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Introduction

Partial differential equations are very important in mathematical physic [1], the wave equation is known as one of the
fundamental equations in mathematical physics is occur in many branches of physics, for example, in applied mathematics and
engineering.

A lot of problems have been solved by integral transforms such as Laplace [1], Fourier, Mellin, and Sumudu [2, 3]. Also these
problems have been solved by differential transform method [4-11].
In this paper we derive, we believe for the first time and solve telegraph and wave equations by using Double Aboodh transform.

We write that Aboodh transform defined for function of exponential order.We consider functions in the set Al defined by:
. —vt
A= {f(0):3M, ky,k, > 0,[f(O)] < Me™]} (1)
By

A[f(0)] = K(v) = %J’ f) edt,t=0,k; =v=k, (2)

li]
1.1 Double Aboodh Transform
Definition

Letf I:X, f], where T, X € R T bea function, which can be expressed as a convergent infinite series then, its double
Aboodh transform given by:

1 [ u] -L
Alf(x,t),u,v]=K(uv) = —f f flx,t)e” @ 0dy dr %t >0
uv
0 0

Where, 1 &17 are complex values to find the solution of telegraph and wave equations by double Aboodh transform, first we
must find double Aboodh transform for first and second order partial derivatives are in the form.

d 1
(i)A, {B_};}: uk (u, v) Y K(0,1).

(i) 4, {&?—f} —2K(u,v) —K(0,v) — %M .

dx dx
af) _ 1
(iii)A, {a:} = vK(u,v) . K(u,0).
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(fﬂjﬂz{g}—v K(u,v) —K(u 0]_1@

d*f 1 u v
(1)A, {axat}z ﬁf({],{]] —EK(H,O] + uvK(u, v) = K(0,v).

2. Applications

In this section we establish the validity of the double Aboodh transform by applying it to solve the general linear telegraph
equations. To solve partial differential equations by double Aboodh transform, we need the following steps.
(i) Take the double Aboodh transform of partial differential equations.
(ii) Take the single Aboodh transform of the conditions.
(iii) Substitute (ii) in (i) and solve the algebraic equation.
(iv) Take the double inverse of Aboodh transform to get the solution
Here we need the main equation:

1

A Eax+bt —

2( ) uv(u —a)(v —b)
Example 2.1
Consider the telegraph equation

Uxx — Utt—I_Ut—I_U {:2—1]
With the boundary conditions

U(0,t) = et U.(0,t) =e® (2-2)
And the initial conditions

U(x,0) = e*, U(x,0) = —e* (2-3)

The exact solution is U(Jr.‘.', t) — ¥t
Solution
Take the double Aboodh transform of equation (2 -1 ] and single Aboodh transform of conditions (2 - 2),

(2 — 3), and then we have:

WK v) — K(0,0) ~ 2250 = 2k () - K, 0) - 2220
v.’{(u,v)——f{(u,{])-i-f{(u,u) (2-4)
And ! 0
alklon)] 1 B
H(G Tﬁ'] o u{u+1] ! ?x ; o v(r+1) (2 5]
alE(u.0)] -1 B
K (u, ﬂ)_u{u 1y ot ulu-1) (2-6)
Substituting (2 — 5)and (2 — 6)in (2 — 4 we obtain
SRR A
Rl viv+1) ulw(v+1)
1 1 -1
2 - - - -
=v-K(u,v) Wi =1) ﬁ(u(u ljj—l—vﬁ’(u,t?)
1
_E(-u(u— I]J +K(u,v)
1 1 1 1
2 _ 2 _ _
@ —v"—v=DRwv) = 7oyt (v(v—i— 1)) w(u—1)
1 1 1
 w(v+1) (1 T ;) B u{u—1)
. u+1 B 1 o ul—1-vi—v
N uv(v+1)  wulu—1) - ur(u—1)(v+1)
K(u,v) = 2 = : (2-17)

ur (u—1)(v+1) T ulu-1) vi{r+1)
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Inversion to find the solution of equation in the form

