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Py XV =l +yl+t5 s XIF] =t +yf X[0] =t +af X[F] =~y +a5
sped b Ll J &S Jgazr asly

> with(PDETools) :

> with(Dif ferentialGeometry) :
> with(Tools) :

> with(LieAlgebras) :

> DGsetup([t,x,y,u], M);
X[\] := eval DG(Dy);
X[Y] := eval DG(Dy);
> X[\"] eval DG(Dy):;
> X[¥] := eval DG(—y * Dy + x * D,);
> X[0] := eval DG(t x Dy + x * Dy);
> X[¥] := eval DG(t * Dy + y x Dy);
> X[V] := eval DG(x * Dy + t x Dy + y * Dy);

> Gamma = eval DG([X[\], X[Y], X[¥], X[¥], X[0], X[%], X [V]])
> L\ := LieAlgebraData(Gamma, Alg\);

> DGsetup(L\,verbose);

> MultiplicationT able();

> MultiplicationTable(” LieTable”);
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> with(PDEtools) :
SO =1, ef;
SV] = [, ];

> SV = [(a"), °];
G[¥] := InfinitesimalGenerator(S[\], u(x), prolongation = \, expanded);
G[B] := InfinitesimalGenerator(S[Y],u(x), prolongation = \, expanded);
G[F] := InfinitesimalGenerator(S[Y],u(x), prolongation = \, expanded);
> G[V] = InfinitesimalGenerator(S|[\],u(zx), prolongation = Y, expanded);
G[A] := InfinitesimalGenerator(S[Y], u(x), prolongation =Y, expanded);
G[A] := InfinitesimalGenerator(S[Y], u(x), prolongation =Y, expanded);
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>ode =Y xxxdif f(u(x),z) * (\ + sqrt(x)) = u(z);
> dsolve(ode);
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> pde :=dif f(u(t,z),t) — (a/x) * dif f(u(t,x),z) + axdif f(u(t,z),z,x);
> pdsolve(pde);

daly yo Jlo yob 4 catiis dnlone JB 548 deli o U el ja00 dlolee SO sl oyl
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> with(PDEtools);
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> declare(u(x,t));

S U :=diff table(u(z,t));

> PDE := U_[t] —Ulz,z,z] — U[] * Ulz];
> DetSys := DeterminingPDE(PDE);
> pdsolve(DetSys);
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f(x){ Ug + Uy —V = 0°

Vp — Vg — U = ©

> with(PDEtools) :

> declare((u,v)(z,t), (xi, eta)(x, t, u,v));

> DepVars := [u,v](x,t);

> U,V = diff_table(u(x, t),dif f table(v(x,t));
> eq) = Ult] + Ulz] = V[] = °; -

> eqY = VI[t] = V[z] = U[] = °;

> PDESY S := [eq), eqY];

> DetSys := DeterminingPDE(PDESY S);

> pdsolve(DetSys);

> G := Infinitesimals(PDESY S);
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> with(PDZEtools) :
> S\ = [~u, z];
> pde[\] := —uxdif f(H(x,u),z) + xxdif f(H(z,u),u);
> pdsolve(pde[\]);

> G := InfinitesimalGenerator(S[\], u(z), prolongation = \, expanded);

> pdelY] = —uxdif f(H(z,u,ulx]),x) +x*dif f(H(z,u,u[z]),u)
+(ula]" +1) xdif f(H (w,u, ulz]), ula));

> pdsolve(pde[Y]);

‘0)95 u)bd.u MLz.o AP
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> with(PDEtools, InvariantTrans formation, ChangeSymmetry);
> with(SimilarityTrans formation, In finitesimalGenerator);

> 8 =[ xil\] = \,_xi[Y] = o, eta[)] = °};

> InvariantTrans formation(S, u(x,t),v(r, s));

> ITR, TR := SimilarityTrans formation(S, u(x,t),v(r, s));

> 8 =[ xil\] = 0,_aci[Y] =\, eta[\] = °];

> InvariantTrans formation(S, u(x,t),v(r, s));

> ITR, TR := SimilarityTrans formation(S, u(x,t),v(r, s));

> S =] xi\] =t, wzi]Y] ==, eta]\]=-];

> Invar?antTrans}ormation(g’, u(z,t),v(r,s));

> ITR, TR := SimilarityTrans formation(S, u(x,t),v(r, s));
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> with(PDEtools);

