| FCTUKE 30

I, % Covariant DZ%W&@
In MT W read Sectim 145

U . %a CUW%"WZ” D e Wfaw

:7/11 MT W read Sections §3 85 103104
B

ox 10,2, 10,3



I. %@ @WP&W@Z

(3 condended inilo the veclorial %%%%M Y,
R (30.)

C};?W@ 50, ( ‘ Jﬁ@ al yﬁm/m@fwﬁz@q/ caurve a /o/raexa%i%;

ﬁej@édr& é’) e coordinale CO’W&AM {dx't e conmeclim
W_W ,{'ffj’f:[ﬂ‘éﬁ C[Xﬁ

Fiélﬁ(P): r;& (%";Xm))

oA veclors amd tnsors s mellomalized by Hose finclisrea,



givm a mavifﬁvﬂc%v]ﬁegc(

- it e,

fnrdoes e exlond thislowr Lo suck o vector fild T

The means of porsllel Lrangporting aveclor is lo apply Lhe product
WW@»W a/a&%@tﬁaj fc&%@mﬁ'@&é based on
ﬁo@ C‘%@W; i s case Belereon af&e—wbénfvaér
afapomfmc[fﬁ/@woxéu ZLW/éxézavmW M%ﬁ%@%gﬂdw
o[%%ozgc[ m ggﬂwﬁ 362,

AV= Yy oo -(pordbil lronsport of U from T ()2 T (1))
Vo (purllil lransport f  from ., (M) 2T ()

CJZW 30..: ]ﬁ/@%@alsﬂ‘/m? W—pmwf&gve%rwﬂ/
deriales (@AV/) WWsm CSZZQ&{ML@ vad)omwn?/
veclors JnWM@M&UMJ{



Vs diffonce is el defind ecause it of Lo veclis ol He sames ot Z

j/n G/OZMUH)ZL% %W/Mo/tﬁaﬁ%fmw defma/é ané Zmﬁé a7

%e @P&Wu@cﬁr AP=ntu MWMPW P, ZO,W
ﬁcf%@fﬂi@ra{@m@% cmefad CLZL/MMP

A%(Afu) = A (€v) =@ av+ ag; v

Gez)
Recall Kot

(z)%& OZWOZ:MM Of@« ]Eym'ewrﬂ/eg&@bfmzb

AR; <84 fffé«", [ M>Z—

I\

1|

<dez~lu>f
and thet
(@) Hhe @&'f&&n% o/}f vt

, vi(cet)=vi(co)ratu@i]SFuu vt

P=Cr)
P +Ai’up F=Clo)
<

AU = VT (Pr Afu@)— vi(e)

Al U, (v*) +%ita/bzfud, (v)++ (Leclure 26 page 268)
= AL dvtup+ (Lecfwrelbjpagezs’ﬁ)

J%/y@w% Z%e/gséz[awzé lo the dewvialim ny, E.(Baa)m 36.4
/7 b =1 FeFe )
one ,['ma(A Z%al[ Z%e WW&%@W L av i

AV = €, <dvilusal vde | viat

me{mz %ﬁ/.&ﬁ oﬁwﬂmltaw mdcw&pf@/ﬁom(nwae% (<) mcl(z‘z')
indo Uhe followizg



DQWZTJR (((W%#@W%[Q vﬁvZéri)
j/;z mom/mg MPQODHA&D) ﬁzﬂ/ a/&%wméj Ey, é?a,ﬁéaZ%e

/M’MZ&:&/M/Z W/&mfo/%a doviadim of%e @@fwﬁe&/ v=e v°
dv: T, (M —— 1

U st~ dyust>=de, dv'+ de|ust>=av

wcaﬁea/%e covaviand aﬁ#@r@nﬁafofr/. %%W@@A a
v@ofwv&ﬁa@cf 1*7501444,J M%méﬂaf@(ﬁ&l) om page 30.4

dv=€,0 (dvis o, )€, (dwivat 9] | (3603
Tt isa lonsor of vant (1)
C@m@nfla
This deffnllin. s onerelitsptin regardlos of snes choce of usis
Relolive 1o o comdinalb-cnolued bascs arnd 23 dual,
{ef%{f and § olxk§

