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Comparisons between c a lo rim e tr ic  and io n i s a t io n  chamber measurements 

o f  th e  p o se r  gen era ted  i n  g ra p h ite  ty  a b so rp tio n  o f  en e rg e tic  gamma ray s  

h a re  been  c a r r ie d  out* The r e s u l t s  se rv e  a s  e  c a l ib ra t io n  o f  th e  oh amber* 

They a ls o  se rv e  to  t e s t  th e  co n sis ten cy  betw een th e  th e o r e t ic a l  p e r f o r 

mance o f th i s  ty p e  o f  c h a n te r  and p re v io u s ly  determ ined  values f o r  th e  

f a c to r s  which r e l a t e  io n i s a t io n  in  th e  chamber t o  energy ab so rp tio n  in  

th *  v i l l a .  C*-*■**) u
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S a i l  ionisation  chamber*, frequently celled cavity type chamber a, have 

been used extensively fo r  sons tine  to  measure the  quantity o f gamma ray 

energy absorbed In various liquids and so lids under Irrad ia tio n . This method 

of measurement i s  based on Qray's fundamental re la tion  between the ra ta  a t  

which electronic energy is  dissipated a t  a point In a  medium and the  ioni

sation which Is  produced in a gas which replaces the medium a t the given 
(1 2 )po in t' 9 .  The relationship  is  expressed by the equation!

E s VJ/°

where I  is  the energy absorbed per un it mass in  the medium, J i s  the 

ionisation per un it mass in the gas, V i s  the average energy expended 

by electrons in  producing a pair of ions in  tbs gas, and /° ls  the mass 

stopping power f  cr electrons in  the medium re la tiv e  to  th a t in  the gas•

To date, very few absolute experimental verifications of the method have 

been made, and under given experimental conditions the energy absorption 

values oompucted from the measured ion isation  may bt uncertain^).
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Tbs study carried oat consisted mainly of cĉ Jtrisons between the ioni

sation occurring in 002-filled graphite chambers under pile irradiation and 
the power generated in surrounding graphite as determined oalorimetrically •

The relative amounts of ionisation resulting when helium aid dry air respectively 

were substituted far carbon dioxide were also determined* Measurements of the 

latter type were also oarried out using cobalt-60 (1*2 and 1*3 Mar. gaana rays) 

Instead of the reactor as the source of gasaa rays. Argon was included among 

the gases measured in this source*

• Details of the equipment, procedure, and experimental results are given In
(k)another paper; hence only a brief description will be given here. The power 

generated in a graphite sample in the reactor was determined by placing the 

saspla in a liquid nitrogen calorimeter similar to one recently described by 

one of the authors^* As before, the calorimeter operated isothermally, and
.

the power generated In the sample was determined by the rate of vaporisation 

of liquid nitrogen in contact with the sample* The sample itself was a thick- 

walled graphite cylinder which weighed 33-U grams* A thin-walled stainless 

steel container fitted into the center of the cylinder and held the liquid 

nitrogen which comprised the thermal measuring element of the calorimeter*

The vacuum jacket surrounding the staple was lined with 6 am of graphite In 

order to prevent recoil electrons originating in the steel walls of the jacket 

from reaching the sample. Calibration of the calorimeter was carried out using 

a small carbon resistance heater imbedded in the sample to produce precisely 

known power levels within the sample* The calorimeter was sufficiently sensitive
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to  detect changes in power input of about 3 microwatt a when the measurement 

extended over a  period of on hour*

The graphite ionlaaticn charter studied had a gaa voluao of 10.3 ml. I t s  

v a il  thickness vas adjusted to  be greater than the range of nost of the secon

dary electrons encountered in  the nsasuresents. The sources of gases used in  

the chanber were tank supplies in  a l l  cases. During neaeuremsnts the gases 

vers passed through the chaaber a t  an approximate ra te  of 2 cu. f t .  per hour.

