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Students’ perception of their own English skills

e AL

Reiko Umeda

Summary

Students with good skills of English tend to observe their own skills analytically. While those with poor

skills of English tend to see themselves just as “I am weak in English” or “English is too difficult a subject for

>

me,” without analyzing the skills and knowledge they’ve acquired. They judge their skills of English

top-down, not bottom-up. This “unconscious” perception can affect their attitude toward learning English

negatively. Breaking this wrong perception can be one of the ways to lower the psychological barriers those

students have toward learning English.
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Keywords : unconscious, psychological barriers
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(6) As these studies suggests, the subtlety of our
reasoning mechanisms allows us to maintain our illusions of
objectivity even while viewing the world through a biased
lens. Our decision-making processes bend but don’t break
our usual rules, and we perceive ourselves as forming
judgments in a bottom-up fashion, using data to draw a
conclusion, while we are in reality deciding top-down, using
our preferred conclusion to shape our analysis of the data.
When we apply motivated reasoning to assessments about
ourselves, we produce that positive picture of a world in
which we are all above average. Mlodinow (2012,
pp-213-214)
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( 7 ) Psychologists call this tendency for inflated
self-assessment the ‘“above-average effect,” and they’ve
documented it in contexts ranging from driving ability to
managerial skills. Mlodinow (2012, p198)
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Visualization of lubricant flow on surface texturing under hydrodynamic lubrication

PRI
Ryo TSUBOI

Summary

Surface texturing is one of the attractive techniques which changes lubricate properties. In hydrodynamic

lubrication, one of the effects is generating of hydrodynamic pressure. This leads improvements of a load

capability and friction characteristics. Some experimental and numerical studies are performed to clarify the

mechanisms about generating hydrodynamic pressure with the surface texturing. However, small number of the

researches described the information of the lubricants flow. In this study, visualization of lubricant flow on

surface texturing using fluorescent particles and high-speed camera was performed and some results of the

visualization are shown.
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Keywords : Surface Texturing, Hydrodynamic Lubrication, Visualization
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Summary

High-precision deployable antennas have been developed for artificial satellites. To meet future demand for such antennas, we

developed hinge and latch mechanisms with deployment repeatability, based on solid-type mechanical contact connections.

The latch mechanism consists of a pair of mechanical structures/parts that come into contact with each other at their respective

surfaces. Kinematic couplings are attached to the latch mechanism, which constrain the relative freedom of motion of the two

constituent structures. In this study, we compared the experimental repeatability results for the latch structure of the solid-type

antenna with computational results based on the contact finite element method (FEM). Developing a robust and efficient

contact FEM is one of the most challenging tasks in deployable antenna FEM problems. To facilitate computation of the

repeatability of the latch structure, modeling techniques for the contact interactions between two deformable bodies were

developed.

Keywords : Satellite, Deployable Structure, Contact, Friction, Finite Element Analysis

1. Introduction

Rockets represent the only way to transport satellites into
space at present, and have limited available room to carry a
satellite. In this respect, a deployable mechanism is required
in order to fold a large antenna. Large deployable antennas
are associated, however, with various technical issues,
including those associated with: a) precise positioning
control, such as the case of the parabolic antenna, and b)
instability due to incomplete expansion. A major reason for
such technical issues is the friction between parts that are in
contact. As satellite observation systems become more
sophisticated and highly developed, the demand for large
and precise structural parts is increasing. In accordance to

the literature, deployable antennas used thus far, are either
mesh antennas (e.g., ETS-VIII [1]) or solid antennas (e.g.,
JWST [2] and LIDAR [3]).

To meet the future demand for high-precision deployable
antennas, hinge and latch parts with deployment
repeatability were developed, based on the mechanical
contact connections. To verify proper functionality of the
deployable latch parts in the solid antenna, we used a testbed
comprising of contact facing surfaces with several attached
fittings. When the two plates are overlaid, a slight shift
occurs between them.

The contact state between the two plates depends on the
shape or position of the parts on the plate. As time elapses,

the contact area and friction vary locally because of the
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deformation and sliding of the parts in contact. The testbed
was used (i.e., the latch deployable structure), to study the
displacement repeatability, based on the rotational angles
between the initial and subsequent positions of a plate after
repositioning [4]. In the effort to create a computational
model for the testbed, the contact model of this structure
becomes an important problem.

To the best of our knowledge, no repeatability calculation
results relevant to both the backlash and shift of a latch
structure have ever been published. To predict the latch
repeatability, a computational model based on the finite
element method (FEM) for the contact interactions between

the two deformable bodies was developed.

2. Structure of the Solid Antenna

Fig. 1 shows the solid antenna. A folding mechanism is
needed to fold the parabolic structure. The mechanism
consists of the plates, hinges, and couplings. The plates are
fixed to each other through the couplings that is the contact
points. Coupling arrangements on the plate and the coupling
contact state affect the position accuracy of the parabolic
antenna surface.

Fig. 2-Fig. 4 show the conceptual design schematics of the
couplings. The couplings are sets of sphere-flat, sphere-vee
and sphere-cup fittings that constrain motion to six relative
degrees of freedom. As shown in Fig. 2, the sphere-flat
consists of a sphere and a plate. The relative displacement
between the plate and the sphere is fixed by friction. In this
paper, the sphere-flat is referred to as “1DOR” [Degree Of
Redundancy (DOR)]. 1DOR has a contact state between a
plain surface and the spherical cap, and it constrains motion
to one degree of freedom. As shown in Fig. 3, the sphere-vee
consists of both the spherical cap and a V-shaped channel,
subsequently referred to as “2DOR”. 2DOR has a contact
state between a V-shaped channel and the sphere and
constrains motion to two degrees of freedom. As shown in
Fig. 4, the sphere-cup consists of both the sphere and a
conical shape. In a similar manner, the sphere-cup is referred
herein to as “3DOR”. 3DOR has a contact state between a
conical shape and the sphere and constrains motion to three
degrees of freedom. The principle of an object constrained
by the kinematic coupling is applied, similar to the cases of
machining devices and optical instruments for which
positioning accuracy is required.

As shown in Fig. 5, the sphere is sliced so that kinematic

couplings can be implemented in the limited space between

the upper plate and the lower plate. Similarly, to make the
V-groove shown in Fig. 3 shallow, the area around the two
contact points between the sphere and the V-groove is
extracted from the structure shown in Fig. 3. Therefore, the
slice from the spherical shape is constructed as shown in Fig.
6. In the case of Fig. 4 (3DOR), the structure shown in Fig. 7

is constructed by the same means.

14
v

Opened antenna

Folded antenna

Fig. 1. Structure of solid antenna with contact parts
(1DOR, 2DOR, and 3DOR)

7

Fig. 2 Sphere-flat (Conceptual figure of IDOR)

Fig. 3 Sphere-vee (Conceptual figure of 2DOR)

7

Fig. 4 Sphere-cup (Conceptual figure of 3DOR)
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plate so that the two come in contact with each other. The
rotational angles are measured by determining the

displacement between the initial and subsequent positions of

the upper plate. Table 1 represents the testbed results for the
rotation with respect to the x-, y-, and z-axes. The symbol
© in the figure 8 represents the positive direction of the
z-axis. The positive direction is defined as the outward
normal to the plane of the paper.

At small angles, the upper plate becomes parallel with
respect to the lower plate. At large angles, there is a slight
relative displacement between the initial and subsequent
positions of the upper plate. This relative displacement
between the plates occurs because of a partial contact state
of IDOR, 2DOR, and 3DOR. In the testbed results, after the
upper plate was repositioned on the lower plate, the relative
displacements between the upper and lower plates with
respect to the x- and y-axes were approximately +0.1 mm.
As shown in Table 1, the absolute values of the rotational
angles were measured repeatedly, eight separate times. The
average rotational angles along the z-, x-, and y-axes were

4.42,3.49, and 2.60 arcsec, respectively.

Front view ( Closed State }

X-rotation

Fig.7 Implemented 3DOR Fig. 8. Testbed [4]

Front view ( pen state ) N

3. Test of Latch Deployable Structure

Figs. 8 and 9 show the testbed of the latch deployable
structure. The structure consists of two plates: the upper and
the lower. The two plates are made from iron and come in
contact at three locations on each plate, namely at contact
states IDOR, 2DOR, and 3DOR. 1DOR, 2DOR, and 3DOR
are made from SUS440C and include mechanical structures

to support each plate at one, two, and three contact points,

respectively. The displacement of the lower plate is fixed.
Lifting the upper plate draws it away from the lower plate. Fig. 9. Configuration of latch structure with contact parts
The upper plate is subsequently lowered toward the lower (1DOR, 2DOR, and 3DOR) [4]

This document is provided by JAXA.



Table 1.

Rotational angle of upper plate computed as

differences between the initial and subsequent positions [4]

z rotational

x rotational

y rotational

and upper plates were measured to be £0.1 mm with respect

to the x- and y-axes. Therefore, the relative displacements in

the computational model were also set to +0.1 mm with

respect to the x- and y-axes. Figs. 11-19 show the nine

calculation conditions of the relative displacements between

the upper and lower plates with values (x, y) = (0.0, 0.0),
(0.1, 0.0), (0.1, -0.1), (0.0, -0.1), (-0.1, -0.1), (-0.1, 0.0), (0.1,
0.1), (0.0, 0.1) and (0.1, 0.1). These were defined as

conditions 1-9, respectively.

angle angle angle
(arcsec) (arcsec) (arcsec)

Testbed 1.08 225 2.58
data

(absolute 0.48 5.09 4.68

value) 6.73 1.19 0.93

10.11 1.81 5.00

5.18 5.52 2.43

6.54 2.00 3.82

2.99 5.44 0.59

2.24 4.53 0.74

Average 442 3.49 2.60
value
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Fig. 10. Computational model

4. Computational Model

To explain the mechanism of the partial contact state on
contact parts, we also attempted to construct an FEM
computational model based on the latch deployable antenna.
Fig. 10 shows the computational model and Table 2 lists the
material properties used in the model. Indicatively, the
Young’s modulus, density, coefficient of friction, and
Poisson ratio values were set to 210 GPa, 7874 kg/m?3, 0.17,
and 0.3, respectively. The displacement of the downside
surface (Fig. 10) on the lower plate is fixed. The model had
approximate 48,000 nodes and 27,000 tetrahedral elements.
In order to calculate the contact state with high accuracy, the
FEM model divided the contact parts into small segments
relative to the actual plate segments. The model was loaded
with the force of gravity with respect to the negative z-axis.

In the testbed, the relative displacements between the lower

>

Relative displacement x=0.0, y=0.0

Fig. 11.

Condition 2

Condition 1 of computational model

r== -

| e | 0 U
‘prer

: Lower plate

plate

I y

|

|

I

I < X,

e >

I
L.l

Relative displacement x=0.1, y=0.0

Fig. 12. Condition 2 of computational model
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r =™ Condition3 T -=

I Lower I

| |

I plate '

| A

|

|
Upper
plate

Relative displacement x=().1, y+-0.1

Fig. 13. Condition 3 of computational model

r== Condition4 T = |
I Lower
plate
rd X
2
Upper
plate

Relative dispi'aceant x=0.0, y=-0.1

Fig. 14. Condition 4 of computational model

.. - -
Condition 5T~ 1 A
I N NN S S . I
| |
| y |
- |
Upper I
plate Lower I
plate I
z —-—-.u
Relative }isplacement x=-0.1, y=-0.1
Fig. 15. Condition 5 of computational model

Condition 6
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5 5 _Jﬁrl

Upper |
plate |
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Relative displacement x=0.1, y=0.0

Fig. 16. Condition 6 of computational model
Upper Condition 7
plate
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plate
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Relative displacement x—=0.1, y=0.1

Fig. 17. Condition 7 of computational model
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Relative displacement x=0.0, y=0.1

Fig. 18. Condition 8 of computational model
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Condition 9 Upper

plate

Relative displacement x=0.1, y=0.1

Fig. 19. Condition 9 of computational model

Table 2. Properties of the constructed computational

model.
Property Value
Young’s modulus 210 GPa
Density 7874 kg/m®
Poisson ratio 0.3
Gravity 9.8 m/s?
Coefficient of friction 0.17
Mass of upper plate 149.5 kg
Mass of lower plate 148.5 kg
Plate thickness 30.0 mm

Displacement (m)

l 1.8x10-

- 14x%x107

-9.1%x10-¢

- 4.6 X 10_6 § "‘}
T :
I pomins WL 7
0.0  Domain A . \y#=—Domain B

Fig. 20.
(condition 1)

Displacement contour of the upper plate

5. Computational Results

5.1 Results of complete contact state (condition 1)

The computational model was initially set to condition 1
(see Fig. 11). The x- and y-coordinates of the four edges on
the upper plate agreed with those on the lower plate. Fig. 20
shows the resulting displacement contour results. The
displacement scale factor of the upper plate was set to 5000.
Around the domain A shown in Fig. 20, the upper plate is
supported by 3DOR. On the other hand, around the domain
B, the upper plate sagged under its own weight.
Figs. 21-27 show the von Mises stress contours. In order to
support the self-weight, a stress occurred at 1DOR, 2DOR,
and 3DOR. Specifically, Fig. 22 and Fig. 23 show the von
Mises stress contour of 1DOR on the upper and lower plates,
respectively. The contact state occurred at the center of the
sphere in 1DOR. Correspondingly, Fig. 24-27 show the von
Mises stress contours of 2DOR and 3DOR on both plates. In
such cases, the contact state occurred at two and three points,

respectively.

vaon Mises stress
(N/m)
21.5%10°
161 108

Upper plate

107 106

- 54X 108

I 10

Lower plate

Fig.21. von Mises stress contour

von Mises stress (Nim?)
— 25.0% 106

21.5% 108

16.1% 10¢

- 10,7 108

: 5.4 100

I 10

Fig. 22. von Mises stress contour of IDOR on upper plate
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von Mises stress (N/n)
— 25.0% 108

21.5% 10¢

16.1% 108

- 10.7% 108

! 543106

I 10

Fig. 23. von Mises stress contour of IDOR on lower plate

von Mises stress (N/m?)
— 250 10
215X 108

6.1 108

- 10,7 108

j 54% 108

I 1.0

Fig. 24. von Mises stress contour of 2DOR on upper plate

von Mises stress (Nim?)
— 250% 108

2155 108

16,1 106

R UES i

: 5.4 108

I 10

Fig.25. von Mises stress contour of 2DOR on lower plate.

von Mises stress (Nim?)
— 25.0x 108

21.5% 108

16,1 10°

- 10.7 % 108

: 5.4 106

I 10

Fig. 26. von Mises stress contour of 3DOR on upper plate

wvon Mises stress (N/m®)
— 250% 108

21.5% 108

16.1% 108

10,7 108

- 5.4%10°

I 10

Fig. 27. von Mises stress contour of 3DOR on lower plate

5.2  Results of partial contact state (condition 2)

The case with a given displacement between the upper
and lower plates was also calculated. As shown in Fig. 12
(condition 2), the given displacement was set to 0.1 mm with
respect to the x-axis.

Fig. 28 shows the displacement contour. The deformation
scale factor was set to 5000. As shown in Fig. 20, the
contour of the displacement became symmetrical about the
left-right axis in the complete contact state. As shown in Fig.
28, the contour of the displacement becomes asymmetrical
about the left-right axis under the partial contact state.

Fig. 29-35 show the von Mises stress contour. The partial
contact state between the upper and lower plates caused the
non-uniform stress distribution at IDOR, 2DOR, and 3DOR.
Additionally, Fig. 30 and Fig. 31 show the von Mises stress
contour of IDOR on the upper and lower plates, respectively,
whereas Fig. 32 and Fig. 33 show the corresponding von
Mises stress contour of 2DOR. In the partial contact state,

the individual weight of the upper plate was supported by
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2DOR. Fig. 34 and Fig. 35 show the von Mises stress

contour of 3DOR on the upper and lower plates, respectively.

In the partial contact state, the individual weight of the upper
plate was supported by 3DOR.

Displacement (m)

l 1.5x10 !
: 1.1x104
- |
- 7.5%x10°°
: 3.7x10°
0.0

Fig. 28. Displacement contour of upper plate

vom Mises stress

(N/m?)
l'ﬂ;*\m’
- 5R.6% 108

Upper plate
- 39.1% 106

- 19.5% 108
l 09

Lower plate

Fig. 29. von Mises stress contour

von Mises stress
(N/m?)

l B2 10¢

- 5.6 10P

-390 108
- 19.55 106

l 0.9

Fig. 30. von Mises stress contour of IDOR on upper plate

Fig. 31.

Fig. 32.

Fig. 33.

von Mises stress
(N/m?)
T2 108

- SE.6¥ 108

=390 108

- 19.5% 106

von Mises stress contour of IDOR on lower plate

von Mises stress
(N/m?)
'.vs 2108

- SE.6¥ 108

=390 108

- 19.5% 106

von Mises stress contour of 2DOR on upper plate

von Mises stress
(N/m?)
'.'B 2108

- 5B6 % 108

=390 108

-19.5% 108

von Mises stress contour of 2DOR on lower plate
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Fig. 34.

Fig. 35.

Rotational angle (arcsec)

Relative displacement between the upper plate and lower plate (mm)

30

25

20

15

10

von Mises siress
(N/m?)

l B2 18

- 586 108

-390 108

-19.5% 108

von Mises stress contour of 3DOR on upper plate

von Mises siress
(N/m?)

l B2 18

- 586 108

-390 108

-19.5% 108

von Mises stress contour of 3DOR on lower plate

x Rotational angle
(computing results)

Condition 2 (Fig. 12)

y Rotational angle
(computing results)
z Rotational angle
(testbed results in Table 1)
z Rotational angle

x Rotational angle (computing results)

(testbed results in Table 1)
y Rotational angle
(testbed results in Table 1)

o

0.0001

0.01 0.1

Fig. 37. Semi-log plot of the rotational angles of the upper

Rotational angle (arcsec)

45

40

35

30

25

20

y Rotational angle

Condition 3 (Fig. 13) (computing results)

x Rotational angle

z Rotational angle (computing results)

(testbed results in Table 1)
z Rotational angle
(computing results)
x Rotational angle
(testbed results in Table 1)
y Rotational angle
(testbed results in Table 1)

0.01 0.1

Relative displacement between the upper plate and lower plate (mm)

plate along the direction shown in Fig. 13

Fig. 38.

Rotational angle (arcsec)

30

25

20

y Rotational angle

Condition 4 (Fig. 14) (computing results)

x Rotational angle

. (computing results)
z Rotational angle
(testbed results in Table 1)
z Rotational angle
x Rotational angle ~ (computing results)

(testbed results in Table 1)

y Rotational angle
(testbed results in Table 1)

Relative displacement between the upper plate and lower plate (mm)

Semi-log plot of the rotational angles of the upper

plate along the direction as shown in Fig. 14

Fig. 36. Semi-log plot of the rotational angles of the upper

plate along the direction as shown in Fig. 12

Rotational angle (arcsec)

45

40

35

30

25

20

x Rotational angle

Condition 5 (Fig. 15) (computing results)

y Rotational angle
(computing results)

z Rotational angle

(testbed results in Table 1)
z Rotational angle
x Rotational angle (computing results)
(testbed results in Table 1)
y Rotational angle
(testbed results in Table 1)

Relative displacement between the upper plate and lower plate (mm)

Fig. 39. Semi-log plot of the rotational angles of the upper

plate along the direction as shown in Fig. 15

This document is provided by JAXA.



. y Rotational angle
(computing results)

Condition 6 (Fig. 16)

20
x Rotational angle
(computing results)
z Rotational angle
a5 (testbed results in Table 1)

z Rotational angle

x Rotational angle _
i (testbed results in Table 1) (computing results)
y Rotational angle

(testbed results in Table 1)

Rotational angle (arcsec)

0.0001 0.001 0.01 0.1

Relative displacement between the upper plate and lower plate (mm)

Fig. 40. Semi-log plot of the rotational angles of the upper
plate along the direction as shown in Fig. 16

40 y Rotational angle

. . (computing results)
55 Condition 7 (Fig. 17)

30 2 Rotational angle x Rotational angle \

(testbed results in Table 1) (computing results)

25

z Rotational angle
(computing results)

20 .
x Rotational angle

(testbed results in Table 1)
y Rotational angle
(testbed results in Table 1)

15

10

Rotational angle (arcsec)

0.0001 0.001 0.01 0.1
Relative displacement between the upper plate and lower plate (mm)

Fig. 41.

plate along the direction as shown in Fig. 17

Semi-log plot of the rotational angles of the upper

30 y Rotational angle

(computing results)

Condition 8 (Fig. 18)

25

x Rotational angle

20 z Rotational angle (computing results)

(testbed results in Table 1)

15 x Rotational angle z Rotational angle

(testbed results in Table 1)  (computing results)

y Rotational angle

10 (testbed results in Table 1)

Rotational angle (arcsec)

0.0001 0.001 0.01 0.1

Relative displacement between the upper plate and lower plate (mm)

Fig. 42. Semi-log plot of the rotational angles of the upper
plate along the direction as shown in Fig. 18

20
x Rotational angle
(computing results)

35 Condition 9 (Fig. 19)

30
y Rotational angle

z Rotational angle (computing results)

25 (testbed results in Table 1)

20

Rotational angle (arcsec)

x Rotational angle z Rotational angle
15 (testbed results in Table 1) (computing results)
y Rotational angle
10 (testbed results in Table 1)
5 ¥
0.0001 0.001 0.01 0.1

Relative displacement between the upper plate and lower plate (mm)

Fig. 43.
plate along the direction as shown in Fig. 19

Semi-log plot of the rotational angles of the upper

5.3 Comparison of computational and experimental

results

Rotational angle data listed in Table 1 was obtained using
the measurement equipment. The measurement equipment
was placed at the original point in Fig. 8. Therefore, in the
computational model shown in Fig. 10, the rotational angles
were calculated by using the inclination of the convexity of
domain A of the upper plate.

The rotational angles with respect to the relative
displacement between the upper and the lower plates are
shown in Fig. 36-43. The unit of the rotational angle is
arcsec. In Fig. 36-43, Fig. 11-19 represent the direction of
the relative displacement. The solid, the dotted thin, and the
dotted bold lines in Fig. 36-43 represent rotational angles in
Table 1. The filled OO, O and A symbols represent
rotational angles with respect to the z-, x- and y-axes,
respectively. Compared to the complete contact state, in the
partial contact state case, contact points tend to be fewer.
Therefore, differences in the rotational angles (which
represent the relative displacement between the plates)
occurred in the case of partial contact states.

For the testbed, the relative displacement between the
upper and lower plates is described in the form of three
rotational angles, as presented in Table 1. The three
rotational angles decreased within the range of
approximately 0.0-10.0. Similarly, as described in Fig.
3643, with the exception of relative displacements of the
order of 0.1 mm, these angles decreased within exactly the
same range (approximately 0.0-10.0) in the case of contact
state modeling. Therefore, the order of the rotational angles
shown in Fig. 3643 is almost in agreement with those listed
in Table 1.
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Based on the results of Fig. 3643, the rotational angles
are within a margin of approximately 1.0 arcsec with respect
to every direction (Fig. 12-19), given that the relative
displacement between the upper and the lower plates is
within 0.01 mm. On the other hand, the rotational angle
tends to increase irregularly, if the relative displacement
becomes larger than 0.01 mm. Therefore, even if the upper
and lower plates do not fit perfectly, the repeatability can be
achieved when the relative displacements are within the 0.01

mim.

6. Conclusions

For the development of a latch deployable antenna

structure with high precision, a technique to evaluate the
displacement between two plates based on FEM was
presented. The computational and experimental results were
compared that lead to the following conclusions.
The rotational angle of the upper plate was measured as the
difference between the initial and subsequent positions. A
computational model based on FEM was created to obtain
the calculated rotational angles between the initial and
subsequent positions. The computational results agreed well
with the test results.

Through the computational model, information on the

repeatability or the backlash mechanism can be obtained,

using contact FEM. To quantitatively evaluate the

repeatability of the latch structure, information related to
repeatability is summarized in the form of rotational angles.
Therefore, from an engineering viewpoint, important data
can be obtained with sufficient accuracy.

In future research, we will examine optimal arrangements
of the contact parts on the plate to minimize changes to the

rotational angles.
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Special function: Leaf function r=sleaf.(l)
(First report)

Kazunori Shinohara*

Summary
Special function: The leaf function sleaf,(/), together with some of its features, is presented. A saw-tooth wave with

periodicity can be defined as a continuous function sleaf,(/). The exponent m of the function (Sle‘?fn (l)y increases when

differential operations are conducted. These leaf functions are closely related to trigonometric functions or the elliptic function.

The inverse trigonometric and inverse elliptic functions are represented by j \/dt and I 7 dt , respectively. According
1-x? 1-x*

- X X

to the Ref. [3], “mathematicians accepted the fact that j dt is a new function, which is one of a family called the elliptic
1-x*
integrals”. On the other hand, we have not discussed the higher order of the variable x, such as the inverse functions:

J' dt , J‘ dt , and J' dt etc.
\/l—x6 \/l—x8 \/l—x100
This paper presents a new special function, the leaf function, based on these inverse integral functions. Compared to the

waves or curves produced by both the trigonometric functions and the elliptic function, different waves or curves with
periodicity can be produced by using the leaf function.

Keywords : Leaf function, Leaf curve, Jacobi elliptic functions, Elliptic integrals, Lemniscate, Ordinary

differential equation, Square root of polynomial

1. Introduction conditions of the ODE. The number # represents a natural

number (n=1,2,3, --- ). Ordinary differential equation (1) has

In this paper, variables are always real numbers. Complex interesting properties and can be solved by using numerical
numbers are not considered. We discuss the following simulation techniques. In the graph, variables » and / are
ordinary differential equation (ODE): represented by the vertical and horizontal axes, respectively.

With respect to any natural number # in Eq. (1), the graph

d 2r(l ) I V(I)Zn—l ) shows various waves with periodicity.

dr In the case of n=1/ in Eq.(1), we can obtain trigonometric

r (0) =0 @) functions (such as r(l)=sin(l) or r(l)=cos(l) etc. ) as solutions
dr_(()) -1 (3) of this equation. In the case of n=2 in Eq. (1), we can obtain
dl

the following:

The variable r(l) represents the function with respect to the

variable /. Equations (2) and (3) represent the initial
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E-mail: shinohara@06.alumni.u-tokyo.ac.jp
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dr @

dl’
Differentiating the function » generally leads to a decrease in
the index » of the function r. Therefore, it is difficult to
describe the function » by using elementary functions. As
described later, in the case of n=2, Eq. (1) is closely related
with elliptic function and integration. In the case of n=3, to
the best of our knowledge, the following equation has not
been discussed [1]-[10]:

d—zj =-37° ®)
dl
Using the graph or numerical analysis, the relation between
the geometry and equation (1) is described for Eq. (1). As an
application, the present paper deals with n=1,2,3,4,5 and
100. The leaf function sleaf,(]) satisfied with Eq. (1) - (3) is

presented.
2. Symbols
The symbols used in the paper are as follows:

n.: Natural number ( #=1,2,3,--- ). In the paper, it is named
as basis.

r: Distance between the origin and the point on the curve

r=yx*+y* >0 (6)

As described below, the negative variable » has to be defined
in Eq. (1).

@:  The variable represents the angle. In this paper, the
unit is radian. Counter-clockwise is positive. Clockwise is
negative.

I Arc length on a leaf curve

Numerical values are rounded off to five decimal places,

and calculated with a precision of up to four digits.
3. Leaf function
3.1 Elliptic function [1]

The incomplete elliptic integral of the first kind / is defined

as:

= << (7

Owlil—tz il—kztzi

where the parameter £ is the modulus of the elliptic integral.

The inverse elliptic function arcsn(rk) is defined as follows:

arcsn(r k)=jr$ -1<r<1 ®
T - -k

Therefore, the following is obtained:
r= sn(l s k) ©)

3.2 Leaf curve (x -y plane)
The leaf curve is defined as follows:
r"=sinnf n=1,2,3,--- (r=0) (10)

A point on the graph of Eq. (10) starts at the origin. As the
angle @ increases, the point moves farther away from the
origin. After reaching r=1.0 (the distance between the point
and the origin), the point returns to the origin. In the graph,
the horizontal axis and the vertical axis are set to represent x
and y, respectively. These curves on the graph resemble a
leaf shape. Therefore, these curves are defined as the leaf
curve.

The leaf curve of n=1 is shown in Fig.1. In this case, the
leaf curve represents a circle. In this paper, the curves are
defined as one positive leaf curve. The reason as to why in
one leaf curve is defined as positive, is described later. The
leaf curve of n=2 is shown in Fig.2. This leaf curve
represents the lemniscate with a slope of 45 degrees. The
leaf curve (sleaf,()) and the straight line (y=tan(m/4)xx)
intersect at a point, which takes the maximum value » = 1.

The leaf curves of n=3, 4, 5, and 100 are shown in Figs.
3-6, respectively. The graphs of these curves are described as
three positive leaf curve, four positive leaf curve, five
positive leaf curve, and hundred positive leaf curve,
respectively. The leaf curve and the straight line
y=tan(n/2n)*x intersect at a point, which takes the
maximum value » = [. The parameter n represents the
natural number in Eq. (10). As the parameter # increases, the

number of leaves increases in the graph.
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Fig. 1 One positive leaf curve Fig. 4 Four positive leaf curve
(Circle of center (0.0, 0.5))

1
3 L12
Fig. 2 Two positive leaf curve Fig. 5 Five positive leaf curve

( lemniscate with slope of 45 degrees )
0.8 )
0.6

1 -08 -0.6 -0.4 -0:3 04 06 0.8

0.2
-1.2
Fig.3 Three positive leaf curve

Fig. 6 Hundred positive leaf curve
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3.3  Leaf function (r-/ plane) (in first quadrant)

In this section, we discuss the ODE in Eq. (1). The
parameter n represents a natural number. The variable /
represents the length between the origin and the point on the
leaf curve.

For example, the cases of n=1,2,3,4,5, and 100 in Eq.(1)
are shown in Figs.7 - 18. The distance r is the function

consisting of the length /.

dzr(l)
dr*

=—n-r(I)"" n=123, (11)

The function r(/) is abbreviated as r. By multiplying the
derivative dr/dl, Eq. (12) is obtained as follows:

2
ﬂdifz_mﬂ"-lﬂ n=123, (12)
dl dl dl
By integrating both sides in Eq. (12), the following equation
is obtained:

2
l(dr] L no123 (13)

2\ ar 2

Using the initial condition in both Eq. (2) and Eq. (3), the
constant C;is determined.

1( "’r(o)jz __Loprac, (14)

The following equation is obtained.

C = (15)

1
2
By solving the derivative dr/dl in Eq. (13), the following
equation is obtained.

i (16)

In Fig.7, the arc length /=0 indicates the distance »=0. As
the variable / increases within the first quadrant (0 =/ =z/2)
in Fig.7, the variable r increases. It is natural that the
differential dr/dl is defined as positive. Therefore, it is

obtained as follows:

a i (17

dl

In this section, notice that variables » and / only occur in
the first quadrant. As described in section 5.2, with respect
to the range of the variable /, it is necessary to decide the

sign of the differential dr/dl. After separating the variables,
Eq. (16) is integrated from 0 to » and is obtained as follows:

L’—dlz t=1 —1<r<l (18)

V1-¢

The inverse function of Eq. (18) is defined as follows:

L (19)

1—¢*

arcsleaf, (r) = J; ‘

The following equation is obtained.
r = sleaf’, (1) (20)

In the case of n=1, the curve is shown in Fig. 7 and Fig. 8.

The following equation is obtained.
sleaf,(!)=sin(/) @n

In the case of n=I, the arc length / is proportional to the

radian angle.

1=0 (22)
Therefore, Eq.(20) is as follows:

sleaf,(1) = sin(0) (23)

In the case of n=2, the curve is shown in Fig.9 and Fig.10

and the following equation is obtained.
sleaf, (l) = sn(l, i) (24)

The function sn represents Eq. (9). The variable i represents

an imaginary number.
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3.4 Relation between the geometry and the function:
sleafu(1)

In this section, the relation between the geometry and the
function sleafy(l) is described. The coordinate system of the
function sleaf,(l) is shown as polar coordinates.

x = rcos(6) (25)
y =rsin(6) (26)

The functions x and y consist of both the variables 6 and r.

Eq.(25) and Eq.(26) are differentiated with respect to the

variable 7 to obtain the following equation.

de

dx
= —_— 1 D — 7
» = cos(0)-rsin () » 27

Y .49 28
& =sin(0)+ rcos (9) o (28)

In a small domain, approximation of the length A/ on the

curve is shown as follows:

= A s Ay = ( j (Ay) Ar (29)

Ar

If the variable 4/ takes an infinitely small value, the

following equation is obtained.

dl = (dxj +(dy] -dr (30)
dr dr

By substituting Eq. (27) and (28) in Eq. (30), the following

equation is obtained.

o= \(s) (2] @
- \/(005(9)— r sin(@-je]z + [sin(9)+ rcos(6):- 6:;9]2 . (31

r r
1+r (d@) -dr
\ dr

By differentiating Eq. (10) with respect to the variable 9, the

following equation is obtained.

e A cos (n0) (32)
do

The above equation is as follows:

a9 _ " (33)
dr  cos(nf)

By substituting Eq. (33) in Eq. (31), the following equation

is obtained.

dl = z(dﬁ -dr = [1+r [ -dr
dr cos
P (34)

= N+—F7—

cos (n@ 1 sin’

1

=./1+ S-edr = dr

1-r 1—7%"

By integrating from 0 to r, the following

equation is obtained.

(35)

w1
:IO Wdz

The above equation is the same as the inverse function
defined by Eq. (17). The following equation is obtained.

dt = arcsleaf ,(r) (36)

r 1
e

The following equation is obtained.
r = sleaf, (Z) (37)

By differentiating Eq. (35) with respect to the variable 7, the

following equation is obtained.

a_ 1 (38)
dr 1—r2"

The above equation is obtained as follows:
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(””j po g (39)

By differentiating the above equation with respect to the

variable /, the following equation is obtained.

2
drdr_ ppt 4 (40)
dl di dl

By reason of the condition dr/dl#0, the following equation is
obtained.

2
I (41)
dl

Using Eq. (36), the following equation is obtained.

2

% sleaf,(I)=—n- (sleafn (1))2"71 (42)

Therefore, Eqs. (1)-(3) can be described by the leaf function.

4. Numerical examination of leaf function

In the case of n=1,2,3,4,5, and 100 in Eq.(10) and (37), the
graph is plotted. In this section, the variables 6, x, and y are
only in the first quadrant. Therefore these variables are

satisfied as follows:

0<o<Z (43)
2
0<x<1 (44)
0<y<l1 (45)
In the case of n=1, the function is as follows:
r= sin(H) (46)

Using Eq. (6), Eq. (25), and Eq. (26), the relation between
the variables » and 6 can be described by the relation

between the variables x and y. It is obtained as follows:

x? +y2 =y 47)

These graphs are shown in Fig.7 and Fig.8.

12 )Y

(X, ¥ = (n, cos z,r4 sin zj = (0,1)
1 2 2

r = sleaf,(I)
; =1 2,3 3
(=sin/) 08 X =[recosZ,psinZ |=| 22 2
Cholid=| G MR R 7 77
6| 3
................ L)
T 3
04 = 5 . 0.4
(%, ;) = rzcosz, rsin 2| = Z, 1
0.2 6 - 6 5 5
0 x g, =2
0 02 04 06 6

1.2 y

7 = sleaf,(l) (=sin/)
(X4, 4)

038
0.6 e .
L =2

0.4 3
02 | A A e, T
e ==

X 6

0
(*,3)0%"02 04 06

Fig.7 Leaf curve of n=1 (0 =0 =r/2)
(Vertical and horizontal axes are set to x and y, respectively)

1.2 r

r=sleafi(l) (= sin! =sin )

1 (r,,1,)= (1, %)

0.8
0.6
0.4

0.2

1.5 2

1
I(=0)

Fig.8 Leaf curve of n=1 (0 =0 =r/2)
(Vertical and horizontal axes are set to » and /, respectively)

In the case of n=2, the function is as follows:
r* =sin(26) (48)

Using Eq. (6), Eq. (25), and Eq. (26), the relation between
the variables » and 6 can be described by the relation

between the variables x and y, which is obtained as follows:

(x2 + y2)2 =2xy (49)
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These graphs are shown in Fig.9 and Fig.10.

r = sleaf, (l) (= snll, t))
1Y

(2, 3)=(r, cos%,n‘ sin %) =(0.322,0.777)

( ) cos” sin” 1 1
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3>)3 3 P 4 22

(0.777, 0.322)

.
r, sin —
8

i} )4 = sleaf, () (= snll,1))
I, =1311
1, =0.896
i

Fig.9 Leaf curve of n=2 (0 =60 =n/2)

(Vertical and horizontal axes are set to y and x, respectively)

08 (ry1,)=(0.841,1.726)

0.6
0.4
0.2
0 & (.4)=(0.0) (rest)={0,2:622)
0 0.5 1. 1.5 2 25 3
/

Fig.10 Leaf curve of n=2 (0 =0 =n/2)

(Vertical and horizontal axes are set to » and /, respectively)
In the case of n=3, the function is as follows:

r* =sin30 (50)
Using Eq. (6), Eq. (25), and Eq. (26), the relation between

the variables » and 6 can be described by the relation

between the variables x and y, which is obtained as follows:

(¥ 42 ) =322 )7 (51)

These graphs are shown in Fig.11 and Fig.12.

Y
0.8 r= sleqj; 6]

() = (7, cos%,n sin %) = (0.630, 0.630)

(x;, )= [’"3 cos ,61 ,1;sin Z) =(0.866, 0.5)

T .
(xz,yz):[rzcosﬁ, rzsmﬁj:(o.%l, 0.231)

y

Fig.11 Leaf curve of n=3 (0 =0 =n/3)
(Vertical and horizontal axes are set to y and x, respectively)
12V
(r.1,)=(11.214)

(r,,1,)=(0.891,0.932)

(r.1,)=(0.891,1.497)
0.8

0.6
0.4

r = sleaf,(I)

0.2

(-1,)=(0.0) (r5>15)=1(0,2.429)
0.5 2

1 1.5 25 3

Fig.12 Leaf curve of n=3 (0 =0 =n/3)
(Vertical and horizontal axes are set to » and /, respectively)

In the case of n=4, the function is as follows:
r* =sin40 (52)

Using Eq. (6), Eq. (25), and Eq. (26), the relation between
the variables » and 6 can be described by the relation
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between the variables x and y, which is obtained as follows:
2 2 W 3 3
(x +y) =4yx’ —4y’x (53)
These graphs are shown in Fig.13 and Fig.14.

(x,,) = [r4 cos i ,rysin 3—”) =(0.762, 0.509)

Y
oe r = sleaf, (1) 16 16

) ~[5e . sin ) -0939,0359)

0.2 0, = 16

-0.2

Fig.13 Leaf curve of n=4 (0 =6 =m/4)(Vertical and
horizontal axes are set to y and x, respectively)

12 F
(5,0)- (11.164)

3

1

(15,1,)=(0.917,0.950) (r,,1,)=(0.917,1.377)

0.8
0.6

0.4

7 = sleaf (1)
0.2

o o (1.4)=(0.0)

0 0.5 1

(r5,1)=(0,2327)
Ji 15 2 2.5

Fig.14 Leaf curve of n=4 (0 =0 =r/4)
(Vertical and horizontal axes are set to  and /, respectively)

In the case of n=35, the function is as follows:
> =sin50 (54)
Using Eq. (6), Eq. (25), and Eq. (26), the relation between

the variables » and 6 can be described by the relation

between the variables x and y, which is obtained as follows:

(x2 + yz)5 = y5 + Syx4 —10y3x2 (55)

These graphs are shown in Fig.15 and Fig.16.

y

0.6 r= :v]eafs(l)

3r . 3w
3z (XA,yA,):[);cos%,r‘,sm %):(0.831,0.424)

T .
(x.33)= [g cosE, 7 smﬁl =(0.951,0.309)

0.2

T .
J (xz,yl):(rlcos%, rzsm%j:(O.QZZ, 0.146)

0, =
20

0.8 1 12

X

-0.2

-0.2

Fig.15 Leaf curve of n=5 (0 =0 =n/5)

(Vertical and horizontal axes are set to y and x, respectively)
T (1)=(,1.132)

1
(r2.1,)=(0.933,0.9602) (rs1,)=(0.933,1.304)

0.8

0.6

0.4
r = sleaf(I)

(1) =(0.0) (r5.15)

[ 0.5 1 I 15 2 2.5

0.2

Fig.16 Leaf curve of n=5 (0 =0 =n/5)
(Vertical and horizontal axes are set to » and /, respectively)

In the case of =100, the function is as follows:

% = 5in(1000) (56)

These graphs are shown in Fig.17 and Fig.18.
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P =[sin(n0)] n=1,23, (57)

02 Y

(x3:33) = [rz CoS ——, 7, sin ij = (0.999,0.031)

016 100 100
012  p= S[eafl o ([ ) In the above equation, the parameter # is a natural number.
0.08 :" The variable » includes both positive and negative numbers.
0.04 rﬁi 0 By replacing r by |r|, and replacing sin(n6) by | sin(n6)|, the
3 leaf curve can be related geometrically.

0 ;: ols ola o ols 1 ‘fz In the case of n=1, the leaf curve is shown in Fig.19.
-0.04 Compared to Fig.1, an additional leaf is added in the range
-0.08 ""(xp ¥)=(0.0,0.0) =00 (m =0 =2r), which occurs in the third and fourth quadrants.
-0.12 (x5, 3)=(0.0,0.0) =00 In Fig.19, the leaf (=0) in the first and second quadrants is
016 defined as the positive leaf. The leaf (#<0) in the third and

-0.2 fourth quadrants is defined as the negative leaf. As shown in
Fig.19, the leaf curve is defined as consisting of one positive
Fig.17 Leaf curve of n=100 (0 =6 =7/100) and one negative leaf.
(Vertical and horizontal axes are set to y and x, respectively) In the case of n=2,3,4,5, and 100, the graphs on the x-y
plane are shown in Fig.20-24. In this paper, the number of
127

leaves is even, with positive and negative leaves arranged in
. (r,,1,)=(1,1.007) P WD g &

alternating in order. The polar coordinates in Eq. (25)-(26)

08 are redefined as follows:

0.6

0.4 x = |r|cos & (58)
55 r = sleaf,y, (1) (,.1,)=(0,2.014)
0 y= ‘r‘sin o (59
0 0.5 1 l 1.5 2 25
Yy
[r|=[sin 6|

Fig.18 Leaf curve of n=100 (0 =6 =7/100)

(Vertical and horizontal axes are set to  and /, respectively)

0.8

0.6
Positive leaf r=1

=0 0.4

5. Re-examination of leaf function
5.1 Leafcurve (x-y plane)

In earlier discussions, the leaf curve was described

Negative leaf

geometrically by assuming the variable » to have the range r (+<0)

=(. Therefore, various problems occur in the leaf function.
In the case of an odd number » in Eq. (1), the inequality ™=
sin(n@)<0 in Eq. (10) exist for an arbitrary variable 6. The

distance r has a negative value, geometrically and a negative

distance cannot be described using a graph, geometrically. Fig.19 One positive - one negative leaf curve.
On the other hand, a negative r occurs in Eq. (10).
In the case of an even number n, the right side #" in
Eq.(10) consistently becomes positive, even if the left side
sin(nf) in Eq.(10) becomes negative. Therefore, for real
numbers, Eq.(10) is not satisfied for an arbitrary variable 6.

The function (r —6 function) is redefined as follows:
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Negative leaf
0.6 (r<0)

B r}sz’f}ve r '_u"'.ﬁt‘zsitive
4 Tk
(1"30) (F’gz) & l
X
-1 -08-06 -04 -002 1
Negative leaf Negative leaf
(r<0) (r<0)
Positive
= leaf
(r=0)
Fig. 21 Three positive - three negative leaf curve
1
b {
2| i
H [ |Sm 49‘ Negative leaf
\ (r<0)
D)
............... /il
...... !
-12 -1 1 1.2
Positive Negative left
left (r<0)
Positive

left
(r=0)

(0>4)
Yoy 2auwBaN

o
0

Fig. 22 Four positive - four negative leaf curve.

