
United States Patent (19) (11) 3,894,235 
Franke (45) July 8, 1975 

54) X-RAY DAGNOSTIC APPARATUS FOR 3,585,391 6/1971 Siedband............................ 250/409 
3,634,871 1/1972 Siedband..... - - - - - - - - - - - - - - - 250/46 THE PREPARATION OF X-RAY 3,842,280 10/1974. Herrick............................... 250/409 

(75) 
73 

22 
(21) 

30) 

(52) 

51 
58) 

(56) 

3,546,461 

EXPOSURES INCLUDING ATMER 
SWITCH FOR DETERMINING THE 
EXPOSURE TIME 

Inventor: Kurt Franke, Erlangen, Germany 
Siemens Aktiengesellschaft, Munich, 
Germany 

Filed: Apr. 26, 1974 
Appl. No.: 464,655 

Assignee: 

Foreign Application Priority Data 
June 8, 1973 Germany............................ 232944 

U.S. C. ................ 250/402; 250/409; 250/416; 
250/421 

Int. Cl. ........................................... G03b 41/16 
Field of Search ........... 250/408,409, 416, 413, 

250/414, 402, 403, 405, 421 

References Cited 
UNITED STATES PATENTS 

............ 250/416 12/1970 Craig...................... 

Primary Examiner-James W. Lawrence 
Assistant Examiner-C. E. Church 
Attorney, Agent, or Firn-Waters, Schwartz & Nissen 

(57) ABSTRACT 

An X-ray diagnostic apparatus for the preparation of 
x-ray exposures, having a time switch for determining 
exposure time, and a control circuit for the X-ray dos 
age output or power with reference to a patient, which 
includes a dosage output measuring arrangement, a 
comparator element connected to the latter for con 
paring the actual value of the dosage output with a 
reference value, which effects an optimum film dark 
ening for a particular exposure time and setting means 
for at least one of the operating parameters of the 
X-ray tube controlled by an output signal of the com 
parator element for correlating the actual value with 
the reference value. 

3 Claims, 2 Drawing Figures 
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1. 

X-RAY DAGNOSTIC APPARATUS FOR THE 
PREPARATION OF X-RAY EXPOSURES 
INCLUDING A TIMER SWITCH FOR 
DETERMINING THE EXPOSURE TIME 

FIELD OF THE INVENTION 

The present invention relates to an X-ray diagnostic 
apparatus for the preparation of X-ray exposures, hav 
ing a time switch for determining the exposure time, 
and a control circuit for the X-ray dosage output or 
power with reference to a patient, which includes a 
dosage output measuring arrangement, a comparator 
element connected to the latter for comparing the ac 
tual value of the dosage output with a reference value, 
which effects an optimum film darkening for a particu 
lar exposure time and setting means for at least one of 
the operating parameters of the X-ray tube controlled 
by an output signal of the comparator element for cor 
relating the actual value with the reference value. 

DISCUSSION OF THE PRIOR ART 

The earlier German Pat. application NO. 
P2207860.6 describes an X-ray diagnostic apparatus of 
this type, in which there are provided means for the in 
dividual setting of the exposure time for each exposure. 
In this prior X-ray diagnostic apparatus there is no need 
for extensive considerations concerning the setting of 
the X-ray tube voltage, since the latter is automatically 
derived from the set exposure time. The exposure time 
may be preprogrammed in conformance with the to-be 
imaged body portions and organs. 
However, in this X-ray diagnostic apparatus there is 

nevertheless required a setting sequence prior to the 
preparation of the exposure, namely, the setting of the 
exposure time. It is, however, desirable that the exam 
ining personnel be relieved as much as possible from 
technical operations, so as to be able to better devote 
his time to medical tasks. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide an X-ray diagnostic apparatus of the above 
mentioned type which, with respect to its setting, is in 
comparison with the earlier X-ray diagnostic appara 
tuses much more simplified and improved. 
The foregoing object is inventively achieved in that 

