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This invention' relates to nieny for detecting
and counting particles suspehded in a fluid
medium ) , )

It the counting of particles of the type contem=
plated by my ifivention; hHeretofore it has been
diffieult to ebtain securate résuits becguse of the
limitations iriberent in méthods used and in the
associdted dpparatus reguired. Somie previous
fitethiods have been based upon colorimetry, that
is the utilization of color density of a given sam-
ple to obtain a measure of the number of par-
ticles' suspendéd: when compared with' other
known: standdrds. In certain other methods, the
sample-is placed in & eounting chaiber and the
particles are gefually counted under amicroscope,
oF the sample may be placed between microséope
slides for couriting.

Information of the type obtainable by deter-
mining particle concentration is especially valu-
abile to the medical profession. HElood cell counts
gs well’ ag’ the' colrits of other particles in the
body fiuids serve for many diagnostic purposes,
and s well to evidence physical and patho-
logical conditions of different parts and organs
of the body. Obviously such-information,. in
order- to be of grzat value, must be obtained
quickly arid must also be accurate.. The prévi-
ous methods alluded to were not only subject to
great ihaccuracies and required: considerable

time to’ be accomplishied properly; but as well ¢

required thé services of highly skilled techni-
ciéns-and-hence were not readily available to ail
whe-required the same:

In additich to the great inaccuracy of prior
mhethods, for the most part said methods réquired
experisive and complicated apparatus: All-of the
above ‘enumerated difficulties and disadvantages
have been-‘eliminated-and oveércome by my inven-
tion. Accordingly, the principal objects of my
invention are: to provide novel means for deteet-
ing 'and counting particles suspended in a fluid;
to provide such means whereby a-greater accur-
acy than- heretofore possible can be attained;
to provide such means which will enable count-
ing to be done quickly and by unskilled personnel;
to provide such meang whereby counting can be
done economically and with easily obtained and
simple apparatus.

A further object of my invention is to prov1de
new means for detecting and counting particles
whereby a sample of the concentration to be
measured is ecaused to pass through a constricted
path and the presence or absence of a partlcle
in the constriction gives rise to a detectable
change in the electrical chatracteristics of the
path.
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‘An-ancillary objéct ur the invention is to pro-
vide mieans for détecting and counting particles
wherehy a constricted current pain is establisned
through o samgple of the concentration to be
measured and the presence or ahsdénce of a par-
ticke in the constricted ciirrent path will produce
detectable changes in the circuit carrying the
current. .

Oiher objects will becorie apparent ag I pro-
ceed with further explanation of my invention,

My invention has a ceértain limitation which,
although' minor, is -desired to be pointed out at
this time in order to present a complete ‘and
thorough’explanation of my invention: The par-
ticles which-can be detected and courted by my
new means must be capable of being suspended

‘na fluld medium without appreciable loss of
particles by settlement.- For purposes of obtain-

ing uniformity throughout the solution, mechan-
ical and continuouy- agitation may be used if
required during the time that the detection and
‘counting are-taking place:

A requirement of my mventlon is that there

‘must e a diffierence between the electrical con-

ductivity of the fluid and that of the particles.
It is almost impossible to have a fiuid medium
with' particles suspended therein of the same
conductivity as the fluid. VWhen this does occur
it is generally possible to alter the conductivity
of the fluid in which the particles are suspended
in any well known manner, such as for example
ading electrolytes to increase conductivity or
diluting with' non~conductive fiuid such as dis-
tilled water to decrease conductivity.. )

Basically, my invention consists in diluting a
suspension to a point where the particles sus-
pended in the fluid medium are relatively scat-
tered throughout the medium so that in detection
and measurement there will be & minimum of
masking: caused by the presence of more than
che partlele in the sensitive or detecting area.

oxlovvmg this the fluid is caused to flow past
a point of constricted current passage. This can
be done in a number of ways: The fluid may be
flowed through .a constriction through which a
current is passing: it may bhe flowed past an
extremely small electrode through which current
is flowing; or an insulated electrode havmg an
extremely small ~exposed tip surface may be
moved through a sample of the fluid at a given
rate

Puttmg the basm concept of my. mventmn in

yother language; my invention consists of reducing

the dlmensmns of or constrlctmg an electric cur-
rent path in a fluid so that the presence or con-
trolled movement of the article bearing fluid in,
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through, or past such path will, by reason of the
difference in conductivity between the fluid and
the particles, cause the individual particles to
modulate the current in a detectable manner.

