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1. 

The present invention relates in general to 
X-ray apparatus, but more in particular to X 
ray apparatus for use in deep therapy; and the 
object of the invention is the provision of new 
and improved control circuits for apparatus of 
this character. - 
The control circuits are adapted for use with 

X-ray apparatus in which the X-ray tube, the 
high tension transformer, and they alves and con 
densers for the voltage multiplying circuit are 
installed together in an oil-cooled adjustable 
head, and in which the primary winding of the 
transformer is energized by alternating current. 
of rather high frequency, on the order of 2000 
cycles per second. The use of 2000 cycle current 
enables smaller condensers to be used and makes 
a more compact arrangement in the head. Cer 
tain features 9f the circuits are, however, useful 
with other types of X-ray apparatus. 
A feature of the invention is concerned with 

the regulation or adjustment of the anode Volt 
age at the X-ray tube and comprises an arrange 
ment whereby a D. C. voltmeter calibrated in 
kilovolts is connected to the output of the alterna 
tor through a rectifier and is caused to show 
correct readings in kilovolts notwithstanding 
changes in the load on the tube which take place 
responsive to adjustment of the milli-ampere 
Selector. 
Another feature is an overV9ltage protective 

circuit which responds to a small predetermined 
rise in the Voltage of the alternator. 

Still another feature relates to circuit arrange 
ments which make it impossible to start a treat 
ment unless certain necessary preliminary 9pera 
tions are performed in a predetermined order. 
The foregging and other features will be de 

scribed more in detail hereinafter with refer 
ence to the accompanying drawing, comprising 
Figs. 1 and 2, which show by means of a con 
ventional circuit diagram the apparatus and elec 
trical circuits involved in the invention. 

Referring to Fig. 1 of the drawing, the refer 
ence characters i?, 2 and 3 indicate a three-phase 
power line, and Sl is a switch for connecting 
the line through to the three-phase induction 
motor 8, also labeled 'Motor" in the drawing. 
The relay 6 and associated parts which are in 
cluded in the rectangle-1-constitute a motor-start 
ing-and-overload-cutout device-of known type and 
construction. 
The generator-GENis-preferably a single-phase 

alternator directly coupled to the motor. It may 
have a frequency of 2000 cycles per second, for 
example, and a variable-output voltage the maxi 
mum value of which may be on the order of 250 
Wolts. 

(C1. 250-86) 
2 

The X-ray tube is indicated at 30 and may be enclosed in an oil coged housing or head in 
dicated by dotted line rectangle 11. The head 

also encloses the transformer 5 for supply ing filament current to the X-ray tube, the high 
tension transformer 12 for supplying anodepo 
tential to the X-ray tube, and a voltage multiply 
ing circuit comprising the diodes fo - 9, the eon 
densers 29-25 and the transformers 3 and - a-- - - - - - 

for supplying filament current to the diodes. The generator GEN supplies 2000 cycle alternating 
current to the primary winding of the high ten 
Sion transformer 2 over a grounded circuit as 
shown. The reference character 21 indicates an overload circuit breaker which is included 
in the circuit. w is a... . . . . 

The opening or outlet in the housing if through 
which the X-rays are projected is indicated dia 
grammatically at 3. The filter 32 and the 

20 shutter 34 are located in front of this opening. 
The shutter 34 may be of any suitable type, of 

Which several are known. As indicated in the drawing, it comprises a thick lead plate 34 which 
is slidable on supports (not shown) through the medium of a chain such as 35. This chain passes 
over sprockets such as 36 and 37, the latter of 
which may be driven by an electric motor 49 to 
Which it is coupled by the pulleys 38 and 39 and 
the belt 4. The shutter is shown in closed po 

30 sition in the drawing, that is, the lead plate 34 
is interposed in front of the outlet 3. In open 
position, the lead plate is at the right, where it 
is indicated by dotted lines. The motor 40 is 
a reversible motor and affords means for open 35ing or closing the shutter at will. f' 
The switches S3 and S4 are associated with the shutter and are operated by an actuating men 

ber 42 carried on the chain 35. When the shut 
ter is in closed position, as it is shown in the 

