
Lawrence Berkeley National Laboratory
Recent Work

Title
MULTIPURPOSE SCINTILLATION CAMERA

Permalink
https://escholarship.org/uc/item/2482q8hz

Author
Anger, Hal O.

Publication Date
1963-07-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2482q8hz
https://escholarship.org
http://www.cdlib.org/


", ..,-. 

. r ~ r 

UCRL-10933 

C·~ 

(Jn-iversity ~f California 

Ernest 0. 
Radia·tion 

l·awrence 
Laboratory 

TWO-WEEK LOAN COPY 

This is a library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

MULTIPURPOSE SCINTILLATION CAMERA-·· 

' c 

Berkeley. California 

J 

-



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain coiTect information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any waiTanty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



~-----...;:...._ ___ _ 
l 

·--- - ---. 

To be published in Nucleonics 1 
~-----------~-----~ 

__ J I -- --~ -- ~--=-----.! J . t:. 

UNIVERSITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

Contract No. W-7405-eng-48 

--------~ __ :y 

UCRL-10933. 

MULTIPURPOSE SCINTILLATION CAME::Z.A 

Hal 0. Anger 

July 1963 



"'" . . , 
,. 

"·-

' ·. 

Multipurpose Scintillation Camera 

Hal o. Anger 
. . ~ 

Donner' ;.aborato.ry of Medical Physics and Biophysics 
. 

• • ,J :· 
... and 

' 
.. , 

' I 
: ·. ., 

.L~wrence Radiation Laboratory .. 
University of California 

t ' . •j: Berkeley, California 

()./ 

The scintillation earner¢ (1,2) is a nonscanning instrument 

for displaying the distribution of radioactive isotopes. It 

can be used, for example, to showabnormalities in the thyroid 

gland with I-131, the size, shape and location of kidneys with 

Hg-203 .Neohydrin, or to locate brain tumors either with Hg-203 

.Neohydrin or with the new positron emitting agent, Ga-68 EDTA (3). 

For many applications, the scintillation camera has higher sen-

·. sitivity than conventional isotope scanners, and will produce 

pictures in less time or with a smaller quantity of isotope 

present. Alternatively, it produces better pictures if the 

conventional dosage and exposure factors are retained. 

Because of the short exposure time, and because the scintilla-

tion camera is continuously sensitive to all areas within its 

field of view, it is well adapted to taking rapid sequences of 

still pictures or time~lapse motion pictures of subjects in 

which the distribution of radioactivity is changing. For example, 

time lapse pictures have been taken showing I-131 Rose Bengal 
" , :'\ \-- I 1 v~.,- ·t· 1 •· ,, .. · 1 • ·"· v- l ~· .J ........ , • 

being excreted from the liver of children ~-of-hav-ing-~-

biliary at.-~s.;i.a and of I-131 hippuran going through the kidneys 
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of patients suspected of kidney disease. 

Since the scintillation camera does not scan, very short 
.f<n"' i" \, 1:. p ;\ . .n·yo:.e. 

half-lived isotopes can be employed. Scanners are unsuitableA 
..(_ 

because the isotope decays during the scan. Short half-li~e 

isotopes permit a .. large amount of the isotope to be used with. -l,. 

-.--L J ~~le. ·to -\l.r.~ \..:n-,}e... n.url'llc1(.:-r c.·t c.ou.n I::. 
~improvement in picture quality ,_:and a reduction in radiation rec..or:le, 

dose. 

