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X-RAY APPARATUS 
Abstract of the Disclosure 

An X-ray apparatus which is readily convertible for 
conventional radiographic or tomographic operation includes an 
X-ray source and an imaging device movably supported on opposite 
sides of a patient support. For tomographic procedures, the source 
and the imaging device are interconnected by shielded drive system 
components to effect coordinated movement of the source and the 
device. For conventional radiography, the drive components are 
disconnected to permit independent movement of the source and the 
imaging device. The drive components are disconnected for con-
ventional radiography by lowering the X-ray source and by operating 
a latch located near the imaging device. The drive components 
are connected for tomography by raising the X-ray source and 
by operating the latch. Other improvements such as the use 
of rotary encoders to provide a digital readout of the location 
of a tomographic examination plane and to control the operation 
of the source during tomographic procedures are described. 
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X-RAY APPARATUS 

The present invention relates to X-ray apparatus and 
more particulary to novel and improved X-ray apparatus which 
is readily convertible for operation .in conventional radiographic 
and tomographic modes. 

In many conventional radiographic studies, a patient 
lies on the surface of an X-ray table and an X-ray source located 
above the table body is energized to direct controlled X-ray em-
ission through a selected portion of the patient. X-radiation 

10 which has passed through the patient is incident on a film sheet 
carried in a Bucky or other film tray beneath the table top. 
The incident radiation exposes the film sheet to form a shadow 
image of a portion of the patient's anatomy. 

In other conventional radiographic studies, the X-ray 
source is directed substantially horizontally toward a wall moun-
ted film holder. A patient is positioned with his chest or other 
body portion adjacent the film holder and the source is energized 
to form a shadow image on a film sheet carried in the holder. 

In another diagnostic procedure called tomography, 
20 a patient usually lies on the surface of the X-ray table while 

the X-ray source and the Bucky tray move in opposite directions 
in spaced paths longitudinal of the table top. During this move-
ment, the source and the Bucky tray essentially pivot as a unit 
about an imaginary axis extending through an "examination plane" 
within the patient. The source is rotated during this movement 
to assure that it remains directed toward the Bucky. The movement 
causes images from above and below the examination plane to be 
blurred on the exposed film sheet, leaving as the only discernable 
information on the film, information from the examination plane. 

30 In a multipurpose X-ray room, the X-ray apparatus must 

have exceptional flexibility if it is to meet the demands of 
these varied procedures. In view of the substantial costs in-
volved in equipping and operating an X-ray room it is important 

1. 
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that the installation be operated as efficiently as possible with 
minimum time being devoted to converting the apparatus for use 
from one type of procedure to another. The set-up time required 
to convert prior X-ray apparatus from conventional radiographic 
to tomographic use and vice versa has been unduly lengthy. More-
over, the set-up procedures have been unduly cumbersome and subject 
to error. 

Typical prior apparatus includes a drive bar which 
interconnects the X-ray source and a film tray to coordinate 

10 their movement during tomography. The. drive bar is movably sup-
ported on a pivot structure located between the source and the 
film tray. Since the source and the film tray must be movable 
independently for conventional radiographic procedures, a means 
of disconnecting the drive bar from one or both of the source 
and the film tray is provided. 

In order to accommodate the increases and decreases 
in spacing between the source and the film tray which occur when 
the source and film tray are moved in parallel but opposite 

directions, the drive bar is provided with extensible ends. Con-
20 necting the drive bar ends with the source and film tray during 

conversion from conventional radiographic to tomographic operating 
modes necessitates that the extensible drive bar be physically 
aligned with and connected to other drive components which connect 
with the source and the film tray. This procedure is frequently 
cumbersome and time-consuming to effect, and requires a certain 
degree of strength, patience and coordination. 

With, some prior X-ray apparatus, the drive bar assem-
bly is physically removed and stored during conventional radio-
graphy, and must be repositioned and mechanically interconnected 

30 with other drive system components for tomography. This proce-
dure is likewise, cumbersome, time-consuming, and subject to error 
if the drive bar assembly is improperly reconnected. 

2. 
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A further drawback of prior X-ray apparatus is that 

the drive bar and certain interconnecting linkage are exposed 
and extend in plain view during operation of the apparatus. 
The exposure of such components is necessitated both to facili-
tate access for connection and disconnection of the components, 
and because if guards were provided encompassing the wide arcs 
through which the components move, they would be excessive in 
size and would greatly inhibit freedom of access to a patient 
positioned on the table top. The exposed operating components 

10 are unsightly and pose safety concerns. The drive bar and its 
interconnecting components are typically located in relatively 
close proximity to one side of the table top and are found to 
inhibit ready access to a patient positioned on the table. 

Exposed tomographic drive system components addition-
ally present a sanitation problem. X-radiation opaque substances 
such as barium are frequently administered to a patient's diges-
tive tract during radiography to facilitate diagnosis. Effluents 
from patients undergoing these procedures may discharge onto 
the apparatus and in that event must, of course, be cleaned 

2 0 up between procedures. The cleaning of exposed, complex drive 
system components is time-consuming and difficult. 

Operating noise is a practical problem with some prior 
tomographic apparatus. The drive bar linkages provided on some 
prior tomographic apparatus together with other components which 
interconnect and guide the movements of the source and the Bucky 
tray tend to generate a substantial amount of noise as a tomo-
graph is being produced. The exposed nature of these drive com-
ponents facilitates the transmission of such noise into the 
surrounding environment. The sterile, accoustically reflective 

3 0 surfaces commonly found in X-ray rooms do little to attenuate 
such noise. 

3 . 
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Prior tomographic drive, systems have included a spaced 
array of mechanically actuated, electrical switching components 
which, are operative as the source and the film tray move during 
tomography to energize the source within a desired angular range 
of operation, A problem with this type of source control has 
been its complexity. Separate pairs of electrical switches 
have typically been required to define each desired angular 
range of source operation. If a prior apparatus is provided 
with a capability for operating the source selectively in 5, 

10 10, 20, and 40 degree ranges of operation, at least eight switches 

have been provided at spaced locations to control source operation 
in these ranges. 

A further difficulty with many prior apparatus propo-
sals has been their failure to provide a readily discernable 
and accurate readout of the location of the tomographic examina-
tion plane above the table top. Such mechanical indicators, as 
have been used on prior apparatus, have typically formed a part 
of the drive arm or its pivotal mounting structure and, as such, 
have been located behind the X-ray table along the upstanding 

2 0 tower, 
The present invention overcomes the foregoing and 

other drawbacks of prior X-ray apparatus by providing a novel 
and improved X-ray apparatus which is readily convertible between 
conventional radiographic and tomographic operating modes. 

An X-ray apparatus embodying the preferred practice 
of the invention includes a base and an elongated table top 
carried by the base, An upstanding tower is carried by the 
base for movement longitudinally of the table top. A carriage 
is supported on the tower for movement along the tower toward 

3 0 and away from the table, top. An extensible arm is supported 

on the carriage and extends over the table top. An X-^ray source 
is supported on the extensible arm. An X-ray imaging device 

4. 
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is supported within the base for raoyement longitudinally of the 
table, top. 

A novel and improved drive system is provided to inter-
connect and drive the X-^ray source and the imaging device through 
coordinated movements for tomography. The drive system includes 
components which are housed within and shielded by the extensible 
arm, by the tower, and by the base. A proportioning arm is car-
ried within the base and forms one component of the drive system. 
The proportioning arm pivots about a vertical axis. The location 
of this axis is controlled by a carriage which is movable to 

10 determine the ratio of the relative movements executed by oppo-

site ends of the proportioning arm as the arm pivots. 
The proportioning arm is extensible and its opposite 

ends are constrained to move along parallel paths, longitudinally 
of the table top. One end of the proportioning arm is releasably 
connected to the imaging device. The other end is connected 
to the upstanding tower. As the tower is moved longitudinally 
of the table top in one direction during tomography, the propor-
tioning arm is caused to pivot, and drives the imaging device 

2 0 a proportional distance in the opposite direction. 
The drive components housed within the tower are con-

nected to the proportioning arm and rotate in response to pivotal 
movement of the proportioning arm. The drive components carried 
within the extensible arm are connectable to the drive components 
carried in the tower when the carriage is positioned at a prede-
termined location along the tower, and rotate in response to 
pivotal movement of the proportioning arm. The arm-carried 
and the tower-carried drive components function to angulate 
the X-ray source during tomography to keep the X-^ray beam emanat-

30 ing from the source aligned with the imaging device. 

One important feature of the apparatus of the present 
invention is that the pivotally mounted, exposed drive bar used 

5. 
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on prior apparatus has heen eliminated. The only drive compo-
nents which extend vertically between the table base and the 
overhead extensible arm are carried in and shielded by a tubular 
supporting column. The proportioning function of prior drive 
bars is assumed by a proportioning arm which operates within 
the relatively large shielded space provided by the table pedes-
tal. 

All driva system components are in fact shielded from 
contact. The improved drive system not only eliminates the 

10 exposed drive bar used on prior apparatus to interconnect and 
coordinate the movement of the source and the imaging device, 
but also shields and guards its components enabling their opera-
tion with less noise, without detracting from the appearance 
of the apparatus and without posing safety concerns. 

The tower-carried components occupy minimal space 
in the vicinity of the patient and permit ready access to a pa-
tient positioned on the table top. The shielded nature of the 
drive system components inhibits patient effluents from accumu-
lating within the tomographic drive system, and facilitates clean-

20 up procedures when required. 
Conversion between conventional radiographic and tomo-

graphic modes of operation is effected simply by energizing two 
electrically operated devices, one of which moves the X-ray 
source along its supporting tower into or out of a predetermined 
"drive interconnect position" where the tower-carried and the 
arm-carried drive components drivingly connect, and the other 
of which latches or unlatches the imaging device to the drive 
system. In short, a simple, foolproof system is provided which 
substantially automatically converts the apparatus from readiness 

30 for radiographic work, to readiness for tomographic work, and 
vice versa. 

Separate electrically operated drive systems are pro-

6. 
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vided for moving the tower along the table, for moving the car-
riage along the tower, for extending and retracting the extensible 
support arm, and for positioning the proportioning arm carriage 
to determine the. location of the plane of tomographic examination. 
Separate sensors are provided to sense when the tower is centered 
along the table, where the carriage is positioned along the 
tower, the degree of extension of the support arm, whether arm-
carried drive components are extended, and whether the Bucky 
tray is latched to the drive system. 

10 The extensible arm can be rotated around the tower 

to perform certain radiographic procedures. A control lever 
is provided on the arm for releasing a latch and for retracting 
certain arm-carried drive components to permit rotation of the 
arm around the tower. 

A pair of rotary encoders connect with the tomographic 
drive system. One provides a pulsed output signal which is 
interpreted by a digital display system to give an accurate 
digital reading in millimeters of the exact location of the 
examination plane. The other provides a pulsed output signal 
which is used to energize the X-ray source within one of several 
predetermined angular ranges of operation. 

A feature of the invention is to provide an X-ray ap-
paratus which is readily operable in both radiographic and tomo-
graphic modes. 

Another feature is to provide a tomographic X-ray ap-
paratus having a novel and improved drive system. 

Other features and a fuller understanding of the inven-
tion may be had by referring to the following description and 
claims taken in conjunction wi.th. the accompanying drawings. 

30 FIGURE 1 is a perspective view of an X-ray apparatus 

constructed in accordance with. the. preferred practice of the 
present invention y 

7 . 
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FIGURES 2 and 3 are enlarged sectional views as seen 

from planes indicated by lines 2-2 and 3-3 in FIGURE 1; 

FIGURE 4 is a sectional view showing a portion of 

FIGURE 3 on an enlarged scale? 

FIGURES 5 and 6 are sectional views as seen from planes 

indicated by lines 5-5 and 6-6 in FIGURE 4? 

