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57) ABSTRACT 

A particle study device wherein a non-diluted specific 
minute amount of fluid sample containing particles is 
ejected by an ejecting mechanism into a flow stream 
leading to a sensing zone in the particle study device. 
The ejecting mechanism includes a hollow body hav 
ing a thermal expansion device mounted therein and a 
power supply circuit which supplies a predetermined 
amount of electrical energy to the thermal expansion 
device to raise the temperature of same a predeter 
mined amount and cause the same to expand thereby 
to eject from the hollow body a specific amount of 
fluid sample having a volume displacement equal to 
the volume increase of the thermal expansion device. 
Preferably the hollow body is part of a syringe includ 
ing a plunger. The syringe facilitates the picking up of 
fluid sample of which only a minute specific portion is 
ejected toward the sensing zone of the particle study 
device. 

28 Claims, 10 Drawing Figures 
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PARTICLE STUDY DEVICE 
This is a division of application Ser. No. 279,436 filed 

August 10, 1972, now U.S. Pat. No. 3,859,012. 
BACKGROUND OF THE INVENTION 

The invention relates to a non-diluting particle study 
device and more specifically to a device for ejecting a 
non-diluted specific minute amount of fluid sample 
containing particles into a flow stream leading to a 
sensing zone in the particle study device. 

Heretofore, in the field of particle analysis and parti 
cle study, such as the study of red and white blood cells 
in a blood sample, it has been common practice to di 
lute the blood sample and then to pass a portion of the 
diluted sample through a sensing zone in a particle 
study device. The blood is diluted because the normal 
human blood count is five million cells per cubic milli 
meter and it is only necessary to study or analyze one 
hundredth of that amount, namely, a volume of 0.01 
cubic millimeters. 

In studying a blood sample, the blood cells in a given 
amount of the sample are counted by passing a portion 
of the diluted blood sample through a sensing Zone in 
a particle analyzing device, such as a Coulter type par 
ticle analyzing device which operates on the Coulter 
sensing principle disclosed in U.S. Pat. No. 2,656,508 
issued Oct. 20, 1953 to Wallace H. Coulter. 
According to this principle, when a microscopic par 

ticle in suspension in a fluid electrolyte is passed 
through an electrical field of small dimensions ap 
proaching those of the particle, there will be a momen 
tary change in the electric impedance of the electrolyte 
in the ambit of the field. This change of impedance di 
verts some of the excitation energy into associated 
electrical circuitry, giving rise to an electrical signal. 
Such signal has been accepted as a reasonably accurate 
indication of the particle volume for most biological 
and industrial purposes. 
One apparatus of the Coulter type includes first and 

second vessels each containing a body of fluid electro 
lyte. The second vessel is smaller and is immersed in 
the electrolyte in the first vessel. An electrode extends 
into the electrolyte in each vessel and electric current 
flows between the electrode through an opening in the 
side wall of the second vessel, the opening consisting in 
a minute aperture commonly referred to as a Coulter 
aperture. Flow of liquid between the vessels is caused 
by applying vacuum to the second vessel. According to 
the Coulter principle, particles passing through the ap 
erture from one body of electrolyte to the other body 
of electrolyte will change the impedance of the electro 
lyte contained within the aperture and this change in 
impedance is sensed by the electrodes. This change 
generates an electrical signal in the form of a particle 
pulse which is then counted by the electrical circuitry 
of the particle analyzing device. 
When making a blood analysis a dilution of blood in 

electrolyte is placed in the first vessel. Then vacuum is 
applied to the second vessel to cause diluted blood to 
flow from the first vessel through the aperture into the 
second vessel for a specific period of time. The second 
vessel is filled with electrolyte, probably including prior 
dilutions. 
To make a fairly accurate measurement of particle 

concentration, one must accurately measure or meter 
the amount of fluid which passes through the sensing 
zone during a period of time when the electrical cir 
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2 
cuitry of the device is operative. This can be accom 
plished by passing fluid through the sensing Zone at a 
given flow rate for a specified period of time. Appara 
tus utilizing fluid flow metering systems of this type in 
a fluid analyzing device are disclosed in U.S. Pat. Nos. 
3,577, 162 and 3,654,439. 

In most Coulter type particle analyzing devices, the 
metering is accomplished with a fluid metering appara 
tus of the type disclosed in U.S. Pat. Nos. 2,869,078, 
3,015,775 and 3,271,672. Such metering apparatus in 
cludes a closed fluid system hydraulically connected to 
the second vessel. The closed fluid system includes a 
connection to a vacuum source and a mercury manom 
eter. When operating the device, vacuum is applied to 
the closed fluid system to raise the mercury in the ma 
nometer and to draw some fluid sample into the second 
vessel. The connection to the vacuum source is then 
closed and the manometer, by reason of the mercury 
flowing downwardly to its original position, causes liq 
uid to be drawn through the aperture and generates sig 
nals indicating the beginning and the end of an analytic 
run in a period during which an accurately metered vol 
ume of fluid is passed through the aperture. The me 
tered volume of fluid is equal to the volume within the 
manometer between two electrodes. 

it will be understood from the foregoing description 
of a Coulter type particle analyzing device that it is nec 
essary to dilute a quantity of blood, to make an accu 
rate determination of dilution and to accurately meter 
the fluid flow through the Coulter aperture in order 
that an accurate count of blood cells can be made. A 
simpler way of making the particle analysis or study 
would be to pass a specific minute amount of undiluted 
blood through the Coulter aperture and thereby elimi 
nate the manometer system. Heretofore this has not 
been practical since it is difficult to eject a specific min 
ute amount of undiluted blood into the flow stream of 
electrolyte flowing toward and through the aperture. 
The present invention overcomes this difficulty by pro 
viding a device for ejecting a specific minute amount of 
particle-containing fluid such as blood into the flow 
stream leading to a sensing Zone in a particle analyzing 
device. Preferably, the ejecting device is used in a 
Coulter particle study device for ejecting a specific 
minute amount of blood toward a Coulter aperture 
thereby providing a non-diluting Coulter particle study 
device. 

