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1 

This application is a division of our co-pend 
ing application Ser. No. 617,036, ?led September 
18, 1945, now Patent 2,517,260. 
This invention relates to anode targets for 

Vhigh-voltage high-vacuum uniform-?eld accel 
eration tubes, and constitutes an entity or struc 
ture patentable per se or apart from the re 
mainder of the apparatus for generating an ac 
curately focused ‘beam of charged particles; 
either electrons or ions, disclosed in our said co 

' pending application Ser. No. 617,036, with which, 
however, it is advantageously and preferably 
used. Our invention provides and constitutes an’ 
anode target which, when subjected to bombard 
ment by a concentrated beam of such swift par 
ticles, melts in part, but still remains mechani 
cally strong andv does not disappear as by evap 
oration, so that the concentrated beam of swift 
particles always bombards the same material and 
does not bore through the target and so even 
tually bombard the target support. 
In order fully to set forth the operation as well 

as the construction of the said anode target, we 
will describe su?iciently the apparatus in which 
it is used and of which it forms a part. 
,The invention makes possible an improvement 

in high-voltage radiography and is applicable to 
high-voltage vacuum tubes. The invention is 
useful in such ?elds as nuclear physics, cancer 
therapy, radiography, high-voltage X-rays, the 
recti?cation of high-voltage currents, the pro 
duction of cathode rays and the acceleration of 
electrons for high-voltage electric microscopes. 
The high-voltage vacuum tube herein dis 

closed and in which our anode target invention 
is used and of whichit forms a part, is a con 
stant potential X-ray tube of the order of two 
‘million volts suitable for operation either sealed 
oil‘ or with a continuously operated vacuum 

_ pump. 

Inasmuch as it is appropriate and desirable to 
' disclose substantially the entire apparatus for a 
complete understanding of our invention and the 
operation and advantages thereof, it is to be 
noted that such apparatus comprises a high 
voltage tube of insulating material having elec 
trodes adapted to be connected to a suitable 
source of high potential, such as a high voltage 
electrostatic generator. At one end of the tube, 
being the upper end as shown in the drawings, 
is located means providing an emitting source, 
which means in the present disclosure is a ?la 
ment having a plane emitting surface of rela 
tively minute area. As will be subsequently de 
scribed in detail, the wall of the tube comprises 
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2 
electrode rings or ring-like disks or centrally 
open metallic diaphragms arranged along the 
tube, spaced by insulation such as glass, and con 
nected in suitable manner to the corresponding 
electrodes in a high-voltage generator in such a 
way that the potential gradient down the tube is 
uniform, and in such a way that equal steps in 
the voltage between successive" electrodes are 
provided. Thus, there is provided in the tube 
a substantially uniform electrostatic ?eld. 
The focusing of the electron beam by the here 

in disclosed apparatus and by the use of a sub 
stantially uniform electrostatic ?eld, is less sensi 
tive to variations in the potential applied to the 
various tube electrodes than is the case in tubes 
employing non-uniform electrostatic ?elds. 
One advantage resulting from the use of a sub 

stantially uniform electrostatic ?eld, in combina 
tion with a magnetic lens in a high-Voltage 
vacuum tube, is that thereby extremely ?ne 
focusing is obtained of a high-speed electron 
beam of the order of two million volts. More 
over, it appears that the construction referred 
to, one embodiment of which is herein disclosed, 
being simpler, is more reliable than prior con 
structions. The employment of a substantially 
uniform electrostatic ?eld is ,materially asso 
ciated with breaking up the voltage along the 
tube into very small divisions, which is also de 
sirable from the point of view of insulating very 
high voltage. 
With a uniform electrostatic ?eld substantially 

the entire cross section of the ‘high voltage 
vacuum tube can be used for the acceleration of 
the chargedparticles, whereas‘in a non-uniform 
electrostatic ?eld, as heretofore generally em 
ployed, the region which is usable for focusing 
is usually very close to the axis and is most ef 
fective only for the paraxial rays. Thus, with 
the use of a uniform electrostatic ?eld the elec 
trons may be suitably accelerated through a 
region whose cross sectional diameter is relatively 
large when compared with the length of the high ‘ 
voltage tube. A further advantage of the elec 
trode con?guration used, which breaks up the 
voltage as just stated, is that such con?guration 
also minimizes the effect of any uncontrolled 
electric charges on the inner surface of the wall 
of the insulating material of the high voltage 
tube. 
As far as we are aware a uniform electrostatic 

