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9 Caians. 
My invention relates to X-ray tubes and, in 

particular, relates to protecting the anodes of 
Such tubes from overheating. 
In certain types of X-ray tubes, such as are il 

lustrated in the attached drawing, the anode 
comprises a disk which is kept in continuous 
rotation by an electric motor in order that by 
continual exposure of a new portion of its sur 
face to the impact of the electrons coming from 
the cathode, local heating at the point of in 
cidence of the electron strean shall be minimized. 
Such tubes are adapted to operate with electron 
Streams of much higher energy concentration 
than are tubes which employ stationary anodes. 
Even in Such tubes, it is impossible, under some de 
Sired conditions of use, to maintain an electron 
Stream in flow continuously or for a protracted 
time, but it suffices for most uses to be able to 
radiate the X-rays for a short period. The anode 
thus absorbs energy at a rapid rate during the 
short period in which the X-rays are turned on, 
and in the interval of non-use following there 
after, the heated portion of the anode is able to 
cool off substantially. However, after several 
short-interval exposures have been taken, sepa 
rated by only moderate intervals of time, the gen 
eral anode temperature has been so raised by heat 
Which has not had time to be dissipated that 
further inlinediate use of the X-rays would cause 
overheating of the anode. 

By determining the general Surface tempera 
ture of the anode, it is possible to tell whether 
this dangerous general heating has occurred to 
such an extent as to render immediate use of the 
tube for X-ray production unsafe. 

It is, accordingly, one object of my invention to 
provide means for determining the general Sur 
face terperature of the portion of the anode. On 
which electrons from the cathode are incident 
during operation of the tube. 

It is another object of niny invention to provide 
automatic means which will prevent the use of 
the tube for X-ray production until the anode 
temperature has fallen to Such a value as Would 
make immediate operation for X-ray production 
Safe. 
Other objects of my invention will become ap 

parent upon reading the following Specification 
taken in connection with the drawing, in which 
the single figure is a schematic view showing an 
X-ray tube of the rotating anode type in Section, 
together with circuit connections adapted to carry 
out my invention. 

Referring to the dra Wing, an X-ray tube of 
conventional rotating-anode type is provided with 
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a cathode 2 which is adapted to be raised to elec 
tron-emitting temperature by current flowing 
from a transformer 3. The anode 4, that is to 
say, the member adapted to act as a target upon 
which electrons from the cathode 2 impinge, is 
in the form of a disk adapted to be rotated about 
its central axis by an electric motor within the 
housing 6. Since the rotating anode and electric 
Inotor form no part of my invention and are well 
known in the art, further detailed description of 
then is believed to be unnecessary. The anode 4 
has a beveled edge 6 which may be faced with 
tungsten or other metal suitable to constitute a 
target for X-ray production. 
The cathode 2 is preferably housed within a 

metal enclosure which has a window 8 through 
Which electrons from the cathode 2 are attracted 
by the anode 4 (which is kept strongly positive 
in potential relative to the cathode 2 by means 
not shown), whereby X-rays are produced at any 
instant at the Spot on the anode 4 on which the 
electron beam is incident, the X-rays being 
radiated through a window 9 in the Wall of the 
tube . The window 8 is of oblong form, its 
dimension radial of the tube being preferably 
approximately three times its circumferential 
width. The electrons from the cathode 2 thus 
inpinge on a Small area, only of the entire beveled 
Surface of the anode 4. As the anode 4 rotates, 
this area of electron-incidence thus traverses a 
circumferential path upon its beveled surface, 
and the development of heat at the anode sur 
face is thus Spread over a wide area, instead of 
being maintained continually concentrated on 
One Spot as in the case of stationary anode X-ray 
tubes. This distribution of the heat develop 
ment over a Wide area of the surface of the anode 
4 minimizes the temperature rise at any one point 
and prevents the destructive heating of the sur 
face layer of the anode. 
While a certain amount of heat is radiated out 

Ward from the beveled surface of the anode 4, 
considerable quantities likewise flow by thermal 
conditiction inward from the surface into the 
ninetallic body of the anode and accumulate there, 
being dissipated only slowly from its other sur 
faces. If Several Short but intense exposures to 
the electron Stream are made, the general tem 
perature of the anode 4 rises to such a value that 
further immediate exposure of the anode to elec 
tron incidence would cause overheating. 
The naSS of the cathode filament 2 is relatively 

