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INTRODUGTION

In the biologlical and medicel uses of radloactive
igotopes and particularly in the study snd treatment al goiter
patients wi%h,21§la numereus requiremente for 2 precise
measurement of ¢the radie isotopes sdministersd and of their
dlstribution in the bedy exist. Ome of ths suthors (S.H.) (1),
hes treated patlients,with toxie g@i@eégsy means of radicactive
lgotopes of Iodine since March 1841. 1In tThis work reliance
uporn externally placed zingle gelger counters over the thyroid
gland hes allowed a gualitative, but not entirely eatislfastory
guentitative, sstimation of %the radietion dosage {2}, Cliniecal
experience during this interval nae indicated thaet & morh Dre-
cige meassurement of ?ﬁé%é@i@ﬁ donage might help in aveldiag
the cne undesirsble seguel of such therepy {i.e., the develop-
ment of hypothyroldism from the sdministration of exgessive

dosage of 11513

. I% is therefors, suggested that & method
of measurement which might be generelly applied for tThe pur-
pose of radiaticon messurements and which might be independent
of geometry, sample size, end slight movement of Che patient
would be of considersble elinicel valug.

In the eerlisst publications from the Masssghusetts
Gensral Hospitel and the Massschusetts Institute of %@@hﬁ@i@gg
(2}, (), it wes clearly eppreclated thet She usuel §?a@%i@@
of rediation measurement of a single source by means 6f &
single geiger eounfer hae en acgurady highly dependent upon
geonetry. A geometriselly less eritiesl meeguring arranges

ment wes sought by using severzl counters inm & nragaatls manner.
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It was found that six counters of matched Type yielded date
which encoursged the further study of this problem from the
theoreticel point of view looking towerd the degigning of a
device which could be relled upon to accomplish %the ﬁes&ﬁe?a%a;
It was found that not less then three countsrs must be used,

and it was reasoned that four geiger counters would simplify

the geometrie conditione in & highly gatisfactory manner. 1in
preliminary s%ﬁdies’i% weg found thet for four counters, arpranged
around a cirele, & considerable sree existed within “hish a
redioective sample can be placed and from which the radistion

as averaged over the four counters will be uniform within 8%

It was eleo found that this erea is contelned by &
figure spproximeting a circle, (Fig. 1), with center st the
center of the cirsole paseing Yhrough the four counters, and
with rediue not greater than sbout one=fifth the radive of the
eirele passing through the é@aﬁ%@?%o The method was limited $0

measurement of isotopee vwhich emit gamme-radlietion.

APPARATUS AND ANALYSIS

4 gketceh and pieture of the apparetus are given in
Fige. ¢ = &, -

For the purpose of enalysis the following sssumptions
ere made regerding the geometry, source, and counters.

1. The padiation ig emitted uniformly in ell direse-

¢iong shout the source. There is no absosption in the medium

between the source and counters; or the ebsorptlion is unifers




in ell directions. There is no eppreciable decay oFr bulldeup
of source sctivity during the course of & measurenent.

s, The efficiency of the counter is proportional %o
the g0lid angle subtended &t the source by the geliger counter
cathode,

3, The efficiency of the @6&%%@?'@3 inversely propore
tienel %o ]2, R being the distange from The source to the
@éﬁ%e? of %the @Guﬁ%@? cathode, |

4, The efficienay of the counter iz independent of
angle © Dbetween the noermel to <he é@@ﬁ%%? cathode end the
line from the source t0 the center of %hé pathode.

8, A1l of the counters have sdenticel counting character-
igtice (plateau snd efficleneyl.

8, The sourse is & point.

7. The region of interest is limited %o the plene cone
teining the centers of the four gounters.

Under the chove essumpiions the analysis reduces %o
eveluating the sum of the iﬁﬁg fantors over &ll Tour sounters
for & souvce position within the cirele pessing through the
four counters. This yields the follewing éﬁ??%%éi@ﬁ for the

counting efficiency £ %

¢ . K {x221) (Fe1) -
€ 7 an2 PRS- Y
(2% - 1Y% 4+ 4 = 81n° (28} '

distance of soupce from genter 2L seunteyr cirele
rediug of counter eirale

where % @%},a

snd K

i

& congtgyat of proportionallty consaining such Tectore

gg the solid sngle subtended at the sourse by the aounters, the




m@%e? of counters used, end the energles of the gamme-
radistion emitted by the isotopes being measursd. 3y cohi-
sidering the relative efficlency & (compared to the efficiency.
£,8t the center of the counter cirele), the constant K oan

be eliminated snd the following expresslion resulis:

