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PARTICLE COUNTING APPARATUS INCLUDING ISOLATED .MANOMETER 

BACKGROUND or THE INVENTION 
The present invention relates to'?uid pressure moni 

toring devices of the manometer type and particularly 
to a manometer system used in association with a parti 
cle study device of the type presently classi?ed in Class 
324, Subclass 7l. 7 a - Y ' 

In particle study devices of the type such as is dis 
closed in U.S. Pat. No. 2,656,508‘, a ?rst, small vessel is 
partially immersed in a - fluid contained in a second 
larger vessel. The ?uid contains a suspension of partic 
ulate matter. The smaller vessel has an aperture formed . 
in its wall below the ?uid level. A source of vacuum is 
connected to the smaller vessel creating a pressure dif 
ferential which ‘causesthe fluid, and particulate vmatter 
to be drawn from the larger vessel through the aperture 
into the smaller vessel.‘ln the use of the particle study 
device, as each particle in the?uid suspension passes 
through the aperture it is sensed andv analyzed by a 
technique now commonly referred to as the Coulterv 
principle and ?rst disclosed in the above noted US, 
Pat. No. 2,656,508. This .type of particle study device is’ 
now commonly referred to as a ‘Coulter type particle 
study device. ‘ ' ' ‘ ~ I ~ ~ ' 

In a Coulter type particle. study device it is desirable 
to draw the ?uid suspension through the aperture at a 
constant rate and to meter the exact amount of ?uid 
suspension passing through'the aperture in a predeter 
mined time period. This is most often accomplished by 
use of a manometer-syphon arrangement such as is dis 
closed in US. Pat. No. 3,259,842. In this patent a gen 
erally U-shaped mercury manometer is attached to the 
small inner tube. When the source of vacuum noted 
above is connected to the inner tube it will cause the 
mercury in’ the U-shaped manometer todisplace and 
rise into the leg of the manometer'connected to the 
smaller inner vessel. When the vacuum is removed the 
mercury will attempt ‘to return to an'equilibrium ‘state’ 
in the U-shaped manometer tube. This will create a 
constant pressure differential within the inner vessel 
causing the ?uid suspension to be drawnv through the 
aperture and into the inner vessel; ’ 
The manometer tube described in the aforemen 

tioned US. Pat. No. 3,259,842 also includes a‘ pair of 
contacts located in a section of the tube. These 
contacts are spaced apart by a‘predetermin'e'cl distance 
de?ning a predetermined volume of mercury,‘and are 
connected to the particle study device for starting and 
stopping'the particle study device. By measuring the 
passage of a predetermined volume of mercury past the 
two points noted and knowing the aperture size and 
?ow rate through‘the aperture‘ in response to the ?xed 
pressure differential, :the volume of ?uid suspension 
passing through the aperture can be ascertained. 

In the above described apparatus the mercury in the 
U-shaped tube must be displaced to a'?xed height in 
one leg in order to maintain a predetermined pressure 
differential within the inner vessel. If the mercury is dis 
placed to a lower level insufficient pressure will be 

- maintained resulting in the passage of a'smaller-volume ‘ 
of ?uid suspension. If it is displaced to a higher level ex- _' 
cessive pressure will be' applied causing an excessive 
volume of ?uid suspension to pass through the aper 
ture. It also is possible for‘ the excessive" pressure to 
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cause damage to the inner vessel itself particularly in 
the area surrounding the aperture. 
The ?uid suspension passing into the inner vessel or 

the vapors from the fluid suspension may come in 
contact with the mercury in the manometer syphon 
structure during either operation of the apparatus or 

u-removal of the ?uid in the inner vessel. This contact 
often times will contaminate the mercury requiring re 
placement of the mercury and a complete cleaning of 
the manometer structure, a time consuming and expen 
sive process. 

