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OPTIMIZING SENSITIVITY AND RESOLUTION
OF ION CHAMBER

John G. Castle, Jr., Murrysvillé, Fa,, assignor, by ‘mesne

assignments, to the United States of Amenca as rep-
: resented by the Secrefary of the Navy

Filed Fan. 30, 1957, Set. No. 637, 341
7 Claims. - (CL. 250—41.9)

The present mventlon relates to opt1m1z1ng the sensi-

tivity and resolution of an ion chamber and more partic-
ularly toran optimizing of the sensitivity and resolution of
an ion chamber accomphshed by ﬁltenng a fracuon of
the mconimg air.

Any regxcn of- the atmosphere may- be descnbed in
teitms Of its fon Coifitent.  The term “ion” as used in this
specification refers to particles in the atmosphere having
an electric charge. One charscteristic useful in classify-
ing ioms is their distribution among various ranges of

mobility. By “mobﬂlty” is meant the velocity ions in the’

atmosphere will attain when acted upon by electrical
forces, i.e., in an eleterical field of unit strength (1 volt/
centimeter), a unit velocity (1 centimeter/second) will be
atfaired By &fi ot of unit niebility:

KIf dif is éaiised 0 flow smoothly betweeii parallel
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chaniber by ﬁltermg fons from a predetemnned portlon
of the sample being measured.

A further ob;ect of the invention. is to increase the
resolution- of an ien chamber by filtering ions from a
proportlon of the samplé equal to the rec1proca1 of the
resolution factor.-

A final object. of the present mventlon is to-achieve the

opumum compromise befween reselution. and sensitivity

of an ion: chamber by filtering a predetermined fraction
of the incoming air.

The exact nature of the mvenﬁon as well as other ob-
]ects and advantages thereof will be readily apparent from
consideration of the folIowmg spec1ﬁcat10n relating to the
annexed drawing.

Fig. 1 shows a fragmented schematlc cross-section of a
coaxial ion chamber embodying the invention..

Fig. 2 shows a partial schematic cross-section of paral-
lel-plate ion chamber embedying: the invention.

F1g 3.isa graph of single ¢chamber mobility resolution.

Fig. 4 shows a cross-sectional side view of the ion cham-

- ber taken through Fig. 2 near the input end of the ion
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platés ene of which is at 4 givén potential and the other ' :

is at groiifid potential, the électric field so sét up will
ferd to sWeéep charged parﬁcles toward one platé of
hé other dépending upon the sign of the chargé edrried
By the particles. The mobility range of iofis which reach
the platés will depend upon the potential differénce; the
speed of movement of air parallel to the plates; and the
lcngth of the plates.

It is poss1ble to collect the ions from several different
mobility regions; each sampliig being of a relatively
narrow range of mobilities, by constructing an ion cham-
ber having a number of plates. = Since the lengths of the
plates- determiing the mobility. ranges detected by each
platé, all other factors being equal, it is apparent that as
the range of moblhty detected by éach plate is decreased;
the number of ions collected per unit of time within 'each
range becomes fewer and the carrent which flows as a
result of these ions becomes smaller. Since ions of low
mobility which enter the chamber close to the center Will

be attracted to the same plate as ions of gredtér mobility -
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chamber.

Fig, 5 is-a schematic dlagram 111ustratmg one method
of connecting the filter and collecting section segments to
the source of D.C. potential and ground.

In 2 multiple-sectioned ion chamber the factor of
resolution; or- ratio of the moblhty ranges to be detected
by the several sections; is determined by the relative
lengths of the sections:  For -a chamber in which each
section covers: a mobility range of a factor of three, the
total Jength of the chamber to the end of each section
must have the relation ¥j:xgixz.. . . xp=30:31:32 , _ ..
3o~1 - Since the lengths of the previous plates must be
subtracted from the total to determine the length of each
collector plate, the lengths of the individual collector

- plates for a factor-of-three resolution is 1, 2, 6, 18, 54 etc.
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which enter farther away, the cuirent diié to these ufi-
desired ions tends to mask the current of the desired

mobility range ions, thus decreasing the sensitivity of the
ion chamber. To avoid this effect, it is necéssary to filter

the ions from the =zir which enters-close: to the plates; -

but such ﬁltenng also reduces the total number of ions
in the desired: mobility range in proportlon 6 the area
filtered.

