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FBIRD R
A+ B — AB (k)
AB - A+ B ({) =ee @szrn)

d

—[Al = —k[A][B] + ([AB

d

—[B) = —k[A][B] + {[AB]

d

—|AB] = k[A][B] — ([AB]

%([A] TAB]) =0, [A] = o~ [AB]
%([B] +[AB]) =0, |[B] =5 - [AB]
dx

o = kla—2)(f—2)— Ltz
r=[AB] wmaax

1. DFOERICE > TEXRTUERISHHET S
2. DTFOERERILREDEICILHT S

BEEFRDER

A+ AB — ABA (k)
ABA — A+ AB (20)  zm

%[A] = —k[A][AB] + 2([ABA]
%{AB] — _k[A|[AB] + 2¢[ABA]
C1ABA] = k{A][BB] - 2[ABA

A+ BB — ABB (2k)

ABB - A+ BB (1) ™
d
il
%[BB] — —2k[A][BB] + {|ABB]
d

—-[ABB] = 2k[A][BB] - ([ABB]

A] = —2k[A||BB] + (|ABB]

A+ AB — AAB (
AAB — A+ AB (¢)

— 3

A+ A— AA (k/2)
AA—- A+ A (0)

41 =2 (- 24P + ¢a4))

d ka2
—[AA] = S[A] — ([AA



RIiexy b7 — 27 OREE

b+c—bc (ka), bc = b+ c

X2 b
c+c—ce (k3), cc—c+c

X5 bc ~]
b - @ L ET L
®
X10 bceb

dX AE

dt_2 =|Dhey X5 X5 + £ X 5| [HAealX0 X + Lo Xs||- ko X X +[200,® X100 it
dX
2 =[Pha Xa X5 + X5\ Pha X3 + 25X6 1R X5 X5 + (X
dX N
d_t5 B X0 X5 — £ X5\l ks X5 X5 + Lo XL ks X2 + 205 X10 © iy Sfpatriois
dX k @

6 _ —3X§ — U3 Xg|- 2kolX6 X2 + 5298 1. BRERT RS RS
@ |2
E% . ARSI —F
d—tg = 2k2X2X6 — 62)(%—# k3X3X5 _@3X8 T k2X2X8 + 2£2X10 @

dX ® k ®
dtlo = ]{TQXQXg — 2€2X10 + ?3X52 - £3X10
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1. ¢ polymerization at most once

C group = roup (uniform rate)

—

cg+cg —>X6, X8, X10)
c-c active (X3, X5)

Axiom

1 cg attachment = 2 cg lost
1 cg detachment = 2 cg gain

2<X3 + X5) — X6 + Xg + X10 (k‘g)
X6+ Xsg+ Xq0 — 2<X3 + X5) (63)

(X3 + X5)? = X3 +2X3X5 + X7

X3+ X3 — X (k3) X5+ X5 — Xqo (kg)
Xeg — X3+ X3 (63) X10 — X5+ X5 (53)

X3+ X5 — X3 @ meet twice

Xg — X3+ X5 (62)

d
(X5 + X5) = ~2ks(Xs + X5)? + 205(Xs + X5 + X10)

d
E(X(s + X + Xi10) = k3(X5 + X5)* — £3(Xo + X5 + X10)




2. b, ¢ attach-detach
X2—|—(X3—|—2X6—|—X8) —>X5—|—X8—|—2X10 (kg)
X5—|—X8—|—2X10 —>X2—|—(X3—|—2X6—|—X8) (62)

b

bcc
cc X6
b
Coe D H
cC

X10 X6...2spots attach X10...2spots detach
d
EXQ = —kQXQ(Xg + 2X6 + XS) + 62(X5 + X8 + 2X10)
d
E(Xg +2Xg + Xg) = —ko Xo( X3 +2Xg + Xg) + lo( X5 + Xg + 2X19

d
E(XE) + X8 + 2X10) = kQXQ(Xg + 2X6 ~+ Xg) — 52(X5 + Xg + 2X10)




EQ s

X2 b
bc \
X5
bcc
/ X8
bceb
X10

path classification

b-c

c-C

—) X@', = 2,3,t, 6,8, 10 integrable

mass conservation

b X2—|—X5—|—X8—|—2X10
c X3—|—X5—|—2X6—|—2X8—|—2X10

X2+(X3—|—2X6-|—X8) —>X5—|—X8-|—2X10 (kg)
X5—|—X8—|—2X10 —)X2—|—(X3—|—2X6—|—X8) (62)

