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Analysis and Derivation of Advection Dispersion Equation
for Radioactive Waste Disposal
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Abstract
Numerous evaluations have examined the public impacts resulting from the leakage of radionuclides from

disposal facilities. In this study, an analytical solution of the advection dispersion equation was derived . Then, in

order to simplify the analytical solution for practical use, approximate solutions were derived and their applicable

ranges were examined. In addition, we evaluated the influence of dispersion coefficient based on sensitivity analysis.

Keywords: Radioactive waste, Advection dispersion equation, Burial disposal, C-14, Radioactivity concentration
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Condition Assumption in this study
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Table 2 Parameters used for the analysis.

Parameter Value Symbol Unit Source
Porosity 0.47 € - 3)
Darcy Velocity 1 Uq m/y 3)
Density 2800 Pa kg/m? 3)
Partition
.002 K 3k 4
Coefficient 0.00 d m/kg )
Repository
L 5
Length 500 m )
Nuclide 1.6
Quantity x 1013 Quot Bq 3)
Repository
w
Width 500 m )
Repository 5 H m 5)
Depth
Precipitation
ém 0.01 Rin mly a
Thickness of
. D, m a
Aquifer Layer
Leach
Coefficient 05 fleach ) 4
Distance 600 X m 1)

a: Set in consideration of mass balance of groundwater in order to be

consistent with Reference .
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Strength Properties and Expansion-Shrinkage Properties of High-Fluidity Ductile-
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Abstract

Research on recycled aggregate is actively being carried out in the concrete industry. To promote the recycling
of concrete more extensively, it is necessary to develop new technologies for effectively using recycled aggregate.
As an example, research on ductile-fiber-reinforced cementitious composite (DFRCC) using recycled fine aggregate
has been reported. DFRCC has multiple cracking characteristics and much improved toughness during bending,
tension and compression fracture. However, due to large shrinkage strain, there are few examples of construction
using DFRCC. A conceivable method for controlling the shrinkage strain is to add an expansive additive and a
shrinkage-reducing admixture. To evaluate the effects of the additive and admixture on the strength properties and
expansion-shrinkage properties of high-fluidity DFRCC using recycled fine aggregate (R-HFDFRCC), we conducted
a compressive test, three-point bending test, restrained expansion test and free expansion-shrinkage test on the R-
HFDFRCC. As a result, we conclude that the amount of expansive additive added, the difference of expansive additive,
the mixing of expansive additive, and the addition or removal of shrinkage-reducing admixture have an influence on
the mechanical properties of R-HFDFRCC such as the compressive toughness and flexural toughness. R-HFDFRCC
with water-binder ratios ranging from 40% to 60% showed sufficient flexural toughness and crack dispersion

performance even when an expansive additive or shrinkage-reducing admixture was added.
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Table 1 Outline of specimens.

Water-binder | Sand-binder | Fiber volume Unit expansive . ... |Addition amount of Free
. . . Replacement . Expansive additive . X . .
Specimen ratio ratio fraction ratio of fly ash additive amount mixine ratio shrinkage reducing | Restrained expansion-
P (W/B) (S/B) (Vp) % )y (EX) (LB (g: SA) admixture expansion test shrinkage
(%) (%) (vol.%) ° (kgm®) ’ (Cwt.x%) test
RHM40-EX0 40 40 0 0:0 - -
RHM 40-EX80-10:0 80 10:0 0 - -
RHM 50-EX0 O O
0 0:0
RHM 50-EX0-SRA2 2 O O
RHM 50-EX40-10:0 40 10:0 O -
RHM 50-EX40-0:10 0:10 - -
RHM 50-EX80-10:0 10:0 0 O O
RHM 50-EX80-0:10 50 65 3 20 0:10 O O
RHM 50-EX80-5:5 80 5:5 O O
RHM 50-EX80-10:0-SRA2 10:0 2 O O
RHM 50-EX80-0:10-SRA2 0:10 - -
RHM 50-EX120-10:0 120 10:0 O
RHM 50-EX120-0:10 0:10 0 -
RHM 60-EX0 60 9 0 0:0
RHM 60-EX80-10:0 80 10:0
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Fig. 1 Compressive lording system.
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(b) Compressive stress-plastic deformation relationship

Fig. 2 Estimation procedure of compression softening curve.

MTsz2&lcky, = bV TA MeKRBILINLST N
DG ORI EEZMRL, EREY bR WIRINE TR



LHE - S &

LOMRMEREZEOND DEENTWD. SRAE, R
X TZFLUT XN —TIVREE : 1.01g/em®) &
fEFH L7,

(2) SA&E

ABFSETlX, R-HFDFRM D KA H LL(W/B) & 40, 50
BLU60%E L7, EXITHMETHRML, BAL EX &I
0, 40, 80 ¥ XN 120kg/m® & L7-. EX {EA H(LB:CSA)
1£10:0, 0:10 BXLTN5:5 L L7z, SRAWL, XAV NVEE
R LT OBV 2% % KEHE CTHRIMLZ.

2.2 18iEHEAER

Fig. 112, 1 ®hIEMERBROMEE 2 73, #A71EL, 2000kN
ifi SR ERA & FH L CF T o 72 ABR IR 1X 1009 X 200mm D
MAERERIR L L, SRR L C&ZR 6 (R E/EL
7o 1 HEAERRBR I, SCHER DICHE U CTATV, FHRIZE B,
ME, a7 Ly Y A—F— T X5 EoHE -
O Bk L O RS & Lo, 7ok, BB
AR 2 BCHAL L, SABRMF(M IS 28 H)E CHREHESR A& &
L7z,

Fig. 2 |Z, JEMEME T RNV X —(Gre) D FEAl /7 12 D0
TART. FHMEGEE, TR VSR T RO FEIC LY
BHL~Z.

FT, ERICE VB O N LMW EP) — Rz A
fir.(6c) B #% (Fig. 2(a)) % JEME I 77 (00) — BPEZE T (6.7) BA £
(Fig. 2005 . KIZ, oc—6 BRI D, 5.=3.0mm
FTOWN SR EZTDORED oo & OFEDOKFI(Fig.
2 DEBTERD D, RFHLTIXIINE Gre & LT
R L 7.

