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19'Claims. (CI. 250-49.5). 
Our invention relates to selectron diffraction. 

cameras, and in particular relates to arrange 
ments by which the variation of intensity of the 
diffraction pattern with angle-of diffraction may 
be registered graphically, and measured. 5 
In electron diffraction cameras a fine beam of. 

constant, voltage. electrons, is projected onto a . 
specimen of a substance for which it is desired. 
to obtain a pattern. It is found that electrons 
are diffracted in such an arrangement at various 10 
angles from the axis of the impinging beam in . 
such a way as to produce conical streams of elec 
trons diverging at various angles to thie axis of 
the impinging stream. The intensity distribution 
of the diffracted electrons at various angles rela, 5 
tive to the axis of the conesis found to be a - 
characteristic of the material undergoing study 
and may be referred to as the electron diffraction 
pattern of that material. t 

In accordance with the prior art, such diffracts 20 
tion patterns have been recorded by positioning" 
photographic films or plates to be intersected by 
the electron cones. However, this procedure is 
unsatisfactory in that it gives "only-rough meas 
urements of intensity variation, and is somewhat 25 
time-consuming because it is necessary to develop 
the photographs before the desired informatio 
as to the diffraction patterri is obtained. 
procedure -becomes - especially-unsatisfactory 
as is sometimes the case, the physical character 
istics-of-the-sample being studied are chang. 
with time. . It is obvious that in ary: Case: Where. 
the changes are rapid it becomes practically im: 
possible to record...the-diffraction patterns ace 
curately. 35: 

In application Serial No. 102,123 filed substai. 
tially-contemporaneously with this...one-and-as 
signed to the same-assignee and entitled: “Elec 
tron-Diffraction Camera,’’. John W. Coltman..dis-, 

30 

closes', an arrangement in - which the System of .40. 
conical-electron beams forming such a diffraction... 
pattern impinges upon a plate: electrode having a 
small aperture through-which a small-sectio 
the beam is allowed to pass to impinge CupOn 2 : 
collector electrode connected...to a measuring OS. 45: 
cilloscope. By magnetically deflecting the elec 
tronbeam, this plate aperture is in effect 3 dis-i 
placed along a radius of the electron beam System, i. 
and variations in the intensity of the latter-arei, 
recorded: on...an oscilloscope. The present ape, 80 
plication describes an alternative arrangement 
in which magnetic deflection of the beam System : 
is avoided by employing what ima be considered 
to be an electron-optical Syste thich ther: 
focallengthis varied to make possible a record 

fine electroni...beam. 

2. 
ing of the current distribution in the diffracted: 
beam. 
One feature of our-invention is the provision 

of an arrangement whereby an oscilloscope 
records a graph relating the diffraction-angle with 
the total:number of electrons diffracted through-l. 
the angle. , - - - - - - - - - - 

One object of our invention is;-accordingly, to - 
provide; a novel apparatus-for recording-in-an 
electron diffraction apparatus, the-relation bé 
tween diffraction-angle-and-total number of elec 
trons diffracted through-that angle. 

Another--object of our. invention is to provide 
a novel forms of electron diffraction camera. 
which directly. registers the relationship bet ' 
diffraction-angle and the total number of elec 
trons deflected through such an angle. 

Still another object of our invention is to pro 
vide a novel electron diffraction camera which 
records on the screen of an oscilloscope a curve." 
truly representing-... the diffraction angle as 
abscissa and as ordinate the total number of 
electrons diffracted through at the angle. 

Still another object of our inventiori is to proj 
vide a graphical electron diffraction pattern reg 
istering device which records diffraction angle 
as abscissa against total electron current as 
ordinate, and in which the sensitivity for the 
ordinate scale remains the same throughout they 
abscissa range. 

Other objects of our invention will become aper 
parent upon reading the following,' description*: 
taken in connection with the drawings, in which: 

Figure 1 is a diagram useful in explaining"thef 
principles of soul ention; : - 

Fig. 2 is a schematic showing of an elementary 
form of device, embodying:the principles of oure'. 
invention; 

Figs.-3, 4 and 5 are schematic representations: 
of alternative forms of one portion of the device 
shown in Fig. 2; 

Fig.6 is a schematic illustration of an alternal 
tive form of the embodiment shown in Fig. 2; and 3 

Fig. 7 is an illustration of a modified form of . 
a portion of the embodiment shown in Fig. 6. 