The apparatus of my invention consists of var-
ious means, depending upon the manner in
which the constricted current path is obtained.
Suech means will be described in detail herein-
after, and will be illustrated in connection with
the explanation together with certain diagrams
to explain the operation thereof. The purpose
will be to explain the preferred manners of car-
rying out my invention and the preferred appa-
ratus for use therewith, but no limitations are
intended except as set forth in the appended
claims.

Referring now to the drawings, in which:

Fig. 1 is a more or less diagrammatic view
of one form of my invention showing an expe-
dient for obtaining a constricted current path by
providing a narrow conduit through which the
particle bearing fluid is adapted to pass.

Figs. 2, 3, and 4 are schematic sectional views
taken through the constriction of the apparatus
shown in Fig. 1 and illustrating various condi-
tions thereof.

PFig. 5 is a schematic sectional view taken
through the constriction of another form of the
invention.

ig. 6 is a sectional view taken through a prac-
tical form of apparatus using the principles illus-
trated in Figs. 1 to 4.

Fig. 7 is a diagrammatic view showing a cir-
cuit used to measure rate of particle flow in con-
nection with the apparatus of Fig. 6.

Fig. 8 is a more or less diagrammatic view
of a form of my invention showing an expedient
for obtaining a constricted current path by uti-
lizing a fine electrode moving in a given path
through a particle bearing fluid.

Fig. 9 is a fragmentary view illustrating the
construction of a suitable electrode and showing
how the passing of a particle influences the flow
of current therethrough.

Figs. 10, 11, 12, and 13 are diagrammadtic views
of different types of fiuid conduits, illustrating
as well the effects of particles passing there-
through.

As stated above, I have chosen to describe my
invention by illustrating and alluding to three
different types of apparatus used to practice the
same. All three of these devices, as well as many
others which may be used to apply the method,
have in common the characteristic that there is
formed a current path which is modulated by the
pasage of particles through or near the path so
that the current flow is changed due to the dif-
ference between the conductivity of the particle
and the conductivity of the particle bearing me-
dium in which equilibrium of the measuring in-
strument (signifying absence of particles) has
been established.

In Fig, 1 there is illustrated an apparatus in
which the fluid carrying the particles is caused to
flow at a given head for a given length of time
from one vessel to another. There is an electrode
in each vessel and current is passed through the
constriction. The presence of a particle in the
constriction will cause the current flow to change.

In Fig. 5 there is illustrated an apparatus in
which there is a constricted conduit through
which fluid flows. In this case, the electrodes are
both placed in the construction instead of in the
vessels connected thereby.

In Fig. 8 there is illustrated an apparatus in

10

20

25

30

40

50

55

60

65

70

75

4
which a fine electrode is moved through a vessel
containing a given dilution at a given rate so that
it will influence a given volume of particles in
a given time. The proximity of the electrode to a
particle will cause changes in the current flow
if within the electrical influence of the electrode.

In practicing my invention, and using the ap-
paratus illustrated herein, although accurate re-
sults can be obtained by persons of less skill than
heretofore required, certain techniques must
still be carried out with care. The handling of
the fluids is included in these technigues. Pre-
suming that a determination of the number of
certain particles in a given fluid is intended to be
cbtained, first a sample of the particles to be
studied is carefully diluted in the fluid medium
being used so that there exists a known rela-
tionship between the diluted sample and the orig-
inal concentrated sample. By experiment, a
dilution is chosen which will scatter the particles
through the fluid medium within practical lim-
its. The purpose of this is to eliminate the
major masking which would occur if the par-
ticles were so recurrent that groups or clumps
would be more likely to influence the measuring
current path than single passing particles.

The fiuid medium and the particles must have
different conductivities in order for my invention
to produce a satisfactory study. Obviously, if
the conductivity of both the particles and the
medium were the same there would be no current
changes and the indication would be a con-
stant current flow as would occur if the elec-
trodes were placed in a homogeneous solution
without particles. The difference in conductivity
need not be great since it is a relatively simple
matter to detect minute changes in electric cur-
rent with modern measuring devices well known
in the art. As set forth above, the conductivity
of the fluid is readily varied for the purposes of
the process.

