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Abstract: In this article, we prove that the (p, q) condition holds, first by using the Fuchs index of the
complex Kawahara equation, and then proving that all meromorphic solutions of complex Kawahara
equations belong to the class W. Moreover, the complex method is employed to get all meromorphic
solutions of complex Kawahara equation and all traveling wave exact solutions of Kawahara equation.
Our results reveal that all rational solutions u,(x + vt) and simply periodic solutions ug 1 (x + vt) of
Kawahara equation are solitary wave solutions, while simply periodic solutions u (x + vt) are not
real-valued. Finally, computer simulations are given to demonstrate the main results of this paper.
At the same time, we believe that this method is a very effective and powerful method of looking
for exact solutions to the mathematical physics equations, and the search process is simpler than
other methods.
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1. Introduction and Main Results

Academic Editor: Ioannis G. Tsoulos Up + AUl + Cllxxx — duxxxxx = 0' (1)

where 4, ¢, d are constants, x and f represent spatial and time variables, w1, is the nonlinear dis-
turbance term, and #yyx and U yxxyy are the dispersion terms of order three and five, respectively.
The solutions of Equation (1) could be used to analyze and interpret a lot of nonlinear dispersive
phenomena that can arise in optical fiber, ocean, plasma physics, etc. [2,3]. Given the impor-
Publisher’s Note: MDPIstays neutral - ance of this equation, it remains the subject of study for many researchers. Many different
with regard to jurisdictional claims in  tochnjques were devoted to studying various solutions of Equation (1) and its family [4-13]. For
example, Kudryashov [14], obtained exact meromorphic solutions of the Kawahara equation
using the Laurent series. Wazwaz [15], found some different solutions (compacton and solitons)

to Equation (1) in terms of trigonometric functions. Khan [16], analyzed the Kawahara equa-
tion using the variational approach and derived new conditions for obtaining solitary wave
solutions. Using the traveling wave ansatz, Baiswas [17], studied the generalized Kawahara
equation and derived a solitary wave solution for the family of the Kawahara equation. A lot
This article is an open access article  Of effective methods are applied to study the exact solutions, which makes the research more
distributed under the terms and  abundant [18-23]. Wang [24] used ansatz method to derive the exact solitary wave solution
conditions of the Creative Commons  for the generalized Korteweg—de Vries—-Kawahara (GKdV-K) equation. Aiman Zara [25] studied
Attribution (CC BY) license (https:// ~ numerical approximation of the modified Kawahara equation using the Kernel smoothing
creativecommons.org/licenses /by / method. El-Tantawy [26] derived a set of novel exact and approximate analytic solutions
40/). to the family of the forced damped Kawahara equation (KE) using the ansatz method.
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In recent years, Yuan et al. [27,28] introduced the (p,q) condition to study a class
of constant-coefficient complex algebraic differential equations with dominant terms, and
obtained all possible meromorphic solutions which belong to the class W.
That is to say, the general representation of rational function solutions, finitely grow-
ing simply periodic solutions and elliptic solutions, and both rational function solutions
and simply periodic solutions can be obtained by degenerating elliptic general solutions.
Futhermore, a complex method for obtaining exact solutions in the mathematical physics is
presented. Using the complex method [27,28], we prove that all meromorphic solutions
of complex Kawahara equation belong to the class W, and then get all meromorphic solu-
tions of complex Kawahara equation and all traveling wave exact solutions of Equation (1).
This method is simpler than other methods in the process of finding solutions, and can also
be applied to the solution of other nonlinear differential equations.

Substitute the traveling wave transform

u=u(xt)=w(z), z=x+vt (2)

into Equation (1); integrate it to get

1
Co +vw + anz +cw” —dw® =0, (3)

where Cj is an integral constant.
Multiply Equation (3) by w’, and integrate it; thus, we get the complex ordinary
differential Kawahara equation

1
w'w" — E(w”)z — Aw® 4+ B(w')? 4+ Cw? + Dw+E =0, (4)

where A = g‘—d, B = —ﬁ, C = —Z’“—d, .D = —%, E = —%, Cp and C; are integral constants.
Now, we give the main results in our paper.

