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1. 

3,175,085 
X-RAY OSTING APPARATUS WITH AUTO. 

MATIC SECURING MEANS 
Robert T. Avery, Los Altos, Calif., assignor to Varian 

Associates, Palo Alto, Calif., a corporation of 
California 

Filed July 13, 1961, Ser. No. 123,855 
31. Claims. (CI. 250-91) 

This invention relates to a hoisting apparatus for Sup 
porting and for transporting a heavy object and, more 
particularly, to a depending boom hoist to which the object 
is attached and which supports the object rigidly when 
the object is at rest. 

In very specialized applications, a high energy X-ray 
machine must be supported on the end of a depending 
rigid boom hoist which is moveable on overhead tracks. 
The boom must not only be capable of transporting the 
X-ray machine but must motionlessly and rigidly secure 
the machine while X-ray pictures are being taken. Also, 
any inherent oscillation in the hoist must be quickly 
dampened when the X-ray machine comes to rest. A 
typical high energy X-ray machine is described in U.S. 
patent application No. 46,432, filed on August 1, 1960, 
now abandoned, in favor of continuation U.S. patent ap 
plication Serial No. 411,170, filed on September 14, 1964, 
by the same inventor and assigned to the same assignee 
as this application. The X-ray machine comprises a 
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linear accelerator which accelerates electrons to high en 
ergies (in the order of eleven million electron volts) and 
means which then direct the high energy electrons onto 
a target to produce very high energy X-rays. The elec 
tron beam is also focused to a very small cross section in 
the region of the target so that a point X-ray source is 
simulated which, in turn, will produce very sharp pic 
tures. The high energy linear accelerator, as described 
in the above application, is long and heavy and mobility 
is provided in the above accelerator by mounting the 
accelerator transversely onto the end of a telescoping boom 
depending from an overhead trolley hoist. The electron 
beam axis is disposed horizontally and rotates about the 
vertical axis of the boom. 

Since an electron beam cannot be focused to a math 
ematical point, the electron beam in this accelerator is 
focused to a small area having a diameter of less than one 
millimeter thus making a one millimeter X-ray source. 
A person skilled in the art of producing X-ray pictures 
understands that the boom will oscillate when the X-ray 
machine comes to rest. These oscillations must be quickly 
dampened and the inherent amplitude of vibration of the 
X-ray source must be limited, for example, on the order 
of one-half of a millimeter or one-half of the diameter 
of the X-ray source size so that maximum resolution on 
the X-ray pictures will be obtained. To do this, when 
the X-ray source is positioned to take an X-ray picture, its 
supporting member must be "immoveable.” There can 
be no "play” between the moveable parts of the boom and 
of the hoist, and the supporting member must have suffi 
cient stiffness to maintain the amplitude of vibration with 
in acceptable limits. The amplitude of vibration of the 
X-ray source is inversely dependent on the moment of in 
ertia of the boom and directly dependent on the weight 
of the X-ray source. With the large moveable parts neces 
sary to decrease the amplitude of vibration, there must 
be sufficient clearance between them so that they do not 
bind during positioning of the X-ray source. This clear 
ance or play between the moveable parts must be auto 
matically "taken up” when the X-ray source is in position 
as it would be impractical to manually clamp the sec 
tions together before an X-ray picture is taken. The take 
up means substantially restricts relative transverse mo 
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tion between the telescoping sections both in the move 
ment thereof and when in a fixed position. 
The principal object of this invention is to provide a 

moveable support structure which will motionlessly and 
rigidly support a large object after the object has been 
moved into a desired position by the support structure. 
One feature of this invention is the provision of a 

moveable support structure arranged to rotate a large ob 
ject about a vertical axis without backlash. 

Another feature of this invention is the provision of 
a slip drive to perform the above rotation without back 
lash. 
Another feature of this invention is the provision in the 

above moveable support structure of a flat drive sprocket 
coaxially disposed between a fixed support on the support 
structure and a flanged shaft wherein a thrust force in the 
shaft forms a friction brake between the flange on the 
shaft and the sprocket and between the sprocket and the 
fixed support. 

