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Abstract

The Monte Carlo method is a very useful tool for solving a large class of radiation
transport problem. In contrast with a deterministic method, geometric complexity is much
less significant problem in Monte Carlo calculations. However, the accuracy of Monte
Carlo calculations is of course limited by statistical error of quantities to be estimated.

In the present study, we pointed out typical problems in a large shielding system with
neutron streaming. Then, the Monte Carlo coupling technique of which the Monte Carlo
calculation was divided two steps, lying the pseudo - detector of the coupling surface
between the first steb and the second, was proposed to analyze neutron streaming in a large
shielding system. The coupling technique was applied to large shielding systems with neu-
tron streaming : the first was the neuton slit - streaming problem, the second the two -
legged cylindrical - annular - duct neutron streaming, and the third the 14 - MeV neutron
streaming through a narrow hole - duct of a fusion reactor. Those shielding systems had
large total flux attenuation of more than ten orders of magnitude between neutron sources
and detectors. Statistical error propagation in the Monte carlo coupling calculation was
estimated by the newly intronduced equation of error propagation.

As a result of the practical application to those problems, the Monte Carlo coupling
technique was demonstrated that the technique could produce the results of good FSD’s
(fractional standard deviation) in a practical computation time, of neutron flux distributio-
ns in the large shielding system.
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Fast-neutron flux* of forward Monte Carlo calculations with

event value and point value of duct problem

Detector
Biasing schemes (b)
Uncollided flux Total flux o?T

Exponential transform with PATH=0.5 1.0365-8 (0.59317)(a> 1.6800-7 (0.16669) 0.2058
Point-value angular biasing, source
location biasing and PATH=0.5 2.3299-8 (0.09016) 2.3793-7 (0.14121) 0.1672
Event-value path-length biasing
and source location biasing 2.5880-8 (0.09091) 2.4082-7 (0.13810) 0.2033

+ Unit=n/cm? per source neutron.

(a) Read as 1.0365x10~%, with fractional standard deviation of 0.59317.
(b) o?T: Efficiency (o: Fractional standard deviation in percents, T: Total computation time in minutes)
For each calculation, 1,000 source particies were generated.
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ZFRCZ, X FANLRERTIE, 5FO KR
IFINBEE77275—7 SANERIZIALY 77
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Table 2  Fast-neutron flux* of iterative forward and iterative adjoint -
calculations™ of duct problem
: Detector
It§;3:1ve Biasing schemes (b)
Uncollided flux Total flux a?T
(A) Forward Mode
F' Exponential transform with PATH=0.5 2.4597-8 (0.49450)(?) 1.9689-7 (0.15075) 0.1733
F? PATH=0.5 . 1.0365-8 (0.59317) 1.6800-7 (0.16669) 0.2058
F? PATH=0.5 1.4473-8 (0,58664) 1.8296-7 (0.19548) 0.3040
F* PATH=0.5 1.9215-8 (0.58758) 2.4976-7 (0.18057) 0.2426
FS . PATH=0.5 3.1603-9 (0.29185) 1.8227-7  (0.13603) 0.1387
(B) Adjoint Mode
A? Source direction biasing and exponential
transform with PATH=0.5 .2.0900-8 (0.34383) 2.4866-7 (0.18376) 0.2423
A% . Source direction biasing and PATH=0.5 2.8741-8 (0.28104) 2.1762-7 (0.10686) 0.0775
- AR Source direction biasing and PATH=0.5 3.1540-8 (0.29678) 2.1495-7 (0.12970) 0.1132
A* Source direction biasing and PATH=0.5 1.4459-8 (0.41557) 2.7367-7 (0.15794) 0.1775
AS Source direction biasing and PATH=0.5 1.9876-8 (0.40639) 1.8572-7 (0.16070) 0.1657

+ Unit=n/cm® per source neutron.

g0 g1 g2 £3 Eu go &1 £2
++ > F! > F2 > F3 > F* > F5, = Al -+ A2 5 AP

Eu
A* + A5 (£: Random number).

(a) Read as 2.,4597x107%, with fractional standard deviation of 0.49450.
(b) o2T: Efficiency (o: Fractional standard deviation in percents, T: Total computation time in minutes).
For each calculation, 1,000 source particles were generated for forward mode and 2,000 source particles were

generated for adjoint mode.

TTCEELTWEY, FLIAND L, REHK3 (A
5, SFH B VIF3A) F THET L, HomES L
SHTEEDBLND Z LD, SLICHKHE L E
- HTHWMY LT T FSD AR L Tz,

T T AHNOFERERICNT 2 FSD ORTGOHEIC
1% Stevens M 3CHK (46) 251 L 72 Table 41z~ 72,
Litt, SELIRELTHS,

3.5 R
FToafrybbEryrTHNEETRDIL > K—2F
AR (AR PN =B IR > oS 1)
PREEASATABIUCHENSATRICEEL, BN
G2 bPAM )= V582757 —FECTHNL
DRI L 5 TiT- 28R, 77 RO BT 2ERS
HFRE (3.3X10%V L) o FSDIFEHBRNERILE
PHSENEENB0ILUTE2ERT S LD TE,
72, EABZZ PRI SEEE 77—
F—TYad > RIBEERCTHANVeEEZERAL T
RER, REH#3TL»TF 7 MO BIT 2 mEE
BFRAHOFSDZ 0. 1IRBEICKFET 2 Z o5& 72,
Tyadr M etER2ABL CRBERERTICHE

THF7 Ry P OFBRRPALBIZD2NWT/ 8T X b
Dy ZIZEFEL LS LT, HTAL > R—F R
BB s ERT 272N T ¥ a4 > FEtE 2T LED
HY, ZTORODOFEREGLECLS, T2T, &
LBLBICEND LD Ty T AL SERAREE
H, F7 b+ REUKRIEMEROPETF RS AL 7
2 FY) oy ZHEEIC T B EREETEE LTI LD
EFC 5, :
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’fable 3 Fast-neutron flux* of iterative forward-adjoint Monte Carlo
calculations with adjoint flux and energy spectrum for
source biasing of duct problem

