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ABSTRACT: The system of Volterra integro-ordinary differential equations generally appears in determining
the solutions of heat and mass transfer problem, growth problem of cells, electric circuit problem, drugs
delivery problem and spring-mass problem. In this paper, authors present Laplace transform for determining
the solution of system of linear Volterra integro-ordinary differential equations of first kind. Two numerical
problems have been considered and solved using Laplace transform for explaining the applicability of Laplace
transform. Results of numerical problems show that the Laplace transform is very effective for determining the
solution of system of linear Volterra integro-ordinary differential equations of first kind.
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INTRODUCTION: Nowadays, integral transforms are frequently used mathematical techniques for
determining the answers of advance problems of space, science, technology and engineering. Providing the
exact (analytical) solution of the problem without large calculation work is the most dominant feature of these
transforms. Integral transforms were started at least two hundred years ago after the notable works of P.S.
Laplace in 1780 and J. Fourier in 1822 among others [1]. Mahgoub [3] defined a new integral transform
“Mahgoub Transform. Abdelilah and Hassan [4] introduced the new integral transform “Kamal Transform”.
Elzaki [5] defined the new integral transform “Elzaki Transform” with its fundamental properties.

The new integral transform “Aboodh Transform” was given by Aboodh [6]. Mohand and Mahgoub [7]
introduced the new integral transform “Mohand Transform”. Watugula [8] defined a new integral transform
namely Sumudu transform and solved differential equations and control engineering problems using it.
Maitama and Zhao [9] gave a new integral transform “Shehu transform” for solving differential equations. In
2018, Sadikali [10] introduced a new integral transform: Sadik transform. Mahgoub [11] defined the new
integral transform "Sawi Transform". The Upadhyaya integral transform was given by Upadhyaya [12]. Zafar
[13] introduced ZZ transform method. Khan and Khan [14] defined Natural transform with its important

properties and explain its physical importance by giving applications.
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Abdelilah and Hassan [15] used Kamal transform for solving partial differential equations. Aggarwal et
al. [16] applied Laplace transform for solving population growth and decay problems. Aggarwal et al. [17]
used Laplace transform for solving improper integrals whose integrand consisting error function. Chauhan and
Aggarwal [18] applied Laplace transform for determining the solution of convolution type linear Volterra
integral equation of second kind. Sharma and Aggarwal [19] used Laplace transform for the solution of Abel’s
integral equation.

Aggarwal and Sharma [20] determined the solution of first kind linear Volterra integral equation using
Laplace transform. Aggarwal and Gupta [21] determined the solution of linear Volterra integro-differential
equations of second kind using Kamal transform. Aggarwal and Sharma [22] gave the application of Kamal
transform for solving Abel’s integral equation. Aggarwal et al. [23] used Kamal transform for solving linear
Volterra integral equations. Solution of linear partial integro-differential equations using Kamal transform is
given by Gupta et al. [24].

Application of Kamal transform for solving linear Volterra integral equations of first kind was given by
Aggarwal et al. [25]. Aggarwal et al. [26] gave the application of Kamal transform for solving population
growth and decay problems. Aggarwal [27] defined the Kamal transform of Bessel’s functions. Aggarwal and
Singh [28] defined Kamal transform of error function. Chauhan and Aggarwal [29] determined the solution of
linear partial integro-differential equations using Mahgoub transform. A new application of Mahgoub
transform for solving linear ordinary differential equations with variable coefficients was given by Aggarwal et
al. [30].

A new application of Mahgoub transform for solving linear Volterra integral equations was given by
Aggarwal et al. [31]. Aggarwal et al. [32] determined the solution of linear Volterra integro-differential
equations of second kind using Mahgoub transform. Application of Mahgoub transform for solving linear
Volterra integral equations of first kind was given by Aggarwal et al. [33]. Application of Mahgoub transform
for solving population growth and decay problems was given by Aggarwal et al. [34]. Aggarwal et al. [35]
defined Mahgoub transform of Bessel’s functions. Mahgoub transform (Laplace-Carson transform) of error
function was given by Aggarwal et al. [36].

Gupta [37] solved Abel’s integral equation using Mahgoub transform method. Solution of population
growth and decay problems by using Mohand transform was given by Aggarwal et al. [38]. Kumar et al. [39]
gave the applications of Mohand transform for solving linear Volterra integral equations of first kind. Solution
of linear Volterra integral equations of second kind using Mohand transform was given by Aggarwal et al.
[40]. Applications of Mohand transform to mechanics and electrical circuit problems were given by Kumar et
al. [41].

Aggarwal et al. [42] defined Mohand transform of Bessel’s functions. A new application of Mohand
transform for handling Abel’s integral equation was given by Aggarwal et al. [43]. Aggarwal and others [44-
49] gave the comparative study of Mohand transform with other integral transforms namely Laplace; Kamal,

Elzaki; Aboodh; Sumudu; Mahgoub transforms. Mohand transform of error function was given by Aggarwal et
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al. [50]. Aggarwal et al. [51] applied Aboodh transform for solving linear Volterra integro-differential
equations of second kind.

