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MANUFACTURERS OF SEAMLESS
AND LOCK SEAM CATHODE SLEEVES
AND SMALL SEAMLESS TUBING IN
VARIOUS METALS AND ALLOYS.

IGHT up another candle for the festive cake! It's an occasion—our
Third Birthday, in fact. And we are, this November, both old
enough and young enough to indulge in a bit of pardonable boasting.
We've made a lot of seamless tubing in those three years—20 million
feet of it. We have trebled plant capacity, multiplied our personnel
and installed automatic machinery the like of which exists nowhere
else. In 1934 we produced tubing for two industries only. Today, 44
different industries are represented in our books. The original force of
three employees found $56.25 in its first week's pay envelope. To date
we have paid out more than $400,000 in “Superior” wages.

But, with it all, we haven't changed in the least. Our original plans,
policies, and managing personnel are intact. And our attitude toward
this business and its customers is the same today as when we drew
our first length of tubing in 1934. This appreciation of our job has, we
think, helped us to build "volume without distortion”.

You are most cordially invited to visit us here at Norristown and
see what you think.

SUPERIOR

TUBE COMPANY

NORRISTOWN, PENNSYLVANIA
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Sketch of coupling shaft gear-
ing. Shaft passes thru worm
wheel hub and is clamped by
split collet on end of hub. This
arrangement permits a nice ad-
justmment of shaft length to
assure smooth operation.
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Above: Auto Radio
remote control
head for dash
board mounting.
The two main
shafts carry remote
control of tuning
and volume to re-
ceiver. The short
curved shaft
‘‘couples’?
tuning shaft to dial
pointer.

of the effective
application of

FLEXIBLE SHAFTS

Of special interest is the use of
the short coupling shaft for op-
erating the dial pointer from the
tuning shaft. Note also how read-
ily the flexible shaft is combined
with gearing.

While the remote control shaft
and the coupling shaft in this
application are of the same di-
ameter, they differ considerably
in physical characteristics. The
former, developed specially for
remote control, combines these
features: Minimum torsional de-
flection; Equal deflection for
either direction of rotation; Low
internal friction. The coupling
shaft, developed specially for
coupling under conditions of very
light load and curves of small ra-
dius, is characterized by extreme
flexibility and internal friction so
low as to be negligible.

These shafts are but two in the
large range of diameters and wide
diversity of physical characteris-
tics in which S. S. WHITE flex-
ible shafts are available, including
types for power drives with prop-
erties suited to the continuous
transmission of power at high or
low speeds.

May we remind engineers that we
are always ready, without obliga-
tion, to cooperate in selecting the
proper shaft for a particular pur-
pose and in working out the engi-
neering details of its application.
Just send us essential data and we
will submit our recommendations.

The S. S. WHITE Dental Mig. Co.
INDUSTRIAL DIVISION

10 East 40th St., Room 2310E, New York, N. Y.
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® Here is a new motor, fresh from the Alliance engineering department, specifically designed
for use in radio tuning by “push-button” control. Like other Alliance motors for special drive

purposes, the new Model “R” is the last word in silent, trouble free performance,

Exclusive safety and dependability features make the Model
“R"” motor the most rugged and efficient of its kind. Securely

WRITE -
WIRE - -
OR PHONE- - -

mounted, self-aligning, oilless bearings guarantee permanent
shaft alignment and noiseless operation. Thermostatic protection
against accidental burning out, plus ample heat radiating area
provided by the housing, make the Model “R” ideal for concealed
positions. Yet the overall dimensions are only 28" x 2V8” x 112",

The Alliance Model “R” motor can be had now in large quan-
tities at low cost. Mounting and gear assemblies will be supplied
to meet your particular demands and specifications.

ALLIANCE MANUFACTURING COMPANY, ALLIANCE, O

ELECTRONICS — November 1937 5



‘ All parts shown above are made from high-frequency material, Alsimag 196, a material that
' complies with Navy Specifications for Class “G" insulation.
' ]‘ You can definitely reduce losses and increase performance by the use of this true steatite ceramic.
. Our Engineering Department will be glad to help you devise a design that will permit the use of
this material at minimum cost.

Write for Property Chart on our ceramic materials.

Sales Offices (See phone book)

New York Philadelphia Cleveland Chicago Laos Angeles
| Boston Washington Toronto St. Louis San Francisco

TMERICAN [AVA CORPORATION Cha

"
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Low Loss Insulation
. oo for Many Varied Parts

BAKELITE CORPORATION, 24
BAKELITE CORPORATION OF CANADA. LIMITED. 163 Dufferin Street. Toront
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THE rapidly increasing use of
special Low Loss Bakelite
Molded in eleetronic devices is due
1o two imlmrlzml u(l\'unlugvs com-
bined in this unusual dielectric.
Not only does this material possess
an exceptionally low loss factor,but,
also, it is readily adaptable to form-
ing into practically any shape.

At 1,000,000 cycles, Low Loss
Bakelite Molded possesses a loss-
factor of only 14% of the value
obtained with General Purpose
Bakelite Molded. It may be formed
with great accuracy into finished
parts, in one molding operation.
All grooves, bosses, through-holes,
and metal inserts are permanently
incorporated during the same mold-
ing operation.

The wide adaptability of this di-
electric is illustrated by a typical
group of Low Loss Bakelite Molded
parts employed by the National Com-
pany, Inc. Parts pictured are: par-
tition for high-frequency conden-
ser; contact board for automatic
coil-plug-in; coil-and-condenser
board for same mechanism; and
parts for crystal holders.

Other advantageous applications
of Low Loss Bakelite Molded are
practically unlimited. We invite you
to consult us regarding specific ap-
plications. Also write for reference
booklet 13M, “Bakelite Molded”,
containing data on numerous types
of Bakelite Molded.

(Left) Low Loss Bakelite Molded parts for
condensers, receivers and crystal holders
produced by National Company, Inc.

AVENUE, NEW YORK, N.Y.

W est Coast : Electrical Specialty Co.. Inc.. 316 Eleventh Street, San Francisco, Cal.
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THE MATERIAL OF A THOUSAND USES
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Model 763 is furnished with or without

a compact, direct-reading

(Model 763)
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Actual panel size
of Model 763
1s 515" x 814"
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carrying case. Ideal for use in the field, T :

on the test floor or in the laboratory.
Send for literature . . . Weston Elec-
trical Instrument Corporation, 618 Fre-

linghuysen Ave., Newark, New Jersey.
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A Are you designing
SPR I NGS for finer quality and
MITELTTIY better performance
MRy af lower costs?

_ Production economies with improved performance can go
chPlETE ASSEMBLIES hand in hand if che designer enlists the services of a concern
' that appreciates his difhiculties.

Here at “Hunter” we have two separate and distinct
plants, each specializing in the work its personnel can do
better, quicker, cheaper. In one plant we fabricate Mechani-
cal Coil Springs, Wire Forms, Metal Stampings and Machine
Screw parts . . . Latest equipment for grinding, plating,
japanning, heat treating, etc., speeds delivery and cuts proc-
essing costs. At our other plant a highly trained organizadon
does nothing but mechanical and electrical assemblies—work
which many of America’s important radio manufacturers
have found can be done more efficiently here than in their
own shops.

If we can save you a split-cent on a minor part or several
dollars on a chassis assembly our facilities are well worth

investigating. Your request for an estimate will receive

immediate attention.

THE HUNTER PRESSED STEEI. CO0.

LANSDALE . . PENNA.

ELECTRONICS — November 1937 9



Plenty of Action but No Progress

If vou want 1o picture plenty of

action but no progress, page Mr.
Squirrel. With his famous cage he
offers a parallel that has become
threadbave— threadbare because it
1S S0 apt. \pl because every at-
tempt to develop a product or
tmprove an operation has its
s:luirr('l-in-u-('ug(' moments.

\tsuch moments Mallory first met
most of its valued customers. The
Mallory business has been built by
helping manufacturers reduce the
duration of those ““round and
round” periods.

Mallory accomphishments have
touched many fields including the
automotive, radio and eleetrical
idustries. Mallory developed the
electrode material for the new
welding technique that made

streamline trains possible.  Auto-
mobile radio became a practical
achievement through Mallory-
made vibrators. M allorv produced

We interrupt  this anlol)i()graphv
here because your interest, as well

as ours, 1s nol so much in what
Mallory  has done, but in ‘what
Mallory can do for vou todav— _
and tomorrow. I b

To give vou a quick, concise pic-
ture of our factlities we have listed
nine groups of problemsin the panel.
These are the fields in which we
have the technieal knowledge and
experience to help. We hope vouwill
turn to us when sueh
problemsconfront vou.

You can be assured of
an aclive and sincere

interest.

