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6 Claims, (Cl. 250—27)

The present invention relates to apparatus for impart-
ing high energy to charged particles such as electrons by
repeated acceleration to such particles. The particular
apparatus referred to is known as a ray transformer or
magnetic induction accelerator.

In 2 magnetic induction accelerator or so-called ray
transformator, that is, a device in which the electrons
are accelerated in the eddy current field of a magnetic
flux up to a velocity or ultimate electron voltage of mil-
lions of electron volts, so-called expansion or contrac-
tion coils are used for deflecting the electron stream out
of the equilibrium orbit. These coils are subjected to the
main accelerating flux of the magnetic induction accel-
erator.

In the type of magnetic induction accelerator to which
the present invention pertains, one stream of electrons
is shet into an annular tube for acceleration in one di-
tection around the tube at the beginning of the first half-
cycle of the main accelerating flux which varies in a gen-
erally sinusoidal manner, and a second stream of electrons
is shot into the tube for acceleration in the opposite di-
rection arcund the tube when the main accelerating flux
reaches its maximum amplitude in the next half-cycle.
The first stream of electrons is ejected from its orbit after
a predetermined acceleration and so also is the second
stream. The present invention relates to an improved
arrangement for ejecting the two electron streams, there
being a single capacitor used for the control of the ejection
instants of the two streams connected in series with an
auxiliary winding surrounding only the induction pole
portion of the magnetic circuit and inductively coupled
to the main accelerating flux producing winding so as to
periodically recharge the capacitor, and the charge on
the capacitor being discharged periodically in opposite di-
rections through the auxiliary winding by means of a
pair of grid-controlled gas discharge tubes connected
in back-to-front relation in circuit between the capaci-
tor and the auxiliary winding. In accordance with the
invention, means are so provided for the control grids
of the gas discharge tubes that each tube can be “fired,”
i. e. made conductive at a selected instant, independent
of the other, to the end that each electron stream can be
ejected at a selected instant of time during its accelera-
tion phase. :

In the accompanying drawings which illustrate the
invention:

Fig. 1 is a view in central vertical section of a mag-
netic induction accelerator having an auxiliary winding
for effecting an ejection of the electron streams from their
orbit after acceleration, there being a capacitor in series
with the auxiliary winding and a pair of grid-controlled
gas discharge tubes connected in back-to-front relation
in circuit between the capacitor and auxiliary winding;

Fig. 2 is a graph illustrating the course of the voltage
induced in the auxiliary winding by the flux produced
from the main winding of the accelerator, the course of
the current flow through the auxiliary winding and the
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course of the voltage on the capacitor, in accordance with
a known arrangement for operating the gas discharge
tubes;

Fig. 3 is a graph similar to that of Fig. 2 illustrating
the courses of the voltages, currents and fluxes in ac-
cordance with the present invention;

Fig. 4 is a schematic electrical diagram showing the
control circuit for the gas discharge tubes in accordance
with the present invention;

Figs. 5, 6 and 7 are graphs correlated to Fig. 3 show-
ing the courses of the various components of the grid
voltages preduced in accordance with the invention to
control the firing instants of the gas discharge tubes;

Fig. 8 is a graph showing the course of the voltage
induced in the auxiliary winding when the central core
portion of the accelerator is magnetized to saturation, the
departures from the generally sinusoidal form of curve
being much exaggerated;

Figs. 9 and 10 are graphs showing different magnitudes
of impulse currents from the capacitor required in the
auxiliary winding for ejecting the electron streams in de-
pendence upon different desired ampltiudes of accelera-
tion of the streams; and

Fig. 11 is a graphical presentation of two conditions
for expansion of the orbit of the electron streams, one
when the central core is saturated and another when the
central core is unsaturated.

