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Cur invention relates to a tube, and more particu-
larly to a tube for the measurement and identificafion
of the constituents in a gaseous mixture.

it is an cobject of our invention to provide a tube
to measure, by obtaining the ionization probability curve
of a gasecus mixture, the partial pressures of the gases
in the gasecus mixture.

Another object is to provide a tube to identify, by
obtaining the ionization potentials of a gas, the com-
ponents of a gaseous mixture.

it is another object to provide an ionization tube
having a varying ion current the difference cf which
is proportional to an ion current that would be obtained
from bombarding a gas with an eleciron beam having
nearly mono-energetic electrons of known energy.

Another object is to provide a system to permit the
cbservation of the detailed structure in the ionizaticn
probability curve of a gas where a measurable portion of
the ion current is nearly equal to that obtained from
bombarding the gas with an electron beam containing
rmono-energetic electrons of known energy.

Another object is to provide a tube for the identifica-
tion of gases, which form ions, by determining the pre-
cise electron energy required to produce ionization.

Still another object of our invention is to provide a
tube for the identification of gas by determining the
kinetic energy of the ions formed near the ionization
potential of the gas.

These and other objects are effectsd by this invention
as will be apparent from the following descripticn and
claims taken in accordance with the accompanying draw-
ing thronghout which like reference characters indicate
like parts, and in which:

Figure 1 is a perspective view, with a pariial section,
of a preferred embodiment of our inventicn;

Fig. 2 is a sectional view showing a modification of
the electrode structure of our invention;

Fig. 3 is a curve representing a possible electron energy
distribution of an electron emitter;

Fig. 4 is an ionization probability curve for a gaseous
mixture of CO and N, obtained by our invention; and

Fig. 5 shows the trace obtaired on an oscilloscope by
taking the first derivative of the ijonization probability
curve shown in Fig. 4.

Referring in detail to Fig. 1, we have shown an ioniza-
tion tube which comprises an envelope 16 of glass or
other suitable material which is impervious to gas. The
envelope 19 is provided with an opening 12 leading to a
vessel or other container (not shown) containing the gas
to be measured and identified. The opening 12 is also
utilized for exhausting the envelope 16. Within the
envelope 10 there is provided a plurality of electrodes
including a cathode 14, a focusing electrode 16, a re-
tarding electrode 18, an ion chamber 29, an ion coilector
22, and an electron collector 24. Suitable lead-in con-
nections and supports are connected from the electrodes
to the base (not shown) and the top of the envelope 16.
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Within the envelope 18 there is provided means for
developing an electron beam 39. Such means may in-
clude any known type of “eleciren gon” and that illus-
trated in Fig. 1 constitutes cnly one example of many
possible constructions. In the arrangement shown, the
electron source comprises the thermionic cathode 14
of a filamentary cathode type. The cathode 14 having
two lead in connections 49 and 41 is energized by means
of a suitable energy source, such as a battery 32. The
battery 32 has its positive terminal connected threugh
a variable resistor 51 to the lead in connections 40, and
its negative terminal connected to the lead in connection
41. The variable resistor 51 permits the adjustment of
the intensity of electron emission from the cathode 4.
A large resistance 52 is connected between the lead in
connections 46 and 41.

- Somewhat spaced from the cathode 14 is the focusing
electrode 15 in the form of a circular disc or diaphragm
provided with an aperture 31 for focusing the eclectron
emission from the cathode 14. The focusing electrode 16
is also used to control the intensity of the electron beam.
The fecusing elecirode 16 is, in the normal case, main-
tained at a positive potential with respect to the cathode
14 of the crder of 5 volts and is effective by the aper-
ture 11 in collimating electrons emitted from the cathode
14 into the electron beam 3. The focusing electrode
16 is energized by means of a suitable energy source,
such as a battery 33, having its positive terminal con-
nected to the focusing electrode 16 through a lead-in
connection 42 with the negative terminal of the battery
33 connected by a conductor 6§ tc the center tap of
the resistor 52.

Adjacent to and somewhat spaced on the side of the
focusing electrode 16, remote from the cathode 14, is
the retarding elecirode 18 of similar construction to
that of the focusing electrode 16. The retarding elec-
trode 18 is transverse to the electron beam 30 and is
provided with an aperture 13 to permit passage of the
electron beam 38. The retarding electrode 18 is in the
normal case maintained at a negative potential with
respect to the focusing electrode of the order of .5 volt,
The retarding electrode 18 is energized by means of a
suitable direct-current potential supplied by battery 35
and an alternating current potential supplied by a gen-
erator 36 of the order of .1 volt and of the frequency of 10
kilocycles per second connected in series with the re-
tarding electrode 18 through lead-in conmection 43. The
positive terminal of the battery 35 is connected by means
of the conductor 69 to the center tap of the resistor 32.

