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To all, whom it may concern: 
Beit known that I, JOHN DENNIS, a citizen 

of the United States, residing at Rochester, 
in the county of Monroe, in the State of New 
York, have invented an Improved Radio 
graphic Apparatus, of which the following is 
a specification, reference being had to the ac 
companying drawings. 
Myinvention relates to an improved radio 

graphic apparatus whereby the exact location . 
of an invisible object, not permeable or diffi 
cultily permeable by the so-called “Roentgen” 
or “X” rays, may be accurately ascertained 
and measurements made by which operations 
necessary for the removal of such objects are 
controlled and guided. 
My invention is especially useful for sur 

geons in locating bullets or other hard or com 
paratively impermeable bodies or growths in 
Organic substances, but it may also be em 
ployed for a variety of other purposes where 
the object sought is surrounded by more or 
less permeable material. 
My invention is fully described and illus 

trated in the following specification and the 
accompanying drawings, the novel features 
thereof being specified in the claims annexed 
to the said specification. V 
In the accompanying drawings, represent 

ing my improved radiographic apparatus, 
Figure 1 is a diagram representing the ar 
rangement of the apparatus when the object 
can be located from observation in one direc 
tion only. Fig. 2 is a diagram representing 
the arrangement of the apparatus when the 
object is to be located in two directions. Fig. 
3 represents a set of angle-plates. Fig. 4 rep 
resents a single angle-plate of larger size. 
Fig. 5 represents the supporting-table and 
accessories. 
The construction and method of using my 

improved radiographic apparatus Will be un 
derstood from the diagrams Figs. 1 and 2, in 
which ac represents the object which it is 
sought to locate and which is solid or rela 
tively impermeable to the Roentgen or so 
called “X” rays and is invisible on account 
of being surrounded by comparatively per 
meable organic tissues or other substances; 
R, a Crookes tube or other source of the X 

designated as an “angle-plate,” which is ap 
plied to the permeable substance and insures 
adjustment in the parallelism of the rays; G, 
a metallic grating, preferably of crossed wires 
or bars, and S a sensitive surface on which 
the image is received and which may be either 
a fluorescent Screen Or a photographic plate, 
either of which may be used in connection 
With my improved apparatus. 
Diagram Fig. 1 represents the arrangement 

when it is necessary or desired to find the po 
sition of object in one direction only, while 
diagram Fig. 2 represents the operation of 
locating the object in two directions, prefer 
ably at substantially right angles with each 
other. 

Confining our attention first to Fig. 1, it 
will be understood that the tube R is sup 
ported in any suitable manner and furnishes 
the X-rays of Sufficient penetrating-power, 
that the angle-plate is applied to the per 
meable substance and may be secured there 
to in any suitable Way, and that the grating 
G is interposed between the angle-plate and 
the sensitive or fluorescent surface S, and 
that such relative adjustments are made that 
the angle-plate throWs a single definite 
shadow on the fluorescent or sensitive sur 
face, so that if the object to be located, ac, is 
three inches from the plane of the angle-plate 
and the grating be made of wires one inch 
apart the image of the object will be seen on 
the fluorescent surface to coincide with the 
third wire from the shadow of the angle-plate. 
By adjustment of the angle-plate or the 
tube so that the bars C. Cl' of the plate throw 
coincident shadows on the fluorescent surface 
the condition of parallelism of the rays is se 
cured, and then the location of the object 
sought relatively to the base-line established 
by the angle-plate may be readily ascertained 
by means of the grating, the interspaces of 
which are known. The line where the angle 
plate meets the permeable material may be 
marked, as with iodine or other suitable chem 
ical, and thus a basis is afforded for a meas 
urement which will determine the exact loca 
tion of the object sought. The arms a. a' of 
the angle-plate, unless in proper alinement 
or in parallelism with the rays, will throw a 