2(X3 + X5) — X6 + X8 + XlO (kg)
Xe + Xg+ X10 = 2(X3 + X5)  (£3)
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up = e2Au + f(u,v)

vy = DAv + g(u,v) in Q x (0,7)
0

gy (@) =0 (o)l = (vo(a), vo()) 2 0
TE & IRRE
ou
2 *
€ Au*+f(u*7v*):0, :O
o |50
DAwv, + g(us,vs) =0 Ous —0
* . G 2P

Turing 52

BN T £ B e
e or o A R 2

EEMEEBDRINA 738 —2 J. Wei

e R (B K5) Gierer-Meinhardt 72

uP u”
f(ua/U) = —Uu + Ea g(u,v) = =V + E

p>17 q;r>078>_1

Bel==to®

EHEACRF &R F

/ ODERD@R (1) =
1

(us,vs) = (1,1)

\\\ TEHEE R

187 R




vy b= RT L spiky stationary solutions Ni-Takagi 86
p 0
ut:52Au—u—|—u—, 2 =0
£4 oV |50
d€
= ¢+ —daz
Tt ’m o &°
— %
u; = e*Au + f(u,v), T’l)t DAv + g(u,v)
0
('LL ’U) — O —_— () _/ U ’U
Ov 50
D— 400 = Av—0, v(-t) = &(t)
ou
2
ut 5 U + f(u7 U)? 8V aQ

Tdt‘m\/ (w:8)

> Yy b= YRT LA
P
ut—52Au—u—|—u—, @ =0
§ o | 5q
d& 1 u”
T———f — —da:
dt Q] Jq &
<t 400 du U
dt v4
dv u”
T— = — —
dt v
t — 4+
TEHE (2)
p
52Au—u+u——0, @ =0
£ oV | 5q



ZfEIE | prey-predatorik NIV VIEE

2
ur = e“Au + ula — bv d d

¢ o ( ) —u:u(a—bv), T—UZU(—C—i—dU)
Ty = DAV 4+ v(—c + du) dt dt

0 - ruzm & = 1 ., n=1
8_(/“’,0) 207 (U7U>|t:0 _ (’U,O(ZC),'U()(;CC) >O R Ut/U, vt/v B 5 Ogu T} Og/U

v o0

d& dn c  d.
E:a—be", E:———F—e
7@ T T
_ Vv
VUO,'UO E 02(9) NI TV
A1 (u,v) = (u(-,t),v(-,t)), 0 <t < +o0 HQW) = —an +be" — 17 e + 77 de
— bl — _ ¢ g § _
A1(a, ) = (u(t),o(t)) a—bet = —Hy, T u ¢ T He
t%lfgodlstcz((U(wt);v(-,t)%(9) =0 ] d§ _ o odn _ Hy
O = {(a(t),v(t)) }+>0 ' K dt ot
d

— =u(a — bv

dt

v - -

T = 0(=c+du) (us,v:) = (¢/d,a/b) U



7 7)# ) FHE

uy = €2 Au + u(a — bv)

T = DAv + v(—c + du)

0

0
%(TM U)

o0

H(Em) > 61(cf + &) — Cy
L/§+wdw=MQMh+Whmhé@
N

P e % < 2Au+ au = (2A +a — Nu+ \u

& =ce2e "t Aet — H,
ny =71 'De A€ + He

szkﬂmwmmmm

dH
P J/Q Hfgt + Hnnt dx

al

= —71/ ce?|VE|? + aD|Vn|? dx
Q

H(&,m) > 02(&- +n-) — C3
[logu(-,t)|l1 + [[logv(-, t)[[1 < C4

a_

8—";‘ — (2A +a — N\ + \u

ou _

EGQZO,UHZOZUO(%) — 0<u<u

T— < DAv + dCsv

ou
5 ., =0, ul,_y =uo(z) >0
_ ov
|u(-,t)[[1 < Co, [[u(-,t)]l- < Calr) >
a8l < Ca(r), 1< 7 < o0 )
70l < G, Jul-8) < Cs i

=0, HU('7t)H1 <C

= v )llee < Co



NEZRDEHR w-BEES H., :/H(logu*,logv*)
Q

w(ug,vg) = {(us, vy) | Ftp T +o00, e — T (0
k;li)H;o H(U(,tk),v(7tk)) — W*v”*)”(}? — O} koo