40 drawing, the switch S4 is held operated by actuat 
ing member 42, while switch S3 is in normal or 'unoperated position. When the shutter is 
opened, the actuator 42 moves to the left, permit 
ting Switch S4 to restore and operating switch 
S3 as the shutter reaches open position. 
The filter 32 is slidable in guides as indicated 

and may be a sheet of aluminum, for example, or 
a compound sheet composed of a layer of alumi 
num and a layer of copper, for example. The 
filters are interchangeable and a number of them 
are provided, all different as regards their pené 
strability by X-rays. Each filter has a contact 
arm Such as 33, and a row of contacts 43-46;is 
provided in which there is a contact individual 

is to each filter. - - 
Referring to Fig. 2 of the drawing, the con 

ductors 50 and 5 represent a single-phase 60 

45 

50 
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cycle commercial power line. Switch S2 is the 
main Switch through which 60 cycle current is 
Supplied to the various relays and other pieces 
of equipment by Way of the conductors S3 and 
54. The reference character 52 indicates a volt- 5 
age Stabilizer by means of which current at Sub 
Stantially constant voltage may be Supplied to 
certain grounded circuits which include conduc 
to 55. 
The K. W. regulator comprises a winding 55 0 

connected between the conductor 55 and a ground 
and a movable contact arm 5. It is used to 
regulate the anode voltage at the X-ray tube, as 
will be described shortly. The switch 53 is closed 
by the contact arm 57 when it is restored to zero 5 
position. 
The reference character 59 indicates a timer 

of known construction. It is adapted to be set 
by the operator to predetermine the duration of 
an exposure or treatment. 20 
The reference character 2 indicates a D. C. 

voltmeter which is connected to the output of 
the alternator GEN through the rectifier R2 and 
is calibrated in kilovolts. This voltmeter, re 
ferred to as the K. W. meter and so labeled in the 25 
drawing, indicates the anode potential at the X 
ray tube 30. 
The load on the tube is indicated by the tWO 

anode current ammeters 80 and 8. These meters 
are connected to the voltage multiplying circuit 30 
over conductors 82 and 83, respectively, and are 
included in the respective charging circuits of 
the condensers 29 and 2. 
The milli-ampere selector, labeled “M. A. Selec 

tor' in the drawing, is a manually adjustable 35 
rotary Switch which is used for regulating the 
supply of current to the filament circuit of the 
X-ray tube 30, which is one factor in determin 
ing the load on the tube, or the current in the 
anode circuit. The selector includes a contact 40 
arm 60 and may have three working positions 
or contacts corresponding to loads of 5, 10, and 
15 milli-amperes, respectively. These Contacts 
are connected to adjustable taps on the resistor 
61. A vernier rheostat 62 is connected in series 45 
With the resistor 6. 
The contact arms 63, 64, and 65 are mounted 

on the same shaft with the contact arm 60, so 
that whenever contact arm 66 is adjusted the 
other contact arms receive a corresponding ad- 30 
justment. Each contact arm has three active or 
working contacts, like contact arm 69. 
The contact arm 63 is included in the Over 

voltage protective circuit, said circuit also includ 
ing the potentiometer 66, the rectifier 67, voltage 
regulating tube 68, and the relay 69. The tube 
68 may be a Type WR105-30 tube, made by 
Sylvania, Electric Products Co. The tube 68 is 
shunted by a resistor which is preferably 
about 47M ohms. The condenser 7, may have a 60 
capacity of 1 m?. The operation of the circuit 
will be explained presently. 
The contact arm 64 is operative to select a 

portion of the winding of the potentiometer 74 
for inclusion in the circuit of the K. W. meter 65 
72 in series with the output of rectifier R2. Cur 
rent is supplied to the potentiometer 4 by means 
of the transformer 75 and the rectifier R3 and the 
direction of current flow is such that the voltage 
developed across the potentiometer opposes the 70 
voltage of rectifier R2 in the circuit of the K. W. 
meter. 
The contact arm 65 is included in the circuit 

of relay 4, Fig. 1, for a purpose to be described 
hereinafter. 75 

5 5 

& s 
The filter selector switch, labeled 'Filter Se 

lector' in the drawing, is a manually operable 
rotary SWitch and comprises a contact arm 84 
and a plurality of contacts which are connected 
by individual conductors to the contacts 43-46 
Fig. 1. 
The switch S5 is a manually operable double 

pole Switch which is provided for the purpose of 
controlling the shutter 34, Fig. 1. The switch 
S5 has two positions, corresponding respectively 
to the open and closed positions of the shutter. 
The aSSociated Signal lamps 85 and 86 are con 
trolled from the shutter and indicate the open 
or closed position thereof as the case may be. 
The Operation of the equipment will now be 