Theorem 1. Let A # 0, then all meromorphic solutions w(z) of Equation (4) belong to the class W.
Here, class W consists of elliptic functions and their degenerations with the form R(z) or R(e**),
« € C, where R is a rational function.
In addition, the solutions of Equation (4) have the forms:
(1) All elliptic function solutions

35 ¢l(z2)+M

wg(z) = | 4 [140(@(2) +N) 703][@/(2) M
d 24" plz) =N A 39A° p(z) - N
2
+2%0[P(z)+N}2_%[Q(Z)JFN]JF%_%_%&’ 5)

_ 31B® _ 7B 2 _
where 83 = 553105 — 30082, M? = 4N° — 22N — g3,

, 2B L1457 o4 AD C? 0
827 50782 " 41384889 1932 5796
11148 1148 , 661248 , 23808
E=_— AD - B 2290 p
2lg AP+ 507 656003 > 182 1356800
20 20 Lo, 1 2 .
(1557 AD + 35CY)B? — 3ACD — —C7),

D and N are constants.
(2) All simply periodic solutions
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2B? 4 V/26Bi » V/26Bi C
_ ) _ =~ 6
w1 (2) 1694 [35 coth % (z —zp) — 70 coth % (z—z0) +23]+ A4 (6)
and
wen(z) = — Lo 210coth? || B (2 — 20) — (1407 + 560) coth? || L (z — z0)
25 = 507 442 26y ° %0 7 267 - %0
+ 1667 + 352] + < (7)
Y 34
1 5184B* —28561C2
where zg € C; D = 95683 2 ’
Eo 1 746496B° — 2628288B*C + 4826809C3
130323843 A?

in ws1(z), and

1 (2176207 —59724)B*  C*
23905557 TEA 3A’

1 [ 16B® 3001 —7007y  B*C 217620y — 59724 Cj]
© A2'448893237 76 71716671 A 27"

7 is a root of 31z% — 31z + 10 = 0 in wy»(z).
(3) All rational function solutions

280 1 C
wr(Z) = 74(2 — Zo>4 + 37, (8)

2 3
whereB:O,D:—g—A, E:;Tandzoec.

All traveling wave exact solutions of Equation (1) are obtained by substituting (2) into
meromorphic solutions w of Equation (4). So, we get the following Theorem.

Theorem 2. Let ad # 0, all traveling wave exact solutions u(x, t) of Equation (1) have the follow-
ing forms:
(1) All elliptic function solutions

H+M 840d H+N H+M
e+ — S () g Sy,
2
16800 [ (x + vt) + NJ2 + B [p(x + vt] + N) — 16840, _ 3 1)
where M® = 4N% — ¢oN — g3, g3 = 74743515"20 =+ S22,
) c? N 1457¢% N aCp V2 0
827 1014252 " 662158224d% ' 1159247 231842
and Cy, N are constants.
(2) All simply periodic solutions
us1(x +vt) = 35 coth* = (x —xp+v(t—t
51( ) = 2] (31/ 15 (t—t0))) (10)

—70coth2(§\/%(x —xo+v(t—tg))) +23] — L
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and
usp(x +vt) = 35 d = [210 coth* (3./-1 d (x —xp+v(t—tg)))
— (1407 + 560) coth?(3  /— 1 27 (X — X0+ v(t—to))) (11)

+1667 +352] — £,

where vy is a root of 312> — 31z + 10 = 0.
(3) All rational function solutions

16804 1 v

) = e e e VR @ 12)

where ¢ = 0, xg and tg are arbitrary real constants.

The rest of the article is organized in the following order: In Section 2, we will
present the relevant lemmas and methodology. Section 3 gives the detailed proof process
of Theorem 1 and concise proof method of Theorem 2. Section 4 illustrates our main results
using computer simulations. In the last section, some conclusions are given.

2. Preliminary Lemmas and the Complex Method

We need some definitions and lemmas in order to prove Theorem 1 and present
the complex method.
Setk,n € N:={1,2,3,... },rj € Ng=NU{0},r=(ro,71,...,7%), ] =0,1,...,k.

My [w](2) := [w(2)][w'(2)]" [0 (2)]2 - - [w® ()] (13)
The degree of M, [w] defined by d(r) :==ro+1r1 + - + 1}

Definition 1 ([28]). A differential polynomial is defined by

w) =Y b:M,[w)], (14)

re/A

where A is a finite index set, and b, are constants. deg P[w] := max,ea{d(r)} is called the degree

of P[w].

Consider the differential equation
E(z,w) := Plw] —aw" =0, (15)

where a # 0 is a constant.

