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RADIOACTIVE SAMPLES

Raymond L. Meeder, Palos Heights, Iil, assignor to
Nuclear-Chicage Corporation, a corporation of Illinois

Application January 21, 1954, Serial No. 405,309
; 21 Claims. (Cl 250—106)

This invention relates to devices for the measurement

of the radioactivity of radioactive materials, and more

speciﬁqally to an antomatic sample changer for making
successive measurements of the radioactivity of a large
number of samples.

It is common, in laboratories and other installations
wherein work is done with radioactive materials, as, for
example, in biological, medical, radiochemical, and simi-
lar laboratories, to make successive measurements on
large numbers of radioactive samples or specimens. Up
until a relatively short time ago, it was universal practice
for the téchnicians or scientific or medical personnel per-
forming these measurements to manually place each

‘ r_adioactive sample or specimen to be counted in a loca-
tion suitably adjacent to the radiation detection device
being -employed, and. then to manually remove. each
sample upon termination of the desired counting interval,
the interval being determined by the reaching of a pre-
determined count or the expiration of a predetermined
time. More recently there have been designed automatic
sample changers, in which there are inserted a large
number of samples, suitable mechanism being provided
to successively expose the samples to the radiation de-
tector employed, such automatic sample changers having
facilities for connection to suitable counting, timing and
recording apparatus, so that each sample is automatically
exposed to the radiation counter for a predetermined
time (in which case the number of counts obtained from
each sample during the constant interval is recorded on'
the recording apparatus), or until a predetermined count
is obtained from each sample (in which case the quantity

- recorded is the amount of time required for each -sample
to give the predetermined count).

The automatic sample changers heretofore designed
and made available are subject to a number of objections
which have greatly limited the use of such automatic
sample changers. For one thing, the automatic sample
changers heretofore devised have been extremely complex

from the mechanical standpoint, thus making the cost of
constructing such a sample changer and of maintaining

the mechanism extremely high. Additionally, the auto-
matic sample changers heretofore devised have been ex-
tremely bulky, requiring large areas of desk or table
space.

Further, the relatively numerous and complex manual
operations involved in loading and unloading batches of
samples into and from the prior sample changers have
‘been sufficiently time-consuming to considerably reduce
the time-saving advantages to be obtained in employing

an automatic sample changer instead of using ordinary

manual manipulation of samples.
The present invention provides an automatic sample

changer for radioactive samples which is not subject to .

. these objections. The automatic sample changer of the
present -invention is both simple and compact. The
manual operations required, both in loading and unload-
ing the changer, and in obtaining the radioactivity data,
‘are minimized. The constructional simplicity substan-
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2
tially reduces the difficulties and expense of servicing.
Further advantages of the invention, and. objects accom-
plished by the invention, will be apparent from the single
embodiment of the invention which is illustrated in the
appended drawing and described below.

In the drawing:

Figure 1 is an offset vertical sectional view of an auto-
matic sample changer for radioactive samples embody-
ing the invention, the section being taken along the line
1—1 of Figure 2;

Figure 2 is a horizontal sectional view taken along the
line 2—2 of Figure 1; . :

Figure 3 is a transverse sectional view of a sample -
holder or adapter designed for use with the sample
changer; : ; -

Figure 4 is a horizontal sectional view taken along the
line 4—4 of Figure 1 in the direction indicated by ar-
TOWS;

Figure 5 is a similar sectional view taken along the line
5—5 of Figure 1 in the direction indicated by arrows;

Figure 6 is a horizontal sectional view -taken along
the line 6—6 of Figure 1 in the direction indicated by

-arrows;

Figure 7 is a fragmentary vertical sectional view taken
aleng the line 7—7 of Figure 2 in the direction indicated
by arrows;

Figure 8 is a schematic electrical diagram of a control
circuit constituting the electrical portion of the sample
changer, and illustrating the interrelation between the
electrical and mechanical components thereof; :

Figures 9 and 11 are fragmentary detail views; and

Figure 10 illustrates the control panel of the device.

In describing the embodiment of the invention illus--
trated, understanding of the invention and of its essential.
teachings will be facilitated by separating the descrip-
tions-of the' component assemblies which form the device
by appropriate headings. Thus there will first- be de-.
sciibed the stationary assembly comprising. a radiation
shield, first and second magazines each adapted to receive
a plurality of sample holders, and means for supporting.
the shield and the magazines in mutually spaced relation.
There will'then be described the carriage assembly upon
which sample holders are moved from one to another of,
the above stationary members, and thereafter the drive
assembly which actuates the carriage assembly and . its
component parts to move the samples in the desired
fashion.  Finally, there will be described the. electrical
system which acts to' control and cycle the drive assem-
bly, and also to synchronize and interlock the operation’
of the sample changer with timing, counting, and record-
ing equipment to which the sample changer. may- be
connected. o

The stationary assembly = =

The lower housing 12, which supports the device on a
table or bench upon which it is placed, is a generally rec-
tangular open-bottom base provided with a sloping front
panel 14 appropriately apertured to permit the. mounting
thereon of the electrical controls and indicators generally
designated by the numeral 16, and later to be described
in connection with the electrical system. An opening or
cut-out 18 in the rear surface of the bottom housing 12
permits access for making electrical comnections to an
aluminum chassis 26 of L-shaped cross section which is.
mounted within the lower housing 12. (It will be under-
stood that the relays and other electrical circuit compo-

“nents later to be described, but illustrated only in the elec-

trical schematic diagram of Figure 8, are mounted on the :
chassis 20 in a conventional manner, being omitted from
the mechanical portion of the drawing for purposes of
clarity.) Rubber feet 22 are secured by.screws 24 to
internal ribs 26 cast integrally with the lower housing i2.
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Resting on top of the lower housing 12 on 2a ¥idge 28
formed thereon is an upper housing. 3@, secured to the
Jower housing 12 by belts 32. The upper housing 30
consists generally of a substantially oval rim 34, the lower
edge of which rests on the ridge 28, and a network of
interconnected ribs or webs 36, 38, 48,.42, 44, and 46,
which are formed integrally with, and constitute the sup-
port for, apertured bosses 48, 59, 52 and:54. ‘These bosses
are so spaced that the apertured boss 56 lies-at the center
of a circle upon the circumference of which-lie-the bosses
48, 82, and 54, disposed at 120 degree intervals. Force-

tted into each of the bosses 48, 52 and 54 is an oil-im-
pregnated sleeve bearing 55, and a similar bearing: 58 is
provided in the aperture of boss 58. An additional rib
or web, 68 extends aleng an arc of the aforementioned
circle, connecting the bosses 52 and 54, and a flat plate
62 of similar curved shape is. bolted to the arc-shaped
rib or web 68 by bolts 64. The plate 62 is preferably
of a bearing material such as oil-impregnated bronze and
is notched at its ends to conform to the circular shape
of the apertures in the bosses.

Resting atop the upper edge of the upper housing 38 is
a thick mounting plate 66 of the same general outline as
the upper housing 30. The mounting plate §6 is bolted at
68 to support ribs or lugs 70, 71, and 72, which are cast
integrally with the upper part of the upper housing 39,
and extend inwardly from the rim 34 flush with the upper
edge thereof. The ribs of lugs 76, 71 and 72 are all on
the rearward portion of the upper housing 39. The front
portion of the upper edge of the housing 39 is cut away,
the upper edge being offset at 74 to permit passage of
a carriage, later to be described, between the front por-
tion of the upper edge of the housing 30 and the mount-
ing plate 66. Thus the mounting plate 66 is rested upon,
and secured to, the upper housing 30 only in the rear-
ward portion thereof, the forward portion of the mounting
plate 66 being cantilevered.

