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The present invention relates to X-ray appa 
ratus and more particularly to improved means 
for controlling the operation of a high voltage - 
X-ray tube. . 

In the use'of X-ray apparatus for radio 
graphic purposes it is frequently desirable to 
obtain exposures as short as one-tenth second 
or less. This requires that the control switch .em 
ployed must be of low inertia so as to be capable 
of opening and closing in such a short interval. 
This result is di?icult to obtain‘ if the circuit in 
terrupter is of high current capacity, as it must 
be, for example, if interposed directly in the 
low voltage portion of the load circuit. 

It is an object of my present invention to pro 
vide an improved switching system in which the 
discharge controlling switch may be of very low 
current capacity and hence of low mechanical 
inertia. To this end the invention employs a 
circuit arrangement in which current interrupé 
tion is actually accomplished in the high volt 
age, low-current discharge circuit, although con 
trolled by a switching means located in the low 
voltage primary circuit. 
The particular features which I desire to pro 

tect herein are pointed out in the appended 
claims. The invention itself, together with fur 
ther objects and advantages thereof may best 
be understood by reference to' the drawing in 
which Fig. 1 represents schematically an X-ray 
apparatus embodying the invention; Fig. 2 is 
an enlarged detail, partly in section, of certain 
of the elements of Fig. 1, and Fig. 3 shows an 
alternative application of the invention. 

Referring particularly to Fig. 1 there is shown 
a self-rectifying vacuum X-ray tube it of the 
general character of that described in my prior 
Patent 2,039,908 granted May 5, 1936. This in 
cludes an anode ll, a cathode and a control 

40 electrode, the last two elements being shown in 
detail in Fig. 2. As appears in that ?gure, the 
electron emissive element of the cathode com 
prises a ?lament £2 with which is associated 
cup-like enclosure I3. One end of the ?lament 
is connected to a conductor It, the opposite end 
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being connected to the part I3, which in turn is _ 
connected to a conductor IS. The conductors 
l4 and 15 are connected to lead-inwires I‘! and 
I8 which are sealed through aglass stem IS. A 
clamping ring 20 mounted on a part of the glass 
envelope 2|, serves to support the cathode and 
its associated conductors. 

50 

Surrounding the cathode there is provided a 
cup-shaped focusing and control electrode 23 

55 ‘which is supported from a mounting member 

(01. 250499) 
24. 
mounting member 24 permits a separate poten 
tial to be applied to the electrode. As is ex 
plained in my prior Patent 2,039,908, the elec 
trode 23 is effective» when negatively biased to 
prevent the passage of an X-ray producing dis 
charge through the tube !0 in spite of the exist 
ence of a favorable potential across the tube 
terminals. In this respect the electrode acts'as 
a sort of control grid which may be used to hold 
off the occurrence of a discharge as long as de 
sired. , 

Referring again to Fig. 1, it will be seen that 
the energizing circuit for the X-ray tube in 
cludes a low voltage source, represented as a 
pair of power lines 21, and a high voltage dis--' 
charge circuit coupled to, the source 21? through 
a voltage transformer 28. Heating current for 
the ?lament I2 is supplied by means of a second 
transformer 29 which also has its primary 39 
connected to the voltage ‘source 2?. The sec 
ondary winding 3| of the ?lament transformer 
is terminally connected to the conductor .26 so 
as to provide a reversible biasing potential for 
the electrode 23. 

