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1 
X-ray devices are known in which the devices 

regulating the voltage and the loading period are 
coupled 1with a device for regulating the current 
strength in such a manner that this current is 
adjusted to a lower value as the voltage chosen 
is higher or the chosen loading period is longer. 
To this end the heating circuit may comprise 

two series-connected resistances one of which 
comprises a regulating member which is coupled 
with the voltage selector, whereas the other com 
prises a regulating member coupled with the time 
selector. The control stages of the ?rst resist 
ance are chosen in such a manner that in a 
de?nite position of the time selector (i. e. of the 
second regulating member) the power supplied 
to the X-r-ay tube is the same in all‘ positions of 
the voltage selector and has more particularly 
such a value that the X-ray tube is just capable 
of withstanding during the loading vperiod which 
is adjusted by means of the time selector. Con 
sequently, as long as the time adjustment is not 
changed, the current strength is inversely pro 
portion-a1 to the voltage which is adjusted .by 
means of the voltage selector. 
The control stages of the second resistance are 

chosen in such a manner that even in any arbi 
trary position of the time selector the power 
‘(which in this case must have a different value 
in any instance) has such a value that the X-ray 
tube is just capable of withstanding during the 
loading period then adjusted. To permit this use 
is made of a series resistance Whose value has 
been adjusted permanently and is left unchanged 
while the voltage and the time are regulated 
during normal operation of the X-ray apparatus. 
Experimentally and by readjustment of the three 
resistances the operator ?nds a division in which 
the imposed condition is satis?ed, with a suf?cient 
degree of approximation in practice, for all posi 
tions of the selectors. 
When replacing the X-ray tube, for instance in 

the case of a failure, the three resistances must 
be controlled, since the spare tube may exhibit 
such differences, in regard to the functional rela 
tion existing between anode-current strength and 
?lament current strength, that without readjuste 
ment of the resistances it would no longer receive 
the desired load in every position of the selectors. 
Sometimes a slight modi?cation or the series 
resistance is su?icient, but it also occurs that the 
resistances coupled with the selectors must be ad 
justed anew. This is to be considered as a vdraw 
back of this device, notably in the case of reg 
ulators with continuous control. 
’ This drawback is much more manifest when 
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tubes of a di?erent kind are to be connected alter 
nately to one and the same apparatus. In this 
case other tappings from the resistances of the 
?lament circuit must be used for each tube, which 
requires an intricate changing over mechanism. 
Moreover, each series of tappings must be read 
justable in view of replacement, if required. 

This disadvantage is overcome by the present 
invention which has for its object to ‘approximate 
with a su?icient degree of accuracy (which may 
still be raised by another improvement according 
to the invention) the maximum permissible cur 
rent strength at each adjustable value of the 
voltage and the loading period and with every 
X-ray tube by means of a small number of re 
sistance tappings. 
The invention is directed to an X-ray appa 

ratus comprising a regulating device for the tube 
current, which is coupled with the voltage selec 

’ tor, and another regulating device for the tube 
current, which is coupled with the time selector. 
According to the invention the tube current is 
controlled by means of resistances inserted, 
through the intermediary ‘of transformers hav 
ing a variable transformation ratio, in the cathode 
heating circuit of the X—ray tube. Consequently, 
the resistance stages are all varied to the same 
degree upon modi?cation of the transformation 
ratio. We have found that this permits the re 
tention of the result once obtained upon replace 
ment of the X-ray tube. In a device according 
to the invention solely a di?erent transformation 
ratio and, as the case may be, a different value 
of the series resistance must be chosen to match 
all resistance stages simultaneously to the load 
of the new tube according to its nomogram. 
Consequently, it is suf?cient to provide a read 
justable tap solely for the transformers and the 
series resistance. It is advantageous to provide 
it with the transformers both on the primary and 
on the secondary side, since in this case less con“ 
necting points are ‘required than in the case of 
readjustability at only one of the windings. 
Even when different X-ray tubes are to be con 

nected alternately to the apparatus the property 
round may be utilized to make the interchanging 
of tappings of the regulating resistances super 
?uous and thus avoid intricate switching mech 
anisms. To this end, with the transformer to 
which the regulating resistances are connected 
and the series resistance a separate tapping is 
provided for every tube, which tapping may, in 
its turn, be readjustable in View of possible re 
placement of the tubes. Devices for changing 
over these tappings, consequently for modifying 
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the transformation ratio of the transformers, 
may be coupled electrically or mechanically with 
the device for selecting the tube, so that on 
changing over the tubes the vtappings from the 
control transformers associated with the tube 
chosen are put into use simultaneously. 
In practice it is mostly desirable that the volt 

