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A PRACTICAL TELEVISION SYSTEM:

HE purpose of this paper is to

present the general outlines of

a practical television transmis-

sion system that is capable of
daily service operation, transmitting
the best picture obtainable within the
limitations of contributing factors.
Such a system recognizes and compen-
sates where possible for deficiencies
in the contributing elements. Un-
doubtedly in its present form the means
for production of the television signal
has progressed beyond the capabilities
of the apparatus employed in its
propagation.

Considering each component part in
a paper would be endless, but a gen-
eral description of a transmitting sys-
tem with more or less emphasis on the
points found most difficult is believed
to be of interest. For this reason I
have made but brief mention of the
reception of the television signal, leav-
ing that for another time or to some-
one else.

No doubt all are familiar with the
structure of the image as it is trans-
mitted through space. In brief review
it will be necessary only to recall
the fact that the frequencies encoun-
tered range from the picture fre-
quency, in our case 15 cycles (we are
dealing with a 48-line system having
a picture frequency of 15 per second )
and capable of a horizontal resolution
of 64 elements (the actual resolution
we attain is greater) up to the highest
frequency involved, which is half the
number of picture elements multiplied
by the frequency of repetition

48x 64 x15
or 23,240 cycles.
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There is nothing new in Nipkow’s
disc nor in the basic methods of scan-
ning employed. There sre two main
systems used in our transmission of
scheduled programs—one employing
motion-picture film with film recorded,
or disc synchronized sound, and the
other a direct pickup arrangement,
capable of operation with a normal
degree of artificial lighting, or, in the
field, with the subject illuminated by
sunlight alone, or by scanning the sub-
ject with a flying point of light and
picking up the reflected light with a
multiple bank of photocells.

TDe-livereF before the Club, March 12,
1930

‘Acrinn Chief Engineer, Jenkins Tele-
vision Corporation.

By D. E. Replogle *

In the film pickup system as sub-
stantially shown in Fig. 1, the film is
steadily advanced at a speed of fifteen
frames per second and is projected,
enlarged to about three times its origi-
nal size, upon an aperture so ad-
justed as to represent one forty-eighth
of the picture height. This aperture
is scanned by a dise rotating at a cor-
responding rate and slotted with forty-
eight narrow apertures. Because of
the uniform advance of the film no in-
termittent action is necessary in the
advancing mechanism. In addition it
will be observed that the dise turn-
table for sound synchronized material
is geared directly to the drive motor
that actuates the film advance.

I would like to stress the impor-
tance of a uniform light source. The
arc is rather vague as to light fre-
quency values, is prone to the introduc-
tion of shifting images of the crater,
and is highly unstable in illumination
intensity. On the other hand, the in-
candescent lamp has little radiation
toward the low or ultra-violet end of
the spectrum where the cells are most
efficient. . The ideal source is as yet
unknown but research points to the
ultimate use of a sturdy ribbon fila-
ment worked at an extremely high
temperature and used in conjunction
with a quartz envelope and lenses to
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Fig. 1. Sche-

matic of film

pickup sys -
tem.
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conserve all of the ultra-violet possible.
Special Sound Recording

Naturally, the speed of 15 frames
per second made it impossible for us
to employ standard film and our
sound matter had to be recorded
specially. The purpose of scanning an
enlarged picture, as shown in the
sketch, is one of increased resolution,
there being a lower limit to the width
of scanning aperture which we are
capable of accurately producing. By
scanning an enlarged picture we were
able to produce a scanning element so
fine when applied to the picture width
as to allow us to attain a horizontal
definition of the order of a thousand
elements, that is, a degree of excellence
far surpassing the capabilities of con-
tributing equipment.

I mentioned before that this system
required the use of special film and
likewise special recordings. We, there-
fore, desired to rearrange our equip-
ment to employ standard film at stand-
ard speed so as to utilize sound syn-
chronized material of a normal char-
acter. It was neither possible to scan
the image cast by the ordinary pro-
jection machine, due to the intermit-
tent gear, nor was it desirable to in-
crease the speed of our own equipment
so as to advance the film at the usual
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Fig. 2.

The Mechau Projector.

rate. This would have increased our
frequency band by some fifty per cent.
without noticeably improving the char-
acter of the picture. The Mechau
Projector, a photograph of which is
shown in Fig. 2, helped greatly in the
solution of this highly complex prob-
lem. The horizontal film magazines
are readily identified but the principle
of the optical intermittent employed is
best shown in schematic as in Fig. 3.
The figure is, in a large measure, self
explanatory. The set of rotating mir-
rors oscillate in such a manner as to
hold each frame stationary on the
screen. As one frame fades in inten-
sity the next takes its place. Hence,
there is always a picture on the screen
and there is no motion of the picture
across the field of vision. In order to
avoid the use of a spiral dise in scan-
ning the projected image, we employ
a rotating multiple mirror to create a
steady motion downward, thus obtain-
ing an optical equivalent of the spirail
disc.

