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The evolution of the Bianchi space and the stability condition of the de Sitter space are closely related.
Robert Wald shows that the de Sitter space is a stable final state for any system satisfying certain
energy conditions. It is also known that certain anisotropic Bianchi expanding solutions do not
approach the de Sitter space during the evolution process. These solutions are known to violate the
energy conditions of Wald, and most of these solutions appear, or have been proved, to be unstable. It
1s important to find out the necessary conditions for the uniqueness and existence of a de Sitter space
as a final state for all anisotropic initial states. Hence we propose to derive or clarify a more specific
form of the energy conditions for these evolutionary processes. Focus will also be addressed on the
importance/relation of various inflationary theories.
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The mission of recent astronomical observations is aimed to test and understand how the universe might
have evolved from a general initial condition into its present state of large-scale isotropy and homogeneity
together with an almost flat spectrum of near-Gaussian fluctuations. The inflationary scenario is known to be
a successful model working properly with the cosmological standard model. There should have been a brief
moment of accelerated expansion during the epoch of the early universe [1]. For example, a simple
physically-motivated inflationary scenario can be induced by the acceleration driven by a scalar field with a
constant potential serving as the cosmological constant. It can also be induced by a higher derivative pure
gravity models with natural graceful exit. Therefore, it 1s important to find out whether universal acceleration
and asymptotic approach to the de Sitter metric always occurs in these models. For instances, a series of
cosmic no-hair theorems of varying strengths and degrees of applicability have been proved in support of

certain constraints on the field parameters for its occurrence [2-8]. In addition, the conformal equivalence
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between general relativity in the presence of a scalar field and these higher-order theories in vacuum has also
been studied in Ref. [9-11].

For example, it was shown that new types of cosmological solution arise when A > 0 which have no
counterparts in general relativity in the Bianchi type II and type VI spaces [12] if quadratic terms are added
to the Lagrangian of general relativity. Theses solutions inflate anisotropically and do not approach the de
Sitter spacetime at large times. Hence they provide counter-examples to the expectation that a cosmic no-hair
theorem will continue to hold in simple higher-order extensions of general relativity. Other consequences of
these higher-order theories have also been studied in [13-17]. We have been able to show that the
inflationary solutions found [12] in the Bianchi II space are in fact unstable in the presence of anisotropic
perturbations [18].

The no-hair theorem for Einstein gravity states that a positive cosmological constant model will drive the
late-time evolution towards the de Sitter spacetime for Bianchi types 7 -VZ/7 spaces provided that the matter
sources obey the strong-energy condition [6]. It 1s also known that counter-examples exist if this condition
dose not hold exactly [22- 25]. For example, the Bianchi type II and VI solutions in Ref. [12] inflate in the
presence of a positive cosmological constant. These new solutions are, however, neither de Sitter, nor
asymptotically de Sitter. In addition, it can be shown that similar solutions are also solutions to a
Brans-Dicke type scalar tensor theory in the Bianchi type II background space. It 1s shown, however, that
these anisotropically inflating solutions are not stable under field perturbations for the Brans-Dicke model
[26-27]. Similar results also apply to the scalar tensor theory in the Bianchi type VI space.

Note that from the point of view of an effective theory of gravity, an action with quadratic curvature terms
should be understood as some perturbative corrections to Einstein gravity suitable in some energy scale.
Theories quadratic in the curvature give field equations which are higher order than two in time derivatives.
These theories generally have run away solutions. The runaway solutions are supposed to be unphysical
because they grow with time scales which are beyond the limits of validity of the theory.

Thus, in this context not all solutions have physical significance [28]. For example, the BH expanding
solution does not have a limit in general relativity (i.e. it is not defined for & = 0). An isotropic example of
this 1s the Starobinsky inflation [29].

Since our de Sitter background appears to be a stable final state of our evolutionary history, it is therefore a
very important task to find out the most general energy conditions or constraints for the no-hair theorem. We
need to understand whether we end up in a final state by accident or it i1s the ultimate destiny of any
physically motivated models. In particular, the effect of high energy correction terms should be very
important in the stability and evolution of the early universe. We therefore propose to study the effects of all
possible higher-dimensional, higher derivative models as well as the effective theories derived from the
string theory, be 1t Kaluza-Klein or brane models, to the stability problem of the Bianchi spaces.

