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United States Patent Office 3,219,416 
Patented Nov. 23, 1965 

3,219,416 
APPARATUS FOR THE AUTOMATIC CHEMICAL 
SEQUENTIAL TREATMENT AND ANALYSIS OF 
SMALL QUANTITIES OF MATERIAL 

Samuel Natelson, Valley Stream, N.Y., assignor to 
Scientific industries, Inc., Springfield, Mass., a cor 
poration of Delaware 

Filed Oct. 30, 1962, Ser. No. 234,019 
10 Claims. (C. 23-253) 

The present invention is a continuation-in-part of the 
Samuel Natelson, United States patent application, Serial 
No. 170,084, filed January 31, 1962, which in turn is a 
continuation-in-part of United States patent application, 
Serial No. 14,894, filed March 14, 1960, now United 
States Patent No. 3,036,893. The present invention re 
lates to automatic chemical treatment and analysis, and 
more particularly to the sequential treatment and analy 
sis of samples. 
The chemical laboratory is often faced with the prob 

lem of the analysis of large numbers of samples. This 
is time consuming and tedious to the operator often re 
Sulting in error due to the large number of samples be 
ing assayed and the close attention one must pay to 
each step of the procedure. The fatigue which sets in 
often results in errors being introduced. In many cases, 
several operators are required to finish the work of the 
day. 
To relieve this condition, instruments have been intro 

duced which automatically sample the material to be 
analyzed, add reagents, and go through elaborate proc 
esses both as regards procedure and instrument to per 
form the analysis automatically. In general, the in 
struments presently in use have been designed to me 
chanically reproduce the work performed by the human 
operator. Therefore, from the standpoint of time sav 
ing, these devices take about as much time to perform 
their function as their human counterpart. These in 
struments require appreciable amounts of material for 
analysis and do not lend themselves readily to adaption 
for the analysis of micro samples of the order micro 
liters. 
Modern hospitals must treat materail in drop quantity, 

often contained in a capillary tube. Present instruments 
although suited for test tube quantity of material are not 
suited for the rapid sequential analysis of capillary tubes. 
Present instruments are not equipped to handle capillary 
tubes. Indeed, proper discharge of material from such 
tubes is difficult. No two materials act exactly alike. 
Not only are the viscosity and specific gravity a factor, 
but also the surface tension and affinity of the liquid for 
the tube must be considered. 
Athough many attempts may have been made to pro 

vide a device for the automatic rapid sequential treat 
ment of substances contained in a capillary tube, none, 
as far as I am aware, were entirely satisfactory from the 
technical, scientific, chemical, commercial or industrial 
viewpoint. 

It is therefore an object of the present invention to 
provide a device which can be used for the treatment and 
analysis of micro quantities of substances permitting the 
rapid sequential processing of a plurality of samples con 
tained in capillary tubes. 

Another object of the present invention is to provide 
means for sequentially dispensing uniform small quan 
tities of substances. 

Still another object of the present invention is to pro 
vide a device which can treat and analyze substances con 
tained in capillary tubes at a rapid pace. 

With the foregoing and other objects in view, the in 
vention resides in the novel arrangement and combination 
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2 
of parts, in the details of construction, and in the process 
steps hereinafter described and claimed, it being under 
stood that changes in the precise embodiment of the in 
vention herein disclosed may be made within the scope 
of what is claimed without departing from the spirit of 
the invention. 
The invention will appear more clearly from the 

following detailed description when taken in connection 
with the accompanying drawing, showing by way of ex 
ample, preferred embodiments of the inventive idea. 
FIGURE 1 is a longitudinal perspective view of one 

embodiment of the inventive concept; 
FIGURES 1a and 1b are a front and side view of 

one of the components shown in FIGURE 1; 
FIGURE 2 depicts an exploded view of readout means 

used in connection with the embodiment of FIGURE 1; 
FIGURE 3 shows a longitudinal perspective view of 

another embodiment of the inventive concept; and, 
FIGURE 4 graphically explains the mathematical and 

geometric factors concerning the movement of the ca 
pillary tube. 

