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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 Tay transformer Cr 
magnetic induction accelerator. 

In a 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 Inagnetic 
fiux up to a velocity or ultimate electron Voltage of mil 
1ions of electron volts, So-Called expansion Or contraC 
tion coils are used for deflecting the electron Streaim Out 
of the equilibrium orbit. These coils are Subjected to the 
main acceleratiing fiux of the magnetic induction accel 
eTaiOr. 

in the type of magnetic induction accelerator to Which 
the present invention pertains, One Stream of electronS 
is shot into an annular tube for acceleration in One di 
rection around the tube at the beginning of the first half 
cycle of the rnain 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 arotund the tube when the main accelerating flux 
reaches its maximum amplitude in the next half-cycle. 
The first Strearn 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 
arrangeriment for ejecting the two electron Streams, there 
being a single capacitor used for the control of the ejection 
instants of the two Strearns connected in Series With an 
auxiliary Winding Surrounding only the induction pole 
|portion of the magnetic circuit and inductively coupled 
to the main accelerating fiuX 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, rneans are So provided for the control grids 
of the gas discharge tubes ihat 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 
e?ected at a Selected instant of time during its , accelera 
tion phaSe. ' 

in the accompanying drawings which illustrate - the 
invention: 

?*ig. 1 is a View in central Vertical section of a mag 
netic indtiction accelerator having an auxiliary winding 
for effecting an ejection of the electron Strearns 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 fiux produced 
frOLn the Inain 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; 

IFig. 3 is a graph Similar to that of Fig. 2 illustrating 
the courses of the Voltages, currents and fiuxes 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 
VOitageS produiced 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 

IFig. 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 

Schernatically a magnetic induction accelerator with a 
Imaginetic 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 coiis is also 
Shown in Section and inside of which the electrons are 
aCCelerated. The pole Shoes 14 and 15 for the accelerating 
fiuX 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 
Stupplied With a Short current impulse, so that the magnetic 
flux corresponding to this impulse when there is an ex 
painSiOn Of the electron orbit acts through the pole shoes 
14, 15 in the Same Sense as the accelerating fiux 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 fiux acts through the pole 
Shoes 14, 15 in the opposite sense to the accelerating fiux 
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 expansion or contraction 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 i9, 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 fiux and if it is 
desired to accelerate the electrons during each accelerating 
|period up to the imaximum uitimate electron voltage, 
there Inllst be a Voltage on capacitor 18 corresponding to 
the rectangular Curve B Of Fig. 2. The phase position of 
the tiltimate electron Voltage is indicated in Fig. 2 by the 
dotted Curve C. It is aSSurned that the electron accelera 
tion occurs during the quarter Wave period Ti, when the 
inditiction accelerator has only an electron stream ac 
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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 ti and t2 shown in Fig. 2 agrees with 
this aSSertion, because curve D for maximum ultimate 
electron Voltage, that is at the end of interval T1, has the 
Same Ordinate as curve A at the peak point. 
Any firing point t4 within the time interva! Tu 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 systern 
CCimprising tubeS 25, 26 and load resistor 27 is connected. 
TiThe 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 30 and a capacitor 31 con 
Flected to it for shifting the phase of this secondary 
VCltage 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 
tioia to coiis 11, 12 in Fig. 1. From Fig. 5 it is clear 
that With this grid circuit the position of firing point t4 
Cain be selected any Where Within the interva1 T1. A 
#xuisating direct voltage now occurs at 1oad resistor 27 
corresponding to the dotted curve 33, whilst at capacitor 
3i there is a sinusoida1 Voltage corresponding to the 
dctted curve 34 and the Stum of both these Voltages thus 
appears at grid 19, that is a Voltage according to curve 35. 
The peaks of curve 3:5 serve for firing tube 19 and the 
ºphase positicIn of these peaks can be varied within the in 
terYal Ti by means of the phase transformer, 
The Second discharge gap 20 is now ignited during the 

irne interval Ta in Fig. 3, this being achieved by means 
Cf 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 cathcde of 
ttibe 28 and its control grid first of all contains capacitor 
18. The grid circuit furthermore contains the secondary 
«?iinding: 36 of transformer 37 whose primary Winding 38 
is connected to a capacitor 39 which is in series with a 
IresistOr 40 and is connected to the eT?ergizing winding 32 
Cf the indiction 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 OCCturS at the Secondary winding 36 which as 
|regaTds Inagnitude and phase correspcnds to the curve iD 
ith Fig. 3. Curve I? in Fig. 3 is also designated by 
G2 to indicate that it forms the second part of the grid 
Voltage for tube 20. 

