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Graduate Student Seminar
2018.10.29 Mon. 5:00 R1418

Pak Tung Ho W4+ sztatm 4t
Eigenvalue in Riemannian Geometry

ABSTRACT

1 will first talk about the eigenvalues of a bounded domain in Euclidean
space. Some properties and problems related to the eigenvalues will
be mentioned. | will then explain about the concept of Riemannian
manifolds, and talk about the eigenvalues of a Riemannian manifold.

This talk will be accessible to students who have learned multivariable
calculus.

Everyone is welcome!
More information: sggradmath.dothome.co.kr

Contact: &< (R1416)
willkwon@sogang.ac.kr
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Advanced Calculus Il

Continuous Functions

Let E be a subset of R™ and let f : E — R™ be a function from E to
R™. We say that fis continuous at a point a of E if for every e > 0
there exists a § > 0 such that

[[f(x) — f(a)|| <& forallx € E with [|x —a <§
or equivalently
f(x) € B. (f(a)) forallx € EN Bs(a).

If f is not continuous at a € E, then fis said to be discontinuous at a.

5 Arata |



Continuity

Continuity

Let E be a subset of R™ and let f : £ — R™ be a function from E to
R™. We say that f is continuous at a point a of E if for every e > 0
there exists a § > 0 such that

[If(x) — f(a)|| <& forallx € E with |[x —a <4
or equivalently
f(x) € B. (f(a)) forallx € EN Bs(a).

If f is not continuous at a € E, then fis said to be discontinuous at a.
Note that f is continuous at every isolated point a of E since

E N Bs(a) = {a} for some ¢ > 0. The function fis said to be
continuous on E if it is continuous at every point of E.

Buzasal

The Euclidean norm || - || is continuous on R™. To show this, let
a € R™ be given. By the triangle inequality, we have

[Ix|l = flall| < [x —a]| forall x € R™.
Hence given ¢ > 0, we take § = £. Then for all x € Bs(a), we have

[lIx]| = llall] < [lx —a <d=e.

Buzasal
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Let 0 be a bounded domain in R" that is star-shaped with respect to an open ball
B = By () with B 0 Foreach g 5 (1), we define
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OjH 0t &S beamer, CIE

Edit Macros

Name Abbrev Triggel Name [frame ]
1 Key replacement: % before word -latex)( [ ]
2
3 english Trigger [ J
4 Korean Type © Normal Environment Script
5 | Key replacement: % after word (7language:iatex)(| LaTex Content 1 \begin{frane}{x|}

\end{frane}
> Line: 1 Column: 0 INSERT
s Add | | @ Remove & v W Down oK Cancel

Figure 4: TeXStudio 132 I|&



Of'H 2+=2| &2 beamer, C}

Edit User Tags

Menu Item [beamer—frame

Menu 2 :
Menu 3 : LaTeX Content

Iimeie \begin{frame}{@}
Menu 5:

Menu 6 : \end{frame}
Menu 7 :
Menu 8 :
Menu 9 :
Menu 10 :

Cancel | 0K

Figure 5: TEXmaker 0132 7|5
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Big Title
Chapter 1

apter 1.1

Chapter 2.1.1

Big Title

Jisquam est qui dolorem ipsum quia dolor sit amet,

ipisci velit

What is Lorem Ipsum? $+click on this link Chapter 2
Chapter 1

Lorem Ipsum ' is simply dummy text of the printing and typesetting
industry. Lorem Ipsum has been the industry's standard dummy text
ever since the 1500s, when an unknown printer took a galley of type and
scrambled it to make a type specimen book. It has survived not only five
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MathSciNet (H|0|E{#|0]A) + BIBTEX (engine) + JabRef (program) + natbib (package)
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natbib (natbib-jabref.tex)

[2-4,5,9] 22 HTEH Q182 B 4 ULk

\usepackage[numbers,sort&compress]{natbib}

\cite{key-1,key-5,key-3,key-4}



thebibilography

\begin{thebibliography}H{Mz2I Q85 }
\bibitem{key-1} ....
\end{thebibliography}

O£, 131742 &E30|2HH
\begin{thebibliography}{101}
\bibitem{key-1} ....
\end{thebibliography}



DeclareMathOperator

\DeclareMathOperator{\im}{Im} or \newcommand{\im}{\operatorname{Im}}
\DeclareMathOperator*{\esup}{ess.sup}

1flloo; 2 = ess.supge p|f(2)]

mathrmS 41& 4L

[|flloo; 2 = ess.sup e |f(2)]

PHOlol *S XBIX| UAS B

Iflloo;s = ess. sup |f(z)

D#E#O-loﬂ = X-I.Q.éﬂ% ?5!_?_



\newcommand{\norm}[1]{\Vert #1 \Vert} % #12 Wz0{o| mj2t0|E{Z 2|0|

\[  \norm{e™{t\triangle } u_0}_{L"{q}_t L"{r}_x} \apprle \norm{u_0}_{2}
- \1]