’ [SUMMARY OF THE INVENTION 

In practicing this invention an apparatus including an 
isolated manometer is provided which is particularly 
adapted for use in a particle study device wherein pres 

' sure differential causes a suspension of particulate mat 
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ter to pass through an aperture. The apparatus includes 
a housing which de?nes a chamber having an inner 
?exible inelastic portion positioned therein formed in 
the shape of a bag. A manometer apparatus having a 
first open end extends into the inner portion of the 

‘ chamber. Means are provided for displacing the ?uid in 
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the manometer into the'bag de?ning the inner portion . 
to expand the same, expel ?uid from a portion of the 
chamber and create a disequilibrium in the manometer. 
‘Upon removal of the displacing means the manometer 
?uid will exit the bag causing it to collapse and create 
a pressure differential in the chamber. This pressure 
differential is coupled to the particle study device for 
causing the suspension to. pass through the aperture. 

BRIEF ‘DESCRIPTION OF THE DRAWINGS 

~' The single FIGURE is a vertical section view taken 
through the apparatus of this invention connected to a 
particle ‘study device, portions of the device and appa 
ratus being shown diagrammatically. 

DESCRIPTION, OF THE PREFERRED 
EMBODIMENT, , 

Referring to the drawing, a particle study device of 
' the Coulter type is shown including an inner closed ves 
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sel 10 and an outer open vessel 12 which may be-a sim— 
ple beaker. The inner vessel 10 is ?lledwith an electri 
cally’conductive ?uid 14 and is at least partially im 
mersed in the body of a ?uid suspension 16 carried in 
the outer vessel 12. The ?uid suspension 16 includes 
particles whose concentration or properties it is desired 
to study. The lateral wall of the inner vessel 10 is pro 
vided with a ?ne aperture 18 which, in most instances, 
ranges from 20 to 200 microns in diameter. Aperture 
18 is the principle or only electrical and physical path 
existing between the two vessels 10 and 12. An elec 
trode 20 is positioned in outer vessel 12 and connected 
to a particle analyzer 22 of the Coulter type via con 
ductor 24. A second electrode 26 is located in the inner 
vessel Y10 and is also coupled to particle analyzer 22 via 
a conductor 28. 
According to the Coulter principle, a quantity of the 

?uid suspension in vessel 12 is drawn through aperture 
18 into vessel 10 by applying a source of vacuum or 
pressu-redifferential to the interior of vessel 10. When 
particle analyzer 22 is operative it will permit current 
to ?ow. through conductors 24 and 28 electrodes 20 
and 26 and ?uid l4 and 16 establishing a current flow 

' arid/or potential across aperture 18. Whenever a parti 
‘cle in ?uid suspension 16 passes through aperture 18 
theitotal impedance of the contents of the aperture will 
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vary causing a modulation of the current v?ow and/or 
potential. This modulation of the current ?ow and/or 
electric field creates an electrical change which will be 
detected by particle analyzer 22 and can be used in 
order to count and size the particle passing through ap 
erture 18. ’ ' 

The apparatus of this invention includes a tube 30 
connected from the upper end of vessel 10 to a control 
valve 32, which is coupled via tube 34 to a source of 
vacuum. Tube 30 is also coupled to an aperture 43 in 
the top wall of a housing 36. Housing 36 defines a 
chamber 38 for receiving excess ?uid drawn from ves 
sel 10. Bottom wall 40 of housing 36 in the embodi 
ment shown is a drain plug which may be removed for 
draining ?uid from chamber 38. 
A ?exible inelastic bag 42 is positioned within cham 

ber 38 forming an inner portion within chamber 38 and 
dividing chamber 38 into an inner and outer portion. In 
the preferred embodiment bag 42 is a plastic relatively 
impervious material, preferably polytetra?uoroethyl 
ene. 

A generally vertically disposed U-shaped manometer 
identi?ed generally by the numeral 44 includes a first 
‘leg 46 consisting of vertically disposed capillary tubing 
which extends through an aperture 48 formed in bot 
tom wall 40 of housing 36 into chamber 38. Bag 42 is 
secured to the end of capillary tubing 46 in chamber 38 
isolating that end from chamber 38. A horizontally dis 
posed center or bight section 50 of capillary tubing 
connects first leg 46 to a second vertically disposed leg 
identified generally by the numeral 52. Leg 52 includes 
a reservoir 54 connected at its lower end to the end of 
bight portion 50 and at its upper end to a short section 
of capillary tubing 56. Capillary tubing 56 is connected 
at its upper end to a horizontally disposed section of leg 
52 identi?ed as volume measuring section 58. A pair of 
electrical contacts 60 and 62 are positioned in measur 
ing section 58 and connected via conductors 64 and 66 
to particle analyzer 22. Contact 60 is the start contact 
for particle analyzer 22 and contact 62 is the stop 
contact. Another vertically disposed section of capil 
lary tubing 68 is connected to the end of section 58 ad 
jacent to contact 62. A ?exible inelastic bag is secured 
to and seals the upper open end of capillary tubing sec 
tion 68. Bag 70 is preferably the same material as bag 
42 and has an identical volumetric capacity. 
Manometer 44 is partially ?lled with mercury 72 