Somewhat spaced from and on the side of the retard-
ing electrode 18, remote from the cathode 14, is the ion
chamber 28. It should be noted here that it is advisable
to place adequate shielding arcund the ion collector 22
and its lead-in connection 46 to eliminate the effects of
stray electric fields. This is accomplished by shielding
chamber ¢ which encloses the ion collector 22 and iead-
in connector 46. The side walls 15 and 17 of the shield-
ing chamber are tramsverse to the eleciron beam 3¢ and
also serve as the end plates for the ion chamber 28. The
ion chamber 26 is comprised of a tubular gridlike mem-
ber 19 concentric to the electron beam 38 and a portion
of the walls 15 and 17 of the shielding chamber 9 which
closes off the ends of the tubular grid-like member 19,
The ion chamber 29, thus defined, is transversed by the
electron beam 30 which may enter through an opening
23 in the end plate 15 and Ieave through a correspond-
ing opening 23 in the end plate i7. The openings 23
are positioned so as to permit the electron beam 38 to
pass through the ion chamber 28. The ion chamber 28
in the normal case is varied in range of the order of 10
to 20 volts positive with respect to the retarding elec-
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trode 18. The ion chamber 20 .is energized by means
of a suitable direct-current potential supplied by a battery
37 and a varying current potential supplied by a gen-
erator .or -oscillator.-38.. The voltage -supply fromthe
‘generator 38 is in the normal case of the order-of 10
volts in magnitude, of sawtcoih wave -form, and of a
frequency of 100 cycles per second. -The generator - 38
and battery- 37 in series are connected to the ion cham-
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‘ber 2@ through the lead-in connection 44.  The negative .

terminal of the battery 37 is connected by the conductor
69 to the center tap-of the resistor 52.

The ion collector 22 -is. a tubular member positioned
concentric to the grid member 19 of the ion chamber
29. ‘The ion collector 22 is in the normal case main-
“tained at a negative potential of the order of one volt with
respect to the ion chamber 2. ‘The ion collector 22 is
‘usually connected into the circuit so as to be near ground
‘potential.  The ion- collector 22 is connected to an

-“amplifier 61 of suitable design by means of-the lead-in
connection 46 through the top of the envelope 10 The

"amplifier 61 is connected to a differential amplifying cir-

cuit. 62 which in turn is connected to an oscilloscope 63.
The oscilloscope 63 is connected to the sawtooth gen-
erator 38 so.as to.obtain a voltage to trigger the oscillo-
scope 63 and thereby synchronize the oscilloscope 63
with the sawtooth generator 38. -

The electron collector 24, in"the form of ‘a circular
disc or plate, is positioned adjacent to and exterior to the
ion chamber 20 so as to collect the electrons from the elec-
tron -beam 36 as they leave the ion chamber 20 by
means of the aperture 23 of the'end plate 17.' The elec-
“tron -collector 24 is connected by means of the lead-in
connection 45 to the lead-in connection 44 so as to be
.at the same potential as the ion chamber 2¢. The lead-

in connection 44 is also connected to ground through a .

battery 39: - N o s
" A magnetic field is impressed by a pair of pole pieces
56 coincident with the electron beam 30 so as to colli-
. mate the electrons. The magnetic field may be produced

by a permanent magnet or an electromagnet. :
* A modification of the electrode structure in Fig. 1 is
shown ‘in ‘Fig. 2 in which the jon chamber 20 and the
ion. collector: are replaced by an accelerating grid 29
and a set of parallel plates 67 and 68. The accelerating
grid 29 is of a similar construction to that of the focusing
electrode 16 and retarding electrode 18 and is adjacent

to the retarding electrode 18.  The accelerating grid
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29 is positioned transverse to-the electron beam 30 and :

has an aperture 28 to permit the electron beam 30 to
pass. A similar direct-current petential and alternating
current potential would be applied to the accelerating grid
29 as was applied to the ion chamber 29 in Fig. 1. The
- jon collector in Fig. 2 is in the form of parallel plates 67
and 68 which are positioned on opposite sides of the elec-
tron beam.39. - It is. necessary to apply an electric field

