
 

 
 
 

MATHEMATICS Questions 
 
 
 
 
 
 
 

 
Answer ANY THREE questions. 

 
 
 
 
 
 
 
 



 

1 (a) Given , , and 
find, where feasible, 

 
(i) (ii)  

 

(iii) AB (iv) 
 

(v) A (vi) 
 

(vii)                               (viii)  
 

(ix) Show that  
 
 

(b) Given , what is the rank of ? 
 
Hint: you can use any suitable method. 

 
(c) Assess whether the following expressions are quadratic form 

polynomials. Find, for the expressions that are, whether they are 
a positive or negative definite. 

 
(i)  

 

(ii)  
 

(iii) 
 
 
 

2. (a) Solve using matrix inversion only or otherwise, the following 
system of equations 

(i) 
 
 
 
 
 
 

(ii) IS: 
LM: 

 

(b) Solve the system of equations in (a) (ii) by Cramer’s rule. 
 
 



 

3 (a) For each of the following, find  

(i) (ii) 

(iii) (iv) 
(v) 

 

(b) Find the stationary value(s) of the following functions, checking 
for a relative (local) maximum, minimum or point of inflection. 

 
(i) 
(ii) 

 

(c) A firm has total revenue and total cost functions given by: 
 

and . 
 

(i) Write the firm’s profit function; 
 

(ii) Find the level of output at which profit is maximized and 
the maximum profit. 

 
 

4. (a) For the following function, find all the first-and second-order 
partial derivatives: 

 
(b) Given the function: 

 
(i) Find the critical values associated with any optimum; 
(ii) By evaluating the Hessian determinant, interpret the 

second order condition. 
 

 

(Continued on next page) 
 
 
 
 
 



4. continued 
 

(c) A monopolist produces two goods with prices  
respectively. The demand functions for each good are 

 

      and 
 

and the total cost function is 
. 

 

(i) Show that the monopolist’s profit function is 
. 

(ii) Find the level of and associated with any optimum; 
(iii) Interpret the second-order sufficient condition; 
(iv) What prices should be charged for the two goods in order to 

maximise profits? 
 
 
 
5 (a) Given the objective function  subject to the 

linear constraint  

(i) Find the pair of and values for which is stationary; 
(ii) Interpret the second order conditions of this constrained 

optimization problem. 
 

(b) A consumer’s utility function is given by: 
 

 

The price of goods and are £8 and £2 per unit respectively and 
the consumers income is £100. 

 
(i) Find the quantities of the two goods which maximize the 

consumer’s utility subject to his/her income, using the 
Lagrangian method. 

(ii) What is the total utility attained by the consumer? 
(iii) Evaluate and interpret the determinant of the bordered 

Hessian determinant. 
 
 
 
 
 
 
 



 

	

	

	

Statistics	Questions	
 
 
 
 
 
 
 
 

Answer ANY FOUR questions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

1. Answer ALL parts of this question. 
a. Consider the following sample of students’ marks for a Development 

Economics module: 
 

Student 1. 2. 3. 4. 5. 6. 7. 8. 
Dev Econ mark 63 68 72 78 70 72 74 56 

i. Compute the mean, median, and mode of the sample. 
ii. Compute the range, variance, standard deviation, and 

coefficient of variation of the sample. 

b. Analyze briefly the relative strengths of each of the three measures 
of central tendency. 

c. Consider the marks for a Macroeconomics paper for the same eight 
students as above: 

 

Student 1. 2. 3. 4. 5. 6. 7. 8. 
Macro mark 57 73 72 76 65 63 64 60 

The covariance between Development Economics marks and 
Macroeconomics marks is calculated to be 36.64. The correlation 
coefficient is 0.65	 . Briefly interpret these two measures of 
association and explain their differences. What do these measures 
say about the students’ performance in the two courses? 

 
 
2. Answer THREE of the following questions. 

a. State the relationships between the joint, marginal and conditional 
probabilities of two events, A and B. Use these to derive and state 
Bayes’ Theorem. 

b. Explain how the 𝐹	 distribution relates to the Chi-squared distribution, 
and give an example of when you might have to use the 𝑡	distribution. 

c. Explain 

i. the difference between standard deviation and standard error. 

ii. the Central Limit Theorem (you do not need to prove it). 

d. Define and briefly explain the following concepts 

i. Sampling error, 

ii. Bias of an estimator, 

iii. Mean Squared Error. 

e. Define Type I and Type II error. Can we reduce the probability of one 
without increasing the probability of the other? 



 

3. Answer ALL parts of this question. 

Let X	and 𝑌	be normally distributed random variables, with 
𝐸(X)	=	𝜇𝑋𝑋	 𝐸(𝑌)	=	𝜇F	 𝑉𝑎𝑟(X)	=	𝜎2	 𝑉𝑎𝑟(𝑌)	=	𝜎2	 𝐶𝑜𝑣(X,	𝑌)	=	𝜎𝑋𝑋F		=	0	

𝑋𝑋	 F	

a. A random sample of size 𝑛	 is drawn from 𝑌	with sample mean 
∑𝑛	 𝑦𝑖𝑖	

𝜇F	=				 𝑖𝑖=1	 .	𝑛 
Show that 𝑉𝑎𝑟(𝜇̂F)	=	𝜎2⁄𝑛. 

b. For constant 𝑎,	𝑏, show that: 

𝐶𝑜𝑣(𝑎 + 𝑏X, 𝑌) = 𝑏 𝐶𝑜𝑣(X, 𝑌). 

c. For constants 𝑎,	𝑏	show that 
𝑉𝑎𝑟(𝑎X + 𝑏𝑌) = 𝑎2𝜎2 + 𝑏2𝜎2 + 2𝑎𝑏𝜎𝑋𝑋F 

𝑋𝑋	 F	

d. Can we infer that X	and 𝑌	are independent? Motivate your answer. 
 
 
4. Answer ALL parts of this question. 

a. A random sample of 450	 students were asked how long it takes them 
to go to the university campus. The sample mean travelling time was 
35 minutes (𝜇̂	 =	 35), with a sample standard deviation of 𝑠	 =	 12	
minutes. 

i. Construct a 95%	 confidence interval for the average travelling 
time and explain what it shows. 

ii. Assuming that travel time is normally distributed, what is the 
probability that a randomly chosen student has a travelling 
time of one hour or greater? 

b. When this research was conducted ten years ago the average 
travelling time was 40 minutes. Now the Student Union is 
investigating whether students’ travel time has declined since then. 

i. How would you test this hypothesis using the random sample 
above? What would the appropriate null and alternative 
hypotheses be? 

ii. Test the hypothesis at the 1%	 significance level and interpret 
the results. 



5. Answer ALL parts of this question. 

In a survey of television watching habits, it emerged that 65% of adults in 
the UK watched at least one football match on TV in the past year. 
Furthermore, 24% of adults watched at least one cricket match, while 15.6% 
of adults watched at least one football match and one cricket match. 

a. What is the probability that a person selected at random has not 
watched a football match on TV in the past year? 

b. What is the probability that a person has not watched a football match, 
but has watched a cricket match on TV in the past year? 

c. What is the probability that someone has watched at least one match 
of one sport, and only one of the two sports? 

d. Given that someone has watched a cricket match, what is the 
probability that he/she has also watched a football match on TV in 
the past year? 

e. Are the two sports’ watching habits independent? Prove your answer. 
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