Iterative sos Detector .
Biasing schemes -
mode A Uncollided flux Total flux 27
F Source zotjation biasing with the ) (a)
Tang's'®} step function and 2.5985-8 (0.03381) 2.2546-7 (0.27271) 0.5662
exponential transform with PATH=0.5
1A Source direction biasing, source
energy biasing with energy 2.1975-8 (0.17160) 2.3484-7 (0.18345) 0.2379
spectrum of the 1F and PATH=0.5
2F Source location biasing with adjoint
flux of the 1A and PATH=0.5 2.7038-8 (0.08945) 2.5014-7 (0.14960) 0.1829
2A Source direction biasing, source
energy biasing with energy 2.8258-8 (0.16878) 1.9338-7 (0.12900) 0.1116
spectrum of the 2F and PATH=0.5
3F Source location biasing with adjoint
flux of the 2A and PATH=0.5 2.6684-8 (0.06751) 2.1498-7 (0.12716) 0.1274
3A Source direction biasing, source
energy biasing with energy 2.5760-8 (0.12619) 2.4839-7 (0.11139) 0.0884
spectrum of the 3F and PATH=0.5
4F Source location biasing with adjoint
flux of the 3A and PATH=0.5 2.7737-8 (0.08407) 1.9947-7 (0.13785) 0.15504
4A Source direction biasing, source
energy biasing with energy 2.7559-8 (0.13601) 2.4153-7 (0.11490) 0.0891
spectrum of the 4F and PATH=0.5
5F Source location biasing with adjoint
flux .of the 4A and PATH=0.5 2.5591-8 (0.08577) 2.1499-7 (0.09640) 0.0788
5A Source direction biasing, source
energy biasing with energy 2.2911-8 (0.18650) 2.3047-7 (0.12792) 0.1214

spectrum of the 5F and PATH=0.5

: Forward mode, A: Adjoint mode

Unit=n/cm? per source neutron

) Read as 2.5985 X 10~%, with fractional standard deviation of 0.03381.

) o®T: Efficiency (o: Fractional standard deviation in percents, T: Total computation time in minutes)

) ORNL-TM-5414,

,000 source particles were generated for forward mode and 2,000 source particles were generated for adjoint mode.

F
+
(a
(b
(¢
1

Table 4 Fractional Standard Deviation for
Monte Carlo Caiculations

Fractional standard $ s
deviation (f.s.d.) Descriptions

f.5.d.20.50  The Monte Carlo calculated result is meaningless for design.

0.50>f.s.d.20.20 These results have some significant but are not generally
regarded as good design data. Monte Carlo calculations
performed at the present time fall into this category.

f.s.d.<0.10 A good calculation.

f.s.d.20,01 Usually too expensive to achieve if the problem is deep
penetration and geometric complexity. However, this value
is sometimes required for a benchmark problem or for
comparison of the Monte Carlo results with the experiment.
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Distance from Source (cm)

Fig. 17 Calculational model for the ETNA three-legged cylindrical-

duct streaming experiment. Dimensions are in centimetres.

Table 5 Comparison of normalized reaction
rates between measured and MORSE
calculations in the three-legged
cylindrical-duct.
4 Measured MORSE Z Measured MORSE
F(Z=0) Prism Scattering F(z=0) Prism Scattering
(cm) In(n,n') (cm) In(n,n")
T T
: FSD : FSD
0 1 1 , 0.086 | 190 I
10 7.45-1% | 7.68-1 | 0.088 | 200 :
20 | 210 | 1.10-4 8.85-5 | 0.153
30 : 230 2.80-5 2.84-5 : 0.230
40 | 232 !
50 1.04-1 1.02-1 | 0.070 | 250 |
60 : 260 :
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80 f 280 I
90 | 290 !
‘ : 300 I
110 2,00-2 2.42-2 : 0.073 |30 I
120 1.85-2 1.88-2  10.079 | 320 I
130 : !
140 | :
150 1.05-3 8.10-4 | 0.151 Lo
160 | 4.50-4 | 4.31-4 ] 0.103 :
170 : i
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: |
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First MORSE Calculation

® Start the random walk from the natural source.

® The initial statistical weight of each source par-
ticle is set as 1.0.

® Provide the pseudo-detector region in front of
the entrance of the slit or the duct.

® Calculate spatial distributions of angular, en-
ergy, and total fluence at the pseudo-detector.

Preparation of Boundary Source Conditions

® Establish the pdf's of the angular, energy, and
total fluence in the detector.

® Provide the subroutine SOURCE so as to be
able to use the pdf's as boundary source con-
ditions in the second MORSE calculation.

® Also provide the subroutine SDATA in order
to treat the boundary source conditions con-
sistently.

Second MORSE Calculation

® Start the sequence random walk with the
boundary source conditions from the SOURCE
subroutine.

® The initial statistical weight of each source par-
ticle is also set as 1.0,

® Multiply the total fluence, X, obtained from
the first MORSE calculation, by the output of
interest, A*, of the second MORSE calculation.

® Obtain the final result of interest, A, as
A=At
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Fig. 18 Calculation sequences of the Monte Carlo coupling technique
(MORSE-to-MORSE coupling code system).
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Fig. 22 The streaming pattern of the total neu-
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curve labeled “Background 2” is the flux
level with center column unshielded.s®
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Table 6
measured,

Comparison of reaction rates between
single

MORSE, and

MORSE-to-MORSE coupling calcula-
tions in the slit problem.

(Rates are expressed in

reaction/W.s.S1it width is 1 cm except as noted.)

Distance from MORSE-to~MORSE
the S1it Entrance Measured Single MORSE Coupling
(cm) (5000 Histories) (8000 Histories)
Cadmium-Covered Gold Detector
0 1.25%-20° | 1.444-22  0.653°| 2.356-20 0.551°
20 8.50%-21 3.565-22  0.820 2.491-20 0.658
40 1.55-21 1.143-23 0.646 2.002-21  0.467
60 1.80-22 1.853-24 0.663 1.540-22 0.333
80 ’ 1.60-23 6.204~25 0.790 3.154-23  0.323
Sulfur Detector
0 5.30-25 4,861-25 0.707 1.027-24 0.333
20 1.15-25 1.427-25 0.679 1.797-25 0.355
40 2.60-26 1.588-26 0.560 1.874-26  0.350
60 7.20-27 2.905-27 0.651 4,570-27  0.331
80 2.70-27 2.147-27 0.758 1.830-27 0.322
Indium Detector
0 ' 1.15-24 1.501-23 0.811 3.793-24 0.189
20 3.05-25 4,569-24 0.583 4.851-25 0.227
40 5.40-26 2.754-25 0.634 7.254-26 0.334
60 1.10-26 6.210-26 0.597 2.910-26  0.417
80 . 3.20-27 6.333-26 0.841 1.623-26  0.444
Magnesium Detector
0 1.35-26 1.459-28 0.229 1.372-26 0:579
20 4.00-27 2.264-27 0.984 1.087-26  0.567
40 8.50-28 3.664-28 0.972 2.104-27 0.623
60 2.50-28 4,452-29 0.953 4,781-28 0.634
80 1.30-28 6.988-30 0.900 1.475-28  0.600
3514t with zero.
PRead as 1.25x10720,
Fractional standard deviation.
niz, 5.2.4 —EFARMAGEHSY I PR -3 IRR