In the rearward portion of the mounting plate 66 is a
large bore 76 having its center above the rearward boss
48 in the upper housing 38, and having an upwardly
facing rabbet or shoulder 78. Seated on the shoulder 78
ic the lower edge or mouth portion of an open-ended
radiation shield 80. The shield 80 consists in general
of a thick sleeve 82 of lead encased in a steel jacket 84.
To the upper end of -the cylindrical shield is affixed a
mounting ring 86 by means of which there is mounted
thereon a radiation detection assembly including a hous-
ing &8 snugly fitting into the aperture in the shield. A
socket 99 is provided in the bottom of the housing 88
and a cable 92 is connected through the housing 88 (which
may contain a preamplifier) to the socket 90. In the
drawing there is illustrated a radiation detector 94, which
may be, for example, a Geiger-Muller tube or a scintilla-
tion counter, provided with a suitable plug inserted in the
socket 90. The shield and detector assembly are not
illustrated in further detail in the drawing, since they in
themselves constitute no part of the present invention.

In the forward portion of the mounting plate 66, cen-
tered above the bosses 52 and 54, are bores or apertures
96. The circular bores 96 are so located in the mounting
plate 66 that they are at the edpe of the plate 66 and
thus form interruptions in that edge. The “neck” open-
ings which are thus formed between the bores 96 and
the outer edge of the mounting plate 66 are flattened off
at 98 to permit the attachment of clips hereinafter to be
described. Seated in the bores 96 are the lower ends or
mouth portions of long tubes of transparent plastic which
are employed as loading and unloading magazines, as
will be more completely set forth hereinafter. - The tubes
or magazines 182 and 184 have the circumferential
portion thereof corresponding to the opening between
the flattened surfaces 98 of the “neck” entries to the
bores 26 cut away to form slots for access to the interior.
Spring clips 106, screwed to the “neck” portion 98, secure
the tubular magazines 102 and 104 against rotation in the
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4
bores 86. Security of positioning of the magazines 102
and 104 is further assured by screws 108 securing the
magazines to the mounting plate 66, and by rabbeting of
the lower ends of the magazines. )

In Figure 3 is shown a cross sectional view of a sample
holder or adapter 119, which is designed for use in the
device. The adapter, which is preferably made of alu-
minum, is essentially a disc or wafer having centrally
thereof a plurality of shoulders 112 and 114 of diminish-
ing diameter. These shoulders 112 and 114 are designed
to receive and support sample pans of the type con-
ventionally used in specimen counting. The bottom of
the holder 110 is apertured at 116 to permit ready re-
moval of a sample pan from the holder or adapter 118,
The provision of shoulders of different diameters permits
use of the holders 110 with a plurality of sample pan
sizes, and a substantially larger number of shoulder di-
ameters may be provided if desired. The edges of the
holders 110 are rounded at 118 to facilitate insertion of
a holder at the bottom of a stack of similar holders, as
hereinafter to be described. Ridges 120 are formed in
the top of the helder in order to minimize friction as a
holder is slid into or from the bottom of a stack, while at
the same time preventing jamming which may occur if
only a single lip or ridge is employed. ~The holders 118
are of a diameter to slide freely, but without excessive
play, in the tubes or magazines 162 and 104.

As will more fully appear below, the magazine 102 is
employed as a receiving magazine, and the magazine 104
as a dispensing magazine. In operating the device, the
samples to be counted are inserted in holders 116. The
holders 139 are then stacked in the dispensing magazine
164. When-the device is then placed in operation, suc-
cessive -samples are moved beneath the shield 890, inserted
into the shield so that the detector 24 measures the radio-
activity, lowered out of the shield, and moved to the
bottom of the magazine 162, wherein they are received in
the reverse of their original order. The structure of the
magazines 1062 and 104 not only simplifies the operations
of loading and unloading the device, but alsc permits
ready access to the samples for such purposes as making
substitutions or changes in order. The means for with-
drawing the successive sample holders from the dispensing
magazine and inserting them into the shield and for with-
drawyil}g them from the shield and inserting them into the
receiving magazine will be described below.

The carriage assembly

Beneath the mounting plate 66, which supports the
Iqagazix}es 102 and 104 and the shield 80 as described
above, is a circular carriage plate 122, which is rotatably
mounted with its center directly above the boss 50 (the
manner of mounting to be more fully described herein-
after) and has circular recesses in its upper surface at 124,
126 and 128. These circular recesses are equally spaced
and are of essentially the same diameter as the bottom
_openings in the shield 89 and the magazines 162 and 194,
1. e., of a diameter to receive freely sample holders 110.
The circular recesses intersect the periphery of the car-
riage 122 and thus form interruptions in the npper portion
of the edge of the carriage. Reciprocable in the respective
recesses 124, 126 and 128, and normally resting on the
bottom thereof, are elevating discs 130, 132, and 134,
of essentially the same diameter as the sample holders.
The thickness of the discs 138, 132 and 134 is so related
to the depth of the recesses 124, 126 and 128 that when
the disc is resting on the bottom of the respective recess,
the upper surface of the sample holder 139 within the
recess lies substantially flush with the surface of the
carriage. In this manner a sample holder 118 within cne
of the recesses may be slid under or out from a stack of
similar holders in the receiving magazine 162 or dispens-
ing magazine 104 by rotation of the carriage 122. The
upper surface of the carriage 162 is provided with con-
centric ribs or ridges 136 upon which stacks of sample
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holders within the magazines ride or float as the carriage
is rotated from one position in which there is a recess

. beneath each of the magazines and the shield and the
next such rotational position. Depending from the centers
“of the respective discs 130, 132 and 134, through guide

apertures provided through the carriage 122 at the centers
of the recesses 124, 126 and 128, are integral tappet pins
138, 149 and 142. It will be seen that each disc. and
tappet pin constitutes elevating means in each recess to
raise a sample holder above the surface of the carriage.
When a sample holder 110 is within one of the recesses
and is moved under one of the magazines, and the tappet
pin is then elevated to make thé disc flush with the sur-

- face of the carriage, and the carriage is then again moved,

the sample holder which was previously in the recess will
remain in the magazine and become the bottom—most
sample holder in that magazine.

The drive assembly

Extending through the respective sleeve bearings 56 in
the bosses 48, 52, and 54 are tappet or lifter pins 144,
146 and 148 having heads of sufficient size to prevent their
falling through the bearings. The pin 144 which is be-
neath the aperture in the shield 80 is substantially longer
than the pins 146 and 148, which are beneath the re-
ceiving and dispensing magazines.

Mounted on the chassis 20 is a motor 150 having an
upwardly extending shaft 152, The shaft 152 is coupled
by a bayonet connection 154 to a spindle 158, which is
externally threaded at 158, a cam wheel 160 being
threaded on the spindle 156 and locked in position by a
locknut 161. The spindle is formed with a flange 162
which rests on the end of sleeve bearing §8. Fitted over
the upper -end of the spindle 156 and supported by the
flange 162 is an apértured friction plate 164. Around the
upper end of the spindle 156 is a tubular bearing 166.

