- Oct. 10, 1939. F. SCHROTER 2,175,573
ELECTRON BEAM CONVERTER ,
Filed March 20, 193¢ 2 Sheets-Sheet 1

Fig. A

1 - ,

V4 : e e /

[0R00000e0ePePeePeeeee (90ee] -3

(2 L3 Tt 2 -

Fhg.3

a—— ’

5550808000658 > ,
> 28
22 R “"‘ v
R &
Ty =552
208566560002 /” 4

B

Z

B —————— —25
N a1

24" e .

8

=

INVENTOR

FRITZ SCHROTER
")
. ‘ P Al Wo

ATTORNEY




Oct. 10, 1939. F. SCHROTER 2,175,573
' ' ELECTRON BEAM CONVERTER o '
Filed March 20, 1936 2 Sheets-Sheet 2

ASAAAAA

| i 3 "'L'é' >

18
L}
\
\
\
A
\
\
‘\
\ ' b4
\ : ‘
20--'\‘ 4 Lo~
\
\
\
R
\
. \
17
N / ‘=
: 72
I d =
% 7 4
2/-—
!
! AW A
1 7
/ ,’ 16
19! !
!
]
= ]
- ]
)
182 o
[} .
1
i 13 -
L=t v‘ A'A'A'A' :
ij’ = vi 15
By

INVENTOR,

FRITZ SCHROTER
BY 7 .
7ML

ATTORNEY




Paiented Oct. 10,1939 | 2,175,-573

- UNITED STATES PATENT OFFICE

2,175,893
ELECTRON BEAM CONVERTER

Fritz Schroter, Berlin, Germany, assigner to
Telefunken Gesellschaft fiir Drahtlose Tele-
graphie m. b. H., Berlin, Germany, a corpora-
fion of Germany

Application March 20, 1926, Serial No, 69,821
In Germany March 12, 1835
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The object of this invention is to provide an sweep over the row of constituent cells, while
inertialess electron-beam converter of the kind the intensity therecof is at the same time modu-
especially adapted for use in intelligence trans- lated by the video signal to be transmitted by
mission. This converter utilizes the motion or means of a control electrode, this will result in

.5 sweep in vacuo of one or several independent charging of the cells. By properly choosing the 5

" inertialess cathode-ray pencils in such a way operating potentials of the tube, the charging
that the pencil electrons, in quantities controlled process occurs due to secondary emission from
in a way being either constant or variable with the cells in a positive sense. It will be apparent
time, are consecutively caused to strike or im- to those skilled in the art that optimum poten-

10 pinge upon a number of insulated capacitive con- tial values should be chosen in operating the 10
- ductors which conductors are incidentally caused tube. The distribution of the charges -corre-
to give off secondary electrons proportional to sponding to the modulation of the cathode ray
the incidence of the primary electrons. The con- beam will be preserved for s ‘certasin length of
ductors thus scquire corresponding charges, and  time on the cells, and the length of time depends

15 by virtue of their uniform capacity in reference on the particular cells used and, of course, the
to a joint or common coat or plate are adapted characteristic curve of these cells that charge
also for the storing of modulator actions of the thereon plotted against time. If, then, s cathode-
cathode-ray pencil in the form of an undis-  ray pencil is again caused to sweep over the row of
torted distribution of potentisl. these cells, at & constant intensity, although ac-

20 In the iconoscope known in the prior a.rt and cording to the desired purpose the direction or 20
which is used for television scanning, the picture the velocity of the pencil sweep or motion may
to be televised is thrown, as a whole upon & “tar-  be varied, the secondary emission effect will again
get” plate which consists of & multiplicity of be varied at the rhythm and rate of the accumu-
microscopic elementary condensers possessing lated modulation. In the said second scan or

25 photoelectric activity and being capable of sec- sweep, therefore, the original modulation curve 28
ondary electron emission. The charges caused will be picked up and obtained, as may be de-
by light actions accumulated thereon .are peri- sired, in the seme or in inverse sequence, and
odically evaluated by a scanning cathede-ray pen- with increased, constant, or reduced veloclty and
cil by means of secondary electron emission. The incidental levelling of the potential. 'This, there-

