might assume that when the drumbeat
is finished the voice coil would keep
right on coasting and slowly come to a
stop, there heing little to keep it from
doing so. But let us suppose that the im-
pedance of the amplifier and transformer
feeding the voice coil is very low, so that
at all times the voice coil is practically
short-circuited. Now if the drumbeat is
over and the coil continues moving, the
voice coil-—a conductor—is moving
through a magnetic field. As we all
learned in high school, when a conductor
cuts magnetic lines of force a voltage is
induced in the conductor. If the coil is
almost short circuited, the current circu-
lating through the coil as a result of this
induced voltage is very high. And high
current passing through a coil sets up
a magnetic field about the coil. The
polarity of the field set up is such as to
interact with the original field of the
magnet and prevent further movement
of the coil! All this happens when the
drumbeat is over—or, indeed, even if
the signal is turned off and you make
the cone move by hand. In other words,
interaction of coil and magnet tend to
cause resistance to any coil movement
not caused by audio power input to the
leads.

But the amount of this opposition to
free movement depends on how much
current can flow through the coil when
voltage is induced in it—and that, in
turn, depends on how much electrical
resistance exists in the coil winding and
in the audio source attached to the leads.
Amplifiers today have low effective out-
put impedances, obtained mainly by high
negative feedback. But if the coil itself
has large resistance things are still bad.
So a low-resistance voice coil allows
cleaner sound, simply because it allows
maximum damping effect: the voice
coil movement is almost nil except in
response to the input signals which are
supposed to move it. In a word, the
system cannot boinggggg!

We have mentioned that a large mag-
net is necessary to allow large move-
ment of the voice coil. Let us see why
large movement is necessary and when.
When we apply d.c. to the voice coil,
the only limitations on the distance of
travel are the mechanical stops that exist
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EASY WAY TO OWN

the fineot in Figh Pedelety!

Complete 4-way Sp

FOR LESS THAN 3{0

Model 105 Package of
Georgian Driver Components

This gives the music lover the driving com-
ponents to start a Georgian 4-way system
Can readily be used for converting existing
Klipsch type speaker systems to a Georgian
4-way. Includes E-V 15WK LF Driver, 848HF
Coaxial Mid-Range Unit, T35 VHF Driver,
X336 Crossover Network, AT37 Leve! Con-
trols and 8574 Cable Harness. Also includes
complete instructions for constructing K"
bass section and outer furniture housing
for Georgian.

List, $342.00.  Audiophile Net, $205.20

Now Get GEORGIAN 4-Way Performance...Economically...Step-By-Step

Now for the first time by easy stages,
the quality-minded, budget-limited hi-fi
enthusiast can own and enjoy the thrill-
ing 4-way performance of the magnifi-
cent E-V GEORGIAN loudspeaker sys-
tem! Think of it! For only $295.20
Audiophile Net, you have the complete
GEORGIAN 4-WAY SYSTEM, less the
outer decorative cabinet which you can
add at any time!

Write for Bulletin No. 199

Licensed under
Klipsch Patents
No. 2310243 and
90.2373692
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*See Model 105-106 below

STEP 2

Model 106 Klipsch “K" Type
Basic Low-Frequency Driver
Horn

Add this corner folded horn with back de-
flecting board and corner spacer for bass
section to augment bass reproduction. De-
signed for E-V 15WK 15”7 low-frequency
driver unit. Painted with flat matte- black
prime coat, in order not to show through
grille cioth. Can be painted by user in
other colors, but will not take furniture
finish. Size: 38%2” high x 3214”7 wide Xx
22%" deep.

List, $150.00.  Audiophile Net, $90.00

eaker System

sTEPs 1 and 2

Model 105-106 Complete ¢-way Reproducer
Kit—Ready to Assemhble and Operate

Consists of all parts of the Georgian system except the
outer decorative housing. Includes Model 105 DOriver
Components and Model 106 “K’' type corner foldec horn.
ideal for building in. Also used as wlility high fidelity
monitoring speaker system for cammerzial purposes and
for sound reinfcrcement in auditoriums. Plans supplied
for home consiruction of outer decorative furniture
housing. Can be assembled easily, quiekly with ordinary
tools. No cutting or fitting raquired.

List, $492.00. Audiophile Net, $295.20

STEP 3 Model 107 Georgian Outer
Decorative Furniture
Housing Only—in lustrous
hand-rubbed finish

Mahogany. List, $333.00. Audiophile Net, $199.80
Blonde. List, $366.33. Audiophile Net, $219.80

Model 109 Georgian Cabinet Combi-
nation Consists of Models 106 and 107.

Mahogany. List, $483.00. Audiophile Net, $289.80
Blonde.  List, $516.33. Audiophile Net, $309.80

ElellhoYorce

ELECTRO-VOICE, INC. * BUCHANAN, MICHIGAN

®
THE MAGNIFICENT é‘?g@%m
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Fig. 4. A constant a.c. voltage applied to the

voice coil means constant velocity of move-

ment and direction of movement depends on

the instantaneous polarity or phase of the ap-
plied a.c.

in the structure. However, there is one
more way of limiting coil travel—by
applving the d.c. for only the length of
time required for the coil to travel the
desired distance. This is exactly what
happens when we apply a.c. (audio) to
the coil.

Begin with the axiom that the speed
or velocity of a motor like this is exactlv
proportional to the applied voltage (as
long as the magnetic flux of the field
remains constant). Suppose, for ex-
ample, that for 2 volts applied to the
coil. the coil moves at the rate of 1
meter per second. (These are not actual
figures, merely illustrations with round
numbers.) Ii a 2-volt square-wave sig-
nal at 1,000 cps is being applied the coil
can move in one direction only during
one half of each cvcle, which takes 1,/2000
second. allowing a total movement of
only 0.5 mim. to A, as in I'ig. 4. At the
end of that time the phase of the voltage
changes so that it must begin moving in
the other direction, again for a time of
1/2000 second and a distance of 0.5 mmn.
If we applicd 4 volts, the total movement
would be I mm since the coil would
move faster in the same length of time.

But suppose we hold the voltage at 2,
so that speed remains at 1 meter per
second. and we reduce the frequency to
500 cps. Now a hali-cycle takes twice as

<5
B

Fig. 7. These small cone speakers made by

Bozak are used as high-frequency units. Their

cones are quite stiff and small so thaot res-

onant frequency is high and moving mass is

very small. Several may be used in a single
speaker system.
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Fig. 5. Holding a piece of paper by ¢ne corner

like this and moving it shows what happens to

a limp (high-compliance) speaker cone. It

moves well when the motions are fong and slow

(low frequencies) but tends to stand in one

place and just ripple when the hand oscillates
fast.

long—1/1000 second—so the coil has
time to move twice as far in each direc-
tion—1 mn1. And if we reduce frequency
to 100 cps, it can move 10 times as far
i the time of 1/200 second which is
allowed, or 5 mm.

What happens, then, is simplyv that the
distance ol voice coil (and cone) travel
is inversely proportional to frequency.
This is logical if we expect the same
power output at all frequencies. Power
output does work, moving air. At high
frequencies air is not pushed very far,
but it is pushed oiten; at low frequencies
it 1s pushed far but not very often. The
work in both cases is the same, hut the
bass does pose the extra requirement of
relatively large coil and cone movement
and a large magnet for a big, uniform
flux.

Perhaps the greatest difference be-
tween speakers of comparable over-ull
quality is in the cone—its material,
shape, and mounting. To reproduce all
frequencies a cone should be both stitf
and flexible ; it should be mounted rigidly
and loosely. Obviously these require-
nents conflict, and the best compromise
has been the subject of much search and
many schools of thought.