T1The third part of the grid voltage is shown in Fig. 6 
aS a function of the time. it consists of a sine wave the 
ttpper parts of which corresponding to the interva1 T2 
atid Of a quarter cycle didration 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 
dtlring the inteival T2 when it is zero. The third part 
Of the grid Voltage is thus shown in Rig. 6 by the full-line 
Clirve. This biaS Voltage is produced by means of trans 
former 4i the primary Winding 42 of which is connected 
CVer a phase-sihifting Series connected resistor-capacitor 
Organization 43., 44 in parallel With the energizing wind 
itig 32, a rectifier 47 with a bias voltage 46 being arranged 
ii? para1le1 with the secondary Winding. 

THhe grid circuit of tube 20 thtis contains in series ar 
railgement: (a) the voltage at capacitor 18, (b) the 
Voltage G2 Which is Supplied frorn winding 36, and 
(c) the third part of the grid voltage, namely the voltage 
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6 
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 
control range of the grid of tube 20. During the interval 
T2, that part of the capacitor Voltage which due to Voltage 
divider 48 1ies in the grid circuit of tube 2{} has a magni 
tude and polarity corresponding to the horizontal line 
22 im ?*ig. 3. Curve G2, that is a fraction of the voltage 
frotin withding: 36 has at the beginning of the interval T2 
a negative Value which is considerably greater than the 
Ordinate Of iine 22. The third part of the grid voltage, 
that is the curve in Fig. 6 assumes Zero value at the 
beginning of inter val T2; the blocking effect on tube 20 
ceases. Whein during the interval T2 curve G2 inter 
Sect3 the line 22, that is at the instant t5, 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 29 is fired. Capacitor 18 
now reverses its charge through expansion coils 16., 17 
alind tube 28, Whereby an expansion impulse again occurs 
in the expansion coil of the same magnitude but in the 
Opposite direction as at t4. The corresponding voltage 
jump at capacitor i8 Which in Fig. 3 is iudicated by the 
Vertical line 49 ends at point 4 which is as far above 
the instantaneous Value Of curve A at point t5 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 t4 during 
the firing inter val of the first tube 19, on condition that 
the polarity reversal of the capacitor occurs without 
darriping. Since tube 29 is now blocked and tube 19 is 
Stili nczn-conductive due to its grid bias Voltage, the capaci 
tOT Voltage now foilows a horizontal line again, nannely 
iiiie 5? up to the point 1? which corresponds to point 1, 
and the cycle of operations described above then begins 
to repeat itself. 

if the first discharge gap is ignited at some other in 
Stant during the interva1 Tl, for instance at t6, capacitor 
18 Wit1 have a Voltage Which corresponds to the ordinate 
Cf Ctir Ve iD 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 
GppOSing Voltage of coil 16, 17, continues down to a volt 
age Valtie 6 which lies as rialich below curve A as point 5 
1ieS above this curve, When an undamped discharge is 
aSStimed. 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 16 the reversal of the capacitor charge is not the same 
aS that Which occurs When the tube is fired at t4, because 
also at point 6 the capacitor Still has such a charge that 
its right plate is positive with respect to its left plate. 
FrGFin point 6 the capacitor Voitage remains contant 
and follows the dotted line 52 up to point 7 where the 
negative grid Voltage of tube 20 is exceeded by the volt 
age Of Secondary Winding 36 which from point 7 on 
Wards is se:reater than the capacitor voltage. A fresh volt 
age Irise up to point 8 Ihow Occt3rS at the capacitor, this beiing 
indicated by the dotted 1ine 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 voit 
age first of all follows 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 t4 and t6 respectively, 1ie on a sine 
curve which has a lead of 90° with respect to curve D 
and also 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. 