Metal Fabricating Proble

Contact Problem

ms whm‘o| re-

» used—See Mallory
Tstance welding may be uset > fallory 208
btlglE:gs(ignuncc welding electrodes und ad
s 1m'olv\ngl the lrlrzlklsr:?~

i stri reuit —

R aking of an electrical c:)v ,—See
Mi‘qllbl:i:“r(l):'lbconructs and vnglnurm_gc.ﬁs‘xgv ‘
{\' r‘i('((*)(’l\ﬂlullnry has served the ¢ }rcgn
d‘tmry for more than twenty years).

greme hardness. high ('(mtlucti\'ilq}("(:‘\ R(‘lﬁll'(t)lrx;
ile sgrength are necessary=- ullosy
forallos rating these characteristics.

Non-Ferrous Alloy Problems where cx- 1 j

toralloysincorpo

Special Bi-Metal Problems.-See Mallory

about bi-metals for ghermostats and other

requirements. .
Rectification of A/C to D/C'CD::.I’;;-
Problems--See Mallory r(‘w‘ D(.r)
tiflers and engineering assistan u,(‘ .
Condenser Problems where AI/A ¢ |?ossibly
Dry IEI(X'Frolylt,\if :l‘,(;)rl;;lenscu it} S
--See Mu .
S and § 1Electrical Switches

Smalland Specia L Tap and

—See Mallory for Selector, Cireul

All-Wave tvDes 4 Flexible
isi Heavy-Duty an I
P‘l’ie:s‘is;:;s—l’owet Rheostats -- See

NMallory o
% se Mallory . What
Electrical Vibrators--Sec M“ﬂe v 31 r the
problem --
in ruadio or
mdusillry ;;'
M a 0
probably
has thean-
gwer and
the engl-
neers to
solve it

P. R. MALLORY & CO., Inc., INDIANAPOLIS, INDIANA

Cable Address — PELMALLO

10
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» ALLOCATING MEGACYCLES. ..
In extending its jurisdiction through-
out the ultrahigh frequeney range as
high as 300 megacycles, as it did last
month, the FCC has given a new status
to a region previously reserved for am-
ateurs and experimental research alone.
The allocation of the region to services,
on the same basis as in the lower fre-
quency bands, will now proceed with
commercial as well as experimental
interests in the picture. In their an-
nouncement the FCC indicated that
seven channels, each six megacycles
wide had been reserved for television,
from 44 to 108 megacycles, and twelve
others from 156 to 300 megacycles.
Thus the one-time conflict between in-
dustrial and governmental interests has
been resolved, and television is assured
of adequate space for further experi-
ment and eventual commercialization.
Of great importance are the 75 addi-
tional broadcast station channels be-
tween 41.02 and 43.98 megacycles,
which when utilized will create a large
market for reliable receivers in this
range. Also in the new picture are
government services, mobile press serv-
ices for newsgathering and police ra-
dio, the latter to receive 29 new as-
signments.

» LORD RUTHERFORD . . .On Oc-
tober 19th the scientific world suffered
the loss of one of its most distinguished
men, the dean of atomic physics, Lord
Rutherford. Lord Rutherford served
not only as an original investigator,
but as an administrator of scientific
research. His early researches into
the mysteries of radioactivity led him
to the discovery of the nuclear nature
of the atom. The influence of this
discovery on the subsequent course of
theoretical and practical electronics
can hardly be estimated. Without it,
the theory of the conduction of elec-
tricity in gases, and the attendant pro-
duction of light, both so vital to present
electronic practice, would have re-
mained a mass of contradictory evi-
dence. It is not hard to trace the de-
velopment of the sodium lamp, the most
efficient artificial illuminant known,
back through Bohr’s theory of the pro-
duction of spectral lines to the atomie
nucleus which is its central feature.
Perhaps further afield from electronic
engineering, but of equal great im-

Crosstalk

portance in medicine and pure science
is the vast region of discovery which
Lord Rutherford opened up in radio-
activity, both natural and artificial,
and the transmutation of elements.
If, as many believe, man may eventu-
ally obtain power from nuclear trans-
formations, certainly Lord Rutherford
must be given credit for initiating the
most significant scientific conquest ever
undertaken.

» TELEVISION APPROACHES .
Two announcements from RCA aftili-
ates indicate that steps have been
taken to bring television one more
jump nearer to practical realization.
Expanding the scope of its experi-
mental television program, the Na-
tional Broadcasting Co. inaugurated
outdoor pick-ups on October 18 with
a mobile television station, according
to a statement of Lenox R. Lohr, NBC
president. Such portable station will
enable NBC engineers to supplement
their knowledge of studio technique
with experience gained by pick-ups in
the field. The portable television sta-
tion will consist of two specially con-
structed motor vans, each about the
size of a large bus.

Also announced in the middle of
October came news from Radiotron of
the release of two magnetically de-
flected kinescopes intended for experi-
mental and amateur television recep-
tion. One of these tubes has a 9 inch
screen, the other a 5 inch screen. Both
have screens of medium persistence and
produce an image with a yellow hue.

» DUBILIER . . For a quarter of
of century, which is the life span of
radio, the name of William Dubilier
has been associated with fixed con-
densers, and many have been the re-
ceivers and transmitters which have
been built with Dubilier units in them.
In 1912 a small factory in London be-
gan building products which were to
spell the doom of the Leyden jar. This
was the Dubilier Electric Company.
Today that company has grown from
one of two rooms to one which covers
8 acres of space.

Commemorating the quarter century
mark in the existence of the company
the English company presented founder
William Dubilier with an illuminated

KEITH HENNEY

Editor

seroll which said very complimentary
things. The American company is even
older, founded in 1910 and, like its
English cousin has had a fine grow-
ing life.

» EXPPANSION . .Newspapers
have carried the aceount of how Allen
B. DuMont is to move his cathode ray
tube plant into a new, and much larger
factory. Six years ago the DuMont
factory consisted of a few pumps and
exhaust positions in the basement of
his home, and the growth of his busi-
ness from that meager beginning is
like a Horatio Alger story. Much of
the present wide sale of the cathode
ray tubes is due to the early mission-
ary work and the continual develop-
ment and manufacturing of such tubes
by Mr. DuMont.

» CONFERENCE . . . At Ohio State
University, February 7 to 19, will occur
a broadcast engineering conference in-
tended to interest broadcast station
engineers. In addition to members of
the university staff, certain outsiders
from all branches of the broadcast
industry will be on the program and
will discuss such subjects as high
powered amplifiers, ultra high fre-
quency propagation, antenna design,
modulation and distortion measure-
ments, studio acoustics, ete.

Professor W. L. Everitt of the de-
partment of electrical engineering is
in charge of this projeet which prom-
ises much of interest for broadcast
engineers who can arrange to be in
Columbus at the time of the meetings.

» MAYBE YOU'VE HEARD THIS
ONE ... Into the plant of a very large
manufacturer of tubes (not in America)
marched three members of a far east-
ern race, armed with cameras, under
instruction to shoot everything. They
shot in relays, so that no matter how
fast they were taken through the place,
one of them got the picture. At the end
of the tour they felt they had every-
thing. Finally they were taken to the
X-ray department where, like the other
rooms they had seen, they were given
an actual demonstration. X-rays per-
meated everything including cameras
and films. That’s the end of the story.
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News Pictures by Wire

INCE about June 1935 extensive

commercial application has been
made in the newspaper field of the
transmission of pictures using tele-
phone lines as the transmission
medium. Various news picture sys-
tems are now in operation including
those of Acme News Pictures, Asso-
ciated Press, Finch Telecommunica-
tions (licensing the Hearst picture
system), International News Photo,
and the Times Wide World. Port-
able equipment has been devel-
oped for most of these systems so
that pictures can be transmitted
from any point in the country where
there are 110 volt lines and telephone
service available. Pictures from re-
mote centers are {ransmitted by
portable equipment to the news bu-
reaus in the larger cities all over the
country from which local distribu-
tion is made. The flexibility and
wide coverage of this general sys-
tem, coupled with the fact that the
transmitted pictures have suflicient
detail for the half-tone screens used
in newspaper work, have frequently
enabled newspapers to illustrate
events while they were taking place.

12

It is no longer uncommon to see pic-
tures in the newspapers of a football
game hundreds of miles distant be-
fore the game is completed.

The success of this comparatively
new means of communication hinges
on the electron tube and the avail-
ability of well maintained long dis-
tance telephone lines which in turn,
are made possible through vacuum
tubes.

The elements underlying all of the
news telephoto systems in commer-
cial use are shown schematically
above. In many cases one particular
function may be accomplished in
more than one manner; where alter-
native arrangements are in general
use, these are indicated by means
of dashed lines.

The complete picture transmitting
system consists of (1) a transmitter,
(2) the long distance (or local) tele-
phone system and (3) the receiver.

