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This invention relates to X-ray systems and
more particularly to improved means for stabiliz-
ing, or maintaining substantially constant, the
discharge current flowing through the X-ray
tube. | |

It is usually desirable to operate an X~1ay
tube at a constant load current st g level pre-
viously selected by the operator. Many factors
tend to cause a variation in the load current and
since the latter, together with time, and expressed
as milliampere-seconds, determines the aduality of
the resulting radiograph, it is essential that the
milliamperage flowing through the tube discharge
be maintained as constant as possible.

An object of the present invention is to take

a predetermined fixed and constant value of the
discharge milliamperage and to feed the same
into a comparison circuit so as to wholly or
partially cancel the same against the actual mil-
liamperage, of opposite gign, corresponding to the
discharge of the X-ray tube. The difference, if
any, of these compared values is then fed through
an amplifier to the control grid of a space charge
device so as to provide an output voltage of the
proper sign to be added to or subtracted from
the excitation of the X-ray tube filament so as
to vary the same up or down as may be necessary
to maintain the desired actual load current for
the X-ray tube. Various means may be used to
carry out the above purpose as will be apparent
from the accompanying description.

Another object of the present invention is to
preset the excitation of the thermionic cathode
or filament of the X-ray tube to 5 stand-by value
which may be either above or below the desirad
value so that upon initiation of an exposure, my
Improved stabilizing device will very quickly bring
the excitation of the X-ray tube filament to the
value necessary to maintain the desired discharsge
through the X-ray tube.

Another object of the present invention is to

provide improved means for varying the execita-

tion of the X-ray tube filament under stand-by

conditions responsive to fluctuations in the sup-
ply line voltage so that the conditions in the
exciting circuit for the X-ray tube filament are
as near as possible to the desired conditions im-
mediately prior to initiation of an exposure.

Still another object of the present invention is
to provide in the stabilizing circuit a corrective
factor for the space charge of the X-ray tube
so that the excitation of the X-ray tube filament
1s corrected immediately for changes in the space
charge which might otherwise cause g variation
in X-ray tube operation from the predetermined
chosen level. | |
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Other objects and advantages of my invention
will be apparent from the accompanying draw-
ings and description and the essential features
thereof will be set forth in the appended claims.

In the drawings, |

Fig. 1 is a diagrammatic view illustrating the
theory of my invention in simplified form:

Pig. 2 is g diagrammatic view showing one
manner of carrying out the invention of Fig. 1
more in detail;

Fig. 3 is a modification of Fig. 2 showing means
for compensating the stabilizer system for line
voltage fluctuations in stand-by condition and
means for compensating the stabilizer system for
the space charge of the X-ray tube; while .

Fig. 4 is a diagrammatic view similar to Fig. 1,
showing g modification using a resistance cou-
pling between the stabilizer circuit and the X-ray
tube filament circuit. |

In Fig. 1, T have shown a simplified diagram to
illustrate the principle of my invention. An
X-ray tube is shown at {0 having g filament i{
supplied with current. from the secondary 12q
of a filament transformer i2. The primary 12b
of this transformer includes a winding {3¢ which
is subjected to the stabilizer corrections. A D. C.
power supply is provided between the terminals
{4 and 15 and a portion of this supply is held
constant by the voltage regulator tube 16 con-
nected between the points 17T and 8. On 5 re-
sistor 19 connected between points 17 and 18 a
contact 20 picks off g positive voltage which cor-
responds to the milliamperage which is desired
to flow in the X-ray tube. The contact 20 is con-
nected by line 21 to a contact 22. A relay 23 is
provided with an armature 23g which normally
engages contact 24 which in turn through line 25
Is connected with a point 26’ of approximately
zero voltage. The relay 23 is energized when the
X-ray tube is energized, thus causing the arma,-
ture 23a to open contact 24 and close against con-
tact 22. This applies the selected voltace from
resistor 19 which is applied across resistor 26 in
the stabilizing system. This positive voltage is
compared with a negative voltage resulting from
the actual discharge of the X-ray tube as will
presently appear. = S

A resistor is connected by lines 28 and 29 in
series in the usual grounded central secondary
circuit of the high tension transformer supplying
the X-ray tube 10. When the tube is operating,
a voltage is developed across the primary wind-
ing 30a of a transformer 36. This develops a
voltage in the secondary winding 30b which is
rectified in the rectifier tube 31 and the rectified
current is supplied through lines 32 and 33 to
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the resistor 26. The condenser 34 and the resistor
26 filter the current from rectifier 31. This also
may be said to constitute an anti-hunting circuit
since the values of resistor 26 and condenser 34
can be varied to. give the correct time delay to
eliminate hunting. It will be remembered that
the relay 23 is energized at the time the X-ray
tube starts operating so as to connect the arma-
ture 23q with the contact 22 applying a positive
voltage from resistor 19 to the resistor 25. The
voltage applied through the transformer 30 is
negative and, if the milliamperage flowing
throuch the X-ray tube is exactly the desired
amount as picked off on the resistor 19 the two
voltages applied to the resistor 26 will exactly
balance each other and no change will take place
in the stabilizer circuit.

