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This invention relates to new and useful improvements in syringes. 
An object of this invention is to provide a new and 

improved syringe from which accurately measured quan 
tities of fluid may be dispensed by a plunger displacing 
same in a syringe tube having a calibrated bore, and 
wherein such bore is formed without grinding to dimen 
sion, thereby reducing the manufacturing cost and fa 
cilitating interchangeability of syringe tubes and plungers. 
Another object of this invention is to provide a new 

and improved syringe having a body with at least two 
different internal bore dameters, and also having a 
plunger for each such bore. 
A particular object of this invention is to provide a 

new and improved syringe wherein mixing and blending 
of two different fluids may be effected within the syringe 
body in measured quantities. 
A further object of this invention is to provide a new 

and improved syringe having a syringe body with two 
different internal diameter bores, each of which is cali 
brated, and also having plunger means for drawing dif 
ferent measured quantities of fluids into such bores for 
mixing and/or blending in desired proportions and for 
thereafter discharging such mixed and/or blended fluids 
in measured quantity from the syringe. 

Still another object of this invention is to provide a 
new and improved syringe having a body with a lower 
bore and an upper bore, wherein the upper bore is of a 
larger diameter than the lower bore, and wherein an 
outer plunger is slidable in the upper bore and an inner 
plunger is slidable in the lower bore, such outer plunger 
sealing off the lower bore at its upper end to enable the 
inner plunger to discharge a measured quantity of fluid 
from the lower bore even though the inner plunger does 
not have a precision fit within the lower bore. 
A specific object of this invention is to provide a new 

and improved syringe having a body made of glass or 
similar transparent material, with a two-part plunger 
therein, one part of which is made of plastic or other ma 
terial capable of forming a seal in the bore of the body, 
and the second part of which is formed of metal wire or 
similar material for serving as a plunger. 
The preferred embodiment of this invention will be de 

scribed hereinafter, together with other features thereof, 
and additional objects will become evident from such de scription. 
The invention will be more readily understood from a 

reading of the following specification and by reference 
to the accompanying drawings forming a part thereof, 
wherein an example of the invention is shown, and 
wherein: 
FIG. 1 is an elevation of the syringe of this invention 

in the normal assembled condition; and 
FIG. 2 is an exploded view, partly in elevation and 

partly in section, illustrating the principal components of 
the syringe of this invention in a disassembled condition. 

In the drawings, the letter S designates generally the 
syringe of this invention which includes a tubular body 
10 formed of glass or other similar material, pref 
erably transparent. Such body 10 is provided with 
an upper bore 11 and a lower bore 12. An outer 
plunger 15 is disposed for movement in the up 
per bore 11 for drawing fluid into the bores 11 
and 12 and for performing other functions, as will be 
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explained in detail. An inner plunger 20 is adapted to 
be positioned within the bore or longitudinal opening 
of the outer plunger 15, and its lower portion serves to 
discharge fluid in predetermined amounts from the lower 
bore 12 through a needle 25, as will be more fully ex plained. 

Considering the invention more in detail, the body 10 
is preferably precision bore glass tubing in which the 
glass is shrunk over a mandrel to obtain the prescribed 
inner dimensions. As will be more evident hereinafter, 
one of the advantages of the present invention resides in 
the fact that the bores 10 and 12 do not have to be preci 
sion ground, thereby eliminating an expensive grinding 
operation heretofore considered necessary in most types 
of syringes. By way of example, the inside diameter of 
the lower bore 12 may be 0.0206 inch plus or minus 
0.0002 inch. Such tolerances are obtained with the preci 
sion bore tubing without the necessity for grinding. The 
upper bore 11 may have, by way of example, an inside 
diameter of 0.2500 inch plus or minus 0.0002 inch. Such 
dimensions can also be obtained with the precision bore 
tubing and without the necessity for grinding. 
The upper bore 11 and the inner bore 12 are joined 

by an internal tapered or inclined wall surface 14 which 
serves as a seating or sealing surface in conjunction with 
the outer plunger 15, as will be described. 

