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_____________________________________________________________________ 

 
1. Provide a formal definition of strict concavity and then use the points 

' 1,  '' 2 and 1/ 4x x λ= = =  to demonstrate that the function lny x=  is strictly 
concave.  Illustrate your answer. 

 
[10 marks] 

 
2. Consider the function ( ) 1 ( 1)f x x= − .   

a. Find lim ( )x f x→∞ , lim ( )x f x→−∞ , 
1

lim ( )
x

f x−→
 and 

1
lim ( )

x
f x+→

.  Does 
this function have a limit at 1x = ?  Is it continuous at 1x = ? 

b. Find  and  and sketch the function.   '( )f x ''( )f x
 
          [10 marks] 
 

3. Suppose the inverse demand function facing a monopolist is 
1p q ε−=  

where p is the price of the good and q is its quantity.  This implies that the elasticity of 
demand for this good is constant and equal to ε, assumed to be positive.  Assume that 
the total cost is linear in quantity, given by TC cq= . 

a. Set up the firm’s profit-maximisation problem and first-order condition in 
order to solve for the optimal level of output, q*.  What conditions must be 
placed on ε in order for the second-order condition to be satisfied?   

b. Find the optimal price, p*.  How does this vary with ε (i.e. find *dp dε )?  
 

[15 marks] 
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4. Consider an industry with two firms, A and B.  Each firm’s labour demand 

depends on the wage, W, and the overall demand for goods, Y.  Assume that the 
responsiveness of labour demand to overall demand (for goods) differs across the 
two firms, such that: 

                   (1)
                   (2)

A A

B B

L W Y
L W Y

γ β
γ β

= − +
= − +

 

The two firms draw on a common pool of labour L and consequently pay the same 
wage.  The number of workers in the common pool of labour is fixed and equal to L  
and labour markets are assumed to clear, so that: 

                          (3)A BL L L= +  
Hence, LA, LB and W are endogenous variables, Y and L  are exogenous variables and 

, ,A Bγ β β  are fixed constants. 
a. Take total differentials of equations (1), (2) and (3). 
b. Use Cramer’s Rule to determine the effect on LA and LB when there is an 

increase in overall demand, Y.  Under what conditions will LA increase and 
LB fall?   

c. Use Cramer’s Rule to determine the effect on wages when there is an 
increase in the available pool of labour. 

d. Confirm your answer in c. by substituting equations (1) and (2) into 
equation (3) and taking the total differential of the resulting single 
equation. 

[20 marks] 
 
5. For what values of a and b will the following system of equations have a unique 

solution, infinite solutions or no solutions?  
 1 2 32 3x x x 1+ + =  

 1 2 321 2x ax x− + − =  

 1 2 33 7x x ax b+ + =  

[20 marks] 

6. Use implicit differentiation to find dy dx when 
2

5 0x ye + − = .  Then take the total 
differential and use the Implicit Function Rule to confirm your answer.  

[7 marks] 
 
7. Suppose that both the amount of capital at time t, ( )K K t= , and the efficiency 

with which it is used over time affect the level of output, Y, according to the 
function: 

1 2

0.05
0

( , ) 0.2(1 )
where ( ) t

Y f K t t K
K t K e

= = +

=
 

Find and give the economic tuition of the partial and total derivative of Y with respect 
to t.   

[8 marks] 
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