Since it is desirable to construct ant ion chamber hav-

85

While a reolution facter of three is.used here as an

example, ion chambers embodying the present invention

may be construeted havmg any other resolution factor.
Ion .chambers are usually constructed in one of two

‘conﬁouranons havmg plates in .the shape - of cylmders

parallel relation to each other ‘Fig. 1 shows in schematic
form an elevational cross-section of a coaxial type of
jon chamber, the cross-section being taken through the
longitudinal dxis (x). An outer cylinder 10 concentrically
surrounds an innér cylindér which is composed of spaced
hollow cylindrical segments 12, 14 and 16 separated by
electrical insulating material 11. The space between the
inner and outer cylinders permlts a1r tor pass completely
thiouigh the iod chamber. - -

A ‘suitable D.C: pofential dlﬁ‘.erence establishes an
electric field in this collection. space (between inner and
outer cylinders) whiclt is constant along the direction of
flow of air and whi¢h pérmits the collection of the desired -
ions on the separate inner segments and the monitoring

. of the corresponding separate €lectric currents from thiese

" collecting segments.

e0

itg the maximum resolutioh allowed by the éuirent -
" sensitivity of the detectors, the filter nitst be éonstructed

30 as to filter & sufficient proportmn of the ifconiing aif
to femove the tndesired ions-and allow fealization of the

resolutiof for which the i ion chatiber is desxgned thhout,
reducmg the number of ions of the desired moblhty tange

16 the point where they are no longer’ nigasirable. .

At ob]ect of this invention is t6 optimize tie sen51t1v1ty
and fesolufion of an ion chamber which is utilized to
classify the moblhty of ions in the atmosphiere. j
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Aiotheér object is to increase the resoltition of an ion

Application of such a potential dif-

ference can, for example, be accomplished: (see Fig,:5) -
by connecting the outer: electrode 10 to.a source .of D. C.
potential 36 of the desired value, connecting the other
terminal of this source to ground potential, and connect-
ing each collecting segment (12, 14, and 16) separately
through an appropriate electrical resistance (38,40, 42)
to ground potential, a separate .voltmeter (44, 45, 48)
being employed to determine: the voltage resulting from
ion flow through each resistance. The segments 12, 14,
16 and 18 are also known as electrodes, collecting elec-
trodes, or collecting plates-and’ the outer cyhnder 10 can

be called the reféfénce €lectrode.

In accordance with the present mventlon, an additional
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segment 18 is added to the inner cylinder at the input side
of the ion chamber and is concentrically surrounded by a
cylindrical reference electrode 20. This additional seg-
ment 18 and its associated concentric cylinder 20 consti-
tute what will be herein referred to as an ion filter. The
dimensions of the filter and collector electrodes are deter-
minable from formulae hereinafter provided. Electrode
20 is connected to the source of D.C. potentlal 36, the
inner segment 18 of the filter bemg grounded. - As may
be noted, an electric field exists in the space between
electrodes 18 and 20 but not between electrodes 10 and
29 which are both at the same D.C. potentials.

Figs. 2 and 4 show elevational and side view cross-
sections of the parallel-plate type of ion chamber.
and bottom electrodes 23 and 22, as well as the inner
electrodes 24, 26 and 28 and the filter components 29, 30,
31 and 32 are supported by the side pieces 35 and 34
which are composed of insulating material such as poly-
styrene. The inner collecting electrodes 24, 26 and 28
and the collecting electrode segment of the filter may be
hollow rectangular boxes having flat upper and lower
surfaces, as shown, or simply flat rectangular plates. The
supply voltage wiring can be fed through the hollow
space between the inner electrodes in both types of ion
chamber.

The trajectory of an ion in a coaxial chamber may
be visualized with the aid of Figure 1. The high mobility

Top k
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ions are collected near x=0. All the ions faster than a .

certain “cutoff mobility,” %, are collected on the length
8 to x. Ions entering near the upper electrode and having
the cutoff mobility for x=x, would follow the dashed
lines in Figures 1 and 2 labelled ke, -

The value of the cutoff mobility, k., for a particular
length x is given in general by the expression

¢
ko 47 CnV M

where

¢ is the volume rate of airflow (cm.3/sec.),

Cp, is the measured capacity of the total length of col-
lector from 0 to x (cm.). The measured capacity is
to include the electric fields in the airflow at the ends
of a section. However, it does not include any electric
fields inside dielectric material such as insulator sup-
ports.

V is the applied potential difference (volts) and

k. is in cm.2/volt sec.

Another mobility is significant when a filter is used,
namely, the slowest mobility, ks, for which any ions are
collected. These trajectories are marked kg and kg in
Figures 1and 2. The specific expressions are gwen below
for coaxial and for flat plate geometry

In Figure 1 the trajectory of an ion of mobility k for
laminar flow in a coaxial chamber is

rof —rie=gk 2V

Uln(b/a) @

where

r=ry at x=0 )

U is air velocity along x, and _ )

b and a are radii of outer and inner electrodes, respec-
tively.