The fluid sample of known dilution is now
placed in any apparatus suitable for carry-
ing out the necessary measurements. For ex-
ample, suppose that the apparatus of Fig. 1 is
utilized. The suspension sample is indicated gen-
erally at 20 and the apparatus includes two ves-
sels 21 and 22 of insulating material which are
are interconnected by means of a fine insulated
constriction 23. In order to show the apparatus
clearly the constriction 23 is shown as being rela-
tively long and of considerable inside diameter.
Actually the bore of the constriction 23 is ex-
tremely fine so that the influence of a single
particle may be detected. For example, in the
case of apparatus for counting the number of red
corpuscles in a solution, the bore of the con-
striction 23 will be of the order of a thousandth
of an inch or less in diameter. Likewise, the con-
duit should be as short as possible. This is to
decrease the effect of masking which would be
caused if more than one particle were in the
passageway of the conduit 23 at one time.

An electrode 24§ is placed in the vessel 21 and
a second electrode 25 is placed in the vessel 22,
the electrodes being connected by means of a
detecting circuit which consists in this instance
of a battery 28, current meter 27, and a variable
resistor 28. When current is permitted to flow
in the circuit, it will flow through the fuid of
the constriction. The vessels 21 and 22 and the
constriction 23 are fabricated from some insulat-
ing material such as for example glass. TUnder
a given set of conditions a current i will flow
through the circuit and be indicated by the
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meter 27T, as: shown diagrammatically: in Pig. 2.
This: value of: current: can be, for example, the
current flowing: when no particles.are:in the con-
striction 28 and: the:value of . has: been repre-
sented by the needle 29:pointing vertically. The
continuation of flow: from: one vessel: to another
will eause: no change: in: current .50 long as. no
particle enters the conctriction 23.

In order to induce flow, the level 3§: of vessel
21 is: set higher than the: level 21. of the: vessel
21: so. that there will be' a: pressure. differential
or head tending to.cause:the suspension to flow
from one vessel to.the other by way. of the con-
gtriction: 23. I have shown 4. graduated scale
32 alongside the vessel 20 to indicate that meas-
urement of the:change in volume:-is to.be made
during the time: of filuid: flow so: that. the: exact
amount-of fluid: moving: through the:constriction
28 aceurately can be-determined: In actual prac-
tice-if this type-of apparatus is:used, the bore of
the: constriction is-so-minute-that the actual vol-
ume -of fluid moving: from one: vessel: te. another
is negligible: so' far as- deeressing the head: is
concerned. The-level 30 will hardly: vary during
the time that measurement is- made so that the
head- can be- considered  constant without intro-
dueing any error greater- than caused by other
factors.

I have- diagrammatieally illustrated an agita-
tor 38 whose purpose it is to render the suspen-
sion as homoegeneous- as possible during the time
that measurements- are- taken: Likewise, as a
precaution against settlement giving false read-
ings, which might be caused-because of diﬁeregce
in density between the particies: and the fluid,
the constriction 23 is formed a substantial height
above the bottom of the vessel 21.

Referring now to Fig: 2; while there 18 no par-
ticle in the constriction 23; the-flow of current
will' be i, & constant value; and: the resistance
to flow through the fluid-is determined by the
conductivity of the fuid: Presuming now, that
a particle 34" has entered the-constriction from
the vessel 2i and' is passing through the con-
striction into the- vessel 22: 'This is shown: in
Fig: 3: For a short distanece; the-cross sectional
ares of the fluid in the-constrietion 2% is reduced
materially, and instead’ef' the-fluid-medium dis-
placed by the particle 34, the partiele-itself af-
fects the flow of electrieal” current. The: par-
ticle: 84 has- a conductivity which is different
from-that of ‘the fluid’ 26 so that there will be a
change in the curremt’ flow, and' the value of
current fow will no longer be-ip. If tlie econduc-
tivity of the particle 34‘is: greater than that. of
the-fluid there will'ebviously ke a decrease in re-
sistance and- an increase in the- current meas-
ured-by-the meter 2T. The new value: will'cause
a deflection of the meter needle- 29 to the new
value ii but the instant that the particle has
passed through the constriction- 23; the needle
29 will return to the position shown in Fig. 2
beeause there no -longer is a foreign body in the
constriction, and-the flow of current will once
more he fo.

It will' be seen' that by counting- the-number
of times that the needle 2§ deflects: from-io to i1
for a given time representing the-HSow of & given
volume of fluid from: vessel to vessel one-can cal-
culate the number of particles per:unit of the
suspension and- thus determine the number of
particles per- given volume:- unit. of-the orizinal
sample.

