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This invention relates to a method of deters 
mining changes in the composition of a gas and 
apparatus for carrying out the method. In one 
specific aspect it relates to determining differ 
ences in composition of a gas by changes in the 
ionization of the gas as determined by the 
amount of current carried by positive ions in said 
gas. In another specific aspect it relates to 
bombarding molecules of gas by low speed elec 
trons to iorm positive ions, conducting a current 
through said positive ions and measuring the 
amount of said current. 
Claims relating to a Specific means for regulat 

ing the gas pressure in a chamber comprising 
evacuating means, gas supply means, conduit 
means, pressure regulating valve means, and a 
restricted orifice for controlling gas flow in the 
conduit have been made the Subject matter of 
my Copending divisional application, Serial No. 
240,244, fled August 3, 1951. 

It has been observed that the sum of the ions 
in a mass spectrum varies from one gas to ans 
other. This sum is proportional to the total 
number of positive ions formed when a gas is 
bombarded by low speed electrons. 
Many complicated means have been proposed 

in prior art for determining when the composi 
tion of a gas, such as a stream of gaseous product 
Coming from a process in a plant, changes in 
composition, in order to monitor the process by 
indicating that the process is continuing as 
planned. When the composition of the gas 
varies, the process involved is not operating 
properly, and changes are made to restore the 
operation to normal. Prior art devices testing 
the Stream of gas generally nave relied on analya 
sis of the gaS by means of spectro-graphic anal 
ysis, chemical analysis, analysis by mass spec 
trometer, Or Some other relatively complicated 
and slow form of analysis, 
The present invention gets away from such 

complicated and expensive means of analysis by 
relying on the simple fact that each gas forms a 
different number of positive ions when bom 
barded under the same conditions by low speed 
electrons. The present invention also avoids in 
dicating false changes in the composition of the 
gas caused by irregular thermal cracking of the 
original gas into other gases by contact with the 
filament from which the low speed electrons are 
being Supplied. This is avoided by means of a 
novel arrangement of the flament, grids and 
plate So that the gas entering the test apparatus 
is Subjected to low speed electron bombardment 
and the current is set up in the positive ions of 
the gas between a first grid and the plate before 
the gas passes through said first grid into contact 
With the heated filament. The gas which has 
contacted the heated filament and become ther 
mally cracked is removed from the system from 
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the other side of the grid from the gas which is 
conducting the indicating current. 
One object of my invention is to provide an 

Improved method of detecting and indicating 
dinierences in the composition of a gas. 
Another object is to provide improved appara 

tus for carrying out such a method. 
Another object is to provide such a method and 

apparatus in which the positive ions conducting 
the current are bombarded by low speed elec 
trons Without coming in contact with any heated 
element which would change their composition 
by thermal cracking or the like. 
Another object is to provide an improved 

method and means of detecting a difference in 
the composition of the gas by measuring an ion 
ization current in Said gas in an improved ioniza 
tion tube. 
Another object of the invention is to detect 

and indicate changes in the tube of a gas stream 
and thereby to qualitatively determine the gas 
causing the deviation from the indication given 
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by a gas of standard composition. 
Another object is to indicate changes in the 

composition of a gas to provide a monitor which 
indicates when changes in a process of produc 
ing a gas should be made. 
With a pure gas an object of the invention is 

to give an indication of the presence of impuri 
ties in Said gas. 
With binary mixtures of gases an object of the 

invention is to analyze the mixture to determine 
the exact percentage of each gas present. 
Witn mixtures of Known gases an opject of the 

invention is to analyze the mixture to determine 
the exact percentage of each gas present. 
Another object is to provide an improved gas 

ionization tube which is rugged, simple in com 
... position, is not effected by products of thermal 
40 
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Cracking, and which is relatively cheap and easy 
to operate. 
Another object is to provide a suitable means 

of Supplying gas to such a tube at a regulated 
preSSure. 
Numerous other objects and advantages will 

be apparent upon reading the accompanying 
Specification claims and drawings. 