30 so-called plate of the iconoscope thus acts as & - fore, constitutes & convenient means for frequen- 386
transducer to convert light or luminous actions ¢y conversion of pericdic, modulated, or non-
into current or electrical actions. Contradisiinet meodulated currents, and for inversion of time
therefrom, what is concerned in the present in- modulstion sctions for use in secrecy or coding
vention is & purely electrostatic cumulator whose 1in telephony. Moreover, it affords a means

. 85 elements are not acted upon by light, but which adapted to insure sny desired signal accumula- 38
merely transmit and vary electrical actions. tion or storing in telegraphy work making use of

The baslc idea of the invention shall be illus- repetition. Since, furthermore, converter tubes
trated and explained as follows: Upon the an- of this kind can be connected in parallel so that
terior face of a tenuous insulation layer or sheet theincoming modulation may be impressed simul-

40 of glass or mica are applied tiny silver areas taneously upon several cumulators, which may 40
or patches insulated from one another, while then be scanned in sequence, this gives 2 chance,
the rear face of the collective capacity is silver- in picture telegraphy and television work, to vary
‘coated throughout. The silver “cells” are ren- af will any given picture sequence each second,
dered capable of secondary electron emission in g feature which will be found valuable with &

45 known manner in the vacuum of the cathode- view te reducing the band width in certain trans~ 45

- ray tube by deposition of vapors of barium or mission channels. Inother words, the sequence of
caesium. The cathode-ray pencil caused t© scanning a picture may be varied due to the
sweep thereover is produced, as also known in fact thaf the same intelligence may be recorded
the art, by a heated cathode opposite which are on several tubes, and the limitations accompany-

50- disposed a .control electrode and one or several ing'the use of a single scanning system is avoid- 50
anodes forming electron-optic means. The col- ed. The basic idea of this inventich may more-
lective or common coat of the cell condenser is over be modified in such a way that the modula-~
at approximately anode potential. If, then; by tion cumulated by the recording- cathode-ray
the action of an electric or magnetic field the pencil, upon reproduction, may be scanned simul-

55 cathode-ray penci] is deflected and caused to taneously by several independent cathode-ray 65
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pencils acting in groups. For instance, a single-
channel transmission may be divided hetween e

‘piurality of receiver means and channels acting

in parallel, or vice versa. 'This may be valuable,
for example, with a view tc obtsining large and
vet bright pictures, and in this connection, be-
cause of an increassd optical representation, si-
multaneous control and representation of several
picture units may be the proper solution of the
difiiculties inherent in luminosity or illumination.
It will be appreciated that where it is possible fo
divide & fransmission which ordinarily takes
place over a single channe! between a number of
parallel channels, each channel will carry a more
narrow band of frequencies, and this is especial-
ly important in the transmission of video signals
by wire since the use of conductors with a limited
frequency band of transmission range is often
both desirable and necessary.

In building cathode-ray tubes of the kind used
in this invention, recourse Is had tc the ways
and means known from high-vacuum work, elec-
tron-optics, and hot-cathode manufacture, such
as found in combinetion in modern Braun tubes
for the representation of television pictures, in
the iconoscope, in the electronic microscope, etc.
These tubes operate with s high vacuum, for it

is only under such conditions that the secondary.

emission and" accumulation will proceed i a
satisfactory manner. To deflect or move the
cathode-ray pencil or pencils there are employed
periodic fields of an electrostatic or magnetic na-
turz which are set up by poientials or currents
having the desired curve-shape. Rotational
movemenis of the caithode-ray pencils are pro-
ducible by crossed delds fed with phase-dis-
placed currents.

My invention wili best be understood by refer-
ence to the flgures of the drawings in which:

g, 1 is a screen arrangement,

Fig. 2 is one embodiment of my invention,

Fig. 3 is e combination of strip elements form-
ing a screen, and

Fig. 4 is another embodiment of my invention.

Fig. 1is ¢ fundamental view of the construction
of a linear electrode system adapted to accumu-
late charges produced by the scanning cathode-
ray pencil by virtue of secondary emission. The
metallic strip | has a series of apertures which,
with the interposition of dielectric substance 3 are
filled with substance 2 capable of secondary elec-
tron emission. In this manner there results a
serles of tiny elementary condensers whose in-
sulated coats 2 are dielectrically. saparated from
the joint co-operative coat f. If, then, the
cathode-ray pencil is caused to sweep either at
a constant or at a variable intensity over the
anterior faces of the row of cells 2 care having
to be taken, however, sc that { will be safeguard-
ed from the impact of pencil electrons, the said
pencil will occasion constant or variable poten-
tial differences between these cells and the col-
lective or joint electrode §. It should be appre-

ciated that-the drawings in the case are mnot

scale drawings, and that the element 2 may be
spaced closely enough together so that the elec-
tron beam which is comparatively small in cross-
section will not impinge on the member I. These
charges may be evaluated by a second electron-
pencil scan as described further above. The said
second pencil could be brought to act also from
the posterior side of the system i. In fact, the
graphic representation of Fig. 1 is merely intend-
ed to illustrate the physical features of the prin-
viples, whereas the actual arrangement as a rule