With reference now to the drawings, Fig. 1 shows
schematically a magnetic induction accelerator with a
magnetic field structure 10, two coils 11 and 12 which
supply the main flux and at the same time also the so-
called control or guiding flux, as well .as an annular
tube 13 which like the field structure and coils is also
shown in section and inside of which the electrons are
accelerated. The pole shoes 14 and 15 for the accelerating
flux are provided with two expansion or contraction coils
16, 17 which are connected in series. After the desired
electron acceleration has been attained these coils are
supplied with a short current impulse, so that the magnetic
flux corresponding to this impulse when there is an ex-
pansion of the electron orbit acts through the pole shoes
14, 15 in the same sense as the accelerating flux but
through the guiding field space of the magnetic inductor
in the opposite sense to the guiding flux (or in case a
contraction of the electron orbit is desired the effect is
reversed and the magnetic flux acts through the pole
shoes 14, 15 in the opposite sense to the accelerating flux
and through the guiding field space in the same sense as
the guiding flux), so that the electrons which during the
acceleration travel around the equilbiirum orbit deviate
from this latter, either in the inward or outward direc-
tion, and strike the anti-cathode. Coils 16, 17 are thus
called either expamsion or coniraction coils depending
upon whether the anti-cathode is located on a radius
which is greater or smaller than that of the equilibrium
orbit. For the sake of simplicity the expression expan-
sion coil is used throughout the following description.

As shown in Fig. 1, the expansion coils are connected
in series with a capacitor 18 and two tubes 19, 20, the lat-
ter being arranged in parallel but with opposed current
passing directions i. e. in back-to-front relation. If the
curve A in Fig. 2 represents the voltage produced in
the expansion coils by the accelerating flux and if it is
desired to accelerate the electrons during each accelerating
pericd up to the maximum ultimate electron voltage,
there must be a voltage on capacitor 18 corresponding to
the rectangular curve B of Fig. 2. The phase position of
the ultimate electron voltage is indicated in Fig. 2 by the
dotted curve C. It is assumed that the electron accelera-
tion occurs during the quarter wave period T: when the
induction accelerator has only an electron stream ac-
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celerated in one definite direction of gyration, and pos-
sibly furthermore during the quarter wave period Tz if
there is a second accelerated stream in the opposite di-
rection of gyration. At the instant #1 tube 19, which
up to then has been kept. rion-conductive by means of a
suitable sinusoidal grid bias voltage, is fired and ca-
pacitor 18 which up to then has a charge with the po-
larity indicated in Fig. 1 of the drawing, is charged
over the cathode-ancde gap of tube 19 and the expansion
coils 16, 17 to the opposite polarity. The polarity-re-
versing current in the form of a current impulse Ii
flows through the expansion coils and thus causes the
desired expansion of the orbital path. Half a cycle later,
that is at #2 after a time T2, tube 29 which up to then has
remained non-conductive is fired and the capacitor by
means of a fresh current impulse J2 over the expansion
coils has its polarity changed back again to that which it
possessed shortly before the instant 7. If the induction
accelerator has a second stream, this is also deflected
from the equilibrium orbit to its anti-cathode.

" When it is desired to use an arrangement for an induc-
tion accelerator having an adjustable ultimate electron
voltage, the current impulse J1 (and also the current im-
pulse J2 when there are two- electron beams. travelling
in opposite directions) must already occur at some instant
depending on the desired ultimate electron voltage and
falling within the interval T1 or T2 respectively, that is
to say before the end of the interval in question. It is
obvious that for this purpose the voltage on capacitor
18 will have to differ from the rectangular curve B not
only as regards the position in time of the vertical flanks
but primarily as regards its amplitude. Namely under
the assumption that the iron core of the induction ac-
celerator is unsaturated even when the induction effect
is a maximum, it is obviously essential that the ratio of
the amplitude of the expansion impulse J1 to the magni-
tude of the desired ultimate electron voltage should be
constant, so that the electron orbit is always increased by
the same amount. . If capacitor 18 should discharge it-
self over the expansion coil from the maximum value
shown in Fig. 2, this condition could not be fulfilled, a
fact which is readily recognized when for instance the
tube 19 is fired at the instant 3 (Fig. 2). At this in-
stant the electrons have already been accelerated ap-
preciably, namely up to about ¥4 of the maximum pos-
sible ultimate voltage, whilst the voltage on the expansion
coils has still about the same -value which it had at the
beginning of the acceleration period Ti1. The difference in
voltage between capacitor 18 and the coil voltage is thus
extremely small and therefore if tube 19 were to be fired
at the instant z3 the resulting expansion impulse would be
much too small to enable the electron orbit to be en-
larged to strike the anticathode.

These difficulties are overcome by means of the present
inventicn and in order to achieve an adjustable ultimate
electron voltage with an arrangement of the kind illus-
trated in Fig. 1, a method is given whereby expansion
impulses of the required magnitude can be produced for
any desired ultimate electron voltage.