C C%(Q) x C*(Q) mwarrz
(@, 0)lmo = (e ve) gy

sin (@,0) = (a(z,t),0(x,t)) #

up = 2 Au + u(a — bv) N

TV = DAv 4+ v(—c + du) —  (a(+t),0(,t)) >0
0

%(ua U) 00 — THRE

d
T /Q H (log u,log )

V (Us, Vi) € w(ug,vg), s > 0, v, >0

logu, € L'(Q), logv, € L'(£2) = (U, V) € Ri

H. = Hoo (Fatou’s lemma)
ODEMEIINIIL =T v DETRE S

— EH

— _/ ce?|Vlogi|? + aD|Viogd|* =0
Q
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GMRzoss | W, v W di =2, dy=7"'D

dt + vl Tt v
up

u = d1Au —u + —
u Puy = u P 4071 E=uP/(p—1) o
vio =~ LTl =0t (s 4 1) w=dato— 7 (04 2)

/US

E=p@—-1DE—{(s+1)n} =1 Q(U v) —0
m=-7""(s+Un+7{(p-1E} 77 Ov 20

p—1=7"1s+1)

— &=—dilp-1)EFTAETT + H,
A =7t p -1 e N = da(s + 1) =T Ap=T — He
B(n) = (s+ 1)~ =1yt~ 0

4 o0

HZ@—U@+(;§?4>1A@+( q-ﬂ)lBW>

— _H
at " ar ¢



r .
#E 2Vddy \/(s -1 “=,-7 1>0  #E Uiang)

dy +dy 5P 6=—1 _ _ 10 1} a>1,b>0
s+ 1
2\/d1d2
/an /Cfvf P22 o VTP R? da di +dy = \/a—l bt 1
H(E,n) ~ / w P ST gl ekt gy dt G slatT b)/Q“%b
Q € 1—e
+C5(a,b) (/ v_e/é) (/ uav_b)
“ lw(- )lle < Cy ¢ @
s+1 Wt :dzAw—d2( ) _1|Vw|2 Eif 2«/d1d2 (S—i—l)(p— 1)
¢>max{n/2,1} — ~1,_—1 . a(s+1)+1 >
/ ’ +a 7 H(w—uw ) dy + ds sp
a=——>0 < doyAw +a 7w 1
q—s—1 T:S+1,2—?<1< q1
v=wt >0 — ol ) e < G p-1'r s+
e - — 31(a0) = (@(t).5(1)
¥21 (iang) <1l=T=4 lim distez ((u(-,t),v(-,t)),0) =0

r

. tT+oo
ZFE 2 (Yanagida) p+1=r,g+1=5s — EHR%H

O = {(a(t),5(t))}s>0 ODESE
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BAFOERE

R D /T X — R KR

LSV C
[

n(s) (i) s b

Mg /’ t(S) (BfiD) R ML
Pix= aj(s) e

dt
te=t-t=1 — —.t=0
t] P

1t(s + As) — t(s)| = A + o(AD)

t(s+ As)

AAH

Q:x=x(s+ As) €

= Alirilo E(az(s + As) —x(s)) =
de| . |z(s+ As) —x(s)
as| A As =
at| lim t(s+ As) — t(s)
S A—0
dt 1
— — =-n
ds p
d dt dt dt
E(t-t) Te -t+t- i 2% -
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~

)
L1

0 — (:1:1,3:'2,333)T eR°

EAFE O LS

P:x=xz(s)eC

AR T A— 5
dx

b= — g~sra
ds

n EERT ML

b RN b

|7v1-ﬂvwﬁﬁ|

dt 1

— =-n EMTELOES

ds p

dn 1 1

— =——t4+71b — %
ds p p

db _

= T '’E
7 ™

iR EME L ORI THEMT % L HENRRIND
BRI MLVAMICED EEMBTEA EET S

BEMTEHOEHIIRRTERRIND

ERRRER
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R DFEE

db—thn-fo =1 X
ds ds B
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— =

ds L
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HmED /X7 X — X KR

= z(u,

%:(

BLEFREA

ds® = dz - doz = Edu® + 2Fdudv + Gdv?

