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This invention relates to X-ray tubes and more particu-
larly, to an X-ray tube wherein the emergent beam of
XK-radiation may exit the tube window directed in one
of at least a plurality of alternative angles or patierns.

In the industrial application of X-radiography, it is
sometimes desirable to have the emergent X-ray beam
extend over a full 360° pattern. Such a panoramic pat-
tern has application, for example, to inside-out radiog-
raphy of a complete circumferential pipe weld which is
accomplished by inserting the X-ray tube output window
within the pipe or pressure vessel itsslf in the region of
the weld. This provides a complete circumferential ra-
diogranh of the weld with a single exposure. In other
industrial applications, it is necessary, on the other hand,
to utilize a conical X-ray beam for radiographic purposes,
as in inspection for flaws of castings, aircraft assemblies
and the like. Both these industrial applications may re-
quire similar energy levels; thus, for both the 360° cir-
cumferential beam and for the conical beam, a useful
energy level may be in the range of 100 to 500 kilovolts-
pzak. However, it has heretofore been necessary to have
two separate and different X-ray tubes when both inside-
out radiography and conical beam radiography were re-
quired.

1t is accordingly an important object of this invention
to provide an improved X-ray tube capable of providing
a plurality of emergent X-radiation patterns.

It is another object of this invention to provide an im-
proved X-ray tube capable of providing both a 360°
X-ray beam and a ccnical X-ray beam as required.

The major advantage of the X-ray tube in accordance
with the Inventicn is that a single X-ray tube may be
utilized for an entire range of industrial applications.
Thus, both inside-out radiography of circumferential pipe
welds as well as examination by conical beam of castings
and the like, may be accomplished by a single tube.

In accordance with the principles of the invention, the
above objecis and advantages are provided by an X-ray
tube with a special target anode having a plurality of
flat target faces disposed at an angle to each other, in
combination with means for causing the electron beam
to impinge upon any one of the target faces dependent
upcn which radiation angle or pattern is required at the
time. The electron beam is deflectable between the plu-
rality of target anocde surfaces whereby the emergent
K-radiation from one ancde surface is at an angle or has
a pattern, different from the emergent X-radiation from
a second surface by virtue of the difference in the angular
orientations of the two surfaces.

In a preferred embodiment of the invention to be dis-
cussed in detail below, one angular orientation of one
target anode surface is perpendicular to the electron beam,
whereupon the emergent X-radiation is disposed in a cir-
cumferentiaily complete 360° radiation patiern, while
the second target anode surface is disposed at an cbtuse
angle to the eleciron beam to thereby provide a conical
radiation pattern.

In another application of X-radiation, analysis of ma-
terials by X-ray absorption analysis is provided. In such
an arrangement, X-rays are passed through a test speci-
men and then applied to the diffraction crystal, the cutput
of which provides the information for identifying the
composition of the test specimen. Such an arrangement
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is especially practical when trying to ascertain whether
a specific substance is contained within the test specimen.
Since the type of target anode material determines in sub-
stantial measure the wavelength of the output X-ray beam,
it is understandable that different target materials are
appropriate for specimens having different constituents,
to provide the most efficient or effective examination.
For this reason, it is desirable to be able to provide an
output X-ray beam from the tube which may be derived
from a plurality of separate target anode materials.

In the instance of X-ray emission analysis as for quan-
titative analysis of an element or contaminant in a speci-
men, the X-ray wavelength required is one which is at an
energy level only slightly in excess of that required for
exciting characteristic radiation from that element. Too
high an energy level may result in non-linear and unpre-
dictably interdependent background radiations scattered
by the sample which would mask the measurement of the
element of imterest, or would have to be discriminated
against to obtain the proper measurement. Where more
than one element is under analysis, having spaced char-
acteristic radiation wavelengths, it foliows that more than
one target material is called for. Use of a plurality of
target materials desirably eliminates the need for filters
in the primary or secondary beams, since filters often re-
sult in a serious reduction of the intensity of the desired
radiation.

A further use of X-radiation is in the study of the
diffracticn characteristics of a specimen material when
irradiated with particular and known wavelengths of
K-radiation. The diffraction characteristics of the speci-
men will vary and be dependent upon the incident radia-
tion wavelength, and it is, therefore, important to have
easily controlled and readily available sources of X-radia-
tion with differing characteristic wavelengths.

