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The G-value for the Fricke Dosimeter for Fast Neutron Beams
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The G-values for the Fricke dosimeter have been determined for the fast neutron beam from NIRS-

Chiba isochronous cyclotron. The neutron beams generated by 30 MeV deuterons on a thick beryl-

lium target. The experiments were made “in air’* and “in phantom”. The dosimetry was based on

measurements made with the paired chambers of the tissue equivalent plastic-tissue equivalent gas and
carbon-air. The Fricke solutions were 0.8 N H,SO,, 10-* mol/l FeSO, and 103 mol// NaCl. The

Fe** concentration was obtained by spectrophotmetry at a wavelength of 304 nm. The irradiation

cells were made of polyethylene.

The G-values for the mixed neutron and y-ray fields in air and in phantom were determined to be

9.56 and 9.44, respectively, and assuming a G-value of 15.5 for the y-ray component, the G-values for

neutrons were deduced to be 9.51 and 9.30, respectively, The difference between the G-values for the

neutrons determined from “in air” and “in phantom” is considered to arise from the quality difference

between these two neutron fields,
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Fig. 1. Schematic diagram of irradiation set-up for neutron beams.

a) Tipical irradiation set-up for “in air’’ and “in phantom’ Experiments.
b) Top view of the Fricke samples arrangements.

c) Fricke sample for ““in air’’ irradiation.
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Table 1. TIrradiation condition for ““in air’” and “in phantom’ experiments.

SCD (cm) Field size (cm?®) Depth, d (cm)
Geometry
In air In phantom In air In phantom In phantom
g1 148 172 16.9%16.9 19.6%19.6 1.6
g2 — 148 ) 17.4%17.4 1.6
g3 168 . 18.1x%18.1 o —

=¥y F—BB CULEREE) MEgchs. W
MG, 1w 4{fio Fricke 3% Fig. 1 (b)
DI Wl Lic. = o SEAREY gl L
4. filic SCD % FLc 1, in phantom o % CIBE
5 g2 L in air D&D g3 (in air BEHOE T
B Mh5. ZhEDHTTey Table 1 w33,
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20x 20 x 20cm® OHFREM 7 5 A5 » 2 (UTF
TEP EWEFE) 7 7 v b AhdEE 1.6ecm DfzfE
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Fig. 3. Sketche of attenuation measurements in
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#E%. HE R0 5 EHERE X D HETHhH %
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Fig. 4. Relative attenuation curves in Fricke solution for neutron beams and **Co ¢ rays.
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fEFZET 5 & & CHILE L. BT o R E
IRPREEERE T WET 5 BE, BT E T
FOBMERHO LY (@3 ¢ EHEADY
) ROBFENAZEMT Y0 E -, T
OBELRABEERE Lic, 75 v F AP ERLE
A 2RI L, Sy & ERhhO
T 5B BT 5 i © b o THIERK
Fa & L7z, 050 Fa=0.994%1587-,

AfiwE lwnl, PEFROBE, inair T

Dr,n=Dy + Bg/Rr+ Fo=Dyx1.031 (8)
in phantom -7
[_JF,N:DN . Kipfii-; « Fa=Dyxx1.037
)
Fiz, ¥ HUCDUWTIL in air, in phantom 3k
Dp,e=Deg + (pen/p)r/(pen/p)r
=Dgx 1.004
Lles.

(10)

4. & R
Table & » 312, %R F i in phantom L in air

AARBEFERERESMEE S0k Hog

Rds1) % SRBHERA 7”79, Exp. No 1 & 241 in
phantom #ijh, 3 L 413 in air X in phantom [F
RpZ LT 51 in air ¥¥ho EBRThs. h
DRBY, BHAS3E T H s b4 Aehi T
WiL7e. Fricke PA¥E 5280 #EEHH L.

(4As)ost 1 JRSTE VR & BBV D 25°Cic 313 5
BIEZET, (DR O HLH2H 4T 5.