Frorn 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 voltage 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 oniy 
OperateS Symmetrically in the one specia1 case referred 
to, whilst for every position of the firing point within 
the interVal Til the second electron strearn (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 
InOW 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 

74, the first electron Stream is accelerated during the 
interval Ti less the interva1 T1”, that is during a time 
Which is less than a quarter of a cycle of the energiz 
ing Voltage by the amount Ta”, whilst the second stream 
already commences to be accelerated at the instant #8, 
thus first of all up to the maximum ultimate electron 
Voltage Which is reached at t9, whereupon a retarda 
tion occurS Which only ends at the instant t10. At the 
instant t10 the ultimate electron voltage of the second 
Stream is just as high as that of the first stream at the 
instant t4. 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 circuit 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 a1 
ready mentioned, has positive and negative half Waves 
of equal length, does the interval Tu” 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 T1 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 f5 or When there is a change 
in the capacitor charge at the instant tn, 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 accelerator if desired so that 
the output of X-ray energy 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 to the correct 
value for any optional position of the firing point with 
in the interval T1; for this purpose it is not necessary 
to understand the operating proceSS Which has been eX 
|plained in detaii 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 Tu to correspond With the 
desired ultimate electron voltage. The correct contro1 
for the second discharge gap 20 then adjusts itself quite 
automatically when the circuit in Fig. 4 is used, no ad 
justment depending on the selected ultimate electron Volt 
age being necessary. , • 
*** In 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 interva1 Tl is actually charged 
to a Voltage Value which corresponds to the ordinate 
of curve ID at the firing point in question. This can be 
|proved by assuming a value for the initia1 voltage at 
capacitor 18 which differs from the voltage Value pre 
Scribed by curve ID and by showing that with this option 
ally assumed initia1 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 ciptionaliy assumed initia1 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’’ 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 ID, 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 Satul 
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 fiattened in the 

vicinity of the maximum and minimum values and this · 
also applies to curve D and therefore also curve G2 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 unSaturated 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 smalier than 
in the unsaturated case. The impulse currents required 
for defiecting 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 no 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’ 



required for igniting the second discharge gap can for 
instance be obtained by shifting the phase of the Voltage 
ID 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. 
Tihis 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 vertica1 flank of the rectangular Voltage curve having 
the correct magnitude. 

"HThe method according to the invention thus deals With 
|producing expansion or contraction impulseS for an in– 
duction accelerator with variable ultimate electron Volt– 
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 fiux of the accelerator as well as a capacitor in Series 
with said coil and two grid-controlled discharge gaps in 
inverse paraile1 connection, and for the general case this 
rnethod consists of igniting the first discharge gap periodi 
catiy at an optionally adjustable instant depending on the 
desired ultimate voltage, whilst the Second discharge gap 
is ignited at an instant which is about as much after the 
ignition point which has to be adhered to for the maxi 
rnum ultimate voltage of the Second electron Stream as 
the ignition point of the first discharge gap 1ies 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 Ireference 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 
fhe circuit for producing these impulses requires no al 
terations when a change-over is made from a Single bearn 
to a double beam induction accelerator Where both 
streatins 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 voltage connected crOSS Said main Winding to 
establish an alternating current therein producing a time 
varied cycle of magnetic fiuX of alternating polarity, Said 
flux cornprising a first component through Said Centra1 
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 
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10 
the accelerator, Said Imeans 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 condlictive at an adjustable instant of time in 
the accelerating period of a first electron Stream acceler 
ated when said magnetic fiuX 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 fiux components and hence a change in 
radius of the electron orbit, and means also deriving frcrn 
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 wheii 
Said magnetic fiux is of opposite polarity as the isgni 
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 fiux. 

4. Apparatus for effecting a change in radius of the 
electron orbit as defined in clairn 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 radiuds of the 
electron Orbit as defined in claim 1 Wherein the means for 
\deriving the control voltage for the grid of Said secoiad 
tube is constituted by the Surn of three voltage compo 
nents connected in Series with the grid of Said Second tube, 
One of Said Components being the Voltage of Said con 
denser, a Second component being a Sinusoidal 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 Saime frequency 
as Said Second component also derived from said source 
Of alternating Voltage, Said third corraponent being nega 
tive between 0° and 270° of the cycle of the magnetic 
fiuX 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 clairm 5 wherein Said second 
component of Said control voltage for the grid of Said 
Second tube is produlced 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. 
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