- | | |

(reodesic

* Rpnlypnas G o Flatd, shrmge)

egotion —  aupvatine

X Covaripnt derwetive over vectir
D.AP = %uAP + TF A%

D, AP)= 2(D.APY - LA DuAP + TS DA
= W (AP + TR A% - 'I’.,?‘ (2AP+ L A7) + Pf, (0™
= A+ T AA - T AP + T, 2uA7

A TE AT A TATR) AT

Cxdange MOy

D’A (Dy Af) = Q,A;uAP =t I;{; QHAK - ry;;‘ QAAP + !;f; DUA)«

PRI A + (DA RS + B A AT

b

D IA = (30 - 3B + 16 T2~ 0212, ] A7 = REJAT
Cukug_ we. M:‘TN\L _
RP_ = 9.7P P ~ A e
Lp\ qw = BBl TEPY S rh A ey
. c (p oV

| only velatpt &

PP ik

EY Rv,w = = Rm}lw onti-gymmedini ¢ undlur the ekchonpe M4YY

Scanned by CamScanner



‘ I | |
5 @ D’AAP = D,U\AP - ﬁ.? Az
O DI’(DP AF) = D”(DI"AP) - Da]-* D)\AP - rv?ﬂ Dr\Aﬁ

= ?V[ DHAP - P,?P A)] = Fy;l\.. [ QAAP- r;\; Acr] - rfp [DI‘A)'_ ;;Ac]

= Qu/a,(Af = F;p/;uA) - ry)‘../QXAP - FV)P%A).

- WTh A+ (TR0 + [0 ) Ae
D,.\ D, AP = D,A/Q;{AP - rp)\yZpA), - rr;/;,\AP = P:/P%;Az\
- A + (TR + TpT5) Ar

Dk by = (0 2,05 + TATS - Bpha 1 Ao

;: ( [qh.Dv]Af'-: = R :;.u Aa- I

S Corariant “devuratives on a Fonsor
D05 TP = 2(0T) - LB 4 TP+ R (0T
DuD, T = B (DT )-RW“ A DTP4 TP DT
[0 01T = (3T + T, T+ 1 T)

“+ T’[.}:u [;uTUP * Pudg-’ TE’P -+ rng-f i OJ]
FIE (T + DT+ I T] — cuov)

! - " —~of 4 o
" A 3T+ AT » T)°

Edre 4 1 T’&Td‘ + Tl 7 TP 4 V{:J.,;:TM’ - L‘A%)V)

Scanned by CamScanner




| ®
[DI-H DU] TAP = (D/A Pi\c = DV ‘-;\)0‘ _‘, T:,UOI' ) -,-O"P |

0'
p\o" ruo' - va'

+ (T, -G TRy - U0 ) TAC

{(Dﬂ,Dy]T)\DT-' R.{:'/..u TGP + ¥ R‘f;’w T)‘O’J

® \R"W - RPWs + R"’“I“ 01
ot RE, = 3pBH - > T, + % 0k e D Lo Pan

P
R/{:‘])\ = Dyrﬂ;\ - 9 PP rlz,_l} -+ r,\d' r v
R”)‘l“ = 9 rf’ - ?F + T’ ?. Vua

Example:  Comsider  dT? = - W -da?)
Je= Yt | Quu= -2, FE= 4, 3= -2
Tpo = 5 8 (9 don T 2Fpr — O Fv )
[E = 3 305050 + 2 un - ndu) = =T 2Te 2aTY
TE = L9085+ 20en- 3G = -3 TF0duc = 44 2 (Va2 )= 4

M= Pe=3 37 (0% + %30 =3 0) = ‘%{3? 3 9]z - % WAL A
[xaodesic  eguatim _

& Axd P‘ dxb dox
. det T 'Y W Tgg

AR
/ ::;%T’”P) 'W(ots f[( ol \

Scanned by CamScanner



dx yapk dxde s dX 2 At
Go mdm =0 P e T gas O

--atrxx"'axr +I’$F3x -T’t[”‘
(-] + TETE - TSTL= %+ Ch) - CAICAY =/

Rex

Rexex = Ju R%,c = 4:1 Yp = 44

® Poarallel *ﬁvansfwi m a srbwo.