2.3 3FnmmhIfHER

Fig. 3 12, 3 &R BoMELZ R, #ar
X, 100kN AUTOGRAPH #UiE % J GE R BRAk 2 6 H L <1T
W, Ay REEZ 0.2mm/min ([ZHH L7=. RERIK
X 100X 100 X400mm O A FEFRERK & L, 858 e 2 f
U CA TR 6 REME L. 3%y i, Sk
IREEB)NCHE L T, FHHIEE X, i, A0
WD =LA BIOHMELE L2, 2R, REBRIEIZITIAA
#%2 B CHAL L, SRABRRF (Mt 28 H)F CHEHEER A & L7z,

H B SR ICHE D T, LR O FETREMm L=,

E7, #HFREIFIULToORIT LY K7z,

Pt

Ry

(1)
22T, fle: IR N/mMm?), P : ffE(N), €: AN
v (mm), b: BEEDOIE(mm), & : EEWTEHOE S (mm)TH
2.
WIZ, 2 73 2P ERE TR Sh, UToO
RIZE VKD
T, 1

2, = b
e @)

T, 2 HITEIMERE(N/Mm?), Tp: JRAEND On
ETCOMMBFOEEN - mm), 6p: A/ FRE DD
F(mm), €: AN (mm), b : BEEEWRTEOEmMm), & i

Unit : mm

Displacement

. transducer
Ball bearing

15 70 15

Pi type transduc

my

)
>

300

AUTOGRAPH universal testing instrument (100k?

Fig. 3 Trisecting-point loading system.
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Fig. 5 Free expansion-shrinkage test.
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Table 2 Mechanical properties.

Fresh test Compression test Bending test
. . 5 Compressive Compressive Flexural strength | Flexural toughness
Specimen Slump flow Air content Density strength fracture energy .
o 3 (f1y) (£2y) Number of cracks
(cm) (%) (g/em’) (Fo) (Gro) (N/mm?) (N/mm)
(N/mm?) (N/mm) mm mm
RHM40-EX0 73.0 1.4 2.01 48.8 50.3 8.71 3.66 4
RHM40-EX80-10:0 72.5 1.5 2.03 48.4 49.3 7.59 2.70 4
RHM50-EX0 69.0 0.6 1.99 35.7 44.9 7.89 4.34 4
RHM 50-EX0-SRA2 71.5 2.1 1.97 32.0 39.6 6.72 3.91 5
RHM 50-EX40-10:0 74.0 1.3 1.98 32.0 43.3 7.24 4.54 4
RHM 50-EX40-0:10 75.5 0.8 1.97 33.1 42.4 7.72 5.03 4
RHM 50-EX80-10:0 74.0 1.0 1.97 31.1 40.3 7.45 4.79 5
RHM 50-EX80-0:10 72.5 1.1 1.96 31.6 443 6.68 431 5
RHM 50-EX80-5:5 75.0 1.3 1.98 34.1 41.9 7.34 4.63 5
RHM 50-EX80-10:0-SRA2 68.0 1.5 1.99 322 41.5 7.71 6.02 7
RHM 50-EX80-0:10-SRA2 73.0 1.3 1.96 30.0 42.9 7.44 4.47 4
RHM 50-EX120-10:0 75.5 1.3 1.96 28.0 34.3 7.43 4.81 5
RHM 50-EX120-0:10 73.5 0.8 1.95 30.3 41.5 7.49 4.73 5
RHM 60-EX0 76.5 1.1 1.93 22.1 28.7 6.60 4.86 5
RHM 60-EX80-10:0 75.2 1.6 1.93 21.8 29.3 6.43 4.96 6
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50 —=O—EX(0 =O=—EX80-10:0 ) 9 —=O—EX(0 == EX80-10:0]
a g
é Z s Y= 07663x+13.904 =
zZ z R =0.93 £
= 40 g <3
oy 5
g o i)
= 5 40 g L
4 30 2 £ 7
= ] 30 g
£ g [
S s
~ £
20 © 20 6
40 50 60 20 40 50 40 50 60
W/B (%) (amnreccive ctrenoth (N /mm?2) W/B (%)
(a) Effect of W/B (a) Effect of W/B (a) Effect of W/B
4 —0—10:0 -= 0 = 10:0-SRA2 _ 60/B=40% W/B=50% W/B=60% —0—10:0 = 0 = 10:0-SRA2
~ —0—0:10 — O —0:10-SRA2 g 9 [ —o—0:10 — 0 - 0:10-SRA2
E A 55 = — A 55
& . < 50 y=0.7663x + 13.904 &
Z & R2=0.93 £
< g Z
=) 5 =
5 ) 5
% E 40 5
2 ) =
o = 3
£ % 30 Z
g 2 =
o g
3
@] 20 6
0 40 80 120 20 40 50 0 40 80 120

Unit expansive additive amount (kg/m?)

(b) Effect of unit expansive additive
amount (W/B=50%)

Fig. 6 Compressive strength.
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Fig. 8 Flexural strength.
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Plastic Potential Related to Earth Pressure at Rest
for Normally Consolidated Clays
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Abstract

This paper examines the influence of the plastic potential function Q on the coefficient of earth pressure at
rest Ko for normally consolidated clays. By using an anisotropic plastic potential on a simple elasto-plastic clay
model, the observed Ky value is calculated under the condition of no lateral deformation. The calculated results
are compared with the observed Ky values and also with the empirical correlations using the effective stress
friction angle ( ¢ °) and the plasticity index (/). It is shown that the proposed plastic potential function Q
accurately simulates the Ky stress state for compression and that empirical estimations lead to noticeable errors.

Keywords: Plastic potential function, Coefficient of earth pressure at rest Ko, Elasto-plastic soil model
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Table 1 Physical and mechanical property of clayey soils.

Site Ps wi 1, Clay Silt

(g/em?®) (%) (%) (%) (%)

Soka 2.67 83 39 54 41

Kashiwa 2.64 112 50 47 38

Miyazaki 2.64 67 31 34 55

Atsugi 2.67 69 32 24 52

Moriya 2.64 131 78 58 29

Hitachi 2.66 121 69 18 72

Yokohama 2.66 73 32 32 38

T T T
—~ Oy 1 ast
a\i 051 =196 kPa = const. ] 9
o N —-100 §
‘s r Observed 0y 5
s 1F 5
O @ " onom - o-o0 =
2 Kashiwa & _ =1
=) L Ko=0.4 I
o 1.5 4
E 450 =
° Observed =
>, . %
r —O— Volumetric s
®  Axial strain
25k ] ] ] 0
1 10 10° 10°

Time (min)

Fig. 4 Volumetric strain and Ky value vs. time relations.
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Sand
(%)
5
15
11
24
13
10
30

A K M eo Ko Remarks
0.192 0.029 1.54 1.439 0.43 Remoulded
0.200 0.030 1.48 1.374 0.40 soils
0.095 0.015 1.60 1.140 0.40
0.114 0.018 1.61 1.408 0.43
0.754 0.094 1.34 2.840 0.46 Undisturved
0.460 0.120 1.57 2.543 0.46 soils
0.074 0.021 1.57 1.635 0.44

Table 2 Elasto-plastic parameters and Ko value.

