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UNITED STATES PATENT OFFICE 
2,641,710 

RADIOLOGICAL GAS ANALYSS 

Domenick J. Pompeo, Oakland, and John W. 
Otvos, Berkeley, Calif., assignors to Shell De 
velopment Company, Emeryville, Calif., a cor 
poration of Delaware 
Application March 2, 1951, Serial No. 213,528 

(C. 250-43.5) 0 Claims. 

This invention relates to gas analysis, and 
pertains more particularly to radiological 
methods and apparatus for analyzing gaseous 
mixtures. 

It is known that radioactive emanations or 
radiations, such as alpha, beta and gamma rays, 
and under certain conditions radiations of the 
neutron and other types, may be detected by the 
ionizing effects which they produce in passing 
through a space forming the field between a pair 
of suitably charged electrodes. The radiations, 
passing through said space, cause the production 
of ion pairs, of which the positively charged 
ions travel to the negative electrode, and the 
negatively charged ions or electrons travel to the 
positive electrode. 
The various radiation-detecting devices oper 

atting on this principle may be generally defined 
as ion chambers, and are more particularly clas 
sified as Geiger counters, proportional counters 
and ionization chambers, depending chiefly on 
the potential applied between the electrodes and 
the pressure of the gaseous medium Surrounding 
said electrodes. 
The Geiger counters operate normally at rela 

tively high voltages, the proportional counters 
at intermediate voltages, and the ionization 
chambers at relatively low voltages. While the 
total operating voltage range of ion chambers 
may thus extend from a few tens of volts to 
several thousand volts, the demarcation lines 
between the particular Voltage ranges of the 
Geiger counters, proportional counters and ioni 
zation chambers are by no means rigidly set and 
often overlap depending on other operating con 
ditions, such as the pressure of the gaseous 
medium between the electrodes. Normally, Sub 
atmospheric pressures are used with Geiger and 
proportional counters, while atmospheric or 
super-atmospheric pressures up to several thou 
sand pounds per Square inch are used with ion 
ization chambers. 

It has been found according to the present 
invention that gas mixtures, and particularly 
binary gas mixtures, may be accurately analyzed 
for the proportions of their component gases by 
taking advantage of the difference in the ioniza 
tion CrOSS-Section of Said component gases. 
The ionization cross-section of a gas, which 

may be defined as the effective area of a molecule 
of Said gas presented to the impact of an ioniz 
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ing particle, is a quantity determined by the 
size of a gas molecule and the number of elec 
trons in the atoms forming said molecule. The 55 

2. 
ionization Cross-section determines the number 
of ions produced per ionizing particle under pre 
determined pressure and temperature conditions. 
An ion chamber filled with a gas mixture and 
exposed to an external source of atomic or sub 
atomic particles or radiation will therefore 
produce in a circuit connected between its elec 
trodes, a current whose intensity is a function of 
the composition and the total pressure of the gas 
in the ion chamber. 

It is, therefore, an object of this invention to 
provide a radiological method of gas analysis, 
and an app3.ratus for carrying out such analysis. 
It is also an object of this invention to pro 

vide for this purpose an improved ionization 
chamber especially suitable for the analysis of 
binary gas mixtures. 
These and other objects of this invention, 

Which comprises the control of the compositions 
of the gases being analyzed, will be understood 
from the following description taken with refer 
ence to the appended drawings, wherein: 

Fig. 1 is a cross-section view of the analytical 
unit of the present invention, said unit com 
prising two identical ion chambers and a radio 
active Source. 

Fig. 2 diagrammatically shows the unit of 
Fig. 1 connected into the electrical and gas pres 
Sure system of the present invention. 

Referring to the drawings, it is expressly un 
derstood that any type of ion chamber, as defined 
hereinabove, may be used for the purposes of 
this invention, depending on the type of analysis 
which is to be carried out, and the range of volt 
ages and pressures which it is desired to utilize. 
To simplify exposition, however, the invention 
will be described with regard to a particular ioni 
zation chamber structure, it being further un 
derstood that the use of such ionization chamber 
forms a preferred embodiment of the invention 
in view of the Special advantages to be derived 
therefrom, as will appear hereinbelow. 

