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8 Ciaims, (Ll 235-=92)

This invention relates to apparatus for counting and
analyzing various kinds of microscopic particles appear-
ing 1n large numbers and in relatively close relation gen-
erally in suspension in solution, such as red corpuscles,

particles of yeast, cocci bacteria, mold spores and the

like, 11 an automatic manner and at a relatively high
rate of speed. The invention also includes a method for
use with such apparatus. While the apparatus of the
present 1nvention has broad utility for counting and
analyzing purposes, iis greatest usefulness at the present
time is in the field of blood cell counting and blood
analysis. |

In the medical profession, for example, it is well
known that analysis and evaluation of various character-
istics ef a sinﬂle small bleed sample nay be advanta-
#or such reasons it i3
mest desxrable to be able to accurately determine the
red cell population, and the average red cell size of a
sample of blood in a rapid and accurate manner. The
red corpuscle count in a sample of human blood may
vary over wide ranges depending upon the condition of
the patient from whom it was extracted. Also, the size
of individual cells within a selected specimen and the

degree of opacity thereof may vary appreciably. When

an accurate evaluation of cell population, cell size and
nemoglobin concentration can be accurately and rapidly

determined, hospital technicians, medical researchers and
the like, will be greatly aided. The device of the present
invention greatly facilitates this work and provides in-
formation of extremely high accuracy.

ft must be kept in mind while considering the present
invention, that the very small size of the red corpuscles
in a blood sample or other microscopic particles being
analyzed increases the difficulties which must be over-
come when accurately and rapidly providing the above
mentioned information. The structure of the preseat in-
vention, however, is capable of providing the desired in-
formation accurately and in a matter of seconds and ac-
cordingly has been found in practice to be of great utility.

It is, accordingly, an object of the present invention
io provide a combined optical and electrical apparatus
eapable of receiving a sample of fluid containing micro-
scopic particles and rapidly counting the particle popu-
lation thereof for unit volume as well as analyzing same
for mean particle size thereof.

It is a further object of the present invention to pro-
vide an apparatus of the above character employing an
improved electronic differentiating means whereby such
evaluation of sample containing microscopic particle may

e _apidly, accurately and automatically carried out.

It is a particular object to provide a combined optical
and electronic device constructed and arranged to rapidly
and accurately count a large number of blocd cells in
a unit volume blood sample and to accurately compen-
sate according to mean cell size to provide an accurate
indication of the true cell count of the unit volume.

It is a particular object to provide a combined optical
and electronic device constructed and arranged to rapidly
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and accurately count a large number of blood cells in a
unit volume of blood sample and to accurately com-
pensate according to absorptive properties of the cells
to provide an accurate indicztion of the true cell count of
the unit volume. The method of use of the apparatus
is also being claimed.

It 1s an additional object to provide a combined optical
and electrenic device of the above character which will
rapidly and accurately count a large number of blood
cells in a unit volume and tc accurately compensate
according to mean cell size and absorptive properties
thereof to provide an accurate indication of the true cell
count of the unit volume.

Other objects and advantages of the invention will
become apparent from the detailed description which fol-
lows when taken in conjunction with the accompenymn
dr awmgs in which:

rig. 1 1s a diagrammatic view of apparatus embodying
epiical, electrical and mechanical means which may be
used in carrying out the present invention;

Fig. 2 is a fragmentary view of a scanning disc which
may be embodied in the apparatus of Fig. 1;

F1g. 2A i1s a graph showing light intensity transmitted
by the seannmg disc plotted against time;

Fig. 3 1s a sectional view taken substantlally upen
section line 3—3 of Fig. 1 and showing a specimen car-
rying slide thereof; |

Fig. 4 is an enlarged fragmentary view of a portion
of the structure of Fig. 3;

Fig. 5 is a block dlagrem of an electrome system
which may be used with the apparatus of Fig. 1;

Fig, 6 is a schematic wiring diagram of the bleck dla—
gram of Fig 5; |
- Fieg. 7 18 an enlarged fragmentary view of a portmn
of structure of Fig., 2;

Fig. 8 1s a diagram for use in anelytlcally cemparmg
the image of a mean size particle with the size of the
apertures employing in the scanning disc of Fig. 1;

Fig. 9 is an interpolation chart for use in obtaining
true count values from the actual count values obtained
by the apparatus;

Fig. 10 is a block diagram of a modified form of clec-

' tronic system which may be used Wlth the apparatus of
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Fig. 1;

Fig. 11 1s a schematic wiring diagram of the block
dlagram of Fig. 9; |

rig. 12A, 12B and 12C are graphs showing wave
shapes and pulses which may be obtained at different
locations in the electronics block diagram of Figs. 5
and 6;

Fig. 13 is a nomograph for use in interpretation of the
information obtained from the counting units of the
device; and,

Fig. 14 is a graph which may be used in place of the
nomograph for such purposes.

Optical section

As stated previously, the apparatus of the present in-
vention may be used for counting and analyzing micro-
scopic particles of different kinds. However, since one
of the greatest needs for such an apparatus at the pres-
ent time is in the analysis of human blood, the detailed
description which follows will be first directed primarily
to the apparatus as adapted to such use.

Referring to Fig. 1 in detail, it will be seen that a micro-
scope optical system 10 comprises an objective 11 opti-
cally aligned with a microscope slide 12 for supporting
a solution containing light absorbing microscopic parti-
cles or the like, to be counted and analyzed. The speci-
men slide 12 is positioned at the front focal plane of
said objective and a cover glass 13 is ordinarily used
h the slide, It has been found convenient in carrying

Irs
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- plateaus.

- out ‘the present invention to employ as . the slide 12 one
-somewhat like a conventional haemacytemeter commonly
provided for blood count purposes. The slide 12, as

finished slightly e]evated specimen :supporting plateaus

| 14_in . side-by-side spaced relation, with these plateaus .
being separated and- partla]ly surreunded by a moat 15 :

N 'fer receiving excess fluid. -

' 2,850,259

- will. be' seen in Fig. 3, comprises a pair of aceurately

~The slide 12 is prev1ded with a pair of aceurately

finished spaced supporting ribs 16 which extend along .

- opposite sides of said plateaus and in spaced relation

thereto' to accommodate the moat therebetween.

position. the flat- lower -surface of the cover plate, when
_.placed thereon, an exact known minute distance (prefer-
- ably substantially 0.1 mm.) above and parallel to the

. obtained.

‘The Irncrescepe slide 12 durmg use in the apparatus_'

is located upon a° horrzentally mevable stage 19 and in
the object plane 20.of the objective. In the present in-

The
o _rrbs are a earefully controlled distance above the com- -
mon plane or level of the plateaus so as to accurately.

In this manner an"exact depth of solution
enclosed between the plateaus and the cover plate Wﬂl be

15

stant speed w1thm a wide range.

The drsc 56, as better
shown in Fig. 2, is provided with a large predetermmed
number of hght apertures 62 substantially equally pe-

ripherally spaced from each other a predetermined dis- =
‘tance d. These apertures are also equidistantly spaced a -
__ from the center of rotation 63 of the
~disc 56. Each aperture is circular in shape and of an -
-exact predetermined diameter F which, as will be later

‘more fully explained, closely approxn
mined numerical relatrenshlp to the “normal size” of

radial amount R,

ates a predeter-

blood cells which is substantially 7.2 microns. (This nu-
merical value will differ for other kinds of particles to be
counted.)

When the disc 56 is caused-to rotate, as 111d1cated by-_: ,.
the arrow 64, the light apertures 62 will be caused to
euccesswely aweep ‘across an 1image field 71 (indicated

~ by dotted lines in Fig. 2) of the objective located at the -

- stance the objective 11 is shown as comprrsmg front-and

‘rear doublet components 24 and 26; and aligned with

the eb]eetwe upon the optical axis 28 of the eptlcal SYS-
tem 1s a sub-stage condenser assembly 38 comprising lens -

.' 38 having a field stop 40 adjacent thereto.

 components 32 and-34. "A light source, preferably of
~the relatively heavy ribbon filament type, arranged to _
~operate on D. C. current is mdrcated at 36. -Arranged
to -function with this light source is a lamp cendenser o

30

The light source 36 and lamp condenser-38 are ae posi- -

of the light source 36 will be re-imaged. substantially at

R _'._tmned relative to- a reflector 42 and so aligned with the
- condenser asserﬂbly 30 and ob]eetwe 11 that the filament

35

the plane of the -entrance pupil 44 of the condenser and

- objective combined. At this entrance pupil 44 may be

- disposed-an aperture plate 46 having an  opague coating

48 thereon and so arranged as to provrde an annular light

40

aperture 50 therein. Light rays passing through the aper-

© ture 50- will prewde a cone of oblique light rays for

- illuminating a specimen upon the slide 12 at the plane 20.