>PDE =\ =diff(u(z,t),t)") « dif f(u(z,t), z,z)
+Y sw dif f(u(z,t), )« dif f(u(x,t),t) « dif f(u(z,t),z,t)
_(\ - diff(u(x,t),x)v) wdif flu(z,t),t,t) = o3

> tr o= {t = r,u(z, t) = o(r),@ = s}
> S\ := dchange(tr, PDE) :

> simplify(SV);

> tr = {u(x,t) = o(r),@ = r,t = s};
> SY := dchange(tr, PDE) :

> simpli fy(SY);

> tro={t = V)Y * (exp(s)” +1)/exp(s),z = V)Y x (=1 + exp(s)") Jexp(s), u(z, t) = v(r)};

> SY := dchange(tr, PDE) :
> simpli fy(SY);

Joo SIS b S0 gy Vol )LP
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> with(plots) :
> am’mate\“d(arctanh (sqrt((yv +a - tY)/(a?Y))),

r=\VxPi.¥*Pi,y=\+«Pi.¥X*xPi,t =Y x Pi.¥ % Pi,

ares = boxed, axis|\,Y] = [mode = log], coords = spherical);
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> plot\”d(tv +a2  t=-Y.X, 2 =-Y.Y, grid = [Yoo, Yoo]);

> plot\”d(sin(m) xx,x =Y % Pi.Y * Pi,y = —\..\,
ares = boxed, axis[),Y] = [mode = log], title =" SinenGraph”);

> am’mate\”d(cos(t x ) * sin(txy), v = —Pi..Pi,y = —Pi..Pi,t = \..Y);
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> with(PDEtools) -

> SV = [0, 0, ul;

> Pde :=dif f(U(t,y).t,t) — dif f(U(t,y),y,y);
> pdsolve(pde);

> G[\] := InfinitesimalGenerator(S[\],u(y,t), prolongation =\, expanded);

> pde[V] =uxdif f(H(y,t,u,u),vY),u)
+oY xdif f(H(y, t,u,u),vY),0)) +u) «dif f(H(y, t,u,u),vY),u));

> pdsolve(pde[\]);
> G[Y] := InfinitesimalGenerator(S[\],u(y,t), prolongation = Y, expanded);

S Ol 3l 68 JISG g 655 i IY)P
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Yty
>p[\] = dif f (log((y —t)/(y + t))w);

> simpli fy(p[\]);

> p[¥] = int(\/sqrt(y" +y),y):

> simplify(p[Y]);



S Slyles 31 MY (wgSmo 9 WY oo IYL)LP

o5 b g LY (hos (gmz O)le 2 51 BleS g0 with(MTM) 7253 Sls>1,3 L
el 00 |):?| (

\
s—AV)x(A+s0/M)

> with(MTM) :
> laplace(t sin(t));

) Y /M),
> ilaplace(V/(—A" +s)x (A +s ));

o 38 Sl yauo OYolro slo oy, VFL).F

with(JetCalculus) g with(Tools) § with(Dif ferentialGeometry) sl =SS ‘3‘59‘)3 L
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> with(Dif ferentialGeometry) -

> with(Tools) :

> with(JetCaleulus);

> DGsetup([z, 1], [u], M,Y);

>eq = u[V,Y] = Y suf]* ()’ —u]]" *«u),\];

> v 1= eval DG(wio (z, t, u])) * Dy + phio (w, £, ul]) * Dy + etas (z, £, uf)) * Dyp)
> oY := Prolong(v,Y);

> EQ := LieDerivative(vY, eq);

> solve(eq,ulY,Y]);

> subs(u[Y,Y] =/, EQ) -

> EQ = expand(].);
> coef fs(EQ,u),\]) :
> map(coef f5,/.,u),Y]) :
> map(coef fs,7.,u[Y]) :
> sys := map(coef fs,7].,ul\]);
> sol := pdsolve(sys);
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>w o= evalDG(((_C’\” —i—_C’\C) * T +_CT) * Dy + (_C\” *t—i—_C\) * Dy
+(ul % (_C¥)) * Dy )

> wY := Prolong(w,Y);

> eq = ulV,Y] =Y s ul] * (@) —ul]" «ul), ] + epsilon  ulY];
> H :=\/epsilon * (LieDerivative(wY , eq));

> solve(eq,ulY,Y]);

> subs(ulY,Y] =7, H) :

> H := expand(].);

> H =4 Y xulY];

> v = eval DG (xi) (z,t,u]]) * Dy + phi\(z,t,u[]) * Dy 4 eta) (z,t, u[]) * Dyy);
> oY := Prolong(v,Y);

