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(54) AN APPARATUS FOR MEASURING THE 
NUCLEAR RADIATION OF A SEQUENCE OF 
RADIOACTIVE SAMPLES AND MAGAZINE 

FOR USE THEREIN 

(71) We, WILHELM LOHR, of 11 
Reichtersklinge, D-7547 Wildbad, Ger-
many, FRITZ BERTHOLD of 12 Engels-
brander Strasse, D-7540 Neuenburg, Ger-

5 many, both citizens of West Germany, and 
ROBERT WILLIAM ALLINGTON of 
1551 Ridgeway Road, Lincoln, Nebraska 
68506, United States of America, a citizen 
of the United States of America, do hereby 

10 declare the invention for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow-
ing statement:-

15 This invention relates to an apparatus for 
measuring the nuclear radiation, such as 
beta or gamma radiation, of a sequence of 
radioactive samples loaded in sample con-
tainers, which may be test tubes, and it also 

20 relates to a magazine for use in such 
apparatus. 

In one class of radiation measuring 
apparatus sample containers are conveyed 
automatically oV semi-automatically to a 

25 measuring station for measuring the nuclear 
radiation. In the measuring station they are 

i placed near a counting tube or scintillation 
I crystal. 
\ Accordingly it is an object of this inven-

30\ tion to provide a novel apparatus for 
\ measuring nuclear radiation and a magazine 

for use therein. 
According to one aspect of this invention 

there is provided apparatus for measuring 
35 the nuclear radiation of a sequence of 

radioactive samples when contained in sam-
ple containers, the apparatus comprising: a 
plurality of magazines each for receiving a 
group of such sample containers, each 

40 magazine having a plurality of receiving 
means each for receiving one such sample 
container, a measuring station having a 
working place and a measuring place verti-
cally disposed below the working place, said 

45 measuring place having means for measur-

ing the nuclear radiation of such samples, 
transporting means for moving the 
magazines in horizontal direction to place 
such sample containers one-at-a-time at the „ 
working place, transfer means for conveying " 
such sample container from the magazine at 
the working place to the measuring place 
and returning it to the magazine at the work-
ing place after the nuclear radiation of a 
sample in such sample container has been 5 5 

measured at the measuring place, each 
receiving means having holding means for 
lateral engagement with such container at a 
level above the bottom of such container to 
hold it against falling through the magazine, 
and means at the working place for releasing 
such sample container from the holding 
means. 

Each receiving means of the apparatus 
according to this invention may be provided 
with a positively engaging holding means 
which can cooperate with a matching, such 
as complementary, portion of such sample 
container or which simply engages below an 
enlarged upper lip of such sample container. 70 
However, preferably each receiving means 
is provided with a holding means for fric-
tionally engaging the respective sample con-
tainer. Surprisingly, it has been found that 
this ensures a reliable operation of the 75 
apparatus, and moreover, jamming on inser-
tion of the sample containers in the holding 
means and on lowering the sample container 
from the holding means and re-insertion 
may be reliably avoided. 80 

In one embodiment, the transporting 
means operates along an open transporta-
tion path between the points of insertion 
and removal of the magazines. In this 
embodiment, the magazines are placed on 85 
the transporting means at one end of the 
transportation path and removed at the 
other end of thut path after the nuclear radi-
ation of the samples has been measured. 

According to another aspect of this inven- 90 
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tion, there is provided a magazine for use in 
apparatus according to the above statement 
of invention, the magazine having the fea-
tures specified in relation thereto in the said 

5 statement of invention. 
In another embodiment, the transporting 

means operates along a closed transporta-
tion path and, if desired, the point of inser-
tion of loaded magazines and the point of 

10 removal of measured magazines are identi-
cal. 

As in the known devices comprising con-
veyor chains, the bottom parts of the sample 
containers in the magazines conveyed by the 

15 transporting means are supported on a glid-
ing surface which brings the sample contain-
ers to the desired position at the working 
place. At the working place a sample con-
tainer is passed by the gliding surface 

20 directly onto a supporting means of the 
transfer means which is displaceable down-
wardly and upwardly between the working 
place and the measuring place with the sup-
porting means and the gliding surface being 

25 aligned. The gliding surface may form a 
direct or indirect continuation of a support-
ing surface on which the bottom part of the 
sample container is brought to abut from the 
top at a point where the sample container is 

30 inserted in a magazine accommodated on 
the transporting means. The supporting sur-
face and/or the gliding surface are con-
veniently provided above the worktable and 
the measuring station below the worktable. 

