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Thie follawing material is the resul t  of a Y-ray standardization 

program intermittently conducted in the Biology Division of Oak Ridge 

National Laboratory during the past 3 years. A t  first it was thought tha t  

l i t t l e  original information would be forthcoming from the completion of 

radiation measurements which follow closely the familiar techniques and 

principles already familiar t o  radiological physicists. As the work pro- 

gZessed many lmportsnt points were discovered which a re  not readily found 

i n  the l i terature ,  and which are  of sufficient interest  t o  warrant the i r  

presentation a t  th i s  time. We wish t o  acknowledge the assistance of several 

people who made a material contribution t o  the work, Mr, R, E. Zedler of 

the Instrument Department contributed most of the basic mechanioal and 

electr ical  design features of the thimble chamber, 

obtained a portion of the data i n  the course of other studies, 

Mr. Roland K. Bbele 

a 



TElE RADIATIOPJ FROM LUMPED AND D%STRIBUTED TYPE SOURCES 

mgar Be Darden, Jre and 6, W, Sheppard 

Accurate physical measurements in radiation dosimetry are becoming 

increasingly important with the growing quantitative acsuraey of techniques 

f o r  studying radiation effects  on livfng organism,, 

precise method f o r  the determination of surface ionization intensi t ies  of 

sources has been developed (1713 so tha t  with rela%ively simple apparatus 

accurately known doses may be administered t o  biological material in the form 

of a th in  plane layer, 

have been carried out i n  t h i s  laboratory including calibrations of Victoreen 

condenser-type F meters against a standard free-air  &amber, Based on 

these calibrations a standard position was establbhed inside the lead 

enclosure around a medium intensi ty  Go6' source fo r  periodically checking 

the various Laboratory Vietoreen chambers. 

For &pay work a 

In X-ray work up to  250 kvp2dosimetry studies (18) 

I 

For determining dose due to Y radbt ion,  the Viatoreen method cannot 

be rel ied upon s h c e  these chambers are normally calibrated only  up t o  200 or 

250 kvpo 

the ruggedness of a routfne instrmen% is less imporbarat, 

parallel-plate o r  free-air  type sf ionization chamber with which X-ray 

calibrations of 2 1 per cent accuracy may be obtained can be employed f o r  

air dose measwreslents of Y radiation but is  required t o  be of impractically 

large dimensions (lo), 

chambers have been developed t0  serve as standard as well as pract ical  

Sinee long-lived Y-ray somtses do not require dai ly  calibrations, 

The standard 

To avoid t h i s  di f f icu l ty  small thimble ionization 
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a 

Y -my dosimeters 

trormagnetic energy 

the gas inside the 

5 

By means of the Bmgg-Gmy mvfty prbcfp le  the e l s e  

absorbed i n  the walls and dissipated as ionfmtion in 

chamber may be quantfb%ively related %o the energy 

absorbed 5n suprounding t issue o r  t$ssue-lUce ma-bes8al. 

the dose i n  roentgens per second may be ealouhted frm a, knowledge of 

the ion current and the volrsme of the a v i t y  w%th suitable mmec%ions f o r  

attenuation and other wall effects., 

The b t e n s i t y  of 

I n  th i s  report a thimble chamber of t h i s  type is described i n  some 

de ta i l  b e g f d n g  with a brief review of the physhal  principles underlyfig 

absorption and ionhation, parbica;Lkly in light-weight media, The cavity 

principle is discussed with practical  application t o  the design and function 

of the chamber. An exploded view drawing of the chamber assembly is appended 

t o  c lar i fy  constructional detai ls ,  

principal factors affecting the practical  performance of the chamber i n  

collecting ions, The report is concluded u i t h  8, resum; of the work that 

has been carried out i n  the Biology Division with Y-my thimble chambers 

including calibration tes t s ,  Sfevert dose determinations, experiments on 

the effects of baekscatter, and the use of the chamber fo r  detensining the 

intensit ies of dose given t 0  biologicalmcaterial exposed t o  external sources, 

and also inside certain distributed type sources of Y radiation, 

A brief discussion is included of the 

E n e r a  Absorption i n  an Jrradhted Medium.--Before coxwidering specific 

detai ls  about the use of Y-ray thimble chambers i-k i s  well t o  review brief ly  

some essential  principles involved, beginning with the mechanism of absorption 

of nuclear radiations in matter, 

given by HeitPer (9) 

A thorough treatment of this aubjec% is 

Sonewhat more eleane,nkxqy presentations can be found 
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in texts of nuclear physfcs such as Cork (2). 

elementary radiobiological aspects of energy absorption are  t o  be found 

in texts by Robertson (Sa) and Stuhlman (20), while detailed infomation 

on specific effects of radiation on biologioalmaterials is given in bass 

book (12). Finally S i r i  (19) is a good reference source of information on 

both the physical and biological aspects of nuclear radiation and absorption, 

particularly with regard t o  the necessary instrunentation. 

General discussions of the 

When nonosseous biological material is irradiated with hard X or  Y 

rays, from 78 t o  92 calories a re  absorbed per gram of tissue per roentgen, 

depending on the energy of the radiation and the cormpositLon of the material 

(12). Absorption of radiation energy 3n the material is accomplished by one or 

more of three fwzdamental mechanisms: 

absorption, and electron-pair production. 

photoelectric absorption, Compton 

The first two processes are 

important fo r  biological material; the third can be ignored unless the Y 

radiation is e r e m e l y  hard, since the threshold energy required f o r  production 

of a positive and negative electron pair is 1.02 mev. Pair product5on even for 

f a i r l y  high energies is  not apt t o  be very important i n  tissue, since i ts  

probability of occurrence is found t o  decrease w i t h  decreasing atcenic weight 

of the medium,  

The photoelectfic process is  responsible for  most of the low energy 

X-ray absorption, particularly i n  materials of high atomic weight. 

occurs when an orbi ta l  eleetron i n  an atom of the medium is ejected by an 

incident photono so tha;t the atom is lef t  in an ionfsed state, 

of the photon is thereby 5mparted as kinetie energy t o  the electron according 

The process 

The energy 

t o  the Einstein photoelectric eqmtfon: 



2 h v = P  + ~ I I I V  

7 

Eq. 1 

where hv = incident energy of photon of frequencyv 
h = Planck's constant (6.62 x lr27 erg seconus) 
P = work function of the material 
m = mass of electron 
v = velocity of ejected electron 

Since the electron energy 

energy of the quantum is  transferred t o  the electron. 

I& is usually >)P, practically the ent i re  incident 

A t  low energies the most 

probable direction of photoelectric emission is a t  ri#t angles t o  the beam of 

radiation, but the forward component of velocity tends t o  increase with increas- 

ing energy of the quantum. 

relative importance of the photoelectric scattering through various angles from 

any shielding surrounding biological material exposed t o  X or  Y radiation. For 

This is important, for  example, i n  assessing the 

Y energies greater than about 0.5 mev, the exact energy depending on the atomic 

number of the absorbing medium, the absorption coefficient o r  electronic cross 

section f o r  the photoelectric process is  approximately given by (19) 

- - 
E3 

r e  
Eq. 2 

where K = proportionality constant 
Z = atomic no, 01 usorbing medium 
E = y-ray energy 

This strong dependence on 2 and E should be borne i n  mind when using a thimble 

chamber t o  measure 3'-ray dose i n  biological material. 

nearby heavy material, such as lead shielding, may subject the t issue and 

The presence of any 

c chamber t o  photoelectron bombardment and adversely affect  the accuracy of the 

results 
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The mo:,t *,ort;int 12-s by which X and Y radizition are absorbed in  materials 

camposed of at- of lov atontic weight is Coxupton electron production. 

process, which is independent of the atomic n-r of the absorber, a free or 

In this 

loosely bound eleotron i n  the medium is acted upon by a primary quantum so that 

a definite proportion of the primzrg energy is carried off as kinetic energy by 

the electron, while the rest appears as a second quantum of longer wave length. 

