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Final Exam Review	
There are 75 multiple choice questions.
About 25% questions are descriptive questions.
Duration of the Exam: Three Hours	6:30 PM -9:30 PM

Chapter One (Fundamentals of Managerial Economics) has 7 questions

Goals and constraints 
Accounting profit and economic profits
Opportunity costs (check the numerical questions in the old tests)
Market power: power of buyers and power of input suppliers
Rivalry, substitutes and complements
PV calculations of projects with discount rate

Optimization based on MB = MC Rule
Check the numerical problem-solving questions in the old tests to find equilibrium quantity and total net benefit. Remember that total benefit is maximized when MB is zero, but total net benefit is maximized when marginal net benefit (that is, MB – MC) is zero.

Chapter Two (Demand and Supply) has 10 questions

Law of demand
Inverse demand function
Market demand is the summation of all demand across all consumers
Demand shifters
Law of supply and supply function
Supply shifters
Effects of taxes
Effects of subsidies
Effects of price floors
Effects of price-ceiling, shortages and black-market price
Quota
Check and review numerical solutions as well as graphical solutions with tax, subsidy, quota, price floor and price ceiling
How to estimate consumer surplus?
How to estimate producer surplus?
You must know how to draw demand-supply graphs and how to estimate the triangle of consumer surplus
Computing the triangle of deadweight loss
Market equilibrium and comparative static solutions of P and Q
World price and free trade and tariff
Find consumer surplus and producer surplus when we import at the world price


Chapter Three (Quantitative Demand Analysis and Elasticity) has 6 questions

Price-elasticity of demand
Income-elasticity of demand
Cross-price elasticity
Ep = (dQ/dP) (P/Q)	Make sure of the numerical calculation of elasticity
Remember that Ep is a negative number
Completely inelastic, inelastic, unit elastic, elastic and infinitely elastic
Elasticity and total revenue
Elasticity, P and MR
MR = P[1+ 1/EP]		You also need this derivation in monopoly
Deadweight loss	You also need to know how to estimate deadweight loss in monopoly
 
Chapter Five (Production and Costs) has 7 questions

One variable production function with one fixed input and one variable input
Relation between APL and MPL
Solve L where APL is maximized.
Solve L where MPL is maximized
When APL increases, MPL is greater than APL
When APL decreases, MPL is less than APL
When APL is at a max, APL = MPL
When APL is a horizontal line, APL = MPL

Total costs (TC) = Total fixed costs (TFC) + total variable costs (TVC) 
Average total costs = Average fixed costs + average variable costs
ATC (or AC) = AFC + AVC
Relation between MC, MPL and wage rate
Given the wage rate, higher MPL means lower MC
Given the wage rate, lower MPL means higher MC
Relation between AVC, APL and wage rate
Given the wage rate, higher APL means lower AVC
Given the wage rate, lower APL means higher AVC
Higher wage rates will cause an upward shift of the AVC curve, MC curve and ATC curve

Equi-marginal principle with two plants: MC1 = MC2
Long-run average costs and returns to scale
Increasing, constant and decreasing returns to scale

Two variable production functions
Three types of isoquants: L-shaped isoquant, convex isoquant and straight line isoquant 
Marginal rate of technical substitution (MRTS) = - ∆K/∆L = Slope of the isoquant

Input solutions under cost minimization:
Solve input-ratio and then solve inputs from the given output in the production function and then solve total costs 

Input solutions under output maximization:
Solve input-ratio and then solve inputs from the given total cost function and solve total output
MPL/MPK = W/R	

Iso-cost curves
Slope of the iso-cost line is equal to the input price-ratio

Check the old tests and see how L, K, TC and AC are solved from Cobb-Douglas Production function with Q = L0.5K0.5
Use the above rule of MPL/MPK = W/R and find the optimal input-combination of L and K. Insert the optimal combination-ratio in the in the production function of  Q = L0.5K0.5 to solve K and L (Q is given). Use the input-prices and equilibrium K and L to solve total costs (TC). Divide TC by Q to solve average cost (AC).

Chapter Eight (Managing in Competitive, Monopoly and Monopolistically Competitive markets) has 22 questions

The key conditions of perfect competition
Market demand curve is down-sloping
Demand function faced by the firm is a horizontal line, where P = AR = MR
P = MC rule	[Zero optimal mark-up] 
From the firm’s total function, find MC and set it equal to P (following MP=MC rule) to solve firm’s output. At the equilibrium q, check if P = AC (new firms will not enter in the long-run) or P>AC (new firms will enter the market in the long-run) or P<AC (exits of firms in the long-run). In the loss-situation, the firm shut down its operation and produce nothing, if P<Ave (or TR<TVC or loss is greater than the fixed costs).

P =MC rule solves q and in turns it solves L, since q is a function of L.
Since P = MC and since MC = W/MPL, we can re-write P =MC as P = W/MPL.
We can re-write P = W/MPL as (P)(MPL) = W.
Add more L (and more output, if P)(MPL) > W.
Decrease L (and reduce output, if P)(MPL) < W.
At the competitive equilibrium, works are paid according to marginal value product (PMPL). The P = MC is also taken as the efficiency rule in production.

Find firm’s supply curve as the MC function above the minimum point of the AVC curve Find aggregate market supply function = Horizontal summation of firm’s supply curve 
Long-run equilibrium condition, where P = AC = MC
Constant cost industry assumption (constant input-prices)
Short-run and long-run equilibrium in perfect competition
Long-run supply curve
Entry and exits of firms
Consumer surplus and producer surplus

Taxes and deadweight loss
Quota and deadweight loss

Free trade
Tariff and deadweight loss
Price-elasticity of demand estimates, MR and P
Solving output, price, TR, TC and profits in monopoly
Unregulated monopoly and price-regulation
Natural monopoly and price-regulations

Compare monopoly with perfect competition
Why an unregulated monopoly is inefficient?
Deadweight loss under monopoly
Perfect price discrimination and deadweight loss
Contestable markets

Elasticity, P and MR
MR = P[1+ 1/EP]

Optimal mark-up rule is:	
Monopolistic Competition
Short-run and long-run equilibrium condition
Excess Capacity 
Advertisement (brand equity, niche marketing and optimal marketing)

Chapter Nine (Basic Oligopoly Models) has 12 questions

Conditions for oligopoly
Sweezy oligopoly (Kink Demand curve) and price-rigidity

Cournot oligopoly
Best response (or reaction) function is based on MR = MC rule, where the profit-maximizing output of one firm depends on the output of the other firm.
You will get two simultaneous equations.
Solve the output of each firm.
Since we know combined output after adding output of each firm, we can find equilibrium price and total revenue. Subtract total cost from total output.

Collusive oligopoly (same total output as if it was a monopoly).
Why collusion may not be a stable equilibrium outcome? Answer lies in Nash equilibrium condition.


Stackelberg oligopoly (Leader-follower model)
Leader acts like a monopoly. Use monopoly profit-maximizing rule and solve the output of the leader. 
In Stackelberg model, if both leader and follower have identical costs, then the output of the follower is 50% of the output of the leader. If the follower has higher cost than the leader than the output of the follower will be less than 50%.
Find the optimal response function of the follower (based on the output of the leader) and solve the output of the follower.
Find combined output in the market and solve market price, TR and profit.
Note that the price in Stackelberg is lower than the price in Cournot.

Bertrand oligopoly related to price-strategy
If both firms have identical costs, then the price under Bertrand model will be equal to average costs (zero economic profit)

Generalized Cournot model
q = Q*/(N + 1), where Q* is the total industry output in perfect competition, N is the number of firms and q of the output of each firm.
Various numerical questions are asked in the Final Exam where you need the above condition of q = Q*/(N + 1).

Chapter 10 (Game Theory) has 6 questions

Game Theory, players (agents), strategies and rational choices
Prisoner’s dilemma
Nash equilibrium
Cournot equilibrium
Nash equilibrium
Dominant strategies
Secure strategies

Review the notes and questions in the Courseware
Check the pay-off matrix to solve secure strategies and dominant strategies 
Review the bonus quizzes, regular quizzes and tests you wrote this Term 

Chapter 11 (Pricing strategies for firms with market power) has 5 questions

Mark-up pricing rule
Third degree price discrimination in comparison to uniform price in all markets
First degree price discrimination
Deadweight loss
Elasticity and ordinary price discrimination


Pricing Policy in Managerial Economics

Decision-rules depend on the following:
· Firm’s objective functions 
· Market structures and the degree of competitiveness faced by the firms.

In perfect competition, each firm is a price-taker.
The market-price is set at a point of output where P = MC.
This P = MC is also called efficient resource allocation rule, because the resources are employed at a point (which determines the output point) where the marginal product of the input multiplied by the market-price is equal to the input-price.

In the long-run, we see, not only P = MC condition, we also see P = MC = AC or zero economic profit condition. 

Remember that zero economic profit occurs, when revenue equals economic cost and economic cost includes opportunity costs or minimum alternate return made elsewhere.

In competitive as well as in non-competitive markets (characterized by monopoly or oligopoly or monopolistic competition), all profit-maximizing firms use the MR = MC rule to determine their output and price.

Instead of profit-maximizing rule, the firms can use revenue-maximizing rule and set the output and price where marginal revenue (MR) is zero. The pricing policy and output decisions based on revenue-maximizing principle will not lead to maximum profit, since marginal cost is positive.

Now consider monopoly. If the unregulated monopoly sets uniform price for its profit-maximizing output, it sets the output where MR = MC and sets the price accordingly. 
In this case, the output under monopoly will be less than the output under perfect competition and monopoly output will be less than efficient resource allocation output.
Price will be higher in monopoly than the price under perfect competition and there will be a deadweight loss in monopoly.

Now consider perfect price discrimination by a monopoly as opposed to uniform price. 
In this case, the price charged for the last unit of output is equal to its marginal cost. Output under monopoly (with perfect price-discrimination) will be equal to the output under perfect competition. Monopoly will earn the highest possible profit. There will zero consumer surplus and zero deadweight loss. 

Now consider a monopoly selling in two separate markets with different price elasticity of demand. Monopoly can charge uniform price in both markets and make profits. 
Monopoly can more profit two different prices. Monopoly charges higher price in the market, where the demand is relatively less elastic and charges lower price in the market where the demand is relatively more elastic.
In other words, the decision rule is MR1 = MR2 = MC, where MR1 refers to market 1 and MR2 refers to market 2.
 

Now consider the contestable market, where the incumbent (existing) firm is a monopoly (with zero sunk costs) facing a threat of entry of another firm (with zero sunk costs). In this market, in order to prevent the entry of new firm, the incumbent monopoly sets the output and price where the price equals average costs and earns zero economic profit.

Now consider monopolistic competition with product-differentiation. The decision-rule of each profit-maximizing firm in this monopolistically competitive market is MR = MC to determine firm’s equilibrium output and it’s output is below the efficient allocation output. In the short-run, each firm can earn zero positive economic profit, but entry of new firms drive market price down to a point where it is equal to the average cost. 
In the long-run, P = AC, but P>MC.

Now review oligopoly models. 
Start with the Cournot model. 
The profit-maximizing decision-rule for each dueling firm is MR = MC, but MR of one firm depends on the output of its own firm and also on the output of the competing firm.
Derive the profit-maximizing optimal response function (based on MR = MC rule) and solve simultaneously output of both firms.
If the costs are identical for both firms, we can use generalized Cournot model, where
q = Q*/(N+1), to solve output and price.

Instead of dueling Cournot-type oligopoly, we can consider collusive oligopoly. In this case, pretend that there is a monopoly and find the monopoly output and price. Divide the output between firms, who are selling their products at the high monopoly price. Collusive oligopoly leads to more profit to each firm in comparison to Cournot oligopoly, but collusive oligopoly may not be a stable equilibrium outcome.
In Stackelberg leader-follower model, pretend that the leader is a monopoly. 
Use MR = MC and find the monopoly output. This will be the output of the leader. 
The follower now determines its profit-maximizing optimal response function (based on MR = MC rule) on the basis of the given output of the leader. In Stackelberg model, the equilibrium price is lower than that in Cournot model. If the costs are identical, then the follower’s equilibrium output is half of the leader’s output.

In Bertrand model, it’s about dueling price-strategy. If both firms have identical costs, then the equilibrium settles at a point where P = AC.

In Sweezy model, there is no price-war or output adjustment.
There is a price-rigidity in this model and there exists non-price competition to garner more profits through cost-reductions.










Basic Math and Microeconomics Review 


Basic Math and Microeconomics

Learning Objectives
LO1	What is an equation?
LO2	Variables and constants
LO3	How to take derivative?
LO4	What is partial derivative?
LO5	Maxima and Minima
LO5	Marginal values

We need basic knowledge of derivatives (first and second derivatives), maxima, minima, slopes, tangents, partial derivatives, total differentiation, etc.

An equation
Drawing graphs to highlight the basic math tools are essential in this course.
Variables and constants and coefficients

Example:
Q = 100 -2P + 4M – 3T
How many variables, we have in the above equation?
Answer: Four variables which are Q, P, M and T

What is constant in the above equation?
Answer: 100

What is the dependent variable in the above equation?
Answer: Q

What is the meaning of the sign (plus or minus)? What is the meaning of the coefficient (number attached to the variables in the right-hand side equation)?
Answer: It shows how variables are related. For example, Q and P are negatively (inversely) related. If P increases, Q decreases. The coefficient in front of P represents how P impacts Q; for example, if P increases by 2, Q will decreases by 4.

The relationships can also be defined by derivatives.
We can write:
∆Q = - 2∆P + 4∆M - 3∆T

In the above you performed an exercise of total differentiations.
You can also see the following: 
∆Q/∆P = -2 when M and T do not change.
∆Q/∆M = 4 when P and T do not change.
∆Q/∆T = -3 when P and M do not change.