The x=0 is estimated to be the midpoint of the first
insulator; it is actually determined by the effective length
corresponding to the measured capacity of the chamber,
The cutoff mobility, %, is in turn given from either
Equation (1) or Equation (2) for any specified x as

: 1 UB*—a?)1n(b/a)
Bo= X 2v @)
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The fraction of the ions of mobility k entering the
chamber which is collected on the length 0 to xy is:

1.0if E>ky } @
bfkoy if ka>k
without filtering. For .a complete filter from ry==0 to

ro={, the length 0 to x; picks up no ions slower than kua
given by the expression -

2V
f“—a’cmzk,ZW (5)

For such a filter the fraction of the ions of mobility &

" entering the chamber (in front of the filter) which is

collected and length 0 to x; is
1—(ksa/kea) if k>ke
(k—kg3) / kg it kea>k>ka
0 if ko>k

©

For optimum filtering the slowest mobility for which
any ions are collected on section 1 should be the same as
the cut-off mobility for section 2. That is, the optimum
filter, as discussed above, has kg=Fke, Kaa=Kg, etc.
The fractional collection on length 0 to xg is Wlth this
filter,

S0 if k>ke

1—k/ kg if koi>k>ken
(k—keg)/keg if keg>k>kes
0 if kp>k
Another important factor to be considered is the length
of the filter. Since the length of the filter must be finite,
it is impossible to filter all the ions from the air entering
the filter portion. For an incomplete filter having a cut-off

mobility k;, ions slower than %k; will get through at -a
rate of k/k;. It is found that the optimum length of the

- filter section is ky==Kke3=ky, for a three section chamber.
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With a filter of this length the fractional collection rate
in the third section is closely

0 if K>k
1=kl kg if kog>k>keg(ky)
Kikey i keg>k

The fractional collection for the individual sections of
collecting electrode is shown graphically in Figure 3, for
a three section chamber having a resolution factor of -
three. ' The sharpening effect of the filter appears as the
difference between section 2 and section 3.

In Figure 2, the trajectory of an ion for laminar flow
between flat plates is a straight line since the electric field
is ‘assumed to be uniform. The cut-off mobility, kc, for
length x is glven by the equa'aon

1 Ud?

o= -

z V

for the configuration in which the width of the electrodes
is much larger than their separation, 4. Equations 4,
6, 7 and 8 apply to the flat plate chamber as well as to
the coaxial configuration.

From the above it will be seen that, to provide the maxi-
mum effective filtering with the minimum loss in “sensi-
tivity, the filter- must receive that fraction of the total air
entering the chamber which is the reciprocal of the factor
of mobility (resolution factor). The filter should also
be long enough so that its cutoff mobility is at least equal
to that of the last section of the chamber, in order to
realize the optimum advantages of the filter. The ion
chamber used as an example has a mobility factor of
three, and would require that 14 of the i 1ncom1ng air be

- (®)

[©

* filtered. Thus, for a three-section coaxial ion.chamber

75

having an outer-electrode radius of b and an inner-elec-
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trode radius of g, the radius of the filter electrode (desig—
nated f in Fig. 1) should be :
he— gl

= 3

Similarly, ¥ of the air must be filtered in a chamber
having a mobility factor of two, or % of the air must be
filtered in a chamber with a mobility factor of four. In
all cases the filter is placed so as to filter the air that en-
ters adjacent to the collector plates. ,

Obviously, many modifications and variations of- the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
‘practiced otherwise than as specifically described.

What is claimed is:

1. A multiple-section ion chamber formed with a pas-
sage through which ion-bearing fluid may flow compris-
ing a filter section at the entrance to said passage and a

plurality of arranged serially collecting sections, the cumu-.

lative lengths of said collecting sections bearing the rela-
tionship ’
. mn—l

X1iXgiXg . . . Xp=mO:mi:m? .

wherein x represents distance along the length of said
collecting sections from the plane of juncture of said
filter section and the first collecting section, n represents
the number of collecting sections  and m represents the
resolution factor for the desired ion mobility ranges to
be detected by the collecting sections, the area of said
filter section comprising a proportion substantially equal
to 1/m of the total area of the entrance to said passage.