By treating each of these en t i t i e s  as particles subject t o  the classical l a w s  

of consematim of energy and momentum, the following expression may be derived: 

where = difference in wave length between the primary and 
scattered Guanta of wave lengths A '  and A respectively 

f3 = angle made by direction of scattered quantum with 
original direction of photon 

m = rest mass of electron 

c = velocity of l igh t  
0 

This  gives the relation between wave length 2nd angle of scattering. The 

probability of scattering through a given angle is given by the Klein-Nishina 

formula (9). It should be noted that the mcurimMl primary energy is transferred 

t o  the electron only i n  cases of head-on collision, The zverage Compta or 

recoi l  electron energies are  always less  than that  of corresponding photoelec- 

trons f o r  a given energy and composition of medium. For energies above 30 or 

4Okevthe recoil  process overshadows the photoelectric process i n  elements of 

low atomic weight and is, therefore, the one of most importance i n  l iving t issue 

and tissue equivalent naterials used in the construction of thimble chambers. 

The relative importance of these two mechanisms of absorption f o r  producing 
c 

* 
ionization in tissue-like materials was recognized over 25 years ago by Fricke 
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and Glasser (4) in their development of the  first pnc t i ca l  thimble chambers 

c 

. 

for  X-ray dosage measurements, They reported that ,  i n  water irradiated with 

62.5 kev X rqs, about 50 per cent of the t o t a l  electron production wes due 

to recoil electrons, whfle uif3.1 rays twice as energetic all the absorption 

was by t h i s  means. 

the percentage of remils for the lower energy X ray should be not 50 but a t  

According t o  more recent experbents it appears that 

least 90 (E) 

Measureiaent of Radium Emission.-Until f a i r l y  recently the principal 

source of Y radiation fo r  medicaland biological use has been sane form of 

radium prepra t ion ,  hence most of the conventional terms used t o  describe 

y rays refer t o  those emanating fron radium in equilibrium with its products. 

Radium sources were used as standards for  most of the dosimetry studies described 

i n  t h i s  report. It will aid in the understanding of the data t o  discuss br ie f ly  

ce r t a f i  of these t e r n .  

For radiological purposes the intensity of Y-ray emission is usually 

measured fn terns of the intensity produced a t  a given point i n  the radiation 

f i e ld  of a point radium source i n  accordance with the inverse square l a w .  The 

mt of intensi ty  i s  often designated as the intensity-millicurie or m. This 

un&t is deffned as the intensity of 7 radiation a t  a distance of 1 un fram 1 m g  

of radium considered as a point source, f a t e r e d  by 0,5 x n  of platinum t o  

remove the corpuscular elements of the radiation, 

Q mg of radium the intensSty is therefore A ,, 
is delivered f o r  1 hour i s  referred to  as a P m-mg-element 

A t  a djstance of P un from 

The integrated dose when 1 Imc 9, 
or the 

0,s mm platinum f i l t r a t i o n  understood, This qumt i ty  of dose is sometimes 

referred t o  as the S k v e s t  dose, No allowance is  nade for  the radiation scattered 

from the container o r  the self-absorption of the radium salt, or the absorption 
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of the primary radiation i n  the a i r ,  since fo r  conventional type radium meedles 

these corrections w i l l  be small. 

arbi t rary values of f i l t e r  thickness, the following expression (ll) may be used 

where M mg is the weight of the radium f i l t e r ed  by t mm of platinum. 

To obtain the corresponding intensity f o r  

This gives 8.4 r as the mean value of the 

published by a number of individual investigators. 

dose based on the results 

A more appropriate u n i t  for designating source strength f o r  radiobiological 

purposes is the m, an abbreviation for roentgens per hour a t  lme te r ,  since 

here is  represented a definite measure of the effect  of the  radiation. Thus, 

1 rnc of radium undergoes 3#7 x 10 X 3600 disintegrations per hour which 

produce a2proxim.tely 8.4 x low4 rhm i n  air, so the ungh dose is  equivalent 

t o  8.4 x rhm. 

7 

Measurement. of E n e r a  A_bsorption,--When radiative energy is absorbed by 

a medium, it is transformed primarily into atonic and molecular excitation, 

followed by ultimate degradation into heat. 

that  about ha l f  the energy absorbed i n  hydrogen, oxygen, and nitrogen is  diverted 

to  the formation of ions. It is probable that  i n  irradiated t issue a l so ,  more 

than half the energy absorbed goes into ionization, and m y  believe tha t  t h i s  

is the principal mechanism through which d t i m t e  biological changes a re  brought 

about as a resu l t  of exposure t o  radiation. Regardless of the  internal means by 

which this energy is ut i l ized t o  produce these effects,  quantitative measurements 

of the energy absorbed are  essent ia l  fo r  evaluating them. 

In  the case of gases, it is  known 

Since the Imc unit i s  a measure of the intensi ty  of mission of a radium 

source, it gives l i t t l e  if any information as t o  the quantity of energy absorbed, 



i.e., the  dose administered a t  a given point in the radiation field.  

most d i rec t  means of measuring the  energy absorbed would be a calorimetric 

nethod. 

be extremely d i f f i cu l t  t o  determ2ne in tissue material. 

method would not be adapted t o  routine medical o r  biological applications, 

although cEslculztions of the mount of energy absorbed in  a me+&llic medium 

as 8 resu l t  of ionization ?roducd oy ' /rays are i n  cgreement x i th in  the l i tzi ts  

of error of the method with the results of calorimetric nezsurements (7). 

Various methods of dosimetry both modern and obsolete, based on chemical, thermal, 

and electrical effects are interestingly reviewed by Q W y  (l4b). 

m e a n s  t ha t  have been employed fo r  measuring radiation dosage, the ionization method, 

up to  now, has proved slrperior t o  the others, although recent work with sc in t i l -  

l a t ion  detectors and new chemical dosineters is beginning t o  show promise, 

The 

The quantity of heat energy relezsed, however, is very small and trould 

Even i f  successful, t h i s  

O f  a l l  the 

The standard uni t  of dose based on the production of ions i n  a unit volume 

of a i r  is known as the roentgen or r-unit. 

Congress of Radiology i n  1937, it is the quantity of X OF Y radiation such tha t  

the associated corpuscular emission per 0,001293 g of air  produces, i n  air, ions 

carrying 1 

ions referred t o  nay be produced some distance away from the 1 cc of a i r  referred 

t o  as well as within the la t te r .  

ionization produced i n  a known volume of air by a collimated beam of X rays 

dkected between two charged plates of a standard parallel-plate ionization 

chrrmber. A general description of this method of measuring X-ray intensi t ies  

cz-n be found i n  the  books on radiologicel physics cited; specific de ta i l s  are 

included i n  2 report on X-ray calibretion i n  the 3iology Division by Sheppard, 

Kaupin, Oster, r.nd Cone: r (la) . 