With this new method, which is later explained by
means of a constructional example, the first discharge gap
is ignited at an instant which is variable and depends on
the desired ultimate voltage, whilst the second discharge
gap is ignited as much after the ignition point required for
the maximum ultimate veltage of the second stream as the
ignition point of the first discharge gap is in advance of
the ignition point required for maximum ultimate voltage
of the first stream.

A practical example of this method is now explained by
means of the curves in Fig. 3. In Fig. 3 reference letter
A again indicates the voltage produced in the expansion
coils by the accelerating flux. The acceleration interval
for the first electron stream is again Ti. The ultimate
-voltage which can -be attained during this interval is
given by the ordinates of the sine wave C which coincides
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with curve C of Fig. 2 and has been drawn with the
same amplitude as the curve A. By means of tests with
a corresponding arrangement for a magnetic induction
accelerator it is for instance possible to prove that the
discharge of capacitor 18 (instead of from the voltage
value B indicated in Fig. 2 which only applies to accelera-
tions up to a maximum electron voltage) must always
occur from a higher voltage value, if the ratio of the
expansion current impulse to the prevailing ultimate
electron voltage should always be correct. This higher
potential for the capacitor, which is referred to later on,
lies on curve D and can differ in magnitude, depending
on the instant when the electron acceleration ceases during
the time Ti. - The amplitude of curve D which is deter-
mined by the sum (sin r--cos 7) exceeds the amplitude
of curve A by the square root of 2 and D has a phase
displacement of exactly 45° relative to A.

A simple calculation shows that when the charge of
capacitor 18 during the interval T just has the value of
curve D at the firing instant, an expansion current im-
pulse of such magnitude will be obtained that it will have
the same ratio to the desired ultimate electron voltage as
in Fig. 2 for acceleration up to the maximum possible
electron voltage. For this purpose it is assumed that
capacitor 18 in the circuit shown in Fig. 4, which is ex-
plained later on in detail, is charged with a polarity as
indicated by the plus and minus signs shown above the
condenser leads. The magnitude of this condenser charge
has to correspond to the ordinates of curve D in Fig. 3
at the instant #4. At the instant #: the expansion coil
16, 17 in Fig. 4 has a potential opposing that of the
capacitor, that is a voltage with a polarity indicated in
Fig. 4 and a magnitude corresponding to the amplitude of
curve A in Fig. 3 at the instant . Capacitor 18 dis-
charges at the instant f¢ through the tube 19 and begins
at point 1 on curve D, Fig. 3. The voltage at the ca-
pacitor decreases very rapidly according to a steep cosine
curve (in Fig. 3 vertical line 21), intersects curve A
and ends (undamped discharge assumed) at point 2
which lies as far below curve A as the point 1 lies above
this curve. The charge on capacitor 18 has now the
opposite polarity to that which it previously had, that
is the charge has the plus and minus signs shown below
the capacitor leads. This charge cannot flow back on
account of the blocking effect of the discharge gap 19
and the second discharge gap 20 in the capacitor circuit
is still non-conductive. The condenser charge thus re-
mains constant at first, that is in the beginning it follows
the horizontal line 22 from the instant te.

In a general way it is now proved that the total amount
of charge variation at the capacitor is proportional to
the ultimate electron voltage which is obtained at the
firing instant, that is the resulting expansion impulse is
also proportional to the ultimate electron voltage. For
this purpose it suffices to show that the difference between
the ordinates of the amplitude of curves D and A during
the interval T is proportional to the prevailing ordinate
of curve C. If the starting point for counting the time
is made to correspond to the point where curve C passes
through the zero line, that is to the peak of curve A,
so that the zero peint 0 of the time axis is as shown
in Fig. 3, curve A will be a simple cosine curve, curve C
a simp!e sine curve and curve D is represented by the
expression

/2 sin (r-45°)

if 7 indigates the time coordinates. The difference between
the ordinates of D and A at any ‘instant during the
interval T1 will thus be A

V2 sin (74-45°)—cos r==sin =

that is, proportional to the ultimate electron voltage,
becanse curve C corresponds to sin = curve. It is thus
clear that the capacitor starting voltage depending upon
the position of the firing point must always have the value
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give by curve D in order to achieve an expansion impulse
which is always proportional to the selected ultimate
electron voltage. The curve of the capacitor voltage for
the firing points #1 and #2 shown in Fig. 2 agrees with
this assertion, because curve D for maximum ultimate
electron voltage, that is at the end of interval Ti, has the
same ordinate as curve A at the peak point.

