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28,451 
RADATION DETECTING APPARATUS 

David J. Spieha, Fra skin Park, and Marvin S. Kreuser, 
Schaunts airg, ii., assignor to Parker-Hazmifin Corpora 
tion, Cleveland, Ohio 

Original No. 3,723,735, dated Mar. 27, 1973, Ser. No. 
111,499, Feb. 1, 1971. Application for reisstie Dec. 13, 
1973, Ser. No. 424,598 

a. C. Got 1/20 
U.S. C. 250-366 14 Cains 

Matter enclosed in heavy brackets is appears in the 
original pates at but forms no part of this reissue speciá 
cation; matter pri?ed in itaics indicates the additigs as 
made by reissue. 

ABSTRACT OF THE DISCLOSURE 
An improved light guide for use in a radiation detect 

ing apparatus. The areas of the surfaces of the light 
guide not in contact with the photomultiplier tubes or 
the Scintillating crystal assembly are covered with a highly 
light absorbent coating, such as black paint. In the pre 
ferred form, V-shaped indentations extend into the surface 
of the light guide and encircle the light sensitive faces of 
the photomultiplier tubes about the periphery thereof. 
These V-shaped indentations are also coated with a light 
absorbent coating. This improvement in the construction 
of the light guide reduces greatly the occurrence of “hot 
spots', which are recordations in a two-dimensional co 
ordinate system of inordinately large concentrations of 
light that are not actually present at certain spots in the 
radiation source. 

RADATION DETECTING APPARATUS 
This invention relates to an improved light guide for use 

in a radiation detecting apparatus. More particularly, the 
areas of the surfaces of the light guide not in contact with 
the photomultiplier tubes or the scintilating crystal as 
sembly are covered with a highly light absorbent coating, 
such as black paint. This improvement reduces greatly the 
occurrence of "hot spots”, which are recordations in a 
two-dimensional co-ordinate system of inordinately large 
concentrations of light that are not actually present at 
certain spots in the radiation source being scrutinized by 
the radiation detecting apparatus. 

BACKGROUND OF THE INVENTION 
Radiation detecting devices utilizing a planar scintil 

lating crystal assembly and a plurality of photomultiplier 
tubes in an optical scanning arrangement with respect to 
the crystal assembly are currently in use in a number of 
applications, such as in medical diagnostic equipment. A 
particular form of such a radiation detecting device is de 
scribed in U.S. Pat. No. 3,011,057, which describes a 
radiation detecting device in wide commercial use for 
locating a radiation source in two-dimentional coordi 
nates. This device is known as a scintillation camera, and 
is widely used to rapidly project an image of the distribu 
tion of radioactivity throughout an object under investi 
gation, such as an organ of a living subject which has 
ingested a diagnostic quanitity of a radioactive isotope. A 
scintillation camera of this type produces a picture of the 
radioactivity distribution by detecting individual gamma 
rays emitted from the distributed radioactive isotope and 
passing through a collimator to produce a scintilation in 
a thin planar scintillating crystal. The scintillation is de 
tected by an array of individual photomultiplier tubes 
which view overlapping areas of the crystal. Appropriate 
electronic circuits translate the outputs of the individual 
photomultiplier tubes into X and Y coordinate signals 
and a Z signal which indicates generally the energy of the 
scintillation event and whether that energy falls within a 
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2 
selected energy window. A visual display of the radio 
activity distribution in the object may be obtained by 
coupling the X, Y, and Z signals to a cathode ray oscillo 
scope or other image display device, where the individual 
Scintillation events are displayed as small spots of light 
positioned in accordance with the X and Y coordinate 
signals. The record of the spots of light may be obtained 
by either coating the screen of the oscilloscope with an 
image retaining phosphorescent substance or by exposing 
a photographic film to the oscilloscope for a period of 
time. 

PURPOSE OF THE INVENTION 
One problem frequently encountered in the type of 

instrument described, and in other types of radiation de 
tecting devices, is the occurrence of "hot spots' at certain 
locations in the X and Y coordinate system. These "hot 
spots' are the registration at certain X and Y coordinates 
of inordinately large amounts of radioactivity which in 
fact are not present. These hot spots tend to distort the 
actual pattern of radioactivity which exists in the object 
scrutinized. The existence of hot spots can be illustrated 
by scrutinizing an object having uniform radioactivity 
throughout. A film exposure of an oscilloscope pattern 
projected by a radiation detecting device will show certain 
points on the oscilloscope screen as receiving a higher 
amount of radioactivity than neighboring locations. This, 
of course, is an erroneous image since the object is known 
to be uniformly radioactive throughout. 
A seemingly unrelated feature of radiation detecting 