N[ \norm{\int_{t'<t} e™{(t-t')\triangle/2} F(t') ds} \apprle

< \norm{F}_{L"{\tilde{q}'}_t L*{\tilde{r}'}_{x}} \I

le*®uoll gz < llwollz

H / OB ds| < |l
t<t e



\makeatletter
\newcommand{\norm}{\@ifstar{\@normb}{\@normi}}
\newcommand{\@normb}[1]{\left\Vert{#1}\right\Vert}
\newcommand{\@normi}[1]1{\Vert{#1}\Vert}
\makeatother

norm*2 YFHE FH, @normb YFOE Z-F5t1, norm=E HHONE FH @normiZE YF 0Vt 25 EICH

‘ / e(t_tl>A/2F(t')ds
t'<t
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H / B2 ds| < ||y
ll/<[ t T

< |IF

o o~
a7
Ly Ly






HSA AL I ATO|Al SFX| D2}

feLPR) (1< p< oo)0ll CHSHO

Hf (z) p.v./Rﬂ(j;(g)y)dy

of 20| golot HHgk

HE

$f\in L"p(\mathbb{R}) $ $(1<p<\infty)$0i CHSIO]

\[ Hf(x)=\mathrm{p.v.}\int_{\mathbb{R}} \frac{f(y)}{\pi (x-y)}dy\]
of 240| X O|H HBHS SIHE HB10|2} SIC}.
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feLPR) (1< p< oo)0ll CHSHO
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$f\in L"p(\mathbb{R}) $ $(1<p<\infty)$0i| CHE}O]
\[ Hf(x)=\mathrm{p.v.}\int_{\mathbb{R}} \frac{f(y)}{\pi (x-y)}dy\]
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Don’t use eqnarray!

O2{7FX| O] 72t QAL L| XX| OtM| L.

+ AHO|A 2HA 9| HIZ 2

Versus

a=I 1 2)

http://www.tug.org/TUGboat/th33-1/tb103madsen.pdf
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Don’t use eqnarray!

- BpRo AR
O = O 3)
o = O
From equation (4) we conclude
= 42. (4)

\begin{egnarray}

\framebox{} & = & \framebox{} \\

\framebox{} & = & \framebox{} \label{eq:my2} \nonumber
\end{eqnarray}

From equation (\ref{eq:my2}) we conclude
\begin{equation}

\framebox{}=42.

\end{equation}

21



\newcommand{\Q}{\mathbb{Q}}

Let $\Q$ denote the field of rational numbers.

22



\newcommand{\Q}{\mathbb{Q}}

Let $\Q$ denote the field of rational numbers.

\L, \H

.

F

(11

2

2 2t2t k aba / Erdés 2f
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environment= 25| /=2 OfL|LC}.
55

\begin{equation}

\end{equation}

O|2t M= O
\newcommand{\beq}{\begin{equation}}
\newcommand{\eeq}{\end{equation}}

\beq

\eeq

o 20| 2H-dot= AR U, SSEYOILE HEXOE E(0f o] 2T 21H0|H,

O{C| M E] O{C7FX|2F =4 Q1X| | °e FAF| 2] x| 42 S M I|Ct environmentS 251
HECID BHAE Tt== A2 K| LAL 23



ref2} eqref

\eqref{...}0| (\ref{...})ECIL}20|R

—ANu+dlu=Ff (5)
Let A > 0. For every f € L?(R™), there exists a unique u € W%2(R") of (5).
Let A > 0. For every f € L?(R™), there exists a unique u € W%2(R") of (5).

24



ref2} eqref

\eqref{...}0| (\ref{...})ECIL}20|R

—ANu+dlu=Ff (5)
Let X > 0. For every f € L*(R"), there exists a unique v € W22(R") of (5).

Let X\ > 0. For every f € L*(R™), there exists a unique v € W22(R") of (5).

24



ot o2 Me?

TeXLive 20132 kotex2 HEo| MX|Q10| X| 5t QUL (MacTeX = TeXLive)

\usepackage{kotex}
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ot o2 Me?

TeXLive 20135 E] kotex2 2| AX|G10| X[ 25t ULt (MacTeX = TeXLive)
\usepackage{kotex}

TMI? XgTEX = LualfTEXS AMR S HQ AH|E HHE 4 UCh.
\usepackage{kotex}

\setmainfont{YENZ|TZE}

\setsansfont{ G2 rAM2|ZZE}

\setmainhangulfont{3I2H=AH}
\setsanshangulfont{$21E/H}

RIS 212
>texdoc kotex, texdoc xetexko, texdoc luatexko

S2X0j| w2} oblivoir 22HAE ALRSH= 2 ELC}

25



\usepackage{geometry} % memoir = oblivoirgs CHE B O 2 ALRSHOf &
\geometry{paperwidth=174mm, paperheight=248mm,inner=25mm,outer=25mm,
top=25mm,bottom=25mm}

paperheight

left
(inner)

[ top

b

total body

height

width

[ bottom

paperwidth

right
(outer)

,,,,,,,,,,,,,,,,,,,,,,,, headheight
,,,,,,,,,, hi ea,d,,,,,,,,,/headsep
textheight

body i marginal note

E/E/marg:'mparsep

|t textwidth .| « ' marginparwidth

26



\usepackage{setspace}

=t £212

\setstretch{1.333} %3t=0]

\begin{spacing}{1.333}
\end{spacing}

A2

1:120 =2 : 160

* oblivoir, memoir0| A= CHE. AA &1,

27
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Oo— o

preambled]| ‘2=C}.

\everydisplay\expandafter{\the\everydisplay\def
\baselinestretch{1.2}\selectfont}

2 3 )

\—1 2) —L 2

Before After

28



EHEt2| HE

AbSE M04: ATHO|X|Lt £= 9 E|=
oted...?