Instead of using ∆ as “change”, you can also use d as “change”, where the change is very small. 
In other words, we can express: 
dQ = - 2∆dP + 4dM – 3dT
In the above you performed an exercise of total differentiations.
You can also see the following: 
dQ/dP = -2 when M and T do not change.
dQ/dM = 4 when P and T do not change.
dQ/dT = -3 when P and M do not change.

In the above, I should have used partial derivative symbol ∂, instead of d.
How to find  first and second derivatives?

Example 1:
Y = 2X
dY/dX = 2					[First derivative] 
d(dY/dX)/dX = zero				[Second derivative]	

Example 2:
Y = 2X3
dY/dX = (3)2X2				[First derivative] 
d(dY/dX)/dX = (2)(3)(2)X			[Second derivative]

Example 3:
Q = K2L0.5
dQ/dK = 2KL0.5				[First derivative] 
d(dQ/dK)/dK = 2L0.5				[Second derivative]

dQ/dL = 0.5K2L-0.5 = 0.5K2/L0.5		[First derivative] 
d(dQ/dL)/dL = -0.5(0.5)K2L-1.5		[Second derivative]

How to find Maxima and Minima?

Example
See the equation of Y as a function of X
Q = - 0.2X3 + 18X2 + 1620X

To find the correct value of X (where Y at a maximum level or minimum level), take the derivative of Y with respect to X and set it equal to zero.

dQ/dX = (3)(-0.2)X2 + (2)(18)X + 1620 = 0
To solve Y, you need square root formula.
Take the 2nd derivative and see if it is positive or negative.
If the 2nd derivative is positive, then Y is at a minimum level.
If the 2nd derivative is negative, then Y is at a maximum level.

d(dY/dX)/dX = -1.2X + 36.


Another example
Z = -0.2X2 + 18X + 1620
dZ/dX = -0.4X + 18 = 0
X = 45

If the 2nd derivative is negative, then Z will be at a maximum.
In other words, Z finds its maximum value when X equals 45.
See the proof below:
d(dZ/dX)/dX = - 0.4 <0

Take another example.
M = - 0.6X2 + 36X
dM/dX = -1.2X + 36 = 0
We can solve X = 30.

To check if M is at a maxima or minima when X is 30, take the 2nd derivative.
Since d(dM/dX)/dX = -1.2 <0, we found the maximum value of M when X is 30.

Another example:
Y = 10 + 200/X + 2X
Find X, where Y is at a maximum or minimum level. Take derivative.
dY/dX = -200X-2 +2 = 0
Solve X = 10.
If X is 10, then Y is 50.
Take the 2nd derivative.
d(dY/dX)/dX = (-2)(200)X-3 >0. Therefore, when X is 10, Y has the minimum value.

Another example:
Y = 100X -2X2

Find the appropriate X, where Y is at the maximum or minimum value. The first order of business in Math is: take the derivative!
dY/dX = 100 – 4X
Set the above to zero and solve X = 25.
Insert X = 25 into Y = 100X -2X2 and find that Y = 1250.

Did we find the maximum value or minimum value?

Answer: take the 2nd derivative, which is – 4. Since the 2nd derivative is negative, we found maximum (or maxima) value.

The derivative and slope of a non-linear curve: see the total cost (C) curve below:








The slope is: ∆C/∆Q.
In discrete units, change of one unit of output (∆Q) is one, but for a product whose quantity is a continuous variable, ∆Q can be infinitesimal change (tending to zero). That’s why the tangent is the best approximation of the slope.

For a non-linear curve, the slope can change, but for a linear curve, the slope is constant. 
For a linear curve, the 2nd derivative is zero and for a non-linear curve, the 2nd derivative is non-zero. 
Also notice that the slope can be positive or negative. In other word, the curve can be negatively sloped or positively sloped.
Examples:
(1)	Y = 10 + 2X
	The first derivative is +2 and 2nd derivative is zero.
(2)	Y = 10 -2X
	The first derivative is -2 and 2nd derivative is zero.
(3)	Y = 10 +2X2
  	The first derivative is + 4X and 2nd derivative is 4, which is non-zero.
(4)	 Y = 10 -2X2
  	The first derivative is - 4X and 2nd derivative is - 4, which is non-zero.

Consider the following function:
If Z = 3Y2, where Y = 2X + 5, what is dZ/dY?

Answer:
dZ/dX =( dZ/dY)(dY/dX) = (6)(2) = 12

Examples of total differentials:
 Z= 2X + 5Y
∆Z = 2(∆X) + 5∆Y
∆Z/∆X= 2		[When Y remains constant]
∆Z/∆Y= 5		[When X remains constant]

Another example:
Find the maxima or minima of the following function.
Y = X2 – 5X + 8
dY/dX = 2X – 5

When we set 2X -5 equal to zero, we can solve X = 2.5 and Y = 1.75
The 2nd derivative is +2.

The above solutions point out the minimum value of Y being 1.75 when X = 2.5.

Another example:
Q = L0.7K0.3
dQ/dL = 0.7L-0.3K0.3

Take the 2nd derivative, which is:
-0.3(0.7)L-1.3K0.3 <0


Derivative is the rate of change.
Example:
Q = 10 – 2P
dQ/dP = -2

If P increases by 1, Q decreases by 2.

Consider the following total benefit function.
B = 10Q – Q2
The first derivative = dB/dQ = incremental benefit = marginal benefit 
= 10 – 2Q

Consider total cost function
C = 10 + 2Q
The first derivative = dC/dQ = incremental cost = marginal cost 
= 2

Marginal profit = Marginal cost – Marginal cost


Chapter 1: Fundamentals of Managerial Economics

Learning objectives
LO1	Effective management deals with goals, constraints, market rivalry and optimization
LO2	Distinguish economic costs from accounting costs
LO3	Distinguish economic profit from accounting profit
LO4	Apply present value (PV) analysis
LO5 	Apply MB and MC

Manager: a person who directs resources to achieve a stated goal
Economics: a science of decision-making and optimization given the resource-constraints 

Managerial Economics: how to direct scarce resources to competing needs

The Economics of Effective Management
· Identify goals and constraints
· Importance of profits (accounting versus economic profit)
Opportunity costs (both explicit and implicit costs)
Profit is a signal in market economy
· Entry
Potential and actual threat of entry-exits of firms
Market size
· Power of input suppliers
· Power of buyers
Aggressive and informed consumers
Lobbyists
· Rivalry amongst competing firms
· Substitutes and complements (related product and services) affect the level and sustainability of industry profits

Positive and negative incentives
Understand markets
Governments
Information

Economic costs = Explicit + implicit costs (which includes opportunity costs)
See the numerical example below:


Sarah is running a business that promotes live concerts, and it provides her with $200,000 a year.  Before she started her business, she was earning $60,000 working for an information and technology firm.  Her yearly operating expenses are $100,000.  She can count $10,000 a year as depreciation costs for office equipment, which includes computers.  If she did not use her savings to buy office equipment, she could have earned $1,000 as interest income.
Sarah’s accounting costs = $100,000 + $10,000 = $110,000
Sarah’s economic costs = $100,000 + $10,000 + $60,000 + $1,000 = $171,000
Sarah’s accounting profit = $200,000 - $110,000 = $90,000
Sarah’s economic profit = $200,000 - $171,000 = $29,000

Time value of money: Project Valuation

Formula of present value (PV) or present worth (PW)
PV = FV/(1+i)N
Suppose you manage rental property, which provides (end of the year) yearly income (net of expenses) of $100,000 for the next 4 years. The prevailing interest rate is 5%. Use this interest rate as the discount rate. Find the present value or present worth of your rental income.
PV = $100,000/1.05) + $100,000/(1.05)2 + $100,000/(1.05)3 + $100,000(1.05)4
Draw the present worth values in the vertical axis with years on the horizontal axis with the following interest rates:

(1)	Zero percent interest rate
(2)	5% interest rate
(3)	10% interest rate.













Note the following:
· Higher the interest rate, steeper is the PV curve over time.
· Higher the discount rate, lower the PV.
· If you assign higher interest rate (higher discount rate), you are short-sighted and relatively less forward-looking and you are relatively biased to the present.
· If we know the present worth and income streams over time, we can solve the interest the rate of return of your investment (or interest rate).

Some sample MC questions on PV
Answers in bold letters

1.	Assume that $100 is deposited today; another $300 is deposited 2 years from now, 4 years from now, 6 years from now and 8 years from now. Assuming that the interest rate remains constant at 10%, what is the future worth of these deposits at the end of 9 years?

	a.	$753.86
	b.	$1932.86
	c.	$2032.86
	d.	$2332.86	
	
2.	You are faced with a choice of depositing $2000 in a bank at an interest rate of 12% compounded annually for 3 years or at 15% per year simple interest rate for 3 years. In comparison with the future value with compound interest, the future value with simple interest rate provides more than $100 extra value.

a. True		b.	False

3.	You have decided to undertake a consulting job, which will provide you $25,000 	at the end of every year for next 5 years. The interest rate is 15%. The total present worth of this consulting job is approximately $83,804.

a. True		b.	False

Present value of infinitely lived assets
Present Value of a perpetual bond that pays the owner $100 at the end of each year with interest rate (or discount rate) at 5% is:
PV = $100/0.05 = $2000

Use Marginal Analysis

Marginal benefit (MB): the change in total benefits due to an additional unit of the managerial control variable (for example, the control variable is the units of output (Q) produced).

Marginal cost (MC): the change in total costs due to an additional unit of the managerial control variable (for example, the control variable is the units of output (Q) produced).

Marginal net benefit = MB – MC

We can also look at the total net benefits, total benefits and total costs.

Total Net benefit = Total benefits – total costs
d(total net benefits)/dQ = d(total benefits)/dQ – d(total costs)/dQ
MNB = MB – MC

All these benefit-costs can be related to the present periods and/or future periods. 

See three graphs below:












We can conclude the following:
· Summation of MB = total benefits
· When MB is positive, total benefit is not at a maximum level. When MB diminishes, it means that the total benefits are increasing at a diminishing rate. When MB eventually becomes zero, then the total benefits are maximized.
· Marginal net benefit is positive, when MB is greater than MC.
· When marginal net benefit is positive, the total net benefit is below the maximum level. When marginal net diminishes to zero, the total net benefit is at a maximum value.
· Summation of marginal net benefits = total net benefits

Calculus of the above concepts:

B = 300Y – 6Y2    			[Total benefit function]
C = 4Y2				[Total cost function]

Find MB function, which is the derivative of the total benefit function:
MB = 300 – 12Y

Find MC function, which is the derivative of the total cost function:
MC = 8Y

Set MC = MB and solve Y = 15 and total net benefits = $2250

Alternatively, write the total net benefit function:
TNB = (300Y – 6Y2) – (4Y2)

Marginal net benefit is the derivative of the above function:
MNB = 300 – 20Y

Set MNB equal to zero and solve Y = 15.

Solve total net benefit (TNB) = 300(14) – 6(152) – 4(152) = 2250


True-False Questions
1.	The present value of receiving $100 two years from now, given the interest rate of 10%, is $80. 
2.	If the marginal net benefit is positive, then it is profitable to increase output.
3.	If the difference between MB and MC is at a maximum, then the profit is at a maximum.
4.	When total benefits are falling, marginal benefits are negative.
5.	When total costs are increasing at a constant rate, then the marginal cost is also increasing at a constant rate.
6.	To maximize profits, a firm should continue to increase production of a good until marginal revenue equals marginal cost.
7.	Suppose total benefits and total costs are given by B(Y) = 100Y - 8Y2 and C(Y) = 10Y2. Then marginal net benefits function is 100 – 36Y.
8.	Under producer-producer rivalry, individual firms want to sell the product at the maximum price consumers will pay, but are unable to do this because of competition among sellers. 
9.	Other things equal, the greater the interest rate, the lower the NPV.
10.	Consumer-consumer rivalry increases the negotiating power of consumers in the market place.

Answers
1.	False
2.	True
3.	False, MB=MC, TNB is max
4.	True
5.	False, MC would be increasing by power of 2?
6.	True
7.	True
8.	True
9.	True
10.	False

Chapter 2: Demand and Supply

Learning Objectives

LO1	Explain Law of demand 
LO2	What are the demand shifters?
LO3	Law of supply
LO4	What are the supply shifters?
LO5	Effects of excise tax
LO6	How to calculate consumer surplus and producer surplus?
LO7	Competitive market equilibrium: solving price and quantity
LO8	Lost social welfare (deadweight loss)
LO9	Comparative statics to explain new equilibrium price and quantities
L10	Globalization, world price and tariff

Law of Demand
Law of demand shows an inverse relationship between price and quantity demanded.
As price increases, quantity demanded decreases.
As price decreases, quantity demanded increases.
Movement across a given down-sloping demand curve

Q = 80 – 2P					P = 40 – 0.5Q
If P decreases by 1, Q demanded increases by 2. Why?
∆Q/∆P = -2
Draw the demand curve.






Why demand curve slopes down?
Answers: Substitution-effect and income-effect
Greater the income-effects and substitution effects, flatter the demand curve.
Change in quantity demand corresponds to changes in prices (movement along a demand curve)

Be aware of the definitions and see graphs:
· Increase in demand means a rightward shift of the demand curve (A to B)
· Increase in quantity demanded means a movement along one specific demand curve
(A to C)
See graphs


Demand Shifters

Advertising and consumer tastes: If consumers’ preferences changes positively due to advertisements, then the demand curve will shift to the right. 
Think of examples of consumer reports and health finding reports causing demand-shifts.

Income, normal good and inferior good
· If income increases, then the demand for normal goods increases. In this case, the demand curve shifts to the right.
· If income increases, then the demand for inferior goods decreases. In this case, the demand curve shifts to the left.
· If income decreases, then the demand for normal goods decreases. In this case, the demand curve shifts to the left.
· If income decreases, then the demand for inferior goods increases. In this case, the demand curve shifts to the right.