The ditfering requirements ol bass
and treble begin with the cone mounting.
I the cone is to travel far, as it must at
low frequencies, it should be somewhat
limp and very flexibly attached to the
frame of the speaker. If it were rigid
and rigidly attached it simply couldn’t
move very far., At the high frequencies,
however, it should be stitf so that it can
take the rapid reversals of direction
without breaking up into little unrelated
waves of paper movement.

You can demonstrate this with a piece
of ordinary stationery. Take the paper
by one corner as in /'ig. 5 and wave it
through the air in only one direction.
The paper will follow if the movement
1s large. Now move the paper just as
fast but in very short strokes in both
directions. Because vour hold on the
paper is very flexible, everything but
the corner you hold in your hand will
tend to stay in one place—it is simply
too limp to Tollow such rapid motions

Fig. 6. A piece of cardboard held in both

hands simulates a stiff cone. It remains fairly

rigid when the hands move fast, acting as a

piston to displace air. While good for high

frequencies, its low compliance as a cone
raises resonance.

against the resistance of the air. Actu-
ally, the surface of the paper will break
up mnto a series of smaller wave motions.
The sum of all these is very small and
very little air 1s actually moved—and
this s exactly what happens in a speaker
with a limp cone at high frequencies; it
15 known as cone bhreak-up.

You can, however, move air success-
fully at high frequencies if vou will sub-
stitute for the paper a piece of fairly stiff
cardboard, and especially if you will hold
it by two opposite edges as in Fig. 6.
Theun the cardboard resembles a stiff
piston. It moves as a body and pushes
air whenever it i1s moved, even when it
i1s moved very fast. Iligh-frequency cone
speakers have stiff cones, and some of
the best high-frequency ‘“tweeters” are
those with metallic or stiff plastic dia-
phragms.

Figure 7 shows a pair of cone-type
tweeters made by Bozak. The cones are
small and stiff, which is ideal for repro-
duction of treble. A diaphragm-type
tweeter made by Stephens appears in
Fig. 8. The driver (feld and voice coil
and mechanical assembly) is in the cylin-
drical housing. The voice coil drives a
fairly flat diaphragm rather than a
Hlaring cone and the multicellular sound

of a typical

Fig. 8. Appearance

tweeter made by Stephens. The cylindrical

driver contains voice coil, magnet, and dia-

phragm. The multicellular horn disperses the
sound.

horn-type
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Fig. 9. One method of attacking the dual

problem of high- and low-frequency reproduc-

tion with a single speaker is illustrated by

this Permoflux speaker. The cone is relatively

rigid for good treble but slitted at the frame
for bass compliance.

dispersing assembly attached to the
front of the driver couples the diaphragm
movement to the surrounding air by
using eight horns (of which more later),
all pointed in somewhat different direc-
tions for maximum dispersal.

Figure 9 shows a Permoflux cone
speaker which is designed to reproduce
the entire band. Ilere one form of the
compromise in cone design is shown by
the slits along the outer edge of the cone
where it is joined to the frame. The slits
make for a rather flexible joint so that
the cone is fairly free to move at low
frequencies, hut the cone itself can be
fairly stiff so as to reproduce the highs
without breaking up. The designs used
in cones for this purpose are too numer-
ous to mention—combinations of cone
material stifinesses, flare shapes, mount-
ings, and sometimes metallic diaphragms
at the apexes of the cones.

One more factor in the performance
of speaker moving assemblies should be
understood before we go further—reso-
nance and its effects. Most people know
that every speaker has a resonant fre-
quency—usually somewhere between 30
and 230 cps for fair-sized cone speakers
—and that sound output drops off
sharply below the resonant frequency.
In an article like this we would be short-
changing you if we let matters stand at
that, especially since it is really so easy
to explain why all that is true.

Analysis of Speaker Operation

The moving assembly of a speaker—
cone and voice coil—is a rather simple
mechanical syvstem. It has three dynamic
quantities—those that affect its perform-
ance while moving. These are (1) the
stiffness of the assembly (the cone itself
and its mounting to the frame and voice
coil), (2) the mass of the assembly (the
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effective weight of the moving parts
when moving), and (3) the resistance
to movement caused by the air it pushes
and any friction or other difficulty caused
by mounting methods.

We can break down the speaker as in
I'ig. 10. The voice coil is the primary
moving force. The link is the mechanical
connection between the voice coil and
various parts of the cone. The link natu-
rally includes parts of the cone itself.
The air is the load on the system which
causes resistance, and the cone and link
and voice coil combined have weight
and therefore are the mass of the system.

The modern science of electronics is
very useful in analyzing what happens
in a mechanical system like this, because
ordinary electrical quantities can be
made to analogize—substitute for—the
mechanical quantities involved. For ex-
ample, we know from high-school
physics that capacitance is an electrical
quantity which opposes a change in volt-
age or force. Now, when the voice coil
of /7ig. 10 is moving back and forth, con-
tinuous changes in force are transmitted
by the link to the cone. Suppose the link
i1s very stiff—visualize a rod of steel.
Then changes in force are very easily
and precisely transmitted along it. [t
has, in other words, very little opposition
to changes in force, and we can therefore
liken it to a very small capacitor.

1f, on the other hand, it is very limp—
suppose it is a spring—then it will not
be very good at transmitting changes of
force to the load (cone and air). It has,
we can say, a high opposition to force
changes, and is the equivalent of a large
capacitor.

In FFig. 11 we have drawn the elec-
tronic analogy of our mechanical “cir-
cuit” of Fig. 10. The voice coil, which
generates mechanical energy in Fig. 10,
is represented as a generator of a.c. in
Fig 11. The compliance (opposite of
stiffness) of the link is represented by
a capacitor.

Inductance in electricity is a quantity
which opposes a change in electromag-
netic energy or in current. In the speaker
system energy is required to make the
system move. If it is heavy (large mass)
it will, of course, be harder to move or
once in motion it will be harder to stop.
It has, in a word, a high inertia. Since
inductance opposes a change of energy,
we can represent the mass-caused inertia
of the mechanical system of I'ig. 10 hy
the inductance of Fig. 11, which will be
larger as the speaker mass increases and
smaller if the speaker mass is small.

When air is moved by the mechanical
system, energy is expended in mechani-

CONE

VOICE
coiL

Fig. 10. This diagram shows the quantities

translatable to electrical symbols. The moving

voice coil (mechanical generator) moves the

compliant link (capacitance) to drive the cone

mass (inductance) which does power-absorb-
ing work to drive gir.

LINK
LINK FRIGTION

AAAA
1t WW

Y AR
RESISTANCE 3=
VOICE 081 &
colL
g CONE 33

Fig. 11. These are the electrical symbals which
analogize the mechanical system shown in
Fig. 10. The series capacitance represents the
compliance of the link and the series resistance
represents power absorbed by incidental fric-
tions. The inductor is the mass of the cone and
assembly. The shunt resistor is the power-
absorbing air load.

cal work. To expend energy in the elec-
trical circuit of Fig. 11, we must have
the current passing through a resistance.
The larger the mechanical work done,
the larger the equivalent resistance,
which we appropriately place in series
with the inductor representing the mov-
ing mass. An additional (very small)
resistance is in series with the capacitor
representing the link compliance to show
that there is probably some friction pre-
venting the link from moving perfectly
freely. It is just as true in a mechanical
as in an electrical system that there is
never a capacitor with unity power fac-
tor or an inductor with zero resistance.

The circuit of Fig. 11 should look
familiar. Tt is a high-pass filter of the
resonant type, the resonant circuit hav-
ing rather low efficiency because of the
large resistance in series with the induc-
tor representing the work done in push-
ing air. At resonance, the output will be
at maximum because of resonant rise of
voltage. Above resonance plenty of out-
put exists because inductive reactance
gets higher with frequency. But below
resonance, output drops off sharply be-
cause inductive reactance becomes lower
rapidly (tending to short the output)
and the series capacitive reactance gets
steadily larger.