Should the milliamveraee be too high or too
low, the difference will be fed through the amnli-

fier tubes 25 and 26 to the control grid of con-

trol tube 371 which will provide a corrective factor
in the X-rayv tube filament cireuit which includes
the windings (2b and 12a previously described.
Referring back to tubes 33 and 26. these consti-
tute a direct counled D. C. amplifier.
cathode 36a of this triode is connected to a
variable positive voltage hy means of the notenti-
ometer 28. Voltare to the plate 25b of this tuhe
is supplied from the voltage divider 28, 39, 48
and 41 throush the losd resistor 42. In one
embodiment of my invention cathode 3ba is con-
nected to potentiometer 28 and so adiusted that
tube 25 passes avproximately five milliamperes.
When the tube 235 is passing current. since the
plate 358b is connected throueh line 43 with the
orid 2f8c of tube 35, the potential of grid 38c¢ is

negative with resvect to the junction 24 of the
potentiometers 29 and 48. Thus, in order to
make tube 38 pass current, it is necessary to ap-
ply a bucking potential to cancel this negative
bias developed across resistor 42. This is done
by connecting the cathode 36a of tube 36 to the
potentiometer 3. Thus, the potential on erid
36c is the sum of the blas developed across re-
sistor 42 and the bias from the potentiometer 389.

Tn one embodiment 38 is adiusted so that tube
36 passes about ten milliamperes. When cur-
rent is passing in tube 36 and the plate 38b is
~ connected by line 45 with the grid 37c of tube 37,
this makes the potential of grid 3Tc negative
with respect to the junction 4§ which supplies
current to the plate 36b through the load resistor
4T. In order tno make tube 37 pass current, it
is necessary to apply a bucking potential by con-
necting the cathode 37a to the potentiometer a1.

The hias on the grid 3%c¢ is again the sum of the.

bias developed by the plate current of tube 36
through the resistor £7 and the adiustable bias
of 41. In one embodiment potential &1 is ad-
justed so that the plate current of tube 37 is
approximately thirty milliamperes.

It should be noted that the plate voltage for
tube 37 is obtained from the secondary 480 of a
transformer 48 whose primary 88a is connected
to an A. C. source L. 1.2 of approximately 110
volts. The fact that the control tube 3T is op-
erating on alternating current renders the. device
nlmost instantaneous in its stabilizing action.
The plate current developed in tube 37 passes
through the winding 13b of transformer {3 caus-
ing a current in the winding (3¢ which, as men-
tioned vreviously, is in the circuit 48 which
supplies the filament transformer 12.

The resistor 8¢ is provided to control the cur-
rent through the voltage regulator 16. A relay

The
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Bl is in series with this circuit and provides a
safety relay. The ncrmally open contacts 5la
of this relay are in circuit with the primary &8¢
of the transformer £8. This prevents applica-
tiont of voltage to the X-ray tube filament circuit
from transformers {2 and 48 until D. C. voltage is
applied to the voltage dividing network, which
occurs when all of the tube ﬁl&ments have
reached their emission point. This is done be-
cause, although tube 27 is shown as a heater type
tube, I actually use a filament type tube which
attaing emission much faster than the heater
tvpe tubes and the rest of the circuit.

The resistor 52 in the filament transforimer cir-
cuit is the usual limiting resistor which is set
by the operator when selecting the desired con-
ditions for X-ray tube operation.

The operation of the device of Fig. 1 when a
net voltage is developed across resistor 26 should
now be apparent. If the milliamperage, as de-
tected in resistor 27, is too high, the negative
voltare develeped acrozs resistor 28 will be
gle&ter than the positive voliage selected from

esistor {9, resulting in a net negative voltage
whlch will drive the grid 35c of the triode 38 in a
neeative direction. This will reduce the plate
current of tube 25 to a lower value, which will
reduce the voltage drop across resistor 42 and
consequently, the grid 28c of tube &5 will become
more positive. 'Therefore, the plate current of
tube 25 will inerease and correspondingly, the
voltage across resistor 47 will increase, making
the grid 3%c of tube 37 more negative. 'This
reduces the plate current of tubg 27 and conse-
guently, the voltage developed in the windings
12b and §2a of transformer {3 will also drop
which will reduce the output of filament trans-
former 12 so as to reduce the current in filament
| { and therefore, the milliamperage developed by
the X-ray tube will be lowered.

In a similar manner, should the milliamperage
develoned across resistor 27 he too low, a net posi-
tive voltage will be developed in resistor 25 which
will make the erid 38¢ of tube 35 more positive
eiving a completely opposite reaction fto that
shove described through tubes 35, 3§ and 31
which will increase the current in the plate cir-
cuit of tube 37 ard therefore increase the con-
tribution of transformer {3 to the filament trans-
former {? causing a rise in the current of filament
Il and an increase in the milliamperage devel-
oved by the X-ray tube. In the apparatus just
described, the resistor 27 is fixed and is deter-
mined by the characteristics of the transformer
30 and the amplifier circuit 35, 35, 3f. The
actual millismperage which is maintained by the
stabilizer is determined only by the setting of
the contact 28 with reference to the resistor 19
and this is selected by the operator in predeter-
mining the X-ray tube operating conditions de-
sired.

