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This invention relates to the formation of ions by the
bombardment of a gas with a siream of electrons. In
another aspect it relates to an electron emission regulator
for an ion source. .

Mass spectrometry comprises, in general, iom‘zmg a
sample of material under investigation and separating the
resulting ions according to their individual masses to de-
termine the relative abundance of ions of selected masses.
The material to be analyzed usually is provided as a gas,
and this gas is bombarded by a stream of electrons to pro-
duce the desired ions. The gas molecules may be ionized
by the removal of electrons, by breaking up the molecules,
or both. Although both positive and negative ions may
be formed by such electron bombardment, most mass spec-
tromaters make use of only the positive ions. These posi-
tive ions are accelerated out of the region of the electron
beam by means of a negative potential which imparts
equal kinetic energies to ions having like charges such
that ions of different masses have different velocities after
passing through the electrical field and consequently have
different momenta. The presently kncwn mass spec-
trometers can be classified in one of two general groups:
the momentum and velocity selection types. The mo-
mentum selection instruments sort the ions into beams
of different masses by means of a magnetic and/or an
giectrical deflecting field. Ions of a selected mass are
allowed to inpinge upon a collector plate to which is con-
nected a suitable indicating meter. The velocity selection
instrument sort the ions according to their velocities, and
are referred to generally as time-of-flight mass spec-
trometers.

In all these mass spectrometers it is common praciice
to produce the ions by bombardment of molecules with a
stream of electrons. The electrons generally are emitted
from a heated filament and are accelerated by an elec-
trical field into an ionization chamber which contains the
gas molecules o be ionized. It is, of course, important
to maintain the electron beam of constant magnitude be-
cause variations in the electron emission tend to introduce
correspending variations in the degree of ionization, This
in turn introduces errors in the analysis. The filament
normally is heated by an electrical current and some
degree of centrol of the electron emission can be main-
tained by regulating the current supplied to the filament.
However, even small variations in the current supplied to

the filament resulis in changes in the electron emission, !

Furthermore, this control procedure does nct compensate
for changes in emission which may be due to other factors
such as changes in the emitting properties of the fila-
ment.

In accordance with the present invention the electron
emission is held constant by means of an electrical field
disposed adjacent the filament in the path of the electron
beam. This field, which can be either positive or nega-
tive with respect to the potential on the filament, is con-
veniently established by means of a screen electrode
which can be a wire mesh mounted generally perpendicu-
lar to the path of the electron beam. Ry varying the

2

potential on this screen electrode, the flow of electrons
therethrough can be regulated in a precise manner, Cir-
cuit means are provided to establish a first voltage pro-
portional fo the magnitude of the electron flow. This first
voltage is compared with a constant reference voltage,
and the difference between the two voltages controls the
potential applied to the screen electrode. Thus, if the
electron emission from the filament should tend to in-
crease, the potential applied to the grid is made more

o negative to tend to repel the electrons flowing there-
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through into the ionization chamber. Conversely, if the
flow of electrons from the filament tends to decrease,
the grid is made more positive to tend to increase the flow
of electrons into the ionization chamber. By this pro-
cedure it is possible to maintain a constant flow of elec-
irons into the iomization chamber, and the flow can be
retained constant irrespective of changes in heat supplied
to the filament or changes in the emitting properties of
the filament.

Accordingly, it is an object of this invention to provide
means to regulate the production of ions by the bombard-
ment of gases with a stream of electrons.

Another object is to provide an electronic emission
regulator to control a beam of elecirons in an iom
source,

A further object is to provide apparatus for supplying
a constant source of ions for analysis by mass spec-
trometry.

