~~‘:’“ /\Uhﬂis o 0 '(id"“ﬁe XX'“

hiFFE eevihnac  (iE OMERY v I

A’ND Yo Polsy N * 0(4(( e veh've @w'/h';form),

T " ' g 4 CﬁMNn "S --"mn%«"c '}ofw\ﬂg@\.
Pra}. M-‘)pm ;DS C Brisaa .

LIE DEQUVATIVES
( wca*ﬂ L GEMErAL TENSOR CASE )

5 may

‘  Rumenic, Uu%\“h% Q P‘-\n/f\ A o ol( s /}7 _ {
/ Y{'QYW) AQLJ\\MZ ol om UucM ( 0}744,, ) o be U/LCMQZ(Q( (!
S S M |

T}‘G o form 4 Jm A om bincs

wed ()

We wiSh f@ %‘v( 8, le—V\hb\( (}Qrmq&/ﬁoﬂq 07L olw /

I dw(x,Y) = xw(y) - YW(x) - w(Ex,YJ)f

Poof . we work lotally o this mmagh fo dele W= RedV

W ¢ B M)
{ A S | dw = dxadwv & d

AW (x,Y) = (dw adv) (x,v) = @w(x Ydvi(y) —@uW(Yxalvj(x)

= [(>(w)Y(V) —:'//><(v) Yiw)

e X W) = % [ wav ()] = X [w Y]
T =09 w0 X)) fhes
add fo
—Yw(lx) = =Y ('umf(x)) ~YC’14><Cv))/" v TxY1v)

— wlx,y]) = wdv(txmi}) = = DY)
Thus ®la.s = 4.5

X -



| e
I Wroel , one shows ot for b€ A (M)

it . A
G IR N B BT D R T L A SRS
A=y p X
At ) A A
+ 7)) w (I T, X XX Ky )

4< 7‘

A 2 0mS¢oh
Pt Aumond
% L’fﬂ&ov %LM\P(A(/’JAO’V\ (e Con Na (hew )
M’ «
’LX . A~AQ(M) — A ’CM) Kewded to L 0 N —=A
A i e e Ty & X € X0k
\A\/(&/L/////y ) ’?[ /(\ Q -\j{(.\vfh
( ,LX L\)) ( Xt s o le_,_') QE 1’)(&5@ O{/"'ZT,Q/',;’[T':??"YL
—.—-6
— w(X) XJ(_‘)—-XAQ,') (Ohwl V)Q;).Q/t\*o(nj X_Iw
gl
kvt Slot

Ty 5 bnean  amd ,  jor X, ¥V € X¥(M) o(,/geﬁb(*«)

/Lozm/w N - 7
\_——
(<) %(2:01 and 1 7S am anh Ayaccotion
\ A o
(80) ’LX(;\JA'V): ZXWA"Z + (-1) k//[?lxvz“l
ax —

@ lodmveg like d
Xxili - .



2

' . R
i(/"l'bs (."\QC‘L V)’\L\A‘ ’L)( =0 W € A

/L)( (/}/)(w) CY(—'~>(42—2)

i

/LXW(XJX""XK-Z) = (X K e Kk YT

¥

Ay Jor (o) 5 (Foes 4"”-0“54‘ to (hetk e Jormufa

€ 42) = m wz w% |
1y (Wa-- WS = (G0 Hwa.
L Y T
i_*@(ms \ 1>(L\) A b\) A ﬂusei‘uz

oy , kK in epleak
o ’bxmgxt b < CGW/}OMMM

e

amgl s €5 Ivuce by o@f:péqcels ée‘vhoueék'-

5 X
\JL X X, X /

(w'a W' w9 %, , %2 .. X ) ‘M(C“i(x’))

I\

I

173 s ) a A
7 e W) (0 a ) O X
Az 4 !