which is shown in an equilibrium state at maximum lev 
els in both legs represented by the dashed line 76. 
When the mercury is in an equilibrium state in manom 
eter 44 it will be slightly below the open end of leg 46 
and above section 58 in leg 52. A gas, preferably nitro 
gen, ?lls the remaining portions of capillary tube sec 

’ tion 68 in leg 52 and bag 70. 
In order to operate the apparatus and initialize opera 

tion of the’ particle study device, valve 32 is opened 
connecting the source of vacuum to vessel 10 and 
chamber 38 via tubing 30. The vacuum will create a 
pressure differential which will cause a small amount of 
?uid suspension 16 to pass through aperture 18 into 
vessel 10 and will also cause ?uid 14 in vessel 10 to be 
drawn through valve 32. The amount drawn from ves 
sel 10 however will be small because of the'resistance 
created by the small aperture 18. The vacuum also will 
create a pressure differential within chamber 38 which 
will cause the mercury 72 in‘manometer 44 to be drawn 
into and fill bag 42. As noted previously bag 42 is in 
elastic so that it will expand to full capacity from its col 
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4 
lapsed condition and accept a predetermined volume 
of mercury. As bag 42 expands the ?uid in the outer 
portion of chamber’38 will be forced out of chamber 38 , 
through tubing 30 and valve 32 towards the source of 
vacuum. When bag 42 is filled the mercury level in leg 
52 of manometer 44 will be at about the mid-point of 
reservoir 54, and bag 70 will have collapsed. The col 
lapse of bag 70 and the inelastic nature of bags 42 and 
70 acts to prevent an excessive transfer of mercury into 
bag 42 and an over expansion of bag 42 in the presence 
of excessive vacuum and pressure in chamber 38 which 
can damage vessel 10 or aperture 30. 

> When the mercury 72 has filled bag 42, valve 32 is 
closed cutting off the source of vacuum. The mercury 
in manometer 44 and bag 42 is in a state of disequilib 
rium and will begin to exit bag 42 in order to return to 
an equilibrium state as shown by the dashed line 76. As 
the mercury exits bag 42 bag 42 will begin to collapse 
and create a pressure differential or vacuum in cham 
ber 38 which is communicated via tubing 30 to vessel 
10. This pressure differential will cause ?uid suspen 
sion 16 to begin passing through aperture 18. ' 
As the mercury level in leg 52 of manometer 44 rises 

it will pass contact 60. The conductive mercury will 
provide an electrical path through contact 60 for start 
ing particle analyzer 22. When a predetermined vol 
ume of ?uid suspension 16 has passed through aperture 
18 and'has been measured by analyzer 22 the mercury 
will pass contact 62 in section 58 of leg 52 providing an 
electrical path through contact 62 which stops particle 
analyzer 22 completing the analysis cycle. 
From the foregoing description, it will be readily ap 

parent that apparatus including an isolated manometer 
for use with a particle study device provides a number 
of advantages, some of which have been described 
above and others which are inherent in the invention. It 
will also be obvious to those skilled in the art that modi 
?cations can be made to the apparatus without depart 
ing from the spirit and scope of the invention. Accord 
ingly the scope of the invention is only to be limited in 
accordance with the accompanying claims. 
What is claimed and desired to secure Letters Patent 

‘of the United States is: 
1. An apparatus particularly adopted for use in a par 

ticle study device wherein pressure differential causes a 
‘suspension of particulate matter to pass through an ap 
erture, said apparatus including in combination, 

a housing de?ning a chamber and having an inner 
?exible inelastic portion, ‘ 

manometer means having a ?rst open end coupled to 
said chamber inner portion, 

means for displacing the manometer ?uid from said 
manometer means into said chamber inner portion 
to expand same and create a disequilibrium in said 
manometer, said manometer ?uid upon a removal 
of said displacing means exiting said portion, col 
lapsing said portion and creating a pressure differ 
ential in said chamber, and 

coupling means coupling said chamber to said device 
for coupling said pressure differential thereto. 