If, instead of-or-in-addition to the particles 34
having  a greater ecnductivity than the fiuid
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medium: 20; the- suspension: contained other par=-
ticles, such as for example particles having a
conductivity less than that of the medium, when
the particle designated 35 in Fig. 4 entered the
constriction 23, the resistance to. flow of current
would increase, thereby: decreasing the flow of
current from: the quiescent value ioc to: a. value
i2. and the needle 29 would deflect. in: such: case
ta.the left.as shown in Pig. 4.

Frem' the above description' and: diseussion: it
will be seen that: a: deteeting: circuit can: be: used
to count mixtures: of particles as. well as: suspen-
sions having one type of particle therein. Such
detecting: circuits: may have discriminating
means, elecironic caunters; and:many other kinds
of counting apparatus familiar to those: skilled
in.the art. The:counters may be arranged-to be
energized by different: values: of current so that
separate counters. could be: used: to: register the
number of diferent: types of particles: of the sus-
pengion. Likewise, rate: deternmining devices: can
he: used’ to. count the-rate at which. a: number of
particles- is: passing: through the constriction: for
example. By these:and other apparatuses. used
in connection with my invention; one: can deter=
mine: the size of unknown: particles. (by: compar-
ing:the current change caused thereby: with that
caused by a particle of known:size, for example)’,
the number present, and much additional: in-
formation. :

The apparatus deseribed above-is only intend-
ed to illustrate the manner in whieh the inven-
tion can be carried out'and'in many cases would
be considered’ impractical for laberatory use:
The principles, however, are capable of applica-
tion to many types-of apparatus whieh should
cecur to those skilled in the art:

Tor greatest sensitivity of the apparatus; it is
desirable to have the dimensions-of the eleetrical
path, for example; the cross sectional area of
the fluid in the bore- 23; of the same order as
those of the particle: In certain instances it may
be possible for the particle to be- considerably
larger than the path of the eurrent flow. "Thus,
an-electrode tip may be immersed in & constricted
fluid path and have the diameter of the tip-less
than the diameter of the particle: T have illus-
trated such conditions in-Fig. 5; In-the case of
a constriction, obviously the bore must be larger
than- the particles; and in many- cases, large
encugh to prevent debris from clégeing the bore.

In Fig. 5, there is provided a constriction 40 of
some insulating material such as for example
glass, having particles suspended in g fluid me-
dium 47 flowing therethrough under a given head.
I have shown an insuiating block 41 secured- in
the constriction in fluid-tight’ connection. In the
center of the block 41 I have provided an elec~
trode 42, but the end of the electrode which is
exposed to the solution is extremely fine as shown
at 43. There is provided a plate 44-in the con-
striction forming the second electrode for the
electrical circuit so that current ftows" through
the fluid ' medium from the-tip 43°to the plate 44.
Since the current must all fiow through the ex-
tremely small tip 43, the current flow through
the medium 47 can be represented as shown by
the broken lines 45 In the vicinity of the tip 43
the current density will be extremely high;, so
that the presence of a particlé such as shown at
46 will be readily detected by the detecting cir-
cuit 48 which as shown is connected to eléctrode
42 by lead 49 and to plate 44 by lead 50° The
smaller the tip 43, and the closer-the particle 46
thereto, the greater will be the sensitivity of“the
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apparatus. The proportions of Fig. 5 are great-
1y exaggerated in order clearly to illustrate the
apparatus thereof.

In Fig. 6, I have shown a practical example of
the apparatus of Fig. 1 with which I have had
good success. There is provided a glass vessel 60
having a suspension 61 therein. A relatively long
glass tube 62 is arranged in the vessel 60 and
the tube is also provided with a quantity of the
suspension 6. The tube is fixed relative to the
vessel 60, such as for example by having its bot-
tom resting upon the bottom of the vessel as
shown at 63. The tube 62 and vessel §0 are of in-
sulating materia] such as for example glass. Near
the bottom of the tube 62 and in its side wall
there is provided a pin point aperture 65 said
aperture being spaced above the bottom wof the
said tube. The fiuid 61 is adapted to flow from
the tube 62 through the aperture 65 and into the
vessel 60 by virtue of the head 66 existing be-
tween the two containers. In the vessel 60 I
have inserted an electrode §7 immersed in the
fluid 61 and in the tube 62 there is another elec-
trode 68. Current is arranged to flow between
the electrodes through the aperture 65 so that
the presence of a particle in the aperture will
cause a change in the current flow. The elec-
trodes 67 and 68 are connected to a detecting de-
vice not shown here by the leads 69 and 70.