In the first embodiment the capillary tubes are con 
tained in an apparatus 2 designed to supply sequential 
samples into sample receiving means, e.g., receiving cups 
13. The sample in the receiving cup will then be treated 
at a plurality of stations and finally a determination is 
to be provided at a reading station 14 along the path of 
travel of the receiving cups 13. 
The sample will initially be contained in a capillary 

tube 15 which preferably should also have a funnel 16. 
This funnel may be separate from the capillary tube. 
The capillary tube is slipped into the elastic plastic bot 
tom opening of the funnel and thus held rigidly; other 
wise the capillary tube may have a funnel sealed to it. 
The capillary tube may be of glass or plastic. To process 
the sample therein, apparatus 2 is a turntable arrange 
ment with a dispensing disc 17 and a plurality of radial 
slots 18 designed to house a dispensing assembly 19. 

Cooperating with dispensing disc 17 is a support disc 
20 for supporting the receiving cup 13. This support 
disc 20 is axially aligned with dispensing disc 17, both 
discs being turned simultaneously but intermittently on 
a shaft 21 as hereinafter described. 

Dispensing assembly 19 includes radial beds 22 in 
slots 18 and the inner portion of the bed defines a radial 
track 23, having a guide wheel 24 therein. Affixed to 
guide wheel 24 is a tube holder 25 having a straight 
base portion 26 pivoted to guide wheel 24 at one end of 
said base portion and having clamp means 27 towards 
the other end. Extending radially from the base is a 
triangular flange 28 with an apex 29 opposite base por 
tion 26. 
The dispensing assembly 19 is so constructed and de 

signed that a capillary tube 15 is normally held horizon 
tally by the clamp means 27 funnel inward, and, when the 
capillary is tilted outwardly from the horizontal to the 
vertical position, the tip of the capillary will remain sub 
stantially over the same spot so that the contents of the 
capillary are discharged at one spot and not all over the 
discharge Zone. This is accomplished by means of lever 
assembly 31. This lever assembly 3 is illustrated at both 
the left and right side of FIGURE 1, showing the action 
of the lever assembly when the capillary tube is in the 
vertical position on the left and when the capillary tube 
is in the horizontal position on the right. 

Looking first at the lever assembly on the right, and 
assuming that the apparatus is at rest, it is noted that 
there is an outer lever arm 32 whose outer end is pivoted 
to the outer end 33 of bed 22. The inner end of outer 
lever arm is both pivoted to the apex 29 of triangular 
flange 28 and joined to one end of central lever arm 34. 
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It is observed at this point that by pushing up on central 
lever arm 34, as shown on the righthandside of the draw 
ing, the tube holder moves outwardly, apex 29 is moved 
up, shifting capillary tube 15 from the vertical to the 
horizontal position. 

It is evident therefore from a study of the right and left 
side of the drawing that the central lever arm must be 
moved up and down at predetermined stations so as to 
change the position of the capillary tube held by the tube 
holder, up and back from horizontal to vertical by either 
pulling down or lifting up apex 29. This is accomplished 
by means of inner lever arm 35 pivoted to the inner end 
of central lever arm 34 and at its center to vertical full 
crum bar 36 on support disc 20. At both ends of inner 
lever arm 35 are horizontal pins 37 and 38 so that by 
pushing up on inner horizontal pin 37 opposite lever arm 
34, the action of inner lever arm 35 pulls central lever arm 
34 down and by pushing up on horizontal pin 38 at the 
juncture of central lever arm 34 and inner lever arm 35, 
arm 34 is pushed up. 
To move the capillary tube from the horizontal to the 

Vertical position and back, it is therefore necessary to push 
up on the proper horizontal pin 37 or 38. 

Still assuming for the time being that the apparatus is 
stationary, the moving of horizontal pins 37 and 38 is 
accomplished by means of cam assemblies 39 and 40. 
These assemblies operate in precisely the same manner 
except that assembly 39 will move horizontal pin 37 up to 
bring the capillary tube to the vertical position whereas 
assembly 40 will move horizontal pin 38 to return the 
capillary tube to the horizontal position. 
Each cam assembly consists of a cam housing 41 de 