In the modification of Fig. 2, I have shown a
digerammatic view from actual electrical circuits
for carrying out the invention which has been set
forth above in simplified form in connection with
Fig. 1. Deiajled explanation is unnecessary pe-
cause it follows the teachings of Fig. 1 very closely
The D. C. power subply is proviged by means of
a2 power pack which includes a transformer 53
having its primary connected to the low voltage
source L{, 1.2 and having ils secondary connected
through a rectifier tube 54 to supply rectified
direct current filtered by means of the condenser
B and the resgistance network analogous to 36,
39, 40 and &1 nreviously described. This voltage
divider circuit and the various potentiometers
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are herein indicated gener'ally at 56. The voltage

regulator tube (8’, the resistor 58’ and the relay
el’ perform the same functions as the parts 16,
80l and 5! respectively already described. A set
of resistors 1§’ and the contact 29’ provide means
for the operator to pick off a selected discharge

‘milliampere to be applied to the resistor 25’ anal-

ogous to the parts 18, 20 and 25 of Fig. 1. The
relay 23" has an armature 57 which is normally
connected through contact 58 and line 59 with a
point of substantially zero voltage of the D. C.
power supply. A resistor 271" is analogous to the
resistor 27 of Fig. 1 and is connected by lines 68
and &1 into the ceniral grounded secondary cir-
cuif of the high tension transformer 62 which sup-
plies the 2-ray tube §3 with current through the
rectifying bridge circuit 8&8. The primary of trans-
former 62 is connected by lines 65 and 66 to an
auto transformer 87. 'The supply for the auto
transformer is indicated at Li{, L2 at appProxi-
mately 1190 volts. A contact button €8 in the line
B6 initiates an X-~ray exposure. The relay 23’ is

connected by lines 68 and 10 in parallel with the

primary circuit of transformer 62 so that relay
23’ is energized each time an exposure is made.
The voltage developed across the resistor 27’ is
fed through transformer 306’ rectified in the rec-
tifier 31’ and fed to the condenser and resistor
combination 34’, 26’ analogous to the parts 21,
30, 3i, 34 ang 28 of Fig. 1. The tube 7! is a sub-
stitute for the tubes 35 and 2§ of ¥Fig. 1. This is
a double triode tube. The net current appiied
to resistor 26’ when an X-ray exposure is made
(being the sum of the voltages supplied from {8’
and 271’) is fed to the grid 12 of the tuke 71. The
plate current from plate 73 is fed through line
T4 to the grid 75. The plate current from plate
16 is fed through line T7 to the grids T8a and 78b

of triodes 18 and 78’ in parallel connection. In

circuit with plates T3 angd 7% are load resistors
42" and 47" which are analogous to the resistors
62 and 47 of Fig. 1. The plates 78c and 78d of
the two triodes T8 and T8’ are connected in par-
allel by line 12 through the primary of trans-
former 13’ which is analegous to transformer {3
of Fig. 1. Also in this plate circuit is the sec-
ontdary of power transformer 48’ analogous to
transformer 48 of Fig. 1. Here the contact 8¢ of
relay ot’ is connected by lines 81 and 82 in series
in the plate circuit of the tubes 78 and 78’ in the

secondary winding of transformer 48’ instead of

in the primary of this transformer as shown in
Fig. 1. The reason for this is that winding 48c
1s provided for transiormer 48’ to supply current
to the filaments T8e and 78f of the two triode
control tubes. However, the purpose of the relay

- 81’ is the same as in Fig. 1, namely, to provide

time for the slower heating tubes to come up to
temperature hefore power is supnplied to tubes 78
and 78’. The transformer 48’ has a cenfral tap
connected with line 84 which is in the plate cir-
cult 78c, 18d, 79 and connects into the resistor

network 34 to properiy bias the tubes T8 and 78’

as does the potentiometer 41 in connection with
tube 37 of Fig. 1. The filament circuit 85 for
Z~ray tube 63 is supplied through transformer
2’ which is analogous to transformer i2 of Fig. 1.
The primary circuit 86 for this filament trans-