! | Ref
Hirosnim 37 0246 0020 165 119 0.42
Yanai IIl 36 0304 0022 189 128 0.38 6)
Yanai IV 52 0532 0032 161 157 0.40
Ariake 68 0800 0080 190 347 043
Mal3 58 0440 0044 128 220 054 9)
Mal2 59 1160 0.039 140 197 0.52
Tobetsu 0200 0.070 116 1.44 0.57 10)
UN 0231 0050 098 151 0.50 11)
Oda 0130 0.033 113 085 0.47 12)
. Calculated by Eq.(2)
® Original
1L O Modified
i Cam caly model ° °
] ° b
2 °
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Fig. 5 Comparison between measured and calculated

Ky value.
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Table 3 Comparison of calculated Ko values
by the Cam clay model.

Cam clay .
Fig.3 Eq. (6) Eq. (7) Eq. (8) FEM
model
Original 0.86 0.82 E— 0.84 0.84
Modified 0.55 I 0.51 e 0.52
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Characteristics of the Railway Vehicles for the Prevention of the Derailment
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Abstract

Ordinarily, the causes of derailment are clear. However, there have been rare cases where derailment was
caused by multiple conditions overlapping, even though safety was satisfied. One such derailment is flange climb
derailment. To identify the factors causing flange climb derailment, various causes were considered. Since it
would be necessary to conduct many actual vehicle tests to identify the root cause, it is more efficient to conduct
simulations using parameters based on actual railway vehicles. In this study, we calculated the derailment
coefficient using the wheel load and lateral pressure. Railway vehicles were simulated on sharp curves and at low
speed that could cause flange climb derailment. Three types of railway vehicle model and three types of track
were assumed and simulated. The cause of flange climb derailment was clarified by considering the derailment
coefficient under various conditions. As a result, it was found that the derailment coefficient of the entire railway
vehicle reached the maximum value immediately after exiting the stationary curve. In some cases, the derailment
coefficient exceeded the dangerous value of 1.0. Suppressing this maximum value would be an effective way to
prevent derailment accidents.

Keywords: Railway vehicles, Flange climb derailment, Bogie, Curve, Track
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Fig. 2 Acting force between wheel and rail

(outside rail).

Fig . 3 Acting force between wheel and rail

(inside rail).
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Table 1 Common conditions ®.

Length of straight before curve [m] 30
Length of entrance transition curve [m] 45
Length of stationary curve [m] 90
Length of exist transition curve [m] 45
Length of straight before curve [m] 30
Radius of stationary curve [m] 100, 160, 200
Cant [m] 0.125
Gauge [m] 1.067
Level irregularity 0
Speed [km/h] 10, 15, 20
Ratio of stationary wheel load [-] 1
Tread center position wheel radius [m] 0.43
1/2 left and right contact 0.56
point spacing [m]

Bogie frame mass [kg] 1600
Wheelset mass [kg] 1300
1/2 left and right primary 2/2
suspension spacing [m]

1/2 left and right secondary 2/2
suspension spacing [m]

x direction displacement 0
of the center of gravity [m]

y direction displacement 0
of the center of gravity [m]

Anti-roll bar rotation spring 0
constant [Nm/rad]

Distance from bogie center 0
to torsion bar [m]

Carbody equivalent torsional inf(co0)
rigidity [Nm?/rad]

Bogie torsional rigidity [Nm?/rad] inf(o0)

Table 2 Commuter type railway vehicles parameter 9.

Inside pressure wheel weight 0.4
ratio [-]

Flange angle [rad] 65
1/2 carbody mass [kgl 32900/2
Body center of gravity height on 1.8

the rail surface [m]

Vertical primary suspension 1000 X103
spring constant / axlebox [N/m]

Vertical secondary suspension 350 X103
spring constant / one side bogie

[N/m]

Secondary suspension 150X 103
longitudinal rigidity [N/m]

1/2 bogie center distance [m] 13.8/2
1/2 axle distance [m] 2.1/2

DY AR FEAE LT2 2 E N KREOPIEL D Do T D Y,
T, ARSI T DHEERTE, HEE R E O Tk

FEATIEE V=15 km/h OFEETHENT2To72. E612, #

TE AR I DIEAT D F V = 10 km/h, ¥V = 15 km/h, V = 20

km/h & BEPEAIC B b S, HEEIC L0 (LT D EE D

HE b7 o 72,
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Table 3 Express type railway vehicles parameter 9.

Inside pressure wheel weight 0.4
ratio [-]

Flange angle [rad] 65
1/2 carbody mass [kgl 42300/2
Body center of gravity height on 1.2
the rail surface [m]

Vertical primary suspension 1000 X103
spring constant / axlebox [N/m]

Vertical secondary suspension 350X 103
spring constant / one side bogie

[N/m]

Secondary suspension 150X 103
longitudinal rigidity [N/m]

1/2 bogie center distance [m] 13.8/2
1/2 axle distance [m] 2.1/2

Table 4 General type railway vehicles parameter 819,

Inside pressure wheel weight 0.4
ratio [-]
Flange angle [rad] 65
1/2 carbody mass [kgl 43000/2
Body center of gravity height on 1.8
the rail surface [m]
Vertical primary suspension 1000 X103
spring constant / axlebox [N/m]
Vertical secondary suspension 350X 103
spring constant / one side bogie
[N/m]
Secondary suspension 150X 103
longitudinal rigidity [N/m]
1/2 bogie center distance [m] 14.0 /2
1/2 axle distance [m] 2.1/2
Right
v
Secondary
suspension
Left and right
Bugi_g_r_r_ L primary
frame } suspension
spacing
Primary Ty L Wheelset
suspension 'A_I i_ = o
;r; ; ‘t‘ilr - ,_):::_;ji;—i‘: :;-* -1/2 left am'l right
posiﬁon \\EOI'I[&CI point
wheel Bogie Cant

radius

Fig .4 Outline of model.

Fig. 5 Rail and track.
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Abstract
A new method for determining real contact area was attempted by measuring the complex refractive index of

the material contained inside the contact surface by using the ellipsometry technique. Taking the contact of a

steel ball with a glass plane as an example, the distribution of refractive index as well as extinction coefficient

within the contact surface through the glass were successfully measured and the results showed generally good

agreement with the physical properties. These measured values were considered independent of the surrounding

media and of the image capture conditions, and their transition ranges were narrower than that of brightness

change measured by contact microscope. As another example of contact of a glass lens, the ellipsometer

successfully measured the distribution of refractive index and extinction coefficient,

though the contact

microscope failed. These results suggest that complex refractive index could be an effective indicator for

determining real contact area.
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Table 1 Experimenta conditions.
Case 1 Case 2
Sample Steel ball Glass(BK7)
lens
Radius R[mm] 5 10.38
Load W[N] 0.25 0.5
Atmosphere Air, Water Air, Water
Radius of 23.9 44.2

Hertzian contact a [pum]
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Fig. 2 Optical model of reflection.