(3) EHErEBRICHLEFSRO—HERLI LI,
SEREATEENERICL > TR v F AEOPETF
HERBEFEGHENLRL, ZLULHEREEIRS
NizbDEETE S,

(4) L72»5T, FSD>0.51c% » 2 LR
BRIGECNLTY, 2BRENHETENTS A}
) —# 2 BT L, FSD 20.28E, 72, A v ¥
Y ARTRERELEREBORIGEN FSD 3 & 5 i
0.1BEICHEBTELEELLNS,

)2 iy
THoOMBAES 7 FA ) —Iy ERICERS
Nz ABORSILERBEICN L TEY TAHLET
HEL-ERREMEEE LB % Table 7, 8, 9
RRT. $TIcRY v PR MY =3 v IR ToEE
AHEEFSRNERICAHTH LI LT T b
DT, T0F 7 MERTRERNDES T ANOEHEIZ
=¥, £C MORSE-to- MORSE 2— F¥ 27
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Table 7 Comparison

35
A-10C/E=0.79 ’
A-140n C/E=1.33 (5.1)

GUDROERP L7 PRI IUFOBEET, &F
RHEFICH L BSLBEEEELIBLNALLDEEL L
b, FSDIZDWTIZE 1 Mo BIE/ A DA 560cm
FTRREPNZADOBRBEAMAEICH L TIiX FSD
~0.2CRWETH 5%, FOMDEETIZ0.3~0.5
T, 0.64DHEL H 5,

Table 8 13 Fig24m5 4 » B kicEm»Niz, # F 2
HN—ETEREER, VTN, =N, LI
TLDLESEHBIINTAREBRLEHL2LDNT
Hbo 7 FIHN—EERBERIGEIZN L THalk
AFtEIR, B1MTR 77795 —3LN, £2HT7
778 —2URNTEREMIGLTEY, T )RNw—

of Reaction Rates

Between Measured and MORSE-to-
MORSE Coupling Calculations in the
Two-Legged Cylindrical-Annular-Duct

Probiem
Detector Location? Nickel Detector Reaction Rate
(cm) (reaction/W.s)
MORSE-to-MORSE
Line A Coupling
(in water) X z Measured (10000 Histories)

A- 1 3 0 2.47-22 1.939-22 0.]79b
2 20 ——— 2.59-23 . 2.782-23 0.209
3 40 -— 4,53-24 5.737-24 0.240
4 60 — 1.36-24 1.295-24 0.199
5 80 — 5.88-25
6 100 — 3.39-25 4.221-25 0.430
7 120 -— 2.13-25
8 140 —— 1.46-25 9.836-26 0.457
9 160 -—- 1.18-25 9.639-26 0.508
10 180 -— 1.25-25 9.030-26 0.643
1 - 15 3.78-25
12 ——— 20 3.76-25 4.227-25 0.270
13 —- 40 8.93-27 1.624-26 0.276
14 -— 60 1.13-27 1.498-27 0.454

3A11 detector Tocations were in the plane of Fig.2.

b

Fractional standard deviation.
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Table 8 Comparison of Reaction Rates

Between Measured and MORSE-to-

' MORSE Coupling Calculations in the

" Two-Legged Cylindrical-Annular-Duct
Problem, Line B.

'Detéctgr Location® Reaction Rate
(cm) (reaction/W.s)
MORSE-to~MORSE
Line B Coupling
(in air) X z Measured (10000 Histories)
Cadmium-Covered Gold Detector
B~ 1 15 4.,05-20 1.382-19 0.383b
3 40 -— 8.07-21 2.333-20 0.254
5 80 - 1.95-21 4.,794-21 0.275
7 120 - 6.25422 1.994-21 0.275
9 160 - 2.55-22 6.163-22 0.324
10 165 20 1.36-22 3.226-22 0.572
1 - 40 2.62-23 4.,469-23 0.650
12 -— 60 9.50-24 1.786-23 0.546
13 -—-- 80 4,23-24 2.449-24 0.529
Nickel Detector
B- 1 1 15 1.74-22 1.648-22 0.112
3 40 _— 2.75-23 4.407-23 0.095
5 80 -— 9.06-24 1.400-23 0.146
7 120 --- 4,21-24 5.992-24 0.091
9 160 - 2.03-24 3.505-24 0.123
10 165 20 1.69-24 3.621-24 0.167
(z=15cm)
1 -—- 40 1.98-26 2.243-26 0.403
12 -—-- 60 4.17-27 1.188-26 0.513
13 -— 80 2.07-27 1.934-27 0.546

4A11 detector locations were in the plane of Fig.2.

bFractiona] standard deviation.

HERTWE, FSD §, # 1M T0.25~0.38T4 1,
#HNEEFHFSD & LTideie ) By, F2HIC
75 £0.53~0.65l2% D, B kw, 47 Lk

BEEEICNL CRETORMEBNET 7779 —2

LNTHIEE: —BL T8, T4HRETE RS
Bonz, F7roAn0LBon C/EIZ2n T3

THL) REFRLN, ZOHDORIBERNEEL 4
WIRRETH 5,
In (n,n) In BEHERE SR ERN C/E !

