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To all whom it may concern: 
Be it known that I, HARRY F. WAITE, a 

citizen of the United States, and resident of 
the city, county, and State of New York, 

5 have invented certain new and useful Im 
rovements in X-Ray Tubes, of which the 
ollowing is a specification. 
My invention relates to improvements in 

Roentgen or X-ray tubes, and has for its ob 
10 ject to improve the construction, arrange 

ment and operation of such tubes, and to 
these ends my invention consists in a tube 
embodying the features of construction ar 
ranged and operating substantially in the 

15 manner hereinafter more particularly set 
forth. . 

Referring to the accompanying draw 
ings:--Figure 1 is a view of an X-ray tube 
embodying my invention, and Fig. 2 is a 

20 modification. 
In the operation of an X-ray tube or bulb 

of the ordinary character, especially when it 
is connected to X-ray coils as a source of 
energy, it is found that there is more or less 

25 inverse current, that is, a part of the time 
the poles are reversed so that what is ordi 
narily the anode becomes the cathode and the 
cathode becomes the anode. When the cur 
rent is flowing in the proper direction the 

80 cathode stream from the cathode cup strikes upon the target, generating the Roentgen 
or X-rays in the manner well understood. 
When, however, the current is reversed, as 
happens in an alternating current machine, 

8 the target becomes the negative or cathode 
and the cup becomes the anode, and the 
cathode rays stream from the target and 
strike upon the body of the tube, and bom 
barding this part of the tube, produce or 
generate X-rays at this point. 
The target T is usually made of metal, 

and I have found that when X-rays are gen 
erated by the cathode stream striking the 
body of the tube or bulb which is of glass, 
they are of a different quality from those 
which are generated when the cathode 
stream strikes the target T, and this change 
in the quality of the rays interferes with the 
use thereof, especially when the X-rays are 
used in making photographic plates. 
One of the principal objects of my inven 

tion is to avoid these objections, and to pro 
vide a simple and compact X-ray tube which 
may be operated in the manner indicated, 
and any disturbance from the difference in 
the quality or character of the rays gener 
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ated when the cathode stream impinges upon 
the target or the body of the tube is elimi 
nated. , w 
One form of my invention is shown in Fig. 

1, wherein R represents the main tube of 
bulb, and formed in or connected with the 
tube R is what may be termed an interior or 
secondary tube E. This tube may be me 
chanically produced in various ways known 
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to those skilled in glass working, and they 
need not to be described specifically herein. 
This secondary tube is arranged so that it 
may be subjected to the same degree of ex 
haustion as the interior of the main or pri 
mary. tube R, and a simple way to insure 
this is to provide the secondary tube with an 
opening D. This interior or secondary tube 

70 

is made of some material which is opaque 
to X-rays, as for instance, it may be made of 75 
lead glass, and mounted within the interior 
or secondary tube is E. a secondary target G which is preferably of metal, and 
also arranged therein is the anode A which 
is adapted to be connected to the positive 
terminal B of the gray coil or other source of energy. The cathode or negative termi 
nal C is shown preferably provided with a 
cup-shaped disk C, and the target T, which 
is preferably of metal, is shown as having a 
flat surface and supported by a bar extend 
ing into a neck A. 

In operation, the terminal B is connected 
to the positive terminal of the source and 
the terminal C to the negative terminal of 
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the source. A will thus be the anode and 
C’ the cathode. The terminal in the neck 
A is not ordinarily connected to any source. 
Under normal conditions, that is, when A 
is an anode and C the cathode, the cathode 
stream from cup C impinges upon the tar 
get T producing X-rays in a manner well 
understood. If, however, there is a reversal 
of current, then C becomes the anode and 
A? the cathode. The cathode stream from A will impinge upon the secondary target 
G, producing X-rays. The direction of this 
X-rays is, however, away from the X-ray 
plate that would be exposed and away from 
the operator using a fluoroscope, and in ad: 
dition the lead glass wall of the tube E will effectively cut off any X-rays generated 
Since the cathode stream is rectilinear and 
entirely cut off by the target or screen G, 
target T will be in the shadow and the cath 
ode rays will not impinge upon it. At this 
time, that is, when C is the anode and A 
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the cathode, the target T is entirely isolated 
and does not form a cathode as is the case in 
the ordinary tube. When, however, A is 
the anode and C’ the cathode, then no X 
rays will be produced at G, but only at T. 
While X-rays would be generated at the 
secondary target G, their direction is awa 
from the X-ray plate that would be exposed, 
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or would be away from the operator using a 
fluoroscope. In the ordinary operation of 
the tube however if there is no reverse cur 
rent then there will be no X-ray generated 
at the secondary target, all of the X-rays 
being generated at the target T. 

It will thus be seen that a tube construct 
ed on the general principles above set forth, 
that is, providing the main tube or bulb with 
a secondary tube which is opaque to X-rays, 
and generating the X-rays therein, a simple 
means is provided for overcoming the dis 
advantages inherent in the ordinary X-ray 
tube whenever reversals of the current or 
changes of direction of the stream of cathode 
rays take place. s 

In Fig. 2 I have shown a similar embodi 
ment of my invention except that the sec 
ondary tube is external to the main bulb or 
tube the parts being otherwise arranged sub 
stantially as shown in Fig. 1, and being 
similarly lettered. 
While I have shown several embodiments 

of my invention, it is evident to those skilled 
in the art that the principles thereof may 
be otherwise embodied without departing 
from the spirit of the invention, and the de 
tails of construction of X-ray tubes em 
bodying the invention are immaterial. 
What I claim is - 
1. An X-ray bulb comprising a main tube 
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and a secondary tube opaque to X-rays and 
communicating with the interior of the main 
tube, a main target mounted in said main 
tube and a secondary target mounted in said 
secondary tube, and electrodes. 

2. An X-ray bulb comprising a main and 
secondary tube, a target mounted in the 
main tube, and a secondary target mounted 
in the secondary tube, and electrodes. 

3. An X-ray bulb comprising a main tube 
and secondary tube, the latter being pro 
vided with one of the electrodes and with a . 
target, and another electrode. 

4. An X-ray bulb comprising a main tube 
and a secondary tube, the latter being opaque 
to X-rays, one of the electrodes being lo 
cated in the secondary tube and the other 
being located in the main tube, and two tar 
gets one of which is located within the Sec ondary tube. 

5. In an X-ray apparatus, a bulb provided 
with a target and a pair of electrodes, and 
a screen between one of the electrodes and the target. 

6. In an X-ray apparatus, a bulb compris 
ing a main tube, and a communicating sec 
ondary tube formed of a material opaque to 
X-rays, a target and an electrode in the 
main tube, an electrode in the secondary 
tube, and a screen in the secondary tube po 
sitioned to cut off the cathode rays which 
proceed from the electrode in the secondary 
tube. 

In testimony whereof I affix my signature 
in presence of two witnesses. 

HARRY F. WAITE. 
Witnesses: 

HENRY E. WAITE, 
CHARLEs KALI, MEYER. 
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