
 

 

 

 

                  EDO UNIVERSITY IYAMHO  

                         Department of Economics 
                  ECO 311 Intermediate Microeconomics 

 

 

Instructor: Dr Ebotemen Wilson, email: ebhotemhen.wilson@edouniversity.edu.ng 

Lectures: Wed. 10- 12noon phone: (+234) 08171192330 

Office hours: Thursday, 2-3pm  

 

General overview of lecture: The course introduces some fundamental concepts in 

Microeconomics, that is Short-run and long-run equilibrium of a firm and industry under perfect 

competition, pricing under imperfect competition, short-run and long-run equilibrium of the 

classical monopoly; price discrimination, choice of optimal combination of factors of production, 

expansion path and linear programming. Mathematical treatment of above topics is required. 

 

Prerequisite: The students are expected to have a strong background in the equilibrium in various 

markets, revenue and elasticity of demand.  

 

Learning outcomes: At the completion of this course, students are expected to: 

i. to better understand the mathematical foundations  of Economics, 

ii. the students should be able to solve mathematical problems on profit maximization in the 

markets 

iii. to understand the first and second condition for monopoly profit maximization.  

iv. to be able to formulate and solve linear programming problems 

 

v. Assignments: We expect to have 3 homework assignments throughout the course in 

addition to a mid-term test and a final exam. Home works in the form of individual 

assignments, and group assignments are organized and structured as preparation for the 

midterm and final exam, and are meant to be a studying material for both exams.  

 

Grading: We will assign 10% of this class grade to home works, 10% for class discussions, 10% 

for the mid-term test and 70% for the final exam.  
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Courseware ECO 311.  Intermediate Microeconomics Course Outline 

 The following documents outline the courseware for the course. ECO 311. Intermediate for 

Microeconomics. Much of this material is taken from recommended text books. 

 

Module 1:  Pricing Output Determination under Perfect Competition 

Short-Run Optimization 

Unit 1     :   Short-Run Optimization of firms under Pure    

       Competition 

Unit 2     :   Long-run Pricing and Production under Pure Competition 

 

   

         Module 2:   Monopoly 

         Unit1      :    Monopoly Pricing and Production: Long-run Equilibrium 

         Unit 2      : The Monopoly Demand Curve and Profit Maximizing Behaviour 

         Unit 3      :  Profit Maximization Criterion for a Pure Monopolist 

         Unit 4     :   The Discriminating Monopolist 

         Unit 5     :   Profit Maximization for a Discriminating Monopolist 

 

            Module 3 :  Expansion Path 

         Unit 1      :  The Expansion Path of a Firm 

         Unit 2      :  Choice of optimal combination of factors of production 

 

        Module 4  :  Mathematical Programming   

             Unit 1          Linear Programming 

        Unit 2       : Some Terms Used in Linear Programming 

        Unit 3       : Linear Programming Model 

        Unit 4       :  Solving Linear Programming Problem 
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      Main lecture note: Below is the main lecture note 

 

Pricing Output Determination under Perfect Competition 

Short-Run Optimization 

Optimization refers to the process by which all economic entity want to 

maximize its net profit. Therefore equilibrium is refers to the state of balance 

of forces where there is no tendency for a change. In market equilibrium where 



supply and demand are equal, there is no tendency for a change in price or 

quantity. 

 To discuss the short-run optimizing behavior of firms we believe the 

optimizing firm is trying to maximize its profits (π) which can be define as  

Π = TR – TC or price (P) minus average cost (AC) multiply by the quantity 

(Q) . This can be stated algebraically as  

Π = ( P – AC)Q 

We should note that short- run profit maximization does not denote the 

existence of other goals of a firm. The other goals of a business enterprise are 

as follows: 

1. Sales Revenue Maximization  

2. Market Share Consideration 

3. Satisfying Behaviour.  

From the point of profit maximizing goal of a firm may be interpreted as a generic 

goal. This encompasses production function under three possible conditions stated 

below:  

(i) Profit maximization by Producing 

(ii) Loss minimization by Producing 

(iii) Lost minimization by closing down. 