Positive leaf
r=g)

-1.2 -9
Negative leaf
<0
3
-1.2
Fig. 23 Five positive - five negative leaf curve.
12 y
Ir[* = sin 1006
X
-1.2 1.2

-1.2
Fig. 24 Hundred positive - Hundred negative leaf curve.

5.2 Extended definition of leaf function

The constants 7,,/2 are defined as follows:

T

n

(n=1,23,--) (60)

In the case of n=1, the constant z; represents the circular
constant . The constants 7, with respect to n=1,2,3,4,5, and
100 are summarized in Table 1. Numerical values 7z, are
rounded off to five decimal places, and calculated with
precision up to four digits.
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Table 1 Values of constant 7,

n Tn

1 7=3.142

2 7;=2.622

3 73=2.429

4 w4=2.327

5 75=2.265
100 7100=2.014

As shown in Fig.1 - Fig.5, the constant 7, geometrically
represents the circumference length of one leaf. The leaf
function sleaf,(l) takes the constant 2 Xz, with respect to one
period. In the angle 6, the counter-clockwise direction is
defined as positive. As the angle 8 increases from 0 to 7z, /2,
the distance increases from 0 to /. Using Eq. (18), one input
of the arc length / is calculated with respect to one output of
variable ». The leaf function sleaf,(l) is defined as a
multivalued function, with one input associated with
multiple outputs.

First, the parameter »=2 in Eq. (35) is discussed. In the
range 0=6<n/4 (domain (5) in Table 2 and Fig.20), the
variable / is calculated as follows:

1= ———d (0<r<y (61)
0 1—t4

—

In the range n/4 =0<n/2 (domain (6) in Table 2 and
Fig.20), using Eq. (16) with respect to r, the equation is

obtained as follows:

a_, 1 (62)

In the range of /4 =0<x/2 in Eq. (10), the distance r varies
from r=1 to r=0, with the variable » decreasing in the range.
The sign of the variation dr is negative; thus, the sign of the

above equation becomes negative.

d _ 1 (ﬂ<9<ﬂj (63)

dr N1-r? o

4 2

In the range 7/4 =6<x/2, the arc length is as follows:

1 1 =1
I = dr + di
! NS Il\/1—# (64)
Vs (|
:72+L ?ﬂdz (0<r<1)

The constant 7 is given in Table 1. In the range 7/2 =
6<37/4, the domain in the x-y graph is defined as the
negative leaf. The sign of the variable » becomes negative.
The variable » is increased with respect to the negative
direction, and the sign of the variation dr becomes negative.
On the other hand, the sign of the variation d/ becomes
positive by increasing the variable /. Therefore, the sign of
Eq. (62) becomes negative.

a1 (ﬂ<g<%q (65)

2 4

The length / is obtained as follows:

dt

= [ e [
o1t RV O J1-¢* (66)

:;z2+j_°%dr (1< r<0)

Vi-rt

In the range 37/4 =<z (domain (8) in Table 2 and
Fig.20), the domain in the x-y graph is defined as the
negative leaf. The sign of the variable » becomes negative.
The variable r starts at r=-1 and finally reaches »=0. The
variation dr becomes positive. On the other hand, the length
[ increases. The sign of the variation d/ becomes positive.
The sign of the variation dl/dr becomes positive.

a1

dr v1-7*

(37ZS9S7[) (67)
4

The length / is obtained as follows:

1
_t4

o -1 -1 =1
dz+_|'1 \/l—t4dt+'[° \/l—t4dt

—3@+ﬁ

r 1
" LT-# =5

’:J;\/l

(68)
dt (~1<r<0)

1
NI

In the negative case, the variable / should also be required to
be defined. In this paper, the sign of the angle 6 is defined as
positive with respect to the counter-clockwise direction.
Corresponding to the angle 6, the length / is defined as
positive. On the other hand, the sign of the angle 8 is defined
as negative with respect to the clockwise direction.
Corresponding to the angle 6, the length / is defined as
negative.

In the range -7/4 =0 =0 (domain (4) in Table 2 and Fig.20),
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the domain in the x-y graph is defined as the negative leaf.
The sign of the variable » becomes negative. The variable r
starts at =0 and finally reaches r=-1. The sign of the
variation dr becomes negative. On the other hand, the length
/ increases with respect to the negative direction. The sign of
the variation d/ becomes negative. The sign of the variation
dl/dr becomes positive.

a___1 (—lﬂSHSOJ (69)
d}" 1_r2" 4

The length / is obtained as follows:

=[ Jll_jdz (-1<r<0) (70)
In the range —#/2 =60 =-n/4 (domain (3) in Table 2 and
Fig.20), the domain in the x-y graph is defined as the
negative leaf. The sign of the variable » becomes negative.
The variable r starts at »=-/ and finally reaches r=0. The
sign of the variation dr becomes positive. On the other hand,
the length / increases with respect to the negative direction.
The sign of the variation d/ becomes negative. The sign of

the variation dl/dr becomes negative.

ﬂ:— ! [—ﬂ'ﬁeﬁ—lﬂ) (71)
dr 1_’/'2" 2

The length / is obtained as follows:

dt+'f

|
/=
! Ne 1\/1 (72)

=_’;2+jrlﬁdt (-1<r<0)

In the range -37/4 =6 =-n/2 (domain (2) in Table 2 and
Fig.20), the domain in the x-y graph is defined as the
positive leaf. The sign of the variable r becomes positive.
The variable r starts at =0 and finally reaches »=1. The sign
of the variation dr becomes positive. On the other hand, the
length / increases with respect to negative direction. The
sign of the variation d/ becomes negative. The sign of the
variation dl/dr becomes negative.

ﬂz— ! [—37[S9S—7[) (73)
d}" 1_r2" 2

The length / is obtained as follows:

1 1
dHI‘\/l vy \/1 (74)

/- -1
.[0 \/1_
dt (0<r<l)

S

In the range -7 =60 =-37/4 (domain (1) in Table 2 and
Fig.20), the domain in the x-y graph is defined as the
positive leaf. The sign of the variable » becomes positive.
The variable 7 starts at »=1/ and finally reaches »=0. The sign
of the variation dr becomes negative. On the other hand, the
length / increases with respect to the negative direction. The
sign of the variation d/ becomes negative. The sign of the
variation dl/dr becomes positive.

d
dr 1_r2n

(—27[£9S—;7[) (75)

The length / is obtained as follows:

dt+.|.

I= J.oil \/11_

+J.r#dt ==

1 /1_t4

-1 -
dt+ dt
N ! NE (76)

dt (0<r<1)

1
o

In one period of both the positive and negative directions,
the relation between the variables / and » is summarized in
the case of n=2. For an arbitrary »n, the same approach is
applied. In the range -27, =] =2r,, the variables related to
the function s/eaf,(l) are summarized in Table 2 and Fig.25.
With respect to the arbitrary n, the relation between the
variables 7 and / is summarized in Table 3.

(5):(6)

3) ) @) ®

-1.0

Fig. 25 Diagram of wave with respect to leaf function
sleafy(l)  (In the figure, the numbers (1)-(8) represent the
domain corresponding to Table 2 and Fig.20 )
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5.3 Waves of leaf function
Table 3 describes two types of graph. In the first type of
graph, the vertical and horizontal axes are set to the
variables » and /, respectively. In the second type of graph,
the vertical and horizontal axes are set to the variables » and
0, respectively. The curves in both the x-y graph and the

r-I graph are described as follows:

1.5 v
r = sleaf,(l)

1

-1.5

Fig. 26 Wave of leaf function r=sleaf;(l) (=sin(l))
(1 period: T=6.283(=2x;))

Table 2 Relation between variables / and r for the leaf function r=sleaf,(I) with respect to one period in both the positive (0 =/

=2nr,) and negative directions (-2x, =/ =0)

Domain  Range of angle ®  Range of length / Length / Range of Derivation dr/dl!
variable
(1) 1 31 3 3z, ¢ 1 0=r=] dr
— — = _ _= | =-""r_ At “ar _ _.2n
2w s0<gmL Samsi<in, SR N e
r 1 r=
2) _3”l§g<_”l —éﬂnﬁl<—ﬂ” lz—ﬂn—j—dt O=r=I dl:—\/l—r2”
2 n n 2 0J1=1¢*" dl
(€)] 1 11 1 o, 1 -1 =r=0 dr -
_;z;§9<—77r; —7Z'nSl<—57r” l__2 —J-_lmdt E:_/1_},2
r 1 -] =r=i
“) —-—7—<6<0 -——x,<1<0 1=J.7dl [=r=0 ar _ -7
n 0 /1_t2n dl
r 1 r=
) 0£6?<17zl 0<l<—n, l=j—dt O=r=I ar _
2 n O\1—¢%" dl
1 1 =r=
©) l7rl£t9<7rl lﬂn£l<7zn l=ﬂ"+j—dt 0=r=l ar _ _ [_
2 n n 2 rJ1=1*" dl
0 1 ]l =<r=
7 ﬂl30<27r— r,<l<=rm, l=7fn+.|-—dt 1=r=0 ar _ _ [ Z o
n 2 n 1= dl
3 r 1 -] =r=i
®) i;rl£9<27rl é7z <l<2rz l=ﬂ+j dt [=r=0 ar _ -7
2 n n 27 g 2 L= dl

(Note) = For domains (1)-(8), see Fig. 20 and Fig.25

* The derivation dr/dl represents the gradient of the function: r=sleaf,(l).
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Table 3 Relation between the variables » and / of the leaf function sleaf,(l)

Range of angle 6 Range of length / Length / Range of Derivation dr/dl
variable
(ZM72)7[%£H<(ZM7%]7[% (ZM72)7r"£/<[2m7%]7[” ZI(ZWI72)7Z,‘+J‘O’.ﬁdt 0=r=I %: 1_ 2
[2m7%]1535<(2m71)7[% (megjﬂ”£/<(2mfl)ﬂ” 1—(2m—%];r + ﬁd 0=r=I %:—m
(2m71)ﬂ%S0<(2m7%)ﬂ% (2mfl)7rn£l<[2m7%j7z” 1=02m-1)z, + ﬁdt -1=r=0 %: S PETY

1 1 -1 =r=0 dr 2

1 1 1
(Zm—ijﬁ;56’<2mﬂ'; (Zm—zjﬂ"§l<2mﬂ" 1—(2m—7j72' +J.l\/17t 7 =Al-r

(Note) The number m represents the integer (m=0, +1, £2, £3, £4, £5, -7

15V

I =[sin(6) bf =|sin(20)

o T
-1.5
Fig. 27 Wave of leaf function |r|=|sin(@)| Fig. 29 Wave of leaf function |r|*=|sin(26)|
(1 period: T=nx2) (1 period: T=r/2x2)
1.5 7
157

<15
~1:5

Fig. 28 Wave of leaf function r=sleaf(l)
(1 period: T=5.244(=2n>) ) Fig. 30 Wave of leaf function r=sleaf3(l)

(1 period: T=4.857(=2m;3))
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‘rr = ‘sin(3n9}

-1.5

Fig. 31 Wave of leaf function |r|’=|sin(36)|
(1 period: T=n/3%2)

55—
r = sleaf, (1)

=15

Fig. 32 Wave of leaf function r=sleafy(l)
(1 period: T=4.654(=2my))

H‘ = ‘siu (48}

<15

Fig. 33 Wave of leaf function |r|*=|sin(46)|
(1 period: T=n/4x2)

=15

Fig. 34 Wave of leaf function r=sleafs(l)
(1 period: T=4.529(=2ns))

i = bin(s0)

~1:5

Fig. 35 Wave of leaf function |r|’=|sin(56)|
(1 period: T=n/5%2)

15 r

r=sleafynl) 1

A5

Fig. 36 Wave of leaf function r=sleaf;0o(l)
(1 period: T=4.028(=21m100))

r
15
[r[** = sin(1006)
) - N ]
05
7 7 A z
50 100 o 100 o @
008  -p0s 004 | -0.02 002 | 004 006 008
0.5
I S [ I

-5

Fig. 37 Wave of leaf function |r|/%=|sin(100 6)|
(1 period: T=n/100%2)

6. Conclusion

The second derivative dr/dP? is equal to ?"!. This type of
ODE has interesting features. Using numerical techniques,
we can find that this ODE can produce a wave with
periodicity. These waves are different from the waves
obtained by trigonometric functions; therefore, a new
function, the leaf function, is defined in this paper to
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describe these waves. The variable of the function consists
of the variables » and /, which represent the distance
between the origin and the point on the leaf curve and the
length of the leaf curve, respectively. The relation between
the variables and the geometry is also described. In the case
of n=1 in a leaf function, the leaf curve is geometrically
related to a circle and the leaf function is the trigonometric
function sin(8). In the case of n=2 in a leaf function, the
function is the elliptical functions sn(,i)(i: imaginary
number). As the parameter » increases, the waveform varies

from a sine waveform to a saw-tooth waveform.
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Special function: Leaf function r=cleaf.(1)
(Second report)

Kazunori Shinohara*

Summary

In the previous report, the special function: leaf function r=sleaf,(I) was presented. The distance |r|” between the origin and

the point on the leaf curve is equal to sin(nf) (0:angle, n:natural number). Using the equation |r|"=|sin(n6)|, the shape of the

leaf is described on the x-y plane. In this paper, the special function: leaf function cleaf,(7) is presented. The relation between

the function c/eaf, () and the function sleaf,(l) is described.

Keywords :

Leaf function, Leaf curve, Jacobi elliptic functions, Elliptic integrals, Lemniscate, Ordinary

differential equation, Addition theorem, Square root of polynomial

1. Introduction

In this paper, variables are always real numbers. Complex
numbers are not considered. We follow the ordinary
differential equation (ODE):

dzr(l) 2n-1
o —n-r(1) (D
r(0)=1 )
dr(0) _ 3)
dl

The variable r(I) represents a function with respect to the
variable /. Equations (2) and (3) represent the initial
conditions of an ODE. The number #» represents a natural
number (n=1,2,3,"**).

In the paper, a leaf function cleaf,(]) satisfying Egs. (1)-(3)
is presented. The relation between the leaf function and its
geometry is described through numerical results by
substituting n=1,2,3,4,5, and 100 in Eq. (1).

2. Symbols

The symbols used in this paper are as follows:
n: Natural number ( n=1,2,3, ---) In the paper, it is named as
basis.

r: Distance between the origin and the point on the curve

F=qx>+y* >0 4)

As described below, the negative variable » has to be defined
in Eq. (1).

6:  This variable represents the angle. In this paper, the
unit is radian. Counter-clockwise is positive. Clockwise is
negative.

I Arc length on a leaf curve

Numerical values are rounded off to five decimal places,
and calculated with a precision of up to four digits.

*Department of Integrated Mechanical Engineering, Daido University

Address: 10-3 Takiharu-cho, Minami-ku, Nagoya, JAPAN

E-mail: shinohara@06.alumni.u-tokyo.ac.jp
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3. Leaf function

3.1 Elliptic function [1]
The inverse Jacobi elliptic function arccd is defined as
follows [1]:

dt
N VR ©)

where parameter 4 is the modulus of the elliptic integral. The
sign ¢ represents a parameter. Therefore, Eq. (5) is as

follows:
r=cd(l,k) (6)

3.2 Leaf curve (x -y plane)
In the first report, as geometrical features of the leaf

function: sleaf,(l), the leaf curve is defined as follows:
P =sin(nf) n=123,--- (r>0) (7)

When the curve is described by a graph consisting of two
axes (the x-axis (the horizontal axis) and the y-axis (the
vertical axis)), the shape of the curve is similar to the shape
of the leaf. Therefore, the curve is defined as the leaf curve.

As a pair of Eq. (7), the leaf curve is defined as follows:
r" =cos(n@) n=123,- (r=0) (8)

In the case of n=1, the graph of the equation r=cos (6) is
shown in Fig. 1. When the angle # increases, the point
(x,y)=(1,0) is close to the origin along the circular arc. As
shown in Fig.1, the curve is described on a graph consisting
of two axes, the x-axis (the horizontal axis) and the y-axis
(the vertical axis). The curve in Fig.1 represents the one
right curve. In the case of n=2, the leaf curve is shown in
Fig. 2. The leaf curve represents the lemniscate curve. In the
case of n=3,4,5, and 100, these curves are shown in Fig. 2 -
Fig. 6. These curves are defined as the two positive curves,
the three positive curves, the four positive curves, the five
positive curves, and the hundred positive curves. When the
number # is increased in Eq. (1), the number of leaves in the

figures increases.

0.6 Y

0.4

0.2

-0.2

-04

-0.6

Fig. 1 One positive leaf curve
(Circle of center (0.5, 0))

04 Y

Fig. 2 Two positive leaf curve

( lemniscate )

1
| — 73 =cos 30
0.6
0.4

0.2 = (x,»)

10

-0.8 -0.6 -0.4 07 R 04 06 08 12
-0.2

0.4

-0:6

-1

Fig. 3 Three positive leaf curve

Fig. 4 Four positive leaf curve
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Fig. 6

Hundred positive leaf curve

3.3  Leaf function (r-/ plane) (in first quadrant)

In this section, we discuss the ODE in Eq. (1). The
parameter »n represents a natural number. The variable /
represents the length between the origin and the point on the

leaf curve.

n=123, ©)

d*r(l .
ey

The function r(/) is abbreviated as r. By multiplying the

derivative dr/dl, the following equation is obtained:

2
ﬂd—;:—nrz"’l@ n=123,-- (10)
dl dl dl
By integrating the both sides of the above equation, the

following equation is obtained:

2
I(drj L no123, (11)

2\ dl 2

Using the initial conditions in both Eq. (2) and Eq. (3), the
constant C;is determined.

1(61(0)) _Loyec (12)
2\ dl 2

The following equation is obtained.

¢ - (13)

b
2

By solving the derivative dr/dl in Eq. (11), the following

equation is obtained.

o T (14)
dl

In the leaf function: sleaf,(1), within the length range: 0 =/ =
m/2, the above equation (the derivative dr/dl) is defined as
the positive sign. In the leaf function: cleaf,(l), the above
equation (the derivative dr/dl) is defined as the negative sign.
For example, as shown in Fig.14, the variable /=0 becomes
the variable r=1. As the length / increases, the variable r
decreases in Fig.14. Therefore, the derivative dr/dl takes the

negative as follows:

& T (15)
dl

After separating the variables, Eq.(15) is integrated from 1

to r as follows:

jl"—lzdtzl (16)

V1-t¢

The inverse function of Eq. (16) is defined as follows:

arccleaf,(r) = Jll%dt =1 7)
r 1 _ t n

The following equation is obtained.

r=cleaf (1) (18)

In the case of n=1, the following equation is obtained.
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cleaf (l): cos(l) (19)

In the case of n=1, the angle & is proportional to the arc
length /.

IS (20)
Therefore, the equation can be described as follows:

cleaf, (1) = cos(0) 21)

In the case of n=2, the following relation is obtained:

cleaf, (l)z cd(l,i) (22)

The elliptical function cd represents Eq. (6). The symbol i
represents an imaginary number.

34 Relation between the geometry and the
function: cleaf.(1)

In this section, the relation between the geometry and the

function cleaf,(l) is described. The coordinate system of the

function cleaf,(l) is shown as polar coordinates.

x=rcosd (23)
y=rsind 24)

The functions x and y contain both the variables 6 and r. Eq.
(23) and Eq. (24) are differentiated with respect to the

variable . The following equation is obtained.

d—x:cosﬁ—rsin6’~ﬁ (25)
r dr
Q:Sin 6 + r cos 6’-ﬁ (26)
r dr

In a small domain, the approximation of the length 4/ on the

curve is shown as follows:

w=favar = 2] (2] @)

If the variable A/ takes an infinitely small value, the

following equation is obtained.

i (“”Cj {dy)z dr 28)
dr dr

By substituting Eq. (25) and (26) in the above equation, the
following equation is obtained.

di = (dx] +(dy) - dr
ar ar
2 2 29)
:\/(cosﬁ—rsinﬁc;éj +(sinc9+rcos€~i:9j -dr

r r
2
= 1+r{j‘9) -dr
r

By differentiating Eq. (8) with respect to the variable 6, the

following equation is obtained.

nr ! dr = —nsin né (30)
do
The following equation is obtained.
n—-1
a0 __r (€2))
dr sinn@

By substituting the above equation in Eq. (29), the following
equation is obtained.

1+ 2(619) dr =
dr
P " (32)
-dr
(sm no)y cos(n@))
1/ \/17 dr

By integrating the above equation from / to r, the following

equation is obtained.

Fo-1

The above equation is the same as the inverse function
defined by Eq. (17). The following equation is obtained.
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/= jl Ldt = arccleaf, (r) (34)

N1-£
The following equation is obtained.

r = cleaf, (l) (35)

By differentiating Eq. (34) with respect to the variable 7, the
following equation is obtained.

a___ 1 (36)
dr 1 _ r2n
The above equation is obtained as follows:
2
(dr] IR (37)
dl

By differentiating the above equation with respect to the
variable /, the following equation is obtained.

dr d*r

ut ar
i

=2nr (38)

By reason of the condition dr/dl#0, the following equation is
obtained.

—=-nr (39)

Using Eq. (35), the following equation is obtained.

2

%cleafﬂ ()=-n- (cleafn (l))zn_l (40)

Therefore, equations (1)-(3) can be described by the leaf
function: cleaf,(l) .

4. Numerical examination of leaf function

4.1 Leaf curve

In the previous section, we discussed the range: » =0. The
leaf function: r=cleaf,(l) takes the range r<0 (the reason for
this is provided in the first report). The geometry and the
leaf curve: cleaf,(l) are related by redefining the leaf

function r consisting of the variable 6 as follows:
W = ‘cosnﬂ n=123 (41)

Using the above equation of n=17,2,3,4,5,--- 100, the leaf
curve is shown in Fig. 7 — 12.

(x.»)

|r‘ = |cos t9| 02

0

-1.2 -08 -06 -04 -0.2 1.2
Negative leaf Positive leaf
(r<0) (r=0)
-0.6
Fig. 7 One positive - one negative leaf curve.
Y
|r|2 = |cos 26’| 0.8
YT 3
=%
06 7%
S |
§ (x,»)
Positive leaf I
(r20) i
X
-1.2 -0.8 -0.6 -0.4 -0, .2 04 0.6 0.8 12
g Positive leaf
r=0)
04 =
33
06 $F
§
Fig. 8 Two positive - two negative leaf curve.
T
3
[r|" =1cos 36|
Positive 0.6 Negative leaf
leaf (r<0)
Negative leaf
-1.2 -

Positive leaf
(r=0)

Positive Negative leaf

oot 06
20

Fig. 9 Three positive - three negative leaf curve.
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H' = ‘cos 46‘

Positive left
r=0)

Fig. 10 Four positive - four negative leaf curve.

1.2 y

‘r‘s = |cos 56|

A2

Fig. 11 Five positive - five negative leaf curve.

Fig. 12 Hundred positive - Hundred negative leaf curve.

4.2 Extended definition of leaf function

The constants 7,/2 are defined as follows:

7, _ [ 1 ”

2 0 /1_t2n

(n = 1’2’3’ o ‘)

(42)

In the case of n=1, the constant z; represents the circular
constant . The constants 7, with respect to n=1,2,3,4,5, and
100 are summarized in Table 1. The numerical values 7, are
rounded off to five decimal places, and calculated with a

precision of up to four digits.

Table 1 Values of constant 7,

n Tn

1 7=3.142

2 7;=2.622

3 73=2.429

4 =2.327

5 75=2.265
100 m100=2.014

The leaf function cleaf,(l) takes the constant 2 xm, with
respect to one period. For the angle 6, the counter-clockwise
direction is defined as positive. As the angle § increases
from 0 to 7, /2, the distance decreases from / to 0. Using Eq.
(33), one input of the arc length / is calculated with respect
to one output of variable r. The leaf function cleaf,(l) is
defined as a multivalued function, with one input associated
with multiple outputs. First, we discuss the parameter #=2 in
Eq. (34). In the range 0 =6<z/4 (domain (5) in Table 2 and
Fig. 13), the variable / is calculated as follows:

/= l%dt 0<r<1) (43)
-1

N

In the range 7/4 =6<x/2 (domain (6) in Table 2 and Fig.
13), using Eq. (14) with respect to r, the equation is obtained

as follows:
a _,_ 1 (44)
dr 1— r2n

In the range 7/4 =60<n/2, the variable r becomes r<0. The
sign of the variation dr becomes negative as 6 becomes
increasingly negative. On the other hand, the length /
increases in the positive direction. The sign of the variation

dl becomes positive. Therefore, the sign of Eq. (44) becomes

negative.
dl 1 T T 45)
a__ Teg<r (
dr V=74 (4 2)

In the range 7/4 =0</2, the arc length / is as follows:
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(| ro=1 T o 1
l:L\/l_ﬁd”.[o\/l_ﬂd’:?”], rﬁd’ (46)

(-1<7r<0)

The constant 7, is given in Table 1. In the range 7/2 =
6<37n/4, the domain in the x-y graph is defined as a negative
leaf. The sign of the variable » becomes negative. The
variable » varies from r=-7 to r=0. The sign of the variation
dr becomes positive. On the other hand, the length /
increases. The sign of the variation d/ becomes positive. The

sign of the variation dl/dr becomes positive.

d__1 (£<9<£j (47)

dr N1-7?

The length / is obtained as follows:

l_f LY s S

0 1 t4 0 1 t4

R 1 (48)
e e

(—1<r<0)

In the range 37/4 =6<m, the domain in the x-y graph is
defined as the positive leaf. The sign of the variable r
becomes positive. The variable » varies from r=-/ to r=0.
The sign of the variation dr becomes positive. On the other
hand, the length / increases. The sign of the variation d/
becomes positive. The sign of the variation dl/dr becomes

positive.
a __1 (31 <0< ,,j (49)
dr 1= 5* 4

The length / is obtained as follows:

| 0o —1
e
o 1 ro ]
+Liﬁl_t4 dH_J.OiT_,“ dt

1

3 .
:Eﬂ[+LV1—ﬁ

(50)

dt (0<r<l)

In one period of both the positive and negative direction,
the relation between variable / and » is summarized in the
case of n=2. For an arbitrary n, the same approach is applied.
In the range of -2z, =/ =2r,, the variable related to the
function cleaf,(l) is summarized in Table 2 and Fig. 13. With
respect to the arbitrary », the relation between variable / and

r is summarized in Table 3.

7 = cleaf, (1) r
1.0
O\, /@] ®
-2, \ 2 -7 2 27,
]
(HRNE)) !
-1.0

Fig. 13 Diagram of wave with respect to leaf function:
cleafy(l)  (In the figure, the numbers (1) - (8) represent the
domain corresponding to Table 2 )

4.3 Waves of Leaf function
Two types of graph are shown in Figs. 14-25. In the first
type of graph, the vertical and horizontal axes are set to
variable » and /, respectively. In the second type of graph,
the vertical and horizontal axes are set to variable » and 6,
respectively. The curves of both the x-y graph and the r-/
graph are described as follows:

r=cleaf;(l)

-1.5

Fig. 14 Wave of leaf function r=cleafi(l) (=cos(l))
(1 period: 7=6.283(=2n;))
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Table 2 Relation between variables / and » for the leaf function: r=cleaf,(]) with respect to one period in both the positive (0 =/
=2m,) and negative directions (-27, =] =0)

Domain Range of angle 6 Range of length / Length / Range of Derivation dr/dl
variable
(1 1 31 3 3z, -1 0=r=I dr
_or= o= _ = | =— + dt ar _ o
27zn§6’< 3T 2z, <1< 271'" > JO e a I-r
roo=1 -1 =r =
@ —éﬂ'lS9<—ﬂ'l —zﬂ'hﬁl<—ﬂ'h l=—ﬂn+J. dt [=r=0 dl:_w/l_ﬁ"
n n 2 11 = dl
| NN
(3) P —7z'n<l<—l7r 1=—”"+J.7dl [=r=0 dar _ 1-r*
n n 2 1—¢2" di
4 P 1 0=r=1
@ —lﬂlS9<0 —lﬂ' <I<0 :J dt g ar i
n n 1 1 t2w di
roo—=1 =r=
©) 0<o<irl os1<lﬁn l= dt O=r=1I dr _ _ Z
2 n 2 Pyl =" dl
roo—=1 -1 =r =
© l7[1S6’< 1 —rn <Il<rx [P [=r=0 dl:—\/l—r“
2 n n " " 2 01— dl
1 -1 =r =
(7) 7[1S9<§7rl ﬂ-ngl<fﬂ'n :”n+I 7dl ]_F_O dl: l_rz»;
n 2 n 11 =" dl
3 | =r=
® 3alcocarl 3 <i<on [= ”"+J dt O=r=i LA
n n " " 2 - dl

Table 3 Relation between the variables 7 /, and 6 of the leaf function cleaf,(l)

Range of angle 6 Range of length / Length / Range of Derivation dr/dl
variable »
| N 3 B s -1 0=r=1] dr —
(2m—2)ﬁ;£6<[2m—z)ﬂ'; (2m—2)ﬂ"S1<(2m—5]ﬂ” l—(2m—2)7rn+JI ﬁdi E:—\/l—r
-1 =r =i
[2m—%)ﬂ556’<(2m—1) % (Zm—%]ﬂnsl<(2m—l)ﬂ" l:(zm—éjn +I \/72” [=r=0 %:7\/17#"
-1 =r=0 dr

(2m—l)ﬂ££9<(2m—%}/[% (2m—1)n,,sz<(2m—%}r" = 2m 17r +I \/7 7 1—r2"

1

[2m—%]ﬂ%§6<2mzz; [Zm—%)ﬂnsl<2mﬂ" 17(2m7lj7r +J‘ \/72” - J:

(Note) The number m represents the integer (m=0, +1, £2, £3, £4, £5,-+7)
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Il [eos(0)

=5

Fig. 15 Wave of leaf function |7|=|cos(6)|
(1 period: T=nx2)

15 p
r = cleaf, ()

L5

Fig. 16 Wave of leaf function r=cleaf>(I)
(1 period: T=5.244(=2n,))
157

‘z

=[cos (219)‘

Ir]
/

<5

Fig. 17 Wave of leaf function |r|°=|cos(20)|
(1 period: T=n/2%2)

1.5 14

r = cleafy(l)

=15

Fig. 18 Wave of leaf function r=cleaf;(l)
(1 period: T=4.857(=2m;3))

157

‘r‘z =lcos(36)

r = cleaf, (1)

D
o laln

-15

Fig. 19 Wave of leaf function |r|*=|cos(36)|

(1 period: T=n/3%2 )

15 p

-1.5

Fig. 20 Wave of leaf function r=cleafy(l)

( 1 period: T=4.654(=2rny) )

1.5
‘rr = ‘005(40} r

-1.5

Fig. 21 Wave of leaf function |r|*=|cos(46)|

(1 period: T=n/4%2)

15 7

r = cleaf,(1) 1

-1.5

Fig. 22 Wave of leaf function r=cleafs(l)

(1 period: T=4.529(=2xs))
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157

‘r‘s :‘005(581

-15

Fig. 23 Wave of leaf function |#|°=|cos(50)|
(1 period: T=n/5%2)

o o

r= cleaj;m(l)

Ty 30 H
2 T 2 27,0, l

<55

Fig. 24 Wave of leaf function r=cleafioo(l)
(1 period: T=4.028(=2m00))

15 7

‘r‘m = cos(lOO()X
05
. z L
50 § 100 o 100 0
-0.07 -0.0 -0j03 -0,01 0.01 0.03 .05 % 0.07
: 05

-1.5
Fig. 25 Wave of leaf function |#|/*=|cos(100 8)|
(1 period: T=r/100%2)

5. Relation between the function cleafn(l) and the
function sleaf(1)

Using Eq. (35) and Eq. (41), the leaf function: cleaf,(l) is
obtained as follows:

‘cos n@‘ = ‘r‘" = ‘cleafn(l)" (51)

The leaf function: sleaf,(!) is also obtained as follows:

[sin n 0| = [F|" = |steaf , (D[’ (52)

The variables 7 and |/ are described later. Using the
trigonometric functions, the relation between sin(n) and

cos(nb) is obtained as follows:
(sinn8y +(cosnd) =1 (53)

Using the above equation, with Eq. (51) and Eq. (52), the

following equation is obtained:

(sinn) +(cosn0) = (i‘sleaﬁ, d )\"jz + (i cleaf, (1)\”)2 (54)
=(cleaf, ()" +sleaf, ()" =1

As shown in Fig. 26, the variables / and / represent the
length at the angle 6. With respect to the angle 6 in the x-y
graph, the arc length / of the function: cleaf,(!) is different
from the arc length [ of the function: sleaf,(I) . The
variable / in the leaf function cleaf,(l) takes the arc length
between the coordinates (x,y)=(1,0) and the point on the
curve by the leaf function: cleaf,(l). On the other hand, the
variable / in the leaf function sleaf,(]) takes the arc length
between the coordinates (x,y)=(0,0) and the point on the
curve by the leaf function: sleaf,(l). For example, the case of
n=2 (the lemniscate curve) is shown in Fig. 26. With respect
to the angle 6=0, the function sleaf, (/) takes r=0 at the
point (x,y)=(0,0). The function cleaf,(l) takes r=1I at the
point (x,y)=(1,0). When the angle 6 increases, the arc length
! increases. The ratio of increase in the leaf function
sleafw(i ) is different from the ratio of increase in the leaf
function cleaf,(l)- Therefore, with respect to the arbitrary
angle 6, The variables of the arc length / and / are not

constantly satisfied with the equation /=1 .

This document is provided by JAXA.



b8 r = cleaf,(l)

o At
e

-

.-

r? ;sin(ﬁ)

Fig. 26 Geometric relation between the leaf
function: cleaf, (/) and the leaf function s/eaf, (/)

The variables in Eq. (54) consist of both the variables / and

[ . We discuss the following equation.

c;il arccos(cleaf())’

:—; cleaf <»J cleaf } (53)

1—(cleaf (1))
=n(cleaf(l))"

The above equation is integrated from 0 to the variable /.

[arccoscteaf (1) ], = [ rlctea(e)) " dr (56)

[arccos(cleaf "] arccos (cleaf(l))" —arccos (cleaf(0))' (57)
=arccos (cleaf(l))" —arccodl) =arccos (cleaf (1))’

Therefore, it is obtained as follows:

(cleaf(l)) = cos(n [!(cteaf(0)” dt) (58)

Using the Eq. (8), the above equation and r=cleaf(l), the

angle 6 in Fig.26 can be described as follows:

n

0= [ (cleaf ) dr (zlarccos(clea];(l))”j (59)

Next, we discuss the following equation with respect to the

variable /.

% arcsin(sleaj,f (Z ))W
__ nsteaf (7)) |1

1- (slea]: (i ))ZW
= n(slea/ﬁ (i ))”71

(60)

- (slea]; (i ))ZW

The above equation is integrated from 0 to the variable /.

[rcsin(stear(0) ], = [ nstear(o)) " dr (61)

[arcsin(sleq/;( ))"]7 =arcsin (sleaf (7))1 —arcsin (sleq/;(O))" (62)
=arcsin (sleaf ( ))1 arcsin(0)=arcsin (sleaf ( ))1

Therefore, it is obtained as follows:
(szeaﬁ(i))r:sir(njo"(szeajg(z))ﬂdtj (63)

Using the Eq. (7), the above equation and 7 =sleaf (i), the

angle 6 in Fig.26 also can be described as follows:

0= J ;(sl eaf(t)" dt (: 1 arcsin(sleq]; (Z ))" j (64)

n

However, Eq.(54) can be described by using only one
variable /. In the case of n=1, the equation is obtained as
follows:

(sleajﬂl))2 +(cleaf(l)) =1 (65)

The above equation is equal to the

equation: (sin(/))’ +(co/)f’ =1 .
arbitrary variable / is satisfied with the following equation:

In the case of n=2, the

(steap(l)) +(cleaf()] +(sleaf()] - (cleas(l)) =1 (66)

In the case of n=3, the arbitrary variable / is satisfied with

the following equation:
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(steaf,(1)) +(cleaf (l ))2 +2- (sleajg (l ))2 . (clea]§ (/ ))2 =1 (67)

(See proof in Appendix) Using the symmetry and the
periodicity of waves in Figs. 14 - 25, the following equations
are obtained:

sleaf , (—1)= —sleaf , (1) (68)
cleaf , (- 1)= cleaf , (1) (69)
sleaf . (”2 " 1) = cleaf , (1) (70)
cleaf (”2 —lj:sleafn (1) (71)
sleaf , (x, —1)= sleaf , (1) (72)
cleaf , (z, —1)= —cleaf , (1) (73)
sleaf , (1 + ”2 n j = cleaf , (1) (74)
cleaf (1 4 ”2 ) = sleaf, (1) (75)
sleaf , (I + )= —sleaf , (I) (76)
cleaf , (I + 7z, )= —cleaf , (1) (77)
sleaf , (I +27,)= sleaf , (I) (78)
cleaf , (I +27,)= cleaf , (I) (79)

The following equations are obtained:

sleaf , (mz,)=0 (m=0,+1,£2,%3,,,,,,,,,,) (80
T
deaf [ " 4 - 3)] - (81)
(m:O, il,izyi?’aaa’yyaa’aa)
T
sleaf [7"(4;% - 1)) =-1 (82)
(m=0, £1,£2,+3,,,,,,,,,,,)
T
cleaf [ " om - 1)) ~0 (83)
(m:O,ilgizyi?’ya”ay,aaaa)
cleafn(Zm/r”):l (84)
(m=0,£1,£2,%3,,,,,,,,,,,)

cleaf (72'”(2m —1))= -1 (85)
(m = 0,i1,i23i3>y’7>7’7>7’)

The constant 7, is obtained by Eq .(42).

6. Derivative of the leaf function

In this section, the derivative of the leaf function is
described. As shown in Fig. 26, with respect to the angle 6,
the length / and the length / represents the arc length / of
the function: cleaf, (I) and the arc length / of the
function: s]eafn(i). As shown in Fig. 26, the variable |
depends on the length /. Therefore, we can regard the
variable / as the function: ()- The sign of the derivative
of the leaf function depends on the range of the length /, and
varies with respect to the range of the length / (See Table 2).
We only discuss the range: 0 =/ =m,/2. Using the formula of
the chain rule of differentiation, the following equation is
obtained by differentiating Eq. (54) with respect to the
variable /.

2n -sleafnznfl(i)'m‘% (86)

+2n - cleaf )" (1)- % 1- c/eqff"(z)}:

Using Eq. (54), the above equation is as follows:

2n - sleaf ,*"™ (f) cleaf (l) 2175 (87)

- 2n-cleaf " (l) sleaf' (f): 0
The above equation is as follows:

dl _ cleaf (1) (88)

dl  steaf," (I

The derivative of the leaf function: cleaf,(l) is obtained as

follows:

%cleafn (1) = =\1 = cleaf " (1) = =sleaf," (I (89)

Eq. (54) is applied to the above equation. Note that the
variable / is different from the variable / . The second
derivative of the leaf function: cleaf,(I) is obtained as

follows:
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d2 _ n—1 2n dl
Wcleafﬂ(l)— n-sleaf () 1—sleaf " (I 7

=—n- cleaf” 1( ) (90)

cleaf H"’l (l )

= steat 0 cleaf (0 s

=-n-cleaf " 1( )

The third derivative of the leaf function: cleaf,(l) is obtained
as follows:

3

d
ﬁ cleaf, (l )

=—n-(2n—1)-cleaf,"*(I)- (— A= cleafnz"(l)) OD

=n- (Zn - 1)- cleafnz"’z(l) 1 - cleaf " (l)

The fourth derivative of the leaf function: cleaf,(l) is
obtained as follows:

4

ecleaf, (1)
=-n-2n-1)-(2n-2)-cleaf 7> (1)- ( 1- cleaf,,z"(l))Z

+n-(2n—l)-cleafﬂz" 2(1) %m

(92)

The above equation is as follows:

%cleafﬂ (7) (93)
=n-(2n-1)-cleaf " (1) {2 —2n+(=2+3n) cleafnz"(l)}

Next, we discuss the derivative of the leaf function:
sleaf”(i ) . By differentiating Eq.(54) with respect to the
variable [ , the following is obtained:

2n-sleaf,f”*l(li)-\/l—sleafnz"‘ﬂ (94)

+2n-cleaf " (1)- {7 1- cleaff"(l)}- % =
The above equation is as follows:

dl  sleaf () (95)
dl  cleaf "'(1)

The first derivative of the leaf function: sleaf, (Z ) is obtained

as follows:

% steaf, (1 )= 1 - sleaf (1) = cleaf ! (1) (96)

Note that the above equation is differentiated with respect to

the variable /. The second derivative of the leaf function

sleaf,, (i ) is obtained as follows:

2

% sleaf, (i )

=n-cleaf(I)- (— 1- cleaf,f"(l)) Zj o7

sleaf ™ 1( )

=n-cleaf,”'(1)- (_ sleaf (Z)) cleaf," (1)

=—n-sleaf," (I 1( )

The third derivative is obtained as follows:

3

d _
ﬁ sleafn (Z ) (98)

=—n-(2n—1)-sleaf "* (i) NI sleafnz"iii

The fourth derivative is obtained as follows:

4

d _

Wsleqfn(l)

=—n-(2n—1)-(2n-2)- sleaf " 3( ) (wll—sleafz"il ')Z
—n~(Zn—l)~sleafn2"’2(i)~wwll—sleaff"iﬂ

241 —sleaf,f”il '

99)

The above equation is as follows:

d* (7

Wsleafn(l)

=n-(2n—-1)-sleaf "> (f) {2 —2n+(3n—2)sleaf " (i)}
(100)

7. Addition theorem of leaf function

The addition theorem of leaf functions is described. In the
case of n=1 in Eq. (1), the functions that are satisfied with
an ODE are the trigonometric functions: sin(l) and cos(l).
Using the leaf function, the addition theorem is described as
follows:
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Sleafl(ll * 12): SZQQf1(11 )deafl(lz )i Sleafl(lz )Cleafl(ll) (101)
cleaf (I, +1,) = cleaf (I, \eleaf (1, ) F sleaf (1, )sleaf (1, ) (102)

In the case of n=2, the addition theorem of the leaf function

is described based on the theorem of the elliptical function.

_ sleaf, (1, )sleaf;(l, )+ sleaf;(l, )sleaf, (1)
sleaf s 2 )= et () et ()7

_ sleaf (ll)\/l ~ (Sleaf2 (Zz ))4 + sleaf, (Zz)\ll - (sleafz (11 ))4

1+ (Sleafz (ll ))2 (Sleafz (12 ))2

(103)
_ cleaf, (ll )sleaf2' (l2 ) * cleaf, (ll )sleqf2 (12 )
B 1+ (cleaf , (1,)) (sleaf , (1,))

_ cleaf , (i, W1~ (sleaf ,(1,))' F steaf , (1, W1~ (cleaf , (1,))'
1+ (cleaf ,(1,)) (steaf , (1, )]

cleaf, (I, £1,)

(104)

In the above equation, the superscript prime * of the leaf
function represents the derivative with respect to the variable
I. The sign of the derivative of the leaf function varied
according to the range of the arc length /. As the range is 0 =
| =m,/2, we discuss the above equation. In the other range of
the variable /, given in Table 2 and Table 3, note the sign of

the derivative of the leaf function.

8. Conclusion

In the first report, the leaf function sleaf,(l) is defined. In
this report, the leaf function cleaf,(l) is defined. The relation
between the leaf function: cleaf,(I) and the function: sleaf,(I)

is presented.

References

[1]Paul F. Byrd and Morris D. Friedman: Handbook of
Elliptic Integrals for Engineers and. Scientists, Second ed.,
Springer-Verlag, New York, 1971.

[2]Umberto Bottazzini and Jeremy Gray: Hidden Harmony -
Geometric Fantasies. Springer, New York, 2013.

[3]J. Stillwell: Mathematics and Its History, Springer-Verlag,
New York, 1989.

[4] A. C. Dixon: The Elementary Properties of the Elliptic

Functions, with Examples, Macmillan, London, 1894.