Any firing point #+ within the time interval T:i can
easily be adjusted with the aid of the circuit shown in
Fig. 4 for the grid of tube 19. The grid voltage con-
sists of two voltages in series which are taken from
two separate windings of a phase transformer 23. The
first part of the voltage is tapped off from the first second-
ary winding 24 to which a double-wave rectifier system
comprising tubes 25, 26 and load resistor 27 is connected.
The second part of the voltage is obtained from a
second secondary winding 28 which is connected rigidly
with the first secondary winding 24, as indicated by th
dashed line extending between the two windings, and
together with the latter can be rotated relatively to the
primary winding 29. The second secondary winding has
a circuit consisting of resistor 3¢ and a capacitor 31 con-
nected to it for shifting the phase of this secondary
veltage by 45°. The voltage on capacitor 31 is in series
with the voltage on load resistor 27. Primary winding 29
is in parallel with the energizing winding 32 of the induc-
tion accelerator, the winding 32 corresponding in func-
tion to coiis 11, 12 in Fig. 1. From Fig. 5 it is clear
that with this grid circuit the position of firing point #:
can be selected anywhere within the interval Ti. A
pulsating direct vcltage now occurs at load resistor 27
corresponding to the dotted curve 33, whilst at capacitor
31 there is a sinusoidal voltage corresponding to the
detied curve 34 and the sum of both these voltages thus
appears at grid 19, that is a voltage according to curve 35.
The peaks of curve 35 serve for firing tube 19 and the
phase positicn of these peaks can be varied within the in-
terval T1 by means of the phase transformer.

The second discharge gap 29 is now ignited during the
ime interval Tz in Fig. 3, this being achieved by means
of the total bias voltage consisting of three voltages in
series obtained with the circuit shown in Fig. 4.

The first part of this grid voltage is the voltage at
capacitor 18, because the path between the cathode of
tube 26 and its control grid first of all contains capacitor
18. The grid circuit furthermore contains the secondary
winding 36 of transformer 37 whose primary winding 38
is connected to a capacitor 39 which is in series with a
resistor 4@ and is connected to the energizing winding 32
of the induction accelerator. The resistor-capacitor
organization 39, 40 causes the phase of the voltage at
the energizing winding 32 to be shifted 45°, so that a
voltage occurs at the secondary winding 36 which as
regards magnitude and phase correspends to the curve D
in Fig. 3. Curve D in Fig. 3 is also designated by
Ga to indicate that it forms the second part of the grid
voltage for tube 20.

The third part of the grid voltage is shown in Fig. 6
as a function of the time. It consists of a sine wave the
upper parts of which corresponding to the interval T2
and of a quarter cycle duration being cut off. The cut-off

part of the sine wave is shown dotted in Fig. 6; the third .

part of the grid voltage is thus always negative except
during the interval Tz when it is zero. The third part
of the grid voltage is thus shown in Fig. 6 by the full-line
curve. This bias voltage is produced by means of trans-
former 41 the primary winding 42 of which is connected
over a phase-shifting series connected resistor-capacitor
organization 43, 44 in parallel with the energizing wind-
ing 32, a rectifier 47 with a bias voltage 46 being arranged
in parallel with the secondary winding.

The grid circuit of tube 26 thus contains in series ar-
rangement: {a) the voltage at capacitor 18, (b) the
voltage G2 which is sopplied from winding 36, and
(c) the third part of the grid voltage, namely the voltage
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according to Fig. 6 which only allows tube 20 to be
fired during the interval T2 and otherwise causes the con-
trol grid of this tube to have a blocking effect. The
capacitor voltage and the voltage at 36 is reduced by the
voltage divider 48 to the magnitude required for the
conirol range of the grid of tube 28. During the intervai
Ts, that part of the capacitor voltage which due to voltage
divider 48 lies in the grid circuit of tube 29 has a magni-
tude and polarity corresponding to the horizontal line
22 in Fig. 3. Curve Gg, that is a fraction of the voltage
from winding 36 has at the beginning of the interval T2
a negative value which is considerably greater than the
ordinate of line 22. The third part of the grid voltage,
that is the curve in Fig. 6 assumes zero value at the