Principle of Operation 
O) 

A block diagram of the gamma ray scintillation earner¥ is 

shown in Figure lo It consists of (1) a collimator for producing 

a gamma ray image, (2) an image detector for translating the 

gamma ray image into electrical.signal~1 consisting of a sodium 

iodide crystal, an array of multiplier phototubes, and a signal 

mixing network, (3) a computing circuit, (4) a pulse height 

or 

. \\ · I I ~C I r\-\ 1 O.(lt .. A"\ :; iH ... l be'/ 0 C.(..-\<{ V') 
selector, (5) an oscilloscope for displaying the imag.e:::eb:tained, 

(lsc..d\osc..op~_., {til rr:..c.:.<-''c\n"iJ ·the. ll'r'ld'J~ 
and (6) an opt-i-cal sed~ camera or other r:e~:i-ng means,\t.-.A 

positron scintillation camera requires additional parts as~ 
described later. _____ )__ 

G~~. T~--~ol~i~a·t~~ can b~ __ one of several kinds d~-~~-~ib~d ~~-~J 
this paper. l The presenely-=upa:t::a:t:i~ image detector· has an 

I I\:.__ 1\ ': \~) \\'\ v~ ~~~ 
11 1/2-inch diameter by 1/2-i~ch thick sodium iodide crystal, 

an array of nineteen 3-inch diameter multiplier phototubes, and 

a signal mixing network consisting of 68 small fixed capacitors. 

The array of phototubes is purposely spaced a distance away 

from the crystal so that the phototubes view overlapping areas 

of the scintillator. When a scintillation occurs 1 the light 
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produced divides among the phototubes, with the closest photo­

tubes receiving the most light. Pulses from the phototubes 

go to the signal mixing network and then to the position-comput­

ing circuit that produces three output signals, (1) an X signal 

that varies with the location of the scintillation in the X­

direction, {2) a Y signal that varies with the location in the 

Y-direction, and {3) a z signal that is proportional only to 

the brightness of the scintillation. The X and Y signals are 

fed to the X and Y axis inputs of the oscilloscope. The Z 

signal goes to a pulse height selector and-then to.the intensity 

input of the oscilloscope. 

When a scintillation occurs in the crystal, the oscilloscope 

beam is moved to a position corresponding to the location of the 

scintillation in the image detector crystal. Then, if the z 

signal passes the pulse-height selector, the beam is turned on 

momentarily, producing a point of light on the oscilloscope 

screen. The flashes in the oscilloscope s'creen are recorded by 

time exposure on photographic film, and an image of the pattern 

of scintillations is produced. 

The position resolution of the image detector ~or medium 

energy gamma rays is such that parallel 0 .. 36 Mev gamma ray 

beams 1/8-inch diameter and 1/4 inch apart can be resolved. At 

lower energies the resolution.is not as good,because a smaller 

number of light quanta are produced per scintillation, and 

statistical variations in the division of light photons among 

the phototubes decrease the positional accuracy with which the 

scintillations.are reproduced on the oscilloscope. 
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The useful area of the image detector is 9 to 10 inches in 

diameter. Inside this area, the position of scintillations is 

linearly represented on the oscilloscope. Outside the area, 

the flashes pack together producing a slight distortion of the 

image at the edge~of the field of view. 

The photopeak counting efficiency of the image detector to 

gamma rays of different energies is shown in Figure 2. This 

curve was obtained by counting standard sources of Ce-139, Hg-203, 

Ba-133, Na-22, and Cs-137 at a known distance from the crystal. 

The pulse height sel.ector window was adjusted so that nearly all 

the photopeak was accepted. The efficiency is 21% and 34% for 
2 .. 03 

gamrn~ rays from the most commonly used isotopes, I-131 and Hg~D~) 

When used with efficient collimators, these values are sufficiently 

high to give an instrument having excellent overall sensitivity •.. 

Important advantages result from the fact that the image 

detector employs a solid sodium iodide crystal of moderate thick-

ness. First, the resolution is high. About one thousand picture. 

elements can be resolved in the image detector crystal. Second, 

·the solid crystal results in images that have no mosaic pattern 

superimposed. This is important since a mosaic scintillator, 

unless the elements are very small, distorts the fine detail of 

the images. For instance, a mosiac scintillator can give a 

scalloped appearance to the edge of a thyroid. Third, the light 

collection efficiency is high and the pulse height resolution · 

is excellent because of the close optical coupling between the 

sodium iodide crystal and the bank-of phototubes. This has the -' __.... 