[5T A. G. Greenhill: The Applications of Elliptic Functions,
Macmillan, London, 1892.

[6] H. McKean and V. Moll: Elliptic Curves: Function
Theory, Geometry and Arithmetic. Cambridge University,
1999.

[7] James Booth: The Theory of Elliptic Integrals, Book on
Demand Ltd. , 2013.

[8] P. Franklin, W. E. Byerly and I. Todhunter: Elliptic
Integrals - A Selection of Classic Mathematical Articles
Containing Examples and Exercises on the Subject of
Calculus (Mathematics Series), Burrard Press, 2012.

[9] N. L. Akhiezer: Elements of the Theory of Elliptic
Functions (Translations of Mathematical Monographs),
American Mathematical Society, 1990.

[10]Derek F. Lawden: Elliptic Functions and Applications
(Applied Mathematical Sciences), Springer, 1989.

Appendix A

In the case of =2 and 3 in Eq.(1), the Taylor expansion
of the leaf functions are described in the appendix. These
Taylor expansions are satisfied with Eq. (1), Eq. (66), and
Eq. (67). The Taylor expansion of the leaf function is created
by deriving the leaf function. First, in the case of n=2, the
first derivative of the leaf function sleaf>(l) is obtained as

follows:

%sleqf2 ()= m [: cleaf? (j)— 2cleaf, (1) J

1+cleaf (1)

(AD)

The second derivative of the leaf function sleaf>(l) is

obtained as follows:
d’ : (A2)
7 Slea (1)=—2-sleaf; (1)

The third derivative of the leaf function s/eaf>(l) is obtained

as follows:

szs’e“f ()= ~6-steaf 2(1)- 1 - steaf (1) (A3)

The fourth derivative of the leaf function sleaf>(l) is obtained
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as follows:
d 4
“rsleaf (1) =12 sleaf , (1) (~ 1+ 2slear (1)) (A4)

The fifth derivative of the leaf function sleaf>(I) is obtained
as follows:

5

:1115 sleaf,(1)=12-(~1+10-sleaf} (W1~ sleaf ' (1) (AS)

The sixth derivative of the leaf function sleaf>(l) is obtained
as follows:

6

%sleafz (1)=725leaf,} (17 ~10sleaf (1)) (A6)

The seventh derivative of the leaf function sleaf>(l) is
obtained as follows:

7

d
i sleaf (l) (A7)

= 504sleaf? (1)3 —10steaf} (W1 - steaf (1)

The eighth derivative of the leaf function sleaf(l) is
obtained as follows:

%sleaf (1) (A8)
=1008 sleaf, (l)(3 —36sleaf ' (1) + 40sleaf (Z))

The ninth derivative of the leaf function s/eaf>(l) is obtained

as follows:

WSI@C.’/@ (l) (A9)

=3024(1 - 60sleaf (1) + 120 sleaf * (N1 - sleaf,' (1)

The tenth derivative of the leaf function sleaf>(l) is obtained
as follows:

= sleaf, ()
= —6048 sleaf,’ (I \121 — 660 sleaf; (1) + 600 sleaf (1))

(A10)

The eleventh derivative of the leaf function sleafs(l) is
obtained as follows:

dll

Wsleaf2 (l)

= ~199584 sleaf 2 (1)1 - 140sleaf (1) + 200 sleaf * (I )W1 - steaf; (1)

(All)

The twelfth derivative of the leaf function sleaf>(l) is
obtained as follows:

12

d )
W sleaf’, (l )

= 399168 (~ 11sleaf, (I)+ 442sleaf ; (1)~ 1560 sleaf, (I)+ 1200 sleaf (1))

(A12)

The thirteenth derivative of the leaf function sleaf>(l) is
obtained as follows:

13

d” .
Wﬂe@/‘z(l)

=399168 {~ 11+ 130sleaf,* (117 - 108sleaf * (1) + 120 leaf * (1)W1 - steaf (1)

(A13)

It continues in the same way below. The Taylor expansion is
obtained as follows:

sleaf, (1) = sleaf,(0)+ 11'(:1'11 sleaf’, (O)]I

1(d’ 1(d’
+ z'(dlzsleafz (0)][2 + y(dlzsleafz (O)JZS +
(A14)

drv

1, 12,5 3024, 4390848

T 9 13!
st Lp I s o)
100 1200 15600

13
...... + lly(dslequ (0)]/13 + 0([17 )

L 0(117 )

The symbol O represents the Landau symbol. The symbol

O(1”) represents the order of the error.

The difference: slequ(l)—(l—iluil" 11 lmj is
10 120 15600

within |/|/” when the variable / is sufficiently close to 0. The
polynomial of Eq. (A14) is differentiated as follows:

3 11

d2
sleaf ()= =21 + 20— I+ olr®) (A15)

Using Eq. (A14), the equation is obtained as follows:
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=2 (sleaf, (1))

PP B S | B |
=2 =P —— 1"+ 0(1")
100 120 15600

(A16)
=3y o()
50100

Through the results of both Eq. (A15) and Eq. (A16), the
leaf function: sleaf>(l) is satisfied with Eq. (1). Next, the
Taylor expansion is applied to the leaf function: cleaf>(l).
The first derivative of the leaf function cleaf>(l) is obtained

as follows:

d
7 cleaf,(I)

__h_ 4 - _ (7 _—M
- m[_ steaf(1)= 1+sleaf22(l)j

(A17)

The second derivative of the leaf function cleaf>(l) is

obtained as follows:

2

% cleaf,(1)= -2 cleaf; ()

(A18)

The third derivative of the leaf function cleaf>(l) is obtained

as follows:

j%cleaf L(1) = 6-cleaf (1)1 - cleaf (1) (A19)

The fourth derivative of the leaf function cleafs(l) is

obtained as follows:

571 cleaf,(1) =12 cleaf, (I)- (- 1+ 2cleaf } (1)) (A20)

The fifth derivative of the leaf function cleaf>(l) is obtained

as follows:

(A21)

5755 cleaf, (1) = 12(1 = 10cleaf } (I )W1 ~ cleaf; (1)

The sixth derivative of the leaf function cleaf>(/) is obtained

as follows:

6

% cleaf, (1) = 72cleaf; (I1\7—10cleaf (1))

(A22)

The seventh derivative of the leaf function cleaf>(l) is

obtained as follows:

7

d
Wcleaf L(0)

= 504cleaf,’ (I)-3+10cleaf, ()1 - cleaf ' (1)

(A23)

The eighth derivative of the leaf function cleaf>(l) is
obtained as follows:

8

%cleafz (1)= 1008 cleaf, (1)3 - 36cleaf (1)+ 40cleaf (1))

(A24)

The ninth derivative of the leaf function cleaf>(l) is obtained

as follows:

d 9
i cleaf, (1)

= —3024/1 - cleaf } (1)(1 - 60cleaf ' (1) + 120cleaf £ (1))

(A25)

The tenth derivative of the leaf function cleaf>(l) is obtained
as follows:

(A26)
= —6048 cleaf (I 121 — 660cleaf’; (1) + 600 cleaf (1))

The eleventh derivative of the leaf function cleafs(l) is

obtained as follows:

11

d—ll cleaf, (i )

di
= 199584 cleaf 2 (1)1 - 140cleaf ' (1) + 200 cleaf * (N1 - cleaf (1)
(A27)

The twelfth derivative of the leaf function cleaf>(]) is

obtained as follows:

12

d
i clea )
=399168 cleaf, (I){~11+ 2cleaf, (1221 - 780cleaf (1) + 600 clear (1))}

(A28)
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It continues in the same way below. The Taylor expansion is
obtained as follows:

cleaf, (1) = cleaf,(0)+ 11'(5 cleaf, (o)jz

;(j; cleafz( )J +— ! (:1112 cleafz(O))
------ L [dlz cleaf,,(0 )Jl” +o(")

12! 41 (A29)

Li2p 12 26, T,

2! 4 6! 8!
368928 i 28340928 /2y 0(114)

10! 12!
SRR R L

2 10 40
_ illo n 71 "2 0(114)
600 1200

Using the above polynomial, the following equation is
obtained:

d? 49
! [)=-2+6/>-9/"+
i cleaf>(1)= 5! (A30)
183 78l 1253 o)
20 100 200
The following equation is obtained by Eq. (A29).
~2-(cleaf, (1))
3
= —2.(1 el S T Ol T e 0(1”))
2 10 40 600 1200

49 ¢ 183 4

=246 01+ T ¢ BBLpo 1253 iy o)

20 100 200
(A31)

By both Eq. (A30) and Eq. (A31), we find that the Taylor
expansion of the leaf function: cleaf>(l) is satisfied with
Eq.(1). On the other hand, by substituting Eqs. (A32)-(A34)

to Eq. (66), all terms are cancelled except for “ 1 ™.

(cleqf 5 (l ))2

=(1—12 clp B, T Sy T e

2
40 600 1200 O( ]4))
8 6

=1-20+20" =21+ =1° - 64 44
5 5

7110

s 21 0()

(A32)

(steaf, (1)) (1 - 715

:12_116+l110_ill4
5 75 325

2
L 1B+ ols
1200 15600 ( )j (A33)

+o(r™)

(steaf, (1)) - (cleaf, (1))
oot 2 8 O A
5 5 75 75

(A34)

ofr)

Therefore, a Taylor expansion can be used to satisfy these
equations with Eq. (66).
Next, in the case of n=3, the Taylor expansion is applied
to the leaf function. The first derivative of the leaf function
sleaf(l) is obtained as follows:

(A35)

% sleaf (1) = /1 - sleaf { (1)

The second derivative of the leaf function sleafi(l) is

obtained as follows:

2

—7 sled’ (1)=-3-sleaf (1) (A36)

The third derivative of the leaf function sleafi(l) is
obtained as follows:

3

< steaf (1) - (A37)

—15 - sleaf ! (1)- \[1 - sleaf (1)

The fourth derivative of the leaf function sleaf(l) is
obtained as follows:

4

%sleaf3 (1)=15 - sleaf (l) (— 4+ Tsleaf { (l)) (A38)

The fifth derivative of the leaf function sleaf3(l) is
obtained as follows:

5
s sleaf (1) = 45sleaf ; (1)~ 4+ 21sleaf* (N1 = stear £ (1)

(A39)

The sixth derivative of the leaf function sleafs(!) is obtained
as follows:
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6

%Sieafs (l) = —45sleaf ([)(8 _ 188S1€af36 (l)+ 23 lsleaf;z (l))

(A40)

The seventh derivative of the leaf function sleaf3(l) is

obtained as follows:

d7
dl—7sleaf B (l )
= —45{8 + Tsleaf £ (1)~ 188 + 429 sleaf £ (1)1 - sleaf £ (1)

(A41)

The eighth derivative of the leaf function sleafs(l) is
obtained as follows:

5788 sleaf, (l )
= 2025 sleaf{ (1){176 + Tsleaf* (1)~ 152 + 143 sleaf £ (1))}
(A42)

The ninth derivative of the leaf function sleaf;(l) is obtained

as follows:

37993 leaf, (Z )
= 22275 sleaf  (1){80 + Tsleaf (1)~ 152 + 221 sleaf (1)W1 - sleaf £ (1)
(A43)

The tenth derivative of the leaf function sleaf3(!) is obtained

as follows:

0

dl
Wde‘?fz(l)

= —22275 sleaf; (I){- 320 + Tsleaf  (1)1600 — 5512 sleaf £ (1)+ 4199 sleaf (1))}

(A44)

The eleventh derivative of the leaf function sleafi(l) is

obtained as follows:

11

%Si@afg (1)=—66825 sleaf } (I W1 - sleaf £ (1)

x {320 + Tsleaf £ (1Y4800 — 27560 sleaf £ (I)+ 29393 sleaf (1))}
(A45)

The twelfth derivative of the leaf function sleafs(l) is
obtained as follows:

12

dl[z Sleaf}(l)
(A46)
= 42768000 sleaf, (1)-1806948000 0 sleaf’’ (1)

+2051848260 00 sleaf,”(I)- 4941481545 00 sleaf,” (/)
+3162341432 25 sleaf,” (1)

The thirteenth derivative of the leaf function sleaf3(l) is
obtained as follows:

13
%slea]% (1) = 334125 /1 - sleaf* (1)
x (128 -378560 sleaf | (I)+ 7983248 sleaf,(l)
- 28099708 sleaf* (I)+ 23661365 sleaf * (1))

(A47)

It continues in the same way below. Using the Taylor

expansion, the polynomial is obtained as follows:

1, 360 42768000
Sl€0f3(l)=ﬁl—7l7 +T

_ 91085517;68 0000 7 +0<125)
’ (A48)
g5 e 145,
14 728 193648
4663 5 3111273 P
54221440 3059173644 80
2 0(143)

113

77686677
6338607792 0256

Using the above polynomial, the following equation is
obtained as follows:

d? 15 1305
= _sleaf.(1)==30° +—1" ———1" + O(1*
di? /(1) 14 5096 ( )

(A49)

Using Eq.(A48), the following equation is obtained:

—3-(sleaf, (l))5

:4(p1ﬂ+f‘w_1“

1"+ o
14 728 193648

=3 D B e o)
14 509

5 (AS0)
)

Next, the Taylor expansion is applied to the leaf function:
cleaf(l). The first derivative of the leaf function cleafs(l) is
obtained as follows:
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(A51)

%czea]g (1)= —\1-clear s (1)

The second derivative of the leaf function cleafi(l) is

obtained as follows:

2

b cleaf ,(I)=—3-cleaf (I

o (A52)

The third derivative of the leaf function cleafi(l) is

obtained as follows:

3

% cleaf (1) =15 - cleaf } (1)1 - cleaf (1)

(A53)

The fourth derivative of the leaf function cleaf3(l) is

obtained as follows:

4

e (A54)

cleaf,(1)=15-cleaf} (1)- (- 4 + Tcleaf £ (1))

The fifth derivative of the leaf function cleafs(l) is

obtained as follows:

dS
Ecleaf3 )

= 45cleaf (l)(4 - 2lcleaf (l) 1 - cleaf’! (l)

(A55)

The sixth derivative of the leaf function cleafi(l) is

obtained as follows:

dG
ra cleaf, (l )
= —45cleaf, (1)8 — 188cleaf £ (1) + 231cleaf,* (1))

(A56)

The seventh derivative of the leaf function cleafs(l) is
obtained as follows:

5—177 cleaf’, (l )
= 455sleaf ([ )8 + Tcleaf (1)~ 188 + 429 cleaf £ (1))}

(A57)

The eighth derivative of the leaf function cleaf(l) is

obtained as follows:

dR
T cleaf (1)
= 2025 cleaf (1176 + Tcleaf £ (1)~ 152 +143cleaf s (1))}

(A58)

The ninth derivative of the leaf function cleafs(l) is

obtained as follows:

d9
4 et ()

= 22275 cleaf! (180 + Tcleaf* (I \~ 152 + 221cleaf s (1)W1 - cleaf s (1)
(A59)

The tenth derivative of the leaf function cleafs(l) is obtained
as follows:

10

% cleaf (l) =-22275 cleaf (l)

{2320 + Telear (11600 — 5512 cleaf (1) + 4199 cleaf,* (1))}
(A60)

The eleventh derivative of the leaf function cleafs(l) is

obtained as follows:

11

%cl@qfs (1)= 66825 cleaf (I W1 - cleaf (1)

A+ 320 + Tcleafs (14800 — 27560 cleaf 1)+ 29393 cleaf,” (1))}

(A61)

The twelfth derivative of the leaf function cleaf;(l) is

obtained as follows:

dlZ
W
- 1806948000 Ocleaf,’ (I)+ 2051848260 00 cleaf,* (1)

- 4941481545 00 cleaf® (I)+ 3162341432 25 cleaf,” (1)

cleaf (1) = 42768000 cleaf, (1)
(A62)

It continues in the same way below. Using the Taylor
expansion, the polynomial is obtained as follows:
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3., .45, 2295
cleaf,(l)=1 2!1 o I o !
N 228825 S 37622475 oy 9244102725 e
8! 10! 12!
3173993373 375 it +0( 16) (A63)
14!
= l—él2 1—514 ﬂl"’
2 8 16
+ 5085 o 18579 /04 138333 e
896 1792 7168
_ 47497095 My 0( 15)
1304576
Using Eq. (A63), the following equation is obtained:
d? 45 765 5085
—cleaf.(l)=-3+—1" —— "+ —]f
dr’ /(l)=- 2 8 16 (A64)
836055 o 4564989 o O(l”)
896 1792

Using Eq. (A63), the following equation is obtained:

=3 (cleaf s (1))

5
-3 -(1—312 $ 100 3Ly 3085y 18579 juo (e ))
28 16 8% 1792
4. 712 765 ., 5085
8 16
_836055 4 4569989 0 i)
896 1792

(A65)

By Eq.(A64) and Eq. (A65), the polynomial of the leaf
function by Taylor is satisfied with Eq. (1). The following
equation is obtained by substituting the polynomial in Eq.
(67).

(cleaf, (1))
=[1_§/2 15,4 51,5 5085 . 18579 , 138333 /‘%0(/”))
8§ 16 896 1792 7168
=1-312 461" —120° + 1711 ?1 7081 +o(i™)
(A66)
2
145
sleaf ,(/ l——l7 113— ¥ +o(”
(stear (1)) ( 728 193648 )
_p L 12 0 30 oy 10865 )
7 637 12103 70487872
(A67)

2(sleaf3 (1))2 : (cleaf3 ( ))2 (A68)

=21 61" +121° - 1;01 +¥z“’—¥112+0( )

By substituting Egs. (A66)-(A68) in Eq. (67), all terms are
cancelled except for ““ 1 ”. Therefore, a Taylor expansion can
be used to satisfy these equations with Eq. (67).

Next, in the case of n=4, the Taylor expansion is applied
to the leaf function. The first derivative of the leaf function

sleafs(l) is obtained as follows:

(A69)

%sleaf4 (1)= 1 =sleaf }(1) = cleaf ! (i)

The second derivative of the leaf function sleafy(l) is
obtained as follows:

2

i sleaf ()= —4 - sleaf ] (1)

(A70)

The third derivative of the leaf function sleafy(l) is
obtained as follows:

3

d—3 sleaf (1) = =28 - sleaf { (1) \J1- sleaf (1)

dl

(A71)

The fourth derivative of the leaf function sleafy(l) is
obtained as follows:

4

< sleaf ()= 56  sleaf (1) (~3+5stear ) (1))

(A72)

The fifth derivative of the leaf function sleafy(l) is
obtained as follows:

5

j 3leaf4 ZSOAIeaf4 l)(—3-%—13sleaf4 Nl sleaf (A73)

The sixth derivative of the leaf function sleafy(l) is obtained
as follows:

d()

o (1)=—1120sleaf ; (1)3 — 45sleaf } (1)+ 52sleaf ) (1))

(A74)

The seventh derivative of the leaf function sleafy(l) is
obtained as follows:
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7
%szeaﬂ (1)=—1120sleaf 2 (I 1 - sleaf £(I)

(9 - 495slear X (1) + 988 sleaf (1))

(A75)

The eighth derivative of the leaf function sleafi(l) is
obtained as follows:

8
%sleaﬂ (1)= 2240 sleaf, (1)

(- 9+ 2502 sleaf (1)~ 12357 sleaf 1 (1)+ 10868 sleaf * (1))
(A76)

The ninth derivative of the leaf function sleafi(l) is obtained

as follows:

9
% sleaf (1) = 22401 - sleaf (l)
(- 9+ 22518 sleaf } (1) - 210069 steaf (1) + 271700 sleaf (1))
(A77)

The tenth derivative of the leaf function sleafy(l) is obtained
as follows:

10

dll()
(1287 + 25938 steaf (1)~ 76587 sleaf \* (1) + 54340 sleaf * (1))

(A78)

sleaf (1) = —313600 sleaf ] (1)

The eleventh derivative of the leaf function sleafy(l) is

obtained as follows:

dll
W
-(~9009 + 389070 steaf (1)~ 1761501 sleaf 1 (1)+ 1684540 sleaf * (1))

(A79)

sleaf (1) = —313600 sleaf f (I 1 - sleaf £ (1)

The twelfth derivative of the leaf function sleafy(l) is
obtained as follows:

12
;17 sleaf (1) = 627200 sleaf 3 (1)
27027 + 17sleaf }(1){-162855 +13slear ) (1103521 — 217953 sleaf }(1)+ 129580 szeaf;“(l))}]

(A80)

The thirteenth derivative of the leaf function sleafy(l) is
obtained as follows:

13
jlﬁszea/; (1)= 8153600 steaf (I /1 - sleaf (1)

{10395 + 17 sleaf $(1)~ 162855 + 2173941 sleaf { (1) - 6320637 sleaf }* (I)+ 4794460 sieaf * (1))}

(A81)

It continues in the same way below. Using the Taylor

expansion, the polynomial is obtained as follows:

] 7 77
leaf (I)=1——1" + 17 _
steaf (1) 110160

o) (A82)
18" 1224

Using the above polynomial, the following equation is
obtained:

d? 14 385

—sleaf ,(I)=—-41" + —1° - — 1" + O(I"! (A83)
Using Eq. (A82), the following equation is obtained:
-4 (sleaf 4 (l ))7
7 (A84)
= —4(1—119 b T ps +0(1”)}
18 1224 110160

385

—ar M 38 o)
9 918

We can find that the leaf function sleafs(l) is satisfied with
Eq. (1).
Next, the Taylor expansion is applied to the leaf
function: cleafy(l). The first derivative of the leaf function
cleafy(l) is obtained as follows:

(A85)

% cleaf (1) = =1 - cleaf (1)

The second derivative of the leaf function cleafy(l) is

obtained as follows:

2

e cleaf ,(I)=—4-cleaf, (1)

= (A86)

The third derivative of the leaf function cleafi(l) is
obtained as follows:

3

%deaﬂ (1)= 28 cleaf £ (1)1 - cleaf } (1)

(A87)

The fourth derivative of the leaf function cleafy(l) is
obtained as follows:
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371 cleaf (1) = 56 - cleaf (1) (- 3+ 5clear }(1)) ~ (A88)

The fifth derivative of the leaf function cleafy(l) is
obtained as follows:

d5
s cledl (7) (A89)

= 280cleaf (I3 - 13cleaf SN ~ cleaf (1)

The sixth derivative of the leaf function cleafy(l) is
obtained as follows:

dG
e cleaf(0) (A90)

=—1120cleaf, (l)(3 —45cleaf} (l) + 52cleaf (l))

The seventh derivative of the leaf function cleafy(l) is

obtained as follows:

7
% cleaf (1) =1120cleaf (I W1 - cleaf (1)

(9 - 495clear (1) + 988 clear (1))

(A91)

The eighth derivative of the leaf function cleafy(l) is
obtained as follows:

8
% cleaf (1) = 2240 cleaf, (1)
(- 9+ 2502¢lear } (1)~ 12357 cleaf (1) + 10868 cleaf 2 (1))
(A92)

The ninth derivative of the leaf function cleafy(l) is

obtained as follows:

9
%cleaﬂ (1) = —2240 /1 - cleaf £(1)

(- 9+ 22518 clear ! (1) - 210069 cleaf \* (1)+ 271700 cleaf (1))
(A93)

The tenth derivative of the leaf function cleafy(l) is obtained
as follows:

10
% cleaf,(I)=—313600 cleaf, (I)

(-1287 + 25938 cleaf (1) - 76587 cleaf [ (1) + 54340 cleaf (1))
(A94)

The eleventh derivative of the leaf function cleafy(l) is

obtained as follows:

11
%cleaﬁ, (1) = 313600 cleaf £ (1)1 - cleaf (1)

-(~9009 + 389070 cleaf £ (1)~ 1761501 cleaf 1 (1)+ 1684540 cleaf (1))

(A95)

The twelfth derivative of the leaf function cleafy(l) is
obtained as follows:

12
:]u cleaf ,(I) = 627200 cleaf * (1)

-[27027 + 17 cleaf F (1)~ 162855 + 13clear ()103521 - 217953 cleaf { (1) + 129580 cleaf ,* (1)]

(A96)

It continues in the same way below. Using the Taylor

expansion, the polynomial is obtained as follows:

cleaf (1) =1— 22 4 12 o 11200 5 2248960

2! 4! 6! 8!
_ 753894400 1, 3802086400 00 12 1)

10! 12!
g Ay 14040 502 4
3 9 9
_16828 1y 2121700 1 10)
81 2673
(A97)

Using the above polynomial, the following equation is

obtained:
d? 1400 28112
= cleaf,(l)= -4 +561> - ——]* + Z—=°
dr’ /() 3 9 (A98)
B 1689280 s 848861800 A 0(112)

Using Eq. (A97), the following equation is obtained:

=4 (cleaf , (1))

14,0140

:—3»(1—21%?14— 5 4202 s 16828

9 81
_ 3,45, 765, 5085 83605

2 8 16 896

16

7
| 2121700 o)
2673

4564989 1, o)
1792

(A99)
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We can find that the leaf function cleafy(l) is satisfied with
Eq. (1).

Next, in the case of n=3, the Taylor expansion is applied

to the leaf function. The first derivative of the leaf function

sleafs(l) is obtained as follows:

(A100)

%sleaf5 (l)= m = cleaf S (i)

The second derivative of the leaf function sleafs() is
obtained as follows:

c%zzsleafs(l)= ~5-sleaf (1) (A101)

The third derivative of the leaf function sleafs(l) is
obtained as follows:

(A102)

j%sleaf (1) =—45-sleaf (1) |1 - sleaf (1)

The fourth derivative of the leaf function sleafs(l) is
obtained as follows:

6‘;713165#5 (1)=45-sleaf (1) (-8 + 13slear (1)) (A103)

The fifth derivative of the leaf function sleafs(l) is
obtained as follows:

5

%sleaf J(1) = 45sleaf £ (1)~ 56 + 221 sleaf ° (N1 - sleaf (1)

(A104)

The sixth derivative of the leaf function sleafs(l) is obtained
as follows:

d6

Wsleaf5 (l )

= —135sleaf (1112 — 1384 sleaf ) (1) + 1547 sleaf (1))
(A105)

The seventh derivative of the leaf function sleafs(l) is
obtained as follows:

%sleaf (1) =—=675sleaf } (IW1 - sleaf (1)

(112 - 4152 slear* (1)+ 7735 sleaf (1))

(A106)

The eighth derivative of the leaf function sleafs(l) is
obtained as follows:

8
%sleaf5 (1)=675sleaf (1)
(- 448 + 59136 sleaf " (1) 264528 sleaf * 1)+ 224315 sleaf (1))
(A107)

The ninth derivative of the leaf function sleaf5(l) is obtained

as follows:

)

% sleaf (1) = 2025 sleaf > (1)W1 - sleaf (1)

(- 448 + 256256 sleaf (1) — 2028048 sleaf (1) + 2467465 sleaf >’ (1))
(A108)

The tenth derivative of the leaf function sleafs(l) is obtained
as follows:

10
jﬁsleaf J(1)= 2025 sleaf , (1)-(896 — 3078208 sear (1)

+ 48973408 sleaf (1)~ 133716176 sleaf > (I)+ 91296205 sleaf (1))
(A109)

The eleventh derivative of the leaf function sleafs(l) is
obtained as follows:

1
%sleqﬂ (1) = =2025 )1 = stear * (1)

896 + 11steaf [* (1Y~ 3078208 + 93494688 sleaf )* (1)~ 376836496 sleaf® (I)+ 340285855 sleaf * (1))}

(A110)

It continues in the same way below. Using the Taylor

expansion, the polynomial is obtained as follows:

iln _ 267 131

!
leaf (1) =1 ———1" +
steaf (1) =1- 1"+ el =0T

136545 0, ol
1515764096

(A111)

Using the above polynomial, the following equation is

obtained:
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d’ 45 4005
~—sleaf(I)= =51° +—=1" - ——1%
di* /() 22 6776 (A112)
L 082725 5 0(149)
4621232

Using Eq. (A111), the following equation is obtained:

75-(sleaf5(l))9

:_5,[,_L111+i121_ 267 i, 136545 ., (51)9
22° 616 420112 1515764096

45 04005 1 | 682125 iy 1)

2 6776 4621232

=-5I°+

(A113)

We can find that the leaf function sleaf5(l) is satisfied with
Eq. (1).
Next, the Taylor expansion is applied to the leaf function:
cleafs(l). The first derivative of the leaf function cleafs(l) is
obtained as follows:

(Al114)

%cleafS (1) = =1 -cleaf, (1)

The second derivative of the leaf function cleafs(l) is

obtained as follows:

j%cleafs (1)==5-cleaf’ (1) (A115)

The third derivative of the leaf function cleafs(l) is
obtained as follows:

3

%cleafs (1) = 45 - cleaf (1) \1 - cleaf (1)

(A116)

The fourth derivative of the leaf function cleafs(l) is
obtained as follows:

4

%cleafs (1)=45-clear] (1)-(- 8+ 13cleaf (1)) (A117)

The fifth derivative of the leaf function cleafs(l) is

obtained as follows:

dS
ﬁcleaf5 (1)

= 45cleaf ()56 — 221cleaf * ()1 - cleaf (1)

(A118)

The sixth derivative of the leaf function cleafs(l) is obtained
as follows:

d()

Wcleaf § (l )

= —135cleaf { (1)112 —1384cleaf [ (1) +1547 cleaf (1))
(A119)

The seventh derivative of the leaf function cleafs(l) is
obtained as follows:

7
%cl@af_.; (l) = 675cleaf ! (l) 1—cleaf )’ (l) (A120)

(112 = 4152.clear 2 (1)+ 7735 cleaf 2 (1))

The eighth derivative of the leaf function cleafs(l) is
obtained as follows:

8
% cleaf (l) =675cleaf ] (/)
(- 448 + 59136 cleaf ,° (1) - 264528 cleaf * (I)+ 224315 cleaf* (1))
(A121)

The ninth derivative of the leaf function cleafs(l) is obtained

as follows:

9
cj’TgCleafs (1)= —2025cleaf } (I W1 - cleaf (1)
(- 448 + 256256 cleaf ® (1) - 2028048 cleaf ° (1) + 2467465 cleaf ° (1))
(A122)

The tenth derivative of the leaf function cleaf5(l) is obtained
as follows:

le

dllO

+ 48973408 cleaf 2 (1)~ 133716176 cleaf* (I)+ 91296205 cleaf * (1))
(A123)

cleaf () = ~2025 sleaf  (1)- (896 — 3078208 cleaf (i)

The eleventh derivative of the leaf function cleafs(l) is
obtained as follows:

11
%cleafs (1) = 20251 = cleaf (1)

{896 + Licleaf,” (1)~ 3078208 + 93494688 cleaf " (1) 376836496 cleaf ' (I)+ 340285855 cleaf > (1))}

(A124)
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It continues in the same way below. Using the Taylor

expansion, the polynomial is obtained as follows:

czeqfs(l):l—izz+E14—@16
28 16 (A125)
L 277125 3476125 4 0(2)

896 1792

Using the above polynomial, the following equation is

obtained:
d? 225 12375
—cl =5+ _=——
dlzcequ() + 2 8 (A126)
N 277125 o 156425625 /S +0(l’°)
16 896

Using Eq.(A125), the following equation is obtained:

=5 (cleaf (1))
75, 825

9
_ s .(1_512 L7540 825 ¢ 277125 o 3476125 +O(]12)j
20 8 16 896 1792
5, 225, 12375, 277125 156425625 voli™)
2 8 16 896

(A127)
We can find that the leaf function cleafs(l) is satisfied with
Eq. (1).
Appendix B

We prove that Eq. (67) is satisfied with respect to the
arbitrary variable /. The following equation is considered.

i +2-x7 -yt =1 (B1)

By solving the above equation with respect to the variable y,

the following equation is obtained:

1-x?
YT 20 (B2

The above equation is differentiated with respect to the

variable x.

@ 3x (B3)

(14222 fiI—

By multiplying 1+ x? +x* in both the numerator and

denominator, the following equation is obtained.

d 3cyl+ 0% +x*

T N (B4)
Bl 4

1+ 2 i xt

Using Eq. (B2), the following equation is obtained.

3
1 1 _ (+2x?) (BS)
J1-y° —2 ) 3avl+a®+x?
1-
( 1+2x2]

By Eq.(B4) and Eq.(B5), the ODE is obtained as follows:

dy @ (B6)

The following equation is defined.

x = cleaf, (l) (B7)

y = sleaf (1) (B3)

Eq. (B7) is differentiated with respect to the variable /.

% = —\/l — cleafy (l) =J1-x° (B9)

Eq. (B8) is differentiated with respect to the variable /.

D = steaf 1) = 1= (B10)

By substituting both Eq. (B9) and Eq. (B10) in Eq. (B6), the
following equation is obtained.
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dy N ax 1 dy N 1 ﬂdl
JI=y* N1=x* oy dl o 1-xt dl
1=yt dl N1=xdl

N

(B11)

By satisfying Eq.(B6), the Eq.(B7) and Eq.(B8) are satisfied
with Eq. (B1).

4yt +2-xty°
= (cleaf, (1)) + (sleaf, (1)) +2- (cleaf, (1)) - (sleaf, (1))
1

(B12)
Appendix C
The Euler’s formula is as follows:
'’ =cos(0)+isin(9) (C1)

Using the Euler’s formula, we can obtain the relation
between the complex exponential function and the leaf

function.

inf!(clea / y,
¢ lolcleat, () —cos(nj cleaf ldtj

0

+isin( I (cleaf, (1)) ]dtj

(C2)
- cos(n [/ (ctear, (1)) dt)
2
+ i\/l - {cos(n_[;(cleafn () dtj}
Using the Eq. (58), the above equation is as follows:
ei'nj‘/'(dw."(’)) a (cleafn (l ))” +i/1- (cleafn (l ))M (C3)

By taking the /og. of both sides of the above equation, we

can make another equation:

[+ (cleaf, (¢)) " d =——log {(cleafn(l))” +i 1—(cleaf”(l))2"}
(C4)

In the same way, the relation between the leaf function:
sleaf,() and the complex exponential function can be

derived:

ei-nh’w(xleqfn(f))”" dt —+J1— (sleaf,, (1))2n " i(sleafn (1))n (CS)

By taking the log. of both sides of the above equation, we

can make another equation:

steat, ()"t =~ 10, fo i~ sear, Q)F +fsear, 1)

(Co)

Appendix D

In the leaf functions and
m=1,2,3,4,5,100),

variables / is summarized in Table 4-7.

sleafu(1) cleaf,(1)

the numerical data with respect to
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Table 4 Numerical data of leaf function: sleaf, (/) with respect to variables /

r (=sleafy(1))

n=1 n=2 n=3 n=4 n=>5 n=100
0.0 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
0.1 0.099833 0.099999 0.099999 0.099999 0.100000 0.100000
0.2 0.198669 0.199968 0.199999 0.199999 0.200000 0.200000
0.3 0.295520 0.299757 0.299984 0.299998 0.300000 0.300000
0.4 0.389418 0.398978 0.399883 0.399985 0.399999 0.400000
0.5 0.479425 0.496891 0.499442 0.499891 0.499978 0.500000
0.6 0.564642 0.592307 0.598009 0.599441 0.599836 0.600000
0.7 0.644217 0.683522 0.694183 0.697771 0.699104 0.700000
0.8 0.717356 0.768313 0.785387 0.792669 0.796140 0.800000
0.9 0.783326 0.844009 0.867486 0.879382 0.886246 0.900000
1.0 0.841470 0.907683 0.934767 0.949545 0.958859 0.997779
1.1 0.891207 0.956432 0.980707 0.991987 0.997401 0.913828
1.2 0.932039 0.987748 0.999692 0.997357 0.988736 0.813828
1.3 0.963558 0.999878 0.989089 0.964307 0.936130 0.713828
1.4 0.985449 0.992115 0.950392 0.900534 0.855664 0.613828
1.5 0.997494 0.964914 0.888559 0.817333 0.762260 0.513828
1.6 0.999573 0.919815 0.810063 0.724051 0.664110 0.413828
1.7 0.991664 0.859192 0.720971 0.626352 0.564532 0.313828
1.8 0.973847 0.785891 0.625895 0.527010 0.464607 0.213828
1.9 0.946300 0.702864 0.527828 0.427158 0.364616 0.113828
2.0 0.909297 0.612857 0.428460 0.327182 0.264617 0.013828
2.1 0.863209 0.518203 0.328621 0.227185 0.164617 -0.086172
2.2 0.808496 0.420721 0.228648 0.127185 0.064617 -0.186172
2.3 0.745705 0.321711 0.128650 0.027185 -0.035383 -0.286172
2.4 0.675463 0.222003 0.028650 -0.072814 -0.135383 -0.386172
2.5 0.598472 0.122054 -0.071349 -0.172814 -0.235383 -0.486172
2.6 0.515501 0.022057 -0.171349 -0.272814 -0.335383 -0.586172
2.7 0.427379 -0.077942 -0.271341 -0.3728071 -0.435378 -0.686172
2.8 0.334988 -0.177924 -0.371279 -0.4727492 -0.535336 -0.786172
2.9 0.239249 -0.277776 -0.470980 -0.5724464 -0.635074 -0.886172
3.0 0.141120 -0.377172 -0.569934 -0.6712520 -0.733845 -0.986021
3.1 0.041580 -0.475459 -0.666997 -0.7674226 -0.829207 -0.927657
3.2 -0.058374 -0.571553 -0.759974 -0.8570272 -0.914706 -0.827657
— 65—
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Table 5 Numerical data of leaf function: sleaf, (/) with respect to variables /

r (=sleafy(l)

n=1 n=2 n=3 n=4 n=>5 n=100

3.3 -0.157745 -0.663869 -0.845202 -0.932725 -0.977301 -0.727657
3.4 -0.255541 -0.750293 -0.917385 -0.983827 -0.999976 -0.627657
3.5 -0.350783 -0.828242 -0.970094 -0.999829 -0.974439 -0.527657
3.6 -0.442520 -0.894823 -0.997235 -0.976779 -0.909941 -0.427657
3.7 -0.529836 -0.947099 -0.995142 -0.920265 -0.823533 -0.327657
3.8 -0.611857 -0.982443 -0.964109 -0.841275 -0.727831 -0.227657
3.9 -0.687766 -0.998905 -0.908268 -0.750021 -0.628956 -0.127657

4 -0.756802 -0.995532 -0.833879 -0.653152 -0.529193 -0.027657
4.1 -0.818277 -0.972521 -0.747279 -0.554095 -0.42923 0.072343
4.2 -0.871575 -0.931190 -0.653544 -0.454324 -0.329234 0.172343
4.3 -0.916165 -0.873757 -0.556112 -0.354365 -0.229234 0.272343
4.4 -0.951602 -0.802997 -0.457002 -0.254370 -0.129234 0.372343
4.5 -0.977530 -0.721869 -0.357248 -0.154370 -0.029234 0.472343
4.6 -0.993691 -0.633184 -0.257295 -0.054370 0.070766 0.572343
4.7 -0.999923 -0.539380 -0.157301 0.045629 0.170766 0.672343
4.8 -0.996164 -0.442392 -0.057301 0.145629 0.270766 0.772343
4.9 -0.982452 -0.343633 0.042698 0.245629 0.370765 0.872343

5 -0.958924 -0.244028 0.142698 0.345625 0.470754 0.972334
5.1 -0.925814 -0.144108 0.242695 0.445591 0.570671 0.941486
5.2 -0.883454 -0.044115 0.342659 0.545391 0.670205 0.841486
5.3 -0.832267 0.055884 0.442460 0.644550 0.768194 0.741486
5.4 -0.772764 0.155875 0.541710 0.741710 0.861104 0.641486
5.5 -0.705540 0.255775 0.639485 0.833665 0.940351 0.541486
5.6 -0.631266 0.355314 0.733936 0.914090 0.990663 0.441486
5.7 -0.550685 0.453922 0.821856 0.973033 0.996323 0.341486
5.8 -0.464602 0.550618 0.898403 0.999355 0.955193 0.241486
5.9 -0.373876 0.643931 0.957365 0.986746 0.881066 0.141486

6 -0.279415 0.731861 0.992353 0.938343 0.790303 0.041486
6.1 -0.182162 0.811921 0.998793 0.864333 0.693038 -0.0585140
6.2 -0.083089 0.881266 0.975775 0.775596 0.593705 -0.158514
6.3 0.016813 0.936940 0.926454 0.679800 0.493832 -0.258514

— 66—
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Table 6 Numerical data of leaf function: cleaf,(I) with respect to variables /

r (=cleafu(l))

n=1 n=2 n=3 n=4 n=>5 n=100
0.0 1.000000 1.000000 1.000000 1.000000 1.00000 1.000000
0.1 0.995004 0.990049 0.985184 0.980451 0.975888 0.906914
0.2 0.980066 0.960781 0.942809 0.926595 0.912333 0.806914
0.3 0.955336 0.913842 0.878183 0.849205 0.826374 0.706914
0.4 0.921060 0.851676 0.797825 0.758746 0.730839 0.606914
0.5 0.877582 0.777159 0.707632 0.662211 0.632015 0.506914
0.6 0.825335 0.693234 0.611978 0.563274 0.532264 0.406914
0.7 0.764842 0.602609 0.513646 0.463537 0.432304 0.306914
0.8 0.696706 0.507563 0.414175 0.363586 0.332308 0.206914
0.9 0.621609 0.409858 0.314303 0.263592 0.232308 0.106914
1.0 0.540302 0.310737 0.214323 0.163592 0.132308 0.006914
1.1 0.453596 0.210986 0.114325 0.063592 0.032308 -0.093086
1.2 0.362357 0.111027 0.014325 -0.036407 -0.067692 -0.193086
1.3 0.267498 0.011028 -0.085674 -0.136407 -0.167692 -0.293086
1.4 0.169967 -0.088970 -0.185674 -0.236407 -0.267692 -0.393086
1.5 0.070737 -0.188947 -0.285663 -0.336404 -0.367691 -0.493086
1.6 -0.029199 -0.288769 -0.385584 -0.436375 -0.467681 -0.593086
1.7 -0.128844 -0.388082 -0.485219 -0.536203 -0.567602 -0.693086
1.8 -0.227202 -0.486189 -0.583992 -0.635458 -0.667158 -0.793086
1.9 -0.323289 -0.581954 -0.680635 -0.732900 -0.765230 -0.893086
2.0 -0.416146 -0.673733 -0.772765 -0.825544 -0.858391 -0.992488
2.1 -0.504846 -0.759356 -0.856486 -0.907398 -0.938254 -0.920743
2.2 -0.588501 -0.836197 -0.926286 -0.968806 -0.989722 -0.820743
2.3 -0.666276 -0.901342 -0.975673 -0.998524 -0.996884 -0.720743
2.4 -0.737393 -0.951871 -0.998769 -0.989524 -0.957042 -0.620743
2.5 -0.801143 -0.985211 -0.992412 -0.944057 -0.883663 -0.520743
2.6 -0.856888 -0.999513 -0.957498 -0.871923 -0.793224 -0.420743
2.7 -0.904072 -0.993943 -0.898594 -0.784163 -0.696072 -0.320743
2.8 -0.942222 -0.968828 -0.822087 -0.688798 -0.596770 -0.220743
2.9 -0.970958 -0.925599 -0.734190 -0.590291 -0.496905 -0.120743
3.0 -0.989992 -0.866554 -0.639752 -0.490685 -0.396924 -0.020743
3.1 -0.999135 -0.794505 -0.541984 -0.390765 -0.296926 0.079257
3.2 -0.998294 -0.712411 -0.442737 -0.290776 -0.196926 0.179257
— 67—
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Table 7 Numerical data of leaf function: cleaf,(I) with respect to variables /

r (=cleafu(l))

n=1 n=2 n=3 n=4 n=35 n=100
3.3 -0.987479 -0.623050 -0.342936 -0.190777 -0.096926 0.279257
3.4 -0.966798 -0.528809 -0.242972 -0.090777 0.003074 0.379257
3.5 -0.936456 -0.431567 -0.142975 0.009222 0.103074 0.479257
3.6 -0.896758 -0.332676 -0.042975 0.109222 0.203074 0.579257
3.7 -0.848100 -0.233017 0.057024 0.209222 0.303074 0.679257
3.8 -0.790967 -0.133082 0.157023 0.309220 0.403072 0.779257
3.9 -0.725932 -0.033086 0.257018 0.409204 0.503051 0.879257
4 -0.653643 0.066913 0.356971 0.509094 0.602900 0.979220
4.1 -0.574823 0.166900 0.456726 0.608581 0.702134 0.934572
4.2 -0.490260 0.266778 0.555838 0.706716 0.799050 0.834572
4.3 -0.400799 0.366249 0.653277 0.801108 0.888812 0.734572
4.4 -0.307332 0.464703 0.747027 0.886703 0.960643 0.634572
4.5 -0.210795 0.561107 0.833653 0.954795 0.997871 0.534572
4.6 -0.112152 0.653934 0.908084 0.994128 0.987709 0.434572
4.7 -0.012388 0.741126 0.963986 0.995855 0.933980 0.334572
4.8 0.087498 0.820148 0.995094 0.959545 0.852927 0.234572
4.9 0.186512 0.888129 0.997271 0.893507 0.759288 0.134572
5 0.283662 0.942122 0.970207 0.809040 0.661061 0.034572
5.1 0.377977 0.979443 0.917561 0.715167 0.561463 -0.065428
5.2 0.468516 0.998055 0.845423 0.617234 0.461534 -0.165428
5.3 0.554374 0.996881 0.760223 0.517813 0.361542 -0.265428
54 0.634692 0.975990 0.667261 0.417941 0.261543 -0.365428
55 0.708669 0.936585 0.570206 0.317961 0.161543 -0.465428
5.6 0.775565 0.880799 0.471256 0.217962 0.061543 -0.565428
5.7 0.834712 0.811364 0.371556 0.117962 -0.038457 -0.665428
5.8 0.885519 0.731235 0.271618 0.017962 -0.138457 -0.765428
5.9 0.927478 0.643256 0.171626 -0.082037 -0.238457 -0.865428
6 0.960170 0.549912 0.071626 -0.182037 -0.338457 -0.965426
6.1 0.983268 0.453197 -0.028373 -0.282036 -0.438452 -0.948401
6.2 0.996542 0.354579 -0.128373 -0.382027 -0.538407 -0.848401
6.3 0.999858 0.255035 -0.228371 -0.481959 -0.638131 -0.748401
— 63—
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Deposition of diamond-like carbon film by chemical solution process
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Summary

Diamond-like carbon (DLC) films were deposited by the chemical solution process using negative bias on three
substrates (cobalt, silicon, Indium Tin Oxide (ITO)). In the cobalt and ITO substrates, a solution of methanol at

60 degrees was employed as the electrolyte. In the silicon substrate, the electrolyte consisted of methanol and

methanol-ammonia solutions at 60 degrees. From the results of Raman spectra and X-ray photoelectron

spectroscopy, it was confirmed that: (I) the film on cobalt substrate was amorphous containing small amounts of

diamond component, (II) the film on silicon substrate was composed of DLC structure and nitrogen atoms were

doped in the film, (III) the Raman spectrum of film on ITO substrate showed lines at 1130 cm’!, 1300 cm,

1460 cm™,
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Fig.1. Schematic diagram of deposition system
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Fig.2. Raman spectrum of film on Co substrate
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Fig.3. Voltage-time characteristic of films deposited for

8 h at 4 mA/cm’ and (b)

methanol-ammonia solutions

in (a) methanol
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Table 1. Work function values of DLC films

Work function [eV]

Solution MeOH | MeOH-NH;

DLC film 5.02 | 4.68

F 1%, L OO FBEBEORHR TH 5,
MeOH-NH; &8 CIERL U 7= I oo A F Bl X
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W m EClRET 2 RFMEWOEB = KL F—D
RESIPFEEEICEELZKIZTLTNDZ EN—KT
borLEEZLND,

(b) Methanol-ammonia solution

Fig.4. AFM images of films deposited in (a) methanol
and (b) methanol-ammonia solutions
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Fig.5. Raman spectra of films deposited for 8 h at 4
mA/cm? in (a) methanol and (b) methanol-ammonia

solutions
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Table 2. Atomic concentrations of films deposited for 8

h at 4 mA/cm? in (a) methanol and (b) methanol-ammonia

solutions
elements | solutions C N O | others
atom% MeOH 27 2 55 16
MeOH-NH; | 34 11 40 15
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Fig.6. Raman spectra of films deposited on ITO substrates
for 1 h at 0.29 mA/cm? in methanol
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RHEED O ¥ > S5 #i#RIZ &k % Zn0O(0001)3R & O 1& 14 314

Polarity Determination of ZnO(0001) Surface by RHEED Rocking Curve

E7gt |82 IR TSE </ S

)y

Yoshimi Horio Koji Abe Yuji Takakuwa

Summary

Zinc oxide (ZnO) is a wide bandgap semiconductor and is a hoped material as a transparent conducting film and
photo-electronic devices. Since ZnO crystal has wurtzite structure, the polarity of ZnO surface, Zn-polar and
O-polar, influences the crystal growth process, surface morphology and electrical properties. Therefore, it is
important to determine the polarity of ZnO. We have measured RHEED rocking curves from ZnO(0001) surface
and analyzed these results by dynamical calculations. The calculated rocking curves for Zn- and O-polar
surfaces are found to be rather different. The calculated rocking curves for Zn-polar surface reproduced the
experimental ones relatively well. The result is consistent with the sample specification. It has been found that

the determination of surface polarity is possible by RHEED rocking curves.