Various other cbjects, advantages and features of this
invention should become apparent from the following de-
tailed description taken in conjunction with the accom-
panying drawing in which:

Figure 1 is a schematic representation of a mass spec-
trometer tube having the emission regulating apparatus
of the present invention incorporated therein;

Figure 2 is a sectional view taken along line 2—2 in
Figure 1;

Figure 3 is a sectional view taken along line 3—3 in
Figure 1;

Figure 4 is a schematic circuit diagram of a first em-
bodiment of the emission regulator;

Figure 5 is a schematic circuit diagram of a second em-
bodiment of the emission regulator;

Figure 6 is a detailed circuit diagram of an embodiment
of the emission regulator;

Figure 7 is a detailed circuit diagram of an embodi-
ment of the emission regulator; and

Figure 8 is a schematic circnit diagram of still another
embodiment of the emission regulator.

Referring now to the drawing in detail and to Figure
1 in particular, there is shown a mass spectrometer tube
which is enclosed within a vessel 19. The interior of
vessel 19 is maintained at a reduced pressure by means
of a vacuum pump, not shown, which is connected to
a conduit 11 which communicates with vessel 1¢; and
a second conduit 12 communicates with vessel 18 to sup-
ply a gas sample to be analyzed. A filament 13 is
mounted at one end of vessel 18. Electrical terminals
14 and 15 are connected to the respective ends of fila-
ment 13 to supply heating current thereto. At the oppo-
site end of vessel 10 there is positioned an ion collector
16 which is connected to an external terminal 17. A de-
tector, not shown, is connected to terminal 17. A series
of grids is positioned between filament 13 and collector
16. Proceeding from filament 13 toward collector 18,
these grids comprise a screen electrode 28 which is em-
ployed to control the eleciron flow from filament 13.
Electrode 29 is connected to a terminal 21, A pair of
grids 22 and 23 defines an ionization chamber into which
the gas sample from conduit 12 is directed. Grids 22
and 23 are electrically connected to one another and to
a terminal 24 which is maintained more positive than



filament 13. The next two grids 25 and 28 are employed
to focus the resulting ions in a beam which is directed
toward collector 16. Grids 25 and 26 are connected to
respective terminals 28 and 28 which are maintained at
negative potentials. The next three grids 36, 31 and
32 are spaced relatively close to.one another, and a cor-
responding series of grids 33, 34 and 35 is spaced from
this first group. A third series of grids 36, 37 and 38
is spaced from the second set. Grids 38, 32, 33, 35,
36 and 38 are electrically connected to one another and
to a terminal 4. Grids 31, 34 and 37 are electrically
connected to one another and to a terminal 41. A nega-
tive potential is applied to terminal 48 and an alternat-
ing potential is applied between grids 40 and 41. The
next grid 43 is connected to a terminal 44 which has
a positive potential applied thereto, and the final grid
46 is connected to a terminal 47 which has a negative
potential applied thereto.

Electrons emitted from filament 13 are accelerated

into the ionization chamber between grids 22 and 23 :

wherein they bombard the gas molecules to provide ions.
The resulting positive jons are accelerated out of the
ionization chamber by the negative potentials on grids
25 and 26 and are directed toward collector 6. The
next nine grids 38-—38 function to accelerate the ions
by amounts which are functions of the masses of and
the charges on the individual ions. Yons of a predeter-
mined mass receive sufficient energy to overcome the
positive retarding potential applied to grid 43 and are
thus able to reach collsctor 16. The purpose of grid
46 is to repel any secondary electrons which may be
formed within the tube. For a more detailed descrip-
tion of the operation of the accelerating grids 30-—38,
reference is made to U. S. Patent 2,535,032,

In one embodiment of this invention, filament 13 was
formed of a tungsten wire approximately one inch long
and 0.007 inch in diameter. Screen electrode 29, which
is shown in detail in Figure 2, was positioned approxi-
mately ¥ inch from filament 13. Electrode 20 was in

the form of a wire mesh contained within an annular -

member §9. The individual wires 51 of the mesh were
formed of tungsten wire having a diameter of approxi-
mately  0.010 inch. Adjacent parallel wires 51 were
spaced approximately 14q inch from one another. The
first grid 22 of the ionization chamber was spaced ap-
proximately ¥ inch from grid 20 and was formed of
a wire mesh contained within an apnular ring 52. Wires
53 forming the mesh of grid 22 were of tungsten wire
having a diameter of approximately 0.001 inch. Ad-
jacent parallel wires 53 were spaced approximately
0.020 inch from one another.

