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This invention relates to__ a new and improved means 
for circulating a ?uid stream containing particles to be 
illuminated through an illumination zone located within 
a closed chamber such as may be incorporated within a 
colloidal particle counter or generally similar or related 
device. The present application is a continuation of 
co~pending application, Serial No. 21,326 ?led April 16, 
1948, now abandoned. 

It is contemplated that the practice of the present inven 
tion will have particular utility in connection with various 
means and methods particularly devised for metering the 
number of particles contained within a fluid body or 
stream and/ or for determining sizes of particles contained 
Within such ?uid streams or bodies. As examples of the 
foregoing, it has been found that the particular apparatus 
iliustrated in the drawings and hereinafter described, in 
conjunction with suitable known electronic means here 
inafter brie?y mentioned, can bev successfully utilized to 
count the number of colloidal particles contained within 
an aerosol stream, as for example, smoke, dust, smog or 
like aerosol streams. 
As a practical example of the foregoing it is contem 

plated that the practice of the present invention will have 
utility in testing the e?iciency of gas mask ?lters which are 
speci?cally designed to ?lter toxic or obnoxious particles, 
such as harmful bacteria, from the surrounding air prior 
to inhalation. A principal object of the present invention 
is to disclose and provide for a novel and useful means for, 
and a method of, circulating a stream of particle carrying 
fluid into a closed chamber through a restricted focus area 
or illumination zone located in ‘said chamber and thence 
outwardly from said chamber in such way as to insure 
that each particle passes through said focus area or illu 
mination zone at least once and only once in its travel 
through said chamber. . > -' - 

Another object of the invention is to provide means for, 
and to disclose a method of, sheathing a fluid particle 
carrying stream within the core of a larger vsurrounding 
tubular stream of substantially particle free ?uid which 
functions to circulate said particle carrying stream into a 
closed chamber through a relatively restricted focus area 
or illumination zone and outwardly of said chamber, in 
such way as to constantly maintain said particle carrying 
?uid within the core of said surrounding tubular particle 
free ?uid. i 

Numerous other objects and advantages of the present 
invention will become apparent upon reading the follow 
ing speci?cation and referring to the accompanying draw 
ings in which similar characters of reference represent 
corresponding parts in each of the several views. 

In the drawings: 
‘ Fig. l is a vertical longitudinal cross-sectional view 
taken on the center line of the lens system in a preferred 
example of the particle counter. > 

Fig. 2 is a sectional view taken on line 2—2 of Fig. 1. 
Fig. 3 is a block diagram of a known electronic system 

which may be employed in association with the present 
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invention for counting particles contained in an aerosol 
stream. 
The device embodying the present invention as shown 

in Figs. 1 and 2 in the drawings comprises apparatus 
speci?cally developed for counting smoke particles con 
tained in an aerosol stream. 
The device illustrated comprises optical apparatus in 

cluding a lens housing 1 in which is mounted two aspheric 
condensing lenses 2 and 3. The optical system further 
comprises a light source 4 which may consist of a conven 
tional 6 volt 50 candlepower automobile headlight bulb 
preferably mounted for adjustable vertical and horizontal 
movement relative to lenses 2 and 3. 
More speci?cally lamp 4 is preferably mounted in a 

split brass block 5, one side of which is screwed to an 
annular plate 6. This allows the lamp to be adjustably 
clamped in a horizontal plane. The plate is shown as 
being fastened to the shoulder of cylinder piece 8 by means 
of two machine screws 7 passing through short slots out 
along a vertical diameter of the plate, thus allowing ver 
tical adjustment of the lamp. The cylinder is machined 
to a sliding ?t over the end of the lens housing 1 and 
may be screwedin place by means of a set screw extend 
ing through a slot in the top of the cylinder which allows 
the lamp to be moved relatively toward and away from 
the lenses for accurate focusing. 
Mounted adjacent lens 3 is a transparent glass plate 18 