F—U— N KEEE TR, vy s s, iR, e

Keywords : reflection high-energy electron diffraction (RHEED), rocking curve, polar surface, Zinc oxide

(ZnO)
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Fig. 1 Wurtzite crytal structure
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Fig. 2 Polarity of Zn0(0001) surface:
(a) Zn terminated surface, (b) 0 terminated surface
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Fig. 3 Schematic diagram of exper imentalapparatus
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Fig. 4 After heat treatment of 450°C for Zn0(0001) :
(a) Auger spectrum, (b) RHEED pattern (Arrows
indicate three diffraction spots of 00, 01and01.)

42 RHEED /8% —» OHAME 2L,

AN O 2 2L X 72 & & D ZnO(0001)F

75 RHEED /3% — > O b5 5 1271, RKWF5E
TIZ. 00,01, 01 D3 ODOKEEIHTHRED T v X2
AR A HIE L, FHEE O AT 72,

Fig. 5 Change of RHEED pattern of Zn0(0001) surface
depending on the glancing angle from 1.8° to 5.8°
(Arrows indicate five diffraction spots of 00, 01,
01, 02and02.)
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Fig. 6 Potential distribution of

Zn0(0001) surface: (a) Zn terminated
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Fig. 7 Rocking curves from Zn0(0001) surface
without surface steps:

(a) Zn terminated surface,
surface

(b) 0 terminated
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Fig. 8 Rocking curves from Zn0(0001) surface with
double domains of surface step terraces:
(a) Zn terminated surface, (b) 0 terminated surface
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Fig. 9 Beam irradiated area on regular step
surface: (a) irradiated and shadow areas by
incident beam, (b) rate of irradiated area
depending on the glancing angle
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(a) Zn terminated surface, (b) 0 terminated surface
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Laboratory soil tank experiments for the development of generic in-situ purification
on oil polluted ground without excavation

AT

Hideyuki Tanahashi ™

Summary

In this study, laboratory experiments were conducted to develop a generic purification method without
excavation for the ground polluted by sticky and low volatile machine oil. From the result of the small and large
soil tank experiments, results were obtained as below.

1) A Seepage /sparkle/emulsification method was used. CO, gas is generated in a chemical reaction of acetic
acid and bicarbonate. The mechanical mixing accelerates emulsification of oil. This method was very effective
for small soil tank, but not suitable for large soil tank.

2) Another method with using a thickener was thought to control the flow of surfactants. From the result of the
experiments, this method was very effective for small and large soil tank both.

3) An intermittent injection method was thought to purify the polluted soil with underground facility. This
method was very effective in homogeneous /heterogeneous and small/large soil tank experiments.

F—U— R MGG BRI, FERHIEE, ENER

Keywords : Ground pollution, Machine oil, Purification without excavation, Laboratory experiments
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Finding Magic Squares of Prime Numbers with Minimum Constant

RATHR=E*

Yasaki Oishi

Summary

A magic square including only prime numbers is the well known problem. Though some magic squares of

consecutive prime numbers are seen frequently, those of non-consecutive prime numbers are rare. In this paper

magic square of non-consecutive prime numbers those have minimum constants are calculated. Magic squares

of high order require long time to calculate by computers.

In order to shorten the time Monte Carlo Tree

Search is introduced. And magic square of non-consecutive prime numbers of order 5th,6th,7th,8th and 9th

are found.

F—U— R AN, K OB RANVER, EUT L aREER

Keywords : Magic square, Prime number, Minimum constant sum, Monte Carlo tree search
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SXRIEEHE sum=233

3| 149 29| 137| 73] 41 3| 107| 71| 131101 19 5( 149 41| 137| 89| 11 5/ 149 61| 151| 47| 19
167| 11| 97| 13| 17| 127 139 13| 11| 137| 23| 109 97| 17| 167| 43| 29| 79 7| 23| 67| 101| 127| 107
5/ 19{ 131 73| 101| 103 41| 73| 167| 31| 97| 23 97| 7| 71| 113|103| 41 137 71{ 103| 11| 13| 97
107| 43| 109| 89| 23| 61 37| 97| 149 43| 17| 89 11| 97| 109 61| 47| 107 79| 17| 167| 73| 59| 37
71 113] 7| 37| 151| 53 61| 59| 5| 67/ 127/ 113 83| 31| 41| 59| 151| 67 137| 41) 3| 29| 139| 83
79| 97| 59| 83| 67| 47 151 83| 29| 23| 67| 79 139 131 3] 19| 13| 127 67| 131| 31| 67| 47| 89

6 RIEEHE sum=432

3| 137| 239| 131| 67| 43| 113 5| 199| 113| 223| 19| 131| 43 7| 67| 89| 193| 139| 191 47
101| 17{ 197| 31| 151| 139 97 163 17| 107| 37| 101| 127| 181 23| 31| 83| 233| 11173/ 179
107| 163| 181 211| 7| 41| 23 411 179| 73| 193| 83| 157 7 223| 199| 107| 17|/ 109 59| 19

83| 157| 71| 103| 37| 173 109 89| 79| 233|139 13| 31| 149 167| 149| 61| 197 3| 5| 151
199 13| 11]179] 191| 61| 79 239| 61| 23| 3|211|137| 59 79 131 41| 43| 157| 181] 101
73| 193] 29| 19| 47| 149| 223 29| 151| 173| 71109 97| 103 97| 29| 239| 13| 211 71| 73
167| 53| 5| 59| 233| 127| 89 167 47| 11| 67| 197| 53| 191 137 127{ 113] 37| 103| 53| 163

7 RIEEHE sum=733

3| 139| 263| 107 47| 257| 277| 61 5| 263| 211| 163| 67| 311 7127 7| 269| 181| 223| 131 31| 229| 83
193] 31| 179] 233 19| 137| 163| 199 131 37| 31| 229| 173| 257 19| 277 193 61| 3| 59| 277| 233| 257| 71
251(229| 71| 97| 223| 37| 79| 167 103 61| 83| 241|317 13| 293| 43 41| 199| 101| 239| 5| 191| 97| 281

43| 149| 109| 239| 331| 127| 53| 103 23| 11| 283| 149| 193] 137| 251| 107 241 79| 13| 311|103| 37| 107| 263
241| 13| 283| 151| 173| 131| 73| 89 331| 167) 151| 71| 233| 113| 59| 29 211 173| 331| 197| 113 43| 67| 19
11271 29| 17| 181| 269| 59| 317 181| 197| 281| 109| 89| 179| 17| 101 283|127 47| 73| 179| 139| 157| 149
311| 281| 197| 83| 113 5| 157 7 157( 227| 41| 139| 3| 47| 269| 271 11 109| 227| 29| 293| 317| 151 17
101 41| 23| 227 67| 191| 293| 211 223|191 73| 53| 79| 97| 239| 199 167| 137| 251 23| 53| 163| 89| 271

8 RIEEH sum=1154

3| 283| 359 17| 367|281 61| 349| 11 5| 89| 379| 431| 193| 173| 359| 83| 19
109 73| 37| 157| 251| 239| 431| 127| 307 313| 59| 421| 47|373| 131 53| 317| 17
433| 29| 97| 313| 149| 137| 317| 59| 197 233| 97| 179| 293| 337 23| 137| 101| 331
331| 347| 199| 131| 13| 67| 193 41| 409 139( 181 67| 223| 11| 389| 263| 349| 109
229| 211| 379| 311| 233| 31| 89| 241 7 307| 163| 269| 43| 3| 229| 151| 199| 367

47| 79| 163| 167| 151| 397| 227| 277| 223 103| 79| 277| 353| 13| 433| 157| 149| 167
107| 337| 373| 23| 5| 173| 269| 263| 181 211 383| 31| 107| 239| 41| 241| 281| 197
389| 353| 53| 191| 179| 113| 43| 271| 139 347 409| 37| 227| 251 29| 113] 191| 127

83| 19| 71| 421| 383| 293| 101| 103| 257 73( 271 71 7| 311| 283| 257 61| 397

9 RIEEHK sum=1731

5 5~9 RIEEMRBESE
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4.3 FEMRBBEAEDORRER

4.3.1 b RIEEHmHRUESE

5 R DI EIRE ST T, A n O TH D
DB RIREMED & B e/ NEFIDY 283 L7, FHLT
BB L THD EIFICELL DR RED, K 5 Ok E
BERZOHTH D, [BEA, iR, HMRITHANEZ
ZlAfE L LTH 184,850 il DN TX7, 5IRET
ThiX, ZOXIICEHMBIZFETH D, FHHEKE
Wizt choiz,

4.3.2 EVTHILOKER

ERE LOME 5 FHOMEEDEMN ol b L
TH.6 RULETIEH o721 DOfifE BT 2D HHEL
W, ERBOTNLITY XA TIIRIE, KESDJEICHE
FL TV OTRADOFITEL MR TI 2, &)
DIRENFEREIND £ TITHYOBFNESL SN D,

FZTEHMO 2 [HOELONDW ShvEFEFIC
TURRNIHEOTEE, BYVOBALZHET S LD
FEEZRHT 5, ZHiETF = 29 o L FoER
TELNAEL T IV RKIERLEFRLEZ T TH D,
L ES TREFEZROITTEH 1 OTHHRAD
M K,

BARRIIZIE 6 RIFE R EE 7 Tl &L Tl
EEOHLEZA AT E 3,5, 7,11, 13, -+, 139,
149, 151, 167 THFAA 2592, EFIDS 432 L72D, =D
36@1%%@%%ﬁﬁﬁ/bW\& TN TH 6 RELR

EHRBIIANATHETHD, T2 T, 8 OB
%@75% 8 HDOHFE AT MIENTHEYVO LV ER DY
HEVD R LT,

TUEKIEL DTENPLIZEAEIXZDROREA
PITEFE S THRIZTR SN2V, TN THLHAEER L
2T, AR E#EYIETZ LIk THRIHD Z
k%%ﬁ?é ERE, ZOFFEITRGUL 1 BLUT,

ATHHY TEZNHTL 5,

7&ui®#@ﬁ%@%ﬁ@_omf%ﬁ%®ﬁ%
TRZRBE LTz, FANCT U Z AITE L OIT TR T 49
TFD 22 B, 8 ROBEEIL 64 E/LHFD 27 L
9RDBAIL 81 BLthD 34 B Th D, WRED LN
USRS R~ 1282 5, £ TH 9RTH 1 K
MRE/F L1 SOITRO NI ENVIRETH D,
5 D5 9 IR F T O/ INE RN D FEH e 8 55 i 4 [X] 5
WZRT,

5. &&IC
TR E 5 b A s

MG 0 1 T/ NERD 2 3K

Wiz, 9RE TCORBBIMOE/NERMEZ R 2 1277,
HHREDT1EL < O > b E TR STy
L8, FEEGEDOIFITIR D2 SR, M T OER
NTEHHEDNFHE L TROETH D,
6 RLLETIZEfRERD D Z L1347 N S, o
1 OOffZERSOITF 5D HEG TIERn, £ 2 Tl et
V?VﬁA’ﬁ%M%#é&biﬁ%%ﬁ%bko

WINZ S WD FETH D08, T Higryi
H#F'Eﬁ’(ﬂ%%ﬁo 52 ENTET,
K2 FRHEEAEDZR/NEM
RE JEE Rt i
3 177 4440084513
4 120 258
5 233 313
6 432 484
7 733 797
8 1154 2016
9 1731 2211
S5 Xk
1) Martin Gardner, Magic Square, Scientific American

1976.1

2) —iME, DGR, @Rt L—y 7 X, 1978

3) KAWRE, S ALY T Y o7k D 6 REE
DIEDOHERE | F =S AVE 177 5 1992
http://www.daido-it.ac.jp/~oishi/TH5/magics6.pdf

4) K. Pinn, C. Wieczerkowski, Number of Magic Squares
From Parallel Tempering Monte Carlo, Int. J. Mod. Phys.
C 9 (1998) 541

5) http://blog.unfindable.net/archives/7179

6) “Fili, BIEs, SRHOMIZE, KEREBHEXE, 1983

7) RAREE, BELHOMR, AR, 2013

8)

9)

http://www.magic-squares.net/primesqr.htm

H. L. Nelson (Journal of Recreational Mathe -matics,
1988, vol. 20:3, p.214

10) KAamnsE, BEHMR—LN—,
http://www.daido-it.ac.jp/~oishi/THS5/ms.html
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RFARFAE 55145 (2015)
EZBRE Y ZERVER - TREBINEOESEEICET 5—BER

Emotion Extraction Method for listening to the Pleasant and Unpleasant Sound
using Alpha and Beta Wave on a Simplified EEG

SEl MR K M AR R

Shin-ichi Shibata* Takatoshi Akita** Haruhiko Kimura***

Summary

The physical disorders as a depression and dementia are caused by a high stress society. There is the way which
is music therapy to treat disease using music. The music is so abstractness that the therapists have no foundation
on the selection music for the therapy. In this study, we examine the EEG (electroencephalogram) in listening to
the music when the music which was consistently effective for emotion was used. We look at the relativeness
between the brain wave and emotion and conduct the evaluation of emotion in listening to the music using brain
wave. The electroencephalogram power spectrum in alpha and beta wave were used for input data and the
change in subjective emotional state was evaluated by the POMS (Profile of Method States) & TDMS-ST
(Two-Dimensional Mood Scale-Short Term) test. We evaluate the subjective emotion state by SVM (Support
Vector Machine). In the result, we obtain the high identification rate and the rate was 95% in the case of using
sound source or TDMS-ST for learning data.

F—U— R, R, B, YR o =<y, all, B, FERS T
Keywords : EEG, Sound Stimuli, Emotion, Support Vector Machine, Alpha Wave, Beta Wave, Principal

Component Analysis
L [EC&HIC FIZLDY ﬁibfﬁi/ﬁ'ﬁ—éj}ﬁ’/ﬁ% IS o TLE
5L, SHLICEMC X DEWEROfERIERH S Y.
PR TEAFPLVAREIELTEY, 5 ORPR ZD & 5 fi?ﬁf&%iiéi?ﬁ& L CHEHRIENER

HE 72 EREMRBORINIZ > TV D, ARBIROR EROTCWD., HFEBEL I, B2 ETYI T2
7, AEFECHIRTOMI T B D H AR ZER0H L ﬁ—Vay@%%ﬁzézkﬁf%égﬁmﬁA@:
HLEBUTWDEZENRA N L ADFRKTH D LRk 5 RO, BRI, RS, fERERCRER R IRRR I
NTWB VY, Rk 23 FEDJEAEEE OREIC LD L, BEIEDODBETETHD. THRERES Z & TE
FEARPE R D BB BT RR 8 4F THY 220 T A Th o 7273, U5 2b % EREROGEICSH L, REDRZ EiF 57
Rk 23 AEICITAI 320 FALHIM L TWD Z EAVREN DOMFEREE LTRSS TS Y.
Tn5 2. L2 L, FEHBNeboTHY, 2RENEFIC
FEIR B OIBIIEIZIZ I T ') v TR O RA KLTEIEREDNIANENENTHLZ LD, &
RENBH LD, B AR A & RO R BRIE IR 2 e N S 5. Bl 2IE, FREENE
L TIBEEEZRPTHALTLE Y 2 &, B0 IV e RIGUTE R D, ED XD IR ERB R

* KEIRZFRFBE RS AT L2726
RS
< o/ Ny NS E B S RE22 1 5
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72 E ORI ST > TRV &R, BT Y
RLRT VR, BEORESCEIIIHT L Fe L,
R 72 BIRNC K0 B R SOSRAE T B 2 & 7p B3
Fons.

Fo, BEIHECHWDERIIZEEZERTH D20,
A IR E IR UGl L@ 21T b A it
269, BN OREEA D> TLE D LD
ML H D 50,

ZIT, BETLIIESEICER BN Y
AV, ERBEEICBIT 2 E®REICE L TMEIZE S
B AT LAOBEEZENE LTS, THME 5 2
T-REDIEEN DL L ITEEI O EM 2R L, YDk
PR BRI U D D DY BN RE I 72 iR,
BEICE LR AT Z RS S.

KRRFZETIE, PR & Vo 2158 & il & o B
PEARRRE L, WIZIC X 2 B O 15 8) O Rl FE AR A
B A R LR RISV T T 5.

2. REFE

2.1 RRRETE

RRFZETIE, PR & Vo T2 15 B & i & o B
PEZRREE L, BT & 2 SRR O 15 B O FFAR FRAE
ERRZRET 22 L2 BE LTWS. i (Electro
Encephalo Gram : EEG) &%, WM CTHRAET 2 EXIGHE)
O FOBEMTREL, MIEBZFHT 5 HiED 2
ETHD 7. BIEBOFHNEIIRE <3¢, BREMK L
IREAFH O 2 DI TV, RERLFE
EE, BRI ATV, M or < Ik o a2 LD
T CRHNZAT 2 FiETH Y, EEER%ELSL T
HIZRD LTV, 207D, AR TIEAEERE
BT 7R W EHANE T H 2 IR A 72 I 1A AV TiK
T2 FHET 5.

TS D & IR IR G925 ik L LT, RS
srtiE (NIRS), B FHUTE R (PET) CHEHERY
BER ARSI gL (IMRD), ML (MEG) & W7o 5k
5. I OFHANEICIXR R 2 fiR6e, 22/ figee,
R 7R EDRFENR R > TS 7, WFZED HIYIC
HOETERRTLZMEND L. FEHSFRE &1L, 158

DEA I T HRPIT D Z LN TE DD ORHIFIE,

22 [ 7 fiae
TE DR/ ORERE, RN ST,
THHKDOZ L THS.

AHFE T, HHEIREOFEBE (LR E LTS
728, WEREOMOIREEN VD, ED X HITEL T
WHBDNE RDBVENGD. D=0, FEOMEEIC
BNTRY, F—& L L ity 2R AE VG

(3, TEEEAL A ZERBNCXE]T 5 2 &
FHR T O PR (kS

ONHEETHDH EEZZD.

Fio, WEEEOWAKIZL Y, WREOFENE
LT DHREMENRH D Z LD, WHFIERN DN ONn
BFELWEBZD. £IT, WBREICHT D REMEN
K<, RERIFRBEIC AL T U 2 B G 23 AR SEBR 2 13 i
LTWD EHIr L, ABFECIIMEICERZ LTz,

b 2 FHRIS 2 J7iElE, EMEEME YL (Referential
Derivation) & XARE 7% (Bipolar Derivation) @ 2 FfJH
N7, RUEBEMmE L IL, BMEFELTLHAICELE
R (GEHEEMR) &, BMIEEOLOEFHHIT 572D
DOERMIZIE < B (REEM) 2O TN L
AT 5 L TH D, FEE LT, BEEBMREE
il AG D, BT HETH L. AR TIE, &
e L 2 LTI DM 24T > 7.

M ix, JEHEH T LICREL T TS (T ) ¥,
0 (—%) ¥, o (TA77) HE, B (X—%) @

D 4 DITHFHEND. 0 BIFEWVIRY OIRRE, 61
ROWIR Y OAREE, o ITY T v 7 A LR, BT

ARNVAZE L TODREZRLTWND.

AW TIE, ERRO o, BIEDOMMKE%E slow, mid,
fast L L E T o7, ML T 22 L THRVEEL <K
BRE DIREEN 3D D TIE RN EEZ T2 TH D,
Jbd 82 O JE I B AP EE IR ZE I L 0 Bp > TV DAY, KA
ZETIE, STk 8) @ 7 L7 7 iR BE D ST I
LB A MU AL DL STk 9) @ TiEEBRIEE O
AN b FRMREE SN I AT TR YK VERE LT, N
B DLYFEIZ ST Tablel (2779,

Tablel BpiiE DB RE 5 4E >
73 JA JiE I $ [ He] ERIkRE
S 0.5~4AK EWIRY
0% 4~ 8H:ji ZEVIR Y
slow ojfZ 8~9 Vi
mid o O~ 127 Vo v
fast ot | 12~ 14Kk
slow B | 14~20K7i
mid B | 20~26.6K75 A KNV A
fast Pz | 26.6~29547i

2.2 POMS - TDMS

THEZ BT 2 I3 FEBER &, BRI A
DT Tua—FRRETHDL LI TS V. ZZT,
ARAFFE CTITEBAHE S & LT POMS (Profile of Mood
States) & TDMS-ST (Two-Dimensional Mood Scale-Short
Term) % W CIHEEIOZLIZOWTHGET 5.

POMS &%, &riREEZ E8IRVAIE 2> 5 OFHE % B
i & L CKED MeNair 5128V BF S, 65 HE O
BRI TEo7eL ootz (0 5) 26 [FEFIZEL
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bhole)] (4R) £TO5EM (0~45) THEL, %
REDOER - NL, MH5 - WhHirAy, BY - BE,

P J7, TREL, TERD 6 DOy R % [FIRF IZFEAT T =
HHOThHD W, [BIE - R (IEENENEEER
RLTWDIREEZRL, 195 - EHiAR] IZHHE

SRR, TRV - BCE 1T AEEEEOREE, D57 13K
SRRE, NREEL) 3%, BB HhETE2RT. IEX
RS, BEK, I5hERL, MoORELIZADHE
RIZHT=5.

AWFZE T, POMS OEREE % 30 HA ICHIE L 7=
A AGERR POMS EiffshiR 2 L7z, Bl & LT, &l
WMa 52 T-REDOEFEBHEILZ R D L0 TH L=, KM
i L A ZIRET S Z LT, ERIUANSTORPEKE
BTN TEBEEXZTDTHD. £2, 7
FEMEIXIEMERR & B R & e LT RZED RN T & DR
ENTWDHED, ERICELTWD Il L7,

TDMS-ST (LLF TDMS) &%, KA L - TRI%
SN T FEBERIE > S D OTEMEE & 28 B % FHl 9 5
LOTHD. 8§ HADOERMIZXL, 2<% 5 Tk
(052 226 IEFIZZE D (5R) D6 B TRHEL,
DHERREZD Z ENTE DR RETHD . &
FE, ZERE, R, REED 4 SO.LFRIRRE A M
THZENTED. HHE, LEEIT+10 ~ —10 45,
PR, REEEIL 420~ —20 A TEAELEND.

EPERE | X+ 15T A F LIzRE, —15AT
TERMMBHIRVIREE, TLERE ] XA RTEDAEWTIR
Mg, —fBRTA T4 7 LkEE, @) X+5R7T
WIT 4 TIREE, — AT I T ¢ T7REEZ R T
R X+ 1R CHUEREE, — SR CIERIREEE R L,
D RE L I ZADOBRICHT 5.

POMS & TDMS @ 2 DDOX REZEHT 58 H &
LTI, POMS TITEIE - A%, #1952 - EhHiAAir b
Wo 2 X918, BT 4 T RIBEEMN A2 &N
TE%. LML, Bk - RLEEOGRNEL, #19
D THIABLDBFENENE W RERBZE ST
B, PRDARRNZHET D OITE L.

T, PEEE LD ) PR B E T D e
HHZ &2 TDMS &I+ 52 & T, P Rk
Wo T DEREEZ L VELI AL ENRTE L0 TIE
Wk EZ D, 2T, POMS & TDMS @ 2 % H
WTRTH 2RI TH 50O DLEIREEDZE(BIZ DU
THRETET D .

23 EREE

FERIT W D28, I o ZA (ZAB-009-D :
HWRAEStTm T v AN ZEH L. ke ZA T
I & ARER 2 RHAIATRE CH B 23, FalERR & L TN
W L MRERGEB) O BEME A T~ & 2 A, IREREB)IC X

LRI ~DEBIT S W DA TH D Z RSz
£72, ABEIOEBRTIIMEE D mid o i, mid B KD 7
WCEB LTS Z LR, BBREITIT R PR RE ThY
WO ZITo 72720, REROFHENIITD -7
Yo7 TR EIE 1280z, FEEEM A £ H O% S
iz, REEBEmAZEHOT IO 1 EHEThE v 17, &
YEEME RIS CRHEIIT . I B O 58 & %
FHIIVAY L AT -2 BENREHENTEY, #E
BEY 20g ERRETH D720, HEROBMH G & R
PEIT DI EB 2 5 b, FHUATREZR BN E O J8 I 55y
%1% 0.5 ~ 40Hz TdH 5. Fig.1 \ZM & W ZA O
%, Table2 [T & oW ZA O FEARERIZ DV TRT.
MR X BlueSensor M (M-00-S/50 : Ambu) % f#H L 7-.

Fig.1 ikt >4 ZA

Table2 BNt Y ZA RADEKRIER D

MNP T sz A1, IRERA L
SR Jibdii2A, ARER2AMR
IMEHE 65mm (W) x35mm (H) x 14mm (D)
HE 20g (RIEDH)
3 [HEHER 7R LTSS R HIPRA4> 21
8 | Btz IS0
# [amk SPEJ6.5mA
A fibd : 0.5 ~40Hz, AREK : 0.5~ 10Hz
S SRS |128Hz
ADZEH yfifhE Ry k
SRR 2.4GHz
= JUE-HE 135mm (W) x76mm (H) x27mm (D)
g [ER 155g (AR
| % | ACT #7100V _(H/76VDC)
AEY AU H— K (2GB)
WEE—R AT, FTTA
T—H 74—~ b 425> :CSV, EDF/ #*7 51> : EDF

24 ERE

T E) & Ml OB MEZ FREET DI2H 720, PRI RK
U5 2 FfH, ARICEUT D5 2 FEEHOBERE O
R URRRES 5.

Pl U5 H & LT, MERGFEEROH 5 EHH
CD [Sleep deeply] (4= 8 HUNER) 7> HHERFE I & Dl
P T BT 7 — R ETW, e bi®&IEn7 2 i
Td % “Twilight Fades” (P 1) & “Worlds Away” (R
F2) AL, 20 CD ICgkEh T\ 5 EHIT,
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DEERD, ©o5< 0 & LA R A2 L, B
ZREIRRIEIZHE T 2R H D L SN TWNDH T Eh
5, EREEZFRSELLEOICHELTWVD EEX
T2l DER L W,

AHRITE T 2 HF1EL, —BIICARTHL LT
% “BRENTH o< E” (RIE 1) & “FfaxF
n—LEEDEDOELE (RiRE 2) AL 2
D 2 DOFICE L THIEERIC, #ERE TR LTI
BUANT o — METW, EHTHIOIZELTWD
&Il L7z

Flo, PE - 2I3TE LR ER S I TWw
HIUFPOEENRAHLNY, ARFE 1 - 2 ITIEABRRRIZ
U % & &N D 2000~4000Hz O JE ¥ % < & %
Tz 19 oz tns, RE 1.2, Rikg 1-2
FAFERICHEL-FR T B2 N5,

3. REBRFE

3.1 EERFIE

ARSEER CIEED & M O B 2 MREET A I H T D,
PRI C 55 2 FHE, PRI T 55 2 FE O
REO M &4 6 [FIOHIE LTz, #iRE 1 Irse=IC AT
B 14LL, FHEOERELEET 57-DE 5
BTENTEBREITo 7.

FEEREAT O BEDOSME LT, SWBRE IR L CEHA
REM O — (14 K5 16 K530 4y), ATH, UHOWL
VBB O E, MEIRIFE O (6 FERILLE), BAE
MoOR— (12FFND 13K) O 450582555 X912
RL7Z. ZLTC, IO O5RMF2MET D120, it
WA SW 72T v r— RORAEITY, FlEET
LTCWAEMNE I DDOMERZEITHT-.

%7 v — NOFLA%L, BEFHRTE COK/TE
&R 57912, POMS & TDMS Ot AZ{T-o7-. *
LT, #BEFomEEBEICTVa—AEEE L, BoW
DEEZIToT-. UL, FRORIBIZED 2 A4 XH%
ET20%BTEDTHD. LT, ~y Rz
EL, BOBIZFOMAEZEEZZEL, HprEZ LD
REHEAToI=.

ek, FEHTAPSE 12, APRE L2112 LT,
TEZ T0dB ICREEIT-TW5D. 0%, MEE=
[ZANY, B %22 E S D 72012 30 Bl LT b it
WA BAA Uiz, SRR IR L 72 B X< R Z 8
7, BEAUREZROL I ITHERLE

ERENDEHEITHIOIC 20 BOBEEXENH Y, H

WT 20 oA E XA 2 9 BIZZAIZH: Y ZIHRICINIL,

XN 180 B, AEXIME 180 B DF 6 4y DIEHL & 72
HERIC LT, BHHRE LT, —EOREIL 5 HREXT

LOMEDZ ENTE RN &0 17, RUF 2T
HZEICEVAELIENC LI EBLEEBLIZ-DT
HoH W, RFICE L RS EAEXE oY) £
AWFICARREE R 2D L EBEL, 7=—KSE5
LolTmI L.

FHAKE T, HE POMS & TDMS O AE{T-o 7.
FEBRFIEZ Fig2 (ZRd. ZOFH% 1 B 1T, &%
JEIC o X 6 [0, 24 [MIFHEZIT>72. 1 H 1IENZL
THEE, a0 AB L, FIRIC X D Mo
EEZITEDTHD. £z, BT LIS NEAL
THLEWHIZLEEEL, COFRAEMETT D00
BRSNS S TICEH 21T o 72, BRI XY
FEIT 5 FIROIEEF X, 77 v HkiEEHWCH I &
WCT BB EDICERELE Y.

ud

b1
.

Fig2 gHRlDN

32 BEWFE

POMS & TDMS OfEHRIzxt L TIE, &SRR
HEIHEEN AL TODENE I DR D DI, FiE
BRI OFERITHK LT, — R OEARIC L DO t E
21TV, FHEHE O BEEORIEEZIT 72,

FHEI U 721kt Ui, #eatagsT > 7 B IR (ver3.1.2
64bit i) | ZHWTHNT 21T 572, R 2l L7-8#H &
LTIERIZA—T Y —ART7 Y=V 7 N ThHHZ L
no, AT 580 a— RE2MRTDENAET
HY, BEHBEOHEOEEENEGNEWVI KIZHD. F

—100—
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7o, AP OMIEEEDHELIRBMT A7 Z7 ) 2L
TWBHZ LR, AN TH LWIREBE A2 TNz 5 =
ENTE D7l JEMEREWEWIRRLH D &
NE, AHFFETIER 2 L CTRT 217> 7.

AWFIETIZBIMTZ A 7Z VU L LT el07l Ny r—
ZHEALTHR— by Z—< 2 (SVM) OFH#E
REEHHL TS, el07l Xy 7 —YORNEIL libSVM
WV BIEENL RO Lin 52X > THESLLZ SVM A
FIEINTEY, 1=V FU v 7 RORERAEENME
HTED LW M N H 5.

T FIRE LCiE, FTMELAET —ZITK LT
RS NI U8 AL, HRAMEO0 - R 1 &
725 X9 RIEHULAEE 21T > 125, HIROBE T ERS 20
WORXRMICK L TE®E 7 — Y =Z# (Fast Fourier
Transform : FFT) (Z CRAWER > OREEEZIT 7=,

AW TAI TR EMER LB & LT, /hS
WS D A7 R ARRHIZIAIN TV D &0 9 RSN &
v, BN EKESTHLIME AT 20128 LT
WHLEEZTTZOTHD.
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Construction of Experimental Cluster System with Card-sized PC

ARH PEE* ()

Takashi HONDA

Summary

This document describes a method of constructing a testbed system composed of the credit card sized PC boards.

This system is used for the purpose of evaluating a Linux-based parallel processing functionarity. As the initial

results it was possible to evaluate the performance degradation according with the dispersing treatment.

F—U— R H— A XPC Y T AXKER WHMLE Linux

Keywords : Card-size PC Cluster Parallel Processing Linux
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The educational effect analysis of the graduation study
which tackled welfare service facility’s issues

RO %

Kenji Yokoi

Summary

Generally speaking, through collaboration with an outside organization, students can learn a lot of useful and
versatile things. In this sense, this type of collaborative study can be said a very effective educational method for
students.

We have been pursuing collaborative design study with the welfare service facility in Ena-city for two years as
a graduation study. Students have been learning many things through the collaboration work. As a result of two
year graduation studies, we found that students learned very useful and versatile things very effectively.

In the first year, students learned how to define a design research subject from their feasibility study. And in

the second year, students learned ethnography method skill. These are good examples to recognize effectiveness

of collaborative study with an outside organization.

F—U— N @y —CREHER, RN, A A—DHE, 77T 07 T — MltE

Keywords : welfare service facility, graduation work, image building, branding, art production
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A Study on Rail Freight Terminal Actual Condition in Germany

UNES Yo

Shigeki Ozawa

Summary

Considering importance of rail freight terminal and lack of existing study of the terminal, this paper tries to show basic
information of the terminal in Germany and to make basic research for further study of efficient use for the terminal.
There are 8 categories of rail freight terminal in Germany. In order to make efficient terminal use, rule and organization
for the efficient use are established, and economic rationality is included in them. Some terminal operators have capital
ties with their specific user. The ties meet economics theory. On the other hand, there is a possibility that the ties would

provide discriminatory treatment for the users having the capital ties.
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Keywords : Rail freight terminal, Terminal owner, Terminal operator, Terminal user, Capital ties,

Discriminatory treatment, Slot allocation, Conflict
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and traditional techniques
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Summary

The "story" to consider in this paper, it is a process of up to life cycle is produced from the design stage

of the product is discarded.

It is intended to consider the activation of traditional industries by further

to create a "story", including the background of products that also includes historical background,
geographical requirements and cultural climate in which the product is born.
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Development and Verification of a Retail Management
Internship Program to acquire managerial capabilities

FIRARE*  PH IR
Toshiaki Muramatsu, Masahito Nishizaki

Summary

The purpose of this article is to develop internship program for university students to
acquire managerial capabilities. In this program, they set up the virtual-company, and
experience a general meeting of shareholders, market research, purchase of goods, sales
activities, closing of accounts, a dividend. Finally, we verify the effect of this program
by conducting one-group pretest-posttest design and questionnaire survey (personality test,

questionnaire, sociometry).

F—U— N BEERREMNA =y T e T a s T A, BRI

Keywords :

1. [ZFL®IZ

1.1 SAROBEM

RF R & e & LW E R R F ~Dha21kic
&b ) RPAEFEDORMBRREOE(ZIE I, i -
BEMNBNEZXDT-DICHERENTHIRENOF
B RKFIRO BN TND, T TWIRRET) &ILE
ATRRBEICIER LT, R TE 2MWERS, BEHIE,
SRR L TR Y, BE - TRk~ Loz v
VI—Thb, TORENL, FIICBIT HIERHEFIC L
LEFEEOM, 7T TRV — 7 UIEE), TANA R E
Wo TZIERRBE U OREBRN O b I o< EHEE S
5o REFF, BN EFENOHBRENRD LN TND
HOD, O AL BENHLE L OB RS E 1T+
FEFEVEELS, BITHRA L TV BB I VW LD, AR
WMEED BIE, 20X 5 ek a s L, EERRES)T

Retail Management Internship Program, Problem-Based Learning

bORENEBRT DHTZRAMER T 77 LDH
DWHZRETHZ LI D, £ 2T, AWFFECIIREEMR
w23 (Project Based Learning, A FPBL) OF
EEREAL-EERGE e ST LT, ZHETH
LHFEEENHE LB O Z 3, HERS DR
e, HiGIHAEIC X A MRGEM MmO, 58 E&EaotT, i
DIEARL, FEIEE TOIRTED HIRE £ TORE KR A
LU CREABFRIZORT T, BEEIZ DWW T, ¥
11, MEREMERA, T — M, YA A RY 4y
M &L TR RIS HOWTONT » §Hli 21T - 72,

1.2 HROE=R

ABFGEIE, SCHRFFE - Rk 24 R TEERO=—
RNZKkEES UTo BB o0 - Fe AR 2 ) o mHbIEIC
SEHIT SR 18 KFEDOK T —~D 1 OThD [FEER
EDHEEIZLDAMBERT B 7 T AOBR% ] 1220 T

*RFIRT fHRFES RAHHREN RER R
TORFEIRE: TEEEEE RAHIRER REE K

—143—

This document is provided by JAXA.



BETFIEORE, HEREL BN L LT, B2 #®
FIRE T L 7T K OEHEPRE T HAMIRESHT
(LAFIX ) &) IRiEA = T Ehaf R A £ L0
b0 Thsb, BAERMICRFXRIIEARNT KFZE L
TERFHEUEOZIETH Y, FAOHEN - BENA
SACET HEEOUGE - BEEK D, Hilgh]TliE, JbiE
E - Hdl, BIEFEEE, tEs, drEs, PE - UE, Ju -
WO — D OERENT IR A % 72 IR O K5 - IR
LN EAFINL OV A% B 2 CRFPEREZ R L, H
JCOFEFER, BFEHE, BIGERE L OWIERHOT, A
VE—U Yy T OEERRCKx Y ) THEONRE - BE
ORELFEILEOBRT —~ A HHE L, TS DR
FHEETHLOE LTS,

1.3 fhEELDEE

BHERRFTET 17T AT, FRROEFLFEOMIZ N
B 24 FRRE BUREITHIUIECS 2 A VEHIO < V¥ o
—HUREEEN B S T2, FOENZOWTHIET D, B
FAB I, mlnE O SE, Hilta L 0o n R
KRN ME I TG 2 I TRAFY, X2 5 IR 2 15
T D70, B2 AVERIO< W FEELZEE L, M
DX ZBWIEBIOSE S FIF B, MG s ol
efig, NMBERK, TAARKERIC X D EE A RS,
RN CIRIRAIC s S DB A% KB LT D,
%2 MoFarT ATE, THREISOREEEEE
DFPHEL L TEITL W70 Y= FTHDH [
HETLEF "= POP Project] I
L [FOENY A 2= LD T v 2 REREE
DXIEDT= 8, i IIp8)EE O FEREFHA & EEHER
ITo77,

1.4 HAROEXRER

B 1.1, HaRFREOMIELEOMEEE LD
b0 THDH, AARREKIL, EREES, M, 1
milknl, 1 Tib72 & OMEEZLOHF T, fEko A ARE
W REAT &EEh L, REFEE PR DIREATE ISR
EHNCBITSETCELY AT ADBBEZ WS oOh 5,
KFAOBIREET, ZOZbOFERE L THE/LL T
b LLELIBND, BT, HSRIFRE DR
EEAL D S BERERDFTATE REWE D, FHEA
LTV D, 72, WEROBENOHAEEHER
WEEB ORI 251 & TR IR A = X R
v hOXIHR LR, KRIRMEEEIFESEIR S T
W5, FLT, BERATIE, BEAONERSN, B
FIZHLAE T L LTRSS AMTH D Z EBRD LI
TWo, RERKFEDHEBICEHADLLONA 52—
T THDHN, TORREIL, SEILEERHOERSN

e B i 05 S T e—
[T | [ ATt | [ it |

ﬂﬂd
ﬁ .
QF |5

& pi-43
=
+ E <] FoUTHE
tla S
o B
wAEHE| i SRR T i T 3
—

NI KFEEOHBITHEDRSDNTND EITE VN
A

MR SEEH, A 83—y MRERZED EITER
H1.1 #2@FREOHELELOMEE.