Aboodh et al. [52] solved delay differential equations by Aboodh transformation method. Solution of
partial integro-differential equations by using Aboodh and double Aboodh transforms methods were given by
Aboodh et al. [53]. Mohand et al. [54] determined the solution of ordinary differential equation with variable
coefficients using Aboodh transform. A new application of Aboodh transform for solving linear Volterra
integral equations was given by Aggarwal et al. [55]. Aggarwal et al. [56] solved the population growth and
decay problems by using Aboodh transform method. Aggarwal et al. [57] gave the application of Aboodh
transform for solving linear Volterra integral equations of first kind.

Aggarwal and Sharma [58] solved Abel’s integral equation by Aboodh transform method. Aggarwal et
al. [59] defined the Aboodh transform of Bessel’s functions. Aggarwal and Singh [60] determined the Aboodh
transform of error function. Aggarwal et al. [61] gave the application of Elzaki transform for solving linear
Volterra integral equations of first kind. Application of Elzaki transform for solving population growth and
decay problems was given by Aggarwal et al. [62]. Elzaki and Ezaki [63] discussed Elzaki transform and
solved ordinary differential equation with variable coefficients using it.

Elzaki and Ezaki [64] gave the applications of new transform ‘‘Elzaki transform’’ to partial differential
equations. Elzaki transform of Bessel’s functions was given by Aggarwal [65]. Shendkar and Jadhav [66] used
Elzaki transform and determined the solution of differential equations. Elzaki transform of error function was
given by Aggarwal [67]. Aggarwal and Gupta [68] used Sumudu transform for the solution of Abel’s integral
equation. Aggarwal and Sharma [69] defined Sumudu transform of error function. Application of Shehu
transform for handling growth and decay problems was given by Aggarwal et al. [70].

A new application of Shehu transform for handling Volterra integral equations of first kind was given
by Aggarwal et al. [71]. Aggarwal and Gupta [72] used Shehu transform for solving Abel’s integral equation.
Aggarwal and Singh [73] determined the Shehu transform of error function (probability integral). Aggarwal
and Sharma [74] gave the Sadik transform of error function (probability integral). Aggarwal and Bhatnagar
[75] used Sadik transform for handling population growth and decay problems.

Application of Sadik transform for handling linear Volterra integro-differential equations of second
kind was given by Aggarwal et al. [76]. Aggarwal and Bhatnagar [77] solved Abel’s integral equation using
Sadik transform. Singh and Aggarwal [78] applied Sawi transform for population growth and decay problems.
Aggarwal with other scholars [79-86] established the duality relations between different integral transforms.
Aggarwal and other scholars [89-98] used different integral transforms and determined the solution of Volterra
integro-differential equation of first kind. Primitive of second kind linear Volterra integral equation was
determined by Aggarwal et al. [99] using Shehu transform. Higazy et al. [100] used Shehu transformation and
determined the number of infected cells and concentration of viral particles in plasma during HIV-1 infections.

Higazy et al. [101] applied Sawi decomposition method for Volterra integral equation. The main aim of this
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paper is to determine the solution of system of linear Volterra integro-ordinary differential equations of first
kind with the help of Laplace transformation.
DEFINITION OF LAPLACE TRANSFORM: The Laplace transform of the function G(t) for all t > 0 is
defined as [2, 87]:
L{G(t)} = waG(t)e‘Pfdt = g(p), where L is Laplace transform operator.

TABLE-1 USEFUL PROPERTIES OF LAPLACE TRANSFORM [2, 87]

S.N. Name of Property Mathematical Form
Linearity [L{aG,(t) + bG,(t)} = aL{G,(t)} + bL{G,(t)}]
2 Change of Scale 1 np
L6} =~g (%)

3 Shifting L{e*G(t)} =g —a)

4 First Derivative [L{G'(®)} = pg(p) — G(0)]

5 Second Derivative [L{G"(t)} = p%g(p) — pG(0) — G'(0)]

6 nth Derivative L{c™ ()}

=p"g(p) = p"'G(0) — p"?G(0) = ..~ G V(0
7 Convolution [L{G,(t) * G,(t)} = L{G;(£)}L{G,(t)}]
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TABLE-2 LAPLACE TRANSFORM OF USEFUL FUNCTIONS [87-88]

S.N. G(t) L{c(©)} = g(p)
1. 1 1
p
2. t 1
pZ
3 t? 2!
p3
4, t" neN n!
pnt
5. t"n>—1 I'(n+1)
pTl+1
6 et 1
p—a
7. sinat a
P2 + a2
8. cosat _p
P2 + a2
9. sinhat ool
pZ g2
10. coshat _ el
P2 — a2
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TABLE 3 INVERSE LAPLACE TRANSFORMS OF USEFUL FUNCTIONS [88]

S.N. g(p) G() =L {g(®)}
1. 1 1
2. 1 t
p2
3 1 t?
p3 2!
4 1 t"
ot ,neN )
5 1 tn
n+1 n > -1
p 'n+1)
6 1 eat
p—a
7. 1 sinat
p* + a? a
8. P cosat
p2 + aZ
9. 1 sinhat
pZ 8 aZ a
10. p coshat
p? — a2

