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. The present invention relates to thermion-

ic devices, such, for example, as X-ray tubes,
provided with a plurality of cathodes, which
are capable of being used interchangeably.

5 In X-ray tubes to which my invention 1s
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particularly applicable, said cathodes may

be caused to project a beam of cathode rays
or electrons on focal spots of different area.
One cathode may be caused to project a

beam of electrons on a focal spot of small

area permitting sharp definition in radio-
oraphs and another cathode may be caused
to project a beam of electrons of greater cur-
rent value on a focal spot of corresponding-

ly larger area with some sacrifice of defini-

tion in order to avoid overheating of the tar-
get at the focal spot.

- In such an arrangement serious disturb-
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ances and damage may occur by overheating

the focal area of the anode should the tem-
perature, and hence the emissivity, of the

_cathode be altered inadvertently during op-
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eration. _
- In accordance with my invention means

are provided for controlling the current in

the heating circuits of the respective cathode
circuits of an X-ray tube, or.other -ther-
mionic device, the setting of said control
means being so- interlocked with switching
means for selectively exciting the cathodes

of the discharge tube that a change from
one cathode to another automatically fixes
the setting of regulating means for the cath-

- ode selected for operation.

The novel features of my invention will
be set forth with greater particularity in
the appended claims.” For a more complete
understanding thereof reference may be

"had to the accompanying drawing taken
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in connection with the accompanying de-.

scription.

Fig. 1 of the drawing shows somewhat dia-
orammatically an X-ray apparatus embody-
ing my invention; Fig. 2 illustrates a mod-

ification adapted particularly for operation
in connection with oil-immersed X-ray de- .

vices, and Fig. 38 is a detail view of a cath-
ode structure which is employed in an X-ray
tube used in my improved apparatus.

The system illustrated in Fig. 1 includes .

'r "]I i

a, thermionic X-ray device comprising a
bulbous . container 2, containing a cathode
structure 3 and an anode or target 4, stem o

of which leads to an external radiator or heat
dissipator 6. The cathode structure 3, as 85
shown in Fig. 8, comprises a cup-shaped fo-
cusing device 7 in which are provided spirally
wound filaments 8 and 9. These filaments
have separate supply conductors 11 and 10 .

respectively and a common return conductor 60

12. The filaments are so positioned within
the focusing device 7 that when either fila-
ment is heated to an electron-emitting tem-

perature, that electrons emitted by it, (also

known as cathode rays) will be projected 65
upon a target 14 of highly refractory metal,
such for example as tungsten, which forms
part of the anode 5. The electrons emitted
from either of the filaments 8 or 9 are caused
to impinge upon 2 focal spot on the target, 70
the size of the focal spots depending upon
the position of the filaments 8 and 9 within
the focusing cup 7. The size and excitation

of the filaments 8 and 9 are so chosen that
a relatively small electron current is caused 76
to be emitted by the filament 8 and a larger
current is caused to be emitted by the fila-
ment 9, thus permitting different X-ray out-
puts to be obtained from the X-ray tube.

The electrostatic focusing effect of the de- 80 |
vice 7 causes the cathode rays from the re-

spective filaments to be focused on focal
spots of correspondingly different areas. -

To secure maximum definition the focal _
spot should be as small as practicable with- 85

out overheating the anode metal at the focal

spot during a normal period of operation.
Heating current for the cathode filament

is obtained from the secondary of the-trans-

former 15, the primary of which is con- 90

nected to the supply mains 16. Either one
of the filaments 8 or 9 may be connected
in circuit with the transformer 15 by a
selector switch 17, that is, when the selector
switch is moved to the left to the contact 95
18 so as to complete the circuit of the con-
ductor 10, heating current will flow from
the secondary of the transformer 10,
through the conductor 10, through the fila-

‘ment-9, returning through the conductor 12, 100
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- o 'W'lth one or both of the;windings_Qﬁ and 26 |
~ of a regulator, the winding 25 only being
~ energized when the regulator circuit switch
- 27 makes contact with the conductor 28 and -

13 both windings being energized when the

D

'Which includes a resistance 19, to ﬂle-t}ppo—

‘site terminal of the secondary of the trans-

former 15. When the switch 17 i1s moved

to the right to the contact 20, then the cir-
cuit of the cathode 8 is energized through
‘the conductors 11 and 12, in series with
the resistance 19. IHigh potential current -
~ for generating X-rays is furnished by the
secondary of the step-up transformer 22,

through the conductors 23 and 24 in series

~switch 27 makes contact with the conductor

- 29. Current for energizing the transformer

- 22.1s drawn through the conductors 30 from-
~ the main 16, a hand-operated switch 31
20 being provided to open and close the cireuit.