1.2, v U T7THB BT EE - BEOLEEY
RLZbDOTHD, SGHRFEIL T A — ANDH2AY -
TR AT, YRR L RN BEELE
THZERBLT, v VT REZRTIHEEB THDH L
EFRLTND, RFEOMESITHRESELLL TS,
WERDIERRAE L HERIFEIIMZ T, DENIEENT
TN TV AN E L TOREBEE = KENHE D Z
ERROOEND L IR TWD, < DRFEHEAIT,
KT PR Tl E oo, RENKRD
% BN ) M O EEE & AT E R0 & D RRB IS T
WEHZETWD, Wb RSB 2 KFE Tk
KEFPAEOBRBEROM L2 BN E LD =00 2%
WHEELZEMRL, RFHEEFOEDOKTE &L T
Wh, ZOXIBRIHBREOH THEELZIT TVWLHR
FAELIE, RETOMEIIME LRIz anE
BIRE B oTHEY, REBEORYOMENR A>T
W2, RERIZEW e 3 B B EUS O 72 I BT A%
IZH D EWVWH X TNAT —LORFES S L FET S,
F7, EFEPRBRICORND EEZTT AL NI
NIEY, RENMRET A -y T EE R
BL, WEELEZY LTS, Zhb DRI, ZEh
DFEN, 2 THITROO), 2T 52 &0 h b
BROMPERRKRSTWNWDEZEERLTWD, KFHEF
X, BET IR THEL SNDEHOERICHE LT
XL, WS LFEELETLIENTELHET
bD, ZOEAEBEHREELE LT, ZOWEEMANT
TTW5,

—144—

This document is provided by JAXA.



‘ __1_‘:::2\:5 i E

B \

=

@

=

g 4
2

®H

=

) el z >

E =]

n | AmBEY 7| ¢ ]

1.2 ¥vU7HE G- BEOLE).
1.5 HERBEDOKEHETORIK
KEEMBET VI 5H L, [RETHEAZA

N, BEEOHEOFTTEDLIITENERLTNDLDN
FEIENTERY, ] FEFRFRFTESILENTE
VDTNV | EWVIHIERNRZN, ZOBIEE
Yayr 7 a2—A (John Dewey) 1%, FHEDZLITF
BUEZ ERERUANDAETEOL L 1T % TH 5 &K
U, RIEHEIC X > TRERZ2AM A EST 56— 5T,
B LW U COMBATEN ) IR A 51 T D
ERBL TS, DFED, RFETOMMEMMS L5
o THEL INDHESEDORNY ZFETE TV
ROREETH D, £ T, BURORE & ERRIZ
WTEFDA A=V &K .31 Lz, TERBL D RF#
BLEXX VT HBEONPDZDMEE LA O TR
DEWEE LR LT, BERGEEFE/MTDHED
ZhiR b & ORREM R S LRI 2 Ao THET
TR ELTRIRLTWD, BARIIZ T30 0 5
W E LR X, RPEDODPNZDBETH 5 RKFED
BETHLEL SNHIHABPEEOF TIENINTES
T, EMEBFE XY VT HEENRDBEEL TV, R¥H
BOBENBRICEERTE TWRWIRIEE ZF L b
HOBEMEOIE L LTRBLL TS, /2, TEE
FTAREL NZHONTE, EFELELTREATHIZNEN
IRRNEWKLORFHETHIEDDLIENTED
L EEHRIC, ¥XYVUTHEEZLUEL, AL LT
DOILBEMRE N TR OB & L TR 2 Eiid 25 =
LT, MENOREMEEZRD DL Z L ERILL TV 5,

FHROBEVDBVEELIR BiggAEE

A ‘iii
AEBE frnt
A
v
| kg | ||

B1.3 EERFTORBICEIIMRDAL A—D.

1.6 ESEFTOERNERA

KEFANL, B E COFRBEICBNT, Hxbh
TR A W IEREIZE S RS D E RO BT E T2,

PR TRWEEL & 572DI121%, 52 on-fkEs 8
RIZZ T ZENEEE -7, L, A TE
Iz e, MPPFENMIKRO T ENTEEI,
%o MEEBRGETIE, ET0OWHEERRSES, BF
WATEMIBNIIR E > TWDE N, £ THERLIEIKR
AL NRET D Z LR D, RET DO,

THHRIE LT e b2, En L H 72 Nz b v
BIZIRD DN, D NZHDIFIHIAMD, JAFHOBE
JECEDE I b DONRELNTWND N L, INETX
EERIIZICD 5, BFEOT —Z BMEZ VTR W
D, FNRRWGEITA ST THEHREZED TN
RBIR, HORE, HHRNEEHLE, ThEfoT
BFEDENEEZD LTI D, BADEPTREL
TWAIERAHIVUE, BIMTIELRTER 52

W, EHIE, BRICET DI LTI E EE B,
EIMbHEANS PO EEREBEEL TH D, KIEIC
Lo TR EFEDLDLZDOT, NI BHZE I IR T
EELEITDD, BDOVIFFENEY SRV E DI
THZIEEITHIERONZONTHEH LN EDHE X
TRNRTNIER LRV, BEEFIEORG D 2 DR
DOETH D, T LT, HZRICKDDN, EERIE

EWIHEETH D, TRV FITSE> TWAEIT TR
HOIFTNR, BAUTZEZ /B O LA T U NEX
2120, Ry TEEVRERZTZY LWV o TRN/MEZ
b, BEONYEHLE LR ECETEZRE S E VIR
A, RPAEICSESERILZ2ELESE, T2,
5L DRBENELNDIOTHD, ZOBERET
07T A, XAEREDS, FoKENL, EERGE
DEE Z T HHETH D, LEIDS U CHIHE
EEMTDHILEHLZORETHD, KEED LR
KB CTEEN 2@ D EHERET 5, £

B OBIRE BRI L, U X7 2 RIRIC IR

—145—

This document is provided by JAXA.



T O EEFEAEEERT DToODAT Y 2 — VEH
(L0 MR 2 I D, BARMICIE, 2T 5K
LAEOMWKBEERAE DI U, EAmREERmL,

EARSCRE/NTIR U, ST AR F e DG &2 K
Floxt LCTRRET 5, RFEEOEIDREWGEEITIT,

KEFAEDOE WA LTzpamBAso A Y O v o)k
A7 E B ATRE L 72 58, BRI O EHE LWEAE S
RIRER CHIBI DA M B RGAIZIE, —EDO/ Ny T —Y 0
NGB A & D, T, EEOEMOERZ: L
~OPERBEMRE ~OIEHRME L W ERE R E, KF
HEOEETHEBICKEDORNE Y BT L L TOIRE)
DL E 72D, REORENT, HERTEOEE (T
HEFOFEECT =T v T EHETHETH

Lo TNETODA L E—v TP lidEoT-< Bip s
TR —FhE LT, FHNIRFENTE] T H0E
NhbH, TNERFOBELE XYV T ¥ —ITKHH
T 5, KRFEAEEFIRE LI-BERIEOFE, Eht, #
W AEEET 7 —FIC L > THMDOSEFN D KFESE
74 a— L OoOHEEFE I EREARRE L CXLERB
SEITY, ZITWHFEET Ia—F L, HLWM
WRLE 2 T HERNCES L Th D, EESTZR
eI DR HRIRE 72 K1, RPEOXY VU THE %
IETHTEDICHRE - ETH LW VGE L - TL
o EIFRLRV, WE, PEEHE TOmRERTEIE, D
LOIANRRKRERZ L—LAZRVRT, £2T, M
JEHHI O ) DFEEG N & RS 73 6, XAE MR %
ar b= AT HUERD D, PAEE &V D ERITH
WAEN SR OEE L H Y, RN 2 BB 2T
5 LN EETH D, £, MERGEEREEE CHEME
T DA, BEFESCIESH TORIL, KPEEND
EV o TREBIBWIZ L T vy, — XD EE R,

VEIZS U TITBA~OFRE NN ELE 2D, £,
O EHIZEE L OBURIZOWTHREBED Z ENE R 5,

1.7 F&&

Pk, #FROEFITE, KREEZEORAREOE
2k, MEHOERNKFIROLND L) I2hko
BT oND, 2N - BEMNELERD 2O
CBEREENEBRL, TOBMYEALE LTAMT 1
7T LD LNCFOFHEiZ B 278 9 B E k-~
7o F£72, WFEDE ST & 7o 2Rk 24 4 TPE
FER O =— Rt LT- BB W - SRR 5
¥ OT—~AThHD TFEERLEOBEIZL D AME
v 7S AOR%E) B SR 24 4B HURHE
it 3 x SRS W FE) OMEE S LT, W%
DFEAHER L, 1ERBORFZHEOTRE LT, v
VT HEHBEODLNZDRETH D R 5k &

LN &AL, idEfRicmid- THETREE] &
A L BEHEIRGE 7 1 7T DT OWT DO IR 2%
27 wmak 7=,

2 MEHOHE

2.1 KREDOX+v')7HELLLMME
BHENTIERBECTHFAERTE DD EEZ TN
bo REFEBEOLEL, MHAMICE ZFEma B LT
RO DI ETHY, TOFESFOTHRLEEL
ZEIHD, M EELS LIF, MEEHRE LT
THEERET D, HaREE LT, iERE LF
ROFERREHLET H, BRIUEL LT, FGLOIE
B EHERT D72 D OIFHINELIATHRIE D Fehl, HEP
RENBDH, ELUTRERMEEE LT, IELEERD
DIRFDIER ZMEET D, REIC, FEINTREOfE
ERGEOREREZBIS L THD, T LT, B &
I THO T, Wl aEBICHLERENNAEX
TL %, BTN TN EFIZ L THD &,
FENR DS T2 RIZOW TR A LT D, Mam B IR E
7213580 HFITHEDN S > 12D hy, BRI A O pE i
DI, BEOER, NEEOBER NS S, EOIR
MR B YA HEE Lieu e o T2 JRIR 2 e e
Bo WZBITHRIROIE R E LT, FRIRRDIIERR
LW LMD, ERROBIND S, BEINTEREE
THRBERTE D, £ LT, BEORZOMIEITKFEE
DFERMEZME L, FEICE - B2 RS 44
M ENETAIMBEZ HIZo SEDZ ENTE D
MCTHDH, K2.11%, RFEFOANFNLAEEIZWTDE
TORINKEEA A=V Th D, RFEAEDREINL, AF
B & AR D EN D72, IERREE AN E), F4h
HERCFEINEEI D AREAICAE D WD TU e W o 23 B
ThbH, HMAE, EEEROFEE - JREBRNH Y
BN ELTHhDIRETH D, KEREOHA, &
PEGRITER SN TWE 2, AOBE OB 22 <k
OBV IVIREETH B,

—146—

This document is provided by JAXA.



A‘ ™
A R * gk 8
o | e ]
o2 5| L s
M ot I R { ARORN ERRORS
ASES RS EERE

| ASESO&) = REEOED
s

BFRIE

AT :raise.l Inc TLAX7A4 YYa—3iiHA
&, 2011, %45 L (2/ERL
H21 REOAEINLEEXFIFTOREAN A —D.
2.2 WMEINDOEE
MEN LI, B DI BELEEND I TH-> Tt
Wed™ 2 ) TldZavy, SRk 22 4F 2 HIZE S, Rk
23 FED DT SN T KPR EERE T, TRPAEN
FIEHBHALORE 2N LS, AR - BEENE A
M5 7= DICHERGET)) BEBENEERLTND, X
BRI, RECX Y U THEOEMEFRE ST T
B0 R 22 B0 B YRR 26 4EE £ T 5 R & KF
A REpedEo TEEsEd)) m bo A & ArE-S
U, ¥ U TEEICHEMAR RS - RO A%
MBI LT\ 5D, RFETHE, EBRRFORETD
ENOFIRELRM Lc, mENE TSRO,
MERILLE - 08T - (5711 £ LT DIRBLHIED - 178)
Nl OD3IOORENGHEKRIND 19HENL LB X
Too RFHEIL, BMENERICINETHHFELTE
=L, Thpb b5 TE5, 2L, EREELH
IHALA NI L 2 D, BRI AT D 3 DD RE
L, TOHBIXTROWEY L7 5,
A TSCEER
MR AES)] TReEAER )] TCEET )
[SCEtgRk )] T30
B [HHIE - 5347 - 31571
MEHIRA R 7)) TRGRAEEE ) ) ME BRI ) )
FERHIE D) TEUSRIN T | TRI5E e ) )
MG AR T TR T
C DRI - 1787
DIRWLxHS 1) TE®RXIG ) TH A ST
MBREERH )] TRiAS 7)) T3EEATE) )

2.3 MENOHE
B (B ETHEE ShDHEED) 2 HBIZL D
A% ZE TR ~NTTENRA T D, K2.20

LB ERZRTVEESNTHY, HE T/ T A
TERLLT L, VEIZL> TANEZ L ATRE/RRE
ThdH, 7, TIZRDIFEHRINS DAEEDOFER
HEROFTERENDIHDT, ZHLIZKWHLDOTH
%o ZOHEIZHDHTHES - 1TEIERY L~V DBESI A
ALET—ThY, EHITHD, ZORNITHE
BaEU TR - BRI D03, HMiklE i s
BTN, RENZER L TS BERSH 5, A
FECIE, Wk DR E MERRE A TR S
ftl, EBEDOH TOSHIRRERO K IED - & 72 555
G0, BHIEREZDLDZTALEEND 20D, MHRH
DHEITDO LIV EZDF X U T IEEDIBERHIZOWNT
TR THRT S Z & T, REAEORRICE D83
TOBEREFEFTL TV D,

‘ ASCEERR S

~BRATN (RN - SCRIBIED

A/ BB -2 Eh
A ,
YMECHTBEE B.IB#RUNEE - 5347 - RABH
BIRERIED - ERNEE RIS EN
mwgﬁﬁgh (SHERRIBED -IERMEYIETSD - BEEH

¥

-EUSRIRD -1EWREN HREETED

-IERIRANEIRD -ERRED
L

SPIMHEMERE S
LRI P BSOS I -5 SO NF . 55
- AR - B B - B N C.ARIHIM - 178

- S MBI BEE- BB S 0L
- EERE LOAE) - GODR T - ¥t 5
SIRIBADIELS

SRS RIS -TEh - BeEED
L (BRIRE=ES) -B80 - HETEN

v

HAT  ERBRAE TPEN] GPIH#EERZR - Btz
ARNEBRT DER] £H LR
®22 BMEAOHEE

2.4 = NEBRIOER

PR ANFERE D L 1X, TRt DR T L ek
A& &L BT HFHT D EOHEREENRREN ) 25
HOTHEERT, RFEFEAED 2006 F0HEFEE LT
%o FRITHELNDHEMMFHRSC AT LSS, (1A
T 5 FCHBIIRDIERNR IO ETHDH, ZDFt:
SN, REL 5D E THCEAHT S (7
gvar)] 1EBRELS) o 7)) [F—L7TH
XN (F—2U—2)] O3IODEANRHY, EHIT
12 DRESNEF L LT, TR M) 197
J) TRREEFE D) TEHE ) TRRE D) 13815711 M8
W77 T2esiktt) MEDHED) T X L=
Y ha— i) iZhhing (FR2.01), BESHET I
ESREZMIZEY, R TR 2m
Z, TNbZE I ELTFRAL TN 20D T AL
71 ZEHICER L TN ZENESE T RICERE
Lo TETWAD,

—147—

This document is provided by JAXA.



%21 HEAZBHD I ODEEN - 12 DEX.
Bk REOER nE
FIcEEAHTH | EhiE MEITEATERVEL H
(FHav) W=t h flt AICEEMTEZRAT A
E£7h EMERELERCTH TSN
Exi<h BERERAN RRESGILEMCRBEALN=TDH
(uFuy) EH BEORR AT =IOEAEHESACLERT S
BliE S FLMBEEEAHH TN
F—LTWM<H Bizh BAOBREDNCIUEASN
(F—L7—%4) 1ERE N HFOBERETHICE
Ed g BROBLPIEDEVEERTIAN
18RI h BALABEODAZENBLEOBMEREEERT DN
BENE HEOL—LPAEDKVIREFHA
AR H ANCADRERIZHIET S

HAT : RFERE M AEHN] FROAZA L YSIH

2.5 BMEHFRRTHER
KFHBBIZBNT, B IIOFREEZEZD L&, X
SRR NS HELE T 2 TR ) ) ERBEEE O TSN
KNI nRFT N5, AT, SCGHRFE O
WAt N EEARICEZ D, TOMEIL, KEEE
EORREMEDRSIZH D, RIFFEFXEAR DORET D102
NEERENZ, KFHE L O@EEMEL Y &, TR
HRT, ZOXIAMMBIELVY] E Vo BLETO
ANMEER B> TWD, KIFEIL, K¥EEE L
DR #HZR B L TWAHDT, T3] 2
B ZENLEELV, F7-, AFFRITSCHRNEE R
24 FJE [PEER O =— X3t LIZBEUE - BERK
HlFEi ) CBT 2 TEEREIC 3 2 KEEICRI
LEXERO=—Xxc LT #B S o TEER L
DHEHEIC LD ANMERT 7 7T LOBR% BaETH
HZENGLIGHRFEE OBmEZRINLE,

26 E£&EH

LIk, R¥EOXx V7 HE &S0, s o
REZOVEMNEER LT, £, RSO L LT,
BENTERBEE CHAERTED Z L AHiTEE LT,
KEFEDNZINSEEITN- D ETORESIREA A—
ST 2 REHB OBRE R AT, SCHRHEEE O
B AmENERANLZOOEFRE LT, JEEKFED
ER L7z 3 REETH D ASCEERT), BIFHINE - 7>
BT« 81570, CARDUHINT « 178N ) OBEE fikd, RICHE
WRESEB DB T 5 3 DDRES) LHERL S LD 12 DRE
TR SIS T NI OEFRST & g
L7z, sBIHEFERTE T 0 7T L E LT, g2 5ER
T HEH & IR,

3 48—y TOBE

31 A=V yTOHRRK
KFAL, A F—rvvy7 ZRIFL, & LHAE

DHEFT R TCTEERBRSCHNEITHEOMNT 5 Z & 284
HGAENDH D, L Lens, BEMICZ AN
2L o T, EFOEEII 2 H x5 RS A D3 i
HTERWIERICT A MAREOMERZ ORAE 72
LTIEOHEFEEZHEZ 2 WRELH D0, (EFEOFT X
THEHDZENTELHEMTIERNZ ERZN, ¥

3. UE, ZAKRFAILEET LA F— vy T T
75 AONEERLELDTH D, BEAEROHER
ZHIPK T 2RBICBNT, S X —r vy TOHBE
BT HZ Lk a T a7 ANEE LT, AR
DORIBIRI7R R O 2361, 1% (EEEE) kb
WS, 3, ZAMBEICLY, HEOERNIES
O, BEOFEE IR O—EOREND, (LFEE
L CWAHEEORAT - FlE, B - TH0O¥EGERY,

TNRA "= FOEBDO—HETEILIZDE S,
BEONETORFEZANOERE LTIE, K¥EE
DOt E R B (67, 6%) 12Nz, KREFESPRFAED B
ORFEN L, fFEICYS =5 FAEEORE, #iooo
KFE L DRZWROTAL, BERIROTEE R L, At
Of%E LD A Y > RRETF D,

1 B OFEBIAS IO —EPEIRER

HE=EZLTLDHAEICEE - BT

BIBCTIBORBERYSES

HADEKOLRBEO—BEFER

BHORBLEIRO—FEDRE

FILIAAROA— D EFO—

TDit
HAT: BEFBE (108 —0 v THEDT-ODRE
MREES HEE] £ LITEX
ZAKRZEICRRS B8 -2 T
7075 LORE.

B3.1

3.2 41—y JOEMEERE

X3.21%, A 2=y ICBMLTZHZRL
TbDThD, RPEATFFEDOMBNFICEL TE W
9T, < 2 EDEBRe, mikEEho B L
LT, ZIMERENDONEIZORITFTZNEWNS B
DHEZRIND, A Z—r >y TOERBIM « BEN
ZAFANRLT W E T2 HIRNITX AR 2 52 MEE Th
0 RFPAENENFEENRES 5121310 A R L
&, B, ZABRYE, KRFZEOWTR LKL TV
%o Fio, FRIOBHRERIL, BEA A — T BATEL
LTWAEBITIIREREENZ LD, 4 A—V %
b 2856 L, KANIREZREREEZ bW A A=Y
BT DA LN DD, BEDOES, WK

—148—

This document is provided by JAXA.



TR R RSV D, F, BRITRRERIC
BELC, @WMUIRBEFICHE Z R W DI RSB
L ROBALHDH, Tk REBCE L TiTEk
5 HIRRERIZ KT 5 FRT - BHROBE 0, BEERFOM S
DYBEWERH Y, BXETILRLALEZ—NEBND X
I IRBEW RN L 72D,

0.0 20.0 40.0 60.0 80.0 100.0 (%)

ESEDES LS _33135
LOHEREELIZLY [ TToe s
FNSE B AR Maﬁgzz mr=
|/IAEES [ ] 71 (&Et:n=872)
OsE
BB TRYTIRE MB? 5 D;ﬂ;ﬁ:n—ssa)
REOEE | @6.1 (WEB:n=289)

FiE-BEORMIED
-HIEES
HigheoZ oo

Bk ERNOD
REIZ'ISES

FDith

HAT: BESEE (102 —0 2y THED-ODAEHE
ZER WEE] 2L LITHER
E3.2 42—y FIcBmLi-Br.

3.3 42—y TDER

HEEICB AR TlY, #E~+—, 7L
7pdr, SEBWREEREL L TERERIENRD 5
NH70, TANRAL R, T2 FOREB L E DR
TeDFEHED BISHIZE D kR 2 72HE 2 — X 2 i L T
WhH, R UIA »H—Fy b THElch TWL EE
JEDA 2=y TOHEFEFELEDIZLDTH D,
YHEEE, ZEREONEL HFLLTWH RIS
FJE - [FAT U723 D, — MR OB OHiBhrY a3
%®%%#$ukﬁé EMD, FAOBRENERN
BHOE 2o TUIWRWZ Exbnd, YEEETIIAE
EIRREN D LR — MERRCHE RS OFREFILMER SN T
WAHHLDOD, EEZRAET HHSITE 26TV
W, F7z, ZEEEOFESEIEE T, JEERGE, T4
ATV ANENT XL —3 g VEBRRLE R oTND
ZEMD, AR TRETIHENOEFERE B E L
TR S0 7T W EIIRRbRFE VR D,

£31 428—=209FT0HH.
iege EEAEF

oRHSEETOIITN

EEVEZNSORE. 8ot TSz

[1HE]

~AUTLT—2alk
YL — T OEENEET
“HIL-T9-8 (F-LHH
EDFEATT-FE
[2HE~5HE]
RS {EES
[68E]
~HI-TO-9 (ES{EEsLL—MER. BES)
A =2 DIRED
$HE - BB OTaEL
S BEEE T AERARTIL A 0TSS4
-SEIEERE (FEEEERGE. ISR B O
- BRSEEHE
"Jf;l.;—j':'—ﬁ
(1B 9—2iwT  F22,000/8 EEFRSHEE
(2JKOFERA4—-250T F51,000H/8 EEFERSHER
(3O EEAY—23vT FE2,000M/8 SEFERLSHER

HEF: TUOFE 4108—2o9T&Fv 7] &4 &
IZHERK

. RERR. BE)
YEEE

ZEEE

3.4 £&oH

b, ZARFECREST A F—0 2y T D
H=H L, ZMAORERERE, LT, YEELEEZ
AEEDA 2=y TOERZR LT, AR
ENOREDAL 2 —r vy FICET 23T,
B0 L EEREEEOBERS VO RRL, B
KERZRLE LT e s T Attt aoTEY
KPS RBRICHSG AR 28 U C, SIS e
LTWbZ a7, 7, EEHRIZoONTH,
KFADSWEEHREZEH101E 3 DARELE L
BN, BENPZITANLTVETHHIFIE 1 HMH
N 2 EMBRETHLZEnDL, BENOERKR
ERMILTIRET AT T T 7 7 AL ITR 5
HEFTTHDH L Bk,

4 HEERFIOTS5LOHKE

41 KREHEICHITHERE

A1 1E, FREBROBEEE~OELBEIZOU
THERREEE LD LDOTH D, B> TNDE =1,
[FEHEITNESTWND =2, THFEVRITL- TR
=3, [ZIZT=> T =4, & L7 & & OMINEL %
RLTWD, /AT [2010] 12k B e, KREEKRES
HrrE L PR EEMBEOERCAEEZDH HHH
LRGBS [ENLT2 70 B TBY, REOHF
TN BIROEBENMENZ L 2R LTV D,

—149—

This document is provided by JAXA.



R 41 PEREROBELEF~ORILGE. (BH: %)
B on #

EER (SWREP] |AFEA | IER |SREE (SRS | KFEEN B IER

# Fi ae % FH L
FPREFEHLE 224 218 223 205 227 204 221 197
PEELE 112 103 112 083 101 083 086 118
T FEFRIETTR 109 126 104 082 106 068 108 083
TSR 121 123 133 116 117 089 117 117
g 127 142 109 132 103 104 104 118
Gl 127 133 118 110 - - - -
SREET 130 113 103 072 113 122 102 0ga
EH 132 117 118 124 121 110 117 107

AT MEELF [2010] [EBEDHFY VT IRILT7
EEPIBKRL-TZEL EITER

£ 4.2 1%, FREBICBOTRZEY 20 s EBbh
TWbEDn, EARZEEHZTINNT I o7z
B MIZHOWTRLTWD, /AMEALF [2010] 12 8 % &,
2L DENGHITHO1E, THREN - B8 - B - 7
TR EANE L TO~YT—1TH D, HExORGIZYS
ELINTWAHZ &%, FREEZ#E LTI
ST Z EMTRITTZ 2 TN &V ) FIIZ D72 A3 -
TW5, REABE THZTUE L7722 &1 THkEm
Ak Bl - B TR A~ T, BRI
MOEEZTWBHI NG, ERBEEXY UV THSF
ML TWAZENR—DODREEL LD ENT
x5, I T, EROBEEMILT B2, REIKER
R U CHENOREERB /), BARMICHEERE
7ar T AOWKE, EEEOIERNS, REETO—
HOWN AR CE D2MEFRIE T v 77 LI THRZEmM
Ak BT B THER AN~ T R EREENR TN D,

F42 EREETHATIELM-I=C &, (B %)

BRI (e A | SR (MEO |HEEO SR PRI EREH (DU -5 BE K%
BTEE (77— (OB [BUH |EFIE (BRG]0 R FIFRAE (RS

PREFEMLE 583 354 351 316 251 177 145 74 70 53 43

PIEIEHE 582 336 350 336 295 195 16.4 82 6.4 59 45

T A FRIEE 609 409 309 327 309 245 155 27 55 100 55

TSR b 532 417 295 302 345 151 216 108 137 122 43

g 524 381 354 340 306 190 211 54 95 102 07

#A 298 319 234 298 170 43 170 85 170 43 128

ki 622 432 381 471 299 194 324 83 212 187 76

2 589 435 299 336 275 174 264 108 167 205 66

AT - MZALF [2010] TEFHEDHF YU T] SRLT7
ERBEPI6KRO-8 %L &ITHERL

B 41 FMARICEDTAT T 4740 [H8AK
ETIN] EEBIIRESIOREEZAA -V LIEHEDT
Hb, BEMIZEA L TP A A—VEbEICTTS
TEEHEF LTS, XFhiItk k& LT, ¥
BofE - 7ru—n"bbd, £, MITEXET7 41—
NRT =R, BERESFXTHERDOI 77 KA
F AN A T EFAERIC L D RFEERYE, (2 —
YTy TR D RFPAEOFMENMENEE, #FY) —

H—OERIHE, pEIEf - > a v BV IE—L, B A
—H—~ORBEB LTy —p Y, HEL LTt
TOBERE BT HHEN 725,

®
® &
@ kB
@ # =
wh @ & | =
¥ =B A K
HhlE o= ﬁ’-j =
& & mn
= @?;
4 b
Y g E
2313
K41 MEHOREAA—D.

4.2 EDRRAEEDETE

X 4. 2 1ZERL 22 52036 24 4R 0D 3 AR O A 97
DORELTEETH 26 &1, BENEDRASEA
TRk £ D 72 2 R Bk 2 ChR L7 i &, chmbikaE bt
RBLLTORLTWD, HOSHTH > TWHHEET, 5
B CRIBTEE, MO ABRITBRMG &bk
FEEZ R LTV D, BEOREICEE LT, S it ol
WFFEOBMICSH D5 3 WEE [ —E XD B X
ONHRGEDRRZE | OFERZ BN L=, ZOFH & LT,
Wit cH D [ REFORE) [FHEM3E)
AN | & O FERITFAE RN m <, —H O ANEB X5
b b, —EHOEBFEWIR TRBRT S Z &
HLWNSTHD, HmEINOER L SEHREZ O,
ITYVT 7 —0mEL, EHEOEIZOWTH ik
OHEITHA T A, HMRSCHEMOERELZET L 0D
WD ARV FEE L RIREZ, FER 72 R rak-CHnE
T L L HEA XL 250 5 6, Bk S iz
SWHEFOEB L, WICHRIZRESHED L
TW5, e EOMEmIE, [—EBORE) [H5E0
Tk MEFIRORZE) olE TR L /s> TS, 2
DX RBUROF T, BB THLIMELY b, FHE
iR THD —E XD B TIRFEOIIE) 2
BRI B EMMERICH D Z 0D, BERET v s
FAhELTEEL,

—150—

This document is provided by JAXA.



i - B |

=
e 2 O M
e 2R O i

HiT: BEFBE BEXEXEBRI] £ £IEK
H4.2 BEINAMRAEDSHEMIRBEROED
MAUBELE (FR224F, 234, 24 4).

4.3 [ESHOIhEEE

B 4.31%, F1REFE2ROTarT ATIHEE L
+RERERG IS OB, X 4.4 12H DAY D
—FEER S, RPN CRIA L2 E&i <o 5, (RIS
X, HRHEAER R KD EEXT — 7 — FREIEHT, JR
B4R 5 200 L. EOpEE TR STV
%o O HISE DR L L C, RPAIEEIEHARBROE kK,
TR TIEGNH D H DD, RGNS BEHEE 5 4
N52A, TEH»SEITE~DNERENGREE 25,

B4.3 +HEBEBEEHOINE.

H44 REREOEMES (+ERERHEE.

X 4.5, H1EOT 0T ATHEE LZFHRELT
SOMET, K4.61%, FIHLZIESECTH D, HHpE
TRIPERFIE MR & A RIT T RRO e 2 L— ML
HLTHY, 20134 12 HHIE, 114 BFORFNE THERK
SNTWD, AR PEE DL B A TN D b
DD, ST K> TEITRIZR LD, IERZ, WECH
TERAH BRIV VICE L, B AP 5 5248
DR D G < PR IFFAR £ 12,000 A/ H O@TTHE
WD, TAX, FROKRBICZE HRVIBITENR<
PAMLE LTV %, 588N IEH & [AERIZIE S &
WITEASDNEREN B L 725,

®4.5 hHBEBISOINE.

—151—

This document is provided by JAXA.



g o LU :
- : - i, W
il r,/‘z' o - — v —
= -

E4.6 ERERFTORBES (PHEIR).

4.4 BSMEEDOHKRE

KA FESMEROEEEE LD LD TH D,
LITHICH D HEAIHE & LT, R¥PE XFITME T
AEEBIRY, BERIET BT T AL, BEURAR
BOIFEAERWRFAICHHEDOE W RS T Lk
REE L, XA IVEREMRR A O & IR R D,
LAVZIS LB 7 7 ADEIEEZB 25, 29THD
FTASCEMER )] Tk, FEFHEESCEMEREE 0 L
OIFEZ@E L CERAEDORNM EEIE5, 31TH [B
TEHINEE « 5 - BIEN ] IZHOWTIE, fastEcorfi
LR aCERIUEZ R T 5 2 L TE#E Ol E 2
T, 72, AR OIRE & BRI XA KA
LU THRET S L 012, BRELEOEDVIZL VK
Ead, &%IZ, 417D TCRBCHIWT - 17877
T, REO—EHOWNEERRLTH 5 9, EFRTE
DR 727 2 J7 Tk R I FOGET & HIFITR E -
TWDD, FATLOLNTIGHESFERNEL, Lo
BE, (EAJEORER EFRARID AR RD B
%, WBIZ, FATTH D, EREETIE, KFLERPE
HEL D 2B TRESIND D, HEERETIEEREOE
DR AL LT, RIEFT~OHEE, PEEERBERESS, &
ANFEL 7 ERIEBIRE & OB, HEE~OHE
e E, FOMENRMbN2HHE TH D, MRIZIT
O D ARNHEFMENIEAE L, S - FESL AT - ARG S -
RIR - REZR Y, 2 RTINS L2822 5,
BEER Tl % EEUE, R DESESIRR L e
5o Fiz, FTHEI-ZGEIZIE, RBRIER & 720 (2R
DIEPMEIL 25708, FFNZY A7 U A~
WlFZ2 B 27290, FATITETRITE e ikx 2 fiE
WIET DI, ZHEEIT—o—HODMEL &AW
fER ATV R Z 5 2 LT, mENOREEED
Do ZEBEOBEME LT, BERTET 0T T L EKER
LTH 5 I 7edITiE, FEFWEDIMEMD D EBLTW

Tk & TR RN 2 0 D B IRERE A2 A LT
KEFAEDNLEE LWL R L~V ORAERBINT 5 2
e, SEXNEOEITELRENLFEICEEYS

B IO L TERPIEMEE OB EIIND,

®4.3 ESMEEOKREL

E=HB $H S3X
EHIER BEARERE ES - HEARENE FA - KRS
SmEZAT VAT S BEL AL HI
AXEER S EHHER BENEEER ¥REE
EHREEER
BiE#RINSE - - FIEH EHRER HiSHE EEEEEY
TEHRUNSE
CRIRHIE-1TEAN EHHR A -BR5E EERGEE
BERELDXS

4.5 JOTSLDROOa=ITIC&BHER
(4.7 DRI a =~y L, ERTE 2 r
T LOBETECBT HHREE TR LT D, BIORE
& LT, Mt AR, BREIBAHEE L, AR
FPGET 0 ST A, Xy ) THBE#HREL, vV TH
BB L OFENEARICL TV D, v U T7THFM#
X, LBLAFL—ENRT a7 T ATHLNT
DIFEPHE SN TNWD, #hlio—HiRL 7 F v —
I, BIRY 2L T T X ERe<ETT 5, £LT,
BTIEENTLEINETLH D, 72, FxV
THERBRRLZ, LBLEPBLAEZMHAADE- 1
77 LMW ThH D, RFEIZESTHE, 07—
vy TRFIR LR LIEE O T T X TOERRL,
WEZMHFT 255620, LaL, BIENICZ AN
LA E - TE, EFEOEEES & H 2 D ERCA
MR TERNWZ L L, TANRAL MEROHE)
EBERF O L CIIOEFELSE 2 W ELD D
R, EFEOTRTEA A=V TERNI ENREZL,
B, BEEF 07T AOBBEICHONTIE, K%
EOAEZERTAF-OOEBHESELTAH LTk
ST—HOE YR AZRME « TR UKBRT 5 Z L3H]
REL 725, YMEFHIIIRFA DR T X 2 REHES8E
WG U TRIETE 5 & & bIS, FERMIRIT 3 /A RE
DIRNT—EHD T ¥ ALK TX 5= OHEDEN
ENEWNZ D,

—1562—

This document is provided by JAXA.



FrUFEE
{REE

(< & )W B m
(< 0 )i B m

ExE

L J

o3
K471 Roaz=viwy 7.

4.6 #AEEERET

X 4.8 137077 AOMBENEZKRL TS, Z0D
wENX, M8 THFETR) THETE] OB»OHEK
Sho, BEOPETRT B KD TFHERE] & 18
1) & LREORTRT THERE ) % [HLE LS
Thd, BEEONRE LT, R ERELT 44
DOEEDE 6 ANDHEBRHIIMKR IS, TOMHYE
Bk, M5 (G2 B3R, e, 8%, J5&e Lo,
HOLEMOFNORIHTELL T OFEEREIT | FEBHT
DI1ATEHEIBIE-BTITA4IA, F 20X 4 THoT,
FEMBIIKNIRTHYE B Ot L FEHE OO K
FlIOwSaTHDH, ~ b v 7 ZffkE LT, HEMEIT
HEME LHYEENDD 2 SORESHHIC X v i
DM 22 572 EEBITITEE LI WH S H D73,
RIS IMOKE 28 LEIRME oML 280 L,
BEIORE L, BEFH I EMEBEL, ISEEZ2HED
BEIITRBIC I VT, BEEUSNORRIX, BT
HOFEIEEDLZ L E LT,

BEEE

mEEELS
| | | | |
Fxgiay | | pEsE R EE e K dti4E 2
BlHE (a1 (3= 8 (L2l

—1

(A 2iE ol ARTS1E 2 ol A T102 l AKSES 182 Ak 3E1E 24
EEEEod  EEEEE] . EFEiEE] - BEGEE] B
CHEmwE M crrins crmins crnins pul crm s ins

i
16> ol D juf Drgagiﬂ_‘ﬁb

H4.8 #AwiEE.

DI 3Bk ol D B0 ol D

4.7 £&6

YLk, {FEWGET a7 T MO ORI E 7255 2
FaEmR LT, % U THBIIHDDDLTATIIEE L
T, RPBIZBITDHEEL, RFEEDRDDLHE & O
WRDOX v T OWRP L 7o HREAER A RT Z L THTZ
A VB =TI o TH ) & REZ RIS
HE bl s T AOMBGEEHI DWW Tk~ Tz,

5 ES/RFTIOT 5 LOEK

5.1 o455 .LB8%8

K7 7T LE, Zi&ORRD 3INAREDO R
T2EfTo 7, RMBREFEFULRORTFAET24 (525
&, WATHDORFZLTEDS AFEAETHY, 6 HRED
EMNE 1 BIOREE S5 L L big, PEEEOIEE
R L7zR7e % 3 AR L7z, PaISHNIE, B
X TR KRB OREEE Th D [+ SRR s I 1 )
&R E R OB < ORI B ICSL T 5 T
HE TR ZHDMEEEOIEEZTERILE & L, %
e OKFENIEE, FEBE, FEHBELL, KB L
FERRE HEE), FETELY HBILHEUS &
FLTW5b, BLHIE, HEEEELELALEENS
BOGEITILEFICLDREE Lz, 1 EOE[T
ERFA L (134, L224), AzhEEH 35
%, WRRITEEE (B 64, &44), ETELS
(B14, &184) Thol-, F2MTIL, KF¥4E
34 (124, 254), ARIEIEE 354, NRIT
BEE (B4, ka4), BEEDS (B4, &
214) Tholz, £5.1I1FHF 1A, £5.21FXF2MHT
077 LAOBEONEEZRLTND, Zilalli, P
BLOBEWRAWID, Mo L0 Y, Hx05E
(23 L 7= i OB 1S L ML A BRI A 72012, GEE
TR T2 2 (Lecture Based Learning, LAF
L B L)%, &% LoEEFE oM e 2 FOIsGE
JED 25% LA TFIZE £, fieB g L0 &P AEN TR

—1563—

This document is provided by JAXA.



PEICELRE LA OB RIS I3 EE DR RIS R I L7z,
FAROEREIL, FER, WEERl O~ U v 7 ARk A B
ML, k&N 2 SO%&E Z 8 L TR AFBIFRD
MENTE D LREIT2T,

®51 F1EEERFTIOJSLBE.

SB1E | 2012 1. 12 (£) | 1300 ~ 1700 | FUIwF— a0 @l - s TIEOHeA

#820E | 2013.1.18 (£ [ 1300 ~ 17:00 | IEAFFERTE SR E s BTS00

MK & L7e, TN 3 REOREEA] 1, m¥ED
DOHER « FHFAEDOZOBREIC L 5 ENAE T
o lol=z®, /Ul E 2255, Te) [y TR &
3 EMEIZ DT, FFIC TR oW TIEm TR L, &
2, Tae By, TRIZR) 1358 BRRIRs, TRIZRE ) 134
LT,

®1E FM25817128~3R118

m;jt; 5% R [$EA [SEHIREORERS
el _ N - il &a  |Mas (kma ot |mme [axm pomfomz| oo | ME | PE
FaE | 2013.1.26 (£) | 1300 ~ 1700 | EVRAETILIEE - BETEEN - BES
A |WmEERE uk— € € = = € & & & 105.400| 10382 9.9%
24l | 2013 2B #sb~10BERE BEIEAIOTEEE HRNE SIS o |mrss [ s | = lasxesg| = | & | € | & | & | 21500 17005 eron
2850 | 2013, 2.23 (&) ‘ 1300 ~ 1700 | HhEHes BRR S EREE PR B HEEEET C |mmRss  |pnsawy | & | ® [pusrae | & | s | & | & | & | 7ses8| ssan| sosy
%GE 2013. 3.1 (é)m 3.4 (}ED %1%%%5&% D |MBumSEE Fi E] & | EEEEE 5 3 L & = 82750| 16903 204%

270 | 2012.3.8 (&)~ 3.1 () sReIE RS

BERR IO 5 LEREERSTE LT

285 | 2013.3. 21 (77@‘1500“'1900

HFT RBORSE 5 Boa SRl
%1 EEFIRE T v 7T DR RN R

®52 FE2mEERFTI0I 5 LBE.

210 | 2013.518 (1) [ 1300~ 1700 | AVILF—an-EHEE EEEEOHRA

220 | 2013.525 () (1300~ 1700 | EISHEPEESREOHRE (TR - EIRRTS VRS

283 | 2013.6.1 (1) 1300~ 1700 | ESEAEREOHE(PH) - EIRIT S 1ERLREA

284E | 2013.58.8 (1) | 1300~ 1700 | BARE VAT ORESE

#86(E) | 2013.6.15 (1) | 1900~ 1700 | IBSFHRE SRE IFE=O=ER

ROEIF1ERBERTIOT S LDOERE.

#5.41%, F2EOEFERTET v T T LIZBT LR
TRMEER LTINS, FFE LT, F1EEEFE2ME
T 5 &, FH1ENE RSB LORENE N &N
AN D, ZOEBELT, F2lE Y, FER
T OTGHRE - FEHEOEY KL, BEIZEY
MCHRFMAE T T D 2 5EIEZS < IRfH] 2 iR LTz
TENREE LD LEEDS,

W2E FH2555A188~TASE

5860 | 2013.6.22 ()| 1300~ 1700 | BhEWE IRRS - SRS BREEHIED Foves f*j“ = [P | L P i | ey | s |
EE |BEE |BAS [Hatee |MatE (A @ B |CHR

2570 | 2013.6.20 (L) [ 1300 ~ 1700 | RS IR SRTERELENTEST A |mar mE & | & = = | & | » | @ | & | 2125 5850 280y
aE | 2013.7.5 (&)~ 7 7 (A) SRS (SR E RIS RO A~ —2) B |mE-HBTRT | BBIRT € € = &5 & L3 L3 & 19800 €555 33.1%
o R e ¢ |Furms— |BE € | @ |tusrnie | & | & | | & | & | 13250 e115| <62y

20 | 2013.7.15 (H)| 13:00 ~ 18:00 m%jjﬁf_ 2 R SRR
(ERRE TS LS D 5% @F s% & | & = ® | & | & | & | & | 14420 -287] -27%
HIPT « VEBUR S ?i’%ﬁg %Zﬁjzﬁ%ﬁ% E |vosr—% |mE & | & = = | & | & | ® | & | 47950] 11850 240y

%2 e FIRE 7 v 7T AR RNM R R

5.2 F1[E-5H2EHEERTE 07 T LOBE

#5.31%, F 1 ROEERET 77T ATBITHHR
EHEEEZ R L TN D, [TICRTEEITIL, FEBOLTR,
B 1ENZANDD O 4 FHEEH, 62 FIZANPNLED 5
FEBTHD, FNOLEMCH S TLEEE ] & THR&e
1L, EITRTICBIT D EENFOEILTH D, Bl
X, B 1 EICHEETIL, IR CTh o s [
FALE 1, TRIAIARL | I EREMEE HOEBEIF
DR ER_RLELEDDNY O TH o722 b,
NAR Yl LRER RO T X7 v a T
bOASH T OF T s g OB ETT
DD Y, REIOHKINS TV A 7y a v ICFE
NEZER LT, MEEERES] 1L, REEEIZED
OB T, THEHISE) X, FFEEBOMHE - FE
ITLTIEENEOHS E, THEICHA X, FEOFF
b N, [PEEEERRE] X, PEEICRH 2 5 ik
B, THEENEBRE] 1L, BFREZ#HEOY A7 7
AZBWTRHIT RSN DEEDOESIZS U T TE],

il

3

R5A4E2ERERTIOT S5 LOERE.