\allowdisplaybreaks

S0t

estimateZS

MOFSH= &

AtstO|2HH....? QFAlO|| [t2} I HEFYOF

29



S ot} Mof Sh=H| 2t =OtL 2| 7ot

\intertext{text}
\shortintertext{text}

\begin{align~*}

& =\int_{0}"{\infty}\left|\int_{0}"{1}\frac{g\left(x\left(1+y\right)\right)}

{y"{1-\alpha}}dy\right|”{p}dx.

\intertext{Now by the Minkowski's integral intequality, we get }
\int_{0}"*{\infty}\left|\int_{0}"{1}\frac{g\left(x\left(1+y\right)\right)}
{y*{1-\alpha}}dy\right|"{p}dx &

\end{align=*}
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/1 g9(z(1+y))
0

(zy)'

/1 g(l“(1+y))dyp

yl—oz

p [es)
TP dr = /
0

9]
\/(;

Now by the Minkowski’s integral intequality, we get

/030/019(1;(14_3,))@de§[/01(/00€[(;1“:/ dx dy]

r

t
/ g(wliy)dt
o 7%

11—«
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\usepackage[2M]{esvect}
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a=b \]

\[

\end{proof}
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ii. a=b \gedhere \]
\end{proof}

Proof.
a=2"b DJ
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Don’t use array

\begin{equation}

R"2 = \begin{equation}
\left({\begin{array}{cc} c & s R™2 =

— \end{array}}\right) \begin{pmatrix} ¢ & s \end{pmatrix}
\left(\begin{array}{cc} 1 & 0\\ 0 & 1 \begin{pmatrix} 1 & 6\\ 0 & 1

< \end{array}\right) < \end{pmatrix}
\left(\begin{array}{c} c \\ s \begin{pmatrix} ¢ \\ s \end{pmatrix}
< \end{array}\right) = ¢c"2 + s™2

= ¢™2 + s™2 \end{equation}

\end{equation}

35
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Mathtools: amsmath2| EHxHTt

\usepackage{mathtools}

\[ \begin{pmatrix} -2 & 3 \\ 3 & -2 \end{pmatrix} \]
\[ \begin{pmatrix*}[r] -2 & 3 \\ 3 & -2 \end{pmatrix=} \]
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Mathtools: amsmath2| ZHxHzt

\usepackage{mathtools}

\[

\begin{bsmallmatrix}

a & -b\\ -c § d \end{bsmallmatrix}

\begin{bsmallmatrix+*}[r] a &§ -b \\ -c & d \end{bsmallmatrix=}
\1

[ 102 7a
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Oin — Antt* + 4 -Vn= -V (x(c)niVe),
Orc—Ac+u-Ve=—k(c)n,

ditu— Au+ Vp=—nVo,

V-u=0,

(KS-PME)
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on—An'T* 4 u-Vn=-V-(x(c)n?Vc),
Orc — Ac+u-Ve=—k(c)n,
Oru — Au+ Vp = —nVo,
V-u=0,

(KS-PME)

\begin{equation}\label{eq:Chemotaxis-2}\tag{KS-PME}\quad

\left\{ \begin{alignedat}{2}

\partial_{t}n - \Delta n”{1+\alpha} + u\cdot \nabla n &= - \nabla \cdot (\chi
< (c)n"{g}\nabla c), \\

\partial_{t}c - \Delta c + ul\cdot \nabla c &= -\kappa (c)n, \\

\partial_{t}u - \Delta u + \nabla p &= -n\nabla \phi, \\

\nabla \cdot u&=0,

\end{alignedat} \right.

\end{equation}
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\begin{equation}\tag{MKG}

\begin{aligned}
\partial™{\mu} F_{\nu \mu} =& \im(\phi \overline{\mathbf{D}_{\nu} \phi}) \\
\Box_{A} \phi =6 0,

\end{aligned}

\end{equation}

O'F,, =Im(¢D, )

(MKG)
DAQS :Oa
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* 0|3, http://progress.tistory.com/85
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IATEX Companion, 2nd Edition0f|A{ &|A|3t Bt (LC2, p.474)

\begin{equation}\tag{MKG}

\left\{\begin{aligned}
\partial®{\mu} F_{\nu \mu} &= \im(\phi \overline{\mathbf{D}_{\nu}
< \phi}) \\
\Box_{A} \phi &= 0,

\end{aligned}\right.

\end{equation}

{au F,, = Im(¢D, ) MKG)

DA¢ = 07
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FoHet ...

We split L, and make use of the fact that vy 5.(2) = vi(2) for all z € Ex N K, (3).

Ly = Jlkg (yni <[A(x t,Vu) — Az, t, V)]s Voau) (e dz
+ JIKO‘ \E‘)\ ('E, ta VU) - A(I, t7 VU))]}LVU,\7}1> CE dz

\begin{equationx}

\begin{array}{11}

L_2 & = \iint_{{K_{4\rho}"{\alpha}(\mathfrak{z})}\cap E_{\lambda}}

< \left<{[A(x,t,\nabla u) - A(x,t,\nabla w)] h}{\nabla

< v_{\lambda,h}}\right> \zeta_{\varepsilon}\ dz \\

& \qquad + \iint_{{K_{4\rho}"{\alpha}(\mathfrak{z})}\setminus

— E_{\lambda}} \left<{[A(x,t,\nabla u) - A(x,t,\nabla w)]_h}{\nabla
<~ v_{\lambda,h}}\right> \zeta_{\varepsilon}\ dz

\end{array}

\end{equation=*}
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IATEX Companion, 2nd Edition0f|A{ X|A|ot Bt (LC2, p.474)

\newcommand\relphantom[1]{\mathrel{\phantom{#1}}}

\begin{align*}

L2 & 2 coo000

& \relphantom{=}{} + ...
\end{align=}

We split L, and make use of the fact that vy 1(z) = v (2) for all z € Ex N K{,(3).