- matically shown coils {8,
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differs therefrom, that is to say, that st ips of
insulating material upon one face thereof are
metallized throughout, while upon the opposiie
face metallization is in the form of tiny and sep-
arated areas or patches, whereupon the latier
are rendered capable of secondary clectron emis-
sion. This may be termed a double mosaic type of
structure. ‘ .
Figs. 2 and 3 illustrate an exemplified em-
bodiment of the invention in connection with a
scheme adapied to code (or “garble”) speech
transmitied over telephonic channels. The twin-
type cathode-ray pencil converter tuke here used
iz indicated by ®. The cumulator system { which
corresponds to the one shown in Fig. 1 is mount-
ed in the center of the tube R. By shielding
means care is taken so that secondary electrons
released by a cathode-ray pencil will be drawn
only iowards the anogde which lies on the im-
pact slde of the primary electrons. The two an-
odes which consist of & conducting wall coat are
designated at 4 and 4’. 'To produce the cathode-
rays 20 and 2{ indicated by the broken arrows
there are further provided electrode systems of
g kind well known in the art and comprising
the first anodes %, 5’, the modulator electrodes 6
and §’, and the hesated cathodes 7 and T’, the
latier being preferably of the indirectly heated
kind. To supply the working D. C. potentials for
tube R, there may be provided, for instance, a
potentiometer 8 on which are tapped the various
potentials by way of resistors 3, 19, {{, and {2.
The common cost of system | shall be assumed

" {0 be grounded; alsc a umtable point of tke po-

tenticmeter.

A more detailed view of a system embodying
the use of the arrangement of Fig 1 is shown in
g, 3. 'The screen or storing arrangement con-
sists of two halves or members {’, §’’ which are
ellivtically or circularly curved, the said two
halves being held together and assembled by
short interposed pieces of insulation indicated at
22 and 23. The closed elliptical paths along {’
and {’’ are scanned by two cathode ray pencils
20 and 2{ (see Pig, 2) at a definite phase in op-
posite sense, with a view to producing the effect
hereinafter to be explained in more detail. The
motion of the electron beam is provided by crossed
magnetic flelds which are set up by the sche-
{8’ and 19, 19’, Fig. 2.
Both pairs of coils are energized from dependent
generators §6 and 17 with sinuous currents of
like frequency, but dissimilar amplitude, and in
stich phase relations that the electron pencils
28, 24, will run in opposition in the direction of
the arrows shown in Fig. 3, and will meet at
the neutral points 22 and 23 and cross each oth-
er.

Suppose that during this circular motion the
electron ray or pencil 21 is modulated in intensi-
ty by the currents set up by microphone 14 and
amplified by amplifier 15 so that across the
terminals of the resistance {3 voltage variation
corresponding to the voice are set up, the said
voltage variations being superimposed upon the
potential or the modulator electrode 6’. The el-
liptic motion of the voice modulated pencil is
indicated in Fig. 3 by the arrows Z. In this peri-
odic circulation, the pencil modulation will be
stored up continuously in the various cells 2 (see
Fig. 1) in the shape of locally varying charge po-
tentials. At the same time, however, by the
action of the oppositely sweeping electron pen-
cil 20 from the rear there occurs a time inversed
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in that pencil 28; as Indicated in Fig. 3, is caused
to sweep along §’ §’’ in the sense of the arrow A

at the same cyclic frequency as 2§. The time

variations which the electron current reaching
anode 4 experiences, occasion voltage. variations
across the terminals of the resistance {{ which

correspond to the transposed, that is to say,’

coded or garbled voice medulation and which
after proper amplification, are used for secret
telephonic transmission. ]