explained, it being assumed for this purpose that 
the equipment is to be used for administering 
deep therapy to a patient. The explanation will 
be confined to the operation of the circuits and 
apparatus. 
The Switch S is closed to connect up the three 

phase power line. The Switch may be left in 
closed position, unless the equipment is to be 
taken out of Service for a period, or in case the 
power has to be cut off to enable repairs to be 
made. CIOSure of SWitch Si does not start the 
motor, since the power circuit is open at con 
tacts of the starting relay 6. 
When the main Switch S2 is closed, the power 

line conductors 59 and 5 are connected through 
to the conductors 53 and 56 and 60 cycle alter 
nating current is supplied to the equipment, 
thereby energizing certain circuits with results 
which will be pointed out. 
The first operation to which attention may 

be directed is the energization of relay 5, Fig. 1, 
which is Supplied With current over conductors 
98 and 9 f. Upon energizing, relay 5 closes a 
circuit for the motor start relay 6. The latter 
relay accordingly energizes and closes the three 
phase power circuit through to the motor 8. The 
motor accordingly starts to run and drives the 
generator GEN. The generator has no power 
output at this time, however, for its field is not 
supplied with current. 
The operator should now See to it that the 

shutter 34 is closed. Assuming that the shutter 
is open, Switch S5 will be in its left hand position 
and the signal lamp 85 will be lighted. When 
the Switch is moved to its right hand position, 
the lamp 85 is extinguished and a circuit is com 
pleted for the motor 40 which may be traced 
from conductor 54 by way of switch S5, conductor 
93, Switch S4 in normal position, motor 40, and 
conductor 94 to conductor 53. The motor 40 is 
accordingly operated to move the shutter 34 to 
its closed position. The movement of the actuat 
ing member 42 which takes place incident to the 
closing of the shutter restores switch S3, there 
by preparing a circuit for driving the motor to 
open the shutter, and operates switch S4, which 
opens the motor circuit and stops the motor 40. 
The operation of switch S4 also closes circuits 
for lamp 86 and relay 96 which may be traced 
from conductor 54 by way of switch S5, con 
ductor 93, and switch S4, in operated position, 
to conductor 95, and thence through lamp 86 
and relay 96 in parallel to conductor 53. Lamp 
86 indicates that the shutter is now closed. Re 
lay 96, upon energizing, prepares a circuit at 
contact 97 for energizing relay 4. 
The operator may now adjust the filter selector 

SWitch to Select the filter which is to be used. 
In this connection it will be understood that the 
Several positions of the contact arm 84 are 
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marked by numbers, letters, or other means for 
identifying the different, filters to which they 
Correspond and the selecting operation consists 
in setting the Switch to the position which core 
responds to the desired filter. The positions may 
even be marked with descriptions of the filters, 
as 2MM. AI, 1MM. AL-1MM, CU, etc., 
The second position of the filter selector Switch 

corresponds to the filter 32 and the second. po 
sition contact of the Switch is connected to con 
tact: 44, Fig. 1, by means of conductor 99. AS 
suming that the operator desires to use filter 32, 
he will set the Switch to its Second position, where 
it, is shown in the drawing, thereby closing a 
circuit which includes the grounded filter, con 
tact arm 33 and contact 44, conductor 99, contact 
arm 84, Switch S6 (normally closed), relay 88, 
and the secondary winding of transformer 87. 
This is a low voltage circuit, preferably about 
6-10 volts, to avoid any danger to the operator 
when changing filters. Upon energizing, relay 
88 closes a point in the circuit of relay 4 at 
contact. 00. The circuit is still Open, however, 
at the timer 59. The lamp 98 has a circuit in 
parallel with relay 88 and lights: at this time to: 
indicate to the operator that the desired filter. 
is in position. 

If there is no filter in position on the shutter. 
when the operator sets the filter selecting switch, 
or if a non-selected filter is in position, the relay 
88 will not energize and the lamp 98 will not. 
light. The failure of the lamp to light notifies 
the operator of the situation, and he will insert 
the correct filter before attempting to proceed 
further. 
The operator may now adjust the milli-ampere 

selector to preselect the desired value of anode 
current. Assuming that, a current of 5 milli 
amperes is to be used, the Switch is rotated, if 
necessary, to set the contact. arm. 60 on the first 
contact in its bank, labeled 5MA in the. drawing. 
The adjustment of contact arm, 60 simultaneous 
ly adjusts the contact arms 63, 64, and 65 to 
corresponding positions. Current is now flowing 
over a circuit, which includes the primary Wind 
ing of the filament transformer 5, conductor 
Ot, contact arm 60 of the milli-ampere Selector, 

