
Group Homework 5 & 6 

Semester 2/2021    EE320 Introductory mathematical economics 

Due date: April 7th  2022 (before midnight /B.E. moodle).  

 

Q1.  Given the production function  ܳ ൌ ݂ሺܭǡ ሻܮ ൌ ௡ܭሾܣ ൅  ௡�ሿ where A is the levelܮ
of technology, K is capital and L is labor.  Suppose that ݊ ൐ Ͳ . Consider the 
following problem. 

a. To ensure that the above production function exhibits a decreasing 
return to scale technology, what additional restrictions do one need to 
place on ݊?  

b. Under the assumption used in (a), show that the production function 
satisfies the law of diminishing returns.  

c. Calculate the marginal rate of technical substitution (MRTS) of labor 
(L) for capital (K).  

d. Show that MRTS is a decreasing function in L. That is, as labor 
increases, the value of MRTS decreases. 

e. Under the condition(s) assumed in (a), is the production function 
satisfied with the global concave property?   

Suppose that  �ሺ�ሻ ൌ ଵ
ଶ
ଶݐ ൅ ݐʹ ൅ ͵  and  �ሺ�ሻ ൌ ݁௧ ൅ ͵, where ݐ ൒ Ͳ is the number of 

periods from now. Consider the following problem 

f. Show that Q is increasing over time.  

g. Compute  
೏ೂ
ೂ

ௗ௧
  when t = 0, i.e. growth of output in the initial period. 

 

Q2. A monopolist faces the market demand given by  ܲ ൌ ܳି௖  ZKHUH� ´Fµ� LV� D�
parameter wiWK� SRVLWLYH� YDOXH�� ´3µ� LV� WKH�SULFH�SHU�XQLW� RXWSXW� DQG� ´4µ� LV� WKH�
DPRXQW�RI�RXWSXW��6XSSRVH�WKDW�PRQRSROLVW·V�SURGXFWLRQ�WHFKQRORJ\�LV�JLYHQ�E\�

ܳ ൌ ܭ
భ
యܮ

మ
య  ZKHUH�´.µ�DQG�´/µ�DUH�WKH�OHYHO�RI�FDSLWDO�XVHG�DQG�WKH�QXPEHU�RI�ODERU�

employed, respectively. AsVXPH�WKDW�WKH�XQLW�SULFH�RI�.�DQG�/�DUH�VHW�HTXDO�WR�´Uµ�
DQG�´Zµ��UHVSHFWLYHO\��&RQVLGHU�WKH�IROORZLQJ�SUREOHPV� 
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a. What type of the return to scale technology does the production function 
exhibit?  

From now on, assume that c = ¼ . Consider the following problems. 

b. Construct the profit function of the monopolist. (Hint: your profit function 
should be expressed in terms of K and L.) 

c. The firm wants to maximize profit and seek for combination of the two factor 
inputs . Derive the demand for factor inputs, capital and labor. 

d. How does the demand for labor vary with respect to w and r? Show your result 
by using partial derivative. 

e. Confirm your answer with the second-order condition. 

 

Q3. In a duopoly market, suppose that firms 1 and 2 face market demand, ݌� ൌ
�ͳͲͲ� െ�ሺݍଵ �൅ ଶሻ. Firm costs are ܿଵݍ� �ൌ �ͳͲݍଵ and ܿଶ �ൌ �   .ଶଶݍ

(a)  Calculate market price under the Cournot environment. How much is 
the profit that each firm yields in the equilibrium? 

(b) Calculate the market price under the joint production decision, i.e. 
collusive equilibrium. How much is the profit that each firm yields in the 
equilibrium? 

(c)  Do you think that the collusive equilibrium will sustain? What would be 
the profit of firm 1 if firm 1 chooses to deviate from the collusive allocation? 

 

Q4. Consider a simple two-market model where demand and supply for each 
PDUNHW�LV�JLYHQ�EHORZ���1RWDWLRQDOO\��OHW·V�QDPH�WKH�WZR�PDUNHWV�DV�$�DQG�%��
respectively.) 

 

Market A: 

Demand: ݌஺ ൌ ͳͲ െ ʹܳ஺ 

Supply:   ݌஺ ൌ ͳ ൅ ܳ஺ 



Market B: 

Demand: ݌஻ ൌ ʹͲ െ ܳ஻ 

Supply:   ݌஻ ൌ ʹ ൅ ʹܳ஻ 

a. Derive the market equilibrium 
b. Suppose the government imposes unit tax on both markets at the rate of 

 .஻ݐ ஺ andݐ ஻. Solve for the after-tax equilibrium as the function ofݐ ஺andݐ
c. How much revenue can the government collect from the taxation? 
d. Determine the level of ݐ஺ and ݐ஻ WKDW�PD[LPL]HV�JRYHUQPHQW·V�UHYHQXH��� 

 

Q5. (Monopolist and the Optimal advertising) 

Consider a linear demand equation faced by a monopolist.  

ܳ ൌ ʹͲͲͲ ൅ Ͷξܣ െ ʹͲܲ, 

where A is the dollar amount of the expenditure on advertisement,  P is the unit 
price, and Q is the amount of quantity demanded by consumers. Both ߠ and ߚ are 
strictly positive.  

The demand equation is an extended version of the traditional one. The 
proposed function captures an idea that advertising can boost the total demand in 
the market as potential customers get more information about the product. 

Suppose that the monopolist cost function is given by ܥሺܳǡ ሻܣ ൌ ܿሺܳሻ ൅  ܣ
where ܿሺܳሻ ൌ ʹܳ ൅ ͳͲͲͲ  

Consider the following problem. 

a) Construct the profit function.  
b) Determine the optimal pricing (P*) and optimal advertisement  (A*) that 

maximize the profit of the monopolist. 
c) Confirm the result with the second-order differential test, i.e. hessian-matrix 

method. 
 

----------------------- 
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