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ty invention relates to optical systems and, in 
particular, relates to an improved type of optical 
System for viewing images produced on screens 
such as the fluorescent screens employed in X-ray 
apparatus. 

For many purposes in which images are pro 
duced by X-rays and the like, it is desirable to be 
able to view the image instantly on a fluorescent 
Screen Fo example, in medical work, it would 
be desirable for many diagnostic purposes to be 
able to view on a fluorescent screen an image of 
the internal organs of a patient during their 
nortnal activities. However, it is well known 
that where the X-ray radiation is kept within 
in its which the patient may safely tolerate, the 
image produced on a fluorescent screen is unde 
sirably faint and cannot be viewed by the di 
agrostician in detail even after remaining in a 
darkened room for a period of the order of half 
an hour to accustom his eyes to the low luminous 
intensities on the screen. 
AI arrangement in which the image on the 

fluorescent screen of such an X-ray equipment 
can be reproduced instantaneously with an enor 
mos increase of intensity is described in Longini 
and Hunter Patent 2,555,545 issued June 5, 1951, 
for an Image intensifier, filed August 28, 1947, 
and assigned to the assignee of the present ap 
plication which clains certain subject matter 
herein disclosed. Briefly, the above-mentioned 
image intensifier produces on a photo-electric 
Screen closely adjacent the fluorescent Screen an 
electron image which is a replica of the luminous 
image, and produces a second luminous image of 
greatly enhanced intensity but smaller dimen 
Sions on a second fluorescent Screen which is 
viewed by the diagnostician through a Suitable 
magnifying optical system. The present inven 
tion constitutes an improvement on the optical 
System described in the above-mentioned Longini 
and Hunter application. 
The photo-electric and fluorescent screens of 

the above-mentioned application are disposed in 

. . .9. Claims. (C. 250-77) 
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a light-optical system which will erect the image. 
This latter requirement lengthens the distance 
between the diagnostician and the patient. 
One object of my invention is, accordingly, to 

provide a novel type of optical system in which 
the diagnostician is able to take a position suit 
ably close to the patient during observation. 
Another object of my invention is to provide 

a novel type of optical System which at Once re 
duces the separation between the diagnostician 
and the patient and produces an erect image for 
observation. 
Another object of my invention is to provide an 

improved type of image intensifier system for 
viewing images on screens produced by radiant 
energy. 

Still another object of my invention is to pro 
vide an improved arrangement for observing 
X-ray patterns of objects opaque to visible radi 
ation. 

Still another object of my invention is to pro 
vide an improved apparatus for X-radiation of 
patients for medical purpOSes. 
A still further object of my invention is to pro 

vide an improved optical System for viewing 
images on fluorescent Screens. 
Other objects of my invention will become ap 

parent upon reading the following description, 
taken in connection with the drawing, in which: 

Figure 1 is a general plan view of an X-ray ap 
paratus being employed by a diagnosticial for 
observation of a patient, which apparatus em 
bodies the principles of my invention; 

Fig. 2 is a perspective view of a novel type of 
reflecting prism forming a part of the optical 
system embodied in my invention; 
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a highly evaculated electron tube, and since the 
image viewed by the diagnostician is on the end 
of the latter which is remote from the patient 
tEndergoing X-radiation, the diagnostician may 
be positioned at a distance from the patient 
which makes it inconvenient for him to aid in 
properly positioning and manipulating the lat 
ter to obtain the view which he desires. Fur 
thermore, the electron lenses employed in the 
vacuum tube produce an inverted or reversed 
image on the fluorescent screen which the diag 
nostician is to view, and it is necessary to provide 
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Fig. 3 is a sectional view in the plane III-III 
of Fig. 2; and 

Fig. 4 is a sectional view of the prism of Fig. 2 
in the plane IV-W. 
Referring in detail to Fig. 1, an X-ray tube of 

conventional type is used to irradiate a patient 
or other object 2 and throw an X-ray image 
thereof on a fluorescent screen 3 in a nanner too 
well known in the radiographic art to require 
further description. The fiuorescent Screen 3 
forms an end wall in a high-vacuum tube 4 of the 
general type described in the Longini and Hunter 
patent already referred to. The vacuun tube 
may be of cylindrical form having one traS 
parent end wall on which the fluorescent Screen 
3 is positioned and having a second end wall 5 of 
glass supporting a screen comprising finely di 
vided particles of an electron-phosphor, Such as 
zinc cadmium sulphide, also described in the 
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above-mentioned Longini and Hunter applica 
? tion. Closely adjacent the fluorescent screen 3 