5 beginning of interval Te; the blocking effect on tube 20

ceases. When during the interval T2 curve Gz inter-
sects the line 22, that is at the instant #5, the grid bias
voltage of tube 2§ becomes positive because the positive
capacitive voitage exceeds the negative secondary voltage
of winding 36, so that tube 26 is fired. Capacitor 18
now reverses its charge through expansion coils 16, 17
and tube 28, whereby an expansion impulse again occurs
in the expansion coil of the same magnitude but in the
opposite direction as at #1. The corresponding voltage
jump at capacitor 18 which in Fig. 3 is indicated by the
vertical line 49 eunds at point 4 which is as far above
the instantaneous value of curve A at point #5 as point 3
is below this curve, that is to say it is at a voltage value
which lies just as high as point 1 at the instant #: during
the firing interval of the first tube 1%, on condition that
the polarity reversal of the capacitor occurs without
damping. Since tube 29 is now blocked and tube 19 is
still nen-conductive due to its grid bias voltage, the capaci-
tor voltage now foilows a horizontal line again, namely
line 58 up to the point 1’ which corresponds to point 1,
and the cycle of operations described above then begins
to repeat itseif.

If the first discharge gap is ignited at some other in-
stant during the interval Ti, for instance at 7, capacitor
i8 will have a voltage which corresponds to the ordinate
cf curve D at this instant and the capacitor commences to
discharge at point 5. This discharge, after the capacitor
voltage has dropped to a value corresponding to the
opposing voltage of coil 16, 17, continues down to a volt-
age value 6 which lies as much below curve A as peint 5
lies above this curve, when an undamped discharge is
assumed. The change in voltage at the capacitor is in~
dicated in Fig. 3 by the dotted vertical line 51. It is,
however, to be noted that when tube 19 is fired at the in-
stant 7g the reversal of the capacitor charge is not the same
as that which occurs when the tube is fired at 71, because
also at point 6 the capacitor still has such a charge that
its right plate is positive with respect to its left plate.
From point 6 the capacitor voltage remains contant
and follows the dotted line 52 up to point 7 where the
negative grid voltage of tube 26 is exceeded by the volt-
age of secondary winding 36 which from point 7 on-
wards is greater than the capacitor voltage. A fresh volt-
age rise up tc peint 8 now occurs at the capacitor, this being
indicated by the dotted line 53. This voltage jump oc-
curs without a change in the polarity of the capacitor
charge and merely results in a change in magnitude of
the capacitor voltage. From point 8 the capacitor volt-
age first of all foilows the line 54 up to point 5’ which
corresponds to point 5 and where the cycle of operations
commences afresh. '

It must also be noted that the minimum values reached
by the capacitor voltage, that is points 2 and 6 for firing
tube 19 at the instants #« and #s respectively, lie on a sine
curve which has a lead of 90° with respect to curve D
and alsc the same amplitude. Curve D has a lag of 45°
with respect to the peak of curve ‘A and a lead of 45°
with respect to curve C if the phase difference between
the wave peaks is measured.

From Fig. 3 it will readily be clear that for each posi-
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tion of the firing instant within the interval Ti, except
for the case where the firing point coincides with the end
of Ti, the capacitor voliage follows a rectangular curve
whose positive and negative half waves are not of equal
length. This may appear rather surprising in view of
the completely symmetrical circuit consisting of the ex-
pansion coils 16, 17, capacitor 18 and the two tubes 19,
20. The explanation is however that the circuit only
operates symmetrically in the one special case referred
to, whilst for every position of the firing point within
the interval Ti the second electron stream (if there is
one present in the induction accelerator in question), al-
though the same ultimate electron voltage is reached,
is subjected to an acceleration which as regards time by
now means coincides with the duration of the accelera-
tion of the first stream.