Note that inferior goods are not bad goods. They could be “good” goods.
Take the example of Kraft dinners. Inferior goods relates to those goods, where income and demand are negatively related.

For example, enrolment at universities can be perceived as inferior goods, because recession (less income due to unemployment) can increase university enrolment.

Substitutes and complements
· If the price of X increases and the demand for Y increases, then X and Y are competing (substitute) goods. For example, chicken and beef
· If the price of X increases and the demand for Y decreases, then X and Y are complement goods. For example, donuts and coffee.

Population and market size: demand curve shifts to the right as the number of buyers increase and the size of the market increases. For example, the demand for strawberries in Canada is larger than the demand for strawberries in Ontario.

Consumer expectations can also shift the demand curve. See the examples below:
· If consumer expects higher housing price in the future or higher interest rate in the future, then the demand for houses will increase to day.
· If consumer expects higher gasoline tax or higher gasoline price tomorrow, the demand for gasoline will increase today
· Expected future shortages will increase today’s demand



See the function below to exemplify some of the above causes:
Qx = 12,000 – 3PX – 4PY – 1M + 2A

· In the above function, good X is an inferior good 
· X and Y are substitutes.

If PY = $15, M = $10,000 and A = 2,000, we can write the demand function as
QX = 6,060 – 3PX

In the following function, the good X is a normal good and X and Y are complements.
Qx = 12,000 – 3PX + 4PY + 1M + 2A

How to derive the aggregate demand function?

Re-write the above functions:
QA = 10 - PA
QB = 5 – PB

Q = QA + QB
Since P = PA= PB, we can derive:
Q = 15 – 2P
Or
P = 7.5 – Q
Note that the above function applies when Q ranges from 5 to 10.
Verify that when P is 7.5, Q is not zero, because at P = 7.5, QA = 2.5 and QB is zero.
Note that when Q ranges from zero to 5, the relevant demand function is:
P = 10 – Q
In other words, if P is 7.5, the market demand is 2.5.
See graph


P		QA		QB		Q
$10		0		0		0
$9		1		0		1
$5		5		0		5
$4		6		1		7
$3		7		2		9
$2		8		3		11
$1		9		4		13
$0		10		5		15

Note that the market demand is based on horizontal summation of goods demand (at given prices).
If the market price is $9, then the quantity demanded is 1, where individual A buys 1 unit and individual B buys nothing.
If the market-price is $1, the quantity demanded is 13, where individual A buys 9 units and B buys 4 units.
More buyers mean a rightward shift of the market demand curve.
Consumer surplus

Willingness to pay 
Benefit and utility

Example:
Q = 5 – P
When P is $2, the consumer surplus is $4.50 (the triangle in the graph).


Law of supply: as P increases, quantity supplied increases. Why?

Supply Shifters

· Input-prices: higher input prices will cause an upward supply shift for the given output. It also means: leftward shift of the supply curve at a given price; in other words, supply has decreased.
· Improvement in technology will cause a rightward shift of the supply curve. 
· New government regulations and/or new technology standards and emission standards will also cause a leftward shift of the supply curve. 
· Natural disasters, wars and other disruptions will cause a leftward shift of the supply curve.
·  As more firms enter the market, the market supply curve shifts to the right. As firms close down their businesses, the market supply curve shifts to the left.
· Taxes will shift the supply curve to the left and subsidies will shift the supply curve to the right.

Example of per unit excise tax 

Consider the supply equation of P = 4 + Q.
With a tax of $3 per unit of output, the supply function will be P = 4 + tax + Q = 7+ Q. 
See the graph.





With a subsidy of $2 per unit of output, the supply function will be P = 4 - subsidy + Q = 1 + Q. See the graph.




Producer surplus
Re-consider the equation of P = 4 + Q. If price equals $10, then Q will be 6. The producer surplus will be ($10-$4)(6)/2 = $18. 	See the graph.


Market Equilibrium

When the market clears, where QD equals QS, the equilibrium P and Q are solved.
QD = 80 – 2P 				P = 40 – 0.5QD
QS = - 4 + P 				P = 4 + QS
Since QD = QS, we can write:		From the above, we can write (since QD = QS)
-4 + P = 80 – 2P			4 + Q = 40 – 0.5Q
3P = 84				1.5Q = 36
P = $28				Q = 24
Q = 24					P = $28
See the graph below.





Find the consumer surplus at the market equilibrium.
($40-$28)(24)/2 = $144
Find producer surplus at the market equilibrium.
($28-$4)(24)/2 = $288

Consider the tax of $3 per unit of output, find equilibrium Q and P.
7 + Q = 40 - 0.5Q 
1.5Q = 33
Q = 22
P = $29 
Consider the tax of $3 per unit of output, find equilibrium Q and P.

Price-ceiling
Suppose the ceiling P = $10.
Q = 17		Excess D or shortages = 35-17 = 18
Calculate the “Lost social welfare”.
Total surplus before tax = $144 + $288 = $432
Consumer surplus after tax = ($40-$29)(22)/2 = $121
Total tax collections = $3(22) = $66
Producer surplus after tax = ($26-$4)(22)/2 = $242
Lost social welfare = $432 – ($121 + $66 + $242) = $3 = Deadweight loss

See the graph below:







Price Floor
If P is kept at $30, excess supply will be: 26 – 20 = 6
See the graph below:








Comparative Statics

Changes in Demand
Increase in demand. See the graph.



Decrease in demand. See the graph.









Changes in Supply
Increase in supply. See the graph.




Decrease in supply. See the graph.



Simultaneous shifts in Demand and supply. See some examples.
(1)
(2)


Globalization, world price and tariff

Domestic demand function		Q = 100- 2P		or	P = 50 – 0.5Q
Domestic supply function		Q = - 20 + 2P		or	P = 10 + 0.5Q

World price = $20

With ban in trade and (zero smuggling), the equilibrium price can be found from
-20 + 2P = 100 – 2P
P = 30
Q = 40
Consumer surplus = ($50-$30)(40)/2 = $400
Producer surplus = ($30-$10)(40)/2 = $400
Total surplus = $800

With free trade at P =$20, the quantity demanded is 60, the quantity produced domestically is 20 and the import is 40.
Consumer surplus = ($50-$20)(60)/2 = $900
Producer surplus = ($20-$10)(20)/2 = $100
Total surplus = $1000

Assume that the tariff of $4, the equilibrium solutions will be:
Quantity demanded = Q =100 – 2P = 100 – 2($24) = 52
Quantity produced domestically = -20 + 2($24) = 28
Import = 52 – 28 = 24
Total import duties = $4(24) = $96
Consumer surplus = ($50-$24)(52)/2 = $676
Producer surplus = ($24-$10)(28)/2 = $196
Total surplus = $872

Deadweight loss = ($1000) – ($872 + $96) = $32




True-False Questions
1.	If recession brings more enrolment, other things remaining the same, then enrolment at universities is an inferior good.
2.	The minimum wage is an example of price-ceiling.
3.	A decline in the input price will cause the supply curve to shift to the left.
4.	The price of the good is a demand shifter.
5.	If both demand and supply decline, the equilibrium quantity must fall.
6.	 If both demand and supply decline, the equilibrium price must fall.
7.	Other things being constant, higher the price, lower is the consumer surplus.
8.	Other things being constant, higher the price, lower is the producer surplus.
9.	For a steel factory, a decrease in the cost of electricity to the plant will cause the supply curve to the left.
10.	In a competitive market, the market demand is Qd = 70 - 3P and the market supply is 
Qs = 6P. A price ceiling of $4 will result in a shortage of 34 units.


Answers
1.	True
[bookmark: _GoBack]2.	False, price floor?
3.	False
4.	False
5.	True
6.	False
7.	True
8.	False
9.	False
10.	True
 


Chapter 3: Elasticity

Learning Objectives
LO1	Own-price elasticity of demand
LO2	Elasticity, total revenue and marginal revenue
LO3	Calculus of elasticity
LO4 Cross-price elasticity
LO5	Income elasticity

Elasticity: a measure of responsiveness (percentage change) one variable to the (percentage) change of other variable.

Own-price elasticity of demand
Calculus approach: elasticity at a point or point-elasticity
EP = (dQ/dP)(P/Q)

Own price-elasticity:		EP 	=   = (∆Q/Q)/(∆P/P)




						=    




						=     
In calculus form, it will be



	EP 	=     

Distinguish point-elasticity from arc elasticity with numerical examples.

Price (P)		Quantity demanded (Q)

$6			4			(Original)
$5			5			(New)

EP = (1/4)(-1/6) = -1.5			[Based on point-elasticity formulae]

[∆Q/(Q1 + Q2)/2] /[∆Q/(Q1 + Q2)/2]
(1/4.5)/(-1/5.5) = -05.5/4.5 








Various terms to describe elasticity coefficient


	= 	0		completely inelastic

0 <  < 1		inelastic

	=	1		unit-elastic

	>	1		elastic


	=			infinitely elastic, i.e. perfectly elastic
When the demand curve is linear and down-sloping, elasticity decreases as we move down the demand curve.


							  P



	= 
	        
	         >1

	   		<1

				   zero



       = 1		        < 1
	   

          = 0	                        
                 			 
					    Q
				D



					    Q
				D















							




Relation between marginal revenue and own-price elasticity
Recall the total revenue function.
TR = PQ
MR = P + QdP/dQ = P[1 + (Q/P)dP/dQ] = P[ 1 + 1/EP]
Recall that EP is always negative. 
MR = P[1+ (1/EP)], where EP is the own-price elasticity of demand. 

See the conclusions below:
If elasticity is minus infinity, then MR = P.
If elasticity is -1, then MR is 
If elasticity is minus infinity, then MR = P.
If elasticity is -1, then MR is zero. 
If the absolute value of elasticity is greater than 1 and less than infinity, then MR is positive. See the graph. The above topic will also be covered in Chapter 11. 





Consider the following demand function and find own-price elasticity, where Q is the quantity of good X and P is the price of good X.
Q = 10 – P

Find the elasticity of demand at a point where P is $8 and Q is 2.
(dQ/dP)P/Q = -1(8/2) = - 4

Find the elasticity of demand at a point where P is $5 and Q is 5.
(dQ/dP)P/Q = -1(5/5) = - 1 

Find the elasticity of demand at a point where P is $2 and Q is 8.
(dQ/dP)P/Q = -1(2/8) = - 0.25 

Absolute value of elasticity of demand curve decreases as we move down a given demand curve.

Relation between own-price elasticity and total revenue
Note that TR = total consumer spending = total consumer expenditure


If  = 1	and price either decreases or increases, TR stays the same.


If  < 1	and price increases, TR increases.

If  < 1	and price decreases, TR decreases.


If  > 1	and price increases, TR decreases.

If  > 1	and price decreases, TR increases.




Cross-price elasticity
Percentage change in quantity of good X/ Percentage change in the price of good Y
If the cross-price elasticity is positive, then X and Y are substitutes.
If the cross-price elasticity is negative, then X and Y are complements.

Income Elasticity
Percentage change in quantity of good X/ Percentage change in Income
If the income-elasticity is a negative number, it means that the good is an inferior good.

True-False Questions
1.	As price falls and we move down the linear demand curve, the demand becomes more elastic. 
2.	When the price-elasticity of demand is -1, then total expenditure falls as price increases.
3.	If the price-elasticity is – 0.8, then 10 percent increase in price will decrease the quantity demanded by 8 percent.
4.	For inferior goods, income elasticity is less than 1.
5.	We would expect the own price elasticity of demand for food to be less elastic than the demand for cereal.
6.	If the cross-price elasticity between good A & B is negative, we know the goods are complements.
7.	An income elasticity less than zero tells us that the good is an inferior good.
8.	A price elasticity of zero corresponds to a demand curve that is vertical.
9.	If apples have an own-price elasticity of -1.2 we know the demand is elastic.
10.	If the absolute value of the own-price elasticity of steak is 0.4, a decrease in price will lead to a reduction in total revenue.


Answers
1.	False
2.	False
3.	True
4.	False
5.	True
6.	True
7.	True
8.	True
9.	True
10.	True


Chapter 5: Production and Costs

Learning Objectives
LO1	Explain short-run and long-run production functions
LO2	Relation between total product (TP), average product (AP) and marginal product (MP)
LO3	Role of manager in the input use (or hiring)
LO4	Cost functions (short-run) with one variable input and other fixed inputs
LO5	Relation between average variable cost (AVC) and average product (AP)
LO6	Relation between marginal cost (MC) and marginal product (MP)
LO7	Long-run production functions and returns to scale
LO8	Leontief (L-shaped) iso-quant
LO9	Linear isoquant
LO10	Convex iso-quant and iso-cost line

Short-run Production Function: One variable production function, where L is the variable factor, while K and other factors are fixed. In other words, Q = f(L)

APL = Q/L		[Average product of labour]
MPL = ∆Q/∆L		[Average product of capital]

APK = Q/K
MPK = ∆Q/∆K

Relation between AP, MP and TP
Let’s see the see relationships between MP and AP with numerical examples.
Note that total output and total product (TP) are used interchangeably. Further note that the numbers given below for TP, MP and MP are not related to production functions described above.
See numerical example with fixed K:
L		TP		MPL		APL
1		10		10		10
2		22		12		11
3		36		14		12

When AP is increasing, MP>AP
When MP>AP, AP is increasing.
See it with graph.

L		TP		MPL		APL
1		10		10		10
2		20		10		10
3		30		10		10

When AP is constant, MP=AP
See it with graph.

L		TP		MP		APL
1		10		10		10
2		18		8		9
3		24		6		8

When APL is decreasing, MPL<APL
When MPL<APL, APL is increasing.
See it with graph.