The fact that in the said manner a continu-
ous and uninterrupted translation or coding of
the speech takes place will be readily understood
from s reference to Fig. 3. Suppose that the
two pencils 28 and 21, at & given instant, are posi-
tioned at 22; pencil 2! would sweep the upper
half of the elliptic path in the sense of the ar-
row Z and, after g half cycle or revolution, it
would cross again pencil 20 at the neutral point
23. Tt will be appreciated that the neutral points
22 and 23 may be used for & number of purposes
such, for instance, as the development of a syn-
chronizing signal and the like. The upper path
22—23 of the elliptical shaped member which as-
sumes an uncharged state from' the action of
the beam of steady value will store up charges
due to the action of the modulated beam which
impinges thereon after the section has been neu-
tralized. Pencil 20 which sweeping along the
lower path has reached point 23 will then be
made to scan, upen the upper haif, the recorded

modulation, but in inverse sequence, while at.

the same time the pencil 2{ {ravels along the
bottom half from 23 to 22 and thereby continues
the modulation recording, seeing that the. said
path had just previously been rendered into the
state of quiescent potential by the pencil 20
sweeping in the contrary direction. Owing {o
the fact that this eycle recurs again and again,
there is brought about an inversion of the modu-
1stion frequencies during those periods when the
cathode ray beams are comtinuously being de-
flected. The smali zaps at 22 and 23 will do no.

“harm, provided tha$ the distance between them

are relatively long. However, recourse could be
had to accessory means to the end of causing the
pencils 20 end 2{ to jump over or skip the said
neutral zones 22 and 23 so rapidly that omly
supersonic interruption frequencies will result
(Superposed auxiliary currents).

1If at the receiving place a similar cquipment
is provided as in Figs. 1 and 3, the modulation
coming in in inverted form cah be resiored to
the original shape. The operation of such & de-
coding or re-converting arrangement will be per-
fectly clear from what has been explained above.

The cumulator arrangement shown in Fig. 3
is merely fo be considered as & simplified em-
bodiment given by way of example. Under prac-
tical conditions, short storing paths as here
shown will ordinarily not be used, indeed, by the
provision of longer cumuiator paths or surfaces
designed to accommodate more modulation, care
will be taken so that the interrupting frequen-
cies caused by the inter-crossings at the points
22 and 23, Fig. 3, will be rendered as low as pos-
sible. A limitation, of course, is imposed in this
respect by the permissible leg in the garbled
modulation in reference to the original modu-
lation.

As has been pointed out, arrangementsof the
said sort and comprising suitably designed cumu-
lator system could be used slso in connection
with telegraphic work using methods in which
the same letter signal or impulse, with a view to

3

neutralizing interference or fading or losses of
signals, is repeated several times at certain time
intervals, such repeated signals being stored up
in the receiver, as known from the Verdan and
the Siemens-Verdan method, ete., as for instance
as explained in U. 8. 1,677,062.

However, for the practical utilization of this
principle large-sized mechanical or electrostatic
storing means have heretofore been required.
The present invention discloses ways and means
to solve the same problem in & simplified manner
by the aid of microscopic charge accumulators
capable of accommodating a large number of
signals so that a greater variation in regard to
“amount of signals of repeating period” and the
speed of transmission is permissibie.

The principles hereinbefore disciosed will be

10

18

found of great value in connection with the con- -

version of television or video signals, for pur-
poses hereinbefore explained in detail. The basic
ides of such conversion is schematically ilus-
trated in Fig. 4. Suppose the problem consists
in dividing & normal single-channel television
transmission into three simultancously operating
channels, say, for controlling three independent

ture. The incoming modulatior therefore cor-
responds to the usual scanning in which always
only one elementary area of the picture is trans-
mitted. Confined inside the tube R are two
groups each comprising three or a total of siz
strip-shaped cumulators indicated at 4’’’. Along
each strip is disposed an adeguate number of
microscopic condenser cells in order that & full
line of the incoming single-channel modulatior
may be faithfully recorded. The six collective
or joint coats (corresponding to coat 1 in Fig. 1)
are united with one another for RF energy by
the capacities 28 so that they represent for RF
modulation of the single-channel transmission
8 common coat. For the resuitant modulation
of reduced frequency are provided 2X3=§6 in-

dividual lines 28 or, in other words, three pairs.
The single-channel mod- -

of transmission lines.
ulation is recorded by the clectron pencil 24
which is subjected to intensity modulation by
the incoming video signal, while the division intc