> eqi=u[V,Y] =Y s uf]* @) —u]" «u),\];

> EQ := LieDerivative(vY, eq):

> solve(eq,ulY,Y]);

> subs(ulY,Y] =7, EQ) :

> EQ := expand(].) + H;

> coef fs(EQ,ul),\]) :

> map(coef fs,7.,ul),Y]) :

> map(coef fs,7.,ulY]) :

> sys := map(coef fs,7.,ul\]);

> sol := pdsolve(sys);

JISSS! Jole 0,5 o VD.)LF
olea b JILSs!l Jole ool a8 cnl p3Y sl yas dolee & JBs 5 Lo dloes 51 L3
dwle pogdle bd (650w 05 L L0gd dwlire ;o5 Jusl o dloles gl A col s

> with(PDZEtools) :

>U :=diff table(u(z,t)) :
> declare(Uﬁ);

> pde[\] := Ult] — Ulz, z] = o;
> Fuler(pde[\]);

> ConservedCurrents(pde[\]);



> IntegratingFactors(pde[\]);

> IntegratingFactors(pde[\], type = polynomial, split = false);

> IntegratingFactors(pde[\], mu = f(U[a:], Ult]));

> Jlalpha] := ConservedCurrents(pde|) ] fU[z],U[t));

F @, UL, UL, Ul )

> Jlalpha) = ConservedC’urrents(pde[\], J = f(z,U]),Ulz],Ult, t]));

> IntegratingFactors(pde[],
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> with(Dif ferentialGeometry) : with(Tools) : with(JetCalculus) :
> DGsetup(|z,t], [u], M,Y) : PDE = u[Y] — u[),\];

> DFE := Dif ferential EquationData([PDE)], [u[Y]]) :

> DE\ := Prolong(DE,Y) :

> iota := Trans formation(DEY) :

> alias(Lambda = Lambda(x,t,ul])) :

> Euler Lagrange(Lambda x PDE) : op(7.) :

> Pullback(iota,’.) : expand(/.) :

> sys := coef fs(/o, [ulN],u[V, V], u[V, ,V]]);

> \ := pdsolve(sys);

> alias(PY = P\(z,u[],u[\],u[),V])) : alias(PY = PY (z,u[],u[\],u[\,])) :
> TotalDif f(PY, ) + TotalDif f(PY,t) — (\) x PDE :

> coef fs(/, [u]V, Y], ulY, Y], ulN, VN, ul), V, Y], ), Y, Y], Y, Y, Y]));
> pdsolve(.);

Sl doles W8
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> with(Dif ferentialGeometry) :
> with(JetCalculus) :

> with(Tools) :

> DGsetup(|z,t], [u, U], J,0);

> EQ :=ulY] —u),\];

> R:=U[Y]|-UNM,\;

> D\ :=S— > TotalDif f(S, x);
> DY := S— > Total Dif f(S,t);

> BULER:=  S—>diff(S,U[]) — D\(dif f(S,U]N])) — DY (dif f(S,U[Y]))
+DN(DN(dif £(S,UNN]))) + DY (DY (dif £(S, U[Y,Y])));

> alias(Lambda = Lambda(x,t,U[]));
> EULER(Lambda x R);

> subs(Lambda = U[],’.);

> simpli fy(/.);
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> read(”C' : /Users/lotus/Downloads/Desktop/ fracsym/ASPv§.#.X.mpl”) :

> with(ASP) :

> with(desolv) :

> read(”C' : /Users/lotus/Downloads/Desktop/ fracsym/FracSym.v\. \¥. tat”) :
> with(FracSym) : Rfracdsz(u(ac, t),t, alpha);

> Rfracdif f (u(x, )& x v(x,t),t, alpha);
> Rfracdif f (v(z, t)& * u(z,t),t, alpha);
) v, 1),1,Y);
y),z,Y);

?