XX\~ 3



4 ;Z_A_q by vatrve @L a MR- form

V4
'14/4 X € D{(M) , we AT(M) | recadl fhat
{: the Pv(u-bcwk’
\ 1S ﬁ(/-.md

: i & .
e ‘ l;/'\(( Muaﬂa\/eil "LX n € A (M) iS5 d(iwed oA ! M%:bfm’(o,llq
( | <)
; !OC} 7y sJom}f X J FX . _[,&M c)v[ X (F;)“w(,ﬁ:(m}

(L) - 4[] -t (B)]@ - #0)]
‘ dt L, teo : ——i

/ Ome ’\fhr\y prowe ot ix(WA 'Cj:

A WA T WAl T

i el
4y (T®S) <

in@S + T-®0[X(g 0

for omy fovgor fiokdS
C %‘/W‘/wéfko\ 1&[0%\} Y»LZ(/

#&So ; for a (0,%) - fynsor
Ot hay .

(4x ) (YY) = X (0¥ ve)) = 0CTx, Y17, Yo )
I o oy o (Y. e, EX/YK]) J
mslm b W‘q’h% Nt 3%, Ye )
X D- Y\_ = o .
\(/w)) 2 Ax) (Yo Ve )+ T( Y, Yoo Vi) it o (Yo LiYe)
xx(D‘CY...YK)) \i““‘l’”"‘l ey utlw are ywied one of
1 S Q&

- .
_ Fime

XXM <



‘;(0“ ng  Checlk (;%) %) e ok oyLo\ len Soy PYQ&L& 0(][
Cunianf bemsors ) just o pinpacnt Phe Cqu«"& fwnple)
bc\%\“c {d*lﬂt,

x X
j/y CO’@ "C)' (P) = (th) [(G@Z)(Ft(p))] *(DQT)CP)

‘kﬁ;Q : ﬁ
/_\/\_//A(__\ 4
/\_/\_,/\
Lo (Ff ) o (Fim) @(Ft ) z(FY®) — O(p) & T(p)
tvo t

o

< lom ( 4 - cel ) eew) G =B
— -—l— P ,

E t

[ Mhao ts he Soome (oka ome Lk o Prove G?] = f%—l- -P? /7
n Gloddug )

t-v0

i o -0 ( | +(x+h)%(.g¢,t\,,)~
' g , /‘7 P) o)
(7% Vo Cro) - 000 T ) TVER)
— /{’O’ﬂ t t(P) ( ) ® (F ) 6('9((?)) S - ;(1 *L\)ﬁ(l-\-\n)
- b

£-0 =) g atn)
OO §ocm)
—+ olp) & /Zg,h (F ) 'Z”(F (P)) T(r) -+ g(x)

"— ¢ = 0
» 7 ‘{Hl-&h) -{Q)ﬁ(}uw
LR SIETCR AL,

= O{XUL%'C + ool

—_—

KK

6}/&50V(Co.ﬂ A t4 S: (7;‘_- ;g Te Ty

6@"‘ - D—Ia' ~CKL — he %kWﬁVhﬂA{OM B) JMS? +a/l¢< M( Pfoig((éﬂ_g

Pemin Gl P‘(oﬁud'

Sl -5



4‘7)vwmm f{vf &)EA(M) J X ¢ X(M)

One hag [

KQLX&) = d W + @deg
Hek agic formila)
A 4 holds for forms 5 met for gmmeret kntors d s

A We  preve tt for W = acdv

‘ Tha ?/mw( (~x ¢
'}*@”o\/vg (()y l\thMLHQ‘n.

Rvﬂod.c\ﬂ ) Mohce Mot

(Lo dv D) = X]dv(y)) - dwllx,v1)
mmut(&
= X[Ym)] - Dx¥1@) = (xv-xvsyx)o) = ¥ X0
= d(f) (V) i
Meme by 4, dv = dfv |
As a wwho\n,y , b (ab.2") are ol Goalinfes  emdl XK= %1 J

It Fo fix <dens |, Phom 4x(dl’€,'A, ob("“‘) =0 ,

Mhis r}aaewcn% o »é dg(j = o ixa - d(?& )