age selector should have a linear scale division 
and .the time selector should have a logarithmic 
scale division. Often this condition can be satis 
?ed only by a non-linear division of the current 
regulating resistances. In this case the division 
can be made linear again by varying the resist 
ance per unit length of the wire or band consti 
tuting the resistance ‘to be regulated. This is of 
particular importance for continuous regulators. 
When in an apparatus comprising more than 

one tube the division of the resistance, upon 
changing over from one tube to the other, is to 
be modi?ed, this method is ‘unsuitable. In the 
apparatus according to the invention it may also 
be utilized when using two-or more tubes, since 
in’this case “the resistancezstages steadily retain 
the same value. This constitutes another advan 
tage of the invention. 
The series resistance and the control stages of 

the resistances coupled with the selectors may, 
it is true, be chosen in such a manner that in 
no position of the selectors the power exceeds 
that which theX-ray tube is capable of with 
standing at themost during the loading period 
chosen and the deviations ‘from the optimum 
loading state always remain within reasonable 
limits, but a perfectly correct adjustment of the 
power with any desirable combination of voltage 
and time cannot be ensured without changing 
over of the connections of the regulating resist 
ances. Even if one of the regulating resistances 
is replaced by a voltage regulator, so that the 
in?uence of the summing of the resistances‘ is 
cancelled, deviations from the ideal. loading state 
remain. One of the causes thereof is, for in 
stance, the variation of thevoltage loss in the 
apparatus in the case of a _ varying current 
strength. Wrongadjustments are also caused 
by the fact that the anode current of the X~ray 
tube, even within the control range, is not pro 
portional to the?lament current 
In the case of a greater accuracyof adjustment 

being required certain corrections are necessary - 
in regard to the tappings from the regulating re 
sistances. In a=device>according to the invention 
these corrections are possible in a simple man 
ner. In fact, we have found that in the case 
of a suitable division of the total resistance in 
the cathode heating circuit over the series re 
sistance and the two regulating resistances, the 
required corrections of the. resistance variations 
necessary for the obtainment of the optimum 
loading states, which variations the regulating 
resistance coupled with one of the two selectors 
must undergo successively on traversing all posi 
tions of the other selector, approximately have 
the same ratio for all positions of the ?rst-men 
tioned selector. 

Consequently, according to the invention, on 
passing overfrom .one position of one selector to 
another position of the same selector, all resist 
ance stages of the-current regulator coupled with 
the other selector can be .corrected simultane 
ously, by giving the transformer, to which this 
current regulator is connected, a different trans 
formation ratio. This .does not require special 
care during operation, if the =_voltage selector has 
coupled to it its‘“OWn" current regulator and 
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in addition (electrically or mechanically) a mem 
ber for varying the transformation ratio of the 
transformer, to which is connected the current 
regulator coupled with the ‘current selector, and 
conversely the time selector has coupled to it 
a member for modifying the transformation ratio 
of the transformer having connected to it the 
current regulator coupled with the voltage se 
lectcr. 
In this construction the total number of tap 

pings of the transformers and resistances re 
quired for steadily obtaining the maximum per 
missible load does not exceed twice the sum of 
the number of positions of the two selectors viz. 
once from the resistances and once from the 
transformers. However, the number of tappings 
from the transformers may be materially reduced 
without any appreciable decrease in accuracy. 
The series of resistance values corresponding with 
the control stages of one of the selectors, which 
is required in a de?nite position of the other 
selector, is but slightly different from that re. 
quired in a neighbouring position of the last 
mentioned selector. This permits the changing 
over of the transformers to take place in any 
instance after traversing a certain number of 
stages of voltage or time and. consequently to 
simplify the construction of the X-ray device. 
In this case a few correction tappings are sul? 
cient. 
In order that the invention may be clearly un 

derstood and readily carried into effect, it will 
now be described more. fully with reference to 
the accompanying drawing, representing, by way 
of example a wiring diagram of an X-ray ap 
paratus according to the invention, to which three 
X-ray tubes !, 2 and 3 can be connected. The 
supply transformer 1! is connected on its primary 
side to a regulating transformer 5 which, through 
the intermediary of an auto-transformer 6 hav 
ing a variable number of primary turns, is con 
nected to the mains terminals. 
The cathode heating current for the X-ray 