The resistance representing work done
in moving air is not constant over the
frequency range, nor is it the same when
the speaker is placed jn a baflle or en-
closure. A speaker by itself is not
coupled to the air very efficiently at low
frequencies, as we shall explain later.
The resistance is therefore lower at the
bass. When it is coupled better, with use
of an enclosure, the resistance rises be-
cause more work is being done. This
lowers resonant frequency.

Lest an engineer or two has been
sneaking a look at this article, let us
state for the record that this explanation
of resonance is not rigid. It is simply the
easy way to understand it, and it is
close enough to show the following
points :

(1) Why output drops off below reso-
nance;

(2) That resonant frequency gets
higher as the system is stiffer;

(3) That resonant frequency becomes
lower as the mass increases :

(4) That resonant frequencv gets
lower when coupling to the air is im-
proved at low frequencies.

Two- and Three-Way Systems
The paradoxes we spoke of earlier
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which require different mechanical struc-
tures for optimum reproduction of high
and low frequencies arc .ot so depressing
as they sound. When ycu can’t lick 'em.
join ’em. And that is exactly what sound
enthusiasts do when they accumulate suf-
ficient funds in the kitty to come right
out with the decision that a single speaker
is not enough. And it is quite true that,
while a number of excellent single-unit
speakers exist today, it is almost impos-
sible to get the utmost in clean, wide-
range, distortion-free reproduction in a
single speaker. So, having looked that
fact in the face, we simply walk around
the problem by using separate speakers
for different parts of the range, employ-
ing each one in the rance where it is
most satisfactory.

The low-frequency speaker or “woofer”
is always a cone speaker. As you can im-
agine from what we have said earlier, it
has a rather flexible cone and mountings
and its mass may be relatively high, so
that it has a low resonant frequency for
extended bass response. It has as large a
cone as the buyer can afford because the
larger the cone the more air it will con-
tact and move. Keep in mind that to ob-
tain equivalent power output at bass
where air is not moved very often, it
must either be moved faster and farther
(bass boost in the amplifier) or more of
it must be moved (bigger cone). The
Electro-Voice type 15WK shown in Fig.
12 is a typical high-quality woofer, with
its 15-inch diameter, 54-1b magnet, and
32-cps resonance.

The high-frequency speaker (“tweet-
er”) in a high-quality system is usually
a combination of metallic-diaphragm
driver and multicellular-horn dispersion
unit such as the Stephens in. Fig. 8. Fig-
ure 13 shows the University 4408, which
is a smaller and less expensive tweeter of
the same type, often purchased later and
added to existing cone-speaker installa-
tions. Lately, high-frequency cone speak-
ere like those in Fig. 4 are being used.
Combinations like this of two speakers in
a single cabinet are called two-way sys-
tems. Three-way systems, with a woofer

Fig. 12. This photograph shows a typical high-

quality woofer—low-frequency speaker. This

one is the Electro-Voice 15WK, a 15-inch cone

unit with resonance at low 32 cps and a 5%-Ib.

field magnet to give uniform flux over a large
area,
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Fig. 13. This is the University typc 4408 treble
speaker {tweeter), a moderately priced unit. It
is constructed on the same principle as that of
the Stephens in Fig. 8 but has a smaller driver
and a horn with only two sections.

for the bass, a tweeter for the treble, and
a mid-range speaker, are also in use, but
only when the ultimate in quality is
demanded.

With a two- or three-way system it is
not enough merely to connect the speak-
ers in parallel or series and let it go at
that. You remember the patient who
asked the doctor how, when he swallowed
the headache pill, the pill would know
enough to go to his head and not to his
stomach. In our case, the treble does not
know enough to go only to the tweeter
and the bass only to the woofer—we
must use a crossover network to channel
the right ranges to the right speakers.

Figure 14 shows the simplest possible
arrangement for this purpose. The
woofer is placed directly across the am-
plifier output, receiving all frequencies.
A capacitor is placed in series with one
lead to the tweeter; it is made small
enough to prevent low frequencies from
reaching the tweeter. The only purpose
of doing this is that low-frequencies
would damage the tweeter, which is not
made to deal with them. A variable re-
sistor may also be placed in series with
the tweeter so that balance between bass
and treble can be adjusted.

This is far from an ideal arrangement.
One of the reasons for using a high-fre-
quency speaker is to relieve the woofer
from having to deal with the treble which
causes cone break-up and distortion. The

= ] TWEETER
FROM 2
>
AMPLIFIER 4
i} | WOOFER

Fig. 14. The simplest way to connect woofer
and tweeter is to connect the woofer directly
to the amplifier output and place a capacitor
(and level control) in series with the tweeter.

O = 55U
R
ey LO-PASS .T WOOFER
)
HI-PASS TWEETER
>

Fig. 15. A full-fledged crossover network is

the way to take full advantage of a two-way

system. The filters are present to see that only

a single band of frequencies is channeled to

each speaker so neither does the work of the
other.

simple capacitor network does nothing
about this. In addition, we now have two
speakers sending out treble. Because of
the short wavelengths involved, the two
speakers may be far enough apart so that
there may be acoustic phase interference
—the crest of a high-frequency wave
may reach your ears from the woofer at
the same time as a trough of the same
wave may reach you from the tweeter.
This would, of course, cause cancellation
and you would hear nothing. In practice,
of course, phase would rarely be 180 deg.
out, but even small differences would de-
stroy uniformity of reproduction.

The ideal result is to have each speaker
reproduce only its own range, with the
acoustic output of the two equal. This
can be done with a network like that of
Fig. 15. The woofer is fed through a
resonant-type low-pass filter, response of
which drops off sharply (about 12 db per
octave) above the cutoff frequency. The
tweeter is fed through a similar high-
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Fig. 16 These curves
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show how the audio
band is divided be- }db
tween the two speak- o

ers in ¢ system with
a crossover network
like that of Fig. 15.
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pass filter, whose response drops off
sharply below its cutoff. The results are
shown by /ig. 16 for a system with a
LO0O-cps crossover frequency. Some-
times a potentiometer is connected across
the output of the high-frequency lilter of
Fig. 15 so that treble balance can be ad-
justed, hut this is neither necessarv nor
beneficial when the complete svstem
comes from one manufacturer since effi-
ciencies are usually halanced in the man-
ufacture.

The choice of crossover frequency is
not haphazard. Ideallv, it would he a low
one. perhaps 600 cps or so, so that the
cone woofer wonld not have to handle
anything that would interfere with the
possibility of designing its cone for the
single purpose of reproducing the lowest
frequencies For home music systems this
15 not usually possible. The tweeter would
have to be rather large so that its own
resonant frequency could he below that
600-cps point, a problem largely of the
diaphragn, the nature of which gives it
a high-frequency resonance. Also the
horns for dispersing the sound would
have to be large, since horn size is in-
versely related to frequency. Figure 17
shows a Stephens high-frequency horn
designed for a 400-cps crossover; it is
31 inches deep, 37 inches wide, and 1674
inches high, and its shipping weight is
160 Ibs. This is all without the driver
which is a eylindrical unit weighing an-
other 22 Ibs. and adding 454 inches in
depth. Such a tweeter is more suitable
for theatres than for the home.

Crossover frequencies from about {00
to 4,000 cps are common for home sys-
tems. The upper figure is really some-
what too high for best results, but excel-
lent results can be had with frequencies
somewhat higher than 800 cps. In gen-
eral, this is a qualitv and space factor—
vou get what vou want to pav for and
what the lady of the house will let vou
keep in the living room.

