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I, uVTR0DUC"IIIQN 

A charged particle, while traversing a medim, W r L l l  interact with 

Tbe the a t a s  or molecules of the ~led5,wm wd thereby ii3,seipate energy, 

prt i .c le  nay act an the atam or molecule with sufficIen.1; force t o  re- 

move m orbital. electron, cmatbg m ion pir, iDea, the electron and 

the msiaw positive ion, 

The average energy wed in creating an ion pair (W TI.ekzue) Is of 

prime fmportxmce in headth phpPcs* 

radiation cawes tissue damage is tancertain. 

that the tissue dmnage is braaght abaut by the total eae~gy released in 

the tissue (absorbed dosee!), while other believe %ha;t the danage Ss a 

function of %he fon pairs created in the tissue by the  radievf;fon, 

A t  present, the meelmaism by Which 

It is believed. by some 

the nature af the inc.%dent particle. 
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"NCLASSIF , E D 7  
PHOTO 13570 

Fig. 2. Photograph of Vacuum System. 
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IONIZATION 
CHAMBER 

I 
0-285  cm Hg. 

~~ 

Fig. 3. Block Diagram of Gas Filling Apparatus. 
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greatly affect the results of ion collection below saturation voltages. 

The range of the high voltage supply m u s t  include all voltages up t o  

5000 volts, because some gases require a collection voltage of t h i s  mag= 

nitude t o  reach saturation o r  obtain enough of the saturation curve t o  

allow extrapolation of the curve t o  inf ini te  voltage. 

For the range between 0 and 300 volts, a m o d e l m  Variable 

Voltage Regulated Power Supply, manufactured by the Oregon Manufacturing 

Company of Portland, Oregon, was used, 

instrument is O,Ol$ according t o  specifications given by the manufacturer. 

A m o d e l  316 Regulated H i g h  Voltage Supply manufactured by the Atomic 

Instrument Company of Cambridge, Massachusetts, was used for voltages 

The output regulation of this 

between 450 and 3000 volts. 

la t ion of O,Ol$ and a maximum ripple of 0,25 volts RMS for  this  instru- 

ment. 

John Fluke Manufactwing Co~gpagy of" Seattle, Washington, was used for  

the range between 3000 and 5000 volts. 

la t ion of output voltage aJnd O o s 0 5  volts REas maximum ripple 

The manufacturer specificed an output regu- 

A model 400 BD High Voltage Power Supply, manufactured by the 

A specif%cation of O.Ol$ regu- 

given 

f o r  th i s  instrmeat.  

were determined from loaded operation on unregulated l ine  voltages, 

The specifications given for these instruments 

In 

this application there was no load and the l ine  voltage w a s  regulated 

t o  about 2 voltsa 

of the power supplies, 

These conditions would tend t o  increase the s tab i l i ty  

The reqarements of an ionization chamber in which water vapor is 

t o  be the stopping media are numerous. 

very low at  roam tpBlperatures, being approximately 17 mm of H g  pressure. 

Tbe vapor pressure of water is 
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Fig. 4. SchemaPfc Diagram of Ionization Chamber. 
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interior w a s  silver plated to increase the out-gassing speed and to dis- 

tribute heat evenly throughout the chamber, Copper tubing of 1/4 inch 

diameter was used to provide leads for evacuation and gas filling, The 

ends of the chamber, made of 3/8 inch brass plate, were fastened to the 

cylindrical shell by means of eight 3/16 inch machine acrewso A vacuum 

seal was made with "0" ring gaskets of Neoprene. 

the electrometer and the high voltage supply were made with standard 

Amphenol connectors No, 82-805, 

Electrical leads to 

The heat necessary to vaporize the water is provided by a nicrame 

heating element wound about the radial periphery of the chamber caseo 

A Variac voltage eontrol is w e d  to vary the current in the heating 

element and therefore the heat produced, 

it is possible to control the temperature of the chamber to 1/2 degree 

centigrade as dete-ned by a thermometer inserted in the thermometer 

well of the chamber. 