35 As an alternative to the gliding surface it 
may be provided that at least adjacent to the 
working place in the direction the magazines 
are moved and before they reach the work-
ing place the bottom parts of the sample 

40 containers inserted in the magazines moved 
by the transporting means are freely sus-
pended and positioned over the downwardly 
and upwardly displaceable elevator or sup-
porting means so that it may be moved be-

45 tween the working place and the measuring 
place and brought back into a freely sus-
pended position in the magazines when the 
supporting means of the transfer means is 
raised to its upper position at the working 

50 place. 

The magazines of the apparatus according 
to this invention can be placed on shuttles 
connected to the transporting means which 
have apertures for unimpeded passage of 

55 such sample container. 
As a modification of a known arrange-

ment of a device for the stepwise transporta-
tion of a number of sample containers 
inserted in groups in shuttles as described in 

60 U.S. Patent 3,418,084 issued December 24, 
1968, the shuttles may be provided with lat-
eral toothed racks in meshing engagement 
with advance pinions or an advance toothed 
belt. 

65 The sample containers may be kept in 

frictional engagement in that the holding 
means embraces the circumference of the 
container by press fit so that on axial pres-
sure the sample container is vertically dis-
placeable through the holding means, such 70 
as by surmounting the frictional forces of a 
resilient lining of a holding cylinder or hold- , 
ing ring. However, in the preferred embod-
iment at least part of the holding means in 
the receiving means is laterally pivotable. 75 

In the preferred embodiment, it is 
sufficient if a pivotable part of the holding 
means engages a stationary part of the sam-
ple container. Preferably, however, two 
clamp-engaging parts are spread simultane- 80 
ously. The pivotable part or the two parts 
spreadable in opposite directions may be 
biased in stop position by a separate spring 
such as a metallic pressure spring. Advan-
tageously, the elasticity of the material from 85 
which the receiving means is made is used 
for biasing. It has surprisingly been found 
that effective operation is ensured if the 
magazines as well as the holding means are 
made from a suitable plastics material, such 90 
as by injection molding, of acetal resin, 
polyethylene, nylon, polyurethane, prefer-
ably admixed with granular or fiber glass. 
The wall thickness of the receiving means 
for the sample containers should be such 95 
that the holding means formed therein has 
the desired resiliency to allow a pivoting or a 
spreading movement. 

The invention may best be understood by 
reference to two embodiments and the 100 
accompanying schematic drawings described 
in the following. 

Figure 1 is a simplified top view of an 
apparatus according to the invention, ele-
ments not essential to the invention not 105 
being shown, the area of a device as shown 
in Figure 2 being marked with 'X'; 

Figure 2 is a vertical section of the 
apparatus according to Figure 1 taken in the 
area of the working place and measuring 110 
place marked 'X' as in Figure 1; 

Figures 3 and 4 are detailed sectional top 
views of area 'X' of Figurell , Figure 3 
showing a magazine at the working place, 
with the holding means being spread and 115 
Figure 4 showing a magazine as it 
approaches the working place, with the 
holding means not being spread; 

Figure 5 is a vertical section along line 
A - A of Figure 3; 120 

Figure 6 is a side view of an alternative 
magazine of the apparatus of the invention; 

Figure 7 is a plan view of a magazine 
shown in Figure 6; and 

Figure 8 is a fragmentary side view of the 125 
holding means of Figure 7. 

In Figure 1 there is shown a transporting 
plate 10 forming the top of the worktable 
shown in Figure 2. On the top surface of the 
transporting plate 10 a frame 12 is provided 130 
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having the shape of an elongate rectangle 
with vertical inner walls forming at their 
corners oblique vertical connecting walls 14 
inclined at an angle of 45°. 

5 A central column or block or casing 16 
extends symmetrically to the longitudinal 
middle line of the rectangular frame 12, 
which is provided with longitudinal sides 
extending parallel to the longitudinal sides 

10 of the frame and shorter ends extending 
parallel to the shorter ends of the frame, and 
which is likewise inclined at its corners at an 
angle of 45° parallel to the oblique connect-
ing walls 14. 

15 The frame 12 and the central column 16 
form two spaced chambers 18 and 20 with 
parallel walls, which are connected at their 
ends by a transverse conveyor duct or chan-
nel 22, 24. 

20 The chambers 18 and 20 and the trans-
verse conveyor ducts 22 and 24 form a 
closed transport path for shuttles 26 along a 
rectangle with corners truncated at an angle 
of 45° and the shuttles 26 constantly circulat 

25 stepwise along this closed transport path. 
On each shuttle 26, there is removably 
mounted a magazine 28 for accommodating 
sample containers 60 (Figure 2). The shut-
tles remain in the apparatus so that even if 

30 the shuttles 26 are incompletely loaded con-
tinuous operation is ensured, e.g. by remov-
ing magazines with measured samples along 
a section of the transport path after 'X' from 
the shuttles positioned at this point and 

35 inserting magazines with unmeasured sam-
ples in a section of the transport path before 
'X'. 'After' and 'before' refer to the direc-
tion of transport of the shuttles 26 indicated 
by arrows 30, which circulate from the 

40 chamber 18 into the transverse conveyor 
duct 22 with area ' X \ then into the chamber 
20 and from there through the transverse 
conveyor duct 24 back into the chamber 18. 
The numeral '82' marks a point of insertion 

45 and '84' a point of removal of the magazines 
from the shuttles 26. 

