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POWER SUPPLY FOR X-RAY APPARATUS 
Harold T. Boeker, Brook?eld, Wis., assignor to General 
' Electric Company, a corporation of New York 

_ FiledyJuly 2, 1962, Ser. No. 206,989 
15 Claims. (Cl. 321-45) - 

This invention relates to power supplies. More par 
ticularly, it relates to an'improved power supply for 
X-ray apparatus. 

‘In X-ray equipment, it has been ‘found that when a 
resonant transformer is utilized, the advantage is pre 
sented in that no iron core is needed to carry the mag 
netic flux through the transformer coils and the space 
normally taken up by‘the iron core is occupied by the 
X-ray tube. With such arrangement, there is enabled 
the convenient connecting of the accelerating sections 
of the X-ray tube into the secondary winding of the 
transformer at desired voltage levels. The X-ray tube, 
disposed in the center of the transformer coils, conse 
quently, is subjected only to an axial voltage stress along 
its length since the transformer coils function as an electro 
static shield between the X-ray tube and the walls of 
the tank in which the tube and transformer are con 
tained. ‘ 

Another advantage resulting from the use of a resonant 
transformer in X-ray equipment is that it is possible to 
shape‘the transformer to approximate a hemisphere with 
in a hemisphere or a cylinder within a cylinder thereby 
providing an optimum con?guration of ultrahigh voltage 
application. , 

A furtheradvantage is that the wave shape of the volt 
age from a resonant transformer is quite good when 
the transformer is loaded with the direct current com 
ponent of the X-ray tube. In contrast, an iron core 
transformer produces a distorted wave shape when it 
is loaded‘ down with a comparable direct current load. 
The wave shape generated in the secondary winding of 
a resonant transformer is not dependent upon the wave 
shape of the power applied to its primary Winding. For 
example, the power applied to the primary winding may 
be in the'form of pulses on both half cycles or on either 
of the half cycles, and a sinusoidal voltage wave is still 
generated in the secondary winding. 

Heretofore, the Weight and size of the power recti?er 
and power drive for a resonant transformer have, of 
necessity, been extremely large. A typical size for the 
housing for such components may be four and one-half 
feet by two feet by six feet and may Weigh as much as 
one thousand pounds. 

It is, accordingly, an important'object of this invention 
to provide a power supply for an end-grounded resonant 
transformer conveniently utilizable in high voltage X-ray 
equipment whereby a substantial saving in weight and 
volume is effected. 

It is another object to provide a power supply in ac 
cordance with the preceding object which comprises solid 
state devices thereby effecting substantial economy in 
maintenance and replacement requirements. 

Generally speaking and in accordance with the in 
vention, there is provided in combination with a unidirec 
tional potential source and an end-grounded transformer 
having primary and secondary elements; gate controlled 
rectifying means and storage means 'in circuit with the 
primary element and the source, an oscillator and means 
for applying the output of the oscillator as gating sig 
nals to the gate controlled rectifying means to render 
the latter conductive, the storage means thereby dis 
charging through the primary element and the rectify 
ing means. 
The novel features, which are believed to be charac 

teristic of this invention, are set forth with particularity 
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in the appended claims. The invention itself, however, 
both as to its organization and method of operation to 
gether with further objects and advantages thereof may 
best be understood by reference to the following de 
‘scription taken in connection with the accompany draw 
ings. 

In the drawings, FIG. 1 is a schematic depiction of an t 
_ illustrative embodiment of the invention; ’ Y 

FIG. 2 is a timing'diagram of waveforms occurring at 
vdifferent points in the circuit of FIG. 1; 

FIG. 3 is a schematic diagram of a second illustrative 
embodiment of the invention; 