BIEKXE

E = |$u|2a

dr = x,du + x,dv

HE & HRR

8331 (933‘2 (932‘3
ou’ Ou’ Ou

8331 8@ 8333

N R LDFSER
r Xy HEARS P LEORE
S - B A - HERE

RY P LONE X1 Y1 L2Yys — I3Y2

Y I X Y2 = r3Y1r — T1Y3

- I3 Y3 T1Y2 — T2Y1
ERER

dS = |xy X zy|dudv = V EG — F?dudv  s@reamopoms ms
(axb)-(exd)=(a-c)(b-d)—(a-d)(b-c)

HAE L2 S D RER /N R A

F =2z, -z, G= |:19U|2




% BRAR
R
Fr—+h R
Fipo 1 Uy = ¥o(Uy) = (z',---,z") CR", a€ A
UaNUg # 0
B h
= g owgl Yo (Ua NUB) = 9(Us NUp)

peM

N 2RIV 7 28R M = U Ua BT

8 - a - A 1V
ToM gz —— o —  TM= ] T,M
P oxl’ Oz
Nk~ rLzrg pEM
g e A
ToM sgem dxt,--- dz” T*M = U ;M
peEM
B oh
X:peM—-X,eT,M ~rrtms X (M)
Ao H
w pEM —>wp ET;M 1-form Dl(M)

£

VX (M) x X(M) = X (M)

(X,Y) = VxY
0-form

VX,Y,Z € X(M), Vf € C®(M)
Vx(Y +Z) = VxY + VxZ
Vx(fY)= (XY + fVxY
VxivZ=VxZ+VyZ

VixY = fVxY
(Mag) Y — > SHAE

M= N
moh SHFFIEE (S

iTE g:peM —g,

TpM ro0,2)7>vL

| . J 0
ramEe g = g;;dr' @dx?, gi; =g (8:1373’ 87)
j

BT 7 1 IEE

(V,V?) X(g(Y,2) =g9(VxY,Z) +g(Y,VxZ)

ve-FesEm Vo =V

TBERBAE - I 718



AT

d 1ﬁ%3ﬁi}b¥— Za—broEFHHERX
B, 1Si%]
EoE a EHTRIILF—

Pi = 8333 me

i
8583', +(9£Ci
oq; 7 T ot

- i@y =

d L 8L Z07 Y1 DEEHREN
dt 6q3' 8(]3'

TS T Y

L= K(q:ijt) o U(Qat)

MERORE

NINb=ZT v WY v RILVER

H(p,q,t) =sup(p- ¢ — L(q,q,1))

d
oL
Eﬁﬁﬁg 9 d (248
H H
' p=-20 = LHm),qt) =0
=5, 9 = (p(t),q(t))

— F={F,H}, VF=F(p,q) — %= Xgz,

R7 Yy o HE 8F 8G’ aF 8G NIRRT BV (8[{ 8H
XH — ap )_

LG = dq dp  Op g

ENFRBURTTE

(F,{G,HY} + {H,{F,G}} + {G,{H,F}} =0 racos=
(FG,HY = F{G,HY + {F, H}G 5+7=»vouz

dq

=(q,p

)T

v



VT LT 4y T BRRIR

exterior d derivative

D' (M) o AT M
1-forms /\ product 2-forms
def closed
M svyv7vravosms = Ju c A°T*M, dw =0
non-degenerate 3-form
JRBATRIIC

TE (FL7-) (Mw) =2 (R w)

wo = dz! Ady' + -+ dz™ A dy™
(z,y) € R" x R"

|>77v?4v7%ﬁ%uﬁ7y7%ﬁ%Kﬁa|

VWD X e X(M), feC®M)
d%I%EL
Lxf= 0%, f
dt ",
d AL EN ¥ ¢

- ®y(7) = X ((x), By(2)|g =2

KT VERIE | P

H, }:CF(P) x C(P) — C®(P) #7vimn
H e COO(P) given

def

Xy eXM) — Lx,F={F H}, VF € C®(P)

T LT Ay U ERE
- o5 . def
B (M,w) H e C*(M) e t=Xg(x) — P rorzrroz

def 1-form& L T

Xy € X(M) —_— w(XH,-) = dH

— {F,.G} =w(Xp, Xqg) #rveem

EXNMBGEER, VAL 0%ERK, 54 7=y VOER

Bl P=R’ CeC®P)
{F,G} = -VC-VF x VG
X =VCxVH




NI kY - YO ER

. O0H . oH
—_ = — — NI E VR
def
(p,0)" = (&m)" =z —— d{Adn=dpAdg
e 6}? o
semsan — 3 rszn  —— =0, H(p,q) = H(&,n)

