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The present invention relates to a circuit for 
use With a unilaterally conductive device. The 
circuit illustrating the invention includes an 
X-ray tube as a load. 
Separate rectification of alternating current 

has been generally abandoned for low energy 
X-ray tubes. Self rectifying tubes requiring 
low energy and without Separate rectification 
have been satisfactory to a fair degree. Circuits 
Without separate rectification develop an in VerSe 
voltage larger than the useful voltage. This 
has made it necessary to design. Such X-ray and 
other apparatus for Voltages in excess of those 
actually employed. This has limited the ex 
pansion of self rectifying devices to larger Volt 
ages. It has been usual to make apparatuS em 
ploying self rectifying X-ray tubes with a margin 
of safety in insulation and otherwise approxi 
mating twenty-five per cent of the normal operat 
ing voltage. An X-ray apparatus designed to 
use sixty kilovolts and of conventional design 
usually is built to handle With Safety at least 
eighty kilovolts because of the presence of inverse 
energy. Warious devices and circuitS have been 
proposed for overcoming the difficulties incident 
to the development of such inverse energy. These 
devices and circuits may be designated as in 
Verse SuppreSSOrS. 
One of the circuits for suppressing inverse is 

illustrated and described in the patent to Willian 
K. Kearsley, Number 1,890,330, issued December 
6, 1932, and entitled “Apparatus for and method 
of operating rectifying load devices.' Such 
Kearsley inverse suppressor operates with all 
types of transformers. Transformers of given 
characteristics, however, appear to poSSeSS better 
inverse Suppressing capabilities than other trans 
formers when used with the Kearsley circuit. 
It has been demonstrated by experiment in re 
spect to certain transformers that if a limited 
proportion of exciting current is supplied to the 
primary of the transformer during the inverse 
half-wave, the inverse Suppressing characteristics 
Of the circuit are improved. The exciting cur 
rent Supplied during the inverse half-Wave may 
be supplied in a number of different ways. 

It may be Supplied among others by the intro 
duction of a leakage resistance across the rectifier 
in series with the primary of the high tension 
transformer; by a condenser placed in parallel 
with either the primary or the Secondary of the 
high tension transformer or both, or by such 
condensers in conjunction with a leakage re 
sistance across the rectifier in series With the 
primary of the high tension transformer. 
The primary object of the present invention, 

therefore, is to increase the inverse Suppressing 
capacity of a circuit like that shown in the 
Kearsley patent. Other objects of the invention 

(C. 250-34) 
include a new circuit or circuits having enlarged 
inverse suppressing ValueS. 
These objects, and such other objects aS may 

hereinafter appear, are obtained by the novel 
arrangement, unique combination, and improved 
construction of the several elements constitut 
ing the circuit illustrated in the accompanying 
Single sheet of drawing in Which the figure is a 
diagrammatic representation of an improved Cir 
cuit forming the Subject matter of the present 
invention. An X-ray tube is shown in Said circuit 
as a unilaterally conductive load. 

Like reference characters are used to designate 
similar parts in the drawing and in the follow 
ing description of the new and improved circuit. 
The circuit includes a high tension transformer 

having a magnetic core , a primary 2, and a 
secondary 3. Electrical energy is conducted by 
conduit 4 from one terminal of the secondary 
3 to the anode 8 of an X-ray tube 6. The 
anode 8 comprises a head, having therein a 
refractory metal target 26 and a stem 27 within 
the tube 6 for supporting said head. Stem 2. 
at its external end is surrounded by fins 28 des 
ignated generally in the art as a “radiator'. 
The other terminal of the secondary 3 is elec 

trically connected by conduit 5 to a cathode 
structure it. The cathode structure 7 includes 
a focusing cup 25 and a filament 9 within the 
focusing cup. The filament 9 is energized by 
alternating current potential supplied by con 
duits 2 and 20 connected to opposite ends of a 
Secondary 23 of a step-dioWn transformer having 
a magnetic core 22. The primary of the step 
down transformer is designated 24. 
Condenser 50 is connected across the terminals 

of the secondary 3. 
Primary 2 and primary 24 of the high tension 

transformer and of the filament current trans 
former, respectively, are energized by current 
flowing from conduits or lines 36 and 37 in elec 
trical connection with a Source of alternating cur 
rent potential (not shown). Conduits 3i and 35 
are electrically connected to the lines 35 and 3 
and the latter are connected to opposite terminals 
of the primary 24 of the step-down transformer. 
A conduit 39 extends from the line 3 to one 

terminal of the primary 2. A conduit 38 ex 
tends from the other terminal of said primary 2 
to a plate 3 in a valve 29. The valve is of a 
vacuum type and has a filament 3 within the 
glass envelope thereof. A predetermined quanti 
ty of mercury 32 is sealed within Such envelope. 
The filament 30 in the Valve 29 is energized 

by current flowing from the secondary of a step 
down transformer 33. The primary of the step 
down transformer 33 is electrically connected at 
its opposite terminals through conduits 34 and 
35 to the lines 37 and 36, respectively. One of 
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5 manually controlled switch 42. The conduit 4 
is in electrical connection with line 36. 
A condenser 5 is connected across the con 

duits 38 and 39. A leakage resistance across the 
valve 29 in series with the primary 2 of the high 

lO tension transformer comprises conduits 53 and 
54 having resistance 52 therein. 
Alternating current potential is supplied by 

the lines 38 and 37. Such potential energizes 
the primary of the filament current transformer 