As shown in Fig. 7, if tube 19 is fired at the instant
s, the first electron stream is accelerated during the
interval Ti less the interval Ti’, that is during a time
which is less than a quarter of a cycle of the energiz-
ing voltage by the amount Ti’, whilst the second stream
already commences to be accelerated at the instant s,
thus first of all up to the maximum ultimate electron
voltage which is reached at to, whereupon a retarda-
tion occurs which only ends at the instant f10. At the
instant f10 the ultimate electron voltage of the second
stream is just as high as that of the first stream at the
instant f4. In Fig. 7 the full parts of the sine wave dur-
ing the acceleration intervals and the dotted portions
of the rest of the curve indicate clearly that the appar-
ently symmetrical circnit of Fig. 4 is actually operated
unsymmetrically (except of course in the aforemen-
tioned. special case). Only in this special case where
the rectangular curve for the capacitor voltage, as al-
ready mentioned, has positive and negative half waves
of equal length, does the interval Ti” become zero so
that the operation of the circuit is exactly symmetrical.

It is now assumed that there is only one electron
stream, namely the one which is accelerated during the
whole time T:i or only part of it. Also in the latter
case the circuit shown in Fig. 4 together with all its com-
-ponents is necessary, and the charge-reversal process
of capacitor 18 as well as the control of tubes 19, 20 must
occur exactly in the manner described. The expansion
impulse which occurs either when the charge of capacitor
18 is reversed at the instant 75 or when there is a change
in the capacitor charge at the instant 77, serves solely
when there is only one stream present in the induction
accelerator to restore at capacitor 18 the charge (namely
the charge corresponding to points 4 and 8 respectively)
which is necessary for interrupting the acceleration at
the right instant during T1 when the next acceleration oc-
curs. Actually the circuit according to the invention
possesses the great advantage that without making any
alterations to that part of it which serves to produce the
expansion impulses, it is possible to have a second elec-
tron stream in the induction dccelerator if desired so that
the output of X-ray emergy is double that of a single
stream induction accelerator.

It has also to be emphasized that the initial voltage
at capacitor 18 automatically adjusts itself tc the correct
value for any optional position of the firing point with-
in the interval Ti; for this purpose it is not necessary
to understand the operating process which has been ex-
plained in detail by means of Fig. 3. It is only necessary
that in the circuit shown in Fig. 4 the control voltage
for the discharge gap 19 should be arranged. according
to Fig. 5, that is the firing point should be fixed once and
for all at some instant during T1 to correspond with the
desired ultimate electron voltage. The correct control
for the second discharge gap 20 then adjusts itself guite
automatically when the circuit in Fig. 4 is used, no ad-
justmient depending on the selected ultimate ¢lectron volt-
age being necessary. ) )

-“Yn this connection it is now shown that in a special
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case the capacitor 18 depending upon the position of
the firing point within the interval Ti is actually charged
to a voltage value which corresponds to the ordinate
of curve D at the firing point in question.. This can be
proved by assuming a value for the initial voltage at
capacitor 18 which differs from the voltage value pre-
scribed by curve D and by showing that with this option-
ally assumed initial voltage value after two changes in
the charging of capacitor 18 the resultant voltage more
closely approaches the value given by curve D than
the optionally assumed initial value of the capacitor
voltage. If for instance it is assumed that capacitor 18
has an initial voltage corresponding to point 1" in Fig.
3. When tube 19 fires, this voltage changes to 2",
this point being as much below A as point 1" is above
it. At the instant 3” there is a fresh change in the
charge on capacitor 18, the voltage charge attaining
a value which lies as much above curve A as the value
at point 3" lies below it. Point 4" thus lies much near-
er to curve E than point 1”7 to curve D and this means
that actually for each position of the firing point within
the interval T1 a voltage occurs at capacitor 18 corre-
sponding to curve D, that is to say a capacitor voltage
which follows a rectangular curve between the curves
D and E.

In connection with the explanation of the curves in
Fig. 3 it has been assumed that the iron core of the
induction accelerator remains unsaturated even with max-
imum induction effect. The case is now considered when
such an assumption cannot be made. If a certain satu-
ration in the vicinity of the tops of curves A and C is
assumed, the conditions which have been described by
means of Fig. 3 remain qualitatively unchanged.