is positioned a photo-emissive layer 6 which may 
be separated from the fluorescent screen 3 by a 
thin layer of glass or the like. The tube 4 is 
provided with an electrostatic field electron op 
tical system (not shown). 
The arrangement so far described is disclosed 

in more detail in the above-mentioned Longini 
and Hunter patent and operates in the following 
way: The X-ray image of the patient produced 
on the fluorescent screen 3 emits light which is 
partially absorbed by the photo-electric layer 4, 
which is so thin as to be semi-transparent to 
light, and produces in the space adjacent the 
outer surface of the latter an electron image 
which is a replica of the visible image on the 
fuorescent screen 3. The electron-phosphor 
screen 5-issinapressed with a high-positive-poten 
tial by a voltage source (not shown), and the 
electrons forming the above-mentioned electron 
image are accelerated and caused to impinge 
with a very high velocity on the electron-phos 
phor screen 5. The electrostatic field above men 
tioned is arranged to converge the paths of the 
electrons within the tube 4 and to produce on 
the screen 5 a luminous image which is a replica 
of that on the screen 3, except that it is prefer 
'ably of substantially smaller diameter and is of a 
brightness which is of the order of 500 times 
that of the image on the screen 3. 
As described in the above-mentioned Longini 

and Hunter patent, an optical system is arranged 
which projects along the line of the central axis 
of the tube 4 and permits an observer to see an 
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enlarged image of the visible picture on the screen 
5. However, this optical system has to hear 
ranged to reverse the image appearing on the 
screen 5, and altogether it substantially lengthens 
the distance from the object 2 along the axis of 
the tube 4 to the eye of the observer. This in 
many cases is an inconvenience, inasmuch as the 
observer is not within easy reach of the object 2. 

In accordance with my invention, I provide 
an improved type of optical system in which a 
roof-prism f, not only inverts the image appear 
ing on the screen 5, but turns the light rays 
emanating from it through a 90-degree angle 
so that they may be observed by a diagnostician 
positioned at one side of the axis of the tube 4 
and within easy arms' length of the irradiated 
object 2. An ancillary optical system f2 may, 
if desired, be positioned between the observer 
and the face of the roof-prism . 
One means of doing this is to be described. 

This particular arrangement of elements should 
not be construed as limiting my idea. 
Turning to Figs. 2, 3 and 4, the form of the 

roof-prism will be described in more detail. Re 
ferring to Fig. 2, the prism, for reasons about 
to be discussed in more detail, preferably has 
faces which are not plane but spherical; but for 
purposes of clarity, it will first be discussed as 
though it comprises plane surfaces, and the 
reasons and functions of the curvature imparted 
to the surfaces will then be discussed. 
The prism may be considered to comprise one 

plane surface containing the points 21-22-23 
24-25 which intersects another plane surface 
2-25-28-26-27, said two planes being at 
right angles to each other. 
2-25 would be the intersection of these planes; 
and in Fig. 4, the line 23-25 worslie in the 
first of these planes and the dots 

4. w 

line 25-26 would lie in the second of these 
planes. 
The prism likewise would consist of two other 

planes, one comprising the points 22-23-26-27 
and the other comprising the points 23-24-28 
26, these planes intersecting each other in the 
line 26-23 and being positioned at right angles 
to each other. The intersection 23-26 is per 
pendicular to the intersection 2-25 and makes 
an angle of 45 degrees with each of the planes 
2-22-23-24-25 and 2-25-28-26-27. The 
edge 2 -25 would similarly make an angle of 45 
degrees with each of the planes 22-23-26-27 
and 24-23-26-28. The planes So far described 
would normally form peaks similar to those at 
23 and 26 above the triangle 2-22-27 and be 
low triangle 24-25-28 in Fig. 2; but for con 
venience in supporting the prism these peaks are 
removed by the two plane faces so numbered 
which are perpendicular to the interSection 
2-25. 