~ The resistance 19 1s caused to be short-.

- | ;Cifﬂ-ﬂited ;pei‘iOdiCﬂ»H}’ by the ZVibI‘-atiGnS of

o ‘a2 magnetic member or armature 33 which
1s juxtaposed to the core 34 of the windings
25 and 26. The vibrations of this armature

 shunting the resistance 19. The relative
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-~ current,

60

. 09

periods of make and break of the contacts
39 determine the effect of the resistance 19
1n the respective cathode circuits. A regu-
. lator of the form here shown is more ful-
- ly described in U. S. Letters Patent No.
- 1,668,102 1ssued to William K. Kearsley on
o 35 December 20, 1927. By means of the opera-

tion of such a regulator the electron-emis-
sivity of the cathode and hence the space
current of the X-ray tube is maintained sub-
stantially constant regardless of variations
of voltage of the power supply. _
The switches 17 and 27 are connected to
one another by
which prevents switch 17 being . operated

without at the same. time operating the
other switch 27. |

It will be observed that in the descfibed |

outfit when the switch blade 17 is moved
to the left into contact with the conductor
10 to energize the filament 9, then at the
same time the switch 27 must be moved to
the left into contact with the conductor 28
thereby _ _
the regulator. - When the switch 17 is moved
to the right in' contact with the conductor
11 1t energizes the cathode 8 which is in-
tended for operation with a smaller heating
Through the simultaneous move-
ment of the switch 27 into contact with the

- conductor 29, both windings of the regulator

will be energized thereby increasing the rel-
ative duration of the break periods during
which the resistance 19 is included in the
heating circuit of the cathode and thus de-
creasing the effective value of the heating
current. As a consequence of the interlock

of the switches 17 and 27, the setting of the

an interlock member 387

energizing only the winding 25 of -

1,907,508

X.-ray tube can be shifted from one setting
to another with the assurance that whenever
the focus of the X -ray is changed to provide
‘a smaller focal spot for sharper definition or
for any other reason that the space current

70
“1n the X-ray tube at the same time will be

decreased and maintained at a lower value.

In the arrangement shown in Fig. 2 the
'regulator 1s connected in the primary cir-

cuit of tramsformers 40 and 41, the sec- 76 .

ondary circuits of which are respectively

connected to the cathode supply conductors

10, 11 and 12. The windings 42 and 43

of the regulator 44 are connected in series
0

‘with the secondary windings 45 and 45’ of -
the transformer 46 which supplies high po-
tential operating current by the conductors =
47 and 48 to the X-ray device. A regu-

lable resistance 54 may be inserted in shunt

‘with the primary winding of transformer
40 to permit of hand adjustment of the
value of the heating current. A similar

85

resistance 55 is inserted in shunt with the

primary winding of the transformer 41.
The arrangement shown in this figure is 90

particularly suitable for operation with a =
device in which the X-ray tube as well as

the high potential transformer 46 and the

low potential filament transformers 40 and
41 are all contained within an enclosure or
tank 49 which contains a body of oil, or

other suitable -insulatingi fluid.
~ When the selector switch 17 of the outfit
shown in Fig. 2 is moved to the right in
contact with a conductor 50 in the primary

circuit of the transformer 41 the switch
27, which is interlocked with the regulator
circuilt switch 17 must also be moved to

‘the right in contact with the conductor

51 thereby connecting the windings 42 and
43 1to circuit with the secondary windings
45 and 45’, the circuit being completed
through the conductors 52 and 53. The
cathode filament 8 then is supplied with
heating current. The vibrations of the ar-
mature 33 canses the resistance 19 to be 1n-
serted and withdrawn in the primary wind-
ing of the transformer 40, the relative du-
ration of the periods of insertion and with-
drawal of this resistance being so propor-
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tioned that the effective value of the heating

current supplied to the filament 8 maintains
this filament at the desired temperature.
When the switch 17 is moved to the left
1n contact with a conductor 56, the cathode
heating transformer 40 is energized, there-
by suppling heating current to the cathode
filament 9. ‘This movement of the switch