potentiometer 6i, vernier rheostat 62, conductor 
55, and voltage stabilizer 52. The secondary 
winding of transformer 5 Supplies current. to 
the filament of the X-ray tube at a potential 
which will produce the emission required for an 
anode. current. of 5 milli-amperes. It will be 
understood that the 5MA tap on the potention 
eter 6 has been preadjusted to bring about this. 
result and that the other two taps have been pre 
adjusted in accordance with the indicated cur 
rent values. 
The primary windings of the transformers. 13 

and 4 are supplied with current through, the 
rheostat. 89 by Way of conductor 02. The Sec 
ondary windings of these transformers Supply 
current to the filaments of the diodes 6 to 9, 
inclusive, Fig. 1. 
The operator may now set the timer 59 in 

accordance with the length of the treatment to 
be administered to the patient. Setting of the 
timer closes the switch SW, but without inne 
diate result. It closes another point. in the cir 
cuit of relay 4. 
The next operation is the restoration of the 

K. V. regulator to its zero or normal position, 
the circuit arrangement, being such. that this 
must be done before power can be supplied to: 
the X-ray, tube. When the operator restores, the 

5 

IO 

5 
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75 about 20 volts, for example: 

6. 
K. W. regulator to: Zero, the contact airn 5 closes 
the Switch 58, thereby establishing a circuit for 
relay 4, which extends from conductor 54 by way 
of conductor f03, switch 58, conductor iO4, cons 
tact 97 of relay. 96, conductor :05, winding of 
relay 4, conductor f06, contact 00 of relay. 88, 
contact 07 of relay 69, conductor G8, switch 
SW in the timer, conductor 09, contact arrin.65; 
and conductor if 0 to conductor 53. Upon enier 
gizing, relay 4 establishes a locking circuit for: 
itself. Which extends by way of contact 4, core 
tact 5 of circuit breaker 27, contact. ft 6 of 
motor start relay 6, and conductor 90: to corne 
ductor 54. This locking circuit, makes the con 
tinued energization of relay 4 independent of 
Switch. 58. On the K. W. regulator and contact 9 
of relay 96, since the branch it 4, 5, 6, and 
90, is in parallel with that part of the original 
energizing circuit which includes 05, 9,58, and 
O3, 
When the relay 4 energizes it closes a grounded. 

circuit over which alternating current is. Supplied 
to the rectifier R for energizing the field. 9 of 
the alternator GEN. This grounded circuit in 
cludes, the rectifier Rf, conductor 3, contact 

2, conductor , and the contact arm 57 of the 
K. W. regulator. The contact arm 5 hay, 
ing been moved to its zero: position, it is in en 
gagement with the grounded end of the resistor 
and no current flow takes place, in the circuit, 
The Operator Will now rotate the contact arm 

57 in a clockwise direction, thereby opening 
Switch 58 and including a part of the winding of 
the resistor 56 in the grounded rectifier circuit. 
The opening of switch. 58 has no effect at this 
time, since relay 4 is held energized over its 
locking circuit. But it does insure that when 
ever relay 4 is deenergized it cannot again be 
energized except by restoring the K. V. regulator 
to zero position. 
The operation of the K. V. regulator supplies 

alternating current to rectifier Rf, which sup 
plies.direct current to.the field. 9 of the alternator. 
The alternator voltage builds up quickly and 2000. 
cycle alternating current is supplied to the pri. 
nary winding of the high tension transformer 2 
in the Voltage multiplying circuit. The operation 
of the latter circuit will not be discussed in del 
tail since. it is known and is not involved in the 
invention. Suffice it to say that the voltage-gen 
erated in the Secondary Winding of transformer" 
2 is multiplied approximately four times and is 
applied to the anode circuit of the X-ray tube: 
This circuit includes the conductors 20 and 12, 
leading to the cathode and anode, respectively, 
of the X-ray tube. 
The alternator also supplies current over con 