to the face of which is cemented a masking disc 19 of 
opaque material such as black paper which is adapted to 
produce coaxial hollow cones of light 21 and 22. As 
illustrated in Fig. 1 the lenses 2 and 3 bring to focus the 
light beam emitted from light source 4 at focus area 23. 
To simplify the drawing the focus area is shown as a 
point source producing a point image, although actually 
the focused image of the ?lament of the electric lamp will 
have a determinable and measurable width. For example, 
if the aforesaid 6 volt 50 candle-power automobile head 
light buib is employed the image of the ?lament at the 
focus area 23 will be about 4 mm. wide. The shadow 
cast by the paper disc 19 consists of two similar coaxial 
cones 25 and 26 with their apices near the focus area. 
As will appear more fully hereinafter smoke or other 

particle carrying ?uid entering the inlet tube 37 is caused 
to be circulated into closed chamber 28, sometimes here 
inafter referred as the smoke cell, through the well de?ned 
limits of the focus area 23 and outwardly from said cham 
ber. Light scattered from the smoke or other particles 
will activate light sensitive phototube or photocell such 
as indicated at 29, which in turn may be electrically con 
nected to various types of electronic mechanisms and cir 
cuits hereinafter brie?y mentioned for electronically 
counting the number of particles passing through the focus 
area and/or for determining size of the particles passing 
through the focus area. 
As heretofore mentioned the smoke cell compiises a 

closed chamber having normally closed vents 31 and 
32 which may be employed to ?ush the smoke cell 28 
with a clear particle free-?uid, such as ?ltered air, be 
fore using the device in its intended manner. Vents 
31 and 32 may be kept closed in any suitable manner 
as for example by pinched rubber hoses connected to 
them (not shown) or by other suitable means. 
A diaphragm 33 having a central aperture 33a is 

mounted in the smoke cell to the light source side of 
the inlet and exhaust tubes hereinafter described,’ and 
serves to shield the photosensitive cell from stray light. 
A tubular shield 30, disposed between lens 30a and the 
photosensitive cell, also protects the latter from stray 
light. Preferably the interior surfaces of the smoke cell 
and tubular shield 30 are painted with dull optical black 
lacquer. 
. The means shown for circulating the ?uid particle 
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carrying 'str'ea'iif’into‘chah‘iber 28 and through the focus 
area 23-comprises two concentric tubes‘37 and 38~and 
an exhaust tube 39 axially~- aligned with tubes 37 and 
38 and having. substantially‘the same diameter as. outer 
concentric tube‘38. ’ ’ ‘ More“ speci?cally‘ the' outer‘ concen 
tric tube 38 is adapted for connection as at 41 ton 
source ' of substantially "clear' particle 'free‘ circulating 
‘?uid, such as ?ltered air. In this connection the outer 
end of tube 38 may be connected with a supplyline in 
which is disposed a suitable ?lter‘lnot shown) for ?l~ 
tering a'ir prior to’ its ‘?ow into tube 38, The ?ltered 
air supply source is "also'preferably provided with a 
conventional ‘?ow'pumpi 40 or like means for pumping 
‘?ltered air through tube '38 at alpredet'erm'in’e‘d rate-of 
?ow. 'In' this‘ regardI’Ithe'?lI‘t'ered air 'supplydineis also 
preferably “provided with " ‘ai‘suitab'le ‘conventional ?gvv 
meter (not shown) to‘"indicate‘lthe'ratélof new of air 

being pumpedinto said't'ubei38.“ ' ‘ ' _ “ The inner end portion‘ of’the‘ outer tube 38 extends 

into the interior of the'cliamber '28_jalon'g an axis dis 
posed perpendicular to the axis the light beam from 
source 13. The inner end extremity of tube 38‘ ter 
minates' interiorly of chamber'2I8 adjacent focusarea 23 
and said tube is disposed in axial alignment \vithIthIc 
center point of said focus area. _ I I I I ‘ I'Inner concentric tube 37 ' of: substantially smaller 