Only curves A and C becomes slightly flattened in the
vicinity of the maximum and minimum values and this
also applies to curve D and therefore also curve Gz which
must correspond to curve D. Careful consideration of
the conditions which occur when the accelerator core is
saturated leads to the following results: When the central
core .is magnetized up to saturation curve A in Figs. 2
and 3 becomes deformed as shown at A’ in Fig. 8 to
an exaggerated scale. Actually this deformation is so
small that it can be neglected. Another and much more
important result of the saturation is however the change
which occurs in the diameter of the equilibrium orbit
of the moving electrons. This orbit becomes reduced
because the accelerating field by comparison with the
guide field (produced by the unsaturated guide field poles)
becomes smaller than in the unsaturatéed case. If the
electrons have to be deflected to the anti-cathode by ex-
panding the equilibrium orbit, then due to the diminution
in diameter of the orbit, it is necessary to have a larger
expansion impulse than when the central core is unsatu-
rated. If the electrons are deflected by contraction of
the orbit, the contraction impulse must be smaller than
in the unsaturated case. The impulse currents required
for deflecting the electrons in dependence on the desired
ultimate voltage are shown in Fig. 9, but referred to the
same maximum ultimate voltage. In Figs. 9 and 10
curve 1 refers to the unsaturated case, curve 2 to the
case with saturation and expansion of the equilibrium
orbit, whilst curve 3. refers to saturation and contraction
of the equilibrium orbit.

Fig. 11 gives a graphical representation of conditions
for expansion; the same designations being used for the
curves as in Figs. 2 and 3. The reference letters with
a prime refer to the case of a saturated central core
whilst the reference letters without a prime indicate the
curves when there is mo saturation, that is the curves
already shown in Fig. 3 and described in detail. The
rectangular curve which indicates the change in capacitor
voltage in Fig. 3 for various positions of the ignition
point, that is to say various ultimate electron voltages,
is also to be found in Fig. 11 for a definite ultimate elec-.
tron voltage. . Fig. 11 also shows that the voltage D’
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required for igniting the second discharge gap can for
instance be obtained by shifting the phase of the voltage
D required for the unsaturated core, because actually
only that part of the curve D’ is of interest where it
is about to pass through zero in the rising direction.
This shows that the angle of the lag of the firing point
for the second discharge gap with reference to the firing
point required for the maximum ultimate voltage of
the second electron stream no longer has to be so ac-
curately fixed as in the unsaturated case, but only has
to be approximately so much after the firing point re-
quired for the maximum ultimate voltage of the second
stream as the firing point of the first discharge gap lies
ahead of the firing point which has to be adhered to for
the maximum ultimate voltage of the first electron stream.

‘When, however, the iron core of the induction accele-
rator is saturated it is also true just as in the case of the
unsaturated core that the voltage at capacitor 18 ad-
justs itself entirely automatically to the required value,
and furthermore that when the circuit according to Fig. 4
is employed the second discharge gap 20 is automatically
ignited at the correct instant so that the voltage follows
a vertical flank of the rectangular voltage curve having
the correct magnitude.

The method according to the invention thus deals with
producing expansion or contraction impulses for an in-
duction accelerator with variable ultimate electron voli-
age and with one electron stream or two electron streams
gyrating in opposite directions and employing an expan-
sion or contraction coil which is energized by the accelerat-
ing flux of the accelerator as well as a capacitor in series
with said coil and two grid-controlled discharge gaps in
inverse parallel connection, and for the general case this
method consists of igniting the first discharge gap periodi-
cally at an optionally adjustable instant depending on the
desired ultimate voltage, whilst the second discharge gap
is ignited at an imstant which is about as much after the
ignition peint which has to be adhered to for the maxi-
mum ultimate voltage of the second electron stream as
the ignition point of the first discharge gap lies in advance
of the ignition point for the maximum ultimate voltage of
the first electron stream.

The fact that in this definition of the ignition point
for the second discharge gap reference is made to a
second electron stream in the induction accelerator cor-
responds to the fact that it is merely necessary to install
in the induction accelerator a device for producing such
a second electron beam without having to make any
modifications in the method according to the invention
for producing the expansion or contraction impulses. Also
the circuit for producing these impulses requires no al-
terations when a change-over is made from a single beam
to a double beam induction accelerator where both
streams are accelerated to the same ultimate electron
voltage.