Coaxial Speakers

There is a third type of loudspeaker
which is a two-way system in itself—the
coaxial speaker. Omne type of coaxial
speaker, manufactured just after the war
by Altec, bears a good nieasure of re-
spousibility for the “high fidelity” boom,
along with the GE variable-reluctance

Fig. 17. A low crossover frequency is desirable
since it channels less of the high frequencies
that cause cone breakup to the woofer. A fre-
quency of 400 cps, however, requires @ mam-
moth tweeter assembly like this Stephens, for
example, over a yard wide and almost as deep.
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Fig. 18. The coaxial speaker is a two-way sys-

tem in minimum space and often at minimum

expense. This Altec 604C is the latest version

of one of the first and best coaxials. It requires

a crossover network just like separate dual
systems.

pickup. Both these units were the tirst of
their tvpe to offer relatively high per-
formance at consumer prices.

The latest model of the original Altec
coaxial speaker appears in [7ig. 18, the
604C. This is a standard 15-inch cone
spcaker used as the woofer, with a
tweeter and multicellular horn mounted
coaxially. You will remember from our
earlier description of a basic speaker that
there is an area within the center of the
voice coil which is used only for 4 core.
Within  this area—inside the wooler
voice coil, which is made larger than
usual for the purpose, there is space for
the mouth of the high-irequency horn,
and the voice-coil and magnet assembly
of the high-frequency speaker is located
behind that of the low-frequency unit.

Another tvpe of coaxial speaker con-
sists of a small high-frequency cone
speaker mounted in the center of the
low-frequency cone—sometimes flush
with the front of the frame, and some-
fimes as a continuation of the conical
section of the low-frequency cone.

Iigure 19 is a cutaway photo of the
Jensen G-610 triaxial speaker, which is
a combination of three speakers in a sin-
gle frame—a complete three-way system.
To see how this is done refer to Fig 20,
a cross-section drawing of the speaker of
Iig. 19, The low-{requency speaker con-
sists of a large voice coil and a cone. The
mid-frequency speaker consists of a
voice-coil-und-field assembly behind the
big one and a short horn extending
through the big voice coil. This short
separate horn ends in a diffuser which
is attached to a point near the apex of
the low-frequency cone. The sound out-
put from this nid-frequency difiuser
goes out through an area hounded by the
big cone, which acts as a flared horn to
improve air coupling. The high-fre-
quency unit is entirely separate, with a
diaphragm, driver, and housing sup-
ported at the mouth of the hig cone by
a crosshar attached to the main frame.

T'wo- and three-way coaxial speakers

Fig. 19. The approach to

construction of coaxial speak-

ers is illustrated by this cutaway

view of the Jensen G-610 “triaxial”
which includes the same types of units

as a coaxial plus a third mounted on sup-
ports out near the frame front.

are the equivalent of multi-unit svstems
employing completely separate units.
They require crossover networks in the
same way and tor the same reasons. In
most designs, there is probably some loss
in quality over completely separate SV
tems simply because some compromises
are necessary to get all that material in
a small space. The principle advantage
is simply one of smaller required mount-
ing space, and much simpler mounting
in the enclosure. Another claimed ad-
vantage is that both bass and treble em
anate from identical points so that the
weird effect that conies about when the
two are separated appreciably is avoided.
However, the only real requirement here

Low-FREQUENCY
ywT

MID- FALOUENCY

Fig. 20. The cutaway drawing of the speaker

of Fig. 19 makes the construction clearer. The

midfrequency horn goes right through the

center of the woofer voice-coil and magnet

assembly and is driven by an entirely separate

coil-magnet assembly mounted behind the large
one.
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Now you can get

HI-FI in a

HATBOX!

New low-priced 8" speaker fits

cabinet space as small as 1.7 cubic feet

Here at last is an answver to
your space problems!

This sparkling new Strom-
berg-Carlson RF-460 8"
speaker gives you high fideli-
ty reproduction in an enclo-
sure measuring only 20”x10”
x15”—or most other dimen-
sions adding up to 1.7 cu. ft.

With a closed-back cabinet
you can use it for just about
any type of installation—book-
shelf, table, wall, floor or in a
portable case. Small in size,
it still gives you the top quali-
ty reproduction you always

associate with the name
Stromberg-Carlson . .. at only
$20.00 list.

Real Hi-Fi Quality—with a re-
markably low price tag! You
can actually make the RF-460
a part of your Hi-Fi system
for less than the cost of 3 or 4
good record albums!

Visit your dealer and get
acquainted with this new 8”
speaker! If you don’t know
who ydur nearest Stromberg-
Carlson "dealer’ is, mail the
coupon at the right today for
complete information.

STROMBERG-CARLSON’
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THESE FACTS AND FIGURES
WILL MAKE BEAUTIFUL
MUSIC—FOR YOU!

Frequency Response: 50 to 13,000 cps.

Power Handling Capacity: 12 watts
of program material

Impedance: 8 ohms

\T

Magnetic Structure: 6.8 oz. Alnico
Flux Density: 13,000 gauss

Cone: 8" dia.; moisture resistant;
curvilinear with 34" dia. voice coil

Resonant Frequency: Approximately
75 cps.

Sound’ Pressure Level: At distances
from the speaker of 7Y%, 15 and 30 ft,
the sound pressure levels are 88 db.,
82 db., and 76 db., respectively. Meas-
urements are made on the speaker axis,
at 1000 cps, free field, input of 1 watt,
output in db. above a reference level
of .0002 dynes per sq. cm.

Dimensions: 81" dia.; 415" deep.

Mounting Dimcnsions: Eight equally
spaced holes on 7% " dia. bolt circle for
mounting purposes. Require 67" dia.
baffle opening.

Weight: 3 ibs.; packed for shipment
31 lbs.

Finish: Speaker pan—fine-wrinkle, sil-
ver-gray over cadmium plate. Magnetic
structure—cardinal red.

STROMBERG-CARLSON
SOUND EQUIPMENT DIVISION
1219 Clifford Ave., Rochester 21, N. Y.
Please tell me the name of the nearest
Stromberg-Carlson high fidelity dealer,

so I can see and hear your new RF-460
8" speaker.

Name

Address.

City

Zone State
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Fig. 21. One of the prime problems with high
frequencies is not only reproducing them in the
first place but destroying their tendency to be
very directional. This Stephens “cospiral” is an
attempt to disperse highs without employing a

separate tweeter mechanism. It is not a
“coaxial.”’
is that the distance between either

speaker and the listener be several times
that between speakers, and just about
any two-unit system can easily be
mounted in this way. In most cases, co-
axial units are somewhat cheaper than
separate units, which is, of course, some
advantage.

One other type of speaker has only one
voice-coil assembly but includes some
special provision for the high frequen-
cies. Such a one is the Stephens 101FR
illustrated in Fig. 21. Known as a “co-
spiral” speaker, it has a differential dif-
fuser composed of two concentric horns
designed to diffuse the high frequencies,
which in the normal single-cone speaker
are very directional and can be heard
best when the listener is on a line di-
rectly on the axis of the speaker. While
speakers of this type have some advan-
tages, they are very definitely not coaxial
or two-way systems in any sense and do
not have the characteristics or advan-
tages of two-way systems.

The Need for Baffling

The best woofer ever made will sound
like a dime-store squawkbox if you use
it without a baffle or enclosure. With a
baffle or enclosure it may reproduce the
lowest hass notes on that new organ rec-
ord you bought yesterday. Obviously,
any component which makes that kind of
a difference is not just a piece of furni-
ture; it is an essential and critical part
of the system just as much as and in the
same sense as the amplifier or pickup. It
is not very difficult to understand why
this is so and how that vast improvement
is made by a variety of different enclo-
sures types. And once you have that in-
formation you can make your choice
more intelligently.

