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D Metric fensor cn 2D.  Gorwider the Xt x-y

plare without any cunatere. Y 45y
@e)"= @x) "+ (cly )™

L,
lhqggxemp %edosmco.can ‘
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Or, i~ matrix frm 3 9 = (:L o The metnc tensor
i ©c 1 ¢ Fnial.

Now: Consicler the. imore. challenging problem — the curved
2D plane on a Sphere. We wse two argles (2 ©)ansthe
Coordinafes and Try To work out the metnc fensor §iy .
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Can be extracled,
— 8 = (/QQSI‘/)Q@ O ) This memc. fensor e non-ni=l.
*‘O O R* C— Louny cut To be qerved .

From The above menc fendor, One Can Compuls. the Comenpordling
Curvature.. But, one needs to Cazmy more math.... A Simpler
(ardl intuitive. ) way lo eshimate. curvatre C o by ’/foaua//e@
trandport” of o constant Lector.
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The curvoture C o defined apd the rebo of
the tidked angle 4! ard the enclosec] area A.

AA+0O

4 Consder o closed contows
onthe gphere of radlius R as shown here..
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Note thal, in principle, C aanbe compeded direckdy fiom 9e; .

@ Metnc tensor in 4D. Now we are readly lo Comyute the
memic fensor 3,,“,; for the 4 dmensiona® Spacetime. Let ws
Start fiom the. inertia® framed, which are relafed by the

12 — AXI:: S AX = %Q(Cdt) Lorentz

Jie S
cat’ = y(cat) — 40 Ax ‘

, - ﬁ faos And, sy'=ay, Az=4az .
Lef wp fry To Cook B “Some%/‘rg" invariant e~ both Jock ard
004 frames. _ (Cﬂtljfl+(Ax,)m= B [B’(cat)— %UAXJQ—
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The an@bra /S Sm‘ghh%’{.a_ﬁlf‘i B fx ax — %)(CN:)]
— (caty s @x'y = = ¥ (1= %) (cat )+ 82 (- & Y @x)™
But 3*(1= U/er) =1, the above relation simplified] 3
= (cat’)aﬂr @x’) =~ ( Cat)9'+ Gy ———

Invanant . @\\ [
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Intrecluce the Spacehme dosterce” dS asthe (Be1irng

@s)"= ~ @dlt)*+ @x Y+ @y) = (atz )"
= — (eay™ @x)* @)+ (@2)"

CQeapr (0/8) > Invarant i botA Jack and
U'Z@s frames. The extracted memc tenxor Guu >

1 oo o i xH= &5 Xixi x2) 4 dimensiona®
o 1 g o "
8 o = (C.‘tJ Xy, 2 ) &,Damhme
e G
o & D & TAe mefnc fensor 13 inertial
frames (s Quite Simple. osoo

I\?%OT Marfing ffom the above Gy, ONe Can derive the
corsfancy of C and thus the [orentz trensBrrahon s

D Corved Spacetime.  The Simple mefric §uu 167 inertial frames
> gone it © the Fame (s QCUeQe/?:u’ms (G+o)
— - @ Graunity & present (§*0).

g*o OK, bodl news. Bud Sindfeinfells
% NS thol You caj\f\of oUS 5w e
| 03] cffecty due o Q (an
: WW@M

Tt (» then tan To consider the Jack and T1Q0 problem cutside
the vent Aonzon of a back holta . Suppose Jack wan m:haQOy
:}h Jack afrf%f‘ and very far away fiom the black
3-,-%% - He s o ap ingrfipl frame ard only

ﬂeeds specal refatior Jid0 ¢o also -G\

aod rest bud Joser (baimﬁcocﬁa;e)to ‘9\
the BH wsith destance ™ a
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The grovitationa® pofentia &=~ F1#0 . Thyy,

JiLQ ne i-e, 1he

SRS Jock andd T2l caury the same clock canoi obServe
#\6 r%f;‘% -hOQI/-B Atl t = (
At <«

HEREE AR

Jochk @ r=> oo Jidke r

We woeld Eihe To Show

the abope time diation.

Here o Enskeind neat trick. Lel Jack falls Reely fm infnr
o thad the effects doe To accel

ancl_ aravity cancel.
Jack remaund i~ the same inenic® Fame and his cloch hcks

at time inferval At. When falling To T10S Locadion, the rekutive
velocity U > met

" § n {,'FFEQ
MY = (i =1
_ \//“U'L/Q?— TR JaC/Q
S PR ] 7|
I-—U}ém c*

Bk fircts T s moving aTSperI U and Conclucles that

Atl://‘_ti%ét-: )At—(/wL )415
Fia m ize thad

e of
o mabka the cbove Claim becawse he (x in the inent7al frame,
On the other hardl, I£ Ji40 TrieaTo compare her At usith
Jockhs Ot, She heeds To wse Gereral) relativity

awmur@

Smilarl,, Jock wnl find the

CP
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The veﬂoodLy frambz%maﬁbh can be derived,

D/_______f,\_;({: (/-FM ___,_.,__(/ 28/\4 }

Appby the obove relation to the spead of Light,
W < C — Gght Slows down

i the 8rawzbhor\a_0 frelol ! Considler two Light beans passing

%c at lifrent distances, Tour > Tin

; / B —\p CO(,d' = C;‘f\ 77\@ Lave. TC)’DO"\-{S' %j-

(m:’?? . defiboted due To velbaty
M

mismareA ¥

Thup, gt Like reffaction, Gghl parding by mosive Slors
wikd get deflected a bit-

TF one sits dbwn and work cut aQ) resubhs from general relativiy,

you wiel get the. r%%wm? ;/Q\S: 2(:&1
2GM ‘
Bl AX
R o (e L
At = = At
L /- 25 When PRy, @' slowsdewnTo O 8
One can Sex that the black holbe

distorts the spocotime Shrangly  So that ¢'=o right at the
cvent honzon uy
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