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RAY-GENERATING APPARATUS 

Willem F. Westendorp, Schenectady, N. Y., as 
signor to General Electric Company, a corpora. 
tion of New York 

Application August 26, 1942, Serial No. 456,179 
(C. 250-99) 6 Claims. 

The present invention relates to ray-generat 
ing apparatus, Such as X-ray equipment. It is a 
primary object of the invention to provide a ray 
generating apparatus which is adapted to pro 
duce rays of different degrees of intensity and 
penetrating power. 
While it is well known that the penetrating 

power of the rays generated by an X-ray appa 
ratus can be varied by varying the potential im 
pressed between the terminals of the tube, there 
are certain difficulties attendant upon this method 
of control which make its use inexpedient when 
a relatively large range of Variation is desired. 
For example, in connection with an X-ray tube 
having a number of intermediate electrodes (as 
is characteristic of most tubes intended for very 
high voltage operation), diminishing the voltage 
impreSSed upon the Various electrodes tends con 
Currently to reduce the current flowing through 
the tube. This reduction proceeds to an unde 
Sirable point if the range of voltage diminution 
is very great. The reduction in current is found 
to be attributable to the occurrence of excessive 
Space charge in the first section of the tube as 
the Voltage on that section is reduced below the 
optimum level. 
My present invention is concerned with the 

provision of means by which the total accelera 
tion of electrons proceeding from the cathode 
to the target of a multisection tube can be varied 
Without concurrently reducing the electron cur 
rent to the target to any appreciable degree. 
An important feature of the invention consists 

in an arrangement by which, in the condition of 
the tube which corresponds to the highest oper 
atting Voltage, the various electrodes of the tube, 
including the target, are at progressively increas 
ing potentials with respect to the cathode. For 
obtaining rays of a lesser degree of penetration, 
however, provision is made for connecting the 
target optionally to lower voltage points of the 
power Source than in the connection originally 
referred to without otherwise disturbing the 
Connections of the intermediate electrodes. The 
manner in Which this permits a reduction in the 
total electron acceleration will be explained more 
fully at a later point. 
The features of the invention which I desire 

to protect herein are pointed out in the appended 
claims. The invention itself, together with fur 
ther objects and advantages thereof, may best 
be understood by reference to the following de 
scription taken in connection with the drawing 
in which Fig. 1 is a schematic representation of 
an apparatuS Suitably embodying the invention; 
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Fig. 2d. illustrates the control SWitch for the ap 
paratus of Fig. 1 in One of its operating condi 
tions; Fig. 2b shows the circuit connections of 
the apparatuS Which COrrespond to the SWitch 
position of Fig. 2d.; and Figs. 3d, 35 and 4a and 
4b comprise Similar representations With refer 
ence to other possible positions of the switch. 

Referring particularly to Fig. 1, there is shown 
an X-ray tube of the multisection type. This 
comprises a Cathode, designated as 9, which com 
prises the combination of a flamentary electron 
emitter ? and a metallic focusing cup . . The 
member may be assumed to be connected to 
one terminal of the filament. The cathode 
Structure 9 is hermetically sealed into one end 
of a glass part 2 which forms a portion of the 
envelope of the X-ray tube. Heating current 
from a transformer i3 is supplied to the filament 
through lead-in seals 4. 
The other end of the tube comprises a target 

structure consisting of an elongated metal tube 
terminating in an inclined metal end Wall T. 

In the latter is embedded a target f8. The tube 
is provided with a flange 9 by which it is 

hernetically sealed to the extremity of the tube 
envelope as indicated at 28. The side wall of 
the tube may be provided with a Window 2 
made of material readily permeable to X-rays, 
as for example beryllium. 
Between the cathode 9 and the target 8 there 

are provided a pair of intermediate electrodes 22 
and 23 which are in the form of metallic tubes 
arranged in axial alignment. The electrodes 22 
and 23 are respectively supported by metal webs 
or diaphragms 24 and 25 which connect With the 
terminal rings 26 and 27. These rings, which 
may be constituted of fernico or other metals 
Suitable for sealing to glass, are fused into the 
glass Wall structure of the tube envelope So as to 
provide a gas-tight unit. The envelope as a 
whole is highly evacuated by methods well known 
in the electronics art. 

