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AN IMPROVISED B-SPLINE COLLOCATION ALGORITHM TO
SOLVE NEWELL-WHITEHEAD-SEGEL EQUATION

BARAKAH ALMARRI

ABSTRACT. In this paper, we introduce a new parallel iterative scheme and em-
ploy the same to investigate an altering points problem. Some consequent results
are also discussed. The obtained results extend and generalize some relevant
results of the existing literature. The usefulness and efficiency of our scheme is
illustrated using numerical examples.

1. INTRODUCTION

Newell-Whitehead is an important nonlinear partial differential equation that
describes the envelope of modulated roll-solution in systems having extended or
unbounded space directions. The general form of Newell-Whitehead equation is as
follows [14]:

ow 0w
(1.1) Ezka2+aw—bw
Further, Segel [20] modified this equation to the following form and named as

Newell-Whitehead-Segal (NWS) equation:

ow 82w
(1.2) i 8 — 5 +aw —buw?,
with the initial condition:
(1.3) w(x,tg) = G(z), x € [zL,zR],

and the boundary conditions:
(1.4) w(ry,t) = fi(t), w(zr,t) = fa2(t), t >0,

where a, b and k are real constants with k > 0, p is a positive integer, and w(x,t)
represents the nonlinear conveyance of temperature in an infinitely long and thin
rod or the flow velocity of a fluid in an infinitely long small diameter pipe. NWS
equation plays a vital role in fluid dynamics, as it reports the emergence of the stripe
pattern in two dimensions. Also, this equation provides the mathematical model
for different systems, such as Rayleigh-Benard convection, Faraday instability, etc.

Researchers used different methods to solve NWS equation such as Aasaraai [1]
applied differential transform method to obtain its analytical solution. Pue-on [18]
applied the Laplace Adomian decomposition method, Hariharan [8] opted Legendre

2020 Mathematics Subject Classification. 65M32, 35A25.
Key words and phrases. Newell-Whitehead-Segel equation, cubic B-splines, improvised colloca-
tion technique, von-Neumann analysis.



726 BARAKAH ALMARRI

wavelet-based method, Zahra et al. [21] applied cubic B-spline collocation method,
Patade and Bhalekar [15] applied iterative method, Jassim [10] opted combination
of homotopy perturbation and Laplace transform method, Prakash and Kumar [16]
solved the NWS equation using He ’ s Variational iteration method, Akinlabi and
Edekiwhich [2] applied a combination of Perturbation Iteration Algorithm and con-
ventional Laplace Transform Method to solve this equation, Hilal et al. [9] presented
two different approaches to solve NWS equation. One is implicit exponential finite
difference method and the other is fully implicit exponential finite difference method
and many more.

The paper is organized as: The improvised cubic B-spline collocation method is
derived in Section 2. The proposed ICSCM and Crank-Nicolson scheme is imple-
mented to the NWS equation in Section 3. In Section 4, a stability analysis of the
technique is carried out and is shown to be stable. Convergence analysis of the tech-
nique is established in Section 5 and is shown to be fourth-order convergent in the
space domain and second-order convergent in the time direction. Relevant examples
are solved in Section 6, to illustrate the performance of the proposed technique. In
Section 7, the conclusion part of the paper is discussed.

2. IMPROVISED CUBIC B-SPLINE COLLOCATION METHOD

The improvised cubic B-spline collocation method is formed by making posteriori
corrections to the cubic B-spline interpolant. With these corrections, better results
are obtained as compared to the standard B-spline collocation method.

2.1. Properties of cubic B-splines. Uniform partition of the space domain I, =
{rp =20 < 11 < -+ < xNy-1 < zy = xr} with the nodal points z, = xp +
kh, j = 0,1,...,N and spatial step size h = (zg — x)/N is taken. According
to the behaviour of cubic B-splines, each cubic B-spline cover four elements of the
domain and each finite element [x;,2;41] is occupied by four spline functions. So,
for calculations four more nodal points are required outside the interval [zp,zRg],
which are positioned as z_2 < x_1 < zg and x5 < zy4+1 < £n+2. The introduction
to cubic B-spline functions were given by Prenter [17] as follows:

(21) Sjae) = 7

(z —2j-2)°, z € [2j-2,2-1]
B3 4+ 3h2(z — zj-1) + 3h(z — xj-1)% = 3(x — 2j-1)3, = € [zj_1, )]
h? + 302 (201 — @) + 3h(zj1 — 2)* = 3(zj11 — 2)°, @ € [2),7)41]
(j+2 — )%, T € [Tjt1, Tj40]

0, Otherwise.

