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11 Claims, (CL 322—2)

This invention relates generally to electro-
static generators and, more particularly, to sys-
tems and means for regulating the terminal volt-
age of electrostatic generators.

Electrostatic generators have long been uti-
lized in certain applications for the production
of high voltages. Such apparatus usually com-
prises a moving dielectric belt upon which
charges are sprayed by an ionizing electrode.
These charges are carried by the dielectric belt
through a desired distance and then are collect-
ed within a rounded hollow terminal electrode.
As the belt continues to deposit charges. upon
the terminal electrode, the voltage thereof builds
up until the charge deposited by the belt is
equaled by the amount of charge leakage from
the terminal electrode.

In recent years, the increased interest in the
fleld of nuclear physics has caused considerable
attention to be drawn to the aforementioned type
of electrostatic generator as a means of supply-
ing high voltages for the acceleration of charged
particles, e. g. protons or electrons. The em-
ployment of an electrostatic generator for such
‘a purpose is described in an article entitled “Con-
trol Equipment for 2.5 m. e. v, Van De Graaf
Giving an Ton Beam Constant to +15 k. e, v.,”
appearing in the Physical Review, volume 70,
page 117 (1946), and written by J. L. McKibben,
D. H. Frisch, and J. M. Hush. This article, along
with others dealing with similar subject matter,
point out, however, that in order for the electro-
static generator, to be most useful in the field
of nuclear physics, its terminal voltage must be
closely regulated. This requirement is predi-
cated upon the necessity of producing essen-
tially mono-energetic neutron beams from cer-
tain nuclear reactions resulting from the bom-
bardment of a given material with protons. If
the terminal voltage of the electrostatic gen-
erator varies, the energy of the accelerated
charged particles, or protons, will vary accord-
ingly and, if the proton energy variation exceeds
certain limits, a mono-energetic neutron beam
can no longer be produced,

It is, therefore, an object of the present in-
vention to provide systems and means for main-
taining the terminal voltage of an electrostatic
generator within desired close limits under either
free-running or load conditions.

In accordance with one aspect of the inven-
tion more fully desecribed and disclosed herein-
after, capacitive means are provided in an elec-
trostatic generator to be responsive to variations
in the terminal electrode voltage. In this man-
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ner, a signal substantially instantaneously re-
sponsive to variations of the terminal electrode
voltage is obtained and fed back through a feed-
back loop to a controllable high voltage supply
which provides voltages for a corona leak elec-
trode. The voltage upon the corona leak elec~
trode determines the amount of leakage cur-
rent down from the terminal electrode and,
hence, provides a means of varying the termi-
nal electrode voltage. Consequently, the pres-
ent ‘invention provides systems and means for
controlling the terminal voltage of an electro-
static generator within close limits,

Other objects and advantages of this inven-
tion will be apparent from the following de-
scription taken in connection with the accom-
panying drawing in which Fig. 1 is a schematic
illustration of electrostatic generator appara-
tus and control means therefor suitably embody-
ing the invention; and Fig. 2 is a more detailed
view of the capacitor plate shown in Fig. 1.

Referring now to the drawing, there is shown
electrostatic generator apparatus comprising an
airtight gas-filled enclosing tank . a traveling
charge carrier or belt 2 and a hollow terminal
electrode 8. The flexible dielectric belt 2 is
supported and driven in the direction indicated
by the arrows by means of pulleys 4 and 5. Belt
2 may be driven at an essentially constant speed
by a motor 8 suitably attached to pulley 4.
Positive charges are sprayed upon belt 2 by an
ionizing electrode T which may comprise a se-
ries of needles suitably supported from tank i
by means of an insulator 8. Positive potential

5 With respect to grounded pulley 4 is applied to

ionizing electrode T from a high voltage supply
8 which may be controlled in a manner more
fully described hereinafter to determine the
amount of charge sprayed upon belt 2 by ioniz-
ing electrode 7.