signed to permit a piston rod 42 to reciprocate vertically 
therein. At the upper end of the piston rod are pin en 
gaging means 43, better shown in FIGURES 1a and 1b. 
The horizontal pin of the inner lever arm is caught up in 
a mouth 44 while the lever arm itself will be caught in a 
hollow section 45. Mouth 44 is preferably of triangular 
shape whereas hollow section 45 is rectangular in shape. 
A spring 46 tends to keep engaging means out of engage 
ment with the horizontal pin. The piston rod is moved 
up and down intermittently by rotating a chain and 
Sprocket arrangement. One end of the chain 47 is affixed 
to the lower end of the piston rod, the other end of the 
chain is affixed to a revolving spoke 48. A sprocket 49 
is intermediate both ends of the chain, and above the level 
of the revolving spoke 48 and the lower end of the piston. 
As the spoke rotates counterclockwise in the left assembly 
and clockwise in the right assembly, the chain is tightened 
and loosened. When tightened, the piston is forced up 
and the engaging means lift the horizontal pin. When the 
chain is loosened, the piston springs down again. Spoke 
48 is turned by timed motor means 50. 
Up to now the action described has been with relation 

to a stationary device. But the present device is not a 
stationary device. Indeed, there are in practice 40 capil 
lary tubes on the turntable which are processed in about 
200 seconds or a little more than three minutes. 
To visualize this operation, it is necessary to imagine 

that a technician is standing at a loading station 51 plac 
ing capillary tubes 15 radially into the clamp means 27 
with the funnel inward. The capillary tube thus lies hori 
zontally in the tube holder. 
vanced to a sample receiving station 52 where the sample 
is discharged into a receiving cup 13 held or support disc 
20 tilting the capillary tube to the horizontal position. 
From the discharge station the receiving cup will be 
moved to a plurality of treating stations for the purposes 
hereinafter explained. 

Each station is seperated from the other station a fixed 
arcuate distance and the dispensing disc and support disc 
must be moved intermittently along this distance, the in 
termittent stop time being sufficient for the desired func 
tion to be performed at the slowest station. Both discs 
are axially mounted on shaft 21 which is intermittently 

This tube is now to be ad 
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4. 
driven by a motor and gear arrangement. This includes 
a drive motor 53 and a gear train 54. Drive motor 53 
works in cooperation with the action of spoke 48. Piston 
rods 42 must pass through the support disc to engage the 
resective pins. Apertures 55 are provided in the Support 
disc for this purpose. But rod 42 cannot move unless the 
support disc is stationary. Therefore a trip switch 56 is 
provided. As the spoke 48 turns, the end not attached 
to the chain comes around and trips switch 56. This 
strats motor 53. A timer controls the motor and the rate 
of rotation of the spoke. A second trip switch 57 coupled 
to the gearing of motor 53 then takes over so as not to 
leave the turntable in an in-between position. This Sec 
ond trip switch assures that the turntable will turn one 
station. - 

Therefore, after the technician has inserted the capillary 
tube horizontally in the clamp at the station 51, the tube 
moves to sample receiving station 52. Here the turntable 
stops, horizontal pin 38 is engaged by the engaging means 
on the piston rod moving through aperture 55 and the 
tube is tilted to the vertical position to enter receiving 
cup 13. Piston rod 42 is lowered and the engaging means 
are below the support disc. The turntable moves over to 
the next station which is wash station 58. Now the capil 
lary tube is washed through with a solvent, from a spout 
59 which is positioned above the station. Again, turn 
table moves over to the next station which is reagent sta 
tion 60 having a bent tube 61 to supply reagent to the 
receiving cup, from a source (not shown). The turntable 
then moves again to a gas feed station 62. Here, air or 
an inert gas is forced through the capillary tube causing 
turbulence in the receiving cup to mix the materials there 
in and to complete the emptying of the capillary. Finally 
the turntable reaches vertical to horizontal tilting station 
63 where the action has already been described. Here 
the engaging means on the piston rod will engage the hori 
zontal pin at the junction of the inner and central lever 
arms. Past the vertical to horizontal station is reading 
station 4. 

Reading station 14 includes a light source 64, under 
the support disc, a collimating lens 65 to make the rays 
parallel, a light filter 66 to produce a monochromatic 
light, a diaphragm 67 to narrow the beam so that it is no 
wider than the cup. The cup itself has a flanged bottom 
for stability. Over the cup is a photocell 68 attached to 
a readout device 69 such as a recorder or a digital read 
out so as to yield the result. 
The embodiment just described has the capillary tubes 