Interposed in circuitbetween the primary 3i) 
and lines 21 there is provided a reversing switch 
33. In one of its positions, speci?cally, the posi 
tion shown, the switch is is e?ective to cause 
the bias applied to the electrode 23 by the trans 
former 29 to be negative during periods when 
the polarity of the transformer 28 is favorable 
to the production of a discharge through the 
X-ray tube It. That is to say, when the switch 
is in the position illustrated, the polarity of'the 
electrode 23 becomes negative with respect to' 
the cathode i2 whenever the anode Ii is pos 
itive. ‘Consequently, under ‘these conditions no 
appreciable discharge can ‘take place even when 
the high voltage circuit is energized. However, 
if the switch 33 is thrown to its other position,v 
that is to the left, the polarity relationship of 
the voltage applied to the electrode 23 will ob 
viously be reversed. With this arrangement, the 
bias applied to the electrode is positive during 
periods when a discharge tends to occur and 
such a discharge can therefore take place. 
To avoid an undesirable enlargement of the 

size of the focal spot produced on the anode it 
due to the positive potential of the electrode 23, 
a high resistance 35 is provided in the control 
circuit. On half-cycles when the electrode is 

A lead-in conductor 26 connected to the ' 
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negative this resistance has no effect, since no I 
current is flowing through it. vOn positive half 
cycles, however, electrons from the ?lament l2 
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go to the electrode and bring its potential ap 
proximately to that of the ?lament so that dis 
tortion of the electron beam is avoided. 
The switch 33 may obviously be actuated either 

manually or automatically, and in Fig. 1 there is 
shown an automatic control including a timing 
device 31. In operation of the apparatus this 
timing device is preliminarily adjusted for the 
length of exposure which is desired by the oper 
ator. ‘Thereafter, a master switch 38, which may 
be, for example, a foot-switch, is closed by the 
operator so as to supply potential both to the 
discharge circuit and to the control circuit. It 
is assumed that the timing device 37 includes a 
switch, which being initially closed, permits im 
mediate energization of a solenoid 45 connected 
to the switch 33. By the action of this solenoid 
the switch 33 is thrown to its left-hand position 
so as to permit a discharge through the tube [0. 
However, after expiration of a desired time in 
terval, determined by setting of the device 31, 
the solenoid 40 is deenergized so that the switch 
33 may be restored to its initial position by 
means of a spring 42 provided for that pur 
pose. The action of the switch 33 in reversing 
the potential applied to the electrode 23, serves 
immediately to terminate the discharge. 

Since the switch 33 has to accommodate only 
currents of low value, it may be of low inertia 
so as to permit extremely rapid action. Fur 
thermore, since the only element required to be 
added to those which are ordinarily present in 
the normal operation of an X-ray tube is the 
secondary winding 3| of the transformer 39, it 

‘’ will be seen that little or no increase in the 
weight or complexity of the apparatus is in 
volved in the use of my improved control means. 

In Fig. 3 I have shown a further application of 
the invention in connection with an X-ray tube 
49 which is used with separate rectifying ele 
ments. In this alternative embodiment there is 
illustrated diagrammatically a conventional two 
element X-ray tube having an anode 50 and a 
?lamentary cathode 5|. This is combined in a 
full-wave rectifying circuit with a series of elec 
tronic recti?ers respectively numbered 53, 54, 55 
and 56. The main energizing circuit includes a 
transformer 58 connected to a low voltage sup 
ply source 59. 
In the arrangement shown at least two of the 

recti?ers, speci?cally the recti?ers 55 and 55, 
are provided with control electrodes or grids 6i 
and 62. Their cathodes (63 and 64) are supplied 
with heating current from a transformer 51 
which also serves as a source of control poten 
tial to be applied to the grids GI and 62. As 
shown the transformer 61 is provided with spe 
cial secondary windings 68 and 69 effective to 
supply biasing potentials of opposite polarities to 
the grids BI and 62. Resistors ‘l3 and ‘M con 
nected in the grid circuits, prevent the grid cur 
rent from becoming excessive at any time. 
The relation which the polarity applied to each 

grid bears to the voltage impressed between the 
main electrodes of its associated recti?er is con 
trolled by a reversing switch ‘It connected in 
circuit with the primary of the transformer 61. 
With this switch in its right hand position as 
shown, the switch is effective to cause the biasing 
potential applied to each control grid to be of 
negative polarity during periods when the po 
larity of the transformer 58 is favorable to the 
production of a discharge through the X-ray 
tube. Under these conditions, the recti?ers are 