Electrical communication, in gen-
eral, is carried out by varying the
current (or the voltage) of the sys-
tem. Since the current ecannot be
varied instantaneously, and since it
can only have one value in a given

circuit at any one time, all electrical
systems convert intelligence into sin-
gle valued functions variable with re-
spect to time. These variations in
turn are converted into time varia-
tions of current. In the case of
picture transmission, the conversion
into elements of the intelligence to
be transmitted (the picture) is ac-
complished by scanning the picture.
Scanning breaks down the picture
systematically into elementary areas
of white, black, and varying shades
of gray, one after the other, so that
a time varying electrical current may
be produced whose variations will
correspond with the variations of
gray in the picture. Picture scanning
is accomplished by picking up
reflected light from the various ele-
ments of the picture as the relative
positions of the picture and the pick-
up phototube are varied. In practice,
the picture to be transmitted is
wrapped around a drum or cylinder
in the transmitting equipment. The
drum revolves about its own axis
when the clutch connecting it with
the driving mechanism is engaged,
while a lead screw to which the drum

November 1937 — ELECTRONICS



on these two pages.

tial elements and operations in a fixed or portuble transmitter.
methods of coupling to the telephone circuit are shown.
mission the telephone microphone is muffled.

A complete picture transmission and receiving system (s indicated schematically
The illustration on the opposite puge represenis the essen-

Alternative
During picture trans-
The receiving portion of the

svstem, shown in schematic form below, produces a film negative from which
prints may be made. The receiving drum must, of course, be operated in

)

(
Coupling
coil

Receiving amplifies

4 Local
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exchange
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\
\ 7
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is coupled carries the drum along
laterally in a direction parallel to its
axis. Because of the rotating and
translating motion of the cylinder,
any fixed spot on the circumference
on the drum will describe a spiral.
All points of the picture are scanned
in due time,

The drum, with the picture, is
driven by a motor or similar drive
mechanism so arranged that the
speed of rotation can be accurately
fixed and determined, relatively if not
absolutely with respect to that of a
similar drum in the receiving end.
Connecting the driving motor with
the picture drum is a clutch-engag-
ing or phasing mechanism which in-

sures that the received picture be
correctly positioned or “phased” with
respect to the negative upon which
the received picture is to be built so
that the center of the transmitted
picture falls on the center of the neg-
ative in the receiving drum, and not
at one of the edges so that the pic-
ture appears to be sliced in the mid-
dle. The speed of rotation of the
driving mechanism is determined by
the synchronizing device which con-
sists, essentially, of a source of a.c.
of precisely determined and con-
stant frequency. The clutch and

synchronizing device for both the re-

celving and transmitting drums must
be so designed and operated that both

ELECTRONICS — November 1937

drums start simultaneously from the
same position relative to the picture,
and keep precisely in step for the
duration of picture transmission.
Synchronizing may be accomp-
lished either by (1) maintaining very
precise frequency or time determin-
ing systems at both the transmitting
and receiving ends of the system, or,
(2) by sending from the transmitt-
ing end, a signal frequency or series
of impulses which may be employed
at the receiving end to assure that
both drums run in step.
Variations in density of the ele-
mentary areas of the print on the
transmitting station drum produce
varying amounts of reflected light
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from the illuminated spot as the
drum rotates. Light reflected from
the scanning spot falls on a photo-
tube where the variations in light in-
tensity produce currents varying in
amplitude in accordance with the re-
flectance of the photographic print.
As a general rule the variations due
to scanning occur at frequencies of
from zero up to several hundred or
perhaps a thousand cycles per second,
which could not be transmitted over
the telephone line without severe dis-
tortion and loss of picture detail. To
transmit the picture over telephone
wires, the frequency is shifted to
about 2,000 cycles.

This is accomplished through the
use of a generator which combines

One of the

Telecommunications.

of Finch

The drum will

transmitters

hold pictures 117 x 21”7

¢
.3
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in the modulator ecircuit the car-
rier frequency and the picture fre-
quency coming from the phototube.
The modulating process is similar to
that employed in carrier telegraphy
or telephony, or in radio communica-
tion systems. Although the schem-
atic diagram shows a carrier fre-
quency generator feeding the photo-
tube amplifier and modulator, the
carrier may be generated by inter-
rupting the light beam before it
reaches the phototube.

Basically, this is all there is to the
transmitting system, although of
course many necessary refinements
and details have been neglected in
presenting this brief sketch of the
transmitter operation. The next step
is to couple the transmitter to the
telephone line, a step which gave
some of the early workers in the
field, as well as the telephone com-
panies some concern.

Once having at the output of the
transmitter amplifier-modulator a
signal at audible frequencies it does
not seem very difficult to transmit
this over a telephone line. Pictures
could be transmitted (and some early
ones were) by feeding the output
of the amplifier-modulator into a
headset, loud speaker or other elec-
tro-acoustic transducer, and placing
this in front of the carbon micro-
phone of the phone. A later and
hetter development was that of elec-
tromagnetically coupling the ampli-
fier-modulator to the magnetic cir-
cuit of the phone receiver or to the
coil box, as shown in the diagram.
At the present time both electro-
magnetic coupling systems are in
use; both operate without affixing
any attachments to the physical
equipment of the telephone com-
panies, and both enable the user
to obtain the desired result. Acous-
tic coupling to the transmitter has
been abandoned largely because of
microphone noise and the superior-
ity of the magnetic coupling method.
When the sound picture equipment
is coupled to the telephone circuit
it is, of course, essential that the
telephone be maintained in a quiet
locality or that noise is kept from
entering the microphone by placing
the hand or a rubber cap over the
mouthpiece. Failure to observe this
precaution may mean ruining the
picture transmittion because speech
picked-up by the microphone is
transmitted in addition to the pic-

ture. From the telephone, the cireuit
Is continued in the usual manner
as an ordinary telephone circuit.

The essential elements of the tele-
picture system as given above are
the same for transmission between
fixed or portable stations.

The Receiving End

At the receiving end the signal is
picked off the telephone line by
means of electromagnetic coupling
coils, and is fed to the receiving
amplifier, demodulator, and filters.
The demodulator translates the pic-
ture frequency from the side-band
frequencies to the original low fre-
quency values it originally had when
coming out of the phototube circuit
in the transmitting end (0 to about
1 kec.) and the filters are used to
separate the various frequency com-
ponents so that they may be used
in whatever manner is necessary or
desirable.

The picture frequency components
are fed to an optical system in such
a way that the light source at the
receiving end is made to vary in
accordance with the received pic-
ture signal. In the schematic dia-
gram, the light-source is shown as
being actuated directly from the
modulator, and this system is in
use. Other systems are also in use
in which the light source is main-
tained constant in its intensity; the
intensity of the light striking the
negative being varied by means of a
light wvalve, vibrating mirror or
similar arrangement.

The varying intensity spot of light
is then focused on the negative
wrapped around the receiving drum.
As the receiving drum rotates the
varying intensity of the light source
builds up, element by element, a pic-
ture or latent image on the negative.
At the conclusion of the picture
transmission, the negative is de-
veloped, fixed, and washed after
which positive prints can be made
in any desired number.*

Operation of Telepicture System

In operating the system, the pho-
tegraph to be transmitted is placed
on the rotating drum, the transmit-

* For additional information on the details
of operation of picture transmission systemns
the reader is referred to:

“Facsimile Transmission” by I'{ Ranger,
“Radio Engineering Handbook”, ond ed.

“Facesimile Transmission and’ Reception”
by Maurice Artzt, ‘Flectrical anmeels
Handbook; Commumcntxon and Electronies™.
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ting set is connected to a source
of power, and the synchronizing de-
vice i3 warmed up or put into opera-
tion. In several systems tuning
forks with temperature compensa-
tion are used in the synchronizing
device, so that it is desirable that
these forks reach equilibrium
temperature before transmission is
begun.

The picture transmitting operator
then places a long distance call to
the point at which the picture is to
be received, and make whatever ar-
rangements are necessary for the
transmission. At fixed receiving
points, the receiving equipment is
normally maintained in readiness.
The receiving drums are stocked
with film, the amplifying, demodu-
lating, synchronizing, monitoring,
and protective equipment is usually
in continuous operation, and the
receiving equipment is usually per-
manently coupled to the telephone
line. All of these operations must be
carried out before the picture oper-
ator is ready to receive the picture.

When both stations are ready for
the picture, and when voice con-
versations are completed, the trans-
mitting picture operator couples the
transmitter to the telephone line (as
for instance by placing the re-
ceiver on top of a coupling coil
in the picture transmitter). The
transmitting operator then trans-
mits white and black in order to
enable the receiving operator to de-
termine the range of transmissions
which will be required by the pic-
ture, as well as the general level of
transmission. This is done by flash-
ing the scanning spot on to a per-
fectly white picture spot for a few
geconds, and following this by flash-
ing the scanning spot on to a black
spot. Sometimes these white and
black areas are selected from the
picture itself; in other cases a strip
of paper or painted metal at the
end of the drum serves the same
purpose.

The white spot at the end of the
transmitting drum usually also
gerves as a phasing mechanism, since
the edges of the picture are aligned
with this spot. After the transmis-
sion levels are adjusted, phasing of
the receiving and trangmitting
drums is usually carried out by set-
ing the transmitting drum into oper-
ation with the secanning spot travers-
ing the black band with white spot,

Picture equipment of Acme Newspictures.
left in permanent installations, and the receiving drum at the right.

