







































































































Chem number oriented manifold A dim 2n
integrate the product A Chemclasses with the sum
A indies being n

get an integercalled Chernnumber

Hence A Chem numbers is A partitions An
e.g.dimc.CM 3 lie dimn.CM 6

G fmC M CzfmCilM CzlM G fGM
Note that f Cn M f topChemnumber is

Euler characteristic

For first Chem number
M Nizn d.in1 compact oriented manifold

cts fi M N

Let 丌 E N be a fibre bundlewithfibre F can replace M Nwith

any topological basespacesB Bin pullbackbundle define pullbackbundle
HE ⼆ p e EMx Elf p 开⼼了 EMXE
andequip it with subspacetopo projection 丌 i f E M by

丌 p e p
andwith another projection h HE E

we have the following commuting diagram










































































































HE h s E f E is called thepullback
丌 i

A Eby for the bundle
ˇ f induced by fM N

Prop Naturality Chem classes C HE f⼤ E
1 forms Cn HE Ha E

dd The degree A fic.AE deglf acE

alternative dd.fi MTV induces a homomorphism

fx HnM Hn N on homologygps
x Y

Then f X dglf Y
In fact f induces two horns

HnIf f 王⼆ Huh Hn lN ⼆区 区 ⼼WED
H f I EH M H N ⼆区 ⽐了⼼吐⻔

Then degIf 三w

deglf is also known as the windingnumber A f
perhaps more obviouswith homotopy based loops

Then the Chem numbers A M N are related by

hhcicicfdeglfjhc.la___c m 点ai i nk k

by natural
ityeg.fma deglfjfcí



esp first Chern number C ⼆ fmGLEJ

fnchCEJe.gsConsider U⼩ bundle over 5 A tin 1 cos0 d4
omit in e

F d At Ani tins in0 dud 0

ch.li 击F 上sin0 dud 04丌

1 Chem number f ch F ⼆点f.sinodad0
n

tfgical charge A
Diracmonopole

e.g Berry phase G U⼩ M 52

Berry connection A sinǜd4 A costd4

Berry curvature F ⼆⼠⼠sinOd4Ad0

ci 缸⾨ Èsinodnd0

cifs.ci Ii

Let fi T s 2 st FE is the U⼩ bundleabove
Brillouin zone

CM ㄒ2 deg f Ci 52 tidy f
in physics ⼼ is 六⻔ C⼼ are 1 deg f


