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EMT TIMER FOR PROTECTION OF: x-RAY 
- TUBES. 

Russell. Morgan, and Paul Codges, Chicago, 
II, assignors to the United States of America. 
as represented by the Secretary of War 
Application May 5, 1946, Serial No. 669,89. 

3 Claims. (CI. 250-95) 

This invention, Eelates generally to a method. 
and means...for timing.X-ray tubes...but nore par 
ticularly to an apparatus for limiting the exposure 
time of an X-ray tuba, which is automatically 
Set, for the Voltage used on the tube. 3. 
One object of the invention is to provide. a. 

method and apparatus...for automatically, controit. 
ling the duration of the flow of current, through 
an.X-ray tube to thereby avoid damage and pro 
long the life of the tube. 
Another object, of the invention is to provide 

an appa Eatus for terminating, an X-ray exposure. 
in a predetermined time interval and which is: 
Controlled by the: Voltage impressed oia tie.X-ray. 
tube, to Vary, said time interVal. 5 
Another. object of the: invention is to provide a, 

device-adapted to prevent X-ray. exposure longer, 
than that permitted by the X-ray tube regard. 
less of...the-milliamperage, going, through the said. 
X-ray tube. 

in general, the exposure time... which may be. 
tolerated: by, al.X-ray tube is...a...fungtion of the 
current, flowing through the tube; for example: 
a.a. X-ray tube, operated at 200 ma, may tolerate. 
an exposure time of 2.seconds. Longer exposure. 
times under, this condition will almost certainly, 
result.in-damage. On the other hand, if the tube. 
is, operated at 30, ma, an exposure-time of 15 or 
naore, Seconds, may be tolerated. With Gut, damage. 
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to the tube occurring. 30. 
The present, invention deals; with.a.n.automatic. 

electronic tigning, mechanism by which the expo 
Sure, time- to , which ar, 28-ray tuba; is subjected 
may be limited to within safe; levels, regardless. 
of, the-milliamperage, flowing through the X-ray. 
tube. The-inyeration, although particularly, appli. 
cable, to X-ray; machines, employing automatic. 
photoelectrig. exposure, control, is: equally useful, 
Qn any.X-ray, machine. 
The device which, is shown, schematically in the 40 

accompanying, illustration consists, essentially, of 
a: three-element, thyration. tube, , between the 
grid, as and cathede. b. of which are connected a 
coaderaser 2 and the normally-closed contacts, 3 g. 
of the A. C. relay, 3. Between the grid. a. and 45 
the plate: g: of the thyratron. is coanegteia, 
resistor. T. Also, connected, between, the grid. a. 
and the cathgde b, of the thyratronis, a resistor 
... and a.rectifier: tube. 5, the filament of which is, 
connected to the resistor is and the plate of whiti. 
ice is connected, through winding oil-coil, Sg, to 
a transformer 6. This winding of the transforiter: 
will henceforth, be called the seconday winding: 
Ga., The: remaining; or primary, winding, Sb, of 

4s. i) 

the transformer 6, is connected in parallel with 55. 

50. 

2 
a resistor 16, to the center of the secondary wind 
ing, ie of the conventional high-tension trans 
former it of the X-ray machine. The two-out. 
side-terminals, lic and id of this, transformer. .. 
lead directly, or indirectly, depending, upon the 
type of 2-ray, machine involved, to the: X-ray. 
tube. 8. The: primary winding, if of the highs. 
tension. Xi'ay transforme: , is connected to, a, 
power source (not shown), through ther terminals, 

idt and b. in a manner consistent. With that 
employed in conventional X-ray machine prac 
tice. 
The piate c. of the thyratron, is in series. With 

the field, coil. 8a, of a D.C. relay, 8 and the nor-. 
mally-opened contacts, 3b of the relay 3. A 
100-125. volt. D. C. voltage, supply... is applied: bes. 
tween the terminals 9 and C. The relay 8 has 
a pair of normally-closed; contacts 8b, which are 
in series; with a pair of normally-open, contacts, 
3c. of the relay, 3. This double, pair of contacts, 
3b. and 3c. constitute a Switch connected through. 
terminals. A. and 5 to the main relay. 3. Which 
closes, the normally-open, contacts. 9d., of the 
power lines. a. and lib to primary Wirading. If 
of the X-ray transformer to...thereby energize.the 
X-ray tube. 18. The field coil 3d of the relay 3 
is connected through a Switch, if to a 110-volt 
A. C. voltage, supply through-terminals. 2...and 3. 
The method of operation, of the device is as 