As shown in Figure 1, the shuttles 26 are 
closely packed in the two chambers 18 and 
20 with abutting longitudinal sides in trans-

50 verse direction to the length of the chambers 
and are guided between the frame 12 and 
the column 16. In the transverse conveyor 
ducts or channels 22 and 24 a shuttle 26 can 
be individually passed from one chamber to 

55 the other. Only one shuttle 26 is passed 
from one chamber to the other with its axis 
in alignment with the axis of the transverse 
conveyor channel. The shuttle 26 is guided 
in the transverse conveyor channel with its 

60 lateral surfaces. 
At both ends, the shuttles 26 have an 

oblique point inclined at both sides at an 
angle of 45°, one side being slightly longer 
than the other so that at one end of the shut-

65 tie the point is staggered to one side with 

respect to the longitudinal middle line of the 
shuttle and at the other end of the shuttle it 
is staggered to the otherside. The longer 
side is oriented at the side of the frame 12 in 
transport direction 30 and at the side of the 70 
central column 16 opposite transport direc-
tion 30. With this structure, the shuttles 26 
are conveniently moved from one end of a 
chamber to the transverse conveyor channel 
or duct and from there to the other chamber 75 
along the connecting walls 14 of the frame 
12 and along the parallel oblique sides of the 
central column 16. The movement of the 
shuttles is promoted by a leaf spring 29 con-
nected with one end to the connecting wall 80 
14 and pointing with its free end into the 
direction of transport 30, covering the cen-
tral area of the connecting wall 14. 

At the ends of the shuttles 26, com-
plementary coupling members in the shape 85 
of an upwardly pointing hook 32 and a 
downwardly pointing hook 34 are provided, 
which engage behind each other with under-
cut flat back surfaces so that a shuttle 26 
forced into a transverse conveyor duct pulls 90 
the following shuttle into the transverse 
conveyor duct. In the transverse conveyor 
duct each of the shuttles is driven by means 
of a toothed belt 36 disposed laterally in the 
column 16, and engaging toothed racks 38 95 
which are provided on both sides of each 
shuttle 26. As an alternative, pinions may be 
provided. If desired, the driving means may 
also be provided in the frame 12. 

The toothed belt 36 travels over pulleys 10 
35, at least one of them being utilizable as 
tensioning pulley, which pulleys are inter-
mittently driven by drive gear 37 such that 
one sample container each is stepwise 
positioned at the working place 40. The ic 
driving unit of drive gear 37 is conventional 
and may be located like the other parts of 
the driving means in the column 16. 

The closed transport pamay also be 
square or in the form of an elongate 
rectangle such that the working place is 
located at one long side of the rectangle in a 
transverse conveyor channel. 

The shuttles 26 form a receiving container 
with an open bottom 42, the opening being j ] 
formed of a supporting rim 44 which forms 
the remaining bottom part on which the 
magazines 28 are placed when inserted in 
the shuttles 26. The magazines are positively 
held in the walls 45 of the shuttles by engag- ^ 
ing walls and have complementary bottom 
contours. Instead of a completely open bot-
tom, the bottom may include a different 
hole under each sample container, larger in 
diameter than the sample container. ^ 

With the exception of the open construc-
tion of the bottom 42 of the shuttles, the 
location of the toothed rack 38 laterally at 
the shuttles and not below the shuttles and 
the mounting of the driving means 36 at the jc 
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sides of the shuttles and not below the shut-
tles, the described device corresponds to the , 
automatically operating device for the step-
wise transportation of a number of shuttles' 

5 described in U.S. Patent 3,418,084 issued' 
December 24, 1968, to which reference is 
made in this connection. 

Figures 2 to 5 and Figures 6 to 8 show two 
alternative types of magazines 28 which are 

10 individually insertable in shuttle 26. Accord-
ing to both embodiments, magazine 28 has a 
skeleton type magazine body 52 (Figures 3, 
5 and 6) the bottom contour 46 of which in 
the first embodiment shown in Figures 3 to 5 

15 is substantially complementary to the inside 
shape of the walls 45 of the shuttle 26. As in 
the embodiment shown in Figures 6 to 8, a 
base member 48 is formed complementary 
to the inside wall 46 of the shuttle 26 and a 

20 top part 50 projects at the top of the shuttle 
26 with a bottom section 52 supported on 
the upper edge of the channel. 

