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This invention relates generally to a method 
and means for photographing the lungs in which 
exposure of the X-ray ?lms is controlled by the 
translucency of the normal lung, and more par 
ticularly it is directed to an X-ray tuning mecha 
nism by which the X-ray exposure of chest ?lms 
may be controlled photoelectrically to produce 
?lms of optimum density of either the right lung 
or of the left lung or of the least radiopaque lung. 
The device is desirable for use in chest radiog 

raphy because under normal circumstances a 
normal lung is the least radiopaque lung and when 
a pathological condition is located on one side 
it is desirable that the normal side be properly 
exposed or at least control the density of the ?lm 
so that the abnormal lung may produce on the 
?lm a density which may be compared with the 
density of the normal lung as appearing in the 
standard X-ray ?lm. 
One object of the invention is to provide a 

device for simultaneously photographing both 
lungs by X-ray and terminating the radiation on 
completion of the required exposure of the more 
translucent lung. 
Another object of the invention is to provide 

an automatic photoelectric tuning mechanism 
whereby in chest radiography it is possible to 
control exposure by the radiation passing through 
the right lung or the left lung, or the more radio 
lucent of the two lungs, so that the pathological 
condition of the infected lung may be compared 
to the normal lung to determine the degree of 
infection. 
Other objects and advantages will become ap 

parent as the invention is more fully disclosed. 
Referring to the accompanying drawing which 

illustrates diagrammatically the circuit and vari 
ous elements of the invention the numeral l 
indicates an X-ray tube, '2 a grid, 3‘ the patient 
whose lungs are being photographed, 4 the photo 
graphic ?lm and 5 and '6 ?uorescent screens, 
adjacent the ?uorescent screens are placed the 
two phototubes II and I‘! which are connected 
respectively to two ampli?er tubes I3 and I8 and 
two thyratrons l6 and 2!. The condenser 12 is 
connected between the control grid 130 of cathode 
I 3d of the ampli?er tube l3 through the grid bias 
resistor M. In parallel with the condenser 12 
is a normally-closed pair of contacts 25d of the 
relay 25. The plate |3a of the ampli?er I3 is 
connected to the grid 16b of the thyratron l6 
and is in series with the resistor l5 which in turn 
is connected to terminal 30. The cathode llic 
of the thyratron I6 and one end of the resistor 
M are connected to terminal 29. Between‘ ter 
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minals 29 and 30 is applied a 100-125 volt D. C. 
potential. The plate lBa of thyratron I6 is con 
nected in series with the normally-open contact 
251) of the relay 25 and the ?eld coil of a D. C. 
relay '22 to terminal 30. The operation of the 
ampli?er l3 is stabilized by maintaining the 
screen grid I3b of the ampli?er l3 at constant 
potential by means of the voltage regulator tube 
23 and the resistor 24. 
The relay 22 possesses a pair of normally-closed 

contacts 22a which are in series with a pair of 
normally-open contacts 25a of the relay 25. 
These two sets of contacts are connected to ter 
minals 3i and 32 and constitute a switch by means 
of which power may be applied to the ?eld coil 
of the contactor relay 33‘ of the X-ray machine 
and when power is applied to this ?eld coil the 
contactor 34 is closed and the X-ray machine 
thereby energized. The ?eld coil of the relay 25 
is connected in series with the switch 26 through 
the terminals 3! and. 32 to a l10-volt alternating 
current voltage supply. A high-voltage D. C. 
supply is applied between terminals 35 and 36. 
In series with terminal 36 is the variable resistor 
31 and resistor 38 by which the dynodes of the 
phototube H receive the proper voltages for op 
eration of this tube. 
The anode l‘la of the phototube I‘! is connected 

to the condenser 48 and to the grid 180 of the 
ampli?er l8. Condenser 40 is connected between 
the grid lBe and the cathode "3d of the ampli?er 
l8 through the grid bias resistor [9. The plate 
Ilia of the ampli?er I8 is connected to the grid 
Zlb of the thyratron 2! and in series with the 
resistor 20 which is connected to terminal 30. 
The cathode 2 lo of the thyratron 2! is connected 
to terminal 29 and the plate 2| a is connected 
directly to the plate circuit of thyratron Hi. The 
screen grid l8b of the ampli?er I8 is also con 
nected to the screen grid [31) of the ampli?er l3 
and this tube I8 is stabilized thereby in the same 
manner as tube I3. Phototube l1 obtains its op 
erating voltage supply also through terminal 36, 
which is in series with variable resistor 39 and 
resistor ill for supplying the potentials to the 
various dynodes of the phototube l1. ‘ 