"~ The hght illuminating the specrmen upen the slide 12
-will be in part diffracted and in part absorbed by the
‘red corpuscle or erythrocyte population in the solution
thereon, with the result that improved contrast between

- each partially light absorptive particle and ‘the lighter

‘background will be produced. While this- type of illumina-

tion is preferred for electronic countmg purpesee, par-
) tleularly for .small partially. tI‘aIlSIIllttlIl“ particles be--

- ‘cause best operating restlts have ‘been obtained there-

- with, it is possible to omit the aperture plate 46 and '

obtain usable results with ordinary transmitted or direct
illumination. ~However, When more direct light which

o PaSS*rs through™ the particle and through the objective, -
. as.is-the case when the aperture- plate 46 is ermtted the
- effective ratio of the hght intensity when a pat_rlele is in’

the microscope field area being used at any instant rela-
tive to the tetal unobstrueted hght of this ﬁeld area is
- Jessened. -

Partrcles in ﬁmd on the shde at the eb]eet plane 20

| wﬂl be rmaged by the objective 11 substantially at a
- - conjugate 1mage plane 52, At this image plane 52,-how-
- ever, there is provided a relatwely thin circular disc 56

for restricting the area of the image field which 1s trans-

~ mitting energy at any instant, as will be described more
fully hereafter.

rotate disc 56 at a predetermined uruferm speed. The

| The disc 56 is retatably carried by a
- synchronous motor 58 and this motor 1s arranged to

&t
o

conjug ate- image plane 52. Rays 65 coming from the
specimen on the slide 12 are imaged at 52 and will pass
through an aperture 62 and will be mtercepu.ed by a
~lens 66 which is arranged to receive these rays and dlrect, B
same substantially upon a ﬁxed area of a pheto-sens1t1ve

cathode 68 of a photoelectric detector such as a photo-.

“multiplier-or photocell 70 which is connected to- electronic = "
‘counting and ‘analyzing means to be presently described.

The lens 66 is focused substantially upon the back sur-

face of the objective 11 and has its. cen]uﬂate plane. at_:_ o

cathode” 68. In this manner there ‘is provided a con-
centrated spot of light at a substanﬂally fixed location”

’ upon the cathode 68 regardless of the various positions
of an aperture 62 transmitting light as it moves across .

. the image field 71.
“aperture 62 while transmitting light will be. eentrelled- '

The extent of useful travel of the

by the lencltudmal dimension E of an aperture 72a 1n a -
field stop 72. The field stop 72 1s disposed eleSely'ad-—

“jacent the disc 56. The length of the scanned image field

E is so chosen relative to the size of the apertures 62
and the space. between apertures that distance E will be -

somewhat greater than the diameter F of apertures 62

plus the distance d between apertures 62. The arrange-.‘
ment will then provide, as shown by the graph of Fig.

2A, durmg each single scanning increment of the- dewce 2
a time period T during which one aperture transmits hght_ _
at a certain intensity L, followed by a shorter period ¢

- during which two apertures transmit substantially double -
~ this amount of light L. Thus, a rectangular wave form_-‘
- 68A may be plotted as shown by Fig. 2A. |

It will be readlljyr appreciated that as eaeh successwe._" |

| 'lrght aperture 62 is caused, during rotation of the scan- .

ning disc 36, to sweep across the aperture 72« in field

~stop 72, the greater part of the object field 73 on the

- plateau 14 of the slide 12 (see Fig. 4) will be, in effect,

scanned by a small area 74'eerre5pendiag to the aperture
62 but which area 74 is of a reduced size so that its
~ diameter- will be in inverse propertren to the magmﬁca-r
tion -of the objective 11, times the dlameter F of the

aperture 62. Shown impressed upon this rectangular.
wave 68A are small depressmns 688 indicative of micro-

o _sceplc Partlc:les in or partly in the. object. ﬁdd scanned -

60

65

70

“motor 58 will nerrnally ‘be energized by an alternating

- current source, such as a conventional 60 cycle, 120 volit
supply line and an operating speed of 30 revolutions per

- second has been found to be satisfactory, altheagh the

" that, in order to obtain as uniform object field illumina-
- tion as possible at slide 12, the bulb 36 will be positioned " -
1in the optical system so the image of its flat- front surface

by spot 74 -and absorbing various amounts of light. -

fourth of the distance E in the image field 71 bemg-_

scanned and -the small area 74 which is scannmg the

“plateau 14- as the disc 56 rotates will have a diamter f
which is only one fOITY-feurth of the diameter F_of.the. :

- aperture 62. The size of the apertures 62 should be

chosen so as 0 fairly clesely bear a definite relation to-

‘the “normal” size of particles which are to be counted as

will be heremafter descrlbed 1t should be here noted

._apparatas ceuld be arranged te OPerate at any other con- ';9 fermed at the plarle 44 will have 1ts longer dJmensmn._._ __

In
- other ‘words, if the objective 11 has a 44X magnificaticn, -
~ the lonigtudinal distance e -of the - object field being -
scanned upon the plateau 14 will be only one forty-.
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extending in the same direction as the longer dimension
oi aperture 72a.

Since it is also desirable tc scan an area of appreciable
size, in order to obtain a pariicle count value which will
be indicative of the average conditicn throughout of the
fluid being analyzed, the device of Fig. 1 is provided with
an actuating mechanism 80 of suitable consiruction for
moving the stage 19 and the slide 12 thereon horizontally
back and forth across the object field of the objective
11. This travel of the slide 12 is indicated by the
double headed arrow 82. The actuating mechanism $§
may comprise a suitable reversible synchronous electric
motor 83 having a reduction. gearing 84 of high reduction
ratio. In the present preferred embodiment of the in-
vention the actuating mechanism is arranged to perform
one complete fore and aft operating cycle each time a
specimen 1s to be analyzed.

‘The motor 83 and gearing 84 are arranged to cause the
plateaus 14 on the slide 12 to move entirely across the
object field, after which a sensitive snap action switch
86 adjacent a side of the stage and engaged by the stage
19 will cause the motor 83 to reverse the direction of
movement of the slide. The reverse movement or travel
of the slide i2 will continue until a second normally
closed snap action switch 88 adjacent the opposite side
of the stage is engaged thereby for interrupting the supply
of current to the motor. A push button 99 for initiating
such an operating cycle of the motor 82 may be con-
nected in parallel relation with the switch 88 so that it
will only be necessary to manually momentarily actuate
the push button 98 in order to start each operating cycle.
As soon as switch 88 is free a cycle will be completed
automatically. Of course the switch 90 could also serve
to start motor 58.