The transmitting drum is at the

Sim-

plicity is the kevnote of the relay rack control panel which contains a
cathode ray tube in the upper left corner

shown on page 12. Each time the
scanning spot traverses the white
spot (i.e.,, once per revolution) an
impulse is transmitted over the line
and is manifested by a sudden, sharp
increase in intensityv of the receiving
lamp. In some systems this impulse
is made audible through the use
of a loud speaker. The receiving
operator aligns the receiving drum
with the phasing signal in such a
manner that the phasing signal is
received at that part of the drum
where the edges of the negative come
together. When this phasing opera-
tion is completed, both pieces of
terminal equipment are adjusted to
transmit the picture proper.
Transmission of the picture
usually follows the phasing opera-
tion automatically for the scanning
spot automatically begins covering
the picture as soon as it leaves the
phasing band. During the transmis-
sion of the picture the telephone
microphone must be silenced to pre-
vent acoustic pick-up which would
be transmitted over the line with
the picture and become evident as
streaks or blurs in the picture. There
is nothing for the transmitting or
receiving operator to do now until
the complete picture has been
scanned. The length of time re-
quired to scan a complete picture
depends upon the size of the picture,
the detail required, and, to a lesser
extent, upon the system in use. As
a rough indication, it may be said
that an 8” x 10” picture can be com-
pletely scanned in about 10 minutes.
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In most of the systems the com-
pletion of picture transmission is
signified by a change in amplitude,
pitch, or characteristic signal
emanating from a monitoring loud
speaker at the receiving station.

The transmitting operator “un-
muffles” the phone mouthpiece and
sends the caption for the picture (if
this was not transmitted as a por-
tion of the picture itself) signs off
and packs up his belongings and
moves along. The receiving operator
removes the negative from the drum
to a developing bath, fixes the nega-
tive, washes it, and makes as many
prints as required.

Such is the general system of
operation. Should conditions require,
the same picture could usually be
transmitted to a number of sta-
tions simultaneously by putting all
the receiving sets on the same net-
work at the same time. In some
instances it is also possible to oper-
ate the receiving equipment in such
a manner that the received picture
is an enlargement of the transmitted
picture by the simple expedient of
making the diameters of the receiv-
ing and transmitting drums, respec-
tively, in the same ratio as the en-
largement.

Through the transmission of three
color separation prints, it is possi-
ble to build up in the receiving
drum three color separation nega-
tives, from which, with proper pho-
tographic processing and dyeing, a
color print can be made at the re
ceiving end. Walter Howey of Inter-
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Portable picture transmitting equipment of the Associated Press

national News Photo, and W. G. H.
Finch of Finch Telecommunications
have transmitted “color prints” in
this manner, but there is little de-
mand on the part of newspapers for
this type of material.

With this general description of
the process as a matter of systems
operations, it now remains to say
something of the various commer-
cial systems in operation, the extent
of available services, and the gen-
eral features of each system.

Acme Newspictures

At the present time, the Acme-
NEA telephoto equipment consists of
9 fixed and 4 portable machines scat-
tered throughout the country. The
fixed equipment consists of a cen-
ter panel of the relay rack type
containing the amplifiers, modu-
lators, and adjustments for the
receiving and transmitting drums
which are located on either side of
the main panel. The controls have
been simplified and reduced to a
minimum, although provision is
made for visualizing various wave
forms by means of a cathode ray
oscilloscope.

The Acme equipment uses a
vacuum phototube as the light sensi-
tive element in the transmitting
equipment, light from a lamp be-
ing focused on the transmitting
drum. In the receiving end of the
circuit, the latent image is built up
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by illumination provided by an in-
candescent lamp, the output of which
is varied by a modulator unit.

Synchronization is carried out by
transmitting a low frequency syn-
chronizing tone over the line, this
synchronizing tone being obtained
from a motor-generator set which
also provides an 1800 cycle tone for
the carrier. A sideband of approxi-
mately 450 cycles (including the
third harmonic) is transmitted.

Pictures up to 77 x 9” can be car-
ried on the drums. The scanning
pitch is 100 lines per inch, with a
drum translation of 1 inch per min-
ute. Since the drums are 9 inches
in circumference, a 7" x 9” picture
can be transmitted in 7 minutes,
which represents a scanned area of
9 sq. in. per minute.

The portable equipment is light
and truly portable. It consists of
two separate units, each in its suit-
case container. One of these is the
picture drum and scanning unit, the
other contains the synchronizing
generator, amplifiers, and phone
coupling unit. Each unit is slightly
larger than a portable typewriter
case and operates from the 110 volt
a-c¢ line.

Associated Press

The Associated Press news pic-
ture system maintains a nation-wide
telephone network of high quality
lines leased from A. T. and T. Al

AP subscribers have available to
them the entire output of AP pic-
tures, although it is safe to say that
no editor uses the 60 to 80 pictures
which are transmitted during the
average day’s work. Another reason
why the AP system differs from most
of the other systems is because the
initial equipment was supplied by
the Bell system; and in characteris-
tic Bell system manner, each com-
ponent part is thoroughly and pains-
takingly constructed. The equipment
13 very solidly and substantially
built; it is accomplishing excellent
work. It is also elaborate and ex-
pensive.

Since the AP leases an entire net-
work of high quality lines from the
Bell system, it is only natural to
find in the New York office, center
of AP activities, relay racks filled
with Western Electric monitoring,
switching, and level indicating equip-
ment, with plenty of plugs, jacks,
and keys, so that any station in the
network can talk over the circuit to
any other station when no pictures
are being transmitted.

The standard fixed station equip-
ment has been described in the
technical literature.®

The scanning pitch is 100 lines
per minute, with a scanning velocity
of 20 inches per minute, covering 1

* A New Telephotograph System” by F.
W. Reynolds Electrical Engineering, Vol, 55,
No. 10, pp. 996-1007, Sept. 1936 ; Bell Syst.
Tech. Jour., Vol. XV, No. 3, pp. 549-574,
October 1936.
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linear inch of the drum in each
minute. Pictures up to 11”7 x 17”
can be transmitted, but the usual
practice is to trarsmit standard
8” x 10” pictures with a 1” caption.
Synchronization is by tuning fork
controlled oscillators, and phasing of
the receiving and transmitting
drums is automatic through the use
of relay clutch release arrangement.
The receiving drums are enclosed in
light-tight cases so that daylight
operation (except for photographic
processing) is possible.

The portable equipment is divided
into two separate units. One of these
contains the transmitting drum, driv-
ing motor, and scanning system
while the other holds the fork oscil-
lator, amplifying, modulating, and
other essential control equipment.
The units operate from 110 volts a.c.
or d.c. In addition, a 6 volt storage
battery is required to maintain the
crater lamp for scanning purposes
at the desired temperature.

The portable equipment uses
4” x 5” negatives with a scanning
spot 1/200” wide. This 4” x 5” pic-
ture is enlarged during transmission
so that the received negative is
8” x 10”, but has the same detail as
if received from a large print.

Complete portable equipment con-
gists of the two picture transmitting
units, a portable enlarging outfit, a
suitcase of photographic equipment,
and a portable typewriter.

Finch Telecommunications

The Fineh Telecommunication
gystem maintains 4 fixed stations
in New York, Illinois and California.

For the purpose for which it is used
portable equipment is not required,
although present equipment could be
used for portable work.

The light spot is produced by a
crater lamp and optical system and
is picked up by a caesium type pho-
totube. The scanning pitch is 100
lines per inch, and the drum travels
laterally 1 inch per minute. Since
the drum takes a picture 11” wide
the scanning speed is 1) feet per
second, or 11 sg. in. per minute.
Pictures up to 11”7 x 21” may be
transmitted.

The carrier is 1800 cycles. Side-
bands of 1200 cycles are produced
but the upper side-band is sup-
pressed. Synchronizing and phasing
are accomplished at every revolution
of the receiving and transmitting
drums by transmitting a 60 cycle
pulse which releases a relay at the
receiving station for every turn of
the transmitting relay. Ordinarily
the receiving drum rotates at a
slightly greater speed than that of
the transmitting drum, and is
stopped every revolution, until the
relay disengages the receiving drum
and permits it to make another turn.
In practice the two drums rotate at
speeds sufficiently close together that
the receiving drum is not stopped
during operation. With a system
which phases and synchronizes at
each revolution, the maximum dis-
placement of any one line element
is a small fraction of a complete
revolution.

In the receiving equipment, the
light source is maintained at con-
stant intensity and is directed on

to a small galvanometer mirror
which vibrates in accordance with
the amplitude of the received signal.
Light reflected from the mirror
passes through a rectangular aper-
ture before striking the negative,.
so that as the mirror is deflected,
less light passes through the aper-
ture and on to the negative.

International News Photo

The International News Photo
system consists of 15 fixed and 12
portable stations scattered through-
out the country, and uses equipment
developed by Walter Howey. A fea-
ture of this equipment is that the
same unit may be used either for
receiving or transmitting purposes,
as the scanning head is arranged to
change from the receiving to the
transmitting position by throwing a
switch. Thus, one unit suffices for
both transmission and reception, and
the fixed station units are also used
for portable work.