' s d e f II'/ e-:;-;;~-;-~1-;:--;~-~ J~~~;-~;~-:f- p L~ I s c s 

he19 itt selec{ov- oh~vt J €.c( h') lL"€.- · . 

c; -~~~~ ~~-- ~~- i~~- --~~ { {·~-~~--;:~~ 
u__d,,ch pass ~~~~~puls-e 

f'4 y .s ~v (.,I c i, 'm .b\r"'Gl ~··,'OJ'\ '"i ~ e~ :X r::l Y'\~h l \ .;\ i 0 y-
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c:i~por~~i)adv:~~~g~~that a narrow pulse-he~ght selector window 

can be used,~oviding maximum rejection of gamma rays 

scattered by the subject and the collimator. The background 

due to cosmic rays and stray radioactivity is also reduced to 

a minimum. F~~th~ collimators which pass gamma rays at~ 
s 

oblique angle, such as the pinhole collimator, can be used with 
A 

minimum loss of resolution. 

Image-Producing Collimators 

Three different methods of collimation may be used to 

project images of a radioactive subject on the image detector 

scintillator. 

1. Pinhole Collimator This collimator usually consists of a 

single aperture through a lead shield) though collimators for 

special purposes can have more than one aperture. Gamma rays 

which enter a pinhole continue traveling in straight lines to 

form an inverted image of the subject at the plane of the 
1'-j pe.' o-f-

scintillator. This collimator is particularly suited to small 
'\ 

subjects which can be positioned close to the aperture 1 since ,-+he.... 
\\ u. \'Y\ b e .. ·(- l:;( (.) .:\ n \ nv~ c ~ 'i S V--' ~\ 1 ,:,(., e. vf'\ -c v'· i ii e.. _ i; 1 l"t h c l.::-_. 

the=:ef-f-j·cl ency. is inversely proportional to the distance between 

" subject and pinholea 

Under typical conditions, the overall sensitivity with 3/16-

inch diameter pinhole and 1/2-inch thick sodium iodide crystal 

is such that one microcurie of I-131 1 3 inches from the aperture, 

gives 120 to 200 dots per minute on the picture. This is about 
.... t . 

2 to ·3 times as many as a 61-hold focused collimator scanner •) r· 
~~hen used to scan a 4 x 4 inch area. 
·-- i" ""' 
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For the thyroid_gland, a special pinhole collimator employ~ 

ing three apertures is now being used. The collimator is shown u~ th~ 

\e~~ in Figure 1. The central pinhole projects a conventional view 

of the entire thyroid giand o~ the central portion of the 
.. 

scintillator. At the same time the left pinhole projects an 

enlarged oblique view of the left lobe on the left portion of 

the scintillator. The view is enlarged since the left pinhole 

is closer to the subject than the central pinhole. The right 

pinhole projects an enlarged view of the right lobe. Therefore, 

three different views of the thyroid are obtained simultaneously. 

This arrangement provides increased chances of seeing a nodule 

A diagram illustrating the operation of this collimator is 

shown in Figure 3 a., Actually three adjacent images of the 

thyroid are projected by the three pinholes. However, the image 

detector, represented by the circle, inter~sonly one-half of 

the two side images. 

A scintiphoto of a thyroid phantom containing 6.1 microcuries, 

of Mock I-131 is shown in Figure 3 b. Two cold nodules are 
···-------- - -- -- ~ 

visible in the lower right lobe and the upper~~f t?~)left 

lobe in the frontal view. Enlarged views of the two lobes are 

shown at either side and in each case show the cold 
c.le,:\v'lv. 
··p-1-a-i-nli'o The picture was taken in only 10 minutes. 