As long as MR ˃  MC, a firm enjoys short-run profit which is maximized at the output 

level where MR = MC. A firm will continue to produce in the short-run even if it is 

incurring losses as long as its total revenue exceeds total variable costs (TR ˃ TVC). 

In this case losses appeared smaller than what it could have been. In the log-run the 

firm has to make at least zero profit to remain in business. The critical issue in the 

short-run is that production ceases if found TVC ˃ TR. 

In perfectly competitive market, price is determined by the interaction of supply and 

demand forces and this establishes the industry equilibrium output rate Q see Figure 

1 (a) . If P ˃ P*, excess supply exists and prices fall and if P ˂ P*, there exists excess 

demand and this results price increase. This is explained by the downward sloping 

demand curve given in Figure 1 (a)  
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Fig.1.0 (a) Industry Equilibrium                                                  (b) Firm Optimum 
Short-Run Equilibrium: Industry Equilibrium and Firm Optimum 
 
In contrast to the industry, the firm is a price taker and must sell all that it has at 

the on-going industry price. Note that the firm has a horizontal demand curve as 

can be show in Figure 1.0 (b). For the fact each additional unit is sold at the same 

price, then P = AR = MR. 

  

Short-Run Optimization of firms under Pure Competition 

Let the firms profit function be given as  

Π = TR – TC 

First order condition for π max. is satisfied when  

Dπ/Dq = dTR/Dq – dTC/dQ = 0 

Π = max. when  dTR/Dq = dTC/dQ 

Note that π max. when MR =  MC 

But under pure competition, P = MR 

Π = max. when P = MC 

The second order condition is satisfied when  

Dπ/Dq = dTR/Dq – dTC/dQ < 0 

This means that the rate of growth of MC must exceed the rate of growth of MR. 

That is dMC/dQ > dMR/dQ, meaning that profit has been maximized at the point 

satisfying the first order condition.  

 

 

QUESTION 



A firm operating in a perfectly competitive industry has its cost function given as 

TC = 100 + 4q – 10q2 + 1/3q3. If market price , P = N30. Find the profit maximizing 

units of output and the total profit at this level of output. 

 

SOLUTION 

Since P = N30, TR = pq = 30q 

P = MR = dTR/dq = 30 

MC = dTC/dq =4 – 20q + q2 

First order condition is satisfied when P = MC 

q2 -20q + 4 = 30 

q2 -20q 26 = 0 

q = 20±√202 – 104/2 

    = 20± √296/2 = 18.6 or 1.4 

At q = 18. 6  

Π = 30(18.6) – 100 – 4(18.6) + 10(18.6)2- 1/3(18.6)3 

Π is negative  

Q = 18.6 is extraneous 

At q = 1.4 

Q = 463.55 

              

 

Long-run Pricing and Production under Pure Competition                   

Different from short-run decision, the long-run options are constraint by output 
limitation.  Here, the firms have opportunity to alter plant size, implement new 
techniques and modify the character of products in accordance with market 
requirements. It could curtail output or even cease producing if normal profits are 
not earned and the prospects of improvement are not promising. Consequently, 
the industry supply curve is much more elastic in the log-run than the short-run. 
  
However, both period are similar because the firms must produce at an output level 
where MR = MC. This means equality of the long run marginal revenue (LMR) and 
the long-run marginal cost (LMC). Zero long-run economic profit is required to keep 
firm functioning. In the short-run, the firm is constrained by fixed costs under which 
it minimizes loss. In the long-run, losses lead the firm to exit from the industry. By 
this, it implies that the firm long-run price must at least equal to its long-run 
average cost. Thus the competitive firm’s long-run supply curve is the rising portion 
of its LMC curve lying above its minimum LMC curve.  
 



 The process of adjustment from short-run to long-run equilibrium for the firm and 
industry is given in the figure1.1 below. 
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Fig. 1.1: The Adjustment process from Short-Run to Long-Run Equilibrium for a Firm 
in a Perfectly Competitive Industry. 
 