%&WMW%Vf@j@:@

s

dv = ; (;;)’gdfg+ F;‘,g dx* ‘ZJ’J)

7 ;o R
dv ,‘.'—@ﬁ@fg-—?— {"J:% v? ) <30’4)

The Components vi4 are Hose cﬁgf@ Z?ﬂwaraf mﬁ[,‘)) aond



A

C@W@Jl
The derivalove
b AL (dyu <3@ 4’)

%v’A%O/dmaémﬁm?wm%memﬁnW the
direclion W, |
%M%W&Ogmwﬁm%@@w
cinele frorp News Yok 1o Londim. Thee indoréor of Hie airplone
fbs ils thvee basis vecksvd bollodto Mo asrorrafi

Liey point W’éao%w’wd; up—doern, and. fe%f—ug{%f,
%@Wﬁm%awmmm%WWZ%
e Nrth. s e ciromatft Pliss with non-goro velbeidy obng
%ﬁ%%%m&l&aﬂwﬂwﬁﬁw@%ﬂ‘@%&m
needle. %e MWWW%%A wﬁﬁmémé XAEX)

WS’.
ﬁgp nol S}D&CCWD MWZ%G/&J W) e diveclion




off’wwim un E7,(3’0,4)) %/g_é <0{V/JM>) one i @Zé He Came/folf

Q!V/aé ”ZL%C vwléof dw&ﬁm#ﬂm/@jwz%/&m A o
motion inle an as-yel- wundpecified direclin.,

W%

j%m@% maﬁm%nﬁ%aé}recfém% Z%zveoforw=@~v?f
Aa/%ﬁ M%CWM@?@%#/W%@XP«W%

<dviuy = @; %f’; + F{'@ 7)‘1) u®
) %WM UE{W@» which is malflematiyed

f_ 2wl e
:Duv 8)&“

[F{'é ut | o*

The covamiond difforential av, Eps (303)-0.4) of Foe

vecZ}wWV/ ) Z%e/vwl?jfo—eb@zdm‘?%& cmu%afo%
the direclimal devivative of o scalir ficld to Hiat-of

a veclorfield.



ALt [ be ascabar fictd. Recall (Lectire)
that e differentiol df
(i) (8 defined by ¢ dfius-u(f)
(@) b @"/nea/r.'<a’7f/m,+u2>=<dﬂut>+<dﬂul>
(dffgup= g (dfjw> ) geC(mp)
(i11) talisfies the product vel: {d(fg)|w>=f > g + f<dguy 2eC"(MR)

B) Let v=e:vt ke a veclor [ild. Recalll fromPage 30.5
that He differentiol dy
(i) isdefined by <dyiuy= (e odvi+epw’; vl |u>
(W) [p bimear :<dV|Uruy>=<dV US> +<dV]LL>
(dvlgur = ¢<dviu> 3eC*(MR)
(i) saListies the product yale: <dfv)lu>=f (dviuy+<dfjuyy

C) Bolk df and dv share the lnewnily and Ke product rute
W when Wese scalar foectnl one - formd wre evaluated
on any weT,(M). This conmonalidy implies the definiliom of o
both. scalarand veder ficld. Thes is ackioved by e follseving
Sorallel tranpot theomy into 4 stiiloments

Delﬂiwiﬁm (v
0) Vi) = Gy + v distwbalovilly”
@) o V= GV Y distrebedmity



(3) Twwkajo/r#e&i{

V.V =%V ottt Enety
/7 WW
W v(v-vi)vefwy roduct (Leibnily) vl

These WWW@@&W@«& wnd conlyasded welk e corres-
pma[z%? direclimal devivalives Z}cﬁfp%s@a/&/rwéa

0) Vu@a) =g+ s
@ ¥ = W3 Vg

(3) Twwm&rﬁeﬂ%
Vﬁug :¥Vm?
W V,4%)-V.(F)g +f g

Cmn/wwnj

L%@W Vi M%WJJWWW
g,j%z ozbe/rajm’“ o & calbod Uhe covamiant G&MW
3 'v=d : |

A{ L Cartam before W W I,
Jast WW L