After the charges have been sprayed upon belt
2, they are transported to a suitable position
within collector electrode 8 where they are col-
lected by a collector electrode 10, which may come-
prise a series of needles, and transferred to ter-
minal electrode 3 in a manner well known to
those skilled in the art. This process of charge
accumulation upon terminal electrode 83 cone
tinues until the charge leakage away from ter-
minal electrode 8 and belt 2 to various portions
of the apparatus counterbalances the amount of
charge sprayed upon belt by electrode 7. The re-
sultant high voltage of terminal electrode 3,
which may be of the order of 3,000,000 volts, may
then be employed as a means of accelerating ions
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along ion accelerating tube {1, Ions are provided
by an ion source 12 which may be evacuated
through an exhaust tube 13 attached to vacuum
pump (4. Ion source {12 may comprise means for
generating an electronic discharge and a supply
of hydrogen (not shown), the molecules of which
are bombarded by the electronic discharge to
form protons and molecular Hz ions. Voltages
for maintaining the electronic discharge within
jon source 12 and for focusing the generated ions
may be supplied by an alternating current gen-
* erator 15 driven from pulley 5. The output of
generator I5 may be rectified and employed to
energize a suitable electronic high voltage supply
cireuit or circuits 16 which perform the function
of providing the correct focusing and electronic
discharge potentials for ion source 12. To apply
high voltage to the ions generated within source
12, connection to the terminal electrode 3 may be
made at a suitable point within supply (6, as indi-
cated by conductor 17. It will be understood by
those well skilled in the art that accelerating tube
it and exhaust tube (3 should be formed of in-
sulating material having conductor rings spaced
along the length thereof for the purposes of grad-
ing the potential between terminal electrode 3 and
the face plate 18 of tank | to prevent spark over.
Other structural considerations which must be
observed in the construction of electrostatic gen-
erator apparatus as above described may be found
in an article entitled “Electrostatic Generator
Operating Under High Pressure—Operational Ex-
perience And Accessory Apparatus,” appearing in
the Physical Review, volume 53, page 642 (1938).
The ions supplied by ijon source 12 are ac-
celerated through the potential difference between
terminal electrode 3 and face plate 8, which may
be maintained at ground potential as indicated
at {9, within accelerating tube {{, which may be
evacuated through a connection 20 to vacuum
pump (4. After this acceleration has been im-
parted to the ions, the protons and molecular Ha
fons may be caused to follow divergent paths by
means of & transverse magnetic fleld created by
an electromagnet 21 energized by direct current
“supply 22. As will be well understood by those
skilled in the art, the protons have a smaller mass
than the molecular H2 ions, and, hence, their
trajectory will have a smaller radius within the
magnetic field whereupon they may be directed
through extension 23 of accelerator tube {{ along
tube 24 to a target 28 for the purpose of producing
a desired nuclear reaction. 'The molecular He
jons, having & larger mass, will be influenced less

than the protons by the magnetic field and, hence, :

may be directed along extension 24’ through an
electrostatic analyzer 26 to a pair of collector elec-
trodes 27 and 28 suitably enclosed by envelope 28.
Since the molecular Hz ions are generally not de-
sired for the purpose of producing nuclear reac-
tions as are the protons, they are separated as
above described by the magnetic fleld and em-
ployed for the purpose of controlling the voltage
on terminal electrode 3 in a manner which will
appear presently.

It will now be apparent that any variation in
the voltage of terminal electrode 3 will cause a
similar variation in the energy of the accelerated
jon beam, inasmuch as the energy imparted to
the lons will be directly proportional to the ac-
celerating voltage. As has been mentioned here-
tofore, the energy spectrum of the protons must
be maintained within narrow limits in order that
they may be advantageously utilized for nuclear
reactions, such as the production of mono-
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energetic neutron beams. It is well known that
electrostatic generators are inherently unstable,
at least to the extent-that the terminal voltage
produced by such apparatus varies over a rela-
tively wide range due to spark over, intermittent
corona leakages, variations of charge collection
upon the terminal electrode, ete. Consequently,
if such apparatus is to be utilized advantageously
in the aforementioned manner, means must be
provided for regulating the terminal voltage
within relatively narrow limits. According to the
present invention, such control is provided by
supplying a composite signal to a corona leak
electrode 30 whereby the charge leakage from and
hence the terminal voltage of, electrode 3 may be
regulated as desired.