Referring to Fig. 1, the ion chamber unit of the 
present invention comprises two ionization cham 
bers and 2, preferably of a generally cylindrical 
shape, held in co-axial adjustment with each 
other by means such as a plurality of circum 
ferentially disposed screws 4 provided with in 
Sulating gaskets 6. Chambers i and 2 are prefer 
ably Substantially identical. 
The walls 7 of the chambers and 2 are made 

of a Suitable material, such as aluminum, mag 
nesium, copper, bronze, brass and their alloys, 
etc. Those portions of the walls which close the 



2,641,710 
3 

coaxial inner ends of chambers and 2 have their 
thickness greatly reduced (to a value Such, for 
example, as 0.01 of an inch) to facilitate the 
penetration of radiation into Said chambers. The 
uSe Of light metals. Such as magnesium or all 
minum in at least these portions of the Walls is 
preferred because of the permeability of these 
metals to Weak or soft radiation. 
The outer ends of the cylindrical chambers 

and 2 have their inside diameter enlarged in a 
StepWise manner to accommodate annular. gaS-. . 
kets 0, centering rings, insulator rings 3 and 
retainer rings A, held to the chamber. Walls: : 
by means such as screws 6. The centering and 
insulating rings and the gaskets are made. Ofa, is 
Suitable plastic material Such as hard rubber, 
plastic, glass, etc., While the retainer rings are : 
preferably of the Sane metal as the chambers. 
The Outer ends of chambers f and 2 are closed 
by means of metallic back cover plates held 
to the walls by means such as screws'? 9. 

Held between the insulatingiannular elements: 
0,,. . . and 3 are metallic. guard, rings 22 sups. 

porting electrodes 23 and 24 by means of insula. 
tor. bushings, 26, made: of hard: rubber, plastic, i. 
glass, etc. Windows 28 are provided in the cham 
ber-walls. 7 or cover plates 7 to permit suitable. 
electrical connections to be made to the elec- . 
trodes and guard rings:- Mounted between the: 
chambers and 2 coaxially therewith is a rotat 
able adjusting ring 3 made of an insulating na 
terial as above, and having its inner wall Screw 
threaded, as shown at 3. An externally screw 
threaded source holder ring generally designated. 
by 33 is mounted within the adjusting ring in. 
screw-threaded engagement thereWith. Guide 
rods. 34,...likewise made of an insulating material, 
and removably affixed- to the Walls...of chambers. 
and 2, slidably, pass...through the body of the 40 

holder.-33-and-prevent it from rotating. Rotar. - 
tion of the adjusting ring 30 thus results in an . 
axial displacement of the holder:-33, to the left 
or. right. The amount of ionizing radiation, re-r 
ceived by chambers - and -2, respectively, from a - 
radioactive source 35, Suitably mounted ; in the 
holder. 33, can thus: be equalized or adjusted to 
regulate the output currents of said chambers by. 
rotating the adjusting. ring in the proper. direct. 50 
tion. 
Chambers -f and 2 are electrically insulated. 

from each other-by. means of the gasketS 6, ad 
justing ring 3 and guide rods 34;i 
Any suitable radioactive element giving rays of 55 

a suitable type such as alpha, beta or gamma, 
may be used for the purposes of this invention. 
It is, however, preferred to use a source of beta, 
rays, since these rays have the advantage over 
gamma rays of a high ionizing power, thus giving 360 
fairly large ionization currents, and of a relative 
ly low penetration power, thus making it unnec 
essary to use heavy shielding. The beta rays 
also have the advantage over alpha rays of a Sulf 
ficiently high penetration power to permit the use 
of moderately thick windows (for example, 0.01' ' 
of aluminun) in the radiation detector, Which 
permits a more rugged construction and facili 
tates the use of two detectors in opposition for 70 
differential measurements. The source may con 
sist of radioactive carbon C14, or of a suitable 
fission product, such as strontium 90, which is 
especially desirable since it delivers beta radia 
tion of a high energy of about 2 Mev., and has 75 

20 

0. 