follows: When the exposure Switch, if is closed, 
relay. 3 is activated closing, contacts 3b and 3c. 
and opening contact. 3a. Continuous, circuit. 
thereby, is formed between, terminals. 4 and 5, 
and the X-ray machine contactor, to which these 
terminals are connected, is energized and Voltage 
is thereby applied to the high-tension transforms 
er 7 of the X-ray machine (not shown) in the 
conventional manner; voltage thereby, is applied 
to the X-ray tube 8 and the X-ray exposure 
begun. 
The opening of the contact3a and the closure 

of the contact. 3b permits charge to flow to the 
condenser 2 through the field coil of the relay 8 
and the resistor. T. 
The collection of this charge produces across 

the plates of the condenser 2, a voltage which in 
creases as the amount of collected charge ac 
cumulates. Eventually a potential develops 
which is sufficient for the firing of the thyratron 
. Instantaneously this tube becomes conductive, 
current flowing from cathode b to plate c. 
This current flows through the field coil of the 
relay 8, thereby opening the contacts 8b and 
causing the breaking of the circuit betweenter 
minals 4 and 5. The contactor of the X-ray 
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machine thereby is deemergized and voltage is 
removed from the high-tension transformer of 
the X-ray machine and the X-ray exposure 
thereby terminated. The value of the resistor : 
is chosen so that the time required for the po 
tentials to develop on condenser 2 is equal to the 
exposure time which may be tolerated by the 
X-ray tube for the lowest tube currents which 
Will be used. 

Simultaneously with the charging of the con 
denser 2 through the resistor there will also be 
a charging effect through the resistor 4 and the 
rectifier 5 by a voltage developed by the trans 
former 6 in response to a voltage developed 
across its primary winding when current which 
flows through the X-ray tube flows through the 
Secondary Winding of the high-tension transform 
er and the resistor 6. This current develops 
a potential across the resistor 6 which is im 
pressed upon the transformer 6. The greater the 
current flowing through the X-ray tube, the 
greater will be the potential developed across 
resistor 6 and applied to the transformer 6. De 
pending on the value of this potential, charge 
Will be placed upon the condenser 2 by the re 
sistor 4. The resistor 4 is adjusted so that the 
time at which the condenser 2 applies a sufficient 
voltage to the thyratron f for it to become con 
ductive will be the maximum exposure time toler 
ated by the X-ray tube at the highest X-ray tube 
currents which are used. The rectifier tube 5 is 
placed in this circuit so that the current flowing 
through the resistor 4 is unidirectional; the cur 
rent developed by the transformer 6 is an alter. 
nating current and therefore the rectifier is 
needed to produce the desired unidirectional ef 
fect, 
Summarizing, the resistor is of such value the 

thyratron tube will become conductive only 
after the maximum exposure time which may be 
tolerated by the X-ray tube at the lowest X-ray 
tube currents employed and the resistors 4 and 
6 adjusted to such values that the thyratron 

tube will become conductive at the maximum 
exposure time tolerated by the X-ray tube. When 
Operated at the highest X-ray tube currents that 
are employed. At X-ray tube currents between 
these extremes the invention will limit the ex 
pOSure time to values depending on the current 
flowing through the X-ray tube and at such 
values as are within those tolerated by the X-ray 
tube without causing damage. 

Manifestly, many changes and modifications in 
the described automatic time mechanism will be 
apparent to those skilled in the art. For this 
reason the description is intended to be illus 
trative only and the Scope of the invention is to 
be limited only as required by the following 
claims. 

Having thus described out invention what We 
claim as new and wish to secure by Letters Pat 
ent is: 

i. An electronic timing mechanism for con 
trolling the exposure time of an X-ray tube com 
prising in combination a normally open supply 
circuit, a source of potential connected with said 
circuit, an X-ray tube including the electrodes 
thereof, a transformer embodying primary and 
Secondary coils, the primary coil being connected 
With said supply circuit, the secondary coil with 
the electrodes of said tube, means for closing 
said normally open supply circuit. and initiating 
the exposure period of said X-ray tube and addi 
tional means in electrical relation with the sec 
Ondary coil of said transformer for disrupting 
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4. 
said supply circuit and terminating the exposure 
period of said X-ray tube at the expiration of 
the maximum exposure time tolerated by said 
tube at the lowest and at the highest tube cur 
rents used, said additional means including a con 
trol condenser, a pair of uni-directional charging 
circuits connected with and arranged for simul 
taneously charging said condenser, one of said 
circuits being normally open and connected with 
a Source of Supply, the other of said charging 
circuits being connected with the secondary of 
said transformer, means coupled with said nor 
mally open supply circuit for closing the normally 
open charging circuit and simultaneously induc 
ing Current flow in the remaining charging cir 
cuit, when the exposure period of said X-ray is 
initiated, each of said charging circuits includ 
ing resistor means, the value of the resistor means 
in one of the charging circuits being Such that 
the charging effect of such circuit with respect to 
said control condenser determines the maximum 
exposure time tolerated by said X-ray tube at the 
lowest tube currents used, the value of the re 
sistor means in the other of said charging circuits 
being such that the charging effect of such circuit 
With respect to said control condenser determines 
the maximum exposure period at the highest 
tube currents used. 