Drou 13 Dy, m+Dpy 4 Th%. £ 1% Dp, o/Drs u
ThHsH. Fix inair €1 %4, in phantom ¢
L3 %RMTH Y, FHETH 7. Gu i Dy, u
% (2RO De iwfRA LTI LIz, GnixGe %
15.5 (**Co- v M 1) LEELT, @)FXnb
FTH L. 4 Table © Gy, Gy 0 B T2,

L BRI LT oL hEho Y5l s i me
=2 (%) LEbich st Gu Gy 1L in air o
W Txrhtho.56, 9.51 (100eV)*¢Fbh, in
phantom 2 ¥\~T, ZFh¥h 9.44, 9.30 (100
eV THsiz. ZhEOEIIMID 10.4% 0
XEMERAECE bR, DT RIFRERMEE W2
o
Table 4 1 G fHFHiE: = FLEE & 415 uncertainty

Table 2. Results of *in phantom' experiments.

Exp. No. | Ceometry | {Ahs)ss 22:&‘5 oy s E lcioodyn (1003
0.2318 10478 10200 269 0.0256 | 9.5 | 9.20

1 gz |_0:2206 10421 10149 272 | 0.0261 9.46 | 9.30
0.2314 10422 10150 272 | 0.0261 9.499 | 9.33

0.2331 10466 10202 264 | 0.0252 | 9.52 | 9.37

0.2061 9380 9129 241 0.0257 | 9.39 | 9.23

, ‘s 0.2056 9329 9086 243 | 0.0260 | 9.22 | 9.6
0.2065 9329 9086 243 | 0.0260 | 9.46 | 9.30

0.2064 9369 9132 237 | 0.0255 | 9.41 9.25

0.1684 7660 7535 125 [ 0.0165 | 9.39 | 9.2

\ ‘s 0.1683 7652 7522 130 | 0.0173 | 9.40 | 9.29
0.1693 7660 7535 125 | 0.0166 | 9.44 | 9.3

0.1693 7652 7522 130 | 0.0173 | 9.45 | 9.3

0.1671 7604 7480 124 | 0.0163 | 9.39 | 9.20%

, . 0.1679 759 7467 120 | 0.0170 | 9.45 | 9.34*
0.1671 7504 | 7480 124 0.0163 | 9.39 | 9.29

| 0.1681 759 | 7467 129 | 0.0170 | 9.46 | 9.3

Overall mean i:g:f% ig:io%

* polystylene cells used
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Table 3. Results of ““in air’ experiments.
Exp. No. | Geometry ((%Aﬁ)’)s 3‘;:;3 oy (?é'&% f (1083'3-1 (;10005;)-1
0.2133 953 97 0.0102 9.56 9.50
3 g1 0.2145 9634 67 0.0070 9.51 9.47
0.2155 9663 67 0.0070 9.53 9.48
0.2155 9696 36 0.0037 9.50 9.48
0.2131 9462 | o 0.0103 9.62 9.56
4 g1 0.2135 9566 67 0.0070 9.54 9.50
0.2146 9593 67 0.0070 9.56 9.52
0.2160 9626 36 0.0037 9.59 9.57
5 o1 0.1828 8127 63 0.0078 9.61 9.56
0.1817 8127 63 0.0078 9.55 9.50
Overall mean j:;g:ge% :ﬂ:g:il%

Table 4. Estimated uncertainties on G-value.

Source Unc(e%ajmty
(1) Determination of Dy 5

(2) Determination of Dg, 3 from 1.5
& R
(3) Measurement of Ag 0.5
(4) Molar extinction coefficient, 0.5
Em B
(5) Standard deviation of 0.4
experimental observations o
Overall 5.3

(MiEEE) %, FEREBCRT. (D Dv ol
FE - §Fflivc A 95 uncertainty w, K25
A—2 (WH, »—-, HEEHIEES oER
r#RE PEETR o e, BEAHRARE B
By # e X 5 PEE, B4 WD o Sicpkis
5 uncertainty #{84& Li-fHETHS. ZhiL Law
FOFHIiZ BE W LTHEE L. (1% Dy A
5 Dmu ~OZHIC R 5 30T, Ke/Rn

(pen/p)e/(penfp)r 2 Foy Fa ls EHE Eh5b.
(3 & (OBEEREBES 5 o, ICRU
Report 1421238 UCRHili L7z, (53 SERafED
#fRzET Table 2, 3 iR LMl ThH5. DL
w45 & overall uncertainty (146.4% & 7¢
5.