n Figure 4 there is shown a schematic circuit diagram
of one emboediment of the electron emission regulator
of this invention. Terminals 14 and 15 are connected
to the respective end terminals of the secondary wind-
ing 60 of a voltage step-down transformer 61. A source
of alternating potential 62 is applied across the primary
winding 63 of transformer 61. The center tap 66 of
secondary winding 60 is connected to the negative ter-
minal of a voltage source 64 through a resistor 65.
Center tap 66 is also connected to one input terminal
of a differential amplifier §7. The second input ter-
minal of amplifier 67 is connected to the negative ter-
minal of a voltage source 68, the positive terminal of
voltage source &8 being connected to the negative ter-
‘minal of voltage source 64, One output terminal of
amplifier 67 is connected to grid 29 and the second out-
put terminal is grounded. Amplifier 67 is adapted to
provide an output voltage of magnitude proportional to
the difference in voltages applied to the input terminals
‘thereof.

The -electrons emitted from heated filament 13 are
supplied by voltage source 64 and flow through resistor
65. The -potential at the center -tap 66 of transformer
winding 66 obviously is a function of the current flow

2,792,500

e

10

45

50

60

70

4

through resistor 65. If the ion emission current should
terd to increase, the potential at center tap 66 becomes
more positive due to the increased voltage drop across
resistor 65. Under this condition, the cutput voltage of
amplifier 67 decreases such that screen electrode 20 be-
comes more negative. This decrease in screen electrode
potential tends to retard the electron flow from fila-
ment 13 toward grounded grids 22 and 23 such that
the electron flow into the ionization chamber is reduced
to compensate for the original increase. - Conversely, if
the electron flow from filament 13 should tend to de-
crease, then the potential at center tap 66 is decreased
such that output potential from amplifier 78 becomes
more positive to increase the electron flow between fila-
ment 13 and grids 22 and 23.

The circuit shown in Figure 5 is generally similar to
that shown in Figure 4 except that the positive ter-
minal of voltage source 68 is connected to ground rather
than to the negative terminal of voltage source 4. The
operation of the circuit of Figure 5 is substantially the
same as that of the circuit of Figure 4, the only dif-
ference being that the reference potential supplied by
voltage source 68 is independent of the circuit includ-
ing resistor 65 and voltage source §4.

In Figure 6 there is shown a detailed circuit which has
been employed as amplifier 67 in Figure 4. The center
tap 66 of transformer winding 66 is connected to the
first terminal of a resistor 76 and to the control grid of
a triode 71. The ancde of triods 71 is grounded and
the cathode thereof is connected to the negative terminal
of voltage source §4 through a potentiometer 73. The
second end terminal of resister 7§ is comnected to the
contactor of potentiometer 73. A voltage limiting tube
75 is connected between the control grid of triode 71
and ground. The cathode of triode 71 is connected to
the contro! grid of a second triode 76 through a resistor
77, and the control grid of triode 76 is connectad to the
negative terminal of voltage source 84 through a resistor
78. The ancde of triode 76 is connected to ground
through a resistor 80 and directly to serzen electrode 29.
The cathode of tricde 76 is comnected to . the negative
terminal of voltage source 34 through a resistor 81. The
negative terminal of vcltage source 64 is conmected to
ground through a voltage dividing network comprisin
a resistor 82, a poteantiometer 83 and a resistor 84. The
contactor of potentiometer 83 is connected to the con-
trol grid of a third triode §5. The anode of tricde 85
is grounded and the catheds of triode 85 is connected
to the cathode of triode 76. The filaments of triodes
71, 76 and 85 have been omitted from Figure 6 for pur-
peses of simplicity.