By the use of thin opaque coated areas 92 upon op-
posite ends of the plateaus 14 and coated areas 93 upon

adjacent ends thereof as well as an opaque material in.

the moat between arcas 83 an exact predetermined clear
distance, which is represented by the letter G plus letter
G, (see Fig. 3), may be easily controlled. Areas 92
and 93 may be easily increased or decreased during coat-
ing to provide this exact clear distance, and thus the de-
sired total length of the area to be scanned may be ac-
curately established. Since the depth of fluid chamber
between the plateaus and cover glass may vary slightly,
this variation may be readily compensated for by the

confrcl of tne iotal distance (G plus G,). This
method 1s used to keep the volume of sample being
scanned constant. Since the depth of the soclution on
the slide is established by the height of the cover vlate
18 above the plateaus 14, and since the distances G and
G; between opaque areas 92 and 83, and the width of the
scanned area is conirolled by the distance between cen-
ters of adjacent apertures 62, the volume of the sclution
being analyzed may always be maintained ccnstant.
During operation of the synchronous motor 58 suc-
cessive light apertures 62 will be moved lengthwise of
the field stop 72 at a constant predetermined rapid speed
(In a preferred construction 900 sweeps per second) and
by the correct approximately equal spacings 4 of thess
apertures circumierentially in the disc 86, one relative
to the next, it will be possible tc arrange ths structure
so that two successive light avertures 62 will be com-
pletely In the field being scanned simultaneously for a
time equal to approximately ¢ (see Fig. 2A). The re-
sult of this arrangement will be that “background” light
(through the solution when no particle or particles are
in the field) will be transmitted through one aperture
62 to the photo tube 78 for a predetermined interval of
time T and thereafter approximately double this amount
of light will be transmitted thersthrough for a shorter
period of time ¢ while two adjacent apertures are simul-
tancously in the field. Since the motors 58 and 83 al-
ways operate in fixed relative relation to each other
(regardless of what speeds they are arranged to operate
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at) and since the total volume being scanned is constant,
the same volume of material containing particles will
be explored during each complete operating cycle.

There has been described above a method by which
a volume of solution may be synchronously scanned in
two directions for determining the total particle count
of this volume. It should be clearly understood, how-
ever, that other methods may be employed for count
determination. The above method, in fact, causes the
traces 74 of the individual small aperture 62 in the scan-
ning disc to collectively traverse a certain total distance
upon slide ¥2, which taken in consideration with the
depih of cell being scanned, is counting a definite volume
of solution each time a specimen is being analyzed by
the apparatus. A different method which might be em-
ployed which would provide as accurate a final count
value mugit be provided by an accurate control of the
number of revolutions of the scanning disc (and thus
tire total number of individual apertures 62 traversing the
image field) and without regard to the total area along
the slide which is being traversed by the traces 74 of
the apertures at the object field. It would be, in fact,
possible to move the slide 12 at random to expose various
paris of the specimen in the object field and be able to
obtain accurate results. Thus, the total count would
depend upon the total length of all of the traces effecied

by the aperture 62 times the depth of chamber between

siide 12 and cover plate 18. Such measurement of total
scanning effected by the aperture disc 56 could be ac-
complished by allowing a synchronous motor to operate
for a certain predetermined period, or alter atively, it
might be possible to rotate the motor at any suitable
speed and accurately count by suitable means the num-
ber of revolutions of the disc to be used.

The problem of counting opaque MICroscopic particles
of a known size on the slide 12 electronically would not
be too difficult a problem (when the particles are suf-
ﬁ_ciently dispersed thereon) if they were all of the same
size and 1i the number of particles were the only in-
formation sought for. In such a case the slide could

be, in effect, swept successively by the apertures 62 of

the rotating disc while the slide is stmultancously moved
across the object field of the microscope by the motor
33. Only electrical signals or pulses above a selacted
value indicating when one half of a particle or more oc-
cludes the light of the scanning area 74 would be count-
ed. However, in attempting to accurately count and
_anal}fze materials with particles which vary appreciably
In size, which vary appreciably in transmission character-
Istics and which vary appreciably in an unpredictable
way between not definitely known or commonly ac-
ceépied limits for sample to sample, such as in human
blood analysis work, the problem of obtaining an ac-
curate or true count value as well as additional usable
lgformatisn,_such as mean particle size and light absorp-
fion properties, is not a simple one.

It will be shown, however, that the size for the aper-
ture 62 in the scanning disc should be carefully chosen
in accordance with the normal size of the kind of par-
ticles to be counted so that the apertures 62 will closely
a.ppmximate the size of the image of such normal par-
ticies. - By careful consideration of the preselected size
for the scanning apertures 62 and careful treatment of
the information obtained from the electrical signals
derived from the phototube 79 due to “background light-
Ing” when no cell is present in the field to obscure
light and due to different amounts of light flux moduia-
tion being produced as the individual particles or blood
cells in effect traverse the area 74 being scanned and
superimpose pips or minute pulses upon this background
signal, accurate blood cell counts may be obtained.
The electrical apparatus presently to be described may
be arranged to simultaneously or successively count at
twe different known electrical pulse magnitude discrimi-
naticn levels for obtaining this accurate information,




- the disc.
- the jmages of a plurality of particles of a- smgle sample
- at the image plane 52.

~ 1mages are ef different sizes, _t e image Py representmﬂ' -'

- an ° average

. ticle. .

- represent the limits of the region:
“mal cells will .be counted prowded their. centers- are

- located. ‘The relative locations of lines -

N It may be assumed of course that a large number of. -
par,lcles of varying size-will be dispersed at random -
- within the sample to be snalyzed but will be free from

clumping or undesirable “overlapping” so as to be in the

- main individually distinguishable and that the i_ndividual 3
particles will ‘appear as disc-like objects of nearly uni-.

~form optical density. The solution should be diluted

~ to such an extent that ordln_..rlly only a single particle
- will be traversed by the scanning aperture 62 or partially

traversed thereby at a single instant. Consideration

" -should be given to the size of the scanmng area or spot

2,"850"239" S

- dua].S
| matlcally and ﬂraphlcally how the amount of variations
fect

ot

~ in the object field relative to the size of particles there-

in, or ‘alternatively, and more conveniently, the size

© of the apertures 62 in the disc 56 relative to the size -

- fo the images of the partleles at the mlage field 71, par-
‘ticularly when -it- is recalled that the size of p.,,_rticles

obseunng the light vary and also:that such particle

1mages inay be

substanually totally or enly partlallj

- -1ntercepted by the scanning apertures. = -
In Fig. 7 a small portion of the disc 56 eentdmmﬂ a “
..smgle aperture 62 is shown and dotted parallel lines H
and I are intended to represent the width of the path -

-nermally traveled by this aperture during rotation of
The dotted circles Py, Po; P; and ]?"-,-c represent

It will be readily seem that the

size' or “mean” size partlele for the sam-
For simplifying this dls._.ussmn this- average s1ze

 ple:

particle will be taken as equal to a normal size par-
(The size of ‘a normal particle is well known.)
The uriage Py represents a ‘particle which is greater

| _than average size.. Image P; also represents an average

- §lze particle whlle image P.&,. on the other hand, rep- |
_resents a particle which is Jess -than an average size °
The sizes of images P, and P, have been as--
sumed to represent approxunmely the largest and small-:

- psrtlele

well recognized limits.

for each sal

.

less than or grea.ter than this nermal cell size w1th1n

physically show the problem with which the invention-
it will be hereinafter more fully shewn mathe- -

in cell -size within:a sample does not materiaily e _.
the. count obtained for such sample ‘For this reason

heremafter conszderatlen will deal with mean -cell size
iple and proper use of this value ‘provides
a correction factor which may be used togetner with the
actiiai count obtained in arriving at a closer approxi-.

mation of the true count of the -sample being considered.

~ In the example just mentioned the average size and -
" normal size -were considered to be. the same.

‘In most
cuses, however, the mean cell size will deviate: semewhst |
anove or. eelew this normal cell size, and- seeerdmgly,

 correction factor in every case of this type must be ob-

00
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‘tained and correctly applied. The reason for such a
“correction is that the apparatus will be constructed -and

- zrranged and calibrated to gwe a eerrect count when -
a sample having a mean cell size equal to the normal cell

size is bemg counted. However, whén a sample. has.a.

mean cell size greater than normal too many cells: wﬂl be

eeunted and a negative correction must be apphed Con-.
versely, when a sample has a mean cell size. less than.

X '_-'nermal a positive correction is needed. " The eleea.reme_."

30

G2
Gt

est size particles present in sepreemble numbers. in

the blocd sample to be ceu-lted and for which the ap-

paratus is arranged to operate. . It may be assumed that

these two limits,

o when no particle is present in the field as to be counted.

- Images P;; Py, P; and Py, however, have their centers
-0uts1de line H and L. Py, P4 do, however, have their -
These Imes H and I"

50

centers w1th1n line M’ and 1
ithin which all nor-

1Therebetweer:
H’ and ¥ must be determined.. It will be seen in Fig.