LAPLACE TRANSFORM FOR SOLVING SYSTEM OF LINEAR VOLTERRA INTEGRO-
ORDINARY DIFFERENTIAL EQUATIONS OF FIRST KIND: Consider the following general system of

convolution type linear Volterra integro-ordinary differential equations of first kind

£y = Jy K1 (x = 0w P (©dt + [ Kip(x — 1) uz(t)dt}

v oot [T K (= O un (Ot
) = Jy Kar(x = ) wy (Odt + [ Kop(x — D u, O (@)dt

S +e [ Ko (o — ) up(Ddt (1)
£ ) = Iy K1 e = D uy ()t + [ Kyp (x = D up(8)dlt

e + ---.+foxKnn(x — ) u, P (t)dt

(u, ™ (0) = @y, m =0,1,2, .., 1 — 1;)
with 4u2<m>(0) =aym,m=012..,1—1; 5 )

Operating Laplace transform on system (1) and using convolution theorem of Laplace transform, we have
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_ [t G D G0} + LK ()}, ()
HAG) = [ + oo ALK ()L ()
LU, (0} = lL{Ku(x)}L{ul(x)} + L{Kzz(x)}L{uz(l)(x)}l
i + -+ LKy (0}t (1))

L{Kny (x)}L{u1 ()} + L{Kpp (O} {15 ()}

L{fa ()} = LK (3L {21, O (20}

Using the property “Laplace transforms of derivatives” on system (3), we have

|f p'L{u; (0)} \l
_nl-1
PO AN
LG} = )
LK ML 100)
+ oo L{K () 3o, ()
L{K31 ()} {u, ()}
|f p'L{u, (x)} \l
_ -1 0
LACO) = | +L0K () _;’1_2522,((0)) $
— e mup 1)(0)J
. +L{K2n(x)}L{un(x)} aEs msn mEm mEs wws
T 25 S
LK GOV, ()

( p'liu,(0} )

L) = [ romo
+ ..., +L{Knn(x)} | _pl_zun’(o) |
k_ P TG (O)) -

Using equation (2) in system (4), we get

(3)

(4)
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Lifi(x)} =

Lif,(x)} =

-1

- a
L{Kn(xn{ p o
—p "ai11

= —aran
+L{K1, (x)}L{uz (x)}

( p'L{u (x)} \$

|+ LK, (o) o{u, (0)}
L{K51 (x)}L{u, (x)}
( p'L{u,(x)} \}

-1
-p
_pl-2

azo
az,
k_ e T Az(-1)

+L{K5>(x)}

|+ LK, (0O o {u, ()}

LKy (O} (0}
+L{Kp2 ()} L{uy (x)}

Lifa(x)} =

T (O

(Pl (0} )

-1
ano 5

p an1
L— B _an(l—l)J |

After simplification system (5), we have

[ (P L{K11 ()} L{uy ()} ]

+L{K () Hu, ()} | Z
+

... ... + L{K;, () Hu, (x)}

L{K51 () Huy ()}
+(P'L{K O L{u, ()} | _
+

. oo+ L{K,p, () Huy, (20) 3
[ L{Kp1 ) Hu ()} ]
+L{Kn, () Huz ()}

+(p' L{Knn (O D L{un ()}

Lif1(x)}

plaje + p'%ay;
+ + e L{K;;(x)}

tTaq-1)
L{f>(x)}
play + ptlay
+

+Hese L }L{Kzz(x)}

+az-1)

L{fa ()}

pl_lano + pl_zanl
+

tTan-1)

+ e }L{Knn(x)}

Q)

(6)
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The solution of system (6) is given as

L{f1()} ]

(Pl 15110\
+i+2:_ all}L{Kll(X)}l L{Klz(x)}
+ai- 1)J J
[ L{f>(x)}
| (P az )
| +p'2ay,
l"‘{ Yo }L{Kzz(x)}
k+az(z—1))
(pl ano\
P o)

[
|
|
|
+
k tTan@-1) }

e e e e ey

(p'L{K22 (0O}

L{Kp,(x)} ...

L{K17(x)}

- L{Kn ()}

(plL{Knn(x)})

L{uy ()} =
L{K21(x)} (PlL{Kzz(x)})

LK ()} LK ()
[ L{f, (0}
PLEL D |

k +a1(1—1) J

(plL{Kll(x)}) L{Klz(X)} S Y

. (PUL{K ()}

Pl 15110 ]|

L{K17 (%)}
L{Kn (%)}

[ L{f2(x)} |
| ( azo\ |
M&ﬂ@}!+{ am}uK(@4 o Lo}
l k+a2(l 1)) J
T LR 1
| (P a0 ) |
L{Kn1 (x)} |[ i anlfL{K""(x)}Jl e (DL ()]
. +ana-1)
L0} = =0 0) LK) e LK)
LKA () (LR (OD s L))
LK ()} L{Knp () - @' (OD
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C LAWY ]
I (Pl_lalo\ I

+i+p }Lﬂﬁﬂxn
+ai-1) J

I

[ L{f2(x)} 1
I (pl 1azo\ I
I

I

l

+i }umqu
+a2(l 1) I — J

(P'L{K;;(0)})  L{K;,(x)}

L{K;1(x)} (plL{Kzz €3]

T L{f, (0} !
i (P ano i
LK ()} LKy (O} oo tpl2a
1 ¢ |+i_k_}}umam1
_ +ana-1)
L} = K@) LK) v LK)
L1 (0} @LURGDD o Lo ()
LKA LK@} s (P GOD

After simplification of above equations, we have the values of L{u,(x)}, L{u,(x)}, ...., L{u,(x)}. After taking

the inverse Laplace transforms on these values, we get the required values of u; (x), u,(x), ...., u, (x).