For the purpose of energizing the tube de 
Scribed in the foregoing there is provided a trans 
former having primary windings represented by 
the coils 30a, 3b, 30c, 30d and 32e. These coils 
30a-3e may be connected in multiple by suit 
able conductors (not shown) to a source of alter 
nating current which here is represented by the 
Compensator coil 60 and attached conductors. 
The Spacing of the parallel-connected primary 
coils 39G-30e longitudinally with respect to the 
Secondary Winding improves the magnetic link 
age between primary and secondary coils, and 
avoids the distortion of wave shape which might 
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occur if a single primary winding were located 
near one end of the secondary as indicated in 
the diagrammatic representation of Figs. 2b, 3b 
and 4b. A high voltage secondary Winding is 
provided which is divided into three equal Sec 
tions, these being respectively indicated at 3, 32 
and 33. One end of this winding is connected 
directly to the cathode structure 9 as by a Con 
ductor 35 and intermediate terminals 36 and 37 
provided at the respective junctions of the Wind 
ing sections are connected by the conductors to 
the intermediate electrodes 22 and 23. 
For the purpose of controlling the total accel 

eration of the electrons projected from the cath 
ode 9 toward the target 8 (and consequently the 
degree of penetrability of the rays emitted from 
the target), there is provided, in connection. With 
the transformer secondary Winding, a control 
lable switching arrangement now to be described. 
This comprises a series of three independently 
operable switch elements 49, 4 and 42 which are 
all connected to a common grounding conductor 
AA, this latter conductor having a further connec 
tion with the target bearing tube 7 as indicated 
at 45. The switch element 4) is adapted when 
in its closed position to be connected to the ter 
minal 36. The element 4 is similarly connected 
to the terminal 37 and the switch element 2 is 
connected when closed to the low Voltage end of 
the secondary winding section 33. 
The SWitch elements 42, 4 and 42 are all of 

the solenoid operating Variety, being held closed 
when inactive by Springs, as indicated in the 
drawing. Operating coils 4, 48 and 49 are pro 
vided in connection with the Various SWitch ele 
ments. A power supply indicated by the parallel 
wires 5 and 52 is provided for the purpose of 
energizing the various switch solenoids and the 
manner of their energization is controlled by a 
multicontact switch designated as a Whole by 
the numera 53. 

he switch 53 is provided With four contact 
terminals 54, 55, 56 and 54 having a particular 
order of arrangement as indicated, the fourth ter 
minal being cross-connected to the first terminal 
by a jumper connection 5. The movable com 
ponent of the switch 53 comprises a rotatable 
contact blade 58 which is adapted to bridge two 
and only two adjacent terminals. The first oper 
atting position of the switch 53 is illustrated in 
Fig. 2d. With this position of the Switch it will 
he seen that power is Supplied to the Solenoid 
coils 4 and 48 so that the Switch elements 4 and 
A are drawn into the Open circuit position, SWitch 
element 2 remaining in closed circuit position. 
Under these circumstances the effective con 

nections of the X-ray tube are those indicated 
diagrammatically in Fig. 2b. In this figure, as 
well as in the Figs. 3b and 4b, the primary Wind 
ings are indicated collectively as a winding 30 
and, indeed, a single primary Winding may be 
used in some cases. It will be seen from this fig 
Ure that With the Connections in question the 
maximum available Voltage is impressed on the 
X-ray tube, the arrangement being such that the 
Voltage level increaseS progressively as One pro 
ceeds from the cathode through the various in 
termediate electrodes toward the target 8. The 
X-ray tube is assumed to be self-rectifying so that 
current flow through it occurs only when the tar 
get or grounded end of the tube becomes posi 
tive with respect to the cathode. Under these 
circumstances the pentrability of the rays gen 
erated by the tube is a maximum. Assuming 
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4. 
the transformer is on the order of 250,000 volts, 
the connection of Fig. 2b permits the use of the 
tube for such purposes as therapy or in the in 
dustrial field for the examination of relatively 
thick metallic bodies, such as castings. 
When any desired use of the tube is one which 