7, that. the - jmage P; of-a normal cell has its center
) -Image
Py, ‘has its center ]ust outside line H’ -and ordinarily
- should not be counted. _ But since Py is su“
than normal to make up. for its dzsplacement from line .
S - Image Py 1s outside Itne X" by
T an amount equal to the dlsplaeement of P, but since
- image P; is of a normal-size cell it will not be counted.- -
Image Py is located inwardly of line I’, as is image Py,

‘mwardly of line H’" and -this. will be counted.

iciently larger

H" 1t Wlll be counted.

~ but.since P; is somewhat smaller than normal- it will ‘not
bz counted. Notmthstsndmﬂ' this- spread. or variation

in size of cells within a single sample the total count: 6
T The' larger and small-
- -, ercells together will provide the same number of counts -

- from Fig. 7 will always be two.

 substantially all particles in the sample will fall within
E Obviously, all such partiel' s with their
~ image centers between lines H and I will be sc posi-
" tioned as to momentarily block off sufficient “background-
light”. which ordmarﬂy passes ‘through the aperture 62

© - this smallest distance between centers Oy and . -
- particle may ...,on1pl tely obscure or only partially ebscure.ﬁ_. |

- the aperture image, and accordingly, it must be deter-

 mined when the ‘partially cbscuring particle will be.

" counted and when it will not be counted and also shat"{-ﬁ
size image or scanning spot & and thus what size aperf-__

size ‘can be obtained in the following manner.

factor to be used therewith must be determined..

" class.

counting means previcusly mentioned can be arranged_j )
to transmit an electrical puise or 31gna1 each time a pre-.
determined amount of 1 ghtis bleel ed off

from Lhe ‘eﬁeto-_
ume 70 by a particle. e ]
1t will now be shown that a e01reet10n fer mean eel]_ y
The mean -
size particle for nearly normal blood may be, accordmg,_-_

to well recoghized -authorities assumed to be 7.2 microns -

wiile other not uncommon sizes may vary betwe en ap-'_'

- proximately 5.5 and 9.5 microns and the best size of :

aperture to -function therewith and the proper eerreetien; |

3 1S represented at P an absorbing partlcle of a parueulaf

{ype or class having a radius By and at S is a circle

which may represent the size of the image of an aperture

‘best suited for counting particles of this particuiar type or
Circles P .and S are shown at their nearest sp-.,'.

proach to each other and as being nearly the same
Circle S has-a radius Ro.-

size;
D The letter Oy is the center of
circle:P and O, is the center of circle S.. I represents

' 'ture 62 should be used therewnh

as-an equal number of normal cells .will prewde when

“located -in equivalent -positions.

 size -of any sa

1s1 cell 51ze or’ may be vaneus ameunts

xple being - eenmdered and it sheuld be -
. appreciated - that in each case the ‘mean size  may be-_-
. . equal to the nor

) -Since in -the example -
o -.'.]ust given the spread or variation in cell size within a
~ single sample does not introduce any: ‘appreciable. error
~ hereinafter referenee will ‘be made to the mean cell

- _helds wherem Ca represents the relatwe swna] he1ght of,_ -
a partlele transmitting a part of the incident light thereon - .

In Fig. 8 the particle P partially obscures me seanmnﬂ_-- |
. spot or. circle § as indicated by the shaded common areas
ABD and DBC. The combined area ABCD commodn to. -
both circles P and 8 in terms of percentage of the scan-
- ning spot or scanning area being obscured will be pro- - -
- portional te the percent modulation from the light beam -~

60

intensity at the phototube 70 and consequently. direetly*_
affect the photetube current .or signal being transmitted -

T to amphﬁer umt %A and catﬁede fellewer %B (see Figs o
1 and 6). " "

The pamcle will be counted if the dlstanee of nesresfl'_’---

'appre‘aeh L 18 sueh that the. mequahtv

| .r:JA _ _(?”e_a‘ AgCD\ W KS_’_. (1) |
__ (avea ABO‘D) STl
TrRE >y @

- to-the maximum possible signal height, cg represents the

-.'7_5?'

same relative value as CA but In the case wherein | the'_ o
'partlcle 1s. completely eeaque and thus does not transmlt |

‘While Fig. 7 has been-used to- |

In Fig.

The
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wherein W is the fractional portion of the incident light

on the particle and being absorbed by the particle, and 8
is the arbitrarily set minimum relative signal strength or
‘bias not passed to a scaler unit of the electronic system
(to be later described). For fully opaque particles the
factor W will equal unity.

To calculate the maximum percentage of modulation
due to the particle or cell P which at a given moment is
located at a minimum distance of L measured between
the centers Oy and O, of the circles P and S respectively,
BD may indicate the common cord, «; may indicate the
semi-angle in the particle subtended by the cord BD,
o MAy indicate the corresponding semi-angle in the scan-
ning spot S, and A; and A, may indicate the areas of par-
ticle P and of the aperture S, respectively, determined by
the segments BCD and BAD. These two segments, it
will be noted will be common to both the particle P and
the spot S. For convenience, we may let letter

L
K R+ R (3)
and let gamma (v) equal the ratio of particle radius to
spot radius. Thus
R
e @

By substituting in Equation 2 for area ABCD its value in
terms of «; and «y and K and v we may obtain by
simple trigonomeiric manipulation the following equa-
tion:

(3)
Fig. 9 represents graphically the relations stated by the
above equations. In Fig. 9 is shown a series of v curves

for values from 0.50 to 2.00 plotted horizontally against
abscissa K values fro

?TCA:TZ(EI.I—“COS ey sin &1)'4[—(&2“"—"003 Xo sin 0&2)

from O to 100 percent, the symbol ~ represents the ratio
of particle diameter or blood cell diameter to spot di-
ameter. K represents the minimum distance between
particle or cell center and scanning spot center divided by
the sum of the cell radius and half of the spot diameter.
Those particles whose distance of nearest approach L in
terms of K and v is smaller than the value where

B

W |

(see Equation 2) wiil be counted, while all others touched
by the scanning spot will not.

Thus given a value for #, the ratio of the partlde
radius R; to the scanning spot radius Ro, only those cells
closer to the center of the scanning aperture than the
value of K at which the curve therefor intersects the bias
level line for which the elecironic means is set will pass
a signal to the counting unit of the associated electronic
equipment. In other words, for example, for a value of
v equal to .7 and a bias level value set at .425 or 42.5%
as indicated by the solid line J, only those particles closer
to the center of the scanning spot than K=.3, indicated
by solid line M, will be counted. But if the bias value
1§ re-set at the .50 level no such particle will be counted
regardless of 1ts position relative to the center of the
scanning spot. |

Since the particles on the slide 12 are arbitrarily dis-
tributed, K statistically assumes all values between zero
and one the same number of times during a single count
involving a large number of particles. (Of course L
assumes values which are larger than one but these values
are of no particular interest in the present analysis.)
Since only those particles will- be counted for which K
is .30 or smaller in the previous example in Fig. 9,
this means that only 30% of all the particles touched by
the scanning spot S (74 in Fig. 1) will be counted. If
now the number counted is multiplied 'by 100 over 30
there wﬂl be obtained the correct numaer of parncle

CA =

1 0.8 to 0 and vertically against
ordinate percentages of scanning spot S obscured over W -
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dicating an unknown distance equal to the diameter of
the scanning spot plus the particle under investigation.
It is obvious therefore that with the additional knowledge
of the “mean” or “average” particle size being counted,
it 1s possible to determine the exact count. This is so
because the total length of the scan is known, the depth
of solution in the specimen chamber is known and the
width of the scanning spot is also known.

rrom Fig. 9, which comprises a series of curves plotted
from tabulated values previously obtained, it is possible
to plot a curve which will give K; over Ky values as a
function of 4 for a given ratio of C, over Cg; wherein
K, is proportional to the count which would be obtained
from a sample at the C, bias level, while K, is propor-
tional to the count which would be obtained from the
same sample under identical conditions but at a Cg
bias level. It follows that in order to obtain the mean
or average size of blood particle under examination, it is
possible to take two counts at two different known bias
levels, (for example, .30 and .45) and under otherwise
identical conditions and then take the ratio of thess two
readings and refer to a graph substantially like that in
Fig. 14, in which the ratio of

K;
K,

is identical with the ratio of the two readings
the two different biases.