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 convolution type linear Volterra integro-ordinary differential
equations of first kind

f;cuf(t)dt + foxuz(t)dt = 2sinx ,
f()x ul(t)dt + fox uZ’(t)dt =0 ( )
with u;(0) = 0,u,(0) =1 ()

Operating Laplace transform on system (7) and using convolution theorem of Laplace transform, we have

L{1}L{u" ()} + L{1}L{u,(x)} = 2L{sinx}} )
L{1}L{u; ()} + L{1}L{u,'(x)} = 0

Using the property “Laplace transforms of derivatives” on system (9), we have

* Pl ()}~ w (O] 4+ Lo (0} = 2 () )
S L (0} + 3 [pL{ua (0} — 12(0)] = 0

Using equation (9) in system (10), we get
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%[pL{ul(x)} — 0] + %L{uz ()} =2 (p21+1) (11)
Ly (0} + L pLwy (0} ~ 1] = 0

After simplification system (11), we have

L{u; (x)} + %L{uz (x)}=2 (p21+1) (12)
~ L (0} + L (0} =

The solution of system (12) is given by

(p22+1) %
» U s
Lo} = = s
1
P . (13)
1 <p22+1)
1 1
_lp p 14
L{u,(x)} = ‘1 %‘ T p2+1
5 ! J

Operating inverse Laplace transforms on system (13), we get the required solution of system (7) with (8) as

— 1
() = 17 {7

u,(x) = L1 {#} = cosx |’

} = sinx

Problem: 2 Consider the following system of convolution type linear Volterra integro- ordinary differential

equations of first kind

[y (©dt — [ uz(6)de = 0
Jy up' @®dt + [ us(®)dt =0 (14)
fful(t)dt + foxuz(t)dt + fo" uz'(t)dt =0

Operating Laplace transform on system (14) and using convolution theorem of Laplace transform, we have
L{1}L{u," ()} — L{1}L{us(x)} = 0
L{1}L{u," ()} + L{1}L{us(x)} = 0

L{1}L{u; ()} + L{1}L{u, ()} + L{1}L{us ()} = 0

Using the property “Laplace transforms of derivatives” on above system, we have
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LG (0}~ w (0] = Lius(@} =0 )
L[pL{u; ()~ wa (O] + L@} =0 |
~L{u (0} + 5 L{up (00} + = [pL{us (03 — u5 (0)] = 0 J

Using equation (15) in system (16), we get

SIPLn (0} =01 =S L{us (0} =0 )
L)~ 11+ el =0
S L (0} + 3 L{up (0} + 5 [pL{us (0} — 0] = 0

After simplification system (17), we have

L (0} =S Lus(} =0 )

Lo (O} + 2Ly () = 2 }

14
~L{un (0} + 5 L{up ()} + L{us (0} = 0

The solution of system (18) is given by

00—%
1, 01
14 14
0%1 1
Lu ()} =r———==-5
P
01%
11y
p P
10—%
o 1 1
p P
() = > 1
Liu,(x)} = T =-+t=
10—5 p b
01%
11
)
1.0 0
0o 1 %
14
11,
_Inp _ _1
L{uS(x)}—lo_l—_?
P
01 =
14
11
)

(16)

7)

(18)

(19)

(20)

(21)

Operating inverse Laplace transforms on equations (19), (20) and (21), we get the required solution of system

(14) with (15) as
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w@ =11 {5} =-%

\
I
u) =1 ) = o e B =14 2

p3
usz(x) = —L71 {i} = —x J

p2

CONCLUSIONS: In this paper, authors successfully discussed the Laplace transform for the solution of

system of linear Volterra integro-ordinary differential equations of first kind and complete methodology

explained by considering two numerical problems. The results of numerical problems show that the Laplace

transform is very effective and useful integral transform for determining the solution of system of linear

Volterra integro-ordinary differential equations of first kind.
CONFLICT OF INTERESTS: There is no conflict of interest between the authors.
REFERENCES

1.

10.

Nuruddeen, R.I., Nass, A.M. and Muhammad Lawal, A more recent review of the integral transforms
and their applications in solving differential equations, Technical Report-July 2016, DOI:
10.13140/RG.2.2.13024.69128

Lokenath Debnath and Bhatta, D., Integral transforms and their applications, Second edition, Chapman
& Hall/CRC, 2006.

Mahgoub, M.A.M., The new integral transform “Mahgoub Transform”, Advances in Theoretical and
Applied Mathematics, 11(4), 391-398, 2016.

Abdelilah, K. and Hassan, S., The new integral transform “Kamal Transform”, Advances in Theoretical
and Applied Mathematics, 11(4), 451-458, 2016.