Figure 1 is an elevational view with parts in 
Cross Section of an ionization tube and means 
to Supply the same with a stream of gas to be 
tested embodying the present invention, along 
with a wiring diagram for the same. 

Figure 2 is an elevational view of a similar sys 
ten employing the same type of ionization tube 
but having a modified system for supplying gas. 

In Figure 1 a device for indicating changes 
in the composition of a gas by ionization cur 
rents generally designated as 3 is attached to 
a pipe 4 containing a flowing stream of gas 
which passes out through pipe 6. A small 
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amount of this gas is constantly being drawn 
into instrument 3 through pipe under the con 
trol of a constant pressure regulating valve 8 
which is designed to maintain the pressure in 
space 9 at a substantially constant pressure. 
Also connected to apparatus 3 is an exhaust 

pipe by which the interior of 3 is exhausted 
to a substantially constant pressure of approxi 
mately 10-3 mm. of mercury by means of any 
suitable vacuum pump 2. Vacuum pump 2 is 
regulated by constant pressure regulator f3 which 
may be of any usual type, regulator 3 being 
controlled as shown by the dotted lines between 
the pressure regulator 3 and tube fl. Vacuum 
pump 2 discharges through line 4 to the at 
mosphere. In many installations with various 
types of vacuum pumps 2, it has been found 
that one pump alone does not provide a con 
stant enough vacuum and it is customary to 
use separate pumps (not shown) in Series in 
pipe 4 with pump 2. For example, pump 2 
could be a VMF-20 oil diffusion pump and down 
stream in line 4 (not shown) and connected 
in series therewith a VMF-5 oil diffusion pump 
and then a Welch duo Seal force pump. Also in 
line before entering pump 2 an ice trap 
(not shown) may be provided. Chambers con 
taining desiccant (not shown) could Supplement 
the ice trap if the gas being tested contains 
water vapor. As such elaborations on vacuum 
pump 2 are well known in the art of evacuating 
vessels it is not believed desirable to confuse 
the invention by elaborating on the type of 
vacuum pump system used at 2, it being under 
stood that any suitable system known to the 
prior art for producing a vacuum in the neigh 
borhood of 108 mm. of mercury which can be 
regulated to give a relatively constant pressure 
in tube is satisfactory in the practice of the 
present invention. 
The pressure in the space 9 is of course Con 

siderably higher than 10-3 mm. of mercury 
because it is difficult to find a regulating valve 
8 which is accurate at such a pressure, however 
any system known to the prior art for getting 
the pressure in line 4 down to the desired pres 
sure in space 6 may be employed. I prefer 
however to employ a restricted orifice 7 in a 
thickened portion 8 of tube so that the pres 
sure in space 9 may be in the neighborhood of 
2 mm. of mercury while that in space 6 and 
space f is approximately 10 mm. of mercury. 
While other shapes of apparatus may be en 

ployed provided the principle of Operation is the 
same, it is preferred to use as the ionization 
tube 9 of apparatus 3 a cylindrical tube pref 
erably made of glass. A plate 2 is provided 
inside the tube, which plate should have a con 
siderable extent and preferably extends entirely 
around the tube to serve as the ion collector 
plate. I find the best way of forming this plate 
is to vaporize and deposit platinum on the glass 
Surface of tube 9. Metallic plate 2 is con 
nected to wire 22. A source of negative electrons 
is provided and is shown in the form of a naked 
tungsten metal filament 23. Other metal fila 
ments may be employed provided they are not 
poisoned by gases. Obviously other types of 
heated cathodes may be employed, for example 
the filament 23 may be sheathed in a porcelain 
tube (not shown which porcelain tube is heated 
to incandescence and this porcelain tube may 
have metallic substances such as tungsten metal 
deposited thereon. However it is not believed 
necessary to go into detail on the electron emis 
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4 
sive cathode 23 as such cathodes are well known 
in the electron art and any type producing slow 
electrons is satisfactory. By slow electron I 
mean an electron having a velocity Within the 
ranges understood by those skilled in the art 
which upon being accelerated by grid 24 would 
be Suitable for causing the formation of positive 
ions in the gas in the pressure of 108 mm. of 
mercury. I have chosen a pressure of the mag 
nitude of about 103 mm. of mercury because 
at that pressure positive ions are more easily 
and more uniformly formed by electron bom 
bardment, but those skilled in the art can easily 
predict the amount this pressure can be changed 
without departing from the present invention, 
for as long as the same type of Operation Occurs 
the process is unchanged and the present inven 
tion is being employed. 