?eld alone has never been used in high-voltage 
vacuum tubes for accurate focusing prior to the 
present invention. 
When substantially the entire acceleration of 
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the electrons is done in a uniform electric ?eld, 
there is made a full and direct use of the longi 
tudinal component of the electric ?eld, with a 
minimum interplay or even presence of the trans 
verse component of the electric ?eld, a com~ 
ponent in itself useless for the acceleration of the 
ions in the desired direction. 
Heretofore in attempting to focus the electron 

beam, means have been used constituting a rela 
tively complicated guidance or compulsion. It 
appears that, both in theory and in practice, if 
the electrons are permitted to fall in or be ac 
celerated by a simple uniform electrostatic ?eld, 
the result is more satisfactory than the result ob 
tained with more complicated means, the ele 
ments whereof require a certain de?nite, simul 
taneous adjustment relative to each other. 
In some prior high voltage tubes a part only 

of the tube had a substantially uniform electro 
static ?eld, but in all such cases known to us 
the part of the ?eld of such tubes that are non 
uniform in character was actually the part that 
was the most important of all as regards direct 
ing the motions of the charged particles. Thus, 
where in prior instances, a uniform electrostatic 
?eld was created in part of a high voltage tube, 
it was not primarily for the purpose of focusing 
a beam, but mainly to simplify other features 
of the construction. An instance thereof is 
shown in the patent to Trump, No. 2,182,185, 
above referred to. 
In certain other tubes of the prior art the very 

beginning of the path of the electrons or ions 
was not in a uniform ?eld and was actually 
sharply distorted, so that there resulted an ini 
tial spontaneous breakdown creating a localized 
source of ionization by virtue of the fact that the 
electrostatic field was extremely non-uniform 
in character. Also in such instances in the prior 
art, tubes were made for operation with impulses 
where the voltage was on for periods of the order 
of only a few microseconds each, and in order to 
pass sufficient average currents they had to have 
high instantaneous currents. 
The momentary breakdown in the tube afford 

ed extremely high instantaneous currents, so 
high that the accompanying space charge would 
tend to distort, during the moment of actual 
operation of the tube, the uniformity of the elec 
tric field in regions which had been uniform 
just previous to the discharge. ' 

In the apparatus herein disclosed, in order to 
provide a path for the electrons or charged par 
ticles through the high voltage tube, preferably 
a two-inch diameter hole is cut out of or is other 
wise provided at the center of each of the metallic 
ring-like electrode disks or diaphragms provided 
along the extent of the tube. Since such suc 
cessive electrode ring or diaphragm is more and 
more positive from the ?lament toward the tar 
get, the electrons or negatively charged particles 
are attracted down the tube and strike the tar 
get with an energy corresponding to the full gen 
erator voltage. The conditions are reversed 
when positive ions are to be accelerated. In their 
passage down the tube, they tend to follow the 
lines of electric force, and in the high-voltage 
vacuum tube herein disclosed, the lines of force 
are straight lines. Consequently when the elec 
trons or charged particles reach the bottom of 
-the tube and strike the target, they are all travel 
ing in parallel paths and all have the same 
energy. Such a result could hardly be secured 
where an alternating current device, such as a 
transformer, is used for the voltage source, be 
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4 
cause in such case the electrons usually have all 
energies ranging from some indeterminate low 
value up to that corresponding to the peak of 
the alternating current wave. There is thus an 
essential difference between direct current equip 
ment where all the electrons striking the target 
have the full generator energy, and all alternat 
ing current equipment where only a few of the 
electrons have the full rated peak voltage, the 
remainder being of lower energy. 
The structure herein disclosed is equally well 

suited for the acceleration of either positive ions 
or negatively charged particles. This follows 
since the manner of construction and the use 
make the tube completely symmetric. Thus, it is 
possible to accelerate charges in either direction 
through the tube without the necessity of having 
to change the arrangement of potentials on the 
electrodes. The electrons are emitted at the 
negative end of the tube and are accelerated to 
ward the electron-collecting target, while at the 
same time positive ions are to be produced at 
the positive end of the tube and accelerated to 
ward the region of the cathode. 
Other things being equal, the diameter of the 