L= ﬂ ([A(z, t, Vu) — Az, t, Vw)|aVors) Ce dz
Kg, ()N Ex

+ [ (At Ve — A, t, V)l Vua) G- de
K (5)\Ex
* allowdisplaybreakse= align Z40{|AM HEJts2HL|Ct.
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From now, we set the notation I; = (~2/*1,~2/] U[2/,2/*1) and R, = I, x

x 1, whenever j =

Theorem 1 (Marchinkiewicz multiplier theorem; d-dimensional version). Let m
be a bounded function on B that is C™ in all regions R;. Assume that there
is a constant A such that for all k € {1,....d}, all ji,...ju € {L....d}, all
Liyrody, € 2, and all & € I for s € {1....d}\ {jr. .. ji}, we have

Lo 10 am @l e < A <
(N

Then m & 4, (RY) . whenever 1 < p < oc.

Proof. We prove this under the condition d = 2. We decompose the given function
mas

m(§) = ey (€) +mos (§) +mam (&) +m—— (&),
where each of the last ofur terms is supported in one of the four quadrants.
symmetry we choose to work with m. . in the following Augumcnl By fundamental
theorem of caleulus, for 2 < & < 27+ and 2% < & <

o) m(s,,gz»:m(z“.zhp/‘HT(:, )ty

[0 ) iy

s 12

S 1% gt
L ot

We introduce operators S{”, r € {1,2}, acting in the rth variable (with the
other variable remaining fixed) given by multiplication on the Fourier transform
side by the characteristic function of the interval 1

Denote AF (1) () = (Fxn,) o). We introduce AP, ¢ & 1,2} (also acting
in the rth v mq given by multiplication on the Fourier transforns side by the
characterstic function of the set (~21+%, ~2/] U

For a given Schwara function . we write

Foe = (Fxomr)”

Multiplying both sides of (1) by the function fx , (g : and taking the inverse
Fourier transforms yields

(Foames)” =m@2) 51080 )

o :
of "azeap A0 () S (0,27

i)
s

w om
/ A””Af’x,A”u’ g @ fz)dtz

e

o
S s wag A
v Jon

é)um; (182 dtadty

For temporary, we denote

om
i =[G (0.2 i
dn = 6’" (zﬂ 1) dta,
= i ()| dadty

 assumption of our theorem, these are finite measure. So by Cauchy-
Schwarz inequality, we have

(ramee)'|
<l |AEVAZ (1]

it (/: a1t (!

om
o (t1,277)

)
m)

(2“ )]

+,‘;(/Z“ |azoa@ a1 |2

(/7‘ /2‘ A A9 A% 7, mm,)’
i Jon

By considering j > (fxn,ms) ' we can take £ (22)-norm here. Then we get
(z (m,«u)’\’)'
=
<l (z agernge mn\')
i

" (11.12)

a0 g0 ol
(,é/'l [ag@a a0 g E(mﬁ)vﬂn)
(Z/Z [ESARSHINN 5 (2 1a)] «m)
2 )
an+ gntt H
At (Z/z L laaarag az® el P 1) dL;d/,)
&

For A C (0, 50), we define some special counting measure v (4) = # {j € Z: 2/ € A}
Note that for £, >0 29 < t; <21 if and only i [logy t] = j. From this fact, we
estimate the above inequality.




First,

_ - IR
’(A j, A1 AT A xrA[Io:mlU**‘ ‘
Also

- L iom :
o) om0
(g /7 A0 AR 0] |5 @) m,)

- (2 [ e 02505 a0 | 2

A AROAD AR (1,

e )

(t1.12),

ot 1)

.mm\)’

dL;)

(Bt \ waje)
ezl

(Zﬂ [lazoagst oo 3 )

Note that v = 5,5 821. So

o

(2,1)

e

"=

From this, we have
/ AEAL
- #(1) 7 (2) #(2)
- (/Q 5 ot ot 2

U

Similarly, we have

2 |dm
2 | ‘E(”"’f)

(Itz)
dL;)

b = (2 t)

N TR LT ;
(g/} [ax@aD At (7, ‘m‘ (1.2 )dty)

- 2 k
([ [ 1882 a0t e | 0,22 e )

L

@ pre
AT A AT ) (m)\

dv () dby

dtzdh)

n

Then we get by theorem of partial sum operators(general setting), we have
(SlramT)
% Il (zpmm\zy
.
L It a5 (i)
QUL
AL ot e [

o

un.uy(:z)) H
(IV(L‘)JIZ)IH

)| dhdvz) ‘
L.
Note that the functions (1, 2) = AT AR, | (£1) are constants on [21,2+1)x
[25,292%1) and noting that A7 PAFD =

#(2) #(1) M (oftog, 0]
Auk,h.,@,h,m,‘mn\ G (2t n)