4. 
a half-life of about 25 years. Possible sources 
nay further be selected from the table below: 

Radioactile isotopes 

Emission 
Isotope af-life 

Alpha : Beta: Gamma 

E.8 years- No || Yes | No erium 144-------- m r re 

ESSE4. - 275 days----- NO Yes Yes 
their:06. - Rhodium 106--- }1 year------- No Yes Yes 

Carbonists:-------------- 6,000 years - No Yes No 
Radium-226 - 1,600 years-- Yes Yes Yes 
Silver 110 - 225 days----- No Yes Yes 
Thaiin 20 -- 3 years------ No Yes No 

The isotopes listed above have reasonable half 
lives and are readily available. The first three 
examples- On the list are pairs in a decay chain. 
The first isotope in each pair has the half-life 
indicated; the Second has, a very short half-life 
and is in Secular equilibrium with the parentiso-3- 
topez. The Second isotope in each case, emits: thes 
high energy beta particles of interest. 

Fig.: 2. ShoWSisdiagrammatically, the device of 
Fig.:1 connected into Suitable electrical and gass 
Supply circuits, inaccordance with this invention. 
A Supply of a gas mixture which it is desired to: 

analyze: for the percent of its components, such 
for example as a mixture of: argon and nitrogen, . 
Oxygen and nitrogen, carbon dioxide-and-air, pro-". 
pane, and propylene, etc., is delivered-to-the 
Chamber 2 from a reservoir. Or any other-sources 
of Supply 4 through-conduits. 4f and 42 pro-- 
Vided. With Valves-:44 and 46. A sample...of a 
Standard gas, or of a standard gas mixture of. 
known composition is: delivered to the chamber 
through pipes. 5 and: 52, provided with valves. 55. 
and .56-from a source of...supply 57. Thus, for. 
example,...if the reservoir 4. contains...a mixture of 
propane. and propylene of, unknown-proportions, 
the reservoir. 57 may-contain pure, propane.or, 
pure propylene, or a mixture of accurately known, 
proportions of propane and propylene. 
Chambers. . . and 2 are provided with outlet 

pipes. 66 and 61, having valves. 68 and 69, which 
may be manifolded as at 70 to exhaust the con 
tents of chambers and 2 to any suitable zone. 
of low pressure, such for example as the at 
mosphere. . A pipe 57 provided with a valve 5S is 
connected between pipes 42 and 52. 

Since, in order to eliminate total pressure ef 
fects, the gases in chambers f and 2 must be at , 
equal and constant pressures, a pressure. equalizer 
60 of any desired conventional type may be con 
nected between. Valves. 44 and 55 to ensure that 
the gases delivered to chambers and 2 from res 
ervoirs 47 and 57, respectively, are at the same 
constant pressure. The pressure equalizer is con 
nected to chamber f by a conduit 6 provided 
With a valve 62, and to the chamber 2 by a con 
duit '64 provided with a valve 65. 

However, a simpler and preferred method of 
equalizing pressures in chambers and 2 may be 
used, which consists in providing exhaust pipes : 
66 and 61 of Substantially larger diameter, and 
therefore throughput capacity, than the - Supply: 
pipes 42 and 52. In such case the pressure of the - 
gases from reservoirs 47 and 57, upon admission: 
to chambers and 2, drops-substantially instan. 
taneously to the pressurervalue of the exhaust. 
Zone, Such as the atmosphere, and the pressure 
of the chambers is thus suitably equalized,and. 
maintained constant for the purposes of this in 
;Vention. In order to operate the system of Fig.2 
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in this manner, it is only necessary to open valves 
46, 56, 68 and 69 and to close all the other valves. 
The electrical circuits of the present SVStein 

comprise a source of D. C. potential, which is 
shown in Fig. 2 as a battery , but which can 
obviously consist of any other source, such for 
example as a D. C. generator or a rectifier pro 
vided with a suitable filter. One of the terminals 
of source is connected to the wall of chamber 
and the other to the Wall of chamber 2 by leads 