\

This collection of cubic B-splines S;3(x) = {S_1(x),So(2),...,Sn+1(z)} forms
the basis function for the subspace X of C?[xy,xg]. Let z(z,t) be the cubic B-
spline approximate solution corresponding to the exact solution w(z,t), then it can
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be expressed as follows:

(2.2) Aa,t) =) §(1)S;(x),

j=—1

where 0;(t)’s are the time dependent unknown quantities to be determined.

2.2. Posteriori correction in second-order derivative of cubic B-spline in-
terpolant. Assume that the cubic B-spline interpolant satisfies the following con-
ditions:

(I) the interpolatory condition, for j =0,1,..., N:
(2.3) 2(zj,t) = w(zy,t),
(IT) at end nodal points, for 7 = 0 and N:
h2
(2.4) Zpz (X, 1) = Wea(xj, 1) — ﬁwmm(mj,t).
Theorem 2.1. The following relations hold for the cubic B-spline interpolant (CSI)

z(z,t) of w(x,t), where w(x,t) is sufficiently smooth function in spatial domain and
satisfy Eqs. (2.83) and (2.4), for j =0,1,...,N:

2
(2.5) Zpz (X, 1) = Wea(xj,t) — %wmm(xj,t) + O(h4)7
(2.6) 2o (w5, 1) = we (), ) + O(RY).
In addition,
(2.7) | w® — 28 || o= O(*™%), k=0,1,2,

where w®) and z*) represents k" derivative w.r.t ‘z’.
Proof. Given in [11]. O

Lemma 2.2. For w(z,t) € C®xy,xR], the following relations hold:

1
wxmmz(an t) = ﬁ[%m(wo, t) — D2z ($1> t) + 4zmm($27 t) — Zxx (ZL‘3, t)] + O(hQ)a

1
ww:v:vx(517jat) = ﬁ[zm(zjfbt) - QZM(xjat) + Zxx($j+1vt)] + O(h2)7
j=1L2....,N—-1,

1
w$$$$(xN7 t) - ﬁ[22$w<xN7 t) - 5Z$x(~rN—17 t) + 4zx:c(xN—27 t) — Zzx (.T}N_g, t)]
+O(h?).

Proof. The above mentioned relations can be proved by finite differences and Taylors
expansion. |

Corollary 2.3. For w(r,t) € C%zp,xg|, the following relations hold:

Wy (j,t) = 2o (zk, t) + O(h4), j=0,1,..., N,
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1

Wae (T, 1) = 1 (14240 (20, t) — Bzpe(21,t) + 4242 (22, 1) — 220 (23, )] + O(h4),
1

W (T5,1) = —=[2aw(Tj-1,t) + 10250 (2, 1) + 2oz (251, 1)] + O(R*),

12
j=12,...,N —1,
1
wxx(xN’t) = E[l4zxx($Nat) - 5Za:x(55N71at) + 4Zxx(fo27t) - Za:x($N73at)]
+ O(h%).

3. IMPLEMENTATION OF PROPOSED TECHNIQUE
For the implementation of the technique, take uniform partitioning of the time
domain Il; = {0 =" < ¢! < ... <" <" < ... < T}, with t"* =" + A¢, for
n=0, 1,..., where At is the temporal step size.
Applying Crank-Nicolson scheme to discretize Eq. (1.2):

wth — o w4+, iy w4 4 (wP)" L (wP)" ‘
At 2 2 2

Apply the Quasilinearization process to linearize the nonlinear terms, which was
proposed by [3] as follows:

(3.2) (wp)nJrl = (wP)" + (wn+1 . w”)p(wpfl)”,

Substituting the above expression and combine the terms at (n + 1) and n'"
time levels:

(3.1)

1 a bp p—1\n n+1 k n+l __ 1 a n k n
(3.3) R R gWar = |ap T TV
' b
@ P
At any ‘5" nodal point, the above equation can be written as:
(3.4) Awitt 4+ B(we) ) = Dy,
where
1 a bp, ,_1 k
=A@ 2
(3.5) and
1 a k b
Dy = |57 + 5 g + Sy - 2 - p)w);
Substitute the calculated improvised cubic B-spline values of w and w,, in Eq.
(3.4):
For j =0:

B
Ag(8™TH + 485+t 4+ 87 + W(maﬁ# — 33651 28571

— 14651 4 6655 — 67 = Do + O(h?).
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Forj=1,2,...,.N—1:

B
AT 457 67 + T (6775 4807 — 1857 4+ 8671 +07H)) = D+ O(h?).

