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Abstract

This research deals with a system of multi-pantograph equations
with proportional delays. The power series method is modified for
solving the system. The obtained series solution rapidly converges to
the exact solution. The method can be applied without discretiza-
tion, perturbation, and linearization. Illustrative examples show the
validity and efficiency of the proposed method.

1 Introduction

Many natural phenomena are formulated by delay differential equations.
Delay differential equations are similar to ordinary differential equations,
but their evolution at a certain time instant depends on past values. Panto-
graph differential equation is a special type of functional differential equation
with proportional delay. The equation is widely applicable in mathematics,
physics, biology, and engineering such as number theory, probability the-
ory and algebraic structure, nonlinear dynamic system, electronic system,
astrophysics, population models, quantum mechanics, and cell growth, etc.
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In recent years, the multi-pantograph differential equations (MPDEs)
were solved by many authors numerically and analytically. For instance,
Cakir and Arslan [1] showed the numerical solutions of MPDEs by using
Adomian decomposition method and differential transform method, Yu [11]
used the variational iteration method for solving the multi-pantograph delay
equation, Komashynska et al.[3] applied the residual power series method
to a system of MPDEs, Feng [2] employed homotopy perturbation method
to MPDEs with variables coefficients, Yiibasi [10] developed the matrix and
collocation methods for the approximate solutions of the system of MPDEs,
Sezer et al. [7] constructed an approximate solution of a system of MPDEs by
the technique based on a Taylor matrix method, Koroma et al. [4] adapted
a combination of Laplace transform and the decomposition method to find
numerical solution of a system of MPDEs, Widatalla [9] used a combination
of Laplace transform and Adomian decomposition method to approximate
solution of a system of pantograph equations, and reference therein.

The present paper deals with a system multi-pantograph equations with
proportional delays in form

(1.1)

U (8) =0mun(t) + fu(t, wi(t), wi(g;t)),

with initial contions u;(0) = w0, 1 = 1,2,...,n, 0 < ¢; < 1. The existence
and uniqueness of solution of MPEs was proved by Liu and Li [5].

The motivation of this paper is to extend the application of the modi-
fied power series method suggested in [6] to system (1.1). The purpose of
this research is to give an approximate analytic solution of system (1.1) by
adapting the modified power series method.

This paper is organized as follows. Section 2 describes the algorithm of the
modified power series method whereas section 3 shows the three illustrative
examples. The conclusion is provided in the last section.
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2

Modified Power Series Method

In this section, the modified power series method is reviewed. For the modi-
fied power series method, the approximate solution of (1.1) is given by

N
win(t) =Y agt® (2.1)
k=1

where u; y — w; as n — oo. The strategy of the modified power series
method [6] is adjusted as follows.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Rewrite system (1.1) such that only the nonhomogeneous term is on
the right-hand side of the equation.

On the left-hand side of the nonhomogeneous differential equation, sub-
stitute

N
ui,N(t) = Zaiktk
k=1

N
win(gt) = Y an(g)*, 0<g<1
k=1

and the derivatives of w; y(t). However, if the nonhomogeneous term
or a coefficient of u; or its derivative is not a polynomial but analytic
at t = 0, then replace it by its Taylor series expansion of degree N
about t = 0.

Collect the power of ¢ on the left-hand side of the equation resulting
from Step 2 and set the coefficient of each power of ¢t on the left-hand
side equal to the corresponding coefficient on the right-hand side of
the equation. Then by equating the coefficients of the corresponding
powers of ¢ from t° up to t¥~1. The system of Nn algebraic equations
is obtained.

Solve the system of algebraic equations from Step 3 by using forward
substitution method. And with respect to initial condition w,y, the
coefficients a;,, k = 0,1,..., N are generated.

Substitute the coefficients a;, determined in Step 4 into Equation (2.1)
to obtain an approximate solution of degree N to the system of multi-
pantograph equations.
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3 Illustrative Examples

This section gives examples that illustrate the validity and applicability of
the above strategy. The result reveals the accuracy and efficiency of the
method. Throughout this article, all computations have been performed by
using the Maple software package.

