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[57] ABSTRACT 
A ?ash X-ray tube having two electrodes, each elec 
trode being provided with means for effecting autoe-, 
lectronic emission adapted to bring about emanation 
of X-rays, respectively, from the other one of the two 
electrodes. The electrodes are so constructed and ar 
ranged in the'tube that they ensure emanation of X 
rays in a speci?ed direction. 

6 Claims, 3 Drawing Figures 
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FLASH X-RAY TUBE 

The invention relates to apparatus for generating X 
rays, and, more particularly, it relates to ?ash X-ray 
tubes for incorporation in various portable X-ray appa 
ratus. 
There are known ?ash X-ray tubes having two elec 

trodes, the first of these electrodes being provided with 
means for effecting autoelectronic emission adapted to 
being about emanation of X-rays by the second of these 
two electrodes. 

In these known X-ray tubes the means for effecting 
autoelectronic, or cold emission is provided only on 
one of the two electrodes, which, consequently, serves 
as the cathode, whereas the other, opposite one of the 
two electrodes is the anode. 
Short-duration ?ashes of X-rays are produced with 

the help of autoelectronic emission from the cathode 
when a high-voltage electric pulse of negative polarity 
is fed thereto. The electrons emitted by the cathode at 

' tack the surface of the anode and thus bring about ema 
nation of X-rays. 
These known ?ash X-ray tubes, however, are not free 

from serious disadvantages, particularly, when they are 
operated in a pulse mode with a high frequency of the 
train of electric pulses. 
The above described known tubes require pulses of 

a single polarity ‘for the supply thereof, and, therefore, 
the associated X-ray apparatus and, more precisely, the 
tube supply systems of the apparatus must incorporate 
rectifying means which, on the one hand, complicates. 
the structure of theX-ray apparatus and increases its 
size, and, on the other hand, causes excessive waste of 
electric power. 
Furthermore, the intensity of X-radiation is de?ned 

by the dissipated power, and in the above-described 
known'tubes, power is dissipated over the anode alone, 
which substantially curtails the possibility of stepping 
up the intensity of radiation. . 

It is an object of the present invention to provide a 
?ash X-ray tube which will be fed with high-voltage 
electric pulses of alternating polarity. 

It is another object of the present invention to pro 
vide a ?ash X-ray tube providing increased intensity of 
X-radiation produced, as well as simpli?cation of the 
tube supply circuitry, and, therefore, simpli?cation of 
the structure and reduction of the size of the associated 
X-ray apparatus. 
These objects are attained in a ?ash X-ray tube hav~ 

ing two electrodes, the ?rst one of said electrodes being 
provided with means for effecting autoelectronic em 
mision adapted to bring about emanation of the X-ray 
by the second one of said electrodes, in which tube, in 
accordance with the present invention, said second 
electrode is also provided with means for effecting 
autoelectronic emission adapted to bring about emana~ 
tion of X~rays by said ?rst electrode, said electrodes 
being so constructed and arranged as to ensure emana 
tion of X-rays in a speci?ed direction. 

It is preferable that said X-ray tube be so constructed 
that said electrodes extend along the longitudinal axis 
of said tube, the respective opposing face surfaces of 

' said electrodes carrying said respective means for ef 
fecting electronic emission. 
Should it be desirable to reduce the dimensions of the 

focus and to provide possibilities for effecting stereo 
scopic radiography, said opposing respective face sur 
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2 
face of said electrodes can be disposed at an angle 
within a 20° to 60° range relative a plane perpendicular 
to said longitudinal axis of said tube, and symmetrically 
in respect of said plane. ' 

Alternatively, should it be desirable to stabilize the 
focus in a plane perpendicular to the direction of the 
propagation of the X-rays, one of said two electrodes 
can be made from a material transparent to X-rays, said 
surface of said last-mentioned electrode being coated 
with a layer of metal with a great atomic number. 
Thanks to the herein disclosed novel structure of a 

?ash X-ray tube, there is created the possibility of in 
creasing the power of the tube twofold, and conse 
quently, of stepping up the intensity of the X-ray radia 
tion, since the power is dissipated over both electrodes 
of the tube. Furthermore, with the means for effecting 
autoelectronic emission being provided on both‘ elec 
trodes, it becomes possible to employ electric pulses of 
alternating polarity for the supply of the tube, each of 
the electrodes serving altematingly'as the anode and 
the cathode, whereby the incorporation of rectifying 
means becomes unnecessary, and the structure of the 
X-ray apparatus incorporating the tube is simpli?ed, 
the overall dimensions of the apparatus being simulta 
neously reduced. 