The magazine 28 of the first embodiment 
shown in Figures 2 to 5 is made from a suit-

25 able plastics material, whose elasticity is 
enhanced by admixtures of granular or fiber 
glass, e.g. an acetal resin, nylon, 
polyethylene or polyurethane prepared in 
one piece by injection molding. The 

30 magazine 28 of the second embodiment 
shown in Figures 6 to 8 may also be made 
from a plastics material, optionally from the 
same kinds of plastics. However, in particu-
lar this second embodiment may also be 

35 made from other materials, e.g. a metal. If 
the magazine of the first embodiment is 
made from a metal this should be a resilient 
metal for reasons explained further below. 

In the first embodiment shown in Figures 
40 2 to 5 the skeleton type magazine body 52 is 

reinforced by transverse walls 54 spaced 
apart and following one after the other in 
the longitudinal direction of the magazine 
28. 

45 As part of the magazine body 52 several 
receiving means 62 open at top and bottom 
are provided in equal distances in the lon-
gitudinal direction of the magazine, which 
are regularly spaced in series and accommo-

50 date each a test tube sample container 60. 
Each receiving means 62 has a quadrangu-
lar, round or otherwise shaped bottom part 
64 formed by the surface of the skeleton 
type magazine body 52 and its transverse 

55 walls 54. At the outer wall of the magazine 
body a pair of opposed holding fingers or 
tongues 66 are formed, in the nature of lev-
ers which upwardly extend the receiving 
means 62 and inwardly form clamps 65 

60 engaging at the circumference of the sample 
container 60. 

The clamps 65 in this embodiment are 
designed as ramp-shaped projections (Fig-
ure 5). The tongues are circularly shaped 

65 (Figures 3 and 4). Each tongue extends over 

a radial angle such as 60°, or more generally 
about 45° to 70°. The tongues 66 are dis-
posed diametrically so that the tangent at 
the center of the tongue runs parallel to the j 
axis of the magazine 28. In the upper end of ™ 
the tongues 66, slightly set off downwardly, 
straight or rounded inclined surfaces 68 are ' 
provided extending outwardly and facilitat-
ing the insertion of the sample container 60 
each into the receiving means 62 from above 
by forming a funnel. The material from 
which the magazines 28 as well as the receiv-
ing means 62 are made and the wall thick-
ness of the tongues 66 should be such that 
the two tongues form a holding means being 
resilient in the radial direction, which hold-
ing means frictionally receives the inserted 
sample container. Alternatively, there may 
be a positive connection by providing the 
tongues with internal projections which " 
engage below a rim at the sample container 
60, or the two parts may be connected 
through engagement of a projection with a 
complementary recess. 

In the above-described embodiment the ™ 
receiving means 62 form an integral part of 
the walls of the magazines 28 and the ton-
gues 66 form two diametrically opposed, 
spreadable one-armed levers which are 
pivoted at the magazine body 52 and are ^5 
biased by the spring tension inherent to the 
material of the magazine 28 either in fric-
tional or in positive engagement with the 
inserted sample container 60. 

For heavy-duty purposes, the magazines 100 
28, the receiving means 62 and the tongues 
66 forming the holding means should be of a 
substantially fatigue-proof plastics material. 
Alternatively, the holding means may be of 
a rigid material, as is shown in the second 105 
embodiment of Figures 6 to 8. This embod-
iment also provides for a bottom part 64 of 
the receiving means 62, as the embodiment 
shown in Figures 2 to 5, which embraces an 
inserted sample container 60 such that 110 
under the force of gravity the sample con-
tainer may pass vertically downward. Four 
tongues 70,72 extend upwardly from the 
bottom part 64 and are provided at their • 
upper ends with an internally inclined sur- 115 
face 68. 

Tongues 70,72 are also circularly bent 
and each extend over a radial angle of about 
45° to 70°. Their center axis is arranged at 
an angle of 45° with respect to the longitudi- 120 
nal axis of the magazine. The arrangement is 
such that first tongues 70 are provided on 
one side of the magazine and second ton-
gues on the other side of the magazine. Ton-
gues 70 are rigid upwardly extending sup- 125 
ports of the bottom part 64 of the receiving 
means 62. The two adjacent receiving 
means 62 shown in Figure 8 may even form 
columns, each receiving means being pro-
vided with one of supporting surfaces 74 and 130 
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76. 
The tongues 72 are two-armed levers 

radially pivotably from a hinge 78 against a 
pressure spring 80 provided at the bottom 

5 part 64 of the receiving means 62. In this 
embodiment the pressure spring 80 provides 
for the engaging force of the lever 72 at the 
inserted sample container backwardly sup-
ported by stationary supports 70. Here, too, 

10 the inside cross-section between the tongues 
70 and 72 at least at the upper ends must be 
smaller than that of the bottom part 64 to 
cause frictional engagement or, alterna-
tively, positive engagement with the inserted 

15 sample container, however, making sure in 
the latter case that the complementary part 
of the sample container permitting positive 
engagement may freely pass through the 
receiving means 62 on release of the 

20 engagement. 