FIG. 4 is a timing diagram of waveforms occurring 
at different points in the circuit of FIG. 3; 
FIG. 5 is a schematic showing of a third illustrative 

embodiment of the invention; and 
FIG. 6 is a timing diagram of waveforms occurring 

at different points in the circuit of FIG. 5. 
Referring now to FIG. 1, a unidirectional potential 

from a source 20 is applied across the series arrange 
ment of a variable resistor 22 and a capacitor 18, one 
end of capacitor 18 being ‘grounded. The junction 19 
of resistor 22 and capacitor 18 is connected to the emit 
ter 12 of a unijunc'tion transistor 10, a base 14 
of transistor 10 being connected to source 20 through 
a resistor 24 and a base 16 of transistor 10 being con 
nected to ground through a resistor 26. j 
A silicon controlled recti?er 28 has its cathode con 

nected to ground and its anode connected to a terminal 
of the primary winding 31 of a resonant transformer 30. 
The output appearing at base 16 is applied to the gate 
electrode of silicon controlled recti?er 10. 
The other terminal of primary winding 31 is con 

nected to the junction 35 of the series arrangement of 
an inductor 34 and a capacitor 36, inductor 34 being 
connected to a source of unidirectional potential 32, 
capacitor 36 being connected to ground. 
The secondary winding 33 of transformer 30 has one 

terminal thereof connected to ground through a capacitor 
38 and through an ammeter 40 in shunt with capacitor 
38 and its other terminal connected to the ?lament of 
the X-ray tube of an X-ray apparatus 42 through a vari 
able resistor 44. Secondary winding 33 is tapped at vari 
ous points to provide potential to the anode electrodes of 
the X-ray apparatus; ‘ 

In considering the operation of the circuit of FIG. 1 
reference is also made to FIG. 2 wherein there is shown 
a timing diagram of the waveforms appearing at differ 
ent points of the circuit of FIG. 1. a 

In such operation, when undirectional positive poten 
tial is applied to junction point 35, capacitor‘36 changes 
through inductor 34, the voltage appearing across capaci 
tor 36 being designated as e;,. Simultaneously, capacitor 
.18 charges through variable resistor 22, the voltage ap 
pearing thereacross being designated e1. When the voltage 
across‘ capacitor 18 reaches a given value, designated as 
ep, unijunction transistor 10 is rendered conductive where 
by capacitor 18 discharges into the gate electrode of sili 
con controlled recti?er 28 through emitter 12 and base 
16 of transistor 10, the pulse of'voltage appearing across 
resistor 26 during this discharge being designated e2. 

65 

70 

In FIG. 2, it is seen in the line designated e1 that when 
the voltage across capacitor 18 attains the value of rep at 
times t1 and t2, the voltage pulses, e2 are generated. 
This voltage pulse, e2, developed across resistor 26 dur 

ing the discharge of capacitor 18, is applied to the gate 
electrode of silicon controlled recti?er 28 to consequently 
render it conductive. Such-rendering causes capacitor 36 
to discharge to ground through primary winding 31 and 
silicon controlled recti?er 28. Line e3 in FIG. 2 shows 
the voltage waveform across capacitor 36, capacitor 36 
being fully discharged at time 12. - - 
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The inductance of primary winding 31 and capacitor 
36 form a resonant circuit for the discharge of the energy 
stored in capacitor 36; Line e4 of FIG. 2 shows the wave 
form of the voltage on primary winding 31. The current 
?owing through primary winding 31 and silicon controlled 
recti?er 28 follows a damped oscillation curve as shown 
in line i1 of FIG. 2. When this current starts to swing 
negative, silicon controlled recti?er 28 is restored to its 

' blocking state and capacitor 36 commences to recharge. 
At time t3, unijunction transistor 10 is again rendered 
conductive and the same events are repeated. The dotted 
portions in line i1 in FIG. 2 indicate that current does not 
flow then due to the blocking state of silicon controlled 
recti?er 28. Line e5 of FIG. 2 shows the waveform of 
the voltage 65 in secondary winding 33. Line ‘i2 of FIG. 
2 shows the waveform of the current pulses through the 
X-ray tube. 
The phasing of primary winding 31 is chosen such that 

the current pulse through primary winding 31 occurs dur 
ing the same time that the X-ray tube conducts. The 
repetition frequency of the pulses produced from unijunc 
tion transistor 10 is chosen to be a few cycles greater than 
the frequency of the resonant circuit comprising second 
ary winding 33 and its distributed capacitor to' tank 36 
to insure proper commutation of silicon controlled recti 
?er from the conductive to the nonconductive state. 

In FIG. 1, capacitor 38 functions as a ?lter and the 
target is schematically shown and designated by the 
numeral 44. 