FIGURES 7 and 8 are sectional views as seen from planes 

indicated by lines 7-7 and 8-8 in FIGURE 3; 

FIGURE 9 is an enlarged view of a portion of the struc-

10 ture shown in FIGURE 2 with some portions broken away to illus-

trate details of construction; 

FIGURE 10 is an enlarged perspective schematic view 

illustrating the relationship of several components of the struc-

ture shown in FIGURE 3; 

FIGURE 11 is an enlarged view of a portion of the struc-

ture shown in FIGURE 2 with some portions broken away to illus-

trate details of construction; 

FIGURE 12 is a sectional view as seen from a plane 

indicated by a line 12-12 in FIGURE 11; 

20 FIGURE 13 is a schematic front elevational view of 

portions of the apparatus shown in FIGURE 1; 

FIGURE 14 is a schematic top plan view of portions of 

the apparatus shown in FIGURE 1; 

FIGURE 15 in an enlarged schematic top plan view of 

portions of the apparatus shown in FIGURES 1 and 14; 

FIGURE 16 is a sectional view of one of the. rotary 

encoders shown in FIGURE 15, as seen from a plane indicated 

by a line 16-16 in FIGURE 15; and 

FIGURES 17 and 18 are top plan views of two discs 

30 used in separate ones of the rotary encoders shown in FIGURE 

15. 

Referring to FIGURE 1, an X-ray apparatus is indicated 

8. 
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generally by the. numeral 20. The apparatus 20 includes a table 
top 21 supported on a pedestal 22. A tower 23 is carried by 
the pedestal 22 for movement longitudinally of the table top 
21. A carriage 24 is supported on the tower 23 for vertical 
movement along the tower 23. An extensible support arm 25 is 
connected to the carriage 24 and supports an X-ray source 26 
including a collimator 27. Suitable power cables 28 extend 
up through a tubular conduit 29 at the rear of the tower 23 
and connect with, the X-ray source 26. 

Referring to FIGURE 2, a film cassette holder 30 called 
a Bucky tray is supported beneath the table top 21. In operation, 
X-radiation emitted by the source 26 passes through portions 
of a patient positioned on the table top 21 and forms an image 
on a cassette-carried film sheet supported in the Bucky tray 
30. 

I. The Tower 23 
The tower 23 is supported on a base carriage 40 for 

movement longitudinally of the table top 21. Referring to FIGURE 
2, the base carriage 40 is interposed between the pedestal 22 
and the tower 23. The carriage 40 includes a framework having 
top and bottom walls, 41, 42, a front wall 43, and a rear wall 
44. A plurality of rollers 45 are rotatably carried on the 
front wall 43. The rollers 45 have a V-shaped peripheral grooves 
46. 

A track 50 is carried by the pedestal 22. A mounting 
plate 51 forms part of the pedestal 22 and extends longitudinally 
beneath the table top 21, as shown in FIGURE 1. A plurality 
of spacers 52 rigidly connect the mounting plate and the track 
50. 

The rollers 45 ride along opposite sides of the track 
50. The top and bottom sides of the track are provided with 
V-shaped surfaces 53 which extend into the roller grooves 46. 
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The interconnection between the rollers 45 and the track 50 
mounts the base carriage 4 0 for movement longitudinally of the 
table top 21. 

A toothed gear rack 54 is carried on the track 50 
and extends longitudinally along the track 50. A reversible 
drive motor 55 is supported inside the base carriage 40 and 
has a drive shaft 56. The drive shaft 56 projects through a 
hole 57 formed in the front wall 43. A toothed gear 58 is sec-
ured to the drive shaft 56 and drivingly engages the gear rack 

10 54. When the drive shaft 56 rotates in one direction, the base 
carriage 40 moves rightwardly along the track 50, as viewed 
in FIGURE 1. When the motor 55 rotates the shaft 56 in the 
opposite direction, the base carriage moves leftwardly along 
the track 50. 

Referring to FIGURES 2 and 3, the tower 23 includes 
an upstanding tubular column 60 which is generally square in 
cross-section. The column 60 is secured to the rear wall 44 of 
the base carriage 4 0. A mounting plate 61 extends vertically 
within the column 60, dividing the column 60 into two elongated 

20 chambers 62, 63, 
Referring to FIGURES 3 and 4, a cover 64 interconnects 

the upper end of the column 60 and the conduit 29. The conduit 
29 is of rectangular cross-section and extends through a hole 
65 formed in the cover 64. A threaded fastener 66 extends through 
aligned holes formed in the cover 64 and in the conduit 29 to 
secure the cover 64 to the conduit 29, Threaded fasteners 67 
extend through holes formed in the cover 64 and are threaded 
into the mounting plate 61 to secure the cover 64 to the mounting 
plate 61. 

3 0 II, The Carriage 24 
The carriage 24 includes top and bottom covers 71, 

72 (see FIGURE 4). Openings 73, 74 are formed through the covers 

10. 
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.71, 7 2 to receive, the column 60. Upper and lower support plates 
75, 76 are positioned inside the covers 71, 72. Openings 77, 
7 8 are formed through the plates 75, 7 6 to receive the column 
60. The covers 71, 72 and the plates 75, 76 cooperate to define 
a pair of chambers 7 9, 8 0 that perimetrically surround the col-
umn 60. 

Upper and lower sets of rollers 81, 8 2 are provided 
within the chambers 79, 8 0 to movably support the carriage 24 
on the column 60. Upper and lower bracket assemblies 83, 84 

10 rotatably support the rollers 81, 82. The bracket assemblies 
83, 84 include set screws 85, 86 to position the rollers 81, 
82 transversely of the column 60 so that the rollers 81, 82 
will snugly engage the periphery of the column 60. 

A cylindrical collar 90 interconnects the support 
plates 75, 76. The collar 90 has a longitudinally extending 
circular bore 91. The plates 75, 7 6 have annular flanges 93, 
94 which extend into the ends of the bore 91. Threaded fasten-
ers, not shown, secure the plates 75, 76 to the collar 90. 

A cable and pulley system supports the carriage 24 
20 for vertical movement along the tower 23. Referring to FIGURES 

4 and 5, a pair of cables 100 have end regions 101 which extend 
through a pair of holes 102 formed in the lower support plate 
76. A pair of cable end clamps 103 retain the cable end regions 
101 in the holes 102. 

The cables 100 have reaches 104 which extend upwardly 
alongside a carriage locking assembly 105, and are reeved around 
a pair of pulleys 106, A shaft 107 mounts the pulleys 106. 
Bearing blocks 108 journal opposite end portions of the shaft 
107. Threaded fasteners 109 secure the bearing blocks 108 to 

30 the mounting plate 61, The pulleys 106 extend through an opening 
110 formed in the mounting plate 61. 

Two pairs of idler rollers 111, 112 are provided in 

1 1 . 
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the upper end of the chamber 62 to widen the distance between the 
cables 100 as they depend further into the chamber 62. The rol-
lers 111 are relatively closely spaced rollers which receive the 
cable 100 as they depend from the pulleys 106, The rollers 112 
are relatively widely spaced rollers which widen the distance 
between the cables 100 to that shown in FIGURE 6. 

A pair of stub shafts 113 journal the rollers 111. 
The stub shafts 113 threaded end regions 114 which extend 
through holes formed in the mounting plate 61. Threaded fas-

10 teners 115 secure the stub shafts 113 in place on the mounting 
plate 61, 

A pair of stub shafts 117 journal the rollers 112. 
The stub shafts 117 are secured to a plate 118 by threaded fas-
teners 119. A pair of brackets 120, 121 are secured to upper 
and lower end regions of the plate 118. Threaded fasteners 122 
mount the brackets 120, 121 on the mounting plate 61. 

Referring to FIGURE 2, the cables 100 depend through 
the chamber 62 and have ends secured to a bracket 123. The 
bracket 123 is threaded to receive a threaded rod 124. A pair 

2 0 of bearing blocks 125 are secured to the mounting plate 61 and 
journal the rod 124 for rotation. 

A reversible drive motor 12 6 is mounted within the 
base carriage 4 0 for raising and lowering the carriage 24 along 
the tower 23. The motor 126 has a drive shaft 127 which depends 
through an opening 128 formed in the bottom wall 42. A pulley 
129 is mounted on the drive shaft 127. A drive belt 130 is 
reeved around the pulley 129 and around a pulley 131 secured to 
the threaded rod 124. When the motor 12 6 rotates the threaded 
rod 124 in one drive direction, the bracket 123 moves up the 

30 rod 124f causing the carriage 24 to move downwardly along the 

tower 23, When the motor 126 rotates the threaded rod 124 in 
the opposite drive direction, the bracket 123 moves down the 

12. 
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rod 124, causing the carriage 24 to move upwardly along the tower 
23, 

The carriage locking assembly 105 is operable in the 
event of failure of the cables 100 to arrest downward movement 
of the carriage 24 along the column 23. Referring to FIGURES 
4 and 5, the carriage locking assembly includes a bracket 132 
mounted on the inner wall of the collar 90. A pair of surfaces 
133 defining inclined trackways facing toward the column 60 
are formed on the bracket 132. Upper and lower stop surfaces 

10 134, 135 are provided at opposite ends of the trackway surfaces 

133. 
A pair of rollers 136 are positioned between the stops 

134, 135 adjacent the trackways 133. A roller support bracket 
137 rotatably carries the rollers 136. 

A pair of tension coil springs 138 have their upper 
end regions connected to the upper end regions of the bracket 
132. A T-shaped member 139 connects with the lower end regions 
of the springs 138 and has a stem portion which depends through 
and is clamped by the roller support bracket 137. A flexible 

20 cable 140 connects with the lower end region of the T-shaped 
member 139 and is reeved around a pulley 141 carried on the 
lower end region of the bracket 132. A reach of the cable 140 
extends upwardly from the pulley 141 and is secured to a cable 
clamping bracket 142. 

The cable clamping bracket 142 clamps the cables 100 
at a position above the bracket 132, securing the cables 100, 
14 0 together for concurrent movement. The cable clamping bracket 
142 is positioned on the cables 100 at a location which will 
extend the tension coil springs 138 and which will position 

3 0 the rollers 136 near the lower stop surfaces 13 5. 
If one or both of the cables 100 should fail, the clamp-

ing bracket 142 will no longer be held upwardly by the cables 100. 

13 . 
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The springs 138 will then be operative to move the rollers 136 
rapidly upwardly along the trackways 133 and into wedging engage-
ment with the outer surface of the column 60. The wedging engage-
ment between the rollers 136 and the column 60 will arrest down-
ward movement of the carriage 24, thereby preventing the carriage 
24, the extensible arm 25 and the X-ray source 26 from dropping 
any significant distance toward the table top 21. 

III. The Extensible Arm 25 
Referring to FIGURE 3, the extensible support arm 

25 includes a housing 14 3. The housing 14 3 is supported on 
the collar 90 for limited rotation around the column 60. A 
pair of annular bearing rings 144 are carried in top and bottom 
ends of the housing 143 to journal the collar 90. 

A releasable lock is provided to facilitate the reten-
tion of the extensible arm 25 in an attitude extending forwardly 
of the tower 23. This lock remains engaged during tomographic 
procedures and during all radiographic procedures except when 
the arm 25 must be rotated around the column 60 to position 
the source 26 for a special radiographic procedure. 

Referring to FIGURES 3, 4 and 6 the lock includes 
a locking pin 145 carried in the arm 25, and an apertured block 
146 carried by the collar 90. When the locking pin 145 is latched 
in engagement with the locking block 146, as shown in FIGURES 
4 and 6, the arm 25 cannot rotate around the column 60. When 
the locking pin 145 disengages the locking block 146, the arm 
25 is rotatable about the collar 90. The mechanism which unlat-
ches the locking pin 145 will be described later. 

The housing 143 projects forwardly of the tower 23 
to overlie the table top 21. An upwardly facing opening 147 
is formed in the housing 143. A cover plate 148 closes the 
opening 147. A forwardly facing opening 149 is provided in 
the forward end of the housing 143. 

