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Abstract

Nonlinear equations are of great importance to our contemporary world. Nonlinear phe-
nomena have important applications in applied mathematics, physics, and issues related
to engineering. Despite the importance of obtaining the exact solution of nonlinear partial
differential equations in physics and applied mathematics, there is still the daunting
problem of finding new methods to discover new exact or approximate solutions. The
purpose of this chapter is to impart a safe strategy for solving some linear and nonlinear
partial differential equations in applied science and physics fields, by combining Laplace
transform and the modified variational iteration method (VIM). This method is founded
on the variational iteration method, Laplace transforms and convolution integral, such
that, we put in an alternative Laplace correction functional and express the integral as a
convolution. Some examples in physical engineering are provided to illustrate the sim-
plicity and reliability of this method. The solutions of these examples are contingent only
on the initial conditions.

Keywords: nonlinear partial differential equations, Laplace transform, modified
variational iteration method

1. Introduction

In the recent years, many authors have devoted their attention to study solutions of nonlinear
partial differential equations using various methods. Among these attempts are the Adomian
decomposition method, homotopy perturbation method, variational iteration method (VIM)
[1-5], Laplace variational iteration method [6-8], differential transform method and projected
differential transform method.
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Many analytical and numerical methods have been proposed to obtain solutions for nonlinear
PDEs with fractional derivatives such as local fractional variational iteration method [9], local
fractional Fourier method, Yang-Fourier transform and Yang-Laplace transform and other
methods. Two Laplace variational iteration methods are currently suggested by Wu in
[10-13]. In this chapter, we use the new method termed He’s variational iteration method,
and it is employed in a straightforward manner.

Also, the main aim of this chapter is to introduce an alternative Laplace correction functional
and express the integral as a convolution. This approach can tackle functions with discontinu-
ities as well as impulse functions effectively. The estimation of the VIM is to build an iteration
method based on a correction functional that includes a generalized Lagrange multiplier. The
value of the multiplier is chosen using variational theory so that each iteration improves the
accuracy of the result.

In this chapter, we have applied the modified variational iteration method (VIM) and Laplace
transform to solve convolution differential equations.

2. Combine Laplace transform and variational iteration method to solve
convolution differential equations

In this section, we combine Laplace transform and modified variational iteration method to
figure out a new case of differential equation called convolution differential equations; it is
possible to obtain the exact solutions or better approximate solutions of these equivalences. This
method is utilized for solving a convolution differential equation with given initial conditions.
The results obtained by this method show the accuracy and efficiency of the method.

Definition (2.1)

Let f(x), g(x) be integrable functions, then the convolution of f(x), g(x) is defined as:
£ = [ Flx - Do)
0
and the Laplace transform is defined as:
LIFO0) = F(s) = [ (x)ax
0

where Re s > 0, where s is complex valued and € is the Laplace operator.
Further, the Laplace transform of first and second derivatives are given by:

(D)L[f (x)] = st[f(x)] — £(0)
(i) e[f"(x)] = s*€[f(x)] — s£(0) — f'(0)
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More generally:

¢V ()] = $"Elf00] — 5"H(0) — 5 2(0) — ... — st 2(0) — £ (0)

and the one-sided inverse Laplace transform is defined by:

CE(s)] = f(x) = % J F(s)e**ds

a—ioo

where the integration is within the regions of convergence. The region of convergence is half-
plane @ < Re{s}.

Theorem (2.2) (Convolution Theorem)

If
then:
or equivalently,

Consider the differential equation,
Lly(x)] +R[y()] + N[y(x)] + N*[y(x)] =0 (1)
With the initial conditions

y(0) =h(x), y'(0) =k(x) (2)

where L is a linear second-order operator, R is a linear first-order operator, N is the nonlinear
operator and N*[y(x)] is the nonlinear convolution term which is defined by:

N*[y(x)] Zf(y»",y”, ----- ,y<“’)*g(y>y’,y”>---->y(“))

According to the variational iteration method, we can construct a correction functional as
follows:

130 = 3,00+ [ 40) Ly, (6) + R, (6) + Ny, () + N5, (&) de ®
0

Ry, (&), Ny, (&) and N*y, (&) are considered as restricted variations, that is,
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SRy, = 0,6Ny, = 0and N*y, =0, A = —1

Then, the variational iteration formula can be obtained as:
X
a0 = 3,00 = [ [Ly,(€) + Ry, () + Ny () +N'7, ()] e @
0