Sound itself is, as you undoubtedly
know, waves of compression and rare-
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BACK WAVE
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FRONT WAVE CONE
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BACK WAVE

Fig. 22. This illustration shows the basic reason
for a baffle or cabinet of some sort. The back-
wave, originating rear of the speaker cone, is
180 degrees out of phase with the front wave.
If both reach the ear at about the same time,
the net sound pressure at the ear will be zero.

faction of air. As it arrives at your ear
the result is variations on pressure of
the air against your eardrums, so that
the eardrums vibrate like diaphragms
and through some process as mysterious
to us as it is to you (unless you are a
physician) the brain perceives sound.
It is the business of a speaker cone to
compress and rarefy the air which is
touching the cone. Each time this hap-
pens a wavetrain is started, which
travels away from the speaker. The
wavetrain begins losing strength—the
conpressions and rarefactions are no
longer so intense—as it travels away
from the speaker, and after some dis-
tance may not be perceptible at all, de-
pending on the sensitivity of the instru-
ment used to detect them—your ears.
Figure 22 is a rough sketch of a
speaker cone and an ear. The sketch
shows that when the cone vibrates there
are two paths through which sound
reaches the ear. If the cone moves to-
ward the ear it compresses the air in
front of it, and that starts a direct wave
train traveling toward the ear. But at
the same instant the rear of the speaker
cone is rarefying the air behind it—and
this starts a second wave train which
travels around the back of the speaker
toward your ear. Except at high fre-
quencies, sound travels in pretty well
every direction from its source, so that

we can assume both the front and back
waves are traveling in all directions.
But we are interested only in what goes
to the ear, so we have shown sound paths
from the speaker only to the ear.

Now, if both front and back waves are
generated at the same time, as must be
true, and if, as you can see from Fig. 22,
the back wave reaches the ear over al-
most as short a path as the front wave,
the fact that one begins with a compres-
sion and the other with a rarefaction
means that they are 180 degrees out of
phase and will almost cancel; the ear
will hear very little.

If, on the other hand, there is a sub-
stantial difference betwcen the times
when the waves reach the ear, cancella-
tion will not necessarily occur. In fact,
if the time difference is equal to one half-
cycle, both will arrive at the ear in phase
and will reinforce. The actual ditference
in arrival time depends, of course, on
what extra distance the backwave must
travel in terms of the wavelength of the
particular frequency in air.

This is illustrated in Fig. 23. We have
taken the two paths and straightened
them out so that we just sliow the extra
distance to be traveled by the hack wave.
The front wave starts with a maximum
compression and travels to the ear. We
want the backwave to reinforce it, so the
backwave must be in phase with the front
wave, and we have drawn it that way.

We know that if the front wave starts
with a maximum compression, the back-
wave starts with a maximum rarefaction.
Obviously it does that at a distance one
half-wavelength farther Dback than the
front wave, (point A) and, of course,
one and a half wavelengths farther back
(point C). We can then draw the con-
clusion that, for this frequency, if we
want reinforcement of the two waves in-
stead of partial or complete cancellation,
the extra distance to he traveled by the
backwave must be at least one half-wave-
length. As a matter of hard fact, we
know that the extra distance any wave
will actually travel is simply around the
edge of the speaker cone—and that is as-
suming that we are just talking about
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Fig. 23. In this drawing we have straightened out the path of the backwave to make phase

relations clearer. If the back and front waves are to reinforce rather than cancel at the ear,

the backwave must travel an extra distance equal to a half wavelength at the frequency of

the tone. This means that either the speaker cone must be big enough to afford this extra

distance or a baffle board must be used to increase the distance artificially. A baffle is not
the ultimate answer.
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BEAM

BRINGS YOU THE FINEST

QUALITY, VALUE
and PERFORMANCE

Finest in appearance . . . efficient in design . . . superb in
performance and workmanship . . . this is the British-made
Acoustical Quad II Amplifier and Q.C. II Control Unit.

The Quad features high sensitivity from 1.5MV., full-
range fidelity, 10 to 60,000 cps., within % db; independent
harmonic filtering, freeing bass and treble controls for set-
ting perfect musical balance without distortion or loss of
harmonics; push-button equalization and channel selec-
tion; plug-in matching to your choice of pick-up, automat-
jcally correcting for best sound, leust noise; adjustable
bandwidth and slope of roll-off; stable balanced feedback
throughout, and a tull 15 watts of audio output 20-20,000
cps. trom the 14 section output transformer.

ACOQUSTICAL

QUAD IR

AMPLIFIER & CONTROL UNIT

“This unit should satisfy
the most critical .. .""

Equipment Report, AUDIO, May, 1954

Add the graceful, richly finished styling — the most
functional in high fidelity today — and you have good rea-
son to sce and hear the QUAD at your earliest opportunity.

$237.50 net
$130.00 net
$120.00 net

System Complete . . . . . . . . .
Quad 1 Amplifieralone . . . . . . .
Q.C. 1 Control Unit alone . . . + « =«

%3 STENTORIAN®

FULL RANGE SPEAKERS

Full-range high fidelity loudspeakers in a wide range of types and sizes,
for every audio purpose — these arc the British-made W/B Stentorian
speakers. Never before has such superb response, dynamic realism and
high magnet sensitivity been achieved in a speaker anywhere near the
Stentorian’s prices. No speaker at any price has all the exacting pre-
cision features of the Stentorian Duplex Twin-Concentric 12’ and 10”
models: patented LF diaphragm of impregnated uncured cambric; die-
cast chassis; phase-matched high frequency horn formed by machined
magnet center pole; frequency response 20 to 20,000 cps; bass reson-
ance 35 cps.; and built-in crossover network. 12”’* Duplex model, (20-
20,000 cps), 15 watts, $99.50. 10”* Duplex model, (30-16,000 cps),
10 watts, $44.50. All W/B Stentorians are beautifully finished in
crackle gold. All voice coil and input impedances are 15 ohms.

TLeaders in loudspeaker manufacture for over 30 years
M e ,,_‘

Beam also brings you a complete
line of extended range, high fidel-
ity Stentorian direct radiators; all
with the new patented W/B dia-
phragm. Audition and compare
them for price and performance
to prove their outstanding value:
Model HF 12135*%, 25-14,000 cps,

STENTORIAN
HF TWEETERS
3,000-20,000 cps.
Hear the difference.
7-10, 5 watt, $17.95
1-12,15 watt, $45.00

CROSSOVER
NETWORK
Crossover at 3000
cps. 15 ohm input
and both output im-

pedances. $7.25

Send for complete literature

BEAM
HIGH FIDELITY
ENCLOSURES

Corner and wall bass
reflex types. Gibral-
tar construction, su-
perb finishes, perfect
acoustical designs

STENTORIAN
18’ WOOFER
Giant of pure LF
sound, 2%’ voice
coil, 25-6,000 cps.
Die-cast chassis. 30

watt rating. Crackle
gold finish. $139.50

12, $39.50, 15 watt; HF 1012*,
30-14,000 cps, 10", $14.95, 10
watt; HE 912*, 40-13,000 cps, 9,
$11.55, 7 watt; HF 810, 50-12,000
cps, 8", $8.95, 5 watt; HF 610,
60-12,000 cps, 67, $6.95; HF 510,
100-12,000 ¢ps, 5”, $6.55.

*Precision Die-Cast chassis.

on these superior audio products from $89.50

BEAM INSTRUMENTS CORPORATION
350 FIFTH AVENUE, NEW YORK 1, N. Y.
These fine beam products are available at all better audio dedlers.
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BOARD
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SPEAKER

Fig. 24. Mounting the speaker on a flat baffle
increases the distance the backwave must
travel and makes it possible for front and back
waves to arrive at the ear in phase at lower
frequencies. Response is still spotty, however.

waves set in motion by a point verv near
the apex of the rear ol the cone.

Let us assume a speaker with a 12-
inch cone. The extra distance traveled
by the backwave is a maximum of about
4 inches. Figuring 1100 feet per second
for the speed of sound waves in :ir, we
find that 4 inches is a halfwave at ahout
730 cps. If all our figures are correct,
this means that 730 cps is the lowest fre-
quency at which we could expect maxi-
mum sound output. Of course, the figurcs
and assumptions are not correct, for
many other iactors enter, but in general
the idea is quite correct and is the reason
why no bass can be heard fom unbaffled
‘speakers.