14 . 
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An extensible arm section 15 0 is telescopically carried 
by the housing 143. The arm section 150 includes a tubular 
member 151 which extends through the opening 149. A plurality 
of rollers 152 are carried inside the housing 143. The rollers 
152 engage the peripheral surface of the tubular member 151 
to support the arm section 15 0 for telescopic movement relative 
to the housing 14 3. 

A sleeve 155 is carried by the tubular member 151. 
The sleeve 155 has a tubular portion 156 which extends into 

10 the forward end of the tubular member 151, and a flange portion 
157 located forwardly of the tubular member 151. A pair of 
bushings 158 are provided inside opposite end regions of the 
sleeve 155. 

A hollow shaft 160 extends through the bushings 158. 
A mounting block 161 is connected on one end region of the shaft 
16 0. The X-ray source 26 is supported on the mounting block 
161. A collar 162 is carried near the opposite end region of 
the shaft 160. The mounting block 161 and the collar 162 engage 
outer ends of the bushings 158 and inhibit axial movement of 

20 the shaft 16 0 relative to the arm section 150. 
A reversible drive motor 163 is supported within the 

housing 143. A ball bearing speed reducer 164 drivingly connects 
the motor 163 to a threaded rod 165. A nut 16 6 is threaded onto 
the rod 165. A bracket 167 mounts the nut 166 on the inner end 
region of the tubular member 151. When the motor 163 rotates the 
threaded rod 165 in one direction, the nut 166 moves leftwardly 
along the rod 165, as viewed in FIGURE 3, causing the arm section 
150 to extend leftwardly relative to the housing 143. When the 
motor 163 rotates the. rod 165 in the opposite direction, the 

30 nut 166 moves rightwardly along the rod 165, drawing the arm 
section 150 inwardly of the housing 143. 

15 . 
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IV. The X-ray Source 26 
The X-ray source 26 is movable relative to the table 

top 21 in. five independent ways: 
1) Through, movement of the tower 23 longitudinally 

of the table top 21, as has been described? 
2) Through movement of the carriage 24 vertically 

along the tower 23, as has been described; 
3) Through rotation of the. arm 25 on the carriage 24 

about the vertical axis of the column 60, as has 
been described; 

4) Through extension and retraction of the extensible 
arm 25 laterally of the table top 21, as has been 
described; and 

5) Through rotation about the axis of the hollow shaft 
160, as will now be described. 

The shaft 16 0 is journaled for rotation by the bushings 
158. The X-ray source 26 is rotatable with the shaft 160 through 
an angle of 18 0 degrees between horizontal attitudes. Two devices 
are operative to inhibit rotation of the X-ray source about 
the axis of the shaft 16 0. One of these devices is a friction 
brake 17 0. The other is a detent assembly 17 9. 

Referring to FIGURES 7, 8, the friction brake 17 0 
is an assembly which is interposed between the X-ray source 
26 and the extensible arm 25 to hold the X-ray source 26 in 
a selected rotary orientation. An aperture 171 is provided 
in the mounting block 161 facing toward the flange 157. A tubu-
lar housing 172 is pressed into the aperture 171, A set screw 
173 is threaded into one end region of the tubular housing 172. 
A plunger 174 is slidably carried in the other end region of 
the housing 171. A compression coil 175 spring is interposed 
between the set screw 173 and the pl-unger 17 4 and biases the 
plunger 174 toward the flange 157. 
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Friction brake material in the form of a braking pad 
17 6 is carried on the plunger 17 4. The brake pad 17 6 is engage-
able with an annular ring 177 carried on the flange 157, as best 
seen in FIGURE 8. 

The drag force provided by the friction brake 17 0 as 
the plunger carried braking pad 176 drags along the ring 177 is 
easily adjusted by threading the set screw 173 onto or out of the 
tubular housing 172. The set screw 173 is adjusted to provide a 
drag force sufficient to hold the X-ray source 24 in a selected 

10 position, but which will still permit an operator to rotate the 

source 24 easily. Once the set screw 173 is properly adjusted, 
it is locked in place by tightening a locking nut 178 into en-
gagement with one end of the housing 171. 

Referring to FIGURES 7 and 8, the detent assembly 17 9 
facilitates positioning the X-ray source in vertical and horizon-
tal attitudes. Three detent notches 180, 181, 182 are provided 
in the braking ring 177. The notches 180, 182 correspond to 
horizontal orientations of the X-ray source 24. The notch 181 
is used for downward vertical orientation of the source 24. 

20 Referring to FIGURE 7, a detent lever 185 is provided 
for selectively engaging the notches 18 0, 181, 182. The lever 
185 extends through a hole 186 formed in the mounting block 
161. A pin 187 extends through one end region of the lever 
185 and pivotally mounts the lever 18 5 for movement about the 
axis of the pin 187. A detent projection 188 is formed on the 
opposite end region of the lever 185 for engaging the notches 
180, 181, 182. 

An arm 190 has one end rigidly connected to the lever 
185. A compression coil spring 192 is interposed between the 

30 arm 190 and the mounting block 161, The compression spring 
192 biases the arm 190 and the lever 185 counterclockwise as 
viewed in FIGURE 7 to urge the detent projection 188 in one 
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of the notches 180, 181, 182. 
An electrically operated solenoid 195 is provided to 

pivot the arm 19Q and the lever 185 clockwise to move the projec-
tion 18 8 out of one of the notches 18Q, 181, 182. A bracket 
196 supports the solenoid 195 inside the hollow shaft 160. 
The solenoid 195 has an armature 197 which is movable axially 
of the hollow shaft 160. A tension coil spring 191 interconnects 
one end of the arm 190 and the armature 197. When the solenoid 
195 is electrically energized, the armature 197 moves axially 

10 inwardly of the hollow shaft 16 0, pivoting the arm 190 against 
the action of the compression spring 192 and releasing the detent 
projection 188 from one of the notches 180, 181, 182. 

V. Driven Movement of the X-Ray Source 26 and the Bucky 3 0 
If a tomograph is to be made with the X-ray apparatus 

20, the X-ray source 26 and the Bucky 30 are driven back and 
forth in opposite directions longitudinally of the table top 
21. Simultaneously with such longitudinal movement, the source 
26 is rotated about the axis of the hollow shaft 160 to keep 
the X-ray beam centered on a target area within a patient posi-

2 0 tioned on the table top 21. 
Translation of the source 26 longitudinally of the 

table top 21 is effected by moving the tower 23 along the track 
50. The reversible drive motor 55 (FIGURE 2) is energized alter-
nately in forward and reverse modes to effect this movement. 

Rotation of the source 26 in coordination with its 
translation, and reciprocation of the Bucky 30 are effected 
by a drive system having interconnected components located in 
the table pedestal 22, in the tower 23, and in the extensible 
support arm 25. 

3 0 A. The Arm-carried Drive Components 
Referring to FIGURE 3, a telescoping drive shaft 200 

extends through the extensible arm 25. The shaft 200 includes 
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a hollow tubular section 201 and a solid inner section 202. 
A universal joint 203 connects the inner shaft section 202 to 
the hollow shaft 160. A bearing block 204 is supported by the 
housing 141 and slidably journals the hollow section 201. A 
pair of spaced collars 208, 210 are mounted on the hollow shaft 
section 201. 

The hollow shaft section 201 is movable axially rela-
tive to the bearing block 204. When the hollow shaft section 
201 is positioned as shown in FIGURE 3, it is in what will be 
called its "retracted" position. As will he explained, when 
the shaft section 201 is retracted, it is disconnected from 
a drive system carried in the column 60. 

When the shaft section 201 is positioned such that 
the collar 210 abuts the bearing block 204, the shaft section 
is in what will be called its "extended" position. The shaft 
section 201 is normally kept in its extended position and is 
retracted only when it is necessary to rotate the extensible 
arm about the collar 90 for a special radiographic procedure. 
As will be explained, when the shaft section 201 is extended, 
it in no way hinders movement of the carriage 24 vertically 
along the tower 23. 

Movement of the shaft section 201 between its extended 
and retracted positions is effected by operating a lever 22 0. 
Referring to FIGURES 3 and 10, the lever 22 0 is located on the 
underside of the housing 143. A shaft 221 connects with the 
lever 220 and extends upwardly through an opening in the housing 
143. 

Referring to FIGURE 10, a cam 222 is mounted on the 
upper end region of the shaft 221. An L-shaped arm 223 is pivoted 
at 224. A tension coil spring 225 biases the. L-shaped arm into 
engagement with the cam 222. Rotation of the lever 220 will 
cause the cam 222 to pivot the arm 223, causing extension and 
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contraction of the spring 22 5, 

A connector 230 is carried on the tubular section 201, 
A circumferential groove 209 is formed in the connector 230. 
A yoke 226 extends into the groove 209. A rod 227 interconnects 
the yoke 226 and the L-shaped arm 223. When the arm 223 is 
pivoted by the cam 222, the rod 227 pushes or pulls the yoke 
226 to move the tubular shaft section 2 01 between its extended 
and retracted positions. 

The connector 230 carries a groove 231 which extends 
10 diametrically of the shaft section 2 01. When the X-ray source 

2 6 is oriented vertically downwardly, the groove 231 extends 
vertically. Referring to FIGURE 3, when the shaft section 201 
is extended, the connector 23 0 projects through an opening 233 
formed in the collar 90, but does not project through an aligned 
opening 234 formed in the column 60. When the shaft section 
201 is retracted, the connector 23 0 is withdrawn from the opening 
233. 

The positioning of the locking pin 14 5 is controlled 
by the lever 220, Referring to FIGURE 3, the locking pin 145 

20 is slidably carried by the bearing block 204. A bracket 240 is 
connected to the locking pin 145 and extends upwardly to a posi-
tion between the collars 208, 210. A tensioned coil spring 
241 is secured at opposite ends to the bearing block 204 and 
the bracket 240. The spring 241 biases the locking pin 145 
toward a position of engagement with the locking block 146. 

When the tubular shaft 201 is retracted, as by moving 
the lever 22 0 to the positions shown in FIGURES 3 and 10, the 
collar 210 engages the bracket 240 and pulls the pin 145 out 
of engagement with the locking block 14 6, When the tubular 

30 shaft 201 is extended, as shown in FIGURE 4, the collar 210 
disengages the bracket 24 0 and permits the spring 241 to move 
the locking pin 14 5 into engagement with the locking block 14 6, 
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B. The Column-carriad Drive Components 
Referring to FIGURES 2, 3 and 4, a hollow tubular 

drive shaft 25 0 extends vertically within the column chamber 
63. A bearing block 252 is secured to the mounting plate 61 
and journals the lower end of the shaft 250. A shaft extension 
253 is welded to the upper end of the shaft 25 0. A pair of 
bushings 254, 255 are carried by the brackets 120, 121 and jour-
nal the shaft extension 253. 

Referring to FIGURES 3 and 4, a miter gear segment 
10 260 is carried on the shaft extension 253 at a location between 

the brackets 120, 121. A miter gear 261 meshes with the miter 
gear segment 26 0. A stub shaft 26 2 is rigidly connected to 
the miter gear 261. A pair of bushings 263, 264 journal the 
miter gear 261 and the stub shaft 262 for rotation about a hori-
zontal axis. The bushing 263 is supported by the plate 118. 
A bracket 265 is welded to the bracket 121 and supports the 
bushing 264. 

A connector 27 0 is carried on the stub shaft 262 adja-
cent the miter gear 261. As is best seen in FIGURE 10, the con-

2 0 nector 27 0 is provided with a tongue 271 adapted to extend into 
the groove 231 of the connector 230 when the shaft section 201 
is extended through the openings 233, 234. As will be explained, 
when the base carriage 40 positions the tower 23 centrally along 
the table top 21, the slot 271 extends vertically. When the 
tongue 271 of the connector 27Q engages the groove 231 of the 
connector 23 0, a driving connection is established that will 
cause the X-ray source 26 to rotate about the axis of the hollow 
shaft 16 0 in response to rotation o£ the column-carried drive 
shaft 25 0. 