SRR

Ref. [1] introduces the inflationary model for the first time. This settles the longstanding debates of the
cosmological standard model.

Ref. [4] studies the runaway problem for theories without a limit in general relativity. Higher derivative
models present a good example for this problem.



Ref.[6] proposes that for Einstein gravity states that a positive cosmological constant model will drive the
late-time evolution towards the de Sitter spacetime for Bianchi types /- VZ// spaces provided that the matter
sources obey the strong-energy condition. This energy condition is later known as a no-hair theorem for the
cosmological evolution.

Ref. [22- 25] show that counter-examples exist if this condition dose not hold exactly.

Ref. [12] also shows that there exists the Bianchi type II and VI solutions that inflate in the presence of a
positive cosmological constant. These new solutions are, however, shown to be neither de Sitter, nor
asymptotically de Sitter.

Ref. [31] shows that solutions found in Ref. [12] are also solutions to a Brans-Dicke type scalar tensor
theory in the Bianchi type II background space. It is shown, however, that these anisotropically inflating
solutions are not stable under field perturbations for the Brans-Dicke model [26-27]. Similar results also
apply to the scalar tensor theory in the Bianchi type VI space [30].
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References listed above are some recent work on the inflationary theory and the cosmological constant
model nvolving various kinds of symmetry breaking potentials and/or higher dimensional theories and/or
higher derivative models. In order to study these models in a consistent and complete manner, we have been
able to derive a model-independent representation of the Friedmann equation in the presence of many
different Bianchi metric spaces[30]. This equation has a compact form ready for thorough analysis on a
variety of inflationary models. We also found that there are many mistakes in some important results of
others. Even some of the final results they found were not affected by the mistakes we just mentioned, we
will take a thorough check throughout all these calculations to make sure no serious mistakes may take
place.

In addition, we will also generalize the system to see the inter-relations of the scale symmetry and the
physical origin of these newly proposed symmetry breaking potentials and the evolution of the dark energy.
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1.

78 H Ky Scalar-tensor theory and the anisotropic perturbations of the inflationary universe

{E& % W.F. Kao

225> The Buropean Physical Journal C65 (2010) 555;

Inflationary higher derivative scalar-tensor theory 1s analyzed in this paper in a de Sitter background space.
A useful model-independent formula of the Friedmann equation is derived and used to study the stability
problem associated with the anisotropic perturbations of the inflationary solution. The stability conditions of
the de Sitter solution are derived for a general class of models. For a simple demonstration, an induced
gravity model 1s considered in this paper for the effects of the higher derivative interactions including a cubic
term.

2.

HH & Anisotropically Inflating Universes in a scalar tensor theory,
{E& B W.F. Kao and Ing-Chen Lin,

25221~ Phys. Rev. D79 (2009) 043001
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We show that a Brans-Dicke model admits some anisotropically inflating solutions which are identical to the
solutions found in a higherderivative pure gravity theory. These inflating solutions were shown to break the
cosmic no-hair theorem such that they do notapproach the de Sitter universe at large times. The stability
conditions of these solutions in this scalar-tensor theory are shownexplicitly in this paper. It is shown that
there existunstable modes of the anisotropic perturbations. Therefore the inflating solutions are unstable in
the scalar-tensor theory.

3.

7H H £ Stability conditions for the Bianchi type II anisotropically inflating universes

YE# B W.F. Kao and Ing-Chen Lin,

222207> JCAP01(2009)022

Stability conditions for a class of anisotropically inflating solutions in the Bianchi type II background space
are shown explicitly 1n this paper. These inflating solutions were known to break the cosmic no-hair theorem
such that they do not approach the de Sitter universe at large times. It can be shown that unstable modes of
the anisotropic perturbations always exist for this class of expanding solutions. As a result, we show that
these set of anisotropically expanding solutions are unstable against anisotropic perturbations in the Bianchi
type II space.

4,

Stability of the anisotropically inflating Bianchi type VI expanding solutions.

& & + W.F. Kao,Ing-Chen Lin

222> Phys.Rev.D83:063004,2011

YEZ By © A special class of the Bianchi typeVI expanding solutions was speculated to break the cosmic

no-hair theorem that will not approach the late-time de Sitter solution. We will show that an unstable mode
always exists when the perturbation of the field equations is applied to the system. In addition to a
model-independent perturbation formula, a simplification is also achieved by the introduction of

a o R=0solution good for quadratic models in all Bianchi spaces. The result shows that this special class of
anisotropically expanding solutions 1s unstable.

