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The present invention relates to Roentgen or
X-ray apparatus, and is particularly concerned
with arrangements for preventing overloading
the ‘Roentgen tube, These arrangements lend
themselves advantageously to a new method of
operating such tubes, with better results than
have been attained heretofore.

The temperature of the focal spot of a Roentgen
tube must not exceed a certain value, in order
to avoid danger of destroying the anode, or at
least doing it serious damage. Devices and con-
trol means have been suggested in the past which
attempt to avoid the overloading of a Roentgen
tube either by disconnecting the tube when the
-highest possible teraperature of the anode is ex-
ceeded, or by regulating the tube current in such
a manner that' the temperature of the anode
is maintained approximately at the highest per-
missible value during the entire operation of the
apparatus. However, such devices have been
found unsatisfactory and objectionable in several
respects, sirice they do not provide either for a
disconnection of the tube, which is free of delay,
or for a substantially continuous control of the
tube current for the purpose of obtaining a con-
stant anode temperature.

The invention constitutes a considerable ad-
vance and improvement over what has been
known in the art, by providing an arrangement
using a photoelectric cell or other light-sensitive
device which receives the light rays emanating
from the focal spot of the Roentgen tube over an
optical system and governs the actuation of the
corresponding regulating or control means. The
protective arrangement which is thus governed
by the temperature of the focus point can be
used and installed in Roentgen apparatus which
is already in operation and may be grounded in

apparatus where the anode of the tube is con-’
That

nected to a high tension current source.
is, in the case of a Roentgen tube having an an-

ode’ operating at high potential, which is ar-

ranged Wwithin a high tension insulating and ra-
digtion-protecting housing with grounded wall,
the arrangement according to the invention may
be carried ot in suéh a manneér that the opti-
cal system and the light-sensitive device are at
ground potential, with the light rays emanating
from - the focal spot of the Roenigen tube di-
rected through an apertiire. or opening in the
housing. .

It is of importance for the practical realiza-
tion of the invention to provide means for sepa-
rating the Roentgen rays emanating from the fo-
cal spot of the X-ray tube from the light-sensi-
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tive device or preventing such rays from treach-
ing the device.. The lenses used in the: optical
systern may for this purpose be made of lead
glass, for example, or a mirror may be arranged
in the path of the rays from the focal spot, which
deflects the light rays to the light-sensitive
means, or photoelectric cell, the latter being
properly located at the side of the apparatus.

In order to' protect the Roentgen fube, the
light-sensitive cell is generally adjusted to a
value which lies below the load limit.  In order
to prevent destruction of the Roentgen tube due
to failure of the equipment, a second light-sensi-
tive device, e. g., a photoelectric cell, may be pro-
vided which disconnects the Roentgen tube when
the highest permissible Iuminosity of the focal
spot is exceeded.

The invention is useful for disconnecting the

_ Roentgen tube when a certain permissible maxi-
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mum- focal spot temperature is reached or ex-
ceeded, and has the particular advantage that
the connection and disconnection of the Roent-
gen tube current may be obtained by means of a
grid-controlled valve provided either in the pri-
mary or the secondary circuit of the high ten-
sion transformer. The substantially instan-
taneous disconnection of the Roentgen tube can
ke accomplished in such a. case by the use of
relay means which operate without delay and

- which is actuated when the load limit is reached.

Permanent interruption or disconnection of the
Roentgen tube current may be obtained upon op-
erative actuation of the light-sensitive device
by using suitable switching means, for example,
of the stay-put or locking type, and correspond-
ing circuits. ' '

Suitable arrangements for carrying out the in-
vention in accordance with the foregoing, that is,
by connecting and disconnecting the Roentgen
tube in accordance with the luminosity of the
focal spot, are described and claimed in our ap-
plication, Ser. No. 167,696, filed October 7, 1937,
of which the instant application is a division.

Instead of disconnecting the Roentgen tube at
the moment when the highest permissible focal
spot temperature is reached or exceeded, the in-
vention may be used as previously intimated, so
as to maintain the focal spot temperature sub-
stantially constant at a ‘desirable value. This
object may be accomplished by regulating the
Roentgen tube current directly and substantially
without delay in dependence on or as a function
of the focal spot temperature. The Roentgen
tube is equipped in this case with a control grid
by means of which the light-sensitive device reg-
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ulates the current flowing through the Roentgen
tube in stich a manner that the temperature of
the focal spot cannot exceed a certain predeter-
mined value.