Referring in detail to Figure 1, a samples of 
material which it is desired to obtainian electron, 
diffraction pattern is supported by any suitable 
means. (not shown) in the path of an extremely 

- So-called electron, guns: 
and other arrangements for producing such fine: 
streams of electrons are well known in the elec.'" 
tronics art today and are believed to require nor 
separate description. . - 

After impinging at a glancing {-angle "on the . . 
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sample , it will be found that the electrons are 
diffracted in such a way as to produce, in effect, a 
number of half-cones having various apex angles, 
coaxial to the axis of the original electron bean 
2. If a fluorescent plate 4 were supported in the 
path of the conical beams, it would be intersected 
by the conical beams and would be found to ShoW 
successive semicircles representing the traces of 
these cones at the plate 4. Such arrangements as 
I have so far described are found in certain dif 
fraction cameras of the prior art on Which my 
arrangement is an improvement. 
The above-mentioned sample and electron 

beam may be enclosed within a Suitable con 
tainer which may be vacuum-tight if desired and 
which is believed to require no detailed, descrip 
tion since such arrangements are Well known in 
the electronics art today. A publication en 
titled “RCA Electron. Diffraction Unit' pub 
lished by Radio Corporation of America, Rocke 
feller Center, New York city, describes an ap 
paratus employing Such an electron bean. 
Our present invention employs the general ar 

rangement as illustrated in Fig. 2 in which an 
electrical field is impressed by What We inay 
term a focusing electrode 5 on the paths of the 
electrons in the above-mentioned conical bean 
and acts, in effect, as an electron lens which by 
imparting curved paths to these electrons brings 
all the electrons in a cone of a given aperture 
angle to a focus, as indicated by the dotted lines 
in Fig. 2. The conica beams nearer the central 
axis are brought to a focus at points just below 
the focusing electrode 5 while the foci of Conical 
beams of larger aperture angle are positioned at 
greater and greater distances from electrode 5. 
The actual distance f from the focusing electrode 
to the focus at which electrons constituting a 
cone of any given aperture angle converge is de 
pendent upon the magnitude of the Voltage in 
pressed on the electrode 5. Thus mathematical 
analysis shows that the distance f above-men 
tioned in cm. is given approximately by the for 
mula, 

RV 
- AB 

where A is the radius in cm. of the electrode 5, 
B its potential in volts relative to container 3, W 
the energy in electron-volts of an electron when 
it emerges from the sample and R is the per 
pendicular distance in cm. from the Center of 
electrode 5 to the path the electron Would have 
followed had focusing electrode 5 not been used. 
While we have described a simple electron lens 

system, it will be evident to those skilled in the 
art that other electron lenses may be used pro 
vided they are axially symmetric and have a 
marked dependence of focal distance on the dis 
tance R; i.e. have high Spherical aberration. 

It will be evident from these considerations 
that by locating a catcher-electrode 2 on the 
central axis of the conical beam System, the elec 
trons in some one cone will be caused to focus 
upon it; and that by varying the potential of the 
focusing electrode 5 (e. g. by a periodic Voltage 
generator ), one of the conical beams after 
another may be focused on the catcher-electrode 
2. By causing current collected by the catcher 

electrode 2 to deflect the luminous Spot on the 
screen of an oscilloscope 4 in one coordinate, 
and by deflecting the luminous Spot along an 
other coordinate by means of the periodic Volt 
age derived from source if, a graph representing 
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4 
the variation of electron current in the cone with 
aperture angle thereof may be traced on the 
screen of the oscilloscope 4. 

In conformance With the foregoing, a focus 
iing electrode 5, which may be of extremely Small 
diameter, is Supported by an insulator 6 at a 
point on the extension of the path of the elec 
tron beam 2, and is maintained at a Suitable posi 
tive potential relative to the container 3, by a 
Source of direct-current Voltage 7, in series with 
the movable tap 8 on a potential divider 9. The 
potential divider 9 is Supplied with voltage from 
a saw-tooth generator of a type too Well known 
in the art to require separate description. It Will 
be evident that the combined effect of the voltage 
drop across the potential divider 9 and the Wolt 
age Source 7 is to impreSS a periodically Varying 
(i. e., a saw-tooth) waWe Voltage on the electrode 
5, relative to the container 3. Some distance 
from the extension of the electron beam 2 is po 
Sitioned the catcher-electrode 2 which is Sup 
ported by an insulating bushing 3 from the Wall 
of the container 3. The electrode 2 is con 
nected to impress on one of the deflecting plates 
of the oscilloscope 4 a voltage which is propor 
tional to a number of electrons brought to a 
focus on electrode 2 at any instant by the focus 
ing electrode 5. The electrode 2 should prefa 
erably be of relatively Small Surface area. The 
opposite deflecting plate to that just referred to 
in oscilloscope A is connected to the envelope 3. 
The other set of deflecting plates in OScilloScope 
4 is impressed with a Saw-tooth voltage derived 
from the saw-tooth generator . . . 
The cathode of the electron gun from Which 