tilting outwards. It is also possible to construct a device 
with the capillary tubes tilting inwards. Thus, in embodi 
ment 112 of FIGURE 3, the capillary tube 15 tilts inward. 
This arrangement is shown in connection with the dis 
pensing of the sample on a moving tape means 113. The 
treatment and analysis of such samples on tube means has 
already been described in the Samuel Natelson, U.S. 
Patent No. 3,036,893, and for the purpose of describing 
the present invention there is shown briefly a sample re 
ceiving tape, a pay-off reel 114 holding tape means 113, 
which moves on to a sample receiving station 115 over 
a guide roller 116 and from there to squeeze guide rollers 
116, which are designed to intermittently move the tape. 
The intermittent motion is provided by motor means 117 
and gearing 118. - 
The sample is placed on the tape using a dispensing 

disc 119 with a plurality of radial slots 120 housing a 
dispensing assembly 121 including a bed 122 radially dis 
posed in slots 120. Since the capillary tube will be tilted 
inwardly this time, the outward portion of the bed de 
fines a radial track 123 with a guide wheel 124 therein. 
Affixed to guide wheel 124 is a tube holder 125 having 
the previously described straight base portion 126 pivoted 
to guide wheel 124. At one end of this base portion are 
clamp means 127, and towards the other end, extending 
radially from the base is a triangular flange 128 with an 
apex 129 opposite base portion 126. 
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This dispensing assembly is so constructed and designed 
that a capillary tube 15 is normally held horizontally by 
the clamp means 127, funnel outward, and when the 
capillary tube is tilted inward from the horizontal to the 
vertical position, the tip of the capillary tube will remain 
substantially over the same spot so that the contents of 
the capillary are discharged at one spot and not all over 
the discharge zone. In this embodiment, a lever 130 is 
pinned to the apex 129 of flange 128 and to the inward 
end of the straight base portion of the bed 122. The end 
of lever 130 terminates in bearing means 131 shown as a 
wheel pinned to the end of the lever. As can be seen 
from the drawing, the capillary tube is normally held in 
the horizontal position because of the action of a spring 
133 in the flange 128. As the capillary tube reaches the 
sample receiving station 115, bearing means 131 are en 
gaged by the cam end 134 of a bent, two arm lever 135. 
Lever 135 is pivoted at the junction of its arms, to a sta 
tionary support 136. The action of lever 136 is such, 
that is, cam end 134 is normally down. However, the 
cam end is brought upwards as the capillary tubes se 
quentially reach the sample receiving station. To this 
end, the inner end of two arm lever 135 has second 
bearing means 137 in engagement with an eccentric wheel 
138 driven by motor 139. Second bearing means 137 
are kept in engagement with eccentric wheel 138 by a 
spring 140. Eccentric wheel 138 is constantly driven 
by a timing motor 141. When cam end 134 of lever 
35 moves down, it presses down on contact 142 which 

starts drive motor 143 and tape motor 117. Drive 
motor 143 starts the gearing 144 which will turn the cen 
tral shaft 145 to turn the disc. Coupled to drive motor 
143 is a second contact 146 activated by the gearing. 
This Second contact assures that the dispensing disc will 
turn one full station and not stop in between. Move 
ment will not start again until the cam moves up again 
and then down, pressing again on switch 142. Thus each 
time switch 142 is pressed the turntable moves one sta 
tion and stops. 
From the foregoing description, it is apparent that in 

delivering a sample from capillaries it is advantageous 
that the tip of the capillary be at all times above the 
same spot when the capillary tilts. This is of special 
importance with wider capillaries where a drop will fall 
out when the capillary is tilted a particular angle. Finally 
when the capillary is in the vertical position and a second 
drop falls or is blown out of the capillary it must fall in 
the same place as the initial drop. Otherwise, one might 
lost part of the sample, or if transferred to paper, one 
will not obtain a circular spot. 

This can be accomplished in two distinct motions. If 
the capillary is attached to a hinged support as described 
in my co-pending application #170,084, with the tip in 
juxtaposition to the pivot of the hinge and perpendicular 
to said pivot, the tip of the capillary will stay in the same 
position as the hinge is opened. If desired the capillary 
may then be moved down in a separate motion after the 
capillary is in the vertical position. A variation of this 
motion is to slide the hinge support backward while the 
hinge is being opened simultaneously. 
A preferred system is to lift the capillary to its vertical 

position with the center of the capillary following a pre: 
determined arc while the tip remains over the Spot at all 
times. In this way the lifting of the capillary to the ver 
tical and lowering of the capillary to the desired position 
can be accomplished in one smooth motion. The center 
of the capillary tube then describes an arc in its motion 
which is described by the equation. 