From the knowledge of the ratio ( and for the C A
and Cg values used) it is possible to determine gamma
(v) for the particle being counted. Since ~ is egual
to the average cell diameter being counted divided by
the scanning spot diametér which is known, the average
cell diameter is obtained. Once the + value for the par-
ticular count is known reférence must be made to Fig.
0 and the value of K read from same. This value of K
in combination with the right value of ¢ (the proper ¢
setting which takes into account a suitable correction
for the transmission characteristic of the particle will
be explained later) will give the value of K which is
the correction to be used for the particular count.

made with

Electronic section

In a preferred embodiment of an electronic system

which may be used, the photo-multiplier 70 (Fig. 1) will

be carried by a housing 94 containing an amplifier unit
95A and a cathode follower unit 95B coupled through
lead 70A to the multiplier (see Figs. 5 and 6). The
light intensity when a single aperture 62 is transmitting
1s arranged {o produce an electrical current through a
load resistor 708 proportional to the light incident upon
the photo-cathode 68 and thus a potential across this load
resistor for the photo-multiplier. The current wave form
is grahically indicated at 96 in Fig. 12A and relative to
a “zero” dotted line 96’. Its magnitude is equal to I
when one aperture 62 is transmitting and 2 I, when two
apertures are in the field as indicated by substantlally
uniformly spaced pulses 96’’, and these amounts are
lessened when particles are momentarily in or partly in
the field and creating signal pulses shown by pips 968
and 96C. The amplitude and width of each of these
pips will depend upon the amount of light blocked off
by each of the particles. The instantaneous decrease in
light creating each pip, it should be noted, is due to the
size of particle being totally scanned or part of particle
being scanned as well as the light absorbmg character-
istics of this partlcle

The housing 94 is of relatively small size and, accord-

mgly, may be attached directly to the supporting hous-
ing or equivalent means (not shown) for positioning the
optical and mechanical componsats of the apparatus.
The amphﬁer unit 95A and the cathode follower 95B

offer very low output unpedance so that the signal pro-
duced by the photo-cathode may be transmitted without
material wave form distortion bj means of a flexible
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s]:uelded cable 94A to the other elec .romeparts ef lhe"

 equipment and ceuntmg or scaler units (presenﬂy 10.be

12

-ceunts N1 and Nz on ihe decade sealer 119 and 1t mlght.n_

" be convenient to arrange the support 19 of Fig. 1 to
actuate the control 103A so as to.count at one bias Ievel_ -

- described) which may be dlSpOeGd for. eewememe ane[ |

- such, at a dlstance fmm the mlemscepe |
- "The signal shown at 96 in Fig.

a col pensatlon control channel 98. -
- the voltage wave form is passed by lead 98" to a high
; Q resonant frequency selector of filter network 9% which

 pure sine wave with all har

“at 99’ in Fig. 12C. The sine wave I8 then further am-

. plified by stage 191 and the output of this amphﬁer stage

is fed to a bias control unit 103 Wthh has a manual

~controi 163’ adjustable before each run to give an ouiput

. 'amphtude equal to or a little greater than the maximum
- signal or pip to be encountered in the pip channel $7:
- Unit 103 also has a readily ad]ustable control 183A
 which may be moved from its-#1 position to its #2 or
It will be appie-'-?'
 ciated that if position #1 gives a 100% voltage dr op -
across resistors 163R,, 103RB and IGSRC to ground, posi- ©

erent bias levels

#3 positicns for dif:

12A and som ew"lat'_
amPhﬁed is fed simultaneously through two -channels

- which 'may be conveniently termed a pip channel %7 and
In the channel 98

- while the support is moving in one. directlon and so as to . |

count at the other bias level during its reverse travel.

The deeade scaler could be equipped, 1f . desired, with
means arranged to record both counts. - |
- a pair of decade scalers could be alternately used for the o

. - 'successive counts

10
" a rate meter unit for indicating approximate red blood =

 in the present preferred construction is tuned to 900_ |
- ceil populatmn and this may be accomplished bY also

~ cycles per second. This. network is arranged to give 2
_ ronics thereof removed and
the. p1ps 96B and 96C and pulses 96’’ removed as shown © -

i

-enl'

At timesit may 'be desu'able to addltlenahy pI‘OVideﬂ-"j |

teking signal 117A and feeding it through a cathode fol-

- lower 121 to a rate meter 123.° The rate meter is essen-
tially a voltmeter but dﬁerentl‘y calibrated and arranged __
to read the average voltage being applied thereto by the

cathode follower 121 and signal -117A applied thereto -

" The pulses from the multivibrator 117 are all of ‘a con-

tions #2 and #3 will give fractional paris thereof pro-

~ portional to the resistances 103Rg and 163R¢ in the one -

case and proportional to. resistance 193R¢ in the other.

and passed through a full wave ‘rectifier unit 168 and °Y

. the average D._C. voltage derived therefrom and used

' as a negative bias is passed throiigh a conductor 107’ onto -

- the plate of an-amplitude discriminator diode 167 in the

.. compensation control channel 97. The reason for this

negative bias is to maintain the dlscrunmatlon Ievel of

- the diode 107 constant notwﬂhstandmﬂ small long. term .

‘f..changes in light level or output from the light soureef—

- 36 or response characteristics of photo-multiplier or power
S supply voltage for the multlpher should such.occur..

" The signal 96 in the pip channel 97 coming ifrom- the_

' The oiitput from the bias control stage 183 is amplified

30 ¢

.. pip channels 97A and 97B.

40

;grld of the cathode follower 95B is fed to a diode clipper.

- 169, which clips off the negative portion of the wave form

%6 below dotted line E, and results in a wave form 169A.
- Clipped portions 109B are indicated by dotted lines.
o .ehpped off portion at 109B is due to the double aperture
e scanmng durmg the shorter period 7.
. is passed to an amph;ﬁer 111 and amphﬁed to predur*e an
- inverted wave form 111A.. This wave form
- by diode clamper 111" at a D. C. level 111B. _This:

elamped wave shape 111A is fed to the amphtude dis-

criminator 107 for pulse height selection. This diode 107

- passes only positive pulses representmg blood cells larger

- than a predetermined minimum amplitude shown by
- dotted line 167A thereby producing a wave form 107B

'~ containing fewer pulses than contained in the partly dotted
‘and partly full line wave form 107C which it received.

The wave shape. from the dlscrlmmater stage 107 is

| decade scaler unit. of known construction 119." From this

ThIS;._-
The signal 109A -

1s clamped

50

¢ .
SV S |

 shown at 107B and further amplified by an amplﬁier 113 -
- -'as shown by wave. form 113A. This wave form 113A
s e]amped by a diode clamper 115 at the base line 113B.
_The pips 113C of this wave form are used to frigger a
" “one- shot” muIthbrator 117 whose: output 51gnal con-
plltude and width is shown at =

~ 117A. This signal is fed in turn directly to an electronic -

_'-'602

scaler unit 119 a numerical count will be. ebtamable and-_

_ this count may be at times used directly as an approxi-

‘mate mdmatmn of red bleod cell cmmt COIldltlDﬂS or used -

~ with a’variable cerreetive factor to ebtam a true red.

. blood cell count as will be later described. |
By the use of control 103A, a plurahty of. bias levels

may be used to obtain counts of different magnitudes for

-  In fact;a pair - -
-~ "of counts at different known bias levels say. 80% and

o 3_5%,_ as set by the control 103A may be us_ed_ to obtain

~ a single specimen during successive runs.

~such as an 80%. bias level

° -~ stant amplitude and pulse width and. thus the reading on
' the rate meter 123 is dependent only upon the number
-~ of ‘pulses per given unit of time.

Cf course, when de-___
sired a scaler-unit 119 might be omitted and only readings.
from the meter 123 used but a lewer deﬂree of aceuraey.

~would result.