between the plates 67 and 68 so that the jons produced

by the electron beam 36 may be collected on one of the
plates 67 or 68. It is possible to pulse the electric field
across the plates §7 and 68 in synchronism with the alter-
nating-current potentizl applied to the retarding electrode
18 so as to have a field free space between the parallel
plates when a pulse of electrons from the electron beam
30 arrives between the parallel plates 67 and 68. It is
again advisable to place: adequate shielding around the
-ion collector and its leads to eliminate the effect of stray
electric fields. o :
In the operation of the device, a gas sample to. be
analyzed is introduced into the envelope 18 through the
opening 2. As illustrated in. Fig. 1, the electrons emitted
from the cathode 24 are directed in an electron beam 329
through the aperture 11 of the focusing electrode 16

having a positive potential with respect to the cathode 14. -

The electron energy of distribution of the electron beam

30 may be represented by curve A in Fig. 3.7~ -
- For purposes of explanation, if we assume the retard-
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ing electrode 18 is operated -at a megative- direct-current
potential Vg with respect to the cathode 14, only those
electrons with sufficient kinetic energy to overcome this
negative potential barrier can pass beyond the Tetarding
electrode 18.- This results in a sharp low energy cut off
as shown by the line B in Fig. 3. -It is to be noted that
the lowest energy electrons in thé electron beam 30 in
this new distribution have near zero velocity at the re-
tarding électrode 18 and hence ‘their kihetic energy in

the jonization chamber 20.will be determined by the dif- -

ference in the potential between the retarding electrode
18 and the positive potential or accelerating potential on
the ion chamber 20, The electron beam 30 entering the
jon chamber 20 will cause the ionization of the gas sample
if of sufficient energy. - _

When the electrons in the electron beam 30 bombard
the molecules in the gas sample in thejonization chamber
20, positively charged ions are formed in amounts char-
acteristic of the structure of the molecules and in amounts
proportional to the electron beam 38 intensity ‘and veloc-
ity. The positively charged ions pass through the grid-
like structure 19 to the more negative biased ion collec-
tor 22; causing an ion current to flow through the ion
collector circuit, which current may be measured by snit-
able means. .

1f the direct. potential voltage Vg applied to the re-
tarding electrode 18, for purpose of an explanation, - is
now changed to V+AVy a new energy- distribution of
electrons in thé electron beam 39 will be -obtained -and"
the low energy cut off is shown by the line C in Fig. 3.
The ion yield from the électrons in this distribution is-
then measured and the difference in the ion yield from

“these two energy distributions Vi and Vz+AVy is equal -

to the ion yield from- the electrons mono-enérgetic’ with-

5 in the. area defined by AVg. _The elecirons within this

area AVy are substantially of zero velocity .at-the re-
tarding electrode 18 and the energy of the electrons in the -
ion chamber 20 is determined by the.accelerating voltage
of the ion chamber 20. S R

By applying an alternating voltage of .magnitude AVy
to the retarding electrode .18, a difference current for-a-~
fixed value of ion chamber 20 voitage-yields-a single point
on the ionization probability curve by utilizing a narrow
band current amplifier 61 in the ion collector circuit. The
AVg voltage applied to the retarding electrode. 18 is
obtained from the alternating current potential generator
36. . . : )

It should be mnoted that.in the use of the described

method the contact potential between the cathode 14'and - -

the electrodes 16, 18 and 20 does not enter -into the.
determination of the electron energy of . the electrons:.
within AR, The contact potential between the retarding.
electrode 18 and the ionization chamber 20 has the sole
effect on the electron energy. of the electrons within the

5 beam 30. The electrodes 16, 18 and 20 aré made of

similar metals to reduce the contact potential effect with
respect-to the filament. It should also be noted that the

difference in ‘the varying ion yields due. to. alternating

voltage on the retarding electrode 18 as measured in the
jon collector circuit results from a nearly “mono-ener-
getic electrons of known energy. It is this feature of .our
invention which permits obtaining a true ionization proba-’
bility curve that can be used for quantitative gas analysis.
The identification of the gas :constittients is. made by
the measurement of the ionization potentials. - In Fig. 1,
the described voltages applied to the elements are for
measuring the formation of positive ions of the gas. Itis
cbvious to those skilled in the art that it would be possible

“ with the electrode structure as shown in Fig. 1to apply a

positive voltage. to. the -ion collector and with sufficient
electron energy in‘the electron beam 3¢ for measuring
the formation of negative ions of a gas for the purpose

" of identification of certain gases. It is- also possible to

75

identify certain gases by observing the kinetic energy of
the ions formed. ‘This measurement would require a re-
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tarding potential between the ionization chamber 28 and
the ion -collector 22 such that only ions formed with a
certain kinetic energy would reach the ion collecter 22.