SUMMARY OF THE INVENTION 

According to the invention there is provided in a par 
ticle study device a mechanism for ejecting a specific 
minute amount of fluid sample, the ejecting mechanism 
including structure for receiving and temporarily stor 
ing a given amount of sample, a thermal expansion de 
vice mounted within the structure, and a source of en 
ergy for supplying a predetermined amount of energy 
to the thermal expansion device to raise the tempera 
ture of the device to cause the device to expand 
thereby to eject a specific minute amount of fluid sam 
ple from the structure. 
Further according to the invention there is provided 

a method for studying particles in a fluid suspension in 
cluding the steps of ejecting a specific minute amount 
of a fluid sample containing particles into a flow stream 
leading to a sensing zone; sensing particles in said sens 
ing zone; and producing a signal in response to each 
particle sensed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view of a particle study de 
vice including a vertical sectional view of a sensing 
zone in the device and a portion of an ejecting mecha 
nism of the present invention positioned adjacent the 
sensing zone. 
FIG. 2 is an enlarged view, partially in section, of the 

thermal expansion device of the ejecting mechanism 
shown in FIG. 1. 

FIG. 3 is a schematic diagram of one embodiment of 
the power supply circuit of the ejecting mechanism. 
FIG. 4 is a schematic diagram of another embodi 

ment of the power supply circuit of the ejecting mecha 
nism. 
FIG. 5 is a fragmentary side elevational view partially 

in section of another embodiment of the ejecting mech 
anism of the invention incorporated into and forming 
part of a syringe. 
FIG. 6 is a vertical sectional view taken along line 

6-6 of FIG. S and in the direction indicated. 
FIG. 7 is an enlarged fragmentary sectional view of 

a modified tip of the syringe shown in F.G. 5. 
FIG. 8 is an elevational view of a modified syringe, 

similar to the syringe shown in FIG. 5, including struc 
ture for mounting the syringe in a predetermined juxta 
posed position relative to a vessel in a particle study de 
vice. 
FIG. 9 is a fragmentary side elevational view partially 

in section of a modified syringe, similar to the syringe 
shown in FIG. 5, including a piston having a laterally 
extending passage which facilitates filling of the eject 
ing mechanism. 
FIG 10 is a horizontal sectional view taken along line 

10-10 of FIG. S and in the direction indicated. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A particle study device generally of the Coulter type 
is identified by the reference numeral 10 in FIG. 1. The 
device 10 includes a first vessel 12 having a body of 
fluid 14 therein. A second and smaller vessel 16 is situ 
ated within the vessel 12 with the tower portion of the 
vessel 16 immersed in the fluid 14. Preferably, and as 
shown, the vessel 16 is in the form of a tube which con 
tains a body of fluid 18. Such a tube is known as an ap 
erture tube and has an aperture in the side wall thereof, 
the aperture being formed in a wafer 20 secured to the 
side wall of the aperture tube 16 over an opening in the 
aperture tube 16. One type of wafer construction and 
mounting is disclosed in U.S. Pat. No. 2,985,830 
As indicated, the upper end of the aperture tube l6 

is connected to a conventional vacuum source (not 
shown) which includes a control mechanism operable 
to connect the tube 16 to the vacuum source for a pre 
determined period of time. The control mechanism 
also controls the operation of the circuitry of the parti 
cle study device 10, which circuitry is generally indi 
cated by reference numeral 22. The circuitry 22 in 
cludes lead connections to two electrodes 24 and 26 
which are situated, respectively, in the bodies of fluid 
14 and 18. An electric current flows between the elec 
trodes through the aperture in the wafer 20. When vac 
uum is applied to the aperture tube 16 a portion of the 
fluid 14 is drawn through the aperture into the tube 16. 

In a conventional Coulter particle study device the 
body of fluid 14 comprises a dilution of blood in an 
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4 
electrolyte such that diluted blood is drawn through the 
aperture. Particles such as blood cells in the blood pass 
ing through the aperture will change the impedance of 
the electrolyte in the aperture. This change in imped 
ance is sensed by the circuitry 22 which generates an 
electrical signal, commonly referred to as a particle 
pulse, each time a particle passes through the aperture. 
The particle pulses produced in this manner are stud 
ied, analyzed, and/or counted by the circuitry 22. 

In accordance with the teachings of the present in 
vention the body of fluid 14 is pure electrolyte and does 
not contain particles, such as would be the case in a 
conventional apparatus. Instead of placing a diluted 
sample in vessel 12 to comprise the body of fluid 14, 
the particle study device 10 of the present invention in 
cludes an ejecting mechanism 28 for ejecting fluid sam 
ple into a pure body of electrolyte. As will be explained 
in detail hereinafter the ejecting mechanism 28 is oper 
able to eject a specific minute amount of undiluted 
fluid sample suspension toward the aperture in the 
wafer 20. In this way the particle study device 10 is a 
non-diluting particle study device. 
The ejecting mechanism 28 includes a hollow body 