For the jasasuroaents in the p ile  vhich were to  be cap ered  with the calorim etric 

measurements, surroundings fo r the  charter vere provided which closely repro

duced those used with the cal or ins te r .

Tho cobalt source esployed vas derised by Qhornley and Hochanadel and has
(6 )

bean described by then . I t  vas aide up of a nunber of cobalt p a lle ts  placed

around the surface of a cylinder, leaving the space w ithin the cylinder available

for irrad ia tio n  stud ies. The gaana ray in tensity  ex isting  in the cylinder had
(7)been determined by the sans investigators by neasurlng the heat produced in  

water placed in  the source. Thus, as a resu lt of the  charter neasurensnts in  

th is source, the chanber perferwince under irrad ia tio n  by cobalt gaana rays could 

be oonpared with that found under p ile  irrad ia tion .

The reacto r nsasurenents were made In one of the v e rtic a l instrunsnt holes 

in  the Oak Ridge National Laboratory's graphite p ile  a t  a point where the neutron 

flux vas almost completely them aliaed . The value determined for the slow 

neutron flux  a t the point vas about 1.5 x 1010 n 's /cn^ /seo . Ganna rad ia tion  

a t  the t e s t  location consisted of p ile  gana rays and various energetic gaana . 

rays which resu lted  from neutron captures in  the calorimeter va ils and in  the 

aluninun jackets vhich lined the t e s t  hole. Thus the  energies of the gamma 

rays varied over a vide range -  from a low value fo r those which originated a t 

sons d is tan t point in  the p ile  to  a value of several Mev for those capture 

ganaas vhich originated nearby.
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The results of the comparison of ionisation chamber and oalorimetric 

KMwreainti in the pile showed that tho rata of collection of ions in tha 

ohaabar was 1*93 z 1011 par sec. par gnus of COj whan tha rata of absorption 

of guna energy in graphite was 1 mioi-o watt par gran. tha eat ins tad probable 

error of this determination is f 2%. Another value for tha sane quantity 

was found by comparing the CO2 chaaber M&surements in the cobalt source with 

tha calorimetric -.-lasurementa of Ohoraley and Hochanadel^. m  this case, 

however, it was naoassary to apply corrections for tha difference between tha 

absorption coefficients of graphite and water and for email differences in 

the amounts of absorber between source and saaple. the corrected value agreed 

with that given above within the estimated error of the measurements. In order 

to interpret the significance of those results in terms of the performance of 

the ohamber, the experimental value was combined with Qray‘s equation to calcu

late V for C02* In uking the calculation a value for the relative stopping 

power per electron in graphite and in CO2 was assumed and it was also assumed 

that the chamber performed ideally. V computed in this manner was found to be 

31.8 ev.

The results obtained in the oosparisons of the relative ionization occurring 

in different gases are shown In the accompanying table together with the value 

of V for each gas oalculated as before. In these calculations, the previously 

determined value of 31*8 ev for V in OO2 was used as a measure of the energy 

absorption. Tha values for the relative stopping power per electron in 

graphite and in tha given gas which were employed In these and the previous 

calculations were estimated frea a graph shewn by Oray^ in which the relative 

stopping power is plotted as a function of atomic number for the recoil electrons 

produced by Ra(B A C) gamma rays. They are listed in the table under the heading 

Sc/Sg.
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A lite ra tu re  search d id  not rereel any ra in s fo r the energy expended by 

electrons in for sing an ion pair in hellos. For the other g tses9 the deter

minations of V which here bean reported indicate  tha t the ralue fo r  the 

quantity  is  dependant upon the energy of the bombarding electrons, and float 

diacuaaiou of th i  ralues to  be co^>ardd with those determined in  the present 

work is  desirable. The experimental ralues o f V in a ir hart been considered 

a t  aoaa length by O ra y ^ *  Apparently the most re liab le  ralue i s  th a t girca 

by the aspirioal equation, V (er) r  31*62 4 5 .2 7 / E - ’K̂  , where E ia  tha 

i n i t i a l  energy in  Ear of the bombarding electrons and E  ̂ i s  the ionisation 

p o ten tia l of a ir  in Ker. This expression was dsrired  by (Jerboa ̂  from the 

re su lts  of his measurements and from those of others and i s  ra l id  in  the range 

