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ABSTRACE
AN TMPTOVED SCINTILIATION

BV, Hazorall

Prior o 1880, the deterinetien of rediation dosage frem

radiun inseortions within body cevities bad boon made from theovetical
congiderations, using isodose curves with the asslstence of econdenser

ionizetion chanbers, Ienlzation chunbe

gaent of the seintilistion eounter sugpes

sment. In 1084, the writew

was ssked to underteke the development of u probe type scintillstion

dosimeter, folicwlng the successful dosign of such an insts nt by
Belcher in Sugland the previous yesr,

shiesl and electronic detelils

This papor deseribes the me
of an improved probe type seintillation dosimeter deveoloped at the
Hanitoba Cancer Foundetion 4n 1654 - 1005, and vhich has been used
in its teo clinies in regulay dally servico sines that tiwme.

The theory o the production and messurepent of therapoutie

rodiation is diucuss dhort olipiesl eveluotion ig given,
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AN JNPHWED SUINTINIATION Dapingies

PErRonulTION

¥ithin the paat two and 5 bali Jdeosmies colinical radiclo-
gists have becowe incvessingly concerned with the acourete meaguye~
m@#ﬁ of radistion dosapes., Standardized snite and conditions of
woasuvement bove boen get up, se thet, shile the ascessment of the
pationt's condition gug the presoviptlion of the vediation dosage is
#tiil Jargely un avi, and undoubiedly w13l reswin o for some time,

the cavrying out of the preseription is vopldly yeaching the status

of an exect sclenge, It i not sueprielsg then, pavileulariy in the
largeyr tvestunond ooutwes, to find ﬁ%&ﬁ% wiendeliste working lu close
couperation with the sudlotheranisis.

With thig insyogsed demesd Lo oo souurate neasurnment of

é@ﬁ&@@; there hag beon e concopliioant Jemsnd, et only for sore acourate
gguipment for thils perpose, bul for & contisued vefinesent of this
sguipsent, leading to grester vepidiiy and simplicity of wneasuresent.
The sovest of suclenyr onsrgy bag supplied & proet lupetue L9 the deve
slomment of suulpoent and technigues for the procine peasureomsnt of
x&éﬁaiﬁ&&; and thoze doveloppents hove vt bees slow in fisding thedy
way inte the fiold of thevapeutic ?&@i@%@gga

| lustromonts for the pessurenent of teletberapy dosape have

“meen in uee fo¢ some vears, But prive te 1980, the setermination of
radiom dosage fryom losevtione within body cavities bad beon made from
theoreticsl considerstions, uwelng fsodope curves with the apslstence

of cendensey lonization chapbars (1. ﬁiﬁﬁﬁﬁﬁﬁ bad been wade O meas~



w
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wye ionisetion curvents feow small chowbors isserted into the body, uwg-

ing the electrometer teochnligques of the time 5,5y, but goourate poage
urenents were Lo w&i% o the development of sub-minigture @1@&3@@@@%@?
tubes which gould Le incovporated into the probe itseld,

Such & device was deseribed in 1950 by Puveer sud Houwborey
{33, in 1984, Fedowuk, Jebhus end Watson (B5) described an improved ion~
iention é%@i&%@a?’wﬁﬁﬁg the olectrometer civeuit due to Woody (8).

The development of the seintilletion counter suggested the uae
wf this technigue for Jdosage peassurement, aﬁﬁ it 10535, Belcher (¥} dosg~
eribed & probe type scintillaiion dosimeter, While ﬁ%i@ wan the £izat

»~$ﬁ@%»iﬁ&%@ﬁ@ﬁﬁgwﬁéwﬁﬁw%ggﬁ,§@$,@ﬁﬂgwﬁa&i&y~éﬁa&ﬁ@ﬁﬁy*nga@afﬁygaviagﬁzaw

manty using orystal phosphors of smell dimessions bes been used by
1tiner and %@f«?ﬁgﬁ&ﬁ%ﬁ@ (5,83 for the determinstion of the energy do-
pendence of crystel nedis, esad by Cole, Moore and Ehalek for the prode
sotion of isodose curves of xéﬁ&mm gources {10).

in 1684 the writesr vas geked to build a desimeter similar %0
that deserdbed by Belehor, The firet such ipstrument fellowed Belchor 's
fairly closely in design In ovder to get it into spevation as @oon as
possible, The circult ciffered from Delcher‘’s in that the amplifiew
was pimpiified by the wse of 4 crosg-coupled paly described by Van
feogoc and Warnke (11). Sore drift due to hester volilege veriation was
minimized by the use of a voitage regulating filament trausformer,

uult wss essentially the sawe ss Belcher's, end

The proby
suifored from the &gm@ faulits 1t Qid not bave provision for cutting
off the light fyom the phogphor in opder to back off the sigoal caused

by the irradistion of the photomultiipiier itself, Ap soun as this
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dosimeter wss completed, work was begun to develop the wodel wvhich is
the basis of this thesis.

The consicerations to which particular sttention was given
in this development wore ss follows:
in order to reduce weight to o misiwus, the high veltags transiorner
and shunt regulptor were t0 be replased by a pulse type supply with
covona regelator; the voltege vegulating filenest transformer to be
replaced by a cospenssiing civeudt; and ghe overall power reyulre-
monts to be reduced by use of a very slople but stable clivouli,

The instsument os 2 whele was to he sispiiiiled both gs 1o Layout

and design 1o promote ease of serviciog and duplication; aad @
shutter wes to he built into the probe unit o overcome the faunli
pmentioned above,

The completed iastrument was satisfectory in il these
yospects, wsd 88 soon as 1t was plased in servive, the sariler pyo-

gietonal model wes rebuilt to the new desige.




RATUAE AN PUUCTION OF THERAPEUTEC HKADIATION

Radiotherany i concerned fop the wmost pert with elesiroe-
magnetic radiation in the wsv&i&&gtﬁbraﬁgﬁ fyom 0.2 to 8,01 A, De-
ponding i Lts source, such rediation io kuown ss Z- oy gamme vadia-
thon,

Bteted in the simglest possible teres, both genna sug Xo
vadiation are atomie phenomena, the former o result of nuclear reso-
tions, or intevacticons between anuclear pasticies, the latter a yesuli

of inseragcticns within the exirapucliear slectron oloud,

THS SeLel o 81l olesenis of atomic welght grogtor then
Lesd are inberently unsteble, aud dislniegrate spontaneously with
the emission of mn gioha perticle (belivs nucleus), or s beta particle
feisotron) oF a pasns ray, of 8 coobisation of eny of thew., It 48
congidered that the heavy elements, vranine, sciinc-uranium, sud thoy
fum are the orogesitors of g series of unsteble elements givisg vige
ultimately to stable lsotopes of lead,

In gadition o the series of rpdionstive hesvy elements,
theve exist in nature isoctopus of pany of the lighter elepents which
are uastable, and honew vedicactive, Vor the veet parit these lsotopes
are g0 rvare as o b sepligible, amd it was wot untdl the ewtifieial
induotion of radicactivity in the atomic pile that gueatities of these
lighter isctopes bocene commercially svaileble.