As defined by the F i f th  International 

of e l ec t r i c i ty  of e i ther  sign. It should be emphasized tha t  the 

The roentgen is determined by measuring the 

The following ?oinks are  enphasized bece-use of 
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c 

the bearing they have on thimble chzmber measurements. 

F i r s t ,  the measured ionized volume of air should be i n  electronic 

equilibrium with the surrounding air. 

electrons tha t  pass out of the ionized volume should be compensated f o r  

equal number that pass in to  the volume from the outside during a given interval. 

For t h i s  condition t o  exis t ,  the volume should be located at least a distance 

from the origin of the beam equal t o  the maximum range i n  air of the electrons 

generated along the path of the beam. 

the charged plates should be large enough so that only a negligibly small  

number of secondaries originating within the ionized volume are  able t o  reach 

the plates. 

This means that the number of secondary 

an 

Second, the space between the beam and 

If a standard free-air chamber is  used t o  deternine an r-unit of Y 

raysp it must be of unwieldy dimensions. 

the unit implies tha t  all the ions generated by the secondary electrons 

originating i n  1 cc of a i r  a t  standard conditions be included i n  the measurement. 

Some of the secondaries due t o  7 rays from radium may produce ions meters 

away, so tha t  a chamber having a plate spacing on the order of 2 meters, with 

the source located 5 or 6 meters distant,  has been found t o  be necessary f o r  

conditions of equilibrium t o  be sa t i s f ied  i n  the region between the plates  

(10). 

size free-air chamber has been successfully used as a standard chamber with 

Y rays (21). The problem of using the free-air chamber with rays 

has been well swmnarized in a c r i t i c a l  analysis by Fa i l la  a d  &Iarinelli ( 3 ) .  

T h i s  i s  because the definition of 

By putting the a i r  under a pressure of about 10 atmospheres a conventional 

For routine biologicel and chemical dosimetry requirements small, inclosed, 

thimble ionization chambers have been developed of which the Victoreen chamber 
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is  an example. 

de ta i l  i n  a previously ci ted report (18), although l e s s  is known of the 

The use of the latter i n  X-ray dosimetry is described in 

response of Victoreen chambers t o  Y rays. , 

To avoid the diff icul t ies  arising f r o m  the relat ivelylong ranges of 

the secondaries from Y radiation, small " a i r - w a l l "  thimble chambers, 

so called because the effective atomic number of the solid w a l l  material 

is near t o  that of air, have been developed t o  serve as practical  Y-my 

dosimeters. 

produced in the chamber cavity may be quantitatively related t o  the intensity 

of the energy absorbed i n  the surrounding medium. 

application of the principle in biological material, the effective atomic 

number of most living tissue approximates that of air so that airFequivalent 

material is likewise nearly t issue equivalent. 

of light-weight materials, the almost complete absence of photoelectric 

absorption with hard radiation permits the quantity of energy absorbed per cc 

or  pergmin the surrounding medium t o  be measured by means of the cavity 

principle with an error of l e s s  than 5 per cent, provided the composition of 

the medium is approximately equivalent to that  of the chamber w a l l .  

Bg- mans of the Bragg-Gray cavity principle, the ionization 

Fortunately f o r  the 

For thimble chambers composed 

The cavity principle was first  recognized, more o r  less intuitively, by 

W. H. Bragg (1) and l a t e r  by Fricke and Glasser (4 )  in their  early developmental 

work on thimble chambers. 

investigation of methods for  improving the accuracy of ionization measurements 

of Y radiation. However, it was not un t i l  the reformulation of the 

principle i n  rigorous mathematical form and subsequent experimental verification 

by Gray (5,6,7,8) that measurements of Y-ray dose by the thimble chamber 

Braggls ideas were applied by Mayneord (13) in his 



method were placed on a reasonably satisfactory theoretical as w e l l  as 

experimental. basis. A more convenient approach t o  the problem of measurbg 

hard X- and radium 7-ray intensities was proposed shortly thereafter ky 

Laurence (ll) based on the cavity p i n c i p l e  and the Bloch theory (9) of 

stov$ng poirer of fast clectrons. 

The following description of "the cavity principle i s  based largely on 

the original presentation of it by Grap, 

Imagine a large extent of homogeneous med ium in a radiation f i e l d  of 

uniform intensity. 

radiation is then likewfse mifonn, 

which i n  the ideal case are vanishingly small is introduced into the d u m ,  

It can be rigorously proved that the introduction of the cavity w i l l  not 

disturb the distribution of velocities and directions of the electrons crossing 

the boundary, 2s long as the cavity is small compared t o  the range of the 

electrons in the gas. 

i n  the solid,= individual beta particle will lose as much energy i n  travelling 

A X  cm, a distance small compared t o  its range, as it w i l l  h travelling p A X 

c m  i n  the gas, 

power of the solid t o  tha t  of the gas and is  further assumed t o  be fndependent 

of the energies of the electrons, 

The density of the resulting secondary corpuscular 

A gas-filled cavity with dimensions 

The experimentally just i f iable  assumption i s  made that3 

SS 
Sa 

The quantity P i s  defineu as the r a t i o  -e of the stopping 

The average energy of formation per ion pair i n  the gas i s  W, approximately 

32.5 ev, and the number of ions of one kind formed per cc is J, so that the 

energy given up by the beta particles per cc of gas is JW. 

energy loss AE, i n  the solid is then 

The corresponding 



1 5  

Ip the cavity is large enough so that direct production of ionization in 

the gas by the y radiation is appreciable, it can be shown (6)  that this con- 

clusion is not altered as long as the absorption of energy in  the solid and in 

the gas is exclusively by the  Campton process. 

The stoppfig parer S of a substance for  ionizing particles is defined as 

the loss of energy of the particles per cm of path i n  the material. 

appraxjmate formulas have beenproposed for S of which the one due t o  Bloch 

Several 

(9) is recommended by Iaurence as yielding integrated values most consistent 

vfth experimental results. The different ia l  expression according to the Bloch 

theory of energg loss of electrons i n  matter may be stated as follow: 

a L s  = 27rB Z e - -  
dx m ( j v  

where 2 =atomic number of the m e d i u m  

e = charge on the electron 

% = r e s t  mass of the electron 

c = velocity of l i gh t  

p = r a t i o  af the velocity of the electron t o  tha t  of l i gh t  

E = energy of the electron 

PZ =effectfve ionization potential of the atom 

N --number of atoms per cc of medium. 

Thus the stopping power far a given mean energy of the particles, except 

fo r  a slowly varying log 2 term, is a direct  function of N and 2, or, since 

N = 6,02 x @g S is also a function of the density g and the ra t io  z of A J A 
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the atomic number 2 t o  the atomic weight A, 

number the stopping power per electron 

more than 4 per cent from the man over a wide range of energies ( 6 ) ,  hence the 

For small variations in atomic 
s = BX has been shoun t o  vary not 

justif ication for  assuming p canstant for a given materia3. 

