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~'Thig application relates to dissector tubes for
initiating television signals, and is a continuation
in part of- my" co-pending application entitled
“Means and niethod - of interrupting electron
n;glstipiication" Serial No. 10,604, filed March 12;
1

The primary object of the instant invention is
to provide a dissector of the type wherein an
electrical image of the fleld of view %o be trans-
mitted is deflected over a scanning aperture, or

other collector of electrons having an elementary

area as’ compared with the area of ‘the cathade,
The dissec T of this Pparticular invention différs
from m devices in'its class in that the élec-
trical image'is” undistorted and in focus only im-
media.tely a.djacent to the electron collector, and
that the other ‘portions thereof may be so dis-

torted as’ pi:actically to lose their image charac-.

teristics,

The primary object of the invention is to pro-
vide_a devié .wherein the portion of the image
undergoing dissection at any instant is sharpiy
in focus, regardless of the degree of deflection: 6f
the beam of electrons as g whole. . Secondary OB

jects's a.re. To rovide & means of .dissection where- .
ed for focusing and deﬁecting- ‘

in the ow

‘beam are greatly ‘reduced;

through, hich. 'the optical image of the field of
view. i§ projected becomes, in effect, a. portion of

the anode. without being made. .conducting; and.

to provide a system for the anglysis or dissection

ision image ‘Wherein. the required elec- .

detail in the resuitant

xeessive: bulk or, additi

1 ! onal- com-
plex corrective circuits.

My invention.possesses numerous qther objects :

and. featuxe advantage, some. of which, to--

cription -of specific. appara.tus M

Lyin, d utilizing my novel .method.. -1t is'
thergfore fo.-be nderstood that .my.. method s
applicab other. apparatus; and-that-I:do not -

‘Hinif, Anyself; in any way, to the- apparatus of the
present- epplieation, 838 I may adopt:-various. other .

apparatus. embodiments, utilizing..the -
within the scope of the -appended claims
Refemng o. the: dr.

'circ ts, red’ ’d to; ioWes

ector. tube wherein the. optical.window .

_agnetic field may be.-, established with ..
a sumcien degeree .of aceuracy o, -provide sharp .

picture without . requiring ..

e.foregoing, will Joe set., forth in the. ;

(CL. 178—-7.2)

Figure 3 is a line diagram showing the general
conformation of the electrostatic: fleld produced
In the dissector tube, and-the resultant eléctron
paths produced in the absence of the megnetic
feld.

In television scanning bymeans of the dissector
tube one of the major problems is to maintain
accurate focus of the electron lmage at tite scan-
ning aperture in spité’of the varying strengtih of
the resultant fleld produced by the focusitg and 3
deﬂecting colls. Where the image is stationary
it is possible to produce’ s, plane focus having an
accuracy and resolution comparable to a- ﬁret
- class optical image. In producing such & fosus”
magnetically the fleld is adJusted s0° thet each’ 15

O\

" electron, in its path from’ the cathode to the

anode, accomplishes an integrai ‘number of turns
along & helical path and returns 0 tahgency with
..the line of force through its origin in the plane.’
. of the aperture The distance from the source

of the electron to its focal’ surface is djxectiy
proportional to the mean yelocity of thé eleciron,
s along. its path and inversely Jbroportions] to the
strength of the resultant’ ma.gnetic field. In gen-..
eral 1t is edvisable to loca,te the collector or scen-

25

passed through focus and 'b'e}_’ i vetéing When
N penpheral_ portions of the,

resuitant of the. deﬂectmg .
ﬁeld a.nd hence is stronger th

- pa ‘onsid'ere
sulting in even grea.ter div rgence

v ], inject~ 45
alterna,ting component into the. focusing . -
gested in my, copending,. .application,
5 other .. compensating
herd '
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. with a resultant saving of up to fifty

-'IB

2

hes two aspects, both of which involve passing
the electron stream through an electrostatic
field of non-uniform gradieni, and both of which
contribute to the final result. The photoelec-
tric cathode is a unipotential surface, and the
electrons collected to form the picture current
all arrive at the same point. It is obvious, there-
fore, that the final velocity of all of the arriv-

ing electrons must be the same, since each has’

fallen through the same potential, By making
the fleld stronger adjacent the edges of the cath-
ode than it is at the center, however, the ini~
tial acceleration of the peripheral electrons may
be increased, and hence, although their final
velocity is the same, their mean velocity is
greater than for the central electrons, and their
focal point is therefore farther along their line
of flight, even under the action of the combined
deflecting and focusing field.