rays; A, a metallic instrument, which I have double or overlapping shadow on the fluores 
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cent surface or fluoroscope, but when alined 
so as to throw but one shadow thereon the 
condition of parallelism is attained, and the 
distance of the object a sought may then be 
located with reference to the shadows thrown 
by the angle-plate and by the wires of the 
grating G. As the X-ray tube usually throws 
practically parallel rays from a considerable 
portion of its surface and the object to be 
located can ordinarily be brought within a 
reasomably short distance of the base-line es 
tablished by the angle-plate, there is in my 
apparatus practically no distortion, which 
has heretofore generally prevented the ob 
taining of images sufficiently accurate to 
guide surgical or other operations. By ob 
servation on the fluoroscope the exact loca 
tion of any given impermeable object rela 
tive to the base-line established by the angle 
plate may be readily determined by the shad 
OWs of the grating of any given dimensions, 
and any subsequent operations, surgical or 
otherwise, may be governed by the informa 
tion thus acquired. For operations which 
take place on the median plane-as, for in 
stance, the recovery of a coin from the throat 
of a child—and for many other cases the lo- i 
cation of the object in one direction only is 
sufficient, but where it is necessary to locate 
the object in two directions I employ the ar 
rangement shown diagrammatically in Fig. 2. 
In these cases the tube or source of X-rays is 
changed from position R to R', and a grating 
G' and fluoroscope S" is employed, so as to lo 
cate the position of ac in a plane at substan 
tially right angles with that previously ob 
served by following the directions herein set, 
forth with regard to diagram Fig. 1. 
From two measurements, one made on flu 

Oroscope S and the other on fluoroscope S", 
at Substantially right angles with each other, 
and the base-line established by the angle 
plate, the exact location of any impermeable 
object in relatively permeable substances 
may be determined. 
cation of the object ac relatively to the base 
line or plane being determined with the X-ray 
tube at R on the fluoroscope S by the aid of 
the grating G the tube is shifted to R' and 
the location of the object determined by the 
grating G' and the fluoroscope S" in a direc 
tion Substantially at right angles with the 
former determination. The two determina 
tions, with proper markings indicating the 
base lines Ol' planes from which such meas 
urements are to be made, will enable the op 
erator to locate any impermeable object in 
side any permeable substance with the accu 
racy necessary for any subsequent operations, 
Surgical or otherwise. There is no trouble 
from distortion, since the condition of paral 
lelism of the rays is secured by the angle 
plate. - 

It Will of course be understood that the im 
ages of the angle-plate, grating, and object 
may be observed on any ordinary fluoroscopic 
surface or that they may be impressed on any 

Thus in Fig. 2 the lo 
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suitable photographic surface, so as to be pre 
served permanently. 
The angle-plate really establishes what may 

be called an artificial cross-section’ of the 
permeable body, from which the position of the 
object is determined in one direction, while in 
the other direction its position is located with 
reference to the outside of the body or to one 
of the edges of the angle-plate. 

It will be understood that the angle-plates 
may be made of different sizes suitable for 
the particular uses for which they are des 
tined. In fact, a complete Set for Surgeon's 
use will include a series of which the small 
est will fit the finger, wrist, or arm, while the 
largest will receive the neck or head. Such 
a set is indicated in Fig. 3, the arms a, a be 
ing connected by the base b. For some pur 
poses the base b may be divided or made 
separable, as indicated atti, Fig. 3. 

It will also be understood that for many 
purposes the angle-plate may be made with 
only one arm a, in which case the condition 
of parallelism with the rays is secured by allin 
ing one of the arms lengthwise, so that it 
throws a single shadow of the same width as 
the thickness of the arm on the fluoroscope. 
Such an angle-plate, with one arm a and base 
b, is represented in Fig. 4. This form of an 
gle-plate is used for establishing a base-line 
or artificial cross-section in observations on 
the shoulder or abdomen or larger parts of 
the human body. It will also be understood 
that the angle-plate may be used with the 
base placed toward or against the grating 
and that it may be bent or shaped in any par 
ticular way to conform to the outline of any 
particular subject submitted to the examina 
tion, the essential feature being that the im 
permeable instruments will throw a shadow 
on the fluoroscope of its own thickness when 
properly alined, which serves as a base-line 
from which the requisite measurements are 
made in the condition of parallelism of the 
rays, which measurements are then used on 
the subject to locate the invisible object. 
The angle-plates are made of any suitable 