devices is disclosed herein to be related to the aforesaid 
problem of hot spots. In the past, it has frequently been 
considered desirable to channel as much light as possible 
from the scintiilations occurring in the scintillating crystal 
into the light sensitive faces of the array of photomulti 
plier tubes in a radiation detecting apparatus. This has 
been achieved by utilizing a light guide with indentations 
in a surface thereof in contact with the light sensitive faces 
of the photomultiplier tubes. That is, the indentations en 
circle each of the light sensitive faces about the periphery 
thereof, and serve the dual purpose of reflecting indirect 
light into the photomultiplier tube associated therewith 
and inhibiting this indirect light from reaching more dis 
tant photomultiplier tubes. This construction has increased 
the resolution of the final projected image. In addition, 
all the surfaces of the light guide, except the areas of the 
surfaces in intimate contact with the scintillating crystal 
assembly or the light sensitive faces of the photomultiplier 
tubes, are frequently coated with white paint so that as 
much light as possible is reflected into the photomultiplier 
tubes. This maximization of light produced transmitted to 
the photomultiplier tubes from the scintillating crystal is 
advantageous in that it reduces the time required to obtain 
meaningful visual and digital records of locations of high 
radioactivity in an X and Y coordinate system superin 
posed over an object being scrutinized. This reduces the 
time required for examination of the object by a physician 
or technician. It also enables a living subject to ingest a 
smaller dosage of a radioisotope and still be accurately 
examined by the radiation detecting apparatus. The pos 
sibility of harmful side effects due to the radioisotope is 
thereby reduced accordingly. 

Because of the advantages of maximized light chan 
neling to the photomultiplier tubes, this practice has never 
been seriously questioned, although it has been recognized 
that coating the surfaces of the light guide not in intimate 
contact with the scintilating crystal assembly or the 
photomultiplier tubes with a more light absorbent sub 
stance would result in a decrease in the amount of light 
received by the photomultiplier tubes. 
As an integral part of this invention, it is disclosed 

herein that the indiscriminate channeling of light through 
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a light guide in a radiation detecting device is largely 
responsible for the occurrence of hot spots which decrease 
the accuracy of the device and reduce its usefulness. In 
particular, small deviations of a point source of light 
located directly in front of a photomultiplier tube about 
the central axis of the tube do not register, changes in posi 
tion but rather contribute to the creation of a hot spot in 
the output of a radiation detecting apparatus. 

It is an object of this invention to recognize the exist 
ence of the problem of hot spots and to provide a solution 
therefore. Accordingly, it is a further object to construct 
the light guide in a radiation detecting apparatus so that 
indiscriminate channeling of light into the photomultiplier 
tubes does not occur and hot spots produced thereby are 
reduced to a great extent. The implementation of this in 
vention also increases the accuracy of radiation detecting 
equipment utilized. This is achieved by eliminating the 
unrestrained light channeling present in existing devices 
which results in giving inordinate weight to distant scintil 
lations in determining the matrix position of a radioactve 
event. Furthermore, resolution is improved because gen 
eral diffusion of light in the light guide is greatly reduced. 

It is a further object to increase the accuracy and use 
fulness of radiation detecting devices by increasing the 
effective field of view of a radiation detecting device. In 
existing radiation detecting devices, a substantial portion 
of the peripheral field of view is subjected to bombard 
ment by light rays, and consequently is unavailable for 
effective radioactivity detection. In the device of this 
invention, however, the extent of this peripheral oblitera 
tion is greatly reduced, so that a given radiation detecting 
device may effectively examine a larger area and record 
more accurate quantitative data on the radioactivity 
detected, 
Yet another object of the invention is to achieve the 

advantages described without incurring negating disadvan 
tages, such as adversely affecting resolution in the radia 
tion detecting apparatus, or prolinging observation time 
or requiring dangerously high dosages of radioactive iso 
topes to be ingested by a living subject, 

BRIEF DESCRIPTION OF THE INVENTION 

In a broad aspect this invention is a light guide for 
improving the accuracy of locating and indicating the 
intensity of a radiation source using two-dimensional co 
ordinates in a radiation detecting apparatus comprising a 
first surface having a highly transparent area for intimate 
contact with a face of a scintillating crystal assembly, a 
second surface having highly transparent areas for in 
timate contact with the light sensitive faces of photomulti 
plier tubes, a boundary surface joining said first and 
second surfaces, and a highly light absorbent coating on 
said light guide surrounding the aforesaid highly trans 
parent areas. 

