colors appeal strongly to the im-

agination of the radio public. It

is not easy for the layman to un-
derstand why it is so much more diffi-
cult to reproduce pictures in color than
in black and white, That difficulty does
exist, but several means of surmount-
ing it have been proposed and at least
partly developed.

To begin with, stations transmithng
color television images require a much
wider frequency band than black and
white (B & W) images. The present
B & W pictures occupy a band only 6
me wide, while 14.5 me is necessary for
the simultaneous (color) system and 16
me for the sequential (color) trans-
missions,

The cost of color television receivers
would be about twice that of B & W
sets, according to engineers’ estimates.

One strong point in faver of color

TELEVISION images in natural

‘ ‘STUNO LIGHTS

_cVISION

television is that the same apparent
definition is attainable with a smaller
number of lines, For example, with the
present b25-line image used in the
sequential system (color  image) the
same apparent definition is obtained as
when using 900 lines in a black and
white image (as explained in Dr. Peter
Goldmark's [CBS] report presented to
the Federal Communications Commis-
sion),

The two principal methods so far
demonstrated for producing color tele-
vigion are RCA's simultancous system
and the CBS sequential method. In the
simultaneous system all 8 basic colors
(red, blue, and green) are transmitted
at the same time; in the sequential plan
the 3 colors are sent-one after the other.

The Columbia Broadcasting System’s
sequential method has been tested ex-
perimentally for a-peﬁod of about three
years at a cost of $2,000,000.

This extensively demonstrated system
transmits the 8 basic colors (red, blue,
and green) one after the other. In pick-
ing up a live subject before the camera
at the transmitter, the scene is brightly
illuminated and an orthicon tube scans
the scene through a vevolving color
filter. See Fig, 1-a. The images are pro-
gressively transmitted as black and

TIME
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white signals over a carrier of suitable
width, Color is finally restored to the
reconstructed image at the receiver, by
spinning & second color filter in front
of the picture tube, The rotating color
filters at the transmitter and the re-
ceiver must revolve in perfect syn-
chronism; not only must the speed of
both discs be identical, but they must
be tn phase. When the red filter is before
the image reflected into the orthicon
tube at the transmitter, the red filter
must be in front of the image at the
receiver. Perfect registering of the two
color filters is seeured by transmitting
a synchronizing pulse or signal at regu-
lar intervals, This has no effect on the
picture;

One 16-me carrier (see Fig, 2-a) is
used to transmit the 3 eolors in the
sequential system. One color follows
another in rapid sequence. In many of
the CBS tests the sound was trans-
mitted by injecting M bursts or pulses
on the pieture signal earrier, without
interfering with the image transmission.
(Later tests as reported by Dr. Gold-
mark, have indicated that it is prefer-
able to transmit the sound on a separate
subcarrier, One of the advantages of
the separate sound transmission is a
greater signal-to-noige ratio under all
conditions.)

REVOLVING COLOR DISC

s
..
R

—_—

Fig. | o—Opouﬁons in uquonml color television, ﬁom sub ject to viewer. The three colors on carrier follow each other in time.
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The sequentinl system images are
transmitted at present with 525 lines
and 48 frames per second. The succes-
give color tone images follow one another
50 rapidly that when they are super-

- imposed on one another at the receiver,
they produce a satisfactory color image,
similar to that scanned by the camera
gt the transmitter.

SOUND CARRER
-amaano—"—"'!
b

I
i LONER RED, GREEN OR BLUE ! '
 / SOF 8aND :

I
—VIDED MOD BAND WITH ———+)

{——— | MC CHANNEL WIOTH RECURED

introduces an objectionable flicker; too
meany pictures per second unduly in-

creases the carrier band width required.

Images with 520 lines have been
found fairly satisfactory in the tests
and demonstrations made by CBS; in-
crease in detail has not been found to
be in proportion to inerease in the num-
ber of lines employed. Besides, as the
lineage is increased, carrier band width
goes up proportionately, thus reducing
the number of stations that can operate
in an assigned band.