Example 3.1. We consider the following system of multi-pantograph equa-
tions

u(t) = u(t)—o(t)+ u(%) +et—ea,

V) = —uo—vuy—m%y+a+eﬁ

with the initial conditions u(0) = 1,v(0) = 1[8]. The exact solution of the
problem is u(t) = €', v(t) = e~*. Suppose the approximate solution of this
problem is in the form

un(t) = Zaktk and wy(t) = Zbktk. (3.1)

k=0

By applying the proposed method for N = 5, 7, 9, 11, here, the obtained
system of algebraic equations from Step 3 of above method when N = 11,

3 3 3 1
aq —2a0—|—60:0, b1+2b0—|—a0:2, 2a2—§a1+bl = —57 2b2+§b1+a1 = 5,
5 3 5 5 9 3

3&3— 1&2-'-()2 = g, 3b3+1b2—|—a2 = g, 4a4—§a3+63: —1—6,

9 7 17 5 17 17

4 — = — B — = — J— - —

b4+8b3—|—a3 48,5&5 16&4—|—b4 128,5b5+16b4+&4 384’
33 11 33 31 65 7
6ag — s + by = ————. 6bg + —=b =2 7 — e+ b = ——
6~ 3505 05 = —ogy W6+ 550 05 = gouyy 107 — (6 06 = oo
65 13 129 43 129 127
Tbr + 5706 + a6 = o7, 8as — ogar +br = —orss 8bs 4 g br + ar = s
0 _ 2T 1T g 27, 9257

a9 — —a = — ag = —————
9 o560 T 8T 688128 7Y T 256 0 T T 10321920
513 19 513 73

10010 — =29 + by = ————— 10byy + b -0

10 ~ 550 0 = Trecioggr V0 T 5% T 9 = 5erions0

. 105 o 3dl gy 1025, T A

T 7004 110 TUI0 T 19386304007 T 1024 10 T 10 T 148635648
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After solving the above system with respect to ag = 1,by = 1, one obtains

by, =

W= el

11

Hence, the approximate solutions of this problem for N = 5, 7, 9, 11 are

The comparison of approximate solution uy, vy for N =15, 7,9, 11 and exact
solution are shown in Table 1. The graphs of approximated and exact solution

are plotted in Figure 1. It is obvious that A}l_r}r(l)o un(t) = €, A}l_I)I;O un(t) =e

which is the exact solution of Example 3.1.

AN

exact solution - u(t):et ﬁ
+ & = & 4 ¢ approximate solutionincase N =11 ;i
# ¢ % @ @ ¢ approximate solution incase N=9 Ko
* ¥ ® ¢ % ¥ approximate solution in case N =7 [
£
19 o
fo &
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/o
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i e
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pree
—e-o—o—o—o—eq—Q—D—D—O—OW
0 1 2 3 4 5 1

—t

LN

EEE

exact solution - u(t) = et

approximate solution in case N = 11 .i
approximate solution in case N =9 /0
approximate solution incase N =7

/ #

i

5

Figure 1: shows the comparison of the exact solution and approximate solu-
tions in case N= 7, 9, 11 for Example 3.1.
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t

Us

U7

Ug

U1

u(t) =€

0.2

1.221402667

1.221402759

1.221402759

1.2214027359

1.221402758

0.4

1.491818667

1.491824681

1.491824698

1.491824698

1.491824698

0.6

1.822048000

1.822118354

1.822118799

1.822118801

1.822118800

0.8

2.225130667

2.225536366

2.225540897

2.225540929

2.225540928

1.0

2.716666667

2.718253969

2.718281527

2.718281828

2.718281828

t

Us

U7

%)

V11

v(t) =e?

0.2

0.818730667

0.818730753

0.818730753

0.818730753

0.818730753

0.4

0.670314667

0.670320031

0.670320046

0.670320046

0.670320046

0.6

0.548752000

0.548811246

0.548811635

0.548811636

0.548811636

0.8

0.449002667

0.449325145

0.449328937

0.4493289640

0.449328964

1.0

0.366666667

0.367857143

0.367879189

0.367879439

0.367879441

Table 1: shows the comparison of the obtained approximate solution and the
exact solution for Example 3.1

Example 3.2. Consider the system of multi-pantograph equations [8]

c'u’(5) — ()

2 2

—u(t) —e™* COS(%)U(%) +2¢ 4! COS(%) sin(

t

t

Z)U(Z)’

subject to the initial conditions u(0) = 1,v(0) = 0. The Exact solution

is u(t) = e feost, v(t) =

problem is in the form

un(t)

N

:Zaktk and vy

k=0

(t) = f: bit".