In case of positive engagement a rim or 
flange projection at the circumferences of 
the sample container need be provided. The 
sample container however, alternatively, 

25 may simply have a groove or some other 
recess facilitating its passing through the 
receiving means. The possibilities of positive 
engagement are self-evident to the expert 
and need not be described in detail. 

30 Sample containers 60 initially contain 
unmeasured samples. Several sample con-
tainers 60 are placed in the receiving means 
62 of a magazine 28. At a point of insertion 
the magazines 28 (Figure 1) are then placed 

35 on a shuttle 26 and gradually conveyed in 
the chamber 18 to the transverse conveyor 
channel or duct 22 by way of the transport-
ing means. On insertion and transportation 
the bottom parts of the sample containers 

40 may be at a distance above the transporting 
plate 10. Preferably, however, the surface of 
the transporting plate 10 is used for aligning 
the sample containers in the receiving means 
62 of the magazines by allowing the sample 

45 containers to slidingly move along at least 
part of the transport path. The sample con-
tainers are thus slidingly transported from 
the working place 40 on the transporting 
plate 10 to a point of removal 84. Between 

50 the point of removal 84 and the point of 
insertion 82 the shuttles idle, without carry-
ing any magazines 28. 

In the following the operation in the area 
of the working place 40, marked 'X' in Fig-

55 ure 1 will be explained and some further 
constructional designs of the magazines 
which are functionally correlated will be 
illustrated. 

As shown in Figure 2 the transporting 
60 plate 10 covers a lead shield 86 of the work-

table. After a sample container transported 
in a magazine (Figure 1) has reached the 
working place 40 its axis is in vertical align-
ment with a vertical channel 88 (see Figure 

65 2) disposed below the sample container 60. 

The latter starts below the working place 40 
in the transporting plate 10 and diametri-
cally extends through the lead shield 86 
downwardly through a locking block 90, a 
cylindrical copper sleeve 92 encased therein 7i 
and a scintillation crystal 94 mounted within 
the sleeve 92. 

The locking block 90 is detachably held 
by a circular projection 96 in a related open-
ing at the bottom surface of the lead shield 7. 
86. At the bottom surface of the locking 
block a casing wall 98 (not continued in the 
drawing) of the scintillation measuring 
chamber is provided. The channel 88 
extends through the wall 98 of the casing. 8 

Through this opening a piston 100 
extends from below, which is vertically dis-
placeable between two positions by a con-
ventional driving means symbolically indi-
cated by the double arrow 102, the two posi- 8. 
tions being defined as the dotted-line upper 
position of the sample container 60 and the 
straight-line lower position of the sample 
container 60. In the upper and lower operat-
ing positions and on transfer the sample con- 9 
tainer 60 rests with its rounded bottom part 
on flat support 104 which is made of shield-
ing material similar to the copper shield 92 
and is attached to the upper end of the pis-
ton 100. In this manner a means for transfer 9 
of the sample container 60 from the dotted-
line upper operational position at the work-
ing place to the straight-line lower position 
and back into the upper position is formed. 
The lower position corresponds to the posi- 1 
tioning of the sample container 60 at the 
measuring place of the measuring station 
equipped with the measuring scintillation 
crystal (e.g. an Nal crystal) which is conven-
tionally connected to a scintillation measur- 1 
ing device. 

Along the transport path between the 
upper and the lower operational position the 
inside wall of the channel 88 forms a lateral 
guidance for the sample container 60. Rein- 1 
sertion of the sample container into the 
receiving means after it has returned from 
its lower to the upper operational position is 
facilitated by a straight-lined or rounded 
slope 106 (Figure 5) at the bottom part of 1 
the receiving means 62 aligned with respect 
to the channel 88 at the working place. 

The inside diameter of the channel 88 
must be such that the sample container is 
sufficiently guided and no jamming occurs 1 
during downward and upward displacement 
between the working place and the measur-
ing place. 

At the working place 40 and in its adja-
cent area 'X' a control means is operative 1 
which releases the frictional or positive 
engagement of the receiving means 62 with 
a sample container 60 at the working place 
and ensures that this is initiated shortly 
before the sample container is conveyed to 1 
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the working place and that the release is dis-
continued when the sample container leaves 
the working place. 