For transmission, the portion of
the drum from which the picture
element is to be taken is ‘“flood-
lighted” rather than “spot lighted”
as in most other systems. Selection
of the desired picture element is
made in the beam reflected from the
photograph to the phototube. The
scanning pitch is 96 lines per inch,
and the lateral travel of the drums
is 0.864 in. since these rotate at 90
r.p.m. The drums are slightly greater
than 8 in. in diameter and will ac-
commodate pictures up to 8” x 10”.
The area scanned is slightly less
than 7 sq. in. per minute.

(Continued on page 82)

The Times Wide World picture transmitter showing

The dials on

the sloping panel above the cylinders control the
adjustments for picture highlights and shadows

method of coupling to the telephone.
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News Photos.
ground determines whether the equipment is to act
as a transmitter or as a receiver

Combined receiver and transmitter of International

The position of the lever in the fore-
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Above, before the Empire State
radiator was erected a working
model of the antenna was con-
structed at the RCA Communica-
tions Laboratory at Rocky Point.
Even the metal top of the tower
was copied to study its eftect on
propagation characteristics

Below, the resonant coupling filter,
used to couple the outputs of the
vision and sound transmitters to the
single antenna (from which both
signals are radiated simultaneously)
without allowing energy from one
transmitter to enter the other
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“Empire State”
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NBC’s Television An-

i tenna Enters Its Second
1 ‘ Year of Experimental
Service

Left, nine horizontal di-poles, ar-
ranged in ftriangles of three, sur-
mount the Empire State Building
Tower, 1250 feet above Broadway,
New York. Above them is a wind-
velocity indicator and a single di-
pole for u-h-i high fidelity broad-
casting

Below, scene during the construction

of the antenna. The supporting rods

act as feeders to the di-pole ele-

ments (one shown parallel to top of
picture)
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Right., N. E. Lindenblad, L3 -
research engineer of RCA ' o
Communications, Rocky

Point, who was active in
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and the construction and P i

testing of the working R 1~
model g




Phonograph Pickup Tracking Error

VS
DISTORTION AND
RECORD WEAR

By BENJAMIN OLNEY
Stromberg-Carlson Telephone 3fg. Co., Rochester, N. Y.

OR several years past a feature
of phonographs produced abroad
has been some special arrangement
of the pickup arm for minimizing
the so-called tracking error, but it
is only lately that such devices have
made their appearance in this coun-
try. In 1930 the author became in-
terested in this subject through an
article published in a British Jour-
nal* and performed some experi-
ments in an effort to determine if
the usual amount of tracking errvor
caused a noticeable increase in dis-
tortion or in record wear. The re-
sults of the tests were negative and
were not published. Lately, however,
the notes c¢f the old experiments
were resurrected and a further
study made of the conditions govern-
ing distortion due to tracking error.
In any published articles which
have come to the attention of the
author it has apparently been as-
sumed that the amount of tracking
error usually presént in conven-
tional phonographs is harmful, but
neither experimental evidence nor
extensive analysis has been offered
in support of this view. In what
follows, the cause and the reduction
of tracking error will first be dealt
with. This is for the sake of com-
pleteness only, as these matters have
been fully discussed in recent publi-
cations.*® After some reference to
practical applications, the 1930 ex-
periments will be described and,
finally, an analysis of the eflect of
tracking error on distortion and
record wear will be offered.
In professional recording, the cut-
ter stylus generates the sound groove

by vibrating along a radius of the
rotating wax disc. Therefore, in a

theoretically correct reproducing
system the pickup must be so guided
that the line along which the needle
point is free to vibrate likewise
coincides at all times with a radius
of the record. Expressing the same
idea in a different way, we may say
that the vertical projection upon the
record surface of the axis about
which the needle vibrates must al-
ways be tangent to the groove at
the point of needle contact. This
criterion differs from that generally
given, which stipulates that the
projection of the needle upon the
record surface shall be tangent to
the groove. The distinction between
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1—Tracking conditions in a
conventional phonograph

Fiqg.

Fig. 2—Illustrating reduction of
tracking error by setting pickup at

an angle to arm

these two criteria should be borne
in mind, for it will subsequently be
shown that the last mentioned one
is lacking in generality.

The diagram of Fig. 1 illustrates
the tracking conditions that obtain
in a conventional phonograph. DC is
the axis of the arm, which swings
around its pivot at D. OC are radii
of the record. AB is the line of
vibration of the needle point and
lies at right angles to DC. The arm
pivot is so located that the needle
point swings through the center of
the record. It is obvious that the
condition for perfect tracking (AB
lying on a radius) is satisfied only
in the one (inactive) position where
the needle point falls on the center
of the record. In any other position
of the arm the line AB makes an
angle ACO with the radius. This is
called the tracking angle or track-
ing error. Curve A, Fig. 3, shows
the tracking error for a 9% inch
straight arm with the pickup
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Fig. 3- Tracking error curves for a
9% inch arm: A—Conventional ar-
rangement. B-—Line of needle vi-
bration set 74 degrees to arm axis,
needle swings through center of
record. C-Same as B except
needle swings !4 inch past center

of records

mounted in the conventional manner
and so located that the needle point
swings through the record center.
Now, referring to IFig. 2, let us
set the needle in the center of the
playing portion of the record and so
adjust the pickup to the arm that
the line of needle vibration AB co-
incides with a radius of the record.
The tracking error is now obviously
zero in the center of the playing
portion and is reduced to small equal
positive and negative values at the
start and finish of the recording.
Curve B, Fig. 3, shows the tracking
characteristic of the same 9% inch
arm which was the subject of curve
A, but with the pickup adjusted as
just described. By so locating the
arm pivot that the needle point
swings beyond rather than through
the record center a further reduc-
tion in tracking error can be accom-
plished. It has been considered un-
desirable to carry this too far, how-
ever, because of the development of
a force tending to draw the needle
against the inner side of the groove'.
Bird and Chorpening have shown
the relations among this overhang
distance, the arm length and the
angle at which the pickup is offset
which result in minimum average
tracking error®. Curve C, Fig. 3,
shows the tracking error when the
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pickup is so set on a 9% inch arm
that the line of needle point vibra-
tion makes an angle of 74 degrees
with the arm axis and the needle
swings 1 inch beyond the record
center. This is within about 11! de-
grees of the minimum error that
may be attained with an arm of this
length.

Perfect tracking throughout the
record would require the use of roll-
ing carriages or complicated par-
allel-motion linkages. As shown
above, however, a close approach to
the ideal case may be had with Spe-
cial arrangements of single, pivoted
arms. In Fig. 4 are shown three
such arrangements that have been
used to place the line of needle point
vibration (indicated by the double-
headed arrow) at a suitable angle to
the effective radius of arm swing.

It is interesting to note in passing
that the old acoustic phonographs
had their reproducers effectively off-
set in the manner of Fig. 4-C by
virtue of the “goose-neck’ construc-
tion employed, but the direction of
offset was toward rather than away
from the record center, thus pro-
ducing an increased tracking error
in all positions of the arm. Also, a
widely used professional magnetic
pickup is effectively offset to the in-
side in a like manner.

Another method of improving
tracking conditions consists in off-
setting radially the needle holder
from the axis about which it vi-
brates and so inelining it that the
needle point lies (as in conventional
arrangements) in a vertical plane
passing through the axis of rotation.
The essential features are illustrated
in the diagrams of Fig. 5, where A,
B and C are top, front and side
views, respectively, and where cer-
tain dimensions are exaggerated in
order more clearly to show the prin-
ciples involved. It is here that the
invalidity of the usual tracking eri-
terion previously referred to can be
demonstrated. In A it will be seen
that the projection of the needle it-
self is tangent to the groove as re-
quired by the above criterion. The
line of needle point vibration, how-
ever, still lies at right angles to the
axis of rotation of the needle holder,
precisely as though the needle were
mounted in the usual manner. Con-
sequently, there results a tracking
error measured by the angle 4, ac-
cording to the fundamental concept
that the reproducing point must,

for perfect tracking, vibrate along a
radius of the record the same as did
the recording cutter. It seems trivial
to point out in justification of the
above statements, that the path of
the needle point is determined only
by the radius z-y as the axis rotates,
and that the line x-z-y represent-
ing a rigid needle and holder may
take any course whatsoever between
its given terminii without upsetting
this relation.

If it be assumed that record wear
resulting from imperfect tracking
is caused solely by deviation of the
needle projection from tangency to
the playing circle and that small de-
partures of the line of needle point
vibration from a radius introduce
negligible distortion, the above ar-
rangement becomes equivalent in its
tracking characteristics to those
shown in Fig. 4. 1t is believed, how-
ever, that these distinctions are
without particular significance in
view of what follows.