beam of charged particles after passing through 
the tube is proportional to the size of the source 
of the charged particles. When the apparatus is 
used as an X-ray tube for radiography, the de?~ 
nition in the radiograph depends critically upon 
the spot size, and hence it is very desirable that 
the effective portion of the filament be as small 
as possible. As more fully'set forth in the de 
scription of the drawings, the focused spot upon 
the target can be smaller than 0.01 of an inch 
in diameter. 
To obtain radiographs of thick sections having 

good de?nition, the size of the focal spot must be 
very small so that the X-rays will be emanating 
from a point source. Thick metallic sections of 
objects requiring on the order of two million volt 
X-rays present new geometric problems making 
essential‘the use of such size of focal spot. As 
stated, the‘ high voltage tube operates in con 
junction with an electrostatic generator produc 
ing a potential of the order of two million volts. 
The use of such constant potential has been 
found necessary in order to obtain and to main 
tain the extremely fine focusing referred to and 
to provide optimum conditions for heat dissipa 
tion at the focal point. As subsequently set forth 
in detail, the target, upon which the electron 
beam is focused and to which the present inven 
tion is particularly directed, is a thick disk of gold 
used in association with high pressure water 
cooling. _The use of such a relatively thick target 
disk permits operation with the target spot in 
molten condition without, however, melting en 
tirely through the disk. It becomes possible as a 
result to make full use of the high intensity, 
sharply concentrated, electron beam and thus to 
obtain X-ray pictures of greatly improved quality. 
The invention will be better understood in 

detail by reference to the following description 
when taken in connection with the accompanying 
illustration of one speci?c embodiment thereof, 
while the invention will be more particularly 
pointed out in the appended claims. 
In the drawings: 
Fig. l is a vertical or longitudinal, central, cross 

section of a high-voltage vacuum tube wherein 
the anode target herein claimed is used and 
wherewith such anode target cooperates; 

Fig. 2 is a transverse or cross section upon the 
75 line 2-2 of Fig. 1; 
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Fig. 3 is a detail invertical central section - 
through the lower end of the ?lament and the 
surrounding guard ring; 

Fig. 4 is a view similar to Fig. 3, but on a larger 
scale and representing only a portion of the 
guard ring; and ' ' 

Fig. 5 is a broken-away detail in side elevation 
of a portion of the high-voltage vacuum tube 
shown in Fig. 1, with a diagrammatic indication 
of the connections between the electrode rings of 
the tube and corresponding electrodes of an elec 
trostatic generator. 
Referring to the drawings, there is shown a 

high-voltage vacuum tube consisting of a column 
of glass rings and of metal electrode rings or 
ring-like diaphragms or disks suitably welded 
together in alternation throughout the column, a 
part only of which is shown in a manner not 
herein necessary to disclose in detail. When the 
apparatus is used as an X-ray tube, the electron 
beam is controlled and compelled to strike the 
target at a point of exceedingly small diameter. 
This con?guration of electric ?eld is also well 

suited for the acceleration and focusing of ion 
beams. 

Fig. 1, the glass rings are respectively indicated 
at l, and the metal electrode rings, centrally open 
*diaphragms or disks at 2. The said metal rings 
2 or the like are electrode rings and lie accurately 
placed in planes perpendicular to the axis of the 
tube, and they are placed at equal distances apart, 
as, for example,vone-third of an inch in the pres 
ent disclosure. 
represented as broken away because of the neces 
sity of presenting a view of the complete tube in 
a single ?gure. While obviously the invention is 
'not limited to any particular size or proportion 
of parts, it is pointed out that in the illustrated 
embodiment of the high-voltage tube the distance 

. in the actual structure from the horizontal line 
3' to the horizontal line 4 is ?fty-seven inches, 
the diameter of the opening in each ring 2 is two 
inches, and the outside diameter of the tube or 
column is three inches. As clearly shown in Fig. 
3, the outer edge of each of the metal electrode 
rings 2 is substantially coterminous with the outer 