The obvious first step in curing this
situation is to extend artificiallv the extra
distance which the backwave must travel
by mounting the speaker on a haftle board
as in Fig. 24. Now, by making the haffle
as large as possible, we can lower the
lowest frequency at which reinforcement
will take place hecause the backwave now
has to travel irom the back of the speuker
over the back of the baffle to the edge be-
fore it can join the front wave. The flat
baffle is oiten used in paging systems and
the like where quality does not count for
too much. but it is still not the ultimate
answer.

To <ee why, refer again to Fig. 23.
Suppose the lowest frequency at which
reinforcenent of the waves takes place
is 1,000 cps. which is the frequency at
which the length of a halfwave is equal

to the distance between point A (the
back of the speaker) and the front. The
next frequency at which there is com-
plete reinforcement is 3,000 cps, (dotted
lines), at which the A-to-front distance
is 122 wavelengths, At every higher ire-
quency at which that distance is equal to
ant odd number ol hali-wavelengths there
will be complete reinforcement, and at
frequencies between, there will be every-
thing ranging from complete cancellation
to almost complete reinforcement. Qbyvi-
ously the efiective irequency response of
the unbaffled speaker is very, very spotty.

The saine is true of the bafiled speaker.
Atevery frequency at which the distance
from the back of the speaker, across the
hoard, and around the edge to the front
wave 1s an odd number of half-wave-
lengths there is reinforcement, and at
[requencies in between, evervthing else
happens. The only improvement is that
the lowest frequency of reinforcement is
very much lowered so that it mav per-
haps be anything from 30 to 200 cps,
depending on the size of the board. Ac-
tually, of course, the lowest useful fre-
quency is lower than that at which rein-
forcement takes place because the ear
can stand some cancellation before it
vells for more bass. A common practice
is to ligure the distance irom speaker to
the nearest edge of the hafile at one-
quarter wavelength at the lowest desired
frequency.

There is only one way in which a bai-
fle can give the results desired—complete
elimination of any backwave interierence
at all. That is hy making it infinitelv
large, so that the backwave never does
reach the front. You may say that a baf-
fle—or anything else for that matter—of
infinite size is impossible. But you over-
look the engineering profession which
somehow seems to manage so many im-
possible things, like making internal-
combustion engines work and arranging
for big, bulkv, obviously earthbound
structures to take oft like a hird and tlv.

In this case if we can’t beat ’em, we
surround ’em. We take a box and seal it
up tight except for one hole, against the
inside of which we mount the speuker.
Now, obviously, the backwave has no

FIBERGLAS

SPEAKER
“OPENING

FIBERGLAS

SPEAKER
OPENING

- —~ FIBERGLAS

Fig. 25. The bass-reflex cabinet, originally made by Jensen before the war, calls for the box
size and the port to form a Helmholtz resonator at a frequency equal to or slightly below the
resonance of the speaker itself. At this resonant box frequency the backwave emerges from
the port out of phase with the front wave and tends to cancel the resonant peak of the
speaker, flattening out the response and tending to extend it somewhat lower in frequency.
Bass-reflex enclosures may be made for corner placement, an ideal location for any speaker.
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way to get out and interfere with the
front wave, so the box is obviously an
infinite baffle ! Qutput is just as uniform
as the electrical and mechanical struc-
ture of the speaker allow, as long as
three conditions are fulfilled. Iirst, the
hox must have sulficient space inside so
that movements of the rear of the speaker
cone do not tend to be impeded by air it
compresses. If the box is very small, it
will not contain much air. Any movement
of the cone will appreciably compress
that small volume of air and the air will
then resist cone movement. To prevent
this from happening, the inside volume
should be somewhere between 615 and
15 cubic feet. The volume cannot be too
great but it can be too small, so infinite
baffles, us these boxes are called, should
be as hig as possible.

Secondly, the box must be verv sturdy
and solid, so that vibration of the speaker
cone is not transmitted to and by the
box walls. If the walls vibrate, they sim-
plv become extensions of the cone and
our troubles begin all over again.

Third, at least one of each two paral-
lel walls of the inside of the box should
be lined with some very absorbent niate-
rial such as Ozite (the stuff you put
under rugs), heavy felt, or thick Celotex.
Preferably all walls should be lined. If
thev are not, sound waves from the rear
of the speaker cone will strike the hard
inside walls of the cabinet and bounce
back against the cone, creating interfer-
ences of a random or unpredictable na
ture.

But 1f all these conditions are adhered
to—and they are really very simple ones
—the infinite batlle is one of the most
satisfactory and effective speaker enclo-
sures knowin. It does not radiite buss
quite as well as some of the more com-
plex enclosures such as horns. because
there is still no provision for matching
the acoustic impedance of the cone to
that of the air, but the infinite baifle has
an honored place in some of the very best
home music systems in the country. It
has the added advantage of being alnost
the only type of enclosure which will
bring out the best in any speaker for
which the cabinet is hig enough, so that
it is the safest buy when speaker and en-
closure are hought separately. This is
not true of many other enclosures ; even
folded horns work best with one or more
particular speakers with which they were
designed.

Bass-Reflex Enclosures

I'he output-vs-frequency characteristic
of all loudspeakers (and the impedance-
vs-frequency characteristic, which is eas-
ier to measure) shows a more or less
large peak at the resonant frequency. If
this peak is not reduced by the enclosure,
a sort of one-note-bass etiect is heard.
The infinite baffle does tend to depress
this peak to some extent, but the bass-
retlex type of enclosure does it to a much
greater degree if it is correctly designed.

The bass-reflex cabinet is a box like
the infinite baffle, but it has a port cut
into the front wall. This is illustrated by
the two drawings of Fig. 25, showing
bass-reflex cabinet shapes for wuall and
for corner placement. Figure 26 shows
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LOWELL SPEAKER BAFFLES

Construction in 1954, government statistics show, will be the
highest in the nation’s history. Much of this construction calls

for commercial low level sound installations — and LOWELL

is the leader and pioneer in this field. By becoming a LOWELL
jobber or dealer, you can “cash in” on this phase of the huge

construction program — add important profit volume to your

existing business!

ﬂYOU ARE INTERESTED

IN "STRIKING IT RICH" AS
A LOWELL JOBBER OR
DEALER — WRITE NOW
FORINFORMATION AND
COMPLETECATALOG OF
LOWELL PRODUCTS,

CONSIDER THESE OTHER IMPORTANT FACTS!

Opportunities are almost unlimited for commercial low level
sound installations in schools, churches, civic centers, railway
and bus terminals, auditoriums, hospitals, airports, department
stores, clubs, shops, restaurants, offices, etc.

LOWELL, the leader and pioneer manufacturer of fine low
level sound distribution equipment, has the most complete
line in the industry, including time saving mounting accessories
and enclosures.

LOWELL engineers are at your service, to advise and assist
in properly laying out any sound system large or small.

You can depend on LOWELL for rapid delivery of what you
See our listing in want — where you want it.

Sweet’s “‘Architectural File’” Lo Export: Lowell Manufacturing Company
3030 Laclede Station Road
St. Louis 17, Mo., U. S, A,

HEARD EVERYWHERE

MANUFACTURING COMPANY

3030 Laclede Station Road, St. Lovis 17, Missouri

In Canada: Atlas Radio Corp., Ltd., 560 King Street, West, Toronto 2B, Canada
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Fig. 26. This is g finished bass-reflex enclosure
which is found in many living rooms. Like most
enclosures its front appearance gives little clue
to what its innards look like, but it is simply
a box with a speaker hole and a port correctly
proportioned for particular speakers.

a finished bass-reflex corner cabinet, the
Altec 606, built according to the drawing
in Fig. 25.