5.

Anisotropic power-law inflation for a two scalar fields model

Y% B * Tuan Q. Do, W. F. Kao, and Ing-Chen Lin

255> Phys. Rev. D83, (2011), 123002

N B+ Aspecial class of Bianchi type | expanding solutions in a string motivated theory with

a single scalar field has been speculated to break the cosmic no-hair theorem that will not
approach the late time isotropic expanding solution. We will show by a new perturbation
approach that an unstable mode for the inflationary solutions exists when an additional
phantom field is introduced. The result indicates that the existence of an unstable mode is
closely related to the extra fields that could be present during the very early Universe.
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6.

The stability analysis of the Lorentz Chern-Simons expanding solutions
YEZ B + ChiaMing Chang, W. F. Kao, and Ing-Chen Lin

2R > Phys. Rev. D 84, 063014 (2011) [11 pages]

NER

A class of Bianchi type Il expanding solutions in a Lorentz Chern-Simons theory has been

known to break the cosmic no-hair theorem. These solutions do not approach the late-time de
Sitter Universe. We will show that there are two independent solutions classified by the
parameter p for each given cosmological constant A. One of them is in the small-p phase; the
other solution is in the large-p phase. It can be shown that an unstable mode always exists for
the solution in its small-p phase that comes with smaller energy Too and Too+T/2. The result
indicates that the large-p phase is unlikely to be stable from an observation of a modified
version of Wald’s theorem.

7.

Anisotropic power-law inflation for the Dirac-Born-Infeld theory,

YEZ& Ky Tuan Q. Do, W. F . Kao,

252> Phys. Rev. D84 (2011) 123009

We find a new set of the Bianchi type | power-law expanding solutions in a string-motivated
Dirac-Born-Infeld theory. Stability analysis shows that these power-law inflationary solutions
remain stable with or without the contribution of the Dirac-Born-Infeld effect. We also find a
new set of Bianchi type | expanding power-law solutions in a two scalar Dirac-Born-Infeld
model with an additional phantom field. It is shown that the inclusion of the phantom field turns
the Bianchi type | power-law solutions unstable during the inflationary phase.

8.

Large-scale magnetic fields from inflation due to a $CPT$-even Chern-Simons-like term with
Kalb-Ramond and scalar fields,

YEZ Fy * Kazuharu Bamba, C. Q. Geng, S. H. Ho, W. F. Kao,

ZEFA - Eur. Phys. J. C (2012) 72:1978

By

We investigate the generation of large-scale magnetic fields due to the breaking of the
conformal invariance in the electromagnetic field through the CPT-even dimension-six
Chern—-Simons-like effective interaction with a fermion current by taking account of the
dynamical Kalb—Ramond and scalar fields in inflationary cosmology. It is explicitly
demonstrated that magnetic fields on 1 Mpc scale with the field strength of ~10™° G at the
present time can be induced.
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I would like to quote a few lines in our paper describing the result in our paper:

An inflationary universe is a nice resolution to many important phenomenona coded with cosmic
microwave, background radiation that is consistent with the observations by theWilkinson Microwave
Anisotropy Probe. Research interests have been pretty active in trying to understand the physical
origin of the highly isotropic universe. One of the most important predictions associated with the
inflation is the cosmic no-hair conjecture. This conjecture claims that all classical hair should
disappear once the vacuum energy dominates. Note that the field equations of the gravitational system

with a cosmological constant can always be cast as

Gy —Tap +AQ,, =0

with the Einstein tensor G, representing the geometric impact of the gravitational effect driven by the
energy momentum tensor T, and the cosmological constant A .

Gibbons and Hawking and Hawking and Moss claimed that all models with a positive cosmological
constant will approach a late time de Sitter space, which was later named as the cosmic no-hair
theorem for Einstein gravity. Robert Wald [5] provided a partial proof of this conjecture. It was shown
in Ref. [5] that the universe will eventually evolve towards the late time de Sitter space time, at least
locally, for all non-type-1X Bianchi spaces under certain physical conditions:

(a) there is a positive cosmological constant coupled tothe system,

(b) the matter sources obey both the dominant energy condition and the strong-energy condition
(SEC).

