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Television with Cathode-Ray Tube for

Receiver!

Special Tube, Called the Kinescope, Eliminates Usual Scanning and
Syachronizing Apparatus and Provides Larger Picture with Better Detail

HE problem of televigion has

interested homanity sihco eurly

thmes.  One of Lhe fivst pioneers

in s Neld, . Nipkow, dis-
closed n patent appifeation fn 1554
deseribing o mechanical scheme for
tolevision, [t involved a schnoing of
the object and picture, for which pur-
pose thy familiar perforated disk was
employed, The scanning (isk i nsed
eyven now, almost withour terstion,
{n all practically-developed schiemes of
television apparatus.  However, Nip-
Kow's  Inwenlous Invention conid not
materinlize in his day because of the
ek of powerful  modern aids—the
plioto-eell and radio amplification. At
present, the rotating disk 1s giving ex-
celfent results within the mechanical
possibilities of onr time,

Ont of n nomber of other methods
which have heen proposed for the solu-
tion of television by varions inventors,
the amnthor® has been attracted by the
application of the cathode ray for
scanning purposes.  This method was
proposed for the nArst time by HBoris

Fig. 3. A view of the projector,
showing the yibrating mirror.

Rosing, professor of physics in Petro-
grad, in 19075 The eame reasons
which handicapped Nipkow prevented
Rosing  from achieviog  practieal
results. Later Belin and Holweck,!
Douvillier,* and Takayanagi® were
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Fig. 4. A
vision transmitter,

eneral view of the tele-

working in the same direction swith
varions degrees of suceess, striving to
develop televidlon reception by means
of cathode-ray (ubes. The cathode-ray
tube presents o mumber of distinet
advaniages over all other recciving
devices. There is, for example;, @n
absence of moving mechanieal parts
with consequent noiseless operation, a
simplification of synchronlzation per-
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Fig. 1. Detalls
of the modified
standard  mov-
ing-picture pro-
Jector—a part
of the teievision
transmitter —
showing the lo-
cation of the
photo-cell, light
source and Vi-
prating mirror.
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mitting operation even over o single
carrier elianuel, an ample amonnt af
light for plain visibility of the image,
and indeed guite a pumber of pther
advantnges of lesser hmportaues,  One
vory valuable feature of (he cathode-
ray tube in its application to television
I8 the persistence of [uorescence of
the sereen, whith acis together with
persistence of yislon of the eye and
permits reduction of the munuber of
pictures per second without noticeable
flickering  This optical phenomenon
allows a greater number of lines nnd,
consequently, better detalls of  the
picture without lucreasing the width
of the frequency band

This paper will be limifed fo a2
description of an apparatns developed
In  Wektingliouse  Researclh  Luhora-
tories for transmission by radio of
moving pletnres nsing the cathode-ray
tube for reception,

In the author's opinlon, if n recelver

is to be developed for practical 1se
in private homes, it shonld he desizned
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Fig. 1. A light sonree iy

by i ordinary 6-volt auto-
Inmp, The Tight is fmnszed by
ng. lens I upou a dlnpnmgm

'iq Teﬁected from 1 vibruung
r M and focnssed fnto o shurply-
gpot on the moving film B
" {be mirror vibrating at o

KICCTING PATES PLOO SO SRR

. 5, Detalls or the lpoclfl cnh-
-r\zy tuba described his
articte.

ot

equeney of 450 cycles about a vortL
Laxis, the Hght spot swoops the il
wmumy. This vibration of the
tombined with. the downwm'd

flim into a variable elcctrk- cnrmnt.
@he vibrating mirror is shown in
It consists of & small steel rod
yane placed between the poles
electromaugnet,  ‘Ihe pohm ure
ped and each leg is providted
1 eoll.  An oseilluting current of
frequency us the natural
~of the rod is supplied to the
ofls, thus cuusing the rod and the
‘to oscillate about the axis of
; I orae not ta depend upon
/unifomﬂty of sensitivity over the
_aren ot the phot -cell, dn
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th 2. showlng the manner In which the whole nrrhce of the picture is

exp!orea By the light reflected from the v

Thus, the seanninz beam is always
tocuused npon i smﬁon'u'y Spot In me
cell.

From the fact umL the Norvizontul
seauning s produced by s sinusoldul
current; it follows that the velocity
of the lemu across the piemre s pat
uniform. Mhe velocity in the center
is abour 57 per cent higher than that
of # spol scauning al nniform rate a
picture Lhe same width, Before work
wis started on the wmaching, AL wais
antieipured thiat the feature wonld be
fotnd objectionable urnd mrrnctlnn by
optical filter was planned.  Practical
tests, however, indicite that the non-
unitorm. dismbution of Mght neross
the picture is not readily apparent to
the exe, and, therefore, no: precantions
are now used. A general view of the
transmitter is shown in Fig, 4.

The Receiver

'uw recoiver conslsts of a cathode-
ruy tube cspeclally designed for the
purpose;  The principles  of the
vathode-ray tube are well-known from
thelr application for oscillogravh:‘ in
their ordinary form, lowever, they
canmot be used for picture reception
because although they have seanning
arﬂmgemmnt in two dimensions they
do not have means for varying the
intensity of the plctnre Moreover,
neither of (he main types of oscilo-
graphs s suited for television pur-
poses.  The high polential
which wonld glvea sufficiently brllltnm
spot, Is alwnys operated In connc«-llou
with a vacuum pump.  Such a pump
is impractical for a home television
receiver. The low potential type of
cathode-ray oscillographs is  of the
gealed-off type hut the amonnt of light
available from the screen iz far too
small,  Tn order to give sumelént
brilliancy for the pleture of 5-in. size
the tube shonld operate at lesst at
3000 volts. For lurger pietures still
higher voltage 15 required. since the

