Lectuze#H2
[

Let @it N be o vmojping beticon differontr sl
wo"'"frfde g ebrmenstos m,

We catl @ differentabl ol PENM IF For anyg
yiven chort (7,, ¥s) ab ) om N, thew

e/ sts o cheast /“.4,?«.) at p s that
/r) ?[“.‘) [ = Vﬁ
() % T ?‘ ;’-:'-’/Rm-—» R7 ;e /"fffum‘s’c 5 <f Z:Z’)

Pcc‘ : *P' o(p o ?“ ?;'( P))
icture: ) 5 ¢ ( .
R
R va P




A o(l.//¢f¢nA'a.Lll CU/'VS- p..q_ a rmaen ; /d M

1f o /a'ffew/ﬂ%MM¢r 9/’/K_->M,

A dffezetratte f"""“”" e & ‘('7{4-'1,&4/'.4%_
ey Fo M — R.

TANGENT yYECTORS

/we ideas

\4

® \/%

V= éﬂd\m/mu closs of curves: would ex73\wf an oboervel

al P to ba able o &“-‘S"/j d;//fiém/l'aé/e cotry€S

through P by (heir zpeed and direction,

(QC""«¢4_E fofflené'fab/c corves alf hfa:ramdm'zeo(




\O/ /_i\L_/ > IR

comtour £ines oA
comstand L

Vv = di-zoof\bnpl /eﬂ'vécf-'\rg: Wdl ex/ooef' Ch o~

Ihserver al 7° to be alle Lo fotermr'ne Yha

2nle 4 cLan"e # ang %,..;h"h f ,/'yuu ctert
W;v M a ’AN—\ A2l eI al « ce .c/'c-e/
DEFNITIoN Let LD(P) be ¢he Md afiﬁ‘(tenﬁ'ﬁé/e

#unct‘;m «cl 7 and )’”{P—“’M be a

/iffermﬁuéﬁ car e w;'l:-sﬂ ryle) = P. 7he
fagﬂml vector Yl = :7({/0 t= ¥ al P /s the

mcf/"cn}

41 sn—n
m N

2 > o ,?/Y(t))/
&=

o t L o




t —

© R
R £

Wc ore us,',? %, Y o IR —= IR, o (M/Q—ultc Aen va A\ <
in the wuruaAt nay .

¥ i‘é, /"f"."”’ an d7uiv4/ena 144#'.“‘\ ~ N cUINEAS

an} fwd‘ CUu) e~ r-zfurn ;"? f‘At SenrmL lx/.ng/f

grr (oY) V£ are defined b be 7,,;.mzené.

¥ Given YD, Che 6474-./ ve cbn boSome carve Y al F/
& en l'_/ jCJS[P) , we call

V() = —

the &izccbonad danvah e 7 4 (4t P w.r.¢ v)




Quertion.

_,e'l: r; ‘7¢ H’i¢ DPace oj o(ff/e?&n/(,h"(c Ca) Ve
%rou‘]k P . (‘a:v we fmo/ coovo&"naf&.r %VA— MC

Sppon s /—;,/v 22

Lg( (d_(‘q“) be a chort about P where

M>U, 3 P + - (x', -'-a"”)é'/’e“
o

Then ¢+ > (x'lf),..., x"l¢))




Lets compute v;,/—f). Call £ = F-9
{cx,’ress 4 in fe.rms o? cooro(a'na *c f::’ f/&))

‘u.vj | 54/;7;'.,2_(. Yd‘)l
< s ot 2= o

A L3, ., x"t))

Chenin M
rale

T he coe//v'w'(nb ‘= :/1:_{0) cre called e

v-
Cdrn@_n@ts ¢ \JI’, ein the zoora&ha/e sju‘(rh x‘f

¥ Can a/uayo f)‘nol S cur2Ve Y!f.’ouglx Y2
?w‘wa o set ‘j CMPmué:f U‘z

(1'*9 x‘e) = et )




7€ The D ace 4»/ reclors ot P i -ee/.-cca.cnt‘r/
% l‘“ w&i‘\" ‘/:-g‘ /Rn > lf'“.

*‘ AIVA.CO %4 O'W %Mw/d S"}‘

) = Z ¢ 2F

O x*

/ J\ graeticnd

pe ctkor

ard Ueelr . graclient s fhe R” cliwwchoned
Atrrve Boe .

Einstein sumpmatbron an~vention

In nea//;; all oun fwmu/a.a, we can unamb?day:/y

discord the sernnmaoeon sc'a«n wh e pe,,eod-er{
uf’f“ 2 lower enobces G/O/oedv- So

. 1 N ,
v 92 . = z, v .)_
3"" L= )X‘



Covtdenate Eran éfmrm at oo

Just as ¢ differenrasl cuzpe ¥ throvgh P
adoes not una'j,acﬁ 4/’(“’%;,-M¢ '/'&n]&n/ Vt&ﬁv-u- ™,

(but wather « vepdscn{-m‘vwc%on ¢7an/a(¢wm¢
‘/WD) na%el_ ms ar S'l/ 7C‘NPm_‘nh r‘-

Suppose (L)) & (V,¥) ore compuhbl charts at?:




Thus 4 o, fhas componeats v’ ia daavt (@nv, @]

Hhen =
v ($) = U” ot

Ax©

= v oy 27
dn”

22 )

New commpeneats (a Hre chert (LAY, V) are

S —————

[SENE SEARE=E

This 1ale s called the thansfor ma (A on 4}

conbvraveriant yecksr . n mwy cont exts

the sct cj all Com fome i s ) 2k a4 ‘-’7"'""/"’“ fx)
p%nl/ 7 Be) is Caken an He o/efm"h'wj a_
£~—gu£ vie ctor



