


BHEIREE CIP)BE

SEET B 3 B HH 36 22 £} 6 3C 48 (SELECTED WORKS FOR RADIATION PROTECTION
AND RELATED TOPICS)/Z ¥ . EH R . EEHE . — 1L R FHEH ARt ,1996. 10

ISBN 7-7022-1603-0

1. 8 1. Z- 0. FHBHP-HR-XLNV.R. 142-53

P EARAEBIE CIP FIEZF(96)5F 17993 5

A g N I

AXHLHERTPEAREREREL PEEAHPHARAERKFETFCEURENEHERF AT A
TERRAHAMRERIHFRRLTORKF XL RBEHGF BHYE BRFESRMER . BEL
S5HEAEL FRRPIESRAGSHESTOALE. BORRTEHAXRTIRYHREDIERRIE, €FET
et A FRG P LIE 2 F 2R ARAUBARXBR KA RO RBES B4 .

AR ERGEH T KB E THEENEXKEREMERNENS %,

O EFE AR, 1996

JRFREN R IR 24T
HERSE: = #
HERI:. & ¥ BARGHE. BB
ik bR RE B 435 HEEISES 100037
Frag it BRI BTl HEHIESH
FFA . 787X 1092 mm 1/16 E3K 33.5 FH 840 =%
1996 £ 10 AdLE—M 1996 4E 10 AR E —KEPR|
Ep#% . 1—500
Eft: F)81. 00 5T



VB UT IR (1995 48)

KE Y



-l ~

ERR AT P& R & (CRPY ER R4 24F R7EXE 1990 4)

BIEFR L SR A B IX MR B L FRIRELERAERBRIDLELS
EHEIWEVIAR (1993 4) (1992 %£)




mf

[

LI A4IRREZLWEHYE BRI PSEZTL2E XK.
FEHAEER T PEERAG P ARELER K EREAGF SR 2
(ICRPTZERAZRZETLENEEHG P TR 2 ER 0K,
FEFTEETRERERESG I VEHG P ER A EZRELA;WEH,
B KRR F R, RN ER,UBE L CDENG L EaF b AR
AN BEYEE BREAERTRERN T EBHAG P A G — A HBEHR
BAEFAEUFANERAXEMY—SE L), 1P HES A
RENE " BRAERTENRXHBELESTLELENEE X OB £
KEZEHRET0FERZFE P EH T L EAGNELHHRBR LA B B
BARBPARE FEEAB P S FEETFRHFARRREYE
B EXTRAEETEIBAAFTTN KA AFZBERAN AHA R
EHAKALALAEX REAXE, REAZ L4 BARE . FTHEUE
CHlEMBEEZ L ERBASE XK EBRES hE R B3] X &
TRING S RHAT L XTI EERI AN —F %, UELEH
gL,

MAMEXHEEB B X 15058, HTFEBHRAR, RKAKXXE 70
AR ETOREFETALETEIRAAFREZNRXZE ;X AEH L
FLERPHETETIEEHBS TARNAN Y EEE UYL X K
HMT RO XENKNESREAG P EHAYE XL F¥5E0
BARABLLEEHL L2 . TERPHOERFGERNE, THE£E
YHARAREE,

RTRUBHERRE. ZELZABERET SN T AL XENT
It HAENEUME,

(R PPERLFREXE)EE AL
1996 %+ 9 A



..([)