B-1oC/E=1.01

B-1200 C/E=0.62
# 1EH D FSDI30.08~0.15TH D EHEUEN T W #

(5.2)
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(continued)
Detector Locati‘ona Reaction Rate
(cm) (reaction/W.s)
MORSE-to~MORSE
Line B Coupling
(in air) X z Measured (10000 Histories)
Indium Detector
B- 1 1 15 2.46-22 2.328-22 0.099b
3 40 —— 3.54-23 5.153-23 0.083
5 80 — 1.10-23 " 1.566-23 0.132
7 120 -— 4.49-24 6.805-24 0.079
9 160 — 2.24-24 4.233-24 0.107
10 165 20 1.93-24 4,451-24 0.166
(z=15¢cm)
1 -— 40 5.46-26 3.269-26 0.402
12 -—— 60 1.92-26 1.183-26 0.576
13 ——— 80 2.050-27 0.541
Aluminum Detector
B- 1 1 15 2.30-24 2.631-24 0.208
3 40 - 3.72-25 9.416~25 0.160
5 80 —— 1.31-25 2.859-25 0.209
7 120 — 6.77-26 1.189-25 0.159
9 160 — 3.52-26 6.020-25 0.162
10 165 20 2.81-26 7.790-25 0.294
(z=15cm)
11 -— 40 2.03-28 8.314-28 0.821
12 - 60 3.61-29 2.061-28 0.79%4
13 ——- 80 8.90-30 3.158-29 0.719

BB L N2 & 2 bEMA T TS, UL,
EOBICA B E0.6E 124, EEEICRITAERIC
> Twb, FSDAE 1LHEBETIE/NEWITL2obb
T, FE2HICAL ERBIES Z2RERKRNL I L
EEIFLE NG, 277L, Table 7, 8, 9 FSD I
2BBBnE T ANOEENETH S,

1) #1HBTREERESED, S RE L 2REPE
FOIREER DT 5 HIFRIIZ K E VW,

2 B1HTHLVEZOEBCHET bEERE
FIIEEREED D2 v, Lh-> THREITNEADIT S
DE LI,

(3)

g2HpIcEr NI BELERISGOL Evar

FAAF—13RADIn (nn) InRETLH1.4Mev THh
D, B1HEE2HDMWEFMEDKFTHELL THE
2HIZAS L 2EEFEFDH I b, 1.4MeV LU LEnsf
BT L THEEMTH S, E2HFIZAFTLH
HFIIMERMEDOKF CTHEHREL, HEIKRE LHEL
ATHRHBLZTNE LS, 20k ) ZHRETFIIHR
BRI AL, E2HFIZA-TLEPUYETFNESL
DL DENREL b, LD & 5 wiE%&M2 FSD
PELATIEEICLZ-TWBELNDEEZ NS,
Kiz=w r VBB T L =7 2RO KGR
IZOWTHENS, Al(n,a) NaKIBDL E WL R)LX
127.7MeV LFEEIZH V. = v FILVRBERIZHNT 24
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Table 9 Comparison of reaction rates between
measured and MORSE-to-MORSE cou-
pling calculations in the two-legged
cylindrical-annular-duct problem, Line

C.

Detector Location?

Reaction Rate

(cm) (reaction/W.s)
MORSE-to-~-MORSE
Line C Coupling
(in air) X z Measured (10000 Histories)
Cadmium-Covered Gold Detector
c-1 1 -15 |.6.83-20 4,246-19 0.576b
3 40 —-— 1.02-20 1.755-20 0.260
5 . 80 — 2.26-21 1.245-20 0.407
7 120 -—- 7.35-22 3.463-21 0.456
9 160 - 3.09-22 1.241-21 0.440
10 180 - 2.40-22 2.782-22 0.611
11 196 — 2.30-22 1.810-22 0.466
12 - 0 1.09-22 2.144-22 0.590
13 -—- 20 5.92-23 9.630-23 0.666
14 ——— 40 2.28-23 2.244-23 0.759
15 — 60 9.12-24 2.076-23 0.526
16 -—— 80 4,21-24- 1.700-23" 0.608
17 — 100 2.33-24
18 - 120 1.38-24 1.547-24 0.659
Nickel Detecto
c- 1 1 -15 3.25-22 2.491-22 0.149
3 40 -— 5.18-23 5.564-23 0.100
5 80 -— 1.56-23 1.310-23 0.097
7 120 -— 6.68-24 5.307-24 0.083
9 160 _— 3.50-24 3.082-24 0.145
10 180 .~ 2.37-24 2.813-24 0.109
1 195 — 1.90-24 1.883-24 0.138
12 - 0 1.17-25 1.982-25 0.492
13 - 20 1.46-25 5.937-25 0.414
14 - 40 1.84-26 6.212-26 0.361
15 -—- 60 2.290-27 0.671

811 detector locations were in the plane of Fig.2.

b

Fractional standard deviation.




(continued)

Detector Location? Reaction Rate
{cm) (reaction/W.s)
MORSE-to-MORSE
Line C Coupling
(in air) X z Measured (10000 Histories)
Indium Detector
C-1 1 -5 4.64-22 3.534-22 0‘164b
3 40 ——- 6.07-23 6.078-23 0.106
5 80 - 1.75-23 1.549-23 0.090
7 120 . —— 7.08-24 6.035-24 0.070
9 160 — 3.66-24 3.612-24 0.134
10 - 180 -— 2.68-24 3.196-24 0.103
11 195 -— 2.26-24 2.889-24 0.152
12 — 0 2.19-25 2.906-25 0.391
13 —— 20 2.05-25 4,245-25 0.326
14 -— 40 3.86-26 9.835-26 0.427
5 - 60 | 1.48-26 2.323-26 0.401
16 —— 80 | 7.63-27 7.016-27 0.444
17 — 100 4.,42-27
18 -—- 120 2.86-27 3.236-27 0.520
Aluminum Detector
Cc-1 1 -15 3.74-24 3.672-24 0.259
3 40 -— 7.31-25 1.313-24 0.140
5 80 -~ 2.46-25 3.206-25 0.226
7 120 - 1.14-25 1.207-25 0.207
9 160 - 6.31-26 6.506~26 0.217
10 180 - 4.66-26 6.311-26 0.167
11 195 - 3.78-26 2.080-26 0.326
12 -— 0 1.01-27 2.286-27 0.653
13 ‘ -—— 20 | 3.06-27 1.760-27 0.529
14 - 40 3.834-28 0.694
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a7 )= ETEHIN T IO TERNEELVERT
ERWERRTHD, Lid-> TERTEICIILERS
EBEL LTS Tw,
5.3.2 REBRHB S sRMFIL—T L 2EHE

T 1RBDEYTAHALOEETIEFT T L—F >
SOURCE #WEIL, FuAf ZAfhko7Z X<5Hk
5 14MeV REFOIEET S L 2Lz, BRIEFRE
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Table 10 FSDs of the second Monte Carlo and
' those of statistical error propagation.