When AP is constant, then AP = MP
When AP is increasing, then, MP>AP
When AP is at a maximum value, then AP = MP
When AP is decreasing, then MP<AP
When MP is zero, then TP is at a maximum level.

See the following function, where Q is total output and L is labour.
Q = - 0.2L3 + 18L2 

(1) Question: Find L where the output is at a maximum and show it graphically.

Answer: You need to take the first derivative, which is MPL and set it equal to zero and solve L.
MPL = - 0.6L2 + 36L = 0
L(0.6L – 36) = 0
We can solve L = 60
We can solve Q = - 0.2(60)3 + 36(60) = 21,600



(2) Question: Find L where the MPL is at a maximum and show it graphically.

Answer: You need to take the first derivative, which is MPL and take the 2nd derivative of MPL and set it equal to zero and solve L.
MPL = - 0.6L2 + 36L
D(MPL)/dL = -1.2L + 36 = zero
We can solve L = 30.
We can solve MPL = 540
We can solve Q = 10,800 from Q = -0.2(303) + 18(302) 

(3) Question: Find L where the APL is at a maximum and show it graphically.
Answer: You need to derive APL function and take the derivative of APL and set it equal to zero and solve L.
APL = Y/L = - 0.2L2 + 18L 
D(APL)/dL = -0.4L + 18 = zero
We can see solve L= 45 
We can solve APL = 405
We can solve Q = 18,225
The Role of Manager in the production process, when the firm is maximizing profit.
Optimal Hiring/Firing Rule:

	(P)(MPL) = W		[W is the wage rate]
	Hire L, until VMPL (i.e. (P)(MPL)> wage rate (W).
	Don’t hire L (or fire L), when the VMPL is less than wage rate.

	(P)(MPK) = R		[R is the hourly rental rate of K] 
	Use K, until VMPK (i.e. (P)(MPK)> rental rate  of capital (R).
	Reduce K, when the VMPK is less than R.

	[We can also derive the rule of (MPL/MPK) = W/R]

The demand curve for input is the VMP curve.

Explain what will shift the demand curve for L to the right.
· Higher level of K and other inputs
· Better technology
· Higher Skills of L

Explain what will shift the demand curve for K to the right.
· Higher level of L and other inputs
· Better technology
· Higher Skills of K

How to solve profit-maximizing L?
Example:
Q = 10L - 0.1L2
Profit = PQ – WL		Assume that P = $2 and W = $12
= 2[10L - 0.1L2] – 12L
dProfit/dL = 2(10 – 0.2L) – 12 = 0
We can solve L = 20.
If we insert L =20 in the Q function, we can solve profit-maximizing Q = 160.
We can solve profit = $2(160) - $12(20) = $80
	
Cost Functions with one variable production function and fixed inputs

Total Fixed Costs (TFC) = Total fixed inputs times its input-price
Total Variable costs (TVC) = Total Variable inputs times its input-price
Q = F(K, L)
If K is the fixed input and PK is the price of per-unit of K, then the total fixed costs will be:
TFC = PkK.
Sunk Costs

Note that TFC is unaffected by total output.
Higher output in the short run will not increase TFC.
Average fixed cost = TFC divided by the quantity of output.
As output increases, TFC remains constant, but average fixed costs (AFC) decline. 

If L is the variable input and price of L (PL) or W is the price of per-unit of L, then the total variable costs will be:	
TVC = WL
Note that TVC is affected by total output.
Higher output → higher total variable costs.

Draw TFC, TVC and TC curves.


See the examples below of deriving the TC cost function, where Q represents  units of output.

Consider the following production function:
Q = (KL)1/4	
Assume that K is fixed at one.
Assume that W i.e. PL is $2 and PK is $5.
Derive the short-run TP, VC, AVC, TC and ATC functions.
Q = (L)1/4
Note that L = Q4
TVC = WL = 2Q4
AVC = 2Q3
TC = FC + VC = 5 + 2Q4
 
Relationships between Average and Marginal (we saw before) applies here also.

When AVC is decreasing, MC is less than AVC.
When MC is less than AVC, AVC is decreasing.

When AVC is constant, MC = AVC.

When AVC is increasing, MC is greater than AVC.
When MC is greater than AVC, AVC is increasing.

When AVC is minimum, AVC = MC

Given the above logic, we can see that MC = AC, when AC is minimum.


Relation between MP and MC

TVC = WL
∆TVC = W∆L
We know that ∆Y = MP∆L
MP∆L = ∆Y
∆L = ∆Y/MP
We can re-write ∆TVC = W∆L as
∆TVC = W∆Y/MP
∆VC/∆Y = MC = W/MP

· If MP increases, MC decreases.
· If MP is max, MC is min.
· If MP decreases, MC increases.

See graphs below.










Similarly, we can show the relation between AP and AVC and show that 
· If AP increases, AVC decreases.
· If AP is max, AVC is min.
· If AP decreases, AVC increases.

Returns to Scale and Long-run Cost Functions
Y = LαKβ
If (α +β)<1, we have diminishing returns to scale. In this case, the long-run average cost curve will be up-sloping.
If (α +β) =1, we have constant returns to scale. In this case, the long-run average cost curve will be horizontal.
If (α +β)>1, we have increasing returns to scale. In this case, the long-run average cost curve will be down-sloping.
MPL = αY/L
MPK = βY/K
Find the first derivative and the second derivatives.

Production Function in the long-run

Linear production function
Q = aK + bL	

The above function with numbers				
Q = 4K + L

Suppose Q = 8.
K is 4 times as productive as L.

MPK = 4
MPL = 1

See another example below:
Q = 2L + 4K
MPL = 2
MPK = 4
∆Q = 2∆L+ 4∆K = 0 [Along an isoquant total output is constant]
-4∆K = 2∆L
- ∆K/∆L = 2/4 
Note that - ∆K/∆L = MPL/MPK
When isoquant is a linear (straight) line, ∆K/∆L is constant.
Draw isoquants (equal product curve).
Higher isoquant shows higher output.



Leontief (L-shaped) production function
Q = Min[aK, bL] = Min[4K, L]
One unit of output requires 4 units of K and one unit of L.
In other words, a is 4 and b is 1.
Two units of output require 3 units of K and 2 units of L.
In other words, a is 3 and b is 2.
Note that - ∆K/∆L is zero for a given isoquant. In other words, L and K are not substitutable!
Draw L-shaped isoquants.
See the expansion path of output.

Draw convex isoquants
Along an isoquant, the absolute value of ∆K/∆L diminishes.
Note that -∆K/∆L = MPL/MPK.

Along an isoquant, change of total output is zero.
Therefore, (MPL)(∆L) = -(MPK)(∆K)
In other words, (MPL)/(MPk) = - ∆K/∆L
See the graph.













Expansion path
Higher the isoquant, higher is the output.







Iso-cost line

C = wL + rK

Total costs = Total labour costs + total capital costs.
Along an isocosts, total costs are constant and at the same time w and r are constant.
Along an iso-cost line, - ∆K/∆L = w/r
Higher isocost line means higher costs



See graphically the minimum possible costs for a given output and cost-minimizing combination of L and K. See graphically the expansion path of output and returns to scale.












Cobb-Douglas production function
Q = KαLβ
Q = KL			Increasing returns to scale		Decreasing LRAC
Q = L1/2K1/2			Constant returns to scale		Constant LRAC
Q = K1/3L1/3			Decreasing returns to scale		Increasing LRAC

Draw isoqunats with Cobb-Douglas production functions.
Slope of the isoquant = -∆K/∆L = MPL/MPK

In all of the above cases, MPL/MPK = K/L
Verify the above.

Isocosts
wL + rK = C
Suppose w is $1, r is $4 and C = $32
L + 4K = $32
Draw isocost line.
Slope of the isocost line = -∆K/∆L = w/r


Cost-minimizing input-use rule:
MPL/MPK = w/r


Consider the following production function.
Q = L1/2K1/2	
w = $1	and r = $4

Target output is 8
What is the cost-minimizing combination of K and L?
Need to find MPL/MPK = w/r = 1/4

See the drills below in finding MPL.

MPL = (1/2)(L-1/2)K1/2 = (1/2)(L-1/2)K1/2(L/L) = (1/2)Y/L

Similarly MPK = (1/2)(Y/K)

MPL/MPK = K/L

In other words, MPL/MPK = w/r becomes K/L = 1/4.
4K = L

The above input ratio shows that technical rate of substitution of L and K is equal to market substitution of L and K.

One unit of K and 4 units of L will minimize total costs.
Q = L1/2K1/2
8 = (4K)1/2K1/2
K =4
L = 16
C = L + 4K = 16($1) + 4($4) = $32
Cost per-output = $4

We produced 8 units of output with lowest possible total costs and cost-minimizing combinations of L and K.
 
What will happen to the use of L and K if W increases to $4, while r stays at $4?

Answer:  Follow the rule of MPL/MPK = w/r and find K/L = 4/4. In other words,
K = L		[Insert this condition in the targeted production function]
8 = L1/2K1/2 = (K)1/2K1/2.	Find K = 8 and L = 8.
Total costs = $4L + $4K = $32+ $32 = $64.
Note that the original combination of 16 units of L and 4 units of K will cost $80.

Show the results in the graph in next page.














What will happen to hiring of L and hiring of K if the r falls to $1 and w stays at$4?
To answer this, recalled the condition.
 MPL/MPK = w/r
Recall that MPL/MPK = K/L and w/r = 1/1
Re-write MPL/MPK = w/r as
K/L = 1/1
Or
K = L
Use the above in the production function of 8 = (L)1/2K1/2. Recall that Q = 8
We can solve K = 8 and L = 8.
TC will be $16.
See graph.


Previously we talked about cost-minimization for a given output.

Now we consider output maximization with the given cost constraint

Assume that W is $4 and r is $4. The total cost (budget constraint) is $128. In other words, we can write $128 = 4L + 4K.
Use the production function of Q = L1/2K1/2 = (K)1/2K1/2
We need to re-call the optimal rule of MPL/MPK = w/r
Recall that MPL/MPK = K/L and w/r = 4/4
Re-write MPL/MPK = w/r as
K/L = 4/4
Or
K = L		[Use this in the cost-function to solve L and K]
128 = 4L + 4K = 4L + 4L
Solve L = 16 and K = 16
Solve Q = L1/2K1/2 = 16

What will be the equilibrium L, K and Q if r decreases $1?
Recall that MPL/MPK = K/L and w/r = 4/1
Re-write MPL/MPK = w/r as
K/L = 4/1
Or
K = 4L		[Use this in the cost-function to solve L and K]
128 = 4L + K = 4L + 4L
Solve L = 16 and K = 64
Solve Q = L1/2K1/2 = (4)(8) = 32

See the above results graphically.



                        





 





True-False Questions
1.	Consider the production function of Q = 3K + 14L. The derivative of Q with respect to L is the MPL and it is equal to 14. 
2.	Consider the production function of Q = K0.5L0.5.  Assume that K is fixed at 16. The derivative of Q with respect to L is the MPL, which is 2/L0.5.
3.	As APL increases as more L is added, it must mean that MPL also increases.
4.	Consider a firm with a U-shaped AC curve. The lowest average cost (AC) occurs when firm’s output is 10 units. If the firm is currently producing 8 units of output, then its MC must be less than its ATC.
5.	If AVC = W/APL, then higher AVC is associated lower APL. Furthermore, higher MC is associated with lower MPL.
6.	Consider a competitive firm’s short-run production of Q = K0.5L0.5 with K fixed at 4.The market-price is $10 and market-wage rate is $5. The profit-maximizing L is 4.
7.	Given a total cost function C= 200 + 14Q + 8Q2, the marginal cost function is MC = 22Q.
8.	Given C = 200 + 14Q + 8Q2, the marginal cost of the 4th unit of output is $78.
9.	If C = 1000Q – 2.5Q2 + 0.005Q3, then AC = 1000 – 2.5Q + 0.005Q2.
10.	If AC = 1000 – 2.5Q + 0.005Q2, then AC is at a minimum level, when Q equals 250.
11.	Consider the production function of Q = L1/2K1/2 with cost-minimization. As w increases, while r stays constant, less L will be hired and more K will be hired.
12.	Consider the production function of Q = L1/2K1/2 with a given budget constraint. As w increases, while r stays constant, less L will be hired and more K will be hired.
13.	Consider the target output with production function of Q = L1/2K1/2 with managerial decision with cost-minimization objective. As w decreases, while r stays constant, more L will be hired and less K will be hired. As a result, the total costs of the targeted output will decrease.
14.	Assume that the managerial decision is based on output maximization with the given cost (budget) function). The production function is assumed to be Q = L1/2K1/2. As w decreases, while r stays constant, more L will be hired and less K will be hired. As a result, the total output of the firm will decrease.

1.	True
2.	True
3.	False
4.	True
5.	True
6.	True
7.	False
8.	True
9.	True
10.	True
11.	True
12.	True
13.	True
14.	False


Chapter 8: Managing in Competitive, monopolistic, and monopolistically competitive markets

Learning Objectives
LO1	Perfect competition, where each firm’s P = MC
LO2	P = MC as the profit-maximizing rule in perfect competition
LO3	Short-run and long-run equilibrium conditions in perfect competition 
LO4	Long-run supply curves in perfect competition
LO5	Applications of competitive models
LO6	Sources of monopoly power
LO7	Relations between MR, P and elasticity in monopoly
LO8	Regulating monopoly through price-controls
LO9	Monopolistic competition
LO10	Comparison between monopoly and perfect competition

Key conditions for perfect competition are:
· Many buyers and sellers 
· Homogenous products
· Perfect information
· Zero transaction costs
· Free entry and exits

Demand at the market and firm levels
The demand curve for the market (industry) is down-sloping, but the demand curve facing a representative firm is a horizontal line. 
See the graphs below:








In a competitive market, each firm is a price-taker. It means:
P = AR = MR
The general profit-maximizing rule of MR= MC can be written as P = MC only in perfect competition.
Example:
The total cost function of a firm under perfect competition is given as C = 5 + Q2.
The market-price is given as $20. Find Q and total profit.
Answer: Set P = MC.
20 = 2Q
Therefore, Q = 10, TR = $200, TC = $105 and profit (π) = $95.
The firm’s short-run supply curve is the MC curve above the minimum point of the AVC curve.
In the short-run, the representative competitive firms sets its output, where P = MC.