the electron beam is derived is connected through 
a direct-current Voltage source 5 Sufficient to 
accelerate the electrons in the beam 2 to the 
desired velocity for bombarding the sample . 
The envelope 3 is preferably grounded. 
With the arrangement above described, a no 

ment's consideration will show that at any in 
stant the electrons in Some particular One of the 
conical beams will impinge on the catcher-elec 
trode 2, the electrons in the other conical beams 
passing the electrode 5 to strike the walls of the 
container 3 and be returned to the electron gun 
through the Voltage Source 5. However, the 
electrons of the particular conica bean incident 
upon the Catcher-electrode 2 will flow back to 
the electron gun through a resistor 6 and Will 
thereby deflect the luminous spot on the oscillo 
Scope to a distance proportional to the cur 
rent flow focured on catcher-electrode 2 at that 
instant. 

Correspondingly, the position of the luminous 
Spot on the Screen of Oscilloscope 4 will also be 
determined by the instantaneous value, at the 
monent, at the Woltage impressed on the hori 
ZOntal deflection plates of the oscilloscope 4, 
As the voltage of saw-tooth generator 

changes, the conical beams having Wider and 
Wider apertures Will be focused on the catcher 
electrode 2, While at the same time, the lumi 
nous Spot on Screen is deflected further and 
further along the axis of abscissas. The luminous 
Spot Will, accordingly, trace on the screen of Os 
cilloScope A a graph representing the variation 
during the periodic cycle of saw-tooth generator 

, of the current flow in conical beams of dif 
ferent aperture angle. 
One of the practical problems in connection 

with the arrangement thus described, is to im 
part the desired potential to the electrode 5 
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without distorting- the electric-gradients of the 
eleetrieal field which focuses the-electron beams. 
One-way of doing this is to-make the support 
ing member 6 for-the-electrode 5 of some high 
resistance material (e. g., carbon), which will 
permit current-flow therein to produce a. po 
tential-gradient in the region it-occupies-which 
is a replica of the - potential gradient which 
would exist-there were-the-support 6 and -the 
lead wire which it encloses-absent from the sys 
tem. The wall thickness of the member 6 may 
be tapered in such a way as to produce the de 

10 

sired variation of potential gradient from point 
to point; 
In Fig. 3, we show- an alternative expedient 

for avoiding the distortion of the -electric field. 
in the neighborhood of the lead-which supplied 
voltages to the electrode 5: This arrangement 
is somewhat similar in appearance to the “con 
denser bushings' now-known in the electrical 
art and comprises an insulating-tube 2 closely: 
surrounding the in-lead to the electrode 5 and 
provided. With a conductive - coating on its ex 
terior; a second-insulating tube 22 of somewhat 
shorter length surrounds the first-insulating tube. 
2f and is likewise provided with a conductive 
coating on its exterior; a third insulating tube 
23 likewise provided with a conductive coating 
and shorter than the tube 22 surrounds the latter. 
and a fourth insulating tube 24 provided with a 
conductive coating connected to the container 
wall 3 surrounds the tube 23. The various cons. 
ducting coatings above-mentioned are respec 
tively connected to suitable tap points on a po 
tential divider-25 which is connected between 
the container 3 and the external terminus of the 
in-lead to electrode 5. By varying the position 
of these tap points, the potential gradient in 
the neighborhood of the insulating tubes inside 
the container 3 may be varied at will to approxi 
mate the value it would have were the in-lead 
to electrode 5 absent. 