0 =pdq+nds — df=dpANdqg+dnNd§=0

AW =Wi(q,n), 0 =dW = Wed + W,dq

Wy=p, We=n  Hp,g=HWyq) =E

/NI )

ot

Lhy - ¥aEARER

0S 0S
S=W-FEt — —+H(—,q) =0

we S =85(a,q,t) =

— W=W(qg¢), {=

= Wy, n=W¢

)" — (&'

dq

W —FEt, a e R"

0%

p=0p(t), ¢=q(t)
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prey predator system

H = —an+be" — 77 et + 77 1deb

d
€ _ g9

dt mdt dt

{Hamilton structures} (& {Poisson structures}

Gierer-Meinhardt system

du B uP
dfi vqr uwP(up +u) = v 9
T = vt =, w0 V(v + 77 =77 "
dt vs’ t
= e _ 1 4y
R e U
'US+ dn 1 -1 1
=T =T (st Ln+r - 1E

p—1=71s+1)=a

.
H —
a€n+(p_1

Ag) =7 (p— 1) e
B(n) = (s +1) 7y 7

—1)7HA(E) + (

q -1

-1 'B
o )" B(n)
g _ . dn _
a " dt

_I—_f5



three system  x1,22,23 >0

dx dfl 5
Tld—tl = (552 — $3)$2 Tl% = ¢t ess
dx d§2 )
T2d—t2 = (£E3 — .131)332 TQE = 663 8£
dx d£3 ) )
T3d_tg = (%1 — .’132)133 7_3% = 63£ 6€
= log x
&1 g1 it
{2 = log x2 ME:H(S)XCL
{3 = logus
0= S ME-a= S (riéy + oo + a6
~ gt a_dtﬁl T282 T T383
d d
0= %M(@ - H(§) = E(ﬁegl + 722 + 73€%°)
1 0 0 1 651
M = 0 7 O , a4 = 1 , H() = e82 s
0 0 T3 1 6£3

SIR model

— = Py, — = Pry—y, — =
i(ﬂc +y+2)=0 p=
g\ Y =

dy _dy/dt _Bry—yy _ |, p
dr  dx/dt — By T

/dy=/—1+3dq;
i

y=—x+plogx+C

&1
&2
&3

Y

(=2



three system  x1,22,23 >0

dx dfl 5
Tld—tl = (552 — $3)$2 Tl% = ¢t ess
dx d§2 )
T2d—t2 = (£E3 — .131)332 TQE = 663 8£
dx d£3 ) )
T3d_tg = (%1 — .’132)133 7_3% = 63£ 6€
= log x
&1 g1 it
{2 = log x2 ME:H(S)XCL
{3 = logus
0= S ME-a= S (riéy + oo + a6
~ gt a_dtﬁl T282 T T383
d d
0= %M(@ - H(§) = E(ﬁegl + 722 + 73€%°)
1 0 0 1 651
M = 0 7 O , a4 = 1 , H() = e82 s
0 0 T3 1 6£3

SIR model

— = Py, — = Pry—y, — =
i(ﬂc +y+2)=0 p=
g\ Y =

dy _dy/dt _Bry—yy _ |, p
dr  dx/dt — By T

/dy=/—1+3dq;
i

y=—x+plogx+C

&1
&2
&3

Y

(=2



EMNIRA NS - FILT TR

2; >0, 1<j<N
dx ;
it = (e + ) ajnan)z;
k

Ti,ej,a;k € R
T = (Tj) >0, e = <€j) A= (ajk:)

(a1) irreducible ~ AP permutation

Ay A
t _ 11 12
PAP = ( o an )

A11, A2 square (no sub-system)

(a2) skew symmetric A+ AT — 0
d

— ZTv=-ev T = +o00

(a3) sign condition

Each row of A contains both positive and
negative components

Py FE=LnN Ri\_[, L affine space of co-dimension 2

Any non-stationary solution is periodic-in-time with the orbit () = St
contractible to a stationary solution in Rf \ FE

Any distinct two orbits O, O, 22 ST donotlinkin  R%

E={v=(vj) € Rﬂy | Av = e} set of stationary solutions

Kobayashi-S.-Yamada 2019

Remark d
—7-x=0 total mass
e=(e;)=0 dt
_ d&;
& =logz; Tjd_tj — Zk:ajkeé“k
bec Ker AT b — (1;b;)
d ~
%b €= Zajkbjeg’“ = entropy



