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F3 = dCz C2p! ! CH!

. 1
Fc=F! —(Co" Heq! Bo" F
5 5 2( 2 3 2" F3) Fo= dCs Cawes ! Curs

w COERD SEFHAERZ KO IET self-duality
P = Fs ZET




1 [ £
dA, = a! wApuiaga, OxXE 1 dxHr D aah dxHe
Licht\> T F:p+1 - dAp I HE
1 L £
Fort = ooy Foet maddh dxH1 1 44k dxHe+

Fp+l Hidddp+1 — ( p+ 1) ! HlAppzééﬁpﬂ
' et e s R

— I o I o sy s 7 | o
' Appoasgen T o Apusasa,., i T @at by Appsasa,
l )

I
(p+1){E



HE om0 Ry Y XY — (Hodge *(star)) JBEE
d X7t flat Minkowski ZE[&]

-

1
; 1 g
sTE ' :;# . g
1
SR w1 (M1 Ha) = (0,...,d! 1) OEEMR
FUYIL 1 DEHER

Eo>ENER TOZFF!'w THAET:

!uuzddlﬂd — "IJ! |t H2dddg f—d:t“



d RITOED - IBFZEDIFE (fF5 =(! + aas))

S8 Ou = e 7ly e, : “viel bein”
ST I FR “local Lorentz |, . ,uuey — 1
TV frame” ¢ B

1 e! dete) & C MM = gg M1 44¢ Mol' 1 EFERTNIE

Iulllzddlﬂd_- +1 (H1,...,Ha) =(0,...,d! 1) DIHEHA
| -1 D EFFE
MFDERERDIID
Y el dete) ZMFTERL TEMRNE [HiH88 = 4o 1
EIEHOTCULERD



dRTTEZEICE T BRy X5 — (Hodge star)
X ! p-form — (d—p)-form

1
f = afuléé,épdx“l! aah dxkr
1
LI f = ok p)l(!f)!lééh’d! Jdx t# dafdx e
, 1
fercb (!f)!léééd! b ae! 1!!1éé'£§d! pulaalapfliléélép
SEORFEN (| +add) ms (1)2=(" e
*dle,pZSfd:B(!2:+l ! | = +1

1 1P = F5 (& well-defined



5 1 71IB supergravity® SL(2,R) XIF4%
' 1

S = —2|2 leX(! G)llze! f! R+4" "H §|H3|2
101 | #
! 2. d¥x(! G)Y2 |Fy|*+ |F3)? + §|[:5|2
-110 I
Il —— C4" Hi" F3
A4l %o
Y COEATIERAAT—HER ORED (1 G)* BT

dilaton FF € 2 75\75\75\9’@\% D& S73ER%Z string
frame action” . & % WIEETE% “string frame metric’& W5

v Gu = e '?Gg u DEXDICAT— )l/bTE%abTCE'f%GE | X
ﬁo’t%ctti %@7\737 R R OREZE( Ge)’ t_H
FTEHEMNTESD ZDEFE%A“Einstein frame metric” &L\ S




1 10 1/ 2 "u#"“# Mij i 4] 1. 2”
= — e = I —F,aF; ! —|F
Sis 212 !d X(! Gg) £ 2(Im#)? 5 3 a3 4| 5
| —J C4 n Fll F]
8! 2, >3
. . - - H 1 |!|2 | Rel
. — I | — 3 —
cicb ' =Cot le F3_ Fa M'J - Im! | Rel 1
Einstein frame action
|
%S”B = 'aC 3 cad! bc=1! SL(Z,R) X U
l + b
WA I Ill ||: a | n |: | | T
i | d+d M "# M M1

F3



W ZDSLER,R)®/IMEDS B, a,b,c,d! Z [T&>FSL(2,2)
ICBT2bDRIETMODEFFHZRE. BIRILF—BRIER
THDIBENDERDWIEICE EXST 7)LDtype IIB %D
XMIEEZEZ SN TWS %z S-duality &WS
e S-duality (£ ! " ' = #L OEBESTD T, BES

(=€ < 1) BREBES (&=¢€ ! 1) BRrE—
BERORL DR TH B I & EERT B IEEFHI IO
THD
¢ S-duality IED-7 L1 > Z2—fD(p,q)-7 L1 VICE#L T
LESDT. D-TLAVIERHDRITTIY VY avVICEDWTER
SNDITIERLG E . DK S HIEEFHHIITIIEZE  F= L




74 7IBZDOEREED (p,q)-7 L1~
A
: _ > P




YA 7Bk DHERERED (p,g)-7 L1 >~

y
A
) ° ° °
° o o o o )
° ° ° °

® > P
D-7 LA VIFERED(p,q)-7 LA >Dfcofc 1 DICT 4L




NT AT a0 7338

. Eﬁ UiciXDEREE—RZRY
’732 AmEE— N 28X
=R =¥ o cars

]O/J\TEN 1B ETRD
GaPA) f‘Eﬁ%% I\@l 6RTTH

555516 S
sm:a7—>§ RICACL .

)

« TTIHIND L SIC TGreen-
Schwarz#f, & U\ D 5E5Rl7aq ek
%TJ/VU M (TDOEED
ﬁ)@ RT=ED

R INHFIRD 2 DH

E—

26R7T

RYZw I

10

ERE

16

bl

EEJB
Vava

10:R7T
N=1#83X

EsxEs
g3
e
=H9

aAE



MIE5H (M-theory)