X5.11%, £5.307—F&bHLElL, 77 7{bLi=
%1 EOREFEE L R LT, 2 hmaml, s mic
BT LTW5D, FNTEEE, LOFIORTFITeH, T
DITIZH D 1AS 1DITE 1L BIOANSDD 4 7 )V
— 7 O5¢ EEk X OFRRE O 2R,

—154—

This document is provided by JAXA.



120,000

100,000 -

RS

m FliaE

1A iB ic iD

®51 #ERRETOVSLOEMHE (F1E).

X 5.21% 5407 —F%EHEIZ, Y77/l
8% 2 MOMRFEEEZ R L, X561 &RERICTE Laax
B, FIZEZMWICEST LTS, LZOFOBFITE
¥, TOITIZHD 2A0D 2EIXE 2ROANSED 5
I N—T D58 EEE L OFREDEEEZRT,

120,000

100,000

60,000 m5e kS
u FliE

40,000

20,000 -

2A 2B 2c 2D 2E

5.2 #ERRETOVSLOEE (F2[E).

53 EFR—Y3VERMLRDER

B 5.31%, & 1E&H2BOBERTE T 7T T LD
HEHI DT> T, Fur 7 AP EE T 2 kO
FTFR—T a3 A NVRADELEAA— LSO
Thod, RICFTHADOSRIETX—2 3 0 LR
8, REDFBITHEBEDO A MLV ADRIMED A A —
Thod, M, Euzdicr 7 A mEETN—
vay, YA FTALHEANVADOREL LTRL
7oo MRENZGEMEREE LC 7, fEFEARGE D K
M, SRR THDH, itk LTH LIS, [HBOHE)
AT T 213 mbs 2 & T, BEF_X—2 g0 BT 5,

F2l, HELBEEDOX Y v TINHLA ML ANLET
N—T g UINTRET S, 31, MMEHOF—LT—
7 DEERR L & B2, BOEFR—va RN EALTH
<o EROEICEFR—a LR FLRAERYIK
LG, ZHEL2BNTW, BEEAIL, F140%E
FRX—2a OMHITH L, FOLAEKET S L,

EFA_N—a N MEFIORMMEEZ B 2, SEIIKT
THI N RERL, BHPHRET 5 TR &

be £, TEF_N—arEMHILTES 2 &b IAEE
O 27~ 72, EHORIE RN SEFX—
3 VBLOA N AFHEBI R XA IV I PEE
L h,

EFAN =3 A AEBDAA-D

@ENH AT+ DU =1/ TR LS

T OREIGTHEETD
N
2

e I Iy e —mmms
s £ £
S
F

DEFEHD R

AT EHERK
B53 EFR—23r - RAMLABTEDA A —D.

5.4 EXEFIEOIWE

92 BOMBHERGET 1 7T N Eh TN TOEN
ERIRY, FHATRLERD EOICRMEEERTE S
RELUEEFANLEL RS, HEEICHIEY, ZiEE
NHRENBREZFANCHEL, REFICHFE TR 2R
TR WER R AT A B LT,

5.5 E£&®H

Pk, {EFEWRET 07T AOEAYY Y 2—V, F
LENCHME L7 ADND DHEEE TO 4 FHEEH, 52
EHZSENE L7 A6 EFZEEE To 5 FHEH O IR
DOWC, HBJNEMtiFE R 2R LTz, WRIZ, {EFARGE
Tu 7 AOHRFIHTEY, ZEEI ﬁTé7m77
LHIR AT Ak OEF R— 3 VB LA b
LADWNEA A—T L LR LT, H&IEREERT D
B EZETF RNV 2 AU DN TR~ T,

—155—

This document is provided by JAXA.



6 MEASHEER

6.1 7073 LONARROFMER

6.1 BLOK6. LIFTHENAROERE LT, =
EEICRI LT e 7T A AR OFHIRE R A2t D
REZEIRLELOTHD, FlE5 BEMOH CHIE
WCRDREERE, 1TI3FAT - FHRAEOR R LT
DR E LORT, MR Z¥E O 19 HA IS
95 [FEARE BLO [F%FE, Rk
L, BMESIOMOEE Lz, #OELOH D Ikl
DA AT o TR, BENDO 1I9HBED S H, 1
THH A 1%/KHE, 5 HAMN % KECTHEIZH EL,

R6.1 MUENOHR (FAHE - TRARE).

1BE RE-seEE HARE HiRRE =
A EOAEHR 381 (o0s2) 380 (o081) | 028 |*
i SLERTERNTD 329 (o076 ) 357 (084) | 020 |*
12 N EEER 346 (088 ) 371 (078) | 026 |
% T EFERH 311 (ogo) 337 (o83) | 028
NEhD 324 (102) 347 (081 ) | 023
‘% 1BERIEEIES 311 (o078 353 (084 ) | 041 [mx
Eic 1R ERABEEH 310 (072) 321 (083) | 011
Iié {EFEERIBEEN 354 (105) 365 (088) | 011
/'\ ok Erinsla! 323 (o072) 346 (082 ) | 023
% AR FEIEIRH 313 (o072) 351 (082) | 033 |
. HREREN 340 (071 ) 367 (o0s84) | 027 |%
1§§ 1EERIR EE IR 346 (087 ) 339 (082) [-007
2, 1BHRIEER 311 (068 ) 336 (081) | 024
fﬁ AR R 318 (088 ) 340 (084) | 030
i EENEE I 327 (116) 350 (084) | 023
;—Tj BEEED 350 (084) 377 (084 ) | 027
- REEZEH 324 (085) 354 (094) | 030
g high 320 (084 ) 350 (o086 ) | 030
A HETEN 330 (080 34 (o078 ) | 011

B3 FHFFEE ( JFIISD %P<05 sxP< O

WIT, BESID 3 RED 19 B IZHOWTEBEMEDK
MEAT T2, [BHEMEORZE L LTI, Cronbach @ aff
BaMni-, TACEERT) © 5 HEORRIL, «o
= .59 L 0.8 ZEIVIAALTWS, L7=n-T TAE
TERS 1) DB E L TIEBEAER R TV RN D
ERbnb, WIZ, TBIFHRINE - o8 - 15T © 8
HEIX, a= .82 TdV, [CHREHIW - 1TEIS1] D6
HHba= .86 &, afffinn0.8L ETHDLHZ &5
—EBMWNDH D LN D,

LR N NUE NI S NC G L R N S O
S ey q’wﬁ&%%{&\ é%wﬁﬁzi&%%* FFeH F
< <@
ATTEIERD B BRI SR SIS C AR TR

X 6.1

X 6.2

——SHIEE ——FREE

MP<05  3KXP< 01
RENFAROBR (FWHRE - FREE).

IEEE, BEELUSNE T 07T LD AR

ROFHEFERZRENOREZ LIORLIZLOTH
%o HNE5 BEREO B CHIEIC L DFFERE, 17133
Al « FHRFAEOK R L BES I OMOEL L TRLTY
Do MNIEHAE THE) BEO THEEELDS, 1€
BAEEIE, MESIOMOFEL LTHRVIERLOH 5558
T EATSToRER, Tek3d) (F (1,68) =9.05, P<

0.01) 4,
0.01) 4,

[ASCEMER S (F (1,68) =12.01, P<
[ BIEHRINE - 087 - 57 (F (1,68) =

6.75, P<0.05)] 725, CIHRUCHIWT - TEN 2 BRE A
BEThoT-, REMNC, ASXEERNIL, HEHEORE
FIBAFE MO T < RE OB EN RO iz, B

ERLVES

c M e FETTHAEFLD A L [RIFRIC BT )

PR LT 5T, EHEH DS ORI BIFE A D T

AU MER )

FRETH D, CIRUCHWT - T8 013, B/IE

B LBEEHELS ERROMBM & 2> TV D, WREL D
SV VEIWT & A2 D RENBRFE D ZIT DTN TH T,

40
38
38
37
36
35
34
33
32
a1
30

B2 HIEE -5

=3Eh
[F{1,68) =9.05;P<0.01]

Pt

-

L~

f"gﬂﬂﬂﬁ'
-~

FAl Fi&
——E1E ——ETELIH

—156—

This document is provided by JAXA.



ASCEPERCH
[F{1.82) =12.01;P<00 ]
40
=3
o 38
T a7F //
o ¥
24 __,.-'.
I'I_'I 233 _/"
m 5, L
3.1
30 E =5
——ETE ——E{TE L
B 153BRE- i F(5H
[F{1,68) =8.75;P<0.05]
40
30
o 38
L a7 /)

B

;36
= /
W 25

3 34 ~

[

W 5, *——
a1
ae =7 E35)
——EFE  —e—EEELS

CHRAEr-iTRCh
[F{16e) =239 ns]

40
25
28

el )

T 37

i 38 //’

[y 35 _~

# 34 » ‘—.-___,_..—4"'".

M ag

05, ®
2.1
20

FHI Xt
——EIE ——EEELIS

E6.2 F0735LDMNAROFMEFER.

6.2 BEEE - BEEFLUIOBMENREDES

* 6. 2 [THEMEE B L OEMLH LS ORI BIFE DO FF
Baornd, MLy [HEE) BEU IFREEL

Sh1, TERAEL, Rl L FRMAEDELIET]
DIORTH D, ML, FEH OIS IBAFE OFF
Th o, FIOEMZH HREHEH ONAMLIE, HRIZH
LDEDFE (FRPICOTHATH D) ITHRSE, F
AT« FERMEO FEMEDOZDRNEIZAS L TV D, 17
DRAEIE, BEAHEE OVET, £F0 () WNITHE
WA, ARICITFAT - FRMAECKIT D t RE
DAHBAREZRL TN D, FEMEOENBE (R

XEH) ThH2DOIE, BIGHRINE - 54T - 151 &Rk
T5 MERFIIES ) BXO TBEEEIRT)) ThH Y,
FALE QR L LT BIFHINEE - 47 - BEITEW
BRI N RSN TN D, WICEK b 2 DA, TE
EE DA ORRETIBARE ) ORI BIZHT 5 FHE%E
RLTWD, BEIEEUSNT, il - FEEEO LM
DFEN (FHXH) BOLNLDE, TAEH AT
J11 & TCIRWHEW S TH D, BIFHRIUE - 547 -
FAG ST OMEDNGD TR Z & B CTH 5,

£6.2 BESE - EEELUNOMENRREOEE.

RE-§0EE  FalE FEIAE * RE-#HEE  FaElE FHRIAE =
Nz Bz
1| BIEEEEEN 319 (059) 395 (090) [ 076 ¢ | ABEAER 347 (087) 382 (072) [ 085 |*
2 ¢ BREEN 305 (121) 381 (105) | 078 [ 2 CIKR¥ETD 310 (088) 345 (073) | 035 %
3 B RIERRA 300 (082) 376 (082) 076 [¥* 3 AXEN 304 (087) 335 (074) | 03
4 A BB 310 (082) 381 (110) | 071 ¥ 4 AGEEHERN 320 (078) 347 (073) | 027
5 BAREEEN 348 (091) 414 (089) | 067 [x 5 CEHiFA 320 (101) 347 (079) | 027
6 B EHHIHN 328 (076) 380 (087) | 062 [* 6 BEMEIEEN 308 (085) 335 (074) | 027
7 B fER{RiEN 314 (035) 371 (088) | 057 [* 7 B RHHEEN 300 (081) 322 (084) | 022
8 A XELED 362 (079) 410 (081) | 048 8 c BEEEN 339 (080) 359 (080) | 020
5 c HEEEH 376 (087) 419 (081) | 043 5 G IRRNIEH 318 (102) 337 (085) | 018
10 G H#igH 318 (073) 357 (100) | 038 10 A ELEN 339 (063) 355 (067) 016
1A EEAERA 348 (086) 381 (101)|033 1 B BUSRIRA 327 (075) 341 (075) | 014
12 G RIRFATEA 348 (140) 381 (105)|033 12 B {SMRAREEESD 341 (105) 353 (088) | 012
13 C KRN 338 (117) 357 (108) | 018 13 ¢ ERITEN 324 (085) 335 (074) | 010
14 C HRETER 343 (100) 357 (085) | 014 14 BRSERES 337 (080) 347 (073)| 010
16 A BESAER 385 (100) 410 (087) | 014 16 C BRESH 333 (078) 343 (086) | 010
16 B {S3RARESES 386 (099) 395 (084) | 010 16 B 1E4RITIEND 310 (079) 320 (073) | 010
17 A XER 371 (098) 376 (087) | 005 17 B Eftit3h 320 (070) 327 (072) | 006
18 B IEIRIEFRIRN 367 (064) 352 (086) |-014 18 A XEHEEH 312 (075) 318 (077) | 006
18 B fREREREN 333 (089) 319 (079) [014 | 18 BESRIEGEMIRN 337 (094) 333 (074) |004 |

HFIIFIFEME ( IFIISD %PO5 wxPLO

6.3 1%, BLH & BLHE LSO DR
EHRLIEZLOTHD, £5.2 DEICESE, FHaT-
FHRMEDOELEDAE (RPIZOTHATH D) DOFF
EEDNA B LB LIVZEENTHE 2 RFIEICR LT
%, EROFEROMCHEEN-ENHEE OLEANCERT
ENIZA, B, ClImt¥0 3 RETHD ACEER
71, BIFHINEE - 907 - BIE 7, CHRUCHIWT - 1781
OFHMIEBEZRL TS, K52 IZKRT 5 AEMOH
ONEBIIFEE ORRNHEE %, HANEELHE LS 2R
LCW5, BEERFSE LCIx, BEffEE L EEa Lt
THRBINTZENDERIZOWTH@ AN R, ZoMM
ML RES BB LTHD, ZOMEANL, EEEN
-7 FEOREN R DIIHFRINEES B 272 ) S
PR % —77, BEEUIMNE, FEBOWREFHEE X
179 % 72 EEENTIG U CREIBAR B AA 52 BRI B
B ENTRRENT, T2, BEFEORRIJHEBN TS
(26h U CEAEE LIS 2 o SRR 7 <, SEE
DAEDMEHMD T/ANSWZ Enh, BEEE L LT
B SN OITENEH N RERC, Re iR IC &%
LIELTWD oL Ebns,

—157—

This document is provided by JAXA.



EIE

HITEL

B EEREICIEN
C RN EN
B Brf&iEiRN
A TR
Bit&EEEN
BEHEEFIN
B 1&ER{zEN

A SR
C ARFER

®6.3 EHEE- - BEEEUORMENFARER

6.3 BFRE - LFFEOHREIRREOHH

7 6.3 13 TR L O K T #AEDOBRE T B OFF
MERL TS, MNiEHE [H1%4 BXIO T4
TEA), MERAENT, FATHE - ERREOEEZR
ENOMPORELE LTS, £6.3DEMIEL, BFF4E
DOBLE I ORISR Z R L TW5, FIOLEMICH 5 HE
NEBE ONELIE, AN H 2 Mmoo (FpicOT
FATH D) ITHSX, Fil - FHRAEOVFHMEOE
ORENEICESI L T\ 5, [TOEMEIX, FE/TEE O
fac, Yo () WIHMERRZOME, ARIZIEE
Al « FHRFEICHIT D t REOH BEAMEEZ R L T
Do EEMEOENEE  (RPXKH) ThHDH DI,
BAEHILE - 00T - A5 AT 2 & @FIEE
711 BIO THEERIRG ) ThYo, BraAEofse
L CBEHIE « 54T « 5815 1S @O B D A s e
SNz, ZOEBAIEEG6 LIRTEEE LR CEA T
HDHZ D, BEELFRRICERZEERL TV
HTENHREIND, BIFAELFRICLOIZERE 3D
AT T EoskENBR) ([ZHB T 28 E O
EEIEAE R LTV D, BIEE DS TEED E0
(FHsxH) RBOLNLDIE, TCHRWHEW A1), TA
FRAET) ] BLW TAGEEIER ) THDHZ E0UR
3 g

®6.3 BFFE - TFREORENRREOEE.

RE-#EHNEE Sz FREE = RE #hEE  Faila FiEiRE 3
JIEfiz Ve
1| BWEREES 913 (0se) 383 (080) 071 [wx 1 o KRN 308 (080) 354 ¢ 08) [ 048 x
2 B RIERRS 296 (068) 967 (084)| 071 [¥x 2 AESEAET 352 (077) 393 ( 08) [ 041 [x
3 CEREEN 317 (114) 37 (147) | 054 3 A GREER 333 (084) 370 ( 08) [ 087 [x
4 BRRERED 354 (087) 400 (100} | 046 4 G iHi8h 320 (082) 350 { 07)|030
5 B EfHikHhn 325 (083) 371 (084) | 046 5 C HEHEER 346 (071) 374 ( 08)| 028
6 A XEIEEN 342 (064) 383 (085) | 042 6 C HRF N 326 (087) 354 ( 08) (028
7 A TEERS 308 (086) 350 (119) 042 7 BESEEREN 311 (073) 337 ( 08)| 026
8 AXES 388 (122) 967 (084)| 029 8 B HEEEN 308 (072) 335 ( 08) | 026
o C #igh 321 (112) 350 (1.08) | 029 9 C EFHTEN 324 (084) 343 { 07) 020
10 ¢ BEEEH 358 (1.04) 383 (118) | 025 10 A XEH 317 (082) 337 { 07) | 020
11 B 1HREED 317 (o62) 338 (086} | 021 1 A SCERED 348 (071) 385 ( 07)|017
12 B {EMEAIRHESES 354 (122) 371 (102) | 017 12 6 MEEEED 333 (059) 350 ( 07)|017
13 CIRRAES 320 (146) 342 (1.04) 043 13 C WEEEN 328 (083) 346 ( 08) | 017
14 A SEERIEREN 321 (083) 333 (080) | 013 14 A XERAD 313 (077) 330 ( 07) (017
15 B {RER RS 308 (086) 921 (1.08)| 013 15 B IHERIRN 330 (072) 343 ( 07)[013
16 AEBAEN 379 (087) 383 (080) | 004 16 B ERHEHH 322 (086) 333 { 08) |0
17 G HRIRHIETD 338 (111 338 (086) | 000 17 B REERED 311 (063) 32z { 07) |01
168 B 153RILIERIRG 346 (104) 342 (085) |-004 18 & {SERAMRIESEED 354 (095) 383 ( 08) | 009
18 C EETEH 342 (1.00) 336 (086) [-004| 19 B EMEESERG 346 (077) 337 ( 07) |-009 |

HFIITFIFEE ( IPFIISD %PL05 xxPOl

X16.41%, K6.3LRUCLIICETFFEELLTFE
DO ENBRRORFEE R LD THD, £6.30D
VEMED IS E, AT - FERMEOFLEEDE
(FHIZOTHATHD) BAEETHoTHENEHE %
BENEIZ R LTV D, BHERRR®E LT, B1r54to
RESIBAFE TR B ALz BAFHINEE - ot - BIEN L &
T4 D CARPLHEIET - 178 7136 L OVA SCEEROIC 3
WRENRL, Bk EORRBITRE < B
HZETHD, ZoOMEAND, BTEAL LT
%, MEMEERICHD Z ENTRBEINT,

FTFE

. 4

LTFE

> 4

C AR
AES AT
A FEFRIERN]

B & RATIEN
B HRf&E#1RN

E 6.4 BFEE - XFREORMRNIFARER.

6.4 E£L&H

Pk, ENRERICBTD T 0T T LON AR
FHiAE R AR L, 77, [H{EH) & TEEHELSN
BT D TASCEERD ), [BIFHRIE - 57 - %15
711 BEOY TCRUCHIET - 17780 1) (T 21T o7,
BEHFHEEZRBARNROONZ OO0, HEELUS
DEENRERTH Y, BEEITKFL, B RN
TENHEEEIND, RIT TEEE)] BLO THTEELL
b1 OERENBRORFETIL, ERRDO3ISORENS
R END 19HBIZOWTORME LT, EEEL

—158—

This document is provided by JAXA.



S BIZHBWT S BIFHILE - 7547 - 315 J10fER
D TIRNWZ EAURBR S Lz, F2, W ORICBT
LRETIBAFEITREN BSOS 2 & BRI T
wé&miéo%bf,%%iékﬁ%ié@m@m
BWTIE, BFHAED B IEFWINEE - 7o - 315 1I2H
FEORHEN TH—J7, A FAED CIRPHE - 178
& ASCEIERAIMBR SN D 78 ERMEOE VN LD B
BTN ENTNWBDZ ERHLMNNI T,

T HREEREOAMEER

1.1 HREYREOHE
HRITEZ 72 LTV D EEZLRTEY, Fbbi
DRI S O LR BRI H 2 BIE 72
JE, WICHZEOBE TR INTE, =L &M
JENIZBAEE DL TV D IRDUS K o THUE SV HAT
RO N D 5, MERSEMERA OSSR, RFERTE
7a s AOREEET — 2 L L THINC LY 2t
EL bR T =X EFHEILT HZ & THMEDHGITET
Th <, AMOBURGHT, fRkO*¥ T FHE, *v
U T 5B OZEYED 5T 72 ENAIRE L 72 D, Al
FHoET S 7 A THALE—27 v— bR X
PERSEPERR A I, BT 144 [, 26 E0AH% 36 [h
IR SN, Z#E T 07T ABIARTIIC £ L otT
EAT oo, HARMIZ, B—IE, Bt LT,
PPN, NEME, SIIEEME, FebitE, HE
P, EERCEAK, THRENESK, WUEME, BEME, K[,
MEME, BEM, S, oSO 10 SOFHER
BEE LT, B, MRS, BERRS.L oS
%@@ﬁﬁ,ﬂﬁ®bﬂk,ﬁﬁﬁﬁﬁbﬂk,mo
WTD 4 OOFHMBIREN DR S TW5D, A,
MR EZERT 5 B0, 2T 5L 0muME%
FRNERE L, FANch®m L7 e s I 88 AR~
ARXTHZDT, KEAFMASCHIKE, Tar/ 7 A
TOWNTN—TT L OMBFMEEZH LD L8 0D
AT EAT ST, ZOEBE LTL, HEREDZOE
AR L By, BRGSO L 7 5 MER
PRI Tl CEE OAREZE L T, 7'm
TITREZDLYUIIEDbEDZ LT, HEDRER
WHZENTE D, HlziE, FeittomuwiaEtts o
ZHET, WECET LN LB N LEVEZE
B %—77, WA ITESZ ERBNTDHZ En
5 RERE Lo WMEII N B D 7D, RIUHIR AR D L
i OBEINE 5 723 L, MikoSERETETFN—1 9
TIN5, ME5.3DEFEFX— gAML A
DEBOETIRAZWY, a7 28T ETETT
HEFR—= 3 URANVAZERT S LT, MHKE

PERAIC L Do e b Lo, BRICH#EIC L - T
S 6%7‘_%?3“(:1: DIEFISEWAMOAREZ EH 25
fEM e U CEE&E 2 R4, BlE U CHEBEL L%
EZTHDBE, Tul T hEEARLEROBEMEICAED
T TCHWERET 52 LT, AMBRO=2 707 b
< B bTTNSBER 2 RIRICTBHIET 5 Z EBNA[RE & 72
b, Al HERFE T 0T T ATIIRRDZHE T2
Bl FhE L7=2%, EiHEE & BRROEF L, OfERs
HZEIZLTWND,

1.2 HHBEMEREOSITER

1.2.1 HREELERS T (BESE - EEFLUN)
K 7.10%, FE1EEF2EIZMLTE4ED [HE
F (n=21)] BLO IFHEELS (n=54) ] 1220 THE
BEEREORECH LZb D Th D, MarEK%s
BEH] BLO TFJEHEUSS, EBEEX, AR
%ﬁ@$WXn7®#thw R NIV [
I [EEE) BLO [BEEDS) OFHR=a7, A
%®777i%%%bfw60777t®, (st
p<0.01) XiZ (p<0.05) TEHNTWVDHODIE
ZOEMEFIICARE THDLZ 2R LTS, HIE
%@“ﬁ&LTiFﬁﬁﬁj,H%%%%,Fﬁ@i
B ONEFETA 27 NELHF LS LD BFExIIC
Qlﬁ%mmﬁﬁjix:T#ﬁm@ﬁ%wak
0, Z OFRENELE OVERBEMEICBIRENZ & A

HoNE 7ol
=52 |=@aos)| 20715100500 05 10 15 20 25 30
HEMNEE = 22 39| w7 [ |
A& 5.1 59 o7 [
EHEEEE 75 57 I
Bl 75 73 a2
EEE 55 5.1 " oa
EFRER 78 59 [ 20
FEHER == 79 65 L l1a
BEE 5.1 57 06 [ |
BEt 45 55 o[
a5 43 44 01 |
matE 49 44 [ Jos
BEHE = 6.6 37 I -
SEtE 486 45 ] o1
BEELDHE 55 46 [ Jos
LOMER 39 45 os [ |
HotR 25 21  Jos
FE~DELS 31 3.2 0.0

7.1 #HREMLERS T (BEE - EEEUMN).
1.2.2 HRBEELERS T (R8T - TEH)
BI7.21%, HIFEEF2EICSMLTEFAED 55

F (n=75)] BIO TFEHE (n=19)] (T TR @M

BEOHEECHR LI-bDOTH D, MK E 1553

B BRO (3L, 1ERERT, AR

—159—

This document is provided by JAXA.



AT DEE LTS, K6.2 RULHI2T7T
7 &, (#p<0. 05) TBEHILTWDH DL, FDFEMN
MEHCEBETHLZ L 2R L TRY, [FEHESE ©
Bix T8l oxa7RNEL, TOENFETH
HZENDLNDL, BIEOREVRLT IDOHFETHY,
Boomts LG22 5 2 ENETT, TOHD
FRKRICHENT LEIEW R H D, BETRNSTZ
T2 DT & 72 S, FEAEE L THIRIGEIE)

MEBREA.O o0 J5rm) , NWEBEMK] Imnb oo TH
AE), TBREA~OBE LS RgneEbhs,
smE . 20 -15-10 -05 00 05 10 15 20 25 3.0
HERAETE 34 25 [ Jos
R&HE 5.7 59 02 [
BT 6.2 7.2 a0 |
Bt 73 6.6 [ Jos
EEE 52 52 0.0
EREER 6.4 6.2 1oz
EHER 6.9 14 0s [
SR 55 5.2 [ Joa
g 5.2 5.1 ] 01
St 44 46 0.2 [
ek 45 50 05[]
Bt 45 5.1 06 [ |
SiEE = 45 6.0 s
BEHELOAER 48 56 07 [ |
LOODEH 43 41 o2
Lol 22 23 01 |
EE~DELS 32 24 I Jos

7.2 HEEELERSN (ZHEE T - THESE).

1.3 F&H

PLE, MEREMRRAEIZ DWW TN O NEN: & F 0 E
FTrbk~T, 70 1HEE) & HEEDI BIO
[ZEEE ) & TSR IOV T OB 21T
STe. IHHRERN O BEEEITFEELEHT L0100
T AEME, ERER, FIRIEEMEOR a7 RE <,
BEMENRD D NELHE LI & OMREEMEISEWV D B
HTENPHOEMNI IR oTz, Fm, [Z5EE V) &
[FEMEE | OoFTE LTI, FEHEED TRHE 00X
a7 &L, AOMENRED BT, BETRVLEIVE
Wr& 72505, THMERIGEINE] < RE~OE L] X
[SZaE# Y L L TEWDLOO, —iEtEozn
TR L7a\nW 2 & NGe =,

8 FUr—rABOHRIEESE

8.1 74— FODAA
FENREEDDITTIE VIR NEE 72D, R
MREEEB IR )70, KO THIZES 11
IRT T U — NORAEIT T2, ZilalL, REORK
THIZT 7 — FORAZHEEERITD 7 77 N
—E2EFH L CANEZRBI o7, & 1EEH 20
DERTITE BICTHETHD I ENOZH#E NY
oM TEFEAL TS, RIRT T6-1] 726 T6-
3] ONFIL, BESD3IHS>OHEED [ ASTEVER
711, TBAEHIEE - 47 - 3150, [ CIRBLAIET - 4T
g OEEEHERTHHE THD, T r— AR
Zl U CHESCHAZREL, TORARITSLE T
07T AOEEEZITST-, IRV DEEHSL LT E
T, XAIZEEORIPERIIECTa Ay M ED
TEBNZ 7 + e — %2175 72,

%®81 7 U5r—FrAZA.

ERLTRViT e TELLE T

EFEICBAOE-sThaIemR|THFILLL?

BUCHWFAT Z et TEEL I T

sBAE B A N TEE LA 2

MADSFHEEEZLERmEIFYEL?

[ R BN S

-1. BROIXEFERNDIC 20 TEELcEB2 8230
FE T TN EFENCEAT IR T TN

§-2. 800 MR PE- T8N ST e bz & BS 3
[FatEd 07 ThIL EFR) CEATTER ST T

6-3. B0 MERURE- 587 FIEDN 2L TEELIZEES
EmlddE T TN BERI YA EENTT

7. B (TOMEEALIELFIENE L RELT TE

8.2 Fri—MIHEBOHE

8. 11%, %1 FEEEEOKTHZOT 7 — kit
FRIIOR LT RER OB TH D, X, T — RO
FHEE OB, TR E R LTV, HED
[6] %38 912 L7223 o THUHEE DN A LT %, HHID
FEEETCIE, BORAR, BEEOREY, kEkRaid
AR MR T AN, BB TEICTN—TT—
7 BMEMT 5, L BLIZEVZEINRFAEICE ST
I%, P BLICX2ZH-ER A &R TRICERLZR W
D, F—U— ROFHIBD LTS,

—160—

This document is provided by JAXA.



/1 OHEBIRSC- 777 —H Wi S 8D 1S

5000
4000 A
 soo \x//\ — s
# \ —&EELS
2000 FigE
~ PaN \
1000 N

) T

S1=] I =1 - [=1 N [=] I [=] N = =1 I =]

®8.1 MHACKIMENFARGER (51 EIEE).

[X8.2 1%, %2 FEEEOK THOT 7 — &t
FEICOR LT OOWRBR Z R LT b D TH D, GHE
DIE %8 DI LD > THHIEE D B LT D A1
FlRIEFERTHD, FH1EEE2RZET S L,
B LENEXT v — FORANRIC Do b b
D, BEERE LTE 2 EICIHIEYRY 0o BEEMN A Z
HELHIZ, X EThar L vERRATLHI L
TEE T 2ED T v 7r— FORAREEHDDLZ LT
KEL TN T,

2 OHEBIRSE- 77 —H Wi S 8D 1S

5000 ™~
4000

F8 2000 \ A\ —EF#

2 AN v —BIEELI
2000 — L
1000

N
0

S =1 I =1 =1 R (=1 I (=1 N [=1 I =

®8.2 tHAICKIMENFARGER (52 BIEE).

8.3 HIEBEDT V7— both

1A T [E O TIM O T HICZ A NTTA
L7 v r— MERICOWT TEHEH) & TEHEEL
Shl W E U E T2, BIE LT, BEHD 3

R BLEBE Clzaor L, TICH 5 (0 NI
HHEES, AWOFNZH D Noy 1T EAL 10 DT %
7, THIHEE) 1%, 7o — MIEENDHFEE R
LTCTwWa,

8.3.1 E1MOEE -1 BBD7 V45— o
TRLIE, WERK254FE1H 128 (1) 130> B 1TIREZ S i
LB v 7 7 AONKERT, HlElEOAY
TUT =3 UTIERRIR L IR DB R DR EDNE
FOHHFEARZREL N, F—LAENLT 47D
ATEERE & U CH B ORI+ 7eRiila & 572, BT
FHOSEME B ZROEEICL VERBOREZREL,
FETOBSFETB ORI OWTOEE S Z 74
DERERVPFTEL TSI,

1 a7 7 SRS
(1) 2EZEE (FAEEE - BEEED
(2) BREEELRT (RFHTEED
2 F—LENT 4T
) #Brv— hReA - BN H 2SRRI
2) XEIHFLET N—T - FHIEHRH
3) WHHmA S N—T - &K H IR
KEIHE T N—7 - K AERH
HEORH ERE
6) ZHIDOEBIAZ W & Rk E
3 770U NUHEBESR Y AT LOHH
CxiERILFEEZHE LT AT L)

#8.3.11%, ¥EHOIHEBOT »/r— MEA TR
ASNTZREICEDLZY TV ERLELDTH D,
FIEBIZAV =T —var bt LTOmRANLED
KRN LA L L o l=T2, Fu s NIk
DL BMESE S AR DR E DO FEIT D o2 b
DEBbing, BEEOAXEERT) & ELE LSO
BEHIUE « 54T « BIENICTHOWTIE, BIENEEIC
B 5 R d A o 7,

#£8.3.1 BMEAHDERA - 75— rF2TL
(F1EEE-188).

HEIZOWTDT v 7r— M b REOERZ FH 5
o > B 2 R0 CIEFO U &S EAE ST SR
O, Ty —= oI NE LD BT, TD
- — N B3O FRIENTE LT
BHAM, 8. LIORTT o — MAAMNLH LT

FELSLDIRT, ISR fTE e L
SEHTE T
REEROAICB, BE A SEHEHSGT RiGDic

W5, 6-1 IXASCEMERT), 6-2 13 BIEHINE - 4y e
Hr - 381571, 6-3 1IRPGLHIr - 1TTEV I TH Y, R
DRV DLNEFEZHBRNZHRK 3 DY) EIFTnd, Kk
2, BEVIWIRTT 7 —FOETOHEMNLHHL
T HGEA BT AIEF I = & ICE 2 A D HL

—161—

This document is provided by JAXA.



#8.3.2DHIET U F LU SORME LT, EIEEIX
TAN], BEEDSNT TS B EfLICE TS T e
NoH, BEEEEFESHE LY Y, EH~OEHESE
<, BEFUSMNE, THS ) = TBC) 2 ELIcE T
BY, AV TF— g o THEE Db Y 2R
LTWb, LT, FEEIL [RZ), Bpn) Il
DEEESC Ao F—r vy R TRE] 7
TT LN BENCEEL 0D EEb s,

®8.3.2 FU—LFEESIVUXVYT
(SF1EIZREE - 1:8H) .

1-1 EE&E01327) EfEELIS(3.248) EEH G4

Mo | HAHEE | dnfal [MIROIE dEEE | @EE [HEOH HG5E | miel |[BIRO
1B EhisEl 13|83 EhisEl 34|83 EhiEl 4
FES LLEl 10|89 LLEl 33| HE] 4
3 |Em EE7 10| A EE7 23|18 A 3
4 |85 =R HES =R 1589 EF 3
5B Ehgal ks Bl5a 14|85 % Ehgal 3
6 |mE B e B 13| @S Ehgal 3
7 |MK Ehsal o] B Ehisl 12|88 | &5 3
g |iEEh Bl 5|®LL | FEEE 1 |#254 =K 3
5 |EALE EhEEl 5|EAE Ehgal 10(B5F HEe 3
10 |50 LLEl 5(RRWEET | EhEE 10|89 il 3

8.3.2 F1MEEE -2BEAD7VT7— oM
RO, ERR254E1H 198 () 138 H B 1 TR it
L72HBEDOT 0 7T LDOAr Y a— NV Thb, 2l
ISR ANOERICB T 2 &E 2R ET HE
ERGH Ch b, BOMIOFEE LTL, B h—
KEo< Y, 2EICEEZ LN bFEEBEHTL
DThHDH, RN DE, FEDODLIIIRDEIK
AN L LIRS 720, %< O AN & ERBGEZ L)
LI EMRDOEND, FOFIE LT, BEmreEE
BdA iIns L oML,

1 pESEIL[R] A iR A

2 FRZEG (BlFt5)

3 HEDH (RIH&)

4 HRERS L (1 R

5 FHERY (. &)

6 FCRICIRE (BlFt5)

7 TR (RIH&)

8 Huitez, FERMZHE (MR FEME)
9 MBIz (RA5 40« i

- HRESED - IEEED

- IR

#8.3.31%, MENOHBEOT > — MMAH TREA
ENTERECEDZY TV ERLEZLDTHD, &
208 BB OIRTEN D, BAITE 2 535 %5 M

EIZ7e VIR E RENADVIR L - TEY, [EO%E
WCFS>THREZFERLTWD, st DIER DR
WZOWT, ASGEERNTEFHERDEND Y THRE
DONY LT TR DZ LI DMEEFEERL
TW5, BIFHINEE - o7 - BENL, Z#EHTO
B OILAITONT, CIRPUHINT - 78V 1, B
ZHUTEBICVIEMHLZZ &, BRI #E LB
BEEZ X - AT R 2 EE L T\ b, FIOFRT
FHEEEELUANDOERICOWTIE, BEEEOY v
DL 7e b DD, G2 -8R HAER K L EA
7 A1BF OEW & b b,

#8.3.3 MEHOHEBAT U7r— YT
(F1EEE - 288) .
A EENTR BRELIOT S AXEREDCRERESNOT T

EESOPY T SNELIE EDO (FRCE L BFITEDY BT BEHMESDD i@ LT
IO 2T NEE- T FEEO (FRELT LT, #EBTEEIC Y Fie
#BF IBI= R T T AL S EHPE(FREL T Atd | CBLflic BHDEAEESODU L UEASBEND N E L
—BOLEEEA B fFE L o B 50 MiERLAD o RA T
TB3URE. FEL. A —RICRFT B FHT
THSEHE T 1T O AD B ahi. fhel T -7

CHIE- iTEAOIF1 DEEEIO YT
TiRHEET B LM TEL

B O AT T EES SERME L., FKH IS RILE
HETD BB CF BRELL S L FIERITE

CH|Ei- frEhl #1 DFEEEIO Y Tl
FORBEO HEFHTES

F8.2.20HFET X S DRHME LT, EEEIT

o) Thodsn) [Ez225) 7 CEEBNLRESEN S
v, T4 HEH) 200, ALY bERLE

L, TOXRENEHRBEL TS ERHERSNS, B
BB DISMNE, BADREM L2 EoEM L HEANE
B LENDEE~ONNDLY ZEZTND Z ERHE
BaAND, mEIC, THEEIX TREE) TRR) e
| R ENROMERDIF) R 7w s T A
R LUTCEBNR R G THD Z ERHERIND,

#8.3.4 FUH—MHESVXVYT
(SF1EZREE - 288) .

1-2 BEiTE(657) EEELA 21 EEE (36

Mo | fHES | chgel |HIRON#] 4R | Ghgel | IR[OM fAEE | GoEE (R EDE
1 |E3 Bhiel g|E3 Ehgal 35| EED &5el 3
i &hial =k E2E 21 |FLE EE) 3
3 |HIL—F| @&fH 5|ZER =G 19| BII55 3
4 |BR = 4F% =E 14| TR B8 2
5 |i&E =] 4|31 HE| 14 |i83E% &zl 2
[ ) ghiFl 4|k & 12/ikE HA5E 2
7R Bhial 4|EZLD Ehgal 12| 20D &gal 2
8 |FAis Bhasl 4 |F Ehgal 1|74 Ehssl 2
5 |FEE =1 4|REDD EhiFl 104 e 2
10 |43 &llge 4lA K 5| HiE Bl 2

8.3.3 E1MFEE-IHEABD7y— o
TEO, ERR254E1 H 26 H (1) 13082 5 17HF 12 £
L7z3BBEDO v 77 ANETH D, FH3EBIXeHEE

—162—

This document is provided by JAXA.




F L, FEFHEELT-TOHEMTH D, FHEIMIER
(B IRIERR 25 2 T e n 2 T2,

1 #RE - RS Homi2

2 PARE ST OB

3 HEEEI (. &)

4 TREERMER (BIf&)

5 i m GRA#E)

I BIE - (580 - i

- HESED - EEHED
FEHER)

Iuiitez, FHRMz#E (k- F2E0E)

8 MEf= . &)

RS e~— T 4 VT ONKR AR -2 &
5, BRELTEONENFLERSTND, £
8.3.5 T/~ d, BEESID ITHHE DFEIZONT, A
YRR NI TS FAENER D T IEIZ DV TR O EEA
D, BIFHINE - 08T - BENZ, WHiGHA
b & Lo s M CoEglo i a1con T, C
RBCHEIET « 1TENIIE, RO REE O T CREMRIZ 5%
L EEBEAE K AITENCREEZ EHE L TN D, bl
DEEH L BEHELDANO LI OWTIE, &A1
~ =TT 4 v TREERIN IR EEEDORPEDE S ®ﬁ
ERLERICHOWT, FEEELDSMNE, m1iGida 28I
L CE A 70 B EEE O/ TE 22 SRR OTH B IZIE WO
x5,

#8.3.5 WMEHNOEBMNT7ZUFr—FH2TNL
(F1EEEE - 3ER) .

ACEERANI B DEESEIOY 7L AXEERNT I BEEELAIO Y I

BHOEETEN TR 2T AP TNLIT TR EE B I BRI
TASSHED 77—+ fERT. BEEREMEEAL

BHOEA EEENES, {8F Lo AWM ED o Thic

BiaEAI B OEEEIO YT B &N #1 MEFES LSO YT

=TT F I DNT REI TN T T F 2 T
HEEOIRE L
(S A (aE FAFDFEAT B

MFFELO I ED I —F 1 2EER I
TSEHEEITL . D TR FIRICIAD L i
FIGIHNE C. B a8 RATEN 5 o S el T RA T

CHIE- fTEh I 1 MEEEI O Y 0 CHIE- iTE N B BHEEEIOY T

BEOOE L, HFERBRDLIEFE [FEFLELEBLTL D N B ST REL I SRR EL

@ EAT Bl Chioo T ELL EESITREL 12
DI B PTEYYS FET T B LSS TE

#8.3.6MHFET X U I DORHBE LT, M
FEDOH LT —~<TholoZ &ML EEET [{H]
MFE) ICmWERRDSBEAR [38%] (45 T
B o, BB S CEE ~OBE AT
BMEDLTENHEREIND, BEEELINE, EADRE
M E2EOEM LY HEAEZEL LR S FE~OD
MOV EEZTCND I ENHERIND, KILICHERES
T TRR) TRE] e ENEOHEEDOIZ)
[R72) 7o ERBINR R AT 203 H 5.

®8.3.6 FUo—FEEIVUXVYT
(SE1EEEE - 3BB) .