former includes the secondary winding 87T of the

transformer 13’ for making effective the end re-

sult of the stabilizer system on the X-ray tube

filament circuit. In the circuit 8% is limiting re-
sistor €& which is preset by the operator to select
the proper charge on the tube filament (1’ in
stand-by condition of the apparatus as will he
presently described. The operation of Fig. 2 is
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entirely analogous to the operation of Fig. 1 al-
ready described. In stand-by condition the re-
sistor 26’ is connected through armature 57 of
relay 23’ and contact 58 and line 59 with a point
of substantially zero voltage in the D. C. supply
system. When an X-ray exposure is started by
depressing butfon 68 relay 223’ is energized and
armature o1 contacts 58’ so as to apply the se-
lected positive voltage from {9’ to the resistor
26°. As current flows through the X-ray tube
it is manifested in the central erounded secondary
winding of transformer 62 and impresses the volt-
age across resistor 27’. 'This voltage appears on
resistor 26’ as a negative voltage which is there
compared with the positive voltage supplied from
13" and the net veitage plus or minus if any is
Ted to grid 72 of the tube TI. If the milliamperage
at 271’ is too high the grid 712 will be driven in s
negative direction and this will pass through the
amplifier and appear in plate circuit 72 to reduce
the plate current and therefore to reduce the
contribution of transformer 13’ to the filament
circuit 86. Thus, the filament current of X-ray
tube 63 will be lowered so as to drop the milli-
amperage to the desired level. In like manner,
If the milliamperage at 27’ is too low, a net posi-
tive voltage will appear at 26’ which upon being
fed through tubes 71, 18 and 78’ will increase the
plate current in circuit 79 so that transformer
13’ will increase the current in filament circuit
86 thus increasing the current in the X-ray tube
filament 1!’ so as to increase the milliamperage

flowing in the X-ray tube.
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A secondary winding 53b is provided in trans-
former ¥3 and the leads therefrom marked XX
supply the cathode heating current for the heat-
ing circuits marked XX of the tubes 31’ and TI.

The filament circuit 86 is normally supplied
from a low voltage source 1.3, 14 through g series
limiter 88. These are picked off by the operator
when setting the control conditions desired for
X-ray tube operation. As has been described,
the stabilizer system can here increase or de-
crease the milliamperage of the X-ray tube ac-
cording to the level at which the exposure is
started. One of the functions of the series limit-
er 88 is to control the speed of reaction so as to
overcome tube inertia which would be encoun-
tered if the X-ray tube filament current were
turned down lower than normal. By means of
the limiter, the X-ray tube filament eurrent may
be preset to any desired value. If it is desired to

‘Increase the life of the X-ray tube, the stand-by

current supplied to the filament 11’ may be set
by means of the limiter 88 below its normal value.
If a speedier reaction of the tube is required, such
as for short exposures at high milliamperage,
then the limiter 88 may be so set that the X-ray
current is at the exact value desired or even
slightly higher so that the current is above nor-
mal value so that the moment an exposure starts
the stabilizer system will be called upon to lower
the X-ray filament current which of course can
be accomplished muech faster than trying to raise
the filament current. The selection of resistor

values at 20’ and 88 may be stubject to simulta-

‘neous control as indicated by dot-dash lines in

Fig. 2.

- Referring now to Fig. 3, it will be noted that
this figure is exactly like Fig. 2 exceps that T have
omitted the power pack for rectified direct cur-~
rent supply which would be connected below the
line A—B as indicated in Figs. 2 and 3. In ad-
dition, I have added to Fig. 3 an arrangement
for correcting the filament current for fuctug-
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tions of line voltage in the stand-by condition
of the apparatus and a correction for the space
charge of the X-ray tube.

Referring to the left-hand portlon of Fig. 3,
I have shown a transformer 20 whose secondary
winding 98a is in parallel with the secondary
winding of transformer 30’. The primary wind-
ing 98b of transformer 88 is connected to the
low voltage input Li, L2 through lines 91 and 92
respectively. It will be noted that line 81 is con-
nected through switeh 83 which forms one of the
armatures of relay 23’. When this relay is de-
energized, the switch 83 is closed against con-
tact 92, When relay 23’ is energized switch 83
breaks engagement with contact % A voltage
for the winding %60 is picked of
the voltage divider §4, which When rectified by
31’ and applied at 28’ will have a negative value.
In stand-by condition, the resistor 26’ is con-
nected by line 85, armature 57 of relay 23’, con-
tact 58 and line 83 with a nositive voltage picked
off by means of rheostat §7. Rheostats 81 and
84 are so adjusted that the contribution of their
additive voltages to resistor 26’ and to the grid
72, of the frst stage of amplification, is zero at
a, standard voltage at the source L, L2. Thus,
should the line voltage increase or decrease, ull-
der stand-by conditions, the voltage on the grid
of the first tube will go either negative or rositive
respectively, and so operate through the stabi-
lizer svstem to effect transformer {23’ in a direc-
tion to decrease or increase the filament current
respectively to compensate for Ime voltage varia-
tions. Thus. when the desired condifions icr
operation of the filament i{’ have been prese-
Jected by the operator by the setting of the limit-
er 88 and the selection of the desired positive
voltace on the resistor (8, upon initiation of an
exposure the condition of the filament {{’ and its
energizing circuit will be at the desired level re-
cardless of fluctuations in the line voltage at
the source L, L2.