Eq. (4) can be solved iteratively using y,(x) as the initial approximation.
Then, the solution is y(x) = limy, (x).
Now, we assume that L = % in Eq. (1).
Take Laplace transform (£) of both sides of Eq. (1) to find:
¢[Ly(x)] + £[Ry(x)] + €[Ny (x)] + £[N*y(x)] =0 (5)

s’y —sy(0) —y'(0) = —t{Ry(x) + Ny(x) + N'y(x)} =0 (6)

By using the initial conditions and taking the inverse Laplace transform, we have:
11 .
V) = plx) £ | SRV + Ny(x) + Ny (x| =0 %

where p(x) represents the terms arising from the source term and the prescribed initial conditions.

Now, the first derivative of Eq. (7) is given by:

le(xX) = d;;(xx) — %E_l L%E{Ry(x) + Ny(x) + N*y(x)}] =0 8)

By the correction functional of the irrational method, we have:

00 = 1,80 = [ {(5,(60), — (€)= 607 | SERY(E) + Ny(&) + Ny(@)} | o
0

Then, the new correction functional (new modified VIM) is given by:
|1 .
Yy (x) = y,(x) + € 1 L—ZE{Ryn(x) + Ny, (x) + N yn(x)} , n20 )

Finally, we find the answer in the strain; if inverse Laplace transforms exist, Laplace transforms
exist.

In particular, consider the nonlinear ordinary differential equations with convolution terms,
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1=y ()2 +2y"y"y" (v")" = 0.y(0) =y'(0) =0 (10)
Take Laplace transform of Eq. (10), and making use of initial conditions, we have:
2
Pl -2 =ty (") -2y

The inverse Laplace transform of the above equation gives that:

1

]/(X) — 52 + 1 {S—zf‘ [y/* (y//)Z . Zy/*y//} }

By using the new modified (Eq. (9)), we have the new correction functional,

Y1 (x) =y,(x) + ¢! {Slzf, {y’* (y“)2 _ zyl*y//} }

or
Y1 () =, (x) + ¢! {Slz L)) —20y) Uy } (11)
Then, we have:
Yo(x) = x>

(%) =5+ 81{}2 [€<4>£<2x> — 2£<2x)£(2)] } pe

1,(x) =X, y3(x) =X Ly, (%) =2
This means that:
Yo(X) =1, (%) = y,(x) = ... =y, (x) =
Then, the exact solution of Eq. (10) is y(x) = x2.
2y — (y) - 2x+y"(y") = 0,y(0) =1 (12)

Take Laplace transform of Eq. (12), and using the initial condition, we obtain:
1 2 —¢ N2 P (1) 2
sty =1-5 = ()" =y (v")’]

Take the inverse Laplace transform to obtain
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yo) =T+x*+07 {%E ) =y ()] }
Using Eq. (9) to find the new correction functional in the form

Va0 = 3,00+ £ {%E ) =y, )] }

or
Y () = 9, () + ¢! {; )] - elnle[ )7 } (13)
Then, we have:
Yo(x) =1+ x>
y,(x) =145+ 51%{5(438) —L(2x)0(4)} =1+ x>+ zlé{g — (532> G) } =1+
Yo(X) =1, (%) =y, () = .o =y,() =1+

Then, the exact solution of Eq. (12) is:

y(x) =1+

3. Solution of nonlinear partial differential equations by the combined
Laplace transform and the new modified variational iteration method

In this section, we present a reliable combined Laplace transform and the new modified varia-
tional iteration method to solve some nonlinear partial differential equations. The analytical
results of these equations have been obtained in terms of convergent series with easily comput-
able components. The nonlinear terms in these equations can be handled by using the new
modified variational iteration method. This method is more efficient and easy to handle such
nonlinear partial differential equations.

In this section, we combined Laplace transform and variational iteration method to solve the
nonlinear partial differential equations.

To obtain the Laplace transform of partial derivative, we use integration by parts, and then, we

have:

z(@) = sF(x,s) — f(x,0), (14)

2605 )
e (6 fa(t; t)) = §?F(x,s) — sf(x,0) — af(a£ 0)
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£<af(axt, t)) _ % [F(x,s)],

Ff(x,t)\
E( 37 >— [F(x,s)].

where f(x, s) is the Laplace transform of (x, t).
We can easily extend this result to the nth partial derivative by using mathematical induction.