The relat ive value of p f o r  different light-weight materials y89 investi- 

gated experimentally by Gray (6) He compared the ionization intensi t ies  in 

thimble chambers of similar constsuCtion haw walls camposed of various sub- 

stances with atomic numbers ranging up to 2 = 29 but of bdividual thicknesses 

adjusted to give equal electron contents. According to Equation 5,  the 

ionization produced in chambers of similar volume but of different wall materials 

should be proportional t o  Lo * The experimental values for  J in most cases 

f e l l  close t o  the theoretical curve for  eS based on a formula similar t o  that 
es 

of Equation 6. The value of p was found t o  decrease with increasing Z lq 

about18 per cent over the range studied. The graph could be used t o  determine 

p with respect t o  p air taken as unity for  any material with an atomic number 

falling within the limits of the curve. 

Sometimes p can be expressed in terms of the atomic stopping power Sa of 
g s a g  the media, then p= S S a where A is the atomic weight, g i s  the density 

in grams per ec. The quantity Sa is not known with certainty, but if the 

w h e r e :  E = - r a y  e n e r g y  f l u x .  * A E  E (c? 4- 7) 

-+ = r e c o i l  a n d  p h o t o e l e c t r i c  
a b s  o r p t  i o p  c o e  F P i c i e n  t s % ?  

I - r e c o i l  a b s s r p t i o n  c o e i ' -  
effa f i c i e n t  p e r  e l e c t r o n ,  

I f  7 i s  n e g l i g i b l e ,  t h e n ,  s i n c e  ca i s  i n d e p e n d e n t  o f  Z 
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atomic composition of the solid can be made similar t o  that af  ai^ (eff. z = 

7-20), then p will be merely the ra t ios  of the densities for the usual case 

in which the r a t i o  Z/A of the atomic number t o  the atomic wight is 1/2. In 

the case of water the presence of h@rogen having a Z/A value of 1 causes 

the value of p t o  be about ll per cent high (19). 

A correction can be made for  the w a l l  of a thimble chamber not possessing 

exact air equivalence according t o  a derivation given by Laurence (ll) in 

wbich specific numerical quantities are used i n  place of the approximations 

or igba l ly  employed by Gray. The derivation and resulting calculations are 

based on the following additional conditions: 

(a) The collecting electrode of the chamber according t o  Laurence is 

t o  be a fine metallic wire with a surface area negligibly small compared t o  

that of the w a l l s .  

as the wall has been found t o  be actually superior, even i f  its surface area is 

not small. 

f i e ld  f o r  ion collection, 

In practice,a central electrode made of the same material 

The use of a large electrode permits a more uniform electr ical  

(b) Absorption and scattering of the primary radiation i n  the w a l l s  are 

small, and a correction can be made f o r  the resulting decrease i n  intensity. 

The t h i c b e s s  of the w a l l s  is  sufficient t o  exclude all secondary (c) 

electrons originating outside the chamber. 

The ionization i n  roentgens per second may be expressed as follows: 

r =  I (s ta t  amps1 
BVo (cc) Fq. 7 

where I = foniaation current observed 

V 3 =  volume of a b  i n  the cavity reduced t o  standard conditions 

B =- Lauence correction factor f o r  the nature of the w a l l  material. 
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The expression derived for thimble walls of various light-weight materials 

whose approximate atomic composition is known is 
2 

B = 1 +- 2 log ZJZa + (2 1% Z&a> G &. 8 
and 2, are the effective atomic wigh t s  of the w a l l  medim and 

of a j r  respectively. 

effective atomic weight 2 is given 
For materials composed of several kinds of atoms the 

EQ. 9 

The quantities B and G Laurence derived by numerical integration of an 

eqress ion  based on the Bloch formula (Fquation 6) and the Klein-Nishina 

theory of modified scattering. 

(11) obtained by the substitution of numerical values i n  the stopping power 

formula contains an error, although it does not appear t o  be reflected in 

his f i n a l  expression f o r  B above. The values of F and G obtained f o r  the 

to t a l  energy emission from radium i n  equilibrium with its products are 0.0644 

and 0.0039 respectively, 

w i t &  a few per cent of unity. 

which with zw f o r  af. taken as 7.20 gives f o r  B a value of 0,947, 

It should be noted tha t  Laurence's ?&pation 8 

For materials that are nearly air equivalent, B is 

~n the, case of polystyrene (cg~g), Tiw = 4.65, 

Construction Function of Standard Y-Rax Thimble Chamber.-- - 
The design of the standard chamber t o  be described resembles one given by 

L. H. Gray (6) .  Details of the chamber and its shank, which together compose 

the chamber assembly, and the coupling t o  the aluminum extension tube are  

shown i n  exploded view drawings i n  Fig. 1. 

of the assembly is provided i n  Fig.  2 t o  indicate more clearly the conducting 

surfaces and their  relation to  each other, 

A diagrammatic longitudinal view 

Polystyrene and colloidal graphite 



Figure 1 

Exploded and cut-away views of the thimble chamber 

assembly. 
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(Aquadag) were the only materials used i n  the construction of the forward 

portion of the assembly, so tha t  no metallic part5 which might act as sources 

of abnormal scattered radiation are  closely associated with the &amber. 

The long sha,nk adds greater f lex ib i l i ty  t o  the use of the chamber for purposes 

such as depth-dose measurements. 

sources the irradiated medium m y  be f i l l e d  with t issue equivalent material; 

and with the nearly tissue equivalent composition of the ion chamberta minimum 

of disturbance i s  imparted during the process t o  the radiation f i e ld  in the 

For measurements inside distributed type 

) 

s w ~ o u n d h g  medium, 

collecting electrode, #2. 

the ionizing electrons, was coated on its inner surface with a thin layer of 

The basic parts of the chamber are the w a l l ,  #l, and the 

The w a l l ,  besides functioning t o  supply most of 

Aquadag t o  serve as the outer electrode labeled E i n  Fig ,  2. A sufficiently 

large potential difference was maintained between the two electrodes t o  ensure 

that essentially all ions formed in the cavity were collected t o  produce the 

ion current. The guard ring G, a t  essentially the same potential as #2, 

shielded the base of the latter and the center conductor C from extraneous 

electr ical  disturbances, The narrow, annular air gap A surrounding the base 

of #2 effectively isolated it from the effects of any polarization potentials 

i n  the surrounding dielectric,  

Another more important reason exists fo r  the choice of a material of low 

atomic number, such as graphite, for  the inside coating on the w a l l  of the 

chamber besides its ab i l i t y  t o  conduct e lectr ic i ty ,  

submitted by Gray (8a) Lhe proportion of secondary electrons furnished by the 

innermost 0,2 mm of the w a l l  in a graphite chamber exposed t o  radium ?’ 

According t o  evidence 

rays may be as much as twice as great as contributed by the remainder of the 

w a l l .  It is, therefore, possible f o r  a very thin coating on the inner surface 
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Figure 2 

Diagrammatic section of conducting surfaces in thimble 

chamber assembly. 

Sections through conducting etrips and surfaces are 

indicated by heavy lines. Numbers have the same 

significance as in Fig. 1. Meanings of letters are given 

in text. 
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of a thimble chamber w a l l  t o  markedly a f f ec t  the ionization characterist ics 

of the chamber ff the atomic composition ~f the coating is not essentially 

equivalent t o  tha t  of the w a l l .  

carbon and polystyrene d i f f e r  by only 3 per cent in t he i r  degree of a i r  

equivdence. 

from Equation 8.) 