Consider o vecte A%=CA®, A%), On a sylwe dg*= do +s»uadcp
doo=l, Gpp=sm0 , > 3%7, gtz o=
T = T dn £ 2do = %)
TSy = +9%° (¢ 5pe + 9690 =3 o) = ~L), se = - smpws e
Py = T = 3% (30 Jgp + 19 o4 - HIop)= T e
= wto | |
Comsiolir iranspurt olong  X(2) % dx (DA“+ T’f)\AA).—.

Ming ©= 8o, @ is the varisble

-—> DCPAQ'-'. %:gmz& A‘P = 'a;,A‘P =z - CuSchACP
{ B¢A4° = - ctg, A 4S8y

1 imposing the inikiad Cmdidion A =0 i-e Adbny A
= A47 = Sm(cf Cuseo)

Scanned by CamScanner

| N o)




|

e

e

©) Arpund an m;fmxisrmu. X.w? tha Poumu.nl :&Mstmf

AS = —tang, AT = - Ctanb, cs(Pusgy) @580 = - C3no ““fr@o)

> | ¢ A= cws(hus6) | > S0 A” + Jpe A®
{ A? =-csco, Siﬂd’wseo) = mf(fc-soo)-wh Ccfw&,):]

Houarer, when the vectin goes rownd 6o, = ¢ =am

A A
cs(ar cs,) o - SM(amwsO,) @

- -

__>2=

AP = - Cscsbgn Cos0,)
2 & \Ad"’ - R wsB, \

{ AS= - cos(am cub,)

o)

X(zn) =z Xo

dgl“ = -r‘f\?\ vav g)‘
sgh= fagh = G A ="fde TRRE $h 0o

Tha) = Tha(Xo) 4 (x=x) 2, T, (=)

Py & $H) = T B-X2" $(x,) € porailed

25k = Gar - (P 0 + (%) 3, T (o) +++

A ~ D (x-Xo)P g% %" dxv

[$7(xe) = Tpe=Xa) " §7(xa) J 220 s

v ? B oyt o)

=)§ou - l"fA (x,)g“cx,,)% ¥ (XXl P T {-2p [GEB AN (X

Scanned by CamScanner



| |

b closed Aoep g% =0
A5 = 89 3, Phstx) + Th () The Gt} $dz o) 22

édt xP A _ - §olt Y

A xP
dT g

~d »

= p;;cxn P (%)

D agh = 357 (-9 T ) + 2, P (x) + T Thex)

po
§°“'XM%1 .
=lgo )y pP x,,’ dz"xf’iz

2 370 Reypt )é:/\—\"‘l‘q\ aven of the fovp
Aua,—‘uﬁw»% a\mxtn-ajfhv MWPW*M“
Qm? < the Cwnntbwe Lmor andl B aren of Hhe Losp .

2 = 4 RE, 0 STAT AP fint xf ]

® Ifﬁnewmiiwes sanish, then 8$H =0, > DsH=10
ASH:D moangthat B Pamalw( «'Crax\s?wi does nst a‘tfem(cmﬂ*ﬂ

pth . The we define §¥(x) as e valke of $Cx,) being pourellel

Gasted 4o K, The (e howe g da ot alse

ol Az 9xY,

W vV | o thes e Lo
e —EL%— =T fx%fx{' §* | honca, by egrllig

D= s+ Dr,‘\‘s’% =0,

Scanned by CamScanner

ed XY



| i

o)

~ Qurves

)
Y g2+ R ENEE )=

® Guersly, f D=0 RIS =0 2 Ry =
ond we can mei Sh n,l,wg a.na |'mfinHSmL( -la!F cotthund aﬂ"J

(0 (reodegic egnatioms
we howe durivesl tie 3eocl.zsic Q}MMS Ui veriadim Prindple.g

ag the minimal L.n&bk New we define He * glramphtline'’ mn o

it itk
ﬂimg the curve..inthe sense :»f ch.l(d Ms'fw:t, .

Dafr‘ﬂ.e. a vecln -F;e,bl g“ = ol%'"yoL'c, , which ts 'U\.c‘tan\é’,ev\i
Thea its parallel Zransprd

4 B dx . ] M_ dxh
Fo =R, i =07
S dyh M dx dx* = o
o T InGe S =C.

Henco | the 3?.00&,5(c crve Ounvied its fan-&wt fn,mﬂ-v( % it“ﬁa.

