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[Xy, Xyl =v°, [X),X¢]=0°, [X),X¢]=0°, [X),Xp]=0, [X),Xs]=-X,,
[Xy, Xy] ==Xy, [X), )] =-X\., [X),Xq] =X, [X),X\.]=0¢,
Xy, Xpn]=°, [X), Xy]=Xp, [X),Xyp]=0, [X),X¢]=Xp - X,
[Xy, Xyl =©,  [Xy, Xye] = =Xy, [Xy, Xyl =°,  [Xy, X\\] = —Xj,
[Xy, Xnal =0, [X\, Xyl =0, [Xy,Xn\] =0, [X), Xyy] = Xyy,  [X), Xyy] =0,
[Xy, Xye] =°,  [X), Xyp] =,
[Xy, Xy]=0°, [Xy,X¢]=0, [Xy, Xp]=v°, [Xy,Xp]=-X), [Xy, Xy]=0,
Xy, Xpl =°, [Xy,Xq] =Xy, [Xy, X\o]=°, [Xy,Xn]=0, [Xy, Xyy]=Xs,
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Xy, Xl =v°, [Xy,Xjq]=0°, [Xy,Xy.]=0° [Xy,Xn\] =X\,
[Xy, Xyy] = Xp + Xy + Y Xq + Xy, [Xy, Xyy] =Xy, [Xy, Xye] = Xy,
[Xy, Xva] = Xy,
Xy, Xe] =0o, [Xy, Xpl =0, [Xy, Xp] =Xy, [Xy, Xy] =X,
Xy, Xa] = Xp — Xyy,  [Xy, Xq] =0, [X¢, Xyo] =X, [Xy, Xy] =Xy,
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(X, Xyp] =©,  [Xg, Xyg] =0, [Xe, Xyy]=0, [Xe, Xpl=0, [Xf, Xyq]=0,
[Xe, Xyo] =°,  [Xg, Xn\] =X + Xy + Xy + VX0, [Xe, Xyy] = Xy, [ X, Xyy] = Xy,
[(Xe, Xve] = Xy, [X¢, Xya] = Xyo,
(X Xl =0°, [Xp, Xy]=0, [Xp, Xp]=0°, [Xp, Xq]=0, [Xp Xyo]=0,
(X, Xn]=v°, [Xp, Xyy] =0, [Xp Xiv]=0, [Xp, Xe]l=0, [Xp, X\p] =Xy,
(X Xyg] =Xy, [Xp, Xyy] =aXyy, [Xp, Xyl =—aXys, [Xp, Xya]=—aXyy,
[Xp, Xyo] = —aXyy, [Xp, Xny] =0, [Xp, Xyy]=0, [Xp, Xyy]=0,
[Xa, Xve] = aXye, [Xp, Xyy] = —aXyy,

[Xe, Xy] = =Xy, [Xp, Xp] =—X), [Xe, Xq] =0, [Xp, X\]=0, [Xp, Xy\]=0,
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[(Xe, Xyyl =°,  [Xe, Xyy] =0, [Xg, Xye] = —Xyg, [Xg, Xyp]=v,
[(Xe, Xys] = = Xyg,  [Xe, Xyy] =0, [Xg, Xzl =Xy, [Xg, Xyq] =0,
[(Xs, Xyo| =0, [Xg,Xyy]| =0, [Xg, Xyy]=r0, [Xg, Xyy|= Xyy,

[(Xs, Xye] =°,  [Xp, Xyp]
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Xy, Xp] =v°, [Xy,Xa] =9, [Xy,X\oJ=0, [Xy,Xn]=0, [Xy,X\y]=0,
Xy, Xyl =0, [Xy, Xye] =0o, [Xy,Xyp]l=0, [Xy,Xys]=0, [Xy,Xy]=v0,
Xy, Xl =v°, [Xy, Xyq] =°,[Xy, Xy =0, [Xy, Xn]=X), [Xy,Xyy] =Xy,
[Xy, Xyp] = VXp + Xy + Xq + Xy, [Xy, Xye] = Xyp,  [Xy, Xyp] = X,

[Xp, Xal =9, [Xp, Xy =0,  [Xp, Xn] ==Xy, [X), Xyy] = =Xy,

[Xa Xyl =0, [Xp, Xyel =0, [Xp, Xyl =0, [X), Xys]l=0, [XpXy]=-X,
[Xa Xyal =0, [Xp Xy ==X\, [Xp, Xn] =0, [X)\, Xyy] =0,

