



































































































































Hu 1 error in Q3a in formula for 4 1

Hw 2 posted and due Mon Feb 4

First Goal Smooth manifolds

M CM a Hausdorff and countable base

Next Goal define TPM the tangent space to M at p

xamp M Uf.IR
vA

l Y ve R xox

Each v determines a map
D i C CM R

f t 1 f Kttv

function oft

Ii ftp ae vi
Dr is a linear map

Exercise Dr ft g Duct t Dvlg






































































































































Du et c Drt

Dv satisfies the Liebnite product rule at x

Duffy Duct gao t tha Dvlg
T T
note the

PI

Dull g It Ctg lxttv

1 tattu gattis
to

ffcxttv7 ga t tha dffeogixttus

Dnf g ha t tha Drg

let IU a L CTU R
L is linear and
satisfies Liebnite rule at x

Fact The map C R T U is a bijection

V 1 Du

You will prove this in Q2 of Hw 2






































































































































Det

Tpm Li CTM R f
L linear and satisfies
Liebnite rule at p

Q How do we get our hands on this vector space

A Curves

DEI A smooth curve in M is a map 8 cab M
such that for

any
chart 14,01 the map 008 ca57 IR

is smooth

let t be a smooth curve in M such that HD p

Dehne 8107 C Tpm by

Tco f 1 f HH
t o

Now a chart Ill d with part give us a basis

for TpM

CU d determines in curves through p

8 t d
t
dip t O 0 t o 0






































































































































Set 3 1 Filo

Note
34in Ipf jico f

It f riots

III to d t dept 10,0 t.o.is

1 foot
dips

Nole Yxial is a basis of TpM

fuppou V 4 is another chart we peV

How do we change hem Kiu to
uj

in f i fool 1 ex
01477

Kilo Hot 444T an




































Recall the multivariable chain Rule

Exilfhly'm ynan E cyan di

TE je
i i

For h f t t

ycx7 to d tea and X dip
i

1 f Fyi fort tips 10cm
f I

Now
ftp.ffoy t l4cpi dKjlpf

and y Tj Yod tha Xi d tix
J J

ftp.ldlml Yxui Xv

j

guilt I I n Kittj

Or in terms of linear algebra
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