This i s  not true of the Aqtmdag coating since 

(B carbon=0,9’77 as compared tez B polys tpene~0.94~ as calculated 

The absorption and scattering of radjation in tRe walls of small enclosed 

y r  ay c h ambe r S has been extensively investigated under various experimental 

Conditions (3,8a913J.5b) . Under a c o n s a t  primary radiation intensi ty  f a r  a 

chamber w%th w a l l s  of a given compcsition, the thickness of the w a l l  requfred 

t o  produce maximum response is a cornpromkie between two opposhg conditions 

t o  be met. 

not excessively attenuated and, second, t o  be thick enough f o r  the y 

radiation t o  be in equilibrium with the secondaries ejected from the w a l l .  

Failure t o  a t t a in  e i ther  requisite Vida tes  basic assumptions of the cavity 

principle. 

with the general law of absorption, the i d t f a l  intensi ty  TO af‘ter pass- 

through d zm of material with a coefficient of l inear  absorptfonp is approximately 

equal t o  Io (IN). 

the sof ter  scattered radiation, is  proportional. t o  d .  

tMckness for y r a y s  f 1 ” ~  ;?? 

3 or 4 m in light-weight substances. 

ionization capacity of the chamber is considerably reduced and the measurement 

of the ion current made more dLfficult, par t icular ly  if %he prhar’y intensi ty  

is weak t o  begin with. 

Firs t ,  the w a l l  is t o  be thin enough tha t  the primary radiation is 

If the primary radiation is absorbed i n  a thin w a l l  i n  accordance 

The fraction absorbed, assurtxing/u t o  remain unchanged by 

However, equPlibrium 

a radium sowee f i l t e r ed  by 0.5 mm platinum is 

If d is made much less than tMs, the 

In  order t o  satisfy the two preTd-susPy stated conation8 



80 that the integrated ionizratfon 

attenuation is compensated for by 

current may be expressed Ssa r-&%s, w a l l  

adding close-fit%bg shells o f  the same 

r a t e r i a l  t o  increase the effective thickness of the w a l l  aid then extrapolathg 

t o  zero thickness the intensi t ies  obserued, 

QUF standard thimble chamber is shown in Fig, 3. 

ionization dfd not occur unt f l  the fh-s% shdl  was added, indfeatbiflg that th19 

unthiekened w e i l l  was def%cien% %n the elec%ron con%en% required f o r  equZLibrim, 

With increasing w a l l .  thickness, the intensity is seen t o  fa l l  off more or lesa 

lfnearly due t o  at%enmtion, The a-bbentu%t%m fwbor 100 ,A1 'TA ,o where A% 5s 

the difference i n  the xerJ-tMckness in%ensi.%y. HQ and %he vw'pw 1 ob%&naa 

with the unthickned wall w w  found t o  be about 3 per cent as amwaged frcm 

a number of independent detemnbat%one. 

the average faator that was obldried for walls sf ~srcrmgwsbla mztSerid. h% G$ 

a p p r o x h t e l y  equilibrium thickness (8a,U> 

A graph o f  this % y p  made ~ 5 t h  

It s b w s  tha t  madmum 

Thfs f s  about 1. per een% k&gher t h  

In  most of the ear l ie r  work w5th ion chmbers, ion currents wwe maswed 

by the Townsend method by de't;effm$nkg the tkne yequ%red t o  charge a prec%s2mi 

standard condenser of capacftance C ts a given vlal-Slage 8, 

the current I is proportional ta the reciprmal of this t;h, 

The mag&tcade of 
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Graph of relative ion emen% as a function of effective 

wall thickness (abscissas). 
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101’ ohms, The c i rcu i t  may, therefore, 

so that it may be necessary a t  times t o  

steady-state condition, a f te r  which the 

have a f a i r l y  large time eonstant, 

w a i t  for the attainmmt of the 

voltage is measured. Details as t o  

the use of the vibrating reed electrometer f o r  ionizat%on intensity de-bminations 

are described i n  a report on a method developed 

the measurement of the surface exgosure of phosphorus-bakelfte P- m y  someea. ~ 

ShepFard and Abele (17) for  

The collection of ions formed in the cavity of the chamber must be 

essentially100 per cent if the ion curren% is t o  be converted in to  roentgens 

per second on an absolute basis, In  the graph of ionization intensity versus 

co l l ec tbg  voltage shown in Fig, 4, the thimble chamber is about 99 per cent 

saturated at  22* volts and completely saturated a t  double that voltage, For 

the radium calibrations, however, the saturation potentgals were generally 

less ,  s h c e  most of the observations were made a t  lower primerrg intensi t ies  

than the one used i n  the preparation of the curve, 

Calibration of Thimble Chamber@ with €&dium,--One fndex of the efficiency 

of a thimble chamber for  collecting ions is  given by comparbg the geometrical 

volume of its cavity w i t h  the effectfve volprme as determined d t h  a source of 

known strength, 

portion of the cavity which f o r  one reason or another is apparently not ut i l ized 

for ion collection. 

model of standard chamber the chamber was exposed t o  a radium sour@e and the 

equivalent ionization current expected for  a chamber of that volume ampared 

with the current actually observed. The apparent dead space, which amounted 

to about 22 per cent, was found t o  be due prfnaPLly t o  a f au l t  in the design 

of the guard ring surrounding the collecting eleetrsde. 

arranged so that it tended t o  par t ia l ly  shield the base collecting electrode 

The difference between the two is the dead space, or that 

In studies by Sheppard with a predecessor of the present 

The guard ring was 
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Graph of relative ion current as a function of aolleatfng 

voltage, 
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from the e lec t r ic  f i e ld  across the cavity, 

guard p i n g  has been redesigned t o  eliminate t h i s  condition, 

of the effective v o l w  of the new chamber determined from sources of various 

strengths are given i n  Table 1, The sources were standard radium needles 

with platinum-iridfum w a l l s  0.5 mm thick containing lrnown quantities of a 

radium salt. The intensity of each source as cer t i f ied by the National Bureau 

of Standards i s  also given by Equation 4. 

In the present model chamber, the 

Typical values 

Verification of cmh Dose.--As a means of testing the validity of 

the response of the new chamber, the 

of radium was measured by R. K. Able  using a vibrating reed electrometer. 

