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I. INTRODUCTION
In 1970 Bellman proposed the differential quadrature method (DQM) and his associateswith [1-3] efficient
numerical method to solve non-linear partial differential equations. The DQM has been useful for many areas in
engineering and sciences and is gradually emerging as a distinct numerical solution technique and ability to yield
highly accurate approximations. Thismethod is also compared to finite difference and finite element method.
Advantages of DQM method is analogs of differential equations with variable coefficients can be implemented
directly.The DQM have developed in form of generalized collocation method orcollocation-interpolation method [4,
5].The study of review paper [5] provides the survey of updating literature of DQM's applications. In Conventional
DQM]5] study the differential equations of order two or more than at one condition of each discrete point. In
structural mechanics is also governed by high-order differential of order .
For example, plate of thin beam is fourth order differential equation and is constrained by two boundary condition
at each boundary .In DQM the functional value of independent variable at any point,and its each edge is
implementation of two boundary condition. If domain is discretized in normal way then the number of resulting
differential quadrature with analog equations will be more than the number of functional values at that point of

resulting equations cannot be solved. In boundary condition of fourth order system at () — point approximation in
sampling poin was first proposed by Jang [6] at small distance =10 ~7(in dimensional less value) adjacent to

the boundary point is introduced by Gutierrez and Laura[7] , applied to this § — pﬂfﬂf technique to a sixth

order differential equation of structural ring which is constrained by three boundary condition at each point . This
technique to be applied the solution of governing equation at more than one point and choose the successive

d points.
Bert and Malik [8] given the first extensive application of DQM in high order structural mechanics and multiple
boundary value problems and its application is also define in beam ,plate and shell structures, which indicate the 0

point technique is one representative step in the development of DQM. Mansell [9] introduce the orthogonal
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polynomial as test functions to construct the weighting coefficient of the DQM. Chang[10] is utilized the orthogonal
function as test functions ,had the aid of auxiliary functions to increase the accuracy of solutions. It is also employed
in domain decomposition and mapping techniques of the DQM [11-16].

The author investigated the DQM it can be applied to eight order differential equation without recourse to special

technique such as & paint technique which can be used to one equation at discrete points.

II. DIFFERENTIAL QUADRATURE

Suppose a function ‘l}.’)'l:JC ] is define a differential equation in any domain . The function values of finite set of N
discrete points X; = I:L = 1,2, N)
Let lp!- = {; I:J'C i ]is denote the function values. The DQM express the derivative at discrete points X;.

. d"e(xy
'lﬁ)' I:JC!-} = Wl = 1,2,... ....N,TE 1

In Differential Quadrature various type of test function have been used, including the polynomials, sine and cosine
functions [17], the Lagrange interpolated-based trigonometric polynomials [18, 19], sine function [5], spline
function and various orthogonal polynomials [9, 10] such as Jacobi, Laguerre, Hermite and Chebyshev
polynomials.

In this research paper we calculate the accuracy of slope in Runge-kutta method at discrete point by employing the
DQM method.

III. RUNGE’SMETHOD

Yo

N1 L. N 3

Fig 1

IV. RUNGE-KUTTA METHOD OF FOURTH ORDER
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Runge-Kutta method is one of the most widely used methods. This method does not involve the derivatives of
f I:Jli ¥ ) There is a set of methods known as Runge-Kutta methods known as Runge-Kutta methods .But the most

widely used method is Runge-Kutta of fourth order and so this method is generally given the name Runge-kutta
method.

Consider the differential equation of first order

dy
v = T flx,y)

with the initial condition Y= _’}J'then X = Xy

Let [JC 0.Xp T I 1] be the first subinterval, By this method we can calculate the increment in the first sub-interval
as under:
K 1= h f I:JCG,_}’G] =h # Slope at the beginning of the first sub-interval,

h 1
K, = hf (x,:.+§,;}fu +§H1)

h 1
K, = hf (Jc,:.+§,yu +EK2)

K, =hf(x,+ I,V + K;) = h XSlope at the end of the first sub-interval

In compare to DQM
dy
V= —=f(x,v)

y ==

r
d (;JI:JC!-]

dx”
i=1,2,.......N, r = lis discrete point , In runge-kutta method this point is define on sub interval of slope

Kl- K ,Kg andsoon.....

dZy dv

Example 1. Solve DQM by the use of Runge-Kutta method at Y I:{]Z] for the equation .z =X d_ — V.
X b

dy
Initial condition areX = U,}f = 1,; = 0.
dx
. dy
Solution .Puttlngd— = Z= f(x, _}J',.Z)
X

dz
The given equations becomes — =XZ— V= qb(x, v, .Z)
X
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The initial conditionsare X = 0,7 = 1,2 = 0

Xo=0,vy = 1,2, = 0 andh = 0.2,

Using 51,55 55,54 for f(x,y,2) and Ky, k5, k5, k, for (X, V, Z), we have
S, =hf(x,,V5,2,) =hz,=(0.2) x0=0

K, = ho(x,, ¥, 20) = h(x020 — Vo)
=020x0-1)=-0.2

h 1 1
S5, =hf (xo —I—E,y,:, +§51,ZO +§k1j

1
(0.2) (z,:, + Ekl) — (0.2)[0+ (—0.1)] = —0.02

h 1 1
k,=ho (x,:, —I—E,y,:, +§51,zﬂ + Ekl)

1 1 1
h {(xu +§h) (z,:, +§k1)— (y,:. + ESI)}

=02{0+0.H)(0—-01)—(1+0)}=-0.2020

1 1 1
S5, =hf (xﬂ +§h' Vg + Eﬂz_zﬂ—k Ekz )

1
h {zu +§ k2}= 0.2(0 — 0.1010) = —-0.202

1 1 1
k, = ho (xc. FS ke 455220+ kz)

1 1 1
h{(xu +§h) (zc. +§k2)— (yc. +§S2)}

0.2{(0.1)(—-0.1010) — (L - 0.01)} = —0.20002

S, =hf(xg+h,y, +5;,2,+k3)

= (0.2)(—0.20002) = —0.040004

ky=ho(xg+h,y, + 53,2, +E3)

= h{(xy + h) (2o + k3)— (Vo + 53]

= 0.2 {(0.2)(—0.20002) — (1 — 0.0202)} = —0.2039608.
XxX=x3+th=0+02=0.2

1
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1
=1+ E{{] + 2(—0.02) + 2(—0.0202) — (0.040004)} = 0.97993267

2(0.2) = 2o += (ky + 2Ky + 2k + ky) = —020133347

Result: By the use of RungeKutta method of fourth order we calculate the DQM at discrete point of slope
K 11 K . Hg ,H 4 ... ifinitial condition are given.
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