ductor 73 to the-rectifier R2 and to the potenti 
ometer 66, Fig. 2, The direct current output of 
the-rectifier R2 is connected to the K. W. meter 
in Series with the contact arm 64 and a part of 
the winding of the potentiometer 74. The poten 
tioneter is supplied with current at this time by 
the transformer 75 and rectifier R3, and the di 
rection of current flow is such that the upper and 
lower ends of the potentiometer are negative and 
positive, respectively. Rectifier R2 having the 
polarities as shown, it follows that the voltage 
developed across that portion of the potentiom 
eter which is in series. With the K. W. meter will 
oppose the voltage of the rectifier R2. This op 
posing Voltage is Small as compared to the volt 
age of the alternator. The voltage across the 
entire potentiometer may be on the order of 
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As previously mentioned, the alternator sup 
plies current over conductor 13 to the potenti 
ometer 66, which is connected in parallel with 
the rectifier R2. There will accordingly be a 
potential at the tap 30 of the potentiometer 
which causes an intermittent current flow by way 
of said tap, the contact arm 63, rectifier 6, re 
sistor 70, and the relay 69 to ground. Due to the 
high resistance of resistor 70, the relay 69 is 
not energized. The condenser 7 becomes 
charged, however, and the tap 30 is so adjusted 
that the potential at the condenser is only a few 
volts lower than the breakdown or firing poten 
tial of the tube, 68. If the breakdown potential 
is 105 volts, the potential at the condenser may 
be 100 volts, so that a rise in potential of 5 volts 
will cause the tube to fire. 

It will be seen that the K. V. meter will re 
spond directly to changes in the voltage of the 
alternator, being connected to the alternator 
output in the manner explained. The anode 
voltage at the X-ray tube is a function of the 
alternator Voltage, however, and hence the meter 
may be calibrated in kilovolts, to show directly 
the voltage at the tube, or between conductors 20 
and 2. The calibration is carried out by known 
methods which need not be explained herein. In 
case the Calibration is affected subsequently by 
replacement of parts in the head it can be cor 
rected by adjusting the movable tap f 25. 
The Operator observes the K. W. meter and 

notes the reading thereof. It may be assumed by 
way of example that the maximum anode volt 
age that can be used is 250 kilovolts and that 
the treatment is to be given at the maximum volt 
age. The operator accordingly will rotate the 
contact arm 57 of the K. W. regulator until the 
K. W. meter indicates 250 kilovolts. 
The operator should also observe the anode 

current ammeters 80 and 8 at this time, to see 
if the readings correspond to the setting of the 
milli-ampere selector Switch. This switch has 
been set for 5 milli-amperes and the reading of 
the K. W. meter will not be correct unless the cur 
rent actually has this value. 

necessary correction is made by adjusting the 
rheostat 62. 

It may be noted at this point that resetting of 
the milli-ampere selector at this stage is not per 
missible. If the operator should forget this, and 
adjust the Selector to Some different load than 
the load for which it was previously set, the move 
ment of contact arm 65 will break the circuit of 
relay 4. This relay will then deenergize and stop 
the Supply of current to the field of the alternator. 
The operation can proceed at the new setting but 
in order to do so the operator has to start over 
again by restoring the K. W. regulator to zero. 
- The equipment is now ready, and the next op 
eration is to open the shutter and start the treat 
ment. This is accomplished by moving the switch 
S5 to its left hand or "Open' position. 
The Operation of switch S5 opens the circuit 

for lamp 86 and the relay 98. The lamp is ac 
cordingly extinguished and relay 9 is deener 
gized. Contact 97 of relay 96 is thus opened but 
relay 4 remains energized over its locking circuit. 
The operation of SWitch S5 also closes a cir 

cuit for the motor 49 which can be traced from 
conductor 54 by Way of left hand contact arm of 
the switch, conductor 92, switch S3, motor 0, 
and conductor 94 to conductor 53. The motor 
40 accordingly starts to run and moves the shut 
ter 34 to its open position, shown in dotted lines 

If the current is 
more or less than 5 milli-amperes, therefore, the 
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S 
in the drawing. The opening of the shutter is 
accompanied by the movement of actuator 42, 
which permits Switch S4 to restore and operates 
switch S3. The latter switch opens the motor 
circuit to Stop the notor and closes a circuit for 
the lamp 85. The lighting of lamp 85 indicates 
to the operator that the shutter is open and that 
the treatment has begun. 
The movement of Switch S5 to its left hand 

position also closes a circuit for the motor in the 
timer 59, Said circuit extending fron Conductor 
53 by Way of right hand contact arm of switch 
S5, conductor 26, timer motor to conductor 05, 
and thence by way of the locking circuit of relay 
4 to conductor 54. The timer is now in operation 
and Starts to measure off the time interval for 
which it has been Set. 
Upon the expiration of the time interval, the 

timer opens the switch SW, thereby breaking the 
circuit of relay 4, Fig. 1. Upon deemergizing, re 
lay is breaks its locking circuit at contact 4 
and at contact f 2 breaks the circuit Over which 
current is Supplied to rectifier R, for energizing 
the field of the alternator GEN. The generator 
Output then falls to zero and the generation of 
X-rays ceases. 