The current flow through cathode resistor 81 is divided
between triodes 76 and &5 in accordance with the po-
tentials applied to the respective control grids and anodes
of these two triodes. Thse potential applied to screen
electrode 28 is a function of the current flow through
triode 78, which resulis in a voltage drop across resistor
89. The potential on the control grid of triode 85 is
maintained at a reference value by the setting of the
contactor of potentiometer 83. The potential on the con-
trol grid of triode 78, however, is a function of the po-
tential at center tap 66 of transformer winding 68, which
in turn is a function of the current flow through resistor
78. If the clectron emission from filament 13 should
tend to increase, the potential applied to the centrol grid
of triode 71 is increased because of the increased current
flow through resistor 70 which results in an increased
voltage drop thereacross. The increase in potential ap-
plied to the control grid of triode 71 results in increased
current flow through that tube and in a corresponding
increase in the potential at the cathode thereof. This
in turn increases the potential at the control grid of trisde
76 so.as to increase the current flow through triode 76
and resistor 0. The increased current flow through re-
sistor 80 results in the potential at the anode of triode
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76 and the potential at screen electrode 20 being de-
creased. If the current flow from filament 13 should tend
to decrease, the above-mentioned potential changes are
reversed such that the potential at grid 28 is increased.
The function of voltage limiting tube 75 is to prevent
an excess rise in voltage on the control grid of triode
71 in the event of a power failure in the filament heater
circuit. It shouvld thus be apparent that the circuit of
Figure 6 cperates to maintain a constant flow of elecircns
into the iomization chamber irrespective of changes in
electren emission from filament 13. This circuit normaliy
is operated such that grid 20 is maintained at a potential
more positive than the potential at filament 13.

In ore embodiment of this invention the following cir-
cuit values were employed: rtesistor 7§, 270,000 ohms;
potentiometer 73, 300,000 ohms; resistor 77, 180,000
ohms; resistor 78, one megohm, resistor 81, 118,000 ohms;
resistor 84, 120,000 chms; resistor 82, 375,000 ohms;
potentiometer 83, 70,000 ohms; voltage source 64, 600
volts; the voltage across transformer winding 68, 4 to0 5
voits; triode 7%, type 6C4; tricdes 76 and 85, type 12AU7;
and tube 75, type 0A2.

In Figure 7 there is shown a sscond embodiment of
the emission regulator which can be employed to ad-
vantage when it is desired to increase the electron emis-
sion curreat. Screen electrode 28 is maintained at a
potential more positive than the potential at filament 13.
Under these conditions, provision must be made to a
compersaie for apy resulting screen elecirode current.
The center tap 65 of transformer winding 69 is connscted
to one end terminal of a variable resistor 98, and the
second end terminal of resistor 90 is connected to the
control grid of a pentode 91 and to the first end terminal
of a resistor 92. The second end terminal of resistor
92 is connected to the negative terminal of a voltage
source 85, the positive terminal of which is grounded.
The cathode of pentode 91 is connected through a re-
sistor 95 to the negative terminal 96 of an isolated power
supply unit 87 which is described in detail hereinaiter.
The anode of pentode 91 is connected through a resistor
$8 to the positive terminal 99 of power supply circuit
97. The ancde of pentode 51 is also connected to the
conirol grid of a triode 161. The anode of triode 101
is connected to pesitive terminal 99, and the cathode of
triode 181 is connected to negative potential terminal
96 through a resistor 162. The cathode of triode 181
is also connected to grid 28. A second triode 184 is
provided with its anode connected to positive terminal
$9. The control grid of tricde 164 is connected to the
negative terminal of a constant voltage source 185, the
positive terminal of source 185 being grounded. The
cathode of tricde 184 is connected to the catheds of
pentode 1.