Elzaki, T.M., The new integral transform “Elzaki Transform”, Global Journal of Pure and Applied
Mathematics, 1, 57-64, 2011.

Aboodh, K.S., The new integral transform “Aboodh Transform”, Global Journal of Pure and Applied
Mathematics, 9(1), 35-43, 2013.

Mohand, M. and Mahgoub, A., The new integral transform “Mohand Transform”, Advances in
Theoretical and Applied Mathematics, 12(2), 113 — 120, 2017.

Watugula, G.K., Sumudu transform: A new integral transform to solve differential equations and
control engineering problems, International Journal of Mathematical Education in Science and
Technology, 24(1), 35-43, 1993.

Maitama, S. and Zhao, W., New integral transform: Shehu transform a generalization of Sumudu and
Laplace transform for solving differential equations, International Journal of Analysis and
Applications, 17(2), 167-190, 2019.

Sadikali, L.S., Introducing a new integral transform: Sadik transform, American International Journal of
Research in Science, Technology, Engineering & Mathematics, 22(1), 100-102, 2018.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 520


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Mahgoub, Mohand M. Abdelrahim, The new integral transform "Sawi Transform", Advances in
Theoretical and Applied Mathematics, 14(1), 81-87, 20109.

Upadhyaya, L.M., Introducing the Upadhyaya integral transform, Bulletin of Pure and Applied
Sciences, 38E (Math & Stat.) (1), 471-510, 20109.

Zafar, Zain Ul Abadin, ZZ transform method, International Journal of Advanced Engineering and
Global Technology, 4(1), 1605-1611, 2016.

Khan, Z.H. and Khan, W.A., Natural transform-properties and applications, NUST Journal of
Engineering Science, 1, 127-133, 2008.

Abdelilah, K. and Hassan, S., The use of Kamal transform for solving partial differential equations,
Advances in Theoretical and Applied Mathematics, 12(1), 7-13, 2017 .

Aggarwal, S., Gupta, A.R., Singh, D.P., Asthana, N. and Kumar, N., Application of Laplace transform
for solving population growth and decay problems, International Journal of Latest Technology in
Engineering, Management & Applied Science, 7(9), 141-145, 2018.

Aggarwal, S., Singh, A., Kumar, A. and Kumar, N., Application of Laplace transform for solving
improper integrals whose integrand consisting error function, Journal of Advanced Research in Applied
Mathematics and Statistics, 4(2), 1-7, 2019.

Chauhan, R. and Aggarwal, S., Laplace transform for convolution type linear VVolterra integral equation
of second kind, Journal of Advanced Research in Applied Mathematics and Statistics, 4(3&4), 1-7,
2019.

Sharma, N. and Aggarwal, S., Laplace transform for the solution of Abel’s integral equation, Journal of
Advanced Research in Applied Mathematics and Statistics, 4(3&4), 8-15, 2019.

Aggarwal, S. and Sharma, N., Laplace transform for the solution of first kind linear Volterra integral
equation, Journal of Advanced Research in Applied Mathematics and Statistics, 4(3&4), 16-23, 2019.
Aggarwal, S. and Gupta, A.R., Solution of linear Volterra integro-differential equations of second kind
using Kamal transform, Journal of Emerging Technologies and Innovative Research, 6(1), 741-747,
20109.

Aggarwal, S. and Sharma, S.D., Application of Kamal transform for solving Abel’s integral equation,
Global Journal of Engineering Science and Researches, 6(3), 82-90, 2019.

Aggarwal, S., Chauhan, R. and Sharma, N., A new application of Kamal transform for solving linear
Volterra integral equations, International Journal of Latest Technology in Engineering, Management &
Applied Science, 7(4), 138-140, 2018.

Gupta, A.R., Aggarwal, S. and Agrawal, D., Solution of linear partial integro-differential equations
using Kamal transform, International Journal of Latest Technology in Engineering, Management &
Applied Science, 7(7), 88-91, 2018.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 521


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Aggarwal, S., Sharma, N. and Chauhan, R., Application of Kamal transform for solving linear Volterra
integral equations of first kind, International Journal of Research in Advent Technology, 6(8), 2081-
2088, 2018.

Aggarwal, S., Gupta, A.R., Asthana, N. and Singh, D.P., Application of Kamal transform for solving
population growth and decay problems, Global Journal of Engineering Science and Researches, 5(9),
254-260, 2018.

Aggarwal, S., Kamal transform of Bessel’s functions, International Journal of Research and Innovation
in Applied Science, 3(7), 1-4, 2018.

Aggarwal, S. and Singh, G.P., Kamal transform of error function, Journal of Applied Science and
Computations, 6(5), 2223-2235, 2019

Chauhan, R. and Aggarwal, S., Solution of linear partial integro-differential equations using Mahgoub
transform, Periodic Research, 7(1), 28-31, 2018.

Aggarwal, S., Sharma, N., Chauhan, R., Gupta, A.R. and Khandelwal, A., A new application of
Mahgoub transform for solving linear ordinary differential equations with variable coefficients, Journal
of Computer and Mathematical Sciences, 9(6), 520-525, 2018.