Between the electron Source 23 and the posi 
tive collection plate 2 I prefer a positive charged 
grid generally designated as 24. Grid 24 is pref 
erably composed of two elements, the first being 
a helical wire 26 suitable for degassing the me 
tallic parts of tube 9 as will be explained later 
and a gauze wire cylinder 27 maintained at the 
same potential by wire 28. Tube 2 extends 
entirely around filament 23 but to avoid con 
fusion, has not been drawn except where it is 
in section, as drawing all of the wires in cylinder 
27 in back of filament 23 would make it almost 
impossible to see filament 23. 
While the particular mode of Supporting grid 

27 is immaterial I prefer to imbed the lower end 
in an annular glass boss 29 formed in the wall 
of tube 9 and the upper end of 27 is similarly 
imbedded in the lower end of tube 3 which 
forms an extension of tube ill. It will be ob 
vious that gas coming from 6 passes in Space 
32 between plate 2 and grid 2 before passing 
through grid 27 and out tube 3 and tube , 
and it will also be obvious that any of the gas 
which contacts heated filament 23 and is ther 
mally cracked thereby will pass up tube 3 with 
out reaching plate 2. 
The wiring diagram will now be explained. In 

order to have a reference point let us say that 
wire 33 is at an intermediate potential. Filament 
23 is at the same potential at the top of the 
filament but there is a difference of about the 
magnitude of 5 volts provided by battery 34 and 
rheostat 36 between the ends of the filament 
which are connected to wires 37 and 38. Most of 
the current from battery 34 is forced to go 
through wires 37 and 38 by relatively high re 
sistances 39 and 4f, which however allow wire 33 
to be at the same average potential as filament 23. 

Plate 2 is preferably maintained at a lower 
potential than filament 23, but this is not essen 
tial as long as plate 2 is at a considerably lower 
potential than grid 27 in order that positive ions 
created in the space between grid 27 and plate 2 
will be urged toward plate 2 by electroStatic 
forces and will conduct a current thereby to plate 
2. As shown in the drawing it is preferred to 
provide a battery 42 which will keep plate 2 
about 12 volts or So below the potential of fila 
ment 23 and about 80 or 90 volts below the poten 
tial of grid 27. 

In the process of maintaining plate 2 at this 
potential it is necessary for current to flow from 
battery 42 through a milliammeter 43 to wire 22 
because a current is being conducted by positive 
electrons between grid 27 and plate 2 f. Milliam 
meter 43 therefore measures the magnitude of 
this current. 
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The main source of difference in potential be 
tween plate 2 and grids and 2T is battery 4, 
which is connected through instrument with 
wire leading to grid 2 and through wire 28 
to grid 27. Battery 44 is preferably controlled by 
rheostat 45 to maintain a constant grid to fla 
ment current. Battery 44 is preferably in the 
neighborhood of 75 volts and in combination with 
battery 42 provides about 8 volts potential drop 
between grid 27 and plate 2. During normal 
operation milliammeter 4 indicates a flament 
to grid current of about 5 milliamperes. 
After relatively long continued use, and after 

any time the vacuum in tube 9 has been broken 
and air or other gas under substantially atmos 
pheric pressure has been in space 32, I have found 
that gas becomes occluded in the metal parts 
especially filament 23, grid 26 and grid 2. It 
thereupon becomes desirable to drive of this 
occluded gas because such gas tends to reduce 
the accuracy of the readings. For this purpose 
a wire 48 is connected to helical flament 2 and 
through battery 49, switch is and wires 52 and 
47 to the other end of grid 2. When switch is 
is closed, grid 26 is heated up by a suitable cur 
rent from battery 49. I prefer battery 49 to be 
about 6 volts and pass a current of 4 or 5 amperes 
through grid 26. 