Table 2 Material constants.

Steel  Glass Air Water  Glass

(BK7) (N-SF11)
Young’s modulus E
[GPal 208 80 - - 91.2
Poisson’s ratio v 0.3 0.205 - - 0.255
Refractive indexn  2.43%  1.519 1 1.333  1.797
Extinction 339 0 0 0 0

coefficient k
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Effect of Fiber Interval on Drainage Behavior of Gas Diffusion Layer in Polymer
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Abstract

When a large amount of generated water stays in gas diffusion layers (GDL), flooding will occur as the drainage
of the GDL deteriorates, degrading the output performance of polymer electrolyte fuel cells (PEFCs). The fiber
interval in the GDL is an important factor for preventing flooding, and many studies have been reported. However,
experimental studies have not been able to obtain sufficient knowledge because of limited case studies. Many
analytical studies use a uniform fiber interval model, so the accuracy of analysis is low and the GDL fiber interval is
not represented correctly. Therefore, this study proposed a non-uniform fiber distribution model based on SEM
photographs of the fiber structure of a commercial GDL. After verifying the validity of this model, the effects of the
average and maximum fiber interval on anti-flooding performance were investigated. The mechanism of this influence
was investigated using liquid water behavior theory in which the flow in porous pores is called “capillary fingering”.
As aresult, it was found that the average fiber interval of GDL did not have a monotonous effect on the water content
ratio in GDL, but the effect reversed at a certain value. It was also found that large spaces in the GDL degraded the

anti-flooding performance.
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Table 1 The condition of CFD simulation.

Inlet flow rate (m/s) 0.01, 0.02, 0.1
Air flow rate (m/s) 1

Contact angle of GDL (°) 135

Surface tension (N/m) 0.0624

Kinetic viscosity of water (Pa*s) | 3.5x10*
Kinetic viscosity of air (Pa * s) 2.0x107?
Temperature of water (°C) 80

Average fiber spacing (um) 10.5, 14.0, 17.5
Maximal fiber spacing (um) 42, 56
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Fig. 1 Classification of drainage state in porous media.
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(a) Pattern 1

>

(b) Pattern 2
Fig. 2 Result of random CFD simulation by using non-
uniform fiber distribution model.

Table 2 Calculation result of liquid water area of random
CFD simulation.

Pattern 1 Pattern 2
Liquid water area in GDL 59.6% 57.5%
Air area in GDL 40.4% 42.5%
Evacuated liquid water area 26.1% 27.6%
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(a) 1 A/em?

(b) 2 A/cm?

Fig. 3 Result of CFD simulation with different current
density (Average fiber interval: 10.5 pm, Maximal fiber

interval: 56.0 um).
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Fig. 4 Result of pressure distribution with different current
density (Average fiber interval: 10.5 pm, Maximal fiber
interval: 56.0 um).

Fig. 5 Relation between current density and water content
ratio in GDL (Average fiber interval: 10.5 pm).

Fig. 6 Image of water and fiber interval in GDL.
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(c) Average fiber interval 17.5 um (1 A/cm?)
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(d) Average fiber interval 10.5 pm (2 A/cm?)

(e) Average fiber interval 14.0 um (2 A/cm?)

(f) Average fiber interval 17.5 um (2 A/cm?)
Fig. 7 Result of CFD simulation with different average fiber

interval (Current density: 1 A/cm?; 2 A/cm?, Maximal fiber
interval: 56.0 um).

> O

(a) Average fiber interval 10.5 pm

O O

(b) Average fiber interval 14.0 pm

O

(c) Average fiber interval 17.5 pm

Fig. 8 Result of pressure distribution with different average
fiber interval (Current density: 1 A/cm?, Maximal fiber
interval: 56.0 um).



Fig. 9 Relation between average fiber interval and water

content ratio in GDL (Maximal fiber interval: 56.0 pum).
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PNDN, ZO XD MR Z 72 < T E Mk
L, BKRFE~OEBEHRT L.

Fig. 10 13 27 o 7= i e KR O FRATRE R TH 5. Fig.

12 1% Fig. 10 & ~N— A2 U CHH U 72 ke i KRR &
GDL &/KFEDOBRK TH 5. Fig. 11 1T 872 o - iR K
MMEIZ XD EN AR TH D . iR KRR 42.0 um (2
T, 56.0 um OEKRREIE L TT7 4 B Y T HE
EREDSTFRATHOERKIIZ 4 TV T ThD.
AT R KRR 56.0 pm OFEKMENEL TT7 T v F
S TRERIDSLT W EERE L.

42.0 um O#EHER KMRIZE T,  56.0 um DIE ) 1T
MK DJE 283 L < K& < C[Fig. 11(a), (b)], kR K
Ml KREnWZ &T, ZmEADL/DNIWV. ZT, ki
MA~DOKDBABERZIZRY, 74 AV 7T EEBK
%< T GDL NDEKERL.

PLEDZ &5, GDL WO HT 2 IHT 4 O R & 72 ik
fil@72% GDL OEKEBIZERZ LD L2 ERbho
72DT, TEXLHLETRSTRETHD.

(a) Maximal fiber interval 42.0 um (1 A/cm?)

(b) Maximal fiber interval 56.0 um (1 A/cm?)

(d) Maximal fiber interval 56.0 um (2 A/cm?)

Fig. 10 Result of CFD simulation with different average fiber
interval (Current density: 1 A/cm?; 2 A/cm?, Average fiber
interval: 14.0 pm).

(a) Maximal fiber interval 42.0 um (1 A/cm?)

OO 5

(b) Maximal fiber interval 56.0 um (1 A/cm?)
Fig. 11 Result of pressure distribution with different maximal
average fiber interval (Current density: 1 A/cm?, Average
fiber interval: 56.0 pm).

Fig. 12 Relation between maximal average fiber interval and

water content ratio in GDL (Average fiber interval: 14.0 um).
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Abstract

The Arase satellite, launched on December 20, 2016, is equipped with high-energy electron experiments
(HEP) to observe high-energy electrons in the earth’s radiation belt. High-energy protons are abundant in the
inner belt and are known to be an intense contamination source for electron measurement. In this study, we
performed Geant4 model calculations of HEP for incidence of energetic protons to investigate such
contamination in detail. The results show that protons of >60 MeV can reach the SSDs (particle detector) by
penetrating through the HEP cover case and some inner components. They cause significant output signals for all
the energy ranges of observation with HEP. It is also revealed that 1-2 MeV and >6 MeV protons can enter the
SSDs of HEP through the entrance aperture for electron measurement and generate some amount of output
signals. Our results will be used to analyze energetic particle data in the radiation belt.