These projectors fortunately were
available at a time when we found it
necessary to go “on the air” with
standard sound film. Mr. C. Francis
Jenkins developed and manufactured
a similar and much simplier “optical
intermittent” some years ago and this
is now undergoing a process of adap-
tation in the laboratory. This is based
on Jenkins’ prismatic dises and his
prismatic rings of similar character.
One of these discs can be rotated so
as to follow one frame of a film dur-
ing its course of motion and thus hold
it steadily on the field until it is dis-

placed by the succeeding frame just as -

in the Mechau system but with vast
simplification. As an illustration, Fig.
4 shows two of these discs arranged to
function as a spiral scanning mechan-
ism in conjunction with a lens disc.
We obtain a steady downward motion
of a light beam by means of the rings
and throw it across the field by means
of the lens disc, thus obtaining an-
other optical equivalent of a physical
spiral. This mechanism is adaptable
to scanning at the transmitter or to
the projection of an enlarged image at
the receiving point, in conjunction with
a high intensity glow lamp.

These film transmissions are known
as radio movies (or radio talkies, as
the case may be), as opposed to “di-
rect pickup” where the actual subject
(or the projected image) is scanned.
There are two possible methods of
scanning in this case, either by scan-
ning an image, where the complete
illumination of the subject, either by
brilliant artificial light or by sunlight,
is necessary, or by scanning the sub-
ject with a “flying spot” of intense
light. The two methods are outlined
schematically in Figs. 5 and 6.

Development Difficulties

The principal difficulties encoun-
tered in the flying spot system are:
first, that a shadow effect giving an
unnatural cast to the image is intro-
duced by the spot and by the angle at
which the cells are required to work ;
secondly, that the subject must work
in semi or complete darkness and, too,
the subject is required to face an ex-
ceedingly intense light spot.

The system has the advantage of re-
quiring cells of comparatively low
sensitivity and large area and has
given fair results with minimum
equipment, though with low over-all
efficiency.

The direct system had the disad-
vantages of requiring highly sensitive
photocells and noiseless amplifiers to-
gether with highly efficient light gath-
ering lenses of high speed. While these
disadvantages were great they were
offset by advantages and promising
possibilities. Under favorable circum-
stances, a normal degree of light could
be employed. Pickup could be made
out of doors by sunlight alone. The
maximum illumination required could
be obtained without discomfort to the
subject. By proper lighting values a
considerable stereoscopic effect could
be obtained. The equipment was effi-

cient and compact, lending itself
readily to portability.
S
Fig. 3. Hlus-
trating the

principle o f
the optical in-
termittent.

LI
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In the final arrangements incandes-
cent lamps and arcs were unsatisfac-
tory because of troubles arising in
film pickup. The best source of illu-
mination seems to be the- d-c. mer-
cury vapor lamp, supplied from well
filtered sources.

The scanning mechanism is at pres-
ent an accurate 48-line spiral dise
upon which the image is thrown by a
camera lens of extremely high speed.
Because of the small value of light
obtainable it is necessary to effect
every possible conservation. This is
done through the use of quartz lenses
wherever possible. Because of the low
input voltage obtained our chief diffi-
culty has been in the construction of
amplifiers in which the initial noise
level is sufficiently low. We have
been able to avoid disturbance from
magnetic induction, mechanical vibra-
tion and acoustic vibration by proper
shielding and suspension. It is neces-
sary to choose the resistances em-
ployed with care so as to avoid the
trouble encountered through thermal
agitation in the resistive material
itself.

Improved Photoelectric Cells

In obtaining the photoelectric
cells for this work it was necessary to
do considerable research in this field.
Happily we have been quite successful
and have been able to greatly im-
prove picture detail by using the new

Fig. 4. x
function as a spiral
mechanism.

Two discs arranged to

scahning

cells which we have developed, two of
which are shown in Fig. 7.

While the output from the cell en-
ters into the problem, the other fac-
tors are also important. High sensi-
tivity must be coordinated with linear
operation, quietness, and freedom
from frequency restriction.