{\ ~'""~. S, ~I C,i;,)\") 

nodules more . 1\ 

2. · Multiaperture Collimator This collimator consists of a thick 

·.· ' 
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lead plate with about a thousand parallel holes through it. The 

subject is placed as close as possible to the collimator. Since 

all gamma rays except those traveling nearly parallel to the 

holes are absorbed, an image of the subject results. This type 

of collimator gives the best combination of sensitivity and 

resolution for larger subjects such as the brain, liver and 

kidneys.- .It is also well suited to surveying the neck region cf ·-ih'jroul_......., 
or ·i-hjr{:rJ \os.~:.,'ll ) 

substernalAextensions, and pyramidal lobes~ ( 

r 
~i¢~ hot lymph nodes, 

~qr Compared to a scanner with a focused collimator, it is 
w her\ LA $e.:{ fDr- "th~ ct bove. pL.w·po~esJ 

more sensitive by a factor of 3 to 10 or moreA the exact factor 

depending on the design of the collimator and the energy of the 

gamma ray. 

In designing a multiaperture collimator, a compromise must 

always be made between resolution and efficiency. Furthermore, 

a maximum permissable gamma ray energy must be chosep, since this, 

in combination with other factors, determines the required 

septal thickness and length. In general, multiaperture colli-

mators are much more efficient when designed for low gamma ray 

energies, since the septa can be thin and the number· of holes 

large. Formulas have been derived to determine the optimum hole 

diameter, hole length, and septal thickness necessary to make a 

collimator having maximum efficiency consistent with the desired 

resolution and maximum perrnissable gamma ray energy. These will 

be published in a forthcoming article • 

The parameters of two multiaperture collimators that have 

been made and tested are shown in Table 4. The "A" collimator 

~ P"+-~~~~-s--'-'-;- \ n c.. e. 
\.0 i ll ~ h 0 w 'l· "' -e.., 

----
()._) SIn~ t-e.. s-:. m=;;;-~-~ £Af u~l( ~~(:__, 
p re.l.e.,r~ c.-e.; oi-:-

I 
I 

\ 
I 

J 
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was designed for a maximum gamma ray energy of 0.36 Mev, and -for 

. resolution at 3-inch distance equal to the conventional 37-hole 

focused collimator used for scanning. The "B." collimator was 

designed for a maximum gamma ray energy of 0.28 Mev, and resolu-

tion at 3-inch distance equal to the 19-hole focused collimator. 
+hewe.i 1 c.a t r-.....R.. 

The geometric resolution of the collimators are given~ for 
" subject-to-collimator distances of 1 and 3 inches, where the 

geometric resolution is defined as the distance between half 

maximum points in the distribution of gamma rays impinging on 

the scintillator from a point source. 

The calculated overall sensitivity in terms of the number 

of dots produced on the picture per minute per microcurie of 

Hg-203 and l-131 is also given in Table 4. No allowance has 

been made for absorption of gamma rays in the subject. The 

measured values of sensitivity are somewhat higher than the 

calculated values due to septal crossover and small angle 

scattering within the apertures. The sensitivity~r the d~ 
~is largely independent of the subject-to-collimator distance 

except for the difference in tissue absorbtion. The background 

counting rate with these collimators is about 200 - .250 counts 

per minute with the usual ·pulse height .selector window width. 

An example of a kidney scintiphoto taken with Hg-203 

Neohydrin and the "A" collimator is. shown in Figure S.. The 

exposure time was 10 minutes, and it is estimated from the count-

ing rate that the kidneys contained about 40 microcuries of Hg-203. 

In most patients both kidneys can be shown in a single exposure. 
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In a few they are widely separated and two exposures must be made • 

Positron scintillation camera 

For positron emitting isotopes the best combination of 

sensitivity and resolution is obtained when collimation is 
.. 

obtained by means of a coincidence detection system. No colli-

mator ~the usual senie)is used. The subject is placed as 

close as possible to the image-detector crystal~ ~ located a 

~distance away on the opposite side of the subj~~~A-~~1 
detector consisting of one or a number of scintillation counters} \SA 

When a positron is annihilated, two 0.51 Mev gamma rays are 

produced that travel in opposite directions. When one hits a 

counter in the focal detector, the other hits the image detector 

within a limited area. A coincidence circuit detects these 

simultaneous events and allows the scintillation in the image 

detector to be displayed on the oscilloscope. 