Record Wear FEzxperiments
of 1930

These experiments were under-
taken to investigate the effect of
two widely different tracking error
conditions on record wear and dis-
tortion in reproduction, as indicated
by listening tests. Two synchronized
turntables were used, one being
equipped with a 9% inch straight
arm mounted in the conventional
manner and the other with a bent
arm of the same length so mounted
that the needle swung 1 inch past
the record center. Their tracking
error curves are shown as A and C
respectively in Fig. 3. The pickups
were of the low impedance, mag-
netic type chosen to have practically
identical electrical and mechanical
characteristics. The armature ac-
tion probably was more flexible than
that of the average pickup of that
period, the stiffness measured at
the needle point being of the order
of 5 x 10° dynes per cm. To insure
further the impartiality of the test,
the pickup heads were transposed
after each five playings. Steel nee-
dles, changed after each playing,
were used as the modern chromium
plated needles were not yet available.
Quick switching of either pickup to
the input of an amplifier of low dis-
tortion and adequate power output
capacity was provided.
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The sound reproducer was an
electro-dynamic loudspeaker having
an 8 inch diameter corrugated cone
with leather suspension, mounted in
a large baffle. The pickup and its
associated circuits cut off rather
sharply at about 4200 cycles, while
the loudspeaker was capable of re-
producing up to about 5000 cycles.
At least two experienced observers
listened at each test and others were
called in from time to time. For use
in these experiments, several new
pressings of Victor record 35985,
“Zampa Overture”, were obtained.
This particular record was chosen
because, first, the type of music and
the instrumentation were well suited
for judgments of quality and, sec-

detected, either as regarded quality
or surface noise. At this time com-
parisons also were made between
the two records that had been played
68 times and one of the new check
records. There was, of course, a
pronounced difference in surface
noise, but no difference in quality
could be detected.

After 90 playings the observers
still were unable to detect any dif-
ference in surface noise or quality
of reproduction between the two test
records associated with their given
tracking conditions. Furthermore,
no difference in quality was observed
upon comparing either of the ftest
records with a new check record.
Examination of the test records un-

progress, to detect with certainty
any difference between the reproduc-
tion afforded by the test records on
their respective phonographs. It
was concluded, therefore, that the
amount of tracking error present
with conventional pickup and arm
arrangements was not harmful
either as regards distortion or rec-
ord wear, and that further devel-
opment work tending toward its
reduction was unwarranted.

Analysis of Wave Distortion and
Wear Conditions

The recent revival of interest in
tracking error prompted the present
analysis which proposes to show,
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Fig. 4—Three arrangements for reducing tracking error
which are employed at the present time.
less error although affected by a slightly different method

ond, the recorded amplitudes were
very large in the fortissimo pas-
sages, rendering the groove walls
susceptible to breakdown in the
possible presence of unfavorable
tracking conditions. Two of these
pressings (which will be referred to
as the test records) were selected
for comparative tests on the two
turntables and the others were held
for checking purposes. Side A was
played throughout the experiment.
Careful listening comparisons made
at the start of the experiment did
not disclose any difference in the
quality of reproduction for the two
conditions of tracking. Similar tests
were made at first after each 5 play-
ings and toward the conclusion of
the experiment, after each 10 to 20
playings. After 68 playings, no dif-
ference between the reproduction
afforded by the two outfits could be

Each results in

der a microscope disclosed signs of
wear at the high amplitude waves
but, so far as the observers could
judge, the wear was substantially
the same for both conditions of
tracking.

At 120 playings a loss in quality
in the test records was noted when
they were compared with a check
record. This was heard as roughness
in the loud passages. There was lit-
tle to choose from between the two
test records in this respect. Surface
noise was very high on both. The
test was stopped when the records
had been played 185 times each and
the quality had become very bad in-
deed. The needles still would track
the grooves, however, showing that
complete breakdown of the walls had
not yet occurred. The observers were
unable, either at the conclusion of
the test or at any time during its
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Fig. 5—Condition under which tracking error may occur
when projection of needle on record is tangent to play-
ing groove at point of needle contact

principally by graphical methods,
that the negative results of the 1930
experiments are not discordant with
theory. For purposes of illustra-
tion, the nature of the wave-form
error due to imperfect tracking will
first be investigated in two cases
where the proportions of the waves
lead to large amounts of distortion
and, finally, where the proportions
are representative of actual record-
ing practice. An analysis of this
sort must necessarily be confined to
the reproduction of recorded sine
waves.

In Fig. 6-A the broken line repre-
sents the center line of a record
groove, which is a sine wave of
length A and amplitude « drawn to
the proportions A/a = 3. This is a
relation commonly approximated in
waves drawn for illustrative pur-
poses. Let us first consider the case
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where the pickup is set for perfect
tracking, the needle point being
thereby constrained to vibrate about
its undisplaced position at point A
along a line perpendicular to the
time axis of the wave. Imagine the
whole wave having started from a
position shifted the distance OA to
the right. Then, at the instant de-
picted in the diagram the needle
point, following the groove, will
have been driven from A to D. Now
let us assume the pickup to be set to
produce 15 degrees tracking error,
a value around the maximum occur-
ring with average conventional arm
and pickup arrangements. The nee-
dle point is now forced to vibrate
along a line AB, making an angle
of 15 degrees with its former path
AD at their common intersection
with the time axis. With the same
travel of the wave as before, namely
the distance AO, the needle point

will now be driven from A to B. To
relate this displacement to the in-
stant of time A, with A as a center
and radius AB an arc BE is de-
scribed intersecting a perpendicular
erected at A. C, the point of inter-
section, is a point in the needle dis-
placement wave to the same time
base as the driving wave. Other
points are located in a similar man-
ner and the wave represented by
the solid line is drawn.

It is evident from an inspection
of the derived wave that the condi-
tions stipulated above produce a
large amount of distortion. (This
distortion and that of the other
waves of Fig. 6 will be evaluated
later.) It would furthermore ap-
pear that, with a given tracking
error, the amount of distortion
should decrease rapidly with in-
crease in the ratio A/a because not
only does the intercept DB on the

30
]
Fig. 7--Showing harmonic %
production as a function 22
. o 20
of the proportions of the <
wave. 15 degrees track- xI
ing error assumed [ -
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Fig. 6—Distortion caused by 15 degrees tracking error.

In A and

B the proportions of the waves are exaggerated to illustrate

principle. C
practice
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shows the worst condition liable to occur in

original wave then become shorter
but the steepness of the wave-front
is simultaneously reduced. Both of
these factors lead to a smaller de-
parture of the derived wave from
the original wave. This is illus-
trated in Fig. 6-B, where A a for
the original wave is double that for
wave A.

To illustrate clearly the principles
involved it has been found desirable
in the foregoing to employ exagger-
atedly small values of the ratio Ma.
We shall now investigate the record-
ing conditions in order to estimate
the smallest value of this ratio that
may be expected to occur in com-
mon practice. First, let us consider
the minimum wave velocity, ¢. As-
suming a turnable speed of 78 r.p.m.
and a minimum groove diameter of
4 inches,

4r X 78

= —_— =163 in, .
c 60 in. per sec

The wave length in inches then will
be:

» = 16.3/f,
where f is the frequency in cycles
per second.

The maximum amplitudes will

now be investigated. Sivian, Dunn
and White have found* that an or-
chestra delivers its peak power in
the 250-500 cycle band. As the
highest frequency combined with
the greatest amplitude will give the
smallest value of A/a, we shall
choose 500 cycles and assume the
amplitude to be 0.002 inch, a value
commonly given as the maximum

permissible in lateral recording.
Then,
16.3
o= ——— —16.
4= 500 % 0.002 ~ 163

It is of interest also to evaluate this
ratio for other frequencies near the
extremes of the usual recorded
range, say 70 to 5,000 cycles. Most
professional recorders whose de-
scriptions have been published have
been designed to produce, with con-
stant electrical input, a constant
amplitude response below about 200
cycles and a constant velocity re-
gponse above that frequency. The
maximum  permissible amplitude
(0.002 inch) will therefore be as-

sumed to prevail at 70 cycles. Then,
16.3
=__ ——=—==—11
Ma = q5x 000~ 116

In the case of 5,000 cycles, if we as-
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sume a 0.002 inch amplitude at 250
cycles and the same sound intensity
level at both frequencies, the ampli-
tude at 5,000 cycles will be 0.0001
inch. However, it has been shown'
that the peak power delivered by an
orchestra is about 9 db lower in the
4,000-11,500 cycle band than in the
125-250 cycle band. Applyving this
correction, the peak amplitude at
5,000 cycles becomes 0.000035 inch
and

A a

B 16.3 o3
~ 5000 x 0.000035

Comparing the values of A/a cal-
culated in the three cases, that for
500 cycles, namely, 16.3, is found to
be the smallest. This value, there-
fore, should give rise to the greatest
possible amount of distortion due to
tracking error that could be ex-
pected in the reproduction of a sine
wave recorded under conditions rep-
resenting common practice. A sine
wave having the above proportions
is shown in Fig. 6-C to the same
scale as the other waves in the fig-
ure. The wave derived on the as-
sumption of 15 degrees tracking er-
ror cannot be well shown to this
scale, as its departure from the orig-
inal wave is very small. It is, never-
theless, large enough to produce
measurable distortion, as we shall
presently show.

