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Abstract

Many advanced problems in science and engineering can represent mathematically in the form of linear Volterra
integro-differential equations or their system. In this paper, we present the solution of the linear system of Volterra
integro-differential equations of the second kind by Kamal transform. Some numerical problems have been given and
solved by Kamal transform for illustrating the applicability of the Kamal transform. Results of numerical problems
assert that the Kamal transform is very effective for obtaining the exact solution of the linear system of Volterra
integro-differential equations of the second kind.
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1 Introduction

The linear system of Volterra integro-differential equations of the second kind is given by

o™ (s) = hy(s) + Jo K11(s — tyor(t)dt + [ Kia(s — thva(t)dt + ... + [ Kin(s — t)v,(t)dt
o§™ (8) = ha(s) + fi Koi(s — yor(t)dt + [§ Koo(s — )oa(t)dt + ...+ [7 Kon(s — t)v,(t)dt

0 (8) = Ba(8) + [ Kni(s — yor (£)dt + [ Kpa(s — oo (t)dt + ...+ [ Kpn(s — t)on(t)dt

with the initial conditions
”gl)(') =ay, 1=0,1,2,....m—1

vy () =ay, 1=0,1,2,....m—1

Ug)('):anly [=0,1,2,...,m—1;

where the unknown functions vy (t),va(t),...,v,(t) which shall be determined, appear only inside the integral sign
whilst the derivatives of vi(t),v2(t),...,vn(t) mostly occur outside the integral sign. The Kernels K;(s,t), and the
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function h;(s) for i = 1,2,...,n are given real-valued functions. There are many phenomena and processes in different
areas of engineering and applied science where integro-ordinary differential equation plays an important role (like in
circuit analysis, glass forming process, wave propagation, nuclear reactors, nano-hydrodynamics, biological population,
visco-elasticity, optimal control system, geophysics, population genetics, radiation optimization, hereditary phenomena
in biology and physics, magnetism and electricity, medicine, kinetic theory of gases, communication theory, quantum
mechanics. The Kamal transform of the function W(t) for all ¢ > 0 is defined as [14]

K(W(t) = / T Wne dt = Glg),

where K is Kamal transform operator.

The Kamal transform of the function W (t) for ¢t > 0 exist if W () is piecewise continuous and of exponential order.
They are sufficient conditions for the existence of Kamal transform of the function W(t).

In recent years some researchers for solving systems of Fredholm and Volterra integro-differential equations have
used several techniques. Kamal transform has been applied to determined exact solutions to many problems in many
important physics and mathematics areas.

In [4] authors used Laplace-Carson transform for solving the linear system of Volterra integro-differential equations
of the second kind. [I3] solved the system of Volterra-Fredholm Integro-differential equations of the second kind by
modified decomposition method. [10] by applying Linear Programming problem demonstrated the numerical solution
of mixed Volterra-Fredholm integral equations. In [II] the Aitken method is applied for solving Volterra-Fredholm
integral equations of the second kind with the homotopy perturbation technique. [8] showed an efficient modification
of the Adomian decomposition method to solve the non-linear system of Fredholm and Volterra integro-differential
equations. [12] used power functions to determine the solution of the system of Fredholm integral equation of the
second kind.

If we concentrate on the Kamal transform, [I] used Kamal transform for solving linear Volterra integro- differential
equations of the second kind. [6] used Kamal transform to determine the solution of Abel’s integral equation. [2]
determined the solution of decay problems and population growth by kamal transform. [5] applied Kamal transform
to solve linear Volterra integral equations of the first kind.

The main purpose of this paper is to determine the solution of the linear system of Volterra integro-differential
equations of the second kind by applying Kamal transform.