In another aspect this invention may be considered as, 
in a radiation detecting apparatus utilizing a planar scintil 
lating crystal assembly having opposite faces; a plurality 
of photomultiplier tubes having light sensitive faces lying 
in a plane parallel to said scintilating crystal assembly 
and spaced therefrom; a light guide interposed between 
said scintillating crystal assembly and said photomultiplier 
tubes comprising an upstream surface having an area of 
intimate contact with one of said faces of said scintillating 
crystal assembly, a downstream surface having areas of 
intimate contact with said light sensitive faces of said 
photomultiplier tubes, and a boundary surface joining said 
upstream and downstream surfaces and spanning the dis 
tance between said scintillating crystal assembly and said 
light sensitive faces of said photomultiplier tubes; am 
plifying and computing circuitry means coupled to each of 
said photomultiplier tubes for computing the two-dimen 
sional coordinates of a scintillation produced in said 
scintillating crystal assembly according to the quanta of 
raditation produced by said scintilation and sensed by 
each of said photomultiplier tubes; and location registra 
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4 
tion means connected to said amplifying and computing 
circuitry means for recording the coordinates of a scintil 
lation, the improvement wherein the areas of the surfaces 
of said light guide in intimate contact with said scintillat 
ing crystal assembly and said light sensitive faces of said 
photomultiplier tubes are highly transparent, and the sur 
faces of said light guide are elsewhere covered with a 
highly light absorbent coating. 

In one particular embodiment, the radiation detect 
ing device is a radiation imaging apparatus, and the lo 
cation registration means is an image display means for 
visually indicating the coordinates of a scintillation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 diagrammatically illustrates the geometric 
relationship between the photomultiplier tubes and the 
Scintillating crystal in this invention. 

FIG. 2 is a sectional elevational view of a portion of a 
radiation detecting apparatus constructed in accordance 
with FIG. 1. 

FIG. 3 is an enlarged view of a portion of FIG. 2. 
FIG. 4 is a block diagram of the electrical circuitry of 

the embodiment of the radiation detecting apparatus il 
lustrated. 

FIG. 5 is an enlarged view of a time exposed photo 
graph of the screen of an image display means. 

FIG. 6 is a plot of light intensity along the line K-K 
on the screen of FIG. 5 in a prior art device. 

FIG. 7 is a plot of light intensity along the line K-K 
of the Screen of FIG. 5 in a device improved according 
to this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring now to FIGS. 1 and 2, there is illustrated a 
portion of a radiation detecting apparatus for locating a 
radiation source in two-dimensional coordinates and 
for indicating the intensity of radiation produced by the 
radiation source. A radiation receiving head is com 
prised of a generally tubular portion 10 having a metal 
jacket 16 within which is disposed a radiation shield 12, 
comprised of lead or other radiation absorbing mate 
rial. A similar radiation shield 92 is located within 
flanged casing disk 93 which together form the lead 
cover 13 disposed above the tubular portion 10 to 
house the radiation receiving head. The lower edge of 
jacket 16 terminates in an inwardly extending flange 41 
which supports an annular steel frame 20 and a scinti 
lating crystal assembly 42. The operative element of 
the Scintilating crystal assembly 42 is the Scintillating 
Crystal 37 which is entrapped between the other parts 
of the Scintillating crystal assembly which further con 
sists of a thin aluminum shield 36 and a transparent 
glass cover disk 39. The scintilating crystal 37 is a 
thalium activated sodium iodide crystal. Because the 
crystal 37 is hygroscopic, it must be completely encap 
Sulated by the aluminum shield 36, the glass disk 39, 
and the steel frame 20 in order to avoid possible 
damage from Water or water vapor. Aluminum shield 
36 is fastened to frame 20 by means of machine screws 
19 which are embedded in a potting compound 99. The 
light guide 45 is held in intimate contact with the glass 
cover disk 39 of the scintillating crystal assembly 42 by 
means of spring biased bolts 22 which extend through the 
light guide and into the steel frame 20. 
Within the radiation detector head are positioned a 