an X-ray tube voltage and a plurality of varied patient 
constitution-coordinated exposure times are automati 
cally programmed by means of a selector switch. The 
switch selects the shortest exposure time at the com 
mencement of an exposure and transmits a signal to the 
comparator element forming a reference value in con 
formance with the required dosage power or output for 
this exposure time whereby, through the intermediary 
of the comparator element, the switch end setting 
means for the X-ray tube voltage are so controllable in 
the sense of correlating the actual value of the dosage 
output with a reference value, so as to effect a reduc 
tion in the X-ray tube voltage when the actual value is 
larger than the reference value, and wherein the 
switching-over to the next higher exposure time and the 
input of a new reference value signal corresponding to 
this exposure time toward the comparator element 
takes place when the actual value is smaller than the 
reference value. In the inventive X-ray diagnostic appa 
ratus, prior to the preparation of an exposure, no set 
ting steps are required for the setting of the exposure 
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2 
data. The X-ray tube voltage and the exposure time 
thereby are so adjusted, wherein a good contrast is 
achieved at a relatively small degree of unclarity due to 
movements. The X-ray tube current may be automati 
cally so set on the basis of the X-ray tube nomograph, 
so that the X-ray tube is always at optimal power. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages and details of the invention may 
be ascertained from the following description of an ex 
emplary embodiment, taken in conjunction with the ac 
companying drawings, in which: 
FIG. 1 shows a diagrammatic illustration of an inven 

tive X-ray diagnostic apparatus in accordance with the 
present invention; and 
FIG. 2 a power-time graph representative of the in 

stallation of FIG. 1. 

DETAILED DESCRIPTION 

Referring now in detail to the drawing, a three-phase, 
high-voltage transformer 1 is schematically illustrated, 
having a primary winding which is connectable to a 
power supply circuit through the intermediary of an 
electronic switch 2, whose operative relationship deter 
mines the high voltage of an X-ray tube 3. The X-ray 
tube 3 is powered from two series-connected high 
voltage rectifiers 4 and 5, which are connected with 
two groups of secondary windings of the high-voltage 
transformer 1. 

In order to carry out the measurement of the X-ray 
dosage power or output with reference to a patient in 
front of a film cassette 6, there is employed an X-ray 
measuring chamber 7 which is connected to a dosage 
output comparator element 8. The dosage output com 
parator element 8 includes three reference value inputs 
9 through 11 which are connected to a switching ele 
ment 12, and the latter of which is associated with a 
timer 13. The timer 13, after completion of the expo 
sure time, actuates three switches 14 for terminating an 
exposure. 
For effecting the setting of the X-ray tube voltage, 

the electronic switch 2 is connected to a kV-regulator 
15 which, in turn, is connected with the dosage output 
comparator element 8. The setting of the X-ray tube 
current is provided for by means of a current regulator 
16, and which has a function generator 17 associated 
therewith. The function generator 17 includes inputs 
18, 19, 20 and 21. Signals are provided at inputs 18 
through 20 which correlate with the actual values of 
the X-ray tube current and the X-ray tube voltage, as 
well as with the particularly set exposure time. The 
input 21 has a signal conveyed thereto which correlates 
with the reference value of the permissible power or 
output of the X-ray tube at the particular exposure 
time. 

In the illustrated exemplary embodiment, there are 
provided three exposure times of, respectively, 5 ms, 
0.1 second and second. Each exposure is initiated 
with a fixedly programmed intermediate X-ray tube 
voltage of 70 kV, the timer 13 thereby assuming the 
particular setting which corresponds to the exposure 
time of 5 ms, and with the switching element 12 deliv 
ering a signal to the dosage output comparator element 
18 in conformance with the reference value of the dos 
age output for this exposure time, in effect meaning, a 
signal which results in an optimum degree of film dark 
ening for this exposure time. 
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When the actual value of the dosage output is larger 
than this reference value, the dosage output compara 
tor element 8, by means of the kv regulator 15, effects 
a downward regulation of the X-ray tube voltage until 
the actual value of the dosage output becomes equal to 5 
the reference value. In that case, the exposure is also 
completed within the time interval of 5 ms. Due to the 
reduction of the X-ray tube voltage, there is obtained 
a good image contrast. The described regulating steps 
naturally must take place within an extremely short 10 
time in comparison with the exposure time of 5 ms, so 
as to achieve optimum film darkening. 