For j = N:
AN (ST + 457 + 5?[111)
B
" W(_(mta * 65]”\;213 — 1463, + 2807, — 3303 + 145?]111)
= Dy + O(h).

Clubbing up the coefficients of 5;”1’5, the following equations are obtained:
For j =0:

B\ ., 33BY 4B\ .., 7B,
<A0+h2> (57—1"_14— <4A0_ 2h2>50+1+ <A0+h2 >51+1 _ ﬁ52+1
3B B

+ ﬁég—i_l - m(gz—‘rl - D(] + O(h4),

(3.6)  pod™ T+ qody T+ rodT T + 5005+ st 4y Tt = Do + O(RY).

Forj=1,2,...,.N —1:
B i 4B . 9B .
5302 T (Aj + hQ) o+ (4Aj — h2> o
4B B

(3.7) POty 4 @7 + 0T+ ;07 + 007 = Dy + O(h?).

For j = N:

B n+1 3B
“opdNat g
33B

2h?

14B
Suth + (AN + h2> ot

5n+l o E
N-3 h2

7B
) St + (AN + h?> Spth = Dy + O(hY),

+ <4AN .
(3.8) pN5%+_14 + qN(ST]btlg + T‘N5]T<[+_12 + SN(SX[tll + UN(S?VJr1 + yNéng;ll =Dy + O(h4)

A system of (N + 1) differential equations is obtained in (N + 3) unknowns. To
deal with the two remaining unknowns, the boundary conditions given by Eq. (1.4)
are used. Collection of all the equations can be represented as follows:

(3.9) PC=0
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where P is (N +3) x (N + 3) matrix, C and Q are (N + 3) x 1 column vectors given
below:

r1o4 1 o 0 0 0 0 7 5171
Po qo 7o S0 vo Yo 0 0 g™
P11 Q1 r1 81 vy 0 0 0 5?“
0 p2 @ T2 52 () 0 0 5yt
0 0 P3 q3 T3 53 U3 0 ot
0 PN-3 gqN-3 TN-3 SN-3 UnN-3 O 0 Syt
0 0 pN-2 gv2 TN-2 SN—2 vny—2 O St
0 0 0  pPN-1 gN-1 TN-1 SN-1 UN-1 Shth
0 0 PN  GN '™ SN UN YN gt
L 0 0 0 0 0 1 4 1 ]|gn
L "N+1
T fil(n 4+ 1)At]
Dy
D,
Dy
D3
Dy_3
Dy_9
Dy_1
Dy
L f2l(n+ 1)At]

3.1. Initial Condition: To find the value of §° which is required to find the so-
lution at the next time levels, the initial condition (1.3) is used at every nodal
point i.e., w(zj,tp) = G(xj). Two more conditions wy(zo,ty) = Ga(zo) and
wg(xn,to) = Gz(xn) are used. By using these equations following system is ob-
tained.

=0 2000 0 0 69, G (z0)
1 4 1000 0 0 5 G(z0)

0 1 4100 0 0 59 G(z1)

0 0 1 410 0 0 89 G(x2)

0 0014 1 0 0 8% G(zn_2)
0 0001 4 1 0 &% G(zn_1)
0 0000 1 4 1 &% G(zn)
0 00007 0 2]y | Ga(zn) |
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4. STABILITY ANALYSIS

Von-Neumann method is applied to discuss the stability analysis of the proposed
improvised collocation technique. Substitute w as a local constant [ = max (w) to
linearize the nonlinear term in the equation (1.2) and then apply the Crank-Nicolson
scheme to discretize the temporal domain:

ntl _n ntl n el n
N R e
2

J J
(4.1) =k

Combining the (n + 1) and n'* time level terms:

1 (CL — bl(p—l)) n+1l k n+1 1 ((Z — bl(p_l)) n k n
(4.2) At_Q} Wit = 2w ot | 5 (we)]

For simplification, write above equation as follows:

(4.3) f ijrl 2(wm) =y wj + 2(wm)j-
where

1 (a—blP~1) 1 (a—blP~1)
4.4 =g 9= at
(44) / At 2 9T AT 2

Using improvised cubic B-splines, substitute the values of w and wy,:

f(5n+l + 45n+1 5]7:}—11)