A modified form of electreme system 18 shown by Flgs ;

10 and 11 .and while the photo-multiplier 70, amplifier - o
unit 95A and cathode follower 95B are the same as used
in the system of Figs. 5 and 6, the modified system in- -

cludes additional integrating electronic components 1or ob-

taining other information from the specimen :containing
 microscopic particles bemg counted and analyzed. The - -
 signal pulse 96 from the grid of the cathode follower -
~ 95B may be divided (see Fig. 11) and used in the two -
TIn the pip channel 97A, a:
“diode clipper unit 139, amplifier unit 141, diode clamper -
14%’, amplitude discrimination 142, |
-elamper 145 and multivibrator 147 are hke sumlar umts--.'_-'
| '_m pip channel 97 of Fig. 6. | "

AsS prekusly, a . signal may be- taken from cathede
of the cathode follower unit, through a lead 88, for use -
in a compensating control channel 98,.

to control 163’ in Fig. 6). Thereaf

97B as those already mentioned in channel QTA.. The_.

two D. C. voltages from divider -135A are for controlling.

the amplitude discrimination levels of the two amplitude

discriminator diodes 142 and 142B. The remainder of:
the two pip channels "are ‘like that ‘of Flg 6 and thus"__ _
erent hias levels
. in these two channels as shown at 107A, Fig. 12A, and -
g5 144C on wave 144B in Fig. 12C, and thus centrol 136 =
“simultaneously allows relatlve adjustment between the

wave shapes 113A and 146. Thus the resultmg pulse =

‘waves 117A and 147C will be different although obtained
--_szmultaneeusly from the same sample |
148 may be adjusted to count the pulses N; received

it is pessﬂale fo develop two signals at dif

" through connector 148A at a preselected level ‘and this

~pulse signal N is. ~also- taken off ‘at 148B- and used in an -
- anti-coincidence circuit 149 of known type .
_ pulses in the two pip channels 97A and 978 are fed into =

5

the anu come1denee elrcult Whlch will enly we an out~ - '

Or alternatively =~

‘amplifier 142, diode =~

- The compensa- -
 tion: conirol channel 98,, however, passes a signal fo the . -
- filter network 99, and thén to amphﬁer unit 101, and to.
‘a bias control stage 133 which has a readily controllable_ L
member 133A which may be set at its #1 position while .
- the control 133’ is adjusted to its 100% level (similar = -
‘ter control 133A may_ .
" be set at its #2 position to give a preseleeted pereent level
| This signal is amplified. and:._"__.-'--f
- rectified by unit 135 to prowde a D C. blaS Eb between
PO int 135’ and ground. - |
. The. rectifier unit 135 is. prov;tded Wlth an’ adjustable L
“control 136 so that a different D. C. voltage derived from -
a voltage divider 135A may be passed by conductors. -

: ‘_-,137A and 1378, respectwely, to pip channels STA and . -
97B. Substantially, similar units.( 1398, 141B,

142B,
'_MlB’ 143B, 145B and 147B) -are eentamed In ehann o

A deeade counter |

The SIgnal S
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put pulse when either signal appears but not when both
appear simultaneously. They cancel each other. The
output from this unit 149 1s sapplied to a second decade
counter 150 which will then give a count N; which is in
- effect the difference between N; count and N, count ob-
tained simultancously.

rrom the N; and N;—N. values from elther electronic
system there is obtained the ratio of

N,
Ny
needed for average size determination.

Selection of scanning aperture size

The optimum scanning aperture size may be determined
from inspection of Fig. 9, keeping in mind that the op-
erating region selected must be such that the distance as a
function of K between the ~ lines should be as constant
as possible. This is important because by so doing the
spread of size distribution effect on count is best mini-
mized. The other requirement is that the changes of ~
in functions of the ratio of -

K,

| Ko
needed for a size determination should be the maximum
possible within size range in which the instrument is
intended to operate. Keeping these two factors in mind
it appears that the best value for + 1s 1.11. This means

that a preferred size for the scanning spot for blood cell
count is

7.2

1.11
microns or 6.5 microns when one bias level ¢4 is equal to
.45 and the other bias level cp is equal to .30.

Use of device

When the device is to be placed in service in the count-
ing and analyzing of blood the following technique may
be used: A sample of blood may be obtained from a
puncturing of a finger or ear lobe in the normal clinical
fashion and diluted in a standard pipette with a conven-
tional fluid (such as Hayem’s solution) to the correct
proportions, preferably 1 part blood to 200 parts of solu-
tion. A portion of the prepared sample is applied to the
slide 12 and the cover plate 18 placed thereover. This
assembly is then placed upon the movable support or
stage 19 with the coated arcas 92 and 93 spaced from _eacgzl
other in the direction of movement of the stages as indi-
cated at 32. | _

Since two different counts at different known perceiti-
apge bias levels are to be made and are to be based upon
the total number of pulses exceeding these known per-
centages of the maximum signa] height -obtainaPIe, it 13
essential to adjust the control 103" while the disc 38 1s
rotating to the position where the decade scaler just ceases
to count pulses with control 103A set in its #1 position.
This establishes a 100% reference or bias level. The
control 183’ may be set at a bias level so that pulses_pass
to the scaler units and then gradually adjusted until no
pulse passes to the scaler. Once the maximum pulse
height or 100% level is established, it 1s a.S}mDIe matter
to set the bias control 103A to its #2 position, start the
stage motor 83 and make a run and then set the control
at its %3 position and make a second rum. These runs
would be at known percentages of the total resistance
103R,, 103Rg and 103R; being used. As previously
stated, two levels may be successively set manually or
automatically when the single pulse channel sysiem Or
Fig. 6 is being used to obtain counis N; and Nz._ |

The slide 12 will be moved to its extreme right hand
position when a count or run is to be made. And, of
course, at this time the decade scaler 119 w_lll be set at
sero. The bias control 103A is swi_tn::hed to 1fs #2 pOSI-
tion (for example 1ts 45% bias position), a run is made
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EE
and a reading taken on the scaler 112. Switch 103A is
then shifted to its #3 position (for example its 30% bias
setting) and a run of the slide 12 across the object field
of the instrument in the opposife directicn made. A
second counti 1s taken. The ratio of one reading to thse
other reading is now to be used. For this discussion, a
ratio of the larger reading N; (at the lower bias leve:)
to the smaller reading. Ny (at the higher bias level) will
be used. |
On the diagram of Fig. 14 (which has the

K,
K,
ratio values o
Kl L . . NI
%, being equal to N,

for the two readings on the horizontal scale and gamma

(v) values |

By

R

on the other scale in function of bias level C; and bias

level C5), take a v value as indicated by line 137 corre-

sponding to the average or mean size cell counted, and

with this value and the value of the bias used obtain from

the diagram of Fig. 9 a value for K for the particular

count under consideration. |
From the basic calibration curve for the insfrument

(the instrument being calibrated for normal size cells)

read the normal count corresponding to normal size par-

(e qual to ratio

ticles. Multiply the normal count by correction factor
L
K

obtained from Fig. 9 and by an additional correction
factor

spot radius—+ normal radius

spot radius4-average radius

to obtain the correct number of cells per unit volume.