Table 1: Useful Properties of Kamal Transform [7], [14], [9]

S.N Name of Property Mathematical Form
1 Linearity K{cW1(t) + dW2(t)} = cK{W:1(t)} + dK{W>(¢)}
2 Change of Scale K{W(ct)} = I1G(cq)
3 Shifting K{TWH)} = G(+%)
4 First Derivative E{W (1)} = LG(a) - W()
5 Second Derivative K{W/ )} = Q%G(q) - %W() - W,()
6 nth Derivative K{W™M )} = &Gle) - ZA5W() - q”%?W/(.) — =Wy
7 Convolution K{Wi(t) x Wa(t)} = K(W1(t)) x K(Wa(t))

Table 2: Kamal Transform Of Useful Functions [3]

SN | W@) | K{W(t)} =G(q)

1 1 q
2 t q°
3 t2 213
4 | t",n>0 nlg"t1
5 €Ct ljcq

. qu
6 sin ct m

q

7 cos ct (T
8 sin hct 1_63,2(12
9 cos het 1732q2
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Table 3: Invers Kamal Transform Of Useful Functions [3]

S.N G(q) W(t) = K~'(G(g))
1 q q
2 q t
3 q3 ’;—2;
4 | ¢ tn>0 %n‘
;
5 l—i)cq e
6 1+1102q2 su::ct
7 ﬁ cos ct
S q sin het
1—c2q2 c
9 1732(1 cos hct

2 Kamal Transform to Solve System of Linear Voltera Integro-Differential Equations of
the Second Kind

The general system of linear Volterra integro-ordinary differential equations of second kind is given by [15],

vi™(s)
v§™ (s)

hl(s) + fO‘; K11(8 — t)v1 (t)dt + fog K12(S — t)Ug(t)dt +...+ fog Kln(S — t)’l)n(t)dt
ha(s) + [ Kai(s — t)oi(t)dt + [ Kaa(s — t)va(t)dt + ... + [5 Kon(s — t)v,(t)dt

0 (8) = Ba(8) + [ Kpi(s — yor (£)dt + [ Kpo(s — oo (t)dt + ...+ [ Kpn(s — t)on(t)dt

with

Ugl)(')zau, [=0,1,2,...,m—1
O)
vy (1) =ay, 1=0,1,2,....m—1
2 (2.2)
My — _ e

’Un()—a/nl, l—0,1,2,...’m 17

Taking Kamal transform’s operator on system ([2.1]) and using convolution theorem of Kamal transform, we get

K (v{™(s)) = K (h(s)) [K(KH(S))K(M(S)) + K(Ki2(s)) K (va(s)) + ... + K(Kln(S))K(vn(S))}

K" (5)) = K(ha(s) [K (K (DK (01(5)) + K (Ka(DK (02(6)) -+ KEm@E @]

K (v (s)) = K (ha(s)) {K(Knl(S))K(m(S)) + K (Kna(s)) K (va(s)) + .- + K(Knn(S))K(vn(S))}

Using the property “Kamal transforms of derivatives” on system (2.3]), we get

K 1(6)) = () = gl () == o0 = K (o) + [K (K (DK (0(5) + .+ K (K () (00 (5)]

%K(vg(s)) L - () = =™ I() = K(ha(s)) + [K (Ko () K (0r(3)) + ..+ K (o () K (0 (s))] o
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substituting equation (2.2)) in system (2.4), we obtain

L R(0(9) ~ a0~ —gan — -~ arn = () + [KEn DK @) + .+ K(Kin(8) K (va(s))]

q1n—la10 q7n—2 an

qm
1 1 1
S K(0a5) = e = g — o~ gy = K(ha(s) + K (a1 (s) K (01(3)) + ..+ K (Kan () K (v (5))] (25)
1 1 1
K 0n() = gm0 = g = = gy = K (ha() + K (R (5K (01(5)) -+ K (Kun () K (wn(s))|
After simplification system , we get
[ = KR DK (01(6) + o+ K (KD (w0 (6))] = Kl (3) + —ipann + —gan + -+ argnoy
1 1 1
[~ K () K (01 (5) 4 (K (Roa(s) — -~ K(Kzn(s»mun(s))} - <h2<s>> 00 oyt ) (2.6)

[~ K () K (01(5) = K(Kan(&)K (02() ~ -+ oy~ K (Ko () K (0 (3))] = K (5)) + q,,} r0 + L+ gy