In order to derive a signal from the ion beam
traversing accelerating tube (i responsive to
changes in the voltage of terminal electrode 3,
the molecular Hsz ions are separated from the
protons by means of electromagnet. 24, as here-
inbefore mentioned, and then are focused at the
desired energy level by means of electrostatic
analyzer 26, which serves as an energy selector,
so that they fall in equal amount upon collector
electrodes 27 and 28. Electrostatic analyzer 26
comprises a pair of curved deflecting plates 3/
and 32 energized through conductors 33 and 34
by a direct current power supply having the po-
larity indicated. The power supply 35 should
have s manually operable output voltage con-
trol so that the electrostatic fleld between plates
3f and 32 may be adjusted to the correct value
for focusing the molecular H2 beam to fall equally
upon collector electrodes 27 and 28 at a desired
voltage of terminal electrode 3. Collector elec-
trones 27 and 28 are connected respectively by
conductors 36 and 87 to a direct current amplifier
38. Amplifier 28 should be of the type well
known to those skilled in the art for amplifying
8 difference signal, i. e. have a zero output when
the currents generated by molecular Hz ions fall-
ing upon collector electrodes 27 and 28 are equal
in magnitude and an output differing from zero
when the ions are not evenly distributed between
electrodes 27 and 28. The output of amplifier 38
is fed through a mixer 39, which may be of the
conventional resistance type, and a conductor 40
to a controllable high voltage supply 4. High
voltage supply 4! energizes corona electrode 30,
which may comprise a series of needles 42 sup-
ported within tank | through an insulator 43
and a conductor 44.

As has been disclosed by R. N. Ashby and A. O.
Hanson in an article appearing in the “Review
of Scientific Instruments,” volume 13, page 128
(1942) corona electrode 30 may be employed as a
variable corona leak to control the charge upon
and voltage of terminal electrode 3. The needles
42 must, however, be maintained at a voltage
pelow the voltage of terminal electrode 3, but
not excessively low. If the potential of needles
42 is too high, control of the charge upon ter-
minal electrode 3 is lost or spark over occurs
between needles 42 and tank |; if the voltage
upon needles 42 is too low, spark over between
needles 42 and electrode 3 occurs. Therefore, if
the average voltage of high voltage supply 4t is
maintained within proper limits, control of the
voltage of terminal electrode 3 may be realized.
Consequently, the signal derived from the molec-
ular H: ion beam and fed into controllable high
voltage supply 41 may be employed as described
to decrease the output of supply 4f when the volt-
age of terminal electrode increases and to in-
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crease the output of voltage supply 41 when the
voltage of terminal electrode 3 decreases. With
this negative feedback arrangement, g measure
of control of the terminal electrode voltage of the
electrostatic generator may be obtained.

From experience, however, it has been found
that, if the signal from amplifier 38 alone is em-
ployed, a ripple voltage appears upon terminal
electrode 3. This is apparently due to the time
constant of the transit of negative Oz ions from
needles 42 to terminal electrode 3. This transit
time will depend upon the spacing between
needles 42 and terminal electrode 3 and upon the
pressure within airtight tank {. For a particu-
lar generator designed to operate at 35 m. e. v.,
this transit time has been found to be approxi-
mately 7 milliseconds at a pressure of 150 pounds
per sq. in, gauge in either nitrogen or air. Suf-
ficient Oz molecules are always present, due to
gas occlusion in the walls of the tank I, etc., to
serve as absorbers of all of the electrons pro-
duced at points 42 and, hence, the negative Oa
ions are the actual charge carriers rather than
electrons themselves. The approximately 7 mil-
lisecond lag in charge transference, together with
the time constants of circuit elements, results in
a ripple frequency in the voltage of terminal elec-
trode 3 of about 10 to 70 cycles per second. In
addition to the time required for charge trans-
ference, there is a delay encountered in the
transit time of the ions along accelerating tube
i1, such time being of the order of 1 microsecond.