Thus the focal detector and coincidence circuit select, 

from the many scintillations occurring in the image detector, 

those that form an image of the distribution of activity in 

the subject. All other scintillations in the image·~-~~;--J 
______ ._ ___ ...,.. ____________ ~~-,._,..._.._ _ _...,__......,.._ ..... _.tn-.,.-• ._,......,{ 

rejected. The focal detector is a point of focus for all 

the gamma-ray pairs that form the imageo 

Nineteen scintillation counters are employed in the presently 
c 0 u. \'\-\ E:.. '("'-

used focal detector, r~ther than a single larg~ dGtQctor'vi~:ed 
-r-h \ ~ \ s.. a Clf)~ 
~:z· ene ph&totabe..., in order to obtain better sensitivity and 

resolution, particularly for thick subjectse With this arrange­

ment, it is possible to bring a plane.deep within the subject 
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into sharpest focus. The method works as _fqllows. When gamma . 

rays are detected by the central counter of the focal detector, 

the coincident scintillations in the image detector are shown 

on the oscilloscope without change of location. However, when 

gamma rays are detected by any of the other counters~ a correction: 

signal is sent from the focal detector to the image computer that 

changes the position of the flash on the oscilloscope. The 

direction and amplitude of the correction signals are such that 

a point source located below the image detector is imaged as 

a point source on the oscilloscope, even though it is imaged 

at a different place on the image detector by each of the 19 

oounters. The correction is exaet for only one plane so there 

is a "plane of best focus" between the image detector and focal 

detector. 

The location of the plane of best focus can be varied 

electronically by the focal plane selector, an attenuator that 

varies the strength of the correction signals. Although the 

parts of the subject lying on the plane of best focus are 

clearest, the depth of focus is such that other planes not too 

far away are still in fairly good focus. For instance, studies 

with a phantom representing the head have shown that small "tumors" 

2 1/2-inches above or below the plane of best focus are still 

visible (4). On the other hand, if a shallow depth of field 

is desired to give results similar to X-ray tomography, it 

can be obtained by moving the focal detector very close to the 

image dete.ctor. 

The sensitivity of the positron scintillation camera under 
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typical conditions with 24-inch distance between the detectors 

and a 1/2-inch thick image-detector crystal is such that one 

microcurie of Gallium-68 in air gives 1500-1800 dots per minute 

on the picture. The rate is reduced to about 500 dots per 

minute per microcurie when tissue absorption in the head is 
e 

included. This is higher by a factor of 20 than a 19-holl 

focused collimator used with Hg-203 for brain scanning. At the 

same time, excellent resolution is obtained, particularly on 
. \,1.)\'"\h 

the plane of best focus. The background rate ~~o positron 

emitter ~etween the detector ~s only a few counts per hour. 

This is due to the short (0.5 microsecond) coincidence gate and 

the narrow pulse height selecto~ windows. 

A practic~l limitation of the positron scintillation camera 

should be pointed out. Since there is no collimator between 

the subject and the image detector, relatively small amounts of 

activity in the subject can produce very high counting rates 

in the electronic circuits. The operation of the positron 

camera requires that each scintillation must be handled separately. 

If they come in at too high a rate, they begin to overlap iri 

time causing misplacement of the flashes on the oscilloscope and 

blurring of the picture. Therefore 4 a count rate meter is used 

to indicate the gross counting rate in the image detector, and 
ISO} ODD 

at the present time rates in excess of J::~ per second are 

avoided. This rate is attained when about 30 microcuries of positron 

emitter is located a few inches from the ~mage detector. It 

is expected that improvements.in the electronic circuits may· 
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soon increase the maximum permissable counting rate. However, 

the present rate is adequate for many purposes, as shown in 

the first example which follows. 