Keywords: Arase satellite, Radiation belt protons, Geant4 calculation

1. [FL®HIC

BB L EIEN L EZ RV =R TFREE->TWVD
L ZANHERELDICHFEET D, AR & ITHER 2 B D
B KRITHFET D= R L X —HFERA DR O T,
NREDOKHEHFE L TY 77 L # (Van Allen Belt) &
HIEEIL D . HERBEIG IR S o @ oL ¥ — R 2
FRE EZEIC b —T AR HIER & B Y P CEET D E
WTHY, MERIZIVNE O Y & ZDIMINZTFET S
D oD HIA. NI, & 3,000 km
LI L, £ LTHE MeV 68 E MeV DE W
TRILFXF—Fbol-7a b UNHIEREBIIC X - TR S
N TH 5. Wi & BT 5 N L2 OB,
BZRXAX—T 1 b ORIz L ) B ESE 2
LI ERMEINTEY, KBEEMROLLD 1TEOHE
flchH D, —JF, HEILEE 20,000 km & H0 IS4 AR
L, BZFXLEX—DEF (>1MeV) DERDSTHD. 5+
HOBTZ R LX—ETIX, KBEOEEHLZE IS
HRADFAIZ L VB U BB LA & HE AR KL
TW5., ZOFEZX VX —EBIIALKEHEDE IR
*1 LW E R L e LR
*) LML T F R 2 T R
*3  JAXA/ISAS
*4 &7 B KF/ISEE

SHLUCIREMHELD XL, HBOBRBERKE R &
ODHRBEZSEZTERE LTHALATNS 2.
EEMEPCEEFTH AT —Y a VOEEIZHEB kn
THHFOE LY b EEERY. —J, #EdaE e
36,000 km TH YV AHHF LI LY bEETE. D7
O, BEOHKIII HbEFEALNATHE OO, HTX
NE—R AL DWES IANTIHEOHEMERL DD HE
RBERTHY, NLHEORFHIITHI 2O RE Y IX
RINEZR. T D H BT NASA O SRR HPRL - O R BR &
TV AP9 ° AE9 IR SN TEY 3, ZOEHNES 2B
BEREI TN TS, £, ORI VX —EFE DL
B THIR O W FLR R I IERMEAR AN LRI N TV S,
FRoOT2 EoEEMICNZ, FHICBT D EEN 2
TRNX =R T OMEEEOBMBIC L BRI EEZLN
TEY, FHYHEZCBWTHEERFERTH S.
HHERHEIT 2016 4 12 A 20 H 20:00 (JST) 121 7
nruly b2 BT BT oI F 2= AR
BEY THDH. HBIEERITN 350 kg BB EAHE T 320,
T H ST 440 km 28 HS T 32,000 km B #E R K 570 4y
Thbd. ERIvya T RKEROERLIZER T 28K
R E b o THEREMRZH D KL TV D IR O
FIZRAX—FBLNEOLIICLTEENTLS 200
ZLTHMREIZED LS ICHETH2ONZHLNIT S



b HEMEBROE T (HEP) ~OmT XX —7n b AFET VA

ZETHDH. ZOHMEERT LD, 4 BOEBETFH
BEERN & O H R IIIHEHEH I N, 19eV 225 20 MeV 1T
TBIENT R VX —FH OB -2 xR E LTV D,
IR X—T 1 TS OB AL O NEL
WETHBLTRAL, ZOBREBICET LREDES
ERAESED. BERENE O OFEE ks x v
X—78a b BELHFEL, BE~DRAZBSZ i
WEETH D 0. Tz, FHHRE N IEE 735
LR RERE L THmbhTWns D — 5T, bbb
BEICEET XLV =070 b2 HHT D E T EH
INTELT, B LXF—F o b OFHHE»HIEA
BEEE#ZLIKREDT - MBI TE RV, KFED
HiL, BBt oBEes v EERL, ZhicE
ITRANAF—Ta bR AREIEDIETAFHREITY, E
TGO T —Z ~OF =R X —T7 1 h URA
EHEMEHEICIVRANTEIZETHS.

2. BIRIILFX—FF:BIZF HEP

| 7 gux—4—
ATy —be

- }-ssDs

‘+——p»

23.04 mim

Fig. 1 Collimator and SSDs of HEP-L

25.60 mm

Fig. 2 Collimator and SSDs of HEP-H.

HOEHEICERB TR LY —E T 23T 0E
KL X — % B M % %% © HEP (High-energy electron
experiments) 2N 5 # X 71T\ % ¥, HEP |% HEP-L & HEP-H
THERENLTWS. YUaryrx by 7HREHRTHD
SSD (Silicon Strip Detector)i®, AFETDOZRALF—%
RETDHEEBIC T RILTAKMESLFHT 5. SSD D
ARV I Fig. 2DEFOFRICIEATEY, 2V X

SSD s

— X — 3K TE 2 T E 5 A2 1% HEP-L € 0.63 mm, HEP-H
TiE 24 mm OFRA L2, 1RITOE S HR—I/LT A
TEME LTS, ZOEAEIZSSD R4 v 7 2hE L
TAFNMED GRLT O AR AENRETE S, HEP-L O
SSD A% v 71, 1 K ® 50 um JED Si 3 — b & 3K D 600
um JEO Si ¥— b 6720, Fig. 1127779, HEP-H i 1
Ko 50 m/EDSiv— b & 7D 600 um/ED Si ¥ — b
26720, Fig. 21Tm-d. ThEND SSD OFIZIZT /v
SV—FEEELTHS. ZhiFx7 o b xF
—DETDOAREZHERT D72 OIEH IS, HEP-L @
72— biE 12,5 pm, HEP-H ® 7 /L 2 ¥ — b iZ 300
um CTH 2D D, EYWEIZIE U FORERHD 9, Z0D
JEAH N FH B A= R L F—#H O FREZREL TWN5D.
HEP-L 33 X QY HEP-H @ SSD O &dt D v U a v E s,
ZhFN 1.85mm & 425 mm TH 5. 4% SSD THRIL S h
TRV X—2 AT 2L TARE T R AT =2 %
LTk BB, HEP-L OFE Tl 3L X — 134 0.07
MeV~1.0 MeV, HEP-H 3£ 0.7~2.0 MeV TH 5. I
4% HEP-L 5 X OV HEP-H & $ (2 60°X10°TH 5. KJE
WHY G 5 2R (G777 4—) 1%, 23U A—
X — @O R L 1B OSIIEM TR ED, HEP-L T 3.1
X10 *em? str, HEP-H T 3.1X10 3 cm?str ThH 5.