Ynile all three types of radicactive ewmlssiom: alpbe, beta,
and gomme ave uviilized thevapeutically, we shall confive ourselves,

for the purpoges of this paper, 1o game and S-vadiation,



mtil seit of redievion engrgy e the erg, but
the peactical uwelt in gonersl use is the electyon vell (ev) ,V oy its

muitinles by 1000, the Rev, Vev, aud lately, the bev.

2

1 electyon vols « 1,00 % 167 yae (41

and is the asount of enerpy peined vhen sn olectiron falls through a

sptontiol difference of 1 v,
From Planck ‘e eguation
| B e i?e\)
vhere B 19 Lo ergs, h is Plouck’s conetant, 6,01 = &%’3@2‘3‘? arg~poconds,

- mﬁ;\);ia Ahe frequesey in syoles per secoad, W gel by simple menipu-

latica

@ asuis

& » (2
where B i in electvon volts aud N ip in angstrong,

E-papdintion iz chavecterized by the fact that 4% conslsts
52 line spectra suporvimposed on s diffues background of "white" redia-
thon, vhorons goms m&:ﬁmﬁé%@ ig usuplly confioed o one or nore dhs-
srete wavelengths.

The speetral lines of Y-radiaticn are suslogous to the lines of
eptical spectrs 1o that the sediation corgesponding o a particular
Bine is produced whon 4o sleoctvon fills s void in one of the slectyon
ghelis, The ehells iwvelved in E-redietion, however, are the lonernost,
or B0, and B shells, vhose binding veergles are wvery bigh. For tunguien,
the bindion ensvgles of the B, &L, snd ¥ sbells ave 70, 11, aad 8.8 Bev,
ponpestively,

The syodustion of white, or continuous redistion does not



w5 e

roupive a vory w@&#ﬁ‘%wﬁ? Lrpataend i;y most weitersy 14 o ozw
pladned by some sluvedy oy the result of %m&@a%m o mgﬁf&é energy
slentyons by “collisiens with nucled, Cowpton ond Alkison (12)

stpte that the @é&%ﬁ:ﬁ%ﬁm@ i@%ﬁwm cannet &@ m@m@@ fop aﬁm&aﬁ%g
by slassionl olectwen @&@ﬁ&g and ﬁiww@ﬁymgm, FThoy discuss various
gurntun agﬁgsmmw thet of Bvavers ond Yentsel usisng the %@@%é@m e

sprield using doe Broglio weave pechaniss,

pnog principle, gnd %;?m’é of 8¢
The ninlows waveleonpth produced, given by suyuetion {(2), &@gﬁ%&éﬁ
wnly on the posk avcelevsting potontisl, end would ocour enly when the

olaotyon lost all of its onovey dn one step. The posisum intenslty ocsurs

a% o vavelength mabout 1.5 time the minimus wavelength,



INTERACTION OF BLECTRORACNETIC RALLAYIG wWITH WATIER

Blostrosapnetic sugletlion nay veuet with metter in soverst

sayst iii gy he defliscted or seatisved by e slectrong of an ghome
% woay give wp part o sll of Lis oncegy to so olactron; OF 1% ney re-
pet with the Coulonb field of the nusleus {0 produce an oloctyon-posis
tron paly.

Hesction betvween eleciruagnetic vadiation end the nucleus
dops not oodur at encrgles with whish ve sve concerned bere, sucept -
fov the €y, n) repotion with %@% {1,838 %ﬁéﬁ}y sl %%g {2,23 Vevd, and ‘.

these need Be pentioned oaly in pessing {10},

Conslder a oollisated source of yadiation, 8, au sbhaorber
wf thickaess x, sud 8 oolliseted detector, B, The Intenpliy of vad-
iption measuved by 2 isg ~
HE (4

=B

L@

whenes the oaerey sheorbed is
g, o8, - w By (s

# ie salled the lisesr sbeorpiion voolficiant, sud bas the dineusions
mﬁxs

it 48 ovident that our detector will give us o messuve of
21 the vadiation that has baon rewoved Lvew the bean, vhathoy ‘%:%%;%;:43
bag boen tealy sboorbod, or sinply delievted out eof ite ronge.

it is souetines convenient to wpe otber absorptien veedii-

ghents, rvelated o the linesry coefficleont as follows



MBBE vvovoeensoes W P g -
ALOWLE sevsovvees WS P“ﬁfﬁ'%&giﬁ%@mﬁx |
Bloetsonie sooees W/ @A/ © 1/2 on” éi%@%?@ﬁwl
where P is the &@ﬁ%%ﬁ?g & ﬁ&g stomie nunbay, 4 the atomle welght,
gad ¥, Avogadro's number (6,93 2 1§$@3¢
| The electronie cowfficient is semeiines wﬁiét@ﬁ ot

It will be poted thet these ceefficients have the dimen-

sions of an ares, snd for this ressvn ave eslled c¢ross sections,

Yithin the snevey vange with vhich we are puneerned, four

srocegees of iantervaction botwesn vadistien and matter eave vesogunined:

{a) ﬁiassiaﬁéﬁ or Zayleiph, scattering, (B) Mwotoelectric effect,
£y Compton process, and (d4) Pair production. These ave listed in
srder of lnereasing enorgy of the vedigtion, slthough classical suat~
tovisg cae booghowun 9 be g spevliel csse of the Cosplon proceus. The
absorption sesifivient, u, nay Yo sepuveted ints component coeffi-
clenis ropreseniing the above spoconssa:

pul 0 ¢+ K {4
whers 7 is the coeificient for the photeelastric effect, 0~ the Coms-
ton progess, aad K, sady proguction,
The corvasponding mass coefficients ave

and the glestronile couificionis ore @7”5 Kog’ el %8;