It will be understood by those familiar with
this art that mv improved stabilizer system as
previously described, will regulate for space
charge effects within the X-ray tube. However,
in order to make this correction substantially
instantancous, I have shown in Fig. 3 a space
charge compensating transformer 98. The pri-

mary winding 884 of this transformer is connect- -

ed by lines 8% and §85 to the high tension primary
circuit §5, 88 ahead of the contactor bution 8.
The transformer secondary winding %8b 1s in
series witiz line 84 which controls the bias oi

tubes 18 and %8’ through a connection with the

filaments T8¢ and T8f. Thus, the bias of control
tubes 78 and 718’ is varied according to the kilo-
voltage selected on the auto transformer §7. The
transformer 88 is so nhased with the transformer
48’ that as the kilovoltage ig increased the bias
on the control tubes 78 and 78’ increases in a
negative direction and sutomatically lowers the
X-ray filament voltage applied to the filament
[{’. In cone type of X-ray tube, a .55 ampere in
the filament transformer primary 85 gives 2090
milliamperes’ discharge current through the
X-rayv tube at 80 kilovolts. TIn the same tube 1.0
ampere in the filament primary circuit gives 200
milliamperes through the X-ray tube at 60 kilo~
volls, and 1.1 amuveres in the filament primary
ogives 200 milliamperes through the X-ray tube
at 40 kilovelts. The design of the space charge
correction transformer 898 may be gesigned to a
curve of the above quantities or to suit the char-
acteristics of the X-ray tube actyally being used.

by means of
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Taps may be provided or a series resistor 10f in
the primary circuit to vary the correction for dii-
ferent X-ray tubes.

In the modification of Fig. 4 T have shown how
3, resistance coupling may be utilized between
the stabilizer circuit and the X-ray tube fila-
ment circuit in place of the transformer coupling
shown at 13 in Fig. 1. Al of the parts of Fig. 4
which are exactly like those in Fig. 1 have been
oiven the same reference characters. The dif-
ferences only will be described.

In the plate circuit of tube 37 in circuit with
plate 37Tb I have placed a resistor 102. It will be
noted that this resistor is in series with the limit-
ing resistor 52, line 4% and the filament trans-
former primary 12b in the circuit which con-
trols the filament current supplied to the X-ray
tube. There is a difference in electrical effect be-
tween the transformer coupling of Fig. 1 and the
resistance coupling of Fig. 4. In the case of Fig.
1, as the plate current from tube 37 increases, the
transformer {3 increases the filament current.
The effect of the same circuit in Fig. 4 using the
resistor 102 is exactly opposite, for instance, in

" Fig. 4 as the plate current from tube 37 increases,

the resistor 102 wiil have a greater drop and will
decrease the filament current supplied to the X-
ray tube. It will be understood that the voltage
applied to transformer 12 is a function of the
voltage applied at L, I.2 (generally 110 voles)
minus the drop in the resistance modulator (02
and the control resistor 52. In order to bring the
correction in the X-ray tube filament circuit to
operate in the right direction in Fig. 4, it is neces-
sary to go back to the stabilizer input from the
resistor 27 in the second central grounded sec-
ondary of the X-ray tube energizing circuit
shown at the left-hand side of the diagram of
Fig. 4. The connection from the transformer
secondary 32b through the rectifier tube 31 is so
changed by the line connections 183 and 104 as
to apply a positive potential to the resistor 26 and
to the grid 35¢ of tube 3%. It then becomes
necessary to select a negative value on the resis-
tor 19 by adjustment of the tap. The connection
of lines 14 and (5 from the rectifying circuit
through tube 16 have been so changed in Fig. 4
as to provide a negative potential at resistor 193.
In order to do this the elecfrical connection he-
tween points {1 and 26’ of Fig. 1 has been omit-
ted, the electrical connection hetween points 18
and 44 of Figz. 1 has been omitted and line 185 has
been provided between points 8 and 136 in Fig. 4.

The operation of the circuits of Fig. 4 should
now be apparent. If the milliamperage, as de-
tected in resistor 27 when the X-ray tube is op-
erating, is too high, the positive voltage developed
across resistor 26 will be greater than the nega-
tive voltage selected from the resistor 13, result-
ing in a net positive voltage acress resistor 20
which will drive the grid 35c¢ of the triode 3% in a
positive direction. This will increase the plate
current of tube 35, which will increase the volt-
age drop across resistor 42 and consequently, the
orid 36c of tube 36 will become more nega-
tive. Therefere, the niate current of tube 36 will
decrease and correspondingly, the voltage across
resistor 47 will decrease, making vhe grid 37c of
tube 3T more positive. This increases the plate
current of tube 37T and consequently there will
be a greater drop across resistor {62 which will
decrease the current supplied to filament 11
through transformer 12.

In g similar manner, should the milliamperage
developed across resistor 21 be too low, a net

—_—,— e - — . =



@
- negative voltage will be developed in resistor 26
which will make the grid 35¢ of tube 35 more
negative giving a completely opposite reaction to
that above described through tubes 35, 36 and 37
which will decrease the current in the plate cir-
~cuit of tube 37 and therefore decrease the voltage
drop acrcss resistor {92 so that the filament cur-
rent supplied to X-ray tube filament 1§ will in-
crease. This will increase the milliamperage de-
veloped by the X-ray tube up to the desired level.