ZhED uncertainty 2EE Lk &, AW
3¢ 187 Gy {1y, in air ©» X % 9.5+0.5, in

phantom @ )= £9.340.5 (100eV)-"TH - 7.
5. & &

GEw BEE = hiot5.3% @ uncertianty (3, M
Ik & feflic B e s, Zhikdie dosimetry @
HECEALTWS, oWl —=<+ 7
7 & — BT A REN TR TN 3 B he, K
EhBEREILSTWA., o T, dosimetry o
ENRGHEOMHEEE L TWE BT HBET
Wisw, BIEPRC SsU B AT dosimetry (B
HERITERS) ok, AR s L SEE, ERHEE
HB® 28T, EEREMAECELTVWSA, Zh
REBER AR SR, 2ol cELbR S,
D LW MEZ T LIS 580255 &5
TThoT, iHMliZhicEroton, HE
Rigns, IELWE B5FHFEFIChs. WHE
RIS — =« T 5 2 X =B BT AANS B
NETBoic KAWL b0 X b Il MR,
dosimetry OFEEE Fic @D, O~ Fricke
PIEET D Gn fHo FEEF B #5044, #6%
o uncertainty (IBEHECE 2 &R s RN OfET
EEAKE S D, ik finE chs. o
ZCILEEAS 1:0. 4% O RSB EH LT X
L,

Gn fiiix in air & in phantom * C#12 %R -
fo. THILE0.4% D EBHiEEY Kx < Bz 5E
BhETh s, ORI R IR 5 b,
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WHE oMM X % Fricke i lo v ARy Ao
BT LB b0, WEOLENH S, WHEEBIC
WU B R L o Mg s, De kb Dp %l
7O FHIELRY Fa 3 X0 Fd o kKb H e
a.
Fa 2382249058, Co- ¢ i X b #REF L7,

9, 3. 2. 3. Wil & R IREEIITE % °°Co
WCoWTHER L. fiR%y Fig 4 ol om
F. X b Fa k110.985%E k. Wiz TEP
H 7w o BEHEX (R) % BEEGE

(JAPM HEEEHERRET) THE Lic. Zoifa,
Fricke | TEP 2 7w A P icikz o B LG
ATEIwDT, WEXFALCL T 5o TEP »
Tk i, WE ShicXic s FERERE

(0.869x (pen/p)p/(prenfp) air) & Fla % F U
T, 5 Fricke WUfHH KD, —J5, TEP
AT e Ahtc Fricke 3¥ o BH LD, G
=15.5& LT [EEz T Fricke WIHREA R
to, MHOER0.2%THY, WDHT BIFR—K
. TR b AFEO B LA HERE
h, HETROBGE b#EIE Fa 2528530
P Il

flJ5, Fa P U CRSEBWIHERThicd o
fois, ICRU® LAGERHEZE L Tk D, R
fewtBbhs.

iz in air, in phantom [t 3, F—oOfE% Hu
7z, Kp/Kr oW TEZETS.

Table 5 | 1~28MeV o Bi— = 50 — thi:
T35 @ (ICRU muscle) &, Fricke
BWDOH =< 759 72— LFDEFRT. H—
=D = R F R 13 BRI A & 008, Gx
fEOHEDO AL & o Rkd 51ty #lzi,
in air *1.043%9"% &, in phantom -Fl% 1.069
wichiudiebisv, 2o X 5 fefiid Table 5 1z
Hbhd Lo, IMeV L Fo=3 ¥ —1cint
TRl EEB Licys, o X 5 inf@diiic =31+
— « A7 P ADE bR, BlECAE D B
Z htl Harrison £5'9%> Hannan®® £ A2 |
NDF—2hbHETHD.