Toillustrate the basic concept of He’s VIM, we consider the following general differential equations,
€[Lu(x, t)] + €[Nu(x, t)] = €[g(x, t)] (15)

with the initial condition
u(x,0) = h(x) (16)

where L is a linear operator of the first-order, N is a nonlinear operator and g(x, t) is inhomo-
geneous term. According to variational iteration method, we can construct a correction func-
tional as follows:

Upt1 = Uy + J/\[Lun(x,s) + N, (x,s) — g(x,s)|ds (17)
0

where A is a Lagrange multiplier (A = —1), the subscripts n denotes the nth approximation, u,
is considered as a restricted variation, that is, 61, = 0.

Eq. (17) is called a correction functional.

The successive approximation u,; of the solution u will be readily obtained by using the
determined Lagrange multiplier and any selective function ug; consequently, the solution is
given by:

u = lim u,

U—oo

In this section, we assume that L is an operator of the first-order % in Eq. (15).
Taking Laplace transform on both sides of Eq. (15), we get:
ClLu(x, t)] + L[Nu(x, t)] = Llg(x, 1)] (18)

Using the differentiation property of Laplace transform and initial condition (16), we have:

stlu(x,t)] — h(x) = L[g(x,t)] — €[Nu(x,t)] (19)

Applying the inverse Laplace transform on both sides of Eq. (19), we find:
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u(x,t) = G(x,t) — E_l{éNu[x, t]}, (20)

where G(x,t) represents the terms arising from the source term and the prescribed initial
condition.

Take the first partial derivative with respect to t of Eq. (20) to obtain:

%u(x, t) — %G(x, t) +%£-1 {%E[Nu(x, t)]} (21)

By the correction functional of the variational iteration method
t
Ups1 = U —J (Un)e(x,€) —3G<X &) +EE’1 1E[Nu(é t)] ¢ pdé
n+l — Un ) n) g\ ag ’ aé E ’

or

Uni1 = G(x, t) — E_l{%E[Nun(x,t)]} (22)

Eq. (22) is the new modified correction functional of Laplace transform and the variational
iteration method, and the solution u is given by:
u(x,t) = lim u,(x, t)

U—oo

In this section, we solve some nonlinear partial differential equations by using the new mod-
ified variational iteration Laplace transform method; therefore, we have:

Example (3.1)
Consider the following nonlinear partial differential equation:

up+uu, =0, u(x,0) = —x (23)
Taking Laplace transform of Eq. (23), subject to the initial condition, we have:

x 1
e t)] = —— — = L{uuy
1, 1] = — — Cfun]
The inverse Laplace transform implies that:
1
u(x,t) = —x—1=0 EE[uux]

By the new correction functional, we find:
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U (1) = —x — £ {lf[unwn)x] }

S

Now, we apply the new modified variational iteration Laplace transform method:

up(x,t) = —x

U (x,t) = —x — 7! {18[9(]} = A 4] L%} = —x —xt

1 2 2 1
AN -1 _ 3
up(x,t) = —x — £ {x(sz—k +s4>] ——x—xt—xtz—gxt

53

Therefore, we deduce the series solution to be:

u(x ) = x(1+t+8+€4.) ==,
which is the exact solution.
Example (3.2)
Consider the following nonlinear partial differential equation:
ou ou\? du ’
5= <a> tuss u(x.0) = x (24)

Taking Laplace transform of Eq. (24), subject to the initial condition, we have:
21w\ du
E[u(x,t)]—?—i—gﬁl(a) tuss

Take the inverse Laplace transform to find that:

1 {/ou\*  du
2 1)l ou ou
u(x,t) =x=+1¢ {s£[<6x> +u6x2]}

The new correction functional is given as

41 ou,, 2 Qu,
Mn+1(X,t):X2—{—E 1{58[(%) +unaxZ]}

This is the new modified variational iteration Laplace transform method.

The solution in series form is given by:
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up(x, t) = x>
6 2
u(x,t) = x> + E‘l{siz} = x% + 6x°t

uz(x,t) = x> (1 + 6t + 368> + 72t°)

The series solution is given by:

x2

~1—6t

u(x,t) = x*(1 + 6t + 368> + 728> + ...)