I claim:

1. The combination with an electron accelerator of
the type comprising an annular tube into which streams
of electrons are injected in succession for acceleration
respectively in opposite directions on an orbit established
within said tube, a magnetic structure including a central
core portion extending through the central opening within
said tube and annular control pole portions confronting
one another at said tube, a main winding on said magnetic
structure surrounding said control poles, and a source of
alternating veltage connected cross said main winding to
establish an alternating current therein producing a time
varied cycle of magnetic flux of alternating polarity, said
flux comprising a first component through said central
core portion effecting acceleration of said electrons and
a second component through said control poles confin-
ing the electron stream during the accelerating period to
a path of travel along an orbit of substantially fixed
radius; of means for effecting a change in the radius of
said electron orbit to discharge each electron stream from

10

15

20

25

40

50

55

60

65

70

5

10

the accelerator, said means comprising, an auxiliary wind-
ing surrounding only said central core portion and which
is inductively coupled with said main coil so as to cause
an alternating voltage to be induced therein, a condenser,
first and second grid controlled gaseous discharge tubes
connected in parallel in back-to-front relation, means con-
necting said auxiliary winding, condenser and paralleled
valves in a series circuit, means deriving from said source
of alternating voltage a control voltage of adjustable
phase for the grid of said first tube to ignite the same and
render it conductive at an adjustable instant -of time in
the accelerating period of a first electron stream acceler-
ated when said magnetic flux is of one polarity to dis-
charge a current pulse from said condenser through said
auxiliary winding thereby effecting a change in the ratio
between said flux components and hence a change in
radius of the electron orbit, and means also deriving from
said source of alternating voltage a control voltage of an
adjustable phase different from the phase of said control
voltage for the grid of said first tube for the grid of said
second tube to ignite the same and render it conductive
at an instant of time as much after the ignition instant
required to be adhered to for maximum ultimate electron
voltage of the second electron stream accelerated when
said magnetic flux is of opposite polarity as the igni-
tion instant of said first tube lies in advance of the igni-
tion instant required to obtain maximum ultimate elec-
tron voltage of the first electron stream.

2. Apparatus for effecting a change in radius of the
electron orbit as defined in claim 1 wherein said grid con-
trol voltage for rendering said first tube conductive is
effective only during about one-twentieth of the total
period.

3. Apparatus for effecting a change in radius of the
electron orbit as defined in claim 1 wherein the means
for deriving the control voltage for the grid of said first
tube is comprised of an adjustable phase transformer
having its primary connected to said source of alternat-
ing voltage and said control voltage is constituted by the
sum of two voltage components connected in series with
the grid of said first tube and which components are
derived from the secondary of said transformer, one of
said components being constituted by the output of a
double-wave rectifier connected to the secondary and the
other of said components being constituted by a sinu-
soidal voltage taken from another secondary and having
a phase displacement of 45° relative to said magnetic flux.

4. Apparatus for effecting a change in radius of the
electron orbit as defined in claim 3 wherein the sec-
ondaries of said transformer are fixed with respect to
each other and adjustable jointly with respect to the
primary of said transformer.

5. Apparatus for effecting a change in radius of the
electron orbit as defined in claim 1 wherein the means for
deriving the control voltage for the grid of said second
tube is constituted by the sum of thres voltage compo-
nents connected in series with the grid of said second tubs,
one of said components being the voltage of said con-
denser, a second component being a sinuscidal voltage
derived from the source of said alternating voltage and
having 'a phase displacement of 45° relative to said mag-
netic flux, and a third component of the same frequency
as said second component also derived from said source
of alternating voltage, said third component being nega-
tive between 0° :and 270° of the cycle of the magnetic
flux and cut off during the positive portion thereof between
270° and 0°.

6. Apparatus for effecting a change in radius of the
electron orbit as defined in claim 5 wherein said second
component of said control voltage for the grid of said
second tube is prodnced in the secondary of a transformer
whose primary winding is connected ito said source of
alternating voltage through phase displacement means,
and wherein said third component of said control voltage
for the grid of said second tube is constituted by the out-
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put of -a second transformer secondary having a series
arranged half wave rectifier and a source of unidirectional
voltage connected across said second secondary, said
second secondary being energized from a primary wind-
ing connected to said source of alternating voltage through &
phase displacement means.

References Cited in the file of this patent
UNITED STATES PATENTS
2,394,072 Westendorp —ceeeemcceee Feb. 5, 1946 10

2,480,169
2,535,710
2,538,718
2,654,838

12 .
Westendorp —— - —cvcmeee Aug. 30,1949
Westendorp ———eeoeemeee Dec. 26, 1950
Wideroe — oo Jan. 16, 1951
Wideroe o Oct. 6, 1953