There is a disadvantage in the use of the resist-
ance modulator 102 of Pig. 4 as against the trans-
former coupling shown in Figs. 1, 2 and 3. The
current in the resistor (02 is quite high for a high
vacuum type tube. Thus, either tube 37 must be

capable of a very high plate current or the filg-

“ment circuit must be operated from a higher
voltage than 110 in order to utilize a lower cur-
rent in the primary of transformer {2, in which
case tube 37 might be a small tube.

In all of the forms of my invention herein dis-

~closed, the tube 37 might be a gas filled tube of

the Thyratron type which would work very well
with the resistance modulator i82 of Big. 4 since
a gas filled tube of this type can be obtained in
small dimensions but carrying a much greater
plate current than the high vacuum tubes.

In all of the drawings and description I have
indicated a two-stage amplifier ahead of the tube

37. This amplification may be increased or de- <«

creased as to the number of stages depending
upon the sensitivity of response desired. 1If a
Thyratron type tube were substituted for 31, since
these tubes have a greater sensitivity, it is quite
possible to cut down the number of stages of am-
plification and even to operate this system direct-
ly from the input system with no ampiification.

Those familiar with circuits of thig type will
understand that if the number of stages of am-
plification shown herein were increased or di-
minished, the electrical sign of the input to resis-
tor 26 and grid 35¢ of Figs. 1 and 4 (or the input
to resistance 26’ and grid 72 of Figs. 2 and 3)
would have to be changed upon the adding or
subtracting of a single stage of amplification.
It 1s well understood that each stage of amplifi-
cation changes the electrical sign of the output
and the manner of changing the electrieal sign
of the input is clearly shown from g, comparison
of Figs. 1 and 4, -

What I claim is: |

1. A stabilizer for discharse current fowing
through an X-ray tube comprising an X-ray
tube, an electrical power supply connected there-
to through a high tension transformer having a
central grounded secondary circuit, a resistor
connected in series in said circuit, a transformer
having a primary winding connected for energiza-
tion by the potential developed across said re-
sistor, a rectifier tube, said transformer having a
seconaary winding connected to provide the in-
pus to said rectifier tube, said rectifier tube hav-~
ing a connected output circuit ineluding 8 Sec-
ona resistor connected to receive a potential of
one elecirical sign corresponding to the potential
developed across said first named resistor, means
connected to said X-ray tube and to said second
resistor for coincidentally energizing said X-ray
tube for an exposure and for applying to said sec-
ond resistor a predetermined votential of opposite
electrical sign, an amplifier circuit connected with
sald second resistor to receive as input the sum
of said potentials applied to said second resistor,

sald X-ray tube having a filament and an en- .

ergizing circuit connected to said filament, and g
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“modulator connected in said filament energizing

circuit and responsive to the output of said am-

- plifying cireuit for decreasing and increasing the

current supplied to said filament responsive re-
spectively to preponderance of ssid potential of
one sign or of opposite sign applied to said sec-
ond resistor.

2. A stabilizer for discharge ecurrent flowing
through an X-ray tube comprising an X-ray
tube, an electrical power supply connected there-
to through a high tension transformer having g,
central grounded secondary circuit, a resistor
connected in series in said circuit, a transformer
having a primary winding connected for ener-
gization by the notential developed across said re-
sistor, a rectifier tube, said transformer having a
secondary winding connected to provide the input
to said rectifier tube, said rectifier tube having a
connected output circuit including a second re-
slstor connected to receive a potential 01 one elec-
trical sign corresponding to the potential devel-
oped across said first named resistor, means con-
nected to said X-ray tube and to said second re-
sistor  for coincidentally energizing said X-ray
tube for an exposure and for applying to said
second resistor a predetermined potential of op-
posite electrical sign, an amplifier circuit con-
nected with said second resistor to receive as in-
put the sum of said potentials applied to said Seg-
ond resistor, said X-ray tube having a filament
and an energizing circuit connected to said fila-
ment, a space charge device having a connected
output circuit and having a control grid connect-
ed with said amplifying circuit output and with
sald output circuit of said space charge device for
decreasing and increasing the current supplied fto
sald filament responsive respectively to prepon-
derance of said potential of one sign or of op-
posite sign applied to said second resistor.

3. In a control for an X-ray tube having a
filament and a connected circuit for energizing
sald filament under tube stand-by conditions and
sald tube having a source of electrical energy for
operating said tube, adjustable switch means con-
nected between said source and said tube for
selecting one of various Kilovoltages at which
sald tube is to be operated, and electrical source
mmeans operatively connected with said kilovolt-
age selecting switch means to increase and de-
crease the current in said filament energizing
circuit as said kilovoltage selected. by said select-
ing means decreases and Increases respectively.