requires X-rays of less intensity and penetra 
tion, as, for example, in radiography. and fluoro 
Scopic examinations, the alternative connection 
established by the Switch position of Fig. 3d may 
be employed. In this position the nowable con 
tact 53 bears upon the terminals 55 and 56, thus 
leading to energization of the coils 4 and 49 by 
which the switch elements 40 and 42 are brought 
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that the full voltage which can be supplied by 75 

to open circuit position, the switch element 4 
remaining closed. This results in the circuit 
arrangement of Fig. 3b in which the secondary 
coil section 33 is seen to be effectively disconnected 
from the tube. It Will be noted further that the 
target structure it is now connected directly to 
the intermediate electrode 23 so that its poten 
tial level corresponds to that of the electrode 
specified. Under these circumstances the total 
acceleration experienced by electrons proceed 
ing from the cathode toward the target is only 7% 
of that obtained with the connection of Fig. 2b 
(assuming equality of the various coil sections 3 , 
32 and 33). At the same time the potential 
conditions existing in the first and second sec 
tions of the X-ray tube have not been disturbed, 
the direct connections between the source of po 
tential and the auxiliary electrodes 22 and 23 
remaining intact, So that the space charge in the 
vicinity of the Cathode is the same as in the pre 
vious case. Accordingly, the current in the tube 
may be maintained at the optinlun Value in Spite 
of the fact that the effective operating Voltage of 
the tube has been reduced. 
Where a still lower effective voltage is desired, 

as in Crystallography or in other connections in 
which relatively soft X-rays are desired, the third 
position of the switch 53 may be employed. This 
third switch position, which is illustrated in Fig. 
4a, results in opening switches 4 and 42 while 
leaving the Switch 40 closed, the resultant circuit 
connection being shown in Fig. 4b. As appears 
from this latter figure, the Voltage impressed on 
the intermediate electrodes 22 and 23 is precisely 
the same as in Figs. 2b and 3b since the effective 
connection of these electrodes to the energizing 
transformer is not disturbed. However, the tar 
get T is now made equipotential with the elec 
trode 22. The effect of this connection is as 
follows. 

Electrons emitted from the cathode 3 are ac 
celerated in the first section of the tube by an 
annount corresponding to the Voltage impressed 
on this section (say 83,500 volts) and are further 
accelerated by an equal amount (i. e. to a total 
of 167,000 volts) by the Voltage impressed on the 
second section of the tube. However, due to the 
connection of the target structure it to the elec 
trode 22 the voltage encountered in the last. Sec 
tion of the tube is of Such direction as to de 
celerate the electrons rather than to produce fur 
ther acceleration of them, this being obviously 
a result of the fact that the target has a lower 
potential difference than the electrode 23 with 
respect to the cathode. Accordingly, the elec 
trons which have been brought to an equivalent 
voltage of 167,000 volts by the action of the 
second section of the tube are again reduced to 
an equivalent voltage of 83,500 volts by the re 
tarding action which they experience in the last 
section of the tube. Accordingly, their velocity 
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of impingement on the target f8 is relatively low 
so that the generation of soft X-rays is to be 
anticipated. 
As in connection with Fig. 3b, the results ob 

tainable with the connection of Fig. 4b are 
achieved without effecting the potential distri 
bution in the first two sections of the tube. AC 
cordingly, even in this case the current from the 
cathode 9 is not affected in any adverse Sense. 