HicAac, Harrion £ o> 6MeV, Hannan 20

HAREZRI RN #4aE B2 3

Table 5. Kerma factors for ICRU muscle
and Fricke solution.

Neutron ICRU Fricke Ratio
energy muscle | solution Fricke
(MeV) | (radscm?) | (radecm?®) | muscle
(x107%) [ (x10™ |

1.05 0.248 0.263 1.060

5 0.455 0.477 1.048
8.2 0.516 0.538 1.043
10.5 0.573 0.596 1.040
12.5 0.610 0.630 1.033
15.5 0.677 0.692 1.022
18.5 0.705 0.718 1.018
21.0 0.730 0.744 1.019
| 29 0.791 0.713 1.003

I15MeV & Hi— 2= 5 L F — T4, phantom
o EEE 2cm TRITFATFALKF — « A2}
DWEF — 2% T, Ke/Re #FE Lizs =
5, BIFEIL1.044, $E121.035CThHo7e. D hic
WL, inair Wi} B Re/Rr 13, FREhOH
e - T B HE LT, 1.043, 1.027C
H%. in air L in phantom X 3FT, {E= 3
FE— 6MeV DIEIT E A FIEL, 15MeV
LT ThB. AP ICEN Licok, sk
ZHRAF — TR THE DD, nair Lz &
b, E=FAF WAL HETH. FLhig, inair
& in phantom DFERLL, LWL THELH. &
R E DA WT, FAl—o Ke/Kr %fHH L
fel &, G {EOMEORR & kot #E 2
B,

s TEP i s LTHfsiony, Thix
Ko B ks, BEASR L LTHI =51 Y
W, R R v vilo 2 fEAHER LB Ui &
A, hEFRIC X BFe A 4 vl A E
EN R bhish ot (Table 2 £2fR), rhikTi
AR T IRAK K HFETH LR THHKED
GHRIE, £YV=Frviddy (FE%), TEP
10.1%, HVAFVVT.I%ThbH. 3EPEK
OKFEERYFORY =F v v Loy A
F L ETERR LAV G, filEo TEP b
bEABlbR W THSH S, EREAIE VD
A MOBWENHL, ThihoFERINPE L
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16 T T T TT17TT T T ™T Tt T T LY | -T T TT T T
. .______\__--\ | —————:ICRU (& :Electrons (2MeV)

R it
14+ LA r?::n X :X rays(100,60,8 Hev) d
\x
X = d :Deuterons{4-19 HeV)
=
12 \‘d Ha:He ions(12-32 MeV) 1
N Ao particis(E19pg)
10F L Li =1°B(n,u.}?Lwi recoill -
™
A\ f‘i‘
& 3
AR
8 \\
L — —— — — :Protons & \ -1
s deuterons ge \ i
........ :He jons ""“--..\\ s
Matsui o oy
Li— —-——-— :C idons "\\“——
—=—— :N ions h
2k m
0 J. ] I T 1 PO | L L [ T | L T T Y T I |
A | 1 100 1000
(keV/ pm)

Fig. 5. G-values as a function. of the initial LET of the irradiating particles.

Table 6. G-values sor x, vy rays and electrons
recommended by ICRU,»31

Radiation G (100eV)™ iRefenance
5keV, X | 12.5640.3 21
10 keV, X | 13.20.2 21
20 keV, X 13.8+0.3 21
50 keV, X 14.4%0.3 21
100 keV, X 14.7%0.2 21
B¥1Cs, o 15.3%0.3 2
2MV, X 15.4%0.3 2
“Co, « 15.5+0.2 2
AMV, X 15.5%0.3 2
5to 10 MV, X 15.640.4 2 |
11 to 30 MV, X | 15.7%0.6 2 |
1 to 30 MeV, e 15.74+0.6 3|

b EBbhs.

Gu 2B Gy RDHEE, Ge=15.9 L{KTE L1
7y, ICRU® —¢ix 15MeV % o fhiEFiic L 5
T L, Ge=15.4 %% LT\v5%. LaL
G, APRTRIVB=FAF -0 v B2 EH
Fhi & FHshsoe, “Co-vyifis R Uflix
TR Lic, V& vase, Ge fHOMEI

L% GN HA~DFEX0. 1% T Ths.