The carriage plate 122 has a central aperture fitted over.

the tubular bearing 166, the under surface of the carriage
plate 122 thus resting on the upper surface of the fric-
tion plate 164. The upper surface of the carriage plate
122 is centrally recessed at 168. Within this recess is
a -spring 179 which is compressed between the bottom of
the recess 168 and a retaining washer 172 by a screw 173
which is threaded into the upper end of the spindle 156.

It will be seen that the pressure exerted by the spring
178 creates a frictional engagement between the carriage
122 and the friction plate 164 and also between the fric-
tion plate 164 and the flange 162 on the spindle 156.
The restoring force of the spring 170 is so chosen that
the carriage 122, when loaded with sample holders in its
recesses, is easily rotated by rotation of the spindle 1586.
However, when, as appears below, the carriage is locked
in position, the spindle 156 may continue to rotate with-
out undue wear on the parts. Thus it may be seen that the
carriage 122 will normally be driven by the spindle 156,
which is rigidly coupled to the motor 150, but the locking
of the carriage in any given position, as by a fixed stop,
permits the spindle, and the cam 160, to continue to ro-
tate during the running of the motor 159.

The cam 169 is essentially a wheel having on the cir-
cumference thereof a camming lobe or rim 174 extending
through an arc of approximately 120 degrees. The cam
lobe is of maximum thickness or height at the center
thereof, where it is essentially flat on top over an arc
of approximately 20 degrees, as shown at 176. On either
side of the highest portion 176, the rim or lobe 174 is
tapered downwardly through a 50 degree arc.
surface which raises and drops the tappet or lifter pins
144, 146 and 148 in the manner hereinafter described.
Additionally, on the outer or peripheral -surface of the
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lobe 174 there are provided radial tapers 178 at each

end of the lobe, and a central radial projection 179
which is flat in a small central region of the: periphery,-as
indicated at 180, tapering radially to the radius of the

bulk of the lobe 174, as shown at 182, within the 20

6

degree arc of the-vertically flat portion 176. “The bottom
of the radial projection 179.is cut away at 181 The
purpose and operation of the radial cammmg surfaces on
the cam wheel 169 will be described below in connectlon
with the electrical system. .. -

The aggregate slope or pitch of the cam lobe 174 be-
tween the flat central portion 176 and.the tapered ends
is such that when the central elevated portion 176 sup-
ports either of-the lifter pins 146 or 148, the lifter pin
is.elevated to an extent sufficient to raise the tappet pin
138, 1468 or 142 which is thereabove to the level where
the upper surface of the disc 130, 132 or 134 is substan-
tially flush with.the upper surface of the carriage. The
lifter pin 144 is, as stated above, substantially longer
than the lifter pins 146 and 148. Thus when the rota-
tional position of the cam 160 is such that the elevated
portion 176 supports the pin 144, the disc 130, 132 or
134 which is then above the cam surface 176 is elevated
substantially above the surface of the carriage 1nto the
shield 89.

The manner of cooperation of the drive assembly with
the carriage assembly to produce the manipulation of: the
samples. described above in connection with the station-
ary assembly will now be readily understood. Each sam-
ple-changing operation is commenced in the cam posi-
tion wherein the flat portion 176 at the apex of the cam
lobe 174 supports the lifter pin 144, so that a sample
110 is supported well within the radiation shield 80. It
will be understood that since the entire construction of.
the carriage 122 is' symmetrical about its. axis of rota-.
tion, the recesses 124, 126, and 128 and their associated
movmg parts being 1dent1ca1 the manner of operatlon.
is the same irrespective of which of the recesses is: posi--
tioned beneath the shield 80 at the commencemént of
operation.  However, for ease of explanation, the suc--
ceeding description of a change cycle will be based on.
the starting position as shown in the drawings, i. €., with
the recess 124 beneath the shield 80.

The motor 150 drives the -spindle 156 in a counter-:
clockwise direction (as viewed from the top). As the.
cam 160 commences to rotate with the spindle 156, the-
carriage 122 remains stationary due to the fact that the’
lower end of the tappet pin 142 is positioned against:
the end of the plate 62, which thus serves as a stop mem-~
ber in the portion of the rotational path of the depend-
ing tappet pins adjacent to the receiving magazine 102,
locking the carriage 122 against rotation. - Thus as the
cam 160 commences to rotate, the only motion in the
carriage plate assembly is the lowering of the sample
119 from the shield 80 to the point where the upper-
surface of the sample holder 110 is substantially flush
with the upper surface of the carnage 122, Slightly
after the point where this motion is complete, the for-
ward end of the cam lobe 174 commences to elevate
the lifter pin 148, which latter motion continues until
the camming surface 176 supports the lifter pin 148, at
which point the upper surface of the disc 134 is substan-
tially flush with the upper surface of the carriage 122. -
Thus the sample holder within the recess 12§ (remain- -
ing there from the previous change operation) is elevated .
into the receiving magazine 102, at the bottom of the
stack deposited there by previous sample-changing op-
erations. At the same time the lower end of the tappet
pin 142 is elevated sufficiently to be disengaged from
the end of the plate 62, so that the carriage plate 122
is unlocked. Thus for the next one third of a revolu-
tion of the cam 166, the carriage plate 122 rotates with .
the cam, the recess 124 thus being brought around to
the point beneath the receiving magazine 102. At the
same time the sample holder which was at the bottom of
the stack in dispensing magazine 104 in the recess 126 -
slides out from beneath that stack and is placed beneath
the opening in the shield 80. Meanwhile, the bottom
end of the tappet 142 is supported on the top surface .
of the plate 62, so that the sample holder which wag
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previously supported on the disc 134 is left behind in the
receiving magazine 102, supported in floating fashion by
the ribs 136 on the carriage 122. During this one-third
of a revolution of the cam 160, the lifter pin 148 is
lowered to its normal position, and the lifter pin 146
is elevated. The continued elevation of the disc 134
permits it to slide in at the bottom of the stack of sam-
ple holders in the dispensing magazine 104. At this
point the carriage 122 is again locked in position be-
cause the next tappet pin 138 is now engaged by the
end of the plate 62. As the final one-third of 2 revolu-
tion of the cam 160 commences, the carriage 122 re-
mains stationary, the disc 134 is lowered into the recess
128, and the sample holder previously at the bottom
of the stack in the dispensing magazine 104 is thus posi-
tioned in the recess 128. Thereupon the new sample
holder which was removed from the bottom of the
stack in the dispensing magazine 104 by the motion of
the carriage 122 during the second one-third of a revolu-
tion of the cam 169 is finally elevated by the cam lobe
174 into the shield 89, to have its radioactivity measured
by the detector $4. By the means hereinafter to be
described in connection with the electrical system, the
motor 158 is inactivated at this point, and remains in-
activated until the counting cperation is completed, at
which time the next change operation occurs in an iden-
tical manner.

It will be cobserved that with the structure described,
the cyclical manipulation of the samples is completely
reversible by merely reversing the direction of rotation
of the spindle 156. As will be shown in connection
with the electrical system, this fact is utilized {o auto-
matically restack all of the sample holders in the dispens-
ing magazine 104 after the counting of the last sample
in a batch and to then again restore the original cycle,
so that the same group of samples may be recounted any
desired number of times without the necessity of ma-
nipulation by an operator. It will also be seen that the
insertion of the sample-holder into the shield in the man-
ner described permits bringing the sample closely ad-
jacent to the detector without increasing the exposure
of the detector to external radiations through the open-
ing in the shield through which the sample is inserted.