Fig. 4 shows still another arrangement for con 
trolling the potential gradient between the elec 
trode-5-and-the wall of container 3. It com 
prises a plurality of conducting rings 26 which 
may be insulatingly supported on the in-lead to 
electrode 5 and which are connected by con 
ductors passing through the centers of the rings 
26 to variable taps on a potential divider similar 
to that already described in Fig. 3. By varying 
the position of these taps, the potential gradient 
in the space surrounding the rings 26 may be 
made to approximate- that which would exist 
were -the-in-lead to the electrode-5 absent from 
the system. 

Fig. 5 shows still- another arrangement for im 
parting the desired potential to the electrode 5 
and comprises a support for the latter positioned 
along the extension of the electrode beam 2 in 
the -directions away from the sample . 
point some distance from the electrode 5, this 
support is turned at-right angles and passes 
through the wall of container 3 to the terminal: 
of the voltage source. 29 which imparts to the 
electrode-55 its desired potential. The in-lead 
to the electrode .5-is provided with a coating or 
sheath-27s of insulating...material. 
In Fig. 6, we show a modified form of the ar 

rangement in Fig. 3 which is designed to make 
it possible to employ a smaller voltage to energize 
the electrode 5. In the Fig. 6 modification, the 
wall of the container is interrupted at a point 
somewhat below the sample by an insulating 
wall portion 3 f and the container wall below 

At a . 
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the insulator. 3 is comprises -a: conductive wall. 
portion-32 through which the in-lead-and-sup 
port for the electrode 5 are brought in in the 
same manner as in Fig. 1. 
An annular plate provided with a central aper 

ture closes the lower-end of the wall portion 32. 
Insulatingly supported by a member 33 on this: 
annular plate is a wall portion 34 which insulat 
ingly supports at its lower-end, a fluorescent 
screen 35 which is given a positive potential 
relative to wall portion 34 by a voltage Source. 
35A. The wall portion 34 is preferably grounded. 
The wall portion 3 is likewise grounded, while 
the wall portion 32 is kept at a negative potential 
relative to the wall portion 3 by a voltage source - 
36. The electron gun producing the electron: 
stream 2 is provided with a voltage somewhat 
more negative than that of wall portion 32 by 
means of the adjustable voltage source 43. 
As a result of this arrangement, it will be seen 

that the electrons in the stream 2 are first ac-. 
celerated to the voltage corresponding to that of 
the sources 36 and 43 in series, and thereupon. 
impinge upon the sample . Passing through 
the latter, they produce a system of conical elec 
tron beans representing the diffraction pattern r. 
of the substance and then after passing by the 
insulator 3, enter the field within the container 
32 and are largely deprived of their kinetic ener 
gy by virtue of the negative potential on con 
tainer 32. They, therefore, approach the elee 
tron lens constituted by the electrode 5 with a 
Comparatively low velocity corresponding to the , 
voltage of Source: 43 and as a result, the poten-i. 
tial to which electrode 5 must: be elevated in 
Order to readily focus the electrons on the aper 
ture: in the annular plate above-mentioned, is: 
reduced to a readily usable value. To give an 
example, the voltage source 36 may be of 45 
kilovolts and the potential of the electrode 5 may 
be of 5 kilovolts. The above-mentioned poten 
tial is impressed on the electrode 5 by the voltage 
Source 37 in series with the potential divider 38 
which is Supplied with saw-tooth waves by a saw 
tooth generator. 39. 
The Saw-tooth generator. 39 supplies the hori 

ZOntal deflection plates of the oscilloscope. 4, 
while the Vertical plates of that oscilloscope are 
respectively connected to ground and to be en 
ergized in correspondence with the current 
reaching the catcher-electrode 35. 
Those electrons which are not focused on the 

aperture in the annular plate above-mentioned, 
paSS to the cathode of the source of electron 
beans 2, while those electrons which are focused 
On Said aperture strike catcher-electrodes 35 and 
paSS through source. 35A to energize. the vertical 
deflection plates of the Oscilloscope 4. 