Since amplifier 38 must, of necessity, be a di-
rect current amplifier in order to amplify the
current generated by molecular Hz ions striking
collector plates 27 and 28, it is not practicable to

compensate for this ripple frequency in the.

above-described feedback loop; because, if at the
ripple frequency the gain of this loop is increased
sufficiently to compensate for the ripple voltage,
instability due to the long time delay will result.
According to the present invention, this difficulty
is overcome by providing a second feedback loop
responsive to voltage variations of terminal elec-
trode 3 whereby a composite signal may be ob-
tained for controlling the potential of corona leak
electrode 30. This second feedback loop com-
prises a capacitive means 45, an alternating cur-
rent amplifier 46, and a phase shifter 41. As
illustrated in the more detailed view of Fig. 2,
capacitive means 45 comprises a capacitor plate
48 supported with its inner surface essentially
parallel to the inner surface of tank | by means
of a stud 49, an insulator 50, a base 51 and an
extension 51’ of tank {. The whole assembly
may be retained in airtight relationship against
extension 51 by means of bolts 52, nuts 53 and
rubber gasket 54. Insulator 50 comprises a hol-
low outer sleeve 55 and an inner hollow portion
§6, through both of which extends stud 49 as
shown. An airtight relationship is maintained
here by means of rubber gaskets 57, clamp 58,
washer 59 and nuts 60. It will be apparent that
the relative position of capacitor 48 with respect
to the inner surface of tank { may be adjusted
by means of stud 49 and nuts 60.

It will now be observed that the capacitance
from terminal electrode 3 to capacitor plate 48
in series with the capacitance from plate 48 to
tank | and the capacitance of a coaxial input
lead 61 interconnecting stud 48 and the input
to amplifier 46 will form a capacitance voltage
divider. PFrom this divider, a proportion of the
voltage changes of terminal electrode 3 are fed
back through amplifier 46, phase shifter 47 and
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mixer 39 to the input of high voltage supply
41, such a signal being limited only by the finite
speed of light and not by the transit time of
charge transference between capacitance plate
48 and terminal electrode 3. Phase shifter 471,
which may be of the common resistance-capaci-
tance type well known to those skilled in the art,
is employed to advance the signal derived from
capacitance plate 48 to compensate for the tran-
sit time of the negative O: ions between needles
42 and terminal electrode 3, thus enabling the
gain of alternating current amplifier 46 to be
increased considerably without the inecurrence
of instability in the circuit. Mixer 39, which
may be of the well known resistance type, is
employed to mix the signals from amplifier 38
and phase shifter 41, whereby a composite sig-
nal may be transmitted to high voltage supply
41. By varying the amount of signal fed in
from phase shifter 47 to mixer 39, an optimum
regulatory composite signal may be obtained to
give regulation within +1 kilovolt at 2.5 million
volts.

The composite signal transmitted to high-volt-
age supply 41 in the manner hereinbefore de-
scribed provides very good regulation for both
short and long time intervals. However, it may
be that after a sustained period of operation
the average voltage of high voltage supply 4{
may fall without the hereinbefore described
range required by needles 42. Hence, an inte-
grating circuit 62 may be connected between the
output of high voltage supply 41 and high volt-
age supply 9 for the purpose of altering the
charge supplied to belt 2 thereby to compensate
for long period variations of the voltage upon
terminal electrode 3 which result in the average
voltage of needles 42 falling without the control
range,

It will be understood by those skilled in the
art that controllable high voltage supplies 9 and
41 may be of a conventional type such as those
referred to in an article appearing in the pro-
ceedings of the I. R. E., volume 37, No. 2, page
199 (February 1949). Suitable circuits for di-
rect current amplifier 38 and alternating cur-
rent amplifier 46 may be found in the volumi-
nous literature describing such amplifiers.