Particularly advantageous is an arrangement
whereby the light-sensitive device regulates the
heating of the Roentgen tube so that the lumi-
nosity of the focal spot remains substantially
constant. This may be accomplished by discon-
necting or diminishing the heating of the Roent-
gen tube under the control of the light-sensitive
device when the focal spot reaches a certain de-
gree of luminosity, the re-connection or increasszd
heating taking place upon decrease of luminosity
of the focal spot below an adjustable value or
after the lapse of a certain adjustable time
period.

The heating of the Roentgen tube is, in this
form of practicing the invention, preferably con-
siderably increased or accelerated for the purpose
of quickly reaching the load limit. If this great-
ly accelerated heating of the Roentgen tube
would take place prior to connecting the -high
tension, the focal spot would be initially over-
loaded because the filament temperature would
not drop quickly enough to the permissible valie
due to the inertia of the filament. The arrange-
ment is for this reason operated so that the heat-
ing current is connected to the Roentgen tube
upon starting the exposure simultaneously with
connecting the high tension, so that the filament
temperature is rising at that moment.

Inasmuch as the light-sensitive device takes
care that the filament temperature can never ex-
ceed the highest permissible value (since the focal
spot. luminosity would othrwise also rise to an
impermissible value), it follows that the heating
current can be increased as desired, so that the
speed with which the cathode and, therefore, also
the focal spot reach the highest permissible tem-
peratures can be accelerated at will, It is there-
fore entirely possible to heat a cathode inter-
mittently with a current of, for example, 12 or
more - amperes, whose maximum permissible
permanent heating current is about 8 amperes.

The heating of the Roentgen tube takes place
preferably from a direct current source, or from
- an alternating current source of high frequency,
in order to avoid the oscillationg of the emission
caused by the use of an alternating current of,
for example, 50 cycles, thereby accomplishing
more accurate work.

A milliampere-second relay. is preferably pro-
vided, which disconnects the high tension con-
nected to the Roentgen tube as soon as a milli-
ampere-second product is reached which has pre-
viously been adjusted on this relay. The use of a
known device for disconnecting the Roentgen tube
as soon as a sufficient blackening of the film is
accomplished incident to the exposure, is also
very advantageous.

The above stated and other objects and fea-
tures of the invention will appear from the de-
tailed description presented below with reference
to the accompanying drawings. In these draw-
ings,

Fig. 1 represents an embodiment wherein the
Roentgen tube current is continuously regulated
in accordance with the focal spot temperature;

Figs. 2, 3, and 4 illustrate in form of curves
various interdependent current and temperature
conditions in an embodiment such as shown in
Fig. 1; -

Figs. 5 and 6 illustrate embodiments wherein
the light-sensitive device regulates the filament
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current for the purpose of maintaining the Iumi-
nosity of the focal spot substantially constant;
and

Fig. 7 shows a practical structure wherein the
Roentgen or X-ray tube is enclosed in & high
tension insulating and radiation-protecting
grounded housing with means for transmitting
the light rays from the focal spot through an
optical system to the light-sensitive device.

The apparatus is represented in the drawings,
except Fig. 7, in a conventional and more or less
schematic manner. The general structure and
operation of individual devices, such as photo-
electric cells, electronic valves, gaseous discharge
tubes, and others, as used in connection with the
various structures herein described, is well known
and will not be dwelled upon in -detail except
when necessary for an understanding of the in-
vention.