Small compared with that of the anode 4, and if 
Current flow to it from the transformer 3 is cut 
off after an X-ray exposure, it quickly sinks to 



2 
the vicinity of room temperature. However, it is 
exposed to the radiation of heat from the heated 
anode 4 and the temperature of the Cathode 
quickly attains a value which is fixed almost en 
tirely by the general temperature of the beveled 
surface of anode A. The resistance of tungsten 
or other metals suitable for the cathode is a func 
tion of their temperature at any instant, and I 
have found that by cutting off heating current 
from the cathode, permitting it to rest long 
enough so that its temperature is Substantially 
determined by that of anode 4 and then measur 
ing its resistance, I can determine With Sufficient 
precision for practical purposes the temperature 
at any time of the anode 4. I am thus able to de 
termine, after several exposures of the anode 4 
to electron bombardment of short duration from 
the cathode 2, whether the general temperature 
of anode 3 is such as to render use of the X-ray 
tube for X-ray production safe, or whether it is 
necessary to wait for a time for the anode to 
cool further. 
In order to measure the temperature of the 

cathode 2, I provide the primary circuit of the 
transformer 3 with a double-throw Switch , in 
one position of which (that shown in full line in 
the drawing), the primary of transformer 3 is 
energized with current from a local Source 2 for 
heating the cathode 2 in normal use of the X-ray 
tube. In the other position of the SWitch 
(shown in dotted line), the primary of the trans 
former 3 is connected, through What amounts to 
an alternating-current Wheatstone bridge, to an 
alternating-current source 3. The above-inen 
tioned. Wheatstone bridge COraprises Ofie an 
which comprises an inductance 3 and a resist 
ance 5 in series therewith. iihe inductance if 
and resistance 5 are both valiable and the in 
ductance 4 is preferably set at a value approxi 
mately equal to the inductance equivalent of the 
leads as reflected into the primary of the trans 
former 3, its internal leakage inductance, the in 
ductance of the leads from its secondary to the 
filament 2, and the inductance of filament 2 it 
self. The other two arms of the WheatStone 
bridge comprise a pair of variable resistors 6 
and a preferably equal in value. The source 3 
is connected across one pair of diagonally-op 
posite corners of the Wheatstone bridge, while 
an alternating-current voltmeter 8 is connected 
across the other diagonally-opposite corners of 
the Wheatstone bridge. The Wheatstorie bridge 
thus described may be used by methods Well 
known in the electrical art to meaSure the ten 
perature of the filament 2 and to determine 
thereby whether, at a suitable interval after 
movement of the switch to disconnect the 
source 2 from transformer 3, it is Safe to Opel'- 
ate the X-ray tube . 
While I have described the temperature of the 

cathode filament 2 as being in easured by means 
of a Wheatstone bridge arrangement, it Will be 
obvious that any of the other instrumentalities 
known in the electrical Inleasuring art 2.S means 
for measuring the resistance of ain element posi 
tioned in the secondary of a transformer by read 
ings taken on the primary circuit of the trains 
former may be used. 
The voltmeter 3 may be provided with a coin 

tact i9 which Will be closed upon its needle 29 
When the latter stands at the temperature cor 
responding to the maxinuin value of the re 
sistance of the cathode 2 at which it is safe to 
operate the tube . The contact 9 may be con 

O 

5 

30 

40 

80 

65 

70 

2,315,593 
gizing coil 22 of a solenoid arranged upon closure 
of the contacts 9 and 25 to move the Switch 
from the position in which it connects the pri 
mary of transformer 3 to the source 3 to the 
position in which switch i connects the primary 
of transformer 3 to source 2. A spring 24 
should then be arranged to bias the switch 
to connect the primary of transformer 3 to source 
3. A latch 25, 26 adapted for manual release 
should be arranged to releasably retain the SWitch 
of the circuit, breaker in a position in Which 
the primary of transformer 3 is connected to 
Source 2. 
The switch is maintained in the last-men 

tioned position by the latca 25 whenever an 
C-Iay exposure is being inade and until it is de 