Aggarwal, S., Chauhan, R. and Sharma, N., A new application of Mahgoub transform for solving linear
Volterra integral equations, Asian Resonance, 7(2), 46-48, 2018.

Aggarwal, S., Sharma, N. and Chauhan, R., Solution of linear VVolterra integro-differential equations of
second kind using Mahgoub transform, International Journal of Latest Technology in Engineering,
Management & Applied Science, 7(5), 173-176, 2018.

Aggarwal, S., Sharma, N. and Chauhan, R., Application of Mahgoub transform for solving linear
Volterra integral equations of first kind, Global Journal of Engineering Science and Researches, 5(9),
154-161, 2018.

Aggarwal, S., Pandey, M., Asthana, N., Singh, D.P. and Kumar, A., Application of Mahgoub transform
for solving population growth and decay problems, Journal of Computer and Mathematical Sciences,
9(10), 1490-1496, 2018.

Aggarwal, S., Sharma, N. and Chauhan, R., Mahgoub transform of Bessel’s functions, International
Journal of Latest Technology in Engineering, Management & Applied Science, 7(8), 32-36, 2018.
Aggarwal, S., Gupta, A.R., Sharma, S.D., Chauhan, R. and Sharma, N., Mahgoub transform (Laplace-
Carson transform) of error function, International Journal of Latest Technology in Engineering,
Management & Applied Science, 8(4), 92-98, 2019.

Gupta, A.R., Solution of Abel’s integral equation using Mahgoub transform method, Journal of
Emerging Technologies and Innovative Research, 6(4), 252-260, 2019.

Aggarwal, S., Sharma, N. and Chauhan, R., Solution of population growth and decay problems by
using Mohand transform, International Journal of Research in Advent Technology, 6(11), 3277-3282,
2018.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 522


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.

52.

Kumar, P.S., Saranya, C., Gnanavel, M.G. and Viswanathan, A., Applications of Mohand transform for
solving linear Volterra integral equations of first kind, International Journal of Research in Advent
Technology, 6(10), 2786-2789, 2018.

Aggarwal, S., Sharma, N. and Chauhan, R., Solution of linear Volterra integral equations of second
kind using Mohand transform, International Journal of Research in Advent Technology, 6(11), 3098-
3102, 2018.

Kumar, P.S., Gomathi, P., Gowri, S. and Viswanathan, A., Applications of Mohand transform to
mechanics and electrical circuit problems, International Journal of Research in Advent Technology,
6(10), 2838-2840, 2018.

Aggarwal, S., Chauhan, R. and Sharma, N., Mohand transform of Bessel’s functions, International
Journal of Research in Advent Technology, 6(11), 3034-3038, 2018.

Aggarwal, S., Sharma, S.D. and Gupta, A.R., A new application of Mohand transform for handling
Abel’s integral equation, Journal of Emerging Technologies and Innovative Research, 6(3), 600-608,
2019.

Aggarwal, S. and Chaudhary, R., A comparative study of Mohand and Laplace transforms, Journal of
Emerging Technologies and Innovative Research, 6(2), 230-240, 2019.

Aggarwal, S., Sharma, N., Chaudhary, R. and Gupta, A.R., A comparative study of Mohand and Kamal
transforms, Global Journal of Engineering Science and Researches, 6(2), 113-123, 2019.

Aggarwal, S., Mishra, R. and Kumar, A., A comparative study of Mohand and Elzaki transforms,
Global Journal of Engineering Science and Researches, 6(2), 203-213, 2019.

Aggarwal, S. and Chauhan, R., A comparative study of Mohand and Aboodh transforms, International
Journal of Research in Advent Technology, 7(1), 520-529, 2019.

Aggarwal, S. and Sharma, S.D., A comparative study of Mohand and Sumudu transforms, Journal of
Emerging Technologies and Innovative Research, 6(3), 145-153, 2019.

Aggarwal, S., A comparative study of Mohand and Mahgoub transforms, Journal of Advanced
Research in Applied Mathematics and Statistics, 4(1), 1-7, 2019.

Aggarwal, S., Gupta, A.R. and Kumar, D., Mohand transform of error function, International Journal of
Research in Advent Technology, 7(5), 224-231, 2019.

Aggarwal, S., Sharma, N. and Chauhan, R., Application of Aboodh transform for solving linear
Volterra integro-differential equations of second kind, International Journal of Research in Advent
Technology, 6(6), 1186-1190, 2018.

Aboodh, K.S., Farah, R.A., Almardy, I.A. and Osman, A.K., Solving delay differential equations by
Aboodh transformation method, International Journal of Applied Mathematics & Statistical Sciences,
7(2), 55-64, 2018.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 523


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Aboodh, K.S., Farah, R.A., Almardy, I.A. and Almostafa, F.A., Solution of partial integro-differential
equations by using Aboodh and double Aboodh transforms methods, Global Journal of Pure and
Applied Mathematics, 13(8), 4347-4360, 2016.

Mohand, D., Aboodh, K.S. and Abdelbagy, A., On the solution of ordinary differential equation with
variable coefficients using Aboodh transform, Advances in Theoretical and Applied Mathematics,
11(4), 383-389, 2016.