Theorem1 | (e;) =0, N >3 A= (ajk) (a1), (a2), (a3)

;5 Akl + Q105 — AipQj5] = 0, \V/i,j, ]C,l € {1, ceey N} =) (P) Remark
@l (P
Remark ai12 7é 0 I ===  extinction in infinite time
a102 — A11G
Q) ap = 2 U2 3 <k <I<N
a12

Example. N=3 < free

0 € T 2N-3 dimension
A= —C3 0 C1

Co —C1 0

Skew symmetric matrices
N(N-1)/2 dimension




Theorem 2 A= (ajk) (a1) (a2) (a3) N >3 (ej) has both positive and negative components

ajkei —aikej +aijek = 0, \V/Z,j,k c {1,,N} ‘ (P)

Remark e # 0 I

- free 2N-1 dimension

Skew symmetric matrices + vectors
N(N+1)/2 dimension

Not contain prey predator system




R HER £ WA DcR"

open set
1 interface vanishing
AP = AP(D) p-forms A\ wedge product d: AP — APT1  outer derivative
£t
o =Y, aldz, 8= 3, Bldws vome = (o, f) =) ap
inner product ¢
A=A Aap, p=B1A--- AP, Ploms — (A, ) = det ((Ozi,ﬁj))i’j
x: AP(D) — A" P(D) Hodge operator WAT = (%w,T) dxy N\ --- Ndzxy,
weAP(D), e A"P(A)
co-derivative
§ = (=1)P + 1 dx: AP(D) — AP~Y(D B=)» Bdx; = §B=-) B!
(-1) D)= NT D) B=3 B, >
= Zwijda:i Ndz; = ow= — Z@f’idaei
2 form i<j i,f
Laplacian ~ 4 ww’ Z = j
Wwe = ¢ 0, =1

—A=0dd+dd: AP — AP —w¥, i>7



D Cc R"™ Lipschitz domain

— 0=(D) c H'(D)

integral formulae

v outer unit normal vector

vds = (xdxy,--- ,*dx,)

Lemma 1

write

Lemma 2

Iy : HY(D) — HY?(9D) trace operator HY*(0D) = HY(D)/H(Q)

write lap =710, @ E H'(D)

vector area element

B e AYD),CeA*(D) — x«B=(B,v)ds, BAxC=(vAB,C)ds

D

o Loed,
[ @B.¢) = [ (B.d0) - /8 (B cass
/

(v A B,J) Stokes



HI(AP) = HI(AP(2)) = {p-forms | coefficients are in H?}
L*(A%) = L*(D)

Definition O c R™ region with interface = JM T =QNM#0D

smooth non-compact hyper-surface without boundary

— Q=Q,uUl'uQ_, Ty=00L\00(=T)

Theorem 1 Q C R"™ region with interface v outer unitnormalon ['_ w € Hl(AZ(Q))

dw =0, 6w =0, 60 € L*(A*(Q+)) = A(v,d") € L*(A’(Q)), 1<i<n

w9, i<
W = E ofdx;, @Y ={ 0, =7, w= E wdx; A dx;
‘ —wY, 1>73 i<j



Application to the Minkowski space

Theorem2 | Q C R*  region with interface E,Bc H'Y(Q) JeL*(Q)?, pe L*(N)
Sobolev space
OF
VxB—-—=J V-E=p V xJeL*(0y)?
ot 9.
V x E & 0B —0.V-B=0 inQ n +Vp e L*(Q4)®  inthe sense of distributions
ot ’ B
)
1
v 1
2 0 - 2/ON3 2 v
(=92 + A)(W°B+ i x E) € L2(Q) v=| 2| o= »
(=02 + A, (- B) € L*(9) Y %
v
in the sense of distributions outer normal unit on I'_ s 2021

H2 singularities of the above components of electric magnetic fields pass through the interface with light velocity

Remark (=07 + A,)E € L*(Q4)?
(=07 + A,)B € L*(Q4)? Interface vanishing does not occur to all components



2. Hadamard'’s variational formula (S.-Tsuchiya)
Q C R"™ bounded Lipschitz domain

Yo,y1 C OS2 relatively open

Yo U1 =09, 0Ny =10

0z
—AZ:f, Z|r)/0:907 % :¢
71

N = N(z,y) Green function

T, :Q—Q, t| <1, To=1

family of bi-Lipschitz homeomorphism

T,x continuously differentiable twice in ¢, Vz & ()
OrDT,, 8F(DT) 1 : Q- R™, k=1,2
uniformly bounded