30 having a cavity 32 therein. A thermal expansion de 
vice 34 is situated in the cavity 32. As shown, one side 
wall of the body 30 has an opening 35 therein commu 
nicating with the cavity 32. The opening 35 is covered 
by a wafer 36 similar to the wafer 20. The wafer has an 
aperture therein forming an outlet orifice for the eject 
ing mechanism 28. This outlet orifice is preferably very 
small so that surface tension of the fluid in the orifice 
will prevent any leakage into or out of the cavity 32 
after the cavity 32 has been filled with a quantity of the 
fluid sample to be analyzed. The actual size of the aper 
ture forming the outlet orifice is not critical and it is 
contemplated that wafers with apertures not meeting 
established standards for a Coulter type particle analyz 
ing device can be used in the ejecting mechanism of the 
invention. As a result, rejected Coulter wafers can be 
salvaged and utilized in the ejecting mechanism of the 
present invention. A typical wafer will be one having an 
aperture of the order of 501 to 100pa. 
The thermal expansion device 34 is connected via 

leads 38 and 40 to a power supply circuit 42 of the 
ejecting mechanism 28. The power supply circuit 42 
includes a calibratable source of electric energy and 
circuitry for controlling the delivery of energy to the 
thermal expansion device 34 so that only a predeter 
mined amount of electrical energy is supplied to the de 
vice 34 to produce a predetermined increase in temper 
ature of the device 34 and thereby cause a predeter 
mined incremental increase in the volume of the device 
34. It will be understood that when the device 34 is 
heated, it expands - increases in volume. The expansion 
causes a minute amount of the fluid sample to be 
ejected through the outlet orifice in the water 36. 
As best shown in FIG. 2 the thermal expansion device 

34 includes a core member 44 around which is 
wrapped a resistance element 46, namely a wire con 
ductor, which forms the heating element of the device 
34. The core 44 and the body 48 form an expandable 
element generally identified by the reference numeral 
49. Surrounding the body 48 is an insulating jacket 50. 
As shown two electrical contacts or terminals 52 and 
54 are fixed in the jacket 50 and connected to the ends 
of the wire conductor 46. It will be understood that the 
leads 40 and 38 extend to the body 30 and are con 
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nected to terminals or contacts fixed in the inner wall 
of the body 30 in position to engage the contacts 52 
and 54. 
The electrical circuit for the power supply 42 can 

take various forms. One such circuit for the power sup 
ply 42 is shown schematically in FIG.3 and is generally 
identified by the reference numeral 60. The circuit 60 
includes a voltage source 62 which provides a very ac 
curate, precise and constant voltage. The voltage 
source 62 is connected in series with a current limiting 
resistor 64 and a capacitor 66. The resistor 64 controls 
or limits the charging current to the capacitor 66. Pref 
erably, the resistor 64 has a relatively high resistance so 
that the charging current is very low and so that, when 
the capacitor 66 is connected across the resistance ele 
ment 46, the amount of charging current which flows 
through the resistor 64 compared to the current dis 
charging from the capacitor 66 is very small. As shown 
the resistance element 46 is connected in series with a 
switch 68 and this series combination is connected in 
parallel with the capacitor 66. When it is desired to op 
erate the ejecting mechanism 28, the switch 68 is 
closed allowing the capacitor 66 to discharge through 
the resistance-heating element 46 and thereby transfer 
a predetermined amount of energy stored in the capaci 
tor 66 to the heating element 46. The amount of energy 
supplied to the heating element 46 is dependent upon 
the size of the thermal expansion device 34, the coef 
ficient(s) of expansion of the expandable element 49 
and the temperature difference needed to obtain a de 
sired increase in volume of the expandable element 49. 
The switch 68 can be a spring biased, push button 

type switch or can be a relay operated switch. In either 
case the switch 68 is designed not only to discharge the 
charge in the capacitor 66 through the resistance ele 
ment 46 but also to operate the control mechanism 
(not shown) for connecting the aperture tube 16 to the 
source of vacuum. If the switch 68 is of the push button 
type, the operator, after depressing the switch 68 will 
monitor a conventional visual display device connected 
to and forming part of the circuitry 22 and observe the 
signals produced by particles in the specific minute 
amount of fluid sample which pass through the aper 
ture in the wafer 20. When the repetition rate of the 
signals has diminished to a certain point, he will release 
the switch 68 which will deactivate the counting cir 
cuitry-release of the switch could operate a one-shot 
which applies a signal to the counting circuitry to stop 
operation of the same. Alternatively, if a relay con 
trolled switch is utilized, a circuit supplying electric 
current to the coil of the relay will be operated by suit 
able circuitry, such as a flip flop circuit, when the repe 
tition rate of the particle-caused signals diminish below 
some predetermined traction of the maximum rate, in 
dicating that all ejected particles have been counted. In 
this way the ejecting mechanism 28 and the circuit 60 
replace and eliminate the prior metering apparatus 
such as disclosed in U.S. Pat. Nos. 2,869,078, 
3,015,775 and 3,271,672. 
Another electrical circuit for the power supply 42 is 

shown in FIG. 4 and is generally identified by the refer 
ence numeral 70. The circuit 70 is operable to supply 
a given quantity of energy at substantially constant 
voltage and current levels to the resistance element 46. 
This is accomplished by supplying the current from a 
well regulated voltage source which maintains a con 
stant, precise, accurate voltage independent of current 
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6 
drain and by integrating the current flowing through 
the resistance element 46. For this purpose the circuit 
70 includes a first voltage source 72 which is a well reg 
ulated d.c. power source and supplied an accurate, pre 
cise, constant voltage. The circuit 70 also includes a 
switching mechanism comprised of a spring biased start 
switch 74, a normally closed single pole, single throw 
switch 76 which is operated by a relay coil 78 and a 
double pole, single throw switch 80 operated by a relay 
coil 82. An output terminal 84 from the voltage source 
72 is connected to one side of the contacts of the switch 
74, the other side of the switch 74 being connected to 
a lead 86 connected to the switch 76. The other side of 
the switch 76 is connected by a lead 88 to a junction 
90. The relay coil 82 is connected between the junction 
90 and a common conductor 92 connected to output 
terminal 93 of the power source 72. The resistance ele 
ment 46 is also connected between the junction 90 and 
the common terminal 92 but in series with a resistor 94 
which functions as a current sensing resistor. The junc 
tion between resistance element 46 and resistor 94 is 
identified by the reference numeral 95. When the 
switch 74 is closed a circuit path is established from the 
output terminal 84 through the lead 86, the switch 
contact 76, the lead 88 and the junction 90 to supply 
electric current to the resistance element 46 and to the 
relay coil 82. 
Energization of the relay coil 82 causes operation of 