73 and 74, while the mid-voltage point of source 
7 f is connected in parallel by lead 75 to the two 
guard rings 22 of chambers and 2, said guard 
rings being thus at ground potential with regard 
to the source 7 . Lead 5 is also connected to 
one of the terminals of a recorder 6, Whose other 
terminal is connected in to the electrodes 23 and 
24 in parallel. A resistor 8 at very high resist 
ance, such as 100 or 1012 ohms, is connected across 
the leads 5 and 78. 

It will be seen that with this arrangement Olne 
of the chambers, for example chamber , will 
serve as a cathode with regard to the electrode 
23 therein, while the other chamber 2 will serve 
as an anode with regard to the electrode 24. 
The electrodes 23 and 24 are thus connected in 

opposition to each other, and the resulting dif 
ferential current, which is a measure of the differ 
ence of ionization intensity in the chambers 
and 2, may be applied directly to the recorder 26 
without need for any intermediary balancing CF 
measuring circuits. 
The electrodes 23 and 24 have a relatively large 

diameter, such as about A inch, to prevent the 
formation of a high gradient field Such as occurs 
in the immediate vicinity of thin wire-type elec 
trodes. In such high gradient field, undesirable 
secondary ionization may be produced by negative 
ions accelerated at an excessive rate toward the 
positive electrode, which would unbalance the 
chambers. The reason for grounding the guard 
rings 22 is to eliminate or minimize the effects of 
any leakage across insulators , t , 3 and 26 
of Fig. 1, by preventing any leakage current flow 
through the resistor 89. With the arrangement 
shown in Fig. 2, it will be seen that the guard 
rings and the electrodes are at Substantially the 
same potential and any potential drop between 
the electrodes and the guard rings is therefore 
only that due to the flow of the ionization cur 
rent through the resistor 8, said drop having 
a value of a few miliVolts. 
The recorder 8, which may be energized from 

any desired source, such as a power line 8, com 
prises amplifier and other circuits necessary for 
suitably anapiifying, measuring and recording the 
voltage input supplied thereto across the re 
sistor 82, in a conventional manner well under 
stood in the art and forming no part of this in 
vention. The output current of the recorder may 
be applied through leads 83 to operate an elec 
trically controlled valve 84 or other agency capa 
ble of changing the composition of the gas in 
the reservoir 47, whereby said composition may 
be suitably controlled in accordance with in 
dustrial production requirements. 
In describing the method of operation of the 

present system, it will be assumed that it is not 
desired to use the pressure equalizer 6i, which 
Will at, all times remain cut out from the System 
by closing valves 3A, 55, 2 and 65. AsSunning that 
reservoir ii contains a mixture of propane and 
propylene in unknown proportions, the electrical 
circuits of the systein are energized and valve 36 
to reservoir 3 is closed. Both chambers are 
flushed with pure propane from reservoir 5: 
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6 
through pipes 5, 52, 57 and 42, said propane 
being at atmospheric pressure in both chambers 
and being exhausted through manifold G. In 
View of the opposite polarity of electrodes 23 
and 24, the ionization currents delivered thereby 
are in opposition to each other, and whatever 
Unbalance current is indicated at this time by 
the recorder can be readily balanced out by a 
Suitable adjustment of the electrical circuits of 
the recorder, or by properly shifting the position 
of the radioactive source 35 by means of the ring 
3, or both, until the recorder has a zero reading. 
With propane from tank 57 flowing through 

chambers and 2, valve 58 is closed which allows 
propane to flow only through chamber . The 
contents of reservoir 47 are then successively 
changed, as for example to 1, 2, 5, 10, 20 etc., per 
cent propylene, and valve 46 is opened. Chamber 
2 is then flushed successively with the above mix 
ture and the recorder readings are taken each 
time to obtain a calibration curve, or to calibrate 
the recorder directly. 
The calibrating operation completed, reservoir 