The port makes use of the back wave
generated by the rear of the speaker cone
to oppose the front wave at the frequency
of speaker resonance. The result is a sub-
stantial dip in the resonant peak. This is
illustrated by the two curves of speaker
impedance against frequency shown in
Fig. 27. These were taken on an Altec
60ZA speaker, with a resonance of 45
cps. Curve A was taken with the speaker
unmounted and clearly shows the reso-
nance. Curve B was taken in a correctly
designed bass-reflex cabinet and the for-
mer point of resonance now has a de-
cided dip, so that the over-all result is
considerably flatter and smoother than
before.
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Fig. 27. These curves show in a very forceful
way how a correctly designed bass-reflex en-
closure functions. Curve A shows the very prom-
inent response peak at speaker resonance and
Curve B shows how that peak is suppressed and
the entire characteristic smoothed out.
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This is done by designing the shape
and size of the hox together with the
shape and size of the port so that the res-
onance of box and port takes place at the
same frequency as resonance of the
speaker. At that frequency, then, there
will be considerable radiation of sound
from the rear of the speaker through the
port. Since the rear of the speaker cone
is now doing work at the resonant fre-
quency, it is said to be back-loaded and
the additional resistance caused by its
having to move air reduces its ability to
boinggg at resonance! It can also be
looked at another way—that the inverse-
phase radiation from the port at reso-
nance tends to cancel the normal high
power output from the cone front at that
frequency.

Bass-reflex enclosures are sometimes
used in another way, in situations where
an infinite baffle of correct size would he
too large for comfort or where speaker
resonance is at too high a frequency to
give the desired bass. Here the enclosure
is made to resonate at a frequency some-
what below speaker resonance. The en-
closure resonance then damps out part
of the speaker resonance and also creates
an extended bass response by causing
resonant peaks of its own to boost the
falling speaker curve. An example of
this is Fig. 28, where a speaker with a
58-cps resonance is used in a bass-reflex
cabinet with a resonance at about 52 cps.
Note the additional small pealk between
30 and 40 cps which extends the bass
response.

When a bass-reflex enclosure is care-
fully designed by very competent people
who take sufficient pains and when it is
designed with and for one particular
speaker or line of speakers, it does the
job it sets out to do. Ported enclosures
are, however, extremely critical and sim-
ply cannot give best results when used
with just any speaker. It is important to
note that the bass-reflex is a resonant
enclosure and if the resonance is not
damped by placing soft material against
the inside walls of the cabinet there will
very definitely be a boomy, “boxy” sound.
Milton S. Snitzer’s article, “Adventures
with a bass-reflex,” on page 26 of the
January 1954 issue of Aubio is a very
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Fig. 28. Taken from the Snitzer article re-
ferred to in the text, this curve shows how a
speaker with a 58-cps resonance was smoothed
out by a well designed bass-reflex enclosure.
The article shows in detail how much care and
exparimentation were necessary to obtain this
final result and it is recommended reading on
the subject.

good source of information on just how
critical a bass-reflex enclosure is.

Horns

Theoretically the most satisfactory
way of radiating sound from any loud-
speaker is to place it at the apex of an
approximately exponential horn. This is
a horn whose cross-sectional area is mul-
tiplied by some constant number for each
unit of axial length from the apex. For
instance if the number is 2, the area is
multiplied by 2 for each unit of length.
If the chosen unit is 5 inches, then area
doubles for each 5 inches of length: If
the area is 1 square inch at the apex, it
is 2 square inches at 5-inch length; 4
square inches at 10-inch length, 8 square
inches at 15-inch length, 16 square inches
at 20-inch length, 32 square inches at 25-
inch length, and so on. A horn of this
type is shown in cross-section in Fig. 29,

We know from electricity that the
most efficient transfer of power from a
source to a load takes place when the im-
pecances of the two are equal. The same
is true in a mechanical or acoustic Sys-
tem, for these, too, have impedances.

It would be unnecessarily complex to
go through the rigid explanation which
would show why impedance of the
speaker cone and the air in contact with
it do not match. But we can explain it
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Fig. 29. An exponential curve, considered

form—that of o straight-sided cone—the horn

ideal for horns is shown in outline here. In primitive

has been used for hundreds of years to improve

the efficiency of sound transmission. Prime example is the megaphone, which made possible

communication between ships at sea before any kind of electronic sound reinforcement was

invented. An even more primitive example is simply cupping of hands around the mouth. When

correctly shaped, a horn is the most efficient method of coupling point-source sound to the
surrounding air.

AUDIO e AUGUST, 1954



briefly in such a way as to leave a clear
picture in your mind,

We would like to transfer all the
power of the speaker cone niovement into
acoustical movement of the air. The cone
is, compared to the air, relatively stiff,
and when a force is applied to a small
part of it, the apex, the whole cone
moves. Air, on the other hand, is a highly
compressible medium. When we apply
force to a small part of the air in a room
—that portion of the air touching the
speaker cone—the compliance of the air
tends to dissipate that force without
making much of the surrounding air
move. It is as if you tried to make the
entire body of a foam rubber cushion
move by poking it with your finger. The
point where you push just compresses
without imparting much energy to the
rubber around it.

To cause much of the cushion to move,
you might set the big end of a solid cone
against the cushion and apply your finger
poke to the apex of the cone; in other
words, you would be transforming your
point-source energy to a larger area of
cushion to compensate for its resiliency
—and this is what a horn does for a
speaker.

A small speaker diaphragm is applied
to the apex of the horn of Fig. 29. It
moves only the small amount of air pres-
ent at the apex, but it moves that air
rather efficiently because it is confined
by the small area inside the horn walls
and cannot easily compress as it could
if not confined.

The small volume of air moved at the
apex in turn moves a volume of the air
a bit further toward the mouth. This sec-
ond volunme is somewhat larger but still
confined—and it is being moved by the
first air volume, which is practically its
own size. As we move further up the
horn, there is a very gradual and con-
stant transiiion from the small, highly
resistant air mass at the apex to the
large, very resilient air mass at the
horn’s mouth.

Look at it another way. In electricity
Ohm’s law says that R=E/I, E being
(electromotive) force and I being (elec-
trical) current. At the horn’s apex, E,
force per unit volume is very high be-
cause all the force of the speaker dia-
phragm is being expended against a very
small column of air; I, the amount of air
being moved is very small, because there
Just isn’t much air in such a small space.
Therefore, with E high and I low, R,
the acoustical resistance at the apex,
must be high.

As we get toward the mouth of the
horn E 1s much smaller because the same
initial force is moving a much larger
volume of air and the force expended
against any individual segment of that
volume is small. But I is higher because
there is more air to move and therefore
more moves. Thus R, the air resistance,
is much lower. At the horn’s mouth it is
the lowest of any place in the horn and
comes nearest to matching the impedance
of the free air in the room. The horn has
thus acted in a way as an impedance
transformer matching the low-impedance
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.« @and the little monster
walked right oft

the drawing board!

Conceived in the fertile imagination of Paul Klipsch, America’s
leading designer of loudspeaker enclosures, and brought to life by 3
the advanced production facilities of CABINART, the Little Monster
astounded everyone who came into contact with it. Startled and awed
by its almost-Klipschorn performance on light and middle bass,
they were amazed at its complete freedom from boom and distortion.
You too will be amazed .. . RESPONSE LIKE THIS
FROM A 20" CORNER HORN SPEAKER ENCLOSURE!

Paul Klipsch had blueprinted a small corner horn enclosure . . .
light enough to move anywhere in the home, compact enough
to fit in any space, versatile enough to complement any decor,
and with performance enough to please the most critical ear . . .

thus the Little Monster was born. Size . . . 20 inches; weight . . .