It will be seen that the arrangement Which 
has been described in the foregoing greatly in 
creases the field of usefulness of a single tube 
and makes it an extremely flexible tool for use 
in connections where a variety of applications 
are anticipated. In addition, the invention de 
creases the number of different types of equip 

- ment which must be manufactured to Satisfy the 
various demands of the trade. 
A still further increase in flexibility may be 

obtained by providing some measure of Voltage 
control in connection with the energizing trans 
former itself. For example, there may be pro 
vided in connection with the transformer pri 
mary 30 a control device in the form of an auto 
transformer 66 by which the voltage applied to 
the primary windings 30 may be varied within 
reasonable limits. While the range of variation 
which may be obtained by this means is limited 
by considerations which have previously been 
stated herein, the combination of this type of 
control with the Switching arrangement which 
has been described assures a degree of flexibility 
equal to almost any probable demand. 
While the invention has been described by ref 

erence to a particular embodiment thereof, it will 
be understood that numerous modifications may 
be made by those skilled in the art and I, there 
fore, aim in the appended claims to cover all Such 
equivalent variations as come within the true 
Spirit and Scope of the foregoing discloSure. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. In combination, a ray-generating tube Com 

prising a series of aligned electrodes including a 
target as the last electrode in the Series, an en 
ergizing circuit for impressing potentials of in 
creasing magnitude on the electrodes Which are 
progressively more remote from the cathode, and 
means for varying the total acceleration of elec 
trons projected between the cathode and target, 
said means comprising an arrangement for con 
necting the target to various potential points of 
said energizing means Without changing the 
connections of the other electrodes thereto. 

2. In combination, a ray-generating tube con 
prising a series of aligned electrodes including a 
target as the last electrode in the Series, a power 
Source which can be connected So as to impreSS 
potentials of increasing magnitude on the elec 
trodes which are progressively more remote frong 
the cathode, and means for varying the total ac 
celeration of electrons projected between the 
cathode and target, said means comprising an 
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6 
arrangement for optionally making Said target 
equipotential with the various ones of Said in 
termediate electrodes while leaving intact the 
connections of said intermediate electrodes to 
said Source, 

3. The combination of an X-ray tube compris 
ing a cathode, a target and spaced intermediate 
electrodes, circuit connections for impressing ac 
celerating potentials on said electrodes includ 
ing said target, and switching means for option 
ally rendering said target equipotential With re 
spect to chosen intermediate electrodes while 
leaving intact said circuit connections to Said 
electrodes, thereby varying the penetrability of 
the X-ray output. 

4. In combination, a ray-generating tube com 
prising a cathode, a target Spaced from Said - 
cathode, and a plurality of intermediate elec 
trodes successively interposed between said cath 
ode and target, means for establishing a positive 
potential difference between the cathode and the 
remaining electrodes, including the target, which 
increases successively as one proceeds from the 
cathode to the other electrodes in the direction of 
the target, and means for connecting the target 
to the first of said intermediate electrodes With 
out changing the connections of Said first elec 
trode, thereby to diminish the total acceleration 
of electrons projected between the cathode and 
the target without appreciably changing the cur 
rent flow through the tube. 

5. An X-ray apparatus comprising the combi 
nation of an X-ray tube containing a series of 
linearly arranged electrodes, one of which is an 
electron-receiving electrode, a transformer in 
cluding a plurality of Secondary Windings direct 
conductive connections from said windings to 
Said electrodes, a plurality of primary windings 
Which are inductively coupled to said Secondary 
Windings and linearly arranged. With respect 
thereto, a circuit containing switches for option 
ally connecting said electron-receiving electrode 
to Selected terminals of said Secondary Windings 
Without disturbing the connections thereto of 
Said intermediate electrodes in said Series of 
electrodes. 

6. The combination of an X-ray tube compris 
ing an elongated evacuated envelope having 
mounted therein a Series of electrodes therein in 
cluding a main cathode, an X-ray target and in 
termediate auxiliary electrodes, a source of en 
ergy, conductors directly connecting each of said 
electrodes to different terminals of Said source, 
Said Conductors being arranged to impose Suc 
cessively increasing potential differences between 
said cathode and the Successive electrodes of Said 
Series and SWitching means for optionally trans 
ferring the connection of one of Said main elec 
trodes from One terminal of Said source to an 
other while leaving intact the connections of said 
auxiliary electrodes to said Source. 

WILLEM F. WESTENDORP, 