&
& xv

> Rfracdsz( (m, t
> Total D (m T,y

7':1:‘7 Y
> evalTotalD(r/. ], )



> fde) = Rfracdiff(u(az, t),t, alpha) = (diff(u(a:, t), $)Y) * h(u(m, t))
—|—k:(u(1:, t)) * dsz(u(x, t),x, x);

> detegs := fracDet([fde)], [u), [1,1], Y, alpha = °\..Y);

> sol\ := pdesolv (expand(deteqs[\][\]), deteqs[\][Y], deteqs[\][ﬂ);
> subs(sol\[Y], detegs[\][Y]);

> solY¥ = pdesolv(expand(deteqs[ 1)), deteqs[Y][‘"Ldeteqs[\’][ﬂ);
> subs(solY Y], detegs[Y][Y]);

> solY := pdesolv (e:cpand(deteqs[\“ 1), detegs V][], deteqs[\"][ﬂ);
> subs(solY'[V], detegs[Y][Y]);

> detegs = fracDet([fde)], [u], [z,t],Y,alpha = Y);

> 50lVY := pdesolv (ewpand(deteqs[\]), detegs|Y], deteqs[\c]);

> fdeY := Rfracdif f (u(z,t),t, alpha) = (dif f(u(z,t), $)Y) s (b* u(z, t)(b—\))
—l—(u(x, t)b) xdiff (u(x, t),x, x);

> detegqsY = fmcDet([ fdeY ], [u], [z,t],Y, alpha = °/\. Y)

> s0lY\ := pdesolv <ea:pand(deteqs\’[\][ ]) detequ[\][\”],deteqsﬂﬂ[ﬂ);
> subs (sol\'\ V], deteqsY[\] [Y]);

> 50IYY := pdesolv (expand(deteqsv [Y1[\]), deteqsY [Y][V], detegsY [Y][ﬂ);
> subs(solYY[Y], deteqsY[Y][Y]);

> fdeY = Rfracdiff(u(a:,t),t,alpha) = (diff(u(x,t),:n)v) * (e;vp(u))
+(exp(u)) * alsz(u(a:7 t),, :1:);

> deteqsY := fracDet([fdeﬂ, [u], [x,t],Y, alpha = 0/\..Y) :
> s0lY := pdesolv (expand(deteqs\”[\][\]), deteqsvm[\”],deteqs\”[\][ﬂ);
> subs(solY V], deteqsY'[V][V]);
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1: Noora Habibi, Elham Lashkarian, Elham Dastranj , S. Reza Hejazi.

Lie symmetry analysis, conservation laws and numerical approximations of time-fractional
Fokker—Planck equations for special stochastic process in foreign exchange markets
Physica A: Statistical Mechanics and Its Applications, 513(2019) 750-766.

Abstract. In this paper the transition joint probability density function of the solution of the
Ornstein—Uhlenbeck process is presented by a deterministic parabolic time-fractional PDE (FPDE),
named time-fractional Fokker—Planck equation. The article generally is divided to two parts: the-
oretical and approximated analysis. In the theoretical sections Lie group method and invariant
subspace method are applied for finding exact solutions and conservation laws of the considered
equation. In the next part, by Chebyshev wavelets’s method the numerical solutions are driven.
Then the usefulness of this approximated method is comparing with the exact solutions by some

plotted graphs.

2: Elham Lashkarian, S. Reza Hejazi, Noora Habibi, Ahmad Motamednezhad.

Symmetry properties, conservation laws, reduction and numerical approximations of time-
fractional cylindrical-Burgers equation

Communications in Nonlinear Science and Numerical Simulation, 67(2019) 176-191.
Abstract.In this paper the Lie group analysis of the time-fractional cylindrical Burgers equation
(time-FCB), which is a fundamental PDE occurring in various areas of applied mathematics, such
as fluid mechanics, non-linear acoustics, gas dynamics, traffic flow and etc. is given. For this
purpose the Riemann—Liouville derivative is used to implement the Lie algorithm for finding the
symmetry operators. A reduced form of the equation is given by using the similarity variables
obtained from a symmetry and Erdelyi—-Kober operator. In the next step conservation laws are de-
rived via a generalization of Noether’s theorem. Finally the Chebyshev wavelets for time-fractional

differential equations (FDEs) is applied for solving the considered equation.

3: Elham Lashkarian S. Reza Hejazi.
Exact solutions of the time fractional nonlinear Schriodinger equation with two different
methods
Mathematical Methods in the Applied Sciences, 41(7)(2018) 2664-2672.
Abstract. In the present paper, exact solutions of fractional nonlinear Schrédinger equations
have been derived by using two methods: Lie group analysis and invariant subspace method via
Riemann-Liouvill derivative. In the sense of Lie point symmetry analysis method, all of the sym-

metries of the Schrodinger equations are obtained, and these operators are applied to find corre-



sponding solutions. In one case, we show that Schrédinger equation can be reduced to an equation
that is related to the Erdelyi-Kober functional derivative. The invariant subspacemethod for con-

structing exact solutions is presented for considered equations.