L

= A¥. Then by hypothesis again, we have

<,§, ‘(jxk,w;‘7>v‘z)'} L
(/GZP a2 e ‘)‘,)é

2 |(Fromr) H (Littlewood-Paley inequality)
i
Sp 11l
Note that he last part comes from the boundedness of the Hilbert transtor.
“The lower

ate of Littlewood-Paley inequality yields the required estimate for
s S0 e e done.
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A topology, denoted by 7~
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+ S. G. Hartke, A Survey of Free Math Fonts for TeXand IATEX, The PracTgX Journal,
2006.
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A typical example of beamer slide

{8"'FW = Im(¢D, §)
Definition (Admissible C;H! solutions)
Let O be an open subset of R4
1. We say that a pair (A, ¢) € C;HY(O) is an admissible C;H*
solution to (MKG) on O (or admissible C;H(O) solution) if it can

be approximated by a sequence (Aff), ¢(”)) of classical solutions to
(MKG) locally in time with respect to the C;H! norm. More
precisely, for every compact interval J C /(O), we have as n — oo,

[I(As 0) — (AL")» ¢("))HQHI(On(JxR4)) — 0.

2. We say that two admissible C;#!(0O) solutions (A, ¢) and (AL, 9')
are gauge equivalent if there exists a gauge transform x € C:G2(O)
such that A, = A}, — 9, x, ¢ = ¢'eX.



Zoll HiH|AH[0] 4 H}PF EE] 2401

\setbeamertemplate{navigation symbols}{}
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A typical example of beamer slide

{a“FW = Im(¢D, §)
Definition (Admissible C,H! solutions)
Let O be an open subset of R4
1. We say that a pair (A, ¢) € C;HY(O) is an admissible C;/H?
solution to (MKG) on O (or admissible C;H*(O) solution) if it can

be approximated by a sequence (Aff)7 gb(”)) of classical solutions to
(MKG) locally in time with respect to the C;H! norm. More
precisely, for every compact interval J C /(O), we have as n — oo,

(A, @) — (Aﬂn)v ¢("))||Cﬂ-tl(0n(JxR4)) — 0.

2. We say that two admissible C;H'(O) solutions (A, ¢) and (A7, ¢')
are gauge equivalent if there exists a gauge transform x € C.G2(O)
such that A, = A}, — 9, x, ¢ = ¢'ex.



\usefonttheme{professionalfonts}
\usefonttheme[onlymath]{serif}
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A typical example of beamer slide

oo, (MKG)

{a“FW = Im(¢D,9)
Definition (Admissible CyH! solutions)
Let O be an open subset of R1+4.
1. We say that a pair (4,,¢) € C;H'(O) is an admissible CyH*
solution to (MKG) on O (or admissible C;H'(O) solution) if it can
be approximated by a sequence (A,(fl)7 gb(”)) of classical solutions to

(MKG) locally in time with respect to the C;H! norm. More
precisely, for every compact interval J C I(O), we have as n — oo,

(A, @) — (A/(Jn)v¢(n))‘|CtH1(Oﬂ(J><R4)) — 0.

2. We say that two admissible C;H!(O) solutions (4,,, ¢) and (A}, ¢')

L)

are gauge equivalent if there exists a gauge transform x € C.G=(O)
such that A, = A}, — 9, x, ¢ = ¢'e™x.
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%lualatex
\usepackage[no-math]{fontspec}
\setmainfont{TeX Gyre Termes}
\setsansfont{TeX Gyre Heros}

=
=

rir

\usepackage{kotex}

\setmainfont{QPEN2|ZZE}
\setsansfont{PZ2AM2|ZZE}
\setmainhangulfont{3t2HxA|}
\setsanshangulfont{st=10ElX|}
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A typical example of beamer slide

{8“Fw = Im(¢D, 3) (MKG)

DA¢ = 07

Definition (Admissible C;H! solutions)
Let O be an open subset of R4,

1. We say that a pair (4,,, ¢) € C;H'(O) is an admissible C,H?!
solution to (MKG) on O (or admissible C;H*(O) solution) if it can
be approximated by a sequence (AL"), #»™) of classical solutions
to (MKG) locally in time with respect to the C;#! norm. More

precisely, for every compact interval J C I(O), we have as
n — 00,

(A, @) — (AT, 6™) |l cy31 (0 (s xR3)) — O

2. We say that two admissible C;#'(O) solutions (A4,,, ¢) and
(A, ¢') are gauge equivalent if there exists a gauge transform
x € C¢G*(O) such that 4, = Al = Oux, ¢ = ¢'etx.



\setbeamersize{text margin left=0.75cm}
\setbeamersize{text margin right=0.75cm}
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A typical example of beamer slide

{a“Fuu = Im(¢m) (MKG)

Oa¢ =0,

Definition (Admissible C,#' solutions)
Let O be an open subset of R1+4,
1. We say that a pair (4,,, ¢) € C;yH'(O) is an admissible C,H*
solution to (MKG) on O (or admissible C;H'(O) solution) if it can be

approximated by a sequence (AL") , ™) of classical solutions to
(MKG) locally in time with respect to the C;#H' norm. More precisely,
for every compact interval J C I(O), we have as n — oo,

(A, @) — (ALH'), ")l e, (0n(rxr)) — 0.