17, by the action of the interlock 37, simul-

taneously causes the switch 27 to close the
circuit 57, thereby energizing only the wind-
ings 42 of the regulator. This causes the
duration of the periods during which the re-
sistance 19 is short-circuited in the primary

of the transformer 40 to be longer as com-
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pared with the duration of the periods dur-
‘which is provided with a plurality of cath-

ing which such resistance had been included
in the transformer 40, thus supplying heat-
ing current of greater effective value to the
cathode filament 9. As is the case in the
arrangement described above in connection
with Fig. 1, the focal spot on the target on
which cathode rays from cathode filament 9
are projected being larger overheating of

10 the metal will not occur.

15

- What I claim as new and desire to secure

by Letters Patent of the United States.is:
1. The combination of an X-ray tube hav-

ing an anode and a plurality of cathodes ar-

ranged to deliver electron discharges upon

~ unlike focal areas of said anode, a plurality
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of circuits connected to respectively ener-
gize sald cathodes, a resistor common to both
of said circuits, a regulator having a wind-

ing and contacts operated thereby to inter-

mittently short circuit said resistor in re-
sponse to variations of current between one
of said cathodes and said anode, a source of
electric energy, switching means for selec-

» tively connecting said cathode circuits to

said source, and means interlocked with said
switching means for changing the excitation
of the winding of said regulator to maintain
the excitation of said cathodes at different
current values. o _' o

2. The combination of an electrical dis-
charge device having charge-receiving means
and a plurality of cathodes arranged in said
device to deliver electron discharges upon
unhike focal areas of said means, means for
controlling the electron emissivities of-said
cathodes, separate circuit connections ar-

ranged to energize either of said cathodes,

and means for simultanecusly changing the
setting of said control means by a selection
of energizing circuits whereby the output of

the cathode selected is maintained at a pre-

determined value. |

3. The c_t)mbina:tibn of a thermionic dis-
charge device having a plurality of cathodes,

energizing circuits respectively connected to

said cathodes, a regulator for maintaining

the current in said circuits substantially

constant at different selected values, and
‘means for automatically changing the set-
- ting of sald regulator whenever 3 change in
the excitation of said energizing circuits is

 effected.

55

4. The combination of an X-ray tube pro-
vided with a target and a plurality of cath-

ode elements constructed to project upon

said target cathode rays of unlike energy
and sharpness of focus, electric supply cir-
cuits for said cathode elements, switching

- 60 means for shifting the energy input from one

6o

supply circuit to another, means for regu-
lating the energy delivered to said cathode
elements and means for automatically
changing the setting of said regulator by the
operation of said switching means.

- i

5. The combination of an X-ray tube

3

odes constructed to project electron streams -

upon focal spots of unlike area, a plurality
of cathode energizing circuits, means for
selectively energizing said supply circuits,

‘a2 regulator for controlling the energy

delivered to said X-ray tube, and means

interlocked with said selective energizing

means for changing the setting of said regu-
lator. | ' |

6. The combination of an electric device
which is operable with focussed electron dis-

70
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charges of different focal settings, circuit

means 1ncluding a selector switch for creat-

ing in said device electronic discharges of

unlike values for different focal settings, a

regulator for maintaining such electronic

discharges substantially constant at selected
values, and means including a- selector
switch interlocked with said first-mentioned
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switch for changing the setting of said regu- -

lator to correspond with a selected electronic
discharge. | .

7. The combination of an electric device
whieh 1s operable with a plurality of fo-

a0

cussed electron discharges ofiunlike focal set- -

tings, means for maintaining in said device
unlike electronic discharges of substantially
constant value for each such focal setting,
and a switch for selecting focal settings,
said switch being interlocked with a mem-

ber of sald maintaining -means whereby the

setting of said malntaining means is altered
automatically by a change of focal setting.
In witness whereof, I have hereunto set
my hand this 1st day of November, 1929.
| WILLIAM D. COOLIDGE.
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