The electrical system

Mounted on a boss 184 on the upper surface of the
lower housing 12 is a snap-action switch 186 having
extending therefrom a lever 188 adapted to actuate the
switch when struck by the radial projection portion 179
of the cam lobe 174. The switch 186 is sc positioned
as to be actuated when the cam wheel 160 is in the
position wherein the lifter pin 144 is resting on the
upper cam surface 176. A similar switch 198 is mounted
on a boss 192 one-sixth of a revolution counter-clockwise
from the switch 186. The boss 192 is lower than the
boss 184 so that as the cam rotates, the radial projection
179 clears the lever 194 because of the cutaway of the
radial projection 179 at 181. Thus the arrangement of
the switches 186 and 199 is such that the switch 186
is actuated only by the radial projection at 179, while
the switch 199 is actuated during essentially the entire
first one-third of a revolution of the cam 16¢ from its
original position as described above.

A crescent-shaped plate 196 is secured to the upper
surface of the inner ends of the ribs or lugs 79, 71 and
72, by screws 198, and snap action switches 20¢ and
202 are secured to the underside of the plate 196, with
levers 284 and 286 having roller ends normally resting
on the upper portion of the periphery of the carriage
plate 122. The switches 209 and 22 are positioned
somewhat clockwise and counter-clockwise, respectively,
of the aperture in the shield 89, and are adjusted in posi-
tion by means of slots 208 in the plate 196 so as to
sense the absence of a sample holder from a recess 124,
126 or 128 proceeding therepast. The levers 204 and
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206 ride, as stated above, at the upper portion of the
edge of the carriage plate 122. When sample holders
are present in the recesses in the carriage plate, the switch-
ing positions of the switches 200 and 202 are not af-
fected as the carriage rotates. However, if and when an
empty recess appears opposite one of the levers 204 or
206, the respective switch 200 or 262 is actuated as shown
in Figure 9.

Referring now to the schematic electrical diagram of
Figure 8, it will be seen that the electrical system is
adapted to be connected to a conventional single-phase
power outlet by a power plug 210, the two sides of the
power line being indicated in the drawing by shaded
and unshaded triangles, and being hereinafter referred
to for convenience as the “black” and “white” side of
the power line, and being provided with a power switch
249 and pilot light 211, The system utilizes a series of
relays 212, 214 and 216, of which the actuating windings
bear the same reference character with the latter “w,”
and the contacts bear the same number with the letters
“a,” “b,” etc. In Figure 8, the contacts are shown in
their normal positions (winding circuits open), and with
the contacts of each relay in vertical alignment with the
schematically indicated core thereof.

One terminal of the motor 159 is permanently con-
nected to the black side of the line and the other ter-
minal of the motor is connected to the white side of the
line through a normally open set of contacts 212a of
the relay 212. The winding 214w of the relay 214 is
connected between the black side of the line and the
white terminal of the motor 15¢. The white terminai
of the motor is also connected to the white side of the
line through the normally open stationary contact of a
double-throw set of contacts 216b of the relay 216. In

5 the normal or unenergized position of the contacts 2165,

the white side of the motor 150 is connected to the nor-
mally closed stationary contact 186c of the switch 186,
which is mounted as described above. Normally open
contacts 216a of the relay 216 interconnect terminals or
binding posts designated in the drawing “Print Elapsed
Time,” the function-of which will hereinafter be pointed
out.

The motor 159 is provided with control leads 218 in
conventional reversible motor fashion, so that the con-
nection of the common lead determines the direction of
operation of the motor. - The leads 218 are connected
to the contacts 212h of the relay 212 in such a manner
that the motor direction is forward (counter-clockwise
in the drawings) when the winding 212w is unenergized,
and reverse when the relay 232 is actuated. One side
of the winding 212w is connected to the black side of
the line and the other terminal of the winding 212w is
connected to a normally open set of contacts 212¢ of the
relay 212 which serve, when closed, to connect the white
side of the winding 212w to the white side of the line
threugh the normally open contacts of the switch 202
(illustrated as in the closed position in the drawing,
the normal position of the switch 282 itself being the posi-
tion assumed when it senses an empty recess, as de-
scribed above). The relay 214 is provided with a nor-
mally closed set of contacts 2144, interconnecting bind-
ing posts for extermal connection designated “Timer.”
An additional set of contacts 2i6b of the relay 216 nor-
mally connects a binding post “Scaler Ground” tc¢ a bind-
ing post “Scaler Reset,” actuation of the relay 234 con-
necting, in make-before-break fashion, a “Stop-Count”
binding post to the “Scaler Ground” binding post. The
winding 216w has one side connected to the black side
of the power line and the other side to the white side
of the power line through a normally open manual push
switch 217, and also to the movable tap 219) of a man-
ual tap switch 219, to be later described.

It will readily be understood by those skilled in the
art that the binding posts described are designed to be
connected to commercially available printing timers and
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scalers. The timer.to which the “Timer” binding. posts
are to be connected is of the type in which the timing
operation is interrupted by thc opening of a switch, which
commonly disengages ‘a clutch. - The “Print Elapsed
Time” terminals are of course to be connected to tie
same device, which prints the total elapsed time recorded
by the timer each time that the contacts 216a are closed.
Likewise, it will be understood that the scaler employed
is of the type wherein the counting is stopped by the
connection of the “Scaler Ground” terminal to the “Stop-
. Count” terminal, and. the scaler is reset when the former
terminal is connected to the “Scaler Reset” terminal. As
stated above, these auxiliary devices are commercially
available and do not in themselves constitute any part
of the present invention, and are accordingly not illus-
trated in the drawing.

The movable contact 186h of the switch 186 is directly
connected to the movable tap 2205 of a three-position
manually operated tap switch 229, which is ganged with
a similar switch 222. The tap 22056 is also connected
to one of a pair-of binding posts designated “Timer
Power,” the other of which binding posts is connected
to the black side of the line. - These posts are designed
to supply and interrupt the power to the timer described
above, and not illustrated. Two of the stationary con-
tacts 220a and 220c of the switch 220 are connected to
the white side of the power line. The third stationary
contact 2204 is connected to the normally open stationary
contact 2002 of the switch 260, the movable contact
2005 thereof being connected to the white side of the
line. The normally closed stationary contact 200c of the
switch 200 is connected to the movable tap 2225 of the
switch 222. The stationary contact 222g of the switch
222, which is contacted in the same position of the ganged
switches as the stationary contact 220a of the switch 220
(this position being designated “Recycle” in the drawing),
is connected to the white side of the winding 212w. The
stationary contacts 222¢ and 222d, which are connected
to the movable tap 2220 in the positions of the ganged
switches. designated “Normal” and “One Cycle” are con-
nected to the black side of the line through a neon glow
lamp 224 and resistor 226. The normally open stationary
contact 186a of the switch 186 is connected to the black
side-of the power line through a:glow lamp 228 and re-
sistor 230. The switch 190 has the movable contact
190b- connected to the black side of the power line.