bratmu -mirror,

brightness  inereases \\lth the accel
orating vomu;e According to these
requirements, o new type of cathode:
Tay tnbe  was devojupml. Thig s
shown In Figs. 5 and 6. An oxide-
couted fllament is mountad within a
controlling sleeteolde ¢ The cathode
‘beam piasses thraugh n small hole in
the front part of the controlling ele
ment and then again throngh o hole
in the first gnode A, The st anode
n(mlemu'sa‘!hc cleeltons Lo g velocity
of - B00 o 400 volts, There Is- also a
second anode consisting of a metalile
coatlna on lhc lnsl of tbc smss bulb
TPhis second anode gives (o the elec-
trons a further seceleration up 1o 3000
ur 4000 volts. The velocity of the
clectrons at this vollage 5 about one-
tenth that of light. An lmpm'mm
funcuon or this’ gecond nnoae Is ulso‘




Fig. 7. A view of one¢ of the labo-
ratory telovision receivers.

to focus electrostatically the beam
iuto u sharp spot on the screen. The
target wall of (he bulb I8 about 7 In.
in digweter and I8 covered wlith a
fluorescent material such as willemite
prepared by o specinl process 86 as to
make it slightly conductive, Con-
duetivity Is required to romove the
electrical charges from the soreen
sapplied by the electron beam. This
tube wiil be referred Lo hereafter in
this paper as the kinescops,

The beam of electrons can casily be
moved across the screen either by an
electrostatic  or  an  electromagnetic
field, leaving a bright fluorescent line
as it passes. For this purpose a set
of defleeting plates and i set of de-
flecting coils are monnted on the neck
of the kinescope, outside the tube, The
plates and colls are adjusted in the
same plane, 80 48 to glve vertleal and
horizontal defleetion at right angles
to each other. Ax a result of the Joca-
tion of the deflecting elements between
first and second anode, the deflecting
field is acting on comparatively slowly

this mean intensity. It I8 evident (had
I we npply 1o this controlling elees
trofde the amplified fmpulses from the
transmitter and ar the same rime
deflect the begm to synchironism with
the motion of the lght beam across
the pleture on the film, the pletuee swill
ba  reproduced on  the fluorescent
sereen. Flgs, 7 and 8 show o general
view of two types of receivers,

Synchronization

If separate chamnels are available
far each of the synelironizing signals,
the problem of synchironization of the
receiver swith the transmitter I very
simple.  For horizontal scanning. it 1z
neoessary only to transmit the scan-
ning frequency, operating the wirror as
a sinusoldal yoltage and to impress it
un the deflecting colls of the kinescope,
The cathode beam ywill follow exactly
¢ movement of the light hedin neross
the filpy

For the framing or pleturs fre-

(quency, o voltage is generated ot the
receiving end and mwerely controlled by
A con-

signnls [romn the (rausmitier.
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10. The apectrum. used to
modulate the radio-frequency

carrier.

denser is charged at constant current
through 4 current Umiting device, such
as 1 two-electrode tube, 80 that the
voltage 31 Lthe condenser rises linearly,
The deflecting plates of the kinescope
are connected in parallel to this con-
denser, and, therefore, when the con-
denser is charging, rhiz cathode beam
I5 (defiected gradually from the bottom

moving electrons,  IHenee the field to the top of the fHuorescent screen at The pleture frequencies together
withy the framing froquencies are then
. Y passed through a  band-eliminating
W - filter, which remaves tle pleture com-
v pouent of the same frequency ns that
& — - of horlzontul scanning,  Following
O A £ TR EIEN
sz" =] this, a portion of the voltage which
) Fig. 9. SKetch  guivos the teansmifter vibpator is im-
LIFER showin the k
5 T (2452 sodoe = iAo | Al::;wu ] qo_n-ralg trans- pressed wupon the signals, prssed
et f= 2400 '“,'.:‘n'::mm:" throng the filter, and the enllre
__fm spectrunm s used Lo modulate (e
: A SUEERLARES - pdiosfrequency catricn, (Fig: 10.)
N At the recelving station the outpnt
-|¥ O;z:o&%n of the local radln receiver i amplified
COMMUTATOR'
e b 4ot pass FRAWNG
strength required Is much less than M Ty
thut which wouldl ordinarily be nsed
lo defleet the bemm noder the full 2 )
aoceleration of  the  second  andode = XL .
voltage, I - |
The brightness of rthe ling cun be Si‘g-mlnlu- Sk:"f'; [y BN ELIM &
controllud to any desiveil extent by & general recep- iritndat il = dhoilie
negative bins on the ¢ontrolling ele-  tion a;tranac-
ment,  The blus controls the mean Sz L e vg

intensity of the picture whose Llights
and shadows ure superimposed upon
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Fia,
bullt Into a Radiola cabinet,

The television recseiver

constant gpeod. This speed is regn-
lnted by the temperature of the Hin-
ment of the charging tube to duplicate
the doswmsard movement of the (il
An fmpulse s sent from the trans-
mitter beftween pictures, which dis-
charges the ¢ondenser, gquickly return-
Ing (he beam 1o the hottom position,
ready to start npward and reprodoce
Ihe next picturc.

For transmizsion of the complete
pleture, three sets of signals are there-
fore required: pictuve signals, hori-
zontal  sennning  frequomey, and im-
pulses for framing. Tt was found thai
It Is possible to combine all of these
sots of siznals into one c¢hannel.  In
this ense the photo-cell voltage of the
transmitter Is fiest amplificd (o @ level
sufficlently  high for trausmlssion.
There iy Lhen superimposed upon the
sories of high andio-frequency im-
pulses lasting o fow cycles only and
oeeurring when the lghrt beam pusses
the interval between the pletures.
(Pig. 0.)
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