It is another object of this invention, therefore, to pro-
vide an improved X-ray tube having an output beam for
use in diffraction, emission or absorption analysis which
may be derived from one of an available plurality of
different metallic target anode materials.

This object is accomplished in accordance with the
principles of the invention by providing a target amode
having a plurality of surfaces, each consisting of a dif-
ferent metallic material and deflecting the electron beam
of the X-ray tube to the desired one of the plurality of
angularly related target anode surfaces.

The novel features bLelieved to be characteristic of this
invention are set forth with particularity in the appended
claims. The invention itself, however, both as to its
organization and method of operation, together with fur-
ther objects and advantages thereof, may best be under-
stood by reference to the following description taken in
connection with the accompanying drawings.

In the drawings:

FIGS. 1 and 1A are cross-sectional and schematic views
of an X-ray tube in accordance with the principles of the
invention, utilizing electrostatic electron beam deflection;

FIGS. 2A and 2B are views of the anode construction
of the tube of FIGS. 1 and 1A under different operating
conditions;

FIG. 3 is an alternative tube construction to that of
FIGS. 1 and 1A; and

FIGS. 4 and 5 are alternative anode constructions to
those of FIGS. 1 through 3.

In FIGS. 1 and 1A, there is shown an end-grounded
X-ray tube 28, constructed in accordance with the present
inventicn. Ii comprises cathode 21 to generate a stream
of electrons which are guided and controlled by con-
secutive control electrodes 22, individually identified as
22a, 22b and 22c, to form a beam, indicated generally
by axis line 23, which impinges upon one of the two
target plate surfaces 24a or 24b supported on the faces
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S4a and 54b, respectively, of anode 25. Conirol over
which of the target plates 24aq or 24) the electron beam
strikes is effected by deflection electrodes 51%.

A suitable source -of high voltage, external to X-ray
tube 29, is shown here as resonant transformer 27 whose
secondary or stack winding 28 is electrically connected
between cathode 21 and anode 25 10 establish a high volt-
age field ‘to locate the potential gradient in the general

direction of axial path 23 to be taken by the high voltage-

electron beam moving from cathode 21 to target ancde
25. . In- this embodiment the accelerating potential is
preferably 300 K.v.p. Intermediate connections from
transformer winding 28 are made to control electrodes
22a, 22b and 22c, to establish the fields to kelp guide
and- shape the eleciron beam in its passage between

cathode 21 and anode 25. " To be properly effective, con-
trol electrodes 22 should be in coaxial alignment with

each other and with common axis 23. A three-point
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support is provided for each contrel electrode 22 to pro- -

vide a relatively stable supporting system to ‘maintain
the coaxial disposition of the electrodes.

The ultimate support for control electrodes 22 is de-
rived from a unitary dielectric column, as a tubs or cylin-
der 35, of glass or ceramic. Cylindrical column 35 sup-
ports the control elecirodes 22, and also. confines and
encloses them in an evacuated chamber or region 37
within cylinder 35. This chamber 37 is herm=tical1y
sealed to maintain a high vacuum. Glass column 35 is
supported at its opposite ends on the supporting structures
associated with cathode 21 and anode 25, respectively.
The connections between the column and those support-
ing structures are made as hermstic seals, in. order to
maintain the desired vacuum within the unitary glass col-
umn 35. The details of those supporting and sealing
connections are considered in detail in the United States
Patent No. 3,034,009, of M. J. Zunick et al., entitled
“Pin Seal Accelerator Tubes.”

* - With the exception of deflecting electrodes 51 and tar-
get anode 25, the X-ray tube of FIGS. 1 and 1A is'a con-
ventional X-ray-tube of the type disclosed in detail, for
example, in the United States Patent No. 2,853,622 of
C. W. Hansen, entitled “Electron Discharge Apparatus,”
utilizing  the . unitary - dielectric support envelope and
mounting devices of the above mentioned United States
Patent No. 3,034,009.

The target plates 24a and 245 are embedded in the

‘faces 54a and 545 of targst anode 25. The bulk of-

.anode 25 is of copper, while target plates 24g and 24b
are preferably of tungsten ‘bonded in the copper. The
faces 84a .and 54b of anode 25 are disposed such that
surface 54a and plate 24a are p\.rpendicular to the axis
line 23 defining the path of the electron beam when un-
deflected. Target plate 24q in surface 544 is positioned
such that the .electron beam' impinges upon plate 24a

" when the electron beam is not defiected. The target sur-
face 54b and plate 24b are disposed, in this embodiment,

at an angle of 22.5° from the plane defined by surface
54a. When, under the influence of ‘the deﬁectmg elec-

" trodes 51, the electron beam is deﬂected it impinges upon

target plate 24b in surface 345.