If, during the first phase of an exposure, it is deter 
mined, at the dosage output comparator element 8, 
that the actual value of the dosage output is smaller 15 
than the required reference value for an optimum film 
darkening at the exposure time of 5 ms, then the expo 
sure output comparator element 8, through the switch 
ing element 12, effects a switching-over of the timer 13 
to the 0.1 second exposure time. The switching element 20 
12 concurrently switches in a new reference value at 
one of the inputs 9 through 11 of the dosage output 
comparator 8, which correlates with the required dos 
age output or power at an 0.1 second exposure time for 
optimum film darkening. If the actual value of the dos- 25 
age quantity is now greater than the reference value, 
then the X-ray tube voltage is so far downwardly regu 
lated through the kv regulator 15 until the actual value 
is equal to the reference value. 

If, after the switching-over of the exposure time from 30 
5 ms to 0.1 second, the actual value of the dosage out 
put is still smaller than the reference value, then the 
timer 13 is switched-over to the 1 second exposure 
time. Concurrently, a new reference value signal is con 
veyed to one of the reference value inputs 9 through 11 
of the dosage output comparator element 8, so that the 
reference value of the dosage output conforms to an 
optimum film darkening at the 1 second exposure time. 
However, if the actual value of the dosage output be 
comes larger than the reference value, then again there 
is effected a downward regulation of the X-ray tube 
voltage. If, nevertheless, the new reference value is still 
larger than the actual value then, by means of the dos 
age output comparator element 8 and the kV-regulator 
15, there is effected an increase in the X-ray tube volt 
age to a second programmed maximum value of 110 
kv. At this maximum value, correlation is assuredly 
achieved, or meaning that at this maximum value dur 
ing the first exposure phase in all instances the actual 
value of the dosage output is assuredly higher than the 
reference value, so that by a downward regulation of 
the X-ray tube voltage correlation or balancing of val 
ues becomes possible. 

It may be readily ascertained that in the herein 
described X-ray diagnostic apparatus there are rigidly 
preprogrammed three exposure periods, and that an 
exposure is always initiated with an intermediate X-ray 
tube voltage of, for example, 70 kV, as well as a dosage 
output-reference value which is correlated with the 60 
shortest exposure time. Consequently, always when the 
actual value of the dosage output is smaller then that 
required for an optimum film darkening within the par 
ticular set exposure time, there is effected an automatic 
switching-over to the next higher exposure time. When is 
the actual value is larger than the reference value, a 
downward regulation of the X-ray tube voltage is pro 
vided until balancing is achieved. If, also during the 

35 

40 

45 

50 

55 

4 
longest set exposure time of 1 second, correlation or 
balancing has not been achieved, meaning that also 
herein the actual value of the dosage output is smaller 
then the reference value, there is effected an increase 
in the X-ray tube voltage to the above-mentioned sec 
ond preprogrammed value. 
By means of the inventive X-ray diagnostic apparatus 

there is provided a satisfactory compromise between 
the requirement for a short exposure time so as to ob 
tain minimum unclarity in the X-ray image due to 
movements, and a low X-ray tube voltage for obtaining 
a good image or picture contrast. Within the scope of 
the invention, there may also be provided for the rigid 
programming of two, or possibly more than three expo 
sure periods. 
The setting of the X-ray tube current is fully automat 