4: Elham Lashkarian, S. Reza Hejazi, Elham Dastran;.

Conservation laws of (3 4+ «)-dimensional time-fractional diffusion equation

Computers and Mathematics with Applications, 75(3)(2018) 740-754.

Abstract. The concept of Lie—Backlund symmetry plays a fundamental role in applied mathe-
matics. It is clear that in order to find conservation laws for a given partial differential equations
(PDEs) or fractional differential equations (FDEs) by using Lagrangian function, firstly, we need
to obtain the symmetries of the considered equation. Fractional derivation is an efficient tool for
interpretation of mathematical methods. Many applications of fractional calculus can be found
in various fields of sciences as physics (classic, quantum mechanics and thermodynamics), bi-
ology, economics, engineering and etc. So in this paper, we present some effective application
of fractional derivatives such as fractional symmetries and fractional conservation laws by frac-
tional calculations. In the sequel, we obtain our results in order to find conservation laws of the

time-fractional equation in some special cases.

5: S. Reza Hejazi, Soleiman Hosseinpour, Elham Lashkarian.

Approximate symmetries, conservation laws and numerical solutions a class of perturbed
Linear Wave type system.

Quaestiones Mathematicae, DOI: 10.2989/16073606.2018.1538062, Accepted.

Abstract. The present work considers the Lie group analysis of a system of linear wave type per-
turbed systems. The methodology is based on finding approximate symmetry operators of a given
system. Approximate conservation laws are found via an approximate version of Noether’s theo-
rem. This is based on the modified Noether’s method provided by Ibragimov. Finally a numerical

method is applied to solve the considered system.

6: Elham Lashkarian, S. Reza Hejazi.
Group analysis of the time fractional generalized diffusion equation
Physica A: Statistical Mechanics and Its Applications, 479(2017) 572-579.
Abstract. This paper is concerned with the time fractional derivatives (Riemann—Liouville) of
non-linear anomalous diffusion equation. Using Lie symmetry method, we show this equation can
be reduced to Erdelyi—Kober fractional derivatives type. Then all of the symmetry vector fields

and some exact solutions of our time fractional non-linear equation are obtained.



7: Elham Lashkarian, Elaheh Saberi and S. Reza Hejazi.
Symmetry reductions and exact solutions for a class of nonlinear PDEs.
Asian-European J. Mathematics, 9(2)(2015), 1650061 (11 pages).
Abstract. This paper uses Lie symmetry group method to study a special kind of PDE. By using
the Lie symmetry analysis, all of the geometric vector fields of the equation are obtained; the sym-
metry reductions are also presented. Some new nonlinear wave solutions, involving differentiable

arbitrary functions are obtained.

8: Flham Lashkarian, S. Reza Hejazi.
Polynomial and non-polynomial solutions set for wave equation using Lie point symmetries
Computational Methods for Differential Equations, 4(4)(2016) 298-308.
Abstract. This paper obtains the exact solutions of the wave equation as a second-order par- tial
differential equation (PDE). We are going to calculate polynomial and non-polynomial exact so-
lutions by using Lie point symmetry. We demonstrate the generation of such polynomial through
the medium of the group theoretical properties of the equation. A generalized procedure for poly-

nomial solution is presented and this extended to the construction of related polynomials.

9: Elham Lashkarian, S. Reza Hejazi.

Exact solutions of a linear fractional partial differential equation via characteristics method
Computational Methods for Differential Equations, 6(1)(2018) 12-18.

Abstract.In recent years, many methods have been studied for solving differential equations of
fractional order, such as Lie group method, invariant subspace method and numerical methods,
[1, 2, 3, 4]. Among this, the method of characteristics is an efficient and practical method for
solving linear fractional differential equations (FDEs) of multi-order. In this paper we apply this
method for solving a family of linear (2 + 1)-dimensional fractional differential equations (FDEs)

of multi-order « ,3 and ~.

10: S. Reza Hejazi and Elham Lashkarian.
Conservation laws and symmetry analysis of (1+1)-dimensional Sawada-Kotera equation.
Bulletin KRASEC. Physical and Mathematical Sciences, 19(3)(2017) 10-19.
Abstract. The paper addresses an extended (1+1)-dimensional Sawada-Kotera (SK) equation. The
Lie symmetry analysis leads to many plethora of solutions to the equation. The non-linear self-
adjointness condition for the SK equation established and subsequently used to construct simplified
independent conserved vectors. In particular, we also get conservation laws of the equation with

the corresponding Lie symmetry.