The gas filled type of cell has an
output greatly in excess of that ob-
tained from the hard vacuum type but
suffers from “lag” and excessive fre-
quency restriction at light frequencies
beyond 10,000 cycles. We have, there-
fore, developed a ‘“compromise” cell
in which a fairly high degree of sensi-
tivity has been attained together with
marked decrease of high-frequency
cutoff. Mechanical production ~diffi-
culties, such as the attainment of a
uniform light sensitive surface, have
been overcome. These cells employ a
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photo-sensitive material sensitive over
the entire range of light wavelengths
but with a marked peak toward' the
ultra-violet end of the spectrum. They
are -exceptionally .quiet in operation.

Contrary to- first thought, the cir-
cuLt mto Wthh the cell 1s operated

st output. Thus

SLZ

““light flux/anode current
curve)

G '==Condiictance
" Z=Load TImpedance
atment employed by Metealf,
~Vol. 17, ‘No. 11. Therein is
~computations for harmonics
1t - in - the ‘output.
To avoid harmonic distortion. the
load impedance must be kept small,
‘thus lowering the possible output.
‘Capagity effects also require a low
_resistive impedance if cutoff of the
hlgh frequencies is to be avoided.
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Fig. 5. On
method o
scanning.

e
T

HHEHmmimm

The best d-c. potential should be
ascertained by trial and will be sub-
stantially below that at which ioniza-
tion occurs.

Double Amplifiers

The amplifiers used in feeding the
transmitters are constructed in two
units; the photocell amplifiers which
feed approximately one volt into a
500-ohm transmission line and which
are mounted togéther with the photo-
electric cell.as a fixgd portion-of each
scanning system, and a main amplifier
which feeds the grid of a 1 k.w. modu-
lator tube.

The problems encountered in the de-
sign of these amplifiers were many.
It was necessary, in order to attain
the desired results, to obtain a gain
frequency characteristic flat within
twenty per cent. from 15 cycles to 50
kilocycles. A curve taken on one of
these circuits is shown in Fig. 8.

In the design of an a-f. amplifier
for a frequency range of from 10 cycles
to 50 kilocycles there are but two con-
siderations which govern the fre-
quency characteristic. First, the low-
frequency cutoff is determined by the

QR TTTTTHHTTITETT

- Il Fig. 6.. Scan-
/ - nmg by means
,{/ of intense
v “flymg tspot”
. itg

N

' high.permeability core material.

point at which the voltage across the
grid becomes appreciably attenuated
due to the grid resistance and the
reactance of the couphng condenser
being in series.

The high-frequency cutoff is a func-
tion of the tube and stray capacitances
and is amenable to calculation where
they are known. It is necessary only
to maintain the active circuit impe-
dances low so that the strays will be
negligibly high up to the required
high-frequency point. In other words,
the chosen circuit parameters must
remain constant in value over the re-
quired bond. If these requirements
are met it may be postulated that the
da/dew or “envelope delay” will also
not deviate throughout the amplifier
circuit. To this end it is important
that the active elements in the circuit
remain resistive at «ll frequencies
and that no attempt to equalize in-
ternally by minor resonance effects be
made.

Fig. 7.

Photoelectric celis.

Equalization of the transmission
line and of the calculated discrimina-
tion due to the physical aspects of
the scanning system is carried out in
each line as is any equalization of
phase displacement ( da/d¢w) necessary.
It has been found necessary to meas-
ure accurately the phase distertion
present and to hold the displacement
linear. to within a few mlcroseconds
at the higher frequencies. Figs. 9
and 10 show the distortion evident
in the transmission of a simple geo-
metric figure.  This particular figure
is one which has been used by many
investigators and is ideal for observa-
tion of improvement of phase and
frequency distortion. The measure-
ments of phase distortion are made by
the Nyquist method, familiar to most
communication engineers and will not
be described in detail.

The transmission lines within the
plant have’ not presented any major
dimcu-ltie§: Coupling to the lines is,
in most .cases, through a transformer
designed for the purpose and employ-
ing a. core of specially rolled 1 mil
The
coilé are universal wound in pies and
dre so disposed as .to, obtain almost
perfect couplmg No d-c. is permitted
to flow in the primaries and.a curve
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-essentially flat from 15.cycles to 30
; ocycles has been attained. At first
<»we. fed these lines out of paralleled -
»output tubes but encountered the
classic difficulties of the system. We
‘have had considerable success with
special low impedance tubes designed
-for: the  purpose, the operating ¢har--
: acteristies of :which are as follows:
Ep—100v.

Eg—40v.