DT; Jacobi matrix

2 op==5-v
Tt:I+tS—|—§R—|—O(t2) ’p=R-v

Ex. dynamical deformation

v = v(y) locally Lipschitz continuous vector field
dy
Tix = y(x,t), o = v(y), Vg =2

SN S:U, R:(’UV)’U if ’UGCO’l

Jacobian

+§{v R+ (V-8)>—(DS)" : DS} + o(t?)

HOdge Operator Transformation of the vector area element

vds = (xdxy,- -, *dx,,)

. . 2
y' =o'+ 1S+ SR+ o(t?)

t2

dyi = Z<5” + tS; + 9

J

i\ 7] 2
R%)dz? + o(t”)



Green’s formula (2 Lipschitz domain dv
P veV, AveV' = — EH_1/2(71)

0
V= {veH(Q)] v],, =0} ; Y
v
p < V = (70|’Yl - H1/2(71) <907 5)’)/1 — (V’U,V(,O)Q + <(707AU>7 V(:O eV
Theorem 1. first variation
ON ON
5N( ) <510 (?1/ ( )7 5('7y)>70 T <5vaN('7x)7VTN('7y)>’Yl x,Yy S Q

Theorem 2. second variation

0 ON

6°N(x,y) = —2(VSN(-, ), VIN (-, y))+ X 2), —(Y)v—(oVN(,2), VN, y)) vy 2,y

i

v v

0

X = 52[) - Z(ST ' VT)(S)O - B(S'ra ST) - (6P)2v V= [R - (S ' V)S] V= (6p)2v = I (5[)% -

0= 89~ 2S, - V,)op— B(S-. ;) = (R~ (S V)S] v+ (0po- — (.- V2))op

B, n) = —(Vv)[€,n], & neR™  second fundamental form

e ()



3. AIEN R MR Tensor representation of p-form

&1 0= 0j..5,d& A AdEj, € AP(R™)
= , o . t d iy T — d . JiJp
S : S zj:gj( ) §7 dt ijgj §7 6j1"'jp = Sgno - ea(jl)...o'(jp)7 o c Sp
&n
Theorem 1| H(£) € A°(R™) he A" ?(R") Corollary 1<r<n-1
H L .. gr OR™ n—r—lpn
g . H',--- H" € A°(R") heA (R")
dt dt
G A A dHT AR
Proof it dt
b dH/\*E — dHi—O 1< <r
B OH k1 Ak a7 T T
Jk ...rankr
oOH d A
= > (=1 —dg; A i N A dé; A --- A déy
, 0¢; dt A rn
j Exercise 1 H e AP *(R"™) In Theorem 1
— OH d&; o nde, = e Ande
£ Q& dt K dt > K



£= (&) € R", €= 360, =S é(0)d

rank 1 — %:hVH, W' +h=0

Theorem 2

H e A°(R™) h = (hjr) € Mp(R)

general Hamilton system

§=(&), G eR™, 1<j<n

Exercise 2

Theorem 3

dé; .
DD o, 0, it r=n

ho(i)o(j)o(k) = SN O - hiji, Vo € 53

Theorem 4 rank n-1 =

%:detAj, 1<7<n

dt
J
[ RN T
A=
\ nit )
. OH"
Bt = (=1)7*!
§= (D5
Theorem 5 rank r e

d&; H! OH? Hr

dt = 0, Oy O,

ho(iyo(i)o(iz)o (i) = SN O+ Nijiin..i,, YO € Spy1



Example rank 2 n=3

d& Z OH' OH” |

hijr, 1 <1 <
afj 5’5 5k 1 3

ho(i)o(j)o(k) = SN O - hyijr, Vo € S3

hijk =sgn o-h, o:(123) — (ijk)

d{z Z OH! OH?

oc; og, "

a;jr =sgn o, o:(123) — (ijk)

_ &2 &3
T1T— = €52 —¢
Yt
&
To— = 5 — &t
> dt
des
T3—= = ef1 — &2
S dt

H' = 16 + 1o + 1383
H? = ’7'1661 —|—7'2€§2 —{—7‘3663

h = —(7’17'27'3)_1