diameter thanI'outer'tubeI38I thereby establishing an vIair 
passage between the exterior ‘surfaces of inner tube 37 
and the interior surface of tube 38. The outer end of 
tube 37 is adapted to be connected to the source of par 
ticle carrying ‘?uid to be illuminated,IIsuch as a smoke 
stream. For example, if itjis ‘desired to count the pain 
ticles suspended in the atmosphere in ‘a given ‘locality ‘the 
outer end of tube 37 would simply be maintained in open 
?ow communication with the atmosphere.‘ It is im 
portant that the interior cross-sectional area of inner 
tube 37 be substantially less'than the well de?ned ‘lim 
its or width of the focusarea'through which the par 
ticle carrying ?uid stream is adapted to pass through. 
In short, it is considered essential to thepractical op 
erativeness of the device that all‘of the particles car 
ried in the smoke or other particle carrying stream which 
is introduced into chamber 28 viaItub'eI 37 pass‘ through 
and be illuminated "within the, focus'area atle'ast'once 
and, of course, only once.‘ _ v _ _ ' , _ v 

Exhaust tubey39 preferably projects into chamber 28 
from‘the side thereof ‘.opposite, inlet tubes 37'a‘nd. 38. 
The inner portion of ‘the ‘exhaust, tube 39_Ip_rojects into 
the chamber in coaxialn‘ali‘gnment withsaid inlet tubes 
37 and 38 andlIth'e jinner‘en'd extremity of said exhaust 
tube- te‘rmin‘ate‘sjadjacent'the‘foc 's‘iarea on the Isijdethere 
‘of opposite ‘the endfextremities ,‘of .iinlet tubes 3.7"Iand 
38. ‘ The‘ outer end "of exhaust rune 39,v is adapted. for 
connection to‘ asuitabie liowj‘met‘ ‘fi‘(not shown) . and a 
conventional‘ vacumnpumpns ‘1p; Iikei‘mea'n's whichfis ' ' 
provided ‘to induce‘ outwardjexhaustf?ow .“of thfef?uiIds 
entering the chamber‘via‘“inle'f ‘ti1bes137gand 38. __ _ _, ,_ 

The above described arrangement of elements com 
prising tubes 37, 38 and“39]and associated pumps 40 
and 45, are adapted to operate so as to continuously 
forward the stream 'of particle" carrying ?uid, such as 
smoke, through the focu‘sjfaiea While?sheathedpren 
cased within: theihollo‘w' ,eoremofi epntinuOusIy .flow; 
ing'tubul'ar s'tream‘bf particle-free circulating ?uid‘ such 
as ?ltered‘ Iair. Moreispeci?cally,ithe ?ow pump cen 
nected with tube 38 isoperatedfat a speedto Ipu'mpI ?l 
teredI 'airthrough tube '38 at “a pre-dIeterminedIIrate _of 
flow. , The rate off?ow through tube 38 may be deter_ 
mined and maintained by use of a suitable flow meter 
(not‘shown) connected to tube 381 ' Vacuum pump 45 
associated with exhaust tube 39Im_ay be simultaneously 
operated ‘to withdraw at a'measured ratethe' ?uid intro; 
duced into chamber ZS'via inlet tubesi37rand-3s at a-pred'e 
termine‘d rate br'ssw ‘substantially higher than the rate;of ~ 
_?ow of ?ltered air being pumped through line 38’ by 
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its associated ?ow pump 40'. Thus ?ow pump 40 may 
~be-operated~to circulate?ltered air through tube 38 at 
a predetermined rate of ?ow of three liters per minute 
for example. At the same time vacuum pump 45 can 
be operated to withdraw air from the chamber 28 at a 
predetermined rate of ?ow of four liters per minute. In’ 
view of the fact that the ?ow rate on the exhaust sidc 
of the’ smoke ‘ch-'a‘mb'erds greater‘ than the ?ow rate of 
?ltered air‘ being introduced into the chamber. through 
inlet tube 38 the pressure within the smoke cell 28 is 
reduced, thereby-‘inducing ‘an inward‘?ow of particle 
carrying ?uid through the inlet tube 37 which builds up 
to: a steady state in'which the sum of the flow rates in 
tubes 37 ‘and '38 equalstlie-exhau‘st flow rate' in tube 39. 