The cycling or timing stimulus for operation of the

“device is shown schematically in the upper left hand por-
“tion of the illustration of Figure 8. There is therein
shown in block form a stepping switch drive 232, to-
gether with a stepping switch 234 which is driven by the
drive 232 as indicated by the dotted line 236. The drive
232 and switch 234 constitute a commercially available
unit of the type manufactured: by a number of manu-
facturers of telephone relays, the drive 232 operating in
response to pulses at the input 238 to advance the mov-
able contact 234b each time an input pulse is received.
It will be understood that the stationary contacts 234a
through 2342 shown in the drawing constitute only a
small portion of the stationary contacts present in such
a stepping switch, the unused stepping switch contacts
not being illustrated in order to simplify the -drawing.
In a specific construction which has been employed, the
movable - contact or rotor 234b, which “homes” or

“zeroes” at the contact 234a, progresses to contact 234c-

after five input pulses, 234d after ten input pulses, 234e
after twenty input pulses, 234f after forty input pulses,
234 after eighty input pulses, and 2344 after one hundred
input pulses. The stationary contacts 234c through 234h
are connected with respectively corresponding stationary
contacts of the manual tap switch 219. The movable
contact 234b of the stepping switch is connected to the
white side of the power line. It will thus be seen that
upon the occurrence of a number of input pulses to the
stepping switch drive which is determined by the. setting
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of the manual switch 219, the tap 2195 will be connected -
to the white side of the power line through the switch
234,

Additional stationary contacts 2192 and 219¢ are pro-
vided on the switch 219. These latter contacts are each
connected to one member of a pair of binding posts
240 and 242, the opposite members of the pairs being
connected directly to the white side of ‘the power line.
Thus it will be seen that provision is made for inserting
alternative timing or cycling stimuli in place of the step-
ping switch 234. For example, an ordinary repeating
interval timer switch may be connected to the binding
post 240, and a switch controlled by a predetermined
count scaler may be connected to the binding post 242,
as hereinafter set forth.

The power for the stepping sw1tch drive 232 is sup-
plied from power leads 244, one of which is connected
to the normally closed stationary contact 190a- of the
switch 190, and the othér of which is connected to the
contact 200a, hereinbefore described. The “homing” or
“zeroing” connection 246 which resets -the stepping switch
234 (a facility provided in commercially available step-
ping switches) is connected to the normally open sta-
tionary contact 198c of the switch 19@, and also to a
binding post designated “Timer Reset.” -

Overall operation

The components and connections of the electrical sys-
tem having thus been described, the manner of opera-
tion thereof, and the manner of cooperation with ‘the
mechanical system previously described to form a uni-
tary automatic sample changer, will readily be under-
stood. Since the exact mode of operation may be varied
to a considerable extent at the discretion of the operator,
by setting of the controls on the front panel of the device,
as illustrated in Figure 10, it is convenient for purposes
of clarity to first describe the complete operation in con-
nection with one setting of ‘the controls, and thereafter
to describe the variants which the operator may change -
by making other settings of the controls. In Figure 10,
the various switch levers and indicator lights are desig-
nated by reference characters corresponding to those of
the schematic. circuit diagram of Figure 8. The mode of
operation will first be described with the switches 220
and 222 in the “Recycle” position and the switch 219 set.
to one of the numerical count positions corresponding to.
a number of advancements of the stepping switch -234.

The operator first loads any desired number of sample
holders 110, containing samples to be counted, into the .
dispensing magazine 104. In. the illustrated embodiment
up to 50 samples may be soc loaded into the device in
one batch. Thereupon the automatic operation is insti-
tuted by pressing of the “Start” switch 217. The closing
of the switch 217 actuates the relay 216. The resultant
closing of the contacts 216z will cause the printing timer

‘attached to the binding posts “Print Elapsed Time” -to

print the elapsed time, which will in this case be zero.
The motor is actuated in the forward (counter-clockwise)
direction by the closing of the connection at 2165 to the
white side of the power line. -The push switch 217 need -
only be held down until the carm projection 179 progresses
through the small angle required to permit the switch
186 to return to its normal position, at which point the
deenergizing of the relay winding 216w does not stop
the motor 150, because the normally open stationary con-
tact of -the contact set 2165 is now itself connected to-
the white side of the power line through the switches 186
and 220. At the same time as the switch 186 is thus
permitted- to return to its normal position, the switch
190 is actuated to disconnect the power from the step-
ping switch drive and to “home” the stepping switch by
connecting the “homing” line 246:to the black side of the
power line. .

The relay 214 is energlzed whenever the motor 150
is running. Thus as the motor starts, the timer is- deac-

tivated or,declutched’by the action of the contacts 214q, -
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At the same time the scaler, whose output -pulses are
coupled to the input 238 of the stepping switch drive
232, is inactivated by connection of the “Stop-Count”
binding post to the “Scaler Ground” binding post by op-
eration of the contacts 2145, thus effectively inactivating
the detector 94. At the end of the first ¥5 of a revolu-
tion of the cam, the switch 199 returns to its normal
position, supplying power to the stepping switch: drive
232. However, for the balance of the revolution of the
cam, the stepping switch drive 232 is not activated, be-
cause the input 238 is inactivated by the continued con-
nection of the “Stop-Count” post which inactivates the
scaler connected to the input. During this first revolu-
tion of the cam, the first sample is introduced into the
shield ‘in the manner described above. Then the cam
projection 1792 again actuates the switch 186, the motor
359 is stopped, and the relay 214 is inactivated, thus start-
ing the timer. At the same time the scaler is reset by
the operation of the contacts 2145 and activated for a
counting operation.

The mechanical assembly remains in this condition
until a predetermined number of counts is registered by
the detector 94 within the shield 80. This predetermined
number of counts will be equal to the product of the
scaling factor of the scaler employed with the illustrated
equipment and the preset number of pulses received by
the stepping switch drive as determined by the position
of the tap switch 219. Thus, with a scaler having a
scaling factor of 64, and a setting of 20 on the switch
219. the system will operate in this condition until 1280
counts have been received by the scaler. Thereupon the
relay 216 will be energized by the resultant connection
of the tap 219b to the white side of the power line
through the switch 234. At this point the printing timer
(nct illustrated) will be actuated to print the elapsed
time by the contacts 2i6a and the motor will again start.
At this point the stepping switch and the timer are again
reset to zero by the action of the switch 190. The first
sample is removed from the shield in the manner de-
scribed above and stored in the receiving magazine, and
the succeeding sample is removed from the dispensing
magazine and inserted in the shield. This cycle con-
tinues until all of the samples originally placed in the
dispensing magazine are measured, the printing timer
thus producing a record of the time required to reach
the predetermined count for each sample.

After the counting of the last (top) sample of the
stack originally placed in the dispensing magazine is
completed, the same operation starts, but is interrupted
when the switch 280 senses that there is no sample holder
in the recess which is about to proceed to the point
beneath the shield. At this point, the switch 2990 re-
turns to its normal (unactuated) position, disconnecting
the power from the stepping switch drive 232 and en-
ergizing the winding 212w of the relay 212. The relay
contacts 212a4 then continuocusly energize the motor 150
and the relay 214, and the contacts 212b reverse the di-
rection of operation of the motor 150.

As the carriage 122 commences to rotate in the reverse
direction (clockwise in the drawing), the switch 200 is
again actuated to open the connection of the fixed con-
tact 208 and the movable contact 2005. However,
this does not inactivate the relay winding 212w because
a normally open contact 212¢ of the relay 212 acts as a
holding contact as long as the switch 202 is closed. The
motor 15¢ thus continues to rotate in the reverse di-
rection. Tt will be noted that the continued operation
of the motor 159 is not interrupted by the opening and
closing of the switch 186 in this portion of the opera-
tion because the motor is continuously activated by the
relay contacts 212a. Likewise, the relay 214 is con-
tinuously activated to inactivate the timer and the scaler.
As seen above, the reverse rotation of the motor 150 acts
te restore the sample holders to the dispensing maga-
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zine in their original order and this restacking opera-
tion is independent of the actuating stimulus- which deter-
mines the time that a sample holder remains in the shield
during the forward operation (in this case the predeter-
mined count stimulus described above).