2,217,483 
rendered non-conductive in the normally con 
ductive direction. 
When the switch 10 is thrown to its reversed 

or left-hand position, the polarity of the biasing 
potential applied to the grids 6| and 62 is re~ 
versed so that the tubes 55 and 56 are free to 
conduct when a favorable potential is applied 
to them. Consequently, with the switch in the 
said left hand position a full wave recti?ed po 
tential may be applied to the X-ray tube 49 so 
as to cause a discharge therethrough. 
As in the arrangement described in Fig. 1, a 

foot-switch 75 or other type of safety device 
may be used to assure that the high voltage dis 
charge circuit is deenergized except when X-ray 
production is actually desired. This switch is 
closed, of course, before the reversing switch '10 
is thrown to its left-hand or discharge-producing 
position and is opened only after the discharge 
is terminated. Consequently it never has to in 
terrupt a current of large magnitude. If de 
sired, a timing device of the character of the 
device 3'! may be employed to regulate the ex 
posure period. 
While I have described my invention in con 

nection with particular embodiments thereof, it 
will be understood that various modi?cations may 
be made by those skilled in the art without de 
parting from the invention. I, therefore, aim 
in the appended claims to cover all such equiva~ 
lent variations as come within the true spirit and 
scope of the foregoing disclosure. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a high voltage discharge 

tube including an anode and a cathode, a low 
voltage source of alternating current, a circuit 
supplied from said source for impressing a high 
potential between the said anode and cathode, 
a‘ discharge-controlling means effective when 
biased to an appropriate polarity to prevent a 
discharge between the anode and. cathode, said 
means being conductively connected with the 
high potential circuit, a transformer having its 
primary winding connected to the low voltage 
source and its secondary winding connected to 
the discharge-controlling means for impressing 
a cyclically reversible biasing potential thereon 
and switching means in circuit with the trans 
former primary and normally operative to cause 
the biasing potential applied to the said dis 
charge-controlling means to assume a discharge 
preventing polarity during periods when the po 
tential impressed between the anode and cath 
ode of the said tube is favorable to the produc 
tion of a discharge therethrough but actuable at 
the will of an operator to cause the potential 
so applied to assume a discharge-favoring po 
larity during such periods. 

2. In combination, an X-ray tube including an 
anode and cathode, a low Voltage source of al 
ternating current, a high voltage circuit supplied 
from said source for impressing a potential of 
X-ray-producing magnitude between the anode 
and cathode, a discharge-controlling means 
effective when biased to a predetermined po 
larity to prevent a discharge between the anode 
and cathode and effective when biased to the 
opposite polarity to favor such a discharge, said 
means being continuously connected with the 
high voltage circuit, a transformer having its 
primary winding connected to the low voltage 
source and its secondary winding connected to 
the discharge-controlling means for impressing 
a cyclically reversible biasing potential thereon, 
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and a reversing switch interposed in circuit be 
tween the said transformer primary and the low 
voltage source, the said switch being effective 
in one position to cause a discharge-preventing 
bias to be applied to the said discharge-control 
ling means during periods when the polarity of 
the voltage applied between the anode and cath 
ode of the X-ray tube is' favorable to produc 
tion of a discharge therethrough, and being ef 
fective in its other position to cause a discharge 
favoring bias to be applied to the said means 
during such periods. 

3. In combination, an X-ray tube having an 
anode, a cathode and a focusing element asso 
ciated with the cathode, the said focusing ele 
ment being effective when negatively biased with 
respect to the cathode to prevent a discharge 
through the X-ray tube, a low voltage source of 
alternating current, a high voltage circuit sup 
plied from said source for energizing the X-ray 
tube at X-ray-producing potentials, a trans 
former having its primary winding connected to 
the low voltage source and its secondary con 
nected to the focusing element in the high volt 
age circuit for impressing a cyclically reversible 
biasing potential on the element, and a switch 
interposed in circuit between the said voltage 
source and the transformer primary, the said 
switch being e?ective in one position thereof to 
cause the biasing potential applied to the fo 
cusing element to assume negative polarity with 
respect to the cathode during periods when the 
voltage applied to the X-ray tube is favorable 
to the production of a discharge therethrough, 
and e?ective in its other position to cause the 
potential so applied to assume a polarity other 
than negative during such periods. 