Using this method of heating, 

The heat is applied only to the radial periphery of the chamber 

This method of heat application was necessary since access to case. 

the in-berior of the chamber was desired, but was  satisfactory since 

the materfal of the chamber conducts heat readily, 

To limit the rage of the alpha particles to the collection 

volume, collimation bf the alpha particles was necessary, According to 

the theory of Jaffe,' the ideal condition, preventing recombination of 
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Fig. 8. Block Diagram of Apparatus. 
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across the capacitor was  detemaed 

presw-mea) which meme that the path length was increased, 

sf this cIetemu8bcion are shown in Fig, 14. 

par-kleles were confined to the collection volume at approximately 1100 

m of Xg pressme which corresponds t o  w. taperatuse of 111' C. 

lower temperatures (lpwer 

The results 

91rlls ind€ea%ed that the 

It is possible t o  derive a formla,  for the W value of any medium, 

The Tol lowhg notation i s  used, 

E! = claa;apge of the electroa In C O U l ~ b S o  

rgy of' the alpha particle in electron volts ( T e d +  Mev) e 

rig lost in the c o l l ~ % o z p  in electran volts, 

= Number sf alpha particles entering the collection volume per 

rn%m&e e 

C = Capacitance of s y ~ t e m  in farads, 

v = VQl%e., 

CIV = Change voltage &cross capacitance, 

& =  

dQ = Change in charge on cEbp&eitora 

W = Average energy requised. to  create an. ion pair In e l e a r o n  

volts 

The total  energy expended in the callectioa V O ~ W ~  per minute 

would be 
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the t ine  fate of change of charge on the capacitor can be obtained by 

siaple dieeresat;ia%ion of (2), 

dQ/dt = C dV/d%. 

&pressing dQ/dt i n  coulombs per naimwbe, C in fasails and dV/dt hn volts 

per mimxte, the number of ion pairs produced per minute would Be the 

. t h e  ra te  of change of charge ( 3 )  db-ided by the charge of the  electron 

i n  coulombs o r  

c dV ion pairs 
- _ c  . 
e d t  mjnute 

Prom (1) ad (4)  we may obtairr the relation 

N e  (E  - Ec) electron volts  
w = - -  . 

C dV/dt ion p a i r  

M, e, and C m e  c o n s t a t  fo r  the system; therefore, 

(E - Ec)  electron volts 
W - K  

av/at ion pair 

K can be evaJuted from the known W v d u e  of nitrogen, the measured time 

rate of change of voltage across the capacitor,  the energy of the dpha 

par t i c l e ,  a d  t he  calculated loss of energy jlxl %he colliane?;tor, 

value of water vapor was determined by measuring dV/adt, calculating Ec 

%$e W 





n o  ~~~~~~ 

The saturation c m e  shown in Fig, 11 gives a, satmation ioni- 

zation cwrent d u e  of (SO 2 5)  millivolts per minute f o r  nitrogen, 

All ions produced 3.n the collection volume are represented in th i s  

current, 

t o  calculate the energy of the alpha particle .that was dissipated in 

traversing the e o l l h t ~ % % ~ r ,  

path length of the particle isa the co l lW%or  md the m a s  stopping 

power 0% the stopping meam (energy lost per gram per s p e  centi- 

w t e r  of meafum), 

order to ewduate the constant in (6), it is necessary 

!RKL@ energy 1 0 s ~  w%U. be 8. function of the 

Although the ms3s stopping power (S )  of IPltmgen 

WM not foma in the l i t e ra twe,  the relative l i l l ~ ~ ~ f ~  atopplng power (P) 
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2 2  S = K '  Z / V  

where 

S = mas8 stopping power of incident paspeicle fn the medim, 

K b  = proportionality @onstant, 

2; 

v 

= charge on incident particle, 

EC velocft+y of" incident pa,rbfcle, 

For %he alpha geu*ticle and the proton to have equ3.mJ.en-k velocities, the 

energy of the proton m.t be 1/4 the energy of the dpha  past3.de since 
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2 
200 Mev/gon/cm 

constant o f  proportionality (K') in eqpt ion (a),  
With this information, it i s  possible to evdluate the 

where 

z 

v = velocity of protond 

= charge on proton = e, 
P 

P 

SolvJng for K' we obtain 

Again m & b g  use of eqmtion (8 ) ,  the mass stopping power of a 5*14 Mev 

alpha particle can be determined, 
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men. 