It should be realized that while for illustrative 
purposes specific voltages, potentials and the like 
have been given that the invention is not limited 
thereby or thereto as any electronic engineer can 
modify these voltages and other electrical rela 
tionships within suitable ranges and still practice 
the present invention. 
In Figure 2, tube 9 is exactly the same as in 

Figure 1 and therefore is given the same refer 
ence numerals. The same is true of wires 22, 4, 
48 and milliammeters 43 and 46 and the electrical 
circuit between said milliammeters and said tube. 
Pump 2, regulator 3 and exhaust pipe 4 are 
also the same and so are pipes 4, 6, 7 and regu 
lator 8. 
Between regulator 8 and restricted orifice 

however a different form of apparatus has been 
inserted in order to regulate the pressure in tube 
9 to a pressure in the neighborhood of 10 mm. 

of mercury. Regulator 8 discharges into pipe 
53 at a constant pressure. A clock 54 drives a 
valve operating mechanism 5. This valve oper 
ating mechanism 56 first opens valve 57 by a 
means of solenoid valve operator 58. Valve 59 
is closed. Walve 57 is reclosed and then valve 59 
is opened by solenoid 6 controlled by clock 54 
whereupon the gas in tube 2 expands from its 
pressure of several mm. of mercury and passes 
through pipe 63 into storage chamber 4 to pro 
vide a source of gas. Walve 59 is then closed. 
Gas from 64 leaks uniformly through orifice 7 
into tube 9 where the operation becomes the 
same as in Figure 1. 
When intermittent operation is desired valve 

65A is actuated along with valve 57 to open flow 
through pipe 65B by closing switch 5D so that 
Solenoids 65C and 58 are in parallel and operate 
in unison. While 62 fills through valve 57, parts 
63 and 64 are rapidly evacuated through pipe 65B 
by pump 2. 
While the size of orifice may be varied con 

siderably I have obtained satisfactory results by 
making this orifice by punching a hole about 20 
microns in diameter in a 0.0003' platinum plate 
with a sharpened needle and mounting the plate 
in the glass tube (not shown), or by forming a 
fine hole in the glass as shown. 
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Operation 
The operation of Figure 1 will now be de 

scribed. Vacuum pump 2 is started up and the 
pressure in space 32 of tube 9 is lowered to 
somewhere in the neighborhood of 103 mm. of 
mercury. Switch 5 is then closed a suitable 
length of time, say about 15 minutes, during 
which time grid 26 becomes incandescent driv 
ing any occluded gases, out of itself, out of fla 
ment 23, out of grid 27 and plate 2. As fast as 
these occluded gases are driven of they are re 
moved through pipe f by vacuum pump 2, 
switch 5 is then opened and pump 2 continues 
to pump out tube 9, grid 26 cools down and the 
system comes into a relatively stable state in a 
few minutes. 
In this relatively stable state a relatively uni 

form representative sample of gas from pipe 4 is 
passing through regulator 8, through orifice 7, 
through space 32 between plate 2 and grid 2, 
through the meshes of grid 27 and on out 
through pipes 3 and to vacuum pump 2. 
Flament 23 is heated by battery 34 and is 

emitting slow electrons. A certain constant pro 
portion of these slow electrons are accelerated 
by, attracted to and collide with positively 
charged grids 26 and 27, but a relatively con 
stant number of electrons pass through grid 27 
out into space 32 where they collide with gas 
molecules forming positive ions in the process of 
such collisions. At the selected predetermined 
uniform pressure, such as 103 mm. of mercury, 
the number of positive ions formed varies with 
the type of gas molecules struck by the elec 
trons, while a certain constant proportion of 
these electrons are attracted by and fall back 
into grid 27. Therefore for any constant pres 
sure in space 32 there is a definite number of 
positive ions formed per second depending on 
the Composition of the gas in the space. 
These positive ions in space 32 are in an elec 