L
m

A Bt

Performance and Optimization of Potential Alpha-Energy Concentration Measurement

++++ Li Deping(1)
An Electron Transport Theory of Cavity Ionization «-<+s+sessesverecccerecennecee Luo Zhengming(9)
*iﬁ“%ﬂﬁé%ﬂi*ﬂmwmkﬁﬁmwﬁﬂi P PP TSI 38 F 1OX)]
6~300 keV X SRR BT HTIRE oo cvvverevevmrtrannriciiiri i e s sen s snn e BRARH(37)
a%%&%m%mmwz&mmg PO XK (T D)
BEE Y HESEEBHHTKUBHEERIPUE oovereremrnmronnnnrnnnsnnnnn, 2B ZE(5])
BASEPTEHHTBEEBHDAIE oo EHFEZ(58)
mgmm@%%&muﬁﬁgﬁ*}%& reese e ettt cen e seeseeees EB{=HF 25 (66)
BEEBELKCo tiEENHE - N - o 102D
SR8 7 B EA AR B RS - - e TREES)
%Hi%gmr%%mgﬁmn&m¢m¥%mﬁﬁﬁ%m§m&ﬁ v BRI (84)
miﬁmﬁﬁﬁﬁmmﬁ@¥&ﬁﬁﬁﬁﬁ o e BB (93)
SRR TR R A T LIRS 3 S 1O T 1)
10@%%%#%&#&%@9’3@%%5@ LR (106)

B {RigHyHE

Radiation Risk A Chinese Status and Future -s+seseseeecensiieinieeiieconieies Pan Zigiang(135)
BFIBITHEA RS cerareasnneenns BRGEA: 2 (145)
%ﬂﬁwﬁﬁﬁﬁﬁzﬁﬁﬁﬁm%&ﬁﬁh%*%ﬁmﬁ%%mwmmm-%ﬁﬁ%uM)
S8 1 R W) R A 2B e ceereeneanenn BEENIEES(163)
g&ﬁ—?{*%gg %‘)&ﬁ‘]gg@%& S Nt essacasirserest st etensnsteterseretsasenis st ens $;E(169)
ICRP Hﬂzlﬂﬁﬁﬂﬂlj{ﬂ-ﬁ ceersercrearssntare santastte et arecos st ne jﬁi}(iﬁ(l?ll)
R 12Sb WEEWW%&W"QE‘TNEB’JE% ¥ 2 T TG L))
Radiation Protection Against Medical X-ray Diagnosis in Beijing «++++++++==+=« Wu Yi et al(183)
R4 TR 40 AT U A 3 25 S P AU TR G BRI v v e oo vuosvomemnenconnencne FAEBIZE(187)
A IAEA BB ERINMT BB EREIR  -oovererevrremsemenininniiiinnsnene. BV 2% (190)
)|



C BHETHFSHRABAR

_¢ﬁ_¥_m%m_ﬁ$§&g§ T A
%E;ﬂgﬁﬁ¢AﬁdE{x5ﬁj§g{X..................... sesesasseessenacaccscsecr o
ﬁ&ﬁ%ﬁﬁﬁ%#{g%mﬁﬁ.".........................................................
/isAﬁUE{)‘(m‘gﬁﬁﬁ..... €00 een sanaanateateaca et ceeannanscaneereos saesactensansne ses s es
%5%5(239)
e XU EFEH(263)
- ERIEF269)

HeBATEH Y A RELL
Lﬁ%&ﬁﬁ*%ﬂﬁmwﬁﬁﬂ

1na (35 -
300 cm* 474 a ﬁ%@.ﬁiﬂﬁﬁf%ﬂ
ﬁﬁ/%xﬁiﬁ?ﬁkiﬁvﬂﬂxﬂwﬁﬁﬂ

D BZeS5EH%EL

RN ESA BT 5 LB TLEER - veeeeeee
BEENE 2 PHTREFRIAKF e

B A TEBE G e eerreresorrnernns

RRATB S MR LR eeeeeeee
KBS B BE 5 5 LB Y AT HE R eeveveovnersmnennenennns

RE BB E b 5% 2 FE ST oo veroee e

E IFERYP

BHAGFHBEM RN EEYERNBRE X -

G RO Y P o R A S IR A 3R -

Impacts of Atmospherically Deposited Radionuclides or: Drinking Water Supply

after a Nuclear Power Plant Accident ++-+ssssssseseseeaceneeacencsieaieness Fang Dong et al (354)
ﬂTﬂ(ﬂ:ﬁﬁgulﬁ]ﬂzmmnﬁﬁ&.............--.............................................
FEMAMBE LN R P BT BT NI G IR everrerrrerererinnriensiernisnnans
é@%gf%mﬁ:&j(qlﬂagﬁm."......-............................................
PEEFER IR KA TR IEEE A B e e rererrricsnenretesneeeenenans