In addition to the advantages of the invention
mentioned hereinbefore, it will be noted that the
signal derived from capacitance plate 48 does not
depend upon the existence of an ion beam with-
in accelerating tube I1: hence, this signal may
be employed to regulate the potential upon ter-
minal electrode 3, as above described, even
though an ion beam is not being accelerated and
the generator is employed to energize a dissi-
pative load In a manner well known to those
skilled in the art.

While the invention has been described by
reference to particular embodiments thereof, it
will be understood that numerous changes may
be made by those skilled in the art without ac-.
tually departing from the invention. I, there-
fore, aim in the appended claims to cover all
such equivalent variations as fall within the
true spirit and scope of the foregoing disclosure.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. The system of controlling the terminal volt-
age of an electrostatic generator having a charge
collecting electrode, means for transporting elec-
trical charge to said electrode, and a corona leak
electrode for varying the charge leakage from
said collecting electrode, said system comprising
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voltage supplying means having an output vari-
able in response to an input signal for supply-
ing voltage to said corona leak electrode, means
responsive to variations in the voltage of said
collecting electrode for deriving a signal substan-
tially instantaneously responsive to variations of
said collecting electrode voltage, and a feedback
loop interconnecting the input of said variable
output voltage supplying means and said last
mentioned means whereby the potential of said
corona leak electrode may be substantially in-
stantaneously varied to control the charge leak-
age from and hence the voltage of said collecting
electrode.

2. The system of controlling the terminal volt-
age of an electrostatic generator having a ter-
minal electrode, means for transporting electri-
cal charge to sald electrode, and a corona leak
electrode for varying the charge leakage from
said terminal electrode, said system comprising
voltage supplying means having an output vari-
able in response to an input signal for supplying
voltage to said corona leak electrode, means
responsive to variations in the voltage of sald
terminal electrode for deriving a signal substan-
tially instantaneously responsive to variations
of said terminal electrode voltage, phase shifting
means for advancing the phase of said signal
derived from said terminal electrode voltage, and
a feed-back loop interconnecting said phase
shifting means and the input of said variable
output voltage supplying means whereby the
potential of said corona leak electrode may be
substantially instantaneously varied to control
the charge leakage from and hence the voltage of
said terminal electrode. .

3. The system of controlling the terminal volt-
age of an electrostatic ion accelerator having a
terminal electrode, means for transporting elec-
trical charge to said electrode to build up a high
terminal voltage, means for generating and
accelerating ions in & beam to a high energy
with said terminal voltage, and a corona leak
electrode for varying the charge leakage from
. said terminal electrode, said system comprising

voltage supplying means having an output vari-
able in response to an input signal for supplying
voltage to said corona leak electrode, means for
deriving a signal from said ion beam responsive
to changes in the voltage of said terminal elec-
trode, capacitive means responsive to variations
in the voltage of said terminal electrode for
deriving a signal substantially instantaneously
responsive to variations of said terminal ele¢-
trode voltage, means for mixing said signals
derived from said ion beam and said capacitive
means to obtain a composite signal, and a feed-
back loop interconnecting said mixing means
and the input of said variable output voltage
supplying means whereby the potential of said
corong leak electrode may be varied in response
to said composite signal to control the charge
leakage from and hence the voltage of said
terminal electrode. ’