4. In combination, an X-ray tube including an 
anode and a cathode, a low voltage source of 
alternating current, a high voltage circuit sup 
plied from said source for impressing a potential 
of X-ray-producing magnitude between the said 
anode and cathode, a discharge-controlling 
means effective when appropriately biased to 
prevent a discharge between the said anode and 
cathode, the said means being conductively con 
nected with the high voltage circuit, a trans 
former having its primary winding connected to 
the low voltage source and its secondary winding 
connected to the discharge-controlling means for 
impressing a cyclically reversible biasing poten 

> tial thereon, a reversing switch interposed in 
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circuit between the said transformer primary 
and the low voltage source, the said switch being 
effective in a ?rst position to cause discharge 
preventing bias to be applied to the said dis 
charge-controlling means during periods when 
the polarity of the voltage applied between the 
anode and cathode of the X-ray tube is favor 
able to the production of a discharge there 
through, and being effective in a second position 
to cause a discharge-favoring bias to be applied 
during such periods, means operable at the con 

3 
trol of an operator to place the switch in the 
said second position, and means operative auto 
matically after a predetermined time interval to 
return the switch to the said ?rst position. 

5. In combination, an X-ray tube, a low voltage 
source of alternating current, a high voltage cir 
cuit supplied from the said source-for energizing 
the X-ray tube at X-ray-producing potentials, 
a recti?er connected in the high voltage cir 
cuit for causing the potential applied to the X 10 
ray tube to be of unidirectional character, con- ‘ 
trol means associated with said recti?er and ef 
fective when biased to an appropriate polarity to 
cause the recti?er to be non-conductive in its 
normally conductive direction, a transformer 
having its primary winding connected to the 
low voltage source and its secondary winding 
connected to the said control means in the high 
voltage circuit for impressing a cyclically re 
versible biasing potential on said means, and 
means in circuit with the said transformer pri 
mary and operative in a ?rst condition to cause 
the biasing potential applied to the control means 
of the recti?er to assume a conduction-prevent 
ing polarity during periods when the polarity of 
the voltage applied to the X-ray tube is favor 
able to the production of a discharge there 
through, the last-introduced means being actu 
able at the will of an operator to a second con 
dition in which it is effective to cause the po 
larity of the said biasing potential to assume a 
condition-favoring polarity during such periods. 

6. In combination, an X-ray tube, a low volt 
age source of alternating current, a high voltage 
full-Wave rectifying circuit supplied from said 
source for energizing the X-ray tube at an X 
ray-producing potential, the said circuit includ 
ing a pair of multi-electrode recti?ers which are 
adapted‘ to be alternately conductive so as to 
supply the X-ray tube with full wave recti?ed 
current and which have control electrodes asso 
ciated therewith, each control electrode being 
e?ective when negatively biased with respect to 
the cathode of its associated recti?er to render 
such recti?er non-conductive in the normally 
conductive direction, a transformer having its 
primary winding connected to the low voltage 
circuit and having secondary terminals respec 
tively connected to the said control electrodes 
for applying cyclically reversible biasing poten 
tials of opposite polarity thereto, and a‘revers 
ing switch connected between the primary of 
the said transformer and the low voltage source, 
the said switch being effective in one position to 
cause the biasing potential applied to each of 
the said control electrodes to be of negative po 
larity during periods when the polarity of the 
source is favorable to a discharge through its 
associated recti?er, and being effective in an-. 
other position to cause the said biasing poten 
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80 tial to be of positive polarity during such periods. 

WILLIAM K. KEARSLEY. 