Note that the dominant energy condition (strong-energy condition) is defined by the inequality

1 . ) .
T, tt°>0 ( (T, - 9, T)t*t° >0 ) forall timelike vectors t*with T, and T denoting the
energy momentum tensor and its trace for all the fields coupled to the gravitational system. It was also

shown in Ref. [5] that the type IX Bianchi space behaves similarly provided that the cosmological

constant is sufficiently large.

Many known examples have been shown to support the cosmic no-hair theorems under a number of
different constraints on the field parameters [5-14]. Counterexamples are, however, known to exist.
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These are examples that the energy conditions do not hold exactly. Many of these solutions can be
shown to be unstable. Therefore, these results all appear to support the Hawking’s no-hair conjecture.
Consequently, it is very important to examine all existing counterexamples to test the validity of the
no-hair conjecture.

Some of the studies focus on the effect of the higher derivative corrections. Recently, a new set of
anisotropic inflationary solutions seems to act as one more counterexample to the no-hair conjecture. It
shows that, with a vector field coupled with the inflaton, there could be a small anisotropic expansion
in the Bianchi type | (BI) space. This set of newly found anisotropic inflation is also shown to be an
attractor solution.

Analytic power-law solutions can also be found in a model with an exponential scalar potential
motivated by supergravity theory. In this approach, the anisotropic hair seems to persist without the
presence of a cosmological constant. The one-scalar-field model studied in Kanno-Soda-Watanabe’s
paper will be referred to as the Kanno-Soda-Watanabe (KSW) model in this paper. In the hope that the
no-hair conjecture will prevail one way or the other, a phantom field is introduced. The
two-scalar-fields model also admits a new set of power-law solutions. As a result, we can show that
the phantom field contribution does lead the new set of solutions to collapse.

Note that the Dirac-Born-Infeld (DBI) model motivated by string theory has attracted much attention
lately. It is known that DBI inflation is driven by the motion of a D3-brane in a warped throat region of
a closed and bounded internal space. In addition to a non-canonical kinetic term, the effective action
incorporates a potential

arising from the quantum interaction between D-branes. In particular, one of the main reasons for the
popularity of this model is due to its large non-Gaussianity. Indeed, it was

shown that the DBI model has a strict lower bound on the non-Gaussianity of the cosmic microwave
background radiation power spectrum. More discussions on this subject can be found in Refs.

Therefore, we would like to study the effect of the DBI scalar field on the KSW model. A new set of
power-law solutions will be shown to exist shortly in this paper. To investigate the stability of the
obtained anisotropic powerlaw inflation, we will extend the method proposed in our previous paper for
the stability analysis of the DBI field in the isotropic universe. Stability analysis shows, however, that this
new set of solutions 1s still stable under the power-law perturbations. In fact, we can extract the large-f effect
of the perturbation equations. The result shows that this set of inflationary solutions remains stable even if
the f term 1s pretty large.

Therefore, we will turn our attention to the two-scalar fields DBI model with an additional phantom field
coupled to the system. We will study the effect of this new model on the stability of the BI space. Indeed, we
will show that a new set of power-law anisotropic expanding solutions does exist in the Bl space. A detailed
stability analysis will also be performed. The result shows that the phantom field does lead to the collapse of
this new set of solutions as expected. This 1s the summary and outline of the paper we presented to discuss
the effect of the DBI model on the evolution of our early universe.
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This trip consists of two days of traveling and four workshop days. The workshop “2012 Asia Pacific
School/Workshop on Cosmology and Gravitation” was held in Yukawa Institute for Theoretical Physics
(YITP), Kyoto University, Japan from March 1 to 4, 2012.
http://www?2.yukawa.kyoto-u.ac.jp/ws/2011/aps2012/index.html.

numerical relativity, black hole physics, cosmic microwave background radiation, inflationary universe, dark
matter and dark energy, string cosmology, and quantum gravity. This workshop consists of 4 invited lecturers:
Larry Ford, Gregory Gabadadze, Akihiro Ishibashi, and Jun’ichi Yokoyama and many talks contributed by

many speakers among 108 participants mostly coming from East Asia countries.

By ek

Our research goal is cosmology, especially inflationary models. Therefore, this workshop could
provide us some new interesting directions for future works. There are three lectures in this workshop that
inspire me too much, one given by Prof. J. Yokoyama with a title “Inflationary cosmology”, one given by
Prof. G. Gabadadze with a title “Massive general relativity ”, and the last one given by Prof. A. Ishibashi
with a title “Black holes in higher dimensions”. Let me briefly give some views on these wonderful lectures.