4, The system of controlling the terminal volt-
age of an electrostatic ion accelerator having a
terminal electrode, means for transporting elec-
trical charge to said electrode to build up a high
terminal voltage, means for generating and
accelerating ions in a beam to a high energy with
said terminal voltage, and a corona leak elec-
trode for varyihg the charge leakage from said
terminal electrode, said system comprising volt-
age supplying means having an output variable
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age to said corons leak electrode, means for
deriving a signal from said ion beam responsive
to changes in the voltage of said terminal elec-
trode, capacitive means responsive to variations
in the voltage of said terminal electrode for
deriving a signal substantially instantaneously
responsive to variations of said terminal elec-
trode voltage, phase shifting means in circuit
with said capacitive means for advancing the
phase of said signal derived from said capacitive
means, means for mixing said signals derived
from said ion beam and said capacitive means to
obtain a composite signal, and a feedback loop
interconnecting said mixing means and the input
of said variable output voltage supplying means
whereby the potential of said corona leak elec-
trode may be varied in response to said composite
signal to control the charge leakage from and
hence the voltage of said terminal electrode.

5. The system of controlling the terminal volt-
age of an electrostatic ion accelerator having a
terminal electrode, a moving charge carrier and
variable charge supplying means for spraying
charge upon said carrier for transportation to
said electrode to build up a high terminal volt-
age, means for generating and accelerating ions
in a beam to a high energy with said terminal
voltage, and a corona leak electrode for varying
the charge leakage from said electrode, said sys-
tem comprising voltage supplying means having
an output variable in response to an input signal
for supplying voltage to said corona leak elec-
trode, means for deriving a signal from said ion
beam responsive to changes in the voltage of
said terminal electrode, capacitive means respon-
sive to variations of said terminal electrode for
deriving a signal substantially instantaneously
responsive to variations of said terminal elec-
trode voltage, phase shifting means in circuit
with said capacitive means for advancing the
phase of said signal derived from said capacitive
means, means for mixing said signals derived
from said ion beam and said capacitive means
to obtain a composite signal, a feedback loop
interconnecting said mixing means and the input
of said variable output voltage supplying means
whereby the potential of said corona leak elec-
trode may be varied in response to said com=-
posite signal to control the charge leakage from
and hence the voltage of said terminal electrode,
and means including an integrating circuit inter-
connecting said variable charge supplying means
and said variable output voltage supplying means
for maintaining the average potential of said
corona leak electrode within desired control
limits.

6. Electrostatic generator apparatus compris-
ing a terminal electrode, means for transporting
electrical charge to said electrode to build up
g high terminal voltage, an airtight conductive
tank enclosing said terminal electrode and said
charge transporting means, a corona leak elec-
trode disposed within said tank, variable voltage
supplying means connected to said corona leak
electrode for varying the charge leakage from
said terminal electrode, a capacitance voltage
divider including a capacitance plate disposed
within said tank in opposed relation to said
terminal electrode for deriving a signal substan-
tially instantaneously responsive to variations in
the voltage of said terminal electrode, and means
for feeding said signal back to said variable volt-
age supplying means whereby the potential of
said coronga leak electrode may be substantially

in response to an input signal for supplying volt- 78 instantaneously varied to control the charge leak-
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age from and hence the voltage of said terming!
electrode.

7. Electrostatic generator apparatus compris-
ing a charge collecting electrode, means for trans-
porting electrical charge to said electrode, a
corona leak electrode for varying the charge
leakage from said collecting electrode, voltage
supplying means having an output variable in
response to an input signal for supplying volt-
age to said corona leak electrode, means includ-
ing a capacitor plate positioned within the elec-
tric field of said charge collecting electrode for
deriving a signal substantially instantaneously
responsive to variations of said collecting elec-
trode voltage, and a feedback eircuit intercon-
necting the input of said variable output voltage
supplying means and said last mentioned means
whereby the potential of said corona leak elec-
trode may be substantially instantaneously varied
to confrol the charge leakage from and hence
the voltage of said collecting electrode.

8. Electrostatic generator apparatus compris-
ing & terminal electrode, means for transporting
electrical charge to said electrode, a corona leak
electrode for varying the charge leakage from
said terminal electrode, voltage supplying means
having an output variable in response to an input
signal for supplying voltage to said corona lesk
electrode, means including a capacitor having at
least one plate located in the electric field of said
terminal electrode for deriving a signal substan-
tially instaneously responsive to variations of said
terminal electrode voltage, phase shifting means
for advancing the phase of said signal derived
from said terminal electrode, and a feedback
circult interconnecting sald phase shifting means
and the input of said variable output, voltage sup-
plying means whereby the potential of said
corona leak electrode may be substantially in-
stantaneously varied to control the charge leak-
age from and hence the voltage of said terminal
electrode. .