sint. Suppose the approximate solution of this

After applying the above algorithm for N = 5, 7, 9, 11, the obtained system
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of algebraic equations when N = 11 are,

1 1
bo+&0+a1:0, b1+b(2)—ag:O, 5&0+&1+2&2—b0—|—§b120,

3 1 1 1 3
—a(2) + 2b2 — Qa1 + b0b1 = O, —gCLQ —+ gal + 3&3 -+ ibg + a9 — 5()1 -+ gbg = O,
1 1 1 1 1
—§Qoa2—§&g+ib%+3l)3—&0a1—1&%+§bob220,
7 3 1 1 1 3 1
%a0—§a1+3—2a2+4a4+a3—ﬂbo—zbg—i—ﬁbl—i—ébgzo,
1 1 1 1 1 1
—Za% — 6&3 — Zalag + iblbz -+ 4b4 — §CL0(L2 — iaoag — 5&0&1 + Zbobg = O,
7 +1 3 +1 . L, 1,
38 T 0T g @ T g BT M T g T g
3 7 1
2 by — ——by4+ — by +5as =0
tag gy g TP =0
1, 1, 1 1 1, 1 1 1
—gal—ﬂao—gaoﬁll—gal%‘l'ﬁbg—10003—101@—@@0&4
1 1 1 1
—Za0a2+5b5+§blb3—Ea§+§bob420,
+6+1b 161 3+7+1+1
a ag + —=bs — —— — —=a3 + ——=a2 + —— a1 + —=a
b 67327 15360 512 ° ' 1536 ' 256 ' 512 ¢
3 1 7 1
2y — —by— ——by — —b, =0
61062 s 16
1 1, 1 1 1, 1 1 1
—— Q203 — ——=05 — = Qo1 — —=QpQy — —a] — A1y — =QpA3 — =A1Q
16 277 12070 24 07t 70T gq T QTR T TS
1 1, 1 1 1 1 1
—agay — — — bybg + —byby — — 6bg + — bobs — — —0
80004 16a2+1623+1614 16aoa5+ 6+1605 16a1a4 )
L a +1b+ 47 3 N 7 . 1 161
a ar + — — — as + ——a as — a
6 T 647° T 20480 2048 ' T 6144 ° " 1024 ° 61440
1 3 1 7 19 1
by — ——bq — b by — ==b5 =0
T2018% T 128 T 1920 T 1836 2 T 3sa0 320
1, 1 1 1 1, 1 1
—==Qp — =204 — T—=QpA1 — Aol — —a] — = Q102 — ——AoQ
720 0 32 2t 120 O 4870 g6t g4 MR 9 0B
1 1 1, 1 1 1 1 1,
——Q143 — 750004 — —=Ay — == 0104 — —— U203 — ——Aols — =105 — —
1677 16 % 3272 16 7t 16 7 16 0 3271 648
1 1 1 1 1
+—b2b4 + —b1b5 + —b2 — —apag + 7b7 + —b0b6 = 0,

32 32 64 3 32 32
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1247 1 3 7 1 161

il By . _
5160060 7 T84+ 195~ 5195% T a6 ™ T 1006™ 245760 ™

e s B L Ty 9 B L
81920" T 81027 T 2560 T 384 % 3072 ° T 76802 10240 64 ¢

1, 1 1 1 1 1 1 1
504070 T g 09T T 3115 T 35 @2s T gp 2fa T gy tida T gz T mopdot
1 1 1 1 1 1 1 1
—@alas 24()@0&2 — — Qo3 — —S 0004 — 550005 — 550006 — 6_4a3 — @“1

96 48 32 32
1 1

1 1 1
96 ‘|‘ 8b8 + —bob7 64a3a4 + 6—462[)5 + 6—4bgb4 + able — 6—4a1a6 aag% = O

Cevom g Lo 12T 130 3
191520 BTN 55678 T 50643840 T 645120 " 32768°
7 1 161 A7 1 3 1

08301 T Toza™ 933020 T 37men0 T 3mmes™ T 52 T Tos”

7 19 13 1
— b by — — by — —b, =
61227 T 15360% ~ 2048072 1 TV
1 1 1 1 1, 1 1 1

T 1281048 T g M5 T oM T 198240 T 390 M0 T 4 10T T g4 MM T 96128

1 1 1 1 1 I 1
64729 T 96" M T 450 M T 5040 M T 1921 T 95674 T 144070% T g0 0™

1 1 1 1 1 1 1 1
—@CL()CM 96a0a5 — @aoaﬁ - ﬁai + ﬁbobg —+ Egblzh —+ @bz% —+ Egbgz%
1, 1 9, 1 1 1 1