This control is achieved by means of a 
5 cam means, the cam follower being disposed 

in an area somewhat below or at the upper 
ends of the tongues 66 of the receiving 
means 62. In the embodiment shown in Fig-
ures 3 to 5 the cam follower is formed by a 

10 bracket or hook 108 projecting from each 
tongue 66. This hook 108 has a first horizon-
tal strap 110 reinforced by a vertical upper 
triangular rib 111 from which a second strap 
112 projects vertically in downward direc-

15 tion which has at its inner surface a vertical 
wall and at its outer surface a rounded wall 
(Figure 5). As shown in Figure 3 each hook 
has a separate operating unit 113. The 
operating units may also be combined to 

20 form a common strip so that more than one 
tongue is pulled at a time. 

Operatively attached to the two hooks 
108 are cams in the form of two rails 119, 
one rail being stationarily attached to the 

25 frame 12 and the other to the central col-
umn 16. 

Each of the rails 119 has a horizontal 
flange 120 attached to either the frame 12 or 
the column 16 and a vertical flange 121 pro-

30 jecting upwardly therefrom. Each vertical 
flange is provided at both ends with a flat 
inlet ramp 122 and a flat outlet ramp 124 
and is substantially straight-lined in the 
center piece 126. 

35 When assuming that the bottom parts of 
the sample containers 60 during transporta-
tion slide on the top surface of the transport-
ing plate 10 this top surface forms a gliding 
surface which is aligned with the top surface 

40 of the supporting means 104 in the upper 
operational position. Alternatively, such a 
gliding surface may align sample containers 
60 freely suspended in the holding means of 
the receiving means 62 with the supporting 

45 means 104 at the working place, if such an 
alignment is desired. 

In both cases the vertical flanges 121 are 
solidly engaged at the working place 40 and 
in the adjacent area 'X' with the vertical 

50 second straps 112 at the hooks 108. 
As a sample container 60 approaches the 

working place 40 the cam means becomes 
operative in the area of the inlet ramp 122 
so that the two tongues 66 are spread in 

55 opposite directions. At the working place 
itself the central piece 126 becomes opera-
tive which completely releases the engage-
ment of the tongues at the sample container 
and which enables the sample container to 

60 be lowered from the upper operational posi-
tion (dotted line in Figure 2) to the lower 
position at the measuring place (straight 
line) and, after measurement is completed, 
back to the upper position. During this 

65 period the stepwise advance of the shuttles 

by the transporting means along the closed 
transport path is interrupted. 

After the sample container 60 has 
returned to the upper operational position 
the transporting means becomes operative 70 
again and by movement of the hook 108 at 
the outlet ramp 124 under the action of the 
spring forces the holding means formed by 
the tongues into engagement with the sam-
ple container. Operation is similar for each " 
following sample container inserted in a 
magazine and so on for the sample contain-
ers of the next magazine. 

In the alternative embodiment shown in 
Figures 6 to 8 a double-armed shift lever °0 
114 is provided instead of the hooks. This 
lever is provided with an abutting surface 
115 inclined at an angle of 45° with respect 
to the horizontal line. This abutting surface 
cooperates with a counter-rail around the ™ 
lever pivot 117 acting in the direction of the 
arrow 116. The tongue 72 is spread in the 
direction of the arrow 118 when the 
counter-rail acts on the shift lever 114 in the 
direction of the arrow 116. For the rest the 90 
operation corresponds to the above-
described operation of the first embodiment. 

The possibilities of operation shown in the 
drawing may be varied in many respects. 
Instead of a pressure spring a tension spring 95 
may be used. The bottom part of the receiv-
ing means 62 may be open to one side 
instead of being closed. Moreover, two lev-
ers could be spread in opposite directions 
without providing a stationary abutment at 100 
the back and without relying on the inherent 
elasticity of the material but by using two 
one-armed or multi-armed levers with sepa-
rate biasing of the spring. Instead of achiev-
ing the holding of the sample containers by 105 
means of the action of a spring some other 
kind of controllably releasable blockage of 
the receiving means 62 in the closed position 
may be provided, such as by means of a 
magnet. 110 

Finally, other types of control release 
means may be provided, e.g. hydraulically 
operating means or other types of automatic 
releases. By providing a suitable feeding 
device the sample containers may also be 115 
individually inserted in the magazines at a 
point of insertion from below, reinserted in 
the magazines after measurement is com-
pleted, by conveying them from the measur-
ing place to the working place, and individu- 120 
ally removed below at a point of removal. 
This would ensure a continuous operation 
even if the magazines form an integral part 
of the shuttles. Also, construction elements 
of the embodiment of the magazine shown 125 
in Figures 3 to 5 could be correspondingly 
transferred to Figures 6 to 8, e.g. the upper 
and the lower inclined surfaces 68 and 106. 
Finally, the shuttles 26 and the magazines 
28 may be designed as an integral construc- 130 
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tional unit, in particular if an open transport 
path is provided instead of the closed trans-
port path described above. 