Photos A and B show the CBS color
television receiver; a diagram of the
receiver appears in Fig. 4. This set is
arranged for diplex (combination video
and sound) reception. A color syn-
chronizing separator amplifier is used
to maintuin the eolor disc motor in per-
fect step. The balance of the components
corresponds to those found in the
present black and white receivers.

One of the criticisme of the se-

| DD
B /7 o \l/a“‘“‘—\v/’/ o\
{:lﬁ 14,540

E "

Fig. 2-a ([fop) 2:b,
(conter) and 2-c (af
bottom). Sequential,
simulfanoous,  black-
and-white bandwidths,

[ Lﬁ' BAW TEL
‘l
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. The method of scanning the odd and
evon lines of Lthe image progressively

shown in Fig. 8. At 48 color frames
per second, each color scanning will
seoupy 1/144 second. Six color fields
gre shown in progressive scanning se-
co, First the odd lines are scanned
‘rod (by the red filter) in 1/144 sec-
d; next the even lines are scanned
blue. Third, the odd lines are
med for green. In the fourth color
the even lines are scanned for red,
 the fifth the odd lines are scanned
blue, and in the sixth field the even
are scanned for green.
complete color picture takes 1/24
, as the diagram shows. This
s was chosen as & happy medium—
ow & number of pictures per second

PROJECTION KINESCOPE

......
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o| guential receiver has been that it

could not pick up B & W images
by stations now on the air. The

CBS report shows

Photo A—Color talavision receiver by CBS.

sequential receiver demonstrated by
CBS was 7% x 10 inches, the picture
being magnified about 40 percent by &

a dual-hond GBS COLOR FRAVE 1/48TH SECOND COLOR FRAME 1/458TH SECOND
receiver ‘that ean _— A\ —— / /\
receive both color | . :

im on the new ETT===n

wh.i (480-920 me) e

band and B & W [

gctnres on the low- S0 = - o ~

equency (40-220

me) band, by the Fig. 3—Tho color interlacing method used in sequential scanning.

addition of fowr
tubes. A later cirenit for 8 dual-band re-
ceiver submitted by Dr. Goldmark per-
mits the reception of color and B & W
imageswithout the addition of anytubes,
Suitable ganged switches are provided
for changing the =&t for receiving ei-
ther color or black and white pictures,

It is interesting fo note that B & W
images can be réproduced on the tube
used for color bmea. If the color disc
i8 removed, a black and white image is
observed on the sereen of the oathode-
ray tube, i

The size of the color image on the

lens placed in front of the revolving
color filter. The standard divect-view-
ing model color receiver (CBS sequen-
tinl) employs 81 tubes, with a 10-inch
picture tube. (The image size iz 7% x
10 inches.) Larger images, measuring
16% by 21 inches, have been produced
by a projection-type receiver (see Photo
C and Fig. 5) utilizing a Schmidt optical
system with a truncated cone revolving
color filter, A recent model of such &
receiver produced color images nearly
the same size and used but 84 tubes,

(Continved om page 40)

Fig. I-b—Tha simultaneous system of color telovision. Light from the subject is split and transmitted on three adjacent carriers.
1947
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(Present-day B & W receivers of the
direct-viewing type and using a 10-
inch cathode-ray tube employ 30 tubes,
thus the sequential color receiver com-
pares favorably in the number of tubes.

A disadvantage of the sequential re-
ceiver is that it is not possible to pick
up color images broadecast by the simul-
taneous system (without special design
of the receiver). \

The receiving aerials used to pick up
the sequential coloy images were of
simple design; in many tests a double-
horn type proved efficient, dipole an-
fennag being placed at the focus of the
parabolic horns. The horns were made
of latticed wire in some instances.