Still another feature of this invention is the provision 
of a moveable support structure in the form a of a tele 
scoping boom wherein the play between the separate boom 
parts is taken up and eliminated. 
Another feature of this invention is a track and a spring 

loaded follower between sections of a telescoping boom 
to take up the play between the sections. 
Another feature of this invention is a telescoping boom 

wherein the sections are fixed with respect to each other 
at all stationary boom positions. 
These and other features and advantages of the present 

invention will be more apparent after a perusal of the fol 
lowing specification taken in connection with the accom 
panying drawings wherein, 

FIG. 1 is a view in elevation of an extended vertical 
boom supporting a linear accelerator with both the boom 
and accelerator supported by an overhead trolley hoist, 

FIG. 2 is a cross sectional view taken on line 2-2 
of FIG. 1 with the center block and tackle removed. 
FIG. 3 is an enlarged partial sectional view of the 

boom enclosed by circle 3-3 of FIG. 1, 
FIG. 4 is an enlarged partial sectional view of the boom 

depicted in FIG. 1, and 
FIG. 5 is a cross sectional view taken on line 5-5 of 

FIG. 4. 
Referring to FIG. 1 a linear accelerator 12, including 

its power supply enclosed in a cabinet 3 and an X-ray 
head unit 14, is supported on the bottom end of the ver 
tically disposed hollow boom 15 which is, in turn, mount 
ed on an overhead trolley hoist assembly 16. The hoist 
assembly 16 comprises a square frame 17 to which the 
boom i5 is fixed and suitable wheels 18 that ride on I 
beam tracks 19 which are part of an overhead-disposed 
moveable-beam 20. An electric motor 21 mounted with 
in the hoist 16 powers the wheels 18 to provide horizontal 
motion in one direction for the accelerator 12 along tracks 
19. The overhead moveable beam 20 is mounted on 
other tracks (not shown) for horizontal motion normal to 
the one direction. A flexible conduit means 22 extends 
from the overhead 20 to the accelerator. 12 through the 
hollow boom 15. The conduit means supply electrical 
energy and cooling water to the accelerator 12. - 
The boom 15 is made of a plurality of telescoping sec 

tions, and as shown in this embodiment, includes three 
sections, an upper section 23, fixed to the frame 17, a 
middle section 24, and a bottom section 25 wherein sec 
tion 25 nests within section 24 which, in turn, nests with 
in Section 23. Another electric motor and hoisting drum 
(not shown) powers a block and tackle 26 (shown by 
dash lines) to provide vertical motion to the accelerator 
12. The lower pulley of the block and tackle 26 is at 
tached to a diagonal brace 27, shown partially broken 
away in FIG. 2. 
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The accelerator 12 is mounted with its beam axis hori 
zontal; the power supply cabinet 13 at one end balance 
the heavy X-ray head 14 at the other end. The linear 
accelerator 12 is rotatable upon a vertical axis which coin 
cides with the axis of the boom 15 and is supported by 
the bottom section 25 of the boom through a shaft 28 
(FIG. 3) which has one end fixed to the linear accelera 
tor 12 through a triangular support structure. Shaft 
28 is preferably made tubular so that the flexible conduit 
means 22 conveniently passes therethrough to the ac 
celerator 12. The triangular support structure comprises 
a sleeve 29 and four radially protruding I-beams 30 fixed 
to the frame of the linear accelerator 2 and four angle 
members 31 equally spaced about the sleeve 29 and each 
secured at one end to the sleeve 29 and at the other 
to the outer end of one of the I-beams 30. The shaft 
28 fits snugly within the sleeve 29 as a shear pin 32 
passes through both the sleeve 29 and shaft 28 to secure 
the two together. 

Shaft 28 is rotatable within another sleeve 33 disposed 
within and fixed to the boom bottom section 25. Sleeve 
33 is welded to a transverse steel plate 34 and braced 
by four angle members 35 equally spaced about sleeve 
33. On its upper end the shaft 28 has a radial flange 37 
which bears on an enlarged steel thrust washer 38 which 
has a journal bearing surface 39 attached thereto. The 
radial flange 37 could have been made larger wherein 
it will have the same diameter of thrust washer 38 and, 
therefore, eliminating washer 38. The embodiment illus 
trated is preferred because machining time is saved since 
a smaller shaft 28 was used. The bearing surface 39 
bears on one of the opposing parallel surfaces of a gear 
41, the axis of the gear 41 coinciding with the axes of 
the shaft 28 and sleeve 33. Gear 41 rests on a combina 
tion radial and thrust journal bearing 42 press-fitted into 
the upper end of the sleeve 33 to form a thrust journal 
bearing with the upper end-face of bearing 42. The inner 
cylindrical surface of bearing 42 forms a radial journal 
bearing for shaft 28. A radial journal bearing 43 is press 
fitted at the other end of sleeve 33 also to provide align 
ment and a suitable bearing between sleeve 33 and shaft 
28. The gear 41 is rotated about its vertical axis by 
electric gear motor 44 acting through a sprocket 45. The 
sprocket 45 is connected to gear 41 through a chain 45. 