L S Oby — —asay — — _pas = 0,
T28% ~ 73509 ~ 3g2% 9o — G004 — G706 — a2

0601 1, 1247 ] L 139
2972712960 0 T M0 T E0% T 8957536072 T 1966080 T 1290240

3 7 1 161 47 1 3

_ 2
131072% T 303216 ™ T 65536™ ~ 3932160 T 1310720™ T 131072™ T 10247

D27 1 7 19 19 13 1

— _ — by — by — ———bg — ——bg = 0
206438401 1536°  12288"° T 307207 30720 20960 25675~

1 1 1 1 1, 1 1
———Qpa]g — —— A3 — ——aA1A7 — —A9Qg — an — —apQ —a1a
1287078 7 1987 T 198 T T 198720 T 3698800 128 7 19271

1 1 1 1 1 1 1
a a a — _ —Qa1a
T38472% T 192929 T 556™297 T 384 MM T 988012 T 1032070 T 9013

+1bb 1 1 R 1 1 1 1

— —QpQ —apQ — Qo4 — —apQ
256 ©° 10080 O 2 2880 7 T 256 2% 960 Ot 384 07 102

1 1, 1 1 s Ly 1 1, 1
Qa —a a — —_ Q, —0a a
956 T 256™ T 256" T 384" T 256707 T 256" T 20160™ 25670

2

by

Tna 006

1 1 1 1 1
_ 2 4 10byg + ——bubs + ——bobr — —— a3 — ——ayag — ——
To0"2 T 10010 + 525bibs + 52502b7 = Jogasas = ogaias = 152

Q205 = 0,
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0881 1 1247 L 9601 )
10818086400 10T ML 1604710 T 330301440 ™ T 78643207 11890851840

189 8 1 L 161 LA
2580480 %~ 524288 T 15728647 T 262144 T 157286407 " 5242880 "% " 524288 "

527, N 359, 3, L, 7, N 9, B, 1,
41287680 ° ' 185794560 2048 % 3072 ' 24576 ° ' 61440 > 81920 * 512 °
1 1 1 1 1, 1 1 1
a a a — o0 — ————— 0 — —QpQ — ——Qo03—
T 95670 T 956™% T 256" T 256729 T 362880070 T 38470 T 7681 T 192072
1 1 1 1 1 1 1 1 .
Ay — ——=a109 — == — — — — az — == 020
7682 T 5121 T 956" T 1920 T 20160 T 326880 7°™ T 57601 T 51272
—b2 1bb—Laa—;aa—Laa—iaa—iaa—iaa—
1024 5 7 5127177 80640 ©% 20160 "0 5760 1 1920 °° 768 7% 256 1P
1 1, 1 1, 1, 1 1 1, 1
Qa, — A, — ——a1ag — Aq — Ar — — Q30 — ——a3a7 — a1 — —apQg—
512749 T 512 T 9561 T 1536™ T 1024 256 T 512 T 161280 25670%
1 1 1 1 1 1 1
5127000 ~ Tip% 1100 gygbobio + gibabs  gbibs + g babe — gyasai—
1 1
38414 ~ 3554205 = 0,
Because of the initial conditions ag = 1, by = 0, solving the system leads to
1.b =1 0, by =0 L 1 L
1 s V1 , U2 s U2 , W3 3, 3 67 4 67 4 , U5 30a
1 1 1 1
b= — ag=0,bg=0, a7 = —— b= —— qgg=——— by =0
5 1207 ae s Vb , Q7 6307 7 50407 as 25207 8 )
1 1 0 b —0 1 ) 1
Ao = — = s a = s = s a = —, = -
? 22680° 7 362880° 10 U 10474000 T 39916800
Hence, the approximate solution of this problem for N = 11 is
1 1 1 1 1 1 1
t) = 1—t+ 2=t + 0 — —+" 8 £ ¢
un (f) *3 6 T30 630" T 2520 92680° | 1247400
1 1 1 1 1
o (t) = t— <t —1° tT+ ) — 1

