=

\<

(e

Q

3L

O

c -
b —hi-: -
cﬂﬁ these
— 6oHmM ]
2 Tk Sars
% C 2 o K Y 5

eS

.o/
[ 4

[

0 ey




i preserved

wg-@:‘ = |
Yie

quall+um

ne.on
on

S o < o -3
R 1 ~. & A pa 1
o~ m ._/ N =
S oS |
- q- .d .m w... |m ”m

= S N AQ
4F 4 S .
z S = V T O
F ST = o0

: S 4

sk -




P
I N o
Q- )
m w . 3 - ——‘
< ad ) o Y
..rW- : tl \ (-4 nv
> — -
) 1 \ — I
- 2 gt} |
o wnw 9 Q- Q- J
S SR
& ¥ = mwﬁ
= ] al| | =)
< \ —
6 =N 1-
m 1 m L : | ) ! N
o X S ' s - an
s e I3 Ty K <
S - 58 = _ %Q < P
£ 9 . oJ Ks) S ~
A W = “ oW { nm
2 = = _ w < 5 o
il ) S~
a S @S = 9 DA B O
=3 = > : S -
als 3 = N« -0
) o T B ( -l
hv N -— L\ m




Pacswords have N bils ol \’nﬁo
Tnlormakion uncertointy — N bie

As = KN

*Black holes  incresse entropy
¥ Endropy Intreage violofeS W itary
Unitan Y

TN A

Ky B | ys = o)l oA






_ml'na.s wh,‘c,h hﬂve A "]'CJV'P
Jflf\ey rodade !

v BH nus+ emi+ porhcdes
S BH's  ode Guamum mechanical 7]

—7
5eCONd Lhk  belween GM & Girowty

¥Black holes ore complicaled Syctem,
and have thermodynapic Propertis.

S~A

Known dack
¥ surface gravﬂ—y K IS a Consh

on & event @
2 '
accelerabion Wiy dg= O dt

ah observer ok oo -(-(T')’AI'L
ak Me  horizon

¥ Enhwpy oF a BH 15 proporkond







Lows © L Bu +hermoadynamicS

ot |aw
AN~

Qu,r—f—ace aravity j(, 5 cons+ent
on the horizen

54+ | aw
V\Nv
dE=RK 4y +047 +Pde
A 7\
W\gudak momehtam
Ind loww
AN\

honzon areo. 5 pon- decrew\oj
= Sen +Ql?wdfa.¢1'on
3rd law

/\/W\

cant Se+ 4o HA=0
by & hnite Number of siop

¥ = r 1+2M In /}"——ZM/
2M




Black fole geometry

M= mass of BH

2= surfaie gravty = acceleraron
wt e horizgy

rS Seeh ost oo
A= Area ot evend hovrizon

2
sehworzschild g 48" rsinBdgd

signature —+++ K
s = ~(1 2 ) ar ‘ﬁ e
N~
Gi= | ,c=1 Yoo
\

Cconvention] arr
on > N,y vV
%yvd'% d’)t

nole.: /

v = 9M Jy_

' ‘nawiari
%o =0 aaordmaz{e Slnjw
%rr:.Do {_,v\d'l-' OJUR!)




|
9 ~
b M
) By e
Q o B Vi 4
D.. M , ¢
3 S 3
\IJ | /
I 6 A\ Dﬂ ) n n.,_
~ 5 D A
s [ { 9 ¢ |w < ‘o
(\ .lr—h )l \ 4
o ﬂ. O 3 ©
= ) L T
H /) o D & S .
| \ (S < QS
. &/ \ = o Q &
“N nq v = a — u D
e ) | 3 Q n
/ ~
.mwAJ \ N rﬂ!v ) Q)
- ) 9o |
pr.w 2 o
- —~ — # W- ..nﬂ
= 5 =




*-Cons
orsider o radial null geodesic
[ >d44)1=0

5 ds*=0
0= —(1-2)de>— (|- 2M
dr

3 Wt
] , ar=_
(g oy

¥ -
ré = 1r +2Mln |lr-2ml
7.M

2M<Lr <o



F* = cons-l:arH: Ta
U
c onstan IMRRAEA

S L=k

2 2 )+
| (l—%‘;"')(—w})

dw = dv —2d¢*

= (17 20) (= (dw-24r)av)t

= ( |__L_£4)dvz—2(|_2-/'f'4)df*dv
r + rdax

_or.
’ (-2



T2 LI Lzm
ds®= — (| _'ZLr)(dV)Z-F(l-__zg 9.

T

+rz2dn*

T ('“_l/?")dvl +2dvadr 4y2dn?

wan+ 40 Show that 301" Cahn Pa‘%
Hrowdh =21
consider r<£2Mm [ d0=0

as i+ i5s & radiaf

Jeodesic]
2drdv - ds? +(u-—-_2_,f,‘7)dvz

= — -dsz'_|. M_i d\lz'
(-4

¥For o limglike tae,cde&)'c dst<yp
= —@05 +PD‘$) <0



a Coor-

2yond
& physical

|
— %’
e » 8
6. | - 2
l_:.u com
— S \ Im S
N v - — .M- 7
N O - C
) ® |y
r ® et o O
- ) ; W\ // ;/ A\
Q < A\
- N m S 3 g
S g 553
C D -
v 8 ® o 3 w} \\ f
) 3
) 3 m..w m
t \ — PuR
M Q \ ‘...nﬂ
a 0.. QD | S




s 2
f
.\Qv ~ -
) -
\~/ T A~
o~ > = ~
. g SLa—= T
| Axuj, .Wa £2 = 1.’
o MN < [ s v
j lw P ~ 7 o
. mYyY < 5
1) 3
alMs.v N \“ -~ -
N W_ \& Y
, Z > UvTr v..w/
= (o ) QU
W .”mg | @
- > o '~
o ] ' .I—G A )
Q £ Tl
+} & = I
.— i - /“- k —
w T >N < I
D ' £ .
.J —— % K \I-
| | _ e
Y. 1
S




U
S
SIS
3 0 8
* G
QO Y
g, S 3
W,r P T N
| - : .S
ﬁ, \ -y M <
A\“ \\ J o w AU
nuu \ 7 o O
v~ w ‘ 5\
3 X Y N K
\ | _‘h . n \N/ . )
— 6 ) vV "V d
m Q. C >
) S \/ \V 4
5 TIET o B
O M .~ )
) —
N




X exdra regions trom oanalyte
continkadion
* lines aF 450 = light rays Snull



ds* =~ (I ?.:'F”.)dudv + rZda?

w=tanu du =geci du”
V =tanv dv =%ecydV

do? =(secusecv)( 4(‘_ )ducﬁ\’

+ r2coicosy

dﬂ?

=L (v-w) =sin(v=x)
2Cogx CosV

ds? = /\7'( dg)’-

i 4(' T )dudv
r , LI
F QR (T-an

If 1 had been compachigmg,
yNin kOWs K



YL L
18 C I T 47 Y A% IS PRV
Cjé;m m — 4 .y LJ‘;é—M L) \
7T 11
| idiniy
2 O L= £
S ~_ K
~/, ﬂ?—- 1m0 To—— \{f. Vo
W=’ 4
~ R
2 F
s — o — ’ 1- ‘ms
V=T [~ A “
ERERE: ‘ indinidy
ST
f¢s | naziee
oS PY (or natisen)