The mean value obtained fo r  a 25*54-mg source, hc1udin.g a correction fo r  

attenuation, was 183.5 r/hr a t  1 cm. 

given for  only 0.5 mm platinum f i l t r a t i o n  would probably increase t h i s  figure 

by 4 or  5 per cent so that the resulting value of intensity, 193 r/hs 

corresponding t o  a cmh value of about 8.1 r is a b u t  3 per cent lowep than 

the accepted value, 199.5 r/hr based on &pation h0 

v-ray intensity from a known quantity 

The Laurence correction factor though 

Recently further determinations of this sor t  with different quantities 

of radium have been carried out under similar and also somewhat varied 

experimental conditions . 
In  the first group of measurements done i n  the X-xay laboratory of the 

Biology Division, the source needle was attached end-on with beeswax t o  a 

th in  glass wand supported about a meter above the f l o o r ,  several meters away 

from any other large objects which could serve as sources of scattered 

radiation. 

l i n e  so tha t  the exact distance between the two could be measured with a 

The centers of the source and the chamber were located on a ver t ical  



Table 1 

Comparison of true and effective volumes of thimble chamber 

Intensity of Equivalent Measured cursent Effective True Effeetive Percentage 
source in current per corrected for volume volume volume after dbfference 
r/h at 1 cm unit voImne volume at (",e 1 ( c 4  correction for between true 

( amp s/cr> 1 standard conditions air-wall conditions and effective 
and attenuation volume 

8.39 0,777 x * 

1.52 x 2.96 x no94 

166-8 a.54 96 lo-= 3014 x 2001, 

2*P7 

2017 

2.17 

226 

2,11 

2.22 

Oe4 

208 

2.3 
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minimum of exposure t o  the observero by the mems of a eathetometer placed 

some distance away, 

Some resu l t s  of intens%ty measurements with sources of different  strengths 

are given in table 2, 

Eguation 6 as below: 

The values in roentgens/h at l em were computed from 

10.8 x 1 C i 2  x lDOa x 760 E P, d 2  
._. - 

0,%.7 x 2,1T x 273 R TI 

Eq, 10 

where E = voltage on reed 

R = resistance 

V = volume of chamber cav5ty (2,17 eel 

d = distance in em betveeaz source and chamber centers 

'I IL = absolute temperature 

The experimental b t e n s i t i e s  given i n  the table are mean values based 

on the slope of a graph plotted from three OF more measurements a t  different 

distances from the sourcee 

tha t  the response followed the inverse-square law up t o  w5thin 3 t o  6 cm of 

Fig, 5 is a typic& example, The graphs indfcated 

the source. 



Figure 5 

Graph of ion current as a function of the inverse 

square of the distance between the geometrical centers 

of the source and chamber. 
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The first four trials i n  Table 2 were made w5th a voltage of 2& V Q l t S  

on the collecting electrode, so that according t o  the saturation curve (Fig. 4) ,  

the ionization was possibly as mch as 1 per cent low. Correction is made 

f o r  t h i s  so that in  the last column a l l  values correspond t o  conditions of 

complete saturation, 

T r i a l  no. 4 was made with a double-strength sowee consisting of two 

needles attached end-on, so tha t  the distance between source and chamber could 

be increased. 

quantity of scattered radiation resulting from the increased r a t i o  of platinum 

t o  radium present. 

The larger value found can probably be attrfbuted t o  a greater 

Table 2 

Ibasurement of Sievert dose 

The f i r s t  series of determinations was made i n  the X-ray room 

Average Intensity jn P/IW at 1 cm 
T r i a l  mg of temperature Calculated Ekperiznental Ekperimental 
no radium Centigrade from Eq, 4 Sfevert Dose 

1 9.98 28 8.39 8.34 8044 

2 190 55 23 164.1 160.2 8.28 

3 19.84 24 166.8 162 e C 8,26 

4 39 * 39 23 330 0 g* 339.0 8,68 

5 19.84 23 166.8 169*5 8054 

ban of nos. 1, 2, 3 and 5 :  8,38 r/hr 

9 
Assuming that the tu0 needles are equfvalent t o  one containing the same 
t o t a l  quantity of radium. 
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I n  Tables 3, 4, and 5 are reported some additional determinations of 

radium dose with the source s e t  up inside a large lead enclosure normally 

used t o  shield a medium intensi ty  cobalt Y -ray source when i n  operation, 

h o n g  other reasons the work was undertaken t o  o b t a b  infomation about the 

e f fec ts  of backscatter from the l e d ,  

The enclosure i s  supported about 1% meters above %he floor, It is 

hexagonal i n  shape and open a t  the top with w a l l s  60 em high, 1 0  c m  thick, 

and an inside space, wall t o  w a l l ,  of about 142 em, 

lead floor,  which i s  surfaced with a half-inch layer of luci te ,  is an aperture 

through which the cobalt source may be elevated from i ts  normal location 

inside a lead safe t o  i r rad ia te  samples placed inside the enclosure, When 

the source is i n  this position, i t s  ver t ica l  intensi ty  is normally reduced 

by an overhead shield consisting of lead bricks piled on a POW iron table 

45 cm square located over the source position, 

radiation through the aperture i s  blocked by a lead gate immediately underneath, 

The thimble chamber assembly was mounted horizontally on one of the platforms 

used t o  support the samples. 

radial  shaft  by means of external controls, 

i s  indicated by a d i a l  system t o  an estimated aceuracy of 4 0,04 cn, 

chamber assembly was connected t o  the vibrating reed electrometer by means 

of the extension tube which passed through a hole En t,he lead w a l l  and 

connected with the resistance box. 

with the resistance box were attached as a uni t  t o  a tsavebling microscope 

stage capable of movement along a l i n e  paral le l  t o  the axis of the thimble 

chamber, so tha t  the assembly could be displaced as a unit i n  and out from the 

center of the enclosure. 

In  the center of the 

With the source lowered, 

The platform can be rol led i n  and out dong a 

The displacement along the track 

The 

The preampl5ffer unft and reed head along 
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Background radiation due to  the presence of the cobalt source was 

negligible outside the enclosure in the TrfaMty of the electrometer; inside 

the enclosure with the aperture gate closed the background was detectable 

but small and essentially constant over the region avaflable tg, the thimble 

chamber, 

In Table 3 are recorded radium measurements made w%th the table of lead 

bricks over the center of the enclosure removed. 

indicates tha t  the increase i n  the mean intensi%y,presumably due t o  the 

A comparison w5th Table 2 

surrounding lead w a l l s  and floor,was not more than 2 per cent, 

Table 3 

Cobalt source enclosure with overhead shield removed 

Average Intensity in r/hr at 1 cm 
T r i a l  %? of temperature Calculated Ekperhn ta l  
no. radium Centigrade from Eq,  4 

~~ 

19.81, 20 

19 84 20 

19.84 18 

I 9 b &  16 

166.8 

166.8 

166,s 

166.8 

In Table 4 are shown a siiailar series of determinations excep$ %hat 

the lead brick shield was l e f t  in place over the center of the e n e l o m ,  

The radium needle,and also the chamber when moued i n  close, were thus 

surrounded by lead above and below as well as an the sides, The data in 

the tables show that  the intensity of t he  fonfzatfon was increased absu% 

2 per cent by the presence of the lead bricks. As a ma%%er of fndfv3dua.l 
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comparison trials no, 6 and no. 11 performed the same day showed a difference 

of only 1 per cent. 

Table 4 

Cobalt source enclosure w i t h  overhead shield present 

Average 
tenrperatum Calculated Experbentdl 
Centigrade from Eq. k. 