30 Referring to FIGURE 2, a mounting bracket 28Q is secured 

to the lower end region of the column 60. A vertically extending 
pin 281 is journaled by the bracket 280. An upper arm 282 and 

21. 



1093418 

a lower arm 283 are pivotally mounted by the pin 281 for rotation 
about a vertical axis indicated by the numeral 284. The lower 
arm 283 is a tubular duct for guiding the electrical cables 
28 from the pedestal 22 to the lower end of the tubular duct 
24. 

A pair of fan gears 285/ 286 drivingly connect the 
upper arm 28 2 and the drive shaft 25Q. The fan gear 285 is 
connected to the lower end region of the drive shaft 250. The 
fan gear 28 6 is connected to the upper arm 282. The fan gears 
285, 286 are identical in construction and are operative to 
rotate the shaft 25 0 in response to rotation of the upper arm 
28 2 about the axis 28 4. 
C. The Pedestal-carried Drive Components 

Referring to FIGURE 2, a mounting plate 300 is rigidly 
supported in the base of the pedestal 22. A pair of spaced 
bearing blocks 301, 302 and a reversible drive motor 303 are 
supported atop the mounting plate 300. A threaded rod 304 is 
journaled by the bearing blocks 3Q1, 302. A ball bearing speed 
reducer 305 drivingly connects the motor 303 and the threaded 
rod 304. 

The ball bearing speed reducer 305 is of identical 
construction to the speed reducer 164 which drivingly intercon-
nects the arm extension motor 163 and the arm extension rod 165. 
Referring to FIGURE 9, the speed reducer 305 includes a cylindri-
cal housing 306. The threaded rod 304 has a reduced diameter 
end region 307 which projects into one end of the housing 306. 
The motor 303 has a drive shaft 308 which projects coaxially 
into the opposite end of the housing 306. 

A pair of ball bearings 310, 311 are carried in the 
housing 306. The bearings 310, 311 have inner races 310a, 311a, 
outer races 310b, 311b, a plurality of balls 310c, 311c interposed 
between thé races 310a, 311a and 31Q.b, 311b, and ball cages 310d, 
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311d which circumferentially space the balls 310c, 310d around 
the inner races 310a, 311a. 

A bushing 312 is interposed between and drivingly 
connects the inner race 310a and the motor drive shaft 308. 
A sleeve 313 drivingly interconnects the cage 310d and the inner 
race 311a. A sleeve 314 drivingly interconnects the cage 311d 
and the rod end region 307. 

Three pairs of set screws 315 (only one pair is shown 
in FIGURE 9) are threaded into apertures 316 formed in the hous-

10 ing 3 06. The pairs of set screws 315 are equally spaced circum-
ferentially of the housing 306. The inner ends of the housing 
screws 315 engage the outer races 310b, 311b and prevent rela-
rive rotation between the outer races 310b, 311b and the housing 
306. By adjusting the torque to which the set screws 315 are 
tightened into engagement with the outer races 310b, 311b, the 
preload force applied to the bearing balls 310c, 311c is con-
trolled. Lock nuts 317 secure the set screws 315 in place once 
the desired torque has been applied to the set screws 315. 

The speed reducer 3 05 is operable to effect approxi-
2 0 mately a 7 to 1 speed reduction. The inner race 310a rotates 

at 2-1/2 times the speed of the case 310d. The inner race 311a 
rotates at about 2-1/2 times the speed of the case 311d. The 
threaded rod 304 accordingly rotates at about one-seventh the 
speed of the motor drive shaft 3 08. 

Referring to FIGURES 2 and 15, a carriage 32 0 is sup-
ported on the threaded rod 304. The carriage 320 includes a 
threaded nut 321 which is threaded onto the rod 304. A plate 
319 is supported atop the carriage 32 0. When the motor 3 03 ro-
tates the threaded rod 304 in one direction, the carriage 320 

30 moves leftwardly Cas viewed in FIGURE 2) along the rod 304. 
When the motor 3Q3 rotates the rod 304 in the opposite direction, 
the carriage 320 moves rightwardly along the rod 304. 
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A vertically extending pivot pin 325 is journaled by 

the carriage 320. A sprocket 328 is secured to the lower end 
region of the pivot pin 325. A swivel plate 32 6 is mounted on 
the upper end region of the pin 325 for rotation together with 
the sprocket 328 about an axis indicated by the numeral 327. 

A roller chain 328a is reeved around the sprocket 
328 and around a sprocket 329. The sprocket 329 is rotatably 
carried by an encoder assembly 33 0. The encoder assembly 33 0 
is supported on the plate 319 and operates to monitor the pivotal 

10 movement of the swivel plate 32 6 relative to the carriage 32 0 
as will be explained in Section VIII of this specification. 

The effect of moving the carriage 320 leftwardly or 
rightwardly along the threaded rod 304 is to vary the distance, 
as measured laterally of the table top 21, between the axes 284, 
327. This laterally measured distance is indicated by the ref-
erence character A in FIGURE 2. Although the true distance be-
tween the axes 284, 327 will vary as the column 23 moves longi-
tudinally of the table top 21 (due to a slidable connection of arm 
282) , the laterally measured component A of the true distance will 

2 0 vary solely a function of the positioning of the carriage 32 0 by 
the motor 3 03. 

Referring to FIGURE 15, the position of the carriage 
320 along the threaded rod 304 is monitored by a rotary encoder 
assembly 33 6. The encoder assembly 33 6 is supported on the moun-
ting plate 300 and carries a rotatable sprocket 337. A roller 
chain 338 is reeved around the sprocket 3 37 and around a sprocket 
33 9. The sprocket 33 9 is supported on the threaded rod 3 04 and 
serves to drive the encoder sprocket 337. The encoder assembly 
336 monitors the position of the carriage 320 as will be des-

3 0 cribed in Section VII of the specification. 
A total of eight rollers are carried on the swivel 

plate 326. These rollers are positioned in laterally spaced 
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pairs 331, 332, 333, 334, and only one roller from each pair 
appears in FIGURE 2. The roller pairs 331, 332 engage opposite 
sides of the upper arm 282. The roller pairs 333, 334 engage 
opposite sides of an arm 335. 

The roller pairs 331, 332 effectively establish a sliding 
connection between the swivel plate 326 and the upper arm 282. 
As the tower 23 moves longitudinally of the table top 21 in 
response to operation of the base carriage drive motor 55, the 
sliding connection between the swivel plate 32 6 and the upper 

10 arm will cause the swivel plate to pivot about the axis 327, 
and will cause the upper arm 282 to pivot about the axis 284. 
As the upper arm 284 pivots about the axis 284, the fan gears 
285, 286 effect corresponding rotation of the drive shaft 250. 

The roller pairs 333, 334 operate to rotate the arm 
335 concurrently with the swivel plate 326, while permitting 
relative sliding movement between the arm 335 and the swivel 
plate 326. The roller pairs 331, 332, 333, 334 are arranged 
such that the paths of permitted relative sliding movement between 
the arms 335, 282 and the swivel plate 326 are parallel and 

2 0 intersect the axes 327, 284. 
A linear cam member 34 0 is supported by the pedestal 

22. The cam member 340 extends longitudinally of the table 
top 21 and defines a downwardly opening, longitudinally extending 
recess 341. A pin 342 is carried on the forward end region 
of the arm 335 and extends into the recess 341. The pin 342 
has an axis indicated generally by the numeral 343. The pin 
342 and the recess 341 establish, a sliding, pin-in-slot connec-
tion which maintains the axis 343 laterally fixed relative to 
the table top 21 as the arms 335, 282 rotate during movement 

30 of the tower 23 longitudinally of the table top 21. 
D. The Bucky Drive System 

The movement of the pin 342 longitudinally of the 
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table top 21 is utilized to drive the Bucky tray 30 longitudinally 
of the table top 21 during tomographic procedures. As will 
be explained in greater detail, the lateral distance, between 
the axes 343, 327 determines the. distance through which the 
Bucky tray 30 will be moved longitudinally of the table top 
21 in response to movement of the tower 23 through a given longi-
tudinal distance. 

The lateral distance between the axes 343, 327 is indi-
cated in FIGURE 2 by the reference character B. As the distance 
B increases, the distance longitudinal of the table top through 
which the pin 342 is caused to move (as the tower 23 moves a 
given distance) will increase. As the distance B decreases, 
the distance longitudinal of the table top through which the 
pin 342 is caused to move (as the tower 23 moves a given distance) 
will decrease. 

The mechanism which transmits motion from the pin 
34 2 to the Bucky tray 30 includes a welded, U-shaped arm 35 0. 
The arm 350 has parallel, overlying upper and lower portions 
351, 352 which are. interconnected by a cylindrical central stem 
portion 353. 

A pair of vertically spaced bearing blocks 355 are 
mounted on the pedestal plate 51. The stem portion 353 of the 
U-shaped arm 35Q has end regions 356 which are journaled by 
the bearing blocks 355. The bearing blocks 355 pivotally support 
the arm 350 for movement about the axis of the stem portion 
353. 

A sliding bearing 36 0 is carried on the distal end of 
the lower arm portion 352. A slide 361 is slidably carried 
in the. bearing for movement longitudinal of the lower arm portion 
352. The slide 361 is pivotally connected to the pin 342. 
As the pin 342 reciprocates longitudinally of the table top 
21, the connection between the slide 361 and the lower arm por-
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tion 352 causes the arm 350 to pivot about the axis of the stem 
portion 3 53, 

A Bucky drive bar 365 is positioned above the upper 
arm portion 351, The bar 365 is pivotally carried on the upper 
stem end region 35 6 and is pivotal about the axis of the stem 
portion 3 53 independent of the movement of the U-shaped arm 
350. 

The Bucky tray 3 0 is supported in a carriage 3 66. 
The carriage 366 is supported on bearings, not shown, and is 

10 constrained such that it can only move longitudinally of the 
table top 21. A pin 367 depends from the carriage 366 and ex-
tends into a slot 368 formed in the Bucky drive bar 365. The 
axis of the pin 367 is coaxial with the axis 343 of the pin 
342. When the Bucky drive arm 350 pivots about the axis of 
he stem portion 353 in response to movement of the pin 342, 
the movement of the pin 34 2 is transmitted to the pin 3 67 causing 
the Bucky tray 3 0 to move longitudinally of the table top 21. 

A solenoid operated latch, indicated generally by 
the numeral 37 0, is carried on the upper arm portion 3 51 and 

20 is operable to selectively connect and disconnect the upper 
arm portion 351 and the drive bar 3 65. When the upper arm por-
tion 351 and the drive bar 365 are connected by the latch 370, 
they pivot together about the axis of the stem portion 353 in 
response to longitudinal movement of the tower 23 along the 
table top 21. "When the upper arm portion 351 and the drive 
bar 365 are disconnected by the latch 37 0, longitudinal movement 
of the tower 23 -will have no driving effect on the Bucky drive 
bar 365. 

Referring to FIGURE 11, the solenoid operated latch 
30 370 includes a solenoid 371. A bracket 372 mounts the solenoid 

371 on the upper arm portion 351. The solenoid 371 has an arma-
ture 373 which is normally extended to the position shown in 
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FIGURE 11. When the solenoid 371 is electrically energized, 

it moves the armature 373 rightwardly, as viewed in FIGURE 11. 

A mounting block 374 is supported on the upper arm 

portion 351 at a position above the armature 373. Threaded 

fasteners 375 secure the mounting block 374 to the arm portion 

351. A pin 376 is carried by the mounting block 37 4. A latch 

pawl 377 is pivotally supported on the pin 376. A tension coil 

spring 378 is connected at one end to the pawl 377 and at its 

other end to a pin 379 supported in the mounting block 374. 