Fig. 3 Structure of HEP.
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HEP O B:AME S % Fig. 3 12R9. HEP I ANMAIERE %
LTHBY, NAREORESA 150 mm, SAOHEL) S
ADOTEAE TOMEA 204 mm £ TH 5. HEP &K H —
ROKEBSY DNEREE LT LI TTETCWS. LD SSD
oY —FZ T IO —2 (KHOEHN HEP-L, RN
HEP-H) OFIZIMENTEY, Zhz#itsrT v K
REEREXZD 6 KOTENEZ2NEHEETH S, HEP
D ET BB OFEBITEERE N L E L T DR K
(satellite body) O HIZ&H 225, ki1 & BV AT LR % +
DICHERT LD, ZORAREEZEHEETEY

HEP-L & HEP-HD BV —ZH 423 6T OEHELTWD

1 B0 —IL60COMRFERO>DOT, 3 EDOHEFTH
PP 180°& 720, MEDAY LV ZFHATHZ L Tanstr
DEF M\ DRN—=FTHILNTED. EDOA Y T
FRCHICAAREDTERERES TR THS.

3. 7B RUAGEHE

3.1 Geantd TOYZTalL—>3Y

Fig. 3 1Z/R L7- HEP OMEET LV 2HEH L T, £0%E
FUIKER BRAENOETXLX—T e hrEART 5
ETAHBEEEMLL. AFETIEET VEHEDY — L
L LT Geant4 10.04-patch02 % V7=, Geantd & [ZHS
MEWHEOHMAEENZ2Y I 2L — T 5200 Y 7 by
=T THY, @R —BLE G R O R R
SEHETIRASFHENTVWS. 22 THEBLIZ 2
by e ithA e BA oy Mk p R ERRT D
N5, WEEOMEERCIE y #8172 & D 2 WSRO
ARLEYHBREOMERN2ME LIV AT TND.
ARETNLFHEICBNTE T b OAF FmE K& <
202 TIT- 72 12 BiIx= Y A—%—D A Y 0 (Fig.
1 & Fig. 228]) "o AL TT7AIv— a2l LT
SSD IZHIZET2HATHY, 2 2T U A—F — %@
HTINZ HEP &I N—oNE G %2 HiE LT SSD 12
THLGTHD. BEOAKF GO % Fig. 4 1257
FTRT. HERO F0IC HEP-L & % W % HEP-H @ SSD
Ay TIMLE L, ZHICEITE—ATT e bz B
9-%. HEP-L & HEP-H IZxf ¥ 2 551X, & % HBNIZIT -
7. 7a b E— 2 ORHNAE (Fig. 4 OYERODF1R)
12 SSD A% v 7 O LH B 300mm Th 5. SSD &K%
BHOXOWT e NoORFL T AELE L THDH. HEP-L
& DX HEP-H O 4 SSD (22 BB L= 71 by
BB L2, Mllem® O+ e —AOWmEiE L o
TEEEZB 2o, 1 DOAEFHE 1 DO )L X
—IZoWVT, 2,000 EDOTFE FrE—AEKENTT v
Z AN EEE X CTHRE Lz, —FTaigoa ) X
— X —%@5H%A, HEP-L % 5\ X HEP-H O & > —D
Em»ofif 00 Lal A —F—RNEN>TW5B N
AE30°OFM TIX 1K AT e b2 ARSERE B—
LOMmET ERREFUT, £ 150 AHFmE 1o
DT R F =220 T EFE & RIS 2,000 507w b
VTEHEBE L. e F O R F—130.8 MeV 2 5 981
MeV & THMEMICEZEIL, 300 DAT v 7 THE %
1Tolz. AIGTENIXEHTTI THHD, HELELEY

kT 2,000X300X77 TR EZE S5 T HBICRS. -
FLInooZa brn4eT SSD LYo Tnabif
THEZWVWZ EICEEELTBSLERH D, Bl 2IE, I
4 90°D Fig. 4 O LOFRIN S D AFOEE, SSD IE
FEFIZHEHY (50 um & 600 pm) 72, KEHEHDO T b
1X SSD 2% 7= L ic@EEm LT <.

Fig. 4 Schematic view of incident directions of protons.

3.2 EHE#ER

Fig. 5 {CIX HEP-L ~O Efi FM D HD 7' v b ANtk
HA 1, 2, 3ACH D SSD T/ ToR L=, K2 58 4t
L727e b R )LX—T, HERZnIcstd+ 5%
SSD TOWI =¥ —, MIHBH SN D= RLF¥F—T
HDH. AF 7o brDOT X =2 1 MeV LYKV,
SSD R ISR E SN 125 um DT A2 — F 2Bl
LT ENTET, OB 2L —ZErTHD.

AFZFANLF = 1 MeV 22 TLBHLETALIv—1
ZEWML, 1 fH?D SSD T L X — NI & UEHIC
XD LR VBHIT e Fr XL X—B L R,

AFfmgr¥—L iz EF LTSS, LiL, &HIC
AFZ IV =N ERNDE, 1KHD SSD #E@L T 2
KB D SSD OBMl= RN X—N2h LR 50 L 5] & #
Z AT 1#H 0 SSD TORBMP = /L F —I1XTHAD LTI
95 (BB . ZoE, 71— ToObTnRT
I —HREBRTIE, 1 KB & 2B D SSD o#Hl~
FAE—DEEHNPAR T PO XA X—2I1ZIFEL
KTpgoTWn3., EHIARTe bro= 2L —R LR
THERBERZEN2HKB L 3KMEDSSDORITAEL D
(RS E RO FTAHNIETa ) A—FEHEBLT



&L HERHOE TS (HEP) ~OE= Rk A¥—71 b AFETVEE

(1B =z ) A —F =2 BEREE912) SSD ICEET A
DELTWAHZEEZRLTWVS. %4 SSD TRIN S B
SNDZRNANX—ITE, ZORERIHIE LI LIRS 5
bbb FVEYTEHBEBETIZED SSDIZ AR L
7 O FAX—=RNETRINENB5E BN
INF—DRKEEEHZ5.

Fig. 5 An example of calculation results for each SSD of HEP-L.

ERED HEP O )7 —#1%, 4 SSD OB = % /L X

—EZ AR LAHRFOTILF—2HNT 26D THS.

