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UNITED STATES PATENT OFFICE 
Philo T. Farnsworth, San Francisco, Calif., as 
signor, by mesme assignaments, to Farnsworti 
Televiglio & Radio Corporation, EDover, Dei 32 
corporation of Delaware 

Application December 31, 
Caign. 

This application relates to dissector tubes for 
initiating televisioni signals, and is a continuation 
in part of my co-pending application entitled 
"Means and method of interrupting electron 
??????plication', Serial No. 10,604, fled March 12, 
The primary object of the instant invention is 

to provide a dissector of the type wherein an 
electrical image of the field of view to 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 cathode. 
The dissector of this particular invention differs 

is undistorted and in focus only im 

1935, serial No. 56,976 
(C. 8-2) 

devices in its class in that the elec 
mediately adjacent to the electron collector, and 
that the other portions thereof may be so dis. 
torted as practically to lose their image.charac 

The primary object of the invention is to pro 
vide a device wherein the portion of the image 
undergoing dissection at any instant is sharply 

Figure 3 is a line diagram showing the general 
conformation of the electrostatic field produced 
in the dissector tube, and the resultant electron 
paths produced in the absence of the magnetic 
field. " ?? . . . . . . . . ...? ?? 

In television scanning by means of the dissector 
tube one of the major problems is to maintsin 
accurate focus of the electron image at the scan 
ning aperture in spite of the varying strength of 
the resultant field produced by the focusing and 
deflecting coils. Where the image is stationary 
it is possible to produce a plane focus havis-i?; $3.3.3. 
accuracy and resolution comparable to a first 
class optical image. In producing such & Soc2S 
magnetically the field is adjusted so that each LS 
electron, in its path from the cathode to the 
anode, accomplishes an integral number of turns 
along a helical path and returns to targency with 

5 

BG 

the line of force through its origin in the plane. 
of the aperture. The distance from the source 

in focus, regardless of the degree of deflection og 
the beam of electrons as a whole. Secondary ot 

bea 

ich he optica image 6. 
ted becomes, in effect, a portion of the amode without being made conducting; and 

to provide a system for the analysis or dissection 
of a television image wherein the required elec 
tric and 
detail in the resultant picture without requiring 
plex corrective circuits. 
My invention possesses numerous other objects 

tur advantage, some of which, to 
eforegoing, will be set forth in the 

provide a means of dissection where required for focusing and deflecting 
eam are greatly reduced; to pro- SS SS SSAAS AASSASASA SEESSSS SS SSSSAASS SS SAAASS SSSSAASS SSS 

ctor. tube wherein the optical window the path traversed by the electrons under the cois 
dition of maximum deflection -- ? -- ? - - 

gnetical may be???he with 
degree of accuracy to provide sharp 

MkekyyyyyyyL y yyLLLL yyyyyyyLS LTS 
tilizing my novel method. It is tronstream at the scanning point, 

If focus is 

is longer than the focal distance in the undetect 

scanned. Furthermore, the deflected electrons: 
are passing through a field whose stren. ; ???? 

excessive bulk or additional.com-, resultant of the deflectin ???? d the focusing field, and hence is stronger, than either field alone 
scathode than it would 
.length qif path were t 

inga 

20 
of the election to its focal surface is directly 
proportional to the mean velocity of the eiecticoa. 
along...its path and inversely proportional to the 
strength of the resultant magnetic field. In gene. 
eral it is advisable to locate the collector or scan ning aperture. axially of the undefected inea. 

actis is secured in the indeflected condition 

riphery of the cathode to the scanning aperti 

trength is ti 

with the result that the focus 

sultinging even greater. di 

Several methods of correcting the 
ylLltly yyLylyyyyylyy yl MmmmmmS 

field, as suggested in mycopending...application, 
gmpensating 

a spherical sur 
Jerture, sºi 

notifi 

  

  

  

    

  

  

    

    

  

  

  





2,58,918 
ent invention, and it should therefore suffice to 
state that 'the central electrode or anode 2, the 
shield 3 and aperture 4 exercise the same func 

... O 
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tions as in the more simple structure. The two 
Semicylindrical plates 5 are operated at a mean 
potential corresponding substantially to that of 
the shield 3, and hence effectively perform the 
Same function, i. e., they are not at materially 
different potential from the surrounding anode 
structure. 