plurality of photomultiplier tubes having light sensitive 
faces lying in intimate contact with the light guide 45. 
Nineteen photomultiplier tubes are used in the pre 
ferred arrangement, and these are positioned above 
the Scintillating crystal 37 in the manner illustrated in 
FIG. 1. It can be seen that the light sensitive faces 26 of 
the photomultiplier tubes lie in a plane parallel to the 
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scintillating crystal assembly 42 and are spaced 
therefrom with the light guide 45 interposed there 
between. From FIG. 1, it can be seen that the 
photomultiplier tube P10 lies above the exact center of 
the scintillating crystal 37, and the center of the light 
sensitive face of the photomultiplier tube P10 is the 
center of a two-dimensional coordinate system divided 
into quadrants by an X axis and a Y axis, as indicated in 
FIG. 1. It should be noted that the view of FIG. 2 cor 
responds to a section taken along the X axis of FIG. 1. 
The photomultiplier tubes are laterally restrained at 
their upper ends by a restraining plate 24, which is at 
tached to the bearing ring 97 by means of screws 23. 
Bearing ring 97 is fastened to the upper ends of upright 
columns 46 by screws 21. The lower ends of columns 
46 are fastened to annular frame 20 by means of 
flathead screws (not visible). Extension columns 90 ex 
tend upward from bearing ring 97 at spaced intervals 
offset from columns 46. Extension columns 90 are at 
tached at their lower ends to bearing ring 97 and at 
their upper ends to an intermediate annular ring 91. 
Cover bearing supports 94 extend upward from inter 
mediate ring 91 and are fastened thereto at spaced in 
tervals offset from columns 90. The supports 94 carry the 
weight of the cover 13. 
The photomultiplier tubes P1 through P19 are nor 

mally spring biased into intimate contact with the light 
guide 45 by coil springs positioned about the photomul 
tiplier tubes and maintained in compression by the 
lower ends of photomultiplier tubes P1 through P19 
and by restraining plate 24. These springs have been 
omitted to improve the clarity of the illustrations by 
avoiding unnecessary detail. The upper ends of the 
photomultiplier tubes are each plugged into an electri 
cal socket 52 from which cords 54 containing electrical 
leads extend. Cords 54 are combined into a cable 47 
that leaves the radiation detecting head and connects 
the radiation detecting head to the remainder of the radia 
tion imaging apparatus. 

Within each of the sockets 52 is located a preamplifi 
er as indicated generally at 61 in the block diagram of 
FIG. 4. The preamplifier at 61 along with the resistor 
matrix and summing and attenuator circuitry at 62, the 
Z pulse former and pulse height analyzer at 80, the line 
amplifiers and gated pulse stretchers at 48, and the dif 
ferential amplifiers and ratio circuits at 67 form the am 
plifying and computing circuitry means of this inven 
tion in the embodiment illustrated. The photomultiplier 
tubes P1 through P19 function together to detect a 
scintillation in the scintillating crystal 37. Signals from 
each of the photomultiplier tubes are carried separately 
on leads S1, S2, S3, etc. to the preamplifiers at 61. The 
amplified outputs of each of the photomultiplier tubes 
are carried on leads S1’, S2, S3", etc. to a resistor matrix 
and summing amplifier and attenuator circuits indi 
cated generally at 62. The values of the resistors in 
the resistor matrix associated with each photomultipli 
er tube vary depending upon the location of the tube in 
the X and Y coordinate system. The summing amplifier 
circuit develops four coordinate output signals: --X, -X, 
--y, and -y. These signals are attenuated equally and 
appear on lines 65, 63, 71, and 72 respectively. These 
four output signals are transmitted to line amplifiers 
and gated pulse stretchers indicated generally at 48. 
and to a Z pulse former and pulse height analyzer in 
dicated generally at 80. The Z pulse former combines 
the four input signals into a Z signal which represents 
the energy of a scintillation event and is an input on line 
70 to differential amplifier and ratio circuits indicated 
generally at 67. The pulse height analyzer gates on the 
gated pulse stretchers through line 98 if the energy of a 
scintillation event falls within a selected energy window 
so that the stretched --X, -X, -y, and -y signals on lines 
81, 82, 83, and 84 respectively are presented to dif 
ferential amplifiers and ratio circuits indicated at 67. 
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The differential amplifiers subtract the --X and -X 
signals and the +y and -y signals. The results are 
ratioed with the Z pulse on line 70 as the denominator 
to produce x and y coordinate signals on lines 51 and 
52 respectively. The pulse height analyzer also pro 
duces an unblanking signal on lead 69 as an input to 
the image display means when the analyzer has deter 
mined that a scintillation event falls within a selected 
energy window. The visual display means illustrated 
takes the form of an oscilloscope 86 having a screen 30. 
Upon receipt of the unblanking signal on line 69, a spot 
or light appears on the oscilloscope screen 30 in ac 
cordance with the input position coordinates X and y 
transmitted on lines 51 and 52 respectively. w 