Moreover, it is believed evident that the ?ow rate of 
the particle carryingst'ream :thr'ough tube 37 is equal to 
the difference between the known ?ow rates through 
tubes 38 and 39. - In the example given above, the ?ow 
rate thr'ouglitubei37 can be‘readily determined simply 
by subtractingthe known‘?ow rate of three liters per min 
the Ithrough tube" 38' from the known ?ow rate of 4 
liters per minute through exhaust tube 29 which gives 
‘assumes-"1 ‘liteniie?miniite' ?ow rate through tube 
37.‘ It"s'h'oi1Id"’be‘ pa'rtieul'arlyl'noted ‘that this arrange 
ment‘for measuring "the v?ow ‘rate does not require any 
constrictions, such as are employed in conventional ?ow 
meters; in’the' s'moke:"inlef'tube 37 or the smoke ?ow 
line'leadiiig to this vtu'beQ'I It is well known that constric 
dons-‘off this ‘sorr'we'ma disturb the ?ow pattern in the 
smoke stream‘ and causere‘moval of some of the smoke 
‘parades-j thereby IlimiItingIj the usefulness of such con 
venuenai“?owjmewnng ~arrangements. The improved 
system; described hereiri,"I_is_ I generally superior because 
it minimizes deposition of the smoke particles. 
""It is’alsoimpor'tant that the smoke stream remains 
completely sheathed ‘within vthe stream of particle ‘free 
air‘ and accordingly noiIpractic'al possibility exists for the 
'particles in the's'tnoke'stream to escape through said 
sheath into the smoke cell with consequent danger of 
recirculation back‘ through'the focus area, in spite of the 
unavoidable mixing of the outer layers of the ?ltered air 
stream'with air contained in the smoke cell. I 
The s'heathfof'I?ltered a'ir,'ent'ering through the outer 

concentric tube 38 is maintained at about the same linear 
rate'of?ow as the smoke stream ?owing through tube 
37.~ "More‘speci?eallyj in the preferred embodiment, the 
ratio between‘the?ow rate of the ?ltered air stream in 
tube 38I'and1thatof the; smoke‘stream through inlet tube 
37~is1adjustedfto'jbeequal toI‘the ratio between the 
cross-sectional'IIareafof ‘the stream in 38 and the cross 
sectional-areajof the Istream‘37. ,IThiIs insures that the 
linear rate of‘?o'w of the 'smoke'strearn through the ‘focus 

_ ype commercially , available 
pho _ ‘ _ otoeell's, .such“ as. heretofore indicated at 
29I,_.'rn'ay .b'e'l'used.aecordingito speci?c requirements of 
instruments present invention, it has 
been found that the-,Icgmtnercially available RCA type 
931—AI electron multiplier tube and the photoconductive 
thallous sul?de ccll?will- give detectable responses to scat 
tered light from individual smoke particles passing 
throughx-the .foeusuarea of the smoke cell.‘ . . . 
Theiesponse of, the photocell to particles at the focus 

area in. the presentembodimentresults in the production 
ofpIulses of photocurrent when the particles. traverse the 
focus area of theinstrument. Assuming thatthe device 
is to be employed primarily to count individually the 
pulses,o?photocugrent; andwto determine the time rate 
of production .O?znulses; which,._when related to the flow 
rate, gives immediately the. Yolumeconcentration of de 
tectable; particles “in. the rsmoke :stream passing through 
the/focu'sarea of-the smoke-cell; the apparatus with which 
such counting may be effected is diagramatically illus 
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trated in Fig. 3 by a block diagram‘ of an electronic cir 
cuit which may be employed. 

Referring to Fig. 3, scattered light from particles trav 
ersing the optical system shown in Fig. 1 falls upon the 

. photocell 29. The electrical signals from the photocell 
are fed to a conventional electronic ampli?er 50, in which 
the steady component of the signal is blocked out and 
the pulses are ampli?ed. The ampli?ed pulses are fed 
to a conventional discriminator and trigger circuit 51, 
such as the type illustrated by Dunning in Review of 
Scienti?c Instruments, volume 5, page 387 (i934), for 
exampie. The discriminator is adjusted to a predeter 
mined level to reject pulses below a certain amplitude, 
and the trigger circuit is activated by pulses above that 
level. The output of the trigger circuit is fed to the 
mechanical register 52, from which readings may be taken 
in conventional ways to establish the rate of, production 
of electrical signals which exceed the predetermined level. 
An oscilloscope 53 is connected across the output of the 
ampli?er 59, to aid in adjusting the instrument and in 
interpreting the source of the pulses. Thus, large pulses 
arising from dust particles can often be distinguished 
from the pulses produced by the smoke particles, and an 
indication of the sizes of the individual smoke particles 
can be obtained from the sizes of the pulses. 

