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Determination of Saturation Current in Cylindrical Paired
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A cylindrical tissue equivalent chamber, filled with tissue equivalent gas, and a cylindrical graphite
or carbon mixed plastic chamber filled with carbon dioxide were used as paired chambers for the deter-
mination of neutron and gamma absorbed doses in tissue irradiated with neutrons produced by bom-
barding deuterons of 2.8 and 30 MeV on thick beryllium targets. Experimental and theoretical evidence
is presented to show that initial rather than general recombination takes place in such chambers. The
reciprocal of the current, i, in cylindrical chambers is plotted against the reciprocal of the polarizing voltage,
V, the same as in parallel plate chamber, and extrapolated linearly to 1/V = 0 to determine the saturation
current. The simple demonstration for plotting 1/i against 1/V is also derived according to the Jaffe
theory. This linear extrapolation is strictly only correct when the values of V at which the chambers are
operated without multiplication of ions are more than 200 V for the chambers used. The correction for
initial recombination for 2.8 MeV-n and 30 MeV-n to the reading i which is taken at 200 V is about 29,
and 1-4% for tissue equivalent chambers and about 5% and 8-15%, for graphite or carbon mixed plastic

chambers, respectively.
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Fig. 1. Saturation curves of JAPM sub-standard
dosimeter. The curves are normalized at 153
10-* V-*, The diagram of the ionization chara-

ber is inserted in the graph.
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Fig. 2. Saturation curves of type-D chambers. The solid lines are the curves for ®Co y-rays and the

dotted lines for 2.8MeV-n.
the dotted lines to Ve. () means the values of

The broken lines are the curves extrapolated into the linear portion of

1/i at 1000V.
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Fig. 3 Saturation curves of the paired chambers for different neutron energies.
The experimental points marked by open circle are the values out of linearity.
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Table 1. Characteristics of cylindrical paired ionization chambers

ype | Vouise| o e | lcing ssede | BN 09 | b oy | Mol
A 193 1.0 0.4 0.310 0.1833 TE or Teflon 4+ C
B 1.6 1.0 0.2 0.440 0.1609 TE or C
C 3.0 1.2 0.16 0.597 0.1612 Al
D 5.1 1.4 0.45 0.499 0.2554 TE or C




190—(88)

100 -

1/i or i

85 1

\.\q‘-f'xz:-.:____-____‘_________
s S eE #_:_ﬂé;_;;_-ﬁ__,e—-—__-————? TE~TEG, 30MeV-n

C=Co a0 30MeV-n

HAREZRERESME $378 H2 5
A B 1] c
N J J N
——
"“(-r-.__ﬁ_,_._____‘_-_..——"-__-'_-
:ka::" -------- c
=) -
AT “-//__c/
/// =
Al // -C0,,2.8MeV-n
el
1.0 1.5 2.0

fequivalent: gap length / supplied voltage) / (cm / kv)

Fig. 5. Saturation curves plotting 1/i or i against equivalent gap length by supplied votage.
1/i for 30MeV-n is shown by the solid lines. i’s for 30MeV-n and 2.8MeV-n are indicated

by the dotted lines and the broken lines, respectively.
The arrow corresponds to the point for each type

ken lines are normalized to 100 at V..
of chamber operated at 300V.

wHkEL, @A i TF ey P LK LTRED
BEBCHS., COLS5CE ey b LTRB L
24 7ODEX S BT Y —5ko 55 H
BB Hh5. ik V/(bln(a/b)) o e
F7 ey b LIcOTIR IO L5 fe—Fkiza b
e Fighh, FEEERERS O SR A ok
T55E, —REREA LR, wERSe T L
Td Viegl BFRTHD LV LS

XC, Fige dinb—R LT, ¥Yox4 7B
45 S EESEERIL 3000 P LTI ST L T L
%. T 30040 FIHIET B Viegl ofrfEy
Fig. 5 \CRHICAR Lz, 1o, BEERACIERARR
DRENLT B Icd D4 x>1010 D W THNTH S
& PTPERBER © BBy~ (19°C, 764
mmHg) thic ot (1 4 VR 6.04% 10 £ A
vitfem) 2AS LicBfici, @i 352V/cm
BlbET x>10&i5. 2T, 352=Vfegl
LVERDTHRLE, #47A, B, C, D%
2L, 109, 155, 2108 XTF 17684 | &

The curves of the doited and bro-

5. 2T, KR CHECERFEIRII L SOE
IDBB/WECATHIUELTWBZ LS. ¥
1o, LbRE&fkT, 1,000V/em D& ifis 23k
DT HDE 09872 7ch. Zh % Fig. 50 V/
e.g.l. 1,000V/em @ i }- [T &% L 30MeVan
OYE, A4 vEEOEMCE BT AETY 5
WDTDE L LDbing.

&b H R, HMEE 20041 b 4, T
Tﬂlfﬁ15~24k¢01~¢54,&mhf
k4 ~5 %% X U8 ~15% O#HwERS sk
TAHEIEA, 2.8MeVen 5 L 030MeV-n % @
LI E Bl chote.

CHODBEIHHEME LTRAKERLOTH
b, WIS G ORFIE DRI & £ ORE A JIE O
TR R E L, MR O b T
DREILE EDBE, BBDENRECHE LS
TV EERELT WS,

RG22 b @I v
LAY T Yo — 7o WREYHECEAG L &,

A47mbrvik



FE Fn524E 2 A25H

fots, AWMEREEE AN AR (HEFHE) 35 X oS0

B AR (REH) o By 3,

X |

1) PR, JISBEL, RIRFER - WEEEE o

2)

3)

4)

5

6

—

—

i, BARERSEE, 36: 442, 1976.

Mg bsan, FE R, 2E-—i, BRFEL:
ABEERE o TFRE, koB%, BRERS
ik, 36:449—450, 1976.

FRoO®, NEba, BEEH—H, RRFIK:
B o B, o 1 PTERE. Ak
Bl £k, 36 : 450, 1976,

T BEaL ¢ b ERERTEE 1 X B M T o W
# o WE, Radioisotopes, 24 : 1515, 1975,

NiEsBea,, BE—H, SE@ R, JUUER, &
RFER : *°Cf @i o —~RoWE. Radio-
isotopes. 24 : 225—231, 1975,

Delafield, H.J., Chuang, L.S. and Holt, P.D.:
Comparison of measured and computed
values for the ionization in various gases
irradiated with 15 MeV neutrons. Proc. 2nd

7

8)

9)

10)

11)

191—(89)

Sympo. Neutron Dosimetry in Biol. & Med.
144—162, 1974.

Kiihn, H.: Characteristics of different ioniza-
tion chambers for [ast neutron dosimetry.
Proc. 2nd Sympo. Neutron Dosimetry in
Biol. & Med. 241—261, 1974.

Boag, ].W.: Ionization chambers. (In) Attix,
F.H., Roesch, W., Tochilin, E., ed: Radiation
Dosimetry Vol. II. pp. 1—72. 1966, Academic
Press, New York.

ToE, JEBREL, BETF—H, RRFE:
TR ARSWYE o ®Rif. BAREHRS
#, 36: 420—424, 1976.

Kara-Michailova, E. and Lea, D.E.: The
interpretation of ionization measurements
in gases at high pressures. Proc. Camb. Phil.
Soc. 36: 101—126, 1940.

Scott, P.B. and Greening, J.R.: The deter-
mination of saturation currents in free-air
ionization chambers by extrapolation methods.
Phys. Med. Biol. 8: 51—57, 1963.