10 The spring 378 biases the pawl 377 clockwise, as viewed in FIGURE 

11 toward a position where the pawl 377 abuts the end of the 

arm portion 351. 

A tension coil spring 38 0 interconnects the pawl 377 

and the armature 373. When the solenoid 371 is energized to 

move the armature 373 rightwardly, as viewed in FIGURE 11, the 

spring 380 is operative to pivot the pawl 377 counterclockwise 

to the position shown in phantom in FIGURE 11. 

Referring to FIGURES 11 and 12, a latching block 385 

is supported on the Bucky drive bar 365 by threaded fasteners 

20 386. A forwardly facing notch 387 is formed in the latching 

block 385. When the pawl 377 is received in the notch 387, 

as when the solenoid 371 is de-energized, the Bucky drive bar 

365 and the upper arm portion 351 are latched together. When 

the pawl 377 is pivoted to the position shown in phantom in 

FIGURE 11, as when the solenoid 371 is energized, the pawl 377 

is not received in the notch 38 7, and relative movement is per-

mitted between the upper arm portion 351 and the Bucky drive 

bar 365. 

Positioning the pawl 377 in the notch 387 is facilitated 

30 by inclined surfaces 388 formed on the mounting block 385 on 

opposite sides of the notch 387. When the solenoid 377 is de-

energized, movement of the Bucky drive bar 365 toward a position 
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overlying the upper arm portion 351 will bring the pawl 377 into 
engagement with one of the surfaces 388- As the Bucky drive 
bar continues to move toward a position overlying the upper 
arm portion 351, the surface 38 8 engaged by the pawl 377 will 
pivot the pawl 377 in opposition to the action of the spring 
378. As the drive bar 365 reaches a position overlying the 
upper arm portion 351, the pawl 377 will pivot into the notch 
387, locking the drive bar 365 to the upper arm portion 351. 
E. Position Sensors and Safety Interlocks 

10 Before a tomograph can be made with the X-ray apparatus 
20, several conditions must be met: 

1) The tube rotation detent assembly 17 9 must be 
unlatched to permit rotation of the X-ray source 26 about the 
axis of the shaft 160: 

2) The extensible arm 25 must be properly retracted 
to position the X-ray source 26 in a centered position above 
the Bucky tray 30; 

3) The arm 25 must be positioned forwardly to extend 
over the table top 21; 

2 0 4) The carriage 24 must be positioned at the proper 
height above the table top to permit connection between the 
connectors 23 0, 270; 

5) The connectors 23 0, 27 0 must be connected to trans-
mit rotation from the vertical drive shaft 25 0 to the horizontal 
drive shaft 20 0; 

6) The Bucky drive arm 365 must be connected by the 
pawl 377 to the upper arm portion 351; and, 

7) The base carriage 40 must be properly positioned 
longitudinally of the table top 21. 

30 Sensors are preferably provided for sensing compliance 
with all of these conditions. 

Referring to FIGURE 7, a limit switch. 390 is carried 
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within the mounting block 161 to sense when the detent projection 
188 is engaging one of the notches 180, 181, 182. The switch 
390 is positioned to be engaged by the arm 190 when the detent 
projection 188 is engaging one of the notches 180, 181, 182, 
and to be disengaged by the arm 190 when the detent projection 
188 is out of the notches 18 0, 181, 182. By this arrangement, 
the switch 390 provides a variation in an electrical signal 
indicative of when the tube detent assembly 17 9 has unlatched 
to permit rotation of the X-ray source about the axis of the 

10 shaft 160. 

Referring to FIGURE 3, a limit switch 3 91 is carried 
within the housing 143, An inclined cam surface 392 is provided 
atop the tubular member 151. The switch 391 is positioned to 
be engaged by the cam 392 and provides a variation in an electri-
cal signal indicative of when the extensible arm 25 is properly 
retracted to a centered position for tomographic operation. 

Referring to FIGURE 3, a limit switch 393 is carried 
within the housing 143, The switch 393 is positioned to be 
engaged by the collar 210 when the extensible tubular shaft 

20 section 201 has extended, and to be disengaged by the collar 
210 when the shaft section 2 01 is retracted. By this arrangement 
the switch 3 93 provides a variation in an electrical signal 
indicative of when the arm 25 is locked in a forward position. 

Referring to FIGURE 2, a pair of limit switches 3 94, 
395 are carried within the column 60. The switches 394, 395 are 
positioned to be engaged by the bracket 123 as the bracket moves 
along the threaded rod 124. The switch 394 is positioned above 
the switch 395 and is operative to provide a variation in an 
electrical signal when the carriage 24 is positioned two inches 

3 0 below the location where the connector 23 0 makes driving connec-
tion with the connector 27 0 when the tubular shaft section 201 
is extended. The switch 395 provides a variation in an electri-
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cal signal in response to positioning of the carriage 24 at the 
proper height where driving connection is established between 
the connectors 23 0, 27 0. 

Referring to FIGURE 2, a switch 396 is carried by 
the mounting plate 51. The switch 396 is positioned to be en-
gaged by the base carriage 40 when the base carriage 40 has posi-
tioned the tower 23 at a centered position longitudinally of 
the table top 21f and to be disengaged by the base carriage 
40 when the base carriage 40 is in an uncentered position. 
The switch 396 provides a variation in an electrical signal 
indicative of when the base carriage 40 is in a centered position. 

Referring to FIGURE 11, a limit switch 397 is carried 
atop the Bucky drive bar 365. An actuating lever 398 is pivot-
ally mounted by a pin 399 and depends through an aperture 366 
formed in the bar 365. When the pawl 377 is received in the 
slot 387, the pawl 377 engages the lever 398, pivoting the lever 
398 into engagement with the switch 397. When the pawl 377 
is removed from the slot 387, the lever 398 pivots under the 
influence of gravity to a position where it disengages the switch 
377. The switch 397 is accordingly operative to provide a varia-
tion in an electrical signal indicative of when the Bucky drive 
bar 365 is drivingly coupled to the upper arm portion 351. 

In the preferred practice of the invention, the sensing 
switches 390, 391, 393, 394, 395, 396 and 397 are connected 
in safety interlock control circuits which will: 

1) When radiographic operation has been selected, 
retain the carriage 24 at a position below that where driving 
connection is established between the connectors 230, 270, as 
sensed by the switch. 394, whereby no driving connection is estab-
lished between the connectors 230, 27Q during radiography. 

2) Prevent the motor 126 from elevating the carriage 
24 to a position where connection is made between the connectors 
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230, 270 unless; 
a) The tower 23 is centered longitudinally of 

the table top 21, as indicated by the switch 3 96; 
b) The tube rotation detent assembly 17 9 has 

been unlatched, as indicated by the switch 39Q; 
c) The extensible arm 25 has been properly 

retracted for tomographic operation, as indicated by 
the switch 391; and, 

d) The arm 25 is properly latched forwardly of 
the column 23, as indicated by the switch 393. 
3) Prevent the movement of the base carriage 40 from 

a centered position longitudinally of the table top 21 rightward-
ly to a "tomograph ready" position as by operation of the motor 
55 unless: 

a) The carriage 24 has been elevated to a posi-
tion where connection has been made between the connec-
tors 230, 270, as indicated by the switch 395; and, 

b) The Bucky drive bar 3 65 is drivingly connected 
to the upper arm portion 351, as indicated by the 
switch 397. 
Since circuitry for effecting such safety interconnec-

tion of the switches 390, 391, 393, 394, 395, 396, 397 and the 
motors 55, 12 6 is conventional and forms no part of the present 
invention, it need not be described. 
F. Operation of the Tomographic Drive System 

In order to facilitate an understanding of the opera-
tion of the tomographic drive system, schematic illustrations 
of certain of the components of the X-ray apparatus 20 are shown 
in FIGURES 13 and 14, FIGURE 13 is a side elevational schematic 
view showing the. table top 21, the. X-^ray source 2 6 positioned 
above the table top 21, and the Bucky tray 30 positioned beneath 
the table top 21. FIGURE 14 is a top plan schematic view show-
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ing the base carriage 40, the track 50 along which the base car-
riage 40 moves, the tower 23 supported on the base carriage 40 
and the X-ray source 26. Also shown in FIGURE 14 are several 
of the drive system components which interconnect the Bucky 
tray 30 and the X-ray source 26. 

Referring to FIGURES 13 and 14, the numeral 400 desig-
nates what will be called a "center plane." The center plane 
4 00 is a vertical plane which, extends laterally of the table 
top 21. The axis of the threaded rod 3 04 (FIGURE 2) is located 
within the plane 400. 

When a tomograph is to be made, a patient is positioned 
on the table top 21 with the patient's center of interest inter-
sected by the center plane 400. The X-ray source 26 and the 
Bucky tray 30 are then driven back and forth respectively above 
and below the patient's center of interest to produce a shadow 
image of portions of the patient's anatomy which lie in an exam-
ination plane extending through the patient's center of interest. 
One such examination plane is indicated by the numeral 403 in 
FIGURE 13. 

Referring to FIGURE 13, the path of movement of the 
X-ray source 26 during tomography is indicated by the numeral 
401. The path of movement of the Bucky tray 30 during tomography 
is indicated in FIGURE 13 by the numeral 402. 

The vertical distance between the paths 4 01, 402 is 
the sum of two distances "A" and "B." The distance "A," as 
depicted in FIGURE 13, is tbe vertical distance from the path 
401 to the examination plane 403. The distance "B," as depicted 
in FIGURE 13, is the vertical distance from the path 402 to 
the examination plane 403. While the distances "A" and "B" 
are adjustable to raise or lower the. examination plane 403, 
the sum of two distances "A" and "B" is fixed. 

The distances "A" and "B" as depicted in FIGURE 13 
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are exactly the same distances as are indicated by the characters 
"A" and "B" in FIGURES 2 and 14. In FIGURES 2 and 14, the 
distance "A" is the distance (measured laterally of the table 
top 21) between the axes 284, 327, and the distance "B" is the 
distance (measured laterally of the table top 21) between the 
axes 327, 343. 

The distances "A" and "B" can be adjusted by energizing 
the motor 303 to move the carriage 32 0 along the threaded rod 
304. As the carriage 320 moves along the threaded rod 304, 
it changes the distance between the axis 327 and the axes 284, 
34 3. When the carriage 320 positions the axis 327 at the loca-
tion shown in FIGURE 2, the central axis of the beam of X-rays 
emitted from the source 26 will cross the center plane 400 at 
a point 405 (FIGURE 13) within the examination plane 403 as 
the source 26 moves back and forth along the path 401. 

The position of the examination plane 403 is specified 
by a distance "C" shown in FIGURE 13. The distance "C" is the 
distance from the table top 21 to the examination plane 403. 
As will be explained, the rotary encoder assembly 336 forms 
part of a system which provides a digital readout in millimeters 
of the position of the examination plane 403. A "zero" reading 
indicates that the examination plane 403 is coincident with 
the table top 21. 

The location of a tomographic examination plane 4 03, 
i.e., the height of the examination plane 403 above the table 
top 21, is determined by the ratio of "A" to "B." If the distance 
"A" is diminished to a distance "Al," as by operating the drive 
motor 3Q3 to move the carriage 32 0 rearwardly (rightwardly as 
viewed in FIGURE 2) along the threaded rod 320, the effect 
will be to cause the. arm 282 to pivot through, a greater arc 
about the axis 284 as the tower 23 moves longitudinally of the 
table top 21 a given distance. The increased arcuate movement 

34 . 
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of the arm 282 will be transmitted to the X-ray source 26 through 
the drive components which interconnect the source 26 and the 
arm 28 2, causing the source 26 to rotate through a greater arc 
about the axis of the shaft 16 0 as the tower 23 moves longitudin-
ally of the table top 21 a given distance. Rotation of the source 
26 through an increased arc will cause the central axis of the 
beam of X-rays emitted from the source 26 to cross the center 
plane 400 at a point 406 above the point 405, thereby establish-
ing an examination plane above the plane 403. 