the three reproducer channels is effected by -

three independent and constant cathode-ray

" pencils 25, 26, 27 upon the rear of the system

§*’’. By the ways and means known in modern
art it will be readily possible to provide such
multiple pencils in a way so that they will not

mutually interfere. By synchronized defiector

- systems working with ratchet or relazation cir-

cuit organization, and by means of electrical
equalizing means care is taken so that the pencil
24 will sweep consecutively over the six line
cumulators of system {’’’ in normal line mo-
tion, while inside 2 length of time which must
be short in contrast to the synchronizing pause
at the end of each line, it will be made to fiy-back
to the beginning of the first line. In the mean-
while, the three pick-up pencils 25, 26, and 27,
at & velocity which is only one-thivd of the other,
and with the proper phase displacement, cover
parallel to one another and in cyclic alternation
the upper and the lower group of strips. The
time shift in reference to pencil 24 is so chosen
that the scanning sweep will start at the edge of
the picture only after the whole area to be cov-
ered inside the period of one line has been fin-
ished by the pencil 24. The proper control of

‘the three pencils 25, 26, 21, is insured by the aid

‘picture units in the receiving or re-created pic- .

70
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_flection of the pencil 24. In this manner a per-
" fectly comtinuous and complete change of the

single-channel modulation into the three-chan-
nel medulation here chosen for the sake of argu-
ment is feasible, in fact, division initc a greater
number of chanmnels is possible by simple means.
In order that the simultaneously acting spots
which, in the case here concerned, cause re-
creation of the incoming picture, may he modu-
lated independently of one another, it will be
necessary to inciude in the leads 2§ many com-
mon coats of the system [’’’ separate resistances
which act as input impedances of the three pic-
ture signal emplifiers. Pairs of these corre-
sponding to similer sirips of the upper and the
lower group of three are co-ordinated to the
same amplifier. The drops of potential of these
three pairs of conjugate resistances may be
brought to act slternately in balanced mezsure
upon distinct contro! grids of the same input tube
(hexode), or else they may he broughi to aect,
by way of push-pull input tubes, slternately up-
on g single input impedance for each of the three
picture-signal amplifiers.

Alternate transmission from g single amplifier

~of differing impressed signels is known in the

prior art.

What I claim is:

1. An intelligence transmitfer comprising
means for developing a pluralify of independent
cathode ray beams, means for accelerating each
of said beams, means for modulating at least
one of said beams in accordance with said in-
telligence to be transmitted, means for storing
an electrostatic image of a portion of said in-
telligence, and means for translating said stored
electrostatic image.

2. An .intelligence transmitter comprising
means for developing a plurality of independent
cathode ray beams, means for modulating at
least one of said beams in accordance with said
intelligence to he transmitted, means for ac-
celerating each of said beams, means for deflect-
ing each of said beams, means comprising a plu-
rality of discrete condensers for storing an elec-
trostatic image of a portion of said intelligence,
and means for translating said stored electro-
static image.

3. An intelligence transmitter comprising
means for developing a plurality of independent
cathode ray beams, means for modulating at
least one of said beams in accordance with said
intelligence to be transmitted, means for accel-
erating each of said beams, means for. deflect-
ing each of said beams, a plurality of discrete

elements having a high secondary emission char--

acteristic, said elements being arranged in the
path of said beams, a conductor common to all
of said discrete elements and in capacitive rela-
tionship thereto, and means for translating the
charge on each of said discrete elements sequen-
tially.

4, An intelligence transmitter comprising
means for developing a plurality of independent
cathode ray beams, means for modulating at
least one of said beams in accordance with said
intelligence to be transmitted, means for accel-
erating each of said beams, means for deflecting
each of said beams, a plurality of individual
screens containing discrete capacitive elements,
said screens being arranged adjacent to and in-
sulated from each other, and means for energiz-
ing said beam deflecting means in such fashion
that unmodulated beams impinge on said screens

2,175,673

sequentially and in timed relationship to the mod-
ulated beams. '

5. An intelligence transmitter comprising
means for developing a plurality of independent
cathode ray beams, means for modulating at least
one of said beams in accordance with said in-
telligence to be transmitted, means for accel-
erating each of said beams, means for deflecting
each of said beams, means comprising a plu-
rality of discrete condensers for storing an elec-
trostatic image of a portion of said intelligence,
and means for translating said stored electro-
static image in s fashion reversed with respect
to the direction of storing of said image.

