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This invention relates to electron X-ray 
or Röntgen tubes, and more particularly to 
the type of X-ray tube in which the tube is 
exhausted to a vacuum as near as practical 

5 and the passage of current through the tube 
is had through the medium of electrons. 

It is well known that a vacuum or highly 
rarefied air remaining in a tube which has 
been highly exhausted is a non-conductor of 

10 electricity. This is true irrespective of the 
potential applied to the cathode and anti 
cathode of a highly exhausted X-ray tube. 
It is found, however, that if a filament is 
used as a cathode in one end of the tube and 

15 heated to incandescence by the passage of a 
current through it, even slight potentials 
will pass current through the vacuum space 
between the heated filament or cathode and 
the anti-cathode, or, as it is commonly called, 

20 the target. . . . . 
This phenomenon is explained in stating 

that the incandescent body throws off into 
the vacuated space, in the form of a stream, 
what are termed electrons or corpuscles, 

25 which are themselves electro-negatively 
charged masses or particles, the smallest 
particles into which matter is divisible; and 
it is further explained that this stream of 
electrons ionizes the vacuous space through 

30 its path of travel and provides a path for an 
electric current to flow from the filament or 
cathode to the target or anti-cathode. The 
electrons striking the target produce X-rays 
and the penetrating power thereof increases 

35 with the square of the potential applied. 
The volume of X-rays produced is de 

pendent upon the amount of current flowing 
between the cathode and anti-cathode, and, 
as is apparent from that previously stated, 

40 the flow of current is controlled by the 
volume and density of the stream of elec 
trons. 

It is an object of this invention to provide 
means whereby the flow of current between 

45 the cathode and anti-cathode can be accurate 
ly controlled. It is also an object of the 
invention to provide a means whereby the 
potential can be varied between the cathode 
and anti-cathode without changing the flow 

50 of current through the tube or vice versa. 
Still another object of the invention is to 
pruvide means whereby the current flowing 
between the cathode and anti-cathode can be 
varied without varying the heating current 

55 of the cathode or filament. 

each having a central aperture or orifice. 26 

further provided with a lead or extension 23, 

With the above and other objects in view, 
the invention consists in the novel features 
of construction, combination and arrange 
ment of parts to be hereinafter more 
described, claimed, and illustrated in the ac 
companying drawings, in which - 
The figure shown is a longitudinal sec 

tion through a tube of the preferred con 
struction and the connections thereof shown 
diagrammatically. 85 

Referring to the drawing, a tube is pro 
vided, having a primary chamber 11 and a 
secondary chamber 12, said chambers being 
connected by a neck 14. On the opposing 
sides of the chambers are blown the arms 70 
or projections 15 and 16, respectively. In 
the primary end 17 of the tube there is 
properly positioned and sealed, as in any 
ordinary electric light bulb, the cathode or 
filament 18, and in the secondary end 19 of 
the tube there is provided the usual anti 
cathode or target 20. Primary and second 
ary electrodes 22 and 21, respectively, are 
provided, which are circular in shape and 
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8O 
and 26, respectively; the aperture 26 being 
inclined upwardly to the longitudinal axis 
of the tube and the aperture 26 in axial 
alignment with the longitudinal axis of the 
target 20 or the tube 10. These electrodes 
are of a suitable diameter to prevent any 
electrons passing through the neck 14, other 

85 

than those which may pass through the aper 
ture of each electrode. The electrodes are 

90 

which passes through a tube 24 blown cent 
trally of each arm 15 and 16; the outer end 
of the tubes 24 being sealed about the leads 
23, as at 25. 

For energizing the tube, a transformer 29 
is provided, the primary leads of which are 
connected to a suitable source of power and 
the secondary leads suitably connected to 
supply the cathode or filament 18 with a 
heating current. A variable resistance 30 
is provided in the primary circuit of the 
transformer whereby the amount of heating 
current for the filament 18 may be regulated. 
As shown in the drawing, 32 and 33 may 

represent two transformers although the 
same purpose may be accomplished by one 
transformer. When one transformer is 

t 
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used, a tap is made on the secondary, wind ing which will supply a predetermined po 
tential between the electrodes 22 and the lo 



O 
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filament 18 and the full potential is applied 
between the electrode 21 and the target 20. 
In the accompanying drawing, the ter 

minals of the secondary of transformer 32 
are connected to the filament or cathode 18 
and electrode 22, as at 34 and 35, respectively. 
The electrode 21 is also connected to the 
secondary of the transformers 33, the purpose 
of which will later be made apparent. The 
secondary terminals of the transformer 33 
are connected to the electrode 21 and the 
anti-cathode or target 20. The primary cir 
cuits of each transformer 32 and 33 are pro 
vided with a variable resistance 39, whereby 
the potential of the secondaries may be 
brought to any desired point. 
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About the neck 14 of the tube there is 
provided an electromagnet 38. The magnet 
may be of any suitable design, providing its 
lines of force coincide with a plane at right 
angles or perpendicular to the stream of 
electrons flowing from the filament 18. The magnet is energized by a battery 40 and its 
strength varied by a suitable resistance 41. 