Three possible equilibrium outcomes:

(1)	Positive economic profit:
	This P can be higher than AC. In this case, the firm will make economic profit. 
	[See the Figure 8.3 in textbook page 269]













(2)	Zero economic profit:
	This P can be equal to AC. In this case, the firm will make zero economic profit.
	P = MC = AC.
	In this case, AC is at the minimum level.
	This the break-even point.	See it in a graph.









(3)	Negative economic profit, where P is less than AC.
	In this case, P must greater or equal to AVC.
	Or, TR must be greater than the TVC.
In other words, if economic loss is less than TFC, the firm should produce in the short-run. If economic loss is greater than TFC, the firm should shut down in the short-run.

Aggregate demand or market demand: summation of individual demand at given prices

Aggregate supply or market supply: summation of firm’s supply at given prices

Long-run competitive equilibrium

Compare the short-run equilibrium with long-run equilibrium. See graphs 

In a constant cost-industry, the long-run market supply curve is horizontal line.
In an increasing cost industry, the long-run market supply curve is up-sloping.
In a decreasing cost industry, the long-run market supply curve is down-sloping.	
See graphs














Example 1:
Assume that each firm in the constant-cost-industry has u-shaped LAC. Assume further that when each firm produces q = 5, the minimum LAC is $5, where q is the quantity of firm’s output.
The inverse market demand function is: 
P = 20 – 0.002Q, where the price and Q is the total quantity in the market.

What is the long-run equilibrium p? Why?
Answer: $5
Remember that the firm cannot make economic profit in the long-run. 
Therefore, P =AC = MC.

What is the equilibrium Q in the market?
Answer: 
From 5 = 20 – 0.002Q, solve Q = 7500

Use N as the number of firms.
Market supply (Q) = (N)q
How many firms in the market? 
N = 7500/5 = 1500
What is the economic profit for each firm?
Answer: zero

Suppose the demand function changes to the following one:
P = 35 – 0.002Q

What is the new long-run equilibrium P and Q? Find the number (N) of firms.
Answer: P = $5	[Since P = AC = MC to satisfy zero economic profit condition]
From 5 = 35 – 0.002Q, solve Q = 15000
N = 15000/5 = 3000

Show these results graphically.


Example 2

Firm’s TC = 50 + 2q2
What is the relevant LAC? What is LAC when LAC is at the minimum level?

Answer: LAC = 50/q + 2q = 50q-1 + 2q
d(LAC)/dy = -50q-2 +2 = 0
In other words,
50/q2 = 2
q2 = 25
q = 5
LAC = 50/q + 2q = 10 + 10 = 20

Question: What is the LMC function? What is the LMC when LAC is at the minimum level?
Answer: LMC = 4q = (4)(5) = 20.

What is the long-run equilibrium P?
Answer: 20		LAC = LMC = 20

Question: If the inverse market demand is P = 30 – 0.001Q, what is the market Q?
[Note that the market Q = (N)q]
What is the number (N) of firms in the long-run?

Answer:
Since we know market price, we can insert the market price in the demand equation and solve. Given 20 = 30 – 0.001Q, we can solve Q = 10,000.
Since q is 5 and since Q is 10,000, we can solve N = 10,000/5 = 2000.

Consumer surplus	Producer surplus	See graphs

Example:	P = 120 – 3Q			[Inverse demand function]	
		P = 20 + 2Q			[inverse supply function]
		Find equilibrium Q, P, consumer surplus and producer surplus.

Answer: Q = 20		P = 60			See graph
Consumer surplus = (60)(20)/2 = $600
Producer surplus = (40)(20)/2 = $400

Recall that the long-run equilibrium condition is P = AC = MC.


Applications of the competitive model

Note that these topics are also covered in Chapter 2.

Comparative static solutions with demand-supply
Quota		Rent-control		Taxes		Subsidies

See the following numerical solutions:

Competitive free-market solutions with maximum total surplus
P = 120 – Q
P = 20 + Q
Equilibrium Q = 50
Equilibrium P = $70
Consumer surplus = $1250
Producer surplus = $1250
See graph.







Quota and deadweight loss (DWL)
Output quota at Q = 30
Equilibrium P = $90
Consumer surplus = $450
Producer surplus = $450 + $1200 = $1650
Deadweight loss (DWL) = $400
See graph.


Price-control (rent-control) and deadweight loss
Assume that the control price is P = $50
Equilibrium Q = 30		Shortages = 40
Consumer surplus = $450 + $1200 = $1650
Producer surplus = $450 
Deadweight loss (DWL) = $400
See graph.









Per-unit production tax and deadweight loss
Tax = $40 per output
Add supply price by the amount of tax and write the post-tax supply equation as:
P = 20 + Q + 40 = 60 + Q

Use 60 + Q = 120 – Q and solve 
Q = 30
P = $90
Total tax-collections = $1200
Consumer surplus = $450 
Producer surplus = $450
Deadweight loss (DWL) = $400
See the graph.



Per-unit production subsidy and deadweight loss
Subsidy = $20 per output
Subtract supply price by the amount of subsidy and write the post-subsidy supply equation as:
P = 20 + Q -20= Q

Use 20 + Q - 20 = 120 - Q  and solve:
Q = 60
P = $60
Total subsidy-payments = $1200
Consumer surplus = $1800 
Producer surplus = $1800
Total surplus net of subsidy payments = $2400
Deadweight loss (DWL) = $100
See the graph.










Globalization
Consider free trade with the world-price as the domestic price and the country in consideration is a competitive price-taker.

P = 120 – Q
P = 20 + Q
World-price = $50

Given the above conditions, we can solve:

Domestic Demand = 70	Domestic Supply = 30	
Import = 40
Consumer surplus = $2450
Producer surplus = $450
Total surplus = $2900
See the graph.


Tariff (import tax) and deadweight loss

Tariff = $10 per unit on foreign goods
P = $50 + $10

Domestic Demand = 60	Domestic Supply = 40	
Import = 20
Total tax-collections = $10(20) = $200
Consumer surplus = $1800
Producer surplus = $800
DWL = $2900 – ($1800 + $800 + $200) = $100


Monopoly
Monopoly power given by P>MR condition
Sources of monopoly power are related to increasing returns to scale and/or legal barriers
Profit-maximizing rule in monopoly is:
MR = MC

Monopolist’s demand curve is the market demand curve.
P = 10 – Q		[Inverse demand function]
TR = PQ = 10Q – Q2
MR = 10 – 2Q
TC = 2Q
MC = 2
Set MC = MR and solve y.
2 = 10 – 2Q
Q = 4
P = $6
TR = $24
TC = $8
Profit = $16
Note that P>MR.			[Monopoly is a price-setter]
Note that P> MC			[Monopoly is inefficient]

Recall the relation between MR, p and elasticity in monopoly

Recall that price-elasticity of demand (E) = % change in demand / % change in price
= (∆Q/Q) divided by ∆P/P
 = (∆Q/Q)(P/∆P)
 = (∆Q/∆P)(P/Q)
In other words, 
E = (dQ/dP)(P/Q).		
Remember that E is negative, because dQ/dP is negative.

Suppose the demand function is y = 10 - P.
(1)	Elasticity is infinity, when p = 10.
(2)	When P = 6 and y = 4, E = (-1)(6/4) = - 1.5
(3)	When P = 5 and y = 5, E = (-1)(5/5) = - 1
	TR = $25 is at maximum.
(4)	When P = 2 and y = 8, E = (-1)(2/8) = - 0.25
 
Derive relation between P, MR and E.

TR = PQ	
Use product-rule of derivative with respect to y.

d(TR)/dQ = MR = p + Q(dP/dQ)
MR = P + Q(dP/dQ)(P/P) = P + (Q/P)(dP/dQ)(P) = P + P/E
MR = P(1 + 1/EP)
Since numerical value of E is always negative, we can re-write:
MR = P[1 - 1/E]

If elasticity (E) is infinity, P = MR.
Recall that the demand curve faced by the firm in a competitive market is a horizontal line and it is equal to P = MR.

If E = -10, then MR = P(9/10).
If E = -4, MR = P(1/4) 
If E = -2, MR = P(1/2)
If E = -1, MR = zero.

Recall that profit (Л) = TR – TC
dЛ/dQ = d(TR)/dQ – d(TC)/dQ = zero
Marginal profit = MR – MC = zero
Follow the above rule to solve Q, P, TR, TC and profit.


Monopolist will never set the price where the demand is inelastic.
Recall that if the absolute value of elasticity is greater than one, MR is positive.
If the absolute value of elasticity is equal to one, MR is zero.
If the absolute value of elasticity is less than one, MR is negative.
If MC is positive, MR must be positive, since MR = MC to find profit-maximizing output. 

Distinguish profit-maximization from revenue maximization.
When MR is zero, revenue is maximized.
MR = 10 – 2Q = zero
Q = 5

Deadweight Loss and Monopoly

Efficiency condition is P = MC.
A deadweight loss occurs because price under monopoly is greater than MC.
See the shaded line as the deadweight loss:

Another numerical example:
P = 100 – Q
TC = Q2 + 900

Find the MR function.
Find Q, P, TR, TC and profit.

Answer:
TR = 100Q – Q2
MR is the derivative of the above.
MR = 100 – 2Q

MC is the derivative of TC.
MC = 2Q

Set MC = MR to solve Q.
2Q = 100 – 2Q		Therefore, Q = 25

Use Q = 25 in the equation of P = 100 – Q
 P = $75

TR = ($75)(25) = $1875
TC = (25)2 + 900 = $1525
Profit = $350

Question: Find E at the equilibrium point and prove that MR = P[1 – 1/E].
Answer: E = (dQ/dP)(P/Q) = (-1)(75/25) = 3
MR = P(2/3)		Check to see if MR = 50 and P = 75.

Question: Find deadweight loss (DWL).
Answer: Use P =MC rule to find Q and P in the competitive market.
2Q = 100 – Q
3Q = 100
Q = 33.33
P = $66.66
DWL = $103.75

See the graph:

Another numerical example:
P = 100 – Q		TC = 30Q	
(a)	Find the equilibrium Q, P, profit and consumer surplus in perfect competition.
(b)	Find the equilibrium Q, P, profit, consumer surplus and deadweight loss in 	monopoly.
Answer:
(a)	Set P = MC.
	Solve Q = 70	P = 30 		
Zero profit	
Consumer surplus = $2450

(b)	Sep MR = MC
	100 – 2Q = 30
	Solve Q = 35	P = 65 		Profit = $1225		Consumer surplus = $612.50
	Deadweight Loss = 612.5

	See the graph below:
















Why monopoly occurs?
1.	Government Franchise Monopoly
2.	Patent Monopoly
3.	Resource-Based monopoly
4.	Natural Monopoly

Natural Monopoly

Natural Monopoly with decreasing average costs
See graphically optimal monopoly output, price and profit, when it is not regulated.














Regulating price, where p = AC		
Break-even price, where the output is not efficient, since P is not equal to MC

Regulating price, where P = MC.
Efficient pricing rule leads to losses, because P<AC.

See the above results in the graph below:

See graphs where price is set by regulator.
Maximum output is ensured where P = MC




Numerical examples of price-ceiling
P = 150 – 2Q
TC = Q2
(a)	Find equilibrium P, Q and profit for an unregulated monopoly.
(b)	Find equilibrium Q and profit with the following ceiling prices:
	(i)	$80
	(ii)	$75
	(iii)	$50

Answer:
(a)	Set MC = MR.
	2Q = 150- 4Q
	Q = 25
	P = $100
	TR = $2500
	TC = $625
	Profit = $1875

(a)	(i)	Set $80 = 150 – 2Q
		Q = 35
		TR = $2800
		TC = (35)2 = $1225
		Profit = $1575

	(ii)	Set $75 = 150 – 2Q
		Q = 37.5
		TR = $2812.5
		TC = (37.5)2 = $1406.25
		Profit = $1406.35

	(ii)	Set $50 = 2Q
		Q = 25
		TR = $1250
		TC = (25)2 = $625
		Profit = $625

See the graph in the next page.


Graphical illustration

Optimal Mark-up or Lerner Index 
Textbook pages 247-248


Optimal mark-up rule is	


Derive the above.



For optimal , set 



		


	or	


	or	

	You can re-write:
	L = - 1/EP

	LP = P – MC
	LP – P = - MC
	P(1 – L) = MC
	P = MC/(1-L)


Note that the mark-up is always positive except when EP = - .

When   EP = - ,   mark-up is zero, which means P = MC.

If P = $300, MC = $200, then the Lerner index is = 1/3.
We can see that elasticity is -3. Mark-up factor is 1.5 of MC.

Recall that MR = P[1 - 1/E] and MR = MC.






Monopolistic Competition
Conditions for monopolistic competition:
· Many buyers and sellers
· Differentiated (non-homogenous) products
· Free entry and exits
The long-run equilibrium conditions in monopolistic competition:
· P>MC
· P = ATC, but ATC is higher than the minimum possible average costs. The result is: excess capacity.
Implications of Product Differentiation
· Caters to diverse tastes
· Advertisements
· Brand value and brand loyalty
· Marketing strategy

Similarity between monopolistic and perfect competition
· Entry/exits of firms in the long-run
· Zero economic profit in the long-run, where P = AC

Dissimilarity between monopolistic competition and perfect competition
· Products are homogenous in perfect competition, but products are non-homogenous (differentiated) in monopolistic competition
· P = MR for each firm in perfect competition, while P>MR in monopolistic competition
· P = MC in perfect competition, while P>MC in monopolistic competition 
· In perfect competition in the long-run, output is produced where AC is at a minimum level, while in monopolistic competition in the long-run, the equilibrium output is than the output where AC is at a minimum level.