According to Prof. Yokoyama’s lecture, cosmic inflation has been considered one of main paradigms of
modern cosmology because of its powerful in solving some important problems, e.g. magnetic-monopole,
horizon, and flatness problems. He also lists many interesting inflationary models, some of them were ruled
out, and some of them still make sense. In addition, Prof. Yokoyama introduces cosmological perturbation
theories and some comparisons between predictions of inflationary models and observational data.

15

The website of this workshop is
Its topics includes gravitational waves,


http://www2.yukawa.kyoto-u.ac.jp/ws/2011/aps2012/index.html

Prof. Gabadadze brings to audience of the workshop information of nonlinear massive gravity.
Recently, people have been successfully constructed a ghost-free nonlinear version of massive gravity
theory proposed long time ago by Fierz and Pauli. Prof. Gabadadze shows basic details of nonlinear
massive gravity and some interesting cosmological solutions for this theory. Many physicists have studied
this new theory because it is expected to help us to solve some remaining important problems in cosmology;,
e.g. dark matter and dark energy problems.

Prof. A. Ishibashi provides to participants of the workshop a general picture of black holes in higher
dimensions (D>4). It is known that black hole(s) is one of important subjects of gravitational physics.
Inspired by string theories, higher dimensional black holes have been expected to exist in very high energy
scales. Therefore, studying higher dimensional black holes might lead us to some exotic predictions that
could be observed in the future.

Y

We are living in the golden age of cosmology with many interesting ideas proposed to solve many
unclear problems related to high precise observations, e.g. the nature of dark matter and dark energy, the
origin of anisotropy of cosmic microwave background radiation. One of new research directions inspires
me too much is the nonlinear massive gravity. | hope that I could do something with this theory in the near
future.

7 > _;E! ilal

I would like to thank the NSC for financial support.

16



AR B ERF L IBP AL TREL -

pi 2012+ 11" 10 p

E%EL |NSC  98-2112-M-009-002-M Y3

Vit | RliTERsEE R e

AR PR 48 1

2 A B a4 14
o Tuan Quoc Do 5 WL LA E AT LA

_ 2012 # 11 * 5p % - KEK, Japan
NRIPFRE | 20122 110 10 B B

I~ BEFLER

This trip consists of two days of traveling and four workshop days. The workshop “AlU2012-Axion
Cosmophysics” was held in KEK Tsukuba campus, Japan from November 6th to 9th, 2012. The website
of this workshop is http://www-conf.kek.jp/AIU12/. Its topics includes axiverse, string axions, hidden
sector, higher-dimensional theories, axion astrophysics, moduli cosmology, axion experiments, variation
of fundamental constants, cosmic background radiations (IR, optical, X, gamma), cosmic jsets, cosmic
ray acceleration and propagation, CMB, gravitational lensing, 21cm cosmology, and gravitational wave
astronomy. The workshop consists of 23 invited lecturers and 74 participants from many countries.

2. AR

From talks given in this workshop, | have known that QCD axion is the Nambu-Goldstone boson
associate with Peccei-Quinn (PQ) mechanism which solves the QCD strong CP problem. Motivated by the
success of investigating the QCD axion, an axino with its mass and interactions (axion associate with
SUSY Peccei-Quinn symmetry), an axionic string, axion domain walls, the cosmology with axino, an axion
in the inflationary universe, a string axion (axiverse) have been proposed and studied extensively. Recently,
the QCD axion has been expected to be one of alternative solutions to the dark matter problem. Therefore,
there are some axion experiments around the world, e.g. ADMX in United States, CARRACK in Kyoto,
Japan, built in order to detect the dark matter axion. Besides them, some experiments designed to observe
the solar axion have been made in Japan (Sumico), CERN-Europe (CAST).

e

The axion subject is really interesting to study. The QCD axion might help us to solve dark matter
problem. Since our research goal is cosmic inflation, we hope that we could find some inflationary
solutions for axion models in future.