Also in the circuit is switch 42 which consists 
of a single-pole, three-position switch, shown in 
neutral position on contact 42b. The switch as 
sembly includes the following contact points, 
terminal 4211. which is connected to the plate I3a 
of the ampli?er [3, 42b which is unconnected and 
420 which is connected to the plate l8a of the 
ampli?er l8. Terminals 43 and 44 may be con 
nected to a voltage supply which may be de 
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signed in a similar manner to similar voltage 
supplies described in previous patent applica 
tions compensating for the effect of phototimer 
operation which occurs when the voltage on the 
X-ray machine is changed. If this compensat 
ing mechanism is not desired, terminals 43 and 
44 are connected"? together, as shown by the dot 
ted line. 
The method of operation of the invention is as 

follows: When switch 26 is closed, relay 25 is? 
energized, causing the closure- of terminals 25a 
and 25b and the opening of‘ contacts 250 and’ 
25d. When contact 25a is closed, the circuit be 
tween terminals 3! and 32 i‘s‘scompletedi andth‘e“ 
contactor of the X-ray machine is energized‘ and 
X-rays are thereby produced. Phototube I“! is 
placed behind a strip of ?uorescent‘screen which: 
?uoresces under the action of X-rays in a posi 
tion immediately in the path of the projected X 
ray beam which passes through the left chest of 
a‘ patient standing in‘ front‘ of‘the device. Pho 
t'otube li'lis'place'd' behind a similar strip of ?u 
orescent screen which’ is placed‘ in a1 position di 
rectly in the projected beam of X-rays passing 
through theright chest. A cassette holding‘ an‘ 
XLray ?lm is placed‘ between the subject under 
examination vand the phototube-screen assem 
blies so that simultaneously with the action of 
the X-rays upon the phototube-screen assem 
bli'es X-rays are acting upon the ?lm in the cas 
sette;- WhenIthe switch 42'is in position 42b, the 
X-rays' passing through the subject under exam 
ination fall on the ‘ph‘ototubes' l land ll, causing 
phototube current tov flow through both of these 
tubes,- which‘ collects on the respective conden 
sers- I2! and‘ 40‘. The resulting. potentials which 
develop-across'these condensers‘ are applied to 
the‘r'espective ampli?er ‘tubes [3 and‘ IB'and the 
ampli?ed: voltage applied to the grids of the re 
spectivethyratrons' l6 and 25'. As the-voltage on 
the‘condensers vI 2‘ and 40.‘ increases as the amount‘ 
of? collected. chargev accumulates, a potential is 
eventually reached, atlwhich one or the other 
of: the ’ thyratrons‘ will!‘ become conductive, caus 
il'i'g? current to?v flow through the relay 22 and 
opening the? contact 2.2a ofi this‘ relay. The cir 
cuit between terminals 3| and 32- is thereby 
broken, causing'the: deenergizing of the X-ray 
contactor and‘ithetermination of the X-ray ex 
posure. The thyratron' tube which will ?re ?rst, 
that'iisrthyratron- IB» orthyratron 2!, in this proc-» 
ess will be determined by which phototube re 
ceives the'most-light. The‘ phototube which re- 
ceives‘ the most light from its corresponding ?u 
oresc'e-ntscreem will. charge'up into the corre 
sponding-condenser‘more rapidly and will cause 
its: thyratron tube‘v to‘ ?re‘ at the earlier time. 
Therefore, shouldfpathology be‘ presentv in one 
lung, and‘ not in‘ the other andsince pathology 
reduces‘ the radiolucency of the lung; it, there 
fore,. follows -tha-t-. the‘ radiation. passing . through 
the llOI‘l’l'lEtlllll’lg will cause- determination of the 
X-ray exposure. 

If. switch. 42. is in position 42a, the ampli?ed 
potential developedby the ampli?er I3 is short 
circui'ted and‘phototube-I I thereby has noeffect 
on. the length of the X-ray exposure; that is, 
X-‘ray exposure is entirely'under the control of 
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the tube l1. Under this condition, the length 
of X-ray exposure is determined by the radiation 
passing through the right lung. 

If switch 42 is in position 420, the ampli?er 
tube He therefore is short-circuited and the con 
trol of exposure is under the in?uence of photo 
tube II and, accordingly, the length of exposure 
is determined by’ the radiation passing through 
the left chest. Thus, by means of switch 42 it is 
possible to obtain exposure control photoelectri 
cally for-v X-ray exposures by means of the radi 
ation passingv through the right lung or left lung 
or the more radiolucent of the two lungs. 
Having thus described our invention, what we 

claim as new and wish to secure by Letters Pat 
ent is :' 
An X-ray photographic apparatus for simul 

taneously producing adjacent comparative pho 
tographs of adjacently disposed anatomical 
structures upon a single photographic ?lm, and 
during a’. single‘ exposure period, the duration 
of, which is dependent upon the translucency of 
the objects photographed, said means including 
a single X-ray tube, connected in a power cir 
cuit,.an‘ X-ray'relay connected in a relay circuit 
and adapted to control said power circuit, elec 
trically interrelated dual detection assemblies 
having identical functional characteristics, said 
assemblies having condenser thyratron circuits, 
2. multiple switch relay including normally closed 
switches bridging each of said condensers, a nor 
mally open switch‘in said X~ray relay circuit for 
controlling said X-ray relay, and a normally 
open switch connected in the thyratron circuit, 
a. direct circuit relay connected in said thyra 
tron circuit, anormally closed switch in said X 
ray relay circuit operated’ by'said direct current 
relay. and in. series with the normally open switch 
in said X-ray relay circuit, said multiple switch 
relay ‘operating to-effect the opening of the con 
denser switches, the- closing of the X-ray relay 
switch, and the closing. of the direct current, 
thyratron circuit switch for the exposure period, 
and said direct current relay switch being adapt 
edrto open‘the X-ray relayicircuit with the ?ring 
of. the thyratron, and thereby terminate the 
propagation of X-rays. 

RUSSELL H. MORGAN. 
PAUL C. HODGES. 
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