6 1200 5040 362880 39916800
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¥ s ok BHDIONITEG SOIOR M can 2 = 3 ¢ow @ @ v v approximate solution in case N =9 i
owow @ v v approximate solution incase N =9 /c Tl bt t S N=7 ("0
] © 7 ° ° %% approximate solutionincase N=7 800 Sbiusiibicat ol bt 0

f 4

/ fo s
e 2 E
iia i 400 L
T /e
£ ‘{ +
i £
] L0 204} £ g
200} /90<>° ),fo
{sv M{sv
sawe.kww"ﬁ PO
LIS 3 ; 5 ! : ﬂ‘—H—H—‘H"‘*—‘. e ; s ; ;
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Figure 2: shows the comparison of the exact solution and approximate solu-
tions in case N= 7, 9, 11 for Example 3.2.

The comparison of approximate solution uy,vy for N=5, 7, 9, 11 and
the exact solution are presented in Table 2. The graphs of approximated
and exact solution are plotted in Figure 2. It is obvious that lim wuy(t) =

e ' cost, A}im vn(t) = sint which is the exact solution of Example 3.2.
—00
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t

Us

U7

Ug

U11

u(t) = e 'cost

0.2

0.8024106667

0.8024106464

0.8024106474

0.8024106474

0.8024106473

0.4

0.6174079999

0.6174053993

0.6174056478

0.6174056478

0.617405647

0.6

0.4529920000

0.4529475657

0.4529537865

0.4529537894

0.4529537891

0.8

0.3133226667

0.3129897854

0.3130504438

0.3130505127

0.3130505040

1.0

0.1999999999

0.1984126983

0.1987654320

0.1987662337

0.1987661104

t

Us

U7

%)

V11

v(t) =sint

0.2

0.1986693334

0.1986693309

0.1986693309

0.1986693309

0.1986693308

0.4

0.3894186666

0.3894183415

0.3894183422

0.3894183422

0.3894183423

0.6

0.5646480000

0.5646424457

0.5646424735

0.5646424734

0.5646424734

0.8

0.7173973334

0.7173557232

0.7173560931

0.7173560909

0.7173560909

1.0

0.8416666666

0.8414682539

0.8414710096

0.8414709845

0.8414709848

Table 2: Comparison of the obtained approximate solution and the exact
solution for Example 3.2

Example 3.3. Consider the three dimensional system of multi-pantograph
equations [8]

subject to the initial conditions u(0) = —1,
solution of the problem is u(t) = — cost, v(t)

t
1 —tsint — 2w2(§)

v—u—tcost

()
=tc

t t
21}(5) +w — tcos(i)

(O) = 0. The Exact

w(t) = sint.

By Applying the proposed method for N = 5, 7, 9, 11, the system of
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algebraic equation when N = 11 are

a1—2bo—00:O, b1—|—2cg:1, ao—b0+01:0, —b1—01+2a2+1:0,
1 1
20001+2b2 :O, ap —b1—|—202 = —1, 3&3—562—02 :O, CQCQ—FBbg—F—C%:—l,

2
1 1 1
as + 303 — bg = 0, _é — Zbg —C3+ 4@4 = 0, 50003 + 4b4 + 50102 = 0,
1 1 1 1 1 1
a3+4c4—§ —bg :0, —§b4—04+5a5 :0, 16004— 64—5654—50%4—10103 :0,
1 1 1 1 1
ay + 5&5 — b4 = 0, @ — 1—6b5 —C5 + 6&6 = 0, gCng, + 6b6 + 50104 + 50203 = O,
1 1
a5+6cﬁ+ﬁ—b5:0, —3—266—06—1—7@7:0,
1 1 1, 1 1
1—60066 + m + 7b7 + 3—203 + 1—60264 + E0165 = O,
1 1
— be = S — V— =
a6—|—7c7 6 0, 16030 647 C7+8(L8 O,
868 + @Cg&; + 3—20265 + 3—20166 + 50067 =0
1 1
a7+808—%—b7—0, —@68—08—1—9@9—0,
! L bt L@t Lot Leges o 0
—CoC]s — ———— —C —C1C —C3C —CoCg =
64 0 ° 5040 U128t T 64 T 640 Tea 20T
1 1
9cg —bg =0, ————— — — by — cg + 10azy = 0
s +90 =0 =0 Jaao1990 ~ 2560~ @ T V0= 0,
1 1 1 1 1
HSCOCQ -+ 10b10 + @0306 -+ @0207 —+ @0405 -+ @Clcg =0
1
1 by =0, ———byy — 1lay =
ag + 10c¢1p + 10320 by = 0, 512510 c10 + 1lay; =0,
1 1 1 1
— ——— 4+ 11byy + —C + — — — SeaC1co = 0.
25610 T 362880 T T 1525 T 256 T 25610 T 2562 T 25671