207

and  fron M%,\z ngm& t d(€u1)~0




Mo w (-OW)PW&I
1o (wdo) (r) = (dawdv +% L dv-) (f)
= (4w dv+ 2 d Ly ) )

= (X dv + W d X)) ()

\]

| y—(%):’r-’(ﬁf) =t %Y(S( ) ) @
CO\MPD\A-( @ =

= (-CJ'U;( _t.fLXd)C"),(ol‘\)\)(Y«) =

—
P

d (1, (xdv) (¥) + 2 d(%dv) (C¥)

d (% dv + udv) (V) + U (duadyv) (Y)
M V- N

(dw Aadv) ( x,Y)

1

d (wx@)) (Y) +  XOOYV) - <Y

)

(d% XE) + w o)(xw)))m + XMW Y(v) ~XO) Y(u)

1

YOOXO) + W ¥ (xe) + XOOY(v) =X Y(w)

1l

X(w) Yv) + W Y(X () ) :@

i
ok @ Yﬂo\ﬁ 1,\,( {—e{ +o\fm3 , ore by
nGed ix d = (_dfixirixc() d = diyd +a,d
= d7,4
WAz oS 2 B
g1, = d (dberixd) = cL\\\‘;XM“LXd = dad |
Q

KXW-7



“xon p e

T uzg\ﬁ. 'x:é w = adxady  qQ€g R’/

dw= dasadoady = 92 diadoady = 2% gyadyad?

oz 22
d = oA dyadg
FLX d = Yy A J 2;:.;
- (
( fodw (y'z): (2«dﬂ4d‘7xt0(2)<><,y'i) =
OF o~ . 2 2
. N rmmhg%kpa(;/a% 2
0. | dxey dxiv) &) |
= — d.(') _ aa | dy(v) dy@z)
Y (X ' "
7 . o 2% | dz(y) de(2)
d2(x)
= 0% (duyadz ) (Y,2)
0z
Ome o FYO&“{ Bece(ly  from Phe ‘0‘({‘{?\,{3\’9\0
Y 2
%CQ\Q{Ad\{/\d%)(XJ',G) =
o0z i
o |
= ?EL ( dl(x) dy(.) (:12'(6) = éicx@() 0!5(0)(0) 4 - . . )
r- 5 S
59( ,L QH ol’)\w )L(/vy;.,S
are o '
“ce d(j(x):d;CX);’O
= 20 dyadz (.,4) [
ox X
% Acbally |, e ome badlow 15 e qidest Mmethod .
: ’L)((Zf_‘} drAady ad2) = % Vo Adir 1 dz )
o2 »
— 20 (7, da )Ady’ A gz - doa Ixdy 1olz +. .OOZVOMM )
ox . N
| dl(((fll‘ dy (x)= x() =31 _,
— 7a | i
put %_2dYAd2 1 XX\“s@



’Ly&): q’bx(du/«dy) = ady

é ( C fofe. .
e Pleceed 4 bfare.. )
_OL(’LXW) . d(ady) = daady = ;7; obia dy

4+ 24 d?/xdy
22

o . dwn/y - oa &er\’%]
?DL 53

Thecfsre  ( d ’Ly+ Y,XO' ) L = o4 ob(,(oly

ooL n
e
{.QVY)PM/{»Q O{,x ) 0@&((@*[7'. di‘gx
Leibinés /\Alfi
1‘>< (OL damdy) (Z )dJAd7 +a ,Zxda/\dy
x(a)
= 2a = Olat/xo[)(dy
2t e
= P_adl/\dlf v = B
o
: - _ ~
| 2. X - W = Q'dq/to(z
dW = D\O\Ad\14d% = ?ﬂdq/\d&»//(oh
e
Ly dw = .. = 24 oy ad?
oL
Ty W = .. © (q dq«dl)(% o) = Q[dj(ux)d%(‘)
O\LXLJ:O (d%('("d ) ~ ?qf)\CfAQ‘} \ *dVCo)d?(X)J
ool |¢(:>
4y (o dyadr) = Joa -dyadr + -0 = M dy adz
ool