Example (3.3)

Consider the following nonlinear partial differential equation:

ou ou\? , U x+1
E =2u (a) +u @ , u(XO) = 5

(25)

Using the same method in the above examples to find the new correction functional in the form:

x+1 41 ou,, 2 Qu,
Upi1 (X7 t) = > + £ 1 {SE [2un <ax> + T/lzn axZ] }

Then, we have:

x+1
x+1 S (x+11 x+1 t
(1) == ”1{ i 5_2}: 2 {”5}

x+1 t 3, 1, 1
n(xt) = — (1+§+§t2+§t3+6—4t4)

The series solution is given by:

x+1 t 1.2 x+1 1
u(x,t) == <1+2+22|2t2+...>: 1-1)72,

which is the exact solution of Eq. (25).
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Example (3.4)

Consider the following nonlinear partial differential equation:

Fu  (u)’ 0
ou + <£) +u— u? = te ™ , u(X.O) =0, 6—1: =e (26)

Taking the Laplace transform of the Eq. (26), subject to the initial conditions, we have:

2
te ™ + u? — a_u —u
ox

Take the inverse Laplace transform to find that:

te ™ +u? — b_u Z—u
ox
te™ +u,> — Oty 2—u
n ax n

This is the new modified variational iteration Laplace transform method.

sPlu(x,t)] —e > =1

1
u(x,t) =te ¥ + ¢! {S—ZE

The new correct functional is given as:

I |
Upi1 (X, 1) =t + 0 1{5—25

The solution in series form is given by:

ui(x,t) = te ™ (27)

The series solution is given by:

u(x,t) =te ™
4. New Laplace Variational iteration method

To illustrate the idea of new Laplace variational iteration method, we consider the following
general differential equations in physics.

L[u(x,t)]+N[u(x,t)]:h(x,t) (28)

2

where L is a linear partial differential operator given by —, N is nonlinear operator and /(x ,#)

o’
is a known analytical function. According to the variational iteration method, we can construct
a correction functional for Eq. (28) as follows:
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t

Upi1 (X, ) = uy(x, ) + JX(x, ¢)[Luy(x,¢) + Nuy(x,¢) — h(x, ¢)]dg,
0

(29)
n=0,
where J is a general Lagrange multiplier, which can be identified optimally via the variational

theory, the subscript 72 denotes the nth approximation, N, (X , &) is considered as a restricted
variation, that is, ONu, (x ,5) = 0.

Also, we can find the Lagrange multipliers, by using integration by parts of Eq. (28), but in this
chapter, the Lagrange multipliers are found to be of the form } = (x,t —¢) and in such a

case, the integration is basically the single convolution with respect to t, and hence, Laplace
transform is appropriate to use.

Take Laplace transform of Eq. (29); then the correction functional will be constructed in the form:

E[un-&-l (xa t)] = E[un(xa t)]

[t i (30)
+¢ JA(x, ¢)[Lun(x,¢) + Nuy,(x,¢) — h(x,¢)ldc |, n=0,
0

Therefore
E[unJrl (X, t)] = E{un (.X', t)]
+8[A(x, t)*[Luy (x, t) + Nity(x,t) — h(x, t)]] (31)
= Cun(x, 1)] + €[A(x, £)] €[Luty (x, £) + Nity (x, £) — h(x, t)]

where * is a single convolution with respect to ¢.

To find the optimal value of j_, (x = g), we first take the variation with respect to u (x 1 )

Thus:
o o
ou,, E[MnJrl (xv t)] T U, E{un (x7 t)]+
5 (32)
= e[A(x,t)] €[Luy(x, ) + Nity(x, 1) — h(x, t)]
Then, Eq. (32) becomes
0[S, (e, 0)]= £ [Su, (x,0)]+ 2] A(x,0) |¢[ Lu, (x,1)] (33)
2
In this chapter, we assume that L is a linear partial differential operator given by — then,
ot

Eq. (33) can be written in the form:
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0[Su,.,,(x.0)]= £[Su, (x,0)]+ €[ Z(x,0) || s*0Su, (x.0) ] (34)

The extreme condition of #, (X ,¢ ) requires that ou ,,,(x ,¢ ) = 0. This means that the right
hand side of Eq. (34) should be set to zero; then, we have the following condition:

_ —1 _
0| Ax0) |= = = A(x,t)=—t (35)
Then, we have the following iteration formula

f'[”nJrl (x> t)] = ﬁ[”n(xv t)]

0 [J(t — ) [Lity(x, €) + Nity(x, ) — h(x, 0)dc |, n=0, (56)
0

5. Applications

In this section, we apply the Laplace variational iteration method to solve some linear and
nonlinear partial differential equations in physics.