B B R H R K M AR B oo vorere e cvenernessnvnesaensennnevs

ZMF-(196)
MR (216)
X (224)
- B (232)

%&ﬂ%ﬁ(zsz)

BIF T (276)

e ZFEMY(281)
-+ BRIT A (288)
eeeeee (EEERH (297)
)'(1”3‘4:(302)
- B IRE(307)
e JAFHEGBID

AN

% 3:(334)
*?ﬁﬁamvareﬁmmmmar%ﬁmxxmmgummmMmmm

RRAT 4 %5 (341)

- HH(34T)

ZHah(361)
EHEAS369)
a3 45 (375)
W% (380)
BH %387



SRDAAR-QNPP: A Computer Code System for the Real-time Dose Assessment

of an Accident Release for Qinshan Nuclear Power Plant +:++:ss+=+scs«c Hu Erbang et al(395)

rmﬁ*ﬁﬁ&ﬂﬁ%%ﬁ%mﬁmﬁmmmmm”mmmmmm"m”m
- W %A1

- IR (420)
- B JE%W25)

REZEHSEREBBEAROHRSEA--
mEMKT%WEE%Q%‘%"%*ﬂTﬂ(%ﬁgﬁ
T MALA B S -

ﬁﬁii@.T.—ﬁﬂ*E’JiﬂS%& %ﬁmﬁwf%&%m*gm%... teeesesetesstesaresescannes

REX%404)

W28 B (433)

F #atsth 5%

¢m§§ﬁkﬁ%maﬁm¢@¢ﬁ§m"mmmmmmmmmmmmmm.gmﬁguw)

Cytogenetic Adaptive Response Induced by Pre-exposure in Human Lymphocytes
and Marrow Cells of Mice »++--veeeee. Zhang Lianzhen(446)

B S HETRYBURM R HGPRT H 7 -fiﬁ’IB’J HLAR W5 - e HRBEZH(452)

HEENN PRS2 RERTHZMA- -
ﬁ%ﬁk¢§m%meﬁ*@@5um%QWHI
B I 2R BT BB Bk 1R 45 B9 3 BARUN RS OB -

TN FRISERLEESWIHRFRIT -
ﬁﬁﬁﬁ%ﬁ#%ﬁ%ﬁ%ﬂﬁﬁﬁ%%%ﬁ%
*Ra P75 B— Bl ilG R LA VEM -

ﬁggmgﬁﬁﬁmmggﬁgﬁmwug.mmmmmmmmmmmmw
— ] R BB BT R B 16 BBl ve v oerrervrensrvencssecsacesnennnnnnns

G H ft

120 B L A ﬁ(x&ﬁﬁfﬁ*]&ﬁﬁﬂ@ﬁﬁﬂﬁ?ﬁqﬁm“
B RBRRAT Z WKt

&Efﬂﬁﬂj{%#ﬁgxqﬁ‘gmm_wn@ e teeesetasesntenanetenansnes

RBHEE JIBAEE -

agzng%ifﬁﬂj&@myfﬁmﬁﬁ LT T

B oige

- BHEIE % (460)
e PR W65)
e XYREFS 4 (470)
o ERIARE4T5)
e BEBEFUTYD
- FEL%U84)

ZFERE% 489

- FEBFHEWUIS5)

o HIEEHG02)
- D{FR%(508)
< HiE2%(513)
oo B R (520)

« (523)
= (525)



PERFORMANCE AND OPTIMIZATION OF POTENTIAL
ALPHA-ENERGY CONCENTRATION MEASUREMENT

Li Deping

(Institute of Radiation Protection, MNI P, O. Box 120, Taiyuan,Shanxi, P. R. China)

Abstract  Some calculations were made to evaluate procedures for Rn daughters pontential
alpha-energy concentration Ceg measurements through filter sample counting, possible difference in
counting efficiencies for different alphas have been taken into consideration. A method for selecting
the time schedule for measurement with given total time, to minimize the dependence of the
estimated Cg on the concentration ratios, is presented. It is found that two counts at selected times
can eliminate this dependence.