The dominant part of E(z, w) composes all dominant terms which can determine the multi-
plicity q of w in E(z,w), and is denoted by E(z,w). D(q) and D,(q) represent the multiplicity
of pole of each term in E(z,w) and the multiplicity of pole of each monomial in E(z,w) — E(z, w),
respectively.

Obviously

Dy(q) = qd(r) + 11 +2rp+ - - - + kry < D(q). (16)

Definition 2 ([28]). The derivative of E(z,w) with respect to w can be calculated by the following
formula, forany x,

E(z,w+ Ax) — E(z,w)

E' =1 17
(z w)x = lim 3 (17)
Definition 3 ([28]). Substituting Laurent series
[e9)
=Y o, (18)

I=—gq
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into Equation (15), where c_q # 0,q > 0. Then, we can get p different principle

-1
Y o7

I=—gq

with pole of multiplicity q at z = 0, Equation (15) is said to satisfy weak (p,q) condition.
If Equation (15) has p different meromorphic solutions with pole of multiplicity q at z = 0,
Equation (15) satisfies (p,q) condition.

Definition 4 ([28]). Let Ty, T, be two given complex numbers, such that Im% > 0,L =
L[2Ty,2T5] is discrete subset L[2Ty,2T,] = {T|T = ZmTl +2nTy,m,n € Z}, which is iso-
morphic to Z x Z. The discriminant A = A(cy,c2) 1= ¢ — 27¢3 and

1

sn=sn(L):= ) T (19)
TeL\ {0}
Weierstrass elliptic function ©(z) := ©(z, $2,83) is a meromorphic function with double
periods 2T1,2T,, which satisfies the following formula
(¢'(2))? = 4p(2)° — 820(2) — g, (20)

where gy = 60s4, g3 = 140s¢ and A(g2, g3) # 0.
Definition 5 ([29]). The Fuchs index of Equation (15) can be defined as the root of the equation

P(i) = limz " PWE (z,c_pz7 )21 = 0 (21)
z—0
Lemma 1 ([28,30-32]). Set p,q,m,n € N, degP[w] < n. If Equation (15) satisfies (p,q)
condition, all meromorphic solutions w(z) of Equation (15) belong to class W.
Any elliptic function solution with pole at z = 0 is given in the form

mol @ (=1)c_jj di—2

w(z) = Z Z

z) + M;
(j—1)! dzi- 2(4[ZEZ;+N-] —p(2))

i=1 j=2
nle_q¢(z) + e yj di-2
+1; > o) - N +}; G=1) ——0(z) + ko, (22)

where c_;j can be determined by (18) , c_;; and ko are constants. Ml2 = 4Nl-3 — N — g3
m
and Z c_p=0.
i=1
Any rational function solution w := R(z) is expressed as
m

i=17j

+ ko, (23)

H M&

1)

which has m(< p) different poles of multiplicity q.
Any simply periodic solution w := R({) is a rational function of ¢ = e**(a € C) and can be
given in the form

Mﬁziﬁ—ﬁf+m (24)

which has m(< p) different poles of multiplicity q.
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Lemma 2 ([33,34]). Weierstrass elliptic functions o(z) have the addition formula and two succes-
sive degeneracies, as shown below:
(I) Addition formula

o(2) 10/ 0)

1
p(z—20) = =p(z) — plz0) + 75—

(25)

(I1) If A(g2, g3) = 0, Weierstrass elliptic functions degenerate to simply periodic func-
tions, which can be expressed as

0(z,36%,—6%) = 26 — 375 coth? {/ 3752. (26)

(III) If g» = g3 = 0, Weierstrass elliptic functions degenerate to rational functions of z,
which can be expressed as

©(z,0,0) = Zl—z (27)

Next, we give the complex method.

1. Substituting the transform T : u(x,t) — w(z), (x,t) — z into a given PDE yields
a nonlinear ODE: Equation (4) here.

2. Insert (18) into Equation (4) here to determine that weak (p, g) condition holds.

3. By (22)—~(24), we obtain all meromorphic solutions w(z) of Equation (4) here with pole
atz =0.

4. Get all meromorphic solutions w(z — zg) by Lemmas 1 and 2.

5.  Inserting the inverse transform T~! into w(z — z(), we obtain all exact solutions u(x, t)
of the given partial differential equation.