Equation 1 
-rre 2- Y2 y = Wa-a-2.3a log (ty-2)+c 

Wheny and x are the rectilinear coordinates and a is half 
the length of the capillary tube. 
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6 
C is the elevation of the capillary tube while in a hori 

Zontal position before tilting. 
log represents the logarithm to the base 10. 
This equation derives from the geometry of FIGURE 

4. In the figure, 1 is the capillary tube in the horizontal 
position before descending and is divided so that its 
length is 2a, 2 or P representing the tube center which is 
to follow the arc indicated by 3. 4 is the capillary tube 
now in any tilted position tangent to arc 3 at its midpoint, 
P(x,y). The path to be described by the tip of the capil 
lary 5 is the y axis. This tip will eventually move below 
the level of the x axis. The intercept of the tip of the 
capillary with the y axis is a distance b from the x axis. 
A perpendicular from P(x,y) to the axis x (dotted line 

6) will be a measure of y at any instant. A dotted line 
7, drawn parallel to the x axis extending from the y axis 
to vertical line 6 is a measure of x at any instant during 
the lowering of the capillary. The length of the line ex 
tending from P(x,y) to line 7 can now be represented by 
(y-b). Then by the law of right triangles we have 
Equation 2 

(y-b)?--x2=a 
Since the capillary tube is a straight line, we have the 

basic straight line equation. 
Equation 3 

y = mx--b 
Where m is the slope of the line and also the slope of 

the arc 3 at the point where the center of the capillary 
tube touches it. It will be noted that b is also constantly 
varying and is equal to the b of Equation 2. 

Substituting the value for y from Equation 3 in Equa 
tion 2 we obtain 
Equation 4 

(mx)2}-x2-a2 
Solving for the slope m we obtain 

2- r2 
Equation 5 r 2 

Now the slope of the line and the curve at point 
P(x,y) at any instant n is equal to 

dy 
dac 

Thus we have Equation 6. 
du V2-ac2 Equation 6 da; T a 

or for purposes of integration 
2-12 

Integrating Equation 6 to obtain the value of y We 
obtain Equation 7. 
Equation 7 

y = Wa-a-a-in (ty-s). C 
Where C is the constant of integration and ln represents 

the natural logarithm to the base e. By multiplying by 
2.3 we convert this to ordinary logarithms to the base 10 
which is now in the form of Equation 1. 
To evaluate the constant C we allow x in Equation 1 to 

be equal to a. y is then equal to C. Since x is equal to 
a only at the start when the capillary is in the horizontal 
position and y represents the height of the center of the 
capillary above the base level, therefore C then represents 
the height of the capillary tube from the horizontal axis 
before tilting. 

It can be seen from Equation 1 that the capillary tube 
will be in the vertical position when x is equal to Zero. 
This can theoretically never be reached with this motion 
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since one obtains from Equation 1 a fraction divided by 
Zero. In other words the perpendicular capillary aligned 
with the y axis is reached theoretically only when y=-co. 
However from arc 3 we can see that very quickly the 
capillary approximates a vertical position. Further, this 
motion readily permits the capillary to be lowered below 
the surface of the support so it can dip into containers 
below the supporting table as can be seen in the figures. 

It will be noted that Equation 1 is a difference between 
two terms. The value of C being positive, merely adds a 
constant number to the first term. Thus the motion in the 
capillary tilting device is a simultaneous double motion 
which simulates this equation to produce a smooth tilting 
and lowering of the capillary to keep the tip at all times 
above a fixed point so that a single spot is produced. 
In the plot of FIGURE 4, the following values were 

used: 
If C = 10 cm. and a =4 cm., then 

9 

1. 4. 
3. 
2 

0.5 
0.2 - 

0. - 

These values assume that the capillary tube sets 10 cm. 
above the table and the capillary tube is 8 cm. long. Of 
course, varying these two parameters will give different 
curves but not change the general slope of the curve. 
Varying C will only drop the curve if it is less and raise 
it if it is more than 10 cm. as used in the table. A “C” 
value of 10 cm. will keep the curve mainly in the upper 
right quadrant. Correspondence of the capillary tube 
with they axis is only achieved as a limit. 