trostatic field because grid 2 is charged at a 
higher potential (preferably about 80 to 90 volts 
higher) than plate 2. The force of this electro 
static field moves the positive ions steadily over 
to plate 2 and because of this ion current the 
battery 42 is caused to supply an equivalent cur 
rent through milliammeter 43 where it is indi 
cated. Milliammeter 43 can be a recording mil 
liameter if desired, and in fact can be used to 
control machinery (not shown) which exists in 
the prior art, which can be so operated, by which 
the milliammeter 43 can control the process (not 
shown) producing the gas in pipe 4. However 
I prefer to merely indicate the change in the 
composition of gas, and then have someone in 
vestigate why this change is taking place and 
make suitable adjustments to restore the former 
composition of gas in pipe 4. Modern electronic 
controls are quite sensitive and can be operated 
by milliammeters, or by low level currents. 
While milliammeter 43 is indicating the rate 

of ionization of the gas, milliammeter 46 is 
merely indicating the grid to filament current in 
tube 9 and should read a steady value in order 
to provide accurate Operation of the device. Any 
desired steady grid to flament current can be 
maintained by adjusting rheostat 45 from time 
to time. While this can be done manually, it 
obviously is preferable to Substitute one of the 
many constant current controls now on the mar 
ket, as such an automatic electronic current 
control circuit (not shown) can do a better job 
of regulating the current in wire 4 to about 5 
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peres than manual operation of rheo 
stat 45. 
The operation of Figure 2 is very similar ex 

cept for the means of lowering the pressure from 
line 4 down to that necessary in tube 9. In 
many plant operations the pressure in line is 
too high to permit a single stage reduction of 
pressure by regulator 8, so in Figure 2 the pres 
sure having been made constant by regulator 8 
in pipe 53, a definite volume in pipe 62 of this 
gas under the pressure in pipe 53 is collected in 
pipe 62 by opening valve 57 and closing the same 
and then this gas is passed to storage vessel 64 
at a low pressure by opening valve 59 and clos 
ing the same. The gas in vessel 64 is at a sub 
stantially uniform pressure during the cycles 
employing valves 57 and 59 and by the time this 
gas passes through orifice 7 into chamber 9 it 
is at a substantially constant reduced pressure 
as desired. 

It should be noted that after the gas passes 
through positively charged grid 2, contacts 
heated filament 23 and is thereby cracked to 
form a different gas, that any positive ions 
formed in this different gas by electrons emitted 
from flament 23 cannot get through grid 2 be 
cause they are repelled by the positive charge on 
the grid, and therefore they must pass up tube 
3 and be exhausted by pump 2. Therefore it 
does not matter that filament 23 changes the 
composition of the gas by cracking because grid 
27 protects the instrument from any variation 
in measurements due to the same. Other ir 
regularities in ionization of the gas, such as 
thermal cracking and formation of ions on the 
surface of the filament itself, make the complete 
removal of gas passing close to the filament eS 
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sential in order to achieve a high degree of accus 
racy. 

EXAMPLE 
The readings of milliammeter 3 will vary 

from instrument to instrument, the relative 
readings will be different for the different gases 
and about of the order set forth in the following 
table. This table is made at a constant pressure 
of 103 mm. of mercury. Obviously all compara- . 
tive tests should be made at the same constant 
pressure, as varying the pressure varies the 
amount of ionization. This selected constant 
pressure can be chosen from a quite wide range 
of pressures however, but preferably is chosen 
from the best range of operation, which runs 
from 10-2 mm. to 108 mm. of mercury, and I 
prefer the neighborhood of 10 mm. of mercury 
as the best range to operate it. Once the press 
sure is selected it is maintained constant as 
closely as it is possible to do so. 