0*3 to  60 Ker. I t  implies that the ralue of V is  re la tive ly  high a t  low electron 

energies but daoresses rapidly  with increasing energy and le r t ls  o ff  a t  approxi

mately 32 e r per lor. p a ir . For U0 Ker e lectrons, the value of V found from
. ( 2)

the equation is  about 32 *u e r  per ion pair* Gray suggests th a t  th is  ralue, 

with an uncertainty of £ 1*0 er as indicated by the equation, may be used fo r 

electrons of a l l  energies abore about 8 Ker. In the present work the energies 

of a l l  but a small frac tio n  of tha reco il electrons which entered the gas 

chamber would probably be included In th is  rings.

Values of V in  carbon dioxide and in  argon for sleotron energies of 10 Ker 

to  UO Ker hare also boon reported by O trb ss^ ) , These were determined by 

measuring tbs r s la t i r e  ionisation resulting from to ta l  absorption of electrons 

in  the giren gas and in  a i r .  Values of V were cosputed from the resu lts  and 

from the raluee of V in  a ir  determined p rtr io u s ly . The ion isation  in  CO2 

r s l a t i r e  to  th a t in  a i r  was found to remain naarly constant orer the energy 

range inreetigated. That in  argon r s la t i r e  to  a ir  decreased by about St in  

going from 10 to  hO Ksr electrons • Thus i t  appears that fo r CO2  the use of 

the dsrired  ralus of V fo r  UO Ker electrons fo r a l l  sleotrons abort about 10 Ker
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is probably as valid as the conparable value suggested for air* Per argon the 

uncertainty should probably be increased to i 2*0 ev.

Tbs values of V given by Oerbes for ljO Kit electrons in carbon dioxide and 
argon are shorn in the final ooluan of the table* These values as veil as that 

for air are in good accord with the values de' > rained in this study. Thus it 

appears that for gaaaa rays of energies encountered in this vork all-around 

consistency exists between the theoretical performance of this type of ioni

sation chamber, the available values for relative stopping powers in various 

materials, and previously deteralnsd values for the energies of ion pair for- 

aation in various gases*

Mo significant difference was found between the results obtained in the 

oils and In the oobalt source when CO2 or He filled chaabers were used. How

ever, the ionisation which took placa when the air filled ohaaber was irradi

ated in the pile was several tines greater than that which could be attributed 

to the absorption of gaaaa ray energy* The added ionisation was due to recoil 

protons which originated in (n,p) ro&ctions in the nitrogen of air* However, 

uncertainties in the slow neutron flux and in the fraction of the recoil energy 

which' was absorbed in the gas preclude accurate corrections for this effect*
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Pete for Relative Icnieetlcn in PiqenM t Qm —

0*i
Preeeiure
» K |

Power Level of Meteareueat 
ttcrowetts/grea of Grephlt* 

(ApproxlmU)

Energy Per Ion Petr (or)
Soaroe of *«*•

<*C.
Ion Current 
***» x 10® 8e/8(

ceioeiotoq 
free This Work

m n o a flii
Detemtned

002 Pile 25 7kl 1.5b 3k 1.02 31.8*

Air Pile 25 7UL 2.39 3k 1.02

He m » 25 7ia 0.190
- ■ f 3k 0.92 25.7

002 oobelt 33 7US
; • ;V.W

36.57 671 1.02 31.0* 31.2

Air cobelt 33 715
* ■«.

23.60 <P 1.02 32.6 32.5

Cl cobelt 33. 7b5 U.Ui5 671 0.92 26.2 m

A o t fa lX 33 716 3b.10 671 1.13 25.3 25.2
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lW endn0d la  comparison* with oalarlmWr i t s .
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