Possible improvements with separate RaA counting, and the optimized time schedule for
daughter concentrations measurements, have been preliminarily explored. Some slight improvement
is gained by inserting a waiting time between the two counting intervals. Influence of change of

concentrations or sampling rate during sampling is briefly discussed.

The potential a-energy concentration of Rn daughters in air is more directly connected with
the hazards to person exposed to Rn and its daughters. This quantity is a weighted sum of the
activity concentrations Cas Cs, Cc of the three daughters RaA, RaB and RaC;

Ce =E,Co+E,Cs+ECc
=3.611CA+17.815Cs+13. 095C.(GeV/Bq) (1)
In field methods, the a-activity of daughters on a filter sample of the air is counted in an
appropriate time interval after sampling. This count is another weighted sum of the
concentrations
N="qcvn @
n=(aaa/Mc+ac)Ca+bCs+cCe
here 74, 7c are counting efficiencies for alphas from RaA and RaC, v volume sampled in unit
time, a, &, ¢, aa, ac are constants determined by the time schedule adopted. Following the
classical Kusnetz’'s method, approximate value of Cg is obtained by multiplying N with a constant
k. This inevitably introduces an error of the method, whose magnitude depends on the range of
possible concentration ratios X ( =Cs/Ba)Y(=Cc/Ca) encountered. Various modifications have
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been proposed with a view to improve the accuracy or to reduce time. Such proposals had been
reevaluated by us, and the general trends of performance and optimization of such methods have
been studied.

On the X—Y plane, possible values of concentration
ratios are enclosed in the curve representing the growth of
daughters with Rn age and the straight line, joining its 0.5
ends, since mixture of Rn of different ages can not go

outside. As the ventilation rate is limited in practice,

(Cr/CA)

extreme points(e. g. with ventilation rate greater than 10
times per hour) can be excluded * as shown in fig. 1.

If the straight lines N=0, Cr=0 meet at the point \Ce=0 . ,

P (Xp, Yp), then points on any straight line passing P 0 ¢5 x
'\ 2 (CB/CA)
throught P "3
Y—Yp=m . (X—Xp) \L
where m is the slope, will give the same Fig. 1 Region of possible values of
Ce/n=(E, +E X+ E -Y)/@+tbX+c-Y) concentration ratios
=(E, +m+E)/(b+m-+c) 3)

And two such lines (with slopes m and mz) touching the

boundary of the concentration ratio region give 10
the range of values of Cg/n. These slopes an”
the Rn age corresponding to the point of
contact are shown in fig. 2. Now the trick of

narrowing down the range of Cg/n lies in

m
(2]

selecting P for small viewing angle substended
by this region and keeping the angle between
Ce=0,n=0 small (4/c near to E,/E;=1.
36). ' — " m,

It is convenient for general discussion to

R\

0

introduce an effective delay time T’ which is o 0 ’ Y
the time between instantaneous sampling and Fig. 2 Slopes m,mz of bond lines passing P on Cs =0
counting that gives the same value of b/c.
With non-overlapping sampling interval and counting interval of time ¢z, and t., and the time
between the mid-points of each interval T», we can rewrite(2) into
n/¢spm = (aa’' R+ac' —waa' YCpo+&' Ca+¢'Ce
To' =To+AT .+ AT,

R= /e +w)ln (4)

* Extreme concentration ratios may occure down stream a near by strong local Rn source or when an efficient local
recirculating filter is operated.
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where w=0. 023525, aa’ to C' are corresponding coefficients for the effective delay time while ¢

and ¢ correction factors AT correction for finite ¢, and ¢, as shown in fig. 3. Thus slope of the

line n=0 is determined by 7', while { depends on 7'’ and R.
T 10 min min v -
100 ? T T ¥ T l 150 M — — -
min \\ | 3 l, P g ittt 1.3
\\ ! ~ " Cso/Nk
: ™ i - {12
= N S
< -
> ~ &~—1)/2 w - \/ ]
° ] X
5 ~ ] 100 A oWk { 1.1
= N . i =
_erz j L_/__\‘\ \T
NS N - \T% 1 ©
20X¢—D N\ Csu/Nk
i 1 1 1 i 0.9
0 20 30 40 min