Detector Location Reaction Rate
(cm) (reaction/(W.s))
Line B X z Measured Nucl. Sci. Eng. Re-evaluation of
(in Air) 79, 253 (1981) FDS by Eq.
Aluminum Detector
B -1 1 15 2.30-24% 2,631-24 0.208b 2.631-24 0.292b
3 40 ——- 3.72-25 9.416-25 . 0.160 9.416-25 0,271
5 80 - 1.31-25 2.859-25 0,209 2.853-25 0.293
7 120 --- 6.77-26 1.189-25 0.159 1.189-25 0,270
9 160 - 3.52-26 6.020-26 0.162 6.020-26 0.273
10 165 20 2.81-26 7.790-26 0.294 7.790-26 0.377
(Z=15cm)
n --- 40 2.03-28 1.556-28 0.701 1.556-28 0.734
12 - 60 3.61-29 2.061-28 0.734 2.061-28 0.847
13 - 80 8.90-30 3.158-29 0.719 3.158-29 0.796

a Read as 2.30x10724

b Fractional standard deviation
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Fig. 26 Calculational model for the D-T Experi-
mental Device (R-Tokamak). Dimensions
are in centimetres.
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IARNE—ZARZ PAFELSRZBE 52020l
P& EIL 72, Table 11 icH{EF, Table 12 (24>
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Table 11 Energy group structures for neutron of
the NGCP9-70

(continued)
Group Upper Energy | Lower Energy Average Energy Lethargy, au Group Upper Energy Lower Energy Average Energy Lethatgy, su
eV eV eV ev eV eV
1 1.7333+7%* 1.5683+7 1.6508+7 0.1 26 6.0810+5 4.9787+5 5.5299+5 0.2
2 1.5683+7 ‘1.4918+7 1.530147 0.05 27 4.9787+5 . 3.6883+5 4.3335+5 0.3
3 1.4918+47 1.4550+47 1.4550+7 0.025 28 3.6883+5 2.9720+5 3.3302+5 0.216
4 1.4550+7 1.4191+7 1.437147 0.025 29 2.972045 1.8316+5 2.4018+5 0.484
5 1.4191+7 1.3840+7 1.4016+7 0.025 30 1.8316+5 1.1109+5 1.4713+5 .5
6 1.3840+7 1.3499+7 1.3970+7 0.025 31 1.1109+5 6.7379+4 8.9235+4 0.5
7 1.3499+7 1.2840+7 1.3170+7 0.05 32 6.7379+4 4,0868+4 5.4124+4 0.5
8 1.2840+7 1.2214+47 1.2527+7 0.05 33 4.0868+4 2.4788+4 3.2828+4 0.5
9 1.2214+7 1.105247 1.1633+7 0.1 34 2.4788+4 2.3579+4 2.41844‘4. 0.05
10 1.1052+7 1.0000+47 1.0526+7 0.1 35 2.3579+4 i.5034.+1| 1.9307+4 0.45
11 1.0000+7 9.0484+6 9.5242+6 0.1 36 1.5034+4 9.1188+3 1.2076+4 0.5
12 9.0484+6 8.1873+6 8.6179+6 0.1 37 9.1188+3 5.5308+3 7.3248+43 0.5
13 8.1873+6 ' 7.4082+6 7.7978+6 0.1 38 5.5308+3 3.3546+3 4.4427+3 0.5
14 7.4082+6 6.0653+6 6.736846 0.2 39 3.354643 2.0347+43 2.6947+3 0.5
15 6.0653+6 4.9659+6 5.5156+6 0.2 40 2,0347+3 1.2341+3 1.6344+43 0.5
16 4.9659+6 4.0657+6 4,5158+6 0.2 41 1.2341+3 7.4852+42 9.9131+2 0.5
17 4.0657+6 3.6788+6 3.8723+6 0.1 42 7.4852+2 4,5400+2 6.0126+2 0.5
18 3.6788+6 - 2.7253+6 3.2021+46 0.3 43 4.5400"*2 2.7536+2 3.6468+2 0.5
19 2.7253+6 2.2313+6 2.478346 0.2 b4 2.7536+2 1.6702+2 2.2119+2 0.5
20 2.2313+6 1.6530+6 1.9422+6 0.3 45 1.6702+2 1.0130+2 1.3416+2 0.5
21 1.6530+6 1.3534+6 1.5032+6 0.2 46 1.0130+2 6.1442+1 8.1371+1 0.5
22 1.3534+6 8.6294+5 1.1102+6 0.45 &7 6.1442+1 3.7267+1 4.9355+1 0.5
23 8.6294+5 8.2085+5 8.4190+5 0.05 48 3.7267+1 1.0677+1, 2.3972+1 1.25
24 8.2085+5 7.427445 7.8180"!’5 0.1 49 1.0677+1 4.1399-1 5.5455+0 3.25
25 7.4274+5 6.0810+5 6.754245 0.2 50 4.1399-1 1.0000-3 2.0756-1 6.026
* Read as 1.7333x107ev.
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Fo/, Lrl, 27 22 ) =375 0TF
ICEER L INEWIERICEBIT S FSD DEEN T
AR LEDEITE R b WwEER B,

Table 14 Neutron Dose Rate in the Diagnostics
Room and the FSDs.

Detector Location® Dose Rate FSD
(cm) (mrem/shot)
X y 2 Second Using Error-Propagation
Calculation Equation
0 209 710 1.679+4 0.055 0.063
- --- 650 1.029+4 0.055 0.063
=== -- 600 7.340+3 0.056 0.064
--- --- 550 5.579+3 0.056 0.064
--- --- 500 4.343+3 0.056 ‘ 0.064
- --- 450 3.631+3 0.048 0.057
0 219 --- 1.828+3 0.095 0.100
--- 224 - 2.410+2 0.2 0.273
-—- 229 ~—- 3.748+1 0.248 0.250
- 239 --- 4.549+0 0.354 0.355
- 249 --- 3.440+0 0.439 0.440
== 259 -— 3.157+0 0.467 0.468

3a11 detector locations were in the plane of Fig. 28.

bRead as 1.679x10%.
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(A.13) K& (3.5) R v hm¥ 5 &,
20 (7, 2) =S, (7, 2)+
Cg'—»g (77, _Q'—>_Q') Tg’(f/“"fy g/)xg' (7_’: Q/)
(3.5)
INLIZONRIFETAHANOHELEITT S ETe
CEUMBETHECZ LN TEBLZEDS D, ZOWR
A MORSE 2 — F CERICRBENTWERTH 2,



| Appendix B 1 X p/\Y 1 —BIBDEH

Toafry ErTHNOFENBETA XY foN
) 2—We (7 Q) #5tET 2BGER £ 8 M3 29
Appendix A ? (A.12) KoL % 27 (#7) TH 5,
Gy(7,0) PY7 Q) | Coy(# 2—0)
OIS G =7(7)
- Hy (7, 2) (B.1)
(B.1) Ri3 Appendix Ao (A.5) KB LU (A 11,
2 b1z,
Pl (7, 2)=3¢(7)P (7, Q)
EVOBRRERY, KDL ) ICERTES,
Gy (7 D)
27 (%)
x7(7)
2(7)
=P (7 D)+ Corg (7, QD) 2% (7. §)
(B.2)