{a) <lassicsl or Seyleier Scattering., Whon the ewergy of the inciden
sadintion is lews than the binding enscvgy of the stosie elesteons, no

aheorpbtion Gooure, Wt ithe energy is se-redlabed with a definite phase



mi&ﬁi%@i&i? gud sngle $o the lovident radiation, This phenumenon hag
been called vomodified op coberent sopttering, since the a;g&s;%mémg
asotion of difforent ptomic slectrens combines ocohewently. The amount

of radiation scatteved per slecteon is piven by J.J, Thompson (14),
ey s m e e ocos W) ¢

where 'i is the intensity scettered per fves electron ot an angle ¢
from the diveution ‘@ﬁ ¢he incident besny B is the &iﬁt&ﬁ% £y the
seattering electyen 0 the polnt of cbheservation of I; ésa@z ¥, i the
classival electron radlus @i /7 :a:i z‘;%, |

Leering in-all divections piven by the above

The total vun

formuls lesds to u sesttering coefficisut per electron

. : - N " .
S5 ® B3 " “ﬁ?é o 8,68 2 10 B

{8
.2, , the sontieriog @még section of a freo electron is B wniversal
s@mgtaziﬁ, indeposdont of the onergy of the incident radiation,

(1) %@%ﬁ@%@m@@ Effect, When the enewgy of the incident photen

is grester then the binding enevgy of the electron, the latter nay
e conpletely ejocted from the aten,

The hinetic energy of the electron is given by

Bt ™ ind - n @

where v is the photon ecergy and By is the binding energy of the
shoctron, For low onorey §3§%£%‘§$3§&, she interpotion tualies place @m%s
the outer electyons; the inner, nere fightly bound electrons becom~
ing Anvolved ae the energy increases, il hv réaches the energy
Jovel of the B shell, when all the olectyons ws&& take part iz the e

a@%imi.v The spobabiilty that the é&%@%mm ok {m:? shell shall be ef-



fopted io gprestest when fhe photon ebvergy just escesds the bindiag
enevgy of thet shell. Photosleotyric sboorption inoreosss with gtomie
number, and decreases as the enevgy of the lanldent radistion in-
grgases, Fop photon energien less than D e, the phuolvelsnteie
gbsurption ceefficient is found emperiwentaliy to be (13)

”&_)\ "

¢ = oongt ° E% B , | - {10

At hipher spergies the 2 exponent incresses o 5, while the § axpons
ent decresses, rescidag -1 for energius very such greater then ﬁﬁaga

Whan s atas bes beon londzed by &fkigh anevgy photon, it

regaing Lte ground stete with the enission of fluorescent radiation.
i% the ejected electron wers from the ¥ shell of o material such as
jend, the f&@é@&ﬁ@@ﬁ% rodistion conld hove ¢ naxivem energy of 88 &ﬁv;
which iz sufficiently bigh fo sgcape fron the matevial. We should,
uader these ¢lroumstances, distinguien betwesn total a%&aW§tgaﬁg and
true sbeoyption, However, for less Jdense saterisl, such as tisgue,.

‘ with whieh we avy selnly coscemed hove, the sexisun bindisg energy

is &%@a@ 860 ov, and the flucrsscent rxadistiovs of this encigy is
veadily absorbed withie & very sbord diatasee, vsually wvithin the cell,
e of whose 5%one gove pise @§'ﬁk& saddation,

(e} Compios Seetteripglif, 18). In the vsse of the collision of 2
photon with & bound slectron, wheye By S only slightly gresiey thas
ﬁgg g% in the ghoioeleelric process, @ﬁ%&%? gnd womeniun BYe CUREBBRY-
#d with the gid of the @@%@iiiﬁg nucloup, Whes the g@il&&i@ﬁ RS
with a froe olectron § end @ bound elestron nay ba consideved freo

whan w 3> B) a scuttering process oesurs in whlch euorgy and momen-



« 1% -

e gre conserved betwsen the incident shoton, the regoll electron,

gnd the soatiered photen,

o ,

14 IV S - ) )

2 | ;
where mye 45 the rost energy of the electron, Bi1 kev, and 4, the
angle of sustterise of the photen,

This syuatios way be writtes in terns of esvelongih:

A)ﬁ,)\’_hw v &3 - con ) (i3
LR

where " @ 2,48 5 1070

e e s

g€

g be onlley the dempton wavelongih

ot the alectyron.

The eaevey of the rouetl eleuiven ig piven by

[

"k k. (1

1%

woh (1 = o8 # 3

£ i & sanimwm sheon f = 1809

W

Fmax ©

S

Mgl

any)

G,
gt
i

The totel Covwoton chaorption corificiont ip pude wp of two pavig, the

‘seatter soofficiont, sud the true coefflelant, 3.9., the part repressut-
ing the enewpy given to the rewoll electeon,

o5 ™ o7t % (15



These heve been caleuleted from quantus sechgsical congiderativns by
Kledn snd Yishing €183, it can be suoun thet s¢ low energlies

T ® B 568w 10 .

the classiesl velus devived by Thouson,
o fails frow ihe eleseical velus as the vsorgy is incveased,

# %
~g

‘ ; 2 -
voacking o value of goout & % 3D et i omav, @% £alls boley

a"% at the higher snengies. $§ riess fome & very low valuve 10 8
: e % ) ; .

mawinuss et ghout 0,5 sovw of 1L % 12 =5 @aﬁ:ﬁ, sl Shen faills off.

{4y Peix Production. The rest epevpy of the electron is mﬁﬁ‘% = 0,581

wov. When photon suergies exveed twies this valus, the photon may

react with the Coulomb field of the wucleus Yo produce an eledtron~
positeon paly, Any excoss paovgy sppears ns hinetis energy of the
pogitron and elevtren, The kingtie euergy will not necessarily be
shaved equally betuween the two beceuss of the fadoterminate pomentiun
poguired by the nucleus in the poocedl,

For s positron nearly at rest, the possibility of collisios
Cwhth sn elesivoen, wesultiosg in the ansiBilation of the two i high.
in this case, twe gquenta, of 0.511 wev ave produced, conservation of

moumontun voquiring that they be emitied in opposite dlrsctious.



REABURERENT OF Raniavim

Tha a%&@é@@%@ for devislug some wonns for the messurement af
radiation bocane evident sinost as sovs as K-vayes came into wmedicel |
use, which wag very soon after theiyr é%@%@?&%y. The eariiest nothods
made use of fiucrosconce snd the davheaing of ghotographic file, al~
though attonnts were made o use chopioal neans, 28 well as o wenswe
the heat sroduced 4n 8 w&téﬁii@ sheorber., 411 of these netbhods ave in
uee todsy, aad %%é fivat mothod will He doalt with in some detall latew.

in the sarly state of the avi, however, they proved uarelisble end weve

ilavgely swerceded by losizetion technigues, /s early as 1886, J.J,
Thomeon hed shown that Y-raye could discharge electrified bodies, He
explained this on tho basis of ionisation of he surrounding elr, and
sugzested that 4% might sorve 22 & mosns of sessurenment of the inten~
gity of Z-vrays.