As explained above, the invention is capable of -

being carried out without the use of two vessels
by moving an electrode through a suspension at
a given rate. Thus in Fig. 8, I have shown a ves-
sel 80 of insulating material having a suspen-
sion of particles 81 therein. A plate 82 forming
one electrode for the flow of current through the
suspension is disposed on the bottom of the ves-
sel 80 and is connected to a detecting circuit
which in this case comprises for illustrative pur-
poses a variable resistor 83, a current meter &4,
and a battery 85. The lead 86 connects elec-
trode 82 to the resistor 83. Immersed in the
suspension 81, I have shown a sharp pointed elec-
trode 87 eccentrically mounted on a member £8
secured to shaft 89 which in turn is connected to
a motor 90.
electric power line by leads 91 in any desired
manner. For purposes of carrying out an ex-
planation of my apparatus, I have indicated a

revolution counting instrument, such as for ex- .
ample a tachometer engaged against the motor

shaft 92 at 93.

The shaft 89 has a disc 94 of insulating mate-
rial upon which is mounted a slip ring 9% against
which a collector brush 96 is adapted to wipe.
The brush 96 is connected to the detector cir-
cuit by the lead 91, The electrode 81 is con-
structed as shown in Fig. 9 and comprises a cen-
tral conducting core 98 having a minute exposed
tip 99 immersed in the suspension, and an outer

insulating covering 100. The core 98 is connect- °

ed to the collector ring 95 by means of the lead
10! so that although the electrode 87 may be ro-
tated in the solution it is constantly connected
with the detecting circuit.

In order to use the apparatus just described,
current is caused to flow through the suspen-
sion giving rise to a high density current field of
extreme constriction in the vicinity of the tip 99.
This is indicated by the broken lines 102. When
a particle such as indicated at 103 comes within
the influence of the field, the difference between
conductivity of the fluid medium and the par-
ticle will cause a change in the current fiow,
thereby modulating the same. Thus, if the vol-

The motor 90 is connected to an ~

G5

8

ume of influence of the tip 99 is known and the
electrode 87 is rotated a given number of times
in the vessel (or is rotated at a given rate for a
given length of time) the total volume passed by
the moving tip can be calculated from the dimen-
sions of the rotational path, and the number of
indications for any given unit volume can be de-
termined.

Obviously, the apparatus described utilizes a
current constriction which is not of uniform cur-
rent density. The relative movement between
fluid and electrode will carry some of the sus-
pended particles well into the part of the con-
striction where the current density is the greatest
and where the effect will be relatively large while
other particles which are not carried into the re~
gion of greatest current constriction will not
have as great an effect upon total current flow.
Thus, identical particles may produce different
effects. The sensitivity of the detecting device
must therefore be carefully known and controlled
for the purposes intended for use. Likewise, pre-
cautions must be taken to have homogeneous
suspensions in which the relative conductivity be-
tween particles and fluid is uniform. Electro-
chemical effects upon electrodes should be elimi-
nated as much as possible such as for example
by using alternating current. In the apparatus
previously described where the current is con-
stricted by physically constricting the fluid, this
last mentioned difficulty is greatly reduced.

In the use of my invention, it has been pointed
out that the dilution of the sample should be
sufficient to prevent masking. Masking occurs
when movement of individual particles into or out
of the influence of the current constriction is
masked by the presence of other particles so
that a true indication is not obtained of the single
partiele. It is possible under such circumstances
to calibrate the instrument so that a given num-
ber of proper indications will represent a certain
increased percentage of particles. This can be
done even to a point where individual indications
are the exception rather than the rule, but it is
best to so dilute the suspension that the greater
number of indications are caused by single par-
ticles. The sensitivity of the detecting device
in a great measure must be considered in these
adjustments.