' edge of the glass rings I. - 

In the simpli?ed form .of high-voltage tube, 
represented in Fig. 1, the distance from the line 3 
to the top of the dome-like glass insulation is 
about six inches. As stated, however, these 
dimensions may be varied as found suitable, and 
the scope of the invention is in no wise restricted 
by this recitation of dimensions. 
In the plane of the top metal electrode ring 2, 

a metal disk 5 is provided which substantially 
?lls the opening inside said topmost metal ring 
2, which disk 5. is maintained at the same poten 
tial as the top metal electrode 2. This insures 
that the electric ?eld immediately below the re 
gion of the disk 5 is uniform. The glass insula~. 
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tion which holds the metal disks 2 in correct rel- ‘ ' 
ative alignment and which consists of the glass 
rings I, may have on its inner surface an uncon 
trolled distribution of electric charge which 

, would tend to distort in a random and uncon 
trolled manner the uniformity of the electro 
static ?eld within the main region of the tube. 
However, the disturbing 
charges'is ‘reduced to a negligible degree by the 

‘ shielding effect of the metal rings 2, which extend 

in?uence of these _ 
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inward from the glass wall composed of the glass - 
’ rings I toward the axis of the tube to a su?lcient 
extent to produce the desired shielding. The fact 
that the gap between adjacent metal rings 2 is 

relatively small, being in the present disclosure 
one-third of an inch less the thickness of one 
disk, the actual structure having the other pro 
portions above speci?ed, makes it possible to 
obtain‘ the desired shielding e?ect with only a 
relatively narrow region or portion of ‘each metal 
ring extending inwardly beyond the inner sur~ 
face of the glass wall composed of the multi 
plicity of glass rings I. ‘ 

In the present disclosure the amount that‘ each 
metal ring must project inward from the glass 
wall of the tube must be approximately the same 
as the length of the gap between next adjacent 
metal rings 2 all along the glass wall ofv the 
tube. Thus, the fact that in the present disclo 
sure the gap between the next adjacent metal 
rings 2 is small is in itself advantageous, inas 
much as it reduces the amount that each metal 
ring 2 must extend inward beyond the inner sur 
face of the glass wall. 
In order to obtain a uniform electrostatic ?eld, 

it is essential that the metal rings 2 be close to 
gether. The fact that they are placed close to 
gether makes it possible to insulate a high volt 
age per unit length of the tube. 
Moreover, the fact that the metal rings 2 are 

close together makes it possible to use more of 
the internal space in‘the tube for the beam of 
charged particles. _ 

Certain metal rings 2 of the tube or column, 
which are indicated at 2a in Fig. 5, are connect 
ed to corresponding electrodes of the generating 
apparatus which may take the form of a high 
voltage electrostatic generator, as indicated in ' 
the diagrammatic part of Fig. 5 in such a way 
that the voltage between the successive elec 
trodes of the tube is the same. . 
In Fig. 5 a few of the generator electrodes are 

represented at 2b, and a portion of the resistors 
at 20. As shown, every third electrode ring 2 
of the. tube is connected to a corresponding elec 
trode of the generator, which generator elec 
trodes are an inch apart. Each of the metal 
electrode rings 2 in Fig. 5, as well as in Fig. 1, 
has its outer edge substantially coterminous with 
the outer edge of each of the glass rings I. 
As has been stated in the foregoing, the ac 

celeration of an electron beam in a'uniform ?eld 
has many basic advantages as contrasted with 
the more usual methods of acceleration in 
strongly non-uniform electric ?elds. However, 
it may be desirable while still using a substan-' 
tially uniform electric ?eld for acceleration to 
modify it or “warp” it slightly, for example, in 
dealing with certain practical situations which 
would not arise in an entirely ideal case. In or 
der to‘overcome the spreading effect, due to the 
space charge of a positive ion beam, it might 
be desirable to have the top part of the accelerat 
ing electric ?eld slightly converging. This con 
dition could be realized simply by having the 
voltage difference from electrode to electrode 
constant- in the lowergand middle portion of the 
tube, but with this voltage difference slightly de 
creasing as the very top of the tube is approached. 