While sonwe pethed of ﬁ@&%ﬁ?ﬁéﬁ totel sonevey flus mipght ot
fivet glange soma the more direct mitach, it is evident that only that
part ©f the Flus which is actuslly sbsorbed s biclogieally effective,
For this vemgon, & wepsuving device which hes the same sbacrplion @%&yw
auteristic e timeue, in the rvange of eneygies under congideration,
will give un mocuraie means of detesmlaing the intensity of sbeorbed
radiation. The tine iategral of the shooshed envrgy is called the
"doge rate’ .

The sffeviive atomic numbur of ely ig very nearly the same
as that for tissue oo weter, und honce the lonization of eir way be

wiilived 1o give & wepwws of the dose rete in tlssue over s cosgld-



w BA =

orable venge of redistion energles. This will be true only for wlac~
tromagnetic radiation however, For sestron sud bigh energy protos
radistion, the material of the weasuring instrument wust approximate
that of tissue wove closely, especially wiih regerd to its hydrogen

gontent,

‘The Hoentgen, 7The isternaticual uelt of X-rvay dose wes first defined
gt the Btockheolm Cengress of Hadiology of L6288 thus;
"Phe yosmtgen is the guantity of X-radiation which, when the

pecondary electyons sre fully utilized and the wall effect of the cham-

%@?’%%”ﬁﬁﬁ%é@%gVﬁ§$$&%@$'§§~iuﬁﬁ$wﬁ§'%ﬁﬁ@&?&@@iﬁfﬁif»ﬁimﬁﬁwﬂﬂﬁﬁﬁu?ﬁ o
of wercury pressure such a degree of conductivity that 1 esu of charge
is measured at saturstion vurrent’,

This definition was modified at the (hicego Congrsss of Had-
iology €1937) to read:

“The roentgen shall be the gquaniity of 3~ or y-yediation
such that the sssociated ﬁ@rﬁﬁﬁﬁﬁiaﬁ enisslon per G.001283 gu of aiv
preduces, in air, ions carvying 1 esu of gquantity of electricity 5% 4
elther siga’ .

The mmber of ion palrs produced in aiv by the sbsorption of
one roestgen is 1/3, where ¢ is the electvonie charge in esu., k4 ¥
is the onevgy lost per ion palr, the cbsorbed energy per reenigen 16
W/e. % hss been dotersined experimentally as 32,5 ev, or 38,8e/500
orpa, Henee the onergy absorbed por gm of aly per roeaigen is

I

. " Fod @33 % g}gg}gﬁi § 2?
S0 w 0.001885 »
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This quantity hae bucn given the news prancroentges’.

The Ioptzetion Chesber (17). The electeoscops wes the fivet deviee

vasd 1o mensure radistion by the fonlzation produosd, and An the

quarta fibve form ie in use teday. The wost generally used appara~

tus 1o neasurs Revay doseze in terme of the voentgen a8 defined, is
spomn fore si;:zii. the parallel plate ionization chambey,

The congtruction of the staudervd parsllel plate lonise~
tion f;;zéamzzw' iz shows disgremuticaily in ﬁg, . T represents the
torget of an w-vay tube; U, 8 lesd mﬁmﬁm&g diaphresn with aperiuve

Cof prea Ay ¥ othe bigh voltage aleotreds; M, the collectlag electzoie,

surrounded by the gunrd electrode, §, The potential, B, must be sulfi~
ciontly bigh 1o provent f‘%mﬁ@% wf the fons, The separeiien, 4,
18 great enough 1o peymit sll secondary electiamg to complete thely
pathe in aiwy, Lops lesvisg the gollecting volume, euch ss b, are ve-
placed by other long, 5, produced outside. Usder vonditions of eguil-
ibriusm, the totsl susher of iong sollectod w331 be sgusl to the toial
sumber produced in the sensitive volusw (the syoss-hatched sves in the
diaprant. Boupuss of the Laverse pauare-low offevt, the voluwe of
length L st ¥, at detonce fiu%, is eguivalent %o the volume of leagih L,
aud orogs pevtion A et the polnd i?i #% the digtance :%in

£ the woliage change on the sollecting electvade is ¥V, and

the capacity of the system C, the dose ot jié; is

* % } woentgens {1g
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Pig. 1. Perailel plate jonizebios chosber in
sehematic Torm.
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which includes corrections for aly pressure and tempersture.

The stenderd aiw chonber has aly walls, o i used in alr,
Hence, 4t ig in eomplete sguilibelum, Guite different condiiisms hold
in the case of wracticzsl smuil chesbers fov the messurement of duse
vete in water or timsve, If the diwvensions ore seall, say loo or Lenn,
and 4f the wall materiasl iz spproximetuly the ssme composition 8z aly,
gnd of sufficient %%“é@%’é%ﬁﬁ@% that gsecwdery slectrons produced In the
entevoal mﬁxm avn é;é:@gi@%ig@ @iﬁ’;‘?ﬁgﬁ%ﬁ? in the wall meterial, the chaw

ber may e celibrated spalinst a stendurd chusber and veed for the wpeas-

urement of dogse vate, Is praciice such & chedber is vsually consiructed

wf bakelite, op some savivaelent materisl, wede conductive by aduwinture

with carhon, or chated on the inside with embon. The eollectisg elec

trode is veuelly made of thin welled aluminus tubing, or sonetines
giuply of aluvsus wive, |

The theory of the ssall chasber was fivet treated by Bragg
(1013 (18), sud lstor by Grey (1506) {383, 3%t i a0t aecessary fov

sur puepeses to copsider 1t et aoy furiber zamgﬁ% here.