Assuming the industry supply and demand conditions in the establishment of a 
market price of ₦p1 as in Fig.1.1 (a). The representative firm’s short-run cost 
structure depicted by short-run marginal cost (SMC) and short-run average cost 
(SAC) are given in figure 1.1 (b). Note that the profit maximizing objective of firms 
must earn at least zero economic profit in the long-run to remain in the industry. 
The representative firm in (b) accepts industry price p1 as given and produces Q1 
units of output. At this level of output, P = MC but P > SAC. Therefore economic 
profit is greater than zero. This leads to expansion of plant size and possibly the 
entrance of new firms. At the end, the industry supply is increased to S2 while the 
price falls to P2. At price level P2 , firm’s optimum output is established at Q2. At this 
output rate, P2 = SMC2, but P2 < SAC2. Therefore, economic profit is less than zero. 
The long-run competitive equilibrium conditions work to the advantage of the 
consumers and the society as a whole. The consumer pay a price that does not 
exceed the minimum average cost of production. This implies that commodities are 
bought at the lowest economically feasible price. Since all firms must produce at 



minimum average cost, in means that they are utilizing the resources at their 
disposal in the most effective way. 
 
Exerciises 

1. Under the short-run optimization in perfect competitive firms, prove that the 

rate of growth of marginal cost (MC) exceed the rate of growth of marginal 

revenue (MR). 
 

2. A firm operating in a perfectly competitive industry has its cost function given 

as TC = 200 + 4q – 10q2 + 1/4q3. If market price, P = N20. Find the profit 

maximizing units of output and the total profit at this level of output. 

 
 
 
Monopoly Pricing and Production: Long-run Equilibrium 
The long-run for all firms regardless of the market structure in which they operate, 
refers to a business time frame long enough to enable the firm alter its plant size 
and all other fixed factors. Here we say that in the long-run all factors of production 
are variable. Consequently, a firm may depending upon the market demand 
conditions expand or contract or retain its existing plant size. Whatever the long-
range decision is with respect to plant size the long-run profit maximization rule 
remains same.  Our general criterion for short-run profit maximization is given 
below: 
Π = max. When MR = MC, ( P ≥ AVC)  
For long-run equilibrium, π max. when 
LMR = LMC, (P ≥ LMC) 
 
In general, monopoly is less potent in the long-run than in the short-run. If the 
short-run economic exist, this attracts the entrance of potential rivals into the 
market and the monopoly power of the existing firm could be punctured. In 
addition in the long-run consumers may be able to find cheaper substitute for the 
product. All these reduce the monopoly power enjoyed by a firm in the long-run. 
In the long-run, the monopolist may be in one or the other following conditions: 

(1) Producing at the optimal level of output characterized by minimum long-run 
average cost. 

(2) Producing at a sub-optimum output level i.e. not utilizing the existing plant 
capacity. 



(3) Producing above the optimal output level i.e. over utilizing existing plants 
capacity. 
 
 

The Monopoly Demand Curve and Profit Maximizing Behaviour 
The monopolist’s demand function is a single –valued function of price and is 
monotonically decreasing.  
MR < P for units of output Slope of a monopolists MR function is twice the slope of 
the demand curve 
This can be demonstrated below: 
P = a – bq 
Then TR= pq = aq-bq2 

Slope of demand curve = 
𝑑𝑝

𝑑𝑞
  = -b 

                                     MR 
𝑑𝑇𝑅

𝑑𝑞
  = 1-2bq 

 Slope of MR = 
𝑑𝑀𝑅

𝑑𝑞
 = -2b 

 So far, it is clear that the slope of a monopolist’s MR is twice the slope of his 
demand curve. 
Thus P > MR for all units of output. 
 
 
 

Profit Maximization Criterion for a Pure Monopolist 

From P = a – bq and TR= pq = aq-bq2  ………..(1) 
 We obtained TR = pq = R(q)…………….(2) 

TC =  c(q)            (3) 

The profit function of the monopolist can be given as : 

Π = R1 (q) – c1(q) ………..(4) 

The first order condition for max. is satisfied when 
𝑑𝜋

𝑑𝑞
  = R1(q) - c1(q) 

Ie R1(q) = c1(q) 

Here, π is max. when MR = MC 

The second order condition is satisfied when  

d2π/dq2 = R1 (q) – c1(q)  < 0 

This is MC exceeding MR 

 

 

 



QUESTION 

A monopolist’s demand curve is given as p = 200 – 4q. His TC function is given as 

TC = 100 + 20q. Determine the π max. units of output and the profit at this level of 

output. 