{x21) (5=
g@ x‘i = 152 4 5 % c:ind (2%5 (23

Solution of equation (2) for X as a functlion of
& st constant velues of € yields the curves shown inm Fig, 1.
Por € = 1.08 (i.e, for an efficlency 5% greater than the
efficisney at the center of the gounter @ﬁreié? the curve
$e approximately & circle @f radius very nearly one=f1fth the
radive of the counter cirele (x = 6,2). Curves for higher
efficiency are slge given end are seen %O lie ocutside %he
curve for &€ ® 1.08, Thme, within this latter curve the
efficiency ig novhere grester t¢han 5% higher than the efficlency
et the centey-
in Fig, 2 are shown curves of & 8e & funetion of X
at two velues of & (O snd 45 degrees). The curve for
& = 0 degreesl{directly at one of the counters) ic seen %0
rise much more rapidly then %hé curve for © = 45 degfees (half-
way between twe ocounters). )
In Fig. 3 are shown curves of € a8 a function of §
for several values of X.

These curves quite desgribe The zpparatus a8 jefined or

1imited by the =zssumptione made zhove.
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With regard to the variations of & , 1t is of value
to note that these are all positive snd that the varletion
from & Gistributed source is therefore generally less than
that indicated by %the smalleat curve of Fig., 2 or Fig, 2 theb
fully contaelins the sourse.

Also, one should note that assumptlon 4 llsted above
is probsably not fully jus%ifi@é when accurate measurements are
being made. OConsideratiocn of the varlation of %‘wi%b.ég
indicates that conslderebly smeller variations of € nay be
@2@%@%%@ then those indicated by the above analyels.

Por the scouracy desirved (better than 5%) it is also
essential %o mske sorrections for the counting losses inecurred
by the “dead time" of the geiger counters vhen the counting
rates are grester than a few $housand per minute. Nete, how-
ever, that these losses are smaller by a factor of four at
any given counting rate becausge o7 th@'us@ of four gelger

counters,

SOME_MEASUREMENTS

An spparatus as shown in Fig. 4 and desecribed by the
analysis above was assembled and a 9@?3%@ of measurements made
to determine its usefulness, A Radium sourse was us@d a&d the .
counting rate {(i.e., the efficiensy in a?hit%a?y a%itg? was
measured at the center of the counter @ir@l% and at several
values of © for each of two values of X and the resul®s
are shown plotted in giga 8. The cirele drawn in indlicsztes

the value of €, ot %%@ @@ﬁ%é? of the counter oirele, snd 1%




ter

is seen thet no velue of £ differs from this center velue

by as much es 5% indicating the validity of the analysie.

Also, the asverage value of & over all the measurements taken
at the greatest value of X (o0.2) is less than 2% greater
then the center veluve, and the sverage value of € over the
gmaller velue of %X (0.1) is practically the same as the
center velue (4.e., within the probable statistical error of
the meagurementa). .?hege averages are more significently re-
lated %0 the measurementg of distributed sources than are the
single measurements made at @é@%i@@l@% values 6f & o

Thet these AVersges are apﬁﬁgﬁiébly gmeller then the 8% whieh
might have been expected is probably due %o the variation 6f
€ with =) which by assumption 4 ebove is assumed %o be in-
significant. A% large values of ¥ ‘¢his veriation ig further
ineressed by the thisk lead shield whose slit expOses the

eounter ¢t the souree in & varisble manner as X varies.

The statistical probable error of the measurements is
considerably smaller than the obszerved variations. The
asyumetry @5@@?@@@ in Pig. 6 is selmost certainly due to one
of ¢he counters in this run of measuremente not having the
seme cheracteristic es the other three and therefors countlng
2t & higher rate. In Fig. 7 is shown the summary éfﬂé
stetistical analysls of the date, and 1% 1is seen that %hé dig=
¢tribution of the measurements is in s@asﬁﬁ&bls agreenent with

& “pormal error curve.®

I% 1g espected that with thies spperatus nessurenente




@? o
of rediation Gosage can be mede %o an agcuracy spproaching &
few per cent, subject ©o @gsis%isns of ebsorption that may
occur from one (humen) semple to the next. We are investigat-

ing the magnitude of %he veristion of & with height of gource

ebove or below the plene of the four counters.
Tn & subsequent communication we plen %o report upon

thig aspect ané up@n‘c@rﬁéﬁ% elinieal eppraisels of the

apparatus herein deseribed.
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