Example (5.1)

Consider the initial linear partial differential equation

8u(x,0)_x

u,(x,t)—u_ (x,t)+u(x,t)=0 , u(x,00=0, e

(37)

The Laplace variational iteration correction functional will be constructed in the following
manner:

Cutn1 (x, £)] = Clun (x, )]

+ lji(x, = &) [ ) — ()0 (5,) + (5, )] )
0
or
E[unJrl (x7 t)] = E[un(x7 t)]
FC[A(x, )5 [ (1) (3, 8) = () o (3, 1) + U (%, 1)]]
= Llun(x,t)] + E[X(x, t)]z[(”n)tt(xa £) — (un) o (2, 1) + un(x, t)] (39)

Ouy,
SZEun(xv t) — Sly (x7 0) - % (xa 0)

= Lun(x, )] + L[A(x, 1)]
_E(u”)xx(x7 t) + Luy (.’)C, t)
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Taking the variation with respect to #, (X ,#) of Eq. (39), we obtain:

o) o)
%E[unﬂ(x,t)] = o Llun(x, 1)]
) ou,
S Eun(xa t) - Sun(x7 O) - g (x7 O)

+ 62 C[A(x,1)]
! — ()4 (x, 1) + Cuy(x, t)

Then, we have.

0[Bu,, (x,1)] = €[ Su, (x,0)]+ £] X(x,0) || 5°£Su, (x,0)+ L Su, (x,1) |
= ([ 6u, (x, t)]{1+e[1 (6,0 ](s? +1)}

The extreme condition of #, ,, (x ,# ) requires that ou ,,(x ,#) = 0. Hence, we have:

1+ (s> +D)0A(x,0)=0 , and Z(x,t):fz{ ;ll}—smr
S+

Substituting Eq. (41) into Eq. (38), we obtain:
E[un-‘rl (xa t)] = ﬁ[un (xa t)]

—L [J sin (t - C) [(un)tt<xa C) - (uﬂ)xx<x’ C) + Uy (x’ C)] dg:|

0
= € (x, )] — [0 (1) (0, £) — (1) (3. ) + 100 (2., )]

ou
Letu,(x,t)=u(x,0)+¢ a—(x ,0) = xt, then, from Eq. (42), we have:
4

()= ) efsim o] =5

The inverse Laplace transforms yields:
u,(x,t)=x sint
Substituting Eq. (43) into Eq. (38), we obtain:
f[uz(x,t)]=€[x Sint]—f[sint]ﬂ[()] then u,(x,t)=x sint
Then, the exact solution of Eq. (37) is:

u(x,t)=x sint

(40)

(42)

(43)

(44)
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Example (4.2)

Consider the nonlinear partial differential equation:

ou(x,0) .

u,(x,t)—u, (x,0)+u’(x,t)=xt" , u(x,00=0 , P (45)
The Laplace variational iteration correction functional will be constructed as follows:
0 (un )tt (x9 g) - (un )xx (xﬂ g)
lu, (x,t)| =0 u,(x,0)|=¢| | (- d 46
[t,..(x.0)] = €[u, ()] {j( g)[ ()i ¢ (46)
or
— () (X, £) = () (%, 8)
Cltys1(x, £)] = Cluy (x, )] + €| Ax, £)*
+u2(x, t) — X2
= U ] + LA O] L[(0) (. 6) = (1) . 6)+ 15, ) = 227 )

s20uy, (x, t) — su,(x,0) — aautn (x,0)

= Cun(x, 1)) + L[Ax, 1)]
— (1) (%, £) + QU2 (x, 1) — £(x%£2)

Taking the variation with respect to #, (X ,#) of Eq. (47) and making the correction functional
stationary we obtain:

This implies that:
£+s£/T(x,t)=0 , and /T(x,t)=1?'1 [_—1}=—1 (48)
A

Substituting Eq. (21) into Eq. (19), we obtain:

o o) o1 fu-o OO
or
Cotnsa (. )] = Elun(x,£)] + L[~ [ :f’,ji ;f“;j’_;i:‘:”x ! ] (50)

ou
Letu (x,t)=u(x,0)+¢ a—(x ,0) = xt, then, from Eq. (50), we have:
4

0oy (e, 0] =4 [xt]+0 [-2]0 [ 0- 04577 =7 |

u,(x,t)=xt
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Then, the exact solution of Eq. (45) is: u (x ,¢ ) = X1