See the graphs for short-run equilibrium with the following numerical example:
P = 100 – 2q
TC = 5 + 2q
By setting MR = MC, we can solve q, P and π.
From 100 – 4q = 2, we can solve q = 24.5, P = $51 and π = $1,195.50









See the graph for the long-run equilibrium. See textbook page 297  


Comparing perfect competition with monopoly and entry of new firms

Assume that N represents number of firms, Q* is the total output in perfect competition and q represents firm’s output.

Market demand 	P = 100 – Q
MC = AC = $40 

We can solve Q* using P = MC rule.
Q* = 60
Market price in perfect completion = $40
Consumer surplus = ($100-$40)(60)/2 = $1800
Economic profit is zero.

(Output of the firm) q = Q*/(N+1)

If N = 1 (monopoly case), then q = 30.
P = $70
Monopoly profit = ($70-$40)(30) = $900
Consumer surplus = ($100-$70)(30)/2 = $450
Deadweight loss due to monopolization = $1800 – $900 - $450 = $450

If N = 5, then q = 60/(5+1) = 10
Q = 10(5) = 50
P = $50
Profit of each firm = ($50-$40)(10) = $100

Perfect price-discrimination under monopoly

Monopolist will sell the last unit at the price where P equals AC.
Given the demand function of P = 100 – Q and given MC = AC = 40, monopolist will charge $0 on the 60th unit.
Total profit = ($100 - $40)(60)/2 = $1800
Deadweight loss = zero
See the graph below.




A market in which new firms can enter and leave without incurring any sunk costs of entry is called a perfectly contestable market. The lower the sunk costs of entry, the more contestable the market. Sunk costs of entry constitute a barrier to entry, and larger these are, larger the profits of existing firms can be without attracting new entries. The flip side of this coin is that firms operating in markets without large sunk costs of entry will not earn large profits. Strategic considerations will lead them to keep prices near the level that would cover their economic costs.

Therefore, the market is contestable if
1. All producers have access to the same technology.
2. Consumers respond quickly to price changes.
3. Existing firms cannot respond quickly to entry of new firms by lowering price.
4. There are no sunk costs.

If these four conditions are satisfied, existing firms (incumbents) have no market power. This is true even if there is one existing firm in the market.

Use the example of trucking companies.
If existing firms charge a price in excess of AC, a new firm can immediately enter the market and charge a price slightly below the existing firms’ prices. Since the incumbent cannot quickly respond by lowering their prices, the new entrant could get all the incumbents’ customers by charging the lower price. Since the incumbents know this, they have no alternative but to charge a price equal to AC. Thus, if a market is perfectly contestable, incumbents are disciplined by the threat of entry of new firms. Therefore, we can conclude that, in a perfectly contestable market, firms end up behaving like perfectly competitive firms. Prices will be pushed towards the long run AC and economic profits tend to zero.

Deadweight loss = zero

True-False Questions
1.	In monopolistic competition in the long-run, P> minimum of ATC.
2.	For a perfectly competitive firm, P must be equal to MR in both short-run and long-run.
3.	In long-run competitive equilibrium, all firms have plants of optimal size, where the ATC is at a minimum level.
4.	There is zero deadweight loss in the long-run in monopolistic competition, since each firm makes zero economic profit in the long-run.
5.	There is no supply curve in monopoly.
6.	You are the manager of a monopoly that faces a demand curve described by P = 230 - 20Q. Your costs are C = 5 + 30Q. Your firm's maximum profit is $ 495.
7.	In the short run in all market structures, all firms will shut-down its business, if P < AVC.
8.	In the long-run, monopolistically competitive firms have zero excess capacity.
9.	You are a manager in a perfectly competitive market. The price in your market is $14. If your total cost curve is C(Q) = 10 + 4Q + 0.5 Q2, your  profits in the short-run will be $40.
10.	You are a manager in a perfectly competitive market. The price in your market is $14. Your total cost curve is C(Q) = 10 + 4Q + 0.5 Q2. You may see entry of new firms and lower price in the long-run.
Answers:
1.	True		
2.	True
3.	True		
4.	False
5.	True		
6.	True
7.	True		
8.	False
9.	True		
10.	True


 


Chapter 9: Basic Oligopoly Model

Learning Objectives
LO1	Collusive oligopoly
LO2	Best Response function
LO3	Cournot model 
L04	Bertrand model
LO5	Sweezy Oligopoly
LO6	Stackelberg model
LO7	Contestable markets
LO8 	Principal-Agent hypothesis 

We saw monopoly equilibrium with the following example:
P = 100 – Q		[Demand function faced by the monopolist, where y is output]
TR = 100Q – Q2
MR = 100 – 2Q.
If TC = 40Q, then MC = $40.
Q = 30 
P = $70	
π = $900

With collusive oligopoly with 2 firms, each firm will produce 15 and enjoy a profit of $450.

With non-collusive Cournot’s model, each firm will produce 20 units and enjoy a profit of $400.

See how we obtain the above result.

Denote the first firm’s strategy as y1 and second firm’s strategy as y2.
Note that Q = Q1 + Q2. 		[Homogenous products]

First firm’s demand function is:
P1 = 100 – Q2 – Q1
We know that TR1 = P1Q1
TR1 = 100Q1 – Q1Q2 – Q12
MR1 = 100 – Q2 – 2Q1
The cost function is:
TC1 = 40Q1		Therefore, MC1 = 40.

Set MC = MR.
40 = 100 – Q2 – 2Q1
Q1 = 30 – 0.5Q2		[First firm’s best response (reaction) function] 
				See the graph.



Second firm’s demand function is:
Q2 = (100 – Q1) – Q2
We know that TR2 = P2Y2
TR2 = 100Q2 – Q1Q2 – Q22
MR2 = 100 – Q1 – 2Q2
The cost function is:
TC2 = 40Q2		Therefore, MC2 = 40.

Set MC = MR.
40 = 100 – Q1 – 2Q2
Q2 = 30 – 0.5Q1			[Second firm’s best response (reaction) function] 
					See the graph.













To solve Q1, re-write Q1 = 30 – 0.5Q2 and replace Q2 with 30 – Q1.	 

Q1= 30 – 0.5(30 – 0.5Q1)
Q1 = 30 – 15 + 0.25Q1
0.75Q1 = 15
Q1 = 20		Insert Q1 = 20 into Q2 = 30 – 0.5Q1 to solve Q2.
Therefore, Q2 = 20

See the intersection point of the best response function occurs at the above equilibrium point.
Q = 20 + 20
P = $60 = P1 = P2
π1 = ($60-$40)($20) = $400
π2 = ($60-$40)($20) = $400



Cournot Model with many firms

If there were prefect competition, we would have competitive market output (y*) at 60.
Recall P = 100 – Q, TC = 40Q and MC = 40.
We solved Q*= 60 and P* = $40 from P = MC condition.

Output for each firm is:
 Qi = Q*/(N + 1), where N stands for the number of firms and i stands for 1,2,……N.

If N = 1 (monopoly firm), y = 60/(1+1) = 30 and p = $70 and π = $900
If N = 2 (duopoly), output for each firm will be 20, total aggregate Q is 40, P = $60 and π for each firm will be $400.
If N = 5, output for each firm will be 10, total Q is 50, P = $50 and π for each firm will be $100.
If N = 59, output for each firm will be 1, total Q is 59, P = $41 and π for each firm will be $1.

Cournot’s model is appealing, because it spans a wide range of market structures.
We can also see that as N gets larger, p goes down and we are closer to competitive market outcome.

Use the pay-off matrix to see that that the dominant strategy is large output of 20 units for each firm, rather than 15 units of output for each firm.
 Q1 is 20 and Q2 as 20. 				                 
						Firm 2
				        	    Small output       Large output

	

       Firm 1

	
Small output
	1 = $450
2 = $450
	1 = $375
2 = $500

	
	
Large output
	1 = $500
2 = $375
	1 = $400
2 = $400





Cournot model with two firms with different cost functions
See the following numerical example with different cost functions, where firm 1 has smaller MC than that of firm 2.

Market demand function is given by: 	P = 120 – Q
Firm 1 has AC1 = MC1 = $15
Firm 2 has AC2 = MC2 = $30

First firm’s demand function is:
P1 = (120 – Q2) – Q1
MR1 = 120 – Q2 – 2Q1
Set MC = MR.
15 = 120 – Q2 – 2Q1
Q1 = 52.5 – 0.5Q2			[First firm’s best response (reaction) function] 
					See the graph.









Second firm’s demand function is:
P2 = (120 – Q1) – Q2
MR2 = 120 – Q1 – 2Q2
Set MC = MR.
30 = 120 – Q1 – 2Q2
Q2 = 45 – 0.5Q1			[Second firm’s best response (reaction) function] 
					See the graph.



Q1= 52.5 – 0.5(45 – 0.5Q1)
Q1 = 30 + 0.25Q1
0.75Q1 = 30
Q1 = 40			Insert Q1 = 40 into Q2 = 45 – 0.5Q1 to solve Q2.		
Therefore, Q2 = 25
See the intersection point of the best response function occurs at the above equilibrium point.
Q = 40 + 25
P = $55= P1 = P2
π1 = $1600
π2 = $625

Another example of Cournot model with different cost functions of the competing firms.
The subscript 1 refers to firm 1 and the subscript 2 refers to firm 2.

P = 100 – Q					[Where Q = Q1 + Q2]
The total revenue function of firm 1 is:
TR1 = 100Q1 – Q12 – Q1Q2
MR1 = 100 – 2Q1 – Q2
Assume that MC1 = 40			[Assume MC = AC]

Derive the best response function with MC1 = MR1 rule.
40 = 100 – 2Q1 – Q2
2Q1 = 60 – Q2
Q1 = 30 – 0.5Q2

Now consider firm 2 with MC2 = 16.		[Assume MC = AC]		
The total revenue function of firm 2 is:
TR2 = 100Q2 – Q22 – Q1Q2
MR2 = 100 – 2Q2 – Q1			

Derive the best response function with MC2 = MR2 rule.
16 = 100 – 2Q2 – Q1
2Q2 = 84 – Q2
Q2 = 42 – 0.5Q1

Replace Q1 with 30 – 0.5Q2 in the above equation to solve Q2.

Q2 = 42 – 0.5[30 – 0.5Q2]
Q2 = 27 + 0.25Q2
0.75Q2 = 27
Q2 = 36

Insert Q2 = 36 in Q1 = 30 – 0.5Q2.
Q1 = 12

Since the total Q = 36 + 12 = 48, the market-price will be $52.
The profit of firm 1 will be = ($52 - $40)(12) =
The profit of firm 2 will be = ($52 - $16)(36) = 

The Bertrand Model

Strategies are P1 and P2.
Consider the market demand function as:
P = 100 – Q
Each firm’s AC = MC = $40.

Nash equilibrium is:
P1 = P2= $40

What happens if the cost functions are different?
Suppose firm 1 has AC = MC = $40, while firm 2 has AC = MC = $30.
Firm 2 will set the price at $39.99.
Firm 1 will sell nothing.

Sweezy Oligopoly
Kink-demand curve model or Sweezy Oligopoly
Why price is rigid in the above oligopoly model?
See the graph below, where the equilibrium P is P*.
If a firm raises the price above P*, then it will lose its revenue to competing firms, because competing firms will not raise their prices. If a firm brings its price below P*, then other competing firms will also lower their prices. Therefore, no gains can be made through price-adjustments. In this model, the firms try to make extra-profits through other strategies, rather than price-strategies.


See the application of Sweezy model.

The upper segment of the demand function is given below:
P = 100 – 0.2Q				[When Q ranges from zero to 100]
TR = 100Q – 0.2Q2
MR is the derivative of TR.
MR = 100 – 0.4Q				[When Q ranges from zero to 100]
Note that when Q is zero, MR is 100; when Q is 100, MR is 60.
If MC = AC is 60, the equilibrium profit maximizing Q (based on MR =MC rule) is 100 and the market price (P* in the Sweezy model) is $80. 
	 
The lower segment of the demand function is given below:
P = 160 – 0.8Q				[When Q ranges from 100 to 200]
TR = 160Q – 0.8Q2
MR is the derivative of TR.
MR = 160 – 1.6Q				
Note that when Q is 100, MR is zero.
If MC is zero, then Q (based on MR =MC rule) is 100 and the  market price (P* in the Sweezy model) is $80.

Note also that if MC is anywhere from zero to 60, the equilibrium Q will be 100.
In this model, the firms make more profits by lowering the MC below 60.

See the graph below.











Stackellberg Model: Leader-Follower Model
Both leader (firm 1) and follower (firm 2) has identical MC = AC = $40.

The market demand function is:
P = 100 – Q

The leader will produce considers itself as monopolist and produce 30 (based on MC = MR rule).
Recall that TR = 100Q – Q2 and MR = 100 – 2Q.
40 = 100 – 2Q
Q = 30

The follower’s total revenue function is:
TR2 = 100Q2 – (Q1 + Q2)Q2
MR2 = 100 – 2Q2 – Q1
Given 40 = 100 – 2Q2 – Q1, we can derive:
Q2 = 30 – 0.5Q1
Q2 = 30 – 0.5(30)
Q2 = 15.

The total Q = 30 + 15 = 45.

Note the following conclusions:
· The total output in the market is larger in Stackelberg model in comparison with Cournot model. 
· Furthermore, the market-price in smaller Stackelberg model in comparison with Cournot model.   