[Xa Xyy] = Xvy,  [Xp, Xyel =0, [Xp, Xyp) =0,

[Xa, Xyo] = =Xyo,  [Xq,Xn] =0, [Xq,Xyy]=Xyy, [Xq,Xyv]=0,

[Xq, Xye] = Xyg,  [Xa, Xyp] ==Xy, [Xq, Xys] =0, [Xq, Xy] =0,

[Xa, Xl =0, [Xq,Xyq] =Xy, [Xq,Xyo] =0, [Xq,Xn]=v0,

[Xq, Xyy] = Xyy,  [Xq, Xyy]=°, [Xq,Xye]=°, [Xq,Xyp]=0,
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[Xyo, Xyal =0, [Xhe, Xygl =0, [Xyo, Xyy] ==Xy, [Xye, Xyp]l =0,

[Xyo, Xyal =0, [Xye, Xyo] = =Xy, [Xyo, Xn] =0, [Xyo, Xyy] = Xy,
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Xy, Xy ] = Xyy,  [Xyy, Xyy] =9, [Xyy, Xyy] =0, [Xyy, Xye] =0,
[Xyy, Xya] =°,

Ky, Xael =0, [Xye, Xaal = Xhg, [Xy, Xyp] = Xop, [Xyy, Xyy] = Xy,
Xy, Xoal = X, Xy, Xal = Xha, [Xy, Xyo] = Xye,  [Xyy, Xny] =0,

[Xyy, Xyy] =0, [Xyy, Xyy] =o,  [Xyy, Xyl = Xy, [Xyy, Xyp] = Xvg,
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[Xye, Xaal = =Xy, [Xag Xye] =o,  [Xye, Xy =0o,  [Xyg, Xyy] =0,

[(Xye Xyy] = Xyy,  [Xye, Xyel =0, [Xyg, Xyp] =0,

(X, Xye] =0, [Xya, Xy =0, [Xyn,Xnl=°, [Xy, Xa]=0, [Xy Xy]=0,
X, Xvi] =0, [Xya, Xyy] = Xye,  [Xyg, Xyyl =0, [Xyp, Xy =0,
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[(Xys, Xyy] =o,  [Xye, Xy = Xve,  [Xys, Xye] =0, [Xyp, Xyp] =,
Xy, Xl =9, Xy, Xal=0 [Xyv, Xy ] =0, [Xyy,Xy\] = Xy,
Xy, Xyy] =o,  [Xyy, Xye] =°,  [Xyy, Xyl =0, [Xyy, Xyp] =,
X, Xaal =0, [X\, Xyl =0, [X\,Xnl=°, [X\\, Xyy] =0,
(X Xyr] = Xy, [Xa, Xve] =0, [Xyg, Xya =,

[Xyq, Xyo] =0, [Xyq,Xny] =0, [Xyq, Xyy] = Xyy, [Xyq, Xyy] =0,
[Xyq, Xye] =0, [Xyq, Xyp] =0,

(Xyo, Xyy] = Xyy,  [Xyo, Xyy] =0, [Xyo, Xyy] =0,  [Xy., Xye] =©,
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[(Xyy, Xye] =0, [Xyy, Xyp] =,

[Xye, Xyp] = ©.
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exp(eXy) (s, t,x,y,2) = (s, t,x,es + y, 2),
exp(eXy)(s,t,z,y,2) = (s, t,x,e +y, 2),
exp(eXy)(s,t,z,y,2) = (s,t,z,y,e5 + 2),
exp(eX¢)(s,t,z,y,2) = (s,t,x,y,€ + 2),
exp(eXy)(s,t,z,y,2) = (s,e + t,z,y, 2),
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€ —at —at
yexp{/ \f‘;eatdu},zexp{/ T du}.



PY Jocn) So e sLS030655 (s 6,

25 laed ol asl Jacs, G 030955 S e(s) = (¢(s), 2(s), y $)) S ol oo
raib o oy, “—i-’)-*-" “—iﬂ)%-’) So «51‘*"”

c(s) = (t(s), x(s),e5 + y(s), 2(s)),
c(s) = (t(s), z(s),e + y(s), 2(s))
c(s) = (t(s), x(s),y(s), €5 + 2(s))
c(s) = (t(s),z(s),y(s), € + 2(s))
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os) = (t(s), 2(s), y(s), 2(s) + ex(s)e” )

() =t )y —(a\zJE\Jf)z)) \ —y(a\;(\i)z)) \ —(a\;(\i)i)))

s 2(vrm) V(iew) ()