U(x,t) = e¥e ™t =e* ¢

Example 2.2
Consider the telegraph equation
Uxx: Utt_l_Ut_U (2_8)

With the boundary conditions:
U(0,0) = e~2t, U.(0,t)=e2t (2—9)
And the initial conditions:
U(x, 0) = e*, U, (x,0) = —2e* (2—10)

The exact solution is U(x, t) = e* 2%
Solution
Take the double Aboodh transform of equation {2 — 8, and single Aboodh transform of conditions (2 — 9),

(2 — 10), and then we have

WK (,v) — K(0,v) — 2292 — 2y, ) — K(u, 0) - 12520
vK(u,v)—;K(u,{])—K[u,v) (2-11)
And

. 1 8[&l0.7)] _ 1 .

H(D; TJ") - u(1v'+1:| ! a[Kl.:axo:]] u{l);-l:] (2 12)
H(u’{]) =u{u—1:] ! EltJ =u{u—1:] (2_ 13)
Substituting (2 — 12)and (2 —13)in (2 — 11)tofind

2w, v) 1 1 ( 1 )
walLy viv+2) u\w(v+2)
1 —2
=v?K(uv) — ——( )+ vK (u, v)

uu—1) v u(u—1)
1 1
_E(u(u—lj)_ﬁ:(u’ﬂ]
(u?> —v?—v+ DK(u,v)

- 1?(1314— 2) +%(F(P1—|— 2)) u(ul— 1) 1 (v(u2 1])
1 1
_i(v(u— 1])

1 1 1 1 1
(v +2) (1 + E) T uu-1) T (U{u— 1])

uw+1 r—1 . u®—1—v®—2v+v+2

ww+2)  wlu-1)  wwlu—1)(v+2)

u® —p® —v+1

wr {u—1)wv+2)
w—-—rvi—-v+1

ur(u—1D(v+1)
2_,2
u-r"-v+l 1 1 1
K(uv) = . = (2-14)
wlu-1)v+1) WP -v+1  ulu-1) w(+1)

Inversion to find the solution of equation (2 — 14 ) in the form:
U(X, f] — exe—zt — E,x—?t
Example 2.3
Consider the general linear telegraph equation in the form

Utt+aUt+bU:CEUtt {:2_15j

(u? —v:—v+ DK(u,v) =
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With the boundary conditions
And the initial conditions
UEIJU] :f;_'(x) ! Ut(xr{]) :gﬁ (:’C] (2_ 1?]
Solution
Take the double Aboodh transform of equation (2 — 15, and single Aboodh transform of conditions , and then we have:

vzf{(u,v]—K(u,ﬂ]—i@—kavﬁ’(u,v]—%K(u,0]+bf{(u,v)=
2K (u,v) — c2K(0,v) — = 2K (2—18)

And

K(0,v) = F,(v) , W= G,(v) (2—19)
K(u,0) =F,@) , 229 _ 6 ) (2— 20)

Substituting (2 — 19)and (2 — 20)in (2 — 18) we obtain:
1 a

v?K(u,v) — F,(u) — —G,(uw) + avK(u,v) — —F, () + bK(u, v)
v v

CE
—c*uK(u,v) + ¢*F,(v) +E{;1(1‘?] =0

(vi+av+b—c*u®)K(u,v)
2

— () + ~ 6w + SR ) — R, (0) - 6, @)
v 5 u

Fa() +16,00 + £, 00 — K, (0) - £ 6,)

vi+av+ b —c?u?
Take double inverse Aboodh transform to obtain the solution of general linear telegraph equation (2 — 15 in the form:

U(x,t) = A3 [H(u,v)] = K(x,1)
Assumed that the double inverse Aboodh transform is exists.
3. Conclusion

In this work, double Aboodh transform is applied to obtain the solution of general linear telegraph. It may be concluded that
double Aboodh transform is very powerful and efficient in finding the analytical solution for a wide class of partial differential
equations.
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