28 pounds; versatility . . . it can be wall-mounted, corner-hung,
placed on a table, a bench, a shelf, anywhere in the home;
performance . . . unbelievable!

The Little Monster, fifth in the Rebel series and thus called the KR-5,
approaches Klipschorn performance on light middle bass . . . is
excellent for its size even on heavy pipe organ bass. The response
is smooth and clean . . . completely free from boom and distortion.

The acoustical science as applied to musical instruments has been
incorporated within the Klipsch-Rebel series—so that
the enclosure itself assumes the characteristics of a musical reproducer.
The KR-5 is thus scientifically engineered to provide
the maximum performance possible from a 20” corner horn.

This latest Klipsch Design by CABINART 1is available in both finished and Utility
(unfinished) models. Also available i8 a portable model in Leatherette.

Finished $48.00 utiity $33.00

See the KR-5 at your local jobber,
or write for complete information to Dept. 19-11.

G & H wO0OD PRODUCTS CO.,

by Cabinart 75 North 11 St., Brooklyn 11, N. Y.
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room air to the high-impedance speaker
diaphragm just as a voice coil is matched
by the output transiormer to the plates
of the power tubes. The difference is that
the transformer impedance change is ab-
rupt; 1t just happens to be possible to
wind coils to do the jol. The acoustic
impedance change must be made by grad-
ual transition—and incidentally, exactly
the same technique is used for impedance
changmg of microwave electricity—
waveguide transitions whose cross-sec-
tional area gradually changes.

When we have achieved an impedance
match 1 this way, the entire svstem can
be very efiictent, as much as 30 per cent
of the electrical power fed to the voice
coil resulting in useful acoustic output,
compared to just a few per cent with
simple cones and the resulting impedance
mismatch. The improvement which re-
sults is principally in the low irequencies,
because the same power is expended in
driving a small amount of air fast as in
driving a large amount slowly. The
speaker couples enough power in the fast
high-frequency vibrations to the small
volume of air near the cone, and the cone
itseli has a hornlike tlare. But note that
most tweeters use lorns to couple the
rather small diaphragms to a larger vol-
ume oi air.

Every exponential horn has a low-
frequency cutoft, helow which it will not
operate satistactorily. This is determined
by the flare rate (the distance in which
cross-section area doubles) and the

mouth diameter. A practical horn for use
down to around 50 c¢ps might have a
length of 16 feet or more and a mouth
diameter of perhaps 14 feet. Such a mon-
ster would hardly nt into the average
living room, so straight horns are to be
found only in the possession of those
whom we will {or the sake of politeness
call very special people.

It is possible, however, to fold the
horn so that it occupies much less space,
and then to use the walls of a corner of
the room as an extension of it. This 1s a
considerable compromise, for the flare is
no longer gradual and the bends intro-
duce side effects. However, it is practical
and there are some very fine folded-horn
enclosures

One of the earliest to become popular
and still among the best is that invented
by Panl W. Klipsch, sold by the inven-
tor’s own firm as the Klipschorn and hy
other firms under license by other names.
The Klipschorn is shown in f7ig. 30. The
top section holds a tweeter, while the
lower section encloses the horn.

Uniortunately, the inside of a folded-
horn enclosure is too complex to be
shown clearly other than by a rather
complete set of drawings—and even then
it takes a mechanical engineer to get a
mental picture of what it 1s. The cutaway
drawing of /7ig. 31 is of an early Klipsch
folded horn and simply gives some idea
of the complexity of the mside. The gen-
eral idea 1s to enclose the speaker in a
fairly small space inside the cabinet and

every
note
in the
score

plus the subtle inflections
that bring the music to life. ..

the wide acceptance of Bozak Speakers
and Speaker Systems is a tribute to their

“©

Ly

subtle perfections, to the realism and
listening ease they bring to a good music system.

d The Very Best in Sound

=

Catalogs of Bozak Loudspeakers
and Speaker Systems on Request

BOZAK

S Export Office: Electronics Manufacturers'

24 el

114 Manhattan Street -«

Stamford °* Connecticut

Export Company, Hicksville, New York

-

Fig. 30. The Klipschorn is one of the most
popular and best sounding embodiments of the
folded-horn idea. Designed for room-corner
placement, it leads sound from the speaker
cone front through a path of gradually increas-
ing cross-section, then lets it emerge from the
enclosure sides so that the room walls act as
extensions of the horn.

then lead the sound ont through a sort
of winding tunnel or labyrinth whose
cross-section area grows larger as grad-
ually as possible. In the Klipsch design
the sound emerges at the sides of the en-
closure and the walls of the room are
used as a horn extension. The enclosure
is placed in a corner for this purpose.
The photograph of IFig. 32 shows the
LEE catenoid folded horn, an enclosure
of the horn tvpe using a rate of flare
computed according to the so-called ca-
tenoid curve, which we will not bother
to explain mathematically. A vertical

Fig. 31. This partially cutaway view of an early
Klipsch horn gives some idea of the complexity
of the inside panels, through like most drawings
of folded horns fails to illustrate clearly the
exact path which the sound follows.
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Fig. 32. This is a folded-horn enclosure made
by Laboratory of Electronic Engineering, Inc.
Its rate of cross-section areo incrcase is not
exponential but is based on the catenoid curve,
claimed to have certain advantages.

cross-cection of this horn is shown in
Fig. 33 ¢iving some idea of how the in
ternal horn is constructed. Figure 34
shows a transparent model of the enclo-
sure with arrows giving an idea of the
path taken by the sound. As photo-
graphed the apex of the triangular enclo-
sure which fits into the room corner 1s
facing the reader. Many horn-type en-
closures use the horn only for bass re-
inforcement. These have the speaker at-
tached over a hole in the front panel so
that there 1s direct radiation, then lead
the back wave from the rear of the
speaker through a folded horn and into
the wall corner.

Choosing and Installing Speaker Systems

While the information we have given
up to thi: point is a help 1 that the pur-
chaser of almost any article does better
if he knows how the gadget he is buyving
works. selection of anyone’s ideal speaker
svstem 1= still a matter of choice and
comproniise from many angles.

LEE CATENOID

N

VERTICAL CROSS SECTION

Fig. 33. A horizontal cross-section of the LEE

catenoid-curve horn gives some idca of the

configuration inside the cabinet to give gradual

horn effect. The horn mouth does not expand

relatively as rapidly as this drawing indicates;

some components cannot be shown in this draw-
ing
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AtLast!

THE SPEAKER THAT PRODUCES

e
&
NOTE: Because l}iefllew
Hartley 215 has no res xgancc,
a non-resonant baﬂlezsl'\?:ld
be used. The bass-reflex,>and
other conventional enclosures
are tuned resonant systeins.
For best results the Hartley
BOFFLE Enclosure is recom-
mended...available in single,
dual, and 4-speaker models.

Priced from $50.75.

Sound

Fiddles, trumpets, drums... these are
musical instruments. They produce
sound. And resonances are deliberately
created to give the sound timbre and
identity.

The loudspeaker, however, is not a
musical instrument. Its specific func-
tion is to reproduce sound. It must
in no way add to the sound it repro-
duces. It must be free from resonance,
and free from distortion.

The HARTLEY 215 has no resonance...

. and produces no distortion.

Laboratory measurements have con-
firmed this fact, time and time again.
AB comparison listening tests have
likewise revealed the superior perform-

ance of the HARTLEY 215.

Treat yourself to an earful.

Substitute a HARTLEY 215 in any
system. Instantly you will hear the
difference . . . clean bass, smooth highs
...and a sense of realism and presence
that will amaze you.

Duty paid Orly $65

HARTLEY 215

At franchised dealers or write to:  All-1

H. A. HARTLEY CO., INC.
521 EAST 162nd ST., BRONX 51, N. Y.
LUdlow 5-4239
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