3. Proof of Theorem 1
From balance the order of the poles in Equation (4), yields

(g+1)+(q+3)=2(q+2) =39,

and we get g = 4.
Substitute (18) into Equation (4),and set the cofficients to zero, we have

280 _ 280B

7/C73 =U,c2 = 397/C—1 =0,

C_y4 =
62B2 — 507C 00— 6283 o
15214 "' 772 7 59319477 T

o 1 —11780B* 4 257049AD -+ 85683C>
* T 425673144 A '

and then determine p = 1. Therefore, Equation (4) is said to satisfy weak (1,4) condition.
We also get that all meromorphic solutions of Equation (4) belong to W if Equation (4)
satisfies (1,4) condition by Lemma 1.

In fact, since (17) and E(z,w) = w'w™ — 1(w")? — Aw® of Equation (4), we have
D(4) =12,

cop = —

(28)

D,(4) < 12, Ac_4 = 280, (29)
and 3 )
E’(x c,4x74)xi74 — ((C,4x74)/d— + (C,4x74)mi _ (c,4x74)”d—
’ dx3 dx dx?

—3A(c_gx H)P)xiH
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= —(4(i —1)(i —4)(i — 5) + 120i + 360)c_g4x' 12, (30)

Thus, from (29), (30) and (21), we infer that the Fuchs index of Equation (4) are zeros
of the function
P(i) = —(4(i —1)(i —4) (i — 5) + 120i 4 360) c_4. (31)

It is easy to prove that f(x) := 4(x —1)(x — 4)(x — 5) + 120x + 360 > 0 if x > —1.
Hence, if i € N, then P(i) # 0. That is to say, the Fuchs index of Equation (4) cannot be
a positive integer. This implies that (ref. [29], p. 90): The principle part of the Laurent series
of w(z) determines the whole Laurent series of w(z). Therefore, weak (1,4) condition
implies that (1,4) condition holds.

From, (23), we get the indeterminant form of rational function solutions of Equation (4)
atpolez =0

C_4 , C_ 2801 280B 1
Rie) =5+ 7 th="F 5+ 357 2

Inserting (32) into Equation (4), and then setting the coefficients to zero, we get the sys-
tem of Equations (1) which are given in Appendix A. Computing the system of Equations (1),
we get

+ ko. (32)

C C? c3
kO — 37,B — O,D — —37A,E — W
So we find that the rational function solutions of Equation (4) are
280 1 C
er(Z) = 7? + ﬁ, (33)

atpolez =0, here B=0, D = &, E = 0.

Hence, all rational function solutions of Equation (4) are

280 1 C
wr(Z) = 74(2 — Zo>4 + 37A/ (34)

2 3
whereBzO,D:—g—A, E:;Tandzoec

By (22) and (26), we get the indeterminant form of simply periodic solutions of
Equation (4) at polez =0

1
ws0(2) = zc-a9" (2, 362, —0%) + c_2p(z,36%, —5%) + ko

280B

_ 280
39A

~ 6A
where p(z,362, —6%) = 26 — 3 coth? /¥

@N (Z, 352, 753) + p(zl 352/ 753) + kOr (35)

Expanding ((z,36%, —4%) at zg = 0, we have

1 362 53
2 3\ 2 4 4
p(z,3(5 7 —5 ) — 27 + EZ - %Z + O(Z ) (36)
Substituting (36) into (35), we get
2801 280B 1 1462 14B5%  206°

P 2
+ko+ ( 13A i )z
10B&®  216* , s
o4 taa)T o)

wE =T AT a2 T A o

_|_
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Comparing coefficients of (37) and (28), we obtain the system of Equations (2) which
are showed in Appendix A. Solving the system of Equations (2), we have

B 76B2 C 1 5184B* —28561C2

b=——,kp=——-t-—, D=
39’ 0 15214 T 3A° 85683 A ’ (38)
and
B B2 6-62y C
b= — k= -— T =
397 1521A A2 3A
7 _ 7 4 2
. 1 (2176207 —59724)B*  C (39)

~ 23905557 YA T 3A°

Substituting (35), (38) and (39) into Equation (4), from the correlation of coefficients
we can obtain, respectively,

1 746496B°® — 2628288B*C + 4826809C3

E = 130323843 A2

and
1 16B° 3001 — 7007+ B*C 217620y —59724 (3

= 42148893237 76 71716671 74 27

where 7 is a root of 312> — 31z + 10 = 0.
Hence, we obtain the simply periodic solutions of Equation (4) at pole z = 0 are