The reloading of the sample holders into the dispens-
ing magazine continues until the last sample holder has
been removed from the receiving magazine. As the next
recess in the carriage plate progresses past the switch
202, the latter senses the absence of a sample holder,
and opens the connection of the winding 212w, thus re-
turning the contacts of the relay 212 to their normal
position. At this point the motor 150 again reverses to
assume its original forward direction, and all of the
samples are counted a second time in the same manner
as described above. In this manner the apparatus will
continue to count the radioactivity of the batch of samples
repeatedly until it is shut off by the operator. As is
well known, the continued recounting of the samples is
desirable in many cases, particularly where measure-
ments. are being made for the purpose of making radio-
active decay curves on a large number of samples.

The above description of the overall operation as-
sumes the position of the controls wherein the ganged
switches 220 and 222 are in the “Recycle” position, and
the selector switch 219 is set so that each sample holder
(during the forward portion of the cycle) is maintained
in the radiation shield until a predetermined count is
reached. In the “Normal” position of- the ganged
switches, the counting of the samples after the loading
thereof into the dispensing magazine occurs in the same
manner as above described. However, in this position of
the controls, the switch 209 does not operaté to reverse
the direction of the motor. Now the sensing by the switch
288 of an empty recess merely serves to flash the indi-
cator light 224, which bears on the panel the legend
“Cycle Completed.” The rest of the apparatus con-
tinues to operate in the same manner as previously, the
motor 150 continuing to operate in the forward direc-
tion, moving a new (but empty) recess beneath the shield
each time the predetermined count is reached. How-
ever, the predetermined ‘count which now constitutes the
timing stimulus for determining the duration of each
counting and resetting cycle is the background count
which penetrates the radiation shield (or has been de-
posited therein by contamination). There is thus pro-
duced not only a record of the samples counted, but also
a record of the intensity of the background, which con-
tinues until the operator intervenes. It is to be noted
that if it is so desired, the background count may also
be recorded by merely omitting a radioactive sample from
one or more of the sample holders, thus producing a
background count recording during the counting of the
stack of samples in any position of the controls.

In the “One Cycle” position of the ganged switches, the
operation is similar to that in the “Normal” position, ex-
cept that when the switch 208 senses the absence of a
sample from a recess in the carriage plate after the last
sample has been counted, the motor is inactivated, since
in this position of the ganged switches the connection of
the motor 159 to the white side of the line is through the
switch 260. Thus in the “One Cycle” positicn, the en-
tire mechanism stops after the last sample has been
counted, and the “Cycle Completed” lamp 224 is illumi-
nated.

The effect of the position of the switch 219, designated
the “Count Selector,” will be readily apparent. In the
first six positions of the switch, the timing stimulus is pro-
vided by the predetermined count mechanism including
the stepping switch above described. When fhe rotor
2195 is set to contact the stationary contact 219 (the
position designated “Time” in Figure 10), the timing
cycle which. determines the intervals at which samples are
changed is fixed by a repeating interval timer connected
to the binding posts 248. In this case, of course, the de-
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vice is used with a printing register which records. the
number of counts received during each timing intervals,
rather than the time consumcd to reach a predetermined
count, as in the previous type of operation.

The binding posts 242 are connected in the same man-
ner as the binding posts 240, the position.of the swilch
219 'in which the former binding posts are used being
designated “Auto” on the panel of Figure 10. This con-
nection and switch position are designed for the use of
an “automatic scaler,” i. e., a scaler itself containing a
predetermined count mechanism; thus rendering unneces-
sary the employment of the stepping switch 234 and its
associated drive 232 for predetermined count operation.

“There is herein described merely a single embodiment
of the invention. Upon examination of the drawing and
description. above, persons skilled in the art will readily
.adapt the structures and operating principles described
to other automatic sample changers which, despite.dif-
ferences in appearance and details of construction, never-
theless embody the essential teachings of the present in-
vention. It is accordingly to be understood that the
scope of the monopoly conferred by the patent laws shall
be determined not from any details of construction herein
shown or described, but solely from the claims which are
hereto appended. : -

What is claimed is: :

1, In an automatic sample changer for radioactive
samples, a housing, a carriage rotatably mounted on the
housing and having at least three recesses equally spaced
and circularly disposed about the. axis of the carriage,
dispensing and receiving magazines and a radiation shield
having mouth portions, means for mounting the maga-

zines and the shield in relative positions corresponding

to the relative positions of three of the recesses, the
mouth portions facing and being closely adjacent to the
rotational path of the recesses, a sample holder support
in each recess having a depending portion "extending
through the carriage and adapted to be reciprocated to

raise a sample holder within the recess beyond the surface-

of the carriage ‘and to lower a sampleJ holder in the recess
to a level substantially flush with the carriage surface, a

stop member mounted on the housing in the portion of
the rotational path of said depending portions adjacent to
the receiving magazine, a motor, a friction coupling be-

tween the motor and the carriage adapted to rotate the
carriage except when one of the depending portions en-
. gages the stop member, and a rotatable cam coupled'to
the motor and having a camming surface successively
driving the depending portions of the sample- holder sup-
ports in such three recesses to raise the successive sup-
port members, whereby in each rotation of the cam a
sample holder within the shield is lowered into.a recess

in the carriage, a sample holder within a recess in the’

carriage is raised into the receiving magazine, a. sample
holder in a recess is brought opposite the receiving maga-
zine, a recess in the carriage is brought beneath the dis-
pensing magazine, a recess containing a sample holder is
moved beneath the shield, a recess receives- a sample
holder from the dispensing magazine and a sample holder
in a recess is raised into the shield. L L
"2. The sample changer of claim 1 wherein the stop
member extends between positions adjacent to ‘the two

magazines, and comprises a plate having opposite ends
adapted to engage said depending portions and having a.

flat surface between said ends adapted to support the de-
pending portions as they pass thereover, and there are

provided means for reversing the motor, whereby each

sample Holder support member is maintained in an ele-
vated position as it passes between magazines in either
direction, so that a sample holder ‘is deposited in one
magazine from each successive recess and another sample
holder is received from the other magazine in each suc-
cessive recess, and the cycle may be reversed by reversal
of the motor. . .