In the simplified circuit shown in Figure 2 
there is shown a focusing coil 7, which is a sole 
noid surrounding the entire dissector and sup 
plied with a current from a source f3 regulated 
by a rheostat 9. The tube is encompassed by the 
necessary deflecting coils, as shown in detail in 
my former application, Ser. No. 321,805, one pair 
of coils being represented in the diagram by a 
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single coil 20 supplied by a sawtooth wave low 
frequency oscillator 22. The lateral deflection is . 
achieved by a similarly disposed pair of coils, 
with axes at right angles to the coil 20, which are 
also represented in the diagram by a single coil 
23 Supplied by a high frequency sawtooth wave 
Oscillator 28. 
The collector electrode 2 connects to an out 

put resistor 25 and through a potential source 
27 to the cathode 5. The shield 3 is operated at 
slightly different potential from the collector, 
and connects to the anode cylinder 9. 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 of the cathode 5. These elec 
trons are attracted toward the anode by the 
potential applied thereto, which may vary within 
wide limits 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 
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flection, the deflecting coil axis is somewhat 

70 

difference, from the operator's standpoint, be 
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 defiec 
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 compensation as described in 
the present application, the axes of the de 
flecting coils coincide with the direction of the 
deflection produced thereby, i. e., to produce a, 
vertical deflection the axes of the coils must be 
vertical. With the setup as here described the 
focusing coil may be made somewhat shorter than 
is necessary to produce a completely uniform field, 
and the axes of the deflecting coils will be made 
'Somewhat oblique. In practice, for a vertical de 

nearer the vertical than the horizontal. The 
coils for producing the horizontal deflection are 
mounted normally to the vertical deflecting coils; 
their displacement from the horizontal is similar 
to the displacement of the vertical deflection coils 
from the vertical. The exact adjustment is 
readily found by experiment. 

Before considering the action of the electro 
'static field, it must be pointed out that the entire 
Window end of the tube is, when the tube is in 
actual operation, at anode potential. This is 
brought about by secondary emission from the 
insulating surface of the envelope. When the 

the central electrons reach; this same:Velocity. 

upon the field is relatively unimportant, but such. 

beam of electrons is defected, certain of the pea 
ripheral electrons strike the walls of the tube, 
closely adjacent the anode film, with sufficient 
velocity to knock out secondary electrons. Elec 
trons from this portion of the wall are collected as 
by the anode, thus placing, a more positive charge 
upon the walls and increasing the velocity of th 
striking electrons and consequently pro 
increasing the number of secondaries; emi v, 
to the point where the walls reach the anodepor lo 
tential. When this condition is established the : 
emitted electrons are re-attracted to the walls agai, 
a condition of equilibrium is established. Its 
not certain exactly, what starts the process. .. 
may be some leakage of the positive char 9Ita, lt; 
the film along the glass-walls, as it seems reaso 
able that such leakage-should-occur. 
Whatever the mechanism maybe however, the 

charge spreads progressively until the entire 
window has assumed the maximum positive 

into operation, and the charging precess is great 
facilitated by intimate conta th 
and the wall of the envelope. It 
son that it is preferred to: 

obvious that there is no-s 
it could not be made 
metal cylinder,. . . . . . S: ". ? ????????? 
The action of the electrostatic field produced. 