Fig. 3 Correction for finite sampling

and counting times

Fig. 4 Ce/Nk and effective delay time

To' for Kusnets's method

For the Kusnetz's method, the term aa’ R is negligible, and the point P is nearly uniquely
determined by 7'y'. Relationships between 7', Cg/Nk and X, are shown in fig. 4. When 1%/

increases from 45 min, the effect of increase of the angle between Cy =0 and n=0 is compansated

by the decrease of viewing angle up to 83min. This is
illustrated by the curve for Cg / Nk, the lower branch
corresponds to the extreme point X =0.1045, ¥ =
0. 009, it follows the same trends but Ty’ longer than
50 min, is preferable. When the point 0, 0 is
included, the upper bound of Cg will be significantly
higher, this means undesirable underestimation and
longer delay time, say 83 to 155 min. , helps to
reduce it,

When we start counting early enough to catch
sufficient RaA alpha counts to keep P at the optimun
point P, X = — 0. 08753. (or P,, X = — 0. 11682
when 0,0 is included), furhter réduction of error is
possible with long time counting as shown in fig. 5 for
7a/Tc =1, 2. 669min sampling followed by 160min,

na/ mp=1 1
S
min 2
15 )
~
8
(%)
10 ,P'z <40.9
" (X,Y =0, 0)
- /
N
sk
/
/
0 / 1 1 0- 8
30 50 100 200

T

Fig. 5 Reduction of error with long counting

and early starting



counting will eliminate this error completely.

For the rapid methods, the parameter R is very important. Since 7' =33. 19min. (i.e. b/
¢ 1. 36), for fixed P, increase of 75’ will decrease the angle between Ce =0 and N =0, and
reduce the range of Cg/N; and optimun 7%’ is determined by R and increases with R, as more
time is needed for the RaA to decay to the required counting rate. Such trends are clearly shown
in fig. 6 and fig. 7; in these figures Cgu to CrL is the range of Cg under normal ventilation rate and

Cgy corresponding to the extreme case X,Y =0,0, the value of Cry/Nk is assigned to be 1.1

through choice of k.
1.1

Fig. 6 R and Ce/Nk for rapid methods
— ¢ — «— «Cr/Nk

11 . T T 1
1
P2 ___]
i et
—="TP
g I i
g ’,’ - - 3 —_—l0
| s, - o — ~
35 /);’,’ - P 3
© S R _/'/ ©
’ ’ ‘/
- ,/ / P
! s -
I s - -
0.6 / -
,/
1L n 1 0.5 . t
0 1, 2 0 T 15 min
Fig. 7 Curve of Cg vs R circles indicate Fig. 8 Parameters for instant methods
Markov's and Rolle’s methods G is proportional to counting fluctuations

R and Cg/Nk for the Rolle's and the Markov’s methods are also indicated in fig. 7, they are



near to the curve for P, (optimun including 0,0), yet leave some room for slight improvement.
for instance, shorten 7'p by 39 sec. Cg/Nk will increase from 0. 859 to 0. 881 and to 0. 90 on the
curve for P, with 99. 5 sec. shortening.

It is possible to save time further, at the expanse of some increase of the range of Cz/Nk,
through intentional reduction of 7a/7%c. To the extreme one gets various instant methods. For the
measurement schemes illustrated in fig. 8, Tp=7/2 when t,=to=T/2,and Tv' =T /3 when
sample and count simultaneously with t,=¢,=7",t,=t, =T ,thus Cg/Nk can be read from the left
end of the same curve in fig. 7. Exact values of Cg/Nk and the §a/%c+w required are plotted in
fig. 8, coefficient of variation of the estimated Cg (k) is given through G in the figure with

CV=G/(VWNEk«pv+T) (5)
With 7c=0. 35, v=2 1/min, t=>5min. CV due to counting statistics will be 17%; at one tenth of
the ICRP DACa.

It is also possible to combine two counts N,, N, of the same sample at different time
together as N, e.g. N=r N,+N,. For the instant metoods, » is chosen for intersection P, and
circumambulate the need of tailoring 7a/7c when it is known. In most cases, 74/7c is higher than
the value needed, and r is nagative; this increases 7y’ with slight improvement in Cg/Nk, but
the counting fluctuation increases enormously. Fig. 9 demonstrates these trends for the time

schedule: half of the total time for sampling and counting and half for the second counting.