«
N3

correction is a detection error while the additicnal factor
is a volume error correction). These two factors together
should correct the actual count so as to give a true count
for the solution being counted. A nomograph such as
shown in Fig. 13 having N; and Ny values and mean
diameter values may be used for any preselected pair of
bias levels and preselected scanning aperture in place of
the above mentioned procedure and curves. In order to
obtain the average size from the readings N; and Np.
A straight line 154 extending through cobtained values for
N, and N, will give a mean diameter value on scale 133.
If either the scanning aperture size or the bias levels were
changed, obvicusly a different nomograph would be re-
quired. | .
When using the two pip channel systems of Figs, 10
and 11 with anti-coincidence circuit 149, values N; and
N, may be cbtained and used; N; being in effect equal to
the N, count minus the Ny count. These values may be
used in a similar manner, or a nomograph (not shown)
using N; and Nj drawn to provide mean diameter values.
While particles in solutions or fluids have been dis-
cussed in the preceding disclosure it should be understood
that dust particles and the like not in soluiion also may
be counted and analyzed in like manner. While red cells
have been discussed primarily in connection with th%s
equipment, white cells may also be counted. For this
count the red cells would be removed by hemolysis and
the nuclei of the white czils, which fortunately are close
to the same size as the red cells, would be sta"ined_or
alternatively the itlumination system changed to give high
contrast between nuclei and the rest of the cell. For
some specimens a trie phase microscope optical system
would be used in place of the system shown in Fig. 1.
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| Smtable mechanical recording means could be prowded _21'
to respond tc. the number of pulses (N; and Ny) being

obtained during successive runs or during simultaneous-

runs and to automatically indicate (in elaee of the nomo-

graph of Fig. 1:) the true count value for the fluid bemc. |

counted or the mean diameter of the particles thereef
hawmg described our invention, we claim: |

ie

a specunen on said support at -SE-lld ob]eet ﬁeld wﬂl be._“. |

passed through at least one and no more than two scanning =

apertures at all times durmg use of the optmal system for_"_

1. An optical system for use ‘with electronic counting .

~ means ifor rapldly and. accurately -determining’ the nuim-
"-her of microscopic particles d1spersed ‘within ‘a prede-
termined unit volume of a specunen of a pr -eselected type,
‘said optical system comprising an objective having an
-object field and an image field eenjunate thereto, a
‘stop in fixed position ad]aeent said image field and epu-

cally aligned with said objective, a support for position-

Held -

ing a specimen - in said object field, a light source and™

condenser means for 11111mmatmg the specimen wheni
. positioned on said suppert in said object. field, means.
for mevng said support transversely with respect to said
optical axis of said optical system, opaque scanning means

'eal axis of said optical syste

 reception by said electronic counting means.

3. An optical system for use with eleetreme eountmg;_j'
means for rapldly and- accurately determining the num-
ber of microscopic particles d1spersed within a prede-_'_..
termined unit velume of a speelmen of a preselected type, -

said optical system eempmmg an objective hevmg an |

chject field and an image field conjugate thereto, a field

stop -in fixed position adjacent said image field and opti-

cally aligned with said. objective, a support for position- -

- 1ag a specimen, in said object field, a 11ght source and con- o
- denser means. for 111um1nat1ng the specimen when posi-
3"uened on -said support in said object field, means for. -

moving said support transversely with respect to the opti-
1, opaque scanning means.

having a series of substantially equally spaced scanning

havmﬂ a series of substantlally equally spaced scannlng .

~apertures of- predetermmed size, the predeternnned size

'of each scanning aperture being closely related .in size -
“to thesize of the image of an average size parnele oL said on
means for actvuating said “

preselected type of spee1mens
scanning means for moving said scanning "apertures in

ranid succession and at a predetermined uniform speed.
through said image field and intc and .out of optical ahgn-
ment with said field to stop and objective, said scanning
- means being arranged to operate eoneurrenﬂy with the .
- transverse movement of said support_and in a dlreetlon _'

| '-"""__eeeularly disposed relative to the direction of movement

-~ of said support, the Spacmg between centers of ad]acent'__

'?.seeeum apertures in said scanning -means bemg no.
orcater than the dlmensmn of the light aperture in said
tee taken in . the directicn- of -movement ef said

field

- apértures of predetermined size therein, the ratio of .the
20 - - .

diamester of the image of an average size particle of said -
preseieeted type of specimens to the diameter of each

- scanning aperture being within a range of ratios between.

approximately 1.25 and appremmately 0.8, means for: |

- actuating said scanning means for moving said scanning

apertures in rapid succession and at:.a predetermined uni-

form speed through said image field and into and out of =

 optical ahgnment with-said field stop and ob]ectlve, said -

- scanning apertures and no less than one half a spemmen N

- on said support, whereby light from -said specimen at
. said eb1eet field will be pessed threugh at least one and
no mere than two scanning apertures at any time during

o use of the eptlcal system for reeeptmn by said- eleetmme

~counfing means.

‘scanning ‘means being arranged to eperate in predeter— )

- mined- timed relation to the transverse movement of
said support and in a direction angularly disposed’ rela- =
‘tive to the direction of movement of said support; the
spacing between centers of adjacent scanning apertures in -

said scanning means being no greater than the dimen-

- sicnt of the light aperture in said field stop taken in the -

direction of movement of said scanning apertures: and

ne-less than one half said dimension, whereby-light from
‘a specimen on said support at said object field. will be-
~ passed through at least cne and no more than two scan- -
- ning apertures at all times during use of the’ eptical sys-

tem for reeeptmn by said electronic counting means |
4, A device for use in rapldly and accurately.. deter- -

 mining the number of microscopic - particles dispersed

2. An optical. system. for use with electronic - eountmgf

- means for rapidly and accurately determining the num- -

- - her of microscopic particles. dlspersed within a prede-.
" termined unit volume of a specimen of a preselected type,-
said-pptical system. comprising an objective. having an-

~ cbiect field and an image field een]ugate thereto, a field -

_stop in fixed position adjacent said image field and opoti-

1__eallv aligned with said objective, a support for positioning

- . a specimen -in said object field, means forming a light
scurce of -substantially annular contour and condenser.

- means aligned therewith for conically 111um1natmg the

specimen when positioned on said support in said object -
55

- fizld, means for moving said support transversely with
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d scanuing apertures of predetermmed size therein;
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1 scanning apertures in rapid succession and at a
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te and eat of optical ahgnment with said field stop
eemrlrreetly with- the transverse movement of
ive to-the direction of movement of said  suppeort, ‘the

- 5PACIngG. beuvee
in’ said- 5een_3mg means bemg no greater than the di-

'“1

mensjon of ihe light aperture in said field stop taken in
cn of movement of said scanning apertures and

B 0o less te:m one. nelf f-:ald dlmensmn, Whereby hght from

ect 1o the optleal axis of said optical system, opagque
ning means having a series of substantlally equally.

erinined uniform speed through said image field 3

-eeﬂters of adjacent scanning apertureS'

2f45 :

within ‘a predetermined unit'volume of a specimen of a .-

preseleeted tvpe, said- device eemerlsmg an optical sys-.

“tem including an obiective having an object field and anf'_'__
image field CDIleﬁ'atB thereto, a support for pesmemng_ |

~a specimen in said object ﬁeld light source means for.

50

NTe 53?6"‘1{1111641 size of eaeh seenmng aperture bemg__}'ﬁo.
size. partzele of . said preselected type of speci-
eans for actuatmg said scanning means for mov-

ﬂh.mmatlng said specimen when pomtmned on said sup- .~ -
. port in said object field, means for mowng said suppe:rt'j.
transversely with respect to te.... optleaI axis - of said. op- - N
‘tical system; scanning means hatnne a series of scanning -
o apertures of predetelmmed size
*in-rapid succession through said image filed, said scan-. .
- ning means being arranged to operate concurrently with -

the movement of said support and in a direction anﬂular-

ly disposed relative to the direction of movement of said
support, said predetermined size of each scanning aper-

ture being closely related in size to the size of the imag

~of an average size particle of said preselected type. of_“_'_ |
specimen, whereby light flux modulation -of appreciablé -
- value will be produced in the 'Lgb:. passing beyond-said = -
- scanning means when’ microscopic particles in said speci-

men. on said support are being - scanned,; pheteeleetr1e_

60

chjective, said scanning means being arranged to

70 ]

- means optically aligned with said ebjeetwe s0 as-to re-_":
ceive the modulated light and provide an electrieal Sig-
-nal the instantaneous. magmtude of which is substantial-
1y proportional to the amount of light belng received -
- thereby, an eleetmme network for amplifving said s1gna1
~first electrical means in said électronic network for pass- .-
ing only. those electrical pulses due to particles. being

- scanned WhICh have electncel ampdtudes greater than a
first preselected value, second electrical means in said = -
network for passmfr enly those electrical pulses due to -
~ said particles being scanned which have electrical ampli-- -
.40

———

_ erent preselected value, -

tudes ﬂreater than a second di

raneed to be moved
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17 .
and first and second counting means connected to said
first and second electrical means, respectively, for sepa-
rately counting the total numer of pulses passed by said
first electrical means and ‘the total number of pulses
passed by said second electrical means during a single
complete cycle of operation of said device.