Consldering the other aspect of the invention,
the electrostatic fleld is so devised as to form
a type of electrostatic lens which tends to con-
centrate the entire emission from the cathode in
the immediate locality of their point of collec-
tion. The tendency of the magnetic fleld is to
spread out the concentrated beam to form an
electrical image, but the particular electrons
which are being collected at any instant will, as
& result of.the concentrating action of the fleld,
be traveling along substantially the same paths
which they would take were the deflecting field
not present. These natural paths of the elec-
trons from all other points will cut, more or less
sharply, across the electro-magnetic fleld, and
hence will be acted upon thereby. The func-
tion of the magnetic fleld may therefore be
considered as being not so much to deflect desired
electrons toward the scanning aperture as to
deflect the undesired electrons away therefrom.
The electrons collected are therefore almost un-

affected by the deflecting fleld. With all of the

electrons originally directed toward the aper-
ture, it is obvious that ‘any deflection thereof
will prevent them from reaching it. Closely
adjacent the point of collection there will be a
small area which has the characteristics of a
true electrical image, but it is extremely probable
that the remainder of the electrons in the stream
are so deflected and confused as to lose prac-
tically all semblance to a true image.

theviremutuaﬂy-excmdve; A compromise 1is -

perhaps, be
achieved at which any value of focusing fleid
whatsoeverwouldbenﬂldenttodimtthe
wanted electrons. What is actually arrived at is
an effective increase in the depth of focus

that the focusing fleld be not adjusted exactly .

in order to give a high degree of definition, and,
at the same time, an increase in the mean
velocity of the peripheral electrons so as to
bring them within the latitude of this increased
depth of focus. As s corollary advantage of this
adjustment both the focusing and the deflecting
fleld may be made much weaker than is re-
quired where magnetic- focusing alone !snsedt
cen!

of deflecting current and seventy five

E

otdeﬂecﬁngpower.acorrespondmt v!ng!n*
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equipment cost and with an increase in overall
definition.

Considering the invention in detail, the dis-
sector tube, which is the heart of the apparatus,
comprises a cylindrical evacuated envelope |,
provided at one end with a window 2 throuzh
which’ the optical image of the fleld of view may
be projected, and at the other end with a re-
entrant stem 3 through which is brought a lead
4 connecting to- the cathode 8, The active sur-
face T of the cathode is, as nearly as possible,
optically plane, and it .is' surrounded by a cy-
lindrical flange 8 so that the entire cathode forms
a shallow cup or dish. I prefer to form the en-
tire cathode of silver, and to oxidize and deposit
caesium on the surface 7 in the well known man-
ner to form a photoelectric surface which is as
uniform and sensitive as it is possible to con-
struct.

Starting at some distance from the rim of the
cathode is a conductive film 9 formed on the in-
terfor of the envelope wall, and extending to &
point closely adjacent to the window 2. In
practice this coating is extremely thin, and its

thickness is grossly exaggerated in the figure’

merely in order to show it at all. The preferred

‘method of forming the film is to evaporate some

metal, such as nickel, within the exhausted tube,

. protecting the window 2 and the gap 10 between
‘the cathode and the fillm by means of shields

temporarily inserted in place before the final

construction of the tube, This results in an ad-

ditional film beneath the metal of the cathode.
No attempt has been made actually to show the
film in this portion of the tube, since it coacts
with the cathode itself in establishing the elec-