Solving the above system with the initial conditions, ag = —1, by =0, ¢ =0
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yields
0.b =1 1 L =0 0 0. b 1 1
1 s Ul ; C1 y W2 2a 2 s L2 , W3 s U3 2a 3 67
1 1 1 1
a4:_ﬂ,b4:O,C4:O,a5:0,b5:ﬂ705:m,a6:%,b620706:o
1 1 1
=TT T T Th040" T Ta03200 2T T
0 b= _ ! L 0 e =0
@ =09 = 03200 @ T 3628807 Y10 T 36288007 0T 0T
1 1

a1l = 07 by =

T 3628800° M T 39916800°
Therefore, the approximate solution of this problem for N=5, 7, 9, 11 are

1 1 1 1 1
) = —1+4+-t?— —t*4 _—¢5— 8 10
uyy (t) T T ot Y0t T 103200 T 36288000
1 1 1 1 1
) = t— -2+ —t°P— —+¢" - !
v (t) 5" Tort T 720" T 103200 36288000

1 1 1 1 1
) = t— 24+ —t°— t7 0 — tH
wi(t) 6 T 120 5040° T 362830 39916800

The comparison of approximate solution uy,vy,wy for N=5, 7, 9, 11 and

the exact solution are shown in Table 3. The graphs of approximated and

exact solution are plotted in Figure 3. It is obvious that ]\}im uy(t) =
— 00

—cost, lim vy(t) = tcost, lim wy(t) = sint which is the exact solution
N—=o00 N—o0

of the problem.



726

P. Pue-on

t

Us

U7

Ug

U1

u(t) = —cost

0.2

-0.9800666667

-0.9800665778

-0.9800665779

-0.9800665779

-0.9800665778

0.4

-0.9210666667

-0.9210609778

-0.9210609941

-0.9210609941

-0.9210609940

0.6

-0.8254000000

-0.8253352000

-0.8253356166

-0.8253356149

-0.8253356149

0.8

-0.6970666667

-0.6967025778

-0.6967067388

-0.6967067092

-0.6967067093

1.0

-0.5416666667

-0.5402777778

-0.5403025794

-0.5403023038

-0.5403023059

t

Us

U7

%)

V11

v(t) = tcost

0.2

-0.1960133333

-0.1960133155

-0.1960133155

-0.1960133155

-0.1960133156

0.4

-0.3684266667

-0.3684243911

-0.3684243976

-0.3684243976

-0.3684243976

0.6

-0.4952400000

-0.4952011200

-0.4952013699

-0.4952013689

-0.4952013689

0.8

-0.5576533333

-0.5573620622

-0.5573653910

-0.5573653673

-0.5573653674

1.0

-0.5416666667

-0.5402777778

-0.5403025794

-0.5403023038

-0.5403023059

t

Ws

Wy

Wy

W11

w(t) = sint

0.2

0.1986693334

0.1986693309

0.1986693309

0.1986693309

0.1986693308

0.4

0.3894186666

0.3894183415

0.3894183422

0.3894183422

0.3894183423

0.6

0.5646480000

0.5646424457

0.5646424735

0.5646424734

0.5646424734

0.8

0.7173973334

0.7173557232

0.7173560931

0.7173560909

0.7173560909

1.0

0.8416666666

0.8414682539

0.8414710096

0.8414709845

0.8414709848

Table 3: Comparison of the obtained approximate solution and the exact
solution for Example 3.3
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Figure 3: shows the comparison of the exact solution and approximate solu-
tions in case N= 7, 9, 11 for Example 3.3.

4 Conclusion

In this work, we successfully applied a simple technique of the modified power
series method in solving a system of MPDEs. The results reveal the efficiency
of the method. The main advantage of this technique is that it does not re-
quire any discretization, perturbation, and linearization.

Acknowledgement. The author would like to thank the anonymous
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the results of this manuscript.
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