switch 80 to establish a connection between the output 
terminal 84 and the lead 86 through a lead 96, switch 
80 and a lead 98. As a result, switch 74 can be released 
and a circuit connection to the resistance element 46 
is maintained via the lead 96, the switch 80, the lead 
98, the lead 86, switch 76 and the lead 88. 
For the purpose of monitoring or measuring the cur 

rent flow through the resistance element 46 over a pe 
riod of time, an integrating circuit 100 is connected 
across the current sensing resistor 94 and senses the 
voltage thereacross, this voltage being indicative of the 
current through the resistor 94 and hence 46. The inte 
grating circuit 100 includes an amplifier 102, a capaci 
tor 104 connected between an inverting input 105 of 
the amplifier 102 and an output 106 of the amplifier 
102, and a voltage integrating resistor 107 connected 
between junction 95 and the input 105 of the amplifier 
102. In effect, the resistor 107 converts the voltage 
across resistor 94 to a current which is integrated by 
the integrating circuit 100. The resistor 107 is much 
larger than resistor 94 so that only a very small current 
is integrated. The output from the integrating circuit 
100 is applied to one input 108 of a comparator 100 
and an accurate, precise, constant voltage is supplied 
from a second voltage source 112 to a second input 114 
of the comparator 110. The output 115 of the compar 
ator 110 is connected to one side of the coil 78, the 
other side of the coil 78 being connected to the com 
mon conductor 92. 
After a circuit connection has been completed be 

tween the output terminal 84 of the voltage source 72 
and the junction 90, current begins to flow through the 
resistance element 46 and a very small portion of this 
current is passed through the resistor 107 to the inte 
grating circuit 100 which accumulates a charge on the 
capacitor 104. This charging of the capacitor 104 re 
sults in the development of a voltage at the output ter 
minal 106 of the circuit 100 and this developed voltage 
is applied to the input 108 of the comparator 110 and 
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compared with a predetermined, precise, accurate volt 
age supplied by voltage source 112 to the input 114 of 
the comparator 110. When the developed voltage 
equals the supplied voltage, the comparator 110 is op 
erated to energize the coil 78. Energization of the coil 
78 causes opening of the switch 76 thereby terminating 
the current flow through the resistance element 46. In 
this way a precise amount of energy, W, is supplied to 
the resistance element 46. The energy W = w idt. The 
opening of the circuit connection to the junction 90 
also causes de-energization of the coil 82 which in turn 
causes the contacts of switch 80 to return to the posi 
tion shown in FIG. 4. In this position, the switch 80 
connects a resistor 116 in shunt relationship across the 
capacitor 104 for bleeding any charge on the capacitor 
104 through the resistor 116 thereby to reset the circuit 
70, namely the integrating circuit 100, for a subsequent 
operation thereof. 
Again, although not shown in FIG. 4, it is to be un 

derstood that the switch 74 can be of the push button 
type or of a relay type and is connected to the circuitry 
22 in such a manner that operation of the switch 74 
also initiates operation of the particle analyzing device. 
Thus, once the switch 74 is closed, the counting circuits 
of the circuitry 22 are made operative and the aperture 
tube 16 is connected to the source of vacuum for initi 
ating flow of the electrolyte and the ejected specific 
amount of fluid sample through the aperture in the 
wafer 20. Also, the circuit 70 together with the ejecting 
mechanism 28 eliminates the need for a metering appa 
ratus. 

Although two specific circuits, circuits 60 and 70, for 
the power supply 42 have been illustrated in FIGS. 3 
and 4 respectively, it is to be understood that other 
types of circuits could be utilized. In this respect, in 
stead of utilizing a well regulated power source it is pos 
sible for one to monitor the voltage from a non 
regulated voltage source from which energy is supplied 
to the resistance element 46 and at the same time to 
monitor the current through the resistance element 46. 
This could be done by connecting a resistor across the 
voltage source and measuring the current there 
through. The current through this resistor will vary of 
course as the magnitude of the voltage varies. Then by 
means of conventional multiplying circuits the current 
passing through this resistor and the current charging 
the integrating capacitor 104 can be multiplied and in 
tegrated with respect to time. In this way the energy 
input per unit time is integrated and when the energy 
input reaches a predetermined value, the circuit con 
nections to the resistance element 46 can be opened. 
Referring back to FIG. 1, it will be noted that the 

ejecting mechanism 28 is shown schematically and it 
will be understood that some means must be provided 
for introducing the liquid sample into the cavity 32 
within the body 30. For this purpose one preferred em 
bodiment of the ejecting mechanism is in the form of 
a syringe generally identified by the reference numeral 
128 in FIG. 5. The syringe 128 includes an elongate 
body 129 and a laterally extending projection 130. The 
projection 130 tapers to a tip 131. The projection 30 
has a cavity 132 therein in which a thermal expansion 
device 134, similar to the device 34, is situated. An 
opening in the tip 131 is in communication with the 
cavity 132. The elongate body 129 is closed at one end 
136. A plunger 138 is slidably received within the body 
129 and extends from an open end of the body 129 op 
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8 
posite the closed end 136. The outer end of the plunger 
138 has a finger manipulatable head 139. The inner 
end of the plunger 138 includes a piston 140 having an 
L-shaped passageway 142 therein. The passageway 142 
has one end 143, which opens into space 145 in the hol 
low body 129 opposite the closed end 136 thereof, and 
a second end passageway 147 which opens onto a side 
of the plunger 138 and is adapted to register and com 
municate with an inner end 148 of the cavity 132 dur 
ing at least a portion of the movement of the plunger 
138 within the body 129. 
The thermal expansion device 134 has the same gen 