1.00
L
&
5
S
Ce/Nk ~
. T ro T T 20,08
0.5 AL e, 178 0
0 1 2 3 4 5 6 min

1]

Fig. 9 Instant methods with two counting intervals

When we chose the second counting interval with 7%’ arround 33 min, the error of the
method will be drastically reduced or even eliminated ; for example, 7a/Pc=1. 0—5min sampling
and simutaneous counting 35. 96 —45. 96 min second counting with N=0. 21250 N, +N,, and
Ta/Mc=0.75, 38.02—48. 02 min second counting with N=0. 27994 N,+ N,.

When the measufing scheme makes the three straight lines Cz=0, N, =0,N,=0 meet at

5



the same point, choosing

r=(—bE,—cE;)/(b,E,—cE;) (6)
then Ce/N is a constant and independent of the concentration ratios X and Y, i. e. free from this
error of the method.

For example, any rapid method with intersection at P, for routine monitoring, can be
combined with the Kusnetz's method with delay time of 83. 3 min for some important data or
when extreme ventilation conditions might have happened. Colinear mapping between the X,Y
plane and the N,/N,, Cg/N, plane had been used to deal with pair of counts not exactly matched
on P.

To count alphas from RaA and RaC separately with spectrometric method, one would
provide more fluxibility in obtaining the effective 7a/7c required. One possibility of utilizing this
additional information is to narrow down the range of X and Y with the constraint,see equation
(3). Typical performance is shown in fig. 10.

bX+cY=aanc/ M —ac (7

As to the measurement of the concentrations of the

three daughters, some calculations have been made on the

method counting separately N, and N¢ with spectrometric

Ce/ Cru

instruments in two counting intervals. N, in the first
interval gives C, directly, and then Cy and C¢ are solved from

the two Nc¢ counts. Optimization of the time schedule

depends on the objective function aimed at, and the

concentration ratio is also involved, and two levels of degree
of equilibrium X,Y=0.9,0. 85(H) and 0. 2, 0. 05(L) are
considered. To illustrate the trend we choose as the objective Fig. 10 Inprovement with known N,
function some thing mid-way between the sum of variances and the sum of square of coefficients
of variation of the daughters i. e.
OB=(di+ok/X+0t/Y)/Ci (8)
it is only an index as correlations between estimated values are ignored. The time schedule
thus optimized is shown in fig. 11, H is proportional to the objective function
OB=S5/(60TcvEC) 9)
where EC is the equvalent equibrium Rn concentration. When the time schedule shifts to that
optimized for the other level, increase in S (shown with short vertical bars) is slight, so a
schedule mid-way between these two would be appropriete for practical purpose. H for other
indices, for the same schedule is shown in fig. 12 with the shifted curves in dotted lines.

It is interesting to note that a waiting time 7T'c between the two counting intervals can
decrease the S (unfortunately, by less than 10%5). As the effect of decrease of counts, hence the
variances, is dominating at moderate Ts. Similar effects are observed for other plausible objective
functions, as shown in fig. 13. On the other hand, waiting time between sampling and counting
will increase H and should be minimized.

6



The assumption of constancy of the product v + concentration for all the three daughters,
during sampling, taken for granted in most such works, have been examined. In most cases,
20% decrease during sampling will decrease the estimated C¢ by a few percents even for pure
RaA, and far less for higher X and Y. For concentration measurement, the situation is less

happy, usually the error of concen trations and their ratios are less than 10%.