2. We say that two admissible C;#H'(0) solutions (4,,, ) and (A7, ¢')
are gauge equivalent if there exists a gauge transform x € C;G%(0O)
suchthat A, = A}, — d,x, ¢ = &'etx,



SEN 20| = sHHO| CHA| otL|o]?

\documentclass[aspectratio={169}]{beamer}

51



A typical example of beamer slide

(MKG)
Oa¢ =0,

{aMFu/,L = Im(¢Du¢)
Definition (Admissible C,#' solutions)
Let O be an open subset of R4,
1. We say that a pair (4, ¢) € C;H!(O) is an admissible C,H! solution to (MKG) on O (or

admissible CyH!(O) solution) if it can be approximated by a sequence (AEL”), ™) of
classical solutions to (MKG) locally in time with respect to the C;H! norm. More precisely,
for every compact interval J C I(O), we have as n — oo,

144, 6) = (AT, 6™l osmr On(rxmsy) — 0.

2. We say that two admissible C;#H'(0) solutions (4,,, ¢) and (4}, ¢') are gauge equivalent
if there exists a gauge transform x € C,G*(O) such that A, = A, — 0, x, ¢ = ¢'e’X.



\usecolortheme{orchid}
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A typical example of beamer slide

(MKG)

OME,, = Im(aﬁDTaﬁ)
Uag =0,

Definition (Admissible C,#' solutions)

Let O be an open subset of R4,

1. We say that a pair (4,,, ¢) € C;H*(O) is an admissible C,H' solution to (MKG) on O (or

admissible C,;H'(O) solution) if it can be approximated by a sequence (A", ¢(™)) of
classical solutions to (MKG) locally in time with respect to the C;H! norm. More precisely,
for every compact interval J C I(O), we have as n — oo,

(A, @) — (Aan), ¢7(n))”CtH1(Oﬂ(J><R4)) — 0.

2. We say that two admissible C;#'(O) solutions (A4,,, ¢) and (4),, ¢') are gauge equivalent
if there exists a gauge transform x € C;G*(0) such that A, = A/, — 9, x, ¢ = ¢'e'X.
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\useinnertheme[shadow=true]{rounded}
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A typical example of beamer slide

{8“FW = Im(¢D, ) (MKG)

Uag =0,

Definition (Admissible C,#' solutions)

Let O be an open subset of R4,
@ We say that a pair (4,,, ) € C;H(O) is an admissible C;H! solution to (MKG) on O (or
admissible CyH!(O) solution) if it can be approximated by a sequence (Aff‘), #™) of

classical solutions to (MKG) locally in time with respect to the C;H! norm. More precisely,
for every compact interval J C I(O), we have as n — oo,

1A ) = (ALY, 6™l o33 (0n (s xrey) = 0.

@ We say that two admissible C;#'(O) solutions (A, ¢) and (A/,, ¢') are gauge equivalent
if there exists a gauge transform x € C;G?(0) such that 4, = A, = Oux, = @'etx.




\useinnertheme[shadow=true]{rounded}
\useinnertheme{rectangles}
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A typical example of beamer slide

{8"FW = Im(¢D,¢) (MKG)

Oag =0,

Definition (Admissible C;#! solutions)

Let O be an open subset of R4,
We say that a pair (4,,, ¢) € C;H'(O) is an admissible C;H* solution to (MKG) on O (or
admissible C,;H'(O) solution) if it can be approximated by a sequence (A", ¢(™)) of

classical solutions to (MKG) locally in time with respect to the C;H! norm. More precisely,
for every compact interval J C I(O), we have as n — oo,

||(A1La ¢) - (AELn)7 ¢(n))||CtH1(On(JXR4)) — 0.

We say that two admissible C;#H'(O) solutions (A,,, ¢) and (A}, ¢') are gauge equivalent
if there exists a gauge transform y € C;G*(0O) such that A, = A/, — 9,x, ¢ = ¢'e'X.
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\useoutertheme{infolines}
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A typical example of beamer slide

(MKG)

O"F,,, = Im(¢D,¢)
Hag =0,

Definition (Admissible C,#' solutions)

Let O be an open subset of R'*+4,
We say that a pair (4, ¢) € C;H!(O) is an admissible C;H' solution to (MKG) on O (or

admissible C;H!(O) solution) if it can be approximated by a sequence (Aﬁ"), #(™) of classical
solutions to (MKG) locally in time with respect to the C;#* norm. More precisely, for every
compact interval J C I(O), we have as n — oo,

(A, 8) — (AT, 6™)lc,341 (07 xRy — O-

We say that two admissible C;#'(0) solutions (4,,, ¢) and (4}, ¢') are gauge equivalent if
there exists a gauge transform x € C,G%(O) such that 4, = A, = 0Oux, ¢ = @'etx.

S.-J. Oh (KIAS) LWP for MKG equation at energy regularity November 13, 2018 1/2
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A typical example of beamer slide

(MKG)

O"F,,, = Im(¢D,¢)
Hag =0,

Definition (Admissible C,#' solutions)

Let O be an open subset of R'*+4,
We say that a pair (4,,, ¢) € C;H'(O) is an admissible C;H* solution to (MKG) on O (or

admissible C;H*(O) solution) if it can be approximated by a sequence (Aﬁ"), #(™) of classical
solutions to (MKG) locally in time with respect to the C;#* norm. More precisely, for every
compact interval J C I(O), we have as n — oo,

1044, 8) = (AL, 8™l 0,301 (0n(xRaY) = 0-

We say that two admissible C;#'(0) solutions (4,,, ¢) and (4}, ¢') are gauge equivalent if
there exists a gauge transform x € C;G*(O) such that A, = Aj, — 9, x, ¢ = ¢'e’X.