6. An intelligence transmitier comprising
means for developing o plurslity of indevendent
cathode ray beams, means for modulating st
least one of said beams in accordance with in-
telligence to be trensmitted, means for accel-
erating each of said beams, means for defecting
cach of said beams, 2 plurality of individual
screens contalning discrete capacitive elements,
a cohductor adjacent each screen and common o
the capacitor elements thereof, said capacitive
elements each heing capable of secondarily emit-
ting electrons, and means for simultaneously de-
flecting said independent heams so as to main-
tain a definite relationship between said image
recording and said image translation.

7. An intelligence transmitter comprising
means for developing g plurality of independent
cathode ray beams, means for modulating one
of said beams in accordance with intelligence
to be transmitted, means for accelerating each
of said beams, means for deflecting each of said
beams, a plurality of individual screens contain-

ing discrete capacitive elements, a conductor ad-

Jacent each screen and common to the capacitor
elements thereof, said capacitive elements each

being capable of secondarily emitting electrons,

and means for simultaneously scanning all of
individual screens so as to divide the complete
intelligence pattern into groups of signals.

8. An intelligence transmitter comprising
means for developing a plurality of independent
cathode ray beams, means for modulating at least
one of said beams in accordance with intelligence
to be transmitted, means for accelerating each of
said beams, means for deflecting each of said
beams, & plurality of individual screens contain-
Ing discrete capacitive elements coated with a
material having a high secondary emission char-
acteristic, & conductor adjacent each screen and
common to the capacitor elements thereof, and
means for simultaneously deflecting said inde-
rendent beams so as to maintain a definite rela-
tionship between said image recording and said
image translation.

9. An intelligence transmitter comprising
means for developing a plurality of independent
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cathode ray beams, means for modulating at least

one of said beams in accordance with intelligence
to be transmitted, means for accelerating each of
said beams, means for deflecting each of said
beams, a plurality of individual screens contain-
ing discrete capacitive elements, a conductor ad-
jacent each screen and common to the capacitor
elements thereof, said conductor being adapted
to be maintained substantially at ancde poten-
tial, said capacitive elements each being capable
of secondarily emitting electrons, and means for
simultaneously deflecting said independent beams
S0 as to maintain a definite relationship between
said image recording and said image translation.

10. An- intelligence transmitter comprising
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means for developing o plurality of independent
cathode rgy beams, means for modulating one

_of sald beams in accordance with intelligence

to be transmitted, means for accelerating each of
sald beams, means for deflecting each of said
beams, & plurality of individusl screens contain-

ing discrete capacitive elements, a conductor ad-

jacent each screen and common to the capacitor

elements thereof, said conductor being adapied to

be maintained substantially at anode potential,
said capacitive slements each being capable of
secondarily emitting electrons, and means for
simulteneously scanning all of individual screens

50 as to divide the complete intelligence pattern

into groups of signals.

i1, An intelligence transmitter comprising
mesans for developing s plurality of independent
cathode ray beams, means for modulating at least
one of szid beams in accordance with intelligence
to be transmitted, means for accelerating each of
seid beams, mesns for deflecting esch of said
beams, & plurality of individual screens contain-
ing discrete capacitive clements coabed with &
material having 2 high secondary emission char-
acteristic, z conducior adjacent each screen and
common to the cepeacitor elements thereof, said

8

conductor being adapted to be maintained sub-
stantially at anode potential, and means for
simultaneously deflecting said independent beams
so as to maintain g definite relationship between
sald image recording and said image translation.

12. An inteiligence transmitter comprising
means for developing a pair of independent cath-
ode ray beams, means for modulating at least
one of said beams in accordance with intelligence
to be transmitted, means for accelerating each of

.said beams, means for deflecting each of sald

beams, a pair of individual screens each contain-

10

ing a plurality of discrete conducting elements

insuleted each from the other, said screens be-

ing arranged together so as to form an ellipti-
cally shaped member, & conductor adjacent each
of said screens and common to the discrete ele-
ments thereon so as to form & capacity there-
with, said capacitive elements being capable of
secondarily. emitting electrons, and means for de-
flecting said independent beams so as to follow

the elliptical shape of the screens and to main-

tain & definite phase relationship between said

independent beams. .
- FRITZ SCHROTER.
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