Referring to the use of the apparatus as an 
X-ray tube, the ?lament of the tube from which 
emanates the electron beam is‘indicated at I0 
in Fig. 1, and is shown in detail in Figs. 3 and 4. 
The said ?lament is composed of tungsten, and 
is of a hairpin type. It has the apex of the bend 
ground o?, as indicated at II in Figs. 3 and 4, 
in order to‘ provide a plane emitting surface II 
of relatively minute area. The diameter of the 

75 ?lament in the unreduced portion thereof is 
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0.010, and at the ground-off portion of the apex 
of the bend it is desirably less than one-half such 
thickness, thereby insuring an intense heat at 
said ground-off portion when the apparatus is 
in use, being the plane emitting surface of the 
electrons. The cross section of the ?lament be 
ing the least at the ground-01f portion, the re 
sistance is the greatest at that area. 
The ?lamentv I0 has placed in conjunction 

therewith and encircling the same, a guard ring 
l2, shown enlarged and in part in Fig. 4, which 
has a plane lower surface lying exactly in the 
same plane as the emitting plane of the ?lament. 
The said guard ring l2 has therein a central 
through-opening l2a, which is approximately 
0.040 of an inch in diameter and within which the 
apex of the bend, constituting the plane emitting 
surface I I, is symmetrically positioned. 
The ?lament and the surrounding guard ring 

are usually maintained at approximately the 
same potential. However, by making the poten 
tial of the guard ring substantially more nega 
tive than that of the ?lament, the grid action 
of the guard ring can be used to reduce, or even 
entirely out off, the electron stream. For this 
purpose there are shown in Fig. 4 wires “la and 
lib leading respectively from the ?lament l0 and 
from the guard ring l2 to the positive and nega 
tive sides of a battery B. Also the over-all fo 
cusing properties of the tube as a whole may be 
affected by providing relatively small voltage dif 
ferences between the filament and the surround 
ing guard ring. Thus, although the ?lament and 
the guard ring have been generally operated at 
the same potential, there are some occasions 
when it is desirable to operate the ?lament and 
guard ring at somewhat different potentials. 
By reason of the plane emitting surface ll of 

the ?lament l0 and of the uniform ?eld within 
the tube column, the beam of electrons proceeds 
in a substantially straight line along the tube or 
column from the point of emission, as indicated 
at l3, resulting in a beam whose cross section 
in the region near the top of the tube corresponds 
closely to the size and shape of the emitting plane, 
and wherein the energy of the individual charged 
particles is substantially identical. Such a beam 
may readily be focused by a relatively weak mag 
netic ?eld on an extremely concentrated spot, 
as by an electric magnet H, the arrangement 
constituting a magnetic lens, the magnetic lines 
of force whereof are indicated at Ma. 
Where the apparatus is used for generating 

X-rays, as for high voltage radiography, the 
electron beam is focused on a target which is a 
thick metal disk 15 of gold, used in association 
with a high pressure water cooling jacket, indi 
cated at Hi, and provided with a water inlet I1 
and water outlet la. The target I5 is a gold disk 
one-quarter of an inch in thickness. 
With the usual construction for X-ray targets, 

a high voltage beam of electrons of great con 
centration would melt locally the target employed 
in such construction, and thus cause leakage of 
the cooling water in the vacuum of the X-ray 
tube, or cause cracking of the tungsten target 
and impair its usefulness. This would prevent 
further use of any such device until repaired. 
However, with a thick target of material such as 
gold, which has a high melting point and high ' 
heat conductivity, the molten region is small, 
and since it does not extend entirely through the 
target, 'no leak is caused. The surface tension 
of the liquid gold tends to keep the gold from 
?owing away. It is observed in practice that the 
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8 
vapor pressure of the liquid gold is so low, under 
the operating conditions that the thinning of 
the target due to evaporation is negligible. 
Although tungsten has generally been used 

as a standard material for targets, experience 
with the gold targets herein disclosed indicates 
certain advantages. Gold has a high heat 
conductivity and also chemical and physical prop 
erties such that it can be repeatedly melted and 
allowed to freeze without appreciable oxidation 
or change in physical structure. 

Since the efficiency of X-ray production rises 
rapidly with the atomic number of the target 
material, x-ray tube anodes are commonly made 
of the heavy metals. Tungsten has been the tra 
ditional material for this purpose, primarily be 
cause of its very high melting point. In the 
usual low-voltage tube, the target is quite often 
allowed to operate at white heat, and, when 
cooling is necessary, the target is usually em 
bedded in a massive disk of copper that may be 
cooled either by water or by an air blast. In such 
low-voltage tubes, the penetration of the elec 
trons into the target material is so slight that 
the energy is delivered essentially to the target 
surface, and radiation from the surface plays a 
very large part in dissipating the heat energy so 
generated. 
Such tungsten targets may also work satisfac 