(B.2) K& A~ b)) 2 —DEHRDE BT 2,
Wo (7, 2) =P (7, 2) + Cyog (7, -2V 257 )

+

=P/ (7 Q)+

Corg (7, ,Q'——-)Q)X:' (77: Q/)

(B.3)
ZZT,
Corag (7, X—=2)=Cyy (7, 2 2) (B. 4)
DEHEH D 2

L72di5 T, (B.2) & (B.3) 2 &k nEERH7E
LNB,

W (7, 2)= G, (7, 2)/ 24 (7) (B. 5)
BB,
G, (7, Q) =W, (7, 2)2¢ (7) (B.6)

MORSE 2— FTld (B.5) RD G, (7, Q) ¥ 55 L
TRBNT, AXY b 2—W,(72) 2K 312
137 N—%> MORSE %2 %EIL, W, (7 Q) # &£ &
FT572HNDT 4 A>3 3> (dimension) 25%F, 25
IZY 7V —F > NSIGTA 21FA T4 (7) 2 AET 5,
(B.5) RZEL TAHANREHEATL N> Fo3) 2 —p5K
HoND L) ICHKFRTEMR L LHERTH 3,

Appendix C

TYad4 > bETHLET(3.9) REeE< FE
BRICHET 27
Step 1

R W BIR A7 S (7, 2) Tld e, L 2K

55
> ZBBEPY (7, Q) (B2 1, MEHRREEEK, RIGH
i, &7 10— 2T 55% (=1.0) Th 2,
Step 2

MREMER LT L ) o wmEEL, L #ET B,

2?’(7’+RQ')\exp [—/ORZ?'(?’-FR’Q’)dR’]

RNz b,
F=F"+RA LT3,
LU, 7ORBACHIUL, R RE Bk
L7zz&lcd), bR —3%&TT5,
Step 3
BEANORAEELT 5,
x¢(7)
x7(7)

We =W+

Step 4

LU ALY —BgrFHQE2RET B,
FIREICDWTE 74+ 7—FE—FDStep 4 £ &<
RALTh5,

Step 5

IANKE—F g pHIBANTHNUT Step 2123 ¥ B,
) THRIFNITERA ) —3KRTT 5,

FA 2 b)) 2—2F (7 D)3 Step 2 DEIIAEE A D
R FOEAZEFTL TRLN, 42 F8) 2—
Wo (7, 2) 12 Step 3 DBIAR SNE A % &5 L TR
Lbb, TOREE, —ikic,

Wa (7, 2) <25 (7, 2)
5,

(C.1)

Appendix D #RDY T Sk R4
7R
ZITRNBEH LS S SEB LU, T RIZEY
ThANRETRALY e MR HERNERE, 2oER
DHFHEERT D2FETH S,

1. Rejection Technique

Rejection Technique DB & L Cid 7> <o
WRHE 2 A NLX—EKEE T LTRSS, Klein-
Nishina DR L EHREZENRERNE(L (= F LFZAb)
EROBFEVRCMENTWR2ED - pmn X2
Fig.30 iI27” 9,
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Start
¥

&, &,

Select random numbers

&

)

1+2/ap

yes &= 5v2/an no

Calculate
2¢;
B=1 +Tnz—
no 1
Rejerg | 3 g -m

yes [

Calculate
_1+2/q
= | +2€2£ an
63 < no
Flon~pan+1?+ 4] [Reject £

lyes

Fig. 30 Flow diagram of fhe procedure for sampling wavelength
changes from the Klein-Nishina distribution.”

Fig. 30 # Rk 9 5 ZEBENIZ, Klein-Nishina N #
KDL IWCERLLZLDTHB?
_ ant2
K (8 an) =22 (8 in(8)

8an
+ 92, +2 92(B)hz2(B) (D.1)

-
e ’

6 a’n+1/a’n

g =0!n/:2l 1
=t =)

g2= (an+2)/232
hz=%[(l—an,6’+an)2+

eI

1
B

Fig. 302 545 & 52, 3EOELE % Fy, KK
WEESZIT AN L NS D, TNEDEEINE» %
HEL, SHANLN2 Z TEEEH L L TEHEZ
MATT %, ZITANLND &, ana=Fan i & » TH
BHEOPER (ZANLY) FREEI NS,

2. HAfRflik

s (Expected Value Method) 137 > 5477
#— 7T % BE TEMEiEE (estimator) %~ THF D
BRHBADESEHETIRETH WYL 12d- TH

THEEIR T 2> 7 ) > JTEEERENFENRES
ThHhbdEEZTL,

WS OB DT L R FNEE Cr KD B ER
@C’D‘/"Ciﬂi’\“‘ézo’“‘m '

(1) BEEEFTEE (collision density estimator)

SERLR D/ METE % OV, WEBIORITFNEA S W
ETHE, 7Th—T RS TBEEL ) nEFES5ITK
nEHEHIND,

Cw=W;/sV/Z: (D. 2)
DT NI ADWEITRHE SV DFHTH B,
(2) FEEIEM: (tracklength estimator)
FAZR I B2 IMATE OV PR FORERE £ 54

L, iV TEl-THFS2Kd 5,

Co=L/8V (D. 3)
ZZT,

L ;ZZ} Wi+ ¢;

L =0V HIZBIT S [ BHOREER
ZOFHEE I AIE OV ERA F (EZ) Rt 5 2

EHTED, o
(3) FTWEIE =Wk (surface crossing estimator)
TN—xr2%Rd L5 T rHEMEE AL T,

HRETEHILL27Vv—2 2B 5 05, 1EIOK

FORELY)DFEILRDEIICR B,
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A 72|

Z DFHEiEE T3, grazing angle, 7i- 2—0.0125E T
C&, CooolL b WI)MEIHZ, ZDE &3,

|7-2]<0.01, |%-2]|=0.005 (D. 5)