11: S. Reza Hejazi and Elham Lashkarian.

On The Structure of Conservation Laws of (3+1)-dimensional Wave Equation.

Arab Journal of Mathematical Sciences, 24(2)(2018) 199-224.

Abstract. In this paper, a (3+1)-dimensional wave equation is studied from the point of view
of Lie’s theory in partial differential equations including conservation laws.The symmetry opera-
tors is determined to find the reduced form of the considered equation. The non-local conservation
theorems and multipliers approach are performed on the (3+1)-dimensional wave equation. We ob-
tain conservation laws by using five methods, such as direct method, Noether’s method, extended
Noether’s method, Ibragimov’s method; and finally we can derive infitely many conservation laws
from a known conservation law viewed as the last method. We also derive some exact solutions

using some conservation laws [5].

12: Elham Lashkarian, S. Reza Hejazi.
Conservation laws and Lie symmetry approach for perturbed differential equations.
49th Annual Iranian mathematics conferences, University of Science and Technology, August 23-
26 (2018).
Abstract. The paper considers on symmetry analysis of perturbed differential equations in order
to find conservation laws of a given system. This is based on constructing approximate symmetries

for finding approximate conservation laws via a modified version of Noether’s theorem.

13: Elham Lashkarian, S. Reza Hejazi.
Exact solutions of the time fractional nonlinear difiusion equation via invariant subspace
method.
48th Annual Iranian Mathematics Conference, Bu-Ali Sina University, August 22-25 (2017).
Abstract. In this paper, the invariant subspace method for finding exact solutions of time fractional
differential equations (FDEs) is analyzed. Then, we applied this method to find some exact solution

for the (3+1)- dimensional time fractional diffusion equation.

14: Elham Lashkarian , Elaheh Saberi, S. Reza Hejazi.
Classification of n-th order ODEs under a given symmetry group.
13th International Seminar on Differential Equations, Dynamical System and Applications, Isfa-
han University of Technology, July 13-15 (2016).
Abstract. Classification of n-th order ordinary differential equations via a group of symmetries is
studied. The method of finding symmetries is given then, classifiaction of ODEs with one parame-
ter group is introduced. The procedure is developed for multi-parameter symmetry group. Finally
the method is applied in an example to classify ODEs up to order five via projective Lie group
SL(2).



15: Elham Lashkarianl, S. Reza Hejazi.
Geometric study of Wave Equation and their Application in Physics.
Iranian Conference on Mathematical Physiscs, Nov. 5 (2016).
Abstract. In this paper, a wave equation is studied from the point of view of theory of symmetry
reductions in partial differential equations and finding conservation laws.We obtain conservation
laws by using two methods, such as direct method, and Ibragimov’s Theorem method. We also

derive some exact solutions using the found conservation laws.

16: S. Reza Hejazi, Elaheh Saberi and Elham Lashkarian.
Intergration of ordinary differential equations.
12nd International Seminar on Differential Equations, Dynamical System and Applications, Uni-
versity of Tabriz, May 27-29 (2015).
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Abstract. In this paper, the method of Lie symmetry analysis is applied for finding the symmetry
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Abstract. In this paper Lie point symmetries, Hamiltonian equations and conservation laws of
general three-dimensional anisotropic non-linear sourceless heat transfer equation are investigated.
First of all Lie symmetries are obtained by using the general method based on invariance condition
of a system of differential equations under a prolonged vector field. Then the structure of sym-
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Abstract. In the present paper the process of finding new solutions from previous solutions of a
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of the obtained operators give new solutions from old ones via a systematic method.
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Abstract

The main purpuse of the present PhD thesis is the geometric study of the application of Lie groups
in differential equations and conservation laws comprehsively. The thesis contains six separated
sections.

After tntroduction, In the second section, basic and fundamental concepts including transfor-
mation, Lie symmetries, and solutions of differential equations are given. Third section is devoted
for the study of conservation laws and their methods of calculations. Symmetries and conservation
laws for perturbed system are studied in section four. All discussed methods and concepts are gen-
eralized for fractional differential equations in section five. Finally some computational packages

and codes are introduced in section 6.

Keywods: Noecther’s theorem, Euler-Lagrange equations, optimal system, conservation laws, di-
rect method, homotopy formulas, Lie symmetries, Boyer’s theorem, perturbed differential equa-

tions, fractional differential equations.
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