For convenience in handling, a flange 19a is preferably 
provided on the body at its upper end as illustrated. The 
needle 25 is secured to the lower end of the body 10, 
preferably by inserting same within a suitable enlarged 
opening 12a at the lower end of the inner bore 12. An 
epoxy resin or other adhesive suitable for bonding the 
metallic needle 25 to the glass body 10 is preferred for 
retaining the needle 25 in an attached position with re 
spect to the body 10. It is noted that the needle 25 is 
shown with a reduced diameter point 25a, but it will be 
understood that various other types of needles may be 
employed, depending upon the particular use. The needle 
25 is of course hollow throughout its length so as to admit 
fluid into the bores 12 and 11 and to also permit th 
discharge of fluid therefrom. 
The outer plunger 5 is preferably made of polytetra 

fluoroethylene, sold under the trademark Teflon, which 
material is especially suitable since it provides for sub 
stantially frictionless movement within the upper bore 
11 while also maintaining effective seals as will be more 
evident hereinafter. In the usual case, with the bore 11 
of the internal diameter heretofore specified, the external 
diameter of the outer plunger 15 is 0.2497 inch. 
The outer plunger 15 has an internal longitudinal pas 

Sage or opening 16, which is reduced in diameter at its 
lower portion 16a. . . 
An annular ring indicator 17 is adhered or otherwise 

attached to the external surface of the outer plunger 15 
near its lower end, but above its lower tapered surface 
15a. Such ring indicator 17 may be made of black rub 
ber or similar material so that it is visible when adjacent 
the graduations or volume indicia on the external surface 
of the body 10 adjacent the upper bore 11 as best seen in 
FIG. 1. 
The taper or inclination of the lower surface 15a cor 

responds closely to the taper or inclination of the seating 
surface 14 within the body 10. Preferably, the angle of 
the tapered surface 5a extending upwardly and outwardly 
is slightly greater than the angle of inclination of the 
surface 14 for more effective sealing contact when the 
surfaces 15a and 14 are brought into engagement. 
A removable nut. 18 having internal threads 8a is pro 

vided at the upper end 15b of the plunger 15, which 
upper end 15b is also threaded externally for receiving the 
internal threads 18a of the nut 18. Ordinarily the threads 
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18a and 15b are tapered downwardly and outwardly so 
that as the nut 18 is threaded downwardly on the plunger 
15, it tends to compress the resilient material to reduce 
the size of the opening in the bore 16 in proximity to the 
nut 18, for a purpose to be hereinafter described. 
The inner plunger 20 includes a tungsten wire or other 

similar plunger wire 21 forming the lower portion of the 
plunger 20. Such wire 21 has a diameter in the preferred 
*example of 0.020 inch so that it can freely move longi 
tudinally within the inner bore 12. 
The upper portion 22 of the inner plunger 20 is made 

of brass or a similar material and it has an increased 
diameter or width as compared to the wire 21 to provide 
for increased strength during longitudinal movements of 
the inner plunger 20. A handle or head 23 is secured to 
the upper plunger portion 22 by welding, brazing or other 
suitable method so that the handle 23 becomes an integral 
part of the inner plunger 20. It should also be noted 
that the lower wire or plunger 21 is attached by brazing, 
bonding or other suitable method to the upper plunger 
portion 22 so that such portions 21 and 22 become integral 
for operating purposes. In some instances, it will be 
understood that the entire inner plunger 20 may be made 
of a single metal or other material. As illustrated in the 
:drawings, the upper brass rod section 22 has a diameter 
of 332 inch so that it is of substantial thickness as com 
pared to the lower plunger 21. The inner passage or 
opening 16 of the outer plunger 15 has an opening suffi 
cient for the upper portion 22 of the inner plunger 20. 
The reduced diameter opening 16a is of a size which is 
adequate for the passage of the lower plunger wire 21 
therethrough. Preferably, the external surface of the 
wire 21 should have a diameter which is substantially the 
same as the internal diameter of the lower opening 16a 
for sealing purposes. The diameter of the opening 16 
above the lower opening 16a should be close enough to 
the diameter of the plunger portion 22 so that when the 
nut 18 is rotated and is moved downwardly with respect 
to the outer plunger 15, a compression or inward radial 
movement of the material of the outer plunger 15 causes 
an effective seal with the plunger portion 22 to prevent the 
escape of gas or other fluids between the plunger 15 and 
the plunger section 22, as will be further noted herein. 
As illustrated in FIG. 1, the lower bore 12 is graduated 

or calibrated for 10 microliters, while the upper bore 11 
is graduated or calibrated for 1 milliliter. It will be 
understood that the volumes in each of the bores 11 and 
12 may be varied by changing the dimensions thereof 
proportionately. For example, the lower bore 12 may 
be graduated for 1 microliter, 10 microliters, 20 micro 
liters, 50 microliters or any similar relatively small quan 
tities. The upperbore 11 may be graduated and calibrated 
for 1 milliliter, 2 milliliters, or even more. 