DEIRLT, MERERT L HEXD S,

(4) NESXE (next event surface crossing estima-

tor) (CREIE R 2 5ME:)

I BN R TR R T AR EH 2 2L
2L EWDTHESHEETER, LarL, BFHIKRD
BT HLURNCHEH2 L EoHMERL2FE-> THELS2HE
THIENTE S,

W-e™”
Co="407-0]

HEPLBML AT E5 2 bN2EFE2EWT
WIT T Culdt vz 3, b L, HRA»HAL-T
DFHNE, BT 120FE» DB, 72, LLE
EXFFLEONTHIUE, FE5EOHIT (€u, 1H
503 2) KTOHRE7 b NVQITIRET 5,

(5) AMrHERaHiEiE (point detector estimator)

ZOFHMEERIEC ZDEFICBIT AHFOES 23
T 5,

Co=W;-e"for (7, 2'—Q2)/R?

zzT,

for (7, @— Q)= g' DM FH 7 THEL, O »
5 QD F b N DEAISLIRA ORI EKEL S 1R
N, EHBBENEE for=1/4r, 124 5, MOR
SEa—FTlE, fe 2 RDBLZDIINT p > F
NOBRFREEZ V50T, BEROEELA (di-
screte scattering angle) # StE L 72% 1, B
FEHEREL TBLESH 5,

R =1§% 5 L i E O

ZOFHEETIE R 00 & &, Coooolzel), ¥
CRELGHPRET S, ZOMBERHET D2
NE T OPDOFEIREE N T B H74770 25D
BEREAEE Lem /MR A5 72 & 1%, NES
XEICL > TCo2fET R L) FEER- 72,

Ui b5 Dkl 2 RA L 2227, B Ly
FHEEZBRAT 2 Z L2 k- T, FEROKE & M=
TEHEITEIC L B,

Cu (D. 4)

(D. 8)

(D. 7)

3. AVE—9 LRy H
L>R—=F LRG> 7)) EEISEHNME
WDIDIZARFRTH B, LELNTE, FATIL,
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LGOI DD Z HHBT B,
RDE ) LG h2EZ 5,

]=fZ(x)dx (D. 8)

Z(x)

1
1
!
[
1
1
!
1
i
I
|
1
i
1
1
1
!
I
1
!
|
1
1

0 X

AViR—F ARG 7YV TRETA O R—F 2R
B () 2BATHI b5, Thbb,

]=/;1 ‘%3 f(x)dx =folg(x)f(:c)dx
=’£1g () dF (x) (D.9)
ZZT,

dF (x)=f(x)dx
1

F(x) =/O‘f(x')dx'
L ®—Z 2 2H> 7Y TORIE;
1) B & %2 { & Eo ooee En} D LEET D,
2) &=F(x5) =f’f(x')dx: nESIET D,
3) g(x) = f((jjf =g, ¥k 5,
4) g; i’i%gi i2mz %,
5 D~4)2NE#EVET ERNDE I3,

__ 1 &
Q—WEQi (D. 10)

i=1

|

g (x)

ol U,

0 Fx)
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L7zhio T, g DGHUIRRIC L > TRHE S NS,
= [(te@—g @)dx

H B,
1 & _
0s ?E—N—g[g(xi)—glz (D. 11)
F/, FHECHT S IEIIARNEIICL S,
o§2=%ag3 (D. 12)

(D.11) Koo LI, A >B—F> 2% 7Y
> 7 oaEIS, Z(x)/f ()= g (x) p—FIEIT T
WEBANE B, VL, BERK—ETHh TR

K% bd, Thbb, g(x)28Ho7 (rectangular
distribution) 1% 2 X H 2T ~NETH B,

Plhic & -, @Y% f(x) & BETIUT BRI
T5, v I EPERIICH-2DT, Kiz, R
Ve rmEFRERICH LA K= 27
7 EBRAT D, '

Ry =it RN
%,

x(F)=S(F)+/K(F’—»F)x(ﬁ')dﬁ' (D. 13)
(D.13) ROMBIZ A > R—F > 2B I (P) %35,
x(P)I(P)=S(P)I(P)+I(P)
fﬂﬁwaﬁaﬁwﬁ

KDL IIICELL ZEpTE

=S(P)I(P)+ [x(P)1(P)K (P—F)

dP’ (D. 14)

(D.14) REXKDE I IcEZ#2 B,
ﬂﬁ:é@ﬂj}@ﬂﬂﬁuﬁmﬁ (D. 15)

ZzT,

T (P)=x(P)I(P)

S(P)=S(P)I(P)
R(P—P)=K (P—P) L)

I(P)

(D.15) BBERNHFEEZ(P)B & %%
K(P-P) Btz EbLeboThs L
R4 3,

7 (P) mEHR (D.15) RZHA D 1 (P) DERR
(D.13) Lt EETH BT, 7(P) 2HET 21201213

HEAEANBIERRETH L, L L, EBICLE
%' x(P)i3,

x(P)=%(P)/I(P) (D. 16)
NEILTKDS,
Bt o R b BITKO LI 1052 b b,
A= [x(P)PXP)aP (D. 17)
H B Wi,
i=[z(P)P*(P)aP (D. 18)

T,
P*(P), P*(P) iz3tic L 2 #> 2% TH ),
P*(P)=P*(P)/I(P)

Th3,

x(P) DY 7 (P) AL EIERTV LA
IV ZEiE, —iz, I(P)DERIC»H-TH
D, 2N E-TF(P) LN BERIcEHETE, BF
FBIC BV TR L 2 E S Th B,

—igiciz, IP)ELCTvad> 75y 2 24P)
DRVEIN T2

L9 12DFERA > K—2 > 2B x(P) nE
FAPICEAT 2,

1 (P =5y S PV (P)+ 1 (P) 1y

I1(P)
K(P—P)I(P)dP (D. 19)
(D.19) M Kkn & HicEE®m: LN,
#(P) =gy S P)+ [ P) -
K (P—P)dP’ (D. 20)
=2, S(P)=S(P)I(P)
K(P-P)I(P)

(D.20) T2 x (P) BTETH 2, HERKFIZSP)
ZL7edis>GEEEN, Z0EAFL/I(P) #UWE
END, WFHWK(P—P) iz 7zhi>7C P—Piclg
ENRBE, FOELIBUCL/IP)IZTHEENS,
BRI RO LBAIRDE Ik B,

A:[x (P) P*(P)dP

4, /347 X (biasing)

PNATREZBELE LA, > FR—2 > ABHEE AT,
ETVBLDDHBAEERMTEY E< DT L7 4 —
7RTV, BRODZ2EVB/LNS L H 2 AR



ETEFETHE, AT RZIILTEADHIEIME
G, KIT, REROEEL NS T REBMT BT
(1) #BIE N4 T2
BLFETHEL N T RBIBIFEASATATH S,
HRIEZBNIC & 0, Is(R) # BB E N4 T 28
BT nE, AT RLURSIESAEE,

S (R)=2xRI(R) / fo M9 xRIs(R)dR

nEIED, —F, AT A% L YENRIES
- ABBII RN L HIckbEND,

S(R)=2nR/%R2anR

(D. 21)

(D. 22)

ZZT, RoldHRBIRDONEETH B,
WIBERFOREEMEIT (D,21) Rick->THEEL, K
FHEAMIEIZ RN TITI .