BtenaiW in r/h at 1 em 
T r i a l  Isg of 
no radium 

10 19e81c 24 166.8 169.8 

11 19.81, 19 

12 19 84 16 

13 19.81, 14 

166,8 

166,8 

169,3 

176, 3 

The data i n  Table 5 just i fy  the assumption tha% the presenoe of the cobalt 

source under the enolosure did not effect  the readings, 

the same as fo r  Table 3 except tha t  the safe containing the Go6' hail been removed, 

The conditions were 

The difference in mean intensi t ies  is seen t o  be l e s s  than one per cent, 

Table 5 

Cobalt source enclosure without overhead l e d ,  lead shield and w b d $  safe 

Average 
temperature CaScxiLa%ed Ekperhen%kl 
Centigrade from Eq. 4 

In%ensS%y in r/hr at, 1 am 
Trial mg of 
no e radium 

16 19 e 84 18 
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Mention shou%d be made of several possible sources of error other than 

those connected with the desfgn of the chamber itseaP, 

dispbaeement of the effeative centem of source and cham be^ from the geometrical. 

centers,temperature effects on the auxiliary equipmentp drifting of resistor 

values, and backscatter from the walls of the room and surrounding objects, 

These include the 

An apparent displacement of the effective center from the geometrical 

center of a chamber is caused by the inverse square variation of the radiation 

with dfstance from a pobt sourceo The two centers are essen%ially the same 

at large distances bu%,as the distances approach the same order of magnitude 

as the dimensions of the chamber, the effective center dgrates appreciably 

toward the sourcee A euffic2enfly accurate correction u s W y  can be made, 

if necessary, by determining the l W t s  of the displaeement experimentally 

and taking an average over-all value for a qorrectfon factor (8a,14a), If 

the chamber has a simple spherical or cylindrical shape, derived factors may 

be of some help. 

geometrical center of a chamber of volume 'iT toward a pofnt source d cm away 

is on the order of 

According to Laurence (11) the displacement of the 

Eq, U. 

Suppose that the chamber is treated as a thin spherical shell of radius a 

on each element of which the intensity due to radiation from a point source 

d em away varies amording to the inverse square law, Then the displacement 



is found t o  a close approximation t o  be 

For a t o  equal 1 cm and d as  l i t t l e  as 10 cm, the displacement i s  1 per cent o r  

less ,  depending on whether Equation 11 or Equation 12 is usedo In  the present 

ease the hemispherical nose of the chamber was pointed a t  the source, and 

since tha t  par t  of the w a l l  incident t o  the radiation was responsible fo r  

most of the ionizing electrons, the assuqt ion of a spherical shel l  appeared 

t o  be valid, The average displacement error was theoretically l e s s  than 0.5 

per cent, since out of a t o t a l  of about100 individual ionization measurements 

about15 were at distances 

The fact  that  t h i s  source of error was not important experimentally 

410 cm while about 30 were a t  distances 7 20 cm. 

was demonstrated by the l inear i ty  of the inverse square plots almost up t o  

the source, as shown i n  Figs. 5 and-& 

A smal l  error is made i n  assuming point-source conditions f o r  a radium 

needle. It i s  more nearly correct t o  t r ea t  the needle as a l i ne  source i n  

which case the intensity, I, cl cm away and on a perpendicular through the 

center of a source of length /is proportional t o  A 

displacement of the effective center of 

-% , The 
d d 

k$&gW 
is t o  a close approxbation 

cm i n  a direction away from the receiver, 

The effect  of temperature changes on the current measuring equipment, 
2h d . 
par t i cda r ly  the standard resistors,  is believed t o  be the most important 

single source of the discrepancies observed between individual groups of 

measurements. From a comparison of the tabulated intensi t ies  and the 

corresponding temperatures, as well as results not l i s ted ,  relatively low 
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Dfsplaeement of orfgfi of an inverse square plot as 

a result of room scatter, 
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ambient temperatures in general appear t o  be correlated w i t h  the higher 

intensity values. 

variation t o  the relatively large temperature coefficient of resistance 

(-0,18 per cent per degree) given by the manufacturer f o r  the vacuum-sealed 

resis torsa  

values fo r  determinations made below 18' and a t  18" and above: 

group the mean Sievert dose i s  8.28 r/hP i n  the second 8.51 r/hr, a difference 

of 3 per cent. 

It i s  consistent with the results t o  a t t r ibute  this 

The effect  i s  rather clearly demonstrated by a comparison of 

in the first 

A more gradually appearing source of error is resis tor  drift. Since the 

data reported were taken over a period of several months, the possibfli ty of 

a change of a few per cent i n  the resistance uni t  was considered. A type of 

drift has been experienced i n  which the r a t e  was satisfactorily slow though 

appreciable (2 per cent) over a period of 6 months and then suddenly increased 

several more per cent within a few weeks; consequent1Fi-b i s  sound practice 

t o  have these resis tors  recalibrated a t  l e a s t  quarterly. 

have been par t ia l ly  responsible f o r  the error i n  the value of the intensity 

calculated from Able 's  data. 

original calibration of the resistance uni t  by the Instrument Department. 

second calibration was made 9 months later,. This Calibration, on which the 

T h i s  factor may 

The value of R used by him was based on the 

A 

calculations i n  this report are based, indicated that  the values of the 1$u 
and 1$* ohm resis tors  were about 4 per cent less than i n  the original 

calibration. 

If the second calibration value is used f o r  Abelers data, his answer appears 

t o  be within a per cent or so of the accepted figure, 

the original calibration but f o r  the f a c t  that it was arr%ved a t  by averaging 

A thi rd calibration 6 months later showed no appreciable change. 

One might c r i t i c i ze  
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closely agreeing measurements made on three different bridges and was found 

t o  give satisfactory results i n  other types of measurements also, 

The effect  of backscatter on the response of a thimble chamber t o  Y 

radiation i s  generally considered t o  be negligible when the d i s b e e  between 

the chamber and soume is  s m a l l  compared t o  the dimensions of the room or  the 

&stance t o  any large objects which d g h t  ac t  as souees  of backscattered 

radia-bfon (3s8a,L!+a,15b). 

distance of D cm from the w a l l s  o f  the room,the r a t i o  6% the backscattered 

radiation intensity Is t o  the primary intensE%y $,assuming 100 per cent 

reemission from the walls,is easi ly  shown (ut) t o  be on the order o f  

For a soume and chamber d cd QPW% and an average 

The corpuscular f ract ion of XS should be neglig5bl.e even i n  a fairly 

small IWOIII, since the secondwies produced are primarily Gomp'ton electrons 

lacking sufficient velocity t o  penetrate the chamberP, The electromagnetic 

fraction i s  not so easi ly  dispensed with, however, and has proved difficult 

t o  correct f o r  if d is an appreciable fraction of D (15b). I n  Fig, 6, which 

is based on some ear l ie r  measurements of intensity made i n  a srna3.I room, %he 

effect  of room scatter is shown by the s t ra ight  lSne fai l ing 9,a pass through 

the origin. 

chamber were &SO located i n  a confined space, %n additfonlthe region was 

bounded principally by surfaces composed of a material superior t o  plaster  

or brhck i n  producing s e e o n h ~  raaa t ion ,  yet  the inwease i n  intensity due 

t o  the lead, according t o  th? %abies, did  not amount t o  more than 2 or 3 per 

cent. 