Since the linear accelerator must also be raised or 
lowered by the boom 25, the telescoping boom sections, 
therefore, are made to move axially relative to each other 
and nest, as mentioned above, within each other. Suit 
able clearance must be provided between the sections so 
they can move freely. The clearance must also be taken 
up or tightened automatically after the linear accelerator 
is in position to take X-ray pictures. Manually clamping 
the sections together every time the X-ray unit is noved 
is not practical since the unit is large and would neces 
sitate an operator to climb 25 or more feet every time 
a picture must be taken just to clamp the unit in place. 
The clearance and free action which is required be 

tween the sections is provided by Suitable tracks 47, FIG. 
2, which are made from rectangular cross-section cold 
rolled steel. Tracks 47 are disposed vertically near the 
corners of the sections 24 and 25 which have a square 
cross section. Although only two tracks can be used 
on one section, four tracks on one section are used 
in the preferred embodiment, as shown, to prevent exces 
sive twisting of the sections. The top section 23 being 
an external section does not require any tracks 47. Each 
of the sections 23, 24 and 25 include four steel angle sec 
tions 48 at each corner thereof, and suitable stiffening 
brackets 49 are welded to the angle sections 48. For 
aesthetic reasons, the Sections are covered with a sheet 
metal cover 50. For convenience and strength, the tracks 
47 are fixed to the corner angle sections 48. Followers 
52, preferably in the form of rollers, ride on tracks 47. 
A pair of rollers 52 is mounted on a lever 53 (FEG. 5) 
by suitable bearing axles 54 and a pair of levers 52 are 
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4. 
provided for each track 47. Each lever 53 is pivotly 
mounted by means of pivot shaft 55 disposed on the in 
terior wall of a boom section, such as sections 23 and 24 
which surround another boom section. The rollers 52 
and tracks 47 provide the necessary friction-free "clear 
ance' between the sections so that they can move rela 
tive to each other without binding. The play between 
each pair of rollers 52 and tracks 47 is eliminated by 
pivoting the lever 53 on its pivot shaft 55 disposed be 
tween two rollers 52 to cause each roller 52 to bear 
against the track 47 with a large constant force. The 
large constant force is provided by a take-up means 57 
(FIG. 4). 
The take-up means 57, in this embodiment, preferably 

comprises a pair of the levers 53 for each track 47. 
Since the tracks 47 are mounted only on the inner boom 
sections, then to provide maximum stiffness and travel 
the pairs of levers 53 are mounted near the bottom of 
the outer boom sections and on two horizontal angle 
braces 58. A vertical member 59 is welded at its end 
to both braces 58 and the free ends of levers 53 are re 
tained within U-shaped straps 61 that are welded by . 
their ends to member 59. The take-up means 57 are 
preloaded in this embodiment by a tension spring 62 con 
nected to both levers 53 in each pair to place a torque on 
the levers by urging the ends of the levers 53 toward each 
other. The mechanical advantages of the levers 53 cause 
the rollers 52 to maintain their contact with track 47. 
Since the weight of the upper lever 53 of each pair adds 
to the torque, the spring 62 is connected to the lower 
lever at a point positioned further from the pivot shaft 
55 than the point where the spring is attached to the 
upper lever. Thus, all the rollers 52 bear against the 
tracks 47 with approximately equal force. 