S.-J. Oh (KIAS) LWP for MKG equation at energy regularity November 13, 2018



e
A typical example of beamer slide

(MKG)

0"F,,, = (4D, 3)
Oa¢ =0,

Definition (Admissible C;#! solutions)

Let O be an open subset of R4,
We say that a pair (4,,, ¢) € C;H'(O) is an admissible C;H' solution to (MKG) on O (or

admissible C;H*(O) solution) if it can be approximated by a sequence (A,([‘), ™) of
classical solutions to (MKG) locally in time with respect to the C;H! norm. More precisely,
for every compact interval J C I(O), we have as n — oo,

1044, 8) = (AL, 8™l o,301 (0n(xRaY) = 0-

We say that two admissible C;#'(0) solutions (4,,, ¢) and (4, ¢') are gauge equivalent
if there exists a gauge transform x € C;G?(0) such that 4, = AL, —0ux, = @'etx.

S.-J. Oh (KIAS) LWP for MKG equation at energy regularity 1/2



0|2k 0130 2¢t=1 MAE OFZ0f| QtE=H....
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' AFRFSO0| A= HOF AN Q...
« Beamer theme gallery http://deic.uab.es/~iblanes/beamer_gallery/
* Metropolis theme \usetheme{Metropolis}
=0| SFOt HOAIH..
« HoR, H|H B[Ot 2HE7], 2017 oh=EIsts| Sh=TH2
(http://wiki.ktug.org/wiki/wiki.php/KTSConference/2017)
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UM 285t 62{7tX| B E (overlay £1})

-

\pause:= 0|5 SAUKX(T...

\begin{enumerate}

\item<1-> HHMEE A& LiZLICH
\item<3> M|HHDFLIQIS .
\item<2-> SHWHEE H|< LISL|C)H.
\item<4-> UHWHEE A< LgLICH
\item<5> OFX|2fQIL|CE.
\end{enumerate}

1. RHMRE AL LgLC)
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0{2{7}X| &S (overlay 21})

-

\pause= Z0|E YRUX|T...

\begin{enumerate}

\item<1-> HHMEE A& LiZLICH
\item<3> BT LR .
\item<2-> SHWMLE A% LhSLICEH
\item<4-> UHAMEE A& LESLICH
\item<5> OFX|2fQIL|CE.
\end{enumerate}

1. RHMRE AL LgLC)

3. FHAMYSE] A% LigL
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UM 285t 62{7tX| B E (overlay £1})

-

\pause:= 0|5 SAUKX(T...

\begin{enumerate}

\item<1-> HHMEE A& LiZLICH
\item<3> M|HHDFLIQIS .
\item<2-> SHWHEE H|< LISL|C)H.
\item<4-> UHWHEE A< LgLICH
\item<5> OFX|2fQIL|CE.
\end{enumerate}

1. RHMRE AL LgLC)
2. MEmEr Lete.
3. FHAMYSE] A% LigL
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0{2{7}X| &S (overlay 21})

-

\pause& UO|S LFX|TL...

\begin{enumerate}

\item<1-> HHMEE A& LiZLICH
\item<3> BT LR .
\item<2-> SHWMLE A% LhSLICEH
\item<4-> UHAMEE A& LESLICH
\item<5> OFX|2fQIL|CE.
\end{enumerate}

1. RHMRE AL LgLC)

3. SHHWHE] H< LESL|CE
4. YHRIRE A% LhSLCh

=
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0{2{7}X| &S (overlay 21})

-

\pause= Z0|E YRUX|T...

\begin{enumerate}

\item<1-> HHMEE A& LiZLICH
\item<3> BT LR .
\item<2-> SHWMLE A% LhSLICEH
\item<4-> UHAMEE A& LESLICH
\item<5> OFX|2fQIL|CE.
\end{enumerate}

1. RHMRE AL LgLC)
3. FHAMYSE] A% LigL
4. USAmYSE] A% LigL

5. Opx|atelL|ct.

58



oM 225t 0{2{7tX| ElE (overlay £1})

\uncover<2->{Qt=AUX|Tt HO|X|2!} or <2>
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oM 225t 0{2{7tX| ElE (overlay £1})

\uncover<2->{QHAX|Ot HO|X|2!} or <2>
QHEAX|TE HO|X| S

Let $\Omega$ be a bounded Lipschitz domain in $\mathbb{R}"n$.
\only<1>{First assertion}%
\only<2>{Second assertion}

Let 2 be a bounded Lipschitz domain in R™.

59



oM 225t 0{2{7tX| ElE (overlay £1})

\uncover<2->{Qt=AUX|Tt HO|X|2!} or <2>
HHIX|2t HO|X|Z!

Let $\Omega$ be a bounded Lipschitz domain in $\mathbb{R}"n$.
\only<1>{First assertion}%
\only<2>{Second assertion}

Let 2 be a bounded Lipschitz domain in R™. First assertion
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oM 225t 0{2{7tX| ElE (overlay £1})

\uncover<2->{Qt=AUX|Tt HO|X|2!} or <2>
HHIX|2t HO|X|Z!