Power supply circuit 97 includes a transformer 186
having a primary winding 187 and a pair of secondary
windings 198 and 189. A source of alternating poten-
tial 193 is applied across winding 187. The end termi-
nals of transformer winding 108 are connected to the
two anodes, respectively, of a double diode i1§. The
cathode of diode 110 is connected to positive potential
terminal 99 through a resistor 111. The ceanter tap of
transformer winding 188 is conmected to negative po-
tential terminal 85. A first capacitor 112 is conaected
between the cathode of double diode 116 and iterminal
$45; a second capacitor 313 is connected betwsen termi-
nals 99 and 96; and a third capacitor 114 is connacted
between terminal 82 and ground. A resistor 215 and a
voltage regulating tube 116 are connected in series rela-
tion with one another between terminals 89 and 6. The
juncticn betwesn resistor 115 and tube 116 is conanected
directly to the screen grid of pemtode 91 and to the
center tap 6% of transformer winding 69. This junction
is also connected to ground through a capacitor 117.
Transformer winding 189 provides current for the fla-
ments 118, 119 and 126 of vacnum tubes 98, 161 and
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184, and 119, respectively. One end terminal of ‘trans-
former winding 189 is connected to the cathodes of triodes
364 and pentode 91.

The emission regulator circuit of Figure 7 operates in
substantially the same manner as the circuit in Figure 6.
The current flow through triode 104 is maintained sub-
stantially constant because of the constant potential ap-
plied to the control grid thereof from voltage source 165.
The electron flow through triode 181, however, is a func-
tion of the electron emission from filament 3. If the
electron emission from filament 13 should increase, there
is an increased current flow through resistors 9¢ and 92
such that the potential at the junction between these re-
sistors tends to increase. This potential is applied to the
control grid of pentode 91 to increase the current flow
through the pentode 91 and resistor 98. This increased
current flow through resistor 98 results in the potential at
the anode of pentode 91 being lowered, and this lowered
potential is in turn applied to the control grid of triode
101 to decrease the current flow through triode 101 and
cathode resistor 102. The decrease in current flow
through resistor 182 lowers the potential at the cathode of
triode 161 and the potential at screen electrode 29 to de-
crease the electron emission flow. Any decrease in elec-
tron emission from filament 13 changes the above-men-
tioned potentials in the opposite manner so as to tend 0
increase the electron flow through screen electrode 2€.
In order to eliminate the effect of any screen electrede
current, a direct circuit path is provided between screen
electrode 29 and filament 13 through resistor 182, tube
116 and transformer winding 60.

In one embediment of this invention excellent results
were obtained with the circuit of Figure 7 having the fol-
lowing component values: resistor 98, 25,000 ohms; re-
sistor 92, 256,000 ohms; resistor 98, 220,000 chms; re-
sistor 85, 6800 ohms; resistor 142, 56,000 ohms; resistor
113, 1,500 chms; resistor 115, 10,000 chms; capacitor
112, 20 microfarads; capacitor 113, 40 microfarads; ca-
pacitor 114, 0.05 microfarad; capacitor 117, 8 micro-
farads; voltage source 93, 600 volts; voltage source 165,
100 volts; pentode 81, type 6AUS; triodes 161 and 164,
type 12AT7; tube 1186, type 0B2; and double diode 118,
type 6X4.

In Figure 8 there is shown still another embodiment of
the emission regulator. The center tap 66 of transformer
winding 60 is connected to the contactor of a potentiome-
ter 3120, One end terminal of potentiometer 12§ is
grounded and the second end terminal is connected to the
negative terminal of a voltage source 86, the positive
terminal of which is grounded. Grids 22 and 23, which
form the ionization chamber, are connected to one ter-
minal of a resistor 123. The second terminal of resistor
123 is connected to the positive terminal of a voltage
source 124, the negative terminal of which is grounded.
Grids 22 and 23 also are connected to one input terminal
of a direct current amplifier 125, the second input termi-
nal of which is grounded. Amplifier 125 is designed to
provide an output signal in phase with the input signal.
The first output terminal of amplifier 125 is connected {0
screen electrode 28 and the second output terminal of
amplifier 25 is grounded. If the electron flow from fla-
ment 13 to the ionization chamber should tend to in-
crease, there is an increased flow through resistor 123
such that grids 22 and 23 become more negative. This

5 potential decrease is applied to amplifier 125 and the am-

plified output signal therefrom is applied to screen elec-
trode 29 as previously described to decrease the potential
at grid 22 to decrease electron flow therethrough. The
circuit of Figure 8 thus tends to regulate the electron
emission in ierms of the number of electrons impinging
grids 22 and 23 of the ionization chamber.