A means for minimizing the effect of detector
sensitivity on the number or size of particles de-
tected is to provide means for sharply confining
the electric fleld as would be accomplished if
electrodes were placed on opposite inner sides of
an insulated rectangular tube through which the
particle bearing fluid is made to pass. Thus, in
Fig. 10 there is shown a fragment of the wall of
each of a pair of vessels 120 and 12( having a con-
striction extending therebetween in the form of
a rectangular conduit 122. On opposite inner
walls of the conduit 122 are provided electrodes
123 and (24 connected by the leads 125 and 126
to a detecting circuit. The purpose of such a
construction is to provide a confined and rela-
tively uniform field. Provided a reasonable
sensitivity is maintained, with an apparatus of
this kind large variations of detector sensitivity
would have less effect upon the total number of
particles detected than constrictions having un-
confined fields. Fig. 5 is a variation of this con-
struction, and many other variations should sug-
gest themselves, such as for example the elimina-
tion of one electrode by the substitution of an
“indifferent” electrode in one of the fluid volumes
at either end of the tube. A great advantage of
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the construction shown is:that the exact volume
-of fluid ‘“‘scanned” conveniently and accurately
can be determined. :

Considering now the apparatus which has been
shown and described in Fig. 1 and again in Fig, 6,
the constriction between the two vessels may take
different forms for different purposes. It may
be a tube of cireular bore and .of a length several
times its diameter; it may be a perforation inan
extremely thin membrane separating the two
volumes; it may have a tapered inlet and an
abrupt change of cross section at its outlet or
vice versa; or both ends may he tapered or abrupt.
‘The resulting change of current from -any of these
types of constrictions may be used for a multi-
tude of purposes in detecting circuits for operat-
ing different kinds of triggering cireuits, or giving
.certain pulses to instruments-or detecting devices.

Considering now a membrane of insulating
-material having a perferation, in Fig, 11 Ihave
:shown such a constriction on a greatly exazger-
ated seale with a small graph of current i versus
time-or position aligned therewith. As a particle
passes from one side to the other of the mem-
brane 130 the current will rise (presuming that
the conductivity -of -the particle is greater than
‘that .of the fluid) so that the graph will appear
as shown. Within the constriction (31 the cur-
rent density is greatest so that the effect of the
particle is greatest so-that the current will pro-
duce a pulse 132 :as the -particle passes through
the constriction 43{. Variations in particle con-
ductivity will affect the magnitude of the change
of current, i. e, the amplitude of the pulse 132,

while variations in particle size will affect the 3

-duration of the pulse (32 -or its wave form -in
-addition to the magnitude (providing the con-
striction dimensions -are of the same order as
those of the particle).

‘In Fig. 12, I have shown a relatively long tube
{40 of insulating material for use in studying the
conductivity of the particles as they move through
said tube. The detecting instrument can be
calibrated to account for masking caused by the
presence of more than one particle in the tube.
The current density in the center of the tube is
constant and the particle is not suhjected to the
variable density of end effects. In this type of
eonstruction, as shown in PFig. 1, the electrodes

are in -the vessels .connecting the constriction, .

which are indicated as 141.and {42 in said Fig. 12.
The graph of current versus position shows that
as the particle passes through the tube 140 a
plateau ¢43 is formed having abrupt changes 144
and the 445 at its beginning and end. There is
also shown a graph of current change di which
can be obtained by feeding the current into a
differentiation -circuit. At the beginning there
will be a positive pulse {46 caused by the-sudden
increase; while the particle is in the tube 140
.there will be no -output of the differentiation
-circuit because the current flow is constant; and
when the particle leaves the tube there will be a
negative pulse caused by a sudden .decrease in
current. This presumes the particle has greater
conductivity than the fluid medium of the sus-
pension.

In Fig. 13, I have shown a constriction (50 the
entrance to which is narrow and the bore of which
tapers outwardly to produce a pulse 151 as the
particle passes through the same.

It should be obvious that many types of pulses
for many different purposes can be obtained by
choice hy constriction shape. It should also be

obvious that many different kinds of particles |
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helieved to encompass many variations.

can ‘be .counted .and :studied simultaneously and
that :counting and detecting devices can be used
having their selectivities based upon current po-
larity, current amplitude, rate .of current rise,
duration of current and many other factors for

ccounting and . classifying particles.

In Fig. 7, I have llustrated a practical detect-
ing and rate indicating device for use with an ap-
paratus-such.as-shown and described in connec-
tion with Fig. 6. The electrode 81 is.connected by
the lead 70 to ground 180. The battery 161 and
resigtance (62 are .connected in series between
the electrodes 8 and 69 and the relative conduc-
tivity of particles and fluid medium 61 is chosen
such-that passage of a particle through the aper-
ture -85 provides.a detectable pulse which is fed
Into the amplifier 163. The amplifier is of any
known-construction and hence is designated