ically effected in the inventive X-ray diagnostic appara 
tus according to the drawing by means of the function 
generator 17 and the current regulator 16. At the refer 
ence value input 21 of the function generator 17 there 
is provided a signal which corresponds to the X-ray no 
mograph, meaning, the duration of the highest permis 
sible X-ray tube output as a function of or in depen 
dence upon the time. Signals are supplied to the inputs 
18 through 20 which correspond to the actual values of 
the X-ray tube current, the X-ray tube voltage, and to 
the selected exposure time. The function generator 17 
operates through a current regulator 16 to always so set 
the X-ray tube current whereby the X-ray tube 3 is op 
timally discharged. In this manner, assurance is pro 
vided that the exposure time is always maintained as 
short as possible. 
The electronic switch 2 may be constructed as set 

forth in the disclosure in German Laid-Open Specifica 
tion No. 1,961,621. A signal may be provided at the 
input 21 of the function generator 17 as represented, 
for example, by the graph of FIG. 2. FIG. 2 illustrates 
the permissible course of the X-ray power in depen 
dence upon or function of the exposure time. The func 
tion generator 17 compares the signal at its input 21, 
which is in accordance with FIG. 2, with the signals at 
its inputs 18 through 20, so as to influence the X-ray 
tube current in the above-described manner. The gen 
eration of the signal pursuant to FIG. 2 at the input 21 
may be the result of capacitors being discharged, and 
which are switched together to derive the desired volt 
age sequence pursuant to FIG. 2. The current regulator 
16 may be constructed as described in the disclosure of 
U.S. Pat. No. 2,962,594. 
While there has been shown what is considered to be 

the preferred embodiment of the invention, it will be 
obvious that modifications may be made which come 
within the scope of the disclosure of the specification. 
What is claimed is: 
1. In an X-ray diagnostic apparatus for the prepara 

tion of X-ray exposures, including timing switch means 
for determining the exposure time; and a control circuit 
for providing a predetermined X-ray dosage to a pa 
tient, said control circuit having a dosage output mea 
suring arrangement, comparator means connected to 
said measuring arrangement for comparing the actual 
value of the dosage output with a reference value so as 
to effect an optimum X-ray image darkening within the 
respective exposure time, and setting means for at least 
one of the operating parameters of an X-ray tube in 
said apparatus, said setting means being controlled by 
an output signal from said comparator means for corre 
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lating said actual value with said reference value, the 
improvement comprising; selector switch means for 
programming an X-ray tube voltage and automatically 
set exposure time periods suitable for a plurality of var 
ied patient constitutions, said selector switch means se 
lecting a first exposure time for initiating an exposure 
and transmitting a reference value-forming signal to 
said comparator means representative of the required 
dosage output for said exposure time, said selector 
switch means and setting means for the X-ray tube volt 
age adapted to be controlled by said comparator means 
upon initiation of an exposure so as to correlate the ac 
tual value of the dosage output with a reference value, 
so as to effect a reduction in the X-ray tube voltage 
upon said actual value being higher than the reference 
value, and to effect a switching-over sequence to a suc 
cessively longer exposure time and conveyance of a 
new reference value to said comparator means in con 
formance with said last-mentioned exposure time upon 
said actual value being lower than the reference value. 
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6 
2. An apparatus as claimed in claim 1, said selector 

switch means being programmed for setting an inter 
mediate value and a maximum value for said X-ray 
tube voltage, said switch means effecting a switching 
over sequence of said X-ray tube voltage from said in 
termediate value to said maximum value upon the sig 
nal corresponding to the reference value at the longest 
exposure time failing to be correlated through a reduc 
tion in the X-ray tube voltage. 
3. An apparatus as claimed in claim 1, comprising a 

function generator, said function generator having a 
plurality of inputs adapted to respectively receive sig 
nal representative of the particular set exposure time, 
actual value-signals of the actual values of the X-ray 
tube voltage and current, and a reference value signal 
representative of the power output curve of the X-ray 
tube, said function generator being adapted to set the 
X-ray tube current to produce optimum utilization of 
the X-ray tube output. 
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