Aﬁ—m virwble ;T 1S o variable Mdpnae the —'(’:m‘)‘edma. which
Cmldl be Chovsen as the PWPu"&'mn . 15_(”0_ chovse @ Noaw MSLC)

@ cwrvelk meni Qd, a5 its Fongent vectw ’Pwu.ﬂ'ia tgeld

i 8=ar+ b, then
ZH v v d}ﬁ/z o[vxh :‘> . )
A prdedx’ e A Dy andugie egestion
der A Toks s (ds - oS
%) 'S inuomd,,

Scanned by CamScanner

e

P



| |

A-gﬂwb ackum: the ackm  S= W\Sdr_ &W oLX: :lti" )"'- This ackion

(m)l& works for the use 3,“; T >0 i  time-Lhe iy?)wb«as

To owiol this difcty | we can use
Solt{ —Lgol(_ —L" M&" N m )

oz dz

“hin Pc includes all frt:)amﬂw.

dxtdw . ' owm=p
QF —S - al_&/,_ /411 0'-1, ol-c + aF'IJ. -

- L q xdx
‘F_ m2 3“}'&-{’;%; . F"-M& ‘n

o />
7 o= myota [q ot dx
ot

Then we want bee g,emias{cs % rejvwduu the Nownds nd Laww.

.15 e %\(nt&fa s weak , we howe Qo X1 = o + I,.T‘,(-()' —
then 3WOa= PV o HYO), Suck Bt '

,'vs

Wi Gty = ('ZW"A—W) ('Z,,uxl- k: ~uA) % JHA - fm“) + ‘1“)‘ =3
Sime we are CmS{owamj a sbeic publem, We have
QO%PV - Dp[f\rﬂj:o

2,4 =1,
Ywe Lok ax A 422 o whee T isthe

pPrperEime. 1, 4o won- velativistic Lok, TE=q > ar

2arM
A% "‘]-’Hd“iﬁ =0
d> o0 dz dg

Scanned by CamScanner



|

Tos= ¥ (udhp + 230, = %%n) I

I

PE, = 19" (303up *+ 00up = 2p3n) = =% 9259, =325,
£> Foozo 1 P._;): '/z.'?,t!'a;_hn= -.--71.'9-11-0‘0 ¥ 5 I/ZV-L“LU'D
Lt £X = ot |2
Sore o GeaTili-
& _ dt _ B
aE S0 D ot S d.t" '-' Vhw@‘)
T= &t -
- _2GM
S ho(x)= 2¢&)=-2
LL“"’ i Edley
— = - ‘g.._..——- ,,() -
G2 = ! Fle 5 % | s
T ' 'oltl__ dx¥ dx¥ _ dxi dax/
r lt” = 3,,,0[%“0(%" =). (-a-;) = gf"’ o Et— -—300'*"2:’)'-3—1‘;2
» X |
= (1- &M
- - &
ol'(__ - 6M - L o (T-v
Vi) T Re T ae )
e l
7 'C:—Sdz _g\d'*g_ =S\d* [l“ ’;CLT—V)}
at
+4)
ol
o Cw)'t—J-,_obé (T-Vv) = 2”“_, S‘dt('T" T 2md?
This is the La*wa’,w tn nom-velagisistic
ik ST =0 __% Hee 84‘.425&.3 satisfies the
Lonst ackim }m'v\aiPle.
|
Scanned by CamScanner



| &
® Growttotioal red shift 0 S, Vs

. v
O Recap the Depplor chiff : o o

Assime the Sowrcee (g ww’mjad: amtuc,i;ty U 4 e W Wﬂg(fm\'o"
then omsider the time (itimrals h:f'twt ewewts ot, omd etc in the
Oberserver amd the Srwrce ffw\e_s. »:f!:%u %(&(g

Since the ‘CW eml-&hsgs Cave ot the Sowrcl | hunee dbg in the prper
time, andl is P Shodtast e
| &'ts = J[... {31 D('fp
#‘tka. time bintrral botiveen "far emitsing A'Es; then ol.wwlj 'H*O wuvep‘e*’g

@ time inthe O- -fyw it;z the smree Trowels o distonce If‘j;f

Henee , the kime interval vecewes| L& the vbserver (¢

Aty = atg .t._l__"_‘.‘—’ti __ﬁatsz .‘iEP.A’t.s
AJ‘..

< Irp - Tip
> Vv,  ats =B \z honw , m‘bﬂem.ce_»ﬂeuwgwa
Ve = o = H'F) Is an»g, awoy vV, < Vs,
> red shift,

Scanned by CamScanner