Let $\Omega$ be a bounded Lipschitz domain in $\mathbb{R}"n$.
\only<1>{First assertion}%
\only<2>{Second assertion}

Let ©2 be a bounded Lipschitz domain in R™. Second assertion
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OptAH &7 OflA|

Theorem
XHE a2 =11
+ A & ofo| &

\begin{theorem}

XHe Oz =41
\begin{itemize}
\only<1>{\item * eix{ ofo|&!l}
\only<2>{\item 5 tHmjO}0O|&}
\end{itemize}
\end{theorem}
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OptAH &7 OflA|

Theorem
XH2 A2 &1

+ £ i ofo|e

\begin{theorem}

XHe a2 =41
\begin{itemize}
\only<1>{\item *! tHmj ofO|El}
\only<2>{\item 5 tHmjO}0|&!}
\end{itemize}
\end{theorem}
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MM Hojdmiolct St EO{E 4 2l0{8?

\AtBeginSection][ ]
{

\begin{frame}{Contents}
\tableofcontents[currentsection]
\end{frame}

}
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S2t0| = O{tH ZOH2| 7ot

QUOtM EEtESLICH \begin{frame}[allowframebreaks]{H=} blabla bla
\end{frame}
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= Z0[Cp” BFX|ZHOl= 17 210| OtL|L|, &= Acl= =] ofotof| EXiE Z20|Ct.
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ol=
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£ 27 = 200 o RO HFCE Li7F 30| 25 1
HE LRI S4 22|18 s A2 == 017 Hofet &0l 2,

t2oh 50|, 2 727t TR0 R& 22
|

TTJA1¢E|§ 24 | OHEL
M0|’°"0'IIII'_C.>_1':_10| DX|= S8t He E=0
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HIZ10] Q= 212 £ 0]} QL= ElO[L|, BE Hi2)) X 231 S3| BE0| M £2
Jbx|D 7ol S2l= tz 42|12 gk Holct,

X|2 LHs 50] 3t 242 OFE B 21WiCt 2e Aol2BE Lot R4S $1 Qbtet Zot gt
FH S0l mE 2ut b L2 2 HK WL ST LHs Ofx| B2 WatE A, 0|3
stz9ict.

Lo} 2t 5 o S01812 Uhe Blor.2 S0fB0J2E, mote 1 WS dbatu] £ 2 20| gof
CHSIICH 3t 20| A12H0] LoiLt B 2 4 GIOL|, 0|22 TP Ma| Yoo 20t &
20|}, 28 21 T ARIS0| 2= DJ2|S 92121 5158 BT, Liz 426817[0f AIRSO)
H2|2 S0 HCHE S 2 S50 SEsts 2101 5 YQACIL, LIS U1 2L 22 2=

AES0| 20| S0t -S| s2= 28 BH AP 52 20| Hed Scebte A 21 =2 =1
S| L2t L2427k 28 ZOHM ZXE2| 429t LI A 20 WX|= 210]2] Wi20f, 250| H2|S
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1 o] o]t 2oL, = 42|85 S0{EX| 2ot

HoPY|E, “’E =2 BEot1 &I

E‘?‘ = — OO
20 = 2217t 3H K| = ALy SHX| 2 0|22 == EX| Zoh= ZO|Ct. QP 24X B=
Zi0] OotL|2} E3| Hof L 2X| §i2 IEOIL], H0ll= 22 22 2 = UCEZE =0| 22X
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HU=EIE 70| §lo] Xt 2|0l A Ztetdtn 2|Hdh= 2 ZUCE

Ot
rir
»
S
10

o

65



2 J{AM =9
, O|HLE XIFO[ALY, 3L ZAL Fo
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Z0XtHA &

Ofof| GloHn 4 O™
\setbeamertemplate{frametitle continuation}{}

& I S2t0|=8E LiX| ot Hof

—

\setbeamertemplate{frametitle continuation}{%
\ifnum\insertcontinuationcount>1
\insertcontinuationcount

\fi}
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StMTst: ElL|CH (Adobe reader, evince= ElL|C})

\transblindshorizontal

\transblindsvertical
\transboxin
\transboxout
\transdissolve
\transglitter
\transslipverticalin
\transslipverticalout
\transhorizontalin
\transhorizontalout
\transwipe
\transduration {2}

e.g.

\begin{frame}{title}
\transblindshorizontal

\end{frame}

Horizontal blinds pulled away
Vertical blinds pulled away

Move to center from all sides

Move to all sides from center

Slowly dissolve what was shown before
Glitter sweeps in specified direction
Sweeps two vertical lines in

Sweeps two vertical lines out

Sweeps two horizontal lines in

Sweeps two horizontal lines out

Sweeps single line in specified direction
Show slide specified number of seconds
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\usepackage{tikz}
\usetikzlibrary{shapes.callouts}
\begin{tikzpicture}[overlay]

\node[fill=red!50, rectangle callout, callout relative pointer={(-2,-1)}] at (12,1)
{Nonlinear Schr\"odinger equation};

\node[fill=red!50, rectangle callout, callout relative pointer={(-2,1)}] at (12,-3)
{Hartree equation}; : o ;
\end{tikzpicture} Nonlinear Schrédinger equation

i0su + Au = |uP " u
i0vu+ Au = V(u)u

where V(u) = |z|7™ * |u|>.

Hartree equation 69
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