It should be kept in mind that where an analysis of 
the photomultiplier tube signals other than a visual dis 
play is desired, a type of location registration means 
other than the oscilloscope 86 may be used for record 
ing the coordinates of a scintillation. In this case, the 
amplifying and computing circuitry means would be 
connected to a different type of location registration 
means, such as a digital computer, for example. In this 
case the signals from the photomultiplier tubes on leads 
S1 through S19 would be digitized at or before 
reaching the lines 51, 52 and 69, or leads corresponding 
thereto. 
The description of the illustrated embodiment to this 

point has been a description of a conventional form of a 
radiation imaging apparatus. The novelty of the inven 
tion disclosed herein lies in the construction of the light 
guide 45 which is best illustrated in FIG. 3. The light 
guide 45 has a first surface 27 having a highly trans 
parent area of intimate contact with one of the faces 28 
of the scintillating crystal assembly 42. In the embodi 
ment illustrated, this first surface 27 of light guide 45 
may be considered as the upstream surface, since the 
energy from a flash of light in the scintilating crystal 37 
will first enter the light guide 45 through the surface 27. 
A layer 53 of conventional optical coupling compound 
intimately joins the surface 27 and the face 28 in inti 
mate contact. This optical coupling compound is of a 
conventional type for preventing a large index of re 
fraction at an optical interface. One suitable optical 
coupling compound is that marketed by the Dow Corn 
ing Company with a stock number of 20-057. The light 
guide 45 is also comprised of a second or downstream 
Surface 14 having highly transparent areas in intimate 
contact with the light sensitive faces 26 of the 
photomultiplier tubes. Again, layers 53 of the same op 
tical coupling compound join the transparent areas of 
surface 14 in intimate contact with the light sensitive 
faces 26. Light guide 45 is further comprised of a boun 
dary surface 11 joining the downstream surface 14 and 
the upstream Surface 27 and spanning the distance 
between the face 28 of the scintillating crystal assembly 
42 and the light sensitive faces 26 of the photomultiplier 
tubes. With the exception of the highly transparent 
areas of the surfaces 14 and 27 in intimate contact with 
the scintillating crystal assembly and the photomultipli 
er tubes, the surfaces of the light guide 45 are else 
where covered with a highly light absorbent coating 
17. This coating 17 covers the entire boundary surface 
11 and the peripheral portion of the upstream surface 
27 that is in contact with the annular steel frame 20. 
The layer 17 also covers the peripheral portion of the 
downstream face 14 as well as the walls of the indenta 
tions 15 extending into the downstream surface 14 
about the periphery and each of the photomultiplier tubes. 
These indentations encircle each of the light sensitive 
faces 26 about the periphery thereof and are of a uniform 
V-shaped cross section throughout. These V-shaped in 
dentations are used in preferred embodiments of conven 
tional radiation imaging devices to channel the light 
flashes from scintillations in the scintillating crystal 37 
into the photomultiplier tube nearest the scintillation, and 
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to reduce the amount of light transmitted to more distant 
photomultiplier tubes. This manner of increasing resolu 
tion is still useful in conjunction with the present inven 
tion, but whereas the prior teaching indicated that the 
walls of the indentations 15 should be rendered highly 
reflective in order to channel light into the photomultiplier 
tubes, the opposite effect is desired and achieved with the 
highly light absorbent coating 17 in the present invention. 
As has been discussed, indiscriminate channeling of 

light into photomultiplier tubes results in the formation 
of hot spots in the two-dimensional coordinate system. 
FIG. 5 illustrates the formation of these hot spots 29 in 
the modified oscilloscope screen 30'. The screen 30' has 
a diameter D and differs from the oscilloscope screen 30 
in FIG. 4 only in that it is coated with phosphors to retain 
the image of a spot of light appearing on the screen for a 
period of time. The visual image of FIG. 5 may also be 
produced by a time exposure of a photographic film to the 
Oscilloscope screen 30. In either event, the pattern of hot 
spots 29 formed on the oscilloscope screen will occur 
Whenever an object of uniform radioactivity throughout 
is positioned in the field of view of scintillating crystal 37. 
Whereas an object of uniform radioactivity should pro 
duce a uniform quantity of light spots throughout the 
oscilloscope screen, it can be seen that the hot spots 29 
are much brighter in FIG. 5 due to the excessive channel 
ization of light by conventional radiation detecting instru 
ments. The pattern of hot spots formed includes a cen 
tral hot spot 29 and six additional hot spots spaced an 
approximate equal ditsance about the central hot spot 29. 
In addition to the hot spots 29, there is also an annular 
ring 29' of high light intensity about the periphery of the 
oscilloscope screen. The high intensity of lightin light in 
this area is attributable to indirect light reflected into the 
photomultiplier tubes from the peripheral portions of the 
light guide 45 at and adjacent to the boundary surface 11. 
A plot of light intensity against location along the line 
K-K of FIG. 5 utilizing a conventional radiation detect 
ing apparatus is illustrated in FIG. 6 by the curve A. It 
can be seen that the light intensity, which ideally should 
be plotted as a horizontal straight line, exhibits extreme 
variations with hot spots occurring at the locations 29 and 
with a rather large annular light flooded areas 29' leaving 
an effective viewing area in the form of a disk having a 
diameter do. A similar section of FIG. 5 utilizing a radia 
tion detecting apparatus improved according to this inven 
tion is illustrated in FIG. 7. By comparing the curve B 
of FIG. 7 with the curve A of FIG. 6 it can be seen that 
the light intensity of the hot spots 29 is markedly reduced 
using the improved light guide of this invention. Further 
more, the annular light flooded ring 29' drops off sharply 
from the edge of the oscilloscope screen leaving an ef 
fective viewing area in the form of a disk having a diam 
eter di. It can be seen that diameter d is significantly 
larger than diameter d, thereby illustrating the fact that 
implementation of this invention increases the effective 
viewing area of the radiation detecting apparatus in Which 
it is utilized. A larger organ or other subject may thereby 
be scrutinized in a single placement of the radiation re 
ceiving head with a resultant saving of time and manipula" 
tion in the operation of the radiation detecting apparatus. 
The curves A and B in FIGS. 6 and 7 respectively are 