S AR ey e ] e e s o
ols) = (57 x(\\fﬁ))’ y(\\fﬁ)) T am) e Z(\\fzsi)))’

¢ ze™t z(sexp{— [ xeueat du})
C(S) = (t(s exp{—/ ﬁ du}) — :
° e \ - EZL‘(S exp{— [7 {22 du})e at(sexp{— [ ¥ 57 du})

Y—ueat
y(sexp{— / Y ueat — du}) exp{/ Y ueat ueat du},
z(sexp{— / T eat — du}) exp{/ Y ueat ;du}),




o oley —Lad #f

€ ge ot

€ ge ot z(sexp{— [ " du
C(S):(t(sexp{—[ —— du}), (s exp{— | Y—ue 1)

\ —ue—ot

e—at

\ —ex(sexp{— [ ze— o du})e*at(sexp{*ff ety du})

o V—ye—ot

° ge ™ e pe—ot
y(SeXP{—[ \_ue_atdu})exp{[ mdu}’

€ —at € —at
Z(S exp{— \Z % dU}) exp{[ L du})

Y\ — ue—at

G Ao oSy 50955 Loy )5 Lags ool adgh (60l - SG 09,5 4 az i b cnl Ly
20538 o 1800, YO ol 51 (S50 ois I Clg o s cainls



&0

AYAR i ¢ gl ol o S ool oKl ol Lactsl ¥ e duiinds ” el s [1]

2]

G. W. Blumnan, A.F. Cheviakon and S. C. Anco, Applicatins of Symmetry
Methods to Partial Differential Equations, Springer, New York (2002).

S. R. Hejazi, ” Lie group analysis, Hamiltonian equations and conservation laws of
Born-Infeld equation” Asian-European Journal of Mathematics , 7(3) (2014)
1450040 (19 pages).

S. R. Hejazi and E. Lashkarian, ” On the structure of conservation laws of (3+1)-
dimensional wawe equation” Arab Journal of Mathematical Sciences, 24 (2)

(2018) 199-224.

S. R. Hejazi, A. Naderifard and S. Rashidi, ” Conservation laws and similarity
reduction of Zoomeron equation ” Vestnik KRAUNC. Fiz-Mat. Nauki, 14 (3)
(2016) 7-13.

P. E. Hydon, "Equivalence, Invariar and Symmetry”, Cambridge University

press, Cambridge 1995.

N. H. Ibragimov, A. V. Aksenov, V. A. Baikov, V. A. Chugunov, R. K. Gazizov
and A. G. Meshkov, "CRC handbook of Lie group analysis of differential
equation, Applications in engineering and plysical sciences”, 2, Boca Raton:

CRC press, 1995.
J. M. Lee, "Introduction to Smooth Manifolds”, Springer, New York, 2013.

J. M. Lee, "Reimmanian Manifolds, an Introduction to Currature”, Spriger,

New York, 2000.

P. J. Olver, ”Applicatins of Lie groups to differential equation” , Springer
(2000).

F0



el £7

[11] P. J. Olver, "Equivalence, Invariat and Symmetry”, Combridge University

press, Cambridge 1995.

[12] C. W. Misner, K. S. Thorne and J. A. Wheeler, "Gravitation”, W. H. Freeman
and company, USA, 1973.









Gm,,lﬁ‘ & ‘Sw)lé 4.0[303"9

670 ) 811011 13 0 P J Las
linear CONMECHION « v v v v v vttt ittt ettt et iinneseeeannnneeenns L;'a:> J Lasl
PrOlON@ation. « v v v v ittt ittt it e it e e e e e e slacs!
00800 T3 =3 o) O J.A:g‘
L= 8T 3 8 L Tl 0 ) u...:Lo.o )b).;
L1103 o AP ooy
6 001 8130 ) e
2T b
D817 o) 3 é.gL:
L7117 ) B 5.w.>l.’
COOTAINALE . « v v v e ettt ettt et eeeeeeeneeeneeennenaneseneeenns gs:ta.«m < )L>
polynomial « . oo v it e e e e Lg‘c\.l.c..'? RV
100101 0 /0 R Ay >
determinant. « oo oo vt ittt i i i i i i e e e e ul-~° BN
) OB g0
OB (S0 00T) Y 1<) ¢ N P ROWILRTVPLEIN
regular submanifold. . ..cooii i Q.E...n acee )
Y0030 T<) =3 0o O ).o.;l.w
6415 10 ) 0 J-o&
infinitesimal group action.........cooiiiiiii i «_i>95 WLQJ@ g )f J-o&
tOPOlOZICAl SPACE « v v v vttt e e e e e L;" 3 9.| LYy slas
L7072 =] oYY J.olf 6[..55
JEE SPACE ¢ it e it i e e e e o (_gl..é.é
BANZENT SPACE « v v vttt i it i i i i i i et e e u.uLo.o LgL.é:_é