3. In an automatic sample changer for radioactive

2,848,763

10

15

20

25

30

14
samples, a housing, a rotatable carriage journalled on the
housing and having at Teast three recesses equally spaced
and circularly disposed about the axis of the carriage, dis-
pensing and receiving magazines and a radiation. shield
having mouth portions, means for mounting the maga-
zines and the_shield in a relative position corresponding
to the relative position of three of the recesses, the mouth
portions facing and being closely adjacent to .the rota-
tional path of the recesses, a sample holder support
member in each recess adapted to be reciprocated to raise
a sample holder within the recess beyond the surface
of the carriage and to lower a sample holder in the recess
to a level substantially flush with the carriage surface,
means to rotate the carriage so that each recess passes
from the shield to one magazine, thence to the other
magazine and then again to the shield, and means to ele-
vate each support member when it is opposite said .one
magazine and to retract the support member when it is
opposite said other magazine, so that successive sample
holders are removed from the mouth of said other maga-
zine, brought opposite the mouth of the shield, and then
inserted and retained in the mouth of the first magazine.
4. In an automatic sample changer for radioactive sam-
ples, a rotatable carriage plate having at least three re-
cesses in the upper surface thereof, equally spaced from. -
the axis of rotation and circumferentially spaced at equal
intervals, open-bottom . substantially tubular vertical dis-
pensing and receiving magazines adapted to receive stacks

-of sample holders, a51d an open-bottom radiation shield,

means for supporting the magazines and the shield closely

" above the carriage plate in the same relative spacing with
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respect to the axis of rotation of the carriage plate as.
three of said recesses, so that the recesses successively
pass beneath the magazines and the_ shield, a sample
holder . support member in. each recess, a motor, and
cycling means coupled to the motor to. lower the sample
holder support member beneath the.shield to withdraw
a sample holder thereon from the shield, elevate the sup-
port.member in the recess beneath the receiving maga-
zine to insert a sample holder into the magazine, rotate
the carriage plate through an angle corresponding to the
spacing between recesses to bring an empty recess beneath.
the.dispensing magazine, and raise the sample holder sup-
port in the recess beneath the shield to insert a new sam-
ple holder therein, whereby a sample holder is withdrawn
from the shield and inserted in the receiving magazine
while its successor is withdrawn from the dispensing mag-
azine and inserted into the shield.

5. The sample changer of claim 4 wherein there. are
provided means responsive to the emptying of the first
magazine to reverse the cycle of operation- and means
responsive to the emptying of the second magazine to re-
store the original cycle of operation. . .

6. The sample changer of claim 5 wherein there are

5 provided means for inactivating the cycling means at the

end of each of said original cycles thereof for a period
responsive to an actuating stimulus, and means’disabling
the inactivating means during the reverse cycles.

7. In an automatic sample changer for radioactive sam-
ples, a rotatable carriage plate having at least three re-.

“cesses in the upper surface thereof, equally spaced from

the axis of rotation and circumferentially spaced at equal
angular intervals, open-bottom substantially tubular. ver-,
tical dispensing and receiving magazines adapted to re-
ceive. stacks of sample holders, and an open-bottom radi-
ation shield, means for supporting the magazines and the
shield closely above the carriage plate in the same rela-
tive spacing with respect to the axis of rotation of the
carriage plate as three of said recesses, so that the re-
cesses successively pass beneath the magazines and the
shield, a sample holder support member in the bottom of
each recess having a depending portion extending down-
wardly through, and reciprocable in, the plate, so that a
sample holder in the recess may be raised and lowered:- by
raising and lowering of said depending portion, and means
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for cyclically raising and lowering said support members
and for rotating said carriage plate to withdraw suc-
cessive sample holders from the bottom of the dispensing
magazine and insert them into the shield and thereafter
to withdraw them from the shield and insert them into the
receiving magazine.

8. An automatic sample changer for radioactive sam-
ples comprising a horizontally rotatable flat-surfaced car-
riage having, equally spaced from the axis of rotation
thereof, and circumferentially spaced at equal angular
intervals, at least three substantially identical upwardly
facing recesses of a depth to receive a sample holder,
vertical open-bottom dispensing and receiving magazines
each adapted to receive a stack of sample holders, an
open-bottom shield adapted to held a radiation counter,
means to support the open bottoms of the magazines and
the shield in circumferentially spaced relation at corre-
sponding angular intervals above and closely adjacent
to the rotational path of the recesses, elevating means in
each recess to raise a sample holder above the surface
of the carriage, means to activate and deactivate the ele-
vating means to raise and lower a sample holder in each
recess when the recess is beneath the shield, and to raise
a sample holder as the recess passes beneath the receiv-
ing magazine and means to rotate the carriage to. suc-
cessively position the recesses under the magazines and
the shield, whereby successive sample holders are re-
moved from a stack of sample holders in the dispensing
magazine, inserted into and removed from the shield, and
then loaded into the bottom of the receiving magazine.

9. An automatic sample changer for radioactive sam-
ples comprising a rotatable flat-surfaced carriage having
equally spaced from the axis of rotation thereof a plurality
of circumferentially spaced substantially identical recesses
of a depth to receive a sample holder, dispensing. and re-
ceiving open-ended magazines each adapted to receive a
stack of sample holders, an open-ended shield adapted to
hold a radiation counter, means to support the open ends
of the magazines and the shield in circumferentially
spaced relation facing and closely adjacent to the rota-
tional path of the recesses, elevating means in each recess
to raise a -sample holder above the surface of the car-
riage, means to -activate and deactivate the elevating
means to raise and lower a sample holder in each recess
when the recess is positioned at the open end of the shield,
and to raise a sample holder as the recess passes the re-
ceiving magazine, and means to rotate the carriage to
successively position the recesses at the ends of the maga-
zines and the shield, whereby successive sample holders
are removed from a stack of sample holders in the dis-
pensing magazine, inserted into and removed from the
shield, and then loaded into the end of the receiving
magazine.

10. An autematic sample changer for radioactive sam-
ples comprising a flat-surfaced carriage having in the flat
surface thereof a recess of a depth to receive a sample
holder, dispensing and receiving vertical open-ended mag-
azines each adapted to hold a stack of sample holders, an
open-ended shield adapted to hold a radiation counter,
means to support the open ends of the dispensing maga-
zine, the shield and the receiving magazine in spaced rela-
tion facing and closely adjacent to the flat carriage, means
for moving the carriage in the plane of the flat surface to
successively and repeatedly position the recess at the end
of the dispensing magazine, the shield, and the receiving
magazine, elevating means to raise a sample holder in
the recess above the surface of the carriage, means to
activate and deactivate the elevating means to raise and
lower a sample holder in the recess when the recess is
positioned at the open end of the shield, and to raise a
sample holder as the recess passes the receiving magazine,
whereby successive sampie holders are-remocved from a
stack of sample holders in the dispensing magazine, in-
serted into and removed from the shield, and then loaded
into and retained in the end of the receiving magazine,
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11. An antomatic sample changer for radioactive sam-
ples comprising a horizontally rotatable flat-surfaced car-
riage having in the flat surface thereof an upwardly fac-
ing recess of a depth to receive a sample holder, an open-
bottom magazine elongated vertical adapted to receive a
stack of sample holders, an open-bottom shield adapted to
hold a radiation counter, means to support the open bot-
toms. of the magazine and the shield in circumferentially
spaced relation above and closely adjacent to the rota-
tional path of the recess, means for rotating the carriage
to-successively position the recess under the magazine and
the shield, elevating means to raise a sample holder in
the recess above the surface of the carriage, means cou-
pled to the elevating means to activate and deactivate the
elevating means to raise and lower a sample holder in
the recess when the recess is beneath the shield, and means
to remove a sample holder from the recess during its
motion from the end of the shield to the end of the maga-
zine, whereby successive sample holders are removed from
a stack of sample holders in the magazine, and then in-
serted into and thereafter removed from the shield.

12. An automatic sample changer for radioactive sam-
ples comprising a. shield adapted to receive a radiation
counter, a magazine adapted to receive a plurality of
stacked sample holders, means for supporting said shield
and said magazine in mutually spaced relation, means
adapted to be connected to an activating stimulus for
withdrawing successive sample holders from the magazine
and inserting them into the shield for a time responsive
to the activating stimulus, means independent of the actu-
ating stimulus for restacking the sample holders in the
magazine in their original order, and means for again with-
drawing successive sample holders from the magazine and
inserting them into the shield for a time responsive to the
actuating stimulus, whereby the samples are repeatedly
counted in successive order.