Additionally, the ?eld of application of the tube is 
broadened. The tube can be employed now for stereo 
scopic radiography, as well as for determining the 
depth of ?aws by X-ray ?aw detection. - 
The present invention will be better understood from 

the following detailed description of embodiments 
thereof with reference to the accompanying drawings, 
wherein: 
FIG. 1 is a longitudinal sectional view of an X-ray 

?ash tube embodying the invention; 
FIG. 2 is a longitudinal sectional view of another em 

bodiment of the present invention; and ~ 
FIG. 3 is a longitudinal sectional view of still another 

embodiment of the invention. _ 
In the drawing, FIG. 1 shows a ?ash X-ray tube which 

comprises a glass envelope 1 containing thereinside 
two electrodes 2 and 3. The electrodes 2 and 3 are 
solderedinto the envelope 1. - . ' . 

The ?rst electrode 2 is provided with means 4 for ef 
fecting autoelectronic, or cold emission, in order to 
make the second electrode S'emanate X-rays. The sec 
ond electrode 3 likewise is provided with means 5 for . 
effectingautoelectronic, or cold emission, in order to 
make the ?rst electrode 2 emanate X-rays. ' 
The electrodes 2 and 3 are arranged for emanation 

of the X-rays in a speci?ed direction as shown in FIG. 
1 by arrow A. 
The electrodes 2 and 3 extend along the‘ longitudinal 

axis 0 — O of the tube, their adjacent faces 6 and 7, 
respectively, facing each other and carrying the means 
4 and 5 for effecting autoelectronic emission. 
The means 4 and 5 are autoelectronic emitters in 

cluding thin-walled tubes made from a high-heat metal 
foil, e. g., from tungsten foil. The foil thickness is prefer 
ably l0 to 15 microns. 

Alternatively, the means 4 and 5 for effecting autoe 
lectronic emission may be in the form of tiny needles 
formed on the respective faces 6 and 7 of the elec 
trodes 2 and 3 in the course of the manufacture of the 
latter, the dimensions of these needles being considera 
bly smaller than the size'of the inter-electrode gap. 
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Furthermore, the means 4 and 5 may be in the form _ 
of dielectric cover-plates mounted on the respective 
faces 6 and 7 of the electrodes 2 and 3, these cover 
plates facilitating autoelectronic emission at the metal 
dielectric junctions thus formed. 

In the herein disclosed embodiment of the invention 
in FIG. 1, the ?ash X-ray tube has the electrodes 2 and 
3 thereof in the form of rods having their adjacent, op 
posing end faces 6 and 7, respectively, disposed at 
angle oz=30° in respect of a plane perpendicular to the 
longitudinal axis 0 -— 0 of the tube, symmetrically rel 
ative to this plane. The angle a may be within a 20° to 
60° range. ' - 

High voltage is supplied to the electrodes 2 and 3 
through leads 8 and 9, respectively, the leads being 
formed by the extremities of the rods projecting outside 

- the envelope 1. - 

.The projections of 'the foci 10 and 11 are shown in 
FIG. 1 in the direction of the arrow A.‘ The angle of 
‘spread of the X-rays is equal to Zal ' I 

In order to minimize sputtering away of the metal of 
the electrodes 2 and >3 and to extend the operational 
life of the herein disclosed tube, the internal sealed-off 

- space 12 of the envelope 1 is ?lled with a lightweight 
gas e.g., hydrogen at low pressure. The pressure of the 
gas is selected for the value of the free run of the mole 
‘cules of the gas to approximate the size of the inter 
electrode gap. Alternatively, helium may be used as they 
lightweight gas. > 