' RCA simultaneous color system

In the simultaneous electronic system
demonstrated by ROA the three basic
colors (red, blue, and green) are trans-
mitted all at the same time and con-
tinuously. No moving parts such as
revolving color filters are used, the
operation being fully eclectronic. Fig.
1-b and Fig. 2-b show how 3 separate
carriers carry the three colors. The
total band width of the 3 carriers is
only 14.5 me. (In a special test this was

e

COLOR TELEYISION
(Continved frompage 21) .

reduced to 12,6 me.) Sound is trans-
mitted on a relatively narrow band (a
subcarrier of 6524.1 me), along with
the video signals, as the figure makes
clear,

At the transmitter, the film (or live
subject) is scanned by & beam from a
kinescope tube. After zcanning the pic-
ture or subject, the beam i3 focused
through a lens onto a system of semi-
transparent mirrors and 3 photocells
(Photo D). Each photocell picks up its

‘respective color component and modu-

lates the corresponding carrier.

For picking up live subjects a fiying
spot from a kinescope tube scans the
scene, the reflected beam falls on a sys-
tem of dichroic (color-gelective) mir-

rors, which reflect the reepective color @

components _onto 3 photocells. These
cells in turn modulate the 3 carriers
used to transmit the signals. Sce dia-
gram Fig, 1-b,

Each of the transmitted red, “blue,
and green images has the same number
(625) of scanning
lines and also the
same horizontal

‘m.um- l_—.{m- uﬂ]—.'—f:;:l[
. 3

scanning rate and

picture repetition
frequency of 30 per
second, as in pres-
= =g 1 ent B & W broad-
o P o [P | (= casting.
PRIV & ron. 37 cou | | i aeroe Gt At the receiver
< ‘ each carrier, modu-
lated respectively
by the red,_ blue,
[P R £ and green signals,

Fig. 4—A block diagram of the CBS color television receiver.

Photo B—CBS telovision receiver, rear view.

is tuned in through
separate band-pass
circuits and ampli-

PR TR N S AT B e

< rveawer B isan—

Photo C—The CBS projection
RADIO-CRAFT

fiers. One tuning control may be used
to tune in the video signals. The 3-color
signals are next fed into their respe
tive cathode-ray tubes (each about 3
inches in diameter) on the ends of which
appear the 3 images: one in red, one in
blue, and the third in green. Each tube
is made with a different phosphor on
the screen which will réspond to one
color, one tube for the red, one for the
blue, ete. :

Magnifying lenses are placed in front

(Continued on page 53)
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COLOR TELEVISION
(Continued from page 40)

ENLARGED COLOR IMAGE ON SCREER

present destgh About 45 tubes are used
in the receiver; this includes sound.

‘In the tests conducted at Princeton,
N. J., for the FCGC, color images were
tmnsmxtted by radio for a distance of
about % mile, using a frequency of
520 me. ;

For comparison it is interesting to
note that the RCA console receciver for
B & W reception, with a 10-inch tube
for direct viewing, has 30 tubes. The
B & W mrojection receiver for an image.
15 x 20 inches has 45 tubes. {

One of the advantages of the simul-

black and white receiver can be fitted
‘with a nominally priced frequency con-
verter so that B & W images may he
picked up from g color broadcast. The
converter permits the receiver to pick
up the green carrier, and as this con-
tains all the essential picture character-
istics and the synchronizing signals, a
satisfactory B & W picture can be re-
produced on the receiver. This prevents
obsolescence of B & W television receiv-
ers purchased in the past few years. The
B & W receiver.cannot pick up its images
in color, of course. To do that a color
receiver must be used. A sequential re-
ceiver must be of the dual type, fitted
with changeover switches, to pick up

COLOR TELEVISION
(Continued from page 56)

taneous color system is that a standard

P ctuxe bmghtnm_tor eom D

(Continued on page 59)
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black and white images as well as color
pictures,

Swmcouq;typ,a'eolor reccivers can
pick up and reproduce images broadeast
by B & W stations, with the aid of an
adapter, The adapter is needed only
because the color band is at a higher
frequency than is covered by B & W
reccivers, and would be ed to ro-
ceive B& W tnmnuons on those fre-

Photo E—-AMawu tolevision receiver.

quencies. At the present development
stage, & mechanical or sequential color
recefver cannot pick up a simultaneous
image, either in color or as a black and
white monochrome,

Among some of the advantages
claimed for the simultancous color sys-
tem are: narrower band width than that
required for sequential transmission;
greater freedom from flicker; no color
fringing and no color breakup; greater
ﬁdolity in picture detail an sulx;eri.om




'COLOR TELEVISION on & 734 by-10-
foot theater screen was shown public-
ly for the first time in Philadelphia,
April 30, by Radio Corporation of
America, in a demonstration of its all-
electromc color television system at The
Franklin Institute. Color motion picture

[ films and slides were projected.