not intended to be drawn to scale, and are depicted for 
qualitative analysis only. 

It has been found that a very suitably light absorbing 
coating 17 illustrated in FIGS. 2 and 3, may be formed 
on anotherwise conventional light guide. The areas of 
the light guide 45 which are to be positioned in intimate 
contact with either the light sensitive faces of the photo 
multiplier tubes or the scintillating crystal assembly are 
first covered with a masking shield to prevent the coating 
from forming on these areas. Thereafter, a paint primer, 
such as the Primer 901-P1 marketed by the Minnesota 
Mining and Manufacturing Company is sprayed onto the 
unshielded smooth surfaces of the light guide in a trans 
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8 
lucent layer. The primer may be dried by baking for about 
one half hour at 150 F. Thereafter, a low reflectivity 
black paint, such as a paint marketed under the trade 
name of Nextel, No. 101-C10 produced by the Minnesota 
Mining and Manufacturing Company, is sprayed in a layer 
over the primer on the unshielded portions of the surfaces 
of the light guide 45. Upon drying in ambient air condi 
tions, the interior layer of paint primer and the exterior 
layer of black paint form a very excellent light absorbent 
coating for the purposes of this invention. The masking 
shield is removed from the highly transparent areas, and 
the light guide may be installed in a conventional manner 
in a radiation detecting apparatus. 
The above disclosure and drawings have been given 

for purposes of illustration only, and no unnecessary 
limitation should be construed therefrom. For example, 
other modifications of the general type of radiation detect 
ing apparatus currently in use may be substituted for that 
described herein. 
We claim as our invention: 
1. A light guide for improving the accuracy of locating 

and indicating the intensity of a radiation source using 
two-dimensional coordinates in a radiation detecting ap 
paratus employing an array of photodetectors each posi 
tioned at a unique location in a two-dimensional coordi 
nate system, and for attenuating the erroneous registra 
tion in the two-dimensional coordinate system of apparent 
localized concentrations of radiation simulated internally 
within the radiation detecting apparatus, comprising a first 
surface having a highly transparent area for intimate con 
tact with a face of a scintilating crystal assembly, a Sec 
ond surface having highly transparent areas for intimate 
contact with the light sensitive faces of the photodetectors, 
a boundary surface joining said first and second Surfaces, 
and a highly light absorbent coating on the light guide 
surrounding the aforesaid highly transparent areas. 

2. The light guide of claim 1 wherein said light absor 
bent coating is comprised of an interior layer of paint 
primer and an exterior layer of black paint. 

3. The light guide of claim wherein said second Sur 
face has indentations thereon encircling each of said 
highly transparent areas for intimate contact with the 
light sensitive faces of photomultiplier tubes. 

4. The light guide of claim 3 wherein said indenta 
tions are of a uniform V-shaped cross section throughout. 

5. The light guide of claim 1 wherein said light guide 
is a transparent plastic structure. 

6. The light guide of claim 1 wherein said light guide 
is a transparent glass Structure, 

7. A radiation detecting apparatus for locating a radia 
tion source in two-dimensional coordinates, for indicating 
the intensity of radiation produced by said radiation 
source, and for attenuating the erroneous registration in 
a two-dimensional coordinate system of apparent localized 
concentrations of radiation simulated internally within the 
radiation detecting apparatus, comprising: 

a. a planar scintillating crystal assembly having op 
posite faces, 

b. a plurality of photodetectors having light sensitive 
faces and lying at unique locations in the two-dimen 
sional coordinate system in a plane parallel to said 
scintillating crystal assembly and spaced therefrom, 