10 If the distance "A" is increased to a distance "A2," 
as by operating the drive motor 303 to move the carriage 32 0 
forwardly (leftwardly as viewed in FIGURE 2) along the threaded 
rod 320, the effect will be to cause the arm 282 to pivot through 
a lesser arc about the axis 284 as the tower 23 moves longitudin-
ally of the table top 21 a given distance. The decreased arcuate 
movement of the arm 282 will be. transmitted to the X-ray source 
26 through the drive components which interconnect the source 
26 and the arm 28 2, causing the source 26 to rotate through 
a lesser arc about the axis of the shaft 160 as the tower 23 

20 moves longitudinally of the table top 21 a givai distance. Rota-
tion of the source 26 through a decreased arc will cause the 
central axis of the beam of X-rays emitted from the source 26 
to cross the center plane 400 at a point 407 below the point 
405, thereby establishing an examination plane below the plane 
403. 

Regardless of the "A to B" ratio which may be selected, 
the drive components which interconnect the arm 282 and the 
Bucky 30 will operate to keep the center of the Bucky 30 aligned 
with the center of the X-ray beam emitted from the source 26. 

3 0 The ratio of the distances through, which the source 26 and the 
Bucky 30 move relative to the. center plane 400 is exactly the 
ratio "A to B." Hence, if the distance "A" is decreased to raise 
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the examination plane 403, whereby the distance "B" is correspon-
dingly increased, the travel of the Bucky tray 30 along the path 
402 will be increased to keep the center of the Bucky tray 30 
aligned with the center axis of the X-ray beam emitted from 
the source 26, Similarly, if the distance "A" is increased 
to lower the plane of cut 4 03, whereby the distance "B" is cor-
respondingly decreased, the travel of the Bucky tray 3 0 along 
the path 402 will be decreased to keep the center of the Bucky 
tray 3 0 aligned with the center axis of the X-ray beam emitted 

10 from the source 26. 

Referring to FIGURE 2, such an increase or decrease 
in Bucky travel results because the linear cam 34 0 constrains 
the pin 342 to move longitudinally of the table top 21. The 
greater the distance "B," the greater will be the distance tra-
versed by the pin 342 as the tower 23 moves longitudinally of 
the table top 21 a given distance. As has been explained, the 
movement of the pin 342 is transmitted to the Bucky 3 0 and in 
fact represents the exact movement executed by the Bucky 3 0 
during tomography. 

20 VII. Indication of the Plane of Tomographic 
Examination by the Encoder Assembly 33 6 

Referring to FIGURE 16, the rotary encoder assembly 
336 includes a generally cylindrical housing 451. A pair of 
end plates 452, 452 close opposite ends of the housing 451. 
A pair of bearings 454, 455 are carried by the end plates 452, 
453. A shaft 456 is journaled by the bearings 454, 455. A 
disc 457 is carried on the shaft 456 at a location inside the 
housing 451, The disc 457 is positioned on shaft 456 by a set 
screw 468, A sensor unit 460 is secured to the housing 451. 
The sensor unit 4 60 includes a light source 4 61 and a photocell 

3 0 4 62, The light source 4 61 and the photocell 4 62 are positioned 
on opposite sides of the disc 457. 

Referring to FIGURE 17, three equally spaced slots 
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463 are formed in peripheral portions of the disc 457. When 
one of the slots 463 aligns with the light source 461 and the. 
photocell 462, light from the source 461 is received by the 
photocell 462. When none of the slots 463 align with the source 
461 and the photocell 462, the disc 457 blocks transmission 
of light from the source 461 to the photocell. By this arrange-
ment, the photocell 462 provides an intermittent electrical signal 
with pulses which indicate the passage past the source 462 of 
one of the slots 463. Since the disc 457 carries three of the 
slots 463, each revolution of the disc 457 will provide three 
pulses in the signal from the photocell 462. 

The threaded rod 304 has a pitch, of three millimeters, 
which means that each revolution of the rod 304 is operative 
to move the carriage 320 through a distance of three millimeters. 
Since the encoder assembly 336 provides three signal pulses 
per revolution, each signal pulse indicates a one millimeter 
movement of the carriage 320. 

The output signal from the photocell 4 62 is fed to 
a digital readout system, indicated generally by the numeral 
470 in FIGURE 16. The readout system 47 0 is of conventional 
construction and includes a digital readout scale 471. The 
scale 471 provides a readout in millimeters within the range 
of 0-250 mm. of the distance "C," i.e., the height of a tomo-
graphic examination plane above the table top 21. Each pulse 
from the photocell 462 is counted by the system 470 and serves 
to increase or decrease the digital reading on the scale 471 
by one millimeter depending on whether the examination plane 
403 is being raised or lowered relative to the table top 21. 
Other circuitry, not shown, connects with system 470 to inform 
the system about the direction of rotation of the drive motor 
303 so that the system 470 will know whether the examination 
plane 403 is being raised or lowered as the motor 303 operates. 
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VIII. Control of Source Operation During 
Tomography by the Encoder Assembly 330 

The encoder assembly 33Q is identical in construction 
to the encoder assembly 336 except for the arrangement of signal-
ing slots formed in its shaft-carried disc. Referring to FIGURE 
18, the disc used in the encoder assembly 330 is indicated gener-
ally by the numeral 480. A total of eight slots, 481, 482, 483, 
484, 485, 486, 487, 488 are formed in peripheral portions of 
the disc 48 0. The slots 481-484 and 485-488 are arranged symmetri-
cally about an imaginary line 490 which, extends radially of the 
disc 480. 

The slots 484, 48 5 are located twelve-and-one-half 
degrees around the disc 48 0 on opposite sides of the line 4 90, 
which gives a twenty-five-degree spacing between the slots 484, 
485. The slots 483, 486 are located twenty-five degrees around 
the disc 480 on opposite sides of the line 490 which gives a 
fifty-degree spacing between the slots 483, 486. The slots 
482, 487 are located fifty degrees around the disc 480 on oppo-
site sides of the line 490, which gives a one-hundred-degree 
spacing between the slots 482, 487. The slots 481, 488 are 
located one-hundred degrees around the disc 48 0 on opposite 
sides of the line 490, which gives a two-hundred-degree spacing 
between the slots 481, 48 8. 

The disc 480 is mounted on the shaft of the rotary 
encoder assembly 330 such that, when the X-ray source 26 and 
the Bucky tray 30 are located in the center plane 400, the imag-
inary line 490 is aligned with the light source and the photocell 
of the encoder assembly 330. Movement of the source 26 leftward-
ly or rightwardly of the center plane 400 will cause corresponding 
counterclockwise or clockwise rotation of the disc 48Q relative 
to the source and photocell of the encoder assembly 330. 

The ratio of the sizes of the sprockets 328, 329 
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(FIGURE 15) is selected such that the encoder disc 480 rotates 
through five times the. amount of rotation of the swivel plate 
326 relative to the. carriage 320. Since rotation of the swivel 
plate 326 accurately reflects rotation of the source 26 about 
the imaginary pivot axis 405, the encoder disc 480 rotates through 
five times the arc of rotation of the source 26. 

If the source 26 pivots back and forth through an 
arc which extends only two-and-one-half degrees to either side 
of the center plane 400, the encoder disc will move through 
a total rotation of twenty-five degrees between positions where 
the slots 484, 485 are selectively aligned with the source and 
photocell of the encoder assembly 300. The signals provided 
by the photocell of the encoder assembly 330 when the slots 
484, 485 transmit light to the encoder photocell can be used 
to start and stop the source 26 so that the source is active 
through only a five-degree range of movement. A tomography 
procedure of this type is called "zonography" and is used where 
a thick examination plane of cut is desired and where only peri-
pheral details are desirably blurred in the resulting image. 

Signals provided by the photocell of the encoder assem-
bly 330 when others of the slots 481-488 transmit light to the 
encoder photocell can be used to start and stop the source 26 
so that the source is active through such ranges of movement 
as ten degrees, twenty degrees and forty degrees. The larger 
is the range of active source movement, the thinner is the resul-
ting examination plane of cut. A forty-degree range of active 
source movement will, for example, leave a clear image of anatomi-
cal portions which, lie within about a one-millimeter thick examin-
ation plane, of cut. 

Suitable electronic circuitry of conventional design 
connects with, the encoder assembly 330 and with, the source 26 
such that : 
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1) If a five-degree exposure angle is desired, as for 

zonography, the source 2 6 is energized between the 
fourth and fifth pulses of the encoder 330 which 
result from an alignment of the disc slots 484, 485 
with the encoder light source and photocell'; 

2) If a ten-degree exposure angle is desired, the 
source 26 is energized between the third and sixth 
encoder pulses, which correspond to the disc slots 
483, 486; 

10 3) If a twenty-degree exposure angle is desired, the 
source 2 6 is energized between the second and sev-
enth encoder pulses, which correspond to the disc 
slots 482, 487; and, 

4) If a forty-degree exposure angle is desired, the 
source 2 6 is energized between the first and eighth 
encoder pulses, which correspond to the disc slots 
481, 488, 

IX, Operation of the Apparatus 2 0 during Radiography 
The apparatus 20 is easily converted from tomographic 

2 0 to radiographic operation simply by: 
1) Lowering the carriage 24 to disconnect the connec-

tors 230, 270; and, 
2) Energizing the solenoid 371 (FIGURE 1) to dis-

connect the Bucky drive bar 365 from the upper arm portion 351. 
Once these simple steps are complete, the source 26 

and the Bucky tray 3 0 may be moved independently relative to 
each other and relative to the table top 21 for the taking of 
conventional radiographs, 

Converting the apparatus 2 0 from radiographic operation 
30 to tomographic operation is accomplished by: 

11 De-energizing the solenoid 371 and moving the 
Bucky tray 3 0 to a centered position along the table top 21 
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where the pawl 377 pivots into the slot 387 to lock the Bucky 
drive bar 365 to the. upper arm portion 351; 

2) Raising the carriage 24 to connect the. connectors 
230, 270; and, 

3) Moving the tower 23 rightwardly to a position 
of readiness for initiating the production of a tomograph. 

Although the invention has been described in its pre-
ferred form with a certain degree of particularity, it is under-
stood that the present disclosure of the preferred form has been 
made only by way of example and that numerous changes in the 
details of construction and the combination and arrangement 
of parts may be resorted to without departing from the spirit 
and the scope of the invention as hereinafter claimed. 
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THE EMBODIMENTS OP THE INVENTION IN WHICH AN EXCLU-
SIVE PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An X-ray apparatus operable selectively for 
radiography or tomography, comprising an X-ray device providing 
a source of X-radiation, an X-ray imaging device responsive 
to incident X-radiation, a patient support for positioning 
a patient between the devices, structure extending between 
and mounting said devices for movement relative to each 
other and relative to the support, characterized in that: 

a) drive means is provided to selectively 
interconnect said devices through coordinated movements 
for tomography, substantially all of said drive means being 
housed within and shielded by said structure. 

2. The apparatus of claim 1, further characterized 
in that said drive means includes components which are con-
nected in driving relationship when one of said devices 
is positioned in a predetermined location relative to said 
structure and which are always disconnected from driving 
relationship when said one device is positioned out of said 
predetermined location relative to said structure. 

3. The apparatus of claim 1, further characterized 
in that a latching means is provided for selectively estab-
lishing a driving connection between said drive means and 
one of said devices, said latching means includes relatively 
movable components and electrically operated actuating means 
for effecting relative movement of said components between 
drive-connect and drive-interrupt positions. 

4. The apparatus of claim 1, further characterized 
in that: 
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a) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong; 

b) a carriage is supported on said tower; 
c) said X—ray source is supported by the 

carriage and is rotatable relative to the carriage about an 
axis which is substantially parallel to said surface; and, 

d) said X—ray source is angulated by a portion 
of said drive means during coordinated movement of said devices 
to keep an X—ray beam emanating therefrom aligned with said 
X—ray imaging device. 