 

SOLUTION 

Note that p = 200 – 4q 

TR = 200q – 4q2 

Therefore, TR – TC = 200q - 4q2 – (100 + 20q) 

The first order condition for π max. is satisfied when 
𝑑𝜋

𝑑𝑞
  = 0, that is 200 – 8q -20 = 0 

    8q = 180 

Q = 22 

The second order condition indicates that 

d2π/dq2 = -8 < 0 

hence q = 22 

Profit at this level of output is determined by 

P = 200 – 4q 

= 200 – 49(22) = N112 per unit 

TC = 100 + 20(22) = 540 

TR = 112(22) = 2464 

Hence, π = TR –TC = N1924  
 

The Discriminating Monopolist 

The monopolist may not wish to sell all his products in a single market at a the same 

price. The firm may sometimes find it more profitable to sell identical product units 

to different buyers at different prices. He may choose to increase his profit by selling 

in two or more different markets at different prices. The firm may also sell products 

with different costs at the same price. Pricing practice of this type is known as price 

discrimination. 

 

 

Profit Maximization for a Discriminating Monopolist 

The rule for profit maximization is that 

Π = max. when MR in each markets equals MC of output as a whole. Let’s assume 

that a monopolist operates in two markets ie market A and B, therefore his total cost 

function is given as  

TC = C(qA + C(qB) = C(qA + qB) 

TR = TRA+TRB = RA(qA) + RB(qB)  



His profit function is therefore given as 

Π = RA(qA) + RB(qB) - C(qA + qB)  

Where qA  and qB represent quantities sold in the two markets and RA(qA),  RB(qB) 

are the revenue functions for the two markets. 

We can state here that Π = max. when 

dπ/dqA = R1
A(qA) – C1(qA + qB) = 0………………………(4) 

dπ/d qB = R1
B(qB) – C1(qA + qB) = 0………………………(5) 

Thus R1
A(qA) = R1

B(qB)  = C1(qA + qB) 

Equation (4) and (5) show that π = max. when MRA = MRB MC of output as a whole. 

If the MRs are not equal, the monopolist can increase profit without affecting his TC 

by shifting sales from the market with low MR to the one with high MR. 

 

QUESTION 

A discriminating monopolist operates in two separate markets. His cost and market 

demand function are given as follows: 

P1 = 100 – 10q1; P2 = 200 – 25q2 

C = 60 + 25(q1 + q2) 

 

(i) What is the π max. price he must charge in each market? 

(ii) How many units must he sell in each market to maximize his total profit? 

(iii) What is his maximum profit? 

(iv) Demonstrate that price is higher in the market with lower elasticity of 

demand.  

 

SOLUTION 

Note that MR in each market = MC of output as a whole 

TR = 100q1 + 10q1
2      TR2 200q2- 25q2

2 

MR1= 100 – 20q            MR2 = 200 – 50q1 

 

Equating MR,MC          Equating MR, MC 

100 – 20q1 25                 200 - 50q2 = 25 

          20q1 = 25                      50q2    = 175 

               Q1  = 3.75                                    q2    = 3.5 

Substituting the value of q1 into the demand function, we obtained P1 and P2 

P1 = 100 – 10(3.75)            P2 =200 – 25(3.5) 

P1 = N62.5                           P2 = N112.5 

Π = TR – TC                        Π2 = TR2 – TC2 

      =  234.37 – 153.75                 = 393,5- 147.5 

Π  = N80.63                           Π2 = N246 

 



n = p1/q1 . dq1/dp1 = 62.5/3.75(1/10)      n = p2/q2.dq2//dp2 = 112.5/3.5(-1/25) 

n = -(1.66)                                   n = -(1.29) 

n1 < n2  profit maximizing price p1 < p2 confirmed. 