In the embodiment shown in Fig. l, the photosensitive 
cell 29 and the ?rst vacuum tube of the ampli?er system, 
mounted in the socket 33b, may be maintained at a low 
humidity within the sealed enclosure 34 by means of a 
desiccant shown at 35, and electrical connections carried 
out through the pins 36. Such an arrangement elimi 
nates any undesirable effects of moisture upon the opera 
tion of the photosensitive cell and‘ the ?rst vacuum tube 
in the conventional ampli?er as indicated diagrammati 
cally in Fig. 3. 

It is understood that the above electronic system does 
not constitute a part of the present invention per se, such 
circuits being well known and understood in the art, and 
it is evident that other well-known electronic circuits may 
be employed successfully in connection with metering a 
particle carrying stream. 

It is also well known that the output of any ampli?er 
contains spurious and random pulses which interfere with 
the detection of small electrical signals such as those ob 
tained from sub-micron particles in the embodiment 
herein described, and that the interference from such 
signals can be reduced by employing various types of 
?lter circuits which reduce the band-width of the re 
sponse system. This employment of ?lter circuits, to 
improve the ratio of signal to spurious noise pulses, leads ' 
to the production of signals which depend in size upon 
the time interval during which the particle is in the focus 
area of the optical system. A further factor, which may 
make the signal depend upon the time interval in this 
way, is the frequency response of the photosensitive de~ 
vice itself. It has been found, in the case of the thallous 
sul?de cell, that this effect was quite large, even when 
?lter circuits were not employed. Since it is highly de 
sirable that the signal produced be representative of the 
particle, and substantially independent of its line of ?ight 
within the cross-sectional area of the smoke inlet tube 37, 
the particular arrangement of the smoke stream within 
a ?owing sheath of air, in which all-of the smoke particles 
traverse the focus area at substantially the same velocity, 
is one which is to be preferred to all existing systems 
taught by prior art, in applications involving counting of 
individual particles. 

I claim: 
1. In combination with a light source and optical means 

for illuminating, at a relatively small focus area, particles 
carried in a ?uid medium through said focus area, the 
combination of elements comprising: means forming a 
closed chamber surrounding said focus area a ?rst inlet 
tube adapted for connection to a source of substantially 
clear particle-free circulating ?uid located exteriorly of 
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said chamber; the inner end of said ?rst inlet tube extend~ 
ing into the interior of said chamber from a ?rst side 
thereof along an axis disposed perpendicular to the beam 
of light brought to focus at said focus area; the end 
extremities of said inner end portion of said ?rst inlet 
tube terminating adjacent said focus area at the ?rst side 
thereof and in axial alignment with the central point of 
said focus area; a second inlet tube adapated to be con 
nected to a source of particle-carrying ?uid to be illumi 
nated in said focus area; the inner end portion of said 
second inlet tube being of substantially smaller diameter 
than said ?rst inlet tube and disposed concentrically 
within said ?rst inlet tube de?ning an annular ?uid pas 
sage between the exterior surfaces of said second tube 
and the interior surfaces of said ?rst inlet tube; the in 
ner end of said second inlet tube terminating adjacent 
the inner end of said ?rst inlet tube adjacent said focus 
area at the ?rst side thereof; and an exhaust port formed 
in said chamber spaced from the inner end extremities 
of said ?rst and second inlet tubes and located at the 
second side of said focus area opposite said ?rst side, 
the space between the inner ends of said ?rst and second 
tubes and said exhaust port being occupied solely by the 
atmosphere of said chamber. 

2. The combination according to claim 1 and wherein 
said exhaust port is formed in the second side of said cham 
ber directly opposite and in axial alignment with the 
inner ends of said ?rst and second inlet tubes. 