GO = 3 v F =1z X ) 2kt
%. Table 6 =X, riik XOEFRICHT2G
fE2m329% ) ¥, Fig. 5 & MEERNT
1% Gf%k LET offi: L-URT??. o
X5 GBI OME T 5 2 L Hb
htuvs., coBl@olFconwTniigdko X
5 IR T A h bt 5,

BT X A Fe? f 7 voli{bl, Kok
SRR DT AN L, Fe* 14 v i
b2 RIG % BT 1Thh 5. WIERY & LTt
e"aq (KFET), H-, OH:, H,, HO ¥ X7¥ H,
O, /g EBMEREShT WS, 05 bififE Fer* 4
* v oLz B53 % § o1 OH-, H-, H,O, ¢
b, MEGHEDO.8NH,SO, % 4 70 Fricke 1
OB, Fet' A4 VD GfE, G (Fe**)&,
= MEOWIRA A RO GfE, G(OH), G(H),
G (H,0,) :ooMicixkX ok 52" .

G (Fe**)==G (OH)+3G (H)+2G (H,0,)

L AT, FERNTFMPE (Z0o84f Fricke
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BRO wdBT 5, £ 1 4 RS T o
HFAE AT = RSN, AT — AT E S
HWEEE R S h, Yo Tl R Lo RS & b
EESTFRAERENRS., AT -0k LET
MREL B EPNEL RS, f65T, & LET ji
HBCEA T —ADHEe D& -, R
AT, WEERERL o RIEo fERH
. Zoid G (OH) & G (H) 133 L <
L, G (H,O) e ihn35%. &R LT,
G (Fe")HRIBAT 2 2 Liclks. AP
D= RNAF —GIRO TR Tl Fricke 7AW
D=FF -, FELUTRBBFc L4
Z2bhsh. BFoxsrLy—1g ks A7 —
1, FlziE IMeV ¢ 2.1nm, 10MeV ¢ 130m o
X OCAER D™, hiETHO = F 4 F —HYE
TIse, RMBEF o= ¥—L EF 50
B, (&= F — TRV, A S
—AEREEEE L TNE L b, G(Fe*) KT
FTHTHHH.

in air 3 X' in phantom (k% BEHE ©
FREETRRA R 2 b AL SRR TERE i b TuTs
A3,  Harrison 48'9¢> 1, 2.9, 6MeV, Hannan
FO0 15MeV AT (W Fh b E—= o ¥
=) D =:FAF -« A7 b D PE TIE, in
phantom T{E=F L F —WAAMIMEhs o &%
WELTWS. f€-T, AWFFRH Rl =
N F = B4, in phantom TO{E=
FNF O B FRlEhs, ), Law
FP0 d+T PEFHICKd 5 Fricke §iigsto
GIEDBIE (in air SERD T, F4k LT
Maero ¥R UL £9.36, ¥ =2 ali%
Tl T bIBST Lic & £8.46% 1 LG T\
5. %% Lawson &N k5 222 AHlIEIC
Ko E, WRHE LT 14.3MeV D=L F
—Ea &, FH1.5MeV @ =30 F—HHE
AL, ThZThohiETHRBE~OFERY L
ZTW5., HiEOBHE1ES6.6%, {£13.4% T
BBHDIK L, BEXEThEh43.1%, 56.9% &
Lo Twd. ZOFITL Gy [HOE T OFED,
E=RAF—par O #Wmictsz &% BHEKL

FORESERAREGMRE B4 H25

.

Ll Eo#%ZEH 6, in phantom ¥k} % Gy ffi
DT, MEFM EOME TR, K==
¥ — B DI XA BEOMRIC X5 b o L
MTTES. EESOHINL 7 » v F A0 bR,
PHETFROTS L EL RS, L OHROBEAT
E LT T oERE AL 7.