5. The apparatus of claim 1, further characterized 
in that: 

a) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong; 

b) a carriage is supported on said tower; 
c) an arm carried by said carriage supports 

said x—ray source; and, 
d) a connection means provides a rotatable 

connection between said arm and said tower to enable said 
X—ray source to be rotated about an axis extending substan-
tially longitudinally from the tower. 

6. The apparatus of claim 4, further characterized 
in that: 

a) said arm is extensible to move said X—ray 
source toward and away from said tower; and, 

b) said carriage is movable longitudinally 
of said tower to move said X—ray source toward and away from 
said surface. 
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7. The apparatus of claim 1, further characterized 
in that said drive means includes adjustable linkage means 
for selectively controlling the location of the tomographic 
examination plane of a tomograph produced during coordinated 
movement of said devices. 

8. The apparatus of claim 7, further characterized 
in that said adjustable linkage is disposed at least in part 
within said patient support and is connected to said X—ray 
source to control movement of said source. 

9. The apparatus of claim 7, further characterized 
in that a sensor provides an electrical output signal indicative 
of the location of the tomographic examination plane. 

10. The apparatus of claim 9, further characterized 
in that said sensor means includes a member rotatably connected 
to said linkage means and has at least one aperture formed 
therethrough, said member being operable to rotate said aper-
ture around a substantially circular path in response to 
repositioning of said tomographic examination plane by said 
adjustable linkage means, and signaling means positioned along 
said path and being operable in response to the passage of 
said aperture to provide a pulse in said electrical output 
signal. 

11. The apparatus of any of claims 1, 3, or 7, 
further characterized in that a sensor means provides a signal 
indicative of the position of one of said devices. 

12. An X—ray apparatus operable selectively for 
radiography or tomography, comprising an X—ray device providing 
a source of X—radiation, an X—ray imaging device responsive 
to incident X—radiation, a patient support for positioning 

u 
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a patient between the devices, structure extending between 
and mounting said devices for movement relative to each 
other and relative to the support, characterized in that: 

a) drive means is provided to selectively 
interconnect said devices through coordinated movements 
for tomography, substantially all of said drive means being 
housed within and shielded by said structure; and, 

b) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong, at least a portion of said 
drive means being housed within and shielded by said tower. 

13. The apparatus of claim 12, further charac-
terized in that a latching means is provided for selectively 
establishing a driving connection between said drive means 
and one of said devices, said latching means includes rela-
tively movable components and electrically operated actuating 
means for effecting relative movement of said components 
between drive-connect and drive-interrupt positions. 

14. The apparatus of claim 12, further character-
ized in that: 

a) a carriage is supported on said tower; 
b) said X-ray source is supported by the 

carriage and is rotatable relative to the carriage about an 
axis which is substantially parallel to said surface; and, 

c) said X-ray source is angulated by a 
portion of said drive means during coordinated movement 
of said devices to keep an X-ray beam emanating therefrom 
aligned with said x-ray imaging device. 

15. The apparatus of claim 12, further character-
ized in that: 

v5 
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a) a carriage is supported on said tower; 
b) an arm carried by said carriage supports 

said X—ray source; and, 
c) a connection means provides a rotatable 

connection between said arm and said tower to enable said 
X—ray source to be rotated about an axis extending substan-
tially longitudinally from the tower. 

16. The apparatus of claim 15, further character-
ized in that: 

a) said arm is extensible to move said X—ray 
source toward and away from said tower; and, 

b) said carriage is movable longitudinally 
of said tower to move said X—ray source toward and away from 
said surface. 

17. The apparatus of claim 12, further character-
ized in that said drive means includes adjustable linkage 
means for selectively controlling the location of the tomo-
graphic examination plane of a tomograph produced during 
coordinated movement of said devices. 

18. The apparatus of claim 17, further character-
ized in that said adjustable linkage is disposed at least 
in part within said patient support and is connected to said 
X—ray source to control movement of said source. 

19. The apparatus of claim 17, further character-
ized in that a sensor provides an electrical output signal 
indicative of the location of the tomographic examination 
plane. 

20. The apparatus of claim 19, further character-
ized in that said sensor means includes a member rotatably 
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connected to said linkage means and has at least one aperture 
formed therethrough, said member being operable to rotate 
said aperture around a substantially circular path in response 
to repositioning of said tomographic examination plane by 
said adjustable linkage means, and signaling means positioned 
along said path and being operable in response to the passage 
of said aperture to provide a pulse in said electrical output 
signal. 

21. The apparatus of any of claims 12, 13, or 17, 
further characterized in that a sensor means provides a 
signal indicative of the position of one of said devices. 

22. An X-ray apparatus operable selectively for 
radiography or tomography, comprising an X-ray device pro-
viding a source of X-radiation, an X-ray imaging device 
responsive to incident X-radiation, a patient support for 
positioning a patient between the devices, structure ex-
tending between and mounting said devices for movement 
relative to each other and relative to the support, charac-
terized in that: 

a) drive means is provided to selectively 
interconnect said devices through coordinated movements 
for tomography, substantially all of said drive means being 
housed within and shielded by said structure; 

b) one of said devices is movable relative 
to said structure into and out of a predetermined position; 
and, 

c) said drive means includes components 
which are connected only when said one device is in said 
predetermined location to drive said devices through coor-
dinated movements for tomography, said drive means being 
operable only to permit independent movement of said devices 
when said one device is out of said predetermined position. 
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23. The apparatus of claim 22, further character-
ized in that a latching means is provided for selectively 
establishing a driving connection between said drive means 
and one of said devices, said latching means includes rela-
tively movable components and electrically operated actuating 
means for effecting relative movement of said components 
between drive-connect and drive-interrupt positions. 

24. The apparatus of claim 22, further character-
ized in that: 

a) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong; 

b) a carriage is supported on said tower; 
c) said X—ray source is supported by the 

carriage and is rotatable relative to the carriage about an 
axis which is substantially parallel to said surface; and, 

d) said X—ray source is angulated by a portion 
of said drive means during coordinated movement of said devices 
to keep an X—ray beam emanating therefrom aligned with said 
X—ray imaging device. 

25. The apparatus of claim 22, further character-
ized in that: 

a) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong; 

b) a carriage is supported on said tower; 
c) an arm carried by said carriage supports 

said X—ray source; and, 
d) a connection means provides a rotatable 

connection between said arm and tower to enable said X—ray 
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source to be rotated about an axis extending substantially 
longitudinally from the tower. 

26. The apparatus of claim 25, further character-
ized in that: 

a) said arm is extensible to move said X—ray 
source toward and away from said tower; and, 

b) said carriage is movable longitudinally 
of said tower to move said X—ray source toward and away from 
said surface. 

27. The apparatus of claim 22, further character-
ized in that said drive means includes adjustable linkage 
means for selectively controlling the location of the tomo-
graphic examination plane of a tomograph produced during co-
ordinated movement of said devices. 

28. The apparatus of claim 27, further character-
ized in that said adjustable linkage is disposed at least 
in part within said patient support and is connected to said 
X—ray source to control movement of said source. 

29. The apparatus of claim 27, further characterized 
in that a sensor provides an electrical output signal indicative 
of the location of the tomographic examination plane. 

30. The apparatus of claim 29, further characterized 
in that said sensor means includes a member rotatably connected 
to said linkage means and has at least one aperture formed 
therethrough, said member being operable to rotate said aper-
ture around a substantially circular path in response to 
repositioning of said tomographic examination plane by said 
adjustable linkage means, and signaling means positioned along 
said path being operable in response to the passage of said 
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aperture to provide a pulse in said electrical output signal. 

31. The apparatus of any of claims 22, 23, or 
27, further characterized in that a sensor means provides 
a signal indicative of the position of one of said devices. 

32. An X-ray apparatus operable selectively for 
radiography or tomography, comprising an X-ray device pro-
viding a source of X-radiation, an X-ray imaging device 
responsive to incident X-radiation, a patient support for 
positioning a patient between the devices, structure extend-
ing between and mounting said devices for movement relative 
to each other and relative to the support, characterized 
in that: 

a) drive means is provided to selectively 
interconnect said devices through coordinated movements 
for tomography, substantially all of said drive means being 
housed within and shielded by said structure; and, 

b) said drive means includes means for 
automatically interconnecting said drive means to said devices. 

33. The apparatus of claim 32, further characterized 
in that a latching means is provided for selectively estab-
lishing a driving connection between said drive means and 
one of said devices, said latching means includes relatively 
movable components and electrically operated actuating means 
for affecting relative movement of said components between 
drive-connect and drive-interrupt positions. 

34. The apparatus of claim 32, further character-
ized in that: 

a) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong; 

SO 
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b) a carriage is supported on said tower; 
c) said X—ray source is supported by the car-

riage and is rotatable relative to the carriage about an axis 
which is substantially parallel to said surface; and, 

d) said X—ray source is angulated by a portion 
of said drive means during coordinated movement of said devices 
to keep an X—ray beam emanating therefrom aligned with said 
X—ray imaging device. 

35. The apparatus of claim 32, further character-
ized in that: 

a) said structure includes a tower extending 
substantially orthogonally to the surface of said patient 
support and movable therealong; 

b) a carriage is supported on said tower; 
c) an arm carried by said carriage supports 

said X—ray source; and, 
d) a connection means provides a rotatable 

connection between said arm and said tower to enable said 
X—ray source to be rotated about an axis extending substan-
tially longitudinally from the tower. 

36. The apparatus of claim 35, further character-
ized in that: 

a) said arm is extensible to move said X—ray 
source toward and away from said tower; and, 

b) said carriage is movable longitudinally 
of said tower to move said X—ray source toward and away from 
said surface. 

37. The apparatus of claim 32, further character-
ized in that said drive means includes adjustable linkage 
means for selectively controlling the location of the tomo-

51 
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graphic examination plane of a tomograph produced during co-
ordinated movement of said devices. 

38. The apparatus of claim 37, further character-
ized in that said adjustable linkage is disposed at least 
in part within said patient support and is connected to said 
X—ray source to control movement of said source. 

39. The apparatus of claim 37, further character-
ized in that a sensor provides an electrical output signal 
indicative of the location of the tomographic examination 
plane. 

40. The apparatus of claim 39, further character-
ized in that said sensor means includes a member rotatably 
connected to said linkage means and has at least one aperture 
formed therethrough, circular path in response to repositioning 
of said tomographic examination plane by said adjustable linkage 
means, and signaling means positioned along said path and 
being operable in response to the passage of said aperture 
to provide a pulse in said electrical output signal. 

41. The apparatus of any of claims 32, 33, or 37, 
further characterized in that a sensor means provides a signal 
indicative of the position of one of said devices. 

42. An X—ray apparatus, comprising: 
a) a base structure; 
b) a patient support carried by the base structure 

and defining a patient positioning surface; 
c) a tower movably carried by the base structure 

for movement along the patient support and extending substan-
tially orthogonally to the surface; 
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d) a carriage supported on the tower; 
e) an X-ray source supported by the car-

riage and being rotatable relative to the carriage about 
an axis which is substantially parallel to and transverse 
of the surface; 

f) tomographic drive means including inter-
connected components housed within and shielded from patient 
contact substantially in their entirety by the tower, the 
carriage, and the base structure for rotating the source 
about said axis during a tomographic study. 

43. The apparatus of claim 42 wherein the carriage 
is movable along the tower, and a power means is connected 
to the carriage for moving the carriage along the tower. 

44. The apparatus of claim 42 wherein components 
of the drive means are connectable in driving relationship 
when the carriage is in a predetermined position along the 
tower, and are disconnected when the carriage is moved from 
such predetermined position. 

45. The apparatus of claim 44 additionally including 
sensor means for sensing when said carriage is in a selected 
one of said predetermined or another position. 

46. The apparatus of claim 43 wherein the X-ray 
source is rotatable around the tower, and disconnect means 
is provided to disconnect drive means components to permit 
source rotation. 