-Circumscribing anode 25 in the region of target plates
24a and 24) is that portion of the X-ray tube forming
the output window 55. Window 55 is a thin walled cylin-
der of beryllium oxide having a wall thickness of ap-
proximately 100 mils. Window 55 is therefore effectively
‘transpafent to X-radiation. -The electron beam that may
impinge upon the tungsten target plate 24a under the
influence of the 300 k.v.p. accvleratmg potential, provides
‘an output X-radiation pattern in the plane of anode sur-
- face 54a of 360° and in the plane perpendicular to that
surface, of approximately 30° commencing from the cen-
ter of target plate 24a and subtending an angle whoss
two sides are approximately 5° relative to surface 54a
and 35° relative to surface 544, as shown in FIG
Since the beryllium oxide window 55 is in the cylindrical

. 2A.
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form described, the entire radiation pattern emerges from
the tube undisturbed and illuminates the circumferential
weld 57 of pipe 58 under inspection.

When the electron beam’ impinges upon targst plate
24b in surface 54b, as shown in FIG. 2B, however, the
cutput beam provides the usual conical radiation pattern.
The angle of the cone in the arrangement shown is 45°
with surface 54b defining one. side of the angle. Anocde
25 is a copper cylinder with a section removed to form
surface 54b as by a plane cutting through that end section
of the cylinder at an angle of 22.5° to end surface 54a.

Deflecting electrodes 51 may be energized by a tap
off the secondary of transformer 27 as shown in FIG. 1A,
or by an auxiliary winding. One of the deflecting elec-
trodes 51 is grounded while the other electrode may
either be grounded, or switched to place it in circuit with.
that part of the secondary winding providing the de-:
flection potential through single pole double throw switch’
64 or some other suitable electronic or solid state switch--
ing device.. With switch 64 positioned on contact 65,
electrodes 5% are grounded; the deflecting electrodes are

. therefore inactive and the beam proceeds alcng axis line
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23 to strike surface plate 24aq of the target anode 25.
With ‘switch 64 positioned on contact €86, the deflection
portion of the secondary winding is brought in - circuit
with the electrodes 51. The electron beam is thereby
deflected along a path indicated by line 73 to strike the
angled target surface 24b of target ancde 25.

To insure that the electron beam impingement is re-
stricted to the two target plate surfaces 24a and 24b
under the tube operation, the following typical values may
be assigned to the various parameters involved. With a
distance L of ten inches between the ceénter of the de-
flecting electrodes 51 and anode surface 54a, a deflection
distance D of 0.2 of an inch represents the total deflection
of the center of the electron beam at its point of impinge-
ment at surface 24q and its point of impingement on sur-
face 24b, with a distance d of 0.45 of an inch between the
two deflecting electrodes 51, and with a deflection elec-
rode length [ of 1.6 inches, a deﬂection voltage Vy ap-
plied to the electrodes 51 of 3.7 k.v.p. is necessary, with
an accelerating voltage V, of 300 kwv.p. " The general
equatlon :
Vaq=2-d'D-V, /L .

defines -the geﬁeral relationship applicable to-any tube.
With the electrostatic deflection derived frem the tap

off secondary wmdmg 28, the magnitude of deflection is - -~

always constant, since syflchromzed deflection relative to
the accelerating potential is always obtained.. Thus, be- .
cause electrostatic deflection is .always directly propor-
tional to the ratio of deflecting voltage and accelerating
voltage, and because the secondary voltages of the trans-
former are always in constant ratio and phase, ie, Va/V,
is constant, deflection is constant for any magmtude of
tube accelerating potential, both instantaneously and for
various k.v.p. values.

When an auxiliary winding is used with A.C. operation-
in lieun of a tap off the stack winding, the power. source
for the deflecting coils must be synchronized with the

main power supply and an o.ppropnate amount of phase -

shift introduced where necessary to insure proper syn-
chronization.

