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QUESTION 1 [20 MARKS] 

1.1 Consider the Simpson’s rule: 

h a+b [ rend = 3[r@ +465) +r] (1.1) 

State the extended rule for (1.1) where 

n=O: x =at jh foreach j=0,1,...,n [1.5] 

1.2 Hence apply the extended Simpson’s rule to approximate the following integral (correct to 4 decimal 

places): 

b 4 
[ reoax = | 2.5e*sin(x)dx (1.2) 

using the sub-intervals [0, 1],[1, 2],[2, 3], and [3, 4] (ie. when h = a) 

Obtain the exact integral for (1.2) and hence determine the errors when using (1.1) and the extended rule 

version, stating the better approximation. [23.5] 

QUESTION 2 [25 MARKS] 

Consider the 2-point Gaussian quadrature rule: 

— 
[ Fedde = efGa) + cof) (2.1) 

2.1 Show that the weights and the points in (2.1) are given by: 

    

      

b—a b-—a. 
y= » OQ= 
‘2 a 2 

[19] 
)\(=)+ (2+ 

xX, = — , X5 =|-——— — 

* 2 /\V3 2 2 /\V3 2 

2.2 Hence obtain the Gaussian 2-point approximation for the integral (1.2) in Question 1 and 

compare your solutions with the Simpson’s rule and the extended Simpson’s rule obtained in 

Question 1. [6] 
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QUESTION 3 [25 MARKS] 

3.1 Discuss and derive the recursive scheme for the Forward Euler’s Method, using any appropriate diagram 

for substantiating your discussion. [13] 

3.2 Consider the following IVP: 

dy(t 
dy(@) 2y(t) =3e"*, y(0)=1 

dt 

Using a step size of h = 0.1 and to= 0, employ the method discussed in (3.1) to approximate up to the 5" step, 

giving your solution in a table showing both the exact and the approximate solution at each step. [12] 

QUESTION 4 [30 MARKS] 

4.1 Discuss with the aid of a diagram the 4" order Runge-Kutta (RK4) method [16] 

4.2 Consider the following IVP: 

dy 
—=xXx 

dx y 
(4.1) 

yQ)=5 

Employing the RK4 method and using step size h = 0.1, solve (4.1) correct to three decimal places in the 

interval [1, 1.5] [14] 

END OF QUESTION PAPER TOTAL MARKS = 100 
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