tubes is supplied by the transformer 1 to which 
a stabilized voltage is fed. The primary circuit 
of this transformer comprises two regulating de 
vices 8 and 9 and a .seriesresistance I0. The 
regulating devices 8 and 9 each comprise a re 
sistance (I l and I2) and a transformer (l3 and 
Hi). Two switches 23 and 24 correspond with 
readjustable tappings of the secondary windings 
of the transformers. By operating these switches 
or shifting the tappings themselves the trans— 
formation ratio of these transformers is changed. 
To- the secondary windings are connected the re 
sistances ll andlZv which are provided with a 
certain number-of tappings over which pass con 
tact arms 25 and .26. The members 23 and 26 
are electricallyror mechanically coupled with the 
contact arm of the voltage regulator 5 and the 
members 24 and 25 are electrically or mechani 
cally coupled'with a‘regulator 21 by means of 
which the loading period is adjusted 
The primary windings of the transformers I3 

and it also comprise a certain number of re 
adjustable tappings which permit the transfor 
mation ratio to be modi?ed. In the executional 
example are indicated three tappings'in accord 
ance with the number'of tubes which must be 
fed alternately by-means of thedevice. The con~ 
tact arms l5 and I6, which establish the con 
nection between one of the supply conductors 
and the transformer tappings are coupled, either 
mechanically or electrically, with the tube selec» 
tor I ‘I also having. three positions. The tube 
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selector operates at the same time as the switch 
ing arms I8, i9, 28 and ZI thus establishing all 
connections required for operating a de?nite tube. 

Moreover, the switching arms I5 and I6 are 
coupled with the regulating member 22 of the 
series resistance It. By means of this series 
resistance the total resistance of the ?lament 
circuit for every X-ray tube is given the value 
which is most suitable in view of the individual 
properties of the tube. The optimum division of 
the required resistance over the three elements 
II], II and I2, can be found experimentally. 
When the tappings of the transformers I3 and 

I4 are chosen correctly, the positions of the regu 
lators 25 and 26 are suitable for every tube con 
nected. The tappings are readjustable to permit 
correction upon replacement of a tube in order 
that the regulating devices for the new tube shall 
operate as accurately as possible. 
A displacement of the voltage selector 5 or the 

time selector 2'I involves a variation of the cur 
rent regulating resistance I2 and II respectively. 
For several reasons this requires correction of 
the other current regulating resistance II and 
I2 respectively, which correction is brought about 
automatically by the simultaneous modi?cation 
of the transformation ratio of the transformer 
I3 and I4 respectively by means of the switch 
23 and 24 respectively. However, the necessary 
correction is small so that it is sufficient to divide 
the control stages into groups and to modify 
the transformation ratio slightly only on passing 
over from one group to the other. In the execu 
tional example two groups are chosen, so that 
two readjustable correction tappings are pro 
vided on the secondary windings of the trans 
formers. The correction tappings may also be 
provided on a separate transformer connected 
in cascade with the transformer I3 and I4 re 
spectively. As an alternative they may be pro 
vided at the primary side instead of at the 
secondary side. 
The regulator 28 serves to adjust the feed volt 

age of the high-tension transformer to a de?nite 
value, prior to an X-ray exposure, and conse 
quently for the so-called mains voltage cor 
rection. 
What I claim is: 
1. X-ray apparatus comprising an X-ray tube 

having anode and cathode electrodes, circuit 5 
means to energize said cathode electrode com 
prising ?rst, second, and third variable resistance 
elements, ?rst and second transformers each 
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having an adjustable primary winding to vary 
the transformation ratio thereof and a secondary 
winding, means coupling the secondaries of said 
?rst and second transformers to said ?rst and 
second resistance elements respectively, means 
connecting said primary windings in series with 
said cathode and said third resistance element, 
circuit means for energizing said anode electrode 
including a voltage regulating member and a time 
adjusting member for adjusting the loading time 
of said tube, means coupling said voltage regu 
lating member to the ?rst of said resistance 
elements to adjust said ?rst resistance element 
in accordance with the adjustment of said volt 
age adjusting member, and means coupling said 
time adjusting member to the second of said 
resistance elements to adjust said second resist 
ance element in accordance with the adjustment 
of the loading time of said tube. 

2. X-ray apparatus as claimed in claim 1 for 
controlling a plurality of X-ray tubes in which 
the means for adjusting the primary windings 
of said transformers are coupled to means for 
adjusting said third resistance element and a 
selector switch for selecting one of said tubes and 
connecting said tube to said cathode and anode 
energizing circuits. 

3. X-ray apparatus as claimed in claim 1 in 
which the secondary windings of said trans 
formers are adjustable to vary the transforma 
tion ratios of said transformers including means 
coupling the secondary winding of said ?rst 
transformer to said time adjusting member to 
adjust the secondary winding of said ?rst trans 
former in accordance with the adjustment of the 
loading time of the tube, and means coupling the 
secondary winding of said second transformer to 
said voltage adjusting member to adjust the 
secondary winding of said second transformer in 
accordance with the adjustment of the loading 
time of the tube. 
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