For the sake of simplicity, the vertical plates 
of the OScillscope 4 in Fig. 2 have been shown 
as driven from a voltage derived directly from 
the electron current impinging on collector 3 
in Fig. 2. In practice, there is seldom enough 
current to accomplish this, and it may be neces 
Sary to insert amplifiers in this circuit such as 
are well known in the art. Alternatively, it may 
be desirable to use a, detector of the fluorescent 
Screen-photomultiplier type such as is described 
in the application to be filed contemporaneously 
With this one, entitled “Electron. Diffraction 
Camera' John W. Coltman, Serial No. 102,123 
filed June 29, 1949. Fig. 6 has been arranged 
to show Such a type of detection. In using such 
a detector, it is advantageous, if the electrons 
being detected. have a high energy, and therefore 
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in Fig. 6 means have been shown by which the 
original kinetic energy of the electrons may be 
restored after the selection process is completed. 
This means comprises the use of wall portion 34, 
insulatedly supported from Wall portion 32 by 
means of insulator 33, and held at ground po 
tential, and this may be assisted by a positive 
potential impressed on screen 35 by voltage 
source 35A. Electrons leaving enclosure 32 are 
accelerated on entering the region of strong elec 
tric field between wall enclosure 34, which is at 
ground potential and enclosure 32 which is at 
high negative potential supplied by source. 36. 
The high speed electrons then may enter the en 
closure containing screen 35 for detection by 
that fluorescent screen and photomultiplier 36A. 
Such a photomultiplier and energizing circuits 
therefor are too well known to require detailed 
description, but reference may be made to 
F. H. B. Marshal and J. W. Coltman Patent 
2,512,355, X-ray Thickness Gauge, which issued 
June 20, 1950. Suitable configuration of the ap 
erture in the base of enclosure 32 and of the 
chamber 34, together with potential fixing de 
Vices typified by adjustable voltage source 35A, 
may be chosen in accordance with well known 
principles of electron optics to shape the elec 
tron beam in a manner convenient for detection. 

Fig. 7 shows still another way of supporting 
the electrode 5 in the container of the type shown 
in Fig. 6 and comprises an in-lead wire which 
passes from the voltage source 37 through an in 
Sulated bushing in the wall of the container 3 
and then passes along the extension of the elec 
tron beam 2 downward to support the electrode 
5. The in-lead thus supporting electrode 5 is 
cased in insulating sleeve 44. Otherwise, the 
connections of Fig. 7 are similar to those of 
Fig. 6. 

It will be recognized that the electrode 5 in 
Fig. 2 may likewise be supported in position by 
an arrangement similar to that just described 
in connection with Fig. 7, and that the electrode 
5 in Fig. 6 may be supported by the expedients 
shown in Figs. 3, 4 and 5. While the diameter 
of the sphere constituting electrode 5 may be 
given various values, it will, in many cases, be 
found sufficient if it is no larger than the di 
ameter of the in-lead to it, and this electrode 
may consist of simply an exposed portion of such ; 
an in-lead. 
Since numerous changes may be made in the 

above-described construction, and different em. 
bodiments of the invention may be made without 
departing from the Spirit and scope thereof, it 
is intended that all matter contained in the fore 
going description or shown in the accompany 
ing drawings shall be interpreted as illustrative 
and not in a limiting sense. 
We cairn as Our invention: 
1. An electron diffraction recording device com 

prising heans for bombarding a sample material 
With a concentrated electron beam to produce 
a conical electron bean System, and an electron 
lens System having a high spherical aberration 
for converging the elections in each of the vari 
ous cones simultaneously to a different point on 
the extended axis of Said conical beam system. 

2. An electron diffraction recording device 
comprising means for bombarding a sample nar 
terial with a concentrated electron beam to pro 
duce a conical electron bean System, an electron 
lens System for focusing the electrons in various 
cones at different points on the extended axis of 
said conical beams, and a catcher-electrode of re 
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stricted size positioned at a point on said axis. 

3. An electron diffraction recording device 
comprising means for bombarding a samplema 
terial with a concentrated electron beam to pro 
duce a conical electron beam System, an electron 
lens system for focusing the electrons in various 
cones at different points on the extended axis of 
said conical beam system, a catcher-electrode of 
restricted size positioned at a point on said axis, 
and means for varying the focal length of Said 
electron lens. 

4. An electron diffraction recording device 
comprising means for bombarding a Sample ma 
terial with a concentrated electron beam to pro 
duce a conical electron beam System, an electron 
lens system for focusing the electrons in various 
cones at different points on the extended axis of 
said conical beam system, a catcher-electrode of 
restricted size positioned at a point on Said axis, 
and means for periodically varying the focal 
length of said electron lens system. 