To evaluate the distortion, the
three derived waves of Fig. 6 were
drawn to a wave length of 40 cm.
and were analyzed on a Henrici-
Coradi harmonic analyzer at the
Eastman Kodak Co. Research Lab-
oratories by Mr. V. C. Hall, to whom
acknowledgement is hereby grate-
fully made. The results of the anly-
sis are given below in Table I. While
it is admitted that these data are
rather meagre for the illustration of
a general law, they are shown
plotted in Fig. 7 as a matter of
interest.

TABLE I
Harmonic Analysis of Derived
Waves of Fig. 6, Showing Distor-
tion Due to 15° Tracking Angle

Harmonic Content

—

-

Wave Aa % % % %

No. 2nd 3rd 4th 5th
6-A 3 24.7 8.9 3.3 1.4
6-B 6 12.6 2.2 0 0
6-C 16.3 4.1 0 0 0

PINCHED SECTION

OF GROOVE
Al ‘4

RECORDER STYLUS

Fig. 8—(After Frederick) Illustrating “pinch” effect and the shift of
reproducer stylus bearing point, A

It is believed that the negative
results of the 1930 experiments may
be justified in view of the analysis
just offered together with some addi-
tional considerations. Little quanti-
tative information has been pub-
lished on the effect upon the ear of
non-linear distortion of reproduced
sounds. Data secured by Massa® in-
dicate that at least 129 second har-
monic must be present to be detect-
able on speech by direct comparison
in a system having an upper cut-off
frequency of 5,000 cycles, and about
6% in an 8,000 cycle system. Al-
though there appear to be no data
similar to the above available for
music, it would seem reasonable, in
view of the results for speech, that
the amount of distortion contributed
by the worst tracking condition in
our 1930 experiments should be un-
detectable; bearing in mind that, as
shown by our analysis, the maximum
distortion due to this cause may
amount only to 4% second harmonic
for a recorded pure tone.

Another reason why possible dis-
tortion due to tracking conditions
could not be detected in our experi-
ments may be the presence of dis-
tortion from other causes connected
with recording and reproduction on
disc records; notably the so-called
“pinch” effect and the shift in needle
bearing point, both of which have
been described by Frederick®’. These
effects are shown in Figure 8, copied
from Frederick’s paper. In the first
case it is important to note that the
recorder stylus, being chisel-shaped,
generates a groove of varying width
dependent upon the steepness of the
wave-front, Assuming the reproduc-
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ing needle to wear itself to the nar-
rowest dimension of the groove, the
point then may skid from side to
side in the wider portions of the
groove. The other possible cause of
distortion, due also to recording with
a chisel-shaped cutter and reproduc-
ing with a round point, comes into
play as the needle rounds a curve
and is clearly illustrated in Fig. 8 by
the shifting of the point of con-
tact A.

To obtain some idea of the pos-
sible magnitude of these effects, a
segment of groove having the pro-
portions }/a = 16.3 was, together
with the reproducer point, drawn to
a large scale after the manner of
Fig. 8. It was found that the max-
imum possible departure of the nee-
dle path from that originally exe-
cuted by the recorder stylus was of
the same order as the difference be-
tween the original and the derived
waves of Fig. 6-C. The reader is
reminded that the latter wave repre-
sents the maximum distortion caused
by the usual amount of tracking
error alone. In view of the loose
assumptions which would have to be
made regarding the needle skidding
action, it was not attempted to derive
and analyze waves illustrating the
above effects. It seems reasonable
to expect, however, that the distor-
tion due to the ‘“pinch” effect would
be comprised of a more extended
series of higher order components
(some of which might possibly be
inharmonic) than would that due to
tracking error because of the possi-
bility in the former case of sharp
and irregular changes in needle mo-

(Continued on page 81)
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Fig. 1 Decrease in oscillator frequency during heating.
Curve Il — After modification of apparatus
ADIO engineers have realized rather than the receiver, for the

for a number of years that

during the warming-up period
after a superheterodyne receiver is
put into operation, a large change
in tuning occurs with time. The
change is most pronounced on the
highest frequency range and in-
creases as the high-frequency end
of this range is approached. This
drift in tuning persists for an hour
or more and necessitates frequent
readjustments of the tuning control
in order to keep a short-wave station
in tune. The effect is a source of
annoyance when an attempt is made
to listen continuously to a program
from a short-wave station unless the
receiver has been in operation for
an hour or more. Complaints from
users with regard to this receiver
defect are, however, surprisingly
few, indicating that either users do
not ordinarily listen continuously to
such short-wave programs or that
they blame the station or fading,
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frequent loss of signals.

The direction of the drift in the
tuning is toward a higher frequency,
that is, the dial setting must be
continuously shifted toward the
high-frequency end of the range to
keep the station in tune. Since the
tuning of a superheterodyne is gen-
erally determined primarily by the
oscillator frequency, it seems ob-
vious that frequency wvariation of
the oscillator is the cause of the
drift. Because correction of the
drift requires an increase in the
oscillator frequency, the drift itself
represents a decrease in the oscilla-
tor frequency with increasing tem-
perature. That this is the source
of the frequency drift is shown by
Curve I in Fig. 1. This curve shows
the decrease in the oscillator fre-
quency with time in the case of a
1936 model of receiver. The meas-
urement was made near the high-
frequency end of the band which

HH Receivers

JOHN M. MILLER

Research and Engineering Department

RCA Manufacturing Co. Inc.
fHarrison, New Jersey

includes 15 and 18 megacycles. The
drift in kilocycles per second is
plotted against elapsed time in min-
utes after the first measurement of
the oscillator frequency, which is
taken as soon as possible after the
cold receiver is turned on. This
curve represents, of course, the most
unfavorable condition of operation,
the drift at lower frequencies on the
same range being much less. In
fact, the drift in kilocycles on any
range is generally proportional to
the cube of the frequency. How-
ever, a 10-kc. drift is usually suffi-
cient to tune completely from one
station to another so that it is evi-
dent that much less drift than that
shown by Curve I would still be
objectionable. To study and reduce
objectionable drift, the condition of
‘the curve is most favorable for
measurement purposes.

To Measure Drift

A method of measurement of the
oscillator drift is the following. An
auxiliary stable oscillator operated
from batteries and an auxiliary re-
ceiver are employed. The frequency
of the auxiliary oscillator can be
varied by a vernier condenser which
is calibrated in kilocycles per di-
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vision. The oscillations of both the
oscillator under measurement and
the auxiliary oscillator are tuned in
on the auxiliary receiver and the
auxiliary oscillator is adjusted to
the same frequency as the oscillator
under test using as an indicator the
reduction of the beat note to zero
frequency. Loose coupling between
the two oscillators is required. A
drift in frequency of the oscillator
under test is then measured by the
change in the auxiliary oscillator
required to restore the zero beat.

The cause of oscillator drift ap-
pears to have been unknown, at
least up to a year or two ago. At that
time the author, himself in the
dark, caused inquiries to be made
of two laboratories who had worked
on the matter. The replies were
negative, the only remedial sugges-
tion being the use of a compensation
device, Such a device has been de-
veloped by the author; it is believed
that at least one radio concern has
put such a device on a commercial
receiver.

The drift appeared to be due to
some abnormal effect. Suppose, for
example, a calculation is made of the
change in tuning due to temperature
rise in the coil and condenser of the
oscillatory circuit. The measured
rise in temperature of these units
in an hour is usually of the order
of 10° C. If all parts of the coil
and condenser had a normal coeffi-
cient of say, 20 parts in a million
per degree C, each of these units
would increase in value with this
same coefficient, and the frequency
would decrease with the same coeffi-
cient. The frequency drift at 18 mc.
would be only 3.6 kc. in one hour.
This is negligible and far below the
observed values. Changes in volt-
age applied to the oscillator due to
heating of the speaker field and other
units of the receiver might also be
suspected as the cause of drift but
are found experimentally to be en-
tirely too small. Changes in fre-
quency due to heating of the oscil-
lator tube itself can be checked by
substituting a cold tube for the hot
one in a hot set. Here some drift
is observed, but still this is far be-
low the total drift of the receiver,
Furthermore, due to the rapid heat-
ing of the tube, it is found that this
component of the drift quickly
reaches a stable value, coming up

to about ninety per cent of its final
value in the first ten minutes. This
is a much less objectionable com-
ponent of drift than that which per-
sists for an hour or more.