 

 

 

 

 

Exercises 

1. The demand function of a monopolist is given as P = 100 – 3q. His cost 

function is C = 2q + 10q. 

(a) Determine his profit maximizing price  

(b) output  

(c) and his maximum profit. 

 

2. A monopolist is faced with two separate demand function  

Q1 = 48 – 0.25p1 

Q2 = 15 – 0.04p2 

If TC = 60 + 15q, 

    What prices will the firm charge?  

(a) With discriminating  

(b) Without discriminating  

 

3. Prove that the slope of a monopolist’s marginal revenue (MR) curve is twice 

the slope of his demand curve. 

 

4. The monopolist’s demand curve is X = 200 – 2p. The costs of the two firms 

are 

 C1  = 10X1 

 C2 = 0.25X2
2 

(i) Determine the firm’s profit maximizing output and price. 

(ii) What is the profit at this level of output? 

 

 

Expansion Path 

Given a the amount of naira cost outlay, TC, and constant input prices Px and Py, 

we can describe the optimum combination of output X and Y to achieve a given 

level of output defined by isoquant. But market conditions, especially demand, 

do change do change frequently. Based on this a firm must adjust its production 

level accordingly.  Given the level of technology, a firm may be interested in 



knowing the least cost optimum input combinations for various level of output. 

Firms are also interested in finding out how much of each input to use, given the 

existing conditions, in the event of long-term expansion of output. 
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Fig. 1.2: Firm’s Expansion Path 

 

Consider Fig. 1.2 where X1, Y1 units of input X and Y respectively are used to 

produce an output level of IQ1 at a total cost of TC1 Should the firm now decide to 

produce a different amount of output say IQ1, obviously a greater total cost outlay 

will be required. If px and py are assumed constant, then there will be a parallel 

outward shift in the isocost. The optimum input mix for IQ2 level of output and TC2 

naira outlay is determined at the point of tangency B. The new optimum point for 

IQ3 units of output will be point C. Given constant input prices, the line ABC traces 

the optimum combination of inputs involving all the tangency point. Generally, the 

expansion path of a firm is the locus optimum input combination for each possible 

output level, given constant input price.  

The long-run expansion of output may entail a technological and economic bias 

towards using relatively more of one input than the other. Let input Y represents 

capital, a bias towards capital for example, will result to a capital intensive 

production process with an expansion path shown in Fig. 1.2 (a). Panel (C) of the 

diagram represent a bias towards labour. The general result of any bias in nthe long-

run employment of resources is a non-labour expansion path given in Figure 1.3 (b) 
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Fig. 1.3: Shapes of Expansion Path 

 

The capital intensive expansion path in panel (a) experienced by large firm, involved 

in mass production. The production place is characterized by relative abundance of 

capital and scarcity of labour. Firm whose cost of additional output is minimized by 

increasing both at a constant proportion experience the linear expansion path in panel 

(b). Labour intensive expansion paths are typically experienced in the LDCS, 

represented by high unemployment and underemployment of labour and relative 

scarcity of capital. Firms in these economies therefore tend to embrace labour 

intensive production process.   

 

The Expansion Path of a Firm  

Given a production function at its corresponding cost equation 

Q = f(X1, X2) and TC = PxX1 + P2X2 + F 

The related isoquant for a given level of output, Q0 is given as  



Q0 = f(X1, X2) 

The slope of the isoquant is given as  

MRTSx1,x2 = MPx1/MPx2 

The related isocost function for Q units of output is given as  

C0 = P1X1 + P2X2 + F 

Slope of isocost = Px1/Px2 

The fiest order condition for firm’s optimization is satisfied for C0, Q0 at the point 

of tangency of isocost and isoquant, given as  

MPx1/MPx2 = -Px1/Px2 

If the second order condition is satisfied, then inputs combination at point A is the 

solution to the constraint cost minimization problem of the firm. 

In the same way, if output levels Q1, Q2and so on are to be produced, then the 

solution to the constrained cost minimization and constrained output maximization 

problem of the firm are found at the tangency points B, C and so on. The locus of 

these tangency points gives the expansion path of the firm. The optimal behavior of 

the firm is to select only input combination that lie on the expansion path. 