In FIG. 3 wherein there is shown a second illustrative 
embodiment in accordance with the principles of the in 
vention, the X-ray tube in X-ray apparatus 50 comprises 
a ?lament 52 connected in series arrangement with a 
variable resistor 54 for controlling the voltage applied 
thereto from a portion of the secondary winding 57 of a 
resonant transformer 56. The accelerating electrodes of 
the X-ray tube are connected to various points on second 
ary winding 57, one end of secondary winding 57 being 
grounded on the housing of the X-ray apparatus. 
The primary winding 55 of transformer 56 has one 

terminal thereof connected to the cathode of a silicon 
controlled recti?er 64 and its other terminal connected 
to the anode of a silicon controlled recti?er 66. The 
anode of silicon controlled recti?er 64 is connected to a 
variable positive D.C. supply source 68 through an in 
ductor 70 and its cathode is connected to a negative D.C. 
supply source 72 through a capacitor 74. The cathode of 
silicon controlled recti?er 66 is connected to source 72. 
A voltage divider comprising a resistor 76 and a Zener 

diode 78 is connected between the positive and negative 
terminals of a DC. voltage supply source 80, the regu 
lated voltage appearing at junction 77 being the voltage 
supply for a variable frequency oscillator 82. The out; 
put of oscillator 82 is developed across the primary wind 
ings 83 and 87 of transformers 84 and 88 respectively. 
A transistor 90 has its emitter 92 connected to junction 

77, its base94 connected to junction 77 through the sec 
ondary winding 85 of transformer 84 ‘and its collector 
connected to negative source 72 through the primary 
winding 97 of a transformer 98. A transistor 102 has its 
emitter 104 directly connected to junction 77, its base 106 
connected to junction 77 through the secondary winding 
89 of transformer 88 and its collector 108 connected to 
negative source 72 through the primary winding 103 of 
a transformer 104. _ 

The secondary winding 99 of transformer 98 is con 
nected between the cathode and gate electrode of silicon 
controlled recti?er 64 and the secondary winding 105 of 
transformer 104 is connected between the cathode and 
gate electrode of silicon controlled recti?er 66. 

In considering the operation of the arrangement of 
FIG. 3, reference is also made to FIG. 4 which is a tim 
ing diagram of the voltages appearing at various points 
in the circuit of FIG. 3. 

In the operation of the circuit of FIG. 3, Zener diode 78 
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4 
regulates the DC. voltage supplied to‘ oscillator 82. The’ 
output of oscillator 82 is fed to transistors 90 and 102, 
such output being displaced in phase by means of sec 
ondary windings 85 and 89 of transformers 84 and 88 re 
spectively. Transformers 98 and 104 are suitably chosen 
to be of the pulse transformer type and secondary wind 
ings 99 and 105 thereof couple the outputs of transistors 
90 and 102 to the gate electrodes of silicon controlled rec 
ti?ers 64 and 66 respectively. 
When silicon controlled recti?er 64 is rendered con 

ductive, current ?ows from source 68 through inductor 
70 and silicon controlled recti?er 64 to charge capacitor 
74. The waveform designated E02 in FIG. 4 shows that 
capacitor 74 charges during the interval between time 11 
and time t2. When‘ the current through the oscillator cir 
cuit formed by inductor 70 and capacitor 74 starts to re 
verse, the silicon controlled recti?er 64 is restored to its 
blocking state thereby isolating‘ the discharge loop com 
prising charged capacitor 74, primary winding 55 and 
silicon controlled recti?er 66 from source 68. 

Line T in FIG. 4 shows the alternately occurring pulse 
outputs from primary windings 97 and 103 of transform 
ers 98 and 104 respectively. It is seen that when a pulse 
from transistor 90 is applied to silicon ‘controlled recti 
?er 64 at time t1, capacitor 74 has zero value of voltage. 
Now, at time t3, the output pulse from transistor 102 

is applied to the gate electrode of silicon controlled recti 
?er 66 thereby rendering it‘ conductive. This event per 
mits capacitor 74 to discharge through primary winding 
55 and silicon controlled recti?er 66 to source 72. The 
energy in capacitor 74 is dissipated in primary winding 
55 and silicon controlled recti?er 66 reverts to its block— 
ing state before the next trigger pulse from transistor 90 
renders silicon controlled recti?er 64 conductive at time t5. 

Line Ep of FIG. 4 shows the waveform of the voltage 
in primary winding 55; line ES shows the waveform of the 
voltage in secondary winding 57 and line I shows the 
waveform of the current pulse through the X-ray tube. 