1-3 FiFE(1348) FiEELA132) EigE(203)

Mo | $ihEE | Gossl |LIROIEM OGS | dedel [LIROIE #hEEE | aeel |LIROEY
1 |iEE =R 16|83 Eh5al 47| A =R 3
2 |EE L=hEl 14 |iEE L=hEl ZE(I3 55 z
3 |BER B 11|E=% Eh5al B B 2
4 |BELS EhEE o|FE e 23|[RIE e 2
5 |®HE R 5|ER R 2| FH R 2
6 |58 =G 5| =G 19| & =G 2
7 |BA7E H5 587 H5 17|%LER H5 2
) Ehgal 5 | B 13|8ER B 2
5 |BFRA & 5|8 Ehgal 12|58 =R 2
10 |87 Ehia 5|EUE Ehia 11 =K 2

8.3.4 F1MEEE-4BEDT7— oM
FRLIE, CEAK254E2 H 2 H () 13K B 1THRFIC S 0E L
TARBEOT v T ANETH D, FHaR BIXEEEO
EHALORBEG CTH 5 E L EEX ZIX0HER % Ho
NN & EITORAS » bEMBALE, £72, &

BEERRDOORIE 2R L,

TEEERICB WV TMM

(=T 4TIy A) LSTPOffiEALHHE

fFote, REEFI

HEETIFAELSML WD T

W, KEFEORAESLPKELE, (2 —Fy baEnbig
WINEZFEHRICB IR X 9B TW5bd, F2, H
R o> BB BIA 2 T E 0ih & L Cifithia ot

I B DONFITE DT,

DA A B
HARR > B FME
TR

[ ke e

R RIES: -

S O s~ W N

%%4
tH‘\
[5>3
>

B EEEE 2T OFE

(Blf&)
GRA#)
(A5 0 - i
- RESES - IEEHED
- FHERE)

,$¥%xm(ﬁﬁ FEE)

(. &)

#8.3. 7177, ®FEND ITEE DFFEIZONT
ASCGEER NI AR BIZEVERL D FFIEIZ DUV TR D SRR

DR SN D, BIFHINE -
VERRIZBWTCMM (w—4F 4 72 w7 R)

ST - BRI, EEE
&EST

PEEEENIZAND Z L 2B TV, KT

DIFHINEZ B Z W E

Tb\%)ﬁ%%ﬁ?&?‘? SND, CARUCHINT -

EHEUNDIRZEZ S 22>

ITEVNE, il

NGRS TAy it TGDING-T =gy SN S R PR B U e

mﬁ%%mbfwéo%®aﬁﬁkaﬁﬁ
. EAREE, FEMRAL
B, FHEELDSMIBLE L C

OV
5 DS~ DIEHRIBE DK

—163—

DY ND)=g
HEMAENELTE

This document is provided by JAXA.



FATTDHLEWVHIREIHER TSN TWS, £, £D
BE D EEHIIEROFEDTRNZFHEIZONT,
BAEHEDIMNE, FATERICOWTREZFET 570 L
BEIDEND B RR D FEROZENHELR SN D,

®8.3.7 MEAQEBMT 7— TN
(E1EEE - 488) .

AXEERNTE OEFEEIO T AXEEEAIFIOEREELAIOT TN

EHEERL TR BLI- 0T AL3IT9a
WMMSSTPD $EEIC DL TIRET 5L 3000117

AATSTHELT FEHEE FNTE
T —T2FTEET AL D0, FICEE B
FHEILFEODIFIC, TCICBREATTERL I

BN B EEEEIOT T B i1 81 D& EE LSO 7T

CO—ET. ERLEY A TS O ERERIT
HI—FOIFEREA T, AIRREN TS

T T4 DEAFRER SHCHEGEE TR AT
1ESEERL T IO =0 DL L TEATS
THBENS BT D HAMR FL A S D LR

CHIE- ITEHAIFEEEEIOY I CHE- iTRAI B OEESIO T Tl
AFEEREO LRI IRENASNBLII T T FEIEED E RO Ba- fElRE D R iR,

B AL E0I B oL TIREETIMRICIE, Bk

BHO 51T hidb a0 Bhdatz,

#8.3.8 DHFET XU S ORME LT, BHENGE
JEDOH LT —<TholoZ ML EEAET T
MEM) ICxT 2 EMAE, £, [3E] 5%
T 72806, Bl BB CF8 ~ OB
UNEEDLZ ERHEREIND, BEHEDSNE, [F
%) X [l oF#SEE-TEEbon, KO
FHEENEE LN E DB RIEORENEIML T 5,
%Iz, EHEFIL TEH) ~OE# PS5 H00 e
| ~OFEMRMEL 70 7T AOBINTIEBHITH 5
ZEmHEREEND,

®8.3.8 Fuy—FEBESI VXV
(E1EZEEE - 488) .

1-4 FEEFEE51) FiFE LA A5 EigE(148)

No | HchEE | dofel |BIROEN tRAEE | SR BIROIEN hass | A | IRONE
1 &3 BhEel 5|RE BE 20|83 BhEel [
2 |B® B 5 ED BhEel 17|15 —F| B 3
3 | =G H|FEE =G 15|ZR =G 3
4 |[HI—F| &5E 3|8« Bh5el 1|EFZE BhEEl 3
5 |EAA Ehidl 3|EE HE El k2 HiE 2
6 |154E B 3|BD B 2=k B 2
7 |Fim B 3|EAA EhiEl IFAF47 &5 1
5 @ Ehial 3|diks Ehial 7= £ 1
3 |ER B 2|80y | R 6 |fa B 1
10 |Euk =G 2|2 EEE FEN BhEE 1

8.3.5 F1MEEE -LBARD7Ur— o
TRLEX, “EAK25E2 H 9B () 130 B 1TREIZ S0 L
TS EBEDOT 0 VT ANETH D, FoaEIXem %
FELZ AT CREMEZ PR D T < BB T A EIRDIEEh N
Hilab 2%, BB E4DDOFERITHMER TOES
LAEWET IO T -7,

A O B ARAb

TR &)
AR P (FFHEHE)
it z, FHREZHE (R - FEEER)

> W DN —

#8.3. 9T T, (TICH DS DIEHE OFRFHEIZ S
W, ASCEAERR NI ELER O FIEIZ DOV TMM
(v—rT 471y 7 A) LSTPEEELENEMT
FUSMZ B IEROILE N T4, BN T ED
DT UWREEDOIERIZ AT T D DEMUE D R D
FE Lo TWDH T LRI ND, BIFHRIUE -
B BIENL, BEEERICBODCERINEELZ B2
STWDERTIHEER S D, CIRILHINT - T8 13,
BN 70 S AU BN B & 24T LI A # & LA
EBIROVENL —DIZELDTND I EICkERFE
ELTWD, FOELE & FJEE LD HRIZ DN T
X, EEEE, HRINENRT F X ROgE, S X —
Fv hTHDHZ LITx LT, EEELIMIREIE# OB
RERC, ZlA OB RIRENDREEZFEK L TV D
ZEnD, HESHENHETH D Z ERHERIND,

#£8.3.9 BMEHNOBEBT V7r—rH2 TN
(B1EIEE - 588) .

A AR ERELIO A AXEREAS ERELUNOT I

FEAESEFITSTPE? =7 T4 0 30 DREEBIC AN EDLIINTT NI BFICEDY LT b THi

A= LA

FET. LOLI BT EDIU BT L EEA T

BrEA BRSO L SRR BIERESIMO L

THRE, RE AV AR EEEEICH R HNEREZABMICIZ@E L

HERRRT A SERE LY WFUEERED A1) - D EEEI SO0 T, IEIFEROFRIFTE

1% B SEB O pu i) FED FEFUHTI BH EIE <R EMERIREL -

[crs- man B ERES IO L o R BERERI0Y L

YD REICERERM b hRE IOV O D HBREER BRI ZBNTER

BRI L S A LT — T ILEE R ERERDSNIRIC, SCICESDEZEERICTE
AETHIT. BOERTTHRERYIZITIT:

EFE O EEFEH EE

#8.3.5 DHFET X JORHME LT, Wik
JEOR LT —<ThHho-Z NS EEAT TAm] 2
DEIIC A OHEENSRNFENXIN 2SO
BEEIZE TV D Z BRI D, BEEELUSMNL,
[ o (5] OF—TU— R HELTRBYIE
HREE A~OERNEE o> TS, EISHEE L TET
ENFELROWNEZ DL, BEH LS FZEEIM
72 EOE#HROEL 70 7T AOTRENEN-OERE
PEIZE CTWD Z R I D, RIS, FEHEEILY
077 NMNIBMLRL RoloZ LB VEAIT RN
77

—164—

This document is provided by JAXA.



#®8.3.10 74— MEESVXVY
(E1EEEEE - 558 8)

#®8.3.11 BMEADGEEMNT7— T
(E1EERE - 688) .

8.3.6 FE1MEE -6 AADT7V7r— Mo
RO, FERk254E2 H 16 B (b)) 13 H> 1 TR S it
LE-6EDO 0 7T ANETH S, Hellix, RHlo
FREIZX LT, #EZRIR ICT 5700 FEESE
2B E LTz, FEHCTObADLENRFLE -
TW5,

1 fEfgE R &I

2 UAZPFENHLI—F

3 TREEMH . £)

4 HFIEIRES W (FHEEHNE)

5 Huitks, FERSE (R - FEIER)

8. 3. LUTRTELH OB O3 H OFFEIC D
W, ASCEAMER NI ED S FATER ONFIZE
FLTHEY, SRS~ T N5 D LS
%, BIEFHUINEE - o7 - BIENL, HEIE AT A
ZRIH LU CHEMBIIICIERBEEEZ L TWDH Z &, Gl
THALTWEART A hAR—RZAEREHL, 168
DHEIZOWTHLRE LN S, [HFWRILFEOZFR
EIINoTND I ERHERE IS, CIRICHIET - 178
J0E, Mg A < b & BT 2RISR IS
3% 2 & Tl & OEEED B UK A FERE L TV
%, HYHAT O MR A X M Lizsil e L
THEFRERICARE L L TEMEBEETES LV
72E, BEENIESLHR L DI o7, YN LERKL
T2oRN TIER-120, BEVR AL L CHERR
VOXHFEATWVWDLENWZ L, £/, HEEUSMNT
D@ NVIRVIRY SRR = k) AN A= e TR Bl SR A AT el - R
HELTWD,

A& B ORAHIOT TN AXEFEEAIEOEEELAMOTLIL
1-5 EifH248) EfEELIA 78] FEEE ) T EIET o P THY BRI AN
o [0ER | 25 [sREE k] on [Le0k REE| af [BE0H
— .. = B AT AR LIy (B EEEEE D U )
1 TS Bl 5183 Bhel o D o — R AT DI o 7
2 |[RR Al 3|iEE E| 6 CHIEF- fTEIA T 81 B L1 O TN CHIbE- T8N 1 B HEE 1D T F I
3 |£%E3 Ehigl HELE #hig G hidhf Lk D FBRTHEIC S AL T AR
4 |FEK Ehgel =k &5 g
5 |z e 2| EEES | EhfRl g
6 [Fi2t | o EEE 5 LKL RV ITAENTLTH DT D GEET
7 |ER il HEE &5 5 = N Wt —
N — = S N - =H. N
R P e e e 5 o FDOFRAN LI T-, FK8.3.6 DHEFET F
s |8% 28 2|5 £ 4 VDR E LT, BEEIT Tl o %00
10 [B5 e 2| Ehsal 4

BIBL T REMNICRSZ R ET T 7T AL 5EMIC
DX R C b D, BEFELSMNE, L7
HFEN 30 FL b, FEHEEOIAL R,

®8.3.12 FU—MEES VXV
(FB1EEE - 6:88) .

1-6 ET&(567) FETE L300 FEiEE WO
Mo | FAHEE | GEE [ hIROEY 45T | SR [BIROER 4 | 25 RO
1 |RE 5| &g |RE =5l 3

2 |83 4| EhE |EE HiE 1

ENEL 4| fBEE |1 HiF 1

4 |EE 4| B |FR HiE 1

5 | EfE 3| EnEE

6 |5 3| &gl

IESS 2| A&

e HE

5 |iEE#E 2| B

10 | 2| H&EE

837 FE1MEEBE-TEBOD7V7r—oHr
TRCIE, ERk254E2 H 23 B () 13HFHs 5 1THREZ it
LEETHEO 70 7T ANETh S, BT, KFE
RO B A R RS THER UG O R &R
EiToT, 728, FATAMREMEDIRWEENEIZONT
1%, FEMAIER L OB EZ{To 7,

1y - - MRk &I

2 HEMHIELRE (FHFHENE)

3 MREwR= 3

4 Al N A RS (X -4 5 23650)

#8.3. 13T, EEE LS OB DT H OFf
Bz oOWT, ACEERINIIEEDOEBIZSWT, B
FEWRUEE « 4T - 15 771%, BEREICK L TOEH3E
BFIZ2WT, CHRULCHIWT - 1781 11X, B TE X TT
MIHOVWTHEEAERLTWDS, £77, BEHIL, K
b 2B HEEII R Y - 5o o228 H
ELTWA,

—165—

This document is provided by JAXA.



#8.3.13 MEADEHNT7 45— T
(F1EEEE - T8R) .

[ERAI SRR RSO RIFEER T
HEFEADRED EHEERSNI

SETEATVAD - FMED, BHTEATITEITS

BIEDFREE L 2V ITEENF L TH DI ONHEET
Vr— N OFRABBERICH D, K8 2. TOHFET
VXU ORFME LT, BEBEEOTRLT—<TH
STEZENLEMEER TBEHE X vy RED)S
B ORI HER B IC B 5, B LSS RIS,
[BERK) OF—U—RHHELTWD, RKiZlZ, 3
MEE1X 70 7T DB rol2Z b H VA
A AN

#8.3.14 FUy—REESVXVT
(F1EGEE - T:EB) .

1-7 EE&ET) EffE LI (280) EHEE
Mo | HhUHEE | GofEl (IR HiEE | MR [HIROE] WS | GEE [HIROEY
1 liTd bR BEE | B85 5

2 |BEE | &5 1EALS EhEsl 5

3 Ly B 1B Ehgal 4

4 |M LBl 11859 il 4

5 |FERE B 1 ENTN| B 3

EED i 17 e 3

7 |EE B 1 | B 3

5 & i 1B = 3

9 | Bl 1|F—4 Bl 2

10 [TREE i 1ER &l 2

8.4 B2EFBEDT Vr— koth

5% 2 [\l 7 [ OFEECTERMOK THRIZZHEE DA
L7277 v — MERICHOWT TEEE] & THEELL
L 2 oD R T2, BRIE LT, BEE
FDO3HBIZOWTOT »7r— b B EDERZ %5
HWDT=DIZ, Tor— b7 ezt bl
2o ZDO3EBIL, X8 1LIIRT T — MNEEMND
FH LT D, 6-1 1T ASCESERT), 6-2 13 BIF#RIX
T - BIE, 6-3 1IRBLHEINT - 1TEVTH Y,
REAZ DM BNEFEZEHEBNICHRK K3 D&Y HIF T
5o WIT, £8. 1LIZRTT U7 —FOETOHEENS
i L7- a4 HEBLT B ERIC e Z L IcE & x5
Ao - BOEEES L IO Lz, 1Ticd s ()
WIZRRIh GRS, AMOFNZH D TNo) (X EAL 10 D
Foxrr, HHEE X, 77— Mg Ehs
FEAERLTWVD,

8.41 FH2MEEE -1 BEDT7 7 — oM
TERIE, FRK254E5 A 18 H () 130 & 1 TIRFIZ EE
LEEEBOT 0 7T ANETH D, ZildlE, #1n
OnaIbdhh BE#RE S ST FPAENRZ VL, H1E
B4V oo —vartLTrus 7 a0 EHRRA
R IBRWEFEORNEL T L7, HlElE # s A
X, EEFEORNZLEB IS ERBEZED 5T
DI+ B 2R L2 & CTh D, BT,
BUEE X BEEEZIARIEE LFEETORY 7710 b
Bvotzizh, M7 UDTEMEE DN E LIZ e
PR D ZEMD, SHIND EEERE 2B 5
B 2 feff L C, BEBGEN I N CORE &
THEHIEEL,

PR N R
VR - BESE R A
SERAFAIT A — RREA

IR ER P R - O R S TR AR O R
770 NUBE RV AT LAOHHA
CRIGHRILALZ AN E LIV AT 4)

Ol B W NN =

#8. 4. 1L, BMENOIHBEOT > — MNAHTRA
INFEREICEDLAZ TV ERLELDOTH D, 1
W B O O3E H OFHRIZHOWT,  ASCEAER)
X700 7T AOFHICKH L TOAERL, HOBRMIIC
AEHEDIEEHRELE L TERLTNS, BIEHIL
£ NN - RIEINL, T ur T AR E ERICINE
R, ZinBH OB EEI L TV DT HER X
ND, CIRUCHIET - 1781 1T, S ChHIIEAZ L
WEZEEE ISR L CHREmIIC B BB B 2 130 A D LT
HITLICRE R FK L T\ 5, FIOETE L ETHLL
SDHHZIZHONWTIE, BRI EWIFRICITATH-
T, BEEAEPERHBICEICERBNEZ 30259 &
THZEITR LT, EEEDSMNE, BERELHL O
ORE L TITENCB MmN RZT b, SEHaekE
ENFIOEBI BN DB D Z LB Sh 5,

#8.4.1 MEHOBEBANT7ZV7—FH2FTIL

($B2MEEE - 1:88) .

[xafein BOBEEHIOI T AXERA BIOEEELMOY I |

BB DR DB e D EAEL R HIFERE D S B Rl 2 RATTE
BHEREADRICATEEO PTHEAIT TiEd CEN TS BERNT. BRICOLWTRETAIEN TS
FISETEEICSHEAL T L h hicks. RIEERT: F o T, BN ED SE I8 A EERTRLI
BEIBADE, S0 HIREPY P TZ5L3I1085607 A A=y PO EREL T SERU A TE
HETa NI\ R FAEL. T O FIFEED DI FEFD PR AID T E AT (E18H B H7Y ICa il iz
PIT B o, ER TS SEERC Z et TR 07— LEMEBIC Do eY URR AEERTREL:
BEBAIE EF TN, B AISELDIT LD 0T B 2ig/ 8. TEESEELIITTEL FREIRD ACHEEL
MADFE =L SEEE S 7oY. HEREI CFEL D T T SREATRIREL T XS - I CEERBLL S EA T
RETET 2oL, ISA SRR BERNTELDITR L JEEER T R

—166—

This document is provided by JAXA.



#8. 4. 20HFET X L SO L LT, BEEIT
By < BRLW D EMICETRBY, BEmICE
F~DBb b s s b, BEFLUSNG ELE & F
BRiZ THZy) D EALICETRY, HENDIIREsE
TRt BN e o Tz, Fi2, FHEEICOWTE, #£

8. 3. 2l /R I MM & Rk THEI< ) 28 TS )
L0 b ELIcE TR ZENRESIILELTHA D
R E N,

®8.4.2 FU—FEBI VXV
(E2EZEEE - 1588) .

2-1 & (2503) EEELIAG 20 EigE(720)

Mo | $uhEE | GeEE IR HdiEE | SEE |DIROE fbEE | &EE RO
REES) A 15|83 Ehim 85| &hiEl 10
z B9 =R 25|43 =G == =R El
3 B2 B 17|82 B 45 |¥adi B 9
4 |#BA L=HE 17|85 HE5 47189 L=HE) 5
5 LA LRl 13| A B 30| B3 &hgal 7
6 |HLLy | BEE 10[R< Ehiel 271 A =) 6
7 |EN i 10|42 A5 22|5& il g
g5 |FAD LR El el B 20| 8—1] &5 4
9 K Egal BlA = | BE 18| FZ5 EhfEl 4
10 |#— | & BfEF LD 18| HFES Ehidl 4

842 F2EEE-2EBODT7r— oM
TRLI, FERk254E5 H 25 H (1) 13D B 1TIRFIZ S0 L
FORBOTa 77 ANETHD, 77— MR L
LT, ElENL, PEEOREICONT, EEELE
7o TTHgGHE MO NDOHRNBEIR -T2 72
E, AITEROB Y A TH = —J7, H2hT,
MEHE > CWDREIEHETH ZARICEZTZDOIEFHID
TiEotzl Y, FRIOEFEIToT-T2DRBOH 5
T — MR E R oT, HIENE, A ER LR
Do, B COREEORBRREICENRD Z L2 HINE
LCREEHORE R & LTV, i T
72 b OOFEHEFEA~DOIE L LiIALO B CHAR L B3
DACHEN DAEMOETEN L  Zi# O BEERIC o7
Do T, FENIETERE LTI BT T MI2DFT
DOFEIEBHOTHGEHEZBIML TS, FRL244FE BT
FR i S 2 A VKHI S < 0 FEOS TR L EHE A I
0 BARE PG OTEMEAIZ 0T 7o e e O B Y fH
B, FEEEOBUR 2 ImFER & L TR AR D
77

PEERET s a7 NELH
P - AR

R AT T v OB A
e . G - MR E
FERERTR - R

Ol &= W DN =

#8.4.31%, EHOIHEHBOT »/r— MHEA TR
ANENEREICEDL Y TN ER LD TH D,
LABIZAY =T —a v LT, HOERMOER
AHARLLTWA, BN 3HEE OEIZHOWT, A
SCEERANTT 0 7T LOFEITH L TDOAER, H
CHNMIFICA TR LD LRl E L TEHLTY
%o BIEHINEE - 947 - BENL, 7Tr 7T L0MEH
ZHEANCNE LY, ZEH M OB Rz LT
WA MR SN D, CIRPUHEIT - T8 1L, B
THAULENE L 72Vl 2% L C b AR 12 5 B
WEIEINA D LT DHITBICHEL TR L TS, FlD
EiEE L EEE U DIV T, BEMMTEWn
IR CATATH-TH, BEEDRERINICERCER
BGEZ XA 9D 2 Lok LT, EEHDIMT
FEMRMEIL S D b O OE AN 72 B 6 DB % 70 4]
AR L E NI REF OB VR H D = LR END,

#£8.4.3 BMEHNOBEBT Vir— 2T
(E2EEE - 2288) .

SEE AR S1E Dk 5 B L SIS BT TRIECHSETIN, BoDOAEMRICE
Bat—FEAL CEERAZITDD s THSAT EET Ao sl SFIAL P E L IBO (R FEER

HIEHRED REEEDID SR TIEAZC N TE
BN EpmRE LD Y sEEAEeEREEMNOY L
AERETIZ DU LT GEREALL D &LE EIEEC REEG. B0 BTRTATREO. [EHEREL
BHBE- TABIEETOIAMICEAT- DI ST T2 SAELI-FRO HESE DL, EDATSEICLREELE
RERRT. ARLTLWEATETE B REICLE FBAEDMEIL FLICEo T C S RN ETH -7

CHE- TRl BRRELIOY TN CHE FEnmEREEOy L

B M ARSI BB EM T a— L HIEHRET. BERERALTHEL FEIRAAA2EDS 1

ITBIAICDLTIZ®ICE O PTEHEL A 2l — 2l IF L DT B faf . RS TE I
EIEEEET BT BORHBRL HEAT B o TE

FBAADHFET X U T ORME LT, BEITEEX
M OHEER CPEROWERE LTOXRITLIZE
MR AZT OO0, ELELS L iR L CTHEE
D OITRE e ZEIEFA R e o Tz, &8, 3. 4R T
F1EIH TIE, 28 B OB CHEITE ORE| 2 fElC L
TWEbHLOO, H2AE O Z OEEPETIIME L TR
s, HENRHAMETRSFECLERN TH S 2HEIC
RERENIRNT ERHEERIND, T2, FHEEITD
WL, FEIOM &[RRI [5E] S Tk &
WoleZm 77 5OSMES LY 6 TREE] VER)
(i) 72 ENAEDORERDIF) THEW] R ECEEED
EENTu T M L TCEBNGRRGTHD Z &N
eI n5,

—167—

This document is provided by JAXA.



®8.4.4 FTU—FEES VXV
(SB2EEBE - 2;8H) .

2-2 EEE1,756) EEELA G011 EiEE(545)

Mo | #th5S | feddl |BIROIE tA4FE | desel |BIROH #AES | Sie |HWIROE
REES) | 2|83 Ehia a0 B3 Bhial 9
2 | BE = 16|FF EE 42 |5HER = 7
3 |fAE = 12|i8%E B M |IBRE = 6
LIRS = 11 [ Ehia 37|@E = 5
5 B89 = 104 EE 25| B/ = 4
6 |EALD | @& EE 27|58 = 4
7 [EK | B|EAD Ehia 22| B it 3
5 |BS = Hi=k: EE 18] % it 3
EES = 7|PH EE 17| 5F = 3
10 |& B LG & 165050 B 3

8.43 E2MFEE-3BEDOT7UT— Mo
TRLE, CEAK25E6 H 1 H () 130 B 1TREIZ S0 L
3BT 077 ANETHD, FrEEHOFHEIR
REBIEECTHHEEB L FERHEONEMHE O &
TN Z DHFEDOFE L 2> TN D,

Bkl - 3t - )R S Ol R A
PENGTE - FHAERR

ARG = BEE

- &E - FERRRE REEDEOES

B> N =

#8.4.51%, MENOIHEOT 7 — MHEHETRIA
INEREICEDAY IV ER LD TH D, B
) DIEB ORI HOWT, ASCEER L F pas
HOTGEHEOREZOLEOEZRLE I LEKEL LT
FKHLTWD, BIERIUE - 75471 - E 00X, s
FHORFEIZOW TR HEF CIERAZHAZFEILL TR
HH EWIREHELZ SN D, CIRUVHIE - T8I,
BLH L BEEUSOZRE N0 BRI U TENC
R LUTHREZIUR L T\ D, SIOELE L EEE LI
DI OWTIE, BARFII M B AL LT
WA Z LT ARG, S B, F LT e
WO IR AE L CEOEREAERE L LTE”KEL TN
DT EDPHEREIND, SLEM & T oM A F 1R
HEOHECTIHEm L=, AT —varipd
BEHRNE L T o r— b HEEBLR DN UVIRIETD
SNAERTH - 720, H2hITE, ZHAMTOaI 2
==y arDENTE3ABDOEBTHT-72D, B
EHITEMNET L, BEEUSNOERES & < H5d
RO bz, 77T AOBBICEE TR\
b, EEFHEORENELE LD HiEND Z LT, £MH
ZE OB OB OBREN RS IR, T —h
FHm DOFER DD 2D LML DR & L CTIIEh Th
Sl WnWz b, 2, BEEEUMIOWVTY, EAD
HESCRRBR OFIPH TR ITEE L TV D, CIRPLH

Wr - ITEN DOV I H D, THEHERE, 5F T
ROMBRBEL TN EWIZHEEDaAA L NEHD,
FENCE LOERTEMLIZE VW) Z 8k, KAITE
STIEREREETHD, XHETHESRLER LB 2B
THEEICE > TE, FEEHLER b REEERIENZ <
R ohsn, MBNRBECAELOREEZ L - T
BITEIOEFIZORNH RN EN%W, 4lnl, HEH
DOPRFTITHOER MR LIZL 912, EHICL > TIHEA
DOEEBREIND Z ERRENT,

%8.4.5 MEHNOBEBANT7Z 75— rH2TIL
(SF2EEEE - 38R) .
(i B BRGSO I AXSE BEREELMO T L |

TERHO P, REN S XEE RO P TR EIEHED B TERIC—FSSbLbL S ELEEA

Fo Tl Egl 2D T O Il B ERPETRRL T 20 =R R BRI T E SR DB S S
REFECILENMTEA ST R E#ML T IFML

ErmnmomRESIO T TL  BEwsmEEEsNmos o |

& EESRO BB TOARFEL- U EA SN SHEED ERARL T, SEhLLOh ¥3hER o

ERFLHYILICOT. IFHD RENTE L EFRICFRIRT 201 F ML, BEICE LTS

FATEETES TR ENI RIS 3B BESHATD ERE 4B Eo# s TEA

CHIE- TR B2OEEFLUSMO T T

RO FFRLL B EERRL Zid s o

BAN—FEIBDHBEIC, B5FELDITICITCEN TS

MISHREISITofo. SETHS S HITHTITRBEELTL

CHIE- TR 2O EEEI O T T
BICIfERT 22 ETITENEREN DL

ERR, RERFE L, ARTTETOFS R BRI
D F, BEIEES FF LI CE

#8.4.6 DHFET X 7O E LT, AilEITIX
B LSS & bl U CHEED B II R X 722 TRt A B
eholeb OO, AENTHREEVE LTERLTY
%, BEfEFIC THE¥E) BIO INER OBGESHE
LTS ZEND, WHEOE#BMNEL, SEM» L
% UOERRIC, FESDOEROEINITN BT
WD ENHERIND, BIEELSNE, T &
(3] OHEEN EALICHBLL T\, AEIOFEE T
%, BEEHORMEREKLBAITRELTNDLZ &G
ZTOEHROENTH DN, ELEIC A 187e<
INLAGER ) D2 Enn, ZOEME LT I3
] OEBMMEREEN TS Z ERNbs, #LT,
FEELANT THE ICEBE LTS 2 NG, &
8.3.6 I/ T & 1 [ml & i L TG DOREIZE > THER
LCWBHRMESHMEIC 2> TE R Enbnbd, 3E
MEF T HOWTIE, o Fund e < gau vtk & 7g %0
NEIES ] OHITL2H00 [FHE] NN &b
77T KR L TCREMID ORI R THD =
LRI NG,

—168—

This document is provided by JAXA.



®8.4.6 FU—LEESVXVY
(S2EEEE - 3EH) .

2-3 HiEE2I04) EIEELF(4,345) EigE (160

No | $0EE | SBEE LIROE LA | &EE WBIROE HdiE | &EE (IR0
1 |83 Bh5el 378 Bhial 52| 8RS Bhial 2
2 |Bw H5 16|HE =gl 38|23 Bhidl 2
3 | =% EE 15 [F0&E Aff 24| Aff 2
4 A HiE 10[fK &hisl 23| B& =] 2
5 |#E B 10|85 =l 22 [ &hidl 2
EE BE o|FH B 20(RT% ghizl 2
7 |z | EHE 50 B 16|H% B 2
8 |FK Bh5Al 5| =gl 17|FE A5 2
5 |izB EE B|EAE Ehidl 153 18H | HAF 2
10 |F5 S BhiEl TA Aff 15|58 Aff 2

8.4.4 HE2MEE-4BEDT7 V5 — Mo

TRLE, EAK254E6 H8H (1) 130 B 1TREIZ S0 L
7&@5@7E7?AW§?%60:®&%b%,§
EEZHLE L TERENZITITIWDIEBTH D,
EICIX2E B NG THo =2 EHEMDIIE] _J: 76
RN ST 2 D RE R A3 238 [ DG & 72 o 72,

WERIRE - e Jr OB
B - T

PR 2 (- 2 R 5 )
FEMHED TR

N

#8.4. 1%, BMENDOHBEDOT /7 — MNEHTREA
ENTREICEDAY I E R LEDTH D, £
8.3. TIZH HH1 RO B & bk L TEEHE LS OFE
W72 S IMERR D &V F1ENE, ~y X7y, 2l
%, R EAT v TOREXBIHERIND, 2RO E DB
WAEL L CHESR~ORELFE2MIE, F1ELD b
QA DESHE D Z LT, BIERORRICKT % Bk
BEV ALy DERLNELERLHERIND, ¥
FID3E B DEITHONT, ASCEVER A T SR
VIR 72800 #A MR & & bl z, @3]
ZEID Y CoN&EE 2T 2 EEREE LTHRE
LTCW%, BIFHINE - 987 - FE D bA&ABICX L
T, FEMARERIEN H 0 RS HEZR SIS, C
R - fTEV N L, BEH L BEHEDSNAOZNER
O NG CTATENCR L TREZFER L T D, 5
DEEE &L BEEDUANDLEICHOWTIE, EEET
BIZR X 2l EOEEISE LT REICET 5 HREN
ijﬁ LTWeWZ ERHEZEEIN S, BEFEDIMZON

, FEME 2B 0 O, [EBOEE Z S 5> TV
ét&bﬁkﬁ@%ﬂizﬁ) LT W ERHEER I NS,

%8.4.7 MEHNOBEBHNT7Z 7r—rH2TIL
(SF2EEEE - 488) .

AXCEFRNI B20EEEIO Y T AXETERAI B OFEEELLAIO T T

SCFERL Sk TXEARREAENIE £ e B RO ETES- THS RO LT 2D MER o
TETNDE B TO i EERRDHE LN RO 1o

BERAEZ OO, RS, BOOFEARET ZETE:

BN B2@EXEIOY Tl BifgHI F20IEEELAIO YT

PARILEIEGAL LN A T2 B ROV ITRIEL T B 0BT 81 IR S RAEL

AR —OFELEREATEREG S B 575 I CIERINEL T
iR EROFoy PIEEE 7L+ TS ERD SEIfic

CHIE- ITEN I B2EAEEEI O T F L CHIE- iT#A I B2EIFEELAIO T T

IEHHEEM A EETEAHIRYEAT B0 FEAALICEA B I CHEREEI N TiTEL

REOLE B DI ot AFEFEAR LN TEL
HSaH 7 O EERFEIL§ET D 2 b Lz

#8. 4. 8OHFET X O E LT, BEHEIT
[HE| TEBRRHDL OO0, R o H T
MR O IEMER RN T ZEDOE Y 26 THR
(5 TAME) 2 EOHFENHBELL T\ D 2 & 03
SNbH, BIEFEUIMNEL, BEFEZTX2T5L91C

M) ko) elFEICHTIERI EV, &
7=, T7n—=71 TELW] Z2EEBIEOEA L EW

ZENHEERTE D, BEHEEICOWTE, T And
e BV & e a0 THVG ) 0 THHIRD | 7o KRB
BRI ThDHZ ENHEEIND,

$8.4.8 77— EESUXVYT
(E2[MEE - 48H) .

2-4 HFE(,265) EEE LIS (4,389) FEigE 3T

No | HAHES | ondel |(mIROIE h4EE | el |[BIROIE fEE | ooEEl [BIROIEY
S &hial 1883 &h7al 72185 &hial 6
2 |EED &hial 8FE = 18|53 &hial 3
3 |BFM =5 5189 = 20| B 3
4 |igB =5 7ER = 22|1%8 B 3
5 |F% =5 6| HFED &h7al 20|71—=)H &5 2
6 |%E =5 5L S| B 20| LIRg B 2
7 |tERE =5 5151 —F| & 15|i8%k2 | &5 2
5 |EE =5 4B | BT 15[i7< &hial 2
| =5 1 EAD &h7al 15[18% &hial 2
10 5@ Bl Y #wri— | A 14|85 Bl 2

8.45 E2MREE-S5HEBDT7y— Mo
TEoI, ER%254E6 H 16 H (1) 13082 & 17HF 12 E i
L7 B0 7T ANETH 5,

1 A FiRIE - DT ORI

2 BT YEN - BRI

3 Ui - FRIMDE

4 FPT R - A - #0H5 - )5 )
5 HIEMBIESIER

F8.4.91%, MEHOIEHOT v 47— NEHTRA
SNFEREICEDEZ YTV ER LTS, #£7.3.9
2 2 H1EO68E BIE, FEIHBEIEROT-OIZ~—
TAV I Iy I AL STPORENEEE OEE & 72
STV, A7 L—LAU—27 OFEIZL T/

—169—

This document is provided by JAXA.




W, BEFEN O3B OFHIIZOWT, ASCEER T
BN ZOMI IO L L TRA X —ofF It
DO DOFHOIERZRE L2 b, BE LT
DHIZAZRTWI bR E LTIEL TS Z
EDHERIND, BIFHUINEE - /9#r - FBIE 1 bEENC
LT, 2B LB CHEIEEHRAELZRBRL TND
ZEMLABICHERIEESZ B S L THEREZ B
o TS, CRUCHWT - T8I, JIEHE & BT
FLISNDFNEND BIIIE UTATEI O T A & Rk
I E LTHR D BIZAZRTWARZ AR & L TR
LCW5, FIOEME & EfE LSO HEIZ DN T

I, BEEFEE, RY &LKMOR CHigiHgER ez
iz X 0 RiA & i U o 5w 2s AfE 72 o 7
ZERHEREIN D, BEEEUSMNI OV TR, EEIDH
e L 720 FERRAO 72 B 0 Y T B HEER SN D,

#8.4.9 WMEHNOEBMNT7ZVT—FHUTNL
($2EEEE - 5ER) .
(X trmn BERESIO I ARSRLIBIBAEEIMOTIN

IR4RO I FEHAT DIt EFRBLLT LFEERLR RAR—DFpoF I —EFARBONED 210
BERENTEDIOERER W EEEEIERMRT. IBFIC BRI T RREEAT
F o F O 48 LRI BRI CH I T AR TR o

emEniBOERSO T sfEn E0EEEM0 oL
105 |50 1EE TR Bl hIcHith, BiFEiTo7z GUIEIRONE &3k Cra ot b e il et bl

THRREICITE T IS S0 dMmE e NE I ER T JEERD FEAPLE L AN P ERFEIEE R D N TE
&% FED BF I Cra) & FU T S0 El C B 2R R X —E RN C R T B AR REL
Ctli-fr 8 RoBR I EI O T CHE- @ATRER L0 ]

FRUTHOM BETEOBFEEALSEL TN
{APEFEL AL DD S S KR R T
ARG HED &

SO0 EESREDSTOHIC DU TE,
TSRO HICHEE BEESIE,
AT REL) TEEEL BEIRDERS AL

F8. 4 10DHFET X F ORI E LT, 38.3.10
R RIEEE - 5 B & b9 5 & 38, 3. 101" T
FEEA TAE] BN ENIZT o F o 7 Tz,
Al TE¥E) NEHRoOPLER-STND, FEER
Z, 7Lb—ALT—7 %kt b [EE] HHIE0n5
M, AlEEEAN L TFHE) 26130V 5 00E N &
W2 D, FEOMRE L L TOFEIRDOIEEMENE L,
E2ENTEEAT T AN E E o TV D, BEEIT B O S
BPERSBAREIC 2o T 2 L THZE ) ICEHBM B
frE L, THER ) ICBET2HENR T X T4 LR D
R, BENBHTE WD, BEEHEUIMNE, BIEEE
TXxTHEHI THE] THLW) R EFEITHT
HEEMBE, FHEFIZOWTE, Proanid el
FIVHIWT & 22 50y THEL V) X0 TEME) 72 EREREN
HBLL, % & OFEMROBEENHEIZ 2> TWD
T ERHEREIND,

®8.4.10 74— MEESUFVY
(SE2EEREE - 5:8H) .

2-5 EiE&(1 189 FiEE LI (2605) EiEEE)

Mo | FAMHES | chasl (IR HO4NEE | cwsRl (MIRMOIM HAEE | GEE (RO
IEE B 12|83 &hgal 46|82 &hgal 5
2 |89 =25 EEES =25 23 (8L | BRES 2
3 |EAB &hial HEE Hidl 18|k Hidl 1
4 B3 &hgal 1ER B 13|FiE B 1
5 |&E Hial 7K &hisl 13|8Ew | A 1
§ | B 5|ERFE B 10[:RE] B 1
7| &iEl S51HLLY | BER ElEE &iEl 1
B T Bhasl dFELEL | B 9| F5k B 1
v |fEARS &hasl 4|iEE =25 5|%&@ =25 1
10 |[=—F E=H 3| EAD &hial 5|fEh &hial 1

846 F2EEE-6EABD7r— oM
TRLIE, WERk254F6 H 22 B (1) 13WF0> B 1TIREIZ S i
L6 EDOT v 7 7 ANETH D, F2ETIERED
HITERRND, 7ur T AOHEHEZTTOEEE,
BN DOBIMEN6ER Lo 7,

SRR - St 5 DB
BTG - BT

B - B

P (- - B )
Rl SE P

Gl o W DN

#8.4.111%, ®ESHDOIHEEOT »/r— MEE TR
ASNTZREICEDLZ YTV ERLEELDTH D,
#8.3. 1 A HE M6 BIE, &tk~==2T7 V%D
FEHaTOMERRICET2%B Th D0, AlITiEfisHi
HEOR LM EEMIIREEREICE T b T HEAE
LOEBNS N ERHREIND, BEIO3HEOD
BT DT, ASCEERR IR AR 0 087 B O 1Rk s
E, BRI LT~ T 47 Iy 7 ARLST
P OH#E2 EOFE LWEIE—EOMmEHIT L L,
EEHLDSMIBIER LT VAR E L2 &b, fE
EOBEBIGHENBREE 2R E LTHERELTWD Z
EDHERIND, BIFHINEE - 97 - FBIE I HEFNC
® LT, HIEHTHERIE & U Tl A28 W &
TEBIoTND, CRIHIE - T8V DS, BILH
EEEEUNDENEND BIIIE U-TE 0t TH
WCAZRTWVWNREZRE S LTEELTWD, FIDE
B L EEE DS OEEIC OV TR, BEEE, &
F LN OBE I L DR A R L e A B e 2 M
LTWp Z ERHEEIND, BEEDSMNZONT, 5H
1E D6 H CTIXARN et v 7V B G LRI > 273,
SENFY T ANEL, BIEOLENEE 0V NED,
RDLRPHERFR SN TS Z &R END,

—170—

This document is provided by JAXA.



#8.411 MEAODEHNTZ V45— LTI

(SF2EIEEE - 658 H) .

AXEFREANIB2OEESIOY T AR BERAI B2 EEEEMAIOT T
TS CITE. T AL AU B SR S ETER EHhNARTHSXEE R EOBLINTEs T

D FFRT XERPT H 1 hEL L
FEETFHEEORTFEADEATATIEILLTNS

BNl Z2OEEEIO T/ Bisihl F2@EEE LS IO I

AAtE® BERAR T Lebic
2{FEDESEN T AOOBIEL 2. DD

IESHATD 258 BIEO T IFRIRE S SN E L
FBIZA =1 —I2iTs 7ol & EEE IR T SRl
=T HT. BH0EREEEN NS ENTEL

CHIE- fTEO I 2O EFEI O YL CH|E- iTEA B2LEEELIO YT

BLLW 27—, &FHED RERITCE
RERCEESIIESDHNLIERRENTE

FEICITEIL T S EE AR I C ISR T £ Sebifihrc
REOTEEIT NS0 ZEE A ET OB TERL
FED B EETIFIZRD HES KON

F8. 4 12DHET XU T ORME LT, #£
7.3. 10\ Z/RT65 1 [RIGEEE - 6 M H & i35 L3k
8.3. 12 TRTEH 1EN [KIE] DI TrFo T
7RV EFEREOEANCBWTEF = 3 VO TR
BRI TWER, SRIOT 7 — MBI 2t EE
EEEFIZO WL 2 520 E, BEEUIMIOW TR
15T o — PRt AL S BIRD EXDHERF ST
W5, B, BEEEDSMCIEL TV AHHHEES L
T IFHE REfUCT X 70, Eohid
o TWDZ ENDND, BAEEITAEBEO S mPED
oo T2 b THE) ([TEMRD EALICALE L,
(M) ICBAT 2 HEEN T VX 7ok B E, &
BB TETVD, BEFDSMNE, BEEEEZ TX2T
DX THFHE) BERLWY 7o PEEICKHT HEMN
B, FEHERICOWTIE, i Ze < 5a\ il
BN T X THEME e EEEEMNHBLL, %
M & OERROIREEZEDNFEIC /2 > T D Z & 3HESE
Ehd,

#8.4.12 PV —REESVFVT
(SE2[EZEEE - 6:E8) .

2-6 EiE&E(1 255 EEE LA (3427 EigE (o9

Mo | $AEE | 5 |LIROE HGEE | R (BIROE s | S | BIROEY
1 B3 BhEel 13|83 BhEel Sl FEF e 4
: | E=E HE 10|F% HE 32 (e BhEel 2
3 | il =k B 16|A4F &5 1
4 |BE B 8|ER B 15|ZR B 1
5 |B# B 7| BhEel 15| &8 B 1
5 |EAE Bh5el 6|EAE Bh5el 14|EE =G 1
7 |E =G 5| =G 14[EED Bh5el 1
5 |4l HE 5D BhEel 11|83 BhEel 1
5 | B 5|HE B 1"|FE B 1
10 |8 | RS 41548 B 10[t B 1

8.47 E2HFE-THBAD7V7— oM
TREE, PRk254E6 H29H (1) 13REAN & 1TRFIZ 32
LTEBO7 v 77 ANETH D, BTENIEFHED
DFFEFE LR ERS THRER LK ERORR- & L
7=

1 feFRGE - e 5 DR

2 ERPARI e O - A 1] - 585 - L5 &)
3 HUkEfk s - HEISE

4 E2ARKR RS

#8.4.131%, BMENOIHADOT o — MAAT
FLASNTERECEDA TV ER LI DO TH
%, 8.3 1BIZHDHHE 1 EIOTHEE, JEHIZIZY
P IRNE DRI ERA~DRE O F L E e dIRE
BT DREHER DT TN TH o723, ST
IR~ =2 T VOERS, A= — 1Bl Skl
JEIZBW T HIER DM TR W /B ORI\ = -
TELT, MAELOEBNZ N ENRHERIND,
B D 3 HA ORI HOWT, ASCEER TR
~=a 7 VOIERK, A ==—1ER, BEEDNOER
D < AEEDOKEI N ATREL 72 0 pliR & U THEBEL
TWAHZ ENHEREIND, BIEWRIE - o7 - 155
HIERIUE & LTSS Z S 2> T %, Clk
DU - ATEV D B, A = 2 — B SLERR B F IS
AEDRGHFRLI—T 4 I THRSRY, EME LTHE
N RTEN CELRARXTH D Z E R IND,
FIDOBEAEH & BAEHE LA DRI OWTIE, BEfEE
1%, TOZREITH D72 LRI, HHEASRIRGE 72 &R
ONEIZONWT, EfEELSMNE, T—XO5sk, 77
SAERL, MG 7 EAFISEN AN TH D, B
LElo 7T HE CTEAEN Y TGl
N, BEROTEZNREEV DL, RCOXADHERF SN T
WD Z ENHEE IS,

#8.4.13 MEHOEBNT7ZVy— 2 TIL
(FE2EEEE - T88) .