The solution of system (2.6]) is given as

(q——K(Ku(S)))(K(M( )+ P ! gm0+ g —zai +. +a'1(m71)) — ... — K(Kin(s))
— K(K21(8))(K(h2($)) AT 20 + gz a1+t CL2(m—1)> — ... — K(Kan(s))
R K (K1 () (K (ha(5)) + sran0 + 21 + -+ angnn) ) = -+ = (7 = K(Kqa(5)))
1 (g — K(Ku(s))) - K(Klz( ) == K(Kin(s))
~ K(Ka1(5) (7 = K(Kaa(s))) = .. = K (Kaa(s))
— K(Kni(s)) = K(Kns(s)) = ... — (2 = K(Kon())
(& —K(Kll(s)))(K(hl( )) + rerano + grmzan + . +a1(m,1)) = K(Kin(9))
— K(K21(S))(K(h2(8)) qml Ta20 1 g L an ...+ a2(m71)) — .. = K(Kan(s))
K( ( )) _ — K(K’nl(s))(K(hn(S)) + qml Tano + g 2an1 + ...+ a’n(mfl)> — .. — (q% — K(Knn(s)))
T (3 = K(K11(5)) = K(Kra(s)) — .. = K (Kia(s)
— K(Ka1(5) (7 = K(Kaa(s)) = ... = K (Kaa(s))
— K(Kni(s)) = K(Kns(s)) = ... — (2 = K(Kon(9))
(= K(Ku(s) - mh®%(MM@Hquﬁ a4 g
— K (K21(5))(gw — K(Kaa(s )))(K(hz(s)) + a0 + gz .+ a2(m71))
o)) = — K (K1 (5) = K (Kon(5)) (K (hn(5)) + 7m0 + st + -+ G )
' (g — K(K11(s))) = K(K12(5)) = ... = K(K1n(s))
— K(Ka1(5)) (g = K(K22(5))) = o = K(Kan(s))

vn(8)). After taking the

).

After simplification of above equations, we have the values of K(vi(s)), K(va(s)),..., K
inverse Kamal transform on these values, we get the required values of v1(s),va(s), ..., vn(

®» o~ ~
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3 Numerical problems

In this part of the paper, some numerical problems have been considered for explaining the complete methodology.

Problem 1: Consider the following system of linear Volterra integro-ordinary differential equations of the second
kind.

vl (s) = 25 + /0 "5 — Doy ()t + /0 (s — tyoa()dt

s s (3.1)
/ 1 ) )
u(s) = —3s2 — g7 +/ (5 — t)on ()dt —/ (5 — t)oa(t)dt
with
v1(0) =1, v2(0)=1 (3.2)
Operating Kamal transform on system (3.1]) and using convolution theorem of Kamal transform, we have
K (vy(s)) = 2K (s%) + K (s)K (v1(s)) + K (s) K (v2(s))
(3.3)

7 1
K(vy(s)) = —3K(s%) — TOK(S‘E’) + K(s)K (vi(s)) — K(va(s))
Using the property “Kamal transforms of derivatives” on system (3.3]), we have

1K(vl(S)) —01(0) = (2)2!¢> + * K (v1(s)) + ¢’ K (v2(s))
‘11 (3.4)

5K(U2(S)) —v2(0) = (=3)2l¢° — 1*105!616 +* K (v1(5)) — ° K (va(5))

Using equation ([3.2) in system (3.4]), we get

}am@»—1=4f+qﬁam@»+wax@>

1 3 1.6, o 2 (8:3)
aK(W(S)) —1=-6¢" = ;514" + ¢" K (vi(s)) — ¢" K (va(s)).
After simplification system (3.5)), we have
1
(5 — ¢*)K(v1(s)) — ¢* K (va(s)) = 1 + 4¢°
2 1 2 3 6 (3.6)
— K (vi(s)) + (§ +q7)K(va2(s)) =1—6¢° —12¢".
The solution of system (3.6]) is given by
(1 Jg4q3) ) 1—q22
(1-6¢° —12¢°) (;+4%)
K(vi(s)) = T 5 =q+3lq*
(5 - ) —q
- (5+d)
12 5 (3.7)
(; =) 1+4q
2 3 6
—¢°  (1-6¢° —12¢°)
Kop(s)) = -0 U0 20N _ gy
(5 - q°) —4q
- (3+d)