qerely by a block in the diagram. A high nega-

tive pulse is produced iz the output lead 164 and
fed into -the grid 165 of the pentode 166 which is
biased by the battery 107 to a point where the
pulse produced at 184 will cut the tube 158 off and
interrupt flow -of plate current therethrough.
The plate is indicated at 168, screen grid at 169,
sereen grid resistor at 170, cathode.at 171, and the
The plate resistor is indi-
cated at {74, The output pulse from the plate
168 is fed through a blocking condenser 115 to the
plate 1718 of the diode 117 thereby charging the
condenser {78. The output pulse .of the ampli-
fier 168 being negative and cutting off the tube
18 produces a ‘high pesitive pulse which is im-
pressed upon the plate (76. Obviously, the diode
175 is not affected because its cathode {88 is con-~
nected to receive the plate pulse. The negative
pulse which is produced in the plate circuit of the
tube {8% when the grid 165 returns to normal and

cauges the plate circuit to become -conductive -is

shunted to ground through the diode 179 since
its plate 184 is connected to ground 160. The
cathode 182 -of diode 4711 is -connected to con-
denser 118 which is small compared to the block-
ing cendenser (15, -Constant.pulsing of the circuit
by repeated increases in current flow between
electrodes -67 and 68 thus builds up a charge on
the condenser 178 which is leaked -off through
the-resistor bleeder 183 and the current:meter 184
to ground. The more frequent the pulses, the

‘greater the charge on condenser {18 and the

greater -will ‘be the reading -of meter (84 which
can therefore be .calibrated to read directly rate
of flow of particles through the constriction 65.
‘I is believed that the invention in all of its
phases has been fully-described and it is desired
to point out that the scopre of this invention is
It is
therefore gesired that the only limitations to the

same be as set forth in the claims hereto ap-

pended.

T claim:

1. Apparatus for studying the physical prop-
erties of particles suspended in a fluid medium

-of different conductivity than said particles

which comprises, means for holding a quantity
of said fluid medium having the particles sus-
pended therein, means associated with said last
mentioned means establishing a stable con~
stricted electrical current path in said suspension,
means producing s -current along said path,
means causing relative motion between the sus-
pension and the constricted path whereby at least
single particles passing within the influence of
the path will modulate the current, and detecting
means actuated by said modulated current.
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2. Apparatus of the character described for
studying the physical properties of particles sus-
pended in a fluid medium having different elec-
trical conductivity than said particles which com-
prises, a vessel holding a quantity of said fluid
medium therein with said particles suspended in
said medium, means establishing in said vessel a
stable constricted electrical current path having
its dimensions of the same order as the dimen-
sions of said particles, means producing a cur-
rent along said path, means for causing relative
motion between the suspension and the con-
stricted path whereby the particles coming with-
in the electrical influence of said path will vary
the current Aow while so located, thereby modu-
lating the current flow during such relative mo-
tion, and detecting means actuated by said cur-
rent.

3. Apparatus of the character described in
claim 2 in which the means establishing the con-~
stricted electrical path consist of two electrodes
in the suspension, one electrode having an ex-
posed area having dimensions of the same order
as the dimensions of the varticles in the suspen-
sion, and the deteciing means heing connected
across the two electrodes.

4. Apparatus for studying the physical prop-
erties of particles suspended in a fluid medium
having different electrical conductivity than the
particles which comprises, a vessel of insulating
material having a quantity of a suspension there-
in composed of the particles and the fluid medi-
uin, & pair of electrodes in the medium, one elec-
trode having an exposed area having dimensions

of the same order as the dimensions of the par- i

ticles, electrical detecting means connected
across said electrodes including means estab-
lishing a stable detectable current between
said electrodes through the suspension, and
means for moving said one electrode through
the suspeunsion in order to cause modulation of
the current by the approach of particles to the
said one electrode.

5. Apparatus for studying the physical proper-
ties of particles suspended in a fluid medium hav-
ing different electrical conductivity than the par-
ticles which comprises, a vessel of insulating ma-
terial having a quantity of a suspension therein
composed of the particles and the fluid medium, a
pair of electrodes in the medium, one electrode
having an exposed area having dimensions of the
same order as the dimensions of the particles,
electrical detecting means connected across said
electrodes including means establishing a stable
detectable cwrrent bhetween said electrodes
through the suspension, and means for moving
said one electrode through the suspension in or-
der to cause modulation of the current by the ap-
proach of particles to the said one electrode, com-
prising rotating means mounting said electrode.