13. An automatic sample changer for radioactive sam-
ples comprising a shield adapted- to receive a radiation
counter, dispensing and receiving magazines each adapted
to receive a plurality of sample holders in successive or-
der, means for supporting said shield and said magazines
in mutually spaced relation, means adapted to be con-
nected to an actuating stimulus for withdrawing succes-
sive sample holders from the dispensing magazine and
inserting them into the shield and for withdrawing them
from the shield after a time responsive to the actuating
stimulus and inserting them into the receiving magazine,
means responsive to the emptying of the dispensing mag-
azine for withdrawing successive sample holders from the
receiving magazine and inserting them into the dispensing
magazine to restore the sample holders to said dispensing
magazine in their original order, and means responsive to
the emptying of the receiving magazine to again initiate
the original cycle of operation, whereby the samples are
repeatedly counted in successive order.

14. The sample changer of claim 13 wherein the means
to restore the sample holders to the dispensing magazine
are independent of said actuating stimulus.

15. An automatic sample changer for radioactive sam-
ples comprising a shield adapted to contain a radiation
counter, dispensing and receiving magazines each adapted
to receive a plurality of sample holders in successive or-
der, means for supporting said shield and said magazines
in mutually spaced relation, means adapted to be con-
nected to an actuating stimulus for withdrawing successive
sample holders from the dispensing magazine and in-
serting them into the shield and for withdrawing them
from the shield after a time respomsive to the actuatmg
stimulus and inserting them into the receiving magazine,
and .means independent of the actuating stimulus respon-
sive to the emptymg of the dispensing magazine for with-
drawmg successive sample holders from the rece1vmg mag-
azine and inserting them in the dispensing magazme to
restore the sample holders to the dispensing magazine in
their original order.
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16. An automatic sample changer for radioactive sam-
ples comprising a radiation shield adapted to contain a
radiation counter, dispensing and receiving magazines each
adapted to hold a plurality of sample hclders, means for
supporting said shield and said magazines in mutually
spaced relation, and means adapted to be connected to an
actuating stimulus for withdrawing successive sample
holders ‘from the dispensing magazine and inserting them
into the shield and for withdrawing them from the shield
after a time responsive to the actuating stimulus and in-
serting them into the receiving magazine, said withdraw-
ing and inserting means comprising a sample-retaining
- member and means for moving the sample-retaining mem-
ber in a circular path, the supporting means supporting
the shield and the magazines in spaced relation on the
circular path.

17. An autcmatic sample changer for radicactive sam-
ples comprising ‘a rotatable carriage having at least three
sample-carriers circularly disposed and spaced at equal
angles about the axis of the carriage, substantially tubu-
lar dispensing and receiving magazines adapted to receive
a plurality of stacked samples in successive order and a
radiation detector holder, said magazines and detector
holder having ‘mouth portions, means for mounting the
magazines and the detector holder in fixed positions in
relation to each other corresponding to the relative posi-
tions of three sample-carriers, the mouth portions facing
‘and being closely adjacent to the rotational path of the
sample-carriers, and cycling means coupled to the car-
- riage and to the sample-carriers including means to rotate

the carriage in each cycle through an angle correspond-
ing to the angle between adjacent sample-carriers, means
operative in each cycle to insert a sample from the dis-
pensing ‘magazine into the sample-carrier adjacent there-
to, means operative in each cycle to insert a sample into
the receiving magazine from the sample-carrier adjacent
thereto, and switching means operative in each cycle and
adapted to activate and inactivate a radiation detector in
the holder.

"~ 18. An automatic sample changer for radioactive sam-
ples comprising a rotatable carriage having a plurality of
sample-carriers circularly disposed about the axis of the
carriage, substantially tubular dispensing and receiving
magazines adapted to receive a plurality of stacked sam-
ples in successive order and a radiation detector holder,
said magazines and detector holder having mouth por-
tions, means for mounting the magazines and the detec-

- tor holder with their mouth portions facing and closely
-adjacent to the rotational path of the sample-carriers,
motion-cycling means coupled to the carriage and to the
sample~carriers including means to rotate the carriage in
each cycle through an angle corresponding to the angle
between two of the sample-carriers, means operative in
each cycle to insert a sample from the dispensing maga-
zine into a sample-carrier adjacent thereto, means opera-

tive in each cycle to stop a sample-carrier opposite the.

mouth portion of the detector holder, means operative in
each cycle to insert-a sample into the receiving magazine
from a sample-carrier adjacent thereto, and means for
retaining samples in the magazines during rotation of
the carriage.

19. An automatic sample changer for radioactive sam-
ples comprising a carriage rotatable about a vertical axis
and having at least three sample-carriers circularly -dis-
posed and spaced at equal angles about the axis of the
carriage, elongated vertical dispensing and receiving mag-
azines adapted to receive a plurality of samples in. suc-
cessive order and a radiation detector holder having down-
wardly facing mouth portions closely adjacent to the ro-
tational path of the sample-carriers in relative positions
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corresponding to the relative positions- of three sample-
carriers, motion-cycling means coupled to the carriage and
to the sample-carriers including means to rotate the car-
riage in each cycle through an angle corresponding to the
angle between adjacent sample-carriers, means operative
in each cycle to lift a sample into the receiving maga-
zine from the sample-carrier adjacent thereto, and switch-
ing means coupled to the motion-cycling means and oper-
ative in each cycle and adapted to be coupled to a control
circuit and to a radiation detector in the holder:

20. In an automatic sample changer for radioactive
samples comprising a radiation shield adapted to contain
a radiation counter and means for inserting successive
sample holders into said shield, the improved construc-
tion wherein there are provided first and second elongated
substantially tubular magazines spaced from the radiation
shield on opposite sides thereof, and adapted to receive
a plurality of stacked sample holders in successive order
and each having an open mouth, a sample carrier, drive
means coupled to the carrier for moving the carrier along
a closed path from the mouth of the first magazine past
the shield and then past the mouth of the second maga-
zine, and then again past the mouth of the first magazine,
and actuating means coupled to the carrier for moving
a sample in the carrier toward the mouth of the second
magazine and way from the mouth of the first magazine
as the carrier passes the mouths of the respective maga-
zines, whereby the sample holders in one magazine may be
successively received by the carrier member, carried to
the shield, and thereafter deposited in the other magazine,

21. In an automatic sample changer for radioactive
samples comprising a radiation shield adapted to contain
a radiation counter and means for inserting successive
sample holders into said shield, the improved construc-
tion wherein there are provided first and second elon-
gated substantially tubular magazines spaced from the
radiation shield on opposite sides thereof, and adapted
to receive a plurality of stacked sample holders in suc-
cessive order and each having a mouth portion, a sample
carrier, drive means coupled to the carrier for moving
the carrier along a closed path from the mouth of the
first magazine past the shicld and then: past. the mouth
of the second magazine, and then again past the mouth
of the first magazine, actuating means.coupled to the car-
rier for moving a sample in the carrier toward the mouth
of the second magazine and away from the mouth of the
first magazine as the carrier passes the mouths of the
respective magazines, and means for reversing the action
of the actuating means to move samples in the carrier
toward the mouth of the first magazine and away from
the mouth of the second magazine as the carrier passes
the mouths of the respective magazines whereby the sam-
ple holders in one magazine may be successively received
by the carrier, carried to the shield, deposited in the other
magazine, and thereafter restacked in the first magazine
in their original order. : :
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