Also, to insure that the X-ray head 4 is stationary, th 
telescoping coaxially disposed boom sections 22, 24 and 
25 must be always at given stable, relative vertical posi 
tion to each other when the unit 14 is at a given eleva 
tion. If the sections do not move under positive control 
with respect to each other, one of the sections may fall to 
lower level at an inopportune time such as during an 
X-ray exposure. Positive control means are provided for 
between the telescoping section in this embodiment by an 
endless wire rope 65 engaging two spaced pulleys 66 and 
67 mounted on the middle section 24. For more uniform 
operation between the sections, two sets of wire ropes and 
pulleys disposed on opposite sides of section 24 are used 
in this embodiment (FIG. 2). The pulleys 66 and 67 
are disposed near the ends of the center section 24 and 
make an angle of approximately 45 with the sheet metal 
50 so that the pulleys protrude through the walls of the 
section, and the rope 65 is, therefore, accessible from the 
outside as well as from the inside of the section 24. The 
outer section 23 is fixed and attached to the rope 65 with 
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the aid of a bracket 68 in a form of a steel plate that is 
welded to the section. A standard U-shaped rope clip 
69 encircles and clamps the rope 65 and is bolted to the 
bracket 68. The bottom inner section 25 is also fixed to 
the rope 65 with the aid of another rope clip 7 which 
encircles and clamps the rope 65 and is bolted to the 
bracket 72. Of course, for full vertical motion, the 
lengths of rope on either side of one clip 69 to the other 
clip 7A are made equal to each other. While bracket 68 
is disposed near the botton of section 23, bracket 72 
(FIG. 2) is disposed near the top of section 25. 
The accelerator 12 is free to rotate about a vertical 

axis, and a safety means is required to limit the angular 
motion of the accelerator so that the flexible conduit 
means 22 is not twisted excessively. The safety means 
includes an arm 76 (FIGS. 2 and 3) extending from a 
ring 77 that fits loosely around the flange 37 of the rotat 
ing shaft 28. The ring 77 is held in place with a collar 
78 suitably bolted to the flange 37. The collar rotates 
with the shaft 23 while the ring 77 and arm are free 
from the shaft 28 but move within limits that are pre 
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scribed by a lug 79 extending up from the arm 76 engag 
ing a lug 8A depending from the collar 78. Thus, when 
the shaft 28 rotates a given number of degrees counter 
clockwise (FIG. 2), the lugs 79 and 81 make contact 
swinging arm 76 to make contact with a microSwitch 82 
supported by a bracket 83 that is welded to plate 34. 
The microswitch then stops the motor 44. The shaft 28 
can now be rotated clockwise and when it has turned ap 
proximately 360°, the lugs 7S and 81 again make con 
tact causing arm 76 to contact another microswitch 82 
(of which only the contact tip is shown in FIG. 2) simi 
larly mounted on a bracket as microswitch 82. The 
microswitch 82 also stops the motor. The exact number 
of degrees through which the shaft 28 can rotate is ad 
justed by the location of the microswitches 82 and 82 
and the geometry of the arm 76 and lugs 79 and 85. If 
the microswitches fail to stop the motor 44, arm 76 is 
stopped by either of the support brackets for the micro 
switches. 82 and 82 causing the gear 4 to slip on bear 
ing surfaces 39. The rotational limit means is also use 
ful to limit the angular displacement of the shaft to con 
siderably less than 360, for example, the X-ray beam can 
be directed towards only one wall of the room. This ar 
rangement allows for a considerable savings in construc 
tion cost of the X-ray room since heavy shielding is then 
required in only one wall instead of all four walls. 
An operator operates the X-ray machine from a remote 

control means. When motor 44 is started, sprocket 45 
rotates causing the chain 46 to drive the gear 41. The 
gear 41 slips across bearing 42 on top of the sleeve 33 
since it is fixed to the lower section 25, but the friction 
force between bearing 39 and gear 4 is sufficient to cause 
shaft 28 to rotate. When motor 44 stops, the friction force 
between bearing 39 and gear 41 and between gear 41 and 
bearing 42 provides a braking action to prevent any rela 
tive movement between the accelerator and the lower sec 
tion, 26. If the accelerator happens to be stopped by a 
wall or other immoveable objects while motor 44 is rotat 
ing it, bearing 39 will slip across the gear 42 because the 
friction force being low is overcome without damaging the 
accelerator. In this embodiment, bearing surfaces are 
between steel and porous bronze and provide a suitable 
coefficient of friction to maintain the necessary degree of 
friction whereby sufficient locking and also bearing is pro 
vided between the parts. - 
When the accelerator 12 is being raised, the rollers 52 

that are mounted on top section 23, will roll in contact 
with the tracks 47 on section 24. Any variation in the 
cross section of the tracks 47 will be taken up by levers 
53 since they can pivot about the pivot 55 and move close 
to or away from the tracks. When the accelerator 12 
stops, the spring 62 tightens the rollers 52 against the 
tracks locking the two sections 23 and 24 together. A 
similar motion is provided between sections 24 and 25. 
As the accelerator 12 is raised, section 24 moves into 

section 23 at the same rate as section 26 moves into Sec 
tion 24 because of the action of the wire rope 65 and 
pulleys 66 and 67 arrangement. Then, when the accelera 
tor stops, so do all the sections stop and cannot move. 
If more than three telescoping sections are required, the 
rope and pulley means must be installed on all Sections. 
disposed between two other sections. 