9. Electrostatic ion accelerator apparatus com-
prising a terminal electrode, means for trans-
porting electrical charge to said electrode to build
up & high terminal voltage, means for generating
and accelerating ions in a beam to a high
energy with said terminal voltage, a corona leak
electrode for varying the charge leakage from
said terminal electrode, voltage supplying means
having an output variable in response to an in-
put signal for supplying voltage to said corona
leak electrode, means for deriving a signal from
said ion beam responsive to changes in the volt-
age of said terminal electrode, means including
& capacitor having at least one plate located
within the electric field of said terminal electrode
for deriving a signal substantially instantane-
ously responsive to variations of said terminal
electrode voltage, means for mixing said signals
derived from said ion beam and said last men-
tioned means to obtain a composite signal, and a
feedback circuit interconnecting said mixing
means and the input of said variable output volt-
age supplying means whereby the potential of
said corona leak electrode may be varied in re-
sponse to said composite signal to control the
charge leakage from and hence the voltage of
sald terminal electrode.

10. Electrostatic ion accelerator apparatus
comprising a terminal electrode, means for
transporting electrical charge to said electrode
to build up a high terminal voltage, means for
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generating and accelerating ions in a beam fo 3
high energy with said terminal voltage, a corona
leak electrode for varying the charge leakage
from said terminal electrode, voltage supplying
means having an output variable in response to
an input signal for supplying voltage to said
corona leak electrode, means for deriving a signal
from said ion heam responsive to changes in the
voltage of said terminal electrode, means in-
cluding a capacitor having at least one plate
located within the electric field of said terminal
electrode for deriving a signal substantially in-
stantaneously responsive to variations of said
terminal electrode voltage, phase shifting means
in circuit with said means including said capaci-
tor for advancing the phase of said signal derived
from said last mentioned means, means for mix-
ing said signals derived from said ion beam and
said means including said capacitor to obtain a
composite signal, and a feedback circuit inter-
connecting said mixing means and the input of
said variable output voltage supplying means
whereby the potential of said corona leak elec-
trode may be varied in response to said composite
signal to control the charge leakage from and
hence the voltage of said terminal electrode.

11. Electrostatic ion accelerator apparatus
comprising a terminal electrode, a moving charge
carrier and variable charge supplying means for
spraying charge upon said carrier for transporta-
tion to said electrode to build up a high terminal
voltage, means for generating and accelerating
ions in a beam to a high energy with said termi-
nal voltage, a corona leak electrode for varying
the charge leakage from said electrode, volt-
age supplying means having an output variable
in response to an input signal for supplying volt-

.age to sald coronas leak electrode, means for

deriving a signal from said ion beam responsive
to changes in the voltage of said terminal elec-
trode, means including a capacitor having at least
one plate located within the electric field of said
terminal electrode for deriving a signal sub-
stantially instantaneously responsive to varia-
tions of said terminal electrode voltage, phase
shifting means in circuit with said means in-
cluding said capacitor for advancing the phase
of said signal derived from said last mentioned
means, means for mixing said signals derived
from said lon beam and said means including said
capacitor to obtain a composite signal, a feed-
back circuit interconnecting said mixing means
and the input of said variable output voltage sup-
plying means whereby the potential of said
corong leak electrode may be varied in response
to said composite signal to control the charge
leakage from and hence the voltage of said termi-
nal electrode, and means including an integrat-
ing circuit interconnecting said variable charge
supplying means and said variable output volt-
age supplying means for maintaining the avarase
potential of said corona leak electrode within
desired control limits.
HENRY W. BOUSMAN.
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