Dr, V. K. Zworykin, Vice-President
and Technical Consultant of the RCA
Laboratories Division, who demonstrat-
ed the new system to illustrate his ad-
dress: “All-Electronic Color Television”
before the Institute, disclosed that the
pick-up unit used in the demonstration
incorporates the electronic “flying spot”
which has been under development for
nearly ten years. In this system, he
explained, the flying spot of light is
created on the screen of the kinescope by
the electron scanning beam.

The light from this spot is projected
through color slides or films, scanning
the entire surface of the scene or ob-
ject, point by point. As the light beam,
then tinted with color, emerges from the
film or slide, it passes through a series
of filters which separate respectively
the red, green and blue portions of the
color in the beam.

Each color then is reflected into pho-
tocells which change the light values
into electrical signals for transmission
to the recciver. The flying spot method,
he added, assures perfect picture regis-
tration by permitting the transmission
of the three color values of each pu.ture
element simultaneously.

At a press preview before the Insti-
tute meeting, correspondents asked a
number of searching questions about
the possible effects of large-screen tele-
vision on the preésent moving-picture
theaters.

In reply, David Sarnoff, president of
RCA, stated that ‘
as opera and the
concert hall had
found that radio
helped rather than
harmed them, the
moving: picture in-
dustry might find
television a great
aid. The moving
picture industry,
he commented, had
not been responsi-
ble for the intro-
duction of the talk-
ies, which came
from the electronic
industry. Possibly
the moving picture
industry people to-
day are not fully
alive to the possi-
bilities of televi- — 2 :
sion, he suggested. A cutaway drawing of RCA's large-screen color television projector.
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NE of the most interesting
color televigion devices recent-
ly demonstrated to the FCC is
the Trichromoscope picture

tube. This tube, as Fig. 1 and Photo A
ghow, has three electron guns built into
it, one gun for each color to be repro-
duced. This tube may sclve many prob-
lems for the simultancous as well as the

Fig. I—The Trichromascops, Magnified section

gequential devotees. For one thing it
does away with the fussy adjusting and
{focusing of three separate cathode-ray
tubes.

1 =
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Fig. 2-a—The Thomascolor process, as applied to moving pictures.
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Each color signal is injected into its
respective gun in the new Du Mont tube.
The three electron beams from the guns
are focused on a special prismatic screen
at the large end of the tube. The sereen
has myriads of small facets, shaped like
pyramids, pressed on ite inner surface.
Each of the three sides of a pyramid is
treated with a phosphor coating that
glows with a different color (red, blue,
or green) when the beam from its asso-
ciated gun strikes it. When the various
prismatic surfaces are illuminated by
the modulated electron beams, a single
jmage in natural color results. Pictures
of great brilliance and contrast are pro-
duced by this tube, says Dr. Du Mont.

A unigue method of producing color
in movies from
black and white
images (on posi-
tive film) was re-
cently demonstrat-
ed before the FCC
in Washington by
the inventor of the
sy stem, Richard
Thomas. Its adap-
tation to television
has not been dem-
onstrated to date,

As Fig., 2-a
shows, three black-
\ and-white images

3 are printed on a

is Interior of screen,  Standard movie
film, each image be-

ing graded for color tome by passing it
through accurately balanced, red, blue,
and green filters. The three images in
each frame are picked up by & Thomas-

SCREEN
INAGE N COLORS
HERES

RADIO-CRAFT

color optical color analyzer unit &8s
shown. For producing color movies, thie
lens and filter unit restores color to the
three images and blends them into a
singls color image, which is projected
onto the movie screen.