10

15

trostatic fleld and its production as a separate -

film is partly for the sake of convenience, and
partly in order to effect a saving in silver, for
with the surface film the flange 8 on the cath-
ode need not be so long as would otherwise be

electron multiplier or multipactor for propor
tionally increasing the number of electrons reach-
ing the external circuit., This stricture is de-
scribed and claimed in my copending applica-
- tion, Serial No. 10,604 above-referred to. The-
action of this device is not germane to the pres-

T0
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ent invention and it should therefore suffice to

A. state that the central electrode or anode {2, the

i5

shield §3 and aperture {4 exercise the same func-
tions as in the more simple structure. The two
semicylindrical plates {6 are operated at & mean
potential corresponding substantially to that of
the shield 13, and hehce effectively perform the
same function, i. e., they are not at materially
different potential from the surrounding anode
structure.

In the simpliﬂed circuit shown in Flgure 2
there is shown a focusing coil 17, which is a sole-
noid surrounding the entire dissector and sup-
plied with a current from a source 18 regulated
by a rheostat 8. The tube is encompassed by the
necessary deflecting coils, as shown in detail in
my former application, Ser. No. 321,805, one palr

- of coils being represented in the diagram by a

single coil 29 supplied by a sawtooth wave low

frequency oscillator 22, The lateral deflection is -
achieved by & similarly disposed pair of coils,”

with axes at right angles to the coil 26, which are
also represented in the diagram by a single coil
23 supplied by & high frequency sawtooth wave
oscillator 24.

The collector electrode 12 connects to an out-

- put. resistor 25 and through a potential source

30

27 to the cathode 5. The shield {3 is operated at
slightly different potential from the collector,
and connects to the anode cylinder 8. An output
amplifier 28 connects across. the output resistor
and supplies whatever transmission medium may
be used with the device.

In operation an image of the field of view to be
transmitted is focused by the lens 30 upon the
sensitive surface T of the cathode 5. These elec~
trons are atftracted toward the anode by the

. potential applied thereto, which may vary within

40

wide Hmits but is conveniently of the order of
600 volts. Except that the values of the currents
used in the coil system are less there is but one

" difference, from the operator’s standpoint, be-

50

55

tween the present device and that disclosed, for

instance, in my: former application, Serial No.
321,805. This difference lies in the positioning
of the deflecting coils. with respect to the deflec~
tion produced by them when the image is in focus.
It is well known that where no focusing field is
used, the axes of the deflecting coils to produce,
say, .a vertical deflection, must be horizontal.
With a uniform focusing field, and without the

use of electrostatic conipensation as deseribed in -

the present gpplication, the axes of the de-
flecting coils coincide with the direction of the
.deflection produced thereby, i. e., to produce &
vertical defiection the axes of the coils must be
vertical.
focusing coil may be made somewhat shorter than
is necessary to produce & completely uniform field,
and the axes of the deflecting coils will be made

. -somewhat cblique., In practice, for a vertical de-

" flection, the deflecting coil axis is somewhat
"nearer the vertical than the horizontal.

70

The
coils for producing the horizontal deflection are
mounted normally to the vertical deflecting coils;

their displacement from the horizontal is simiiar

‘to the displacement of thé vertical deflection coils
from the vertical. The exact adjustment is
readily found by experiment.

Before considering the action of the electro-
‘static fleld, it ‘must be pointed out that the entire

 window end of the tube is, when the tube is in

[t

actual operation, at anode potential. This is

brought about by secondary emission from the .

Insulating surface of the envelope.  When the

With the setup as here described. the _

‘the central electrons reach this:sameiwelocity. e,‘;@@

3

beam of electrons is defiected, certain of the pe-
ripheral electrons strike the walls of the tube,
closely adjacent the. anode- film, with- sufcient :
velocity to knock out secondary.electrons, Elec-

by the anode, thus placing.a more positive charge .
upon the walls and increasing the velocity-of the ..
strlklng electrons and consequently pro _,esslvelyr ..