A~ H o would like to thank the NSC for financial support.
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This project included two-day traveling and a four-day workshop. The Aim of the four-day
workshop focused on the Axiverse (a composite word of the Axion and the Universe). The topics included
Axiverse, string Axions, hidden sector, higher-dimensional theories, Axion astrophysics, Axion
astrophysics, moduli cosmology, Axion experiments, variation of fundamental constants, cosmic
background radiations (IR, optical, X, gamma), cosmic jets, cosmic ray acceleration and propagation,
CMB, gravitational lensing, 21cm cosmology, and gravitational wave astronomy.

SN )‘;H;Zg\;gc

Our group has done the research on Chern-Simons theory in several Bianchi spaces. And
Chern-Simons interaction is one of the possible theories that could produce Axion. Therefore, this
workshop provided us a wonderful opportunity to learn more on Axions.

Axion is a particle produced by the Nambu-Goldstone boson associate with Peccei-Quinn (PQ)
mechanism. The importance of the Axion is it provides a possibility mechanism to solve the QCD strong
CP problem. Moreover, with the property of weakly interaction with other particles, Axion is also one of
the possible candidates of dark matter. On the other hand, in String theory sector, Axions provide us the
possibility to probe physics on the highest energy scales by low energy cosmophysical phenomena. Thus
Axions provide physicists an opportunity to test the validity of String theory. In the later sections, we will
briefly mention some interesting topics we heard in this workshop.

Theoretically, Axion could have interaction with magnetic field and emit X-ray photo. And sun is
considered as a powerful source of Axions. Therefore, Axion helioscope is an experiment that uses
superconducting magnets and PIN photodiode X-ray detectors to indirectly probe the existence of Axion.
Several experiments are currently in progress, such as Tokyo Axion helioscope (Sumico) and CERN Axion
solar Telescope (CAST). On the other hand, another possible way to detect Axion is Laser Axion search.

18



The idea of Laser Axion search is simply an inverse process of Axion helioscope experiment. By using the
Laser as a source of photo, the Axions could be produced when the photos interact with magnetic field. We
then use another magnetic field to converse the produced Axions to photos. A famous experiment of Laser
Axion search is PVLAS at Italy.

Moreover, ADMX (Axion Dark Matter Xperiment) is also an interesting experiment to search Axion.
ADMX is a similar experiment as Axion helioscope. The different point is the target of ADMX is cosmic
Axion. Especially, ADMX focuses on the dark matter since Axion could be one of the candidate of dark
matter.

Dr. Pani from the Instituto Superior Técnico — Lisbon (Portugal) also gave an interesting talk on black
hole bombs. The idea of black hole bomb is the nature of the black hole provides a mirror of its own. The
Gravitational Wave (Gravitons) could escape from the black hole but the Axion could not. The black hole
produces Axion and its nature performs a mirror of itself. It is obviously that the mechanism will amplify
the number of Axions in the black hole and therefore form a bomb.

Other topics such as 21cm cosmology, theory of varying alpha, Axion as a Bose-Einstein condensate,
finite-time future singularities in modified gravity, and some theoretical backgrounds of Axion are also
interesting and important. String theory is currently the only theory that could unify all the physical forces.
We believe that the Axion will be the most promising research in the future, since Axion could be used to
test the validity of String theory.

o g

Since Axion could be an important research in the future. We suggest that we could hold some
workshops or schools to provide the opportunity for all scientists to learn more on the Axion.

€L - 3 j,;l;,;

We would like to thank the NSC for financial support.

19



R g R#“EFLPEBP AL o BHL

EE
*HE % |NSC — _ _ B
R
B AR PR I

s 5 B

£ 1 p3

91 X o :hl _f‘;g&
PIWEE":F'& _’& A B lf;] l’\!:'

20




“Tff 1%

#

|

PERVLUFATFENARNEEEHROTFL

poipc
£ 1 q
44  |NSC  — - - -
%);u
i
H-
1 mﬁﬁ
R Lo
i
y E: 3 e
= = d ¢ &k
& £ 7 13
gkt |(F=)
H- (&%)
. (¢ <)
2 -
(&%)

Iy

i

(%)

)

B g N2

B hhe 2 AR
CER
A

21




i
SP R R s L PR S TR
_1.}
o
P
£ v
4% |NSC  — - - —~ —~
5
21 4
v v
#
AR A PR35
Az 2
#
ames |0 T | ame
a
Fé“ = 07 .
LR *t B & i® | (First Name) (Last Name)
) G TR
AR A
- 4
R E
T

EILEFNRAR AR - o AL 2 RE TR AF AR L o
- E® ,E-In c B4R (7 % - FAT AR MR AP A FIRE BAE

¢)