Hausdortl Space . « « v v v i i ittt it e ) 3&.»4&0 slas



DURALE L « v ettt et e e SIS
vector bundle . .. ..o e Slop NS
Aual bundle . . v vv et O 90 O
tangent bundle . ... oo i e e e ‘Swl.o.n OIS
L GrOUP e v v v v vttt ettt e ‘_J g )f
3 10100 T p.]
Riemannian metric . .. oo v vt . @Lw ) SO Yoo
dependent variable. . . oottt e e et e, M Joese
partial differential equation.........coviiiiiiiiiiinn.. P J SO JE-TRGA 'Y PN
ordinary differential equation . ........cooiiiiiiiii, ‘; PONPIN DU TR 'Y P9
determining eqUAtIoNS « « v v vt vttt e e et ettt e e dastive SYoleo
manifold « v v v e e e Moo
vector fleld . . o e v i i e Lg)‘o).g Q‘A,,.a

53108 1070 )1 4 SN )|5.Q.®



2 ab
2 < alg,S
DURALE L « v e et et SIS
COMPIELE « + v v ettt ettt e ettt et Jol5
08181 <Y Ko
COUNECHION & v v v vt ettt ittt ettt iineeaneaneenaeeaneenaeennnenns JLm‘
COVATIAME « ¢ v v i i i i i i ittt ittt ittt e ul-’ )‘ 95
covariant derivative. . ..o v e e ob )‘ 55 Gudeo
cristoffel. . oo e e JB [ o) ;
AefinItion « v v v vt e e e e x5
AEtEIMMAIE ¢+« v o vt et e ettt ettt et e Ol 30
diffeOmOTPhISII « « v v v vttt e e e e e e M 190 g5
6 BB B0 TS3 T o) ey
QUAL L e et e et e e e e OB g0
T L= 10 ) o c.g'.}’
HausdorfI space. « oo v v vt iiiiii it i i it - ) 9ML® 6L,z=é
10 £=31010 1) ‘S:Lu'b
1000001 =3 10) 1 EP O ).a,ﬂ
ST = 0 T < o le..é.é
local coordinate « v oo v vttt ittt et e e e IV Slasses
locally Euclidean . .« oo v v oo i iii it it it G.m.\..ls‘ l.x»ég.o
polynomial « oo v it e e e e 6141.0@
submanifold . . oottt i e i e e acee )



oylb 4 a5 asbiosly VY

578 80001011 B) )LES
topological SPACE « v v v v it e e e e e e é.o 3 5J RP le..é.é
78110 ) B 9““‘L‘
total derivative . v v v v e ettt i e e J.clf o
L7 1721 =] o Y=< S J.clf LSLé’-é

Y61 70 ) a1 (e Lg)‘o).g Q‘A,,..o






A lod

Y e omsS s Yo yulb]

O ed ady)S A Sgaes

O ¢ gwloo GBS Yoy ]
Y5 (mdge S YA (ol
14 eg)S VY gl

W dme

V (a3 g0 g

Fobalice )

Vool

Y pgo 55 sl lels

Y owlow glad

FY ( Jol5 slas

7 pacasY oucld

A coalicse )3 usSae b anis
A doalace o as) auad
VYW oloy Soe

Y cawly slo s

) (oS gieo

¥ alace

Vgl (b9
Presylon ol

YA o4l

Y cales

\ C&_é)sdwoLQs
Y ‘)‘9’°‘°
\A



Aabstract

The present thesis is organized in four sections. In the first section some basic and
fundamental concepts of the geometry of manifolds such as vector feilds, tangent spaces,
tansors, differential forms, Lie groups and etc. are introduced. Second section is devoted
to some Riemannian geometry concepts like connections, geodesics and etc. Infinitesimal
invariance, system of differential equations, symmetry and symmetry analysis are men-
tioned in section three. Finally the main topic of this thesis i.e., the classification of

Rindler geodesics are coming in section four.

Key Words: vector feilds, Lie groups, Reiemmanian manifolds, Minkowski space, pro-

longation, Rindler space.time.
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