10 2x10°

- -
e ]

N\
TEIT N
. A L 4 0
20 50 80 min

Fig.11 Optimized time schedule for Fig. 12 S for other combinations

daughter conc. OBJ see equation (8) of statistical error

(T =80)
- APPENDIX 0 10 To 2 30 min
The counts corrected for counting efficiency and
sampling rate are:
|L 425
na =aaCA i-?
H L4
nc=aCCA+bCB+CCC (AD) :
5
h = = H
where aa=f, c=1, 0,95 ZL I8.
A it
b_k —2 fom StevyH| =
_ Az AS AZ . — // 20 2H b 20
aC_Az_Alxl:g—'Al(fl f3 AI—A3X //
A 0.91 L 1
:Az(f2—f3) 0 é . 10 15 min
Ta (7 =40)

For non-overlapping sampling time #,, counting time

tn and the delay time between the mid-points of the two Fig. 13 Reduction of a with waiting time

intervals T, T t,=40,10. 43;80,15. 55 min

Ji=4 + sinh(At,/2) * sinh(Atn/2)exp(—ATo) /A (A2)
i=1,2,3 for RaA, RaB, RaC. And for simultaneous counting and sampling,
fi=[ATtexp(—AT)—1]/4? ‘ (A3)

7



introduce
AT'=1n{Assinh(X,¢/2) /[ Asinh(Ast/2)]} /(A —As)
¢={[2sinh(A;/2) /At ]2 » [2sinh(A,2/2) /At ]~ %}V He %)
¢=2sinh(A,/2)exp(—A,At) /Atd (A4)
denote Iz—% . ZLST, with w
we can rewrite (A1) into
na/upm=aa' {.EnCa
ne/ubm = (waalllm+ad' YCs +8' Cs+¢' Ce (A5)
and total counts
Na+Nc=ncvn=[(aa' R+ad' )Cr+8 Cs+¢'Cc Juv
coefficients with prime are those corresponding to the effective delay time 7'y =7, — AT, — AT
with
f'a=exp(~&'1'n')
ad' =ac' —aa'w
R=a/c+w)llm

This helps in expressing the effect of finite z into a single ¢ and small corrections.
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2 Li Deping. Radiation Protection,1981, 1(3):1(in Chinese)



AN ELECTRON TRANSPORT THEORY
OF CAVITY IONIZATION

Luo Zhengming
(Southwestern Institute of Physics,P. O. Box 15,Leshan,Sichuan,P. R. China)

Zhengming L. An Electron Transport Theory of Cavity lonization. Radiat. Res. 84,1-15(1980).

Abstract An electron transport equation is applied to the study of the cavity ionization
phenomenon. It has been proved that the effect of the cavity on the energy spectrum of electrons
inside this cavity can be attributed to an equivalent electron source uniformly distributed in the cavity.
A formula for the energy spectrum of the equivalent electron source is obtained. The deposited energy
due to the equivalent electron source in the cavity of the plate chamber has been calculated. The new
theory ,compared with experimental results,is better than the Spencer-Atitx theory for describing the

phenomenon of cavity ionization.

The idea that ionization in the cavity may be applied to estimating energy deposition in the
surrounding medium was first proposed by Bragg!'). A similar idea was again formulated by Gray
in his cosmic ray résearch,and the relationship between the energy deposition of radiation in the
medium and ionization in the cavity was found'®'*), It is generally called the Bragg-Gray principle.
Many experiments have shown that the Bragg-Gray principle is more accurate in cavities of
greater dimensions for such wall material as graphite, whose atomic number is approximately that
of air. However, many experiments,including Gray’s own work,have shown that the difference
between the prediction of the Bragg-Gray principle and experimental results is appreciable for
such wall materials as lead, tin,and copper,whose atomic numbers differ greatly from that of air.
In contradiction with the conclusion of the theory, the experiments have shown that specific
jonization (i. e. ,ionization per gram gas in the cavity)regularly varies with the dimension of the
cavity!*~*), This variation is especially apparent in experiments with X and 7 rays of lower
energy'’). It is clear that the Bragg-Gray principle cannot fully describe the phenomenon of
ionization in the cavity.

Analyzing the discrepancy between the Bragg-Gray principle and ionization experiments
with small cavity chambers,Spencer and Attix"™! and Burch!® published their theoretical work in
1955. They showed that a full analysis of the electron spectrum in the wall ought to take into
account accumulation of & electrons with higher energy. The fundamental assumption of the
Bragg-Gray principle has been kept in the Spencer-Attix theory;i. e. ,the electron spectrum in

9