Examples of positron scintiphotos are shown in Figure 6 and 
l « -t e. '("t\ \ ) 

7. The first is ~ 8• 1111 a 3 view of a patients head showing a 
( 'J li o b \~~to YM~) -f\--ol''i"t~ \ 

large brain tumor in the eo; .. i :,d. area. The agent used was 250 
1\ { 

microcuries of short-half-l~e Ga-68 EDTA obtained from a 

positron cow. The 

The small spots at 

sources placed near 

technique has been ieported 
-rhe.. b ~IT owl 
&tthee=s~ of the pictures 

Ci'r\'\iD\'1\lC.. lct\"\dV'r'\CI'rk~ •. 
t~Q pa~io~ts oar ett~. 

recently (3). 

are Ge-68 marker 

The exposure time 

was 10 minutes, and the patient received only 7 millirads whole-

The second example shows the functioning bone marrow in 

the pelvic area of a rabbit. About 6 microcuries of 8-hour 

Fe-52 was given and 5 hours later the animal was exsanguinated, 

perfused with saline, and eviscerated. The exposure time was 
s 

7 hours. It is e~timated that the portion of the rabbit shown 
I OS" 

in this view contained only ~microcuries of Fe-52 at the start 

of the exposure. 

Image Recording_ 

Since the scintillations occuring in the image detector 

crystal are reproduced on the oscilloscope as they occur, it 

is necessary to record the scope flashes over a period of time 

to permit an image of the subject to build up. Possible methods 

of recording include (1) photographic film, (2) image memory 

devices such as memory oscilloscopes and storage tubes, (3) 
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computer-type memory devices with appropriate readout. Although 

several image memory devices have been tested, none has given 

satisfactory results. The third method has the advantage that 

quantitative information can be easily retained and read out. 

Ghough ·~~,::·;;M~;::·~:·~~::·~~~::;~~ 
The simplest and most satisfactory method for recording 

still pictures at the present time makes use of a special 

optical camera and Polaroid film. The camera ·has as many as 

six small lenses with graded aperture sizes, and up to six 

small images of the subject are produced simultaneously on one 

sheet of film. Each lens allows a different amount of light 

to reach the. film, and a continuum of over- to under-exposure 

is achieved with at lease one satisfactory image assured. 

Subjects with considerable variation in amount of activity are 

rendered with no information loss, s:j..nce the heavily exposed 
0. '("e_ 

partsAshownbest in one picture while the more lightly exposed 
O.'(e.. 

parts ~best in another. Also, a wide range of exposure 

times can be used with no adjustment of the equipment. Contrast 

enhancement and background reduction is obtained by overdevelop-

ment of the type 47 Pol.aroid film used to record the image. A 

further apparent increase in contrast is obtained by the simple 

expedient of viewing the pictures with optimum lighting through 

deep red goggles. The small images obtained seem to be advanta-

geous when the user becomes accustomed to them, since small 
t\Y'e-

concentrations of dots ~ more apparent when the pictures are 

viewed at normal reading distance.. This method has been used for 
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some time and has given very satisfactory results. Larger 

pictures must be viewed at a greater distance for optimum 

visibility of significant detail. 

For time lapse motion pictures, a 16 mm camera has been 

modified so that ~he shutter stays open for periods of a few 

seconds to several minutes, after which the shutter closes and 

the film is advanced one frame. Most time lapse studies occupy 

only a few feet of film and can be developed in a small tank 
f-

or a tray in the darkroom i$ desi.red. They are viewed on a 

regular 16 mm projector or an editing action viewer. 

A sequence of frames from a time lapse motion picture 

taken with the "A" multiaperture collimator is shown in Figure 8. 
monih 

A 34 weak-old girl had previous surgery for biliary atresia in 

which a fistula was created betwen the liver and the duodenum. 