Although a preferred embodiment has 
5 been described with particularity, many 

modifications and variations in the invention 
are possible in the light of the above teach-
ings. Accordingly, it is to be understood 
that, within the scope of the appended 

10 claims, the invention may be practised other 
than as specifically described. 

It will be appreciated that with these 
embodiments whole groups of the presorted 
sample containers may be rapidly placed on, 

15 and removed from, the transporting means, 
facilitating convenient continuous operation 
of the device. Sample containers can be 
positioned in groups in magazines, with a 
different magazine provided for each group, 

20 the magazines being moved horizontally by 
a transporting means which advances the 
sample containers inserted in the magazines 
step-by-step to the working place. 

Moreover as the magazines have an open 
25 bottom, for measuring the samples at the 

working place, the sample containers can be 
lowered to the measuring place of the 
measuring station which is better than e.g. 
elevating sample containers to a measuring 

30 place of a measuring station located above 
the working place which would necessitate 
the use of grips or similar transfer means 
and which would take up space required for 
other purposes, such as manual or man-

35 ipulator operations on the containers, or 
space for accessory equipment such as index 
controls for the transporting means. 

Briefly what takes place is this:- To meas-
ure the nuclear radiation of a sequence of 

40 radioactive samples, magazines that hold 
sample containers are removably positioned 
in shuttles, some of which are driven step-
by-step by a toothed belt that engages racks 
on the sides of the shuttles from one com-

45 partment to another through a measuring 
station, with the shuttles that are being dri-
ven by the belt driving other shuttles not in 
engagement with the belt at that time. In the 
measuring station, the sample containers are 

50 released from the magazines one at a time 
through openings in their bottoms and low-
ered by a reciprocable support to a position 
adjacent to a radiation detector for the 
measurment, after which they are raised by 

55 the support to the magazine and the shuttle 
is driven one more step to the next position. 
WHAT WE CLAIM IS:~ 

1. Apparatus for measuring the nuclear 
radiation of a sequence of radioactive sam-

60 pies when contained in sample containers, 
the apparatus comprising: a plurality of 
magazines each for receiving a group of such 
sample containers, each magazine having a 
plurality of receiving means each for receiv-

65 ing one such sample container, a measuring 

station having a working place and a 
measuring place vertically disposed below 
the working place, said measuring place hay- j 
ing means for measuring the nuclear radia-
tion of such samples, transporting means for | ' u 

moving the magazines in horizontal direc- i 
tion to place such sample containers one-
at-a time at the working place, transfer 
means for conveying such sample container 
from the magazine at the working place to 
the measuring place and returning it to the 
magazine at the working place after the nuc-
lear radiation of a sample in such sample 
container has been measured at the measur- R n 
ing place, each receiving means having hold- 8 U 

ing means for lateral engagement with such 
container at a level above the bottom of 
such container to hold it against falling 
through the magazine, and means at the 
working place for releasing such sample con-
tainer from the holding means. 

2. Apparatus according to claim 1 
wherein the holding means is adapted for 
positive engagement with such sample con- „ 
tainer. w 

3. Apparatus according to claim 2 
wherein the holding means is adapted for 
engagement beneath a rim of such sample 
container. 

4. Apparatus according to claim 2 
wherein the holding means is adapted for 
projection-and-recess engagement with 
such sample container. 

5. Apparatus according to claim 4 
wherein the projection is on the holding 
means. 

6. Apparatus according to claim 1 
wherein the holding means is adapted for 
frictional engagement with such sample con-
tainer. 

7. Apparatus according to claim 6 
wherein the holding means is adapted to 
embrace such container by press fit so that 
on axial pressure such sample container is 
vertically displaceable through the holding H' 
means. 

8. Apparatus according to claim 7 
wherein the holding means includes a hold-
ing cylinder or holding ring having a resilient 
lining to hold such sample container. H 

9. Apparatus according to any preced-
ing claim in which at least part of the holding 
means is laterally pivotable with respect to 
the receiving means. 

10. Apparatus according to claim 9 ^ 
wherein the laterally pivotable parts of the 
holding means are holding fingers in the 
form of levers pivoted at the bottom part of 
the magazine from which they extend 
upwardly. " 

11. Apparatus according to claim 10 in 
which the levers are one-armed levers. 

12. Apparatus according to claim 10 or 
claim 11 in which the holding means com-
prises on one side with respect to the receiv- 13 
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ing means a stationary abutment and at the 
opposite side a pivotable part. 

13. Apparatus according to claim 10 or 
claim 11 in which the holding means com-

5 prises two pivotable parts adapted to engage 
such sample container from opposite sides. 

14. Apparatus according to any of 
claims 9 to 13 in which each laterally pivot-
able part of the holding means is resiliency 

10 biased to bear against such sample container 
when in such magazine. 