materialimpermeable to the X-rays and pref 
erably, for strength, of metal, such as brass, 
iron, or steel. In a modified form of the dou 
ble angle-plate one of the arms may be pro 
vided with an elastic or yielding contact-piece 
c, fitted in a slot in the arm a and provided 
with a spring d, which presses it inwardly, so 
as to maintain contact with the permeable 
substance. 

It will also be understood that various 
changes or alterations may be made in the 
apparatus already described without depart 
ure from the principles involved. 
The apparatus may be used in any suitable 

position with the tube above, at one side of, 
or below the object under examination. A 
suitable table or other support T, Fig. 5, is 
employed, and this table may be made ad 
justable, so that the subject with the angle 
plate in position may be brought into the req 
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uisite relation with the tube, grating, and 
fluorescent surface. The table may be made 
of Wood or any other suitable material which is 
permeable to the X-rays. For some purposes 

? ? 

Iemploy a table made of glass, which is opaque 
to the X-rays and which has an aperture to 
which the grating and sensitive surface are 
applied. This is particularly useful in cases 
in which an operation is conducted under the 
X-rays, the tube being placed above the pa 
tient, where an assistant under the table di 
rects the surgeon by the indications which 
he observes on the fluoroscope, the glass per 
mitting the assistant also to see the position 
of the patient on the table. My improved 
apparatus has been used in this way to guide 
the surgeon in removing a coin from a child’s 
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throat, the assistant being able to observe the 
approach of the forceps to the coin and to in 
struct the surgeon in grasping and withdraw 
ing it. 
The table may be made of any suitable di 

mensions and the patient, under the influ 
ence of anesthetic, if necessary, be strapped 
or otherwise secured thereto. The imperme 
able bar or angle-plate is secured in place by 
strips of adhesive plaster or other suitable 
healS. 

The table Tis made adjustable in any suit 
able manner, as by three or more adjusting 
Screws e, Fig. 5, so that the patient placed 
thereon with the angle bar or plate attached 
may be adjusted in proper relation with the 
rays. Suitable supports are provided for the 
lower ends of the screws, which are fitted into 
threaded sockets fastened to the lower side 
of the table, the table being sustained at such 
an elevation as to permit readily the obser 
Vation of the fluoroscope by a person below it. 
When the table is made of glass, it should 

be strengthened by a suitable frame around 
its edges, as indicated at f, Fig. 5. The grat 
ing and fluoroscope may be placed above the 
opening in the glass table or in or below the 
same, Suitable provision being made for sup 
porting these parts in place, as by clips en 
gaging the edges of the opening. 
The grating is provided with bars around 

its edges to strengthen it and keep it in shape, 
and the fluoroscope may be made in any or 
dinary or preferred manner, and it may be 
either attached to the grating or made remov 
able therefrom, any suitable clips or catches 
being employed for this purpose. 
When a photographically-sensitive surface 

is employed, such as a plate, film, or sensi 
tized paper, such surface may be confined 
Within any suitable holder, which is substi 
stuted for the fluoroscope already mentioned, 
or the fluoroscope may be used in connection 
with the sensitive photographic surface. 
The tube or source of X-rays is arranged 

in any suitable or preferred way, so that it 
may be adjusted to secure observations in 
any two planes at angles with each other, 
preferably right angles, or so that its position 
can be varied to suit the requirements of any 

given subject in either of the planes. It may 
be supported directly from the table or inde 
pendently thereof. In Fig. 5 I have repre 
sented a convenient manner of supporting 
the tube by the rod g, attached to the table 
or its frame, the jointed armsh, and the clamp 
i, which permits the location of the tube for 
any given observation or operation in any 
suitable relation with the subject, the grat 
ing, and the fluoroscope or sensitive surface, 
even below the patient when it is desired to 
make the observations from above. . 