(4.5) a2
= g(07_1 + 467 + 674) +

n+1 n+1 n—+1 n+1 n—+1
§rtE 4 8om 1887 4 &g 4 67

k n n
4h2( 2t 85 186 + 8 Jj+1 + ]+2)

Simplifying Eq. (4.5) yields:
ko 2k ntl
Tl T ( h2> 0]
9k n+1 2k n+1 k n+1
<4f T 2h2> o + < h2) 0541 — 4TL25J+2
ko, 2k\ o, 9% \ o,
1n2%2 ( h2> - <4g 2h2> 0]
2k: k
+ h2 0j. j+1 T+ 4h2 J+2

Above equation can be written as follows:

(4.6)

a15” +a26” +a35n+1+a25"+1+a15"+1 a15 2+a45 1+a55 +aqo? 1 5+2,

J+1 j+2 =
where
k 2k 9k 2k 9k
Tk a2=f—ﬁ7 a3_4f+ﬁ7 a4_9+ﬁ7 as = 4g o2
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Put ¢} = Aa™exp(ijoh), where A is the amplitude, i = y/—1, h is the spatial
step length and ¢ is a mode number, we get:

_ —aiexp(—2ich) + asexp(—ioch) + as + asexp(ich) — ayexp(2ioh)

arexp(—2ioh) + agexp(—ioh) + as + agexp(ich) + ajexp(2ich) ’

_ —2aycos(20h) 4 a5 + 2a4cos(oh)
~ 2aycos(20h) + a3 + 2ascos(oh)

where
X1 = —2aycos8(20h) + a5 + 2a4cos(oh),
Xy = 2a;jcos(20h) + a3 + 2azcos(ch.
It can be easily observed that |a| < 1, i.e., X? < X2. Hence the technique is

unconditionally stable.

5. CONVERGENCE ANALYSIS

Green’s function approach is followed to establish the convergence analysis which
is based on the work of [4,6,7] etc.
Take Eq. (1.2) in the following operator form:

(5.1) T = kwgy — wy + aw — V(z, t,w),
with the boundary conditions as:
(5.2) Bw=;, j=0,N,

where ¥(z,t,w) = wP. Take < and B to be the perturbed form of the operators
T and B respectively. Then the following relations hold between above defined
operators for the CSI z(z, ).

Tzi(t) = T(z(t), (22); (), (222 (1)

+ 1*12[( wa)j—1() = 2(222)j () + (222)j+1(D)]), 7=1,2,...,N =1,

T20(t) = T(a0(0), (22)o(0), (zea)ol?)

(53) + 35[2022)00) = 5(zea) (1) + A(zaa)a(t)  (zae)a 0],
Tan(t) = T(an(0), (o) (8), o) (1)

)N (6) = 51 (8) + U za) v (t) — (o) (0)

Bz;(t) = Bz;(t), j=0,N.

_l’_

Lemma 5.1. The following relations hold at the nodal points, for the unique CSI
z(x,t) of w(z,t), where w(z,t) € C%lar, xR,

(5.4) Tzi(t) = O(h*), j=0,1,...,N, Bz(t) = O(h*), j =0, N.
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Let z(xz,t) be the unique CSI of w(x,t) such that,
(5.5) T2;(t) =0, j=0,1,...,N, Bz;(t) =0, j =0, N.

Lemma 5.2. The coefficient matriz corresponding to the problem wg, = o(x,t)
having homogenous boundary conditions is invertible with finite norm of inverse
matrix.

Proof. The coefficient matrix M of the problem w,, = o(x,t) is given below:

(14 -5 4 -1 0 0

1 10 1 0 0 0

0 1 10 1 0 0

1

M=31 . o
0 0 1 10 1 0

0 0 0 1 10 1

0 0 -1 4 15 14

The above coefficient matrix is diagonally dominant and so is invertible.

1
M Yoo € max WﬁmeAMA#A%ﬂ—ZNA@H>Qj:QL”wN

T 0N A /
J k3

So,
1 B 12

minOSjSN A](M) 14— (5 +4+ 1)

According to Russell and Shampine [19], if the equation w® = 0 with the bound-
ary conditions B(w) = 0 is uniquely solvable then there exists a Green’s function
G(z,t) corresponding to given problem. Let w® =4 and 2@ = § such that @ and
y satisfies the B.C’s. Then using Green’s function w and Z can be expressed as
follows:

M oo <

k _ R akg(x7ta 5) ~ _
(5.6) M)@Jy_LLaﬂ:M&ww,k_QL
(ke TR (9’“9(:6,75,3) )
(5.7) 50)(2, 1) :/u TILLD (5, t)ds, k=0,1.