It is to be observed therefore that the present invention 
provides for the sequential treatment and analysis of 
samples, and comprises in combination, dispensing means, 
e.g., a dispensing disc 7, 119, a plurality of capillary tube 
dispensing assemblies 19, 121, radially disposed on said 
dispensing means or disc, each assembly including means 
to hold a capillary tube 15 therein; lever means 31, 131 
coupled to each dispensing assembly to tilt the capillary 
tube held by the dispensing assembly so that the tip of 
the tube constantly remains over the same spot during 
tilting; a sample receiving station 52, 115 including tilting 
means 39, 135 designed to engage the lever means passing 
said station on the apparatus; and, intermittent moving 
means 53, 54, 143, 144 to intermittently move or rotate 
said dispensing means or disc in timed relation with the 
tilting of the capillary tube so as to bring each lever means 
to the sample receiving station. In the preferred embodi 
ment, the tilting means 39 comprises a pair of cam as 
semblies each having a reciprocating rod 42, moving means 
47, 48, 49, 50 to move the rod, and engaging means 43 to 
engage the lever means, one piston assembly so engaging 
the lever means as to tilt the capillary from the horizontal 
to the vertical position, the other piston assembly so 
engaging the lever assembly as to return the capillary tube 
from the vertical to the horizontal position. The dis 
pensing disc 17 has a plurality of radial beds 22 housed in 
radial slots 18, each bed being designed to hold a dis 
pensing assembly. The sample in the capillary is dis 
charged into receiving cups 13 held on a support disc 20 
axially aligned, concentric with, and moving with the 
dispensing disc. 

It will be apparent to those skilled in the art, that my 
present invention is not limited to the specific details de 
scribed above and shown in the drawing, and that various 
modifications are possible in carrying out the features of 
the invention and the operation and method of support, 
mounting and utilization thereof, without departing from 
the spirit and scope of the appended claims. 
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8 
I claim: 
1. An apparatus for the sequential treatment and 

analysis of samples contained in straight capillary tubes, 
comprising in combination; 

circular dispensing means; 
a plurality of capillary tube dispensing assemblies, 

radially disposed on said circular dispensing means, 
each assembly including means to hold a straight 
capillary tube therein; 

lever means coupled to each dispensing assembly to 
tilt the straight capillary tube held by the dispensing 
assembly so that the tip of the tube constantly re 
mains over the same spot during tilting; 

a station on the apparatus including tilting means de 
signed to engage the lever means; and, 

intermittent rotating means to intermittently rotate said 
circular dispensing means in timed relation with the 
tilting of the straight capillary tube. 

2. An apparatus for the sequential treatment and anal 
ysis of samples contained in straight capillary tubes, com 
prising in combination; 

circular dispensing means including a dispensing disc 
for placing straight capillary tubes thereon and a 
support disc for placing sample receiving means 
thereon, said support disc being axially aligned and 
designed to rotate simultaneously with said dispens 
ing disc; 

a plurality of capillary tube dispensing assemblies, each 
assembly including means to hold a straight capillary 
tube therein; 

lever means coupled to each dispensing assembly to tilt 
the straight capillary tube held by the dispensing 
assembly and discharge the contents thereof into the 
sample receiving means so that the tip of the tube 
constantly remains over the same spot during tilting; 

a station on the apparatus including tilting means de 
signed to engage the lever means associated with the 
apparatus; 

intermittent rotating means to intermittently rotate said 
disc in timed relation with the tilting of the straight 
capillary tube. 

3. An apparatus as in claim 1 provided with means for 
adding reagents to develop a color so as to be evaluated 
at a reading station, and, a reading station comprising a 
light source projected vertically upward through the Solu 
tion to a light detector coupled to readout means. 

4. An apparatus for the sequential treatment and anal 
ysis of samples contained in capillaries, comprising in 
combination; 

circular dispensing means including a dispensing disc 
for placing, capillary tubes thereon and a support disc 
for placing sample receiving means thereon, said Sup 
port disc being axially aligned with and designed to 
rotate simultaneously with said dispensing disc; 

a plurality of capillary tube dispensing assemblies, each 
assembly including a radial bed having a track and 
guide wheel therein; a tube holder having a straight 
base portion pivoted to said guide wheel at one end 
having clamp means at the other end and a triangular 
flange whose apex is opposite said base portion; 

lever means coupled to each dispensing assembly tube 
holder to tilt the capillary tube held by the tube 
holder so that the tip of the tube constantly remains 
directly over the same spot during tilting as the 
straight base portion one end pivoted to said guide 
wheel moves along said track; 

a station on the apparatus including tilting means de 
signed to engage the lever means associated with the 
apparatus; 

intermittent rotating means to intermittently rotate said 
E. in timed relation with the tilting of the capillary 
tube. 