EFSSSD A HET D= 3L ¥ — (B ERE) 2%8E
T 5 & & BICHBIEIKSOME - miEfbozd, 1 &K
H oO# W SSD X 0.7 MeV %, 2 ¥t H LA D SSD 1% 2 MeV
, MHh=x V¥ —Eo ERE L THfMEIETNE. &
HIZZ DK SSD o DO ITOEFEE 2 MeV Tfafn S
T CREOBH =RV —HNELLTWS., Zhbd
WBREEETAFE EICHAIA R, Bl 2 >0 A4 5 R
DORNEATV, A7 b g F—Ix3 5880
FNF—DE % HEP-L & HEP-HICOW T X & D 7=D,
Fig. 6 & Fig. 7 TH 5. LD/ SR VT IERE30°0 5D S 1
AT ORERE, TO/SRRIVIT Fig. 4 DRINLDT
0 hARERE. TRENARLTND.

HEP- L 5%/~ L7z Fig. 6 ® Lo /Sx v (EEmH» 5
+30°LLN) TiE, AR LZ7 o hrN 1~3 MeV D & X

AR XA =0 EF/ L LBl x L X —2 LR

LTW< . ZOfEEI Fig. 5 TRLZZ 1K E O SSD TO
T3t i LTV, 1 KB @ SSD O figfi— /L ¥—0.7
MeV TEH= X NLVX—NT7 T v Mo TWNDH I EN
D SHICARFZRALF =N ERLT3MeV 2B 2
LHH70ITle D &, Blll= XL F—IZ 2 MeV OfafIAH
nNTnsd., a)A—2—%HiET 5+ MeV LLEDOA
FroxrlX—i22d e, FEAEOBR XL —ITH
TP TL B Lz b. —7F, Fig. 6 D FD/IRMIT
X% &, HEP 27 —2AXNEME 4% B LT SSD 2
ok UMNEET D2, 50~60 MeV LA ED AK = %L
F—MUETHIZLENOND. ZOHBZRLF—T 1
M DH T b T = IEETOBME T L X —5EE TH
T BT LT 5.

Fig. 7® HEP-H O #5 £ & HEP-L O 54 L IZIEFREETH
5. 121 L, SSDHIHICHEEL CHDHT LIV —FDE
FHN3300 um THDH72, 6 MeV UL EDAH = F L ¥ —
THHZ R LE—=NLH BN > TL 5. HEP-L Tl3EH
THXAFXF—DHID ERA 1.8 MeV TH 572 2 MeV T
fafn =7 — X 1T &N/ wi3, HEP-H Tk o
ERREAY 2 MeV TH D728, 2 MeV TEIf1 L7= A= %L
F—6~7 MeV LhEDTa hrohvy hTF—20nHA
ENDHZENGME. £, BXFE 60 MeV UL ED AS
TRV —DT e hrOH Ty N T —ENETOBH T
IR —FETH T A2 d HEP-L LRAETH .

Fig. 6 Calculation results for total SSDs of HEP-L.
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Fig. 7 Calculation results for total SSDs of HEP-H.

4, EE

ARIFTED Geantd 12 157 v b AFFHHIZ, Fig. 3 12
RLTEHEET AV ERAW T Thbibir 20, 22Tk
HEERLICTF v 7, FUB A TIEWRWD. Zhb D
— YRR EICEEND L, EZIEHBT I 0 b
WETOZR A —HENAEL 5729 Fig. 6 & Fig. 70
TORFNLVTAREFLE—=REWFRIZEDSOT
NAELD. LaL, Fig 3 THELZ EFEo =132
S OENPOESIZ LnFEET, A7 e hroxxu
F—NB L% 60 MeV LL E TR~ 3L X —FHEICH
BTy RBEHTLS eV FERITITIZE AL EEEITR
WwWeBzLHND.

BT RAX =78 kDO AFFIIZ OV T Fig. 4 12
RLTE K D IR EBEM DD O AFIZEE L T,
7a RO FAF—=NEE MeV IZ72 5 EEARKE
H@ L TSSDIZE|ET D Z LN THIN,Fig. 6 & Fig. 7
D FDO/NRFITARTRILFEF =R E MeV DERSr DFL
T NIRRT HTHAD. LrL, T2 nstr
UL EDOSI{EfA % Fig. 4 IRTELOICHAN—LTEY, £
DT+ %I BT LBESND. g8 2%
FTTWDDIEFEE MeV O AR =R LF—DFEKTH Y,
AH78v h O x VX =N XE 60 MeV LI ET2E
Wz R F—FIRICH I T BTS2 &0 ) R
IR X2 WTITTH 5.
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BRICZ I TOMBERE 2T, FEE o HERE B #E
ETCEDX I RFHMUT —FNHTL 20 EHRTFTFLTHS.
T AR PN AR OO UL OO 1 3,000 km 1BV T, BRI
TALF—DFEmNTr P URELFEL, T TOT R
FrDZRANF AT FAE N N—FRThD.
NASA OREBRET /L AP9? Tix 1 MeV LA L& 60 MeV LA
roTe N7 Ty s RAFEEOE N LW, — T,
HEP-L & HEP-H & 123t MeV & 60 MeV EL ED 2 5D
B2z 3 X =070 hRNREATEOTHDHH, 60
MeV L LD 5N ERIKICE D v > MRITRE W, BLE
MHENEFLETIE 60 MeV U EOFZ R LX—T 1 b
VORADIEM THDLZENEESND. £, ITF
DK [E DOYEEHTE Van Allen Probes D&M D10 |2 L 5 &
HHIZIE 1 MeV 2223 VX —OEFITIEFEALL

FELRW., 20O 1 MeV UL EOBLHl— %L ¥ —
MEIE T, BrLEREINT 60 MeV UL LB R LF

—7a bhroLrBREllEns L FREND.

NASA ORERET L AP IC L B &, NHEOFLENS
EEZ EF TV E 60 MeV L EDOBEZRLE—T 1 |
DT Ty 7 ATABIEWO T 50K L, 1 MeV BLE
DT b T7Ty I AT LAER LR LF—RARY
ML Y 7 M2 5. il 2 12 EE 6,000 km TIXEE O 7
Ty 7 AMEFHTH/ICETD. 2oL D REETIE
HEP-L & HEP-H & {128t MeV IO 7 1 k> OIRAN
60 MeV LLEDEDITESWTL 5. BBl — X
—7% 0.7 MeV (HEP-L & HEP-H) & 2 MeV (HEP-H D7)
OfFFILTWVWD EZATIE, & MeV IO 7 1 k2R
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Observation of Temporal Structure of Multiphonic Sound in an Alto Recorder
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Abstract
Multiphonics are one of the special techniques of sound production in wind instruments. In woodwind
instruments, multiphonics are generated through extraordinary fingerings, embouchures and/or vocal tract control.
During multiphonic sounds, it is known that quasi-periodic oscillation is produced, but the physiological
mechanisms by which more than two pitches are recognized are not yet well understood. Multiphonics have
been analyzed mainly using FFT analysis so far, but based on physiological views of hearing mechanisms at the
auditory nerve level, it is argued that temporal coding is much more important for recognition of pitch sensation.
In the present study, we observed the temporal structure of the sound waveform of multiphonics obtained by
blowing on an alto recorder. We found at least two coexisting temporal wave patterns in one multiphonic sound
in which we could recognize two different pitches. The average interval of the peaks of each temporal pattern
seems to correspond to each of the two different pitches recognized in the multiphonic sound. These results

suggest that analysis based on temporal coding theory may explain the physiological mechanisms of pitch

recognition for multiphonics.