Horizontal motion is provided in one direction by motor 
21 turning wheels 18 whereby the wheels 18 travel along 
track 19. The wheels 18 are disposed at the corners of 
the frame 17 whereby pendulum action in the boom is 
eliminated or Substantially reduced. 

Since all structural units can oscillate at a resonant fre 
quency which can cause the unit 14 to oscillate as a pendul 
lum, the boom 4 was made into a square cross section 
and stiffened sufficiently to increase its moment of inertia 
so that the amplitude of vibration of the unit 14 is main 
tained within prescribed limits. Since most of the play is 
taken up between the moving part, the amplitude can be 
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readily limited without increasing the size of the boom 75 

beyond reasonable limits. A telescoping boom was built 
to support an accelerator unit which can be extended to at 
least 25 feet from the overhead and weighed at least 9000 
pounds. The amplitude of oscillation was dampened to 
A000 of an inch within less than 20 seconds. 
Since many changes could be made in the above con 

struction and many apparently widely different embodi 
ments of this invention could be made without departing 
from the scope thereof, it is intended that all matter con 
tained in the above description or shown in the accom 
panying drawings shall be interpreted as illustrative and 
not in a limiting sense. 
What is claimed is: 
1. A hoisting apparatus comprising a telescoping boom 

having at least two coaxial sections including an inner 
section nesting within an outer adjacent section, means 
for supporting an object on one end of said boom, means 
for rotating said object about the axis of said boom track 
and follower means on said sections for guiding said 
inner section within said adjacent outer section, and take 
up means for securely clamping said inner and outer 
sections together automatically when said sections are 
stationary said take-up means also substantially restrict 
transverse relative motion, with respect to the boom axis, 
between said sections both when said sections are mov 
ing relative to one another and when said sections are stationary. 

2. The hoisting apparatus of claim 1 wherein said 
followers are rollers which roll on said track. 

3. The hoisting apparatus of claim 1 wherein said 
track follower means comprises a track on said inner 
section and followers on said outer section, said fol 
lowers being disposed adjacent the end of said outer 
section closest to said inner section. 

4. The hoisting apparatus of claim 3 wherein said 
take-up means comprises preloaded followers. - 

5. A hoisting apparatus comprising a telescoping boom 
having at least two sections, including an inner section 
nesting within an adjacent outer section, means for sup 
porting an object on one end of said boom, means for ro 
tating said object about the axis of said boom, track and 
follower means on said sections for guiding said inner 
Section within said adjacent outer section, and take-up 
means for securely clamping said inner and outer sec 
tions together automatically when said sections are sta 
tionary, said track and follower means comprising a 
track on said inner section and followers on said outer 
section, said followers being disposed adjacent to end 
of said outer section closest to said inner section, said 
take-up means comprising a lever means including a 
lever on which at least two of the followers in the form 
of rollers are mounted, said levers pivotally mounted on 
said outer section, one of said tracks disposed between 
two of the roller followers on said lever, and means for 
applying a moment on said lever whereby said followers 
bear firmly against said track. 

6. The hoisting apparatus defined in claim 5 wherein 
said lever means further includes a pair of said levers 
with said roller followers engaging said one of said tracks 
and a spring attached to the ends of said pair of levers 
and disposed on the same side of said track. 

7. The hoisting apparatus as defined in claim 6 where 
in said spring is attached to one of said levers of said 
pair closer to its pivot mount than said spring is at 
tached to the other of said levers whereby a greater 
moment is placed on said other lever than on said one 
lever. - - - . 

8. A hoisting apparatus comprising a boom, means for 
supporting an object on one end of said boom, means for 
rotating said object about the axis of said boom, said 
means comprising a shaft disposed to rotate about said 
axis, said shaft bearing against a drive gear, said drive 
gear bearing against said boom, means for rotating said 
drive gear wherein said gear rotates said shaft and slides 
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in frictional engagement across the surface of the boom 
on which said gear is bearing. 