Because of the construction of the syringe of this inven 
tion, with the two volume sections, it has great versatility 
and many uses. 
By way of example, the lower bore 12 may be utilized 

by itself in some instances for obtaining predetermined 
sample quantities of liquid. Thus, the needle 25 is injected 
into the container having the liquid to be sampled or 
tested, with the plunger 15 at its lowermost position. The 
lower plunger wire 21 may be in its lowermost position 
where it may be drawn upwardly so that its lower end is 
withdrawn into the opening 16a. Then, the outer plunger 
15 and the inner plunger 20 are moved upwardly together 
relative to the body 10 to draw the liquid into the inner 
lower bore 12 until an adequate amount of liquid has 
been drawn in so as to fill the lower bore 12 and also a 
portion of the upper bore 11. The outer plunger 15 to 
gether with the inner, plunger 20 may be moved back and 
forth to purge the inner bore 12 and also the upper bore 
11 of air or other gas when filling the tube or body 10 
with a liquid. 

In any event, any air or gas which is present in the 
syringe is discharged by forcing the plungers 15 and 20 

10 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

4. 
downwardly so as to leave the lower bore 12 completely 
filled with the fluid. After the outer plunger 15 and the 
inner plunger 20 are forced downwardly together to cause 
the tapered surface 15a to engage the surface 14, the inner 
plunger 20 is moved downwardly relative to the outer 
plunger 15 until the lower end 21a of the lower plunger 
wire 21 is at the uppermost mark having the indicia "10' 
for 10 microliters in FIG. 1. If 10 microliters are to be 
discharged or dispensed, the inner plunger 20 is then 
forced downwardly so that the lower end 21a moves from 
the indicia “10' down to the indicia '0' within the lower 
bore 12. If a lesser amount of the fluid is to be meas 
ured out, such as seven microliters, the measured dis 
charge may start at the time the lower wire 21a is at the 
indicia "7' for 7 microliters and then the discharge may 
continue until the lower end 21a reaches the '0' indicia 
mark. Any other predetermined quantities may of course 
be discharged with the lower wire 21 as will be under 
stood. 

In some instances, it is desirable to mix and/or blend 
two or more liquids in predetermined quantities within the 
body 10 of the syringe S. For example, for dilution pur 
poses, one fluid may be drawn into the syringe by pulling 
the outer plunger 15 and in the inner plunger 20 together 
upwardly from the lowermost position of the outer plunger 
15 so as to draw the fluid into the lower bore 12. A suffi 
cient amount of fluid may be drawn into the bores 11 and 
12 to partially fill the upper bore 11, and then the outer 
plunger 15 together with the inner plunger 20 may be 
forced downwardly to force any gas or air out of the bores 
11 and 12, leaving only the liquid. The outer plunger 
15 may then be seated with the lower tapered surface 15a 
in contact with the tapered surface 14, and the lower end 
of the wire 21a may be moved downwardly until it is 
aligned with the uppermost mark indicated by the indicia 
'10' in FIG. 1. The user then knows that he has a meas 
lured quantity of 10 mircoliters within the lower bore 12. 
Thereafter, the outer plunger 15, together with the inner 
plunger 20, are pulled upwardly to draw into the bores 
11 and 12 a diluent or other liquid to be mixed with the 
first liquid already in the bore 12. The quantity of liquid 
which is drawn into the bores 11 and 12 is indicated by the 
graduation marks on the external surface of the bore 10 in 
proximity to the upper bore 11, which as shown in FIG. 1 
runs from "0" to “1ML' (one milliliter). The two liquids 
are actually mixed together by the drawing of the second 
liquid into the Syringe and the mixture is in a known pro 
portion due to the known amounts of the liquids which 
have been drawn into the syringe body 10. Therefore, 
such liquids are thereby mixed and blended and may be 
discharged as a mixed or diluted fluid. The indicia band 
17 becomes aligned with the various graduation or calibra 
tion marks on the upper bore 11 in the preferred form of 
the invention. 