The Seintiliavion Counter
14 had boon buosa for neny yours €hui cevieis paterisls os-

Bibited the phienvmg

gon of luminescence whon sspoged to yltye vielet and
shosteor slevtymsigneile vadiation, or to 6 boan of mggﬁ_@ziwgg ‘wapticies
such as electrous, or alpha perticles, Uany aerly oxpevimenters, iu-
cluding Suthoriord, counted stomic pavticies by woans of @ £lunresgant
soreen, viewed wader s micvoscope. The tediug of such a procedure, as

well aw the lwmpossibility of soustisg sorticies vhen the rate lnoregeed



bovond o fovw pey seoond osuged the technlaue to fail into disuse, With
fhe favention of the sultiplier shoto-tubse, s twol wus pade svailable
wihlah wot only posnessod the requisite sessitivity, but was capably of
vounelving iight pulpes which occurred ot time intervale of less than &
wiorosecond, The $ivst selntilistion counter vtiliuisg ¢ seintilleting
cryuial and a photomultisiioy wes intyroduced by Curran end Baker in 194,
Rollowed, independently, in 1848 by ¥aliwmen, Siance that time great

made in seintillation counter techniques, greatly

advances have bossn

ignroved photemultipliers hove been develosed, sud ssny meterisis, both
vrgaeie and inovgesic, bave been oxapined in an efforé to find betier

pointiliation pedia,

ia goneral, suo sould expect most substonces, particularly

those thet eve transpsrent or translucent, tv luminosce. The sbserpiion
of radiation by apy of the processes discussed sbove, whether by @%%%%ﬁil
ologtric, Compton, or palisr production resulis wltinately in 8 spectom |
of sadiation eoxtending iute the infra red. The quostion is not & puch
wy lundinescence eniste, but rathew, wby is it se yave, Yoak writers
supgest that e quenchilag provess cooura, due to the prondimity of the
atoun to ono snother iun the osyretel lettice, tamlcescence, when 4t doon
soour, G00s o boonuss of the greseuce of fsolated lupinescent cenlers,

Bowen (20) hes Jdiscusasd the lusinesceonce of orgonic weterisls irevadiated

with witvaviclet Light, with o bried discusslion on the effect of highey
auprgy vadigiion,

9Ff pyoateyr ispodigte intorest o the user of scistillistion

sosioment sre 1), the linegrity of the relationship betwesn redistion

2lus and light output; and 2}, the energy dependense of the selntilia-



sdlus; asd 2) the varistion i dntenpity of light output wiih

tion ®
guantun enerey of the incident radiativg,

Seintiliative detectors make wus of two goneral leshndquen:
13, thet i which esch guentum of incidend yadistion produses a scine
$ilintion, ?@ﬁﬁ%ﬁiﬁg‘%ﬁ 2 sulse of cuevent ot the poode of the saolo-
pultiplier, which is then smplified ss a voltage pulse end counted on
6 sealer; aod B, that in vhich the pelse sueront of the phetemulei-
plier is jntopeated aod applied to g divest curyent usepuring %5?&%3‘@9
The %{ﬁ%ﬁ%@g bag boon in post gensrsl vee, eupeuiaslly st comparatively

iow flum levels, since 1% permits the wessuvement of both the intensi-

¢y snd the euergy spectrum of the redistios {by pulse helght ahslysied.

At Ligh Filun levels bowever, such as thope uged in redistion therapy,

mony scintiilotions vuour sinultgneously, w@@mmg‘; g glmost contin-
wous output of light feow the sciatillastor, Per gueh :ésgyza%iwﬁmﬁ;
the second pethed i ueed,

fv penoval, sointilistion detevtors have nol been used o any

B nade

groat oxtent ot high fiux levels, awi ne studies ssem 0 have W

us the effect of bigh Lndenslty wvadivtion o scintillators,
supnesis that chenissl decomposiiion way vitinptely reduce the affi-

ciency of & scintilistor. Mo alse wmnbticns that 8 vige in tewperaiuve

foeilitetes auenebine, The progent %ﬁ*&*%%@@, hag fuound an sopayent §§%f§a&agw
stion offoct waing 990 Be Z-vays at o dose vate of 80 B/nis.; slthouwsh
nie effect was not evident with cohmil %%ﬁ%%% vays st 50 Bfwein. Yhe
gffect wab :m% Sowesticeted fully bousune @%@ instyument wes aot o~

tonded Jor uee B sush bigh levels,




Ay Bouivalonge of Seintillation Nedin

e unit of S-ray Jdopspe, the roenitgen, is defined do torms
of au ely leoplzetien chesbew, Any other saterisl to be uveed e 8 rad- i
iation detector nust be aly oguivelent A¥ its responss is ©0 be ex~
proseed in roountzens., Thot is, 1¢s enevgy absorption must bHe propor
tiunel to the ensrpy absorption of alp vver the energy range with ehich
it is to bo uged, Ter-Fopossian and ltiner (8), Fitsar, w@rw@agaﬁﬁﬁﬁg
aml Aly {8), and Brucker have studied verious matevials in the eneigy
range S0 kev to 200 kov; Cerr and Hine (213, to 3 muv; snd Belcher (V)

o 98 mw,

From By, 5, the ratio of the eunovpy ohsorbed in & medium to that

ehaorbad in oir way e sliated as
.*wa

i% P R BRI TAATTITS

Cwsd sy

gionge B << § for aiw,

This ratio é@ plotted for anthracene (1) &% a function of ®~
vay anergy, aud orystel thichksess in PFilg. 4. These curves ave typiesl
foy orpanic phosphors, Compavison of these curves with Fig., B, shows
that for vadium y-roys anthrgcens and siniler phogphors sre essentiaily
siy guuivalent.

Data for gpeveral oyganic phogpbovs sve given iu Table I (23),
Apthrecens i the wmaterinl of cholce on several polnts; it hes the
bighost light yield, and the vwavelength of the emitted light is falely

alose 0 the maaigaﬁ af the rosoonss quyve of the photo-multiplier.



TABLE I

ORGANIC SCINTILLATORS

. |Wave-
Den- | Effec- length| Re- De-
s it; tw‘? of |frac-| Light oay
Scintillator 1Y latomic . . . time, Remarks
gm/ emis-| tive | yield 10-9
em? | ®"™ | sion, |index
ber, Z, ’ sec
Anthracene 1.26 | 5.8 | 4450 1.00 25 | Large crystals not
quite clear
Quaterphenyl 5.8 | 4380 0.85 8 | Pure crystals diffi-
) cuit to synthesize
Stilbene 1.16 | 5.7 | 4100 0.73 7 | Good crystals read-
ily obtainable
Diphenyloxazole 6.1 0.78
Diphenylbuta- 5.7 | 4810 0.67 8
diene ,
Diphenylanthra- - 5.8 | 4800 0.65
cene
Terphenyl 1.23 | 5.8 | 4150 0.55 12 | Good crystals read-
(para) ily obtainable
Diphenylacety- 5.8 | 3900 0.26-0.92( 7
lene
Phenanthrene 1.03| 5.8 | 4350 (1.66| 0.46 10 | Clear crystals diffi-
cult to obtain-
Naphthalene 1.15( 5.8 | 3450 { 1.58 | 0.15 75 | Good crystals easy
to obtain
Chloroanthra- 9.8 0.03
cene

g
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THE DOSTNETER

The dosimeter follows in external dotells that described by
Heleher, With s faivly considersble Litevature svallsble describing
somewhat similey devices, 11 vas obviocusly vonecessary 1o duplivate
mueh of the preliwinary work of other wosrkevs. Besiceily, the instsu-
ment consists of @ scintilletiog seystal-phototube conbluation, the
B0, oubtput é@'%ﬁ@»&%ﬁ%ﬁﬁ@%@ being ggy&i@é~®$4& B.U. amplifier whose
cutput s displeyed un a weter uvalibrated in roentgens per hour, The