9. The hoisting apparatus of claim 8 wherein said 
boom is disposed vertically and supported from an over 
head, said means for supporting said object is disposed on 
the lower end of said shaft, a sleeve disposed coaxial on 
said boom, said shaft is disposed within said sleeve, and 
Said gear bears against the end of said sleeve. 

10. The hoisting apparatus of claim 8 wherein said 
boom comprises at least two telescoping sections. 

11. The hoisting apparatus of claim 10 wherein track 
and follower means are provided on said sections for 
guiding one of said sections into nesting position into 
an adjacent section, and take-up means are provided for 
Securely clamping said sections together automatically 
when said sections are stationary. 

12. A hoisting apparatus in combination with an X-ray 
unit comprising a vertical boom supported from over 
head, a sleeve fixed vertically to the lower end of said 
boom, a tubular shaft rotatably disposed in said sleeve, 
frictional drive means disposed between said shaft and 
said sleeve, said X-ray unit fixed to the lower end of 
said shaft, said shaft and said X-ray unit fixed thereto 
being adapted and arranged for rotation about said boom 
axis, and a flexible conduit means extending through 
said tubular shaft. 

13. A hoisting apparatus in combination with an X-ray 
unit comprising a telescoping boom having at least two 
sections with one of said sections nesting within an ad 
jacent section, said unit supported on one end of said 
boom, said X-ray unit adapted and arranged so as to be 
capable of rotation about said boom axis track and fol 
lower means on said sections for guiding one of said 
sections within an adjacent section, said track and fol 
lower means comprising a track on said inner section 
and followers on said outer section, said followers being 
disposed adjacent the end of said outer section closest 
to said inner section, and take-up means for securely 
clamping said sections together automatically when said 
sections are stationary said take up means comprising 
a lever means including a lever on which at least two 
of the followers in the form of rollers are mounted, said 
lever pivotly mounted on said outer section, one of said 
track means disposed between two of the roller followers 
on said lever, and means for applying a moment on said 
lever whereby said followers bear firmly against said 
track. 

14. A hoisting apparatus in combination with an X-ray 
unit comprising a telescoping boom having at least two 
Sections with one of said sections nesting within an adja 
cent section, said unit supported on one end of said 
boom, track and follower means on said sections for 
guiding one of said sections within an adjacent section, 
take-up means for securely clamping said sections to 
gether automatically when said sections are stationary, 
means for rotating said object about the axis of said 
boom, said means for rotating said object comprising a 
shaft disposed to rotate about said axis, said shaft bear 
ing against a drive gear, said drive gear bearing against 
said boom, means for rotating said drive gear wherein 
said gear rotates said shaft and slides in frictional en 
gagement across the surface of the boom on which said 
gear is bearing. 

15. The apparatus of claim 14 wherein a sleeve is 
disposed coaxially within the bottom end of said boom, 
said shaft is disposed within said sleeve, and said gear 
bearing against the end of said sleeve. 

16. The apparatus of claim 14 wherein said boom is 
disposed vertically and said unit is disposed on the lower 
end thereof. 

17. The apparatus of claim 14 wherein said track and 
follower means comprises a track on said inner section 
and followers on said outer section, said followers being 
disposed adjacent the lower end of said outer section. 
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18. The apparatus of claim 17 wherein said take-up 
means comprises preloaded followers. 

19. A hoisting apparatus in combination with an X-ray 
tunit comprising a telescoping boom having at least two 
sections with one of said sections nesting within an adja 
cent Section, said unit supported on one end of said 
boom, track and follower means on said sections for 
guiding one of said sections within an adjacent section, 
take-up means for Securely clamping said sections to 
gether automatically when said sections are stationary, 
means for rotating said object about the axis of said 
boom, said means for rotating said object comprising a 
shaft disposed to rotate about said axis, said shaft bear 
ing against a drive gear, said drive gear bearing against 
said boom, means for rotating said drive gear wherein 
Said gear rotates said shaft and slides across the surface 
of the boom on which said gear is bearing, said track 
and follower means comprising a track on said inner 
section and followers on said outer section, said fol 
lowers being disposed adjacent the lower end of said 
Outer section, said take-up means comprising a lever 
means including a lever on which at least two followers 
in the form of rollers are mounted, said lever pivotally 
mounted on said outer section, one of said tracks dis 
posed between two of said roller followers on said lever, 
and nearls for applying a moment on said lever where 
by said roller followers bear firmly against said track. 