The ionization tube is designed to cperate at sufficiently
low pressures (below 10—3) that the ion yield is a linear
function of pressure for constant electron current. We
have found that the ion yield is a linear function when
mono-energetic electrons are used. In Fig. 4 we have
plotted typical ionization probability curves for a blend
of CO and Ny, Curve E is the ionization preduced by CO
while D is the ionization for CO and N, By taking the
extrapolated curve T and subtracting it from curve D, one
can obtain ionization due to N, alone.

Using the described system it is possible to make a
quantitative analysis of a gas mixture. If the selected
electron band is introduced and removed by applying the
voltage AVy to the retarding electrode with the oscillator
36, the use of a narrow band pass amplifier 61 in the ion
collector circuit permits direct measurement of ioms
formed by monc-energetic electrons of known energy.
The electron energy as determined by the potential between
the retarding electrode 18 and ion chamber 20 is varied
pericdically in a linear fashion by the cscillator 38 having
a sawtooth wave form,

If the oscilloscope 63 is connected in the ion collector
circunit with the amplifier 61 and the scope is triggered by
the sawtocth generator, the scope will display a pattern
whose envelcepe will be that shown in Fig. 4.

Furthermore,; by the insertion of a differential ampli-
fier 62 in the ion collector circuit, it is possible to observe
directly on the scope the first or second derivative of the
ionization probability curve. A typical trace is shown in
Fig. 5 where the first derivative of the ionization curve
‘'shown in Fig. 4 was taken. This curve can be correlated
with the concentration of the individual gases in the
mixture and thus can be used for a quantitative analysis
of the gases or for menitoring to maintain the concen-
tration constant in contro] processes.

It is obvious that the generators 36 and 38 may be re-
moved from the circuit shown in Fig. 1 and vary the
voltages by use of batteries 35 and 37. A direct current
amplifier and meter would be comnected in the ion cir-
cuit and readings taken directly and the difference in read-
ings for two veliages on the retarding grid 18 at one value
of accelerating voltage could be plotted. By plotting a
number of these points, using the same voliages on the
retarding electrode 18 and varying the acceleration voltage,
the ionization probability curve could be obtained.

While we have shown our invention in several forms,
it will be cbvious to those skilled in the art that it is not
so limited, but is susceptible of various other changes and
modifications without departing from the spirit and scope
thereof.

We claim as our invention:

1. A tube comprising an envelope having an orifice to
provide admittance of a gas, an electron gun for boin-
barding the gas with electrens to produce ions, means for
applying a field to modify the energy distribution of said
electrons, a target electrode on which the electrons im-
pinge, and a collector electrode for coilecting ions formed.

2. An electrical discharge device for use in analyzing a
gas by establishing ionization currenis therein comprising
an euvelope having an opening through which a sample
of gas to be examined is introduced, an electron gun within
said eavelope for developing an electron beam for bom-
barding the gas in said envelope to preduce ions of sub-
stances present in the gas, said gua including a first elec-
trode for emitting electrons having a given electron en-
ergy distribuiion, a second electrode, means for applying
a varying potentia] to said secend electrode to alter said
electron energy distribution, a target for said electron
beam, and an ion collector elecirode positioned between
said electron gun and said target for collecting ions
formed.
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3. An electrical discharge device for use in analyzing a
gas by establishing ionization currents therein comprising
an envelope having an opening through which a sample
of gas to be examined is introduced, means within said
envelope for developing an electron beam for bombard-
ing the gas in said envelope to produce ions of substances
present in the gas, said means including a first electrode
for emitting an electron beam having a wide electron en-
ergy distribution and a second electrode having a varying
potential applied thereto for varying said energy distribu-
ticn of the electrons within said electron beam, a target
for said electron beam and an iom collector electrode
positioned between said means and said target for col-
lecting the ions formed.

4. An electrical discharge device for use in analyzing
2 gas by establishing ionization currents therein compris-
ing an envelope having an opening through which a sample
of gas to be examined is introduced, means within said
envelope for developing an electron beam for bombard-
ing the gas sample to produce ions of substances present
in the gas, said means including a retarding electrode,
means for applying a potential to said retarding electrade
for varying the normally wide energy distribution band
of electrons from the emitting source of said eleciron
beam in a uniform manner, a target for said eleciron
beain, an ion collector electrode positioned between said
eleciron gun and said target for collecting the ions formed,
and means for measuring the difference inm ion current
due to the varying effect of said retarding electrode.