22



'

[=X)

(SR
s

CAALF B LR R (7R

1

T

7= FW% s %3—97\‘ T S 2L
CONUERES AR

ﬁéé%blp%

PR TR LA LS 2

= OO0

/4

BOL(REREFHRFT T AL R A A T AP

(—)“$’1+\1/»\ﬁauﬁﬁ’“ i IR - N S =y
PR HEd LB

1

FAOFAHAKRS AR

(Z)AF * #‘ﬁérlﬁ A
BT 9

(2> & v % {@FEEZ]} e A& 4 2 #p 7| g;ﬁ?ﬁ?g/
%‘E@%%I\?pﬁ° r%“-( ’ﬁ)?:»na?

D) S e I R B R A o S
FeALE o Rl 3P BRSO 5 i 0

(TH)x kg L2 3 # 3‘&;;7 P

SERR RN RN PSS R DES

‘m
—

23



~

/4

R g P ATV EFEHFIERRS

1014 81 22 p 4 ¢ % 367§ 37 13 1 i i

P

Rt g A FiraR 28 Wb - L@y i gL
TAE AR AHNEL AR LN FRE T E P ER RIS
B2 BQIAE L FEMAR BERFFEFLRE C-BFEIRLE
BFsA € & ”‘L:wép}ﬁiﬁ BF AU TR E 7 B BT 2 N SR E W
ENEPIEFLAHS OB R ARSI RPZTFE T LB
BRITESRL RGHPE > BB A AR B REE o TP A
AERARL T BEPN FERE o T HE RS

SR ALY AL (WY BRFLZHRAFL ) RS G
MERATVETEE R BRIV S T R E LR e e I H
EAF2htE B REFL AT 107 Z R DRLF ERET MR
P2 Ay ks HRIRL2ELHL0F o
WERN DRAEGHR PSP BEREIBER CFRERT T2
FESFTE AR RIS TR 2P R TR e
(- )4R£ 45 33 & ¢ sk (http @ //www.nsc.govitw) &+ Bl iF (#5840

i~ )

()Y ~EHE ##  (keywords) -
()L R B -2 d z‘Fiﬂm\vﬁif SRR BREEH (2

FmBEik) ¥
(E)F2FFpmte CHRFLNFERFRNPRR - ESRY PR

RN A R BEA R B E( R AR TR AR AR R E

PRAE-HF R 7 ) LT & aFmhaigiay redl

ARFRAEEFHEEE - TR TG A e YT

(R dofg® = ).

s

(I)EB%RB FHEE2 pENA*REF | Sl T, A s T
Bk RN R DRSS G S 123 R AR AR T
_f"“s Cl _li‘. o

()% 2 ET A e ¥ R e 0 R S BN
(= )7 BHA 28 A % TR A
LV RAL 235 RIFF§FHFFF 5T 0
(STRIKE & %t » https://nscnt66.nsc.gov.tw/strike/ ) 3 777 4 = % Fifd
2 (Ao Z ) AREPEFARS o A S R E i (ot

\\\?{r

24



Y ou ) MPERLED
2AFRFF R REF - o

(M)FFZFR TR FLFOINR Y RGP AT F ) BT
PARARE N A TP F A NG LB YR R o F
FEARGEATEAAMLFE B Rt AL B ER E
@;}{@%P\%‘T_paio

()32 F000 TRRE AL E o BRI 2 BT ER
#%Pi$%£m@%$%%r@i’¢ﬁ*ﬂé+ Fcp o

3~%§ﬂgﬁywﬂgﬁﬁ’ﬂméﬁﬁﬁpf~* RE TG R
FRRE TR TR IR BHEREE AL F -+ = b&wﬁaﬁlf
BAReEgEE (B9 > NARRERERT AT HEF AL e

Q’@iﬁiﬁﬁﬁﬁﬁLg%iﬁAgl&ﬁ@%jiiﬁ&%ﬁia
TRAMONRCEHFERLE RN o2 T 2 o
P S PN A
(- )VRGE T IALA > TE 297 24 5 T 21 24 o
(CIRS PR FRRIEFFL; (FRZYFRIE) B2 FRRL
Single Space -
E)FH Y B2 ERHY x> &% Times New RomanFont» ¥ < & #

BtiAg o FAES L 1255 4 o

25