AXSFERAI B20FEEIOT Il AXEFRATI E2OEEELAIOT TN
EEEIEs bR IREENC R AICIRABESEEA ToAEERICIEHT A EITENTE
EEY = aT EIFBICH s T, BENHE LU

T P Y T T T T T TP

EEOEIDS, SEIaREEDORITEREEA FSDERTIE. 7 A7TBD = FIC DT sl E Sbrs

I LOEERE. A, IRFEERO RELY TH RSSO EESAE, & EMTEE T 5L 3

BEEATEMERTEL T A IEAI CRE A kLI IEER TR PESRDS NI DEHIFT 2

Y T TR T T TP

BRSO FHEID A2 —BIFET LIS B
BRLTHLIEFASNOWEBEATT 22 60 %05 T
JESD:—T 4 SO BERFEAAIENTE

F8. 4. 14D HFET X J ORI L LT, #8.3.14
R HRGRE - TE B & d 5 & 1R ET
F, BEEDSNO TBEHE BNEMCT7 oFrr73h
TWb, £, BT 5E5e) T\ TRk 7
EFMMEEZRLTEY, EERMRERD AN LD —
J7, g2k TS TE¥E) TRER] R EEKMEIC
KRITHHZENTLE > TS, ZOMME,

8. 3. 121T/R T 1 mlGH 6 B & R 1R & iz L
THEFNE O ERIFRIOBLTIC L Db D EHEETX

—171—

This document is provided by JAXA.



%o FEOBRICHEAZE W E B OULGENED &
<, ORI E R A B T2 2R X T A
FESTWNDZ ENREINT, BELFITAMmO I
PRI oo 2 e D THE) ([CE#MBET L,
M) ICEAT AHEEN T U v IR B0 Y, &
WBRHTETNWD, BEFDSNE, BEEEZ T2 T
HEHc ) B 7o EFEICKHT 2Bk &
W, BHEZITOWTIE, Yo A < giu ik &
B NES ) X THEME R EREENHBLL TR
0, Zikt EOEROBEENAZITOND,

®8.4.14 FUy—FBESXVT
(E2EEE - TEB) .

D, T2V Lo TR R ERSHER SN D,

®8.5 EEFDTUT—LEESVUXVYT
(BEE - EEE) .

EF&E(16581) EfEE LIS (30,722) Eig&(3485)
Mo | FAKEE | MEE (IR AR | Sed B IROE b | B3 [LIROE
1B Bh5Al 1687|835 E2EE] 503|83 Bh5al 46
2 |FEFE EE 104|855 i 252 |B 9 EE 19
=k EE oo | FE LBl 176 | A HE 19
4 |EEB Ehis 73 Rk I 165 | Ehisl 18
5 A =5 52| FAD E5al 161 |[BAD el 13
6 |R< &hia 55 A B 140[Fh iz 13
7 |EE BE 51| ER B 118 |5 B 13
B|ER BE 51800 | R 102 | IE B 12
EE kG 43|50 B 99|5HEA =G 12
10 |FHC Ell5 41 | EE B == =G 1"
11 |Bls Bhsel 40| HFES F2IEE] 95 |43 EE 11
12 || 38| HE LBl o5 |83 HE 10
13 |#§iE HE 36 | HHC 53l 94| ER HE ]
14 |BFH =5 36| B0D &h7al 02|i8%E2 | EhEa 5
15 5732 &hial 36|E.E = o1 1R B 5

2-7 EEH 504 EEE LIS 2027) FEiEE185)

No | $BhEE | SBEE LIROE HdEE | REE LIROEN #hhEE | &EE | DIROEY
1 |83 Bh5Al 5|83 B3 33|83 Eh5al 4
2 |EAA Ehisl 5|F¥E EE 16| A 5 4
3 |E% 5 5 |BR5E R 1430 3| El5 2
4 |BE B 4 |HFIC HE s|=ER B 2
5 |BREE kS 3|PERl =ED B |if1E &5 2
6 |iE = 3BT = 11859 =K 2
7 |l B 2|mE Bl lENTN| A& 1
8 |EE B 2|EAE Bh5al Glfz<dA | &g 1
g |& EE 2|7E EE 6183 Ehgel 1
10 |EE =5 2B =5 HE3H =5 1

8.5 FPUU—REESIVUXVITDER
(EEE - EEEUS - ZHES)

#8.51%, BIEE - BEELSL - FHEEDOHZET
XU T ERLTWS, £8.1IHDHT7r—bDOHHA
B A ohretge s LT, HERHALIZHME L% o BEE:
I 0 BRI L KT HEET X 7
LDOBEEToT, 1TICHD () WITRHEES, A
MoFNZEH D Nol 1 X EAL 15 DT %27, T
FElIX, T — NMIEENDSHEEE S, EitLZ
WD HELREHLEZLOTH D, THEEE
%, HFEOHBIEEEZR L TW5D, BEIEH ORI
&, TREEhA CEEPLOER) BEEDSMNT, T8
B CHEETLOEM, FHEEL TN TES O
DEM) ThdHZ gt b, REMICETEEIC
DONTIE, BEfEEDAN LT, [FHHE 1525
TN TR B EMICRTWD, BEHEUIMNE, &
B L LTl i, TR Ko T MR
MESTERDZ D, FEIVLADDERIN
TWo, £/, 1E25) &b TR ZenErs
NTEY, ZENEHEERTE S, REBICIEHEE OMM
7 v —rORAL NI Inwnz ) bz
<, UL BEGED 3, 465 TOMHE & 725 03,
SRl I RN S  BEAN DN T LR SN D, 4
Fowch TR TAC) REFEEIV HELIN

8.6 FUU—LEBEBSUXVIDER
(BFEE - TFEH)

#8.61FK8. 1 oMM LB +FELLTFED
T —NHFET X TR LTINS, R E LT
%, RTLHIRTEMEE - BEEELUS LT, 5
TFHENEEE, K FFRENEEEDI EmBD TITV
EMITHDHZ Enbnd, LFFEDFTLADOEDE
LT 0o bidREEAN G2 oNTIZ 74T bR
WOHETRWZEZDZ ENLW, MELTHRNE
WO BHBAREUNRE] LWIBRARD-T-, KT
52 bNDEED% L, ERNPHAESHL TV,
HECBWTOIHEY RS2 ¢nkdb b b, K
Tu 7 LATHEORZIRONEIZH LT, L1574,
BEFUSMNT TR ) 25 B2 %) ZERRITEIC
br—J, BrEEg, BEET (B25) »o [H
<J &V XD ITREEINZRITEI CH D Z E L SN
2.

—172—

This document is provided by JAXA.




£86 BF - -XTFREDTU7—FREEZ VXV

BrFEE0577) TTFEA182)
Mo | fHEEE | ooEsl [WRIROIEY fHEEE | oofE [LIROIEE
1 [E3 EHEE 17883 Ehsl 647
z |85 Az 102|853 A 268
3 |FEE Hi5 B3|FEFE H5e 203
4 |EAD Ehe] 73 | BNl 185
5 A HEE 64| EZ S EhgE 174
6 [$FIC &ll5al 54| A 5l 157
L Li:i S Ehgsl 47|ER H5E 125
B |EUA Eh5al 16| HFT el 114
8 |iEE HEE 441 | 111
10 |ElE Hid 43|15 el 104
11 |EE HA5F 3B |ER®E A5 103
12 [ELLy | EEHE 34 |85FA L 58
13 |{TED HA5F 34 334 A5 57
14 [iEE E2EE 33|5E H5e 97
15 [BER HAga 32 [ HAga 54

8.7 KREEDMX+vTRE

K8 TIZKRT D%y UTIREDE B X HFITONT
%, KEAB LM TR ZRS D &V ) N7
ERTW5b, (iR, 2002) BrEOHE, THEX vV
T2 NEOHRLEMESIT TRREICRBENET A
FMRIRR O&EEI 278D, FEATEIZRIRR S O & 7
RLTWD, TAEES v U 7 T AEIRE ISR LTI
X VT NIRRT D EWV RO RZER & LT
ETRRZES v U 7 ) A RIFI R & AMRE D7D D
WETEIE X v U T 2 EX v U 7 05D FICFEA
BERONDYTHEE & D2 TnD, ), kol
B, THEXSY VU T HERLAREI RN DOTDDOH D
ELT, TEESY U7 Tk o2 WS ENLED
JIBEX ¥ U 71 28 LAREZ RNV D IO O,
MEESF XY VT 1 28EE LTOFRHE - BIE, Hiclgh
X U7 I EBEIEOIERERR BIZH HBRE 215D L
T2 LAREIDWVEDT-OOBMKITERE L L 525
BEmhicdH s, K8 7TICKRT AR Y U T, [
(X v V712 LTCES Y U T HZONWTEET D
&, BAAE, T TA) Thky MEE) &vo
TFEICET O HET EXY V7T THO, £
EXv VT ENBELTWD Z R HEERIND, KT
FAIZOWTE, HREX YV 7] T EMI<5b0
O, TFLW 7ol TAEEXSY VT o TFE Sy
U7 IZHEOD T RN S D L HELR I D,

£EiE

oFy )
> B | ma 4E
FVU7 | FPUF FvUF
[ - : |
==y g N

HAT: A #/F (TATUT 4T 1 EERERDHIE)
P248 & & & IZHERK
B87 ¥¥UF7DELAA
(ER : BFKREE - £E : kFKFE).

8.9 F&&H

DLk, SBEOK THRICEA LT 47— hZon
T, BFEHD 3HEOBLS CEMEE - BEHELSMNIO
WTEREITo T, MG THHOENELT, 20
BEND B EMLE T, EHAOE R HRILH 70 &
HIFH IR EOHRLAB N TS Z LTk LT, &
AEFZLSMIENDORE TOERRH D = LB ENn
7oo B PAMZ DN T HARRIC 258 DY K,
KFVFEEND AFET, FIORBRICNTOE DD
HI20, REDOERIKICOWVWTHERANH L, RAX
—RIRNERE, BEELTAZRLTVWHNEL /o
LIZANTHELZET, fEEEKXTEXHTHAH Z
EVRTRBE IS, RIS, T — NDOHET X7
IZOWT, BEEIL, THS) Kb [HE) MEL
THEANZWMERICH Y, FEOETLETEBZ5
Bx T A R L 7e DN HHETT LT 7' e 77 AN
BVNFHIZ D72 R > T D EHEREIN D, JEHLUS
X, T OBE#BS ELCHE 00 THIy) R
B, BELW REBRBZWVMERIICHY, 7o
77 AOEITIZBWT, Ao Z2H0 & LR EB
BIZERE L CTWBEEFRN I b ivd, £z, FEHES
% THE) OBENT VXU T 2L THY, 7
077 AOIEENZEET 28N D702 LD b Bk
BLLRME T Z ER Db b, ki, B3
AL 2RO BN HOWT, BB s, &
FHETBEEEUSND T X ZRVEICH D Z
ERbhoTo, BTFAR, TBEXY VT 285
L MEEX Y VT Bl TS Z e SRS
—HT, TFFAEE, THEEXY VT X EIZ< 5
LoD, RLW 7ol TEESYy VT »o TEs
Xy U7 IHEODTDERRD D EHEE SN D,

—173—

This document is provided by JAXA.



9 VYIFAR)YY - TRAFMIEBIPMEER

9.1 YVFARYYY - FTXFORE

VA A MU =41, EL /L LICXVEBIN
SRR ORSE L BEEICBE T 2R Th D, AR
TlE, HERLEFEBFEICR T 5 BREELZ R 5
7=l ElRlEFEom o T a r T NERKICZHES
KBRIZY S F AN w7 T A NEFTo7-, HELITE
BT, ZlE CHOIWERNGOFYEIE L LT, §H
e, 3540 (B114, %&244y) Helalg, 314 (B124,
#254) Thole, HEFIER, ZlE2BICT 57
BENFIZOW TR & L CIEN S Lz, BAKH
W2, FHMlE IXES R HIC 1) Z25A, FHEIZERD
EWIEE L LT, Z#E 2 Ta20bFIE T 21T -
7o RERGUIZ O D, FUL, ZEETH D, i
Lk, BERF S0 I 2IBMUTEES S 2L
FHELETHD, FH2AL, BBRETHD, BRE LI,
PAIGH, fEAZERE, PRERE, R L, Zid L
R RS FIEBBRE THY, FBL, BEETHDL, #E
B LNX, BEERGEOERFORIERE TH D, i 1oxt
THEMIE, HENGH LWL EFRE T H5EN
BT 52 Tho, Zafdx, ARlOTw 7T AT
OEFE L TREITHLEE, FFERICEHDRT,
HEAL CTWAHANEFHET 2 Z & Th D, EHRT T,
ETCONETI2=r—2a rEEIN0, Fliy— b
MNEME DRV E Y, AV TF—va VEOoHD
RN — RRBERORZFIC LY ZiEF RN A
MCTEDHEMEEIT 7=, G e LTIE, LS, FER
R, BEOFME THETE) »o TFHESE) I,
AR E LT, [FERE 220 TRItEER) & L,

9.2 B1IEYIHAANIYY - TRLOHKR
9. 11X, & 1EEERTE 27T A0 T, B
BREEDEWWEFHIE LTz T2 OF 1 it L, o~
FANY w7 HEEE LTHOLNI LD TH D, &
| BlOZ#EEOFAEE, B 114, 244, 735
L ThoTz, BEHMEHRLIZ LT 4 DO ONIALE
T5SIES1OEEEZFLETIREORE, ZDON
ZHY PR OREY, FEIE & FHEHLE THK
SIND, HICARTRENE, 5 1 EIOFEMSOFAERN
MBI ARNDSOSINFEAEICR T D ERE DS 1 IE
MZEHMH LSO TS, BIRLTZROTF RN FFEL
OWNIICEHET D Z L %, BEOBBRMENRETHD &
L, FLOEEITFEBOBLN A AL LTV
%o fEFRE LT, CHE, BHEE, DB, ABEOIEE TR
BOOAE L 7 DEMPHL -T2, CEEERFNC
TRENRDLCIR D LADECTARD &, FENENRET

L FETOTRTEMERNE -T2 2 NS FETE
bl Lo EmESNOBRMERRED C2, C4, C
5, CT OFEEMEDOKHNEETETHD CLIZHEMN
STlebDEMREIND, FEHOME LTIE, B
CORHITIFEMIZE D T TRITHERNH-7-—FH T, A
CDDOREIMBRERE ThotzZ &G, kb E
BCEBERAE LD RIS,

®9.1 RBEDYIAITSL (F1EEE).
FEHE N, k24, 535 OF (REEH)
O% (@FEFEH) — L] EMENE 1 #R

9.3 B2EVIAARN)YY - TR FOHER
B19.21%, 9.1 &RERIZHE 2 BifEEIkE 7w 72
LDUFA RN I HEEE LTHLNMNILELDTH
Do 2 EOZHEOAMEEL, B 124, & 25
4, FF3T A ThHol, FEMOFME LT, VYiAd
ANy 7 HEEOBE R E L THRICOAERET
LM SN E o7z, B 1AL HER L TRAIDS
SHHETHALSLIZAN>TNASZ LTS D%
R, FHEBEOZNNTFHNZ L 2R LTS,
BlEE iR LT, STICHELZHEBE LUL, H
1, S1oEELELT, V—HF—vyTltala=
r—a CVRRAIINE S, S E RIRITKRT H B
ot H2lT, F1OTFa I ALY, FHER
TEOIN—TU—7 XY, BRDasa=r—v
g A LD O & LT 2 MRS L2 &0,
% 1 mOFFREGRERE S EBICTE TV, SFETO
FRESERR AR L, M LD ES N HEIC o 72b D
EHEEREIND,

—174—

This document is provided by JAXA.



,

() ©
© ©
—— @ 56 s2 @ 51 @
u e 55 //l‘\\\ @ @

D1

0 Omm® o

9.2 REEDV AT 5L (F2EFE) .
FHEHF 12, ©25 531 OF (MEEH)
O% (@FEHRH) — IFE] EHEDNSE 1 &R

9.4 YA AR Y EEDLLBEME

X9. 31T 1R DY A A M v 7 iEEE (1) 45
(2) BAtR#E (3) BEOHHEMNIC THEE BXO
[FELEUAN OREE L TEBEDIANYS - O
fEICOWTHI LD TH D, X9, AL R 20
DWTRLTWD, MNEHAE [HEH] BEIO TE
EELAN) , TERAENT, MEBOBEREDAEL LT
TN AT -T2, BRIEIEENL, 9. 2THI LY. 317
ERIBRIZ, BE1ENE, B114, 244, 31354, #H2lE
X, Bl124, 254, 314 ThoT-, tHEIL, A
BKEEZXO FEICHT L2 O T GEHXKE) X
K%?I?—N—H%%ﬁ?7@EM@ﬂK%6ﬁ@

, BHREEOFEIE, =T — —3EHERITT D
ﬁﬁ HAEDEZR LTS, FHlIEEIREDOFIETH
HZENG, BT T7ORE, BRE, BEOHEIME
BEEBE O 2R L TW5, BEfEEIT A
BE—EE) OB THDLZ b L EEER L
E@%&ﬁ%@ﬁﬁ&éﬂfwt RETE S, BT
FLAMNZ EH%%%H@@J@@%T HTH &
@ﬁ#ﬁ@é EM BB SN TH - 7o & HEER
éﬂéo%ﬂE@E%E%@i,.93;.m¢65%

A BRRE LIERT T 7 02 0DREO 72D
KN R E WD &L EEHR & EEE DA ORENS
Ukﬁﬁ&ﬁ%<ﬁﬁén1wé ¢, EEBGEIC
%95 DEE 22 BEEE S & o T2 ATREMERIE S i, 52
ENE, 9. 4ICRKRT D7 T 7 OZEPEIHIN /NS
WZ Enn, ZORBMENITWEREEIND, $T77,

R OV7 7T b L, BEHELEEEHEDS
DT T T7DEITIFEAER NN LD, FE
R OV EF TR 2 RGEIEEN S B R (SRR S iz
LD LREBEENS,

30
25
20
15 nHFE
n BEELS

10

s |

o |

g BE FIK<10.01

9.3 %1 EERRTONREMNEMELE.

30
¢ 3 e 5
25
20
15 nEEE
n BEELS

10 +

5 |

o

BiRE FFH<10.01

9.4 % 2[EEERTONRERNTMELLE.

9.5 TRIDYTIL-J)y FEMRIC & 5 LLEFEE
9.4, ~xUT )70y RERIZESNT
WlREE2MDY o F T T MIFESWTRERE 45
[RCRLIZLDTHD, ~ 1V U T - ﬁ)/Fﬂ%
X, V—F—v v fTEhao—>o & LT 1964 4EIT

LA Eh— bl oTREBSNZ) —F—2 v
DITENAZ A NVE T A~DOBEL ] & TEEE~DORL)
EWV) 2 oDMIENDL E D X TITEIERCTH D, T
A7 EL—FZLBE (998 Ny o & HEAHA
V—HF =y TP LEZ LTS, ERlDFNIC
&b HHEhI, Mﬁmmﬁfkw ToIiTix, & (k)
FHEATRLTWA, K8. 1 &1 BEENRES#HED
VT T ED, RATCRTEEDOE S %2 TRE)
ThLINHERETHI-O [HiEE] THd (5.5
B LaRBEIND, BEEETEEEDUINZEE L TW
ezt THEE] 358, K92 0OMTHEN
ey R L CW0D, 5581 13X, FERKICH ARIC

—175—

This document is provided by JAXA.



HNRT AR BELERTR B - —Th D, K
\CX 8.2 DY AT T ADFILE 2 [RIDFERSY THLGRL
DEEN [F] ThoHrZ uw ERHE 125,

92 AT, HEENVE 1AL L CTERVMEBIS S -
7o, FREREHETIBRAEDN ZzELEEL T2 &
e TERE] 58, BTHENZESERLT
W5, X9.5 0% 11127 e /T LA A EO
iR EBESITH L, F1ENE, v~ VT T
Uy REGG D [HiER ) b Tmzh D Tk

Y, hEE ThDH 198 LRI nD, ¥
B CHoT=—J5, BEHOBRITE 2 EIZH > T
%, FH2EIIMIH D TEENE, G TEEND
FIZSITHE OO0 o T2y, HZETIOBASICH Tz > T
%, BVWEEZRLTWSD, 198 1%, a2 R
WL THAE~DORELAENABRY —X—Th %,

FREMETLE, SHALRNOT BT AT, KR
BROEE CH - -7 dffrE (k) EEN 22 d 7
FTZEE OFEDRPRAR B ThH o7z, L ED
B 1 ENE, ZHEEOLVEBATNETHY, &
EHOITEN ) CERMIM O H 00, BEEEUIMNIR
THALDER 7 1135 < ZERBIT I S LR o 72 2 & D3RR
b, FH2lENE, FlEEEKELT, Y0750
WO FENME T SHRAAT LY, 2O LU NZHE
DUV L CHEIEE 72D, EEITITR-oT2Hb00
MENRREERBLL T D,

9.5 VYIFHT S LEMENDBEEFE

B4 9.5 135 1 [El &5 2 MO EF I Em L7 a7
T LN AR OFMREREZ KR L TWD, £ R,
k0, AR, REHIOIRED 1 S>THDHALEE
B, RERICAE T2, BIEWINEE - o#f - 50, £
TACIRILEIE - T8V TH D, VIR LOH Dok
D EIT T8 2 A, 4 OOFIFERIIAEE TR -
Tot=, FHVHIErE 72 508, 8 2 BOFERHAEDOH
PO EEETIE, 5 1B E iR LT RES TV fE
NELEHAECTORETIEIFE 1 E%Z LR &0, F
2 FIORENHFBIIRN LRSI ND, VAT T LB
FOEBRE L OFE R & BT CA D &, F 1%
FHEME DL THEEBNOBMRIEIZRE TH-72b D
D, BAEE L EEHE LSO 2 R E <, FE%
B EATE DA ORE B IT IRV ME I CH ~ 72, 56 2
ETHE L CTHEESNORBREIIFE TH-T-H D
D, FEHE OHERBEN T T OO NETH & JTHEL
SO ODHER R BEEES T Ar o T2 T E D, EfEE LSS
DOEREIFIC O BETIBARICNEN B o 7o LR
Sha,

9.6 £&oH

VA AN v I REEICONWT, e ST AT
WM ZAT -T2, T eE LCHLS, $1E & FH2E o
H o DA D3 FH 2B O BEREIZ DWW T UIEALIZ D
WCEHIiFE SO ST 1T 72, FESRE LT, HlEO
FEhte TIEA FEH O FEHTE 2 HOICEET 2 Hm»
TRER, FE2AE TR O REET A Em A RS X
iz, F2ROERTIL, HBIRITHLNE oo FE
R C ot N BRRE & A BAE RO BRI SeE ST
HLOO, MG E U TR LS FEBIIFETR
ZHRDICEE L, FESRITEFERICEET HITITE
%, SOBEL D, FH2l, bR E [FJiE
Fl & TEEEDS ORI T o 21T o712, fER
LT, HiElE, EEE) & [HJHEEUSN 0
BREDZENKE <, HBEIE L TOHEARKENRRKE W
— 5T, FANIFDENNIN ENH LMo
Too B3, =PV T 7Yy REGRICESL
BRIl & LT, BiminE, Y —%—o [5-5
Ay EE2lNE M1 -9/ LHEREND, T AT &L
— Rz EBE 1998 BNy AR —F—
VTR LEZ LINLTWA I LD, RBIORE
LD, BB VA A N v 7 L) OBE
FHlE LT, MO LOBH AN EIT T2 25
HE TR -T2, 5O E 722208, BhESIOR
i, 1A & el U CE2mn b\ 5, YuRket Lz
IVFA RN v IREE LI Lo b DD, T
7T LD XY, FH2ARORRIBFARBIZHERH -
7= Tx 5,

10 #ERFTIOS 5 LOKRIE

10.1 #EHRBEFEIAJS L LEL—RE
feFiRGE 7 v 7T LAORGEE L WEL BHIUIZ, Zild
O—EZxt L TTr 7T METHIZ, THE OfE
&, FEBOMEMLOFEEEZWH LN T H20IL, [F
— A L THRICB T ala=r—va 2o,
W7 o — M EHEE A SN L, BR
BICE 1B -2 M 7a 7 Z A, 20134811 H 30 HIC
7arg AOMBE (B 14), &1 ENEERR 25 4 12
A 4 BICEEE (24, &# 2 BoEE R0 FHEILE
B 2512 A 9 HIZHE(EE (B34, &14), BEHE
PIA (&2 4) 1Tk LT LT,

—176—

This document is provided by JAXA.



10.2 MEHOHEER - LEAL—RE
AT - SR TN L7k 3 O A S,
TITAREL T TR~ A T ARERHDZ EHHL
Mo T, ZE N T T ARER LW~ A T ARE
EEBRLEBRREBET LT, TI7RER-T
REBEESCT a7 T AMERATZ L biTv A
FRERSTERBRAENETDLZ LT, LORNRT
07T LADORNAREL 70D, #10. 1. 11, ZiE
N, BENOALEER IOV E 2 —FHERE RIS
&, SHHHOFHMER RICHONWT, 7 ABLW~ AT
ADEEERCTRBROY TNV ERLTIZHDTH
%, TORE LT, BEFIIEMEUSNOERZE
D ELOBFHRST LY U ERR Y BRI TR
ITEERR LRI R 2 K L T b, £, ~A1 T
ARFETIE, CEEREERDO 7 4 —~ v M- T
ER L7072 L, BET BN EEFN TV RN &
NRIBECTXx %, £-, BEEHELIMZOWTE, ABID
BEITER T DNEZRER, BT 5HEHRTEDOE
RSN LICT T ADOEAZER L TWD,
F72, AT ARETIE, EEMEL RV, £,
FOBEIR N oT- LW TE 5,

#10.1.1 #MFEHOEAR - LE2L BT

(AXEERN) .

ARSAEHNTEEZLAO + () RRI VT
BED A DT 2 DL DEL T

ARSAENIEEEIO+ () BRY I
FEFH SEEHRES
TREBFIC 1T TR o EEE L bl
(AELAN D EDEoT0)

AGCEHIERNEEEIO + (- HRY I
FEBIREIR, IR TV R ER T
B EIER
(AEOREL EED 0 WL d o 12)
AXEIRENBAEEIOISZAREY TN
EBENO SRS HRIRERE DS

AREEEATEEELSNO+ () BRY T
LS OAFEZEDRET L SEFERLT

AXERENEEELIO+ () BRY /T
L E AT LSl

e

(EHO 3 31453

AXERENTEEZIO+ (IERTAN AXFBEATEEELSO+ () BRT T
R EER BAO BERENET mATE

PRFR BTl U SROFEE. EE
(FJL B IEBT)
ANBENEFEZIO+(-)EREY I
¥ ITO U

(RUICIF Fo 1o5EE)

WOV REE FERT L

10, 1. 21%, ZREED, BES O BERIUE - 4
Br - BIESO L E 2 —fEERICESE, 8HE O
iFERIZHONT, TTRABIRYA T RAOREZKZLT
7RO TN ERLIZHDTHD, TOREE L
T, EfEEITBERIVED 7= O EE £ CRSEM &I
T LR, A VX —Fy MORTHALN HARMEZ
AN T, BEE LS ORNAEZE L 72 b RE 5
TTTOLIRRRELZFERLTCND, £, ~AF
ADRFRTIE, BEEEUINCHY 2 R EmET D
TRZEEE L& ThDH, BRLE LT, BEHELU
IMIBZ D REERPMBED L RN S T2DOTIX W E
TRBRTE 5, BEEELIMCOWTIE, MBS T/E

BRFED 7 b POP 3L

AXENMAEE LSO+ ()RR T
TI—Fi—F S ROFEL &

(FOERITALTEHD ERES SR ESh T

T DRRR LN, PTET HHEEHTEORLIEH
SN LT TADREEZEKZ LTS, £, «
A FTADREANZHDWT, THFHRINEITELE DB D
HDHEEA D T2, BEFEUNOEE TV, A
KRR E S o T2 Z LRI XD,

£10.1.2 MEADOEER - LE2—H T
(BIERUNEE - 55347 - R{EN).

B #ERIEENI AT SO+ (—) KEY L J)+CB28.C5 BIRIRRIEEN HEEELSO + () BRRY I

P HER =B IFR
EIEHE T BEEA T EEHE {17
(7L T AR

F 7 (ERuEF

BRHEHBENEEEID + () RETIN
FEITIAVEL. BEICEHEAT B,

DB EREH - o EF IS AV 2ok P AETEIN
(b |EFRF &)

BIREABENIEAEELAO+ (DERET TN

BISHERFHENIEEZIO + () BET T
A A= LD BRI SR 7Y B DT ST
Jl B ERER

BISHEMARIBFAI AT EL O+ (I RET T IL
FHRENTEHOEBAET NTEAALDTER

O &3 cd-T

(EFRLc G H-oMh23ET eled TS o oic)

BHEBHLPDIEEHEIO + () BRET I
D A+ EFEERL A

D A ZHBEFTHELI

(L GOy —2ERDah-12)
BRIERRNNEFEIOIZA(ZFAFAIEET/FI BREBRAIEHEELAIO+ (-IERET AL
BIVEIRREZ I CRATG Y A E R RS- EREE. FELEBICSh B FEIOHOIIL
(FL B EHOY -2 EEF D - o)

BEFHERIAIEEE LD + () HRET T IL
BREET 2 2 O HmikeA

B EHENAEEIO+ (IEET LTI

BAREFEFNETELO +H () ERTIN

MZEhET Ay -V FEAT HIEDNEPEIT T IHHTERE Bl e

HFORAEZEL ODEASHEEEA BB Bhrofc
(A~ TEA DS 5 )

B R ERRNMETEIO+ () BRET I BiFREERR NI EFELI O+ (IERET T
HFOKAEEEL DD GAL A FEEA SRR BT
(Line®D 2 HXFTCTELTLEIRD B oT0)

BU A EE A EERHALL
TBFORITEERL OO EASTIFEER BRI S 21
CEABANOFIO-FH UL -T2)

F210. 1.3 1%, ZalED, ¥ CRIUHIET - 17
HHOU 2 —FERERICES X, 6 HE OFHmRE R
IZOWT, TTABLOYA T ADOE %@ U725
DY TNERLIEZLDTHD, TORMELT, &
81X, JEE LSO 25700 b Bk E T 5
OB ZATICB TIBRICREZ KL, BREICKL
TATENZRBE 72 VR~ A T ADREZE T TV
5, Fiz, BEHEDIMNE, WEEZ TR LT <@g
7T ADE, #HOTLESTHARIC~YA T ADOE
ZRRETWD Z ENHEREIND,

—177—

This document is provided by JAXA.



%10.1.3 MEAHOEAH - LEaA—H2TIL
(CHRimMT - 1T81H).

CHRRAIEN FHEELAD + () kY I
BRFEER T TEIED ER T Ehirofo 2
IPRRG ZEEEh N T AL &%

CHRR HI EHEEIO+ (- IEREY I
ZROEE

REFFT S N &g 9%y ITE i

(R T2 m EF Dd = 7)

CHRAMENIEEE LD + (-) REY T I
BRFEEA - T ED ER T b fa b
TREEFRI AR B b hic bz
CHEXENEFHIO+H () BRET I
BREANSFHUEAREDIT2 7
HomEd BT B EE

CHRMIENI EHEEIO+ (- )EEY LTI
ZHRPOE DO 1E
(RTWRITm eFbdH o 1)

CHEeXEN I EFEEIO+(YKRET I
ESTNIED EE DT A EAT
REOMGREI CELEEAT

(ITENc#EAan - o)

CRREENIEHFSENMD+ () RETIN
GBN AN S BRIAEEDTL ES70)
CRFNIEEZID+H{( D BEY I
FLEEL G I TAD T LI e

(BN ENDBRIFEDOTLE 7]

CEBEEENHTEEIO+H(IERETIIL
(RIRFEA LHXILEH 5 70)

CHIFNFEEIO+ (IEETL T
HEANNEIEABONEEAI

Line T8 ETF 4l

(B B A | BTN - T2)
CHEIfTRHIEEEIO+ (-)EEY LTI
ERBICUBE s DR EA T

HaEEHME 2=y — ekl

(Era & IFE T3 X =~ D ELES B - o)

CRRE{TENI EHEELAID + (-) REY I I
CELCEEUEHRL T RN R R AL 38 i - o)

10.3 F—L - LEa1—FAE

< 10. 11E, AEOF—LOfEEE L THIT HRE
72 4 ODF—LDA A=V R LTND, F—4t
%, ERTREEE, 20007 I —F ik

L, HHELEEZRICE DTN R AX V2 F 2 720 A
BOELEETHY, KT 57— L0EREORENT—
AL, —EOHE LIEFERH D L nbilTind,
ZIT, BERTE TR T LOKTHRIZ, B1EEE
2EIOF — DTN ED XA T ThH ol E BB
WD 7e0Is, BEHOEBR] - L E o —fE & Rk
2, MBREIT o — FEEHEE Y HEEZTo

72 OREMIEIOREIL, KEHEOT AT T 23
- BETERITE, @B EERANT, MNrr7¥ER
PATCERINEMLERTH D, OMRERMIIEY, %72
LDEBDTENO X AT EFITLTND, KZICODN—
F b« F—A0%, BENT A o= B ) A R
THZEERHHE LTS,

wWow

DRERRE smcEED errr— @—F -
HAr : THEBTEO<I R~ A D R 4 VYEY R, (2009)
E10.1 F—ALDA4DDEA 7.

X10.21%, FIRIOZHEEILICEMLIZF—2DH
ATOT U — MERE S LICEOEEEZ R LT
%, M7 2 70BMOE OB, WO X
QB CEHE, MOy, ORI, Kzl
DEIIE, @NN—F v« F—AThD,

F1OEE-F— LO 217

w [EREAE AT
nECEER
 fREBEAT
mi—F )l F—dy

B10.2 F—LDRA THRERR (£ 1EFE).

B410. 31%, Z2RIOZMETHIFEmM L2 F—LDHF
ATOT lr— R MERE L EIZZOFEEGER LT
%, W77 70O IO EMRRT, WO
@B COEHA, WOy, O, &KZicl
DEIIE, @NN—=F v )b« F—LTHD, HllAE L2
Bl & k5 &, FlENE, FOEE ORI
OB TH Y, F2aNE, @HEHROMEE TH
B ENRB ST, AL L LIZBEHIZ DN T,
RN, FEBHEMOBY AN HOLT, F—2U
— 7 Db ENT—T T, YHOEF LT\~ R
7 AR OBERE Lo =728, H20EE, F OghE
Eifb Lz D, = bU 7 AEROFHEEEB TH
ORI OB SN mE T L RSN D,

#2O0ENE-F— LD 17

m [ElREAR A
B ERE
u EREAEHARY
B E=F )l F s

B10.3 F—LDR A THRERR (F2EEE).

—178—

This document is provided by JAXA.



10.4 a3az=4—v3ayv:-LEa—RE
FEIRFE T 7 7T LAOFEIRIO4FEIE L, F2laldb
HEMOMBIZCB T 2 aI 2= —2 a VORI
3DODIZHONT, ZiEEO—HMH L E 2 —ffi %
1To7, M10.41%, aIa=br—arDAA—V%
ARLTWS, HIDOERWIERIZ B Ty TE) 7=
EORWIESZIZ ML Tty TE) ELTnsd, O
BOREI, FHEEORE S 2 S T S
M&l U —F—fF e T A= ) ®
i Y, SEAHORESZHES ) EME TE)
U—F—1EER [E] AR E MK, &%
OaRKIx Tl ) [Z2L) &L TnD,

OF 1] G 1 [0k ==
ES " bt o & RFEE ®
IEFES =] IS = IEBES B
U—G—TFE UG & U4 B
AN —mEE W AN RRE AZN—EEE B

HFT : EBTBOIRCAV N F4YED R, (2009)
E10.4 MNEERY FT—I D3 DDE.

X110. 51%, H1EIOZHEE 34 I L OFE2R OZ AT
B EM LT TF—2DE A TOT o r— iR E S &
IZZDEEREZR LTS, M7 T 70BOENIIOH
W, BOHSIIOmE, REZEICHOEHSE, Ok
Th b,

FiolEnE- 2w —20 817

m iR
mipE
R R

B10.5 HIERY FrI—V D81 THERHR.

(4 10.6 1%, 252 BIOZEE T4 ICE LIZF— 240
BATDOT r— MERES LIZEOEIEZRLTH
Do HlEIEF2EALET DL, B 1ENE, OH
H, @, OERENRMEL TWZOICR LT, F
2 1%, OERKEOEBIN TS S, kO T
%, OSRKTE 1R, HEELRsTmbo0, F2
mli%, ZOMEEZBILLIZZ LD, TOEERNEE
STEHLDOERBIND,

B2OEhE- 40— 1T

miH R
miEE
mEFRRERY

50.0%

B10.6 E2ExRY FI—V D514 TREZE.

10.6 F&o

feFERTE 7T 1 7T LAORGEE LT, ZifE O—HIC
VEa—fl&Ez To7, £7, BREHNOHEATZ
ABLO~A T AORBRNSHENORKEICIE, BiE
BERRIC AT R TEERA L 7o RRRICEK R 2 9K L T\ 5,
T, AT ARETE, ABTrHENEERL T
RNZ EDRR I T, RIZ, FEH O OFEEH
FHOMNIT L7201, T99—24]1 & THBRICEBIT S
a3 a=k—gr ] IOV, LEa2—FEERTo
7o BB 1ENE, FHETHEAORY AN FLT, F—
LT — 7 St S Nic—F T, HPOEGF LW~
MU 7 ZFAFEDHERE L 72 o 1272, F 2 [ElE, =0
Mea b L= 2 LD, ~ B U 7 2488k o 3 mE 2
Th 2 ORI OB ENEmE -T2 LB REB LT
W5, THfflckBidsala=r—var| o727
— MERIZOWTIE, B 1 RINFEEHLEMNTOE L F
0GRS T2 SR LTE 2 BT, 20X
A 7T, BERERME, Xy N —27 DX A 7T,
REMOEIGNEL 720, RIEOFE L E D RHEN-
T2 L ERRLTND,

—179—

This document is provided by JAXA.



11 SRORE

1.1 HRORE

KFEOERMZLREL, TOEMIZEY 0l T A
LT, FEBTCERL BB TEDER - EH L
WIZNE 72 )T DRSO BRI OV T OFE L & 7
RTEXDHEHRHZ &5, REAMOMEED ER
T 5, 5%0O7T v T NERMICE LT, EICHT S
EiFHEORBELEZB IR, IR 77 50
BT Z R L T MERH D LB 2D,

11.2 F&H

Uk, ARICEM LI fEERE T 77T LOHEE
b EICAIZETIE, PBLICBIAEFRTE T 0 /T
LEFERML, SESERERT D 19 HE 2o Lok
B, WE M ETDZENRHLNCRoT, KEHE
I, @< X2 o TREL SNDRENOERKIZ, =
NETHLEBLTCEZL, ZhebbEBRULEITS Z
ENTE D, ZORARRHA IS L Ui Fikoe 7
077 AOMELE LT, BIMUEFAEE, Gz
TOIHHINE, E, EE, ZLUTRIEE W) —HoD
Tat AR, BREIOREEZFERSTHLNT
Ttz b, MEHOREHE L TUIFERETHLA
NDOREBEREESD D HIETHD, THIEE & 15
T ITOWTE, BEERBRAFIR IR bivic—
FTC, ZEH O E DD TEEFHEUS (T1%)
L %4 (65%) | OFIRIENMEL, PBL &
U CHAfF ST G IR T TEh O RE ) BRZE 23 iR & TR
MoleZ Enh, RAOERE D LHUEDLENR
WXhiz, £72, YA AR v 7 HEEOKBIEIZOW
TiE, H1EEFE 2RHOMRE LT, ®EIORETINR
RPUGESNT-H DD, ZOEENEORE KM%
LONRHTH DT, g DOBRFE & B ONAN
R O B R REET D 72 IS, F R D HEBIRFIEDO S
LD URIB S T,

S5 Xk

1) %8 O #f—.KHCoder. (Ver.2.Beta. 30c, 2013)
http://khc. sourceforge. net/

2) John Dewey (1916). Democracy and Education:
an introduction to the philosophy of
education,

3) EIEER—, (1957). “FhLLtha. A HEIE.

FJ7IES, FARTERS, SEHSERE (2010). [RE3E7)
Ak

4) RHERE TR NEHES) ) BROAZ A,

5) /MEALT (2010). FHEELHMF Y VT, IxLT
7 #E57 (pp. 135-136).

6) EAEFME (2005). A4 H—rvy THEDTZD
DREMAEZESREEORY £ & 0.

7) SCHEFEE (2012). EHBEICSIHIG B RIS
HFEER D =— Xkt U= G o

8) MARHT & « JIFEE - BAIGEA - EHEE - 2 H
B - AR (2011). fEITAED HRRGET DR
RO & K. HARRE TEa Rk 23 FERK
FFIE R TR (pp. 308-309)

9) ARl (2013) fEFARGET 1 7T MK DHFE
OBEINEDORAR. BRI 2 =7 ¢ LEERE
16 EIRET v T AFFHCE (pp. 122-123).

10) AHRafEB] (2013). EFHEIEIC I D AMEBER T 1
77 AOFHM. REATER TR 16 [MIRa 7 v
7T Lo R (pp. 217-222).

11) VHIRHE( " « AHARERET (2011). FRERBRIC K DR
— XTI AXILVOBRICET A EE. H AR %
DAL 23 KR RS TRE  (pp. 126-127).

12) MRS (2002). T4 T 7 4 7 « LI ER
OFF. I3V 7ERE (pp. 248).

13) Pern—3v—+K-H-75Fp— NEE
(1998) . FTENRIAORER. A PEMEHRR.

14) FHBBORITSE - HHEBEREEN AN (2007). FHAF
WB Y L2 T A YU BHIZERITE T D 5 H R
N T p—v R, FHIT Today.

15) 5Eik S 2 7 2784 (2000). S P I RGME. #hmE
J5.

16) ZHFiz - EHER (W) (2011). Fmr 7 A
AR ZE D S5k, HiiEAL.

ARBFFEIL, SCBBAAE - Rk 24 R TPEER DO =—
RITHIG LTeBAEYGE - REEHIEMHEE) OFEEN
RaeFLdlebDTHD,

—180—

This document is provided by JAXA.



KIFKRFAE 2 51% (2015)

ERABREPBLICKSMENETHDOEA

Attempt to acquire managerial capabilities by Problem—Based Learning

Ff s i *

Toshiaki Muramatsu,

Summary

VU IRPHE—**

Masahito Nishizaki

The purpose of this article is to acquire managerial capabilities necessary for University students from
the viewpoint of career education. In this class, they set up the virtual-company, and experience market
research, the forming of a business plan, purchase of goods, sales activities, closing of accounts. It is
possible for them to improve presentation capabilities through a lot of experience of the presentation
including the announcement of a business plan and the result. Finally, we verify the effect of this class
by conducting one-group pretest-posttest design and questionnaire survey.

F—U— N WERRREE, e

Keywords : Problem-Based Learning,managerial capabiliteis
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