Fig. 6 @), (b), (e, (d) ks ﬁ:gﬂﬁgif:
Fricke SR MRS & BRERIC X 5 B AT - 7z,
HERE3ETHB~NIAEY THB. FH Fricke
EAOFIERET oA uTiTote. BE ()
(% Table 3 1z g3 L LT Hi7dbDE —Th
5. BB CHLhe RSy, FhRENEE
(a) x5k & LT Table 7 wiRkd. &8

(a) (b)

Colli Neutron |
ISl SRV N
| f . l 1

s | | g | 1

ngl | \\ T_L‘__ 1%‘?ate
gt Fotor
Fricke samples

MY WY

np ‘b[cck 1 ] o
&
Fig. 6. Schematic diagram of irradiaiton set-up

for examination of the scattered neutron effects.

a) without plate and block
b) with plate, without block
c) with plate, with block

d) without plate, with block
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Table 7. Effect of scattered neutrons.
Geometry (dAs) 25 (dAs;n) 25 D'y D'en G’y G’y
(a) 1.000 1.000 1.000 1.000 1.000 1.000 )
(b) 0.977 0.979 0.977 0.978 1.000 1.001
() 1.031 1.024 1.045 1.041 0.985 0.982 N
(D 1.057 1.051 1.069 1.066 0.988 0.985

IL " ol TEE: BRI L, 2T (dAsn)es
i (dAs)ys DB v $RD BESHFEB |\, TEBR
@*ﬁ?giﬁg‘% '6‘5?)5- 'i "j‘:, (AAS’N)’Z‘a &
D, n 2 5%, (b) Tk LT3,
(©), () TIXHMLT WS, (b) T FHIx
lem JEo> TEP fgifEic X 2 AGhiEF 7= v
ADWENT X 5, Y TEP fir b ofElg o
5 Gng) dZF2oh32, ZhERECER
TRES gy, (©, (d) ofinL7 » v+ &
B OBRITHELF TR OF 5 2 T3 5 R T
H%BH. T TR S OHEHORINE O HE
TH%5. Hb, Dp w it (¢) T4.1% (ELZ
OIEIIRGHC X B WA & DEH T, FrroRmsK
136.5%), (d) T6.6%D WimKxmR L0k,
(dAsgy)as 1T Th%Eh3.1%, 5.7%Th-1-.
ZAUTEEELSE Y L Fricke B H o LA v 2
MET Lichbicfiile Sisv. ®ic Gy B %
[T % &, Gy'=(dAs, N):asﬂ-j’l?, v DRI H D
b, BRBALTWB, 2o (€, ()
TEhEh1.8%, 1.5%Thoic.
fegtcix, Qoo BEAR S M B, Gy
TEDOWA I ECHRE /B THA 5. & OEERHY

in phantom

B RTEDHER % X T a5 B A Hr T
5 E8bhs,

Table 8 AR mHEHR L ICRU Report 26jz
FIMERT w5 hoRE o lid Lk 5. i
air DY, £FHDO Gy fHiX8.9759.70 i b
D, WA IBDAZ s, B e
Gy fHIX Z nEDPMICAIE L, Law &0 d+
T vpET4 (14MeV) %, Greene Z%9 ¢ 44 2
R e ks d (16)+Be g (GEE 7.6
MeV) Cofiil, BE—HKLE J1%0E).
Greene 0 d+T CToOff kit KLERs (1
707, WHFEIKMO BHAHY EALTVS
2, BFRAHC L HPYET 7 r= v 20K 2
WIS il T IO T, ORI A S
KiHili Uiz WEEHE 25 5. bindic, KBgec
Fo IE D1 175 7 ERER (Fig. 4) m b,
WFORBCco Fo % FHIl LTH5 & 0.959& /¢
%. ZOfETRIREZFHEST g, Gy fl139.3
LD, KHROFRHEICHE T L. Liesem® 138y
2 REMEEPRE LTS, 3 MEEmTEr —
3.4%1T» T 52, BHABOKE X, #HE
TR A RBEREMAE R L L oftihs s 3

Table 8. Comparison of G-values for neutrons.