Answer Questions #1-2 on the basis of the following:
	The market demand function in a duopoly market is:
	P = 100 – Q				Q = q1 + q2
	The total cost function of Firm 1 is:
	TC1 = 10q1
	The total cost function of Firm 2 is:
	  TC2 = 40q2

1.	Which of the following statements is false?

	(a)	     The Cournot equilibrium solutions are: q1 = 40 and q2 = 10.
	(b)	     Equilibrium price in Cournot model is $50.
	(c)	     Equilibrium q2 in Bertrand model is zero.
	(d)	    Equilibrium price in Bertrand model is $40.

	Answer:	D

2.	Consider Stackelberg model, where Firm 1 is the leader and the firm 2 is the
	follower. In this model, the output of the leader will be 40 and the output of the 
	follower will be 10.
	
(a)      True		(b)	False

Answer:	B

3.	Which of the following statements is false?
	
(a) Industry output in a duopoly model of Cournot behaviour exceeds the industry 
		output under collusive hehaviour.
	(b)	The aggregate output in the market under Stackelberg model is greater than the aggregate output in the market under Cournot model.
	(c)	Changes in the marginal cost may have no effect on the firm’s output in the Sweezy model, but changes in the marginal cost will change firm’s output in the Cournot model.
          (d)  Suppose that a firm is selling a good with a marginal cost of $35. Market researches revealed that the price-elasticity of the firm’s product is – 2.  The firm’s profit-maximizing price should be higher than $35, but less than $70. 

	
	Answer:	D



Contestable Market

A market in which new firms can enter and leave without incurring any sunk costs of entry is called a perfectly contestable market. The lower the sunk costs of entry, the more contestable the market. Sunk costs of entry constitute a barrier to entry, and larger these are, larger the profits of existing firms can be without attracting new entries. The flip side of this coin is that firms operating in markets without large sunk costs of entry will not earn large profits. Strategic considerations will lead them to keep prices near the level that would cover their economic costs.

Therefore, the market is contestable if
5. All producers have access to the same technology.
6. Consumers respond quickly to price changes.
7. Existing firms cannot respond quickly to entry of new firms by lowering price.
8. There are no sunk costs.

If these four conditions are satisfied, existing firms (incumbents) have no market power. This is true even if there is one existing firm in the market.

Use the example of trucking companies.
If existing firms charge a price in excess of AC, a new firm can immediately enter the market and charge a price slightly below the existing firms’ prices. Since the incumbent cannot quickly respond by lowering their prices, the new entrant could get all the incumbents’ customers by charging the lower price. Since the incumbents know this, they have no alternative but to charge a price equal to AC. Thus, if a market is perfectly contestable, incumbents are disciplined by the threat of entry of new firms. Therefore, we can conclude that, in a perfectly contestable market, firms end up behaving like perfectly competitive firms. Prices will be pushed towards the long run AC and economic profits tend to zero.



Practice Questions

Question #1

(a) Find equilibrium profit of the monopolist.
P = 240 – 0.5Q	TR = PQ = 240Q – 0.5Q2
MR = 240 – Q
Given MC = AC = $60, we can solve output under monopoly as
Q = 180
P = $150
π = $27,000 - $10,800 = $16,200.

(b) Use generalized Cournot model with the given condition
Qi = Q*/(N + 1), where Q* stands for equilibrium output in perfect competition 
(based on P = MC Rule)

We can solve Q* = 360 from setting p = MC
Use the following condition:
Qi = Q*/(N + 1), where N is the number of firms and is i can be 1, 2, 3….n)
If N = 1 (monopoly), then Q = 180
If N = 2 (duopoly), output for each firm will be 120, total output is 240, P = $120 and π for each firm will be $7,200.
If N = 3, output for each firm will be 90, total output is 270, P = $105 and π for each firm will be $4,050.
If N = 4, output for each firm will be 72, total output is 288, P = $96 and π for each firm will be $2592.

Question #2
Solve Cournot’s duopoly profit from the following equations.
Market demand function is given by: 	P = 90 – 3(Q1 + Q2)
Firm 1 has horizontal cost curves with AC = MC = $27
Firm 2 has AC = MC = $9

First firm’s demand function is:
P1 = (90 – 3Q2) – 3Q1
MR1 = 90 – 3Q2 – 6Q1
Set MC = MR.
27= 90 – 3Q2 – 6Q1
Q1 = 10.5 – 0.5Q2			

Second firm’s demand function is:
P2 = (90 – 3Q1) – 3Q2
MR2 = 90 – 3Q1 – 6Q2
Set MC = MR.
9 = 90 – 3Q1 – 6Q2
Q2 = 13.5 – 0.5Q1				 

Q1= 10.5 – 0.5(13.5 – 0.5Q1)
Q1 = 3.75 + 0.25Q1
0.75Q1 = 3.75
Q1 = 5			Insert Q1 = 5 into Q2 = 13.5 – 0.5Q1 to solve Q2.		
Therefore, Q2 = 11

Q = 5 + 11 =16
P = $42= P1 = P2
π1 =($42)(5) – ($27)(5)= $75
π2 = ($42)(11) – ($9)(11)= $363

True/False Questions
1.	Assume that the market demand function is: P = 1200 – Q. If a single homogenous product is produced by 5 firms in the Cournot’s model and if all variable costs are zero, then the equilibrium output of each firm is 200.	
2.	The Cournot model of duopoly has no stable solution if the two firms have 	different marginal costs.	
3.	In order to achieve equilibrium in the Cournot model, the two firms should have 	identical response function.
4.	The Bertrand oligopoly reveals that perfectly competitive prices can arise in markets with only two firms.
9.       In Stackelberg oligopoly, only the follower takes the output of the leader as given.
6.	One important condition for a contestable market is: there are no sunk costs.
7.	Two firms compete as a Stackelberg duopoly. The demand they face is P = 100 - 3Q. The cost function for each firm is C(Q) = 4Q. The profits of the two firms are: 
L = $384; F = $192.	
8.	The Sweezy model of oligopoly reveals that changes in marginal cost may not affect prices.
9.	In a perfectly contestable market, P = MC.
10.	The profits of the leader in a Stackelberg duopoly are greater than those of the follower.

Answers:
1.	True		
2.	False
3.	False		
4.	True
5.	True		
6.	True
7.	True		
8.	True
9.	True		
10.	True

Chapter 10: Game Theory
Learning Objectives
LO1	Basic definitions of game theory
LO2	Prisoner’s dilemma
LO3	Nash Equilibrium
LO4	High price versus low price strategies

Game Theory is a branch of mathematics used to find equilibrium situations where the interaction of players is important.

Basic Definitions

· Players (agents): individuals or firms that make choices

· Strategies: the choices made by players (how much to produce, what prices to charge, advertise or don’t advertise, etc.

· Strategy combinations: list of strategies for each player

· Payoff: outcome (profit, gains, etc.) from selecting a strategy

· The payoff for each player is dependent upon the strategy he/she selects and that selected by other players.

· The player has the best response function to other players’ strategies.

· An equilibrium strategy combination arises if every player’s strategy is a best- response to the strategies of all other players.

· This is called Nash equilibrium or Cournot-Nash equilibrium



The Prisoner’s Dilemma
It is an example of a one-shot game.
				                 Clyde
				        Silent	       Confess (Fink)

	

       Bonnie

	
Silent
	B = 3 years
C = 3 years
	B = 15 years
C = 1 year

	
	
Confess
(Fink)
	B = 1 year
C = 15 years
	B = 5 years
C = 5 years



Decision tree of Bonnie:
					Bonnie confesses………..5 years
If Clyde confesses ……………
					Bonnie remains silent……15 years

Since jail-term of 5 years is less than 15 years, rational choice for Bonnie is: confess.

					Bonnie confesses………..1 year
If Clyde remains silent ………
					Bonnie remains silent……3 years

Since 1 year jail-term is less than 3 years, rational choice for Bonnie is: confess.

Bonnie has a dominant strategy of confession, irrespective of whether Clyde confesses or not.

Decision tree of Clyde:

					Clyde confesses………..5 years
If Bonnie confesses ……………
					Clyde remains silent……15 years

Since 5 years is less than 15 years, rational choice for Clyde is: confess.

					Clyde confesses………..1 year
If Bonnie remains silent ………
					Clyde remains silent……3 years

Since 1 year is less than 3 years, rational choice for Clyde is: confess.

Clyde has a dominant strategy of confession, irrespective of whether Bonnie confesses or not.
Nash equilibrium: confession		[It is not Pareto-optimal (i.e. it is not best outcome)!]
Above game is a simultaneous-move game.
In simultaneous-move game, each player makes decisions, without the knowledge of other players’ decisions. 

In a sequential-move game, one player makes a move after observing the other players’ move. 
One-shot game and repeated game
Strategy is a decision rule that player takes at each decision point.


An example of normal-form game is given below:
                 					Player B
				        Left	       Right
	

    Player A

	
Up
	A = 10
B = 20
	A = 15 
B = 8

	
	
Down

	A = -10
B = 7
	A = 10
B = 10



What is the optimal strategy for a player in a simultaneous one-shot game?
A strategy is a dominant strategy if it results in the highest payoff regardless of the action of others. In the above table, the dominant strategy for player A is up. The player B does not have a dominant strategy. Note that the secure strategy for B is right.
Nash Equilibrium
A set of strategy is a Nash equilibrium, if given the strategy of other players, no player can improve her payoff by unilaterally changing her own strategy. In the above example, the Nash equilibrium is up for player A and for player B, it is left. 


Advertising: another example of simultaneous one-shot game
						Firm B
				       	  Advertise	Don’t Advertise
	

 Firm A

	Advertise
	A = $4
B = $4
	A = $20 
B = $1

	
	
Don’t Advertise

	A = $1
B = $20
	A = $10
B = $10



Dominant strategy is: advertise. Nash equilibrium is: advertise. Collusion is not a Nash equilibrium, because each firm has an incentive to cheat.
Coordination Game
						Firm B
				           120-volt outlet	    90-volt outlet
	

 Firm A

	120-volt
outlet
	A = $100
B = $100
	A = $0 
B = $0

	
	
90-volt outlet 

	A = $0
B = $0
	A = $100
B = $100



There are two Nash equilibrium outcomes. 





High price (collusion) or low price (breaking collusion agreement) 
MC = AC = $4	
2 strategies: high price of $8 or low-price of $6
If both select high price of $8 (through collusion), each firm will sell 2.5 million goods and profit for each firm will be ($8-$4)(2.5 million) = $10 million.
If both select small low price of $6, each firm will sell 3.5 million goods and profit for each firm will be ($6-$4)(3.5 million) = $7 million.
If one firm sets high price and the other firm sets low price, high-price firm will lose customers and sell 1.25 million goods and earn a profit of ($8-$4)(1.25 million) = $5 million; and the low-price firm will gain customers and sell 6 million goods and earn a profit of ($6-$4)(6 million) = $12 million 
				                 Firm B
				        	    High price         Low price

	

       Firm A

	
High price
	A = $10 m
B = $10 m
	A = $5 m
B = $12 m

	
	
Low price
	A = $12 m
B = $5 m
	A = $7 m
B = $7 m



Decision tree of Firm A:
					A sets low price………..$12 m
If B sets high price ……………
					A sets high price………..$10 m

Since $12 million is greater than $10 million, rational choice for A is: low price
					A sets low price………..$7 m
If B sets low price ……………
					A sets high price………..$5 m

Since $7 million is greater than $5 million, rational choice for A is: low price
Firm A has a dominant strategy of low price, irrespective of whether Firm B sets high price or low price.

Decision tree of Firm B:
					B sets low price………..$12 m
If A sets high price ……………
					B sets high price………..$10 m
Since $12 million is greater than $10 million, rational choice for B is: low price
					B sets low price………..$7 m
If A sets low price ……………
					B sets high price………..$5 m
Since $7 million is greater than $5 million, rational choice for B is: low price

Firm B has a dominant strategy of low price, irrespective of whether Firm A sets high price or low price.
Nash equilibrium: low price		[It is not Pareto-optimal]

High price (collusion) or low price (breaking collusion agreement) 
MC = AC = $4	2 strategies: high price of $8 or low-price of $6
If both select high price of $8 (through collusion), each firm will sell 2.5 million goods and profit for each firm will be $10 million.
If both select small low price of $6, each firm will sell 3.5 million goods and profit for each firm will be $7 million.
If one firm sets high price and the other firm sets low price, high-price firm will lose less customers due to brand loyalty and sell 2 million goods and earn a profit of ($8-$4)(2 million) =$8 million. The low-price firm will sell 4 million goods and earn a profit of ($6-$4)(4 million)= $8 million 
				                 Firm B
				        	    High price         Low price

	

       Firm A

	
High price
	A = $10 m
B = $10 m
	A = $8 m
B = $8 m

	
	
Low price
	A = $8 m
B = $8 m
	A = $7 m
B = $7 m



Decision tree of Firm A:
					A sets low price………..$8 m
If B sets high price ……………
					A sets high price………..$10 m

Since $10 million is greater than $8 million, rational choice for A is: high price
					A sets low price………..$7 m
If B sets low price ……………
					A sets high price………..$8 m

Since $8 million is greater than $7 million, rational choice for A is: high price
Firm A has a dominant strategy of high price, irrespective of whether Firm B sets high price or low price. Nash equilibrium: high price	

Decision tree of Firm B:
					B sets low price………..$8 m
If A sets high price ……………
					B sets high price………..$10 m
Since $10 million is greater than $8 million, rational choice for B is: high price
					B sets low price………..$7 m
If A sets low price ……………
					B sets high price………..$8 m
Since $8 million is greater than $7 million, rational choice for B is: high price
Firm B has a dominant strategy of high price, irrespective of whether Firm A sets high price or low price. Nash equilibrium: high price		



There are many games in which one player does not have dominant strategy. See below:

                				 	 (D) Donna’s strategy
				        	    	Left		Right

	

(C) Cathy’s strategy

	
Top
	C = $100
D = $0
	C = $100
D = $100

	
	
Bottom
	C = -$100
D = $0
	C = $200
D = $100




Decision tree of Cathy:
					Cathy selects Top………..$100
If Donna selects Left ……………
					Cathy selects Bottom…… - $100

Since $10 is greater than -$100, rational choice for Cathy is: Top

					Cathy selects Top………..$100
If Donna selects Right……………
					Cathy selects Bottom……..$200

Since $200 is greater than $100, rational choice for Cathy is: Bottom

Cathy does not have a dominant strategy.