20. The apparatus defined in claim 19 wherein said 
lever means further includes a pair of said levers with 
Said Toller followers engaging each one of said tracks, 
and a spring attached to said pair of levers disposed on 
the same side of said track. 

21. The apparatus defined in claim 20 wherein said 
Spring is attached to one of said levers of said pair 
closer to its pivot mount than said spring is attached to 
other of said levers whereby a greater moment is placed on 
Said other lever than on said one lever. 

22. The apparatus defined in claim 21 wherein at least 
said lever means further includes a pair of said levers 
with said followers engaging each one of said tracks, 
and a spring attached to the ends of said pair of levers 
and disposed on the same side of said track. 

23. The apparatus defined in claim 22 wherein said 
boom comprises at least three telescoping sections, and 
positive control means are provided to move at least 
three adjacent sections in a controlled manner with re 
Spect to each other. 

24. The apparatus defined in claim 23 wherein said 
positive control means comprises two spaced pulleys on 
a center Section, and an endless rope engaging said pulley 
with the outer and inner section from said center section 
being attached to said rope. 

25. A hoisting apparatus in combination with an X-ray 
unit comprising a telescoping boom having at least two 
Sections, one of said sections nesting within an adjacent 
Section, said unit supported on one end of said boom, 
track and follower means on said sections for guiding one 
of said Sections within an adjacent section, take-up means 
for Securely clamping said sections together automatical 
ly when said sections are stationary, a sleeve fixed ver 
tically to the lower end of said boom, a shaft rotatably 
disposed in said sleeve, a flange on said shaft bearing 
against said sleeve, said X-ray unit fixed to lower end of 
Said shaft, said track and follower means comprising a 
track on said inner section and followers on said outer 
Section, said followers being disposed adjacent the lower 
end of said outer section, said take-up means comprising 
a lever means including a lever on which at least two 
followers are mounted, said lever pivotally mounted on 
said outer Section, one of said tracks disposed between 
two of Said followers on said lever, and means for apply 
ing a moment on said lever whereby said followers bear 
firmly against said track. 

26. The apparatus defined in claim 25 wherein said 
followers are in the form of rollers. 
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27. A hoisting apparatus comprising a telescoping 
boom having at least three sections, said sections being 
coaxially disposed and including an inner section and an 
adjacent outer section, means for supporting an object 
on one end of said boom, means for rotating said object 
about the axis of said boom, track and follower means 
on said sections for guiding said inner section within 
said adjacent outer section; and take-up means for se 
curely clamping said inner and outer sections together 
automatically when said sections are stationary, and 
positive control means being provided to move said 
three sections of said boom in a positive controlled man 
ner with respect to each other. 

28. The apparatus defined in claim 27 wherein said 
positive control means comprises two spaced pulleys 
mounted on said inner section, an endless rope engaging 
said pulley, and said two other sections of said three 
sections being attached to said rope. 

29. A hoisting apparatus comprising a telescoping 
boom having at least two sections including an inner sec 
tion nesting within an adjacent outer section, means for 
supporting an object on one end of said boom, means for 
rotating said object about the axis of said boom, track 
and follower means on said sections for guiding said 
inner section within said adjacent outer section, and 
take-up means for securely clamping said inner and outer 
sections together automatically when said sections are 
stationary, said means for rotating the object about the 
axis of said boom including a friction bearing portion. 

30. The apparatus defined in claim 29 wherein said 
means for rotating said object about the axis of said 
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boom including said friction bearing portion comprises 
a shaft disposed to rotate about said axis, said shaft bear 
ing against a drive gear, said drive gear bearing against 
said boom and means for rotating said drive gear, said 
gear rotating said shaft and said gear sliding on the 
Surface of the boom on which said gear is bearing. 

31. A hoisting apparatus in combination with an X-ray 
unit comprising a telescoping boom having at least two 
coaxial sections with one of said sections nesting within 
an adjacent section, said unit supported on one end of 
said boom, track and follower means on said sections 
for guiding one of said sections within an adjacent sec 
tion, take-up means for securely clamping said sections 
together automatically when said sections are stationary, 
a sleeve fixed vertically to the lower end of said boom, 
a shaft rotatably disposed in said sleeve, a flange on said 
shaft bearing against said sleeve, said X-ray unit fixed 
to the lower end of said shaft. 
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