5. An electrical apparatus for use in determining the
property of a gas comprising an envelope having an open-
ing through which a sample of gas is introduced, means
within said eavelope for producing an electron beam for
bombarding the gas in said envelope to produce ioniza-
ticn of molecules of the gas, said means including a re-
tarding elecirode and an electron emitting source, means
of applying an alternating current potentizl to said re-
tarding electrode sc as to vary the kinetic energy distribu-
tion of the electrons from said scurce in a uniform man-
ner, a target for said electron beam, an ion collector posi-
tioned between said electron producing means and said
target for collecting the ions formed, and means for
measuring the difference in varying ion current due to the
alternating current potential applied to said retarding elec-
trede of said electron producing means.

6. An electrical discharge device for use in analyzing
a gas by establishing ionization currents therein compris-
ing an envelope having an orifice through which a sampie
of a gas to be examined in introduced, means for pro-
ducing an eleciron beam within said envelope including
an electron emissive source and means for varying the
energy distribution of the electrons from said source,
means for collecting the electrons from said electron
beam, and means for collecting the ions due to the icniza-
tion of the molecules of the gas introduced into said en-
velope.

7. An ionization tube comprising an envelope pro-
vided with an opening for the introduction of moleculss
of a gas into said envelope, a first electrode structure
for developing an electron beam within said envelops
having a wide band of electron energy distribution, a
second electrede structure with a potential applied for
varying the energy distribution of the electrons within
said electron beam, an anode for ccllecting the electrons
from said electron beam, an accelerating electrede posi-
tioned between said anode and said second electrode
structure, an ion collector disposed between said accel-
erating electrode and said anode and an ion circuit con-
nected to said ion collector for registering the ion current
due to varying the voltage on said second electrode struc-
ture.

8. An electrical discharge device for use in analyzing
a gas by establishing ionization currents therein compris-
ing an envelepe having an orifice through which a sample
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of gas to be.examined is introduced, a plurality of elec-
trodes in said envelope including an electron-emitting ele-
- ment, a focusing electrode cooperating with said electron-
emitting element for developing an electron beam, -an

anode disposed in the path of said electron beam for col- -

Jecting electrons, a retarding electrode disposed - trans-
versely to the -eleciron beam between the anode and
focusing electrodes means of applying a varying potential
- to said retarding electrode, an accelerating electrode posi-
tioned ‘between said anode and ‘said ‘retarding electrode
and an ion collector disposed between Sc.ld ancde and
said accelerating electrode.

9. A device comprising an envelope provxded with an
opening for the introduction of molecules of a gas into
said envelope, an electron-emitting element ‘positioned
within said- envelope, an anode. for collecting the elec-
trons ‘from said -electron-emitting element;, .a focusing
electrode disposed between said electron-emitting element
and said anode and cooperating with said electron-emitting
element -for - developing -an - electron beam, a magnetic
field coincident with said electron beam for collimating
the electrons within said electron beam, a retarding elec-
trode fransverse to said electron beam and positioned

S
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said envelope, a first electrode structure for developing an -
electron ‘beam, a second electrode structure ‘disposed in
the path of said electron beam for collecting the electrons

‘emitted from said first electrode structure, means for de-

veloping - a magnetic field coincident with " the ‘electron
beam, a third electrode structure positioned bétween said

-first and second electrode structure, means for applymg a
varying potential to. said third: electrode for varying the: - -

energy distribution of ‘the electrons: within: said eléctron
beam, a fourth electrode structure positioned between said -

- third electrode structure and said second eléectrode ‘struc-
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ture for accelerating ‘the electrons within said electron
beam and forming a field-free region between said second
electrode structure - and -said third -electrode structure, a
fifth electrode structure disposed near to said fourth elec-
trode structure for collecting the ions formed as a re-
sult of the ionization of the molecules of gas by the elec-
tron beam within the field-free region:

11. An electron -discharge device comprising an elec—
tron gun for genelatmg an electron beam, said gun in-
cluding an electron emissive element for .generating elec-
trons having a wide band of energy dlstnbutlon, a re-

tarding electrode and means- for applying a varying po-

between said focusing electrode and said anode, means

for applying a varying voltage to said retarding electrode
so as to vary the energy distributions of the electrons
within said electron beam, an ion chamber dlsposed be-
tween said anode and said retarding electrode comprising
a tubular grid-like member concentric with said electron
beam, and an ion collector adjacent to said tubular grid-
like member. )

10. ‘A device comprising an envelope provided with an
opening for the introduction of mclecules of a gas into

30

ential to said retarding electrode for altering the energy
distribution of said electrons so as to obtam a sharp, low
energy cutoff distribution. .
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