eral construction as the device 34 and has two contacts 
152 and 154 thereon for connecting the heating ele 
ment therein with the power supply 42. The device 134 
can have any desired cross section, such as a circular 
cross section, although the preferred cross section is 
triangular as will be further explained in connection 
with the description of FIG. 6. 
When the plunger 138 is raised, the volume of the 

space 145 is increased. This increase in volume creates 
a suction for drawing fluid through the opening in the 
tip 131 of the projection 130 so long as the end 147 of 
the passageway 142 is in communication with the cav 
ity 132. The filling of the cavity 132 with fluid sample 
will continue until the opening 147 is completely out of 
registry with the end 148 of the cavity 132 opening into 
the interior of the body 129. At this point the cavity 
132 will be closed except for the opening at the tip 131. 
When this has been accomplished the tip 131 can be 
placed closely adjacent the wafer 20 and preferably 
with the axis of the opening in the tip 131 coaxial with 
the axis of the aperture in the wafer 20. The syringe 
128 is now ready to eject a specific minute amount of 
fluid sample toward the aperture in the wafer 20. This 
is accomplished by supplying a predetermined amount 
of energy from the power supply 42 via two leads 158 
and 160 to the thermal expansion device 134. The 
leads 158 and 160 are, of course, connected to contacts 
which are mounted within the cavity 132 and which en 
gage the contacts 152 and 154. 
To ensure that the plunger 138 is pulled out suffi 

ciently to close the inner end of the cavity 132, a locat 
ing projection 162 is mounted on and extends out 
wardly from the plunger 138. A spring biased latching 
device 164 having a notch 166 which fits over the pro 
jection 162 is mounted on the syringe body 129. When 
the plunger 138 is raised the projection 162 will engage 
and force the latching device 164 outwardly until the 
projection 162 is in registry with the notch 166 where 
upon the latching device will snap inwardly over the 
projection 162 and prevent further upward movement 
or downward movement of the plunger 138 due to suc 
tion developed in the space 145. As shown, the latching 
device 164 has a finger 168 which can be easily manip 
ulated for unlatching the latching device 164 from the 
projection 162. 
As best shown in FIG. 6, the cavity 132 within the 

projection 130 has a cylindrical shape and the thermal 
expansion device 134 has a generally triangular cross 
section such that the device 134 has three longitudinal 
edges 171, 172 and 173. The contacts 152 and 154 are 
disposed on the upper edge 171 and the lower edges 
172 and 173 engage the cylindrical inner wall surface 
of the cavity 132. Preferably the thermal expansion de 
vice 134 has an interference fit in the cavity 132 with 
the contacts 152 and 154 resiliently engaging the mat 
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ing contacts on the inner wall of the cavity 132. In 
order to permit an interference fit of the thermal ex 
pansion device 134 in the cavity 132, the insulating 
jacket thereon is formed from a material having suffi 
cient elasticity whereby the edges 172 and 173 can be 
deformed slightly when the device 34 is inserted in 
cavity 132. Preferably, the insulating jacket material is 
resilient whereby the contacts 152 and 154 are urged 
against the contacts in the cavity 32 to make a good 
electrical connection therebetween. The material, 
however, must be incompressable so that deformation 
thereof does not affect the thermal expansion of the 
thermal expansion device 134. 
To facilitate easy insertion of the thermal expansion 

device 134 into the cavity 132, the cavity 132 is formed 
in the projection 130 by drilling a hole transversely 
through the syringe body 129 and into the projection 
130. This results in a hole 176 on the side of the body 
129 opposite the projection 130. When the syringe 128 
is disassembled for cleaning, the thermal expansion de 
vice 134 is then easily removed through the hole 176 
and, after being cleaned, is reinserted into the cavity 
132 through the hole 176. 
Also, the L-shaped passageway 142 is easily formed 

by drilling one hole axially into the piston 140 and a 
second hole radially inwardly from the side of the pis 
ton 140, the two holes intersecting inside the piston 
40. 
In order to maintain a very small outlet orifice at the 

tip 131, the opening in the tip 131 is preferably covered 
by a wafer 178 having a very small aperture there 
through, as shown in FIG. 7. 
When the projection 130 is inserted into a fluid sam 

ple for filling the cavity 132, some of the fluid sample 
is picked up by the outer surface of the tip 131. To min 
imize contamination of the electrolyte, the tip 131 is 
preferably wiped off before the syringe 128 is inserted 
into the body of electrolyte. However, during the clean 
ing of the tip 131 with a cloth it is likely that fluid in the 
aperture will be absorbed by the fabric of the cloth. By 
having a very small aperture volume which is much 
smaller than the specific minute amount of fluid sample 
to be ejected from the syringe 128, this loss of blood 
from the aperture in the wafer 178 is insignificant and 
will not adversely affect the analysis of the fluid sample. 
Cleaning of the tip 131, and the possible absorption of 
sample from the aperture by the cleaning wiper, can be 
avoided by inserting sample into the cavity 132 through 
the inner end 148 thereof, as will be more fully ex 
plained in connection with the description of FIGS. 9 
and 10. 
When utilizing the syringe 128 it is desirable to accu 

rately locate and fix the position of the tip 131 relative 
to an aperture in a wafer in a particle analyzing or 
studying device. For this purpose, the syringe 28 pref 
erably has structure associated therewith which coop 
erates with mating structure on the aperture tube for 
mounting and holding the syringe 128 in place. A modi 
fied syringe 228 having such mounting structure is 
shown in FIG. 8. In this respect the syringe 228 has an 
L-shaped bar 230 which extends from the syringe with 
one leg 231 of the bar extending parallel to the longitu 
dinal axis of the syringe. The leg 231 of the bar 230 is 
received in a V mounting block 232 which is fixed to 
an aperture tube 236. Except for the mounting block 
232 the aperture tube 236 is substantially identical to 
the aperture tube 16 shown in FIG. 1. Also except for 
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the bar 230 the syringe 228 is substantially identical to 
the syringe 128 shown in FIG. 5. The leg 231 of the bar 
230 is held firmly in place by a spring 238 fixed to the 
mounting block 232. 