The waveforms and hypothesis obtained by the present study may provide useful

starting points for psychological experiments that explore the recognition mechanisms for multiphonics.

Keywords: Multiphonics, Sound waveform, Temporal coding, Alto recorder
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Fig. 1 Sound waveform changes from monophonic to multiphonic sound.

According as increasing the air speed on the alto recorder, at about 0.05 sec the monophonic sound changed into

multiphonic sound in A, and further changed into slightly different multiphonic sound in B.



YRACHTRR « IR A

Fig. 2 Comparison of sound waveform between the monophonic (A) and the multiphonic (B, C) sounds.

Red boxes indicate tentative waveform unit of the multiphonic sound (see text for detail).
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Fig. 3 Overlay of the waveforms of the monophonic and the multiphonic sound.

Open dots (©) indicate the matched timing of the peaks or of the troughs between the monophonic and the

multiphonic sound.
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Fig. 4 Repeating unit of the
monophonic sound waveform.
Red bold line and rectangular
box indicate the unit.
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Fig. 6 Timing of peaks in the multiphonic sound.

Fig. 5 Tentative repeating units observed in the
waveform of the multiphonic sound.
Each colored bold line and rectangular box
above each waveform (A-C) indicates the
tentative repeating unit. These tentative
repeating units are aligned visually and
overlaid on the waveform (see text for
detail).

The timing of peaks P1 to P7 indicated in the lower waveform are plotted on the upper graph.
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Fig. 7 Repeating feature of the temporal structure of the multiphonic sound waveform.

On the assumption that the highest peak and the next lowest trough as a tentative unit, 1 to 7 units shifted waveform

(red line) are overlaid on the original waveform. Each arrow indicates the starting peak of the shifted waveform.

Red boxes indicate tentative waveform unit of the multiphonic sound.
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Fig. 8 Shifted overlay of the tentative unit on the multiphonic waveform shown in Fig. 5A.

The points of the first peak of the tentative unit waveform are placed on the positions of 2, 2°, and 3 indicated in Fig. 5B.
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AR BIL IR O CTH Y, MEOFFORE T
bhdgme L ClER< MR TE213TThHd. 2
TZOEEENE#R SIS WHEBICS T DR E ST
L2 ERRIZ. FDIZHIT Fig. 5A #%EL, 22T
FEARE LT-RIE % Fig. 5B T/R L7EALE 2,2, 3 Z BAsA
WL LTHTIIEDTERLEZOMN Fig. 8 THDH. ZDK
WREND X DI, (il 2,2°,3 ZBHsAHMEL LCY T
ODTHLEFEOILRDFA I TIFZLI B KL TEY,
LSRRG E D TURE T 5 &0 ) IIRA b 5
EROND. ZORMOEZDIZ, 20 6.189 ms O JEHIX
MR L OREARBATE LCHBr LIz <, D LEVWE
HOFED Fig. SBC CHELLEBAYMLPEARAYTH D
EWDHIBNBEE SN D ATREMERZ ZO6ND. T DR
DIELWHE I DEHET D 720I2iE, Bl EREARL 2
HPHEORIBLFA I TOTE LEEZELLIES L,
BEEHELRMIND ERETEDLEREBEZ VL DG EH
ELTEREZMA 2N OEEHEEER L, T b 28
OWWREFIHEPE CERB R EOMRE2M > LEERE S
BITHOMENSH L THAH. iz, SRIKEEZ BN LT
B Riera b "RASFELZ4HOEF I/ LV—TDH 0
1 FZTTHY, Harhd A TOEBFICONTHA IR



AN ERT St LY P

RO TIETEH SO M & XET 5 & 9 R ER DB
NRE = OIfFE RELNE D NRIET 52 &0, &
BORRERELE L THESK TV S.

4. BbHYIC

BSOS DT FHO M MN8N T, temporal
coding D& 2 J7 CHEWFEZ T3 DI FFT DR TD 4y
BT (% Y place coding DEZJ) ICLDbDLVEL
TWAHTHAH) ZEEFBEICEMIN TS, 2R
KA DHRIERE 2 E 2 5D L BRIC) > TWABH D TIEARD
A DFEDFEMROIEBENIT 4 kHz FREE CTOF
AR IR KT 5 2 & 1319 ETBORND
s U< IEn b/ ~OREEE X & o B k2 H
BLTWOMMRICEKEFEERIFTONENS Z &L
ST 2O T, RIS E L DR K NZ —
DFEWVWNFIRIZ ORI N2 — NI ST D EEZRD I L
MTEDH LD, SEIOFETDOFHEOSIT O EIT, &
DB ERRT H1T1E, FOEAKHEA L 725> TWDHIETE
ORI 7S 2 R 2 EOBEEM L ZOMY KL
DRI ED LD ITHER SN TN D DONEMRTT 5 2
EOBEENERLTND EEZLND. FFICAEISHT L
XD REE T, ZOEARBHOMK L OEGNERMK
Wiz, TNETITHhNTE TWVWAD FFTIC L 2 EE DR
M CIEFEERMN R ERER R ING L, EENE I MR
ENDONCONWTINEEE 2 5121F, HEVE S 20
STEAREEREZLND. £z, EEOMTHEREE L
WCHEMET 5 7-D120F, NEIIEHHE D & O3E Ok DRk
FRAHY, FOIFELEICL > TREMNAF2—=
THERENTEET D 2 &0 19, JERE HFHE COFH OB L5
ZIEBERORBRLCHBO DO EEAEND Z LI
FOVENT DI ENRBENTNDEZ L 2 DR lLH
BLRERL, A% EITHRAEMNITHRGFT 2 ED T BER
HDHTHS .

AT OFETIL, EEOMREHBIED &V BLAN
SIZZL PN b THY, 4%, LEEREZEDT-
BMEBMLETHD. Lo LAEIORRIL, EOERET
VI DITMIEL 72 DT A M REF R ORFRAEE DR
IZHONWT, FEITREREHALMILEZEN S R T—
EOHMREHEZT-HDEZEXLTWND.
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