IS S &Ksls

wl psle GoISlidls

fb“'*‘“"“m'&"”‘"* ’):6‘9;&)\5:»5%5&&‘_}53

5]
DY S (55558 al
AURTSPRNTIN

solew Lo, S



VJ\JL;:WA}M)ALEQ»
1> 5 518 b e
:Lﬁﬁsfﬁ\:)\mdﬁlb

(""Jgf:“""@;b-ﬁd‘uf;

fﬁ‘-" L]

J\.")‘.) Que‘l.hdj.lm <=L«3)> b C,&Luﬁ

u_.‘;‘j.f«)LAC,Q-MﬂM)JL)JTﬁ C,.‘.BUQ.SA__:UQ-)))

e glada



oo

<

9 o3 du&m|) 9 ol Jbl_> sl Loy S Lgl_ﬂ ‘fla._aUQlﬁL; laly st ! sl s
rj.i_.ma asbOLL ol Gusl g a3 blsa u_gﬂcj_é 55 5 Al S OLGT sbobly ol Ol sls C)L:A 3l
ﬁl.wdojiw Ol s 4 LSS O aos g odules BGsdge ;S B s

‘J‘—"“JS(‘)L:-’ \)QL.ZQLLL“T Jb;@au%hdj‘ﬂ) Lk;—««-“s’ (ﬁ)bl_a_})v\_imwrwl.w)-‘ QL:.. Q\j_? \) Slads

ol 1 K8 Jles byl Slady )



Y] Ol ge
C ................................................................................................................................................................. LAJQZCMAJQJ
C ...................................................................................................................................................................... w)u ﬁv‘&'

et etk ket R ettt ekt b e eae 'VRVPRER
| OO OSSO O OO OSSO OO OO OF TR OO UOROTOOO ple Lo 5l SUS Y-
B e e il a8 ols S¥ales T
B ettt ettt aen LSJJSOJL&.;A&L,&_;)JCLPWQYJL&AJJ{)S f-)
B e ALt 5515 K e V=)
Qe bbbkttt NJ:.ZU)J—M\)LSU:AY—\‘—\
Y et ettt es @méu&;sfﬁcbwsﬁ)tsr-f-\
Y e m@jﬁﬁdgdekﬁ”u%ama-\
Y et £ S o 7)
Y b e (’ch;.,,...;‘_;u&;f‘_;l.? :fjéM
bbb h e h e asdis V=Y



T e et s — 5 SiS g i VY=Y

00 Gl a s ¥-Y
T e e f(R) =18 \-f-¥
YO et S5 563,500 T(R) 61,8 v-¥-v
TV e sV s Sy s T(R) L8 v=y¥-y
T s Sy e il S glaa Jas O-Y
AT OU U OU O T U OT OO E U U OO T U O RO U U U O T O U OU OO OT PO U U UOTOU OO L o Sl sl Lo 7Y
IR 435\9.6?943J’J‘;Jadj;bju&oéwgsuy|f:¢yy3
T oo oo oo oL wodis V=Y
L2 S35 OB 3 Ll Olojlad 55 4Bl el Ol SWslas > YT
T oo oo oo oo oo oo oo e G35 W L3 am,y JKUl 1YY
O oo f(R) 518 &Ko o3 65,5 O Y-Y-Y
B8 e f(R)=R™ Jus & Ly w slaclsr YT
TV st wses F(N) o8 ks Lol oVl > F-Y
1 N f(r)=@+r/d)™ sl in b olis SVsles > 0-Y
O G saashie ulde V-O-Y
F ) e e LSS olis Y-0-F
L\ LSS lie 5 (gt (ganshine 53 sl 5,8 5T
BT e Chedy o Sanshie ulids 55 L0 el jleal Ol a9V -F-Y
FF st OB Sl Slss o o S5 s 4 55 Y-5-Y
723 Gy o V=Y