Gvalue for neutron

Reference Neuiron sourse Irradiation condition coraponent, Gy
Present result d (30) + Be In air 9.5£0.5
Present result d (30) + Be In phantom 9.320.5
Greene et al.?® d+ T In air 8.92:0.6
Liesem®" d4+ T In air 9.7%1.1
Law et al.'? d+ T In air ) 9.4720.6
Greene et al,?® d (16) + Be In air 9.4710.6
Greene et al,™® 262Cf In air (= ]
Greene et al.®® 262Cf In water 6.141.5
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DHRTENTER. ZhEHL ETCLHENchs
7, Fig. 4 26 Z o filEfic BE 5 BEONE
¥ RDTHRD E 2.6ecmg Lins. Zhi RAED
T L Ten &, JMES. Semg (LN EEL A 5.
ZOKE JLH AR OB 2 EE L T\w5
B s, Wb, o B libasc X s
G EOMEARHII O TR E 2 Hh b,

in phantom DL, *PCf FFIC X KT
DES B 35 R0 2 s Th TV
T, HMT B = AF - ToOWIRITM L, EHEE
e iows, “odE, Gy fHiL in air L hH
BT LTHRD, KRR CHEBm % TR %k
ELTETFB R LS.

7 v ¥ b ANOPETHOE = 3o F — a0
HET, BIRIVELHLL™, OrEIES
CIXDZELTHAHSH., Lo Lichib, ZomichY
LTS BERIBRE X LB L5, TFicE i,
Z o% % LET roBSHic B\ CIFfEcitEs
HoELEERIETHS.

BiAe, EPRE MR (BIPM) i X b, Fricke
MIaT > A 7 A o EEHEAE G S h, BT
Eho0hsh, &5 LeEEERRE 570,
Fricke {52 BRI RO HdBIzEC & LTy
T ENRBEIRICILTHAH. in air LRl
5iEs, WEDSs 1O Gy A Lico T, §f
Bliogi~fc X 5w, Fricke FOBlo ki X 5,
PR T AR SR R ] oD Fp T SRR R 0 A L L~
DIGAO®EIE L b, Co4a, TLD %4
5 LTy iR 2 P T hud X w. v S —
TR D, OB P TR R E
KicBia BIF i, AHER X, BV
B AR OB EOFE B LS bRk
Sh, MEHE —ELBEGCRAS. Ak
& % TR AR B o I BRAY T M AL O S e &
MAZ ERHATRE R .

6. ¥ =

Fricke fiiiil o @pTHIC W55 Gn {HED
FErx HAYE LT, A 27 e brvic X5 d(300
+Be rikFR A A TEBAIHREERT o, Wl
FEVL in air 35 X OF in phantom T Lz, WA

HARESR A RE SRS Sk F2 e

WHIRETRE rOBERTHE 1D, &3
TORFEL x5 Gu fEEZHEL, KT
AXY v BOFESERCT, PHETFRCKT S
Gy fHZPGE Lic. Wi b7 Gy o
THE 2 E5E LR ORER & 87,

in air EEE Y b GufE L LT9.5 (100eV)=1 %
Bz, cofERfiFcr ) #ohTws. d+T
®d (16)+Be hpf-FHcH+ oMl L, 12E—H

Lz, AEORHER, Co=H 0 F - g
M5 G L Licb D vz X 5.

in phantom 2B 75513 G L LC9.3 (100
eV)™ e, Zhik in air TOME X b /b
v, CoFERE oWT ERI, SCREERE O
fEE, 77 v P A bO BEAETR X5
Fricke fiifsto vAaR v Ao KT & $HE Li-.
#oT, ZOEXEERRDOTRRLL, Fffic
LOEVBHIOTHSS.

Fe#swila, @i, @MV EEE L, B
Wiz FEAEGBEESZ L b oo REWHEGHE ST
ReElicsMBEEL T, T, AWECFEL
WEE, RS R vk EE L, WEWHE:2III
BBAER, FMREEWEE, Fircke fEFTIZow
THHERTEVE L 4PTHRIRE RES B Q BHh-
LET,

A o BER, H0EEAEFERHHRESENRE
TECH O THEL .,
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