‘Deflection -of the electron beam by electromagnetlc
means rather than the electrostatic system ‘disclosed in -
FIGS. 1 and 1A may, where the circumstances so indi-
cate, be appropriately utilized. ‘Permanént magnets may
also be mounted about the tube in the same region as,
but in lieu- of, the electrostatic deflecting electrodes, ‘for
the purpose of providing the required deflection. '¥n such
an arrangement it may be desirable to use.a D.C. ac-
celerating voltage for the X-ray tube rather than.the A.C.

otential apphed in FIGS. 1 and 1A, In FIG. 3, a target
anode consiruction is shown for use with deflection by
permanent magnet. The axis line 23 intercepts the line
of lntersecuen of the angled and perpendicular faces 645 .
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and 64a of target anode §5. With the permanent magnet
oriented in a first position with the magnstic pole pieces
as shown in FIG, 3, deflection of the electron beam is as
indicated along line 74 and impinges upon the target
plate in surface §45. With the polarity reversed, that is,
the permanent magnet rotated 180° about the tube, the
beam is deflected to the target plate of surface €4a.

In FiG. 4, there is shown a target anode construction
85 wherein there is no surface perpendicular to the elec-
tron beam; both surfaces are angled with the surfaces
interseciing along a diametral line at the apex of ths
anode. In this construction, the X-ray beam emerges in
a conical radiation pattern from each of the target plates
of surfaces 84g and 845. The permanent magnet type de-
flection is appropriate in such an arrangement, since ro-
tation of the magnet by 180° results in direct switching
frem target ancde face 844 to target face 845H. In the
case of the utilization of such a tube for X-ray diffraction
or emission analysis, one of the target plate surfaces may
be of a first material, such as tungsten, while the other
target plate surface is of anotber, such as chromium.
The accelerating voliage for an X-ray tube used in diffrac-
tion or emission analysis typically is continucusly variable
up to 75 ky.p. and up to 100 miiliamperes. Any ap-
propriate combination of materials may be utilized. A
group of metals from which selection may be made for
most practical purposes is tungsten, chromium, molyb-
denum, copper, nickel, cobalt, iron and silver.

In FIG. 5 is shown another ancde comstruction 5
wherein the ancde is multi-faced, whereby the top portion
has a pyramidal type construction with each face of the
pyramid representing a different target surface. Each
surface may support a different target plate material,
preferabiy from the aforementioned group of metals. De-

ection of the beam from one to another of the pyramidal
ancde surfaces may readily be accomplished by rotation
of the permanent magnet about the circumference of the
tube at the point of deflection. With the target ancde
construction of FIG. 5, the permanent magnet has three
defined cperational positions about the deflection region
of the tube, spaced 120° apart, to provide electron beam
deflection to each of the three surfaces.

While the principles of the invention have now been
made clear in illustrative embodiments, there will be im-

ediatsly obvious to those skilied in the art many modifi-
cations in structure, arrangement, proportions, the ele-
ments, materials, and components, used in the practice of
the invention, and otherwise, which are particularly adapt-
ed for specific environments and operating requirements,
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without departing from those principles. The appended
claim is therefore intended to cover and embrace any such
modifications, within the limits only of the true spirit and
scope of the invention.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

An X-ray tube comprising: an anode; a cathode; means
for accelerating the electrons from said cathode in a
beam to said anode; said anode having at least two dis-
tinct electron target surfaces defined by two planes inter-
secting at an angle, one of said planes being disposed
perpendicular to the longitudinal axis of said X-ray tube
deflecting electrodes disposed on either side of the path of
said electron beam between said cathode and said anods
for deflecting said electron beam between said two sur-
faces, means to sclectively vary the direction of the de-
flection forces from said deflecting electrodes; an output
¥-ray tube window substantially transparent to X-radia-
tion and cylindrical in shape circumscribing said
anode, said cylindrical window being coaxial with the
longitudinal axis of said X-ray tube; said electron ac-
celerating means comprising a plurality of accelerating
electrodes tapped off a resonant transformer providing an
accelerating voltage of magnitude sufficiently great to
generate a circumferential beam of X-rays when said
eleciron beam impinges upon said perpzadicular target
surface and a ccnical beam when said electron beam im-
pinges upon other of said target surfaces, but insufficiently
great to permit said electron beam and the X-rays gen-
erated thereby to pass through said ancde and out of said
tube at any point other than through said cylindrica
window.
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