torily for tubes operating in the million-volt 
range if the focal-spot size is large enough so 
that the power density on the target is not ex 
cessive. However, accelerating tubes of the uni 
form-?eld type can deliver an electron beam so 
concentrated that the power density on the tar 
get is su?icient to melt any material. With these 
high-energy densities, it is essential that the heat 
be transferred as rapidly as possible from the 
focal point to the surrounding unbombarded tar 
get material. This requires a target material 
having a high conductivity rather than a high 
melting point. Gold has twice the thermal con 
ductivity of tungsten, and, in addition, has a 
higher atomic number. Moreover, its other phys 
ical properties, such as ease of soldering, malle 
ability, and so forth, give it many‘ advantages 
over tungsten for this particular application, ‘ 

Unfortunately, those materials that are most 
suitable for the efficient production of X-rays are 
also the best X-ray absorbers. For low-voltage 
tubes, the Xerays produced are not sufficiently 
penetrating to pass through the target structure; 
hence, the radiation is commonly brought out 
through the side of the X-ray tube. This is not 
a serious limitation, since, at these low voltages, 
the X-radiation has a spatial distribution that is 
essentially symmetric about the position where 
the electron stream strikes the target. This is 
not the case for high-voltage X-ray tubes, since 
here the radiation is produced primarily in the 
direction of the electron beam. For this reason 
and also because it is generally more convenient 
from the point of view of construction, the radia 
tion from such high-voltage tubes is allowed to 
pass directly through the target structure. To 
reduce the absorption of the radiation in the 
target, it has been customary to make the target 
as thin as possible. There are numerous refer 
ences in the literature to thin targets which are 
cooled on the side away from the vacuum by a 
stream of water or air. Such thin targets have 
been found to be unsatisfactory when used with 
concentrated electron beams, such as those pro 
duced by the uniform-?eld accelerating tube 
herein disclosed. The high current densities em 
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ployed on the targets herein disclosed are suf 
ficient to melt the material, with the result that 
the pressure of the cooling medium was sufficient 
to force a hole through the target, thus permit 
ting the coolingr medium to enter the high 
vacuum tube. In an attempt to prevent this, pre 
vious workers had made the targets even thinner 
in an attempt to bring the cooling medium closer 
to the region where the heat was being produced. 
Such attempts were not successful, and our in 
vestigations and experimentsindicated that the 
best hope of success was to, make the targets so 
thick that even if local melting occurred in the 
region of the focal spot. there was still su?i'cient 
metal between this focal region and the cooling 
medium so as to prevent puncture. At ?rst sight. 
it would appear that this additional target mate 
rial would involve a'serious reduction in the beam 
intensity, but our work on the problem of the 
eflicient utilization of this radiation in the prob 
lems of radiography and therapy showed that the 
additional ?ltration provided bypthe thick targets 
was actually bene?cial. 
and experiments have shown that, were it not 
for the ?ltration provided by the thick target, 
it would be necessary to put additional absorbing 
material in the path of the radiation proceeding 
from the tube. , ’ ' 

We have in accordance with our invention pro 
vided in a high-voltage high-vacuum tube for 
‘generating an [accurately focused beam of 
charged particles 'of great concentration upon a 
minute area, a thick anode target composed 
wholly of a metal having a high atomic number, 
the said target, being su?iciently thick so that 
even though under the action of the highly con 
centrated beam of charged particles impinging on 
vit. the target material becomes molten at the 
point of impact, sufficient solid target material 
still remains surrounding the molten region to 
prevent mechanical failure, and to which the 
molten material adheres by reason of surface ten 
sion. The said anode target is too thick to permit 
the passage of an accurately focused beam of 
charged particles therethrough, it having a thick 
ness on the order of one-quarter of an inch, and 

I hence is not of a thickness sufficient to prevent 
the passage of high-energy X-rays. The said 
thick, high atomic'number, metal-anode target 
under the action consequent upon the passage of 
the charged particles therethrough becomes 
molten at the said minute point of impact, but 
the surface of the said metal-anode target there 
retains its position by reason of the high surface 
tension on the high atomic number metal while 
molten and’ because of the said thickness of said 
metal-anode target.v Thus the said metal-anode 
target is prevented from melting through under 
the impact of said focused beam of charged par 
ticles. ‘ 