sired to measure the resistance of the cathode 
tube. Whenever the latter desire arises, the 
atch 25, 26 is released and the spring 24 moves 
the circuit breaker to connect the primary 
of transformer 3 to source 3. The voltmeter 
A8 then moves to such a position as to indicate 
the instantaneous temperature of the cathode 2. 
The latter temperature will, innaediately after 
employment of the tube i for X-ray production, 
be so high that the needle 22 of galvain ornetter 
£8 will indicate a higher temperature than that 
corresponding to the position of the contact 9. 
As the Cathode cools, the needle 2: will gradually 
move Until it nects the contact 9, whereupon 
the Winding 22 Will be energized from source 2 
to move the Switch back into the position in 
Which it connects the source 2 to the primary 
of transformer 3; and the switch will be latched 
in this position through closure of the latch 25, 
26. This position of the circuit breaker will then 
persist lantil the latch 25, 28 is manually reopened 
by the X-ray tube operatoi' to make another 
measurement Cf the teiperature of cathode 2. 
While I have described the instrument 8 as 

a Voltrineter, it will be recognized that it may be 
replaced by any other well known type of relay 
operative to close the circuit, of the winding 22 
When a predeteriinined value of voltage exists 
acroSS the diagonally-opposite terminals of the 
Wheatstone bridge. 
While i have described a particular embodi 

ment of ny invention, it will be recognized that 
its principles ai?e of broader application in ways 
Which Will be evident to those skilled in the art. 
I claim as my invention: 
1. In combination with an electrical discharge 

tube having a thermionically-emissive cathode 
end an anode, said cathode being positioned in 
Such proximity to said anode that its tempera 
ture is dependent upon the temperature of said 
anode, a transformer connected to deliver heat 
ing Current for Said thernionically-emissive 
Cathode, means for connecting the piralty of 
Said transformer to an energy supply and for 
Connecting the primary of said transformer to 
an instrument responsive to the resistance of 
the said thermionically-emissive cathode. 

2. In combination with an electrical discharge 
tube having an anode and a thermicinically 
emissive cathode positioned in such proximity 
thereto that its temperature is dependent upon 
the temperature of said anode, neans for meas 
uring the temperature of said therinionically 
emissive cathode when it is in a deemergized 
Condition. 

3. In combination with an electrical discharge 
tube having an anode and a thermionically 
emissive Cathode positioned in such pi'OXimity 

nected through a voltage source 24 to the ener- 75 thereto that its temperature is dependent upon 
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the temperature of said anode, means for meas 
uring the resistance of said cathode when it is 
in a deenergized condition. 

4. The method of determining the tempera 
ture of the anode of an electrical discharge de 
vice having a cathode sufficiently close to said 
anode so that its temperature is responsive to 
the temperature of the anode which consists in 
measuring the resistance of said cathode. 

5. The method of measuring the temperature 
of the anode of an X-ray tube having a ther 
mionically-emissive cathode supplied with heat 
ing current which consists in interrupting the 
flow of heating current and, at a substantial 
interval thereafter, measuring the resistance of said cathode. 

6. In combination with an X-ray tube having 
a rotating anode and a cathode positioned in 
Such proXimity thereto that its temperature is 
dependent upon the temperature of said anode 
and provided with means for supplying it with 
heating current from a local energy source, 
means for interrupting the flow of heating cur 
rent to said cathode, and means for thereafter 
measuring the temperature of said cathode. 

7. In combination. With an X-ray tube having 
3, rotating anode and a cathode positioned in 
Such proXimity thereto that its temperature is 
dependent upon the temperature of Said anode 
and provided with means for supplying it with 
heating current from a local energy source, 
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3. 
means for interrupting the flow of heating cur 
rent to said cathode, and means for thereafter 
measuring the resistance of said cathode. 

8. In combination with an X-ray tube having 
a rotating anode and a cathode positioned in 
such proximity thereto that its temperature is 
dependent upon the temperature of said anode 
and provided with means for supplying it with 
heating current from a transformer of which 
the primary is connected to a local energy Source, 
means for interrupting the flow to said primary 
of current from said local source and for there 
after measuring through the primary Winding 
thereof the resistance of the load on said trans 
former. 

9. In combination with an X-ray tube having 
a rotating anode and a cathode positioned in 
such proximity thereto that its temperature is 
dependent upon the temperature of said anode 
and provided with means for supplying it with 
heating current from a transformer of which 
the primary is connected to a local energy Source, 
means for interrupting the flow to said primary 
fron said local Source, and means for connecting 
Said primary Winding to a relay System adapted 
to automatically reinitiate the flow of current 
to said transformer primary from said local 
Source when the resistance of Said cathode 
reaches a predetermined Value. 

BENEDICT CASSEN, 