Referring now to the embodiment shown in
Fig. 1, the Reentgen tube 38 is provided with an
anode 31, cathode 32 and a grid 33. The tube is
connected to a high tension source 42. The light
rays emanating from the anode 31 are directed
to the mirror 39 and by way of the optical sys-
tem 492 to the light-sensitive cell 41 which may be
a photoelectric cell connected in the circuit of
the direct current source 38. The Roentgen rays
emanating from the tube are not refiected by the
mirror and are thus prevented from reaching the
prhoto cell 41. The grid 33 of the Roentgen tube 30
is connected with the cathode 32 by way of the
resistance 24 and is thus connected to the positive
pole of the direct current source 38, with a
branch connection by way of the grid-controlled .
discharge tube 28 to a point of negative potential
on the voltage divider 37 of the:direct current
source 38. The grid of the discharge tube 36
normally has a negative voltage so that no cur-
rent can flow through this tube and the resistance
34. . The grid 33 of the Roentgen tube 30 is there-
fore normally at the same potential as the cath-
ode 32. In case the Roentgen tube 30 is loaded,
the light rays emanating from the focal spot on

.the anode 21 will cause a current flow in the

light-sensitive cell 41 through a part of the volt-
age divider 87, which reduces or eliminates the
negative voltage on the grid of the discharge tube
38. Current can now flow through the discharge
tube 36 and the resistance 34, which produces on
the grid 33 of the Roentgen tube 20 an increas-
ing negative voltage as compared with the voltage
on cathode 32, whereby the current flow through
the Roentgen tube is diminished. - The arm 25
of the voltage divider 37 can be adjusted so that
the temperature of the focal spot of the anode 31
is kept substantially constant at any desired
value. The operation of the control apparatus
involves a continuous correction of the tempera-
ture, which tends to exceed the desired value.
Whenever the temperature of the focal spot gets
too high it increases the current in the circuit of
the light-sensitive device 41 enough to in turn
change the voltage conditions between the grid 23
and the cathode 22 of the Roentgen tube so as to
slightly reduce the current flow through the
Roentgen tuhe, thereby reducing the temperature
of the focal spot. The average temperature
maintained can be adjusted, as previously stated,
by means of the arm 35. .
Fig. 2 illustrates the variation of the tempera-
ture T of the focal spot with relation to the load
time ¢ and explains the conditions that exist in
the embodiment, Fig. 1, as compared with those
in previcusly known Roentgen apparatus, While
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in the Roentgen apparatus heretofore used the
temperature of the focal spot rises slowly up to
the highest permissible value Tn (dot-dash curve
@), in the case of the embodiment, Fig. 1; the
temperature rises so rapidly that the highest per-
missible temperature Th is reached in the very
short time ¢ (curve b) and then remains sub-
stantially constant.

In Fig. 3 is illustrated the variation of the cur-
rent J flowing through the Roentgen tube 30 in
relation to the load time {. While-in the pre-
viously known Roentgen apparatus the current
Js remains substantially constant, in the present
embodiment according to Fig. 1, the Roentgen
tube current Jv is initially considerably higher
and drops during operation under the value Ja,
as indicated. It will therefore be seen that in
the Roentgen apparatus heretofore known, the
time ta (horizontally shaded area) was neces-
sary for reaching a certain load, that is, mil-
liampere-second product (J.£). In the present
embodiment, as explained with reference to Fig.
1, only the considerably shorter time b is re-
quired, as shown in the vertically shaded area in
Fig. 3.

Fig, 4 shows the manner in which the nega-
tive voltage Eg of the grid. 33 of the Roenigen
tube 30 (Fig. 1) rises in dependence on the load
time .

It should be observed that a change in the
Roentgen tube voltage cannot cause an overload,
since the temperature, that is, the brightness, of
the focal spot is dependent on the current fed
to the Roentgen tube and the equipment oper-
ates always in such a manner that the highest
permissible temperature of the focal spot cannot
be exceeded.

Fig. 5 illustrates a Roentgen tube 55 which is
supplied from the high tensien transformer 58,
the latter being connected to the current source
58 over o switch 57. The light rays emanating
from the focal spot of the Roentgen tube 55 are
reflected to the photoelectric cell 6! by means of
the mirror 59 and the optical: system §0. .The
current flowing through the photoelectric cell 61
is amplified by means of the instantanecusly op-
erating amplifier 62 and feeds a relay 63, the lat-
ter maintaining a switch 64 closed against the
force of the spring 68. The switch 64 is con-
nected in the circuit of the primary winding of
the heating transformer 68, supplying current to
the glow cathode 67 of the Roenfgen tube §5.