4. The combination of claim 3 Wwherein said
last named means includes a transformer wound
Lo correspond to a curve of filament current varia-
tion relative to kilovoltage variation to cause a
constant milliamperage in the X-ray tube dis-
charge current, a current modulator connected
in said filament energizing cireuit, one winding of
sald transformer being connected to said tube
Cliergy source, and the other winding of said
transformer being connected to said modulator.

o. In a control for an X-ray tube having a filg-
ment and a circuit connected to said filament for
energizing said filament under stand-by condi-
tions and said tube having a source of electrical
energy for operating said tube including kilovolt-

‘age selector means and g high tension transform-

er having a central grounded secondary circuit,
the combination therewith of means connected in
sald central secondary circuit for developing a po-
tential responsive to the discharge current of said
tube, means connected with and electrically re-
sponsive to said potential for varying said filg-
ment energizing cireuit including a space charge
device, & control electrode in said space discharge
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device responsive to said potential, an electrical
source independent of energization of said X-ray
tube, and means connected with and energized
from said last named source responsive to said
kilovoltage selector means for varying the bias of
said space charge device, whereby to modily said
filament energizing circuit in step with space
charge variations in said X-ray tube dependent
upon the Kilovoltage selected.

6. A stabilizer for discharge current flowing
through an X-ray tube comprising electrical
means connected with said tube and providing
an electrical effect of one sign and of a value cor-
responding to the said discharge current, elec-
trical circuit means connected to said first named
means for adding to said effect an electrical efiect
of opposite sign and of a predetermined value, an
amplifier circuit having the sum of said added
effects connected .as input and terminating in a
space charge device having a plate and a control
erid connected with -said amplifier circuit, said
plate having a connected plate circuit which 1Is
the output from said amplifier, an alternating
current supply connected to said plate-circuit, an
electrical circuit including a transformer having
a primary and having a secondary connected to
the filament of said X-ray tube, and an operative
electrical connection between said two last named
circuits including a resistance modulator elec-
trically connected with said transformer primary
and with said plate circuit for affecting said fila~-
ment responsive to said sum of said electrical
effects.

7 A stabilizer for discharge current flowing
through an X-ray tube comprising electrical
means connected with said tube and providing an
electrical effect of one sign and of a value corre-
sponding to the said discharge current, electrical
circuit means connected to said first named means
for adding to said effect an electrical effect oif
opposite sign and of a predetermined value, an
amplifier circuit having the sum of sald added
effects connected as input and terminating in a
space charge device having a plate and a control
orid connected with said amplifier circuit, said
plate having a connected plate circuit which is
the output from said amplifier circuit, an elec-
trical circuit including a transformer having &
primary and having a secondary connected to the
flament of said X-ray tube, and an operative
electrical connection between said two last named
circuits for varying said filament circuit respon-
sive to said plate circuit including a resistance
modulator electrically connected with said trans-
former primary and with said plate circuit.

8. In a control for an X-ray tube having a fila-
ment, a first circuit for energizing sald filament
under tube stand-by conditions, a second circuit
for energizing said filament under tube operating
conditions, a source of electrical energy, switch
means between said source and said circuits for
connecting said source alternatively to said first
or to said second circuit, said first circuit in-
cluding an electrical element connected with sald
source and having an electrical value subject to
fluctuations of said electrical source when -said
tube is not operating, electrical means providing
an electrical value equal to the value of said ele-
ment when said source is normal, an electrical
circuit connected with said last named means and
with said element to receive and electrically com-
pare said two values, an amplifier circult having
an input connected with said electrical compari-
son circuit, and a modulator connected with said
first circuit and controlling the energization .of
said first circuit and connected with and respon-
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sive to the output of said amplifier circuit, where-

by said filament current is increased and de-

creased as said source fluctuates below and above
o normal standard value, and said filament 1s
under predetermined conditions any time said

switeh means connects said source to said sec-

ond circuit.

9. In a control for an X-ray tube having a
filament, a first circuit for energizing said fila-
ment under tube stand-by conditions, a second
circuit for energizing said filament under tube
operating conditions, a-source of electrical energy,
switch means between said source and said cir-
cuit for connecting said source alternatively to
said first or to said second -circuit, said first cir-
cuit including an electrical element connected
with said source and having an electrical value
subject to fluctuations of said source and provid-

ing an electrical value of one sign, electrical

means providing an electrical value of opposite
sien equal to said value of one sign when sald
source is at a normal standard value, an elec-
trical circuit connected with said last named
means and with said element to receive and to
provide the electrical sum of said two values, and
means connected with and responsive to said last
named electrical circuit and to said first circuit
for varying said filament energizing circuit,
whereby under stand-by conditions said filament
current is increased and decreased as sald source
fluctuates below and above a normal standard
value, and said filament is under predetermined

conditions any time said switch means connects

said source to said second circuit.