3. In combination with a light source and optical 
means for illuminating, at a relatively small focus area, 
particles carried in ‘a ?uid medium through said focus 
area, the combination of elements comprising: means 
forming a closed chamber surrounding said focus area 
a ?rst inlet tube adapted for connection to a source of 
substantially clear particle-free circulating ?uid located 
exteriorly of said chamber; the inner end of said ?rst 
inlet tube extending into the interior of said chamber 
from a ?rst side thereof along an axis disposed perpen 
dicular to the beam of light brought to focus at said 
focus area; the end extremities of said inner end por 
tion of said ?rst inlet tube terminating adjacent said 
focus area at the ?rst side thereof and in axial alignment 
with the central point of said focus area; a second inlet 
tube adapted to be connected to a source of particle 
carrying ?uid to be illuminated in said focus ‘area; the 
inner end portion of said second inlet tube being of sub 
stantially smaller diameter than said ?rst inlet tube and 
disposed concentrically within said ?rst inlet tube de?n 
ing an annular ?uid passage between the exterior sur 
faces of said second tube and the interior surfaces of 
said ?rst inlet tube; the inner end of said second inlet 
tube terminating adjacent the inner end of said ?rst inlet 
tube adjacent said focus area at the ?rst side thereof; an 
exhaust tube leading from the interior to the exterior of 
said chamber; the inner end of said exhaust tube pro 
jecting inwardly into said chamber from a second side 
thereof and terminating adjacent said focus area at the 
second side thereof in spaced relation from and directly 
opposite and in axial alignment with the inner ends of 
said ?rst and second inlet tubes; and means associated 
with said ?rst inlet tube and said exhaust tube for circu 
lating ?uid streams through said ?rst and said second in 
let tubes into said chamber through said focus area and 
outwardly from said chamber through said exhaust tube; 
the space between the inner ends of said ?rst and second 
tubes and the inner end of said exhaust tube being 
occupied solely by the atmosphere of the chamber. 

4. The combination according to claim 3 and wherein 
said last named means comprises: ?rst means including 
pump means connected to said ?rst inlet tube for circu 
lating substantially particle-free ?uid through said ?rst 
inlet tube into said chamber at a predetermined ?ow rate; 
and second means including pump means connected to 
said exhaust tube for withdrawing ?uid from said cham 
ber through said exhaust tube at a predetermined ?ow 
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rate greater than the flow rate of said particle-free ?uid 
being circulated, through'said ?rst inlet tube into said 
chamber through said ?rst inlet tube. 

5. In combination witha light source and optical means 
for illuminating at a relatively smallfocus area, particles 
carried.v in a ?uid medium-through said focus area,,the 
combination of elements comprising: -means forming a 
‘closed chamber surrounding said focus area a ?rst inlet 
tube extending‘ into the interior of said chamber from a 
?rst side thereof along an axisdisposed perpendicular 
to the beam of light brought to focus at said focus area; 
a second inlet tube disposed concentrically within said ?rst 
inlet tube de?ning an annular passage between the exte 
rior of said second tube and the interior of said ?rst tube; 
the inner end extremities of said ?rst and second tubes 
terminating adjacent said focus area at the ?rst side 
thereof and in axial alignment with the central point of 
said focus area; an exhaust poit formed in the second 
side of said chamber spaced from the inner end extrem 
ities of said ?rst and second tubes and located at the 
second side of said focus area opposite said ?rst side; an 
annular stream of substantially clear particle free ?uid 
circulating from a source located exteriorly of said cham 
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her throughsaid annular passage between said ?rst and 
second tubes, across the space vbetweenqsaid tubes and 
saidlexhaust port, and outwardly of said‘chamber through 
said exhaust port; a?uid particle carrying stream circu 
lating from a source-located exteriorly of said chamber 
through said second tube and carried within the core of 
said annular stream of particle free?uid across the space 
between said ?rst?an’dssecond tubes and said exhaust 
port; the annular. particle-free stream constituting the 
sole-envelope mnsaidvchamber surrounding said par 
ticle stream through said ‘focus area. ‘ 
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