c. a light guide interposed between said scintilating 
crystal assembly and said photodetectors comprising 
an upstream surface having a highly transparent area 
in intimate contact with one of said faces of said 
scintillating crystal assembly, a downstream surface 
having highly transparent areas in intimate contact 
with said light sensitive faces of said photodetectors, 
a boundary surface joining said downstream and up 
stream surfaces and spanning the distance between 
said scintillating crystal assembly and said light sensi 
tive faces of said photodetectors, and a highly light 
absorbent coating on said light guide surrounding the 
aforesaid areas of intimate contact with said scintil 
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lating crystal assembly and said light sensitive faces 
of said photodetectors, 

d. amplifying and computing circuitry means coupled 
to each of said photodetectors for computing the two 
dimensional coordinates of a scintillation produced 
in said scintillating crystal assembly according to the 
quanta of radiation produced by said scintillation and 
sensed by each of said photodetectors, and 

e. location registration means coupled to said ampli 
fying and computing circuitry means for recording the 
coordinates of a scintillation. 

8. The radiation detecting apparatus of claim 7 wherein 
said location registration means is an image display means 
for visually indicating the two-dimensional coordinates 
of a scintillation. 9. In a radiation detecting apparatus utilizing a planar 
scintillating crystal assembly having opposite faces; a plu 
rality of photodetectors having light sensitive faces and 
lying at unique locations in a two-dimensional coordinate 
systems in a plane parallel to said scintillating crystal as 
sembly and spaced therefrom; a light guide interposed be 
tween said scintillating crystal assembly and said photo 
detectors comprising an upstream surface having an area 
of intimate contact with one of said faces of said scintil 
lating crystal assembly, a downstream surface having areas 
of intimate contract contact with said light sensitive 
faces of the photodetectors, and a boundary surface join 
ing said downstream and upstream surfaces and spanning 
the distance between said scintillating crystal assembly 
and said light sensitive faces of said photodetectors; am 
plifying and computing circuitry means coupled to each of 
said photodetectors for computing the two-dimensional co 
ordinates of a scintillation produced in said Scintillating 
crystal assembly according to the quanta of radiation pro 
duced by said scintillation and sensed by each of Said 
photodetectors; and location registration means connected 
to said amplifying and computing circuitry means for re 
cording the coordinates of a scintillation, the improve 
ment wherein the areas of the surfaces of said light guide 
in intimate contact with said scintillating crystal assembly 
and said light sensitive faces of said photomultiplier tubes 
are highly transparent, and the surfaces of said light guide 
are elsewhere covered with a highly light absorbent coat 
ing whereby erroneous registration in the two-dimensional 
coordinate system of apparent localized concentrations 
of radiation simulated internally within the radiation de 
tecting apparatus is attenuated. 

10. In a radiation imaging apparatus utilizing a planar 
scintillating crystal assembly having opposite faces, a plu 
rality of photodetectors having light sensitive faces and 
lying at unique locations in a two-dimensional coordinate 
system in a plane parallel to said scintillating crystal as 
sembly and spaced therefrom; a light guide interposed be 
tween said scintillating crystal assembly and said photo 
detectors comprising an upstream surface having an area 
of intimate contact with one of said faces of said Scintil 
lating crystal assembly, a downstream surface having areas 
of intimate contact with said light sensitive faces of Said 
photodetectors, and a boundary surface joining said down 
stream and upstream surfaces and spanning the distance 
between said scintillating crystal assembly and said light 
sensitive faces of said photodetectors; amplifying and com 
puting circuitry means coupled to each of said photode 
tectors for computing the two-dimensional coordinates of 
a scintillation produced in said scintillating crystal assen 
bly according to the quanta of radiation produced by 
said scintillation and sensed by each of said photodetec 
tors; and an image display means connected to said an 
plifying and computing circuitry means for visually in 
dicating the cordinates of a scintillation; the improvement 
wherein the areas of the surfaces of said light guide in 
intimate contact with said scintillating crystal assembly 
and said light sensitive faces of said photodetectors are 
highly transparent, and the surfaces of said light guide are 
elsewhere covered with a highly light absorbent coating 
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10 
whereby erroneous registration in the two-dimensional co 
ordinate system of apparent localized concentrations of 
radiation simulated internally within the radiation detect 
ing apparatus is attenuated. 