In connection with other work,
the author found that condensers
employing certain dielectrics showed
very high positive temperature co-
efficients of capacity or of effective
dielectric constant. While this find-
ing is probably not new, the eflect
is apparently not generally known.
In ditferent dielectrics. the eflect
appears to increase with the dielec-
tric losses. Thus low-loss dielectrics
show a small temperature coetlicient
of effective dielectric constant or
even a negative coefficient, while the
higher-loss dielectrics will show
very great positive coefficients. The
following table gives observed co-
efficients of effective dielectric con-
stant in parts in a million per degree
C tor samples of several materials:

Varnished Cambric ....... +2100
Synthetic Resin ......... +1660
Insulation of push back wire -+1500
Rubber covered wire (low

grade) ............... +1100
Enamel Insulation ....... + 470
Rubber covered wire (high

grade)) e s o= s a1 g 4 + 200
Hard rubber ............ + 200
Ceramic Insulation ....... + 100

Vietron (white) ......... — 35

Since the minimum capacity in a
receiver is largely comprised of
capacities through insulators in the
wave change switch, the condenser,
coil form, leads, tube socket, and
base, and since synthetic resin in-
sulators are widely employed, the
possibility is that the temperature
variation of these capacities might
cause the major drift in the receiver.
Likewise, some of these parts warm
up slowly to their final temperature.
Such a capacity change would change
the minimum ecapacity of the re-
ceiver which, on a given range,
would bring about a frequency
change in kiloeycles proportional to
the cube of the frequency. A check
at several frequencies over the fre-
quency range of the receiver used
in obtaining Curve 1 of Fig. 1
showed that this relationship holds
to a fair degree of accuracy. The
attempt was then made to reduce
the drift in the receiver. For the
oscillator section of the variable
condenser there was substituted a
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small  variable condenser with
ceramic insulation. This was
mounted as near as possible to the
unused section in order to obtain the
sanie temperature changes. A coil
wound on a ceramic form was sub-
stituted for the original coil and
mounted in the same shield. The
wave change switch contacts on the
high potential side of the oscillator
were eliminated by means of dirvect
connection with stiff leads in air.
Ceramic tube sockets were installed
and an oscillator tube with ceramic
insulation was used. A synthetic
resin block which supported the high
potential terminals of the grid leak
and grid condenser in the oscillator
circuit was also removed leaving the
junction in free air.

Curve II of Fig. 1 shows the large
reduction in oscillator drift which
resulted from this elimination of
capacity effects produced primarily
by the use of synthetic resin. The
drift in one hour has been reduced
to 15 per cent of the original drift.
Still more marked is the reduction
in drift after the first ten minutes
of operation. In the succeeding fifty
minutes the drift is reduced to ten
per cent of the original drift
Restoring the receiver to its orig-
inal condition resulted in the same
large drift as originally observed

In the case of another commercial
receiver it was found that at the
high-frequency end of the broad-
cast band there occurred a thermal
frequency drift amounting to about
30 ke., which represents a very large
change in the minimum capacity.
This was found to be due to capac-
ity between a tickler winding and
the main oscillator winding. The
tickler was wound over the main
oscillator coil with several layers
of varnished silk between. Replac-
ing the tickler winding by one wound
on a separate coil form inside elim-
inated the drift.

It is realized that the above tests
by no means represent a complete
practical solution of thermal drift
for the commercial receiver manu-
facturer who must consider cost,
mechanical properties and coefficient
of expansion of the various insula-
tors. It is hoped, however, that the
results insofar as they explain the
main cause of frequency drift, may
be of value in bringing about its
reduction.
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Two views of the Enurson. midget receiver with dial surrounding the speaker grille. The dark cabi-
net is of mottled Durez, while the ivory housing is of Beetleware. These illustrations show the variety
which may be obtained through the use of plastics of various colors and compositions

New Plastic Materials

In Electronics, March 19306, the writer explained the properties of plastics of various types
indicating which types are best suited for the variety of uses encountered. Here the appli-
cation of plastics in cabinets and external fittings is considered and the materials compared
with other types available

LASTICS have long since demon-

strated their suitability for use
in cabinets and parts exposed to
view in radio receivers and certain
other electronic applications. Their
use is extending, but they are still
in active competition with wood.
This competition promises to con-
tinue, especially as there are numer-
ous factors besides the properties of
the two materials themselves to be
considered in making a choice. Where
either type of material meets re-
quirements, relative cost of the com-
plete cabinet is likely to be the chief
factor in determining which is
chosen, but other factors such as

Seven English receiver cabinets of
varying size and shape, all of which
are produced in molded Bakelite




This prize winning Silvertone model is made of
ivory Plaskon with an injection molded Tenite

dial

for Cabinets

By HERBER'T CHASE

that of appearance (which is a mat-
ter of opinion) enter and often make
the choice more difficult. Avail-
able production facilities also have
to be considered and much may de-
pend on the method used in figur-
ing costs. The success gained with
plastic cabinets both in this country
and abroad, however, makes it clear
that the merits of plastic cases are
deserving of study, as, of course, are
their limitations.

The use of plastic control knobs
is nearly universal and in rvecent
months there has been a sharp swing
toward other plastic fittings such
as bezels and dials, partly because
of improved methods and machines
for the injection molding of cellulose
acetate. Some of the moldings include
a glass Jens employed as an insert
and becoming in eflect one piece with
the molding. There are also more
makes of plastics available and some
of those Jong used to a limited

International Kadette model having a three piece
cabinet, the cover and grille being molded sepa-

rately from the main section

Two cabinets and a complete Garod receiver with hous-

ings of phenolic plastic Dure:.

Usually housings such

as these are molded in a single piece without joints

extent have been improved greatly
and come in a wider range of colors.
There are, too, some entirely new
types of plastic, including one (a
methacrylic plastic called “Lucite”)
which is glass clear besides being
capable of injection molding. One
company (Catalin Corporation) is
offering transparent and translucent
thermo-setting phenolic compounds
capable of molding, a tvpe of ma-
terial heretofore not available on a
commercial scale.

Laminated plastics, once very
widely employed as front panels of
receiving sets, are used today for
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this purpose chiefly in commercial
applications. They enter also into
equipment for broadcasting and for
commercial communication units
where the quantities produced are
small. Many panels, however, are
of metal. An important use of
laminated plastics in a comparatively
new form for home receivers is in
the making of dials of translucent
material. The latter is now avail-
able in white or light tints made
from paper impregnated with special
phenolic or urea resins and can be
printed or the paper employed can
be printed before impregnation, giv-
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ing any dial markings required. Such
dial stock 1is non-flammable, little
affected by temperature changes
within the temperature range com-
monly encountered, and retains its
shape and dimensions. Its translu-
cency permits of illumination by
transmitted light, just as with the
older nitrocellulose and cellulose
acetate sheet.

To date, the only plastic materials
to be employed for complete molded
plastic cabinets are the phenolic and
urea molding materials. The phen-
olic type, which includes Bakelite,
Durez, Textolite, Resinox and Maka-
lot, among other makes, is employed
chiefly in black and dark colors which
are opaque and cost somewhat less
than half as much per pound, as
a  rule, as the urea materials,
marketed under the names Plaskon
and DBeetle. The latter, however,
are available in white and light
tints, either opaque or translucent,
and are used chiefly where light
colors are desired. Most of the sig-
nificant properties except color are
about the same as for the phenolics.
This applies to strength as well as

Frames or bezels injection molded from Tenite
around glass lenses for RCA-Victor by Erie Re-
top measures
slightly more than 6 in. x 13 in. and is said to
be the largest injection molding yet produced. It
includes both glass and metal inserts

sistor Corp. The frame at the
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Smart Remler cabinet designed for the younger
generation and molded in ivory Plaskon. A cabi-
net of this shape would be expensive to produce
in wood, and would be difficult to keep clean

to resistance-to-water, non-staining
properties or marking, as by bever-
age glasses, which if left standing
on a wooden cabinet often leave an
unsightly mark. This does not
occur with plastic cases and, as they
require no applied finish, there
is nothing to chip, check or de-
teriorate as in wood cabinets. Some-
what more care is required in mold-
ing the light colored ureas, but the
process is much the same and the
chief difference in cost as between
phenolic and urea cabinets is in the

material itself.

Although it is possible to pro-
duce cabinets in molded phenolics or
ureas which substantially duplicate
in appearance ordinary wooden cab-
inets, and vice versa, the molded
form can be and often is made in
shapes which are not commercially
feasible to reproduce in wood. Sec-
tions are also thinner in the molded
cabinet and for a given outside di-
mension, This results in more in-
ternal space. The molded cabinet
can be made without joints and
never requires gluing, as does wood.
It is thus free from the defects

of glue and of ply-wood, which may
be quite important in moist climates.
At least one maker of receiving sets
employs them chiefly for export, as
oversea shipments may be hard on
wood cabinets. In addition, the plas-
tic case is free from attacks by
insects and fungus which may be
serious where wood is used in trop-
ical climates. Moreover, the dimen-
sions of the molded cabinet can
usually be held and maintained
within closer limits than with wood
and it is not subjeet to warping. All
these are important considerations
favoring the molded cabinet.

On the other hand, it is probably
true that the molded cabinet is more
fragile than wood if dropped or
subjected to shock. Injury is likely
to result if any cabinet be dropped,
however, and the molded one can
be replaced easily if broken. With
proper packing and reasonable
handling, however, breakage in tran-
sit appears not to be a serious fac-
tor whatever form of cabinet is
used.
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