Fig. 3 represents a section of the prism made 
by passing a plane through the line 21-25 nor 
mal to the line 26-23. Fig. 4 is the section re 
sulting from passing a plane through line 23-26 
normal to the line 2-25. 
The prism f is positioned in the optical sys 

tem of Fig. 1 with the plane 2-22-23-24-25 
flat against the screen 5. The surfaces 22-23 
26-27 and 24-23-26-28 may be coated with 
silver to make them highly reflective, and if this 
is done, it will be found that a ray of light start 
ing from the image on the screen 5 will enter 
the prism at the point 3 and be reflected from 
the surface 24-23-26-28 along such a line as 
32-33. Upon striking the silvered surface 22 
23-26-27, it will again be reflected along the 
line “33s,34 to "emerge from the prism f in a 
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In Fig. 3, the line 

direction at right angles to that at which it en 
tered at the point 3i. The optical properties of 
such a prism are such that light rays from an 
image on the screen 5 will, after traversing the 
prism with the successive reflections above men 
tioned, form a reversed image of the view on the 
Screen 5 which is projected in a direction at right 
angles to the axis of the tube 4. . An observer 
nay, accordingly, view such an image in a di 
rection at right angles to said axis. 
While the foregoing describes the properties of 

a true prism with plane surfaces, such an image 
as has just been described would be of the Sarine 
size as that on the screen 5, and it is desirable 
for present purposes to considerably magnify the 
dimensions of the observed image. In order to 
accomplish this result, the surfaces 22-23 
26-27 and 24-23-26-28 are altered from true 
planes to make them constitute concave spheri 
cal mirrors having the radius of curvature neces 
sary to produce the desired magnification of the 
image. The degree of curvature of spherical re 
flectors required to produce the desired magnifi 
cation may, of course, be calculated by well 
known optical laws. For most purposes, the 
curvature of the two spherical surfaces should 
be the same and distortion will be minimized 
by making it not too great. In order to fur 
ther magnify the observed image, the surface 
2-25-28-26-27 is made to constitute the 
convex surface of the sphere, thereby acting as a 
magnifying lens. This serves the further pur 
pose of reducing halation, a phenomenon due to 
reflections back to the phosphor. It is prefer 
able that this surface be coated for low reflec 
tivity. The surface 2-22-23-24-25 is pref 

a straight 75 erably ground to fit the external surface of the 
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electron-phosphor Screen 5, and is cemented to 
that end of the tube 4. 

In certain instances, it will be found that the 
electron Optical System comprised within the tube 
4 will produce certain distortions of the light 
image appearing on the fluorescent screen 3. It 
is, however, possible to modify slightly the light 
optical System comprised in the prism and 
lens (2 to counteract these distortions. In gen 
eral, the light optical system and the electron 
optical system should be designed, by processes 
now known in the arts, to produce the best re 
sultant image presented to the eye of the observer 
without specific regard to the particular portion 
of the combined optical system in which distor 
tion would individually exist. 
The arrangement of Fig. may be provided 

with a suitable casing 3 in a manner well known 
- 'in the art-to-excludes undesired...light from the 

optical System. 
In Fig. 3, the point 35 is the mid-point of the 

intersection 23-26; the line 35-36 is the inter 
section of section-plane III with the surface 
22-23-26-27, and the line 35-37 is the inter 
section of that section-plane with the Surface 
23-24-28-26. -1 

In Fig. 4, 23-25 is the intersection of section 
plane IV 
line 25-38-26 is the intersection of that section 
piane with surface 2-25-28-26-27. 
While I have described the foregoing arrange 
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spherical reflecting surfaces substantially at 
right angles to each other and having a line of 
intersection forming Substantially equal angles at 
its points of intersection with said output screen, 
and optical magnifying means in the path of 
light reflected from said reflecting surfaces. 

4. An image intensifier comprising an electron 
optical system producing a luminous image on 
a screen forming a Wall portion thereof and a 
roof-prism traversed by the light from said image 
comprising one surface contiguous to said Screen, 
a second surface of spherical contour substan 
tially at right angles to said Screen, Said prism 
also comprising two reflecting spherical surfaces 
substantially at right angles to each other inter 
secting each other in a line which makes sub 

11 

stantially equal angles at its intersection with 
each of the first two surfaces mentioned, and 

...optical magnifying means in the path of light 
20 
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ith?surface 2 f-22-23-24-25; and 
3) 

ment as utilized for observation of X-ray images 
on a fluorescent screen in the medical arts, it will 
be evident that its principles are of much wider 
application than for this specific purpose and 
may be applied to the magnification and Orienta 
tion of images generally whether produced initi 
ally by non-visible radiations or otherwise. 