15 to provide filament current in the valve 29 
through the step-down transformer 33. The cur 
rent flowing in lines 36 and 37 also energizes the 
primary 2 of the high tension transformer. The 
energization of the primary of said high tension 

20 transformer is acquired from alternate half cycles 
of low tension current because of the valve 29 in 
circuit, therewith. 
Other devices may be substituted for those 

shown. One, condenser may be employed, or tWO, 
25 or the resistance leakage employed without or 

With one or both of the condensers. The circuit 
may be modified to meet. Special requirements. 
Any of such devices or any combination thereof 
permits of the flow of magnetizing current of 

80 predetermined value in the high tension trans 
former during the inverse half Wave. 
The following tabulation was made as a result 

of experiments with an X-ray tube excited by a 
sixty milliampere current and having a constant 

85 inverse voltage of eighty-five kilovolts peak. 
Tabulation 

Useful Milli- Inverse Differ 
40 Current characteristics amperevoltage 5. ence 

With no inverse Suppressor------ 60 85 60 25 
With Kearsley inverse suppres 
Sor----------------------------- 60 85 72 3. 

With Kearsley inverse suppres- - 
45 SOE and 25 microfarads across 

primary------------------------ 60 85 80 5 
With Kearsley inverse Suppres 
sor and 80 microfarads across 
primary----------------------- 60 85 .83 2 

With Kearsley inverse suppres 
sor and 300 microfarads across 
primary----------------------- 60 85 83 2 

50 With Kearsley inverse suppres 
sor and .002 microfarad across 
Secondary---------------------- 60 85 80 5 

With Kearsley inverse suppres- - 
sor and .004 microfarad across 
Secondary---------------------- 60 85 83 2 

With Kearsley inverse suppres- - 
55 SS and 25 ohms resistance 

across valve.-------------------- 60 85 78 7 
With Kearsley inverse suppres 
sor and 50 ohms resistance 

the legs of the circuit between the secondary of 
said transformer 33 and the filament 30 has con 
nected thereto a conduit 40 which is in electrical 
connection with a conduit 4 having therein a 

across valve-------------------- 60 ... 85 8. 4. 
With Kearsley inverse suppres 
sor and 125 ohms resistance 
across valve.-------------------- 60 85 83 2 

60. With Kearsley inverse Suppres 
sor and 200 ohms resistance 
across valve-------------------- 60 85 75 10 

2,089,858 
The Kearsley circuit, as shown by such ex 

periments, has a definite inverse suppressing 
quality. This quality is enhanced by the modi 
fications hereinabove described. It is estab 
lished by the experiments which have been con 
ducted that a certain mininuin Value of capacity 
across the primary and another certain mini 
mum value of capacity across the secondary are 
necessary to attain maximum in Verse SuppreS 
sion. Resistance in parallel with the valve is 
Critical in that a certain minimum Value is nec 
essary. Any large increase Over Such minimum 
value adversely affects the inverse suppressing 
qualities of Such resistance. 
What is claimed as new and is desired to 

be secured by Letters Patent of the United States 
IS: 

1. An X-ray System comprising a transformer 
having a primary winding and a secondary wind 
ing, an X-ray tube, a high tension circuit includ 
ing the Secondary Winding Of Said transformer, 
a Source of alternating current potential, a low 
tension circuit including said Source of poten 
tial and the primary winding of said transformer, 
a Valve rectifier in Said low tension circuit and 
in Series. With said primary Winding, and a con 
denser in one of said circuits in parallel with one 
Of the Windings cf said transformer for deliver 
ing an exciting current of predetermined value 
in Said transformer during the inverse half 
WaVe. 

2. An X-ray system comprising a transformer 
having a primary and a Secondary, an X-ray tube, 
a high tension circuit including the secondary 
of Said transformer and said tube, a Source of 
alternating current potential, a low tension cir 
cuit including said source of potential and the 
primary of Said transformer, a valve rectifier 
in Said low tension circuit, and resistance means 
in parallel with said valve rectifier for delivering 
an exciting current of predetermined value in 
Said transformer during the inverse half Wave. 

3. An X-ray System comprising a transformer 
having a primary and a Secondary, an X-ray 
tube, a high tension circuit including the sec 
Ondary of Said transformer and Said tube, a 
Source of alternating current potential, a low 
tension circuit including said source of poten 
tial and the primary of said transformer, a valve 
rectifier in said primary circuit, and a con 
denser in One of said circuits and a resistance 
in parallel with said valve rectifier for deliver 
ing an exciting current of predetermined value 
in said transformer during the inverse half Wave, 
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