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Abstract

In this paper, we used the homotopy perturbation method (HPM) to obtain a different approximate solutions of the
Cauchy problem using in one dimensional nonlinear thermoelasticity. The comparison of the numerical solutions
obtained by HPM with the exact solution shows the efficiency of the method of HPM.
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1. Introduction

HPM does not require a small parameter in some equation and takes the full useful of the traditional perturbation
methods and the homotopy problems. This problem is related a real life problem. Let consider the following
nonlinear equation
Ve — AU, Vs + DU, U = FOGLE) (1.1)

C(U, Wt +F DU, Ve — AW Uiy = GOOLE) e . (1.2)

And given initial condition of
v(x,0) = v0(x), v,(x,0) = v1(x), u(x,0) = uO(x) oo .(1.3)

Where,

V(x,t) is the anybody displacement who is the condition of equilibrium
L(x,t) is the difference of body temperature who is include T, = 0

a, b, ¢ and subscripts denote partial derivative are given smooth function.

1.1 Implementation of HPM to problem:

Now we define a, b, c, d, v°, viand u°
a(, ) =2 =, b(U, ) =2 + Vet (U, ) = 1, d(Wp, ) = U oo (1.4)

1 1

00y — 1(y) — 0(y) —
1(x) = oV x)=0,u’(x) = rywe- SO (1.5)
And interchangin the R-H-S of equation (1) and (2) gives
_ 2 2(1+t*)(3x%-1) _ 2x(1+0)
ft)=—— T amy a(w,u) Ry bw,u) ..o (116)
_ 2 o Axt o 2(1+e?)(3x%-1)
glx,t) = Tt c(w,u) Gy b(w,u) ST dw,u) ... (1.7)

Where a, b, ¢ and d are defined in equation (4) so
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w=w(x,t)=— Z(jgl;t)zz),u =u(x,t) = ((11:;2)) ......................................... (1.8)
The exact solution of equation (1) & (2)
v(x, t) = Ei:;zg,u(x, t) = ((11++th)) .......................................................... (1.9)
If we put equation (4) into Equation (1) & (2), so we get
Ve — QR =0V + QA0 — fOLE) =0 o (1.10)
U + QA0 ) Vs — Ul — 9O E) =0 e, (1.11)
And now
Vp = 2V + Uy U+ 20 + Uttt = fO0, ) =00 (1.12)
Ue + 2Vp + UV lh — Ul — g0, 0) =00 (1.13)
And now we define the following different homotopies
Ve +1{=2Vpy + U Uelh + 20 + 0ttt = fO, )} =0 (1.14)
Ue F 1200 V0l — Uy — g6, )3 =0 (1.15)
Assume the solution of equation (14) & (15), we get
V=0 +710 + 720, + 1305 e cvee (1.16)
U=fo+TU F T2y F T3 g e (1.17)

Substituting equation 16 & 17 into equation 14 & 15 and equating the coefficients of like power 1, we get the
following set of differential equations so we get
% (W), =0

(o) =0
0 (W) = 2(V0)ax + (V0)x (Vo) xxtto + 2(Ho)x + (Vo) x(Ho)xtto — f(x,1) =0
(1)t = 2(Vo)xe + (Wo)x(Wo)xeto — Ho(Ho)xx — g (x, 1) = 0
72 (12)e = 2(WD)xx + W0)x (Vo)xxtts + (V0)x (V1) xxto + (V1) x (Vo) xxtto + 2(1)x + (Wo)x (M) xtho +
(Wo)x (o) xtts + (V1)x (o) xtto — f(x,8) =0
(U2)e + 2(1)xe + (W0)x(Wo)xets + (Vo) x (V1) xeko + (V1) x (Vo) xeko — Ho(U1)xx — (Ho)xxH1 — g (x, 1) = 0
73 (V3)e = 2(W2)xx + (WD) x (VD) xxtts + (V0)x (V1) xxtz + (V0)x (V1) xxbts + (V0)x (V2)xxbo + (V1) x (Vo) xxths +
(V2)x (Vo) xxtto + 2(H2)x + (Wo)x (U2)xHo + (Wo)x (1) xtts + (Vo) x (o) xHz + (V1)x (1) xtbo + (V1) x(Ho)xia +
(V2)x(o)xtto — f(x,t) =0
(U3)e + 2(V2)xr + (W0)x (Vo) xetz + (Vo) x (V) xets + (V0)x (V2)xetto + (V1) x (Vo) xetts + (V1) x(V1)xeo +
(V2)x(Vo)xeto — (M) xxtto = (Ho)xxMz — (H1)xxts — g(x, ) = 0