Let Q = [z, xg] X [0,T] and p be any continuous function. Operators required
to establish the convergence analysis are defined below.

(5.8) R:Cm)—+Cm)wdmmep:%K%m—aGm+Q@¢1%ML

where Gop = [F 9(z:t:s) (s,t)ds, is the operator from € onto Q. Let P be the

xr P
unique piecewise linear interpolation operator at the nodal points {(z;, t)}éV:O. Next

projection operator is defined as follows:

(5.9) Q : C(Q) — R™ such that Qp = [p(x0,1), p(z1,1), ..., pzN,t)]".
Using the definition of above operator Egs. (1.2) and (5.5) can be written as:

(5.10) (I —R)a=0.
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(5.11) (MQ—R)j=0.
As the matrix M is invertible, so
(5.12) (Q—-M'R)j=0.
As ¢ is a linear polynomial, so PQy = g,
(5.13) (I -PM'R)j=0.
O

Lemma 5.3. For the equally spaced partitioning I1, of [xr,xzr| and any continuous
function p, || PM™IRp — Rp ||eo— 0 as h — 0.

Proof.

| PM™IRp = Rp |loo <|| PMIRp —PAORp ||oo + || POQRP — Rp ||oo
<P ol M7 locll Ro = MQRp oo + | PQRp ~ Rp [|oc
<|| Rp— MQORp |loo +O(R?).

(As || M~ || is finite and || P ||eo= 1). By the modulus of continuity of functions

p and Green’s function G over a width of 6h, the term || Rp — MQRp ||oc can be
dominated. So || PM™IRp —Rp ||ooc— 0 as h — 0. O

Theorem 5.4 ([5]). Consider the curve C = (x,t,w) € R*, (x,t) € Q and let w(x,.) €
COz 1, xR] be the solution of the problem (1.2) with boundary condition (1.4), V(z,t,U)
be sufficiently smooth function near w and the following linear problem
d 1

14 o A - \II s Uy =Y,
(5.14) w dUk[Ut aU + U(z,t,U)Jw =0
with the boundary conditions (1.4) is uniquely solvable and possesses Green’s func-
tion G(x,t,s). Then, there exist constants B, v > 0 such that

(I) there does not exists any other solution w corresponding to the problem (1.2)
with B.C' (1.4) satisfying || wyg — Wag || < -
(II) For h < B the Eq. (5.13) has a unique solution z(z,.) € S;3(Il;) in the
same neighbourhood of w.
(ITII) Newton’s method converges quadratically in some neighborhood of w for h <
B which is used for numerically solving the Eq. (5.13).

Theorem 5.5. Suppose the assumptions of Theorem 5.4 hold, then the following
error bounds exists:
The global error bounds:

| (w®(z,.) =20 (z,) oo = OR*), k=0,1,2.
The local error bounds:
| w®(z,.) — 28 (2,.) |5, = O(h*), k=0,1.
| (WP (@,.) = 22, .) |o; = O(W?).
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Proof. Consider the problem z(?) = &, Bz = O(h*). By Theorem 5.4, there exists
a linear polynomial %, such that

(5.15) B =Bz =0, | a® ||= O(Y), k=0,1.
As (z—a)® = &, B(z — 1) = 0 is uniquely solvable. Therefore by Theorem 5.4,
(5.16) (I —PMIR)(z? —a?) = O(h?).
Subtracting Eq. (5.13) from Eq. (5.16),
(5.17) (I —PMIR)(zP —a® — 22 = O(n?).
As (I — PM™IR) is bounded, therefore
(5.18) | 2@ —a® — 2@ || = 0.

By Theorem 5.4, the problem (z — @ — 2)®) = 7, B(z — @ — 2) = 0 is uniquely
solvable, so there exists a Green’s function such that,

xR ak
| (z—a—2)® |= / M(z@) —a® —z@ygs, k=0,1.

. oxk
Thus,
| (z—a—2)® |o=O(h*), k=0,1.
So,
(5.19) || (2= 2P ||| (z =7 - 2)®) o + | &™) ||oo= O(RY), k =0,1,2.

Using Theorem 2.1, Eq. (5.19) and triangular inequality,
I (w =2 o<l (w=2)® Jloo + || (z = )P [loo= O(W*™")  fork =0,1,2.