2B? 4 V/26Bi » V/26Bi C
= — il 40
w1 (2) 1694 [35 coth T 70 coth 76 z+ 23]+ 34 (40)
and
B? s | B , | B
= _———[210coth™ /| —z — (14 th” (| —
ws(z) 507A72[ 0co \/;z (1407 + 560) co 2672 (1)
+1667 +352] + <,
_ _B _ _ 7682 C _ _1 5184B*-28561C?
where 6 = —35, ko = — 15312 + 32/ D = 5633 A ’

E_ 1 746496B° — 2628288B*C + 4826809C°
130323843 A2

. _ 1 (217620y—-59724)B* (2
inws1(z), and D = 75555557 VA T34’

1 16B® 3001 — 7007+ B*C 217620y — 59724 (3

E = 22115805057 6 71716671 7 77

7 is a root of 31z — 31z + 10 = 0 in w; »(z).
Furthermore, all simply periodic solutions of Equation (4) are given by

2B? 4 V26Bi » V/26Bi C
= h — zg) — 70 coth —z0) +23]+ —, (42)
ws1(z) 160 [35 cot o (z —zp) — 70 cot o (z—z0)+ 23]+ 34

and

B? s | B , | B
= —7=21 h* | —(z — — (14 he | —(z—
w52 (2) 5074772 [210 cot 267 (z —zp) — (1407 + 560) cot 267 (z —zp) (43)

+166 +352] + <,

_ 1 5184B*—28561C2
where zg € C, D = gszgs = ,

Eo 1 746496B° — 2628288B*C + 4826809C°
130323843 A?
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. _ 1 (217620y—59724)B* (2
inws1(2), and D = yg05557 VA 34

1 [ 16B° 3001 —7007y  B'C 217620y — 59724 Ci']
~ A2'448893237 76 71716671 i 27"

7 is a root of 3122 — 31z + 10 = 0 in w; »(z).
From (22), we infer the indeterminant forms of elliptic function solutions of
Equation (4) are

C_
Wao(z) = ?4@”(2) +c20(z) + ko

280 ,  280B
=2A® +39A o + ko. (44)

with pole at z = 0.
Expanding ©(z, g2, 43) atz = 0, we have

L 82 8.4
0(z,82,83) = +202 + 587 +o(z*). (45)

Put (45) into (44) and apply (20), we get

2801  280B1 14,

_ <oV b <oub 1 14Bg2 20& 2
wz) = atgaataas Tt (Gt )2
10Bgs 742 (46)
&3 2
(Goa T ga)7 Tol@).

Comparing coefficients of w(z) and (28), we obtain the system of Equations (3). which
are shown in the Appendix. Computing the system of Equations (3), we derive

C 14 62B2 31B3 7B

0= 34 34527 1521478 T 593190 39052 (47)

and g» satisfies

, 2B N 1457B*  AD  C?
827 50782 " 41384889 1932 5796
Substituting (44) and (47) into Equation (4), from the correlation of coefficients, we
can get

=0.

1148 1148 661248 _, 23808

AD 2 _ Bnihll
A2 {( * 207 c 656903 )gz * 4826809
Sl B — 7A D-=
+(1521 AD+ 4563C ) c C }
then we have
280 , 280B C 62B> 28
Wao(z) = o (2) 397@(2)4‘314 T1m1A - A% (48)

Thus, all elliptic function solutions of Equation (4) are

280 280B C 62B2 28
wy(z) = 2 —p*(z— HQMZ_ZOHQ_M_Zg (49)
3
where zg € C, g3 = 75%]1390 — % 92,
1148 1148 , 661248 , 23808
AD — it
T A2 {( * 207 ¢ 656903 )82+ 4826809

20 20 5., 1 2 4
AD + -=——C?)B2 — ZACD — =3},
+(1521 T 56" B 34D - ¢
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and g» satisfies

, 2B? N 1457B*  AD  C?2 0
827 50752 T 41384889 1932 579
By using the addition formula, we can get another representation of it as

wy(z) = ﬁ[p’(z) +M]4 B [140(p(z) +N) B 703”9/(2) +M]2
d 2A" p(z) = N A 394 o) =N

280 , 280B C 62B> 28
+7[@(Z) + NJ* - 397[@(2) + N] + 34 15214 ASY

where
31B3 7B

2 3
—4N3 _ _ _ o575
M? = 4N"— 8N =85, 83 = 553757 ~ 39082

_AD  C* _0
1932 5796

2B? 1457

2 2b% 4
8~ 50782 T 11384889

1 1148 1148 ., 661248 23808
E=— AD 2_ B* = Rt
(g AP+ 57 656003 > 182t 1326809
20 20 , o, 1 2
+(35p7 AD + 725 CH)B? — 3ACD — —C7,

D and N are constants.
So far, we have completed the proof of Theorem 1.