47. The apparatus of claim 42 wherein the carriage 
includes an extensible arm which overlies said surface and 
movably supports the source, and said drive means includes 
components housed within and shielded from contact by the 
arm. 

53 
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48. The apparatus of claim 42 wherein said drive 
means is operable to rotate the source about said axis in 
response to movement of the tower along the patient support. 

49. The apparatus of claim 48 wherein the carriage 
includes an arm movably supporting the source and a power 
means connected to this arm for extending and retracting said 
arm to position the source. 

50. The apparatus of claim 42 additionally including: 
a) an X—ray imaging device movably carried by the 

base structure; and 
b) linkage means housed within and shielded from 

patient contact by said base structure for moving the imaging 
device in response to movement of the tower. 

51. The apparatus of claim 50 wherein said linkage 
means is connected to certain of the drive means components 
and is operable to move the imaging device along the patient 
support distances proportional and opposite to distances 
traversed by the tower. 

52. The apparatus of claim 50 additionally including 
latch means releasably connecting said linkage means and said 
imaging device and being operable to disconnect said imaging 
device from said linkage means to permit relative movement 
therebetween. 

53. The apparatus of claim 42 additionally including 
a) positioning means having portions housed within 

said tower and connected to said carriage for positioning 
the carriage relative to said tower; and 

b) safety means interposed between said tower and 
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said carriage for inhibiting relative movement between said 
tower and said carriage in the event of failure of said posi-
tioning means. 

54. The apparatus of claim 42 additionally including 
a) at least one cable extending longitudinally 

of said tower and being connected to said carriage to position 
said carriage longitudinally of the tower; 

b) a threaded nut connected to said cable; 
c) a threaded rod threaded through said nut; and 
d) rod rotating means drivingly connected to one 

of said rod and nut for relatively rotating the rod and nut 
to move said nut longitudinally along said rod and thereby 
move said cable to position said carriage longitudinally of 
said tower. 

55. An X—ray tomography apparatus, comprising: 
a) a base; 
b) a patient support carried by the base and de-

fining a patient support surface; 
c) a pair of X—ray devices, one of said devices 

being an X—ray source, and the other of said devices being 
an X—ray imaging assembly; 

d) a first structure movably carried by the base 
for supporting one of the devices on one side of such surface; 

e) a second structure movably carried by the base 
for supporting the other of the devices on the opposite side 
of such surface; 

f) drive means interconnecting said structures 
to move said devices through coordinated movements with the 
source being angulated to keep an X—ray beam emanating there-
from aligned with the imaging assembly for production of a 
tomographic image; and 



g) said drive means including adjustable linkage 
means housed within the base for selectively controlling the 
location of the tomographic examination plane of a tomograph 
produced during coordinated movement of the devices. 

56. The apparatus of claim 55 additionally includ-
ing sensor means for providing an output signal indicative of 
the location of the tomographic examination plane. 

57. The apparatus of claim 56 wherein said sensor 
means includes a member rotatably connected to said linkage 
means and having at least one formed signal producing portion, 
said member being operable to rotate said portion around a 
substantially circular path in response to repositioning of 
said tomographic examination plane, and signalling means 
positioned along said path and being operable in response 
to movement of said portion to provide an output signal. 

58. The apparatus of claim 55 additionally includ-
ing sensor means for providing an output signal indicative of 
the position of at least one of said devices. 

59. The apparatus of claim 55 including a sensor 
means having a member connected to said drive means and having 
at least one formed portion, said member being operable to 
move said portion along a path in response to movement of 
said one device, and signalling means positioned along said 
path and being operable in response to movement of said portion 
to provide an output signal. 

60. The apparatus of claim 55 wherein said drive 
means includes components which extend through the structure 
associated with said source and connect with said source to 
effect such source angulation. 
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61. The apparatus of claim 55 wherein said source 
is movable along said associated structure and certain of 
said components are connected in and disconnected from a driv-
ing relationship when said source is positioned in and out 
of a predetermined location along said associated structure. 

62. The apparatus of claim 55 wherein said drive 
means includes: 

a) carriage means movably supported by said base; 
b) an extensible proportioning arm movably con-

nected to said carriage means; 
c) opposite end regions of said arm being connected 

to separate ones of said structures; 
d) said carriage means being movable within said 

base to control the location of an axis about which said arm 
pivots relative to said carriage means; and 

e) opposite end regions of said arm being movable 
in opposite directions as said arm pivots about said axis, 
whereby said arm effects movement of said structures in oppo-
site directions. 

63. The apparatus of claim 55 additionally includ-
ing sensor and readout means for producing an indication of 
the location of said tomographic examination plane. 

64. The apparatus of claim 62 wherein said drive 
means additionally includes means constraining opposite end 
regions of said arm to translate along parallel paths as said 
arm pivots about said axis. 

65. The apparatus of claim 64 wherein: 
a) said carriage means includes a swivel structure 

movably supported to pivot about said axis; 

S ~j 
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b) said arm includes a pair of arm members slidably 
coupled to said swivel structure for extension and retraction 
in a plane which includes said axis; and 

c) said swivel structure is movable substantially 
orthogonally between said paths to position said axis to 
obtain a desired ratio of movement of said structures as said 
arm pivots about said axis. 

66. An X—ray apparatus operable for tomography, 
comprising: 

a) a base structure; 
b) an elongated patient support carried by the 

base structure and defining a substantially horizontally 
extending patient positioning surface; 

c) an upstanding tower structure connected to the 
base structure for movement longitudinally along one side 
of the patient support; 

d) an X—ray source supported on the tower structure 
at a position overlying the positioning surface; 

e) an X—ray imaging device carried within the base 
structure beneath the positioning surface and being movable 
longitudinally beneath such surface; 

f) a powered drive interconnecting the source and 
the device to move the source and the device through coordi-
nated movements with the source being angulated to keep an 
X—ray beam emanating therefrom aligned with the device for 
production of a tomograph; and 

g) said drive including an adjustable linkage dis-
posed at least in part within the base for selectively con-
trolling the location of the plane of a tomograph produced 
during coordinated movement of the source and the device. 

e 
58 
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67. The apparatus of claim 66 wherein said drive 
includes components which extend through said tower structure 
and connect with said source to effect such source angulation. 

68. The apparatus of claim 66 wherein said tower 
includes an upstanding column and an arm which extends from 
said column over said surface to support the source, and said 
drive includes components extending through said column and 
through said arm. 

69. The apparatus of claim 68 wherein said arm 
is movable along said column toward and away from said surface, 
and wherein certain of the components carried in said arm 
and other of the components are carried in said column, and 
wherein a connection can be formed between certain and other 
components only when said arm is at a predetermined position. 

70. The apparatus of claim 69 wherein an arm carries 
the source and the arm is rotatable around said column, and 
disconnect means are provided to permit rotation of said arm 
around said column. 

71. The apparatus of claim 66 wherein: 
a) a latch structure is provided to normally prevent 

rotation of said arm around said column; and 
b) control means is provided to operate said dis-

connect means and to unlatch said latch structure to permit 
rotation of said arm. 

72. The apparatus of claim 66 wherein said drive 
includes: 

a) carriage means movably supported within said base 

b) an extensible proportioning arm movably connected 
to said carriage means; 
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c) opposite end regions of said arm being connected 
to said tower structure and said device; 

d) said carriage means being movable to control 
the location of an axis about which said arm pivots; and 

e) whereby the position of said carriage means 
determines the ratio of relative movement longitudinally of 
said patient support executed by said tower structure and 
said device. 

73. The apparatus of claim 72 wherein: 
a) said carriage means includes a swivel structure 

movably supported to pivot about said axis; 
b) said arm includes a pair of arm members slidably 

coupled to said swivel structure for extension and retraction 
in a common plane which includes said axis; and, 

c) said swivel structure is movable substantially 
orthogonally between said paths to position said axis. 

74. The apparatus of claim 72 wherein: 
a) said drive includes rotatable components which 

extend through said tower structure and connect with said 
source to effect angulation of said source; and 

b) said proportioning arm is drivingly connected 
to such components to rotate such components and thereby 
angulate said source in response to pivotal movement of said 
arm about said axis. 

75. An X—ray apparatus comprising an X—ray source, 
an X—ray imaging device, a framework including a pair of legs 
and a connecting stem which interconnect and position the 
source and the device on opposite sides of a patient support, 
and drive means housed within and shielded from patient contact 
by said framework for moving the source and the device through 
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coordinated movements in opposite directions to produce a 
tomograph, said drive means including a proportioning arm 
housed within one of said legs for effecting proportional 
movements in opposite directions of the source and the device. 

76. The apparatus of claim 75 wherein said drive 
means additionally includes drive interconnected components 
carried in the other of said legs and in said stem, said com-
ponents interconnecting said proportioning arm and said source 
to angulate said source as said source and said device move 
in opposite directions to keep an X—ray beam emanating from 
said source directed toward said device. 

77. The apparatus of claim 75 additionally including 
means movably supported within said one leg to selectively 

x 

position an axis about which said proportioning arm pivots, 
and to control the position of a tomographic imaging plane. 

78. The apparatus of claim 75 wherein said other 
leg is movable along said stem, and certain drive means com-
ponents are connectable only when said arm is in a predetermined 
position along said stem. 

79. The apparatus of claim 78 wherein a power means 
is provided within said framework to effect movement of said 
other leg along said stem. 

80. The apparatus of claim 75 wherein the other 
of said legs is extensible to position said source relatively 
toward and away from said stem. 

81. The apparatus of claim 80 wherein a power means 
is provided within said framework to extend and retract said 
other leg. 

81 
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82. The apparatus of claim 75 additionally in-
cluding latch means interposed between the other of said 
legs and said source to selectively lock said source and 
thereby prevent its rotation relative to said other leg. 

83. An X-ray apparatus comprising: 
a) an upstanding base structure; 
b) a patient support carried by the base 

structure and defining an elongated, substantially horizontal 
patient support surface; 

c) a base carriage movably supported on 
the base structure for movement longitudinally of the base 
structure ; 

d) an upstanding tower carried on the base 
carriage for movement longitudinally of the patient support 
surface as the base carriage moves longitudinally of the 
base structure; 

e) a tower carriage movably supported on 
the tower at a position above the support surface for move-
ment toward and away from the support surface; 

f) an extensible arm carried on the tower 
carriage and extending over the support surface, the arm 
being rotatable relative to the carriage around the tower, 
and being extensible in directions toward and away from 
the tower; 

g) an X-ray source carried on the extensible 
arm at a position overlying the support surface, the source 
being movable toward and away from the tower as the arm 
extends and retracts, and being rotatable relative to the 
arm about an axis extending substantially parallel to the 
plane of the support surface; 



1099418 
h) first rotatable drive means extending 

through the arm, such first drive means having one end region 
connected to the source and being rotatable with the source 
as the source rotates about said axis, and having an opposite 
end region positioned near the tower; 

i) second rotatable drive means extending 
through the tower and having one end region positioned to 
be engaged by said first drive means only when the carriage 
is at a predetermined position along the tower, and having 
an opposite end region positioned near the lower end of 
the tower ; 

j) proportioning arm means having one end 
region connected to said other end region of said second 
drive means and extending from the lower end region of the 
tower into the base structure; 

k) an X-ray imaging device carried within 
the base structure and being movable longitudinally of the 
base structure; 

1) releasable connection means releasably 
connecting an opposite end region of the proportioning arm 
means to the imaging device; 

m) said first and second drive means, said 
proportioning arm means, and said connection means being 
operative when interconnecting the source and the device to 
coordinate the movement of the source and the device such 
that an X-ray beam emanating from the source through a 
patient positioned on the support surface and received by 
the device will produce a tomograph representative of a 
plane of cut through such patient. 

84. The apparatus of claim 83 additionally includ-
ing means carried within the base structure for adjusting 
the proportioning arm means to control the location of said 
plane of cut. C: o 
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