2. The method of classifying a gas as to the mobility
of the charged particles contained therein comprising
passing the gas at an even rate through a sectional ion-
detection chamber, collecting in each section of said
chamber only those particles having a mobility equal to
the mobility of those collected in the next succeeding
section divided by a preselected fixed numerical factor,
and filtering the ions from a portion of the entering gas

"substantially equal to the reciprocal of said factor.

3. The method of classifying a gas as to-the mobility
of the charged particles suspended therein comprising
passing the gas at an even rate through a multiple-
sectioned ion chamber wherein the mobility of particles
collected in each section is equal to the mobility of those
collected in the next succeeding section divided by a pre-
selected fixed numerical factor, and filtering from a-por-
tion of the gas before it enters the chamber all particles
having a mobility equal to or greater than that of those
to be collected, the proportion of gas filtered being sub-
stantially equal to the reciprocal of said numerical factor:

4. The method of optimizing the resolution and sensi- .

tivity of an ion chamber wherein a gas is passed at an
even rate through a plurality of collecting sections having
cumulative lengths bearing the relationship

X1iXgiXz o . . Xg=mO:miim? . . . mn-1

x represents distance along the length of said collecting
sections from the plane of juncture of said filter section
and the first collecting section, n represents the number
of collecting sections and m represents the resolution
factor for the desired ion mobility ranges to be detected
by the collecting sections, and wherein the cutoff mobility
of the last section is K¢, comprising filtering from a. pro-
portion of said gas equal to 1/m all ions having a mobility
greater than Kqp. :

5. An ion chamber for use in classifying a gas as to the
mobility of charged particles contained therein comprising
a pair of relatively displaced plates of electrically con-
ductive material adapted to be maintained at a fixed elec~
trostatic potential relative to each other, one of said

plates being longitudinally divided into a filter segment-

and a plurality of collecting segments all insulated from
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each other, the lengths of said collecting segments being
such that the cumulative lengths of the collecting seg-
ments from the end of the filter segment adjacent the
collecting segments varies in accordance with the fol-
lowing series m®% ml, m2?, m® . . . m®1, wherein m repre-
sents the resolution factor for the desired ion mobility
range to be detected by the collecting. segments and n
represents the number of collecting segments in the
chamber, and a third plate of electrically conductive
material having a length substantially equal to that of
said filter segment so positioned between said pair of
plates adjacent said. filter segment that the area of the
entrance to said chamber between said filter segment and
said third plate is equal to the reciprocal of said resolu-
tion factor times the total entrance area. :

6. A multiple-section ion-detection chamber formed
with a passage through which ion-bearing fluid can flow
comprising a filter section and a number of collecting
sections electrically insulated from each other and ar-
ranged serially along the length of said passage, the
cumulative lengths of said collecting sections varying. in
accordance with the relationship

X1 %2 X3 .+ + . Xp=mOimlim? . ., mnl

wherein x represents distance along the length of said
collecting sections from the plane of juncture of said filter
section and the first collecting section, n represents the
number of collecting sections and m represents the reso-
Iution factor for the desired mobility ranges to. be de-
tected by the collecting sections; the open area of said
filter section transverse to the ‘distance x being substan-
tially equal to 1/m of the total transverse open area at
the entrance to said passage, and the length of said
filter section being sufficient to provide said filter section
with a cutoff mobility characteristic at least equal to that
of the last collecting section along said passage.

7. A multiple-section ion-detecting chamber formed
with a passage through which ion-bearing fluid can flow
comprising: an outer cylinder of electrically conductive
material; an inner cylinder of electrically conductive mate-
rial, said inner cylinder being coaxial with said -outer
cylinder and being divided longitudinally into a number
of segments electrically insulated from each other, said
inner and outer sections being adapted to maintain an
electrostatic field therebetween; a middle cylinder of elec-
trically conductive material coaxial with and substantially
equal in length to the first segment at the entrance to the
chamber, said first segment and said middle cylinder form-
ing a filter section and the remainder of said inmer
segments and said outer cylinder forming ion-collecting
sections, the cumulative lengths of said collecting-section
segments varying in accordance with the relationship

X1:X9:Xg. . mp—1

wherein x represents distance along the length of said
collecting-section segments from the plane of juncture of
said filter section and the first collecting section adjacent
thereto, n represents. the number of collecting sections and
m represents the resolution factor for the desired mobility
ranges to be detected by the collecting sections, the open
area of said filter section transverse to the distance x
being substantially equal to 1/m of the total transverse
open area at the entrance to said passage, and the length
of said filter section being sufficient to provide said filter
with a cutoff mobility characteristic at least equal to that

. Ap=mOimlim? . ..

of the last collecting section along said passage. -
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