The switch 64 is closed prior to beginning the
exposure because relay 63 is energized by the
anode current of the grid tube 62 which flows
through the tube and also through the relay. If
the manually operable switch 68, which is in
series with the switch contacts 64, is now closed
(preferably simultaneously with or immediately
after actuation of the switch 57), the glow cath-
ode 67 is very rapidly heated due to the high
hesating voltage, and the electron stream strikes
the anode of the Roentgen tube 85 with great
velocity in accordance with the high tube fen-
sion. Current flows through the photoelectric
cell 81 due to the heating of the focal spot, con-
sequently also through the resistance 68, so that
the grid of tube 62 receives a negative potential
whereby the anode current is reduced which
flows through the tube 62; and when the anode
current drops below a certain value, relay 63 is
deenergized, the switch contact 64 is opened, and
the primary heating current of the heating cur-
rent transformer 66 flows now over the adjust-
able resistance 70 which is in parallel fo the
switch contact 64. This weakens the primary
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heating current, and the temperatures of the
glow cathode 87, and also the brightness of the
focal spot of the Roentgen tube 55, are corre-
spondingly decreased. The photoelectric cell 61
now receives less light; the potential of the grid
of tube 62 becomes more positive; relay 63 ener-
gizes, closing the switch contact 64 again; and
the operation cycle can be repeated. The heat-
ing current may also be entirely interrupted and
the resistance 19 dispensed with in view of the
inertia of the glow cathode 67.

It is possible in the above described manner
to maintain the temperature of the focal spot of
the Roentgen tube 55 substantially constant and,
if desired, at the point of the highest permissible
value, so that the maximum load capacity of the
Roentgen tube is fully utilized at an optimum.
The connection and disconnection of the heating
current is preferably carried out by the use of
grid controlled gaseous discharge tubes instead
of by the use of a mechanical relay, because the
maintaining of the desired temperature of the
focus point is accomplishéd best when the relay
63 and the switch contact 64 operate substan-
tially without inertia. The connection and dis-
connection, respectively, can also be controlled
by two separate photoelectric cells.

In the embodiment shown in Fig. 6, the glow
cathode 71 of the Roentgen tube 72 is heated
from. s direct current source, as indicated, and
the anode current of the grid tube 73, which de-
pends on the intensity of the light received by
the photoelectric cell 18, supplies the glow cath-
ode 1! of the Roenfgen tube 12 directly. Nu-
meral 15 indicates a resistance corresponding to
the one shown at 69 in Fig, 5; other elements
shown in Fig. 6 correspond to similarly repre-
sented parts also shown in Fig. 5 and have, of
course, like functions.

In Fig. 7 is shown a practical embodiment of
the invention wherein the Roentgen tube, the
tube 30 in Fig. 1, for example, is provided with
a high tension insulating and radiation-protect-
ing housing 50, the outer wall of which is ground-
ed. The light rays emanating from the Roentgen
tube are transmitied through an opening 5i of
the housing 59 to the outside and strike the mir-
ror 39 which is located within the grounded shut-
ter housing 52. The light rays are then con-
ducted through the optical system 48 to the re-
movably mounted light-sensitive cell 41, The
optical systemn 40 and the light-sensitive cell 41
are therefore at ground potential, as they are
mounted on the grounded housing 59.

The various devices shown in Figs. 1, 5 and 6
may, however, be mounted in any convenient and
suitable manner so long as the relation of the
equipment is maintained as indicated and de-
scribed, for the purpose of obtaining the desired
explained results.. Fig. 7 merely shows one ex-
ample of how the parts may be arranged.

What is desired to have protected by Letters
Patent of the United States is particularly point-
ed out in the appended claims.

We claim:

1. The combination, with a Roentgen tube hav-
ing a control grid, of a photoelectric cell respon-
sive to light produced at the focal spot on the
target in said tube, and means including said
cell for controlling the potential on said grid.

2. The combination, with a, Roentgen tube hav-
ing a control grid, of a photoelectric cell respon-
sive to light produced by a rise in temperature
at the target in said tube, a space discharge de-
vice, and means including said cell and device for
controlling the potential on said grid,
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3. The combination, with a Roentgen tube hav-
ing a control grid, of a circuit for said grid lead-
ing through a resistance to a source of positive
potential, a space discharge device, a branch cir-
cuit leading through said space discharge device
to a source of negative potential, and means in-
cluding a photo-electric cell respousive to light
emitted frem an incandescent spot on the target
in said tube for controlling the resistance of said
space discharge device.