Operating inverse Kamal transforms on system (3.7), we get the required solution of system (3.1)) with (3.2 as

vi(s) =K (g +3lg") = K '(q) + K@Blg") =1+ °
va(s) = K71 (g = 3lg") = K7 (q) - K(3lg") =1 - 5°.
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Problem 2: Consider the following system of linear Volterra integro-ordinary differential equations of the second
kind.

vy (s) = s sty / 3ug(t)dt +/ duzt)dt
" O s 0 s
vy (s) =24 8% — st + / 4oz (t)dt — / 201 (t)dt (3.8)
0 0
vg(s) =6—52+5°+ / 201 (t)dt — / 3va(t)dt
0 0

with
01(0) =0, v1(0) =1, v2(0) =0, vy(0) =0, v3(0) =0, v5(0) = 0. (3.9)

Operating Kamal transform on system (3.8]) and using convolution theorem of Kamal transform, we have

( K(3)K (v2(s)) + K(4) K (v3(s))
K(vy(s)) = K(2) + K(s? (34)+ K(4)K (vs3(s)) = K(2)K (v1(s)) (3.10)
K(v3(s)) = 6K (s) — K(SQ) +K(s%) + K(2)K (v1(s)) — K(3)K (va(s))-

Using the property “Kamal transforms of derivatives” on above system, we have

;K(@D—%Mm—%@hrﬁf—ﬁf+%K%@»+MK%@D
3K (12(9) = Z0a(0) = 13(0) = 20 + 2g° = 41¢° + 40K (13(5)) ~ 20K (01(5) (3.11)
;Kvm>>—gwm>—@mr:@2—mf+sm*+MK@x@»—wwa@>

Using equation (3.9)) in system (3.11]), we get

iKm@»—gm—h:%W—mf+wKw@»+@wa»

2
— K(va(s)) = 2q + 2lg® — 4l¢° + 4K (vs3(s)) — 2¢K (vi(s)) (3.12)
qu(vg(S)) = 6q" — 2'¢° + 3l¢" + 2¢K (v1(s)) — 3¢K (va(s)).
After simplification system ([3.12)), we have

3 (01(5)) = 30K (0a(5)) ~ 40K (03(s)) = 1 = 3"~ lg”

20K (v1(s)) + qizK(vg(s)) — 4qK (vs(s)) = 2q + 2g° — 417 (3.13)
= 2K (u1(5)) + 34K (v2(5) + 5K (1a(s) = 6¢° — 2g° + 3’

The solution of system (|3.13]) is given by

(1-3lg* —4l¢g®) -3¢ —4q
(2¢+2¢° —4l¢®) & —4q

(64 —2!¢* +3!¢*) 3¢
K(vi(s)) = T I =¢ (3.14)
Z T3¢ —4q
2q e
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qiz (1—3lg* —4l¢®) —4q
2¢  (2q+2¢® —41¢%) —4q
—2q (6¢% —2!¢® +3l¢g*) L

K(vy(s)) = =24 3.15
(v2(s)) " (3.15)
2q q% —4q
~2¢ 3¢ 5

q% -3¢ (1 —3lg* —41¢%)
2¢ & (2¢+2¢3 —41¢%

q2
—2¢ 3¢ (6% —2\g3 + 3¢t
K(os(s)) = (2234 (6 =2 + 341, (3.16)
L -3¢ —4
2 q q
2q qiz —4q
29 3¢

q

taking inverse Kamal transforms on equations (3.14)), (3.15)), and (3.16]) we obtain the required solution of the system

with as

vi(s) = K~ Y(¢*) = s
us(s) = K-L(21g?) = &
vs(s) = K1(3g") = 5°

4 Conclusions

In this paper, we have successfully discussed the Kamal transform for solving the system of linear Volterra integro-
ordinary differential equations of the second kind and the methodology is completely explained by two numerical
problems. The results of these problems show that the Kamal transform is a very effective and beneficial integral
transform to determine the exact solution of a linear system of Volterra integro-ordinary differential equations of the
second kind. The proposed scheme can be applied to a nonlinear system of Volterra-integral equations.
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