2. An electronic timing mechanism for COn 
trolling the exposure time of an X-ray tube COn 
prising in combination a normally open Supply 
circuit, a source of potential connected with Said 
circuit, an X-ray tube including the electrodes 
thereof, a transformer embodying primary and 
secondary coils, the primary coil being connected 
with said supply circuit, the secondary coil. With 
the electrodes of said tube, Said Secondary coil 
including a resistor, means for closing Said nor 
mally open supply circuit and initiating the ex 
posure period of said X-ray tube and additional 
means in electrical relation. With the Secondary 
coil of said transformer for disrupting said supply 
circuit and terminating the exposure period of 
said X-ray tube at the expiration of the maxi 
mum exposure time tolerated by Said tube at the 
highest and at the lowest tube currents used, said 
additional means including a control condenser, a 
pair of uni-directional charging circuits con 
nected with and effective for simultaneously 
charging said condenser, one of said charging cir 
cuits being normally open and connected With a 
source of potential, the remaining charging cir 
cuit being inductively coupled with the resistor in 
the Secondary coil of Said transformer, means 
coupled with said normally open Supply circuit for 
automatically closing said normally open charging 
circuit and simultaneously applying the Voltage 
drop across said last-mentioned resistor to the 
remaining charging circuit, resistor means in 
each of said charging circuits, the value of the 
resistor means, in one of said charging circuit.S 
being Such that the charging effect of Said circuit 
with respect to said control condenser determines 
the maximum exposure time tolerated by said 
X-ray tube at the lowest tube currents used, the 
value of the resistor means in the remaining cir 
cuit being such that its charging effect with re 
spect to said control condenser determines the 
maximum exposure period at the highest tube 
currents Sed. 

3. An automatic electronic timing mechanism 
for controlling the exposure time for an X-ray 
tube comprising in combination a normally open 
Supply circuit including a pair of normally closed 
contacts, a Source of potential connected with 
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said circuit, an X-ray tube including the elec 
trodes thereof, a transformer embodying primary 
and secondary coils, the primary coil being con 
nected with said supply circuit, the secondary coil 
with said X-ray tube, said secondary coil in 
cluding a resistor, means for closing said normal 
ly open supply circuit to initiate the exposure 
period of said X-ray tube, a thyratron relay SyS 
tem coupled to the secondary coil of said trans 
former and coacting with the normally closed 
contacts in the supply circuit, said thyratron re 
lay system operating when said thyratron be 
comes conductive to open the normally closed 
contacts in said supply circuit, and control means 
in electrical relation with said thyratron relay 
system to render the latter conductive at the ex 
piration of the maximum exposure time toler 
ated by said tube at the lowest and at the high 
est tube currents used, said control means in 
cluding a control conderaser, a pair of charging 
circuits connected with and effective for simul 
taneously charging said condenser one of said 
charging circuits being normally open and Con 
nected With a Source of potential, the other of 
said charging circuits being inductively coupled 
with the resistor in the secondary coil of said 
transformer, means coupled with said normally 
Open Supply circuit for closing the normally open 
circuit and simultaneously applying to the re 
maining circuit the voltage drop across the re 
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6 
sistor in the secondary coil of said transformer, 
resistor means in each of said charging circuits, 
the resistor means in One of said charging cir 
cuits being Such that the time at which said con 
trol condenser applies a Sufficient voltage to the 
thyratron for it to become conductive determines 
the maximum exposure time tolerated by the 
X-ray tube at the largest X-ray tube currents 
used, the value of the resistor means connected 
with the remaining charging circuit being such 
that the time at which the control condenser 
applies a Sufficient voltage to the thyratron for 
it to become conductive determines the maximum 
exposure time tolerated by the X-ray tube at the 
lowest X-ray currents used. 

RUSSEL. H. MORGAN. 
PAUL C. HODGES. 
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