a condition of equilibrlum is, esta,blished X6 is
not certain exactly what: starts; the .proces
may be some leakeage of the positive cha,

the film along the gla_ss walls 88 it see

obvious that there is no
it could not be made; as
metal cylinder. . -
The action of the electrostatic fleld produce@l

by the charged- surfaces -of tha ‘anode and, the %
Th ea, n

surface thet is\ positively charge
plicity the collector. is-omitted;: but
noted that this element is locategi

so that iis effect ma.y, for the salge« of simpli ty %

be neglected for.the xnoment g

'The dotted lines 33 1ndicate app xima,tel th
he 3

not shown, since thex,wouldwunnecessgrily cqm @@
fuse the diagramwbutg it can;:readily: be-see
from the shape.of thei el@ctrqc]esﬁhat *bhe ;@el
will be  strong-iadjacent;: the: peripherx

cathode and relatively:w e 2T, AT ;
will be recognized:thaf: amstron .,ﬂeld‘ £Orrespond s
to a high potential gradient whereas theawgake :

which the 'periphenaliieledtronsmpnmwh v,t:hea
final velocity will:beigreater thamithal at: which:

The fleld dadjacent:the:cathode s} convergent,.
but as it approachessthes anodecit starts;to:
diverge. The force agting upon:the electroms:at:
any moment is¥in theidivection:of ithe lines:of. .
force. The electrons as:they:start: altnguthéir g4
paths tend to:follow: the:slidescofsforce, but: thes -

velocities which:theydcquire'prevent theirdoing.: . ™

‘so.. By the time'theyihave entered the:divergenti: .
portion of the:figkd iliey-areltraveling withi.gps -

* proximately 70ypei wéntiiofsthein: findl:welocity,s

following the paths«mdzcatedshyuthezcoxwengingw :
lines 33, tending to:coricentrate atis po!nt closely:
adjacent the colledting aperturein s nd R

As has beenstated; the: effect:of: hesolieston,
upon the field is relativély unimportant, but:such: s

deod
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effect as 1t does have is to decrease the divergence
of the field. It will be recognized that the mutual
repulsion of the electrons in the stream would
necessarily prevent point concentration, but
practice has shown that the concentration which
can be achieved is excellent, the beam of elec-
trons which started out with the characteristics
of an image over four inches in diameter being
brought down to a spot one-half inch or less
in size, Where only a small point on the pe-
riphery of the cathode is iluminated, so that the
repulsive effect of the other electrons is not
present, the approximation to the aperture may

 be considerably closer.

18

When a stream of electrons of this character is
passed through the magnetic focusing field the
concentration of the beam is, of course, de-
stroyed. Those electron paths which are sub-
stantially parallel to the field are affected by it
ir a normal way, and are brought to a focus
in the plane of the aperture, traversing the paths
which are little different from what they would
be were the electrostatic field straight and uni-
form. The peripheral electrons, however," cut
sharply across the focusing fleld, and are ac-
cordingly deflected in spiral paths and brought
into tangency with the line of magnetic force
through their origin considerably closer to their
source than they otherwise would be. They are,
however, deflected from the aperture, and since
they do not enter into the picture signal their
ultimate paths and points of collection are im-
material. -

When the deflecting field becomes effective,
however, so that the peripheral electrons are
passing ‘substantially parallel to the resultant
fleld, these in turn are brought to a focus at the
aperture but little affected by the magnetic fleld,
while the central-electrons and those from the

opposite edge of the cathode cut sharply across:

the magnetic fleld and are diverted. The higher
mean velocity of these peripheral electrons, due

to their quicker acceleration, brings their focal

plane closer to the aperture than it would be
were
the central electrons. : :

The effect may be considered from another
angle; the magnetic fleld serves to focus the

. electron stream, not in a plane, as would be the

70

case were the electrons traveling parallel and
with uniform velocity, but in a sharply curved
surface which is tangent to the collecting aper-
ture, the curvature and conformation of the
focal surface changing constantly as deflection
takes place. :