5. An electron diffraction recording device 
comprising means for bombarding a sample ma 
terial. With a concentrated electron beam to pro 
duce a conical electron beam system, an elec 
tron lens System for focusing the electrons in 
various cones at different points on the extended 
axis of Said conical beam system, a catcher-elec 
trode of restricted size positioned at a point on 
Said axis, means for periodically varying the focal 
length of said electron lens System, and means 
for plotting the current flowing from said 
catcher-electrode against said variations in focal 
length of the electron lens system. 

6. In combination with means for producing 
a conical electron beam system constituting the 
diffraction pattern of a sample material, an elec 
trode positioned on the axis of Said conical beam 
System, means for impressing a periodically vary 
ing Woltage on Said electrode relative to said 
sample, a catcher-electrode positioned on said 
axis more remote from Said Sample than said 
electrode, and current-responsive means ener 
gized by the output of said catcher-electrode. 

7. In combination with means for producing a 
conical electron beam system constituting the 
diffraction pattern of a Sample material, an elec 
trode positioned on the axis of said conical beam 
System, means for impressing a periodically 
varying Voltage on said electrode relative to Said 
Sample, a catcher-electrode positioned on said 
axis more remote from Said Sample than said 
electrode, current-responsive means energized by 
the output of said catcher-electrode, said cur 
rent-responsive means recording one coordinate 
of a graph, and the other coordinate of said graph 
being responsive to said periodic voltage. 

8. In combination. With means for producing a 
conical electron beam system constituting the 
diffraction pattern of a Sample material, an elec 
trode positioned on the axis of said conical beam 
System, means for impressing a periodically vary 
ing Voltage on said electrode relative to said 
Sample, a catcher-electrode positioned on said 
axis more remote from said sample than said 
electrode, current-responsive means energized by 
the output of said catcher-electrode, said cur 
rent-responsive means comprising one pair of de 
flecting plates of an oscilloscope, the other pair 
of deflecting plates of said oscilloscope being en 
ergized by said periodic voltage. 

9. The arrangement described in claim. 6, in 
which said periodic voltage has a saw-tooth wave 
form. 

10. The arrangement described in claim 7 in 
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which said periodic voltage has a saw-tooth wave 
form. 

11. The arrangelent described in claim 8 ir. 
Which said periodic voltage has a saw-tooth wave 
form. 

12. In an apparatus for 'ecording electron dif 
fraction patterns of sample materials, means for 
bombarding said material with a concentrated 
electron bean to produce a conical electron dif 
fraction pattern, said means being positioned in 
one portion Cf a container having a first con 
ducting wall portion, said container also having 
a second coinducting wall portion insulated from 
Said first conducting Wall portion and surround 
ing the axis of said conical beam system, means 
for supporting a focusing electrode within said 
Second conducting Wall pCrtion and for in part 
ing to it a predetermined potential relative there 
to, an aperture in said Second conducting Wall 
portion positioned on the axis of said conical 
bean System, a third conducting Wall portion 
Surrounding the extension of Said axis through 
said aperture, and a catcher-electrode positioned 
on said axis beyond said third conducting wall 
portion. 

13. The ai'i'angernent Set forth in clain 12 in 
which means are provided for impressing a SaW 
tooth Voltage upon said focusing electrode, rela 
tive to said second conducting wall section. 

14. The arrangement Set forth in claim 12 in 
which means are provided for maintaining said 
Second Wall section at a potential close to that of 
the cathode fron which said electron beam origi 
nates, while said first and third conducting Wall 

Sections are maintained at a substantial positive 
potential, relative to said cathode. 

5. The arrangement described in cairn 12 in 
Which said focusing electrode is Supported from 

5 Said Second Wall portion by means for regulating 
the potential gradient. 

16. The arrangement described in claim 14 in 
which said catcher-electrode comprises a screen 
emitting light in response to electron impact. 

17. The arrangement according to claim 16 in 
Which a photon ultiplier irradiated by said 
screen energizes an indicating device. 

13. The arrangement according to cairn 17 in 
Which the indicating device is a graph recorder 

15 having its annplitude-coordinate energized by the 
output of said photomultiplier, and its time-co 
Ordinate energized by a periodic-voltage source 
which also impresses voltage on said focusing 
electrode. 

19. The arrangement according to claim 18 in 
which the indicating device is an oscilloscope. 

JOHN W. COLTMAN. 
RICHARO . LONGIN. 
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