- g

Y



Ig. i H?B b = da O{t7 A Q[Z‘ Sfaman of
: \/044»)( Vlgrvv)

A
X/L ')(2 X‘3
Vo /V/,; wn = 3 S efe
W X = d%*ﬁ% +X§§ 0(//5/?554{(”?)
CO‘YY)PM/{"Q X Y, = (_?9( _‘,_D’ﬁ + 2y dl/\d'f/( 0'?

ot oy 02
(CQMPWS vanikon of V"f_“i”‘ demenls |

d"\/ﬁ%{y\( C QVL .X A

Q e e s
1 volled
s =0 i X = 00 X Sy leneidal
f—\\//\/ﬁ \ 7t (af lﬂxwv;ﬂn[( »ffec)
w Q\Uf‘y,(;s Vofum( L Fr(k*(/l/{\ni
T >Q MDWS
s N N .
rinj:ft’;;s e = M(othrcsg"[p& %&WJ
Qf ws P ferm he Lulediom ; SAY{%;
‘»ix (dordy « dz ) = N dy ady +« das {dy aol2

+ da A d\j A ZXO‘Z

—

= d(ixx) A dyadr + fn‘w{l«n Crimns

{

= dXxpo)adyadr - \x(l):“: o(}
= do&Ao\b,Aa\z + -

= 22 O\J/\o\»;/\o(} o = \[

o
Wi Cntem gw-=0  => {xw= die
a k-fovem on
e

'LXLW=--=o<dl1Ao\% => d lxth %mAdyAd}

\

o(\;.l1 SMth(\n% wp we 6lh<ewe hl( (l)\/)(,&.,‘g,o.,, ) \(

XX\ -0



C 4 - Lt (M, g ) be a )Q‘cma/nfmam e fol 4

4
I— omol X € M) . Compate oé 3 . Work loally:
X= E&a (We tonnot wse (nkonn's ﬁ»rmu@ql
= 4 15 mob o 2ofomn h o,
0. didd’ ) = s a Chpmmet, pofifve
jﬂ( (%ﬂjdj ’ ) C)%N}E)%’?), k[msag %*Jg(

= oix(%,{j)dlidlj + Cjij(ixdi“)olazj £ gﬁjﬂda"(;zxdx"
I i \T»\/
X(%i) At dg”
d x@t)
d 3+
XC‘},{QdJ"(O\Qj + 94 dg{o]aj + 9 dg“dgi

one wawlks «) e

—
PR

J Qi C? ) % (_’(/ el X }
}93("1% il %AJ }@2 dl \(-ﬁ”/dféa\jqu

_ 40 ra‘mw‘/ /Q.~M ool £ s
B }Mé‘%d dad + % 25 da” d;/{+ PR i
ot o)
| %440. SEJ Obl 0‘51
Rr P
= (525 4 g 3%, g, 2% ) oda
/s e o .y

p QL Kc\lmg Vetkay feld  ( ov, wmpty X is Killtng )
/f} 315(‘} = 0 (=7 X %}Wvl\o/#es 'rSOVh(MES QJ( M, q))
B4 3,30 + GuidE + 9y % _J 1,] fixed

5 Uimns /\Aﬁ‘o‘m
LR

| DU

XKW =



" o

For mstamce , (”2 > % ZZQJJZ)
Gij = %

e Y\'llt\w% Condl ko }Q’,COM(SZ

(8\(5 ?—;’R-{— 8/{40.?-5%) =9

ot o’

————

e, J A
:?E “+ _a_g\ = 0 " pﬁgw/‘\'ﬂaeﬂ
ook gk, . of 2g* |
e = B "
Cmflent veller i dds  Amd  Ynenfors of Yofahons i
Y}k P&me (4(,3) 2 V)Q/mczy 342 _ lJbZ'
%) oY ool
. : ":)j Rl
&ne ~€>(6\~w§>rf<$ Of Xt\)mgr #{/{@(g;
! | J 1
ghe - g =
N 1 ‘

XX =17