- operations .over a dis-
r iles from a studio
nent setup is possible,
un ‘into a great deal of
h we: were able to correct
ially strung separated
eross section with ap-
¥-correction networks

th .attendant losses and -dis-
t. the picture by carefully
he line impedances and cor-
the délay charaecteristics.

es to correct for phase
he entire program as
together with the out-

tor, an announcer, one
sets up the film pickup
d -operates the main am-

slmple geom rlc flg.

for ‘transmission test les up to normal

r proper is similar to

B—25v. itter of similar
Ip—72. ma. the fact that the
#—.55 are coupled so as
Rp—T710 ally' even modula-
Gm—775 Speecial modu-

employed with
We have also utilized “grid-positive” ~as to affect but
tubes in this connection with the
operating elements so chosen as to
give a low output impedance. These
tubes are purposely allowed to draw
grid current and are current operated
rather than voltage operated as in
the ordinary case.

shown the C
the last two

in Fig. 18. 5

There are two bas1c classes of am-
plifiers ; those which draw grid current
and those which must never be per-
mitted to do so. In -circuits as we
know them today we maintain the
grids of a-f. amplifiers always slightly
negative to avoid harmonic distortion
which is fatal to quality. Our pre-
cautions are, however, equally fatal
to economy. In our r-f. transmission
circuits, though, we employ amplifiers
which are fed at an extremely high
voltage level. - We bias the grids of
these tubes to cut off (of plate cur-
rent) and beyond, and even then drive

Fig. 10. Evidence of distortion.
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“the  harmonic
cycles to 50

transmisSwn line feeding" the antenna‘

productive of h

In our audio ampli

‘harmonie: disto

removed from
quite amen ble- to

made so’low at-ha
as to ‘effect a virtu

and - precautions: must be
prevent “this change
back intothe plate ei;
ceding ‘stage.
circuits ‘are “dam;
such value that’
pedances will alw:
comparison.
-In a eircuit
modulation
at - one-four
modulation.
50 desighed-
creases.

Fig. 11.. Type of networ 0"C
rect phase distortion.

and a uniform sensit1v1ty ‘over the :
color spectrum. . ;

b. A light source; even: in dlstrib. fon
and steady in intensity and with - -
emission over the entire spectrum.

¢. A scanning method of extreme .gé-
curacy and mechanical simplicity,

d. Increased economy ‘of the trans-

mission band through better
understanding of tran’smlssion
circuits.

So far we are able to transmit mov-
ing pictures of a standard character
and good detail with surprising real-
ism. Certainly some of the subjects,

. where the conditions of lighting are

favorable, are easily comparable with
the motion picture of two decades -
ago. We transmit regularly motion-
picture films of prominent personages,
vaudeville teams, singers, . etc, to-
gether with synchronized speech which
is fed to a second transmitter over
a 20 mile leased line. We transmit
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with a vast change
picture elements; beco:
approach -the compl
obtainable with aj
elements.

The human senses-
posed upon and
most fallible:
what has already been
the crnde ‘methods

We are prepared to televise with
sound, such items as, prize fights,
athletic events covering small area, ad-
drésses. pﬁ important personages, -etc.

We have “recently conducted relia-
bility tests in conmection with a public
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- sound treatment for the first and seec-

-acoustic treatment.

be eliminated

demonstration of synchronized sight
and sound in Newark, N. J., and also
at the recent Jersey City Radio Show.
Those of you who were fortunate
enough to witness these demonstra-
tions will no doubt concur with me
regarding their success.

A

Further discussion on the paper
published in the April issue: “A Study
of Sound Recordings,” by C. F. Goudy
and W, P. Powers.

P, H. EVANS:

Mr. Powers’ paper is exceedingly in-
teresting and very well done.” As he
points out the amplitude for a given
output level is inversely proportional
to the frequency and that, therefore,
the greatest tendency for cutovers is
at the low-frequency end. He also
points out that by reducing the ampli-
tude of the low-frequency sounds it is
possible to raise the general record-
ing level and thereby improve the
ratio between the sound and the sur-
face noise.. It is interesting to note
that when the frequency characteristic
is so modified in order to help the
recording, the reproduction actually
sounds better in the theatre than
when the low-frequency and high-fre-
quency sounds are recorded. in their
true propertion. At first, this was
somewhat bafling. = The explanation:
can be found in the study of theatre
acoustics,, Measurements -show . that
the period of reverberation is much
higher for the first two or three oc-
taves than it is for the last two or
three octaves and that, therefore, a
smaller amount of emergy is required
to:produce a given volume of sound at
the low-frequency end of the sound

-spectrum than is required at the high-

frequency end.