However, the patient continued to have bouts of fever and 

jaundice and it was thought the fistula may have closed. The 

patient was given 50 microcuries of Rose Bengal I-131 intraven-

ously and time lapse motion pictures were taken. v";~~-,··;~·~-~~;~·~'-~ 
~ . tj,..i bo \ u ':> oT . 

l'Show p~tency of the surgically created duct, since ~ , 
'To ike. .. 'r\0b""\ I~·(\, ... ~ S.C~ ... ~t?,.S of ('\C..:"\u,\ .... C...-.S. j 

o.c."hv\t'/ is shown moving af:e-H-t.::=izn- the omal 1 i l<lt-=es:t-;br:te--:atror;:l;; 1 hour after 
II. . . 
-------·------:---... ......,.. ....... ..,,...,._.,,.:.<>~:..c;~or,..,r•,--·~""J.'.&..··- ,.,· . .; ...... : .• ,.-~ •. : ........ 

\Yrtr"lV.?.V\o~ administration. Exposure time was 2 .minutes- per frame. -~.____ ____ _ 

l?ose.. Benso..l i11 "t!-.-e.. ;,te..sfi>1a./ T·~ 
Y¥\ ove <;, a bou.t" w 1"t-ft. p e.,.i ~"t<~ ~~is~~ 
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Figure 1. 

Figure 2. 

Figure 3A. 

Captions 

Block diagram of the scintillation camera. 

Counting efficiency of ima-ge detector scintillator 

Drawing of images proj2cted by triple-pinhole 

thyr9id collimator. The area within the circle 

appears in the scintiphoto. 

16. 

Figure 3B. Scintiphoto of phantom containing 6.1 microcuries 

of Mock I-131. Exposure time was 10 minutes. 

Table 4. Parameters of multiaperture collimators. 

Figure 5. A 10-minute scintiphoto of human kidneys taken with 

multiaperture collimator and Hg-203. The six 

Figure 6. 

Figure 7. 

·Figure 8. 

images with graded exposures are obtained simultane­

ously with a special scope camera. 

A 10-minute positron scintiphoto showing midline 
. ( Cj I\ 0 b \ L\ ":> i 0\'•1\'--) 

brain tumor [~ytomrr) in frontal lobe. This 

lateral view was taken shortly after administration 

of 250 microcuries of Ga-68 EDTA. The dotted line 

indicates the field of view of the camera. 

Positron scintiphoto showing distribution of function­

ing bone marrow in pelvic area of rabbit. The agent 

was ferrous citrate tagged with 6 microcuries of 

positron emitting Fe-52. The half life of Fe-52 is 

8 hours. 

Section from time lapse motion·picture showing biliar:r 
;of- a. ~ ~ Y""c~ 1 c...q \1 'i cy-e,:r1__ed . b i) e. duct·. . · 

patency , n o -pe:t..-ze~peQot.--edcr.;oz.~..i:.J.....:k:L.ary,...c,a;t.~ • 

The subject was given 50 microcuries of Rose Bengal· 

I-131. Exposure time was 2. minutes per frame. 
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Table 4 

Multiaperture collimator 

Maximum Gamma-Ray ~nergy - Mev. 

HOle diameter 

Hale length 

Septal thickness 

Geometric resolution at 1 inch distance 

Geometric resolution at 3 inch distance 

Calculated Dots/minute/microcurie I-131 

Calculated Dots/minute/microcurie.Hg-203 

A B 

.36 Mev .28 Mev 

o25" .225" 

3" 1.5" 

.062" .094" 

.37" .45" 

.53" .75" 

87 

136 340 
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Table 4 

Multiaperture collimator 

Maximum Ga~~a-Ray ~nergy - Mev. 

Hole diameter 

Hale length 

Septal thickness 

Geometric resolution at l inch distance 

Geometric resolution at 3 inch distance 

Calculated Dots/minute/microcurie I-131 

Calculated Dots/minute/microcurie .Hg-203 

A 

.36 Mev 

o25" 

3" 

.062" 

.37" 

.53" 

87 

136 

B 

.2 8 Mev 

.225" 

1.5" 

.094" 

. 45" 

.75" 

340 
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