11. A radiation detecting apparatus for locating a radia 
tion source in two-dimensional coordinates and for indi 
cating the intensity of radiation produced by said radia 
tion source comprising: 

a, a planar scintilating crystal assembly having oppo 
site faces, 

b. a plurality of photomultiplier tubes having light 
sensitive faces lying in a plane parallel to said scin 
tillating crystal assembly and spaced therefron, 

c. a light guide interposed between said scintilating 
crystal assembly and said photomultiplier tubes Com 
prising an upstream surface having a highly trans 
parent area in intimate contact with one of said faces 
of said scintillating crystal assembly, a downstream 
surface having highly transparent areas in intimate 
contact with said light sensitive faces of said photo 
multiplier tubes, a boundary surface joining said 
downstream and upstream surfaces and spanning the 
distance between said scintilating crystal assembly 
and said light sensitive faces of said photomultiplier 
tubes, and a coating of greater light absorbency than 
white paint on said light guide surrounding the afore 
said areas of intimate contact with said scintilating 
crystal assembly and said light sensitive faces of said 
photomultiplier tubes, 

d. amplifying and computing circuitry means coupled 
to each of said photomultiplier tubes for computing 
the two-dimensional coordinates of a scintilation 
produced in said scintilating crystal assembly accord 
ing to the quanta of radiation produced by said scin 
tillation and sensed by each of said photomultiplier 
tubes, and 

e. location registration means coupled to said amplify 
ing and computing circuitry means for recording the 
coordinates of a scintilation. 

12. In a radiation detecting apparatus utilizing a planar 
scintillating crystal assembly having opposite faces, a plu 
rality of photomultiplier tubes having light sensitive faces 
lying in a plane parallel to said scintilating crystal as 
sembly and spaced therefron, a light guide interposed 
between said scintilating crystal assembly and said photo 
multiplier tubes comprising an upstream surface having an 
area of intimate contact with one of said faces of Said 
scintilating crystal assembly, a downstream surface hav 
ing areas of intimate contact with said light sensitive faces 
of photomultiplier tubes, and a boundary surface joining 
said downstream and upstream surfaces and spanning the 
distance between said scintillating crystal assembly and 
said light sensitive faces of said photomultiplier tubes, 
amplifying and computing circuitry means coupled to each 
of said photomultiplier tubes for computing the two-di 
mensional coordinates of a scintilation produced in said 
scintilating crystal assembly according to the quanta of 
radiation produced by said scintillation and sensed by 
each of said photomultiplier tubes, and location registra 
tion means connected to said amplifying and computing 
circuitry means for recording the coordinates of a scin 
tillation; the improvement wherein the areas of the sur 
faces of Said light guide in intimate contact with said 
scintilating crystal assembly and said light sensitive faces 
of said photomultiplier tubes are highly transparent, and 
the surfaces of said light guide are elsewhere covered with 
a light absorbent coating repressing channeling of light 
into the aforesaid photomultiplier tubes. 

13. In a radiation imaging apparatus utilizing a planar 
scintilating crystal assembly having opposite faces, 
a plurality of photomultiplier tubes having light sensitive 
faces lying in a plane parallel to said scintilating crystal 
assembly and spaced therefron; a light guide interposed 
between said scintilating crystal assembly and said pho 
tomultiplier tubes comprising an upstream surface having 
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an area of intimate contact with one of said faces of said 
scintillating crystal assembly, a downstream surface hav 
ing areas of intimate contact with said light sensitive faces 
of said photomultiplier tubes, and a boundary surface 
joining said downstream and upstream surfaces and 
spanning the distance between said scintilating crystal 
assembly and said light sensitive faces of Said photomulti 
plier tubes; amplifying and computing circuitry means 
coupled to each of said photomultiplier tubes for comput 
ing the two-dimensional coordinates of a scintilation pro duced in said scintillating crystal assembly according to 
the quanta of radiation produced by said Scintilation and 
sensed by each of said photomultiplier tubes; and an Erra 
age display means connected to said amplifying and cont 
puting circuitry means for visually indicating the coordi 
nates of a scintillation; the improvement wherein the areas 
of the surfaces of said light guide in intimate contact with 
said scintilating crystal assembly and said light sensitive 
faces of said photomultiplier tubes are highly transparent, 
and the surfaces of said light guide are elsewhere covered 
with a light absorbent coating achromatically reflective of 
less than 80% of light incident thereon. - 

14. A light guide for improving the accuracy of locating 
and indicating the intensity of a radiation source using 
two-dimensional coordinates in a radiation detecting ap 
paratus comprising a first surface having a highly trans 
parent area for intimate contact with a face of a scintil 
lating crystal assembly, a second surface having highly 
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transparent areas for intimate contact with the light sen 
sitive faces of photomultiplier tubes, a boundary surface 
joining said first and second surfaces, and a light absorbent 
coating comprised of grey paint of a shade achromatically 
reflective of less than 80% of light incident thereon on 
the light guide surrounding the aforesaid highly trans 
parent areas and preventing the indiscriminate channeling 
of light into the aforesaid photomultiplier tubes. 
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