< WIC type IABROBESEEIL. 11 RTBEAEEIRIL
F—aEWERET S rﬂbb\@] 1RTCIEAE, THDEHE P CE
%5 InzHRATE MES (M-theory) &EWS

« EBIKIEEHIZTORITTD HEE /:\.EI’J B TES2ENTXS ifd

fEah\b}m%iéhéODT MIEER IS EBRIERmD—IETIEH D 1E
& LY

e TTRITEBEAICIE 3-form i%?ﬁ*‘???f@“%@?\ MIBsmILFic
mEBELRLE (RAMNYVITLBESH) “X>T LA (membrane)”
(= TR, ) OmEFwmLZOTIEZWLWA, EHEAIESh

« MEBZRD M (& TiFHIc K D magic, mystery membrane,
master, mother, matrix & &E%Z=%& 9, [Witten, Schwarz,---]




-I\/IEE_HHHODTY_b\Hbe\ [CTR> e ERR. RHBNIEDEWET

- )L X (super Yang
SYI\/IIE_.:HHODT’E 3% 1R7T

FIRERY (“matrix theory”)

-Mills) (SYI\/I)EE_nﬁﬂTa"/‘S%) D 10, N=1
L&EU97/3/bT EXNTT
H MIBRDEREICTR DD TIEARWLDN.

EDRFICEDWNWT, * RIS 75“90&1%%:5)% TANCY (s

e Xfe. XVTLAVIERODEFLITHRETH D=6, Fhlck
PO 3RTOHIEDF v — - 1TV EHIC L DRk
5122 (“ABJM model”) Hixahf

* L/b\b\ (—-nb@J 7['

—F D, Q0FMi&1 D LIBER A [CHIEA

LI=MIBsgDiEAL OIEEEEENEEDEYH (M5-J L1 >VAD
7/IV—1> 70—, %n%ﬁijémAMAEﬁ?V—

v YA EY RIEOEFE.
J—>)C0 MME. FE

ZFNIC K Dno-goEE Z o)l TE /-

DO FEAR E) & DREE|

_ﬂW@EbULNTD74/7%t
FIRER SN TULRL



11D supergravity (JRY >VigdDdH)

1 .
vl %1811 — dlllx(! G(ll))l/z R(ll) ! §|F4|2
1
! _ A 1 F 1 F
6 3 4 4
1 A
p-form Fp (XL T Fy = —Fpp,asm,dxt ! adk dx
5 L2z
Fol? = = Fou,am, Fi: 4%

5B WEKDIB TEITIL
L

- 1
S — dllx | G(ll) 1/ 2 R(ll) | —_F FMNPQ
11 212 %1 ( ) 2341 MNPQ "
1

nM 1 aail
! LS AM M oM 5 FM st - Fv g aast 4

6 43! 44! 44!



N

FBoxd > /N0 MME



EXEREIAEC CEZEHNE U
P&Ei@m%m%t%@?ﬂ
c BIERIEI EAGREICY > THTIORTTIRETUNES
B/ B\EFEICERTEHRWL = 6XxTaaV/VT MM

e EZZTHNIFELYEDHDZ ETIFHRWSA BEHAR
DONBEIOBEIORAHNSH D, TE=M, T40%E
oS THEZLLDGFEHRAINTWSIRE .

"TOXRITHEZEIL 4RITHFZE x 62XJc AV /N NZER
EWSEBEEDFEICTE > TW5S|

I'I'







Warped product

T« Al

v N
I . I 1



Ef& & warped product
EfE Warped product

VRN
|.I,

T« AT x°7 T« A wa:]gt
LiTixr\p<%o a liliUYsloM”



EEREAXEL CEZHBNE U
P&Ei@m%m%t%@?ﬂ

IRFEDVINT MEIZIFEAEDHZBET1ORITTRFZEZ 4R TT
RFZE x 6RTTAV /N R ZEEDEREICE > TERI D
e IV NERDRMAIZIC & > TARITHZEDEGHNE
Hh->TK 5%

« VN NEBIF—FEM DTN WEBERE

= EOFT—K; ZiFHE VT < % (Kaluza-Klein
reduction)




BENZT70IT7yEAVINT ML

Z=LL

GI\/IN (M’N :O""’g) : ]O;kﬁﬁ-l_% (Eijji%)

CIORTEHE = ARTEE x BRI/ k2
OHRERETZE. BIRERNS—BOESHERE

Massless o=1!1 = 1®] + BEIHEIC
Klein-Gordon ‘ RAB




+77
L'I:I

mll

SN TSI EAVINY
Massless 0=11 = 1 @1 41 O |e— mgm
Klein-Gordon f ‘ BZ%

10RTY 5 4RTYZ>Y  6RTT
RV TY R=\VITPY STSITY

-6%%373?7y@Eﬁﬁﬁﬁ@%[akﬁ:ywﬁh%ﬁ@
TAXD-2FEDKRESDEVEVDIE

« ZOU A AWFEFI/NhSWETIIE, EORBEZLDE (=€
OF—K) BOMIBEIRILF—TEIETES
BN THRAKRDERZITOE. TOE—REIAV/NNT MZEFED
RESPH (BEFBERE) DESE2RI= €Y1

—

1t

C1