The optical color analyzer unit com-
prises a series of lenses, prisms, and
color filters, which split the image into
three new black-and-white images, cor-
responding in color value to red, blue,
and green. A single lens in the optical
color analyzer picks up the image or
scene and splits it into three color tone
images, which emerge from the unit
through three separate lenses, as the
diagram showe. See photo B.

At the projection end the action is
reversed. The position of the color filter
unit is such that the three color tone
images picked up are resolved by col-
ored filters into one image in full re-
stored color, This image is projected
onto a screen. b

In its proposed adaptation to tele-
vigion, the optical color filter unit

breaks up the image into three color
jmages—red, blue, and green, These
three color images are projected onto
the mosaic screen (photoelectric) of an

g N

Photo B—The Thomas optical color analyzer.

orthicon tube (See Fig. 2-b). Here the
electron scanning beam within the tube
scans the three images ag one picture’
and sends the vesulting signals (or:
modulated current) to the television
transmitter. M

JULY,
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‘The picture is transmitted the same
y ordinary black-and-white tele-
image. At the receiver a kine-
tube reconstructs the image
ly three color tone or monochrome

; they have no color yet). A sec-
‘Thomascolor optical and color an-
unit (in reverse) is placed in
of the kinescope screen. As the

| green are passed through the an-
or, color filters restore color to each.
gle color image emerges from the
unit ~and is projected onto the

e,

This system should be particalarly
all adapted to the simultaneous meth-
televigion, As the three separatwn
es are spatially identical both in
and on the orthicon tube, they can
e scanned ag one, permitting transmis-
n on one carrier. This means a great
ing in the frequency band width re-
d and merits the close study of
avision engineers,

_ It should be noted that one of the
omascolor features is the fact that a
movie (in black and white) can be taken
d fires and other news events (which
d not be approached by cumber-
television trucks). After rapid de-
welopment of the film, it can be rushed
" 10 a televigion station and broadcast.

, color system
p patents have been issued to
we B. Sleeper (Nos. 2,389,645 and
89,646) on a simplificd system of
or television. Fig. 3 shows the prin-
e of the Sleeper aystem, which em-
P black and white transmission up
til the time the image is finally
rown onto the receiver screen. This
am hae not been demonstrated, to

r knowledge.

*Tbe objeet iz picked up by the quad-
shromatic lens, which projects four
3 of different color ‘onto the photo-
'c gereen in the camera tube. These
cg are scanned in a group as one
, in the same manner as a black-
~ and-white image. The picture (with its

four color tone components) is trans-
mitled as ONE bdlack-and-white image,
“thus requiring but one carrier,

At the receiver a single cathode-ray
abe reproduces in black and white (with
raduated grays, whites, and blacks—
corresponding to the fourrespec-
o color valuesg) four sepuratc images,

* mimilar to those observed in the camera

ﬁbe at the transmitter. These images

£ the receiver lack color 2o far, but they
do possess the correct detail and inten-
 sities correspondmg to the four colors.

Lolor 18 now restored to each image
F , blue, yellow, and green) by col-
‘_ ng the images through a color filter

~@nd lens system. This unit is arranged
1' yeverse order to the one at the trans-
mitter, and projects the four blended
- or images onto the sereen as a single
age in full color.-
e quadchromatic color filter unit
ing lenses for picking up the im-

(or image, depending upon which
netion it is to perform—i.e., convert
mage into four or the reverse), plus
able prisme and color filters, as
vn in Fig, 4. A simplified sketch of

RADIO-CRAFT JULY,
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images corresponding to red, blue,
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FULL COLOR IMAGE

Fig. 2-b—How the Thomascolor process is applied to transmission of television signals.

such an optical system, uging four sep-
arate lenses and four color filters, Fig.
5, will aid in making the process clearer.
As in the Thomas ecolor system, no color
is actually tmnamxmd, only the shaded
or toned images correspending to each
color. '

s
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video band width. As Dr. Goldmark
points out, the visual acuity or per-
ception of detail is fairly well satu-
rated at 525 lines. At least 50 per-
cent more lines would have to be added
to realize a noticeable improvement in
definition. If 760 lines are used, as some.