in case of an emergency occuring during the 
treatment, the operator can stop the treatment 
instantly by momentarily opening the Switch S6. 
This Switch opens the circuit of relay 88, which 
falls back and opens the circuit of relay 4. It 
will be noted that if the relay 4 is deemergized 
in the course of a treatment, it cannot be ener 
gized again without first closing the shutter 34 
and energizing relay 96 to prepare the initial 
energizing circuit of relay 4 by way of switch 
58 at the K. W. regulator. 

It will be assumed now that another treatment 
is to be given, With the voltage the same as be 
fore, that is, 250 kilovolts, and with an anode 
current of 10 milli-amperes. 
The operator Will proceed as before, first mov 

ing switch S5 to its right hand position to close 
the shutter, then adjusting the filter selector, if 
necessary, resetting the M. A. selector, and set 
ting the timer. The resetting of the M. A. selec 
tor moves the contact arrn 68 to the contact 
labeled 10 MA and at the same time the contact 
arms 63 and 64 are moved to contacts 3 and 
26, respectively. 
The restoration of the K. W. regulator to zero 

closes switch 58 to energize relay 4, which locks 
itself and prepares the circuit for supplying cur 
rent to the field of the alternator. Rotation of 
the contact arm 57 of the K. W. regulator closes 
this circuit, whereupon the alternator builds up 
voltage promptly and begins to supply current to 
the X-ray tube. As in the case previously de 
Scribed, the operator will rotate the arm 57 of 
the K. W. regulator in a clockwise direction, in 
creasing the field current at the alternator until 
the K. V. meter shows the desired anode voltage, 
or 250 kilovolts. 
The operator can rely on the voltage at the 

X-ray tube being 250 kilovolts, as indicated by 
the K. W. meter, notwithstanding the increase in 
the load from 5 milli-amperes to 10 milli-am 
peres, because the voltage of the atternator has 
been increased sufficiently to compensate for the 
losses resulting from the increase in the load. 

Explaining this further, the opposing voltage 
in the circuit of the K. W. meter is greater now 
than it was in the former case, due to the move 
ment of contact arm 64 from the contact con 
nected to the tap 25 to the contact connected 
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to the tap 26, and consequently the voltage of 
the alternator must be raised to a higher value 
than before in order to bring the reading of 
the K. V. meter up to 250 kilovolts. 
26 is so adjusted that when the load on the 

tube is 150 milliamperes the value of the Opposing 
voltage at the tap is sufficient to effect the neces 
sary compensation and make the calibration of 
the K. W. meter correct for that load. 
The tap 27 is adjusted so as to make the 

necessary compensation for a load of 15 milli 
amperes. 

It Will be recalled now that tap 30 on po 
tentiometer 66 is so adjusted that when the load 
on the X-ray tube is 5 milli-amperes the poten 
tial at the condenser if is preferably about 100 
volts, assuming that the breakdown potential of 
the tube 68 is 105 volts. When the load is changed 
to 10 milli-amperes and the anode potential is 
brought up to 250 kilovoits, the alternator voltage 
is higher than before, for the reasons explained, 
which raises the potential at tap 30 close to or 
above the breakdown potential of tube 68, or 105 
volts. However, the contact arm 63 is now in 
engagement with the contact which is connected 
to tap 31, which is so adjusted that the voltage 
at the condenser 7 is still only 100 volts, notwith 
standing the increase in the alternator voltage. 
The tap 32 is so adjusted that when the mil 

li-ampere selector is adjusted for a current of 15 
milli-amperes, and the voltage at the tube is 
brought up to 250 kilovolts, the potential at the 
condenser 7 will be 100 voltS. 
The overvoltage protective circuit makes it 

possible to maintain a close supervision of the 
equipment when the maximum voltage of 250,000 
kilovolts is employed, in spite of the variations in 
the alternator voltage which are required in order 
to maintain the tube voltage at the desired value 
under different load conditions. 
In case the voltage at the condenser 7 should 

rise to a value equal to the breakdown potential 
of tube 68, the tube will fire and the condenser will discharge through relay 69. Upon energiz 
ing, relay 69 breaks the circuit of relay 4 at Con 
tact OT and the latter relay deemergizes to inter 
rupt the supply of field current to the alternator 
in the manner already explained. 
The invention having been described that 

which is believed to be new and for which the 
protection of Letters Patent is desired will be 
pointed out in the appended claims. 