4 is filled with the unknown mixture, valve 58 is 
closed and chamber 2 is flushed with the un 
known mixture of propane and propylene from 
reservoir 4 through pipes 4 and 42. Chamber 
is simultaneously flushed with propane and the 
percentages of the unknown propane-propylene 
mixture are obtained either directly from the 
Calibrated recorder or by reference to the calibra 
tion curve. It is understood that the above pro 
cedure is given here merely by Way of illustration, 
and that many variations thereof are possible 
Without departing from the spirit of the inven 
tion, as will be understood by those skilled in 
the art. 
The invention claimed is: 
1. A method for analyzing a gaseous medium 

for its composition, comprising the steps of estab 
lishing two electrical fields of substantially equal 
constant potential in two separate zones, flowing 
a gas of known composition through each of said 
Zones While maintaining the gas therein at sub 
Stantially equal constant pressures, subjecting the 
gas in said two zones to beta radiation of sub Stantially equal constant intensity, combining the 
ionization currents produced in said two zones by 
Said radiation in opposition to each other in such 
a manner as to reduce the resultant current to 
Zero, discontinuing the flow of the gas of known 
composition through one of the chambers, flowing 
a gas of unknown composition through said cham 
ber while maintaining constant conditions of 
pressure and radiation substantially as before, 
combining the ionization currents produced in the 
two chambers in opposition to each other, and de 
termining the composition of the unknown gas 
by measuring the resultant current. 

2. Apparatus for analyzing a gaseous medium, 
comprising two ion chambers each having two 
electrodes, said chambers and said electrodes be 
ing disposed longitudinally of each other along 
a single axis, first conduit means opening to said 
chanbers for Supplying a gas of known composi 
tion to one of said chambers and a gas of un 
known composition to the other chamber, means 
Comprising Second conduit means in gaseous com 
illunication. With said first conduit means for 
equalizing and maintaining constant the pres 
Sule in Said two chambers, circuit means for ap 
plying Substantially equal constant potentials be 
tween the electrodes of each chamber, radioactive 
Source ineans for Subjecting said chambers to an 
ionizing radiation, said source being mounted be 
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tween said chambers along the axis thereof, and (2. 
electrical circuit means: connected-to-one of the. 
electrodes of each of said chambers.for congar-...- 
ing...the ionization-currents. delivered by Said elec 
trodes under-the-effect: of: said radiation... 

3.: Apparatus: for analyzing a gaseous-medium,. 
comprising two substantially identicallion chams. 

5 

bers each having two electrodes; first and Second.: 
inlet conduit means for supplying a gas of known : 
composition to. One of said chambers and a gas': 
of unknown composition to the other chamber: 
respectively, first and Second Outlet:COnduit realS. 
for exhausting the gases: from said first and sec 

0. 

Ond chanbers to a common low-preSSure ZOne, 3. 
the throughput capacity of Said outlet means be-, l5. 
ing greater than that of Said inlet means, circuit. 
means for applying. Substantially equal constant.. 
potentials between the electrodes in each channe - 
ber, radioactive source: means for Subjecting Said 
chambers to an ionizing radiation, and electrical: 20, 
circuit means connected to one of the electrodes. 
of each of said chambers for comparing the ionis. 
zation currents delivered by said electrodes under 
the effect of Said radiation. 

4. An analytical unit for use in combination 
With a gas analysis system comprising a supply 
of gas of known composition, a Supply of gas of 
unknown composition, a Source of electric power 
and an electrical measuring device, said unit con 
prising two ionization chambers, a source of ioniz 
ing radiation disposed between said chambers, in 
let means in the first and the second chambers 
for admitting thereto a known and an unknown 

30. 

gas respectively, outlet means in the first and the 
second chamber for exhausting the gases therein. 
to a common low pressure Zone, the capacity of 

3 5. 

said outlet means being larger than the capacity 
of said inlet means, the Walls of each of Said 
chambers forming the outer electrode thereof, an . 
inner electrode in each chamber, a guard holder 
in each chamber fixedly mounting the inner elec 
trode With regard to the outer electrode, in Sulat 
ing means in each chamber between said, guard 
holder and said inner and Said outer electrodes,. 
means for applying a potential between the Outer 
electrodes of said two chambers, means for main 
taining each guard holder at Substantially the 
potential of the electrode mounted thereon, 
means for connecting the inner electrodes in Op 
position to each other, and means for measuring 
the resultant ionization current obtained from 
said inner electrodes. 