And so on, the rest of the polynomials can be constructed in a similar manner. With the initial conditions equation

(3) gives
1
UO(X) —ﬁ ............................. (118)
v, (x,t) = m(loﬂ(x —3x%) + 14t°(x + x? — 3x3 + x*) + 42t5(x + x% — 3x3 + x*) + 35t*(1 +

x 4 2x? — 6x3 — 2x* — 8x% — 3x8) + 70t3(2x? — 7x3 + 2x* — 6x5 — 4x7 — x%) + 105¢t%(1 + 5x% +

10x* + 10x% +5x8 + x1%) (1.19)
1
Uolx,t) = ryroe .. (1.20)
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1y (x,t) = — - (24t°x% + 30t*x? 4+ 1063(1 + 2x% — 3x*) + 30¢%(1 — 2x — 6x% — 3x* — 6x° — 2x7) +

15(1+x2)

156(1 +4x? +6x* +4x% +x8) (1.21)
solving in the same way, we can obtain v,(x,t), p,(x,t) and higher order approximations. Here, the numerical
results are evaluated using n = 2 terms approximation of the recursive relations.
1.1.1 Question
dzy _
Tty =x
dy
y()=_-=1
Now we solve

dZ
LO) =75

R(y) =Y(x)
N@y)=0
fr)=x

According to HPM, we construct homotropy so,
v(r,p) =Q X [0,1]
Hw,p) =1 - P)LW) = L]+ PIL@W) + RW) + Nw) — f(1)] =

_py[¢ _ v atv o

=>(1-P) [de de] +P [dxz + v(x) x] =0
a?v _d’yo _ pd?v _ pd’y  pdfv _ -
7 o2 dez P —= + dez +Pv(x) —P(x) =0

2 2 2
54V _ D% pd g py(x) - P(x) =0

dx? dx? dx?

2 2 2
4 _ 2% 4 paY0_ py(x) + P(x)

dx? ~ dx? dx?

2 2 2
4y _ L% 4 p(—v(x) + x — L0

dx? dx? dx?

Now, we know that

v(x) = vy(x) + Pvy(x) + P20, (x) + -

Use

vy () + Pyl (6) + P20y @ 4 oo = i — P(uy (%) + Pvy (%) + P21, (x) + ++ — y§ — %)
And initial condition

L) —L(yo) =0

L(w) = L(y,)

v(x) =,

v0(0) + pv1(0) + Pv,(0) + -
Comparing co-efficient,

vo(x) = ¥o"

vy’ () = x = vo(x) — 0"

v, (%) = v(x)

Yo
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Let
Yo = ¥0(0) + xy'(0)
Vo=V =1+x.1=1+x

2 3

X
2

X
6

vy =0+0+ [, [F(1+x)dxdx ==+

x5

x rx (x% %3 x*
U2—0+f0 fO (7+z)d?€dx—§+120

y(x) = lin}(v0 +v,+v,+)
p:

5 2 3 4 5

too =14+ ++5 4

X
i +... =e
120 2! 3!

x?  x3  x*
y(x)—1+x+7+z+z+

4 st

1.1.2 Conclusion

In this research paper, we have applied HPM to obtain an approximation of the analytic solution of
mathematically problem who arising in one dimensional nonlinear equation. We use this method who tell this
equation is convergent equation. This result of HPM compare the other result or we say that the exact soltion, this

result is very good result. This result is good and agreement result as compare the other result or recursive relation.
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