6. Apparatus as described in claim 1 in which
the fluid holdihg means consists of a pair of
vessels, the means establishing a constricted elec-
trical path consists of an electrode in each ves-
sel and a conduit of insulating material hetween
the vessels having dimensions of the same order
as the dimensions of said particles although
larger than same and a source of electrical power
connected across the electrodes.

7. Apparatus as described in claim 1 in which
the fluid holding means consists of a pair of ves-
sels, the means establishing a constricted elec~
trical path consists of an electrode in each ves-
sel and a conduit of insulating material between
the vessels having dimensions of the same order
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as the dimensions of said particles although larg-
er than same and a source of electrical power
connected across the electrodes and the means
causing relative motion between the suspension
and the constricted path consists of a fluid pres-
sure differential hetween the vessels.

8. Apparatus as described in claim 1 in which
the fluid holding means and the means causing
relative motion between the suspension and the
constricted path comprise a pair of vessels of
insulating material one within the other, a per-
foration in the inner vessel having dimensions
of the order of the dimensions of the particles al-
though larger than same, and a fluid pressure
differential between the vessels.

9. Apparatus as described in claim 1 in which
the fluid holding means and the means causing
relative motion between the suspension and the
constricted path comprise a pair of vessels of
insulating material one within the other, a per-
foration in the inner vessel having dimensions
of the order of the dimensions of the particles
although larger than same, and a fluid pressure
differential between the vessels, the means for
causing the constricted current comprising said
perforation and an electrode in each vessel hav-
ing a source of electrical power connected
thereto.

10. Apparatus of the character described for
studying the physical properties of a suspension

" having particles in a fluid medium of different

electrical conductivity than the particles, com-
prising a pair of vessels having a quantity of said
suspension therein at different levels and being
interconnected by a constricted conduit of in-
sulating material having dimensions of the same
order as the dimensions of the particles although
larger than same, a pair of electrodes in the ves-
sels having an external source of electrical power
and being connected fo current modulation de-
tecting means, at least one of the electrodes being
disposed in the conduit whereby to produce a
high density current field in the path of flow of
the suspension from one vessel to the other.

11. Apparatus as described in claim 1 in which
the fluid holding means and the means causing
relative motion between the suspension and the
constricted path comprise a pair of vessels of
insulating material one within the other, a per-
foration in the inner vessel having dimensions of
the order of the dimensions of the particles al-
though larger than same, and 2 fluid pressure
differential between the vessels, said perfora-
tion being a substantial distance above the bhot-
tom of the inner vessel so that the flow of sus-
pension from one vessel to the other will not in-
clude any settled portion of the said suspension.

12. Apparatus as described in claim 1 in which
the fluid holding means consists of a pair of
vessels, the means establishing a constricted elec~
trical path consists of an electrode in each ves-
sel and a conduit of insulating material between
the vessels having dimensions of the same order
as the dimensions of said particles although larg-
er than same and a source of electrical power
connected across the electrodes, said conduit
having a contour considered in its axial direc-
tion varying the electrical current field along
the length of the conduit in accordance with a
predetermined law for producing a desired cur-
rent pulse each time a particle passes through the
conduit.

13. Apparatus as described in claim 1 in which
the fluid holding means consists of a pair of
vessels, the means establishing a constricted elec~
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trical path consists of an electrode in each ves-
sel and a conduit of insulating material between
the vessels having dimensions of the same order
as the dimensions of said particles although
larger than same and a source of electrical power
connected across the electrodes, said conduit
having a contour considered in its axial direc-
tion varying the electrical current field along
the length of the conduit in accordance with a
predetermined law for producing a desired cur-
rent pulse each time a particle passes through
the conduit, the amplitude of the produced pulse
at any point at which the particle is within the
conduit being inversely proportional to the cross
sectional area of the conduit at that point.

14, Apparatus for studying the physical prop-
erties of particles suspended in a fluid medium of
different conductivity than said particles which
comprises, means for holding a quantity of said
fluid medium having the particles suspended
therein, means associated with the last men-
tioned means establishing a stable constricted
electric current flow in a path in said suspension
of pre-determined minute cross section dimen-
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sion related to the particle dimensions such that
particles moving within the influence of the path
will detachably modulate the current singly, and
means for causing relative movement between
the suspension and the constricted path.
15. Apparatus as described in claim 1 in which
the detecting means includes a counting device.
16. Apparatus as described in claim 2 in which
the detecting means includes a counting device.
17. Apparatus as described in claim 6 in which
the detecting means includes a counting device.
WALLACE H. COULTER.
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