Aggarwal, S., Sharma, N. and Chauhan, R., A new application of Aboodh transform for solving linear
Volterra integral equations, Asian Resonance, 7(3), 156-158, 2018.

Aggarwal, S., Asthana, N. and Singh, D.P., Solution of population growth and decay problems by using
Aboodh transform method, International Journal of Research in Advent Technology, 6(10), 2706-2710,
2018.

Aggarwal, S., Sharma, N. and Chauhan, R., Application of Aboodh transform for solving linear
Volterra integral equations of first kind, International Journal of Research in Advent Technology,
6(12), 3745-3753, 2018.

Aggarwal, S. and Sharma, S.D., Solution of Abel’s integral equation by Aboodh transform method,
Journal of Emerging Technologies and Innovative Research, 6(4), 317-325, 2019.

Aggarwal, S., Gupta, A.R. and Agrawal, D., Aboodh transform of Bessel’s functions, Journal of
Advanced Research in Applied Mathematics and Statistics, 3(3), 1-5, 2018.

Aggarwal, S. and Singh, G.P., Aboodh transform of error function, Universal Review, 10(6), 137-150,
2019.

Aggarwal, S., Chauhan, R. and Sharma, N., Application of Elzaki transform for solving linear Volterra
integral equations of first kind, International Journal of Research in Advent Technology, 6(12), 3687-
3692, 2018.

Aggarwal, S., Singh, D.P., Asthana, N. and Gupta, A.R., Application of Elzaki transform for solving
population growth and decay problems, Journal of Emerging Technologies and Innovative Research,
5(9), 281-284, 2018.

Elzaki, T.M. and Ezaki, S.M., On the Elzaki transform and ordinary differential equation with variable
coefficients, Advances in Theoretical and Applied Mathematics, 6(1), 41-46, 2011.

Elzaki, T.M. and Ezaki, S.M., Applications of new transform ‘Elzaki transform’’ to partial differential
equations, Global Journal of Pure and Applied Mathematics, 7(1), 65-70, 2011.

Aggarwal, S., Elzaki transform of Bessel’s functions, Global Journal of Engineering Science and
Researches, 5(8), 45-51, 2018.

Shendkar, A.M. and Jadhav, P.V., Elzaki transform: A solution of differential equations, International
Journal of Science, Engineering and Technology Research, 4(4), 1006-1008, 2015.

Aggarwal, S., Gupta, A.R. and Kumar, A., Elzaki transform of error function, Global Journal of
Engineering Science and Researches, 6(5), 412-422, 2019.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 524


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

68.

69.

70.

71.

72.

73.

74.

75.

76.

77,

78.

79.

80.

81.

82.

Aggarwal, S. and Gupta, A.R., Sumudu transform for the solution of Abel’s integral equation, Journal
of Emerging Technologies and Innovative Research, 6(4), 423-431, 2019.

Aggarwal, S. and Sharma, S.D., Sumudu transform of error function, Journal of Applied Science and
Computations, 6(6), 1222-1231, June 2019.

Aggarwal, S., Sharma, S.D. and Gupta, A.R., Application of Shehu transform for handling growth and
decay problems, Global Journal of Engineering Science and Researches, 6(4), 190-198, 20109.
Aggarwal, S., Gupta, A.R. and Sharma, S.D., A new application of Shehu transform for handling
Volterra integral equations of first kind, International Journal of Research in Advent Technology, 7(4),
439-445, 2019.

Aggarwal, S. and Gupta, A.R., Shehu transform for solving Abel’s integral equation, Journal of
Emerging Technologies and Innovative Research, 6(5), 101-110, 2019.

Aggarwal, S. and Singh, G.P., Shehu transform of error function (probability integral), International
Journal of Research in Advent Technology, 7(6), 54-60, June 2019.

Aggarwal, S. and Sharma, S.D., Sadik transform of error function (probability integral), Global Journal
of Engineering Science and Researches, 6(6), 125-135, June 2019.

Aggarwal, S. and Bhatnagar, K., Sadik transform for handling population growth and decay problems,
Journal of Applied Science and Computations, 6(6), 1212-1221, June 2019.

Aggarwal, S., Gupta, A.R. and Sharma, S.D., Application of Sadik transform for handling linear
Volterra integro-differential equations of second kind, Universal Review, 10(7), 177-187, July 2019.
Aggarwal, S. and Bhatnagar, K., Solution of Abel’s integral equation using Sadik transform, Asian
Resonance, Vol. 8 No. 2, (Part-1), 57-63, April 2019.

Singh, G.P. and Aggarwal, S., Sawi transform for population growth and decay problems, International
Journal of Latest Technology in Engineering, Management & Applied Science, 8(8), 157-162, August
20109.

Aggarwal, S. and Gupta, A.R., Dualities between Mohand transform and some useful integral
transforms, International Journal of Recent Technology and Engineering, 8(3), 843-847, September
2019.

Aggarwal, S. and Gupta, A.R., Dualities between some useful integral transforms and Sawi transform,
International Journal of Recent Technology and Engineering, 8(3), 5978-5982, September 2019.
Aggarwal, S., Bhatnagar, K. and Dua, A., Dualities between Elzaki transform and some useful integral
transforms, International Journal of Innovative Technology and Exploring Engineering, 8(12), 4312-
4318, October 2019.