In order to ensure proper location of the outlet ori 
fice of the syringe 228, namely, to ensure that it will be 
coaxial with the aperture in a wafer in an aperture tube, 
the syringe is preferably fabricated while mounted in a 
fixture having a similar shape as the aperture tube 236. 
A special microscope is positioned behind an aperture 
of the fixture, the fixture aperture simulating the aper 
ture in the wafer, and the outlet orifice in the syringe 
228 is then aligned with the fixture aperture. When the 
outlet orifice is defined by the aperture in wafer 178, 
the locating of the aperture in the wafer 178 is accom 
plished by softening the tip 131, which typically is 
made of glass, and then positioning the wafer in proper 
location so that the aperture therein is properly aligned 
with the aperture of the fixture. Then the glass is al 
lowed to cool and solidify with the wafer 178 properly 
in place. 
To obviate the need to clean off the tip 131, the sy 

ringe 128 can be constructed in a manner whereby 
fluid sample is inserted into the cavity 132 through the 
inner end 148 thereof. Such a modified construction of 
the syringe is shown in FIGS. 9 and 10, the modified sy 
ringe being identified by the reference numeral 328. 
The syringe 328 is similar to the syringe 128 and in 
cludes an elongate body 329, a projection 330 with a 
tip 331, a cavity 332, a thermal expansion device 334 
mounted in the cavity 332, a closed end 336 and a 
plunger 338 slidably received in the body 329. 
The plunger 338 has a piston 340 at the inner end 

thereof received in the body 329. Instead of an L 
shaped passageway, such as passageway 42 shown in 
FIG. 5, the piston 340 has a lateral passageway 342 ex 
tending through the piston 340. The passageway 342 
and cavity 332 are formed in one operation by drilling 
a hole through the body 329, the piston 340 and the 
projection 330. In this way a hole 346, similar to the 
hole 176 shown in FIG. 5, is formed in the body 329 op 
posite the projection 330. 
To fill the cavity 332 with fluid sample, the piston 

340 is manipulated to bring the passageway 342 into 
registry with inner end 348 of the cavity 332 as shown 
in FIG. 9. Then fluid sample, which has been drawn 
into a hypodermic needle 350 is dispensed into the cav 
ity 332 by holding the needle 350 above the hole 346 
and manipulating the needle 350 to drop sample, e.g., 
blood, into the syringe 328 until the level thereof 
reaches the position indicated by reference numeral 
351. Air trapped below the fluid sample easily can es 
cape out of the outlet orifice in the tip 331. The surface 
tension of the fluid sample, however, prevents fluid 
flow of the fluid sample through the outlet orifice. 
After the fluid has reached the level 351, the piston 340 
is withdrawn or pushed in until the passageway 342 is 
completely out of registry with the inner end 348 of the 
cavity 332. The amount of sample in the passageway 
342 will, of course be wasted. However, by shearing the 
body of sample in the cavity 332 and passageway 342, 
there is no change in volume of the fluid sample in the 
cavity 332. As a result the cavity 332 will be completely 
filled with fluid sample and is ready for the ejection 
therefrom of the desired specific minute amount of 
sample. 
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To prevent contamination of electrolyte the syringe 
body 329 has its bottom end 336 closed. The closed 
space, space 355, between the inner end of piston 340 
and the bottom end 336 of the body 329 is vented to 
atmosphere by means of at least one air channel 359 
formed in the outer surface of the plunger 338 as best 
shown in FIGS. 9 and 10. The venting of the space 355 
prevents a higher or lower pressure from developing in 
the space 355, and thereby prevents a pressure differ 
ential from acting on the plunger 338. Such a pressure 
differential makes movement of the plunger 338 un 
necessarily difficult and could cause uncontrolled 
movement of the plunger 338. 

In all other respects the syringe 328 is the same as the 
syringe 128. Since the syringe 328 does not require 
wiping off of the tip 331, and since it can receive blood 
directly from a hypodermic needle, the syringe 328 
may be preferred in blood analyzing devices over the 
syringe 128. 

It will be apparent that the syringes 128, 228 and 328 
are simple in construction and can be easily assembled 
and disassembled for cleaning purposes. 

In practicing the teachings of the present invention it 
is contemplated that the core member 44 of the ther 
mal expansion device 34 or 134 will be formed of either 
silver or beryllium oxide. Also the material of the body 
48 within which the core 44 is embedded is preferably 
made from beryllium oxide. The coefficient of thermal 
expansion of silver is 10.9 (10) and the coefficient of 
thermal expansion for beryllium oxide is 5.3 (10). As 
stated above it has been found that a sufficient quantity 
of blood for analysis and study of the cells in the blood 
is 0.01 cubic millimeters of blood. Assuming a temper 
ature rise of 20F for the sake of convenience and as 
suming that the expandable element 49 formed by the 
core member 44 in the body 48 is cylindrical having a 
length equal to twice its diameter mathematical calcu 
lations show that a silver expandable element would 
have to be roughly 0.085 inches in diameter and have 
a length of roughly 0.170 inches to obtain an increase 
in volume of roughly 0.01 cubic millimeters for a 20°F 
increase in temperature of the expandable element. 
This is a very convenient size in that it does not require 
a large syringe. A small syringe can be utilized and a 
very small amount of blood sample is needed. Also the 
syringe and the thermal expansion device 34 or 134 are 
large enough so that they can be readily made utilizing 
the techniques used in manufacturing miniature resis 
to S. 