In the operation of the above-described 
X-ray tube, a predetermined current is sup 
plied to the filament i8. Also, a predeter 
mined potential is supplied by the seconda 
ries of the transformers 32 and 33. The fila 
ment is heated to such a degree that the 
volume or density of the stream of electrons 
thrown of reaches the point of saturation. 
The velocity or impetus given the electrons 
at the time when the applied potential is at 
its maximum is sufficient to carry a sub 
stantial portion of the electrons through the 
aperture 26 in the electrode or what may be 
called anti-cathode 22; the remaining elec 
trons being intercepted or screened away 
by the electrode 22. The magnet 38 is now 
energized and the stream of electrons which 
have passed through the aperture 26' is 
caused to diverge downwardly and pass 
through the aperture of the electrode 21 
and strike the target B The electron 
stream now provides a path for the flow of 
current between the target and electrode in 
the secondary tube or chamber, the second 
ary electrode serving as a cathode. 

It also can be readily seen that by varying 
the strength of the magnet 38 the volume of 
electron stream passing through the aper 
ture of the electrode 21 can be accurately 
controlled; and, as has been previously stat 
ed, the amount of current is dependent upon 
the volume or density of the electron stream. 
It is then obvious that the flow of current 
between the electrode :1 and the target 20 

60 
can be accurately controlled. 

Further, our invention permits the density 
of electron streams to be at the point of sat 
uration without causing diffusion of the 
X-rays produced, from the fact that only a 
certain volume is permitted to pass through 

65 the aperture in the screening electrode 22. 
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It may be further pointed out that our in 
vention permits a means of selection of any 
desired part of the alternating current wave 
produced. This may be clearly seen if we 
consider the character of the potential wave 
obtained at the secondary of the common 
closed core transformer now used almost uni 
versally in X-ray work. This wave very 
closely resembles a sine wave and if we ex 
amine it we find it starting at zero and rais 
ing to a maximum value which is approxi 
mately the square-root of two times the aver 
age value, then again dropping to zero. 
Now in X-ray work we are not alone inter 
ested in the average values of current and of 
the potential but also in the instantaneous 
values. With our invention it is possible 
to adjust the value of the magnetic field so 
that only the maximum values of currents 
will pass, eliminating the lower current val- 8 

the present types of ues, which will, wit 
tubes, overheat the same and produce detri 
mental secondary X-rays. 
Having thus described our inventhon, what 

we claim and desire to secure by Letters 
Patent 

1. In an exhausted X-ray tube a filament 
and a target, a pair of interspaced electrodes 
interposed between the filament and the tar 
get, said electrodes being perforated to limit 
and direct the flow of fe electron stream to 
a predetermined path, and means between 
the electrodes adapted to partially or wholly 
deflect said stream from the predetermined 
path to control the current carrying capacity 
of the electron stream. 

2. In an exhausted X-ray tube, a filament 
and a target, a pair of interspaced electrodes 
interposed between the filament and the tar 
get, said electrodes being perforated to limit 
and direct the flow of the electron stream to 
a predetermined path, and electro-magnetic 
means between the perforated electrodes 
adapted to partially or wholly deflect said 
stream from the predetermined path to con 
trol the current carrying capacity of the 
stream. 

3. In an exhausted X-ray tube, a pair of 
spaced electrodes interposed between the 
cathode and anti-cathode thereof, each elec 
trode having an aperture and adapted to re 
strict the electron stream between the cath 
ode and anti-cathode through said apertures, 
and means between said electrodes adapted 
to partially or wholly deflect said stream of 
electrons and thereby vary the current car 
rying capacity thereof. 

4. In an exhausted X-ray tube, a pair of 
spaced electrodes interposed between the 
cathode and anti-cathode thereof, each elec 
trode having an aperture and adapted to re 
strict the electron stream between the cath 
ode and anti-cathode through said apertures, 
means for creating an electro-magnetic field 
between said electrodes, said field being 
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adapted to deflect the electron stream from a 
straight course, and means for varying said 
magnetic field whereby the current carrying 
capacity of the electron stream may be con 
trolled. - 

5. In an exhausted X-ray tube, compris 
ing a cathode chamber and an anti-cathode 
chamber with a restricted passage therebe 
tween, a cathode filament, an anti-cathode 
member or target positioned in their respec 
tive chambers, an electrode adjacent each 
end of the passage, said electrodes each hav 
ing an aperture through which the electron. 
stream is restricted to pass, and means for 
creating an electro-magnetic field between 
said electrodes adapted to deflect the stream 
of electrons, and means for varying said 
field whereby the current carrying capacity 
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of the stream passing through said aper 
tures may be controlled. 