We=S(R)/S (R) (D. 23)

KRICHEFREBEZREL, »5/FENILEAHMIC
BHEN R TOREL 2RI TN 2w ET S,
BEFBRIBED/SA4 T 2D 7% BRI IR 5 B9 13 R
Ntk HzErNn5,

S <§>=d§/f o)

I (Q) # BB N4 T A ETUE, ~ATARL
R A B EEEIIARRN L I ICh B,

S(@)=1 (Q)d.@/f]s (2)dd

MR FoFEEFEIT (D.25) Ric Lizdsv, KFD
BEAMEIRRNDLIIZT 2,

W =S (@)/$ @)

(D. 24)
(D. 25)

(D. 26)

BBIZIANXNSLT2A2HANDL, ZOFER, »
DHFE L T ALK RIS R E N BRI TF ORER % Bk
BRBLLDICHERHT S, N4 T AN R AL
X¥AMIRNEHIICELENG,

So=Qo/ 20

DIT, Qo gBHCHT B MIRREREE,
LI BB ANT— A T 2B LT, A TR
L 72 = 3 L ¥ — BRI KA & ) B LB,

So=Qu1Z/ 2QuIt
BIRALT O3t % %L ¥ —13 (D.28) RAI L 22555 C
BEL, HFOEAMERUTNOLIICT 2,

(D. 27)

(D. 28)
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We=>S, §g

(2) BRELARESE A T 2

ZDNL T ABHR A SHRHEBRFEICE - TERB
TORTOERL BRI CLFETH S, HELATESR
234 T Z (probability angular biasing) i2{Z#4 > }
NN 2= 2 R—F 2ABHE L CEYTH S L
NTWBD, FEMCONTIIEIETHT S,

(3) MEENL TR

FeF2& <4 T 2 (pathlength biasing) 1322 & 5
AR > CETT 2RFOREEZMET 2FT
HYN, AB—FZABHEL T X)) 2 —8
BLTWBEEINTWED, THLEIETHL S,
4) EEERD AT R

RV 2 BRARERER 2T L S B3 M
FEEFERCE D/ VI EIH S, Thbb,
MFRBRDLZVIC D/ T EALDE A S B,

2ls

I/Vt.nﬂ—‘VVt,n' 21 :
(D.30) KicL7ehfo THF2EBH T 2R 2 2R
) 234 T A (survival biasing) &\»3 2%, BENE>
TANTI— NI ENTL ZOFENRBAIRLTW
5ERTRW,

(D. 29)

(D. 30)

5. WFUR—Ly PERTYy T4y
N Toh—by b 27w T 4 v T RETFTT S
I, S EICRITOFEHES Waase, T B E &
Waiow, BL I LBREB W, nign 2 5XET 2 LEHIDH 5,
INHLDOERIEHEIEZHI VERINZwDT, L&
ToN—VL oy bRAT) v T4 > T RiThbhWEtES
FVERL, SEBICBIT 28NTFOEEBKE, *
CHIGL 72 EAD 6, ZEFHETE B,

W T o=V MIKRTFDEZD Wiiow & ) /AS
(- BRI ETINS,

1) RFIREEEN ESETHNETER, 22T, ¢

EEERYHERTH B,

2) bL, ESETHIUTRTIZEEZREY, EAld
1/¢ic% s,

3) MORSE 2— FTIZkn L IicLTwa,

__W
5§§<~ W/t,ave >

£F AL, Yes# b &Y, Nok bIETHE,

& 5B RBAOBAIIKD L IHET 3,

(D. 31)
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m:VVt/f:VVt,ave

2T T 4 ¥ P RRFDOBELD W > W nien 127>
REEETEND, R7) v T 4 ¥ IHEFENLE,
1EOKF2»NEICZ Y, EAEW/N 2RSS,
MORSE 2— F T3k k J ZFIMEIZ % > T 5,

(D. 32)

1) RIFOSEHNII,
N W, {N’ﬁl@*ﬁ.?‘
I/Vt,a,ve ﬁﬁﬁ (N”“N/)

(D. 33)

WM (N—N) 2EEBOELE L TCHOLL T
M=V b 2T,
E>(N—N") Z0%4, WEKTI33E:, N KT
D Waave DEATHET B,
ES(N-N') Zoa, (N'+1) HOkF»
Weave DELTEET S,

6. IBEE# (exponential transform)
WEERIIERAICBNTEZ L NFR 2, 12

IRFOREIRLMEINIHETH 5,
WENRES A ARNTELEINS,

F(p)dn=eT"dn (D. 35)

ZZT,

7=2¢R
KFORBHMNA > B— 5 > 2B,

I(p)=e™

e

T =58k
@ ?Q

(D. 36)

-2, =cosf

TELT LN TEBLNET D L,

F I /1) =F () [1(n) (D. 37)

NEII% B, (E37) RZKRDL I ICEWTES,
[(Brl) féﬂ) =(Be"%)-(¢~"2/B) (D. 38)
ZZT,

le/(1—m)

Lizdio T, "4 T A% LIEREBIZRAPSRES N
5, ’

F(v)=ff(7;)=e‘/B (D. 39)
IDEENEAMERUTNLIICE S,
_ 1 -
We=——rp¢" (D. 40)

4, w>0NEE
1) r=0ThiizB=1ic% Y, REOEIIZ %
v
2) 0<7T<1THIUEB>1Ic% ), REIHMET
3.
w<0nE &I,
3) 0<r<1THhTB<LICLY, REIEHET
. %’O N
MORSE = — ¥ ¢i2 B=BIAS, r=PATH,
@ =DIRECH» T 2,