If a solid beryllium oxide (BeO) cylindrical expand 
able element is used instead of silver, the volume of the 
expandable element 49 should be roughly twice the 
volume of a silver expandable element. In this case, the 
diameter of the expandable element would be roughly 
0.103 inches and the length of the element would be 
roughly 0.217 inches. 
Rough calculations show that an expandable element 

made from BeO would require 1.09 calories of heat or 
4.56 joules of energy in order to obtain an increase of 
0.01 cubic millimeters in the volume of the element, if 
a temperature rise time of 20 second is assumed, and 
that power would have to be expended in the expand 
able element at the average rate of 0.228 watts. 
One of the advantages obtained with a non-diluting 

particle counter utilizing the ejecting mechanism 28 or 
the syringe 128 heretofore described is the fact that 
much more electrolyte is sucked through the aperture 

10 

5 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
in the wafer 20 than blood. The net effect is exactly the 
same as if the blood had been diluted. However, dilu 
tion does not matter since all the cells in the 0.01 cubic 
millimeter of blood ejected into the body of electrolyte 
14 are to be counted. 
The electrolyte being drawn through the aperture in 

the wafer 20 also serves as a sheath for the blood cells 
which flow through the aperture. By ejecting the spe 
cific minute amount of blood into the fluid vortex 
formed adjacent the wafer 20 by the electrolyte being 
sucked through the aperture, essentially all of the blood 
cells are ensheathed by electrolyte and drawn through 
the aperture. As a result practically none of the blood 
cells will be lost in the electrolyte. 
The duration of sensing and counting of blood cells 

is not critical in a non-diluting particle study device of 
the type heretofore described, since the circuitry 22 
can be modified to include an electrical circuit which 
will measure the interval between pulses generated by 
particles passing through the aperture. When the inter 
val becomes very large indicating that the expandable 
element 49 has stopped expanding and blood is no 
longer being ejected toward the aperture in the wafer 
20, the electric circuit 60 or 70 can be operated to ter 
minate the count and terminate operation of the parti 
cle study device. In this way, practically all of the blood 
cells in the 0.01 cubic millimeter are counted as de 
sired. 

Modifications and variations to the ejecting mecha 
nism or the syringe heretofore described will be appar 
ent to those skilled in the art. 
What it is desired to be secured and claimed by Let 

ters Patent of the United States is: 
1. In a particle study device comprising a sensing 

zone, means for passing a fluid suspension of particles 
through said sensing Zone and means for sensing the 
presence of the particles within the influence of said 
sensing zone and for producing a signal in response to 
each particle sensed, the improvement comprising 
means for ejecting a specific amount of the fluid sample 
containing a plurality of particles into a flow stream 
leading to said sensing zone, said ejecting means in 
cluding means for receiving and temporarily storing a 
given amount of sample, a thermal expansion device 
mounted within said receiving and storing means, and 
means for supplying a predetermined amount of energy 
to said thermal expansion device to raise the tempera 
ture of said device to cause said device to expand 
thereby to eject a specific minute amount of fluid sam 
ple from said receiving and storing means, 

2. The ejecting means according to claim 1 wherein 
said receiving and storing means is a syringe. 

3. The ejecting means according to claim 1 wherein 
said receiving and storing means includes a body hav 
ing a fluid receiving cavity therein and an opening in a 
wall of the body communicating with said cavity, said 
thermal expansion device being situated within said 
cavity. 

4. The ejecting means according to claim 1 wherein 
said energy supply means includes a voltage source 
having good regulation to provide a substantially con 
stant voltage independent of current drain. 

5. The ejecting means according to claim 1 wherein 
said thermal expansion device includes an electric 
heating element, an expandable element which sur 
rounds said heating element, which is made from a ma 
terial having a given thermal coefficient of expansion 
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and which has a given volume, and an insulating jacket 
surrounding said expandable element and said heating 
element. 

6. The ejecting means according to claim 5 wherein 
said expandable element is made of silver. 

7. The ejecting means according to claim 5 wherein 
said expandable element is made of beryllium oxide. 

8. The ejecting means according to claim 5 wherein 
said expandable element is made of silver and beryl 
lium oxide. 

9. The ejecting means according to claim 5 wherein 
said heating element is a wire conductor and said ex 
pandable element includes an elongated core on which 
said wire conductor is wound, said heating element and 
said core being embedded in a body which forms part 
of the expandable element. 

10. The ejecting means according to claim 9 wherein 
said core and said body are made of the same material. 

1. The ejecting means according to claim 1 wherein 
said thermal expansion device includes an electric 
heating element and said energy supply means includes 
a voltage source, an energy storing device for storing a 
predetermined amount of energy and switch means for 
connecting said storage means to said heating element 
to discharge said predetermined amount of energy 
from said storage device into said electric heating ele 
rent. 

12. The ejecting means according to claim 1 wherein 
said thermal expansion device includes an electric 
heating element and said energy supply means includes 
a voltage source, switch means for connecting said volt 
age source to said heating element and circuit means 
connected to said switch means and said heating ele 
ment for monitoring the energy input to said heating 
element and for opening the connection between said 
voltage source and said heating element after a prede 
termined amount of energy has been supplied to said 
heating element. 

13. The ejecting means according to claim 12 
wherein said circuit means includes means for inter 
grating the current blowing through said heating ele 
ment, a second voltage source, a relay including an op 
erating coil and contacts in the connection between 
said first voltage source and said heating element, and 
a comparator having inputs connected to said integrat 
ing means and said second voltage source and an out 
put connected to said operating coil, said comparator 
being operable to compare a voltage developed in said 
integrating means with a constant voltage supplied 
from said second voltage source and to energize said 
coil for causing opening of said contacts when said de 
veloped voltage equals said constant voltage. 