Primary winding 55 is phased such that capacitor 74 
discharges therethrough during the half cycle that the 
X-ray tube is conductive. The frequency of the output 
of oscillator 82 is chosen to be at least a few cycles greater 
than the frequency of resonant transformer 56 to insure 
proper commutation of silicon controlled recti?ers from 
the conducting to the nonconducting state. Stage 60 
schematically depicts an ammeter and the target is desig 
nated by numeral 62. 

Resonant transformer 56 may suitably be of the type 
disclosed in U.S. Patent 2,144,518 to W. F. Westendorp, _ 
issued January 17, 1939, and ‘assigned to the General 
Electric Company. In apparatus embodying such a trans 
former, there is conveniently utilized an electrostatic pick 
up plate such as designated by the numeral 106. Such 
plate is a capacitor type voltage divider comprising the 
capacitance from the pickup plate to the tank and of the 
capacitor to the hemispherical shield positioned at the top 
of the stack of secondary coils comprising secondary 
winding 57. This voltage is recti?ed by the full wave 
recti?er comprising diodes 108 and 110 and indicated in 
the meter 113. Meter 113 can be calibrated in terms of 
the voltage generated in secondary winding 57. Capaci 
tor 112 functions as a ?lter. 

Referring now to FIG. 5 wherein there is shown a 
third illustrative embodiment according to the‘principles 
of the invention, the resonant transformer 120 therein 
comprises an end-grounded secondary winding 122 and a 
pair of primary windings 124 and 126 respectively. 
A terminal of primary winding 126 is connected to the 

cathode of a silicon controlled recti?er'l28, the other 
terminal of primary winding 126 being connected to a 
source of negative DC. potential 132 througha capacitor 
134. A terminal of primary winding 124 is connected 
to the anode of a silicon controlled recti?er 130, its other 
terminal being tied to primary winding 126. The anode 
of silicon controlled recti?er 128 is connected to a variable 



3,263,151 
' 5 

positive D.C. source 136 and the cathode of silicon con 
trolled recti?er' 130 is connected to negative source 132. 
A voltage divider comprising a resistor 138 and the 

cathode to anode path of a Zener diode 140 is connected 
between a source of positive potential source 142 and 
negative source 132, the voltage appearing at junction 
139 being regulated by Zener diode 140. A variable fre- - 
quency oscillator 144 receives its regulated DC. voltage 
supply from junction 139. The output of oscillator 144 
appears across primary windings 145 and 149 of pulse 
transformers 146 and 150 respectively. 
A transistor 152 has its emitter154 directly connected 

to junction 139, its base connected to junction 139 through 
the secondary winding 147 of transformer 146 and its 
collector 158 connected to source 132 through the pri 
mary winding 159 of a pulse transformer 160. A tran 
sistor 162 has its emitter 164 directly connected to‘ junc 
tion 139, its base 166 connected to junction 139 through 
the secondary winding 151 of transformer 150 and its 
collector 168 connected to source 132 through the pri 
mary winding 169 of a pulsetransformer 170. The sec 
ondary winding 161 of transformer 160 is connected be 
tween the cathode and gate electrodes of silicon controlled 
recti?er 128 and the secondary winding 171 of pulse 
transformer 170 is connected between the cathode and gate 
electrodes of silicon controlled recti?er 130. 

In considering the operation of the arrangment of FIG. 
5, reference is also made to FIG. 6 whichis a timing dia 
gram of the waveforms of the voltages appearing at dif 
ferent points in the circuit of FIG. 5. 

In operation, Zener diode 140 regulates the supply volt 
age for variable frequency oscillator 144. The output of 
oscillator 144 is applied to transistors 152 and 162 through 
secondary windings 147 and 151 of transformers 146 and 
150 respectively, 180° out of phase with each other to 
produce alternately occurring trigger pulses in primary 
windings 159 and 169 at 180° intervals as shown in line I‘ 
'of FIG. 6. The pulses produced in transistors 152 and 
162 alternately render silicon controlled recti?ers 1.28 and 
130 conductive. When silicon controlled recti?er 128 con 
ducts, capacitor 134 charges to twice the value of source 
136. The voltage across capacitor 134 is shown in'FIG. > 
6 on line E02 thereof. When the voltage across capacitor 
134 attains the value of twice source 136 (215110), the 
current through silicon controlled recti?er 128 starts to 
reverse and silicon controlled recti?er 128 is restored to 
its blocking state thereby isolating the discharge loop com 
prising charged capacitor 134, primary winding 124, and 
silicon controlled recti?er 130 from source 136. 