Light drom & phwephor crystel of smeli dipensions is conducted to the

gﬁﬁ%ﬁ%ﬁ%@mﬁayﬁﬁg%wﬁM@ﬁ%&%yﬂg@ié@&@ﬁ~m$%§%w$§§%~aﬁrﬁyﬁw&?@%ﬁﬁéwaﬁﬁg%%e
it was devided st an early stage o uue nthracene o8 the shosshop; |
some plastic pbospbovs were made up, but they were discavded as beisg
oo insensitive, An ﬂ&%gﬁi& light guide was tvied, but it vas Pound,
a8 others bad found belore, that the sorylic comtributed as such, op
more signel ss the phogphor proper. Siace the sbototube itsol? is
highly sesnsitive 1o goson vadletion, mrovision must &grwaﬁa, in the
fove of g &%@@ﬁ@yﬁ o sut OFFf the light feom the cvysial, when the
probe is in plece, aud balswes out the effeect of radistion or the

ghotatube,

Brobe, The prebe is illustreted in exploded wiew in Fig, 7. it econ~
slate of an encepsuleted enthracene crystal, eylindricel in shepe, H/02°
digm, , by B/36" Song, ‘The crystal was swoliod over Lurning megnesium,
savelully dropped into the capsule, end seouved in place with a thin,

polished serylic butten, The wapsule, of 142" duvel is ibhreeded and






e
- B -

£ittod o one wnd of & 1!%“ dursl tube, 20 on. ip lesgih, whose iateyr-
ior is Grosght $o 2 hiph poldsh. The sther end of the light pipe boers
& fiange which sermits 1% o be sovurely fastened to the body of the
probe wolt by neans of 8 theesded eap.

Yhe probe vnlt conslets of teo @@é@%&ﬁ@ﬁ@ eylindevs, the
inner ous bolog wovable snd spriasg loaded; this oylinder hag an apay-
ture, which in the nosmel position is %@@%&i%@ 8 asoyvespondiang bole in
the outer oylinder to which the light pipe is festened, In & radia-
tion field, the inner sylinder, which acts us v sbulter, may be woved

by mesns of & bolton prejecting through o sius in the outer aylinder,

thug cuttiang off the light from the pheaphor. The false gignel vesull-

ing from the effect of vadiation on the §%§ﬁ§%§%ﬁ may then be oanegl-
lod out, the shutler relesesd, and o true ceadivg taken.

fhe phototube, » photonuitipiier type, way be a IPE1, 1P28,
or & speclally selected $91-3; Lt is chosen for high sensitivity and
wigh signel to poise ratic. The phwiotube is wounted on 8 oylindsical

brachet within which aze

mouated the dynode blesdey vesistors. The
base of the brocket is keyed to £it the outey cylinder and thus position
the photocathode scverately with respest to the light guide. 1€ is held

Amphenul vecup~

in place by seauns of g threaded wimg. %:%&ﬁ%@“%ﬁ%,ﬁﬁiﬁ
tacle is fitted to the brecket buse, In oxder to eeduce leskage bet-
woen the bigh eoltege and signal ping, the babelite isnterioy of the
stendard Anphenol resepitecie bas been veplaeed with one oongtrusted of
Teflon {polyistivellvorethylene). Since the surfsce g@aé&g&ﬁ%&%y of the
hakolite used in these fittings 1o lowsr thas the volume cunductivity,

it was nOt nocessary v nodify the fesule conpeotor, in which the oo~



taste are loosely held, and henoo wake only sueiace contact vwith the

body of the intevioy, The same precputios wos taben with the nmele

Aug aabls,

conneetur &b the other gnd of the Lnter-gow

Civeuit. The Lostrument seesuves the intograted divect cuvrent Ivom
the photomidiplier, This emounts to aopvosnimately 1@”3 A, for full
soale deflevtion oo the mopt sensitive seale {(ihe Check scale, L0
seentgens poy houw full scelel. Hlectroseter techniques were iundicat~
@d, without, bowesvey necossitaiing the vee of o special elecivoaneter
tube, slnes many cosventionel tubes bave grid current on order @ o

N , o
tess then 18 A,

The seouireassnts of auy elesivooetey civeult ave thet it be

linemr over 4ts full reuge, end be stable with vespect to gein ssd zers,
The circult should be s simple as these factovs pevmit, In almost il

slectrometer apolications, the parenster peossured is surrent. Some

form of currest-currvent transducer i3 indicated, Usfertunately in the
g@%@@gt stute a% the art, the only cuvzent-gurpent (ransducer, the
trangiater, is invapeble of hasdiing the minwte luput currents met
with in pyactbice., 1% smighi: be polntes out thes &u@aw@é@ surrent-
survent 9.0, = 4.0. Straosducers bave boon develuped, wt at the present
they ave vither cumplen or expesgive, or both.

The poet peuorally used davies i the vaouus tube, whilah of
course, i 8 voltay % ﬁ&?@@ﬁt trsusdueer, aad pegeives that the gups

rent to be messured psss through & very bigh cesistence, asd the volis

gge drop so producssd spplied to the eontrol slement of the tube, In

prder o opgrate sstisfactopily in this application, the tube sust have



2 grid current of 1/20th oy less of the curpent to be measured. Whers
suyrents of iﬁw§ 4. and less ave to be messuved, specisl electrometer
tubes wust be wged,

Por o glven grid bies, the plate oorpout of any fube will
decond on several fectors, including tube peowetey, spplied slestvede
sotentisles, and suntact potential. Yhe latier may auwouut é@ 8¢ mv, ,
aad may oot be @@m@%&@@ﬁ@@ for expept threneh the use of feirly gow~
plex gireull seronpenents. This regulires that a sigosel of sbout L weldd
he gvailable 4f veriations 4n seww level are ¢ be slniwmized.

in the pressnt odvoedt geln stabilivy is sssured by the use of

& degenerative olireuit plvisg 100% vegative fovdback. Yeviation in fhe
slate supply is sdpdnized by the uvee of voliage regulator tubss,
Changes in honler curvent, due ﬁ@ variations in lise voltage, @%@éﬁﬁ@‘
changes in sero lovel, sud o regulating tvenaformer for the heaterva

was smployed indtlally, However, in order v reduce welght and bk,

thig wes resinced by o compousating cireuit which will be deseribed
later.