or 

The pa%b length in the eoUi9aaPlsr wa8 Q,48 een%imeters, therefore the 

to%& energy lost by the particle in the coJ_bWtor vas 

OR 

men (36,6 2 0,3) (%o -+ 5 )  ev mil l ivo l t s  

( 5 J 4  - 0.64) x lo6 
K -  9 

ev i p  minute 
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or 

In order t o  find the W value o f  water vapor, .the time rate of' 

voltage change across the capacitor and the energy los t  i n  the csoU%- 

R&OP must be known. The saturation c m  f o r  water vapor, sfiaowra i n  

Fig. 12, shows t h a t  saturation current i s s  neared when a collection 

voltage of approxhmtely 3OOO volts is applied to the chamber, 

It is  possible t o  extrapolate t h i s  cum@ t o  %;he most probable 

stxtusatSon current through the w e  of t h e  theory by J a f e  as applied 

by WiUiSa0n.l Willcineon shows that  %r the t h e  ra%e of' change o f  

vol%age aero66 the capscitor, observed at various collecting f ie lds ,  is 

plotted against the Hankel Function, wh ich  i8 a e o n s t a t  t$.mes the 

quam of" the field intensity in volts per centaetar ,  the value of the 

saturated ion emrent ~ 1 1  occbu" where the Efne intersects the %on 

current axisd 

da%a, 

PPgwe 14 shows this extrapoiatSorp. applied to water vapor 

The eosstm-%, which is adJvrstad until atrPa%&t Ifm i a a  ob-tained, 

the: c o U a t o r  when f i l led with water vapor &a w a s  w e d  when %t w a ~  

f i l l ed  w i t h .  nktrogen. Tlae relative mass skoppbg power of water vapor 



was derived through use of the additive law developed by Rutherford. 

The law states that the relative mass stopping power of a compound can 

be expressed as 

where 

Pc = relative m w s  stopping power of the compound, 

F. = fractional weight of eleraent i, 

Pi = relative mass stopping power of element 1. 
1 

1x1 water, hydrogen has a fractional, weight of 2/18 or 0.I.U and 

$. relative mass stopping power of 3.0 

0.899 am2 a relative mass stopping power of 0.96, 

Oxygen has a fractional w e i g h t  of 

Summing over the two 

COHmpo%LeEbS Of“ Wt%t€?r, 

Op” 
p%o = lD2 O 

To Pbi3 the absolute mass stopping power, the relative mass 

stopping power i s  multiplied. by the mass stopping power of air  which i s  

800 &v/gm/m 2 

OP 
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or 

or 
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where 









dlscrepancy might be explained if  the ion. coUection efficiency were not 

lo@ as w&5 thought t o  be the case. 

Kirrmra e t  

and succeedea i n  raising the vaLues somewhat, 

Some evidence is given for t h i s  by 
2 They repeated the experiments of Hollonrry and LivingTston 

Much of the experimental work in ianization has been done on argon, 

Work, currently being done at the Oah: Ridge National Laboratory by H u r s t  

and Bortner, indicates that minute amoull'fs of impurities radicaLly 

affect the electron dr i f t  ra te  and pulse heights produced by alpha 

particles i n  argon. 

facts  pertinent t o  ionization theorymy be disclosed, 

It is hoped that U h a  these data m e  analyzed, sat? 

l K, Kinnura, R. Ishi.wari, K, Yuresa, S, Yamishits, K. Miyako, and 

S. Kimra, J. fiys. Soc, Japaa 1, 111 (1952)o 
* H. Holloway ma M. Livingston, fhys. Rev, 2, 18 (1938), 



8 e C t f O Z l  v, t h i s  iS Still mint Of COXl%lPQTePSYo 

According to theory, pecanbination is a function of the angle at 

^which. the incident par-kf~3.g. traverses %he, collecting field, Determi- 

nations of %he W v&Lw of water vapor w e r e  made at angles of' 0' and 20' 

with the same msu.LtU 1% is, themfore, concluded that ion collectfon 

was 1- and that the results axe valfd, 
I 

Although the W value of wter vapor is higher thsn either hydrogen 