' Now, when the pulse from transistor 162 renders silicon 
controlled recti?er 130 conductive, capacitor 134 dis 
charges to negative source 132 through primary winding 
124 and silicon controlled recti?er 130. The energy in 
capacitor 134 is dissipated in primary winding 124 and 
silicon controlled recti?er 130 reverts to the blocking state 
before the pulse from transistor 152 renders silicon con 
trolled recti?er 120 conductive. 

It is to be noted that during the time that silicon con 
‘trolled recti?er 128 is conducting and capacitor 134 is 
charging, a pulse of energy is introduced into primary 
winding 126 and that when silicon controlled recti?er 
130 is conducting and capacitor 134 is discharging, a 
‘pulse of energy is introducted into primary winding 124. 
Lines Em ‘and Eng in FIG. 6 show the voltage waveforms 
appearing in primary windings 126 and 124 respectively. 
‘Line ES in FIG. 6 shows the voltage waveform in sec 
ondary winding 122 of resonant transformer 120. Line I 
in FIG. 6 shows the current waveform in the X-ray tube. 
The phasing of primary windings 124 and 126 is so 

chosen that the charging of capacitor 134 introduces a 
pulse of energy into resonant transformer 120 on the half 
cycle that X-ray tube is not conducting ‘while the dis 

20 

25 

30 

40. 

6 . 

suitably wound in the same direction. Variable oscillator 
144 is chosen to have-an output frequency a few cycles 
greater than the resonant frequency of transformer 120 
to induce proper commutation to nonconductivity of sili— 
con controlled recti?ers 128 and 130. 

‘ While there have been shown particular embodiments 
of this invention, it will, of course, be undestood that it 
is not intended to be limited thereto since many modi?ca 
tions-both in the circuit arrangements and in the instru 
mentalities employed therein may be made and it is there 
fore contemplated by the ‘appended claims to cover any 
such modi?cations as fall within the true spirit and 
scope of the invention. ' 
What is claimed as new and desired to be secured by 

Letters Patent of the United States is: 
> 1. In combination with a unidirectional potential source 

and an end-grounded resonant transformer having pri 
mary and secondary elements; gate controlled rectifying 
means and charge storage means in circuit with said pri 
mary element and said source, said primary element and 
said storage means forming a resonant frequency circuit, 
a variable frequency oscillator and means for applying 
the output of said oscillator as gating signals'to said gate , 
controlled rectifying means to render said gate controlled 
rectifyingmeans conductive, said storage means thereby 

‘discharging through said primary element and through 
said rectifying means. 

2. In combination with a unidirectional potential source 
and an end-grounded resonant transformer having pri 
mary and secondary elements; gate controlled rectifying 
means and storage means in circuit with said primary 
element and said source, said primary element and said 
storage means forming a resonant frequency circuit, a 
variable frequency oscillator, and means for applying the 
output of said oscillator as gating signals to said gate 
controlled rectifying means to render said gate controlled 
rectifying means conductive, said storage means discharg 
ing through said primary element and through said recti 
fyingmeans, the frequency of said oscillator being chosen 
to be slightly greater than the resonant frequency of said 
transformer. I 

3. In combination with a unidirectional potential source 
I and an end-grounded resonant transformer for providing 

50 

70 

charging of capacitor 134 introduces a pulse of energy ' 
vinto transformer 120 on the half cycle when the X-ray 
tube is conducting. Primary windings .124 and'126 are 

power to an X~ray tube, said transformer having primary 
and secondary elements; gate controlled rectifying means 
and storage means in circuit with said primary element 
and said source, said primary element and said storage 
means forming a resonant frequency circuit, a variable 
frequency oscillator, and means for applying the output of 
said oscillator as gating signals to said gate controlled 
rectifying means to render said gate controlled rectifying 
means conductive, said storage means discharging through 
said primary element and through said rectifying means, 
the frequency of said oscillator being chosen to be slightly 

. greater than the resonant frequency of said transformer, 
the phasing of said primary element being so arranged , 
whereby said storage means discharges through said pri 
mary element during a period concurrent with conduction 
in said X-ray tube. 