14. The ejecting means according to claim 1 wherein 
said receiving and storing means includes an elongate 
hollow body, a projection which extends from said 
body, which is integral with said body, which has a cav 
ity therein communicating with the hollow interior of 
said body, and which has a tip at the distal end thereof, 
said tip having an opening therein communicating with 
said cavity, and a plunger in said body, said plunger 
having a passageway therein, said passageway having a 
first end which opens into said hollow body opposite a 
closed end of said hollow body and a second end which 
opens onto a side of said plunger and which is adapted 
to register and communicate with said cavity during at 
least a portion of the movement of said plunger within 
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said body, and said thermal expansion device being sit 
uated in said cavity. 

15. The ejecting means according to claim 14 
wherein said body is open at one end opposite said 
closed end and said plunger has a portion thereof which 
extends outwardly from said open end of said body, and 
wherein said receiving and storage means includes 
means for limiting outward movement of said plunger 
to a position where said second end of said passageway 
is completely out of registry with said cavity. 

16. The ejecting means according to claim 14 includ 
ing means for mounting said body in said particle study 
device with said tip in a predetermined position relative 
to said sensing zone in said particle study device. 

17. The ejecting means according to claim 1 wherein 
said receiving and storing means includes an elongate 
hollow body and a projection which extends from said 
body, which is integral with said body, which has a cav 
ity therein communicating with the hollow interior of 
said body, and which has a tip at the distal end thereof, 
said tip having an opening therein communicating with 
said cavity, and said body having a hole therein oppo 
site said projection and wherein a plunger is received 
in said body through an open end thereof and has a lat 
eral passageway therethrough which is adapted to be 
brought into registry with the inner end of said cavity 
for enabling filling of said cavity with fluid sample 
through said hole and said passageway. 

18. The ejecting means according to claim 17 
wherein the end of said body, opposite said open end 
thereof is closed, and said plunger has at least one 
channel therein communicating the space betwen said 
closed end of said body and the inner end of said 
plunger to atmosphere. 

19. The ejecting means according to claim 1 includ 
ing means for mounting said ejecting means in position 
for ejecting the specific minute amount of fluid sample 
toward said sensing zone in said particle study device. 
20. In a particle study device of the type wherein a 

fluid sample containing particles is passed from one 
body of electrolyte through an aperture to another 
body of electrolyte, wherein the impedance through 
the aperture is changed during the passage of a particle 
through the aperture and wherein the change of imped 
ance is sensed and used to generate an electrical signal 
representing a particle passing through the aperture, 
the improvement comprising means for ejecting a spe 
cific minute amount of fluid sample containing a plural 
ity of particles into the first body of electrolyte and to 
ward said aperture, said ejecting means including 
means for receiving and temporarily storing a given 
amount of fluid sample, a thermal expansion device 
mounted within said receiving and storing means, and 
means for supplying a predetermined amount of energy 
to said thermal expansion device to raise the tempera 
ture of said device and to cause said device to expand 
thereby to eject a specific minute amount of fluid sam 
ple, having a volume equal to the volume increase of 
the expanded thermal expansion device, from said re 
ceiving and storing means. 
21. A particle study device according to claim 1 

wherein said ejecting means includes means for mount 
ing said ejecting means in a predetermined position rel 
ative to said aperture such that an outlet orifice of said 
ejecting means from which fluid sample is ejected is lo 
cated closely adjacent said aperture and such that said 
outlet orifice is coaxial with said aperture. 
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22. A particle study apparatus comprising a sensing 
zone, means for passing a fluid suspension of particles 
through said sensing zone and means for sensing the 
presence of the particles within the influence of said 
sensing Zone and for producing a signal in response to 
each particle sensed, said means for passing the fluid 
suspension through said sensing Zone including means 
for ejecting a specific minute amount of fluid sample 
containing a plurality of particles into a flow stream 
leading to said sensing zone, and said ejecting means 
including means for receiving and temporarily storing 
a given amount of sample, a thermal expansion device 
mounted within said receiving and storing means, and 
means for supplying a predetermined amount of energy 
to said thermal expansion device to raise the tempera 
ture of said device to cause said device to expand and 
increase in volume thereby to eject a specific minute 
amount of fluid sample from said receiving and storing 
means, the volume of said specific minute amount of 
sample being equal to the volume increase of said ther 
mal expansion device. 
23. A method for studying particles in a fluid suspen 

sion including the steps of ejecting a specific minute 
amount of a fluid sample containing particles into a 
flow stream leading to a sensing zone; sensing particles 
in said sensing zone; and producing a signal in response 
to each particle sensed, said step of ejecting sample 
being accomplished by heating a thermal expansion de 
vice within a sample containing chamber, communicat 
ing with said flow stream via a small orifice, thereby to 
raise the temperature of said device to cause said de 
vice to expand and increase in volume to eject from 
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said chamber a specific minute amount of fluid equal 
to the volume increase of said thermal expansion de 
WC. 

24. The method according to claim 23 including the 
steps of supplying electric energy to said thermal ex 
pansion device; monitoring the energy being supplied; 
and terminating the supplying of electric energy after 
a predetermined amount of electric energy has been 
Supplied to said thermal expansion device, 
25. The method according to claim 24 wherein the 

step of monitoring the electric energy supplied includes 
the steps of integrating the current supplied to the 
thermal expansion device from a constant voltage 
source; and comparing the voltage developed by said 
integrating with a given voltage, said termination of the 
supplying of electric energy occurring when said devel 
oped voltage equals said given voltage. 

26. The method according to claim 23 including the 
initial step of filling said chamber, 
27. The method according to claim 26 wherein said 

step of filling said chamber consists essentially in suck 
ing a quantity of a fluid sample containing particles into 
said chamber through said small orifice. 
28. The method according to claim 26 wherein said 

chamber is formed in a body having an opening larger 
than said small orifice communicating with said cham 
ber, and said step of filling said chamber includes the 
steps of introducing fluid sample containing particles 
through said opening into said chamber until said 
chamber is filled and then closing said opening. 

c c ck 