For best results in the theatre it is
important, therefore, that an exhi-
bitor when providing acoustic treat-
ment should give special attention to.
the absorption characteristic of the

ond octaves, centering at 128 and 256 .
cycles as this is the frequency range - = . .:
of the average male voice. Many of
the absorbing materials on the market’
at the present time have little or no
absorption power in this range. - The -
choice of material is, therefore, of ex-
treme importance and no exhibitor
should attempt to specify the acoustie
treatment to be used without -first!
consulting an expert in this line who
is not associated with the manufac-
turer of any particular brand - of
The experts as-"
sociated with the manufacturers of
materials which have little or mne
absorbing power in this range always.
attempt to convince the prospective:
customer that this range of frequen-
cies is of no importance. We are con-
vinced, however, that proper a’c ntion»
to this frequency band is essential if
the tubby characteristic which .i
frequently observed in theatres :
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CONTINENTAL RADID
CORPORATION

e———t 160 VARICK ST., NEW YORK, N.Y.

OUR SERVICES ARE AT
YOUR COMMAND
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The pioneer house of Continental is glad to laeeu%s :
extensive merchandising facilities at the command of the
buyers, engineers, and other members of the Radio Club
of America. Through this dependable service, built up
during years of steady growth, Continental is able to
recommend members to reliable dealers in their districts
or to arrange for securing such radio materials and mer-
chandise as they need.

The names of dealers in your vicinity and any othef |
information you may desire will be cheerfully supplied
on request.

Continental Radio Corporation
160 Varick Street ’ New York City
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CLUB NOTES

New Members Membership News Michael I. Pupin.
+ (Elected at the March 18th Board Willis K. Wing. Was recently elected President of the
" meeting.) University Club.
"Roger Williams Has resigned the editorship of Raedio ‘
Charles E. Dean Broadcast and is now on the edi- A
James B. Smith torial staff of the New Yorker. The April issue of the “Proceedings”
; g‘:}?ltﬁﬁ;ﬂ?cﬁ Slaughter * carried the informz_ltion that A. V.
" C. Winston Haller : Julius Weinberger. Loughren was connected with the
Arturo G. Cayetano . Isn fed with the RCA Pho Radio Frequency Laboratories, of
. Kenneth W. Roy 0w connected wi e " Boonton, New Jersey. This was an un-
Joseph Sara & tophone, Inc. at 153 E. 24 Street, ynfortunate error. Mr. Loughren is
. : New: York City, having left Radio  still connected with RCA-Victor, at
* Elected a Fellow, Corporation of America. Camden, New Jersey.

ctrical energy at points of
solantite insulators are particu-
uable. An unusually low loss factor
tely vitrified non-porous body
iately recommend Isolantite for this

. Insulators types 752 to 785 meet

‘ electrical requirements when accom-
panied by moderate mechanical loads and
voltages. For lower voltages and less strain

at supporting points smaller insulators are .
recommended. '

A complete assortment of Isolantite an-
tenna insulators for use in insulating trans-
mission lines, for lead-in applications and a
variety of suspension purposes are de-
scribed in bulletin No. 100D. A copy will
be sent upon request.

Isolantite America,Inc——

SALES OFFICES ~ 551 FIFTH AVENUE, NEW YORK CITY
Factory ~ Belleville, N. J.
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Amy, Aceves & King, Inc
55 West 42nd Street W
New York City

Consulting Engineers, Specializing in Radio

Research, development and design on radio receive

tuning systems, amplifiers, transformers,

rectifiers, etc.

Specifications for radio telegraph and

telephone transmitting equipment.

Well-equipped laboratory facilities for testing,

research and development.

Investigation and analysis of

special radio problems.

Research in acoustics, television, talking pictures

and other arts closely allied to radio.
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1919
10 YEARS of RADIO
MANUFACTURING

Plus Over 12 Years of Pioneering in
Electrical Reproduction of Sound

1930

IN 1919 W he Pacent Electric Company began to
L manufacture radio essentials, the industry was truly
in its infancy. The years since have seen a steady and
healthy growt 1, until today, the company enjoys the dis-

r one of the oldest and most far-sighted

ent Electric Company has the largest engi-
r and research staff in its history. All Pacent
‘are examples of modern leadership in engineer-
nd in sound, creative manufacturing.

cent Quality and Service are enemies of business
depression. ,

PACENT ELECTRIC CO.
| 91 Seventh Avenue, New York

Manufacturing Licensee for Great Britain and Ireland:
IGRANIC ELECTRIC CO., Ltd., Bedford, England
Licensee for Canada: White Radio Limited, Hamilton, Ont.
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