4. In combination with a unidirectional potential source 
and an end-grounded resonant transformer having a pri 
mary and a secondary winding; a gate controlled recti?er 
and a capacitor in circuit with said primary winding and 
said source, said primary winding and said capacitor form 
ing a resonant frequency circuit, a variable frequency os 
cillator and means for applying-the output of said os 
cillator as gating signals to said gate controlled recti?er 
to render said gate controlled recti?er conductive, said 
capacitor thereby discharging through said primary wind 
ing and said recti?er. . . . 

5. In combination with a unidirectional potential source 
and an end-grounded resonant transformer having a pri 
mary and a secondary winding; a gate controlled recti?er 
and a capacitor in circuit with said primary‘winding and 
said source, said primary winding and ‘said capacitor form 
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ing a resonant frequency circuit, a variable frequency os 
cillator, and means for applying the output of said os 
cillator as gating signals to said gate controlled recti?er 
to render said gate controlled recti?er conductive, said 
capacitor thereby discharging through said primary wind 
ing and said recti?er, the frequency of said oscillator being 
chosen to be slightly greater than the resonant frequency 
of said transformer. 

6. ‘In combination with a unidirectional potential source 
and an end-grounded resonant transformer for providing 
power to an X-ray tube, said transformer having a pri 
mary and a secondary winding, a gate controlled recti?er 
and a capacitor in circuit with said primary winding and 
said source, said primary winding and said capacitor form 
ing a resonant frequency circuit, a variable frequency os 
cillator and means for applying the output of said oscilla 
tor as gating signals to said gate controlled recti?er to 
render said gate controlled recti?er conductive, said ca 
pacitor thereby discharging through said primary wind~ 

' ing and said recti?er, the frequency of said oscillator being 
chosen to be slightly greater than the resonant frequency 
of said transformer, the phasing of said primary winding 
being so arranged whereby said capacitor discharges 
through said primary winding during a period concurrent 
with conduction in said X-ray tube. 

7. In the combination de?ned in claim 6 wherein said 
oscillator comprises a unijunction transistor in circuit with 
an RC combination and said source, the frequency of 
said oscillator being determined by said RC combination. 

8. In combination with a unidirectional potential source 
and an end-grounded resonant transformer having a pri~ 
mary and a secondary winding; ?rst and second gate con~ 
trolled recti?ers having said primary winding connected 
therebetween, said combination of said recti?ers and said 
primary winding being connected across said source, a 
capacitor connected across said primary winding and said 
second gate controlled recti?er, an oscillator, means for 
applying alternately occurring half cycles of output from 
said oscillator as gating signals to said ?rst and second 
gate controlled recti?ers respectively, said capacitor charg 
ing during the period of conductivity of said ?rst gate 
controlled recti?er, said capacitor discharging through 
said primary winding and said second gate controlled rec 
ti?er when said last-named recti?er is conductive. 

9. In combination with a unidirectional potential source 
and an end-grounded resonant transformer having a pri 
mary and a secondary winding; ?rst and second gate con 
trolled recti?ers having said primary winding connected 
therebetween, said combination of said recti?ers and said 
primary winding being connected across said source, a 
capacitor connected across said primary winding and said 
second gate controlled recti?er, an oscillator, means for 
applying alternately occurring half cycles of output from 
said oscillator as gating signals to said ?rst and second 
gate controlled recti?ers respectively, said capacitor charg 
ing during the period of conductivity of said ?rst gate 
controlled recti?er, said capacitor discharging through 
said primary winding and said second gate controlled 
recti?er when said last-named recti?er is conductive, the 
frequency of said oscillator being chosen to be slightly 
greater than the resonant frequency of said transformer. 