I claim as my invention: 
1. In combination with an electronic image in 

tensifier having an output Screen on which a 
luminous image appears, a roof-prism traversed 

reflected from said reflecting surfaces. 
5. An X-ray apparatus comprising means for 

forming an X-ray image of an irradiated object 
on a fluorescent.screen, an electron optical image 
intensifier comprising a substantially cylindrical 
high vacuum tube having its axis normal to said 
screen and having an output screen substantially 
normal to said axis, a roof-prism traversed by 
light from said output screen comprising two sur 
faces Substantially at right angles ot each other, 
one said surface being positioned adjacent to 
Said output Screen, and the other said surface 
being spherical said prism also comprising two 
other spherical reflecting surfaces substantially 
at right angles to each other and having a line 
of intersection forming equal angles with each 
of the two Surfaces first mentioned. 

6. A roof-prism comprising two surfaces sub 
'startially at right angles to each other, one of 

4) 

by the light from said luminous image for per 
mitting said image to be viewed from a position 
at one side of the axis of said image intensifier, 
Said roof-prism having two reflecting surfaces, 
and a third surface of spherical contour traversed 
by the light reflected from one of said reflecting 
Surfaces. 

2. An X-ray apparatus comprising means for 
forming an X-ray image of an irradiated object 
On a fluorescent Screen, an electron optical image 
intensifier comprising a substantially cylindrical 
high vacuum tube having its axis normal to said 

een and having an output Screen substantially 
normal to said axis, a roof-prism traversed by 
light from said output screen comprising two sur 
faces substantially at right angles to each other, 
One Said surface being positioned adjacent to said 
output Screen, said prism also comprising two 
Sp ericalreflecting surfaces substantially at right 
angles to each other and having a line of inter 
Section forning equal angles with each of the 
two surfaces first mentioned. 

3. An X-ray apparatus comprising means for 
forming an X-ray image of an irradiated object 
on a fluorescent screen, an electron optical image 
intensifier comprising a substantially cylindrical 
high vacuum tube having its axis normal to said 
Screen and having an output screen substantially 
ornal to said axis, a roof-prism traversed by 

light from said output screen comprising two sur 
faces substantially at right angles to each other, 
One Surface being positioned adjacent to said 
output Screen, said prism also comprising two 
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said surfaces constituting the entrance face of 
said roof-prism being optically cemented to an 
electron phosphor screen and the other of said surfaces constituting the exit face of said roof 
prism being curved, said prism comprising also 
two other surfaces substantially at right angles 
to each other, said other surfaces being light re 
flecting and each having slight spherical curva 
ture with the concave surfaces toward each other, 
and having a curve of interSection forming Sub 
stantially equal angles with the normal to said 
first surface and with the optical axis of said 
second surface whereby said reflecting surfaces 
form the roof of said roof-prism. . 

7. An optical transmission element comprising 
a prism having a phosphor screen optically con 
tinuous with one of its surfaces which constitutes 
the entrance face of Said prism, a second surface 
of curved form having its optical axis Substan 
tially parallel to said screen and constituting 
the exit face of said prism, said prism also com 
prising two spherical surfaces having central 
axes substantially at right angles to each other 
and having a line of intersection forming an angle 
of substantially 45 with said screen, said two 
spherical surfaces being concave toward each 
other and refecting on their concavefaces where 
by a roof-prism is formed. 

8. An X-ray apparatus comprising means for 
projecting an X-ray beam through an object onto 
the fluorescent input screen of an electron image 
intensifier having an output screen on which a 
luminous image appears which is in the path of 
said beam and which is small compared with said 
input screen, an optical system comprising a roof 
prism having its input face in optical contact 
with said output-screen for viewing Said image 
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from a position lateral to the axis of said image 
intensifier, the face of said prism where the radia 
tion from said luminous image passes out of said 
prism being convex. 

9. An X-ray apparatus comprising means for 
causing an X-ray beam to produce an image 
of an irradiated object. On a fluorescent Screen, 
an electron optical image intensifier comprising 

. . . .--- 

means for projecting into incidence with an out 
put screen positioned in the path of said beam 
an electron image which is a reversed replica 
to small scale of that on said fluorescent-screen, 
a reflector for said output screen comprising two 
surfaces substantially at right angles to each 
other and having a line of intersection forming 
substantially a 45° angle at its point of inter 

*section with said output screen to reflect the light 
therefrom in a beam substantially parallel to 
said output screen and within less than arm's 
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length distance of said object, and optical Inag: 20 
nifying means in the path of the last mentioned 
beam. 

RICHARD L, LONGIN. 
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