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Problem 1. {21 marks] 

1-1-1. Why is the nested form of a polynomial important compared to its canonical (original) form? 

Give an example illustrating your statement with the number of operations involved (you can use a 

third degree polynomial of your choice). [2+2=4] 

1-1-2. Write down a pseudo-code that uses the nested form of a polynomial of degree n and evaluates 

it at T= 2. [3] 

1-2. Write down the general formula of the Taylor’s expansion (with integral remainder) of a func- 

tion f(x) about x = ap. [5] 

1-3 The nth root of the number N can be found by solving the equation x” — N = 0. 

1-3-1 For the above equation, show that Newton’s method gives: [5] 
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1-3-2 Use the above result to find (161)'/3 after three iterations with zp = 6.0 as the starting 
point. [4] 

Problem 2 [30 marks] 

2-1. Write down in details the formulae of the Lagrange and Newton’s form of the polynomial that 

interpolates the set of data points (Zo, yo), (21, y1),---5 (Wns Yn): (7] 

2-2. Use the results in 2-1. to determine the Lagrange and Newton’s form of the polynomial that 

interpolates the data set (0,2), (1,5) and (2,12). [18] 

2-3. If an extra point say (4,9) is to be added to the above data set, which of the two forms in 2-1. 
would be more efficient and why? [Don’t compute the corresponding polynomials. | [5] 

Problem 3. [30 marks] 

3-1. Determine the error term for the formula [5] 

F(a) © s[afle + h) — 3f(0) — fle + 2h)] 
3-2. Use the above formula to approximate f’(1.8) with f(z) = Inz using h = 0.1, 0.01 and 0.001. 
Display your results in a table and then show that the order of accuracy obtained from your results 

is in agreement with the theory in question 3-1. [10} 

3-3. Establish the error term for the rule: [15} 

f(a) aalbile +h) — 10 f(x) +12f(@ — h) — 6f(x — 2h) + f(a — 3h)] 

Problem 4. [19 marks] 

4-1. State the second-order Runge-Kutta algorithm (RK2) in terms of it slopes kl and k2 (or fi 
and fz). [6]



4-2 Explain how the Runge-Kutta method can be used to produce a table of the values for the 

function . 

f(a) = f edt 
0 

at 100 equally spaced points in the unit interval. [3] 

4-3. Use the procedure explained in 4-2. and adapt it to compute f(0.3) using RK2 with three 

iterations, where this time 
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using RK2 to approximate y(0.3) with 3 steps. [10} 

God bless you !!!


