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Question Number Full Mark Your Mark 

Q1 3  

Q2 4  

Q3 10  

Q4 4  

Q5 12  

Q6 12  

Q7 10  

Q8 5  
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1. Consider the number  𝜋 = 3.14159265358979… .   

If we use the approximation 𝜋 ≈  3.14, what is the relative error? Express your answer using 

chopping to a decimal normalized floating-point representation with 5 significant digits. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Suppose that 𝑓𝑙(𝑦) is 7-digit rounding approximation to 𝑦. Show that 

 

 |
𝑦−𝑓𝑙(𝑦)

𝑦
| ≤ 0.5 × 10−6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



 

3.  

a) Find 𝑝3 using the Bisection Method for  𝑓(𝑥) = 2𝑥2 − 1 in the interval [0, 1]. (Hence 

an approximation to 𝑝 =
1

√2
 ). 

b) Find an estimate of the number of iterations n that would guarantee an error 

 |𝑝𝑛 − 𝑝|  to be less than 10−4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4. The equation 𝑥 cos 𝑥 = 𝑥 sin 𝑥,  has a root at  𝑥 =
𝜋

4
. Which (and why) of the following 

iteration process should be used to find this root?  
 

  𝑥𝑖+1 = 𝑥𝑖 tan 𝑥𝑖    or   𝑥𝑖+1 = 𝑥𝑖 cot 𝑥𝑖   . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

5.  

a) Given the function values 𝑓(0) = 1, 𝑓(1) = 3, and 𝑓(2) = 11, find the quadratic 

interpolating polynomial 𝑃2(𝑥). 

b) If |𝑓′(𝑥)| ≤ 1, |𝑓′′(𝑥)| ≤ 1, |𝑓′′′ (𝑥)| ≤ 1, 𝑎𝑛𝑑  |𝑓(4)(𝑥)| ≤ 1,  find an upper bound 

on the error for the Lagrange interpolating polynomial on the interval [0, 2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 



 

 

6. For a function f, the divided differences are given in the following table:   

 𝑥0 = 1 𝑓[ 𝑥0]  

 

𝑓[ 𝑥0 , 𝑥1] 

 
3 

 

 

 𝑥1  = 1.2 4 1 

 𝑥2  = 1.4 𝑓[ 𝑥2]  

a) Determine the missing entries in the above table. 

b) Find an approximation for 𝑓(1.1) and 𝑓(1.3). (one with Newton Forward-Divide Difference 

and the other one with Newton Backward-Divide Difference) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7. A natural cubic spline 𝑆 of a function 𝑓 on [0, 2] is defined by 

𝑆(𝑥) = {
𝑆0(𝑥) = 1 + 2𝑥 − 𝑥3,                                                     𝑓𝑜𝑟 0 ≤ 𝑥 < 1,

𝑆1(𝑥) = 𝑎 + 𝑏(𝑥 − 1) + 𝑐(𝑥 − 1)2 + 𝑑(𝑥 − 1)3,   𝑓𝑜𝑟 1 ≤ 𝑥 ≤ 2.
  

Find 𝑎, 𝑏, 𝑐,  and  𝑑 and find an approximation to 𝑓(1.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8. If 𝐿𝑘(𝑥) is the Lagrange interpolating polynomials. i.e. 

𝐿𝑘(𝑥) = ∏
𝑥 − 𝑥𝑖

𝑥𝑘 − 𝑥𝑖

𝑛

𝑖≠𝑘
𝑖=0

. 

Show that  ∑ 𝐿𝑘(𝑥)  = 1𝑛
𝑘=1 , for any real  𝑥, integer  𝑛, and any set of distinct points 

 𝑥1, . . . , 𝑥𝑛. 