In some instances, it is desirable to use the syringe S for 
gas Samples. It is important in such cases to prevent any 
escape of gas through the longitudinal opening 16. Nor 
mally, the sealing contact between the wall of the opening 
16a and the wire 21 is sufficient to prevent liquid from 
passing therebetween, but gases may escape therebetween 
in Some cases. Therefore, the nut 18 is tightened or ro 
tated so as to move downwardly on the outer plunger 15 
to form a seal with the upper portion 22 of the inner 
plunger 20. Such seal is effective to prevent the passage 
of gases between the internal wall of the longitudinal 
passage 16 and the external surface of the rod 22. It will 
be understood that the gases may be mixed and/or blend 
ed in the same manner as heretofore described in connec 
tion with the liquids, although a purging of gas or air with 
in the Syringe prior to the introduction of the gas being 
tested or sampled is essential for accurate results. There 
fore, a reciprocation of the plungers 15 and 20 within the 
body 10 while the needle 25 is within the gas to be 
sampled is important. For example, the needle 25 may be 
injected into a balloon having the gas to be sampled and 
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the gas may be drawn into the Syringe S in a quantity 
greater than intended to be discharged for the sample. 
Then the needle 25 may be withdrawn and the plungers 
15 and 20 may be forced to their lowermost positions, 
evacuating all except a small amount of the gas which 
might remain at the lower end of the bore 12. This proc 
ess can be repeated until it is absolutely certain that the 
only possible gas within the syringe is the gas to be 
sampled. Then the sample of the gas is obtained by again 
inserting the needle 25 into the balloon or other source 
of the gas and the amount of the sample to be used is 
drawn into the syringe. All of the gas, except that which 
is to be dispensed in the measured quantity, is discharged 
from the bores of the syringe body 10. A second sample 
of another gas may be then drawn into the bores of the 
syringe S and mixed or blended in predetermined quanti 
ties to get a desired dilution or other blending. 

It will be understood that the invention disclosed herein 
has great versatility and many uses, and the foregoing uses 
are merely illustrative. Since the wire 21 is a standard 
wire and the bore 12 is made by the precision shrinking 
process heretofore described, without the necessity for 
grinding, the syringe bodies 10 and the plungers 5 and 
20 may be standardized and interchangeable, which is not 
the case if precision grinding is required in the bore 12. 
Also, it will be understood that when the tapered Surface 
15a seats upon the surface 14, a seal is obtained between 
the external surface of the plunger 15 and the internal Sur 
face of the bore 11 to prevent any fluid from flowing 
around the plunger 15. The tapered surface 15a also 
tends to force the inner wall of the opening 16a into tight 
sealing engagement with the wire 21 to prevent any escape 
of fiuid upwardly along the rod 21 through the opening 
16a. When the seal has been established, the wire 21 then 
moves down and as it moves downwardly from the lower 
end of the plunger i5, it displaces fluid in accordance 
with the cross-sectional area of the wire 21 and the stroke 
of such wire. Therefore, even though there is a space be 
tween the wire 21 and the internal bore 12, a predeter 
mined quantity of fluid is discharged by the wire 21 and 
such predetermined quantity is in accordance with the 
calibrations on the side of the body 10 adjacent the bore 
12 as illustrated in FIG. 1. 

Also, when taking gas samples, it is desirable to provide 
a gas-tight seal around the rod 22 by tightening the nut 18, 
as previously explained, so that the gas is prevented from 
escaping between the inner rod 22 and the wall of the 
passage 16 in the outer plunger 15. 
Various other modifications and changes will occur to 

those skilled in the art. It is understood that the par 
ticular materials disclosed herein are merely by way of 
example and are not intended to be limiting. 
The foregoing disclosure and description of the inven 

tion is illustrative and explanatory thereof and various 
changes in the size, shape and materials, as well as in the 
details of the illustrated construction, may be made within 
the scope of the appended claims without departing from 
the spirit of the invention. 
What is claimed is: 
1. A syringe, comprising: 
(a) a transparent tubular body having a lower bore 
and an upper bore, 

(b) said body having volume marks for indicating 
various volumes within each of said bores, 

(c) said upper bore having a larger diameter than said 
lower bore, 

(d) an outer plunger disposed in said upper bore for 
longitudinal movement therein, 

(e) said outer plunger is visible through the wall of 
said upper bore, 

(f) said outer plunger having a longitudinal opening therethrough, 
(g) an inner plunger extending through said longitudi 

nal opening of said outer plunger and movable longi 
tudinally thereto and into said lower bore for dis 
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6 
charging a predetermined quantity of fluid from said 
lower bore, and 

(h) said inner plunger being visible through the wall 
of said lower bore. 

