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1) A function j(x,y) is tabulated below for given x and y range as:

!~ 35 30 25 20 15
5 31 25 19 13 7
10 27 21 15 9 3
15 25 19 13 6 0

20 24 17 11 4 -2
25 23 16 9 3 -4

~ ~ .Compute -a at(x = 25, Y = 20) and - at(x = 30, Y = 10) by using both central
x By

difference and backward difference scheme. Also calculate 2nd order partial derivative
B2f
-2 at(x = 20,y = 15) and fill the table below: 4+4+2
By

Partial derivative Backward Central
of
ox at(x = 25,y = 20)

of
oy at(x = 30,y = 10)

o2f
Oy2 at(x = 20,y = 15)

2) a. Perform the integration [ = f01 x2eX dx by employing 3-point Gauss quadrature. Then
compute the relative error by comparing with the analytical value 1=0.718282. 4+1
h. In 2D integration of functions, what is the multiplication matrix in a 3x3 grid for
Simpson's rule? Compute ffo~~l [(x, y)dxdy for [(x, y) = (5x3y + 2x) by taking
hx=hy=0.5. It has to match exactly with the analytical value. 1+4

3) Consider the third-order Runge-Kutta method:
h

Yi+1 = Yi + 9 (251 + 352 + 453)



-~-~~-------------------------------,

Prove that this third-order R-K method reproduces the Taylor series of the solution up to and

including terms in h3 for a first order differential equation dy = f (x, y).
dx

[Hint: Expand both S2 and S3 in Taylor series only upto 2nd order and compare with Taylor expansion of solution] 10

4) Solve the initial value problem dy = 1 + x3 + y2, y(l) = -4 upto 4 decimal points
dx

accuracy:
b. By Euler's method
a. By Heun's method (2nd order Runge-Kutta method)
and fill the table below: 4+6

x 1 1.25 1.5 1.75 2.00
y (Euler method) - 4.0000
Y (Heun' s method) - 4.0000

5) Discretize the following 2nd order ODE by applying finite difference method:
2 "X Y- - y = X, The boundary values are y(-2)=-2/3, y(3)=6.
6

a) By taking Ll x=I formulate set of 4 linear equations that is to be solved in order to solve
the problem numerically. 4
b) It turns out that these equations can be easily solved by hand computation. Please do so
and then fill the table below: 6

--------------end-------------
Important relations:

1) For 3-point Gauss Quadrature in [a, b] and weight functions:

J
b (b - a) jl [a + b + (b - a)Yj (b - a) ~ f( )
f(x)dx = 2 f 2 .~ dy = 2 L to, xi

a -1 i

Where the weights and Xi values are given as:
i (OJ Xj

1 0.5555 -0.7746
2 0.8888 0.0000
3 0.5555 0.7746

2) For Euler's method:

3) For Heun's method (2nd order Runge-Kutta):

h
Yi+l = Yi +"2 (Sl + S2)