In accordance with another embodiment of the I 
herein disclosed ?ash X-ray tube, illustrated in FIG. 2, 
the electrodes 2 and 3 are in the form of cones. One of 
the electrodes, e.g., the electrode 2 is hollow and is 
made from a thin material transparent to X-rays, e.g., 
berillium, the face surface 6 of this electrode 2 being 
externally coated with a thin layer 13 of a metal with 
a great atomic number, e. g., rhenium. ' 
The wall thickness of the electrode 2 made from 

berillium may be from 0.05 to 0.5 mm. The thickness 
of the coating 13 of the metal with great atomic num 
ber may be several microns. v - 

Alternatively, aluminum can be employed as the ma 
terial of the electrode 2 instead of berillium. . 
‘The means 4 and 5 for effecting autoelectronic emis 

sion are, in the embodiment of the ?ash X-ray tube in 
FIG. 2,.in the form of the sharp points of the respective 
cones and the micro-needles formed on the externals 
surfaces 6 and 7 of the electrodes 2 and 3, respectively, 
adjacent to the sharp points thereof, in the course of 
the manufacture of the electrodes. _ 
The hollow electrode 2 also serves as a window for 

passage of X-rays which are emitted in the direction in 
dicated by the arrow line B. 
Unlike the embodiment of the X-ray ?ash tube illus 

trated in FIG. 2, the ?ash X-ray tube illustrated in FIG. 
3, which is the third embodiment of the present inven 
tion, has the face surfaces 6 and 7, respectively, of the 
electrodes 2 and 3 thereof ?at and parallel to each 
other. The direction of the emanation of the X-rays 
generated by this tube is indicated by the arrows C. The 
means 4 and 5 for effecting autoelectronic emission are 
in the presentlydescribed tube in the form of dielectric 
cover-plates. 
The ?ash X-ray tube illustrated in FIG. 1 operates as 

follows. 
When a high-voltage electric pulse of negative polar 

ity is fed to the electrode 2, and a corresponding pulse 
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of positive polarity is fed to the electrode 3, the elec 
trode 2 acts as a cathode, and the electrode 3 as an an 
ode. The gradient of the electric ?eld adjacent to the 
external edges of the foil tubes acting as the means 4 
and 5 for e?ecting autoelectronic, or cold emission is 
sufficiently high, whereby high initial density of the 
autoelectronic current is provided. . 
The electrons emitted by the electrode 2 attack the 

face surface 7 of the electrode 3, making the latter em 
anate X-rays. 
After a short while, the polarity of the high-voltage 

electric pulses fed to the tube is reversed, whereby the 
electrode 2 becomes an anode and the electrode 3 be 
comes a cathode. Now the electrons emitted by the 
electrode 3 attack the face surface 6 of the electrode 
2, and the latter emanates X-rays. ' 
Thus, during each full period of the alternating high 

voltage supply, the herein disclosed tube generates two 
short ?ashes of X-radiation, altematingly, at the elec 
trodes 3 and 2. v . 

In thedirection of discharge of the X-.radiation, i.e., 
in the'direction of the arrow A, there are produced two 
foci 10 and 11 (two electric spots) corresponding, re 
spectively, to the faces 6 and 7 of the electrodes 2 and 
3. Provided that the spacing between the most remote 
points of the faces 6 and 7 of the electrodes 2 and 3 
does not exceed the diameter of these electrodes, the 
overall dimensions of the projections of the foci 10 and 
11 do not extend beyond a circle de?ned by the diame 
ter of the electrode 2 and 3., - ~ 

lnvorder to attain stereoscopic X-ray pictures, or else 
to provide for determination of the depth of a ?aw with 
the help of a radiograph at X-ray ?awdetection, the 
spacing between the electrodes 2 and 3 should be in 
creased to several centimetres. In this case, alternating 
?ashes of X-radiation, displaced in space in respect of 
the longitudinal axis 0 —— O of the herein disclosed 
tube, can be used for X-ray stereoscopy, as Well as for 
locating ?aws or foreign bodies deep in objects under 
investigation. 