2. The apparatus of claim 1 wherein said manometer 
means is a generally vertically disposed U~shaped ma 
nometer tube having a ?rst leg including said ?rst open 
end, a second leg and a bight portion therebetween, 
said manometer ?uid being in equilibrium when ?lling 
said bight portion and at substantially the same height 
in said'?rst and second legs. ‘ 
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3. The apparatus of claim 2 wherein said inner por 
tion is a ?exible inelastic bag. 

4. The apparatus of claim 3 wherein said second leg 
has an open end and further including a ?exible inelas 
tic bag secured to said second leg and covering said 
open end thereof for limitingmovement of said ?uid 
within said manometer and into said ?rst leg. 

5. The apparatus of claim 4 wherein said second bag 
is ?lled with nitrogen. 

6. The apparatus of claim 1 wherein said-coupling 
means is a tube coupling said housing chamber to said 
device. 

7. The apparatus of claim 1 wherein said means for 
displacing the manometer ?uid is a source of vacuum, 
said coupling means including a second tube having a 
valve therein coupled to said ?rst tube for coupling said 
source of vacuum to said chamber, said source of vac 
uum creating a pressure differential in said chamber for 
expanding said inner portion and displacing said ma 
nometer ?uid. . 

8. The apparatus of claim 1 wherein said ?uid is mer 
cury. 

9. A manometer apparatus particularly adapted for 
use in a particle study device wherein a pressure differ 
ential causes a suspension of particulate matter to pass 
through a microscopic aperture including in combina 
tion; . 

a housing de?ning a chamber, 
coupling means coupling said chamber to said study 
device and to a source of vacuum, 

a generally vertically disposed U-shaped manometer 
tube having a ?rst leg, a second leg and a bight por 
tion therebetween, said ?rst leg having a first open 
end in communication with said chamber, I 

a bag of ?exible inelastic material secured to said first 
leg first open end to isolate said end from said 
chamber and for dividing said chamber into an 
inner and outer portion, I 

said bight portion and portions of said ?rst and sec 
ond legs having a manometer ?uid therein, 

said ?uid being responsive to application of .said 
source of vacuum to displace into said bag and re 
sponsive to removal of said vacuum to withdraw 
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from said bag, said withdrawal creating said pres 
sure differential for causing passage of said suspen 
sion through said aperture. - 

10. The apparatus of claim 9 wherein said manome 
ter tube second leg has an open end and further includ 
ing a second bag of ?exible inelastic material secured 
to said second leg and covering said open end for limit 
ing movement of said ?uid within said manometer and 
bags. 

11. The apparatus of claim 10 wherein a portion of 
said manometer tube second leg and said bag secured 
thereto is ?lled with nitrogen. 

12. The apparatus of claim 10 wherein said first and 
second bags de?ne equal volumes. 

13. The apparatus of claim 9 wherein said second leg 
includes start means operative in response to passage of I 

said ?uid past a ?rst location thereon to start said study 
device, and stop means operative in response to pas 
sage of said ?uid past a second location thereon to stop 
said study device. 

14. The apparatus of cliam 13 wherein said ?uid is an 
electrically conductive ?uid and said start means in 
clude a pair of normally open contacts secured to said 
second leg at said ?rst location and coupled to said par 
ticle study device, said conductive fluid completing an 
electrical path between said contacts for starting said 
particle study device. 

15. The apparatus of claim 13 wherein said stop 
means include normally open contacts secured to said 
second leg at said second location and coupled to said 
particle study device, said conductive ?uid completing 
an electrical path between said contacts for stopping 
said particle study device. 

16. The apparatus of claim 13 wherein said ?uid is 
mercury. 

17. The apparatus of claim 9 wherein said bag is 
formed from a plastic material. 

18. The apparatus of claim 17 wherein said plastic 
material is polytetra?uoroethylene. 

19. The apparatus of claim 9 wherein said housing 
includes drain means for draining said chamber. 

* * * * * 