In the work represented by Tables 3, %,and 5 the soume and 

It was surmised tha t  the l u c i h  covering over =the lead f loo r  was 
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rendering the latter largely ineffectual as a source of secondary radiation 

despite i t s  large area and proximity t o  source and chamber. A wall of lead 

bricks 40 cm high and 10 cm thick was therefore bui l t  para l le l  t o  the 

source-chamber axis a t  a distance from the l a t t e r  equal t o  i t s  height (11, cm) 

above the floor. The result ing increase i n  the ion current, approximately 

2 per cent, 

reported by 

then placed 

t o  decrease 

compared favorably with the resu l t s  of a sfmipar experiment 

Mayneord and Roberts (l4a).  

against the f ront  face of the w a l l  and the ion current was observed 

t o  approximately i t s  former value, 

A sheet of l uc i t e  inch thick was 

The presence of the lucfte 

sheet by itself appeared t o  exert  no significant influence on the response 

of the chamber. 

Since appreciable increases i n  response were observed t o  occur only with 

unobstructed lead surfaces present near the chamber, it appears tha t  the 

additional ionization was due primarily t o  photoelectrons ejected from the 

lead. Some of these, unlike Compton secondaries, would have enough energy 

t o  penetrate the chamber unless the i r  paths were blocked by a suff ic ient  

thiclmess of l uc i t e  o r  other appropriate material, Electrons from the more 

dis tant  lead walls of the enclosure apparently would have too l i t t l e  energy 

l e f t  after crossing the air space t o  penetrate the chamber, The iron table 

used fo r  the work of Table 4, while effective i n  blocking photoelectrons 

from the lead bricks on top of it, presumably contributed some of its own. 

The increase i n  chamber response due t o  the table of bricks was, therefore, 

less than would be expected f o r  fu l ly  exposed lead, 

Use -- i n  Distributed Tme Sources,--The standard thimble chamber, in addition 

t o  i t s  effectiveness i n  measuring the intensi ty  of Yradiation from open 

sources i s  a l s o  well adapted f o r  determining in tens i t ies  inside distributed 



type y -ray sources, ~ 

hollow cylinder about 2 inches in diameter in to  which can be inserted a core 

of polystyrene containing the sample t o  be exposed. 

the p r a y  flux inside the cylinder i s  uniform along the axis in the central. 

region. However, intensity measurements inside this kind of source are 

complicated 

object is introduced into a f i e l d  of radiation, some disturbance of the f ie ld  

generally results. 

distortion of the f l u x  distribution may be appreciable i n  a res t r ic ted space 

within a radioactive medium, 

shank particularly i s  objectionable in this respect, This diff icul ty  mag be 

avoided by using materials fo r  the instrwnent of approximately the same atomic 

composition as tha t  of the medium surrounding it. 

i s  well suited for t h i s  purpose (with its polystyrene composition). 

the thimble chamber i s  inserted into the polystyrene core, the sharik i n  effect  

disappears, leaving the chamber cavity surrounded by a homogeneous medium. 

Also the region between cavity and source is  of one material and scattering 

due t o  boundaries between different kinds of media i s  avoided. Under these 

conditions, together with the assumption of a uniform flux in the region of 

the cavity, the elementary form of the Bragg-Gray principle as stated i n  

Equation 5 gives directly the relation between the ion current observed i n  the 

chamber and the rate  of absorption of energy i n  the surrounding medium. 

Consequently, if the region into which the thimble chamber is inserted is 

f i l l e d  with an aqueous suspension of biological material and exposed in the 

source, the intensity of the dose delivered the sample i s  almost the same as 

given by Equation 5 for  the polystyrene medium, since the stopping power of 

Those in use here have the basic form of a long 

It can be shown that 

the presence of the measuring device i t s e l f ,  When a foreign 

T h i s  effect  can be minimized in an open space, but 

In  the case of a Victoreen chamber, the metallic 

The standard thimble chamber 

Thus, when 



polystyrene with respect t o  water is about 1.05 (16), 

Sources of Co60 and have been used here in this m e r .  The 

cobalt-aluminm alloy cylinders employed are of low enough intensity to 

permit measurements to be made without introducing a shielding problem. 

typical arrangement of apparatus set up for  this purpose i s  pictured in Fig. 

7, shoving the polystpene cylinder f i t t e d  over the thimble chamber assembly 

without the source cylinder i n  place. 

exposure assembly developed by Sheppard (for subjecting biological material, 

particularly blood, t o  a much higher intensity of Y radiation-16). The 

source was i n  the form of a cylinder of gold f o i l  supported in a specially 

designed graphite a l m i n u m  holder. 

t o  activate the gold after which it was kept in a 4-inch-valled lead safe. 

The cylindrical core with its contents could be lowered in to  the source through 

a hole in the l i d  of the safe, 

is shown in the photograph in Fig. 8,  

re lat ive variation of intensity inside the source was made, using cal i l ra ted 

film and Victoreen ion chamber measurements. 

that  the f ie ld  vas f la t  within f 5 per cent of the mean over approximately 

the middle third of the ax ia l  region of the core (16). 

A 

The Au198 source w a s  used in an 

T h i s  holder w a s  placed in the reactor 

The setup for making intensity measurements 

A thorough experimental study of the 

These methods agreed in showing 

The relative precision of the measurements with the thimble chamber is 

i l lust rated i n  the decay curve f o r  Au198 shown i n  Fig. 9. 

plots was based on observations of the intensity a t  intervals over a period 

of about one half l i f e ,  

T h i s  series of 

The close agreement with the theoretical r a t e  of 

decay is shown by the l inear i ty  of the points and the resulting half-life 

value 67.0 hours as compared t o  the accepted value of 64.6 hours, a difference 

of < ~k per cent. 
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Typical experimental arrangement for making y -ray 

intensity measurements inside a cylindrical cobalt source. 

The cobalt cylhder is  not shown. 

reed head, and preamplifier are shielded w i t h  lead bricks. 

The resistance unit, 
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Arrangement for making ganaa-ray intensity measurements 

inside a high intensity gold source exposure unit. 
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Graph sharlng decay of gold source based on ionization 

masurements with the standard thimble chamber. 
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Absolute Bccuracg of the TMdXle Chamber Elethd.-In spite of hprovaments 

that have been made in methods and means for msasaPing y ray dose in 

roentgens, the precision is still hferiar to  that ( 

been available for many pars in making X-ray calibrations with the standard 

parallel-plate chamber. The o v e r 4  accuracy of the cavity principle of 

ionization measurement with a small air-f i l led chamber is  given as about 5 

per cent (&), although, as shown 

i n  the Laurence formula increases this accuracy soonewhat when a properly 

f i l t e r ed  radium source is used, 

?1 per cent) vhich has 

our results,  the use of specific quantities 

For the purposes of this report, 8.4 r/h as calculated f’rom Eqnation 4 

is taken as the accepted value of the Sievert dose. 

values from which this equation w a s  generalized, obtained by various investigators, 

actually represented a spread for which the mean deviation vas about & per 
cent (11). A more recent determination of the Sievert dose very carefully 

carried out by Taylor and Singer (21) at the National Bureau of Standards, 

uti l iz ing a parallel-plate chamber under pressure, yielded a value of 8.16 

However, the group of 

2 0.04 r/hr, just within the mean deviation referred to. Apparently then, 

no justif ication exis ts  (although resul ts  are usually given t o  3-place acmacy 

for  convenience) for now assigning an absolute accuracy greater than f 3 

per cent t o  any intensity measurements Of y radiation from radium or  an^ 

other source 
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