From the foregoing description it should be apparent
that there is provided in accordance with this invention
an improved electron emission regulator which is particu-
larly adapted for use in the ion scurce of a mass spec-
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trometer tube. This system operates with a minimum ex-
penditure of power and the response time is almost in-
stantansous since it is in no way limited by thermal inertia
which occurs in regulators which function to’ maintain the
filament temperature constant. Because of the rapid re-
sponse, this regulator is capable of substantially eliminat-
ing the 60 cycle ripple which may be caused by using an
alternating currént powered filament. While the emission
regulator has been described in conjunction with a par-
ticular form of mass spectrometer tube, it should be ap-
parent that the invention is equally adapted to other types
of mass spectrometer tubes such as those employing mag-
netic deflection. Furthermore, this invention is useful
whenever it is desired to provide an ion source utilizing
an electron beam of constant magnitude.

While the invention has been described in conjunction
with present preferred embodiments. thereof, it should
be apparent that the invention is not limited thereto. As
employed herein, the term “screen electrode” is intended
to designate a structure which is substantially open to the
flow of electrons therethrough. The wire mesh screen of
Figure 2 has been found to give excellent results, al-
though it should be apparent that other screen configu-
rations cen be employed.

‘What is claimed is:

1. An ion source comprising, in combination, an ioniz-
ation chamber, an electron emitting filament, means for
directing elecirons emitted from said filament to said
ionization chamber, a screen electrode positioned in the
path of said elecirons, a reference voltage, means to es-
tablish a second voltage which is a function of the elec-
tron emission from said filament, a differential amplifier,
means connecting oné input terminal of said amplifier to
said reference voltage, means connecting the second in-
put terminal of said amplifier to said second voltage,
means connecting one output terminal of said one am-
plifier to said screen electrode, and means connecting the
second output terminal of said amplifier to a point of
reference potential, whereby the potential applied to said
screen elecirode becomes more positive when said electron
emissicn décreases and becomes more negative when said
electron emission increases whereby the electron flow into
said ionization chamber remains substantially constant.

2. An ion source comprising, in combination, an ion-
ization chamber, an electron émitting filament, a source
of first potential, an impedance element connected be-
tween said filament and said source of first potential,
means for directing electrons emitted from said filament
to said ionization chamber, a screen electrode positioned

in the path of said electrons, a source of second poten- ¢

tial, a differential amplifier, one input terminal of said
amplifier being connected to said source of second po-
tential, the second input terminal being connected be-
tween said filament and said impedence element, one cut-
put terminal of said amplifier being connected to said
screen electrede, and the second output terminal of said
amplifier being connected to a point of reference poten-
tial, whereby the potential applied to said screen electrode
becomes more positive when said electron emission de-
creases and becomes more negative when said electron
emission increases whereby the electron flow into said
ionization chamber remains substantially constant.

3. The combination in accordance with claim 2 where-
in said-source of second potential comprises a voltage
source, the negative terminal of which is connected to
said one input ferminal of said amplifier and the positive
terminal of which is connected between said impedance
element and said source of first potential.

4. The combination in accordance with claim 2 wherein
said source of second potential comprises a voltage source,
the negative terminal of which is connected to said one
jnput terminal of said amplifier and the positive terminal
of which is connected to said point of reference potential.