Chauhan, R., Kumar, N. and Aggarwal, S., Dualities between Laplace-Carson transform and some
useful integral transforms, International Journal of Innovative Technology and Exploring Engineering,
8(12), 1654-1659, October 2019.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 525


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Aggarwal, S. and Bhatnagar, K., Dualities between Laplace transform and some useful integral
transforms, International Journal of Engineering and Advanced Technology, 9(1), 936-941, October
20109.

Chaudhary, R., Sharma, S.D., Kumar, N. and Aggarwal, S., Connections between Aboodh transform
and some useful integral transforms, International Journal of Innovative Technology and Exploring
Engineering, 9(1), 1465-1470, November 2019.

Aggarwal, S., Sharma, N. and Chauhan, R. Duality relations of Kamal transform with Laplace,
Laplace—Carson, Aboodh, Sumudu, Elzaki, Mohand and Sawi transforms. SN Appl. Sci. 2, 135 (2020)
d0i:10.1007/s42452-019-1896-z

Mishra, R., Aggarwal, S., Chaudhary, L. and Kumar, A., Relationship between Sumudu and some
efficient integral transforms, International Journal of Innovative Technology and Exploring
Engineering, 9(3), 153-159, January 2020.

Wazwaz, A.M., Linear and nonlinear integral equations: Methods and applications, Higher Education
Press, Beijing, 2011.

Rahman, M., Integral equation and their applications, Wit Press Southampton, Boston, 2007.

Aggarwal, S., Sharma, S.D. and Vyas, A., Aboodh transform for solving first kind faltung type Volterra
integro-differential equation, International Journal of Latest Technology in Engineering, Management
& Applied Science, 9(7), 71-77, 2020.

Aggarwal, S., Vyas, A. and Sharma, S.D., Mohand transform for handling convolution type Volterra
integro-differential equation of first kind, International Journal of Latest Technology in Engineering,
Management & Applied Science, 9(7), 78-84, 2020.

Aggarwal, S., Sharma, S.D. and Vyas, A., Solution of convolution type Volterra integro-differential
equation of first kind using Kamal transformation, International Journal of Research and Innovation in
Applied Science, 5 (7), 137-143, 2020.

Aggarwal, S., Vyas, A. and Sharma, S.D., Primitive of faltung type Volterra integro-differential
equation of first kind using Elzaki transform, International Journal of Research and Innovation in
Applied Science, 5(7), 144-150, 2020.

Aggarwal, S., Sharma, S.D. and Vyas, A., Laplace-Carson transform for the primitive of convolution
type Volterra integro-differential equation of first kind, International Journal of Research and
Innovation in Applied Science, 5(7), 30-36, 2020.

Aggarwal, S., Sharma, S.D. and Vyas, A., Laplace transformation for the solution of faltung type
Volterra integro-differential equation of first kind, International Journal of Latest Technology in
Engineering, Management & Applied Science, 9(7), 5-11, 2020.

Aggarwal, S., Vyas, A. and Sharma, S.D., Analytical solution of first kind Volterra integro-differential
equation using Sadik transform, International Journal of Research and Innovation in Applied Science,
5(8), 73-80, 2020.

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 526


http://www.jetir.org/

© 2021 JETIR April 2021, Volume 8, Issue 4 www.jetir.org (ISSN-2349-5162)

96. Aggarwal, S., Sharma, S.D. and Vyas, A., Application of Sawi transform for solving convolution type
Volterra integro-differential equation of first kind, International Journal of Latest Technology in
Engineering, Management & Applied Science, 9(8), 13-19, 2020.

97. Aggarwal, S., Sharma, S.D. and Vyas, A., Application of Sumudu transform for handling Volterra
integro-differential equation of first kind with convolution kernel, International Journal of Research and
Innovation in Applied Science, 5(8), 24-30, 2020.

98. Aggarwal, S., Vyas, A. and Sharma, S.D., Primitive of first kind Volterra integro-differential equation
using Shehu transform, International Journal of Research and Innovation in Applied Science, 5(8), 31-
38, 2020.

99. Aggarwal, S., Vyas, A. and Sharma, S.D., Primitive of second kind linear Volterra integral equation
using Shehu transform, International Journal of Latest Technology in Engineering, Management &
Applied Science, 9(8), 26-32, 2020.

100. Higazy, M., Aggarwal, S. and Hamed, Y.S., Determination of number of infected cells and
concentration of viral particles in plasma during HIV-1 infections using Shehu transformation, Journal
of Mathematics, 2020, Article ID 6624794, 13 pages.
https://doi.org/10.1155/2020/6624794

101. Higazy, M., Aggarwal, S. and Nofal, T.A., Sawi decomposition method for Volterra integral

equation with application, Journal of Mathematics, 2020, Article ID 6687134, 13 pages.
https://doi.org/10.1155/2020/6687134

JETIR2104072 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 527


http://www.jetir.org/
https://doi.org/10.1155/2020/6624794
https://doi.org/10.1155/2020/6687134