Using Theorem 2.1, local error bounds can be obtained, which completes the
proof. Therefore, the proposed technique is fourth-order convergent in space direc-
tion. As the Crank-Nicolson scheme is used to discretize the time direction which
is second-order convergent in time [13], hence the order of convergence of ICSCM
is O(h* + At?). O

6. NUMERICAL EXAMPLES

Several examples of the Newell-Whitehead-Segel equation are solved in this sec-
tion to demonstrate the applicability and good performance of the proposed tech-
nique. Ly and Lo error norms are calculated using the following formulas:

N
6.1 Lo = max |[wi™ — ™| Loy = |h Y (wse — qnum)2
(61) Lo = ma [wf™ =], Ly = |h Y (wseet —wpom)?,
J=0
where wj?md and w}wm are the exact and improvised cubic B-spline solutions re-

spectively at the nodal point ‘z;’ for some fixed time.

Example 1. Consider the following NWS equation [9]:
(6.2) Wy = Wee +w —w, (z,t) €[0,1] x 0,77,
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Numerical solution

4\ -
2 — e
. . . . . . . . . T 0.2
0.1 0.2 03 04 0.5 06 0.7 0.8 0.9 1 Time (t) (V) Space (x)
Space (x)

0.4 ’

(A) Comparison of numerical and exact so-

lution tion

FIGURE 1. Solutions of Example 1 with NV = 100 and At = 0.01.

with the exact solution:

(6.3) w(a, t) = B 4 ;tanh{ - 2\% <x - \;%) H

(B) 3-D solution profile of numerical solu-

Table 1 gives the comparison of Lo, and Lo error norms. The comparison shows
that the results are better than the implicit exponential finite difference (I-EFD)
method [9] and fully implicit exponential finite difference (FI-EFD) method [9].
Figure 1(a) gives the comparison of the numerical and exact solution with N = 100
and At = 0.01 at different time levels. Figure 1(b) represents the 3-D profile of the

numerical solution.
TABLE 1. Comparison of Ls, and Lg error norms of Example 1 for
h = 0.05 and At = 0.001 at different time levels.

Time ICSCM I-EFD [?] FI-EFD [?]
Loo Lo Lo Lo Loo Lo

t =0.01| 2.3399E-04 1.7057E-04 | 3.131E-04 1.260E-04 | 3.129E-04 1.254E-04
t=0.1 | 1.3077E-04 9.5760E-05 | 4.134E-04 2.954E-04 | 4.101E-04 2.889E-04
t=5 1.9745E-06 1.4459E-06 | 9.100E-06 6.600E-06 | 9.200E-06 6.700E-06
t=10 |5.4363E-11 3.9805E-11 | 2.511E-10 1.830E-10 | 2.529E-10 1.843E-10

Example 2. Consider the following NWS equation [9]:
(6.4) Wy = Way + 3w — 4w, (x,t) €10,1] x [0,7],

with the exact solution:

B eV
(6.5) w(x, t) = \/;exp(\/éw) N exp(@ - %).

In Table 2, a comparison of Ly, and Ls error norms with I-EFD and FI-EFD is
reported with h = 0.05 and At = 0.001 at different time levels.It is clear from the
table that the error decreases with the increase in time. In Figure 2(a), a comparison
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FIGURE 2. Solutions of Example 2 with N = 100 and At = 0.01.

Time ICSCM L-EFD [7] FI-EFD [?]
Lo Ly Lo Ly Lo Ly
t=0.01 | 1.4906E-04 4.0606E-05 | 6.927E-04 2.387E-04 | 6.911E-04 2.404E-04
t=01 |1.8823E-04 7.8405E-05 | 8.403E-04 4.591E-04 | 8. 515E-04 5.057E-04
t=5 | 1.6553E-13 8.8671FE-14 | 6.759E-11 4.898FE-11 | 6.895E-11 4.996E-11
t=10 |8.1157E-14 2.0216E-14 | 4.219E-15 3.042E-15 | 3.220E-15 2.229E-15

of the numerical and exact solution with N = 100 and At = 0.01 at different time
levels is represented and Figure 2(b) gives the 3-D profile of the numerical solution.

7. CONCLUSION

In this work, the improvised cubic B-spline collocation method has been suc-
cessfully applied to solve the nonlinear Newell-Whitehead-Segel equation. This
technique is found to be unconditionally stable. The proposed combination of tech-
niques is shown to be fourth-order convergent in the space domain and second-order
convergent in the time domain. Results in terms of accuracy have been observed
to be better than many existing techniques. The numerical results are in good
agreement with the exact values, which is shown graphically.
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