The bagic @ﬁ?ﬁﬁ&% ghown in Fig., & devives feum that of Boody
{63, This particulay type of olrouit reguives that the luput swwree
be an infisite impedasce, or constent-curpent souvde, such 29 an fowd
sutivs cheuber ar photonnltiplier,

The palis of ?i, without fesdbuck, is

&y » - %L%

% ;%% F gg |

i

where b 28 the wlifisation fautoy
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B, the losd veslstance
i, the viate resistance
3

The gais of %}g, withont foeodbaok, 49

23 §§‘g&

i?% . R S S S ERR R

;”39 wi j23
£ ¢ 12 R & R,

whare 23: 18 the total cethode roelalanas.

The oversll sain, then, is

o -

Gy, + B ‘ (% 1) B¢ A

%
&

how by @

The eleoult with fe sk is shown in Filg. 8b,

e, &@i

% 9 ¥ o B,
@, = o ﬁ%.%i

@,ﬁ% = @y {1+ &)

» A
s _@{5 o eensent ]
8 % M T TR 4

The gais with feedback, then, ie

avws %o w A
N 1+h

For this cleoul, %&, ib

i & 12817 double iripde, for
which

w = 4D

w
8

Row .8 % AT

&

5600, the vepistence of ihe woler,

o B

nonce A G ® 8.3 % %@g & B % A0

(.7 % 10% + 15 % 157 (81 5 5 % 107 + 18 % 10

o b6



88
&ﬁé %’@ P %wé%wa E ) a%%

From this 1% will be geen that ¢ drop of 1.0 will scrops ﬁi
will produce & signel of 0.98 wolt st the catiwde of ?sk’ The effects
of non~iinsnrity and vowanied slgpeis ponevsted withis the Feedback
joep will be veduced By 2 fagtor of 53,

The tizme constent of the civeuly ﬁgﬁg whewe © ia the stray
sasaolty, is glne veduond) the tlog copntand i

FEERE

Thia ia of conpidervable inworitanoe in olveuiis desipnesd fo

Y % N . » ) b
neasure currente less then 10 % H., vhove 4 vould be in escess of 1$§£

i, With & fypicel value of O taken me Suud, we should have s time
gonstant of 20 gecunds without Feedbauk,

In the prosent clrouit, with the saximp value of ﬁi L i@g
olges, aund sssuedop © = S0auf (20 2 §§@£§§§i

Cw 20 R 10" ses. withous feedback, snd only

%E
20 5 10"° -5
Fhwggien o 5.6 % 10T ped. with feedback,

it shunld e soted that ompaclly auross %3, e, , hotvwean
the ioput geid sud the feedback elweult is aot affovted by the fesd-
back, Advantspe s Laben of this i the sreseut oivenit by inseeting
& capacilor ausoss ggﬂ L0 gmeoth oul rendoss veristions vhen usiaz the

chioch sople,

Practicel Clreoult, Yhe following fauters were of impovtance in the
design: L. The laosbrument wes to be ling oporsted, from the vegulay

137 ve @ cpole outlet; A, Btendevd, sugily obinined compononis, dn-



EES ;};&fg E)

cluding vecwsm tubes wers to be used {the ouly component nol readily
gvsileble from local suppliers ig the bipgh voltage corong regulstor,
ey 3; ALL mepeuty of the cirveult wers o be reduced (o the wtnost
slumpliclty.

fufficient vepulstion iz Zuwnighed by the gas type LR AT
vepulator tubes, V5 aud ¥V, to cbviste the nusd of 8 nore comples,
feedback vesulator., %he ges tetrode relswstion oscillster ln the bigh
vl tane é%@@@? i, of sourse, §§13 imows, The 167 tranaformer uued
i @ seell filament Ivavsiorper, deiven from 1t low voltege winding,

%13, the suvge suppressor, limits the ausde peak curvent 1o sbout 1

ampere, thus ensuving reesousble Tube 1iZe, Fleolug the yeutilior im
the nogative lesd permitted the use of & summon heater supply fov all
tubes oxgept V8. The 484 ﬁéﬁ & hestesr-oathody reting of 490 @@§ﬁ§$
but since 8 five volt winding wes svailable on the tvansfommer, it
war docided to toke sdvantage of the ssditionsl factor of pefety, and

the reduced bheater volisge coptributes to longer tube life.

Weaguring Cizeult. Provious applications of this besie elroult had

all hosn battery opsrated, Moody's uwiplusl slveuit used four I bat-

tories as woll as two filowent bettevies Sur the smplifier elone. Vi,

& 55 - 60 wvolt ason lowp supplles a voliege drop spproxinately %%%&iwﬁﬁ
the resting potentinl of the goode of ¥ia, thus pevmitilng the full
signal Teom the cethode of Vibk to be uped for lesdback,. |

The ohrouit ot this sodnt fusetionsd adeguately, bat §$§,§§%M
Jeot o chonges i Berd 1%%@3 with chaspse in beater cuvpsnt, It wes

st desirable to sdd the considersble weleht of s regulating tyansior-
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mer, and so the conpensating clrcult was devised, This circuit injects
& potential inte the cathode circult of Viae sufficient to balance
changen due 0 Ilve veltage, The corvect swount is determined by
trinl, aad the adjustwont of P, The lerge filter capacitor was eo
chogen, that for an aﬁ@@gﬁiﬁhaaga in live voltege, the compengating
voltage changed at the sone ¥ate as the effect @f‘%ﬁﬁvﬁﬁﬁiaﬁ %éwg@r»
%%&%é change, Over the pormal range of line voltsge vaviation, 1t vas
poespible to componsste o that zero drift was negligibie,
A stendard seuros vas coustruoted for meiateiniag the calibwsiion

ok the lastrument. A five wililigren vedium plague wee sounted in one

end of 8 plastic cylinder, osd an axial hole, just preater thas the

dimester of the probe drilled from the other oud, Jeep eaough 1o glve

# ealoulated dose mte of something Less than five soontgens per hour.
The plastic cylindey was then fimed into » lead bileld,

The instyunest wes valibroted in alv, weing the average of several

30 wiliigvan redius nesdles. Using the inetrument ee its own standard,
with frequont checks spelsst one of fhe rvadium ﬂ@@%&@@, the hole iu the
piagtic wos deeponcd woill he meter read five roontgens per howr with
the peobe fully isnserted,