10. A stabilizer for discharge current compris-
ing an X-ray tube having an energizing circuit
connected thereto, said stabilizer comprising
means in said circuit for providing an electrical
voltage of one sign and of a value corresponding to
the said discharge current, means connected with
said first named means for adding to said voltage
an electrical voltage of opposite sign and of 2
predetermined value, an amplifier connected to
and energized by said last named means and ter-
minating in a space charge device having a plate

and a control grid connected with said amplifier,

and an electrical circuit connected with the fila-

ment of said X-ray tube and including a ‘modu-

lator in circuit with said plate for varying said
filament circuit responsive to-said plate circuit.
11. A stabilizer for discharge current compris-
ing an X-ray tube having an energizing circuit
connected thereto, .said stabilizer comprising
means in said circuit for providing an electrical
voltage of one sign and of a value corresponding
to the said discharge current through said tube,
means connected with said first named means

for adding to said voltage an electrical voltage of

opposite sign and of a predetermined value, an

amplifier connected to and energized by said last
named means and terminating in a space charge

device having a plate and a control grid connected
with said amplifier, said plate having a connect-
ed plate circuit, an alternating current supply
connected to said plate circuit, and a circult con-
nected to the flament of said X-ray tube and in-
cluding a modulator connected in circuit with
said plate for varying said filament circuit re-
sponsive to said plate circuit.

19. A stabilizer for discharge current compris-
ing an X-ray tube having an energizing circuit
connected thereto, said stabilizer comprising
means in said circuit for providing an electrical
voltage of one sign and of a value corresponding
to the said discharge current, means connected
with said first named means for adding to said
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voltage an electrical voltage of opposite sign and
of a predetermined value, an amplifier connect-
ed to and energized by said last named means and
terminating in a space charge device having a
plate and a control grid connected with said am-
plifier, said plate having a connected plate cir-
cult, an alternating current supvly connected to
sald plate circuit, and a circuit connected to the
filament of said X-ray tube for energizing said
filament and including a modulator in cireuit
with said plate, said modulator including a trans-
former having a primary winding in said plate
circuit and having a secondary winding in said
filament energizing circuit.

13. A stabilizer for discharge current compris-
ing an X-ray tube having an energizing circuit
connected thereto, said stabilizer comprising
means in said circuit for providing an electrical
voltage of one sign and of a value corresponding
to the said discharge current, means connected
with said first named means for adding to said
voltage an electrical voltage of opposite sign and
of a predetermined value, an amplifier connected
to and energized by said last named means and
terminating in a space charge device having a
plate and a control grid connected with said am-
plifier, said plate having a connected plate cir-
cuit, an alternating current supply connected to
sald plate circuit, and a circuit connected to the
filament of said X-ray tube for energizing said
filament and including a modulator, said modu-
lator including an inductive coupling having one
winding in said plate circuit and having another
winding in said filament energizing circuit.

14. In a control for an X-ray tube having an
energizing circuit connected thereto and a fila-
ment heating circuit connected thereto, the com-
bination of means connected with a unidirectional
current source and preset by an operator for se-
lecting from said unidirectional current source
a predetermined substantially constant voltage
calibrated in terms of the desired discharge cur-
rent through said X-~ray tube, means connected
In said energizing circuit for providing a voltage
corresponding to the actual discharge current re-
sultant from operation of said X-ray tube, an
electrical circuit connected with each of said
means to receive and compare said two voltages,

o,

14}

29

o
o {

0y
¥

40

B

14

and means conhected with and responsive to the
output from said last named circuit and elec-
trically connected with said filament heating cir-
cuit for varying the latter in a direction to equal-
ize said voltages.

15. A stabilizer for discharge current compris-
Ing an X-ray tube having an energizine circuit

connected thereto, said stabilizer comprising a

source of electricity independent of energization
of sald first named circuit, means in circuit with
sald source for providing an electrical voltage of
one sign and of a value corresponding to the ex-
pected value of said discharge current, means
connected with said first named circuit for add-
ing to said voltage an electrical voltage of op-
posite sign and corresponding to the actual value
of sald discharge current, and means connected
with said two last named means and responsive
to variations in said net sum of said electrical
voltages for varying the filament current of zaid
Z~1ray tube.

16. In a control for an X-ray tube having an
energizing circuit connected thereto and having a
filament and having a separate circuit connected
to sald filament for energizing said filament under
tube stand-by conditions independently of the en-
ergization circuit for said tube, said tube energiz-
g circuit including kilovoltage selecting means
adjustable to select any one of a plurality of kilo-
voltages at which said tube is to be operated, and
an electrical modulator in said filament energiz-
ing circuit operatively connected with said kilo-
voltage selecting means for varying the current in
sald filament energizing circuit corresponding o
the selection of a higher or lower kilovoltage Dy
sald selecting means and prior to the energiza-
tion of said X-ray tube.

| JACK BALIL.

- REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number Name Date
2,240,478 Bischoffetal. _________ May 6, 1941
2,313,378 Weisglass _ . ___..__ May 18, 1943




	Drawings
	Front Page
	Specification
	Claims