R neo
B oue
B onzen
TELLOW

SINGLL COLDR G RESTDRLD west

Fig. 3—The propesed Sleeper color talevision system separates and re-unites four colors,

How the s compare

Consid le criticiem has been lev-
eled at the mechamal {revolving) color
filter uged in the sequential apparatus.
Dr. Goldmark in his report to the FCC
illustrates and deseribes a full elec-
tronic sequential system which employs
no mechanical color filters.

The 52b-line standard proposed in the
CBS report to the
FCC has been at-
tacked by some ex-
perts, who adve
cate a greater line-
age. Here is some
interesting data on
this controversial
phase of color tele-
vision,

The 525-line im-
age approaches 16-
mm movie per-
formance, with re-
gard to the resolu-
tion or detail of
the image. A no-
ticeable increase in
definition is obtain-
able only at the
expenge of appre-
cinbly greater

Photo A—Typical Tri-

chromoscope in the
expovlmnhl labora-
tory. Cardbosard

modols of the inside
screen surface are to
be seen nearby.

advocate, the necessary band width is
doubled and each station’s channel will
be 27 mc wide, The number of channels
available in the high-frequency tele-
vision band will be reduced to 16. If 750
lines and 60 color frames per second are
uged instead of 48, there will be required
a video band width of 25 mc and a chan-

(Continued on page 59)




COLOR TELEVISION
(Continued from puage 25)

nel width of 32.6 mec, which is imprac-
tical under present frequency alloca-
tions and limitations of receiver design.

Network transmission of sequential
color images were successfully carried
out by CBS enginecrs. One test was
made over the A. T. & T. Co. co-axial
cable doop between New York City and
Washington, D. C., and return (total
length 458 miles). Tests were made at
40 and finally 48 color frames per sec-
ond. The video frequency cutoff in this
instance was 2.9 me. A check by one of
-the visiting engineers who saw the dem-
onstration revealed that there was a
considerable loss in resolution due to
the cutoff at 2.9 me, which was to be
expected.

A later test was conducted with the
sequential system over the microwave
radio link operated by the Bell Tele-
phone Laboratories between New. York
City and Murray Hill, N. J.

The simultancous color system de-
veloped and demonstrated by RCA has
“the advantage that all three basic colors
are continuously transmitted. Some ex-
perts claim that this is very essential,
when it comes to the pickup and trans-
mission of fast-moving objects such as
a football, tennis ball, etc., during the
course of a game. Color breakup is linble
to occur in such cases, with the result
that an object moving across the screen
rapidly may be seen in several different
colors, owing to the fact that the neces-
sary color i3 not transmitted at certain
critical instants with the sequential sys-
tem.

The first theater-size color television

w‘ﬂb
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was recently demonstrated by RCA in
Philadelphia, using the simultaneous
system. The image was 7% by 10 feet,
The number of lines used was 526. Many
who witnessed the demonstration said
that the color television images com-
pared favorably with regular techni-
color movies. As 525 lines compares
with 16-mm home movies, about 1,000
lines are ordinarily required to give the
same resolution as 35-mm movies. As
explained previously, the addition of
color gives an apparent definition con-
siderably above the 525 lines used.
With the simultaneous system of color
transmission black-and-white receivers
can pick up monochrome images by the
gsimple addition of a converter. (Present
B & W receivers cannot pick up the high
frequencies allotted to color television.)
This i3 not possible with mechanical

RADIO-CRAFT JULY,
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Fig. 4—The Sleeper color analyzar unit.

sequential systems. Another feature is
that electronic color television receivers
can pick up black-and-white programs,
A broadeaster with the RCA electronic
system can operate a B&W and also a
color transmitter, using the signals
from the color camera to operate both
transmitters.

Othor features of the electronic sim-
ultancous system are: freedom from
flicker; greater picture brightness; no
color breakup; less band width than that
required for the sequential system;
greater flexibility for network opera-
tion; compatibility with present com-
mercial television, to the extent of inter-
changeability and consequent avoidauce
of obsolescence of pne by the other.
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