6. In an exhausted X-ray tube, compris 
ing a cathode chamber and an anti-cathode 
chamber with a restricted passage therebe 
tween, a cathode filament, an anti-cathode 
member or target. positioned in their re 
spective chambers, an electrode adjacent each 
end of the passage, said electrodes each hav 
ing an aperture through which the electron 
stream is restricted to pass, a ring electro 
magnet about the restricted passage between 
the cathode and anti-cathode chambers, 
adapted to deflect the course of the electron 
stream, and means for varying the potential 
for energizing said electro-magnet, whereby 
the cross section of the electron stream pass 
ing through the aperture in the electrodead 
jacent the anti-cathode may be controlled. 

7. In an exhausted X-ray tube, a pair of 
spaced electrodes interposed between the 
cathode and anti-cathode, each electrodehav 
ing an aperture and adapted to restrict the 
electron stream between the cathode and an 
ti-cathode to such which passes through said 
apertures, means for creating a magnetic 
field between said electrodes, adapted for de 
flecting the stream of electrons passing there 
between, means for varying the strength of 
said field and thereby control the cross sec 
tion of the stream which passes through the 
aperture of the electrode adjacent the anti 
cathode, and a high potential source con 
nection of the same polarity with the cathode 
and electrode adjacent the anti-cathode, and 
a connection of opposite polarity with the 
anti-cathode and remaining electrode. 

8. Jn an exhausted X-ray tube, a pair of 
spaced screens interposed between the cath 
ode and anti-cathode, each having a central 

60 
aperture and adapted to restrict the electron 
stream between the cathode and anti-cathode to such as may pass through said apertures, 
means for creating a magnetic field between 
said electrodes adapted to deflect the straight 
course of said electron stream, and means 
for varying said field whereby the cross sec 

l 

tion of said stream which passes through the 
electrode adjacent the anti-cathode may be 
controlled. w 

9. In an exhausted X-ray tube, a pair of 
spaced screen members interposed between 
the cathode and anti-cathode, the screen ad jacent the cathode having an aperture adapt 
ed to direct the stream of electrons passing 
therethrough at an angle to the longitudinal 
axis of the tube, and the other screen having 
an aperture extending parallel with said axis 
of the tube, means for creating a magnetic 
field between said screens, adapted to bend 
the electron stream passing through the 
screen with its aperture at an angle to reg 
ister and pass through the aperture of the 
other screen, and means for varying said 
field whereby the cross section of the elec 
tron stream passing through the last named 
screen may be controlled. . 

10. In an exhausted X-ray tube, a pair of 
spaced electrodes interposed between the 
cathode and anti-cathode, the electrode ad 
jacent the anti-cathode having a horizontal 
ly disposed aperture formed therein, and the 
other electrode having an aperture extending 
at an angle to the horizontal and so posi 
tioned with relation to the cathode that only 
electrons having the greatest impetus and 
thrown from the close at the proper angle 
are permitted to pass therethrough, the re 
mainder being screened away by said elec 
trode, means for creating a magnetic field. 
between the electrodes adapted to bend the 
electron stream passing through the elec 
trode with the angularly disposed aperture 
so that said stream will pass through the ap 
erture of the other electrode, and means for 
varying said field thereby permitting the 
cross section of the electron stream passing 
through the last named electrode to be con 
trolled. 
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11. In an exhausted X-ray tube, a pair of 
spaced electrodes interposed between the 
cathode and anti-cathode, the electrode ad 
jacent the anti-cathode having an aperture 
horizontally disposed, and the other elec 
trode having an aperture disposed at an 
angle to the horizontal and the last named 
electrode adapted to limit the electron stream 
passing between the cathode and anti-cath 
ode to such as will pass through its aperture, 
means for creating a magnetic field about 
the portion of the tube extending between 
the electrodes adapted to bend the electron 
stream passing through the electrode ad 
jacent the cathode so that it will pass 
through the aperture of the other electrode 
and means for varying the magnetic field 
whereby the portion of stream passing 
through the last named electrode may be se 
lected. 

12. In an exhausted X-ray tube, a pair of 
spaced electrodes interposed between the 
cathode and anti-cathode, the electrode adja 
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cent the anti-cathode having an aperture 
horizontally disposed and the other elec 
trode having an aperture disposed at an an 
gle to the horizontal and the last named 

O 

electrode adapted to limit the electron stream 
passing between the cathode and anti-cath 
ode to such as will pass through its aperture, 
means for creating a magnetic field about the 
portion of the tube extending between the 
electrodes adapted to bend the electron 
stream passing through the electrode adja 
cent the cathode so that it will pass through 
the aperture of the other electrode, means 
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for varying the magnetic field whereby the 
portion of stream passing through the last 
named electrode may be selected, a source of 
high potential current, connecting means 
therewith of the same polarity between the 
cathode and the electrode adjacent the anti 
cathode, and connecting means between said source and the anti-cathode and other elec 
trode of the opposite polarity. 

In testimony whereof we have hereunto set 
our hands. 

HARRY A. MULWANY. 
HARRY E. KENNEDY. 
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