Decision tree of Donna:
					Donna selects Left………..$0
If Cathy selects Top ……………
					Donna selects Right………$100

Since $100 is greater than $0, rational choice for Donna is: Right

					Donna selects Left ………..$0
If Cathy selects Bottom……………
					Donna selects Right ……..$100

Since $100 is greater than $0, rational choice for Donna is: Right

Donna has a dominant strategy of playing Right, irrespective of whether Cathy chooses Top or Bottom.

If Cathy is aware of Donna’s rational behavior (Right), then Cathy can assure herself of $200 win by selecting Bottom. 
When all players are playing their best strategy given what their competitors are doing, the result is Nash equilibrium.

Now suppose the pay-off matrix for Cathy has changed in a way that the left-hand corner loss is $10,000, instead of $100.

                				 	 (D) Donna’s strategy
				        	    	Left		Right

	

(C) Cathy’s strategy

	
Top
	C = $100
D = $0
	C = $100
D = $100

	
	
Bottom
	C = -$100
D = $0
	C = $200
D = $100




When uncertainty and risks are introduced, the game changes. 
Given the above payoff matrix, Cathy is likely to select Top (gaining $100, rather than $200), in case Donna selects Left. This is the secured strategy for Cathy.




True-False Questions
1.	Coordination games have multiple Nash equilibriums.
2.	The dominant strategy is the optimal strategy for a player no matter what the opponent does.
3.	In a one-shot game, a collusive strategy always represents Nash equilibrium.
4.	A secure strategy occurs when each player is doing the best he can regardless of what the other player is doing.
5.	A dominant strategy occurs when each player is doing the best he can regardless of what the other player is doing.
	Answer Questions #6-7 on the basis of the following payoff matrix.
 [image: ] 
6.	There does not exist a dominant strategy for Firm A.
7.	The Nash equilibrium strategies for Firm A and Firm B are high price and high price, respectively.
8.	A perfect equilibrium occurs when each player is doing the best he can regardless of what the other player is doing.
9.	Each Nash equilibrium is a perfect equilibrium.
10.	Every perfect equilibrium is a Nash equilibrium.

Answers

1.	True		2.	True	3.	False		4.	False		5.	True
6.	True		7.	True	8.	False		9.	False		10.	True


Chapter 11: Pricing Strategies

Learning Objectives
LO1	Mark-up pricing strategies
LO2	Price-discrimination versus uniform prices
LO3	Perfect price-discrimination

Mark-up pricing
 
We assume profit-maximization rule of MR = MC. See the following as review:
P = 120 – q			[Demand function faced by the firm]
MR = 120 – 2q		[Derivative of TR = 10q – q2 with respect to q]
C = 40q			[Total cost function]
MC = 40			[Derivative of the total cost function with respect to q]

Set MR = MC.
120 – 2q = 40
Solve q as 40 and P as $80.  
Elasticity of demand = (dQ/dp)(P/Q) = (-1)(80/40) = -2                                                                                                 

We need to recall elasticity-based mark-up pricing formulas. Recall also the relation between MR, P and own-price elasticity.
TR = PQ
MR = P + QdP/dQ = P[1 + (Q/P)dP/dQ] = P[ 1 + 1/EP]
Recall that EP is always negative. 
MR = P[1+ (1/EP)], where EP is the own-price elasticity of demand. 

In competitive market, the demand curve faced by the firm is horizontal, where EP = -. Therefore, P = MR in a competitive market. In a competitive market, a representative firm cannot conduct independent price-strategy policy, since it has zero market-power.

Recall the MR = MC rule, re-write the above as:
P[1+ (1/EP)] = MC
P[(EP + 1)/EP] = MC

P = MC[EP/(1 + EP)]
The mark-up over MC is equal to [EP/(1 + EP)]

If EP is - 2, then P = MC[-2/(1-2)] = 2MC
If EP is - 3, then P = MC[-3/(1-3)] = 3/2MC
If EP is - 4, then P = 4/3(MC)
If EP is - 5, then P = 5/4(MC)
If EP is - 10, then P = 10/9(MC)
If EP is - 100, then P = 100/99(MC)
The above results apply with N = 1	[Monopoly case]

Note that the mark-up is always positive except when EP =- .

When   EP = - ,   mark-up is zero, which means P = MC, since P cannot be zero.

We conclude that a manager should note two important things about pricing rule.
1.	The more elastic the demand for the firm’s product, lower the mark-up. In the extreme case where elasticity is infinity, mark-up is zero.
2.	Higher the marginal cost, higher is the profit-maximizing price and lower is the profit-maximizing output.

Uniform price in monopoly with no price discrimination
We can derive the above conclusions from the following:
P = 120 – Q
MC = AC = 40

The equilibrium Q in the competitive market is symbolized as Q*. 
Follow P = MC rule in a competitive market to solve Q*. 
From 120 – Q = 40, we can solve Q as 80. In other words, Q* is 80. With Q* at 80 and price (P) at $40, the consumer surplus is $3200.
q = Q*/(N +1), where q is the output of each firm and N is the number of firm. 
If N = 1 (monopoly case), then q is 40 and P is $80. Monopoly profit is $1600, consumer surplus is $800 and deadweight loss is $800. 

First Degree Price Discrimination is the case of perfect price discrimination.
The equilibrium Q in monopoly is 80. In this case, consumer surplus is zero and the monopoly profit is $3200. Note that the deadweight loss is zero.

Examples of 2nd degree price discrimination 
Set the price at $100 for zero to 20 units of output (netting the profit of $1200) and set the price at $80 for the output ranging from 21 to 40 (netting a profit of 800). 

Criteria for Price-Discrimination
· Different elasticity
· Market-segmentation
· No re-sale
Some important conclusions:
· Ordinary-price discrimination will bring higher profits to the monopolist in comparison to uniform price.. 
· Price is higher in the market, where the demand is relatively less elastic


Pricing Policy in Managerial Economics
Decision-rules depend on the following:
· Firm’s objective functions 
· Market structures and the degree of competitiveness faced by the firms.

In perfect competition, each firm is a price-taker.
The market-price is set at a point of output where P = MC.
This P = MC is also called efficient resource allocation rule, because the resources are employed at a point (which determines the output point) where the marginal product of the input multiplied by the market-price is equal to the input-price.

In the long-run, we see, not only P = MC condition, we also see P = MC = AC or zero economic profit condition. 

Remember that zero economic profit occurs, when revenue equals economic cost and economic cost includes opportunity costs or minimum alternate return made elsewhere.

In competitive as well as in non-competitive markets (characterized by monopoly or oligopoly or monopolistic competition), all profit-maximizing firms use the MR = MC rule to determine their output and price.

Instead of profit-maximizing rule, the firms can use revenue-maximizing rule and set the output and price where marginal revenue (MR) is zero. The pricing policy and output decisions based on revenue-maximizing principle will not lead to maximum profit, since marginal cost is positive.

Now consider monopoly. If the unregulated monopoly sets uniform price for its profit-maximizing output, it sets the output where MR = MC and sets the price accordingly. 
In this case, the output under monopoly will be less than the output under perfect competition and monopoly output will be less than efficient resource allocation output.
Price will be higher in monopoly than the price under perfect competition and there will be a deadweight loss in monopoly.

Now consider perfect price discrimination by a monopoly as opposed to uniform price. 
In this case, the price charged for the last unit of output is equal to its marginal cost. Output under monopoly (with perfect price-discrimination) will be equal to the output under perfect competition. Monopoly will earn the highest possible profit. There will zero consumer surplus and zero deadweight loss. 

Now consider a monopoly selling in two separate markets with different price elasticity of demand. Monopoly can charge uniform price in both markets and make profits. 
Monopoly can more profit two different prices. Monopoly charges higher price in the market, where the demand is relatively less elastic and charges lower price in the market where the demand is relatively more elastic.
In other words, the decision rule is MR1 = MR2 = MC, where MR1 refers to market 1 and MR2 refers to market 2.
 

Now consider the contestable market, where the incumbent (existing) firm is a monopoly (with zero sunk costs) facing a threat of entry of another firm (with zero sunk costs). In this market, in order to prevent the entry of new firm, the incumbent monopoly sets the output and price where the price equals average costs and earns zero economic profit.

Now consider monopolistic competition with product-differentiation. The decision-rule of each profit-maximizing firm in this monopolistically competitive market is MR = MC to determine firm’s equilibrium output and it’s output is below the efficient allocation output. In the short-run, each firm can earn zero positive economic profit, but entry of new firms drive market price down to a point where it is equal to the average cost. 
In the long-run, P = AC, but P>MC.

Now review oligopoly models. 
Start with the Cournot model. 
The profit-maximizing decision-rule for each dueling firm is MR = MC, but MR of one firm depends on the output of its own firm and also on the output of the competing firm.
Derive the profit-maximizing optimal response function (based on MR = MC rule) and solve simultaneously output of both firms.
If the costs are identical for both firms, we can use generalized Cournot model, where
q = Q*/(N+1), to solve output and price.

Instead of dueling Cournot-type oligopoly, we can consider collusive oligopoly. In this case, pretend that there is a monopoly and find the monopoly output and price. Divide the output between firms, who are selling their products at the high monopoly price. Collusive oligopoly leads to more profit to each firm in comparison to Cournot oligopoly, but collusive oligopoly may not be a stable equilibrium outcome.

In Stackelberg leader-follower model, pretend that the leader is a monopoly. 
Use MR = MC and find the monopoly output. This will be the output of the leader. 
The follower now determines its profit-maximizing optimal response function (based on MR = MC rule) on the basis of the given output of the leader. In Stackelberg model, the equilibrium price is lower than that in Cournot model. If the costs are identical, then the follower’s equilibrium output is half of the leader’s output.

In Bertrand model, it’s about dueling price-strategy. If both firms have identical costs, then the equilibrium settles at a point where P = AC.

In Sweezy model, there is no price-war or output adjustment.
There is a price-rigidity in this model and there exists non-price competition to garner more profits through cost-reductions.



Principal-Agent Problem		 

The most rapidly growing area in economic theory in the last decade has been the area of information economics. Most of what we study involves situation of asymmetric information
(when one economic agent knows something that another agent doesn’t). Hence, studies of behavior under asymmetric information involve strategic interaction of agents. The presence of asymmetric information can lead to two important effects: 
· Adverse Selection occurs when the agent (whose interests are at odds with the principal’s) holds unobservable or hidden information.
Example:
Consider a firm who decides to increase the std number of sick leave days to ten days to attract more workers. If the firm cannot distinguish between healthy and unhealthy workers (workers have hidden characteristics), then the plan will probably lure many workers away from other firms. But it will attract undesirable (unhealthy) workers. In economic terms, the policy results in adverse selection.
· Moral Hazard occurs when the agent (whose interests are at odds with principal’s) takes unobservable and hidden actions. 
Example:
An owner hires a manager for a fixed salary. Profits of the owner depend on the manager’s effort (an unobservable hidden characteristic). The manager may spend less time, which results in moral hazard. 
Moral hazard is one factor that has contributed to rising medical costs during the past decades. When individuals have health insurance, they do not pay for the full marginal costs of medical services. As a result, individuals are more likely to visit a doctor for a minor illness. The effect of this is twofold. 
First, the moral hazard results in an increase in the demand for medical services, leading to a higher equilibrium price of medical services.  This is because individuals do not pay the full cost of a visit to a doctor and thus use physicians’ services more frequently than they would if they were required to pay the full cost of each visit.
Second, insurance companies must increase the rates they charge for medical insurance to cover the higher cost of insurance claims due to more frequent visits.  This might lead those who know they are in good health to decide against insurance coverage, which means that the higher medical insurance premiums also lead to adverse selection.  In this case the insurance company is left to insure a pool of less healthy individuals, which exacerbates the problem.  Thus, moral hazard and adverse selection may be partially responsible for the recent increases in the cost of medical insurance.

Another simple example of principal-agent theory occurs when you (the principal agent) hire the boy down the block (your agent) to mow your lawn while you are away. All you can observe is how the lawn looks when you come back. He could have mowed it every ten days, as you have agreed, or he could have waited until two days before you were due home and mowed it only once. By prevailing on a friend to monitor your employee’s behavior, you could find out what the boy actually bid, this involves a cost. A principal-agent problem arises when interest of one agent is different from interest of the other agent. Workers may improve their well-being by increasing their leisure – during paid hours – without forfeiting income. The night security guard may read a novel rather than making the assigned rounds. A salaried manger may spend time out of the office, visiting with friends, rather than attending to company business. Firms have a profit incentive to reduce or eliminate shirking. One option is to monitor workers, but monitoring is difficult and costly.

Another example is the relationship between shareholders (the principals) and managers (the agents). Principal-agent theory shows that when ownership and management are separated, the self-interests of agents will tend to make profits lower than in a perfectly frictionless world in which principals act as their own agents and mange their own businesses.

Consider sales maximization as opposed to profit- maximization.
Profit sharing (incentive contracts to managers) as a solution?  

The Manager-Worker Principal-Agent Problem

How can the manager (the principal) induce the workers (the agents) not