I claim: 
1. In combination, an X-ray tube, means in 

cluding an alternator for supplying power to said 
tube, a circuit for supplying current to the field 
of said alternator, a regulator for adjusting the 
current flow in said circuit to regulate the Volt 
age of said alternator, Said regulator including 
a normally open switch which is closed respOn 
sive to an operation of Said regulator which 
would reduce the current flow in Said circuit, if 
current were flowing therein, a control relay for 
closing said circuit, an initial energizing circuit 
for said relay including said Switch, and a lock 
ing circuit for said relay independent of Said 
switch, said locking circuit including contacts 
closed by said relay on energizing. 

2. The combination as claimed in claim 1, in 
cluding a shutter for the X-ray tube, a relay 
energized responsive to closure of said shutter, 
and contacts on said relay which are included 
in the initial energizing circuit of the control 
relay in series with the said Switch at the regul 
lator. 
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3. The combination as claimed in claim 1, in 

cluding a milli-ampere selector switch for con 
trolling the load on Said tube, and means for 
opening the relay locking circuit in response to 
adjustment of said selector SWitch to change the 
load, said means comprising a Switch actuated 
by said selector switch during said adjustment. 

4. In combination, an X-ray tube, a relay for 
controlling the supply of power to the anode. Cir 
cuit of said tube, a milli-ampere selector for Con 
trolling the load on said tube, means including a 
circuit and switch therein for energizing said 
relay, a locking circuit for maintaining said relay 
energized independent of Said switch, Said lock 
ing circuit including normally open contacts on 
said relay, and means for opening said locking 
circuit to deenergize said relay in response to any 
change in the setting of Said Selector Switch, said 
last means comprising a contact arm of said 
switch and spaced contacts engaged thereby 
which are included in said locking circuit. . 

5. In combination, an X-ray tube, a control 
relay controlling the supply of power to the anode 
circuit of said tube, a circuit including said relay, 
a power voltage regulator, a switch actuated re 
sponsive to adjustment of said regulator to a 
starting position to close said circuit and energize 
said relay, a locking circuit including contacts of 
said relay to maintain the same energized when 
said regulator is moved to various working posi 
tions to increase the voltage, a timer having a 
switch and means for opening it after a predeter 
mined time interval, said timer switch being in 
cluded in Said locking circuit, and means for 
starting Said timer. 

6. The combination claimed in claim 5, includ 
ing an emergency switch for opening said.locking 
circuit independent of said timer. 

7. The combination claimed in claim 5, includ 
ing a circuit breaker for opening said locking 
circuit responsive to an excessive consumption of 
power by Said tube. 

8. The combination claimed in claim 5, includ 
ing a shutter for the X-ray tube, and means for 

5 preventing the energization of said relay unless 
said shutter is closed, said last means comprising 
a Second relay energized by closure of said shut 
ter, and normally open contacts on said second 
relay connected in the circuit of said first relay. 

9. The combination as claimed in claim 5, in 
cluding a motor for driving the timer, and a cir 
cuit for said motor extending through contacts 
in the locking circuit closed by said relay when energized. 

10. In combination, an X-ray tube, a shutter 
for Said tube, a first relay energized responsive 
to closing said shutter, a filter selector, a second 
relay energized responsive to placing a selected 
filter in position adjacent said shutter, a third 
relay controlling the supply of power to said tube, 
an initial energizing circuit for said third relay 
including contacts of said first and second relays 
in series, and a locking circuit for maintaining 
Said third relay energized when said shutter is 
open and said first relay is deenergized, said lock 
ing circuit including the said contacts on said 
Second relay but not the contacts on said first relay. 

ill. In combination, an X-ray tube, means in 
cluding a transformer for supplying a high volt 
age to the anode circuit of said tube, an alter 
nator for supplying current to the primary Wind 
ing of Said transformer, a rectifier, a direct cur 
rent voltmeter connected to the output of said 
alternator through said rectifier, said voltmeter 
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being calibrated in kilovolts to indicate the anode 
voltage at said tube, a milli-ampere selector 
Switch having a contact arm and associated bank 
of contacts for controlling the load on said tube, 
a Source of direct current supplying a variable 
voltage in the circuit of said voltmeter in Opposi 
tion to the voltage supplied by said alternator, 
means included in said milli-ampere selector 
Switch for changing the value of said variable 
voltage in accordance with changes in the load, 
Said last means including a second contact arm 
and associated bank of contacts, and means for 
regulating the voltage of said alternator. 