by the charged surfaces of thes anode and, theses 
cathode are illustrated in Figure 3. The heavy... . . 
line 3A indicates the shape of the median section 
of the negatively, charged: cathodesurface, 
the heavy line 32 shows the shape of 
surface that is positively r, charge ??? 
plicity the collector issomitted; but it 
noted that this elementis located deep, 
anode cup, where, the shielding: actio 
walls reduces material ?” 
so that its effect may, for the sa 
be neglected for the moment: : 
The dotted lines 83 indicate approximately the 

direction of the; lines of force of the fiel? a 
tween the two surfaces: Equipotential planes sces: 
not shown, since they would runnecessarily corage 
fuse the diagr?m, butgit c?n:Keadily::b?4 s?ex? 
from the shape:of thes electrodes that these 
will be strong; adjacent: thesperiphery:50f ine 
cathode and relatively weakeratits:center, and is , , 
will be recognized that astrongfield; correspondiscs 
to a high potential gradient, whereas thesweaker: 
field corresponds to acioW5 One: hence theirates 
which the peripheraisielectrons approach thei 
final velocity will besgreater than that at which: 

The field adjacent the cathodesis; convergent 60 . 
but as it approachess thes anode: it Estarts;to 
diverge. The force acting upon the electroasiat." 
any nOment is in theidirections of the lines; of 
force. The elections as they start along their paths tend to follow the firiestoft;force, but the 
velocities which they acquire prevent their doing: 
so. By the time they ihave entered the divergent. 
portion of the fieldstikeyaareitraveling with ap . 
proximately 70 per vèriti ofertheir final:velocity, 
following the Pathsidiated by the conveng." ?* ? 
lines 33, tending to concentrate at a point closely: ' ' 
adjacent the collecting apertures/s): Š{x } ?x} Ñx ; 
AS has been stated, the effect: of the collectors , 
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effect as it 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 illuminated, so that the 
repulsive effect of the other electrons is not 
present, the approximation to the aperture may 
be considerably closer. 
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 
in 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 und 
form. The peripheral electrons, however, cut 
sharply across the focusing field, 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 in 
material. ' 
When the deflecting field becomes effective, 

however, so that the peripheral electrons are 
passing substantially parallel to the resultant 
field, these in turn are brought to a focus at the 
aperture but little affected by the magnetic field, 
while the central-electrons and those from the 
opposite edge of the cathode cut sharply across 
the magnetic field 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 field serves to focus the 
electron stream, not in a plane, as would be the 
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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 defection 
takes place. 
Any failure to meet the condition of exact 

tangency at the point of collection is compen 
sated for by additional depth of focus which re 
sults from the convergency of the electron 
stream. Since the electrons from any elementary 
area or small group of elementary areas tend to 
converge, there is no tendency for the electrons 
from the area under scansion to diffuse and fail 
to fall within the aperture; the only difculty 
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 a tendency 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 

traveling at the same mean velocity as 

9,158,918 
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 suficiently 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 complex and the 
experimental solution is relatively easy. A per 
fectly plane cathode, without the surrounding 
flange, gives maximum difference in strength of 
field 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 
nation, be taken as the shallowest cathode cup 
which will give concentration at the point de 

lo 

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 electrical picture analysis 

which comprises the steps of forming an electron 
strean 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 
strean toward. a preselected point of Collection, 
and the other of said fields being proportioned 
to direct electrons from a single elementary area 
only of the source toward said point of collection 
at any one instant and to divert the remainder 
of the electrons component of said stream from 
said point. 

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, passins said stream 
through an electrostatic field proportioned as an 
electrostatic lens adapted to concentrate and 
stream at a preselected point of collection, and 

45 

subjecting said strean to deflecting and focusing 
magnetic fields, the combined strength of aid. 
magnetic fields being aerely sufficient to divert 
from said point of collection those electrons whose 
paths under the action of the electrostatic field 
alone would not be substantially parallel to the 
instantaneous resultant magnetic field. 

3. Thê method of electrical picture analygl= 
which comprises the steps of forming an electron 
stream having the characteristics of an electrical 
image º at its source only, passing abad astream 
through an electric field of non-uniform gradient 
toward a substantially axial point of Collection, 
said field 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 

an 
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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 

S. 
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 
fields. 

PELO T. FARNsworTH. 

  