Table 

Molecular on gauge 
Weight Reading 

Methane-----------------------------------. 4.66 
Ethylene---- - - - 28 94 
Ethane... 3) 8.07 
Propylene--- 42 3.69 
Propane.---- 44. 9.48 
Butadience 1,3- a- 54 128 
Fittene------- 58 2.60 
Cis butene-2. - 56 2.85 
Trans butence-2 56 3.18 
Isobutylene. -- 6 2.83 
n-Butane------------------------------------ 58 .25 
Isobutane. ---------------------------------. 58 8.4 

It should be obvious that if only buttene- and 
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intermediate 2.60 and 1.26 will be given at mill 
liammeter 43. By tests of known amounts of 
these gases a calibration table can be prepared 
from which the reading can be translated into 
definite percentages of each component. Other 
similar uses are obvious with more than two gases 
where Only one gas varies. Other uses are Sug 
gested to those skilled in the art by this example. 
While I have shown and described a certain 

arrangement of parts for carrying out the proceSS 
of my invention and have described certain 
specific processes, these have been for purpose of 
illustration and obviously my invention is not 
limited thereto but instead is as defined in the 
following claims, 

Having described nay invention, I claim: 
1. The process of indicating a change in the 

composition of a gas which comprises passing a 
sample of the gas at a constant low pressure 
through a Zone where it is Subjected to a bon 
bardment of slow electrons to form a first group 
of positive ions at a rate dependent upon the 
composition of the gas, collecting Said first group 
of positive ions on a negatively charged plate, 
measuring the electric current resulting there 
from, and protecting said first group of positive 
ions from contamination with a second group of 
positive ions formed from such portions of said 
gas as come in contact with the Source of such 
electrons and crack thereon by repelling said 
second group of positive ions with a positively 
charged screen. 

2. A gas analyzer comprising in combination a 
chamber, means for taking a sample of a stream 
of gas, means for reducing and keeping the pres 
sure of said sample at a constant value and pass 
ing it into said chamber, an exhaust conduit con 
nected to said chamber, means to exhaust said 
exhaust conduit and thereby exhaust Said cham 
ber, a cathode in said chamber, means to heat 
said cathode so it will emit electrons, a Screen 
surrounding said cathode and connected to the 
walls of said exhaust conduit and said chamber 
so as to isolate said cathode and Said exhaust con 
duit from the rest of said chamber, a positive ion 
collecting element in said chamber on the other 
side of said screen from said cathode, means to 
heat said cathode, screen and element to drive 
out any gases occluded therein, means to main 

, tain said screen positive relative to said cathode 
and means to maintain said element negative 
relative to said Screen. 

3. A gas analyzer comprising in combination 
a chamber, means for taking a sample of a stream 
of gas, means for reducing and keeping the pres 
sure of said sample at a constant value and paSS 
ing it into said chamber, an exhaust conduit con 
nected to said chamber, means to exhaust said 
exhaust conduit and thereby exhaust said chan 
ber, a cathode in said chamber, means to heat 
said cathode so it will emit electrons, a Screen 
surrounding said cathode and connected to the 
walls of said exhaust conduit and Said chamber 
so as to isolate said cathode and Said exhaust 
conduit from the rest of said chamber, a positive 
ion collecting element in said chamber on the 
other side of said screen from Said cathode, means 
to maintain said screen positive relative to said 
cathode and means to maintain Said element 
negative relative to said Screen. 

4. In a gas analyzer an evacuated chamber, 
and means to regulate the pressure in Said cham 
ber comprising vacuum pump means for evacu 
ating said chamber to a predetermined pressure, 

butadiene are present in tube that a reading 75 and means supplying gas to maintain said presa 
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sure comprising a source of said gas at greater 
than atmospheric pressure, a conduit connecting 
Said Source and said chamber, a constant pressure 
regulating valve in said conduit receiving gas 
from said source and passing it under reduced 
pressure through said conduit, and a restricted 
orifice controlling flow from said conduit into said 
evacuated chamber, said chamber having a cen 
tral depending exhaust duct and an inlet duct dis 
posed to discharge against said exhaust duct, a 
screen sealed to and completely surrounding said 
exhaust duct and forming said chamber into two 
portions isolated by said screen, a cathode on 
the exhaust duct side of said screen, and a film 
of deposited metal on the walls of said chamber 
on the inlet side of said screen, 

5. An ionization tube comprising in combina 
tion a glass chamber having a central depend 
ing exhaust duct and a radial inlet duct disposed 
to discharge against the side of said exhaust duct, 
a gauze screen sealed to and completely surround 
ing said exhaust duct and forming said chamber 
into two portions isolated by said screen, a cath 
ode and screen heating means on the exhaust 
duct side of said screen, and a film of deposited 
platinum metal on the walls of said chamber on 
the inlet side of said screen. 