12. The combination as claimed in claim 11, 
together with independently adjustable means 
for changing the value of said variable voltage, 
Said means comprising a potentiometer having 
adjustable taps which are connected to contacts 
in the Second bank of contacts in said selector 
SWitch. 

13. In combination, an X-ray tube, means in 
cluding a transformer for supplying a high volt 
age to the anode circuit of said tube, an alter 
nator for supplying current to the primary wind 
ing of Said transformer, a rectifier, a direct cur 
rent voltmeter connected to the output of said 
alternator through said rectifier, said voltmeter 
being calibrated in kilovolts to indicate the anode 
voltage at Said tube, a milli-ampere selector 
Switch for controlling the load on said tube, a 
Source of alternating current differing in fire 
quency from the frequency of said alternator, 
means including said source and a second rectifier 
for introducing a variable voitage in the circuit, 
of Said Woltmeter in opposition to the voltage 
supplied through the first said rectifier by said 
alternator, a Switch mechanically coupled to said 
milli-ampere selector switch, means including 
said second Switch for effecting predetermined 
changes in the value of Said variable voltage re 
sponsive to the operation of said milli-ampere 
selector Switch to effect changes in the load on 
said tube, and means for regulating the voltage 
of said alternator. 

14. The combination as claimed in claim 3, 
wherein the means for effecting predetermined 
changes in the value of the variable voltage in 
cludes a potentiometer and independently ad 
justable taps which are selectable by the second 
Switch. 

15. In combination, an X-ray tube, means in 
cluding a transformer and a source of alternating 
current for supplying a high voltage to the anode 
circuit of said tube, a milli-ampere. Selector 
switch for controlling the load on Said tube, 
means for changing the voltage of Said Source in 
accordance with changes in the load, a diode 
space discharge tube having a fixed breakdown 
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potential, a protective circuit including a relay 
Connected across said source in series with said 
discharge tube, said relay having means for con 
trolling the supply of current to the anode circuit 
of Said X-ray tube, a variable resistance in said 
protective circuit, means including said resistance 
for regulating the voltage between the cathode 
and anode of Said discharge tube to a selected 
value which is less than said breakdown poten 
tial, Switching means responsive to adjustment 
Of Said Selector Switch for maintaining the volt 
age at said discharge tube substantially constant 
at Said Selected value notwithstanding changes 
in the voltage of Said source made pursuant to 
changes in the load, and connections between 
said resistance and said switch whereby said 
SWitch adjusts the amount of said resistance in 
Said protective circuit to control the voltage at 
Said discharge tube as set forth. 

i6. In combination, an X-ray tube, means in 
cluding a transformer and a source of alternating 
current for Supplying a high voltage to the anode 
circuit of Said tube, a milli-ampere selector switch 
for controlling the load on said tube, means for 
changing the voltage of Said source in accordance 
with changes in the load, a potentiometer con 
nected across the terminals of said source, said 
potentiometer having a plurality of adjustable 
taps, a Second Switch having bank contacts con 
nected to said taps, respectively, a diode space 
discharge tube having a fixed breakdown poten 
tial, a protective circuit including said switch and 
Said discharge tube connected in series between 
said potentiometer and one terminal of said 
source, the voltage at said discharge tube being 
regulated to a selected value less than said break 
down potential by adjustment of said potentiom 
eter, a mechanical connection to operate said sec 
Ond SWitch responsive to operation of said nilli 
ampere selector Switch, a relay in Said protective 
circuit energized by breakdown of said discharge 
tube, and means controlled by said relay to inter 
rupt the supply of current to the anode circuit 
of Said X-ray tube. 

WILLIAM M. LEE. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

Number Name Date 
2,094,103 Horsely et al. ------ Sept. 28, 1937 
2,193,071. Lee --------------- Mar. 12, 1940 
2,339,902 Akers et al. --------- Jan. 25, 1944 
2,368,798 Ball ---------------- Feb. 6, 1945 
2,477,298 Goldfield ----------- July 26, 1949 
2,488,167 Brown ------------- Nov. 15, 1949 
2,488,168 Brown ------------- Nov. 15, 1949 
2,492,281 Hall ---------------- Dec. 27, 1949 
2,494,218 Weisglass ---------- Jan. 10, 1950 