Sl eslial b f(R) RIS 55 5,8 0l sliab S50 lact s tp5ler Jod

FQ et Cﬁjﬂjf’}l 5,569
R SOOI dodie V=¥
Dt e ettt S35 & 3wl SN 5 Sgs, Y-
O s a=cul > a by glacl Y-
O e e R a G o bys glacl > t-¥
OA oottt SIS S s B SN Sl sl Ol SVsles > O-F
D8 s q K1) V-0-¥
D% eeteeeeeee e A 5l ol S w bg e o> Y-0-F
BT e A =1 oo 25 YO
et Sole &S > y3 5,8 #-F
E s Lo 5555 L shlen V¥
) et O saalsl gl )L@w}d.’wc«} A-¥
8 OO OO OO OSSOSO OSORRROORRI gljo



'O

VO

\V

\A

'4

Y5

v

..................... @)uébuw)):mdlf)bdbﬂ L;)‘waﬂgffgjé)ﬂgfm<\_\>g}§“z

.................................. LAQL:«K.@S)‘ 62‘.)\83 Lg‘j" cjsjﬁj‘il.pbw}jé)\v\ﬂg;&ﬁ)bw (\ _Y)J.ﬁ&

.................... N5V ol s S aS Sl s (V1Y) IS

..................................... Foh Sl sed Gamino ;5 ) 5V Sl gl S s eS o e (V2 F) IS

......... W\ bl sl S 58 oS o e Ol (V 2 0) S

.......................................... whcm'&lﬁjéééwﬁdh)w:f&&)Jwﬂ (Y_N)Jgﬁv

NGC2403 oLiss sl o sdalie oo e (Y2 V) S



A

. %

(V%@Mﬁdﬁﬁajmdwdug}’ﬂ

OV IS o585 el

laosls 5 Slalie 5l (ol oy 53 Laas b op Siiacs a3 51 S5l il ple o 50
g 3 an s ol 05 AL sy ol Lol antlios SleS bl e et 3 2
i b S 0l s Slallas (605 S01 0l lsold bl adar 51 —wlidoleS Clialie 5
S e STl sl OleS S |y i ol ot Slalie laesls ol eidse S 1, 5 LS
-0leS ol S 8,8 s s esl dladl Olae 53 als sy s ol o 5 ) 3L el
Jold b o goalw Pl ol 5 end Sl ple Gl Sl o St 5 S5 S s
oy F(R) (o oy SISl 5l ol Ja i 208 0T 3 08 55 0 a8l s 215 Glags 58
Ol 03 S e il Olpar SO Ol ) an s gladd o s b s al momal lade (ol o e
el el A5 0 555 Dol S e sl 35S 5 S Sl eslinl L Ol ¥alee casliobly
S Sl 6 S Oolime slas S8 Lu lacl s SVslae ool sleslanal Uy el sas 2050 F(R)

sl a.,\AT D) jj&.w‘

(835 ol Koo op 3 SN 3 S (g canw sy Ldd (L am s



Abstract:

Role of Spherically Symmetric Solutions in Modified General Relativity

Amane Shakoury Gill Chalan

Einstein's theory of General Relativity is known as one of the most elegant theories
which has a notable success in interpreting many of cosmological observations and
even predicting cosmological phenomena. However its insufficiency in explaining
some observations such as accelerated expansion of the universe, has caused many
attempts to generalize  this theory in order to achieve a more complete and
sufficient gravitational theory. Recent observational data imply that the current
expansion of the universe is accelerating. There exist several description of this
acceleration. Among them, the simplest one is the introduction of a small positive
Cosmological Constant in the framework of general relativity. A generalization of
this simple modification of general relativity consist in considering modified
gravitational theories, in which the action is described by a function f(R) of Ricci
scalar R. Typically these modified models admit the de Sitter space as a solution. In
this thesis, a Lagrangian approach derivation of the equation of motion for static
spherically symmetric metrics in f(R) modified gravity is presented and using
these equations calculate the most general form of exact solution for Ricci scalar.

Keywords: General relativity, accelerating expansion, Cosmological Constant, modified
gravitational theories, Ricci scalar, de Sitter space, Lagrangian approach, spherically
symmetric metric.
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