4. Apparatus for controliing the operation of
a Rosntgen tube of the heated cathode type, com-
prising a light-sensitive cell responsive to light
produced at the focal spot on the target of the
tube, s space discharge device controlled by said
cell, and means including said device for govern-
ing the supply of heating current to the cathode
of said tube.

- b, Apparatus for conirolling the operation of
a. Roenigen tube of the heated cathode type,
comprising a space discharge device, means for
rendering the conductivity of said device pro-
portichate to the temperature of the focal spo
of said tube, and means disposed in the supply
circuit of the cathode of said tube for regulat-
ing the supply of heating current thereto respon-
sive to changes in the conductivity of said dis-
charge device,

6. Apparatus for controlling the operation of a
Roentgentube of the heated cathode type, compris-
ingmeans in the circuit of the cathode of said tube
for continuously regulating the supply of heat~
ing current thereto to maintain the temperaturs
of the focal spot substantially .constant, and
means inciuding a light-sensitive device respon-
sive to fiuctuations in the luminosity of the focal
spot.-in said tube for governing said regulaiing
means.

7. Apparatus for controliing the operation of
a Roentgen tube of the healed cathode type, com-
prising a space discharge device disposed in the

" circuit of the cathode of said tube, and a light-
sensitive cell governed by the lumingcsity of the
focal spot of said tube for governing said device
to regulate the supply of heating current to said
cathode. .

8. Apparatus for controlling the operation of a
Roexnigen tube of the heated cathode type, com-~
prising current control means in the supply cir-
cuit of the cathode of said tube, a light-sensitive
cell responsive to the light emitted at the focal
spot of said tube, and a space discharge device
controlled by said light-sensitive cell for reguiat-
ing the actuation of said current control means
to maintain the temperature of said focal spot
substantially constant,

9. Apparatus for maintaining the temperature
of the focal spot in a Roentgen tube at a sub-
stantially constant value, comprising means for
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continuously regulating the supply of power to
the tube, means dependent oh the luminosity of
the focal spot in said. tube for controlling said
regulating means, and means for adjusting the
point at which the temnperature is maintained.

10. Apparatus for continuously regulating the
anode current in a Roentgen tube, comprising a
control grid in said tube, a space discharge de-
vice for controlling the potential on.said grid,
a photo cell exposed to light generated at the
focal spot of said tube for conftrolling said space
discharge device, and means for preventing X-
rays generated at said focal spot frem affecting
said photo cell. :

11. The combination, with a Roentgen tube,
of a heating circuit for the cathode of said tube,
a resistance associated with said-circuit, switch-
ing means for rendering said resistance alter-
nately effective and ineffective to restrict the cur-
rent flow in said circuit, and means including a
photo cell responsive to changes in the Iuminosity
of the focal spot in said tube for controlling said
switching means, .

12. Apparatus for controlling the cperation of
a Roentgen tube, comprising means for continu-
ously regulating the supply of power to the tube,
and means dependent upon the luminosity of the
focal spot in szid tube for controlling said regu-
lating means.

13. Apparatus for controlling the operation of
a Roentgen tube, comprising a device for alter-
nately decreasing and increasing the supply of
power to the tube without interrupting said power
supply, and means dependent upon the intensity
of light produced at the ancde of said tube for
controlling said device,

14, The combination, with a Roentgen tube, of
a photc cell responsive to light produced gt the
anode of said tube, and means including a space
discharge device "controlled by said photo cell
to vary the current consumption of said tube
within a predetermined. limited range.

15. The combination, with a Roentgen tube, of
means for varying the anode current through said
tube within a narrow range which includes the
normal operating current, said means including
a space discharge device, and mesns including a
photo cell responsive to light produced at the
anocde of said tube for controlling said device.

18. The combination, with a Roentgen tube, of
means for supplying ancde current to said tube,
means for centrolling the value of said anode ctir-
rent while the continuous flow thereof is main-
tained, and a light-sensitive cell responsive to
light preduced at the anode of the tube for gov-
erning the operation of said controlling means.

KURT BISCHOFF.
KARL SILBERMANN.