, However, should it be desirable to minimize the ad 
verse effects of the spatial displacement of the foci l0 
and 11 at common-type radiographyof short-duration 
phenomena, it is advisable to employ the second em 
bodiment of the herein disclosed tube, illustrated in 
FIG. 2.’ 

In this embodiment the electron beams emitted alter 
natingly by the electrodes 2 and 3 fall upon the rela 
tively small areas of the surfaces of the electrodes 2 and 
3, adjacent to'the sharp points of the cones. The ema 
nation of the X-rays is thus effected in the direction of 
the arrows B, along the longitudinal axis 0 -— O of the 
tube. 
The focus of the last-mentioned tube is displaced by 

but several millimetres, exclusively along the axis of the 
beam of the X-rays. 

Similarly to the tube illustrated in FIG. 2, the tube il 
lustrated in FIG. 3 effects emanation of the X-rays 
along the longitudinal axis 0 — 0 thereof, in the direc 
tion indicated by the arrows C. 

In this last-mentioned tube, the displacement of the 
focus is also minimal and takes place exclusively along 
the longitudinal axis 0 — O. 
The last-mentioned tube, illustrated in FIG. 3, has the 

extended area of the face ends 6 and 7 of the electrodes 
2 and 3 and can be employed for applications present 
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ing no strict requirements as to dimensions of the focus, 
e.g., for medical and radiobiological research. 

In order to employ ?ash X-ray tubes constructed in 
accordance with the present inventions, having small 
dimensions and operable at 150 kV - 250 kV, the asso 
ciated generator of high-voltage pulses of alternating 
polarity to be fed to the tube should shape high-voltage 
electric pulses having a steepness of the forward front 
thereof equal to several nanoseconds. 
The inductance of the discharge circuit including the 

tube should ensure creation of electronic currents 
equal to about 500 A to 1,000 A, the pulse duration 

5 

being from 10 to 20 nanoseconds. In this case at fre- ' 
quencies of 500 to 1,000 periods/see, the mean cur 
rent through the tube would be several milliamperes. 
The alternating performance of the electrodes in the 

tubes of the herein disclosed type provides for increas 
ing the power dissipated over the electrodes practically 
twofold. Thus, tubes constructed in accordance with 
the present invention offer twice as much power as the 

15 

6 
by said second electrode; said second electrode carry 
ing sound means for effecting autoelectronic emission 
adapted to bring about emanation of X-rays by said 
?rst electrode; said electrodes being so constructed and 
arranged, as to ensure emanation of X-rays in a speci 
?ed direction and means for applying electric pulses of 
alternating polarity to said electrodes. 

2. A ?ash X-ray tube according to claim 1, wherein 
said electrodes extend along thelongitudinal axis of 
said tube, the respective opposing face surfaces of said 
electrodes carrying said respective means for effecting 
autoelectronic emission. 

3. A ?ash X-ray tube according to claim 2, wherein 
said opposing respective face surfaces of said elec 
trodes are disposed each at an angle within a 20° to 60‘? 
range relative to a plane perpendicular to said longitu 

'' dinal axis of said tube, and symmetrically in respect of 

20 
hitherto known tubes of similar dimensions having the . 
same size of the foci. In this way the herein disclosed 
tubes can be used to reduce the dimensions of the 
X-ray apparatus and to simplify the structure of the lat 
ter. 
What we claim is: 
1. Flash X-ray tube comprising: an envelope; a ?rst 

electrode disposed within said envelope; a second elec 
trode also disposed within said envelope; said ?rst elec 
trode carrying ?rst means for‘effecting autoelectronic 
emission adapted to vbring about emanation of X-rays 
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said plane. 
4. A ?ash X-ray tube according to claim 2, wherein 

one of said two electrodes is madefrom a material 
transparent for X-rays, said face surface of said last 
mentioned electrode being coated with a layer of metal 
with a great atomic number. I 

5. A ?ash X-ray tube as claimed in claim 2 wherein 
said means‘ for effecting autoelectronic emission com 
prises a thin wall tube made of high heat ‘resistant foil 
on the face surface of the respective electrode. 

6. A ?ash X-ray tube as claimed in claim 5 vwherein 
said foil is tungsten. 

* * * * * - 