5. An apparatus for the sequential treatment and anal 
ysis of samples contained in capillaries, comprising in 
combination; 
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circular dispensing means including a dispensing disc 
for placing capillary tubes thereon and a support disc 
for placing sample receiving means thereon, said 
Support disc being axially aligned with and designed 
to rotate with said dispensing disc; 

a plurality of capillary tube dispensing assemblies 
radially disposed on said circular dispensing means, 
each assembly including means to hold a capillary 
tube therein; 

lever means coupled to each dispensing assembly to tilt 
the capillary tube held by the dispensing assembly 
so that the tip of the tube constantly remains directly 
over the same spot during tilting; 

two stations on the apparatus where said capillary tube 
is tilted from the horizontal to the vertical and from 
the vertical to the horizontal including, piston assem 
blies at each station, each assembly having a recipro 
cating rod, moving means to intermittently move the 
rod, and engaging means to engage the lever means, 
one piston assembly so engaging the lever means as 
to tilt the capillary tube from the horizontal to the 
vertical position, the second piston assembly so en 
gaging the lever means as to return the capillary tube 
from the vertical to the horizontal position; and, 

intermittent rotating means to intermittently rotate said 
disc in timed relation with the reciprocations of said 
rods. 

6. An apparatus for the Sequential treatment and 
analysis of samples contained in capillaries, comprising 
in combination; 

circular dispensing means including a dispensing disc 
for placing capillary tubes thereon and a support 
disc for placing sample receiving means thereon, 
said support disc being axially aligned with and 
designed to rotate with said dispensing disc; 

a plurality of capillary tube dispensing assemblies, 
each assembly including a radial bed having a track 
and guide wheel therein, a tube holder having a 
straight base portion pivoted to said guide wheel at 
one end and having clamp means at the other end 
and a triangular flange whose apex is opposite said 
base portion; 

lever means coupled to each dispensing assembly to 
outwardily tilt the capillary tube held by the dis 
pensing assembly so that the tip of the tube con 
stantly remains over the same spot during tilting, 
said lever means including an outer lever arm whose 
outer end is pivoted to the outer end of the radial 
bed, the inner end being pivoted to said apex and 
joined to one end of a central lever arm, an inner 
arm and a fulcrum bar, said other end of said 
central lever arm being pivoted to said inner lever 
arm one end, said inner lever arm being pivoted 
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to said fulcrum bar at its center and, having hori 
Zontal pins at the inner and outer ends of said inner 
lever arm; 

two stations on the apparatus for tilting said capillary 
tube from the horizontal to the vertical and from 
the vertical to the horizontal, including tilting means 
at each station designed to engage the one or the 
other of said pins, pushing up on the pin to tilt 
the capillary tube, the one tilting means engaging 
the pin at the inner end, the other tilting means 
engaging the pin at the outer end of said inner lever 
arm; and, 

intermittent rotating means to intermittently rotate 
said disc in timed relation with the tilting of the 
capillary tube. 

7. An apparatus as claimed in claim 6, said tilting 
means including piston assemblies at each station, each 
assembly having a reciprocating rod, moving means to 
intermittently move the rod, and engaging means to 
engage the lever means. 

8. An apparatus as claimed in claim 7, said moving 
means to intermittently move the rod including a chain 
and sprocket arrangement, having a chain, one end of 
said chain being affixed to the lower end of said rod, 
a revolving spoke, the other end of said chain being 
affixed to one end of said spoke, and a sprocket inter 
mediate said spoke and rod lower end and above the 
horizontal level thereof, and timed motor means to turn 
said spoke. 

9. An apparatus as claimed in claim 8, said inter 
mittent rotating means to intermittently rotate said discs 
in timed relation with the tilting of the capillary tube 
including a shaft on which said discs are mounted, a 
drive motor and gear arrangement for driving said shaft, 
and a trip switch means at one of said stations con 
nected to said drive motor, said trip switch being closed 
by the other end of said revolving spoke as it turns 
around. 

10. An apparatus as claimed in claim 9 including a 
Second trip switch coupled to said gear arrangement 
which takes over once said motor starts assuring that 
said shaft will turn said discs a predetermined distance. 
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