5. An ion source comprising, in combination, an icniza-
tion.chamber, an electron emitting filament, a source of
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first potential, an impedance element connected between
said filament and said source of first potential, means for
directing electrons emitted from. said filament: to said
ionization chamber, a screen electrode positioned in the
path of said electrons, a first electron tube having at least
a cathode, an anode and a control grid, a second elec-
tron tube having at least an anode, a cathode and a
control grid, the cathode circuits of said first and second
tubes having a common portion, means to apply a pre-
determined potential to the grid of said first tube, means
coupling the control grid of said second tube to the
junction between said filament and said impedance ele-
ment whereby the potential applied to the control grid
of said second tube 'is a function .of the electron emis-
sicn from said filament, and means conauecting the out-
put signal from said second tube to said screen electrode
whereby the potential applied to said screen .electrode
becomes more positive when said eleciron emission de-
creases and becomes more negative when said electron
emission increases whereby the electron flow into said
ionization chamber remains substantially constant.

6. An ion source comprising, in combination, an ioniza-
tion chamber, an electron emitting filament, a source of
first potential, an impedance element connected between
said filament and said source of first potential, means for
directing electrons emitted from said filament to said
ionization chamber, a screen elecirode positioned in the
path of said electrons, a first electron tube having at least
a cathcde, an anode and a conirol grid, the anode of
said first tube being connected to a point of reference po-
tential, the control grid of said first tube being connected
to the junction between said filament and said impedance
element, a first resistor connected between the cathode
of said first tube and said source of first potential, sec-
ond and third electron tubes each having at least an
anode, a cathode and a control grid, a second resistor
having one end terminal connected to said source of
first potential, the second end terminal of said second
resistor being connected to the cathedes of said second
and third tubes, the anode of said second tube being con-
nected to said point of reference potential, a third resisior
connected between the anode of said third tube and said
point of reference potential, a potentiometer having one
end terminal connected to said source of first potential
and the second end terminal connected to said point of
reference potential, the contactor of said potentiometer
being connscted to the control grid of said second tube,
and circuit means connecting the cathode of said first
tube to the control grid of said third tube, the anode of
said third fube being connected to said screen electrode
whereby the potential applied to said screen electrode
becomes more positive when said electron emission de-
creases and becomes more negative when said electron
emission increases whereby the electron flow into -said
ipnization chamber remains substantially constant.

7. The combination in accordance with claim 6 further
comprising voltage limiting means connected between
the control grid of said first tube and said point of refer-
ence potential.

8. An ion source comprising, in combination, an ioniza-
tion chamber, an electron emitting filament, a source of
first potential, an impedance element connected between
said filament and said source of first potential, means
for directing electrons emitted from said filament to said
ionization chamber, a screen electrode positioned in the
path of said electrons, a first electron tube having at least
a cathode, an anode and a control grid, a source of sec-
ond potential, a first resistor connected between the anode
of said first tube and said source of second potential, the
control grid of said first tube being connected to the junc-
ticn between said filament and said impedance element,
a source of third potential which is more negative than said
source of second potential, a second resistor connected be-
tween the cathode of said first tube and said source of
third potential, second and third electron tubes each
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having at least a cathode, an anode and a control grid,
the cathode of said second tube being connected to the
cathode of said first tube, the anodes of said second and
third tubes being connected to said source of second po-
tenital, a third resistor connected between the cathode
of said third tube and said source of third potential, the
ancde of said first tube being connected to the control
grid of said third tube, and circuit means connecting the
cathode of said third tube to said screen electrode where-
by the poteniial applied to said screen electrode becomes
mere positive when said electron emission decreases and
becomas more negative when said electron emission in-
creases whereby the electron flow into said ionization
chamber remains substantially constant.

o, An ion source comprising, in combination, an ioniza-
tion chamber defined by a pair of spaced electrodes, an
electron emiiting filament, a screen electrode positioned
between said filament and said ionization chamber, a
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source of first potential, an impedance element connected
between said source of first potential and said pair of
spaced electrodes, an amplifier adapted to provide -an
output signal in phase with the input signal applied there-
to, means connecting one input terminal of said amplifier
to said pair of spaced electrodes and the other input
terminal to a point of reference potential, and means con-
necting one output terminal of said araplifier to said screen
electrode and the other output terminal to a point of
reference potential.
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