Again, the exact solution is obtained by using only few steps of the iterative scheme.
Example (4.3)

Consider the physics nonlinear boundary value problem,

u,—~6m, +u_ . =0 |, u(x,0)=£2, x #0

X
The Laplace variational iteration correction functional is
ey (x, )] = Llun(x, t)]
t
- (t4) (%, €) = 61 (x, ¢) (1) (%, €) 52
+0 JA(x,t— <) ' dc (52)
0 +(un)xxx (x’ C)

or
Uit (x,B] = Lt (x,8)] + L[Ax, 1) [ x> 6(10) (1) (16, (1, £) + (1) (3, 1))
)

— Ot (x, )] + L[A(x, £)] €[ (1 — 6(uy)( )2 (0, 1) + (1) i (%, )]
= Bfun (o, )] + C[A(x, £)] [5€0tn (x, ) — 1 (x, 0 = 0[6(un) (0, 1) (tt) (2, 1) = () gy (%, 1)] ]

~~
~—

x, £) (uy

—

Taking the variation with respect to 2, (X ,#) of the last equation and making the correction
functional stationary we obtain:

0[ 81, (x.0)]=0 [Su, (x,0)]+¢[ A(x,0) |[s¢8u, (x,0)]
= ([ Su, (x,0){+st[ 20,0 ]}

This implies that:

1+s LA(x,t)=0 , and A(x,t)=/" {_—1]?; (53)
S

Substituting Eq. (53) into Eq. (52), we obtain:

’ 6
Clu,, (x,0)]=¢[u,(x,0)]+¢ [ J' (_1){( +)(L(tx)g)(x :")4 Dx6)@,), (x, g)}j }

or

14 [un+1 (x, t)] =/ [un ] +/ [—1] l [(un ), —(u )u,), +(u,).. ] (54)

Letu,(x,t)=u(x,0)= % , then, from Eq. (54), we have:
x
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)] = [ }z[ 1]6[288} 6.2,
X X

6 288 6048 2

uz(x t)—x——?f— xs gesrrsrases

6x (x° —24t)

Then, the exact solution of Eq. (51) is: u(x ,f) = ﬁ
x =12t

Exercises

Solve the following nonlinear partial differential equations by new Laplace variational itera-
tion method:

Dup+uu, =1—e*(t+e7), u(x,0) =e™*
u+uty =2t +x+£ +x2,  u(x,0)=0
3)us + uny = 222t + 2xt? + 2%, u(x,0) =1

4)up + uly —1—|—tcosx—i—%sm2x, u(x,0) = sinx

5)u; + uuy =0, u(x,0) = —

6)ut+uux—u—e u(x,0) =1+x

Tty — thy — U +u? =xt+ 222, u(x,0) =1, u(x,0) = x
8) sy — Uy + 1> =14+ 2xt + 222, u(x,0) =1, u(x,0) = x
9 uy — Uy + u? = 6xt(x% — 2) +2°%, u(x,0) =0, uy(x,0) =0
10) uy — Uy + u? = (x> + tz)z, u(x,0) = 2%, u(x,0) =0
1) uy — Uy + u + 1> = x% cos ?t, u(x,0) = x,u(x,0) =0

12)uy + uu, =0,  u(x,0) =

)
)
)
13)us +uu, =0, u(x,0) =
14)u; + uu, =0, u(x,0) =
15) up 4+ Uty = tyy, U x,O)
16) u + Uity = Uy,

)

17) ty + Ully = Uyy,

6. Conclusions

The method of combining Laplace transforms and variational iteration method is proposed for
the solution of linear and nonlinear partial differential equations. This method is applied in a
direct way without employing linearization and is successfully implemented by using the
initial conditions and convolution integral. But this method failed to solve the singular differ-
ential equations.
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Answers

=
=

(x,t) =t+e*, 2u(xt) =t +xt 3)u(xt) =1+x%> 4)u(x,t) =t+ sinx
X

5)u(x,t) = T 6)u(x,t) =x+e, 7)u(x,t)=1+xt, 8)u(x,t)=1+xt
9u(x,t) =233, 10)u(x,t) =2 + x>, 11)u(x,t) = xcost, 12)u(x,t) = 1L+t

X 2x X 2x
13 t) = , 14 4t)=———, 15 ) =——, 16 ) =
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