6. An ionization tube comprising in combinia 
tion a glass chamber having a central depending 
exhaust duct and an inlet duct disposed to dis 
charge against the side of said exhaust duct, a 
screen sealed to and completely surrounding said 
exhaust duct and forming said chamber into two 
portions isolated by said screen, a cathode and 
screen heating means on the exhaust duct side of 
said screen, and a film of deposited platinum 
metal on the walls of said chamber on the inlet 
side of Said Screen. 

7. An ionization tube comprising in combina 
tion a glass chamber having a central depending 
exhaust duct and a radial inlet duct disposed to 
discharge against the side of said exhaust duct, 
a gauze screen Sealed to and completely surround 
ing said exhaust duct and forming said chamber 
into two portions isolated by said screen, a cath 
Ode on the exhaust duct side of Said screen, and 
a film of deposited platinum metal on the walls 
of said chamber on the inlet side of said screen. 

8. An ionization tube comprising in combina 
tion a chamber having a central depending ex 
haust duct and a radial inlet duct disposed to dis 
charge against said exhaust duct, a gauze screen 
Sealed to and completely surrounding said ex 
haust duct and forming said chamber into two 
portions isolated by said screen, a cathode and 
Screen heating means on the exhaust duct side 
of said Screen, and a film of deposited metal on 
the walls of said chamber on the inlet side of 
said Screen. 

9. An ionization tube comprising in combina 
tion a chamber having a central depending ex 
haust duct and an inlet duct disposed to dis 
charge against said exhaust duct, a screen sealed 
to and completely surrounding said exhaust duct 
and forming said chamber into two portions iso 
lated by said Screen, a cathode on the exhaust 
duct side of said screen, and a film of deposited 
metal on the walls of said chamber on the inlet 
side of said screen. 

10. The method of determining the varying 
percentage of one gas in an otherwise substan 
tially constant gas mixture; comprising forming 
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positive ions in said gas mixture by subjecting 
said gas to electrons thermally ejected from a hot 
cathode, and measuring the current conducted 
by Said ions at a given potential, and repelling 
positive ions of said gas cracked by contact with 
the cathode back toward the cathode and evac 
uating the same before they can conduct said 
current. 

ll. An ionization tube comprising in combina 
tion a chamber having an exhaust duct and an 
inlet duct, an accelerator screen in said chamber 
Completely Separating Said ducts, a cathode in 
Said chamber on the exhaust duct side of said 
screen, a positive ion collecting element in said 
chamber on the inlet duct side of said screen, and 
means to heat said cathode. .." 

12. An ionization system comprising an ioniza 
tion tube comprising in combination a chamber 
having an exhaust duct and an inlet duct, a vac 
uum pump disposed to draw gas from said ex 
haust duct, means to supply predetermined 
amounts of gas to said inlet duct, an accelerator 
Screen in said chamber completely separating 
said ducts, a cathode in said chamber on the 
exhaust duct side of said screen, a positive ion 
collecting element in said chamber on the inlet 
duct side of said Screen, and means to heat said 
Cathode. 

13. An ionization system comprising an ioniza 
tion tube comprising in combination a chamber 
having an exhaust duct and an inlet duct, a vac 
uum pump disposed to draw gas from said ex 
haust duct, means to supply predetermined 
amounts of gas to said inlet duct, a screen in said 
chamber completely separating Said ducts, a cath 
ode in said chamber on the exhaust duct side of 
Said Screen, a positive ion collecting element in 
Said chamber on the inlet duct side of said screen, 
means to maintain said screen positive relative 
to Said cathode, means to maintain said element 
negative relative to said Screen, and means to 
heat said cathode. 
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