(50)

Substituting (2) into all meromorphic solutions w(z) of Equation (4), we obtained
Theorem 2. According to the theorem in ref. [35], we can get the following corollary.

Corollary. All rational solutions u,(x + vt) and simply periodic solutions ug 1 (x + vt)
of Equation (1) are real valued, while simply periodic solutions u(x + vt) are not real

valued.

4. Computer Simulations

This subsection will show our results through computer simulations of u,(x + vt) and

us1(x 4 vt), as demonstrated in the following figures.

1. By applying the complex method, we are able to achieve the rational solution u, (x +
vt) of Equation (4). Figure 1 describes the 3D graphs of solution u,(x + vt) fora =1,
v=1,andd = ﬁ within the interval —5 < x,t < 5. Figure 2 shows the 2D graphs
of solution u,(x + vt) fora=1,v=1,and d = 16% within the interval —10 < x < 10
when ¢t = 0. It could be observed that they have one generation pole, which is shown

by Figures 1 and 2.
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(i)

Figure 1. The 3D profiles of solution u, (x + vt) of Equation (1) corresponding to (i) xo = 5,y = 3,
(i) xo = 0,ty = 0, (iii) xg = —5,t) = —3.

400 250
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Figure 2. The 2D profiles of solution u, (x + vt) of Equation (1) corresponding to (i) xo = 5,y =0,
(i) xo = 0,ty = 0, (iii) xg = —5,t9 = 0.

2. By employing the complex method, we are able to obtain the simply periodic solutions
us1(x +vt) and us 5 (x + vt) of Equation (4). Figure 3 shows the 3D graphs of solution
us1(x+vt) fora =3,c =13,d =1, and v = 3 within the interval —27 < x,t < 27.
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Figure 4 describes the 2D graphs of solution ug1(x 4+ vt) fora =3,c =13,d =1, and
v = 3 within the interval —271 < x < 27t when t = 0.
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Figure 3. The 3D profiles of solution 1 (x + vt) of Equation (1) corresponding to (i) xo = 1,¢p =1,
(ii) xo = 0, ty = 0, (iii) xg = —1,g = —1.
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5. Conclusions

In this paper, we are the first to utilize the complex method to prove that all mero-
morphic solutions of complex Kawahara equation belong to the class W, and then we get
all meromorphic solutions of complex Kawahara equation and all traveling wave exact
solutions of Equation (1). In addition, we find that all rational solutions u,(x + vt) and
simply periodic solutions u (x + vt) of Equation (1) are solitary wave solutions, which
could be used to analyze and interpret a lot of nonlinear dispersive phenomena. This
research enriches the methods of solving differential equations. Our results also reveal that
the complex method of looking for traveling wave exact solutions is general and feasible,
and can be applied to other nonlinear partial differential equations.
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Appendix A
1.  The system of Equations (1):

— Ak} + Ck§ + Dko + E =0,
2800 S60BC,  280BD _
13 39 A 39A
560C  78400B2 78400B>C 280D
A~ s N0t sra A
~ 1568008 ko — 9721600B3 N 156800BC _
13A 59319A2 39A2 ’

| 235200, 4860800B | 78400C _
A 07 T507A2 A2

B3 +

—840Kk3 + ( 0,

0.

2. The system of Equations (2):

1402 - _62B% —507C
A 0= 15214 '
14B4? B 2068 62B3

13A A 59319A’

_ 10B&® N 216*  —11780B* 4 257049 AD + 85683C>
39A = 24 425673144 '
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3. The system of Equations (3):

 62B* —507C
15214 '

14g2
2502 g
34 T

14Bg,  20g3 62B3

394 A 593194’
10Bgs 785 _ —11780B* + 257049 AD + 85683C>

39A  6A 425673144
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