As already stated, we construct the said anode 
target of gold. 
The present invention comprehends a high 

voltage vacuum tube adapted to the acceleration 
and focusing of charged particles, and in the case 
of electrons this beam is extremely concentrated. 
The disclosure includes charged particle acceler 
ating means providing a uniform accelerating 
?eld. thus reducing to a minimum the dispersion 
of the charged particles throughout their travel. 
Therefore, a large number of accelerating sec 
tions are provided, the number used in present 

10 
of the disclosure and referring again to Fig. 5, 
the electrode disks welded into the wall of the 
tube in alternation with the insulating disks to 
constitute the entire wall of the tube comprise 
sixty groups of metallic electrodes, each such 
group consisting of three electrodes, and only one 

~ of said electrodes of which each such group is 
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composed is directly electrically connected to a 
correponding electrode of a high-voltage electro 
static generator, so that the voltage between the 
successive disks of the tube isthe same. 
Having thus described one illustrative embodi 

ment of the invention, it is to be understood that 
although speci?c terms are employed, they are 
used in a generic and descriptive sense and not 
for purposes of limitation, the scope of the in 
vention being set forth in the following claims. 
We claim: ' ' 

1. In a high-voltage high-vacuum tube for 
generating an accurately focused beam of charged 
particles of great concentration upon a minute 
area on the order of 0.01 of an inch in diameter, 
a ‘thick anode target composed wholly of a metal 
having a high atomic-number, said anode target 
being on theorder of one-quarter of an inch 
thick so that, even though under the action of 
the highly concentrated beam of charged par 
ticles impinging on it, the anode target material 

‘ becomes molten at the point of impact, sufficient 
solid target material still remains surrounding 
the-molten region to prevent mechanical failure, 
and to which the molten material adheres by 
reason of surface tension, the said anode target 
being thus .too thick to permit the passage of an 
accurately focused beam of charged particles 
therethrough, but not too thickv to prevent the 
passage of X-rays therethrough. ‘ 

2. For the production of high-voltage radio 
graphs of very high quality, to be taken at rela 
tively high speed through heavy objects,.a high 
vacuum acceleration tube in association with a 
high-voltage generator of the order of a million 
or more ‘volts for generating an accurately. fo- , 
cused beam of electrons upon a minute area ap-‘ 
proximately of the order of 0.01 inch in diameter, 
such beam having a very great- power density 
throughout its cross-sectional area, the said ac 
celeration tube having‘ a ‘target anode composed 
of gold and having athickness on the. order of 
one-quarter of an ‘inch, and having a water-cool 
ing jacket, the said target being usable at tem 
peratures farabove the melting pointlof gold, 
said target material dfgOld becoming molten at 
the point of impact; but remaining sufficiently 
solid surrounding the molten region to prevent 
mechanical failure, such as through penetration, 
the said gold anode target being therefore too 
thick to prevent the passage of the accurately. 
focused beam of charged particles, but not of a 
thickness to prevent the passage of high-voltage 
X-rays. > 

3. For the production of high-voltage radio 
graphs of very high quality, to be taken at great L 
speed through very thick metal objects, a high 
voltage high-vacuum acceleration tube in asso 
ciation with an electrostatic X-ray generator 
producing voltage on the order of two million 
volts for generating an accurately focused, con 
tinuous beam of electrons or other charged par 
ticles upon a minute area on the order of 0.01v 

‘ of an inch in diameter as a minimumsuch beam 
practice for two million volts'being approximately . 
180, thereby providing uniform accelerating steps 
of 12,000 volts each. Thus, in such embodiment 75 

having a verygreat power density throughout its 
cross-sectional area, the said acceleration tube 
having a target anode composed of gold and hav 
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ing a thickness on the order of one-quarter of an 
inch, and having a high-pressure water-cooling 
jacket, the said target being usable at tempera 
tures far above the melting point of gold, said 
target material of gold becoming molten at the 
point of impact, but remaining su?iciently solid 
surrounding the molten region to prevent me 
chanical failure such as through penetration, the 
said gold anode target being therefore too thick 
to prevent the passage of the accurately focused 
beam of charged particles, but not of a thick 
ness to prevent the passage of high-voltage 
X-rays. 

ROBERT J. VAN m: GRAAFF. 
WILLIAM WEBER BUECHNER. 
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