2. A syringe, comprising: 
(a) a glass body having a lower bore and an upper 

bore, 
(b) said upper bore having a larger diameter than said 

lower bore, 
(c) a polytetrafluoroethylene outer plunger disposed in 

said upper bore for longitudinal movement therein, 
(d) said outer plunger having a longitudinal opening 

therethrough, and 
(e) a metal inner plunger extending through said 

longitudinal opening of said outer plunger and mov 
able longitudinally relative thereto and into said 
lower bore for discharging a predetermined quantity 
of fluid from said lower bore. 

3. A syringe, comprising: 
(a) a tubular body having a lower bore and an upper 
bore, 

(b) said upper bore having a larger diameter than said 
lower bore, 

(c) an outer plunger disposed in said upper bore for 
longitudinal movement therein, 

(d) said outer plunger having a longitudinal opening therethrough, 
(e) said outer plunger having a sealing section, 
(f) said tubular body having a seating surface between 

said upper bore and said lower bore adapted to be 
engaged by said sealing section for sealing off said 
lower bore from said upper bore, 

(g) an inner plunger extending through said longitudi 
nal opening of said outer plunger and movable longi 
tudinally relative thereto and into said lower bore 
for discharging a predetermined quantity of fluid 
from said lower bore, and 

(h) said inner plunger having a diameter enough 
smaller than the lower bore to avoid forming a seal 
therebetween, whereby the volume of fluid discharged 
by said inner plunger is a product of the cross-sec 
tional area and the longitudinal stroke of said inner plunger. 

4. A syringe, comprising: 
( e a tubular body having a lower bore and an upper 

bore, 
(b) said upper bore having a larger diameter than 

said lower bore, 
(c) an outer plunger disposed in said upper bore for 

longitudinal movement therein, 
(d) said outer plunger having a longitudinal opening therethrough, 
(e) said outer plunger having a lower external tapered 
end, 

(f) said tubular body having an annular inclined sur 
face between said upper bore and said lower bore 
adapted to be engaged by said tapered end of said 
Outer plunger for forming a fluid-tight seal there 
with, and 

(g) an inner plunger extending through said longitudi 
nal opening of said outer plunger and movable longi 
tudinally relative thereto and into said lower bore 
for discharging a predetermined quantity of fluid 
from said lower bore, 

(h) said outer plunger sealing around said inner 
plunger to provide a fluid-tight seal therebetween. 

5. A syringe, comprising: 
(a) a tubular body having a lower bore and an upper 

Ore, 
(b) said upper bore having a larger diameter than 

said lower bore, 
(c) an outer plunger disposed in said upper bore for 

longitudinal movement therein, 
(d) said outer plunger having a longitudinal opening therethrough, 
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(e) an inner plunger comprising an upper pusher rod 
connected to a lower plunger wire, said wire extend 
ing through the lower end of said outer plunger and 
into said lower bore for discharging fluid from said 
lower bore, and 

(f) said upper pusher rod providing increased strength 
as compared to said wire to prevent breakage or 
bending of the lower plunger wire in use. 

6. A syringe, comprising: 
(a) a tubular body having a lower bore and an upper 

bore, 
(b) said upper bore having a larger diameter than said 

lower bore, 
(c) an outer plunger disposed in said upper bore for 

longitudinal movement therein, 
(d) said outer plunger having a longitudinal opening 

therethrough, 
(e) an inner plunger extending through said longi 

tudinal opening of said outer plunger and movable 
longitudinally relative thereto and into said lower 
bore for discharging a predetermined quantity of 
fluid from said lower bore, and 

(f) means for compressing the upper end of said outer 
plunger into sealing engagement with said inner 
plunger. to prevent the escape of gas or other fluid 
through said longitudinal opening in said outer 
plunger. 

7. Assyringe, comprising: 
(a) a tubular body having a lower bore and an upper 

bore, 
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(b) said upper bore having a larger diameter than said 

lower bore, 
(c) an outer plunger disposed in said upper bore for 

longitudinal movement therein, 
(d) said outer plunger having a longitudinal opening 
therethrough, 

(e) an inner plunger extending through said longi 
tudinal opening of said outer plunger and movable 
longitudinally relative thereto and into said lower 
bore for discharging a predetermined quantity of 
fluid from said lower bore, 

(f) the upper end of said outer plunger being formed 
of a compressible material and having external 
threads formed thereon, and 

(g) a nut threaded on said external threads for slightly 
compressing the upper end of said outer plunger to 
form a fluid-tight seal with said inner plunger to 
prevent the escape of gas or other fluid through said 
longitudinal opening in said outer plunger. 
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