It will also be understood that the operator 
may avail himself of various devices nothere 
in specifically mentioned, but of ordinary use, 
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to facilitate the measurements and the accu 
rate location of the invisible object sought, 
Such, for instance, as the Surface-gage, an 
instrument which may rest on the table, and 
carries an adjustable pointer or brush filled 
with iodine, by which indications may be 
marked on the permeable substance sub 
mitted to examination. Squares or straight 
bars may also be used, as the occasion may 
require, to secure accurate measurements, 
and any ordinary form of calipers may be 
employed for the same purpose. 
Warious other mechanical accessories will 

occur to the skilled operator, which may be 
used in connection. With my new radiographic 
apparatus. 
The angle-plates may, if preferred, be made 

With the open side closed by any suitable 
construction. 

I claim 
1. The combination with a source of X-rays, 

of a fluorescent or sensitive surface, and two 
non-permeable bars arranged in the same 

9o 

95 

plane in the radiographic field between the 
source and the surface, one between the source 
and the radiographic object, and the other 
between such object and the said surface, 
substantially as described. 

2. The combination with a source of X-rays, 
of a fluorescent or sensitive surface, and two 
non-permeable bars arranged in the same 
plane in the radiographic field between the 
source and the surface, the said source, sur 
face and bars being relatively adjustable, 
and one of the bars being placed between the 
source and the radiographic object and the 
other between the said object and the said 
surface, substantially as described. 

3. The combination of a source of X-rays, a 
fluorescent or sensitive Surface, and an inter 
mediate non-permeable angle-plate, consist 
ing of two parallel bars separated by an in 
terval and arranged in a plane coincident with 
the direction of the rays, so that the two bars 
project but a single shadow on the screen, sub 
stantially as described. 

4. The combination of a source of X-rays, a 
fluorescent surface, a metallic or non-perme 
able grating, and an intermediate imperime 
able angle-plate, having arms arranged at an 
angle with each other, substantially as de 
Scribed. 
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5. The combination of a source of X-rays, a 
sensitive surface, an interposed metallic or impermeable grating, an intermediate imper 
meable bar or plate, and an adjustable table, 
substantially as described. 

6. The combination with a source of X-rays, 
of an apertured glass table, a metallie orim 
permeable grating, and a sensitive surface, 
substantially as described. 

7. The combination of an adjustablesource 
of X-rays, a suitable supporting-table, two 
impermeable gratings arranged at angles with 
each other, two corresponding sensitive sur 
faces, and an impermeable bar or plate adapt 
ed to establish a base-line, for measurements, 
substantially as described. 

8. The combination of an adjustable source 
of X-rays, an apertured glass supporting-ta 
ble, two impermeable gratings arranged at 
angles with each other, one of said gratings 
being placed across the aperture in the table, 
two corresponding sensitive surfaces, and an 
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impermeable bar or plate adapted to establish 
a base-line for measurements, substantially 
as described. 

9. The combination of a source of X-rays, a 
fluorescent or sensitive surface, an interposed 
metallic or non-permeable grating, andanin 
termediate non-permeable angle-plate, con 
sisting of two parallel bars separated by an 
interval and arranged in a plane coincident 
with the direction of the rays, whereby the 
two bars project but a single shadow and an 
undistorted image of the grating is secured on 
the screen, substantially as described. 

10. The combination with a source of X 
rays, of an apertured glass table, a metallic 
or impermeable grating, a sensitive surface, 
and an interposed impermeable bar or plate, 
substantially as described. 

JOEIN DENNIS. 
Witnesses: 

SAMIL. W. PUFFER, 
W. W. HIBBARD. 
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