5. A device for use in rapidly and accurately deter-
mining the number of microscopic particles dispersed
within a predetermined unit volume of a specimen of a
preselected type, said device comprising an optical sys-
tem including an objective having an obiect field and a

18

substantially proportional to the amount of light being

- received thereby, an electronic network for amplifying

- sald sig

1

image field conjugate thereto, a support for positioning

a specimen in said object field, light source means for
illuminating said specimen when positioned on said sup-
port in said object field, means for moving said support
transversely with respect to the optical axis of said op-
tical system, scanning means having a series of scan-
ning apertures of predetermined size arranged to be
moved 1n rapid succession through said image field, said
scanning means being arranged to operate concurrently
with the movement of said support and in a direction
angularly disposed relative to the direction of movement
of said support, said predetermined size of each scan-
ning aperture being closely related in size to the size of
the 1mage of an average size particle of said presslected
type of specimen, whereby light flux modulation of ap-
preciable value will be produced in the light passing be-
yond said scanning means when microscopic particles in
sald specimen on said support are being scanned, pho-
toeleciric means optically aligned with said objective so
as to receive the modulated light and provide an elec-
trical signal the instantaneous magnitude of which is
substantially proportional to the amount of light being
received thereby, an electronic network for amlifying
sald signal, adjustable bias control means in said elec-
tronic network for establishing a maximum bias level
which is substantially equal to the maximum pulse am-
plitude due to particles being scanned, first and second
fractional bias selecting means in said network for se-
iecting first and second biases egual to two different
known fractional portions respectively of said maximum
vlas, and for passing respectively only those electrical
puises of amplitudes greater than said selected biases,
and first and second countine means connected to said
first and second fractional bias selecting means for sepa-
rately counting the number of puises, representative of
the particles, passed by said last-mentioned means at
said first fractional bias level and at said second frac-
tional bias level respectively.

6. A device for use in rapidly and accurately deter-
mining the number of microscopic particles dispersed
within a predetermined unit velume of a specimen of a
preselected type, said device comprising an optical SYVS-
temn including an objective having an obiect field and an
image field conjugate thereto, a support for positicning a
specimen in said object field, light source means for il-
lnminating said specimen when positicned on said sup-
port In said object field, means for moving said supvort
transversely with respect to the optical axis of said op-
tical system, scanning means having a series of scan-
ning apertures of predetermined size arranged to be
moved 1n rapid succession through said image field, said
scanning means being arranged to operate concurrently
with the movement of said support and in a direction
angularly disposed relative to the direction of movement
of said support, said predetermined size of each scan-
ning aperture being closely related in size to the size
of the image of an average size particle of said prese-
lected type of specimen, whereby light flux modulation
of appreciable value will be produced in the light pass-
ing beyond said scanning means when microscopic par-
ticles in said specimen on said support are being scanned,
photoelectric means optically aligned with said objective
so as to receive the modulated light and provide an elec-
irical signal the instantaneous magnitude of which is
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al, first electrical r:i:2ans in said electronic net-
work for passing only those electrical pulses due to par-
ticles being scanned which have electrical amplitudes
greater than a first preselected value, second electrical
means in said network for passing only those electrical
puises due to said particles being scanned which have
electrical amplitudes greater than a second different pre-
selected value, first and second counting means ccnnect-
ed to said first and second electrical means, respective-
ly, for separately counting the total number of pulses
passed by said first electrical means and the total num-
ber of pulses passed by said second electrical means dur-
Ing a single complete cycle of operation of said device,
and additional counting means connected to said first
and second counting means for counting only the num-
ber of pulses which are counted by one of said count-
g means and not counted by the other of said count-
ing means. |

7. A device for use in rapidly and accurately deter-
mining the number of microscopic particles dispersed
‘within a predetermined unit volume of a specimen of a
preselected type, said device comprising an optical sys-
tem including an objective having an object field and an
image fleld conjugate thereto, a support for positioning
a specimen in said object field, light source means for
illuminating said specimen when positioned on said sup-
bort in said object field, means for moving said support
transversely with respect to the optical axis of said optical
$ysiem, scanming means having a series of scanning aper-
tures ot predetermined size arranged to be moved in
rapid succession through said image field, said scanning
means being arranged to operate concurrently with the
movement of said support and in a direction angularly
disposed relative to the direction of movement of said
support, said predetermined size of each scamning aper-
ture being closely related in size to the size of the image
Cf an average size particle of said preselected type of
specimen, whereby light flux modulation of appreciable
value will be produced in the light passing beyond said
scanning means when microscopic particles in said speci-
men on sald support are being scanned, photoelectric
means optically aligned with said objective so as to re-
ceive the modulated light and provide an electrical sig-
nal the instantaneous magnitude of which is substantial-
ly proportional to the amount of light being received
thereby, the spacing between centers of adjacent scan-
ning apertures being such as to present to the light trans-
mitted by said objective at all times during operation of
the device an effective scanning area which is equal to
the area of at least one scanning aperture, an electronic
network for amplifying said signal, adjustable bias con-
trol means in said electronic network for establishing a
maximum bias level which is substantially equal to the
maximum pulse amplitude due to particles being scanmned,
first and second fractional bias selecting means in said
netwerk for selecting first and second biases equal to two
different known fractional portions respectively of said
maximum bias, and for passing respectively only those
electrical pulses of amplitude greater than said selected
biases, and first and second counting means connected
to said first and second fractional bias selecting means
for separately counting the number of pulses, represen-
tative of the particles passed by said last-mentioned means
at said first fractional bias level and at said second frac-
tional bias level respectively.

8. A device for use in rapidly and accurately deter-
mining the number of microscopic particles dispersed
within a predetermined unit volume of a specimen of a
preselected type, said device comprising an optical sys-
tem including an objective having an obiect field and an
image field conjugate thereto, a support for positioning
a specimen in said object field, light source means for
illuminaiing said specimen when positioned on said sup-
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15)

L ;-pert in sa1d eb]ect field, means for movmg said support

21)

- first and second biases equal to- tWo dLﬁerent knewn frac-.

- transversely -with respect to the optical axis of said opti- |

- :cal system; scanning means havrng a Series of scanning
apertures of predetermmed size- arrantred to- be - moved
: ;111 rapid succession through said image field, said scan- -

‘ning means being arranged to operate eencurrently Wlth- B

the movement of said support and in .a direction angu-

larly disposed relative to the drrectlon of movement of -

. said support, said predetermmed size of each scanning

. aperture being closely related in size to the size of the
- image of an average size partlele of said- presel cted
type of specimen, whereby light flux modulation of- ap- .
preciable value will be produced in the light passing be-
. yond said scanning n
.. said specimen-on said support are being scanned, photo- -
 electric means optically aligned with said. eb]ectwe sO
. as to receive the modulated light and provide an elec- -
- trical signal the instantaneous magnitude of which is sub-- -
- ‘stantially proportional to the amount of light being re-

eans when microscopic particles in

tional pertreas respectively of said maximum bias, and
| _;f{;«r passing respeetlvely only those -electrical - pulses of -
- amplitudes greater than said selected biases, and first and
- second counting means connected to. said first and sec- -
ond fractional bias selecting means-for separately count-
ing the number of pulses, representative of the partlcles_f -

~ passed by.said last-mentmned means at said first fractional -

15 -

- ceived thereby, the spacing between centers of adjacent °

. scanning apertures being such as to present to the light
-~ 4ransmitted by said objective at-all times during opera--
~ tion of the-device an effective scanning aperture. which .
25
-~ and an -area appreerably greater than the area of -one

s altemately equal to the area of one scanning aperture

- scanning aperture, an electronic network for amphfymg .

- said signal, adjustable bias control means in said elec-

. tronic” network for establishing a maximum bias level
~which is substantially equal to the maximum pulse ampli-

,30'

~ tude due to particles being scanned, first and second frac-
2 ;uonal blas selectmg means in saad network fer selectlng'

20

_1' ~bias Jevel and at sald seeend fractmnal b1as 1eve1 respee—- |

g twely o o
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