40. 

5. An analytical unit for use in combination .. 
with a gas analysis System comprising a supply 
of gas of known composition, a supply of gas. of 
unknown composition, a source of electric power. 

55 

and an electrical measuring device, said unit.com-. . 
prising two cylindrical ionization chambers ar-, 
ranged coaxially with regard to each other and 
electrically insulated from each. Other, a Source. 
of ionizing radiation mounted between said chan. 
bers on the axial line thereof, means for adjust 
ing the position of said radiation. Source with re 
gard to said chambers along said axial line, the 
thickness of the walls of each chamber adjacent 
said radiation source being greatly reduced, inlet 
means through the walls of each chamber for ad 
mitting a gas thereto, outlet means through the 
walls of each chamber for exhausting a gas there 
from, the -diameter of said outlet means being 

65, 

70 
larger than that of said inlet means, an inner 
electrode disposed in each chamber axially there 

8 . 
of a guardholder:in...each chamber: Supporting. 
the inner-electrode: therein, Said guardholder best 
ing electrically, insulated from the electrode and 
from the-chamber. Walls, means for applying an 
electric potential between each chamber and the . 
electrode, therein, and: means...for: , maintaining.'. 
each: guard holder. Substantially at the potential. 
of: the electrode Supported thereby. 
6.The apparatus of claim: . 2, ... wherein the: 

means for subjecting the gas to an ionizing grate is 
diation: comprises: essentially - a Source of beta;: 
rays.: 

7. The apparatus of claim2, wherein the means: 
for subjecting the gas to an ionizing radiation is. 
Strontium 90. 

8. The apparatus of claim 2, ...Wherein...the ins: 
ner electrode is of a substantial thickness of not: 
less than 0.1 inch diameter. 

9. An analyticall, unit for use in combination: 
Awith a gas analysis system comprising gas. Sup- - 
ply means, a Source of electric power, and an elect 
trical measuring device, said unit comprising tWO' . 
cylindrical ion chambers arranged coaxially with: 
regard to each other, a Source of ionizing radia-... 

...tion mounted between said chambers on the axial. 
line thereof, means for adjusting the position of 
Said radiation source with regard to said cham. 
bers along Said axial line, inlet imeans thirough 
the walls of each chamber for admitting a gas." 
thereto, outlet means through the walls of each; 
chamber for exhausting a gas therefrom, inner 
and Outer electrode means in each chamber, and . 
means for applying an electric potential between 
the electrodes in each chamber. 

10. Apparatus for analyzing a gaseous medium, 
comprising two substantially identical ion cham 
bers, each having two electrodes, first and Second 
inlet conduit means for supplying a gas of known 
composition to one of said chambers and a gas 
Of unknown composition to the other chamber 
respectively, first and second outlet conduit means : 
for exhausting the gases from Said first and sect 
Ond chambers to a common low pressure zone, the 
throughput capacity of Said, outlet means being 
Sufficient to maintain Said chambers substantially 
at the pressure of Said low pressure Zone, circuit' 
means for applying Substantially equal constant 
potentials between the electrodes in each chams' 
ber, radioactive source means for subjecting said 
chambers to an ionizing radiation, and electrical 
circuit means connected to. one of the electrodes 
of each of said chambers for comparing the ionis 
Zation. Currents delivered by said electrodes un 
der the effect of said radiation. 

DOMENICK. J. POMPEO. 
JOHN W. OTWOS. 
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