Any failure to meet the condition of exact
tangency at the point of collection is compen-
sated for by additiona] depth of focus which re-
sults from the convergency of the electron
stream. Since the electrons from any elementary
ares or small group of elementary areas tend to
converge, there is no téndency for the electrons

‘from the area under scansion to diffuse and fail

to fall within the aperture; the only -difficulty
which arises from a failure of exact focus is
that some of the electrons from adjacent ele-
mentary areas will also be collected. The result
of a failure of exact focus, therefore, is merely
the equivalent of using a slightly larger collecting
aperture, and not & tenidency toward a dead level
of illumination such as would occur if the direc-
tion of the electrons were random. - A much
greater tolerance as to strength of focusing field
than would otherwise be the case is therefore

4o permissible.

traveling at the same mean velocity as

‘of the electrons component of said stream

2,158,018

‘The strength of the deflecting and focusing
fields can likewise be decreased, since the tend-

ency of all of the electrons is to fall into the

aperture and it is therefore unnecessary to force
the desired electrons into line magnetically, but
merely to divert the undesired electrons from the
aperture sufficiently so that they will not. cause
trouble. .

In order to determine the correct proportion
for an electrode structure, other than the example
given, to obtain the effect here described, the best
method is one of cut and try. An approximate
solution may be obtained mathematically if the
effect of necessary incidental structures which
destroy symmetry be neglected. The mathe-
matics, however, are extremely compiex and the
experimental solution is relatively easy. A per-
fectly plane cathode, without the surrcunding
flange, gives maximum difference in strength of

fleld between the periphery and the axis of the'

structure. This arrangement, however, exercises
almost no concentrating effect. The deeper the
cathode cup, the closer to the emitting surface
the point of concentration falls, while the deeper
the anode cup the greater the peripheral velocity
in comparison to the axial velocity. By laying
out graphically a proposed electrode structure,
and tracing in the lines of force, the approximate
paths of the electrons may be predetermined.
The optimum structure may, at the first approxi-
mation, be taken as the shallowest cathode cup
which will give concentration at the point de-

10

15

sired. The spacing between anode and cathode .

naturally affects this design. Only the final ad-
Justment, in order to get most satisfactory effects,
need therefore be constructed and tried.

I claim:

1. The method of eléctrical picture analysis

. Which coinprises the steps of forming an electron

stream having the characteristics of an electrical
image at its_source only, and subjecting said
stream to the combined action of electric and
magnetic fields, one of said fields being propor-
tioned to direct all electrons component of said

from

point. B
2. The method of electrical picture analysis
which comprises the steps of forming an electron
stream having the characteristics of an electrical
image at its source ‘only, passing said stream
through an electrostatic fleld proportioned as an
electrostatic lens adapted to concentrate said

45

stream at a preselected point of collection, and

instantaneous resultant magnetic fleld.

3. Thé method of electrical picture analysis
which comprises the steps of forming an electron
stream having the characteristics of an electrical

image at its source only, passing sild stream

through an electric field of non-uniform gradient
toward a substantially axial point of collection,
said fleld being steeper in gradient adjacent the
edges of the source than adjacent the center
thereof, whereby the peripheral electrons of said
stream approach their final velocity more quickly

-

70
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than the central electrons so that the time of
passage of the electrons between source and point
of collection is less along peripheral paths than
along central paths therebetween, and subjecting
said stream to magnetic focusing and deflecting
fields to bring electrons from all elementary areas
of said source successively in focus at said point of
collection.

4. The method of electrical picture analysis
which comprises the steps of forming an electron
stream having the characteristics of an electrical
image at its source only, accelerating all of the
electrons of said stream toward a substantially

8

axial point of collection, the initial acceleration -
of the peripheral electrons of said stream being

greater than that of the more central electrons -
of said stream and the terminal velocities of all of
said electrons being substantially equal, and pass-
ing said electrons through a substantially con-
stant longitudinal magnetic field and a transverse
magnetic field varying in such manner as to bring
the paths of electrons from all parts of said source

successively parallel with the resultant of said 10

flelds.
PHILO T. FARN SWO_RTH.