10. In combination with a unidirectional potential 
source and an end-grounded resonant transformer for 

, providing power to'an X-ray tube, said transformer hav 
ing a primary and a secondary winding; ?rst and second 
gate controlled recti?ers having said primary winding con 
nected therebetween, said combination of said recti?ers 
and said primary winding being connected across said 
source, a capacitor connected across said primary winding 
and said second gate controlled recti?er, ‘an oscillator, 
means for applying alternately occurring half cycles of 
output from said oscillator as gating signals to said ?rst 
and second gate controlled recti?ers respectively, said 
capacitor charging during the period of conductivity of 
said ?rst gate controlled recti?er, said capacitor dis 
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charging through said primary winding and said second 
gate controlled recti?er when said last-named recti?er 
is conductive, the frequency of said oscillator being 
chosen to be slightly greater than the resonant frequency 
of said transformer, the phasing of said primary winding 
being so arranged whereby said capacitor discharges 
through said primary winding during a period concurrent 
with conduction in said X-ray tube. 

11. In the combination de?ned in claim 10 wherein 
said means for applying the output of said oscillator to 
said gate controlled recti?ers comprises ?rst and second 
transistors in circuit with said oscillator and said ?rst and 
second gate controlled recti?ers respectively, said transis 
tors having outputs 180° displaced in phase with respect 
to each other. 

12. In combination with a unidirectional potential 
source and an end-grounded resonant transformer having 
?rst and second primary windings wound in the same 
direction, and a secondary winding, ?rst and second gate 
controlled recti?ers, a capacitor, said ?rst primary wind 
ing being connected between said ?rst gate controlled rec 
ti?er and said source, the combination of said ?rst gate 
controlled recti?er, said ?rst primary winding and said 
capacitor being connected across said source, the com 
bination of said second primary winding and said second 
gate controlled recti?er being connected across said ca 
pacitor, an oscillator, and means for applying the out 
put of said oscillator to said gate controlled recti?ers 180° 
displaced in phase, the rendering conductive of said ?rst 
gate controlled recti?er causing said capacitor to become 
charged through said ?rst primary winding, the render 
ing conductive of said second gate controlled recti?er 
permitting said charged capacitor to discharge through 
said second primary winding. 

13. In combination with a unidirectional potential 
source and an end-grounded resonant transformer hav 
ing ?rst and second primary windings wound in the same 
direction and a secondary winding, ?rst and second gate 
controlled recti?ers, a capacitor, said ?rst primary wind 
ing being connected between said ?rst gate controlled 
recti?er and said source, the combination of said ?rst 
gate controlled recti?er, said ?rst primary winding and 
said capacitor being connected across said source, the 
combination of said second primary winding and said 
second gate controlled recti?er being connected across 
said capacitor, an oscillator, and means for applying the 
output of said oscillator to said gate controlled recti 
fiers 180° displaced in phase, the rendering conductive 
of said ?rst gate controlled recti?er causing said capacitor 
to become charged through said ?rst primary winding, 
the rendering conductive of said second gate controlled 
recti?er permitting said charged capacitor to discharge 
through said second primary winding, the frequency'of 
said oscillator being chosen to be slightly greater than the 
resonant frequency of said transformer. 

14. In combination with a unidirectional potential 
source and an end-grounded resonant transformer for 
providing power to an X-ray tube, said transformer hav 
ing ?rst and second primary windings wound in the same 
direction and a secondary winding, ?rst and second gate 
controlled recti?ers, a capacitor, said ?rst primary wind 
ing being connected between said ?rst gate controlled 
recti?er and said source, the combination of said ?rst 
gate controlled recti?er, said ?rst primary winding and 
said capacitor being connected across said source, the 
combination of said second primary Winding and said sec 
ond gate ‘controlled recti?er being connected across said 
capacitor, an oscillator, and means for applying the out 
put of said oscillator to said gate controlled recti?ers 180° 
displaced in phase, the rendering conductive of said ?rst 
gate controlled recti?er causing said capacitor to become 
charged through said ?rst primary winding, the render 
ing conductive of said second gate controlled recti?er- ‘ 
permitting said charged capacitor to discharge through 
said second primary winding, the frequency of said oscil 



3,263,151 

lator being chosen to be slightly greater than the resonant 
frequency of said transformer, the phasing of said pri 
mary windings being so arranged whereby said capacitor 
discharges through said second primary winding during 
a period concurrent with conduction in said X-ray tubes. 

15. The combination de?ned in claim 14 wherein said 
applying means comprising a ?rst transistor coupled vbe 

- tween said oscillator and said ?rst gate controlled recti 
?er and a second transistor coupled between said oscil 
lator ‘and said second gate controlled recti?er, the out 
put of said oscillator being applied to said transistors 
180° displaced in phase. ' 
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