The sccuracy of ealibsation of the vadivg woodles is peserally
auuapied &0 be 1% or botter, 20 the Lliniting g&@m&@%y for radive in the
@iy ie probably thet of the weter, which is about ¥, The svatteriug
produced by the tissue would sot introduce an orror of more thon 5% wvey
the radium-grobe distasces mot with is practice, Ap svourscy of & 1%

is sdeguate for the purposes for ebich the lnstrument wes designed,
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CCLEHRCAYL, APPLICATION OF THE PULEE VYRR

DOSIMETER

The problom faced by %::éw_ radiolopist do two-Y0ld:  He must

first assess the Luwouy 88 to size snd losstlen, mnd detewmine the

spount of radistion which, in m% opinion will destyoy Lt, or veteyvs
ite growth; then, ssually with the %&ﬁi%&%&ﬁ%ﬁ@ of o olinigsl physicist,
he must determine how best 1o sohieve the preseribed dosage with mind«
wum radiation appllisd to the ﬁwmﬁmﬁiﬁg haalthy %@m@y  Fhore ave

vumerous souvees of radiation sveileble to the vadiclopist today. These

inciude X-ray nechises with snergics spnglag from 10 KBV, to 10 op sove
“ %ﬁ%‘y w&mmmg@y m%ﬁ mmm&ﬁgz ﬁaﬁégﬁx, wﬁﬁé% %ﬁ}* ﬁ»s&*&m.ﬁ* m@%ﬁa@%iia@
- igotopes; as well gs direcd costact matorials giving ﬁi;g;%i%&f; %ﬁ& oy
gomna vediation, or o cwmbination of them, such s m@%w&g radioactive

m‘ié:, phosphorous, and other vadicausive lootopuy.

gold,
The dosags due o E-vay and telothevapy wnits may be calou-
isted fairiy readily with the aid of isudose curves, and other tegh~
piques, sspeuially vheve Tized fields ave used. 7This is because, with
the gouves-fupour distances weed, the ?éaﬁﬁ% changes falriy gradusily,
ascept at the odges of the fields ¥Yhen the source of radiation is
placed on the gueface in the form of & plsgue, or within the body,
coloulation becowes wuoh wove difficulé. Tor an inmplant or lusortivs
the field hus a sguere-law ddeteibution, ond while the dose may be ex-
fromely bigh 40 e ineedinte viciaity of the souvee, 1% is sttenushed
vory vepddly. 3¢ i of great lmportance, thovefore, that the limite of

the tunour bo bhoows with consldersble aouureay, s0 thet it will receive




aquate radiation ot its boundavies. I% i iwportant too, that the

location of any noavby @z?gs@azaé b vmwmﬁ@ag koown An ordey that they
uot be demaged by oo wuch yadiation,

A vadiograph of the pite may give the requived information;
usvally, howsver, 3% is necessary o visuglise the ovgen with a rvadio-
opague substanes,. This aﬁ;& become B s ien @m@ﬁ&w, gind dn mEny oases
is oot done, This is fg}%&i%:imiﬁriy true in the vadium tresiment fov can-
cor of the cervin aﬁmi@; The insertion in this treatwent is carvied

out in the epsrating mem. with the petient wader snesthesia. While

radioprashs ars nede of the pelvis ge o wmatter of woutine, genorgily

Cgpeaking thiz wust be done later in the diapnvetic vadiclogy departs

pont sioes the Z-spy pachines in the osporsting yoou do sasz;ﬁ iawﬁ puffi-
chent penebtration. The radioclopist dovs not norsally ses the yadio~
graphs uwntil some twe oy wore hours after the losertion. Hven had the
adjacent ovpans boon visualised by wmoone of a vadio-vpsque materiasl,
it would not e practiecable to alter the iusertien unless the redlum
had bocome giossly dippiooed, |

1% won for ihis veason, prismavily, that the doevelopment of
the dosimeter Jdeseribod wes noaderteben, With the instrument, 1t is
posgibie, at the time of ifusertion; 16 Jdutermine the dose at the walls
of the rectun and bledder, whose muoous menbranes ave particularly

susceptible 2o radistion danag The instvawnt furthey pessits the

radiclogist to detorping vwhethey the radbu bes bocome displeced by

SR,

the packing proc
Fig. 16 shows a posterior - anteriew radiograph, and Fig. 16

a lateral vadiogeapb of a typies) ineeriien, uwsing two 50 mg. rediun



needies in tubes in tho wtorus, end thiee 10 mg. seedles in esch of two
ovaide in the vagiunal Fownices, The ovolds are fixed ig wosttion by
theiy sttechment %o & colpostat. In additien, the uvethra sprd bladder
save been visuslized by seens 0f 8 cathetor, sud the rectum by the ed~
miggion of als.®

the pross of serticulsy ilutevest to the radioclogist wren

1. The site of the disesse Ltself,

%, ‘The grous to which the discaso pay spread, 1.e., the
parametria, or vegions immediatoly letersl to the uterus; and the lymph

nodes &t the side weils of the volvis) aud

the ureters.

The peobe is fivet passed inte the bladder watil 4t touchus
the base of the letter, and s roadisg teken; ss shown is Pig. LV then
it is moved lotevalily sud o reading teben ot osvh side. Yhe probe ie
then passed into the restum sgeinst the suterier wall et the midiine,
a6 shown in Fig. 1% asd g reading tehen of the mesimas, It ig thea
moved latersily and roadinge taken st the left eud right limdts.

The roudings fov the case shown s the radiogvepbs, which
are btypioal, ave g&%@@ bulow, |

Bladdor

Midiing 88 yoontgens pow houy |

5 ¢ a8 roonteens por Lour

#ihis srecedure wes very kiodly ceveied out fov the purpiss
of wehing these photographs by Dy, 3.4, G6lites of the Manltoba Cancer

Poundatign,
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 af patient of Pig. 15.

Lateral radiogray
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Fig. 17. Probe being inserted into bladder,
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Bight 58 rosntpens pey howy
feptum

Bidiine 40 roputpens por bouw
Ledt 850 yoentgens por houy

Aiphbt 48 roounigens pey oy

"This techulgue measures directly the dosage of
ixrpdiotion botng given to bladdesr sod veotum.

Although mell differences in the yate of radis~

tion ave; pe wot, not rouerdeble, pross overdosage

s b dotected. This 8llovs inmediste ve-nositions
ing of the sedivm.

"The desiveter pormits prestur individusliisae
Pion of trogimont., It apposve 10 L epprecisbly m%
duning the juoldeace of bWisdder, urotbrel aad veutal
vadiation inluries.

"While ite field of epplicabilivy is, at preseat,
rostricted o carvcivoms of the goyviy, thie field nay

Be widenod s move oxperiepce 46 aedned in ite uee’ .

# B, Jean NacPerione, personal comsuniosbion,
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