 

Exercises 
1. Expansion the measuring of expansion path of a firm.  What might cause the 

expansion path of a firm to charge? 

 

2. Does the attainment of optimum input-mix guarantee profit maximization?  

 

3. Compare the concept of diminishing marginal productivity and returns to 

scale. 

 
  
 

    Linear Programming  

Linear Programming is a special case of mathematical programming in which the 

objective functions as well as the constraint inequalities are all linear. Its objective 

is to determine the optimal allocation of scarce resources among the competieive 

products or activities. Linear programming is therefore a method of solving an 

optimization problem when the objective function is a linear function and the 

constraints are linear equations or inequalities. 

 

Objective function: This is the function by which the quantity to be maximized or 

minimized is expressed ie  

Maximize π = 3x1 + 2x2 + x3 



Constraints: These are limiting conditions which arises either out of limited 

resources  or due to technogical conditions. Constraints are expressed in the form of 

equalities or inequalities eg 

M1 ≤ 50 

M2 ≤ 100 

Non – negative condition: The variables involves here cannot be negative. They 

can either be equals greater than zero and they are expressed in the form of equality 

(v = 0) or inequality (˃ 0)  

Feasible and optimum solution: Feasible solutions are those that can be achieved 

with a given amount of resources under given constraints or limitation. They need 

not satisfy all the constraints. The feasible solutions that satisfy all constraints are 

known as optimum solution or optimum feasible solution.  

 

Example Maximization Problem 

 A tailor has the following materials available for production of dress and suit; 160 

square meters of cotton, 110 square metres of silk and 150 square metrs of wool. A 

dress requires the following: 2 square metres of cotton and 1 square metre each of 

silk and wool. A suit requires 1 square metre of cotton, 2 square metres of silk and 

3 square metres of wool. If the gross profit realized from a dress and a suit is 150 

and 200 naira respectively, how many each of the wears should the tailor make in 

order to obtain maximum profit in the period under consideration? 

 
 

Solution 

Product materials Dress x1 Suit x2 Available 

materials 

Cotton 

Suit 

Wool 

2 (a11) 

1 (a21) 

1(a31) 

1 (a12) 

2 (a22) 

3 (a23) 

160(b1) 

110(b2) 

150(b3) 

Profit 150(C1) 200(C2)  

     

 Maximize  Z = 150x 200x2 ˂ 160 ie objective function 

Subject to 2x1 + x2 ˂ 160 (cotton constraint) 

                 x1 + 2x2 ˂ 110 (cotton constraint) 

                 x1 + 3x2 ˂ 150 (wool constraint) 



            x1, x2 ˃ 0 Non-negative constraint this is because the number of dresses and 

suit to be made cannot be negative. 

2x1 + x2 = 160 

If x1 = 0, x2 = 160 (0, 160) 

If x2 = 0, 2x1 = 160 x1 (80, 0) 

 

 

 

 

x2 

160 

                    2x1 + x2  ≤ 160               

 

0 80x1 

1  

x1 + 2x2 = 110 

If x1 = 0, then x2 = 55 (0, 55) 

When x2 = 0, then x1 = 110 (110, 0) 

 

    

x2 

55 

              x1 + 2x2 ≤ 110 

    

 

0                  110     x1  

 

x1 + 3x2 = 150 

x2 = 55 ie (0,55) 

x1 = 150 ie (0,150) 

 

 

 



x2 

 

 

 

                  x1 + 3x2  ≤ 150              

 

 

 

160 

55 

 

50 

                                                                                                         

0                80               110         150  

At point C1, we have the equations 

X1 + 2x2 = 110 

2x1 + x2 = 160 solving this simultaneous equation,  

X1 = 70, x2 = 20 and substitute into the above equation, we have 14,500 

 

For the second point C2, x1 + 2x2 = 110 

                                      X1 + 3x2 = 150 

Here the value of x1 and x2 are 30 and 40 respectively. Now substituting these values 

into the above equation, we have 12,500. Therefore, point C1 is the point at which 

the objective function attains the maximum value (14,500) and this will occur if he 

sells 70 dresses and 20 suits. 
 