15. Apparatus according to claim 14 in 
which the pivotable parts of the holding 
means consist of resilient plastics material. 

15 16. Apparatus according to any of 
claims 9 to 15, in which the pivotable parts 
of thb holding means form an integral part 
of the walls of a magazine. 

17. Apparatus according to claim 16 in 
20 which the magazines including their holding 

means are injection moulded plastics arti-
cles. 

18. Apparatus according to claim 17 
wherein the plastics material is an acetal 

25 resin or polyethylene or polyurethane or 
nylon. 

19. Apparatus according to claim 18 
wherein the plastics material is in admixture 
with granular glass. 

30 20. Apparatus according to any of 
claims 9 to 19 in which the receiving means 
of the magazines are open at top and bot-
tom, the bottom having a greater cross-
section than the projected cross section of 

35 such sample container and the top forming 
at least two holding figures which in closed 
position of the receiving means engage such 
sample container. 

21. Apparatus according to claim 20 in 
40 which the holding figures are of curved cross 

section. 
22. Apparatus according to claim 20 or 

claim 21 in which the upper ends of the 
holding fingers are outwardly inclined or 

45 rounded. 
23. Apparatus according to any of 

claims 20 to 22 in which an inner wall at or 
near the lower edge of the receiving means 
is inwardly inclined. 

50 24. Apparatus according to any of 
claims 9 to 23 in which stationary control 
means is provided to actuate the means for 
releasing such sample container, the control 
means engaging the upper region of a pivot-

55 able part of the holding means to pivot it 
away from such container. 

25. Apparatus according to any of 
claims 9 to 24 in which stationary control 
means is provided to actuate the means for 

60 releasing such sample container, the control 
means being effective to at least partly 
release the holding means adjacent to the 
working place. 

26. Apparatus according to claim 24 or 
65 claim 25 in which the control means com-

prises a stationary cam acting on a cam fol-
lower at the holding means. 

27. Apparatus according to claim 26 in 
which the cam is a rail with a flat inlet and/or 
outlet ramp. 70 

28. Apparatus according to claim 27 in 
which the cam follower is a hook or bracket 
engaging under the rail of the cam. 

29. Apparatus according to any preced-
ing claim in which the transport path is a 75 
closed loop. 

30. Apparatus according to any preced-
ing claim further including shuttles, the 
magazines being loosely placed on said shut-
tles, said shuttles having an aperture or 80 
apertures below said receiving means for 
unimpeded passage of such sample contain-
ers therethrough and the shuttles being con-
nected to the transporting means. 

31. Apparatus according to claim 30 85 
including an advancing means, the shuttles 
including lateral toothed racks in meshing 
engagement with the advancing means. 

32. Apparatus according to any preced-
ing claim including a gliding surface at least 90 
adjacent to the working place for supporting 
the bottom parts of such sample containers 
when in the magazines conveyed by the 
transporting means. 

33. Apparatus according to claim 32 95 
further including a supporting surface, the 
gliding surface forming a direct or indirect 
continuation of the supporting surface 
against which the bottom part of such sam-
ple container is brought to abut from above 100 
when inserted into a magazine at a point of 
insertion of the transporting means. 

34. Apparatus according to claim 32 or 
claim 33 in which the gliding surface is 
located on the top of the supporting surface 105 
of the apparatus above which the transport-
ing means and below which the measuring 
station are disposed. 

35. Apparatus according to any of 
claims 32 to 34 in which the transfer means 110 
has a supporting means for supporting the 
bottom part of such sample containers, the 
supporting means having an upper oper-
ational position in which it adjoins and is in 
alignment with the gliding surface at the 115 
working place. 

36. Apparatus according to claim 35 in 
which the supporting means is upwardly and 
downwardly displaceable between its upper 
operational position and the measuring 120 
place. 

37. Apparatus according to any preced-
ing claim including means for freely sus-
pending the bottom parts of such sample 
containers inserted in the magazines moved 125 
by the transporting means at least adjacent 
to the working place in the direction in 
which the magazines are moved and before 
they reach the working place and for again 
freely suspending such sample containers 130 
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when returned to the magazine after meas-
urement of its nuclear radiation. 

38. Apparatus for measuring the nuc-
lear radiation of a sequence of radioactive 

5 samples substantially as herein described 
with reference to the accompanying draw-
ings. 

39. Magazine for an apparatus accord-
ing to any one of claims 1 to 23 or 26 or 28 

10 having the features therein respectively 
specified in relation to the magazine. 

40. Magazine substantially as herein 

described with reference to Figures 1, 3, 4 
and 5 or Figures 1, 6, 7 and 8 of the accom-
panying drawings. 

41. Method of measuring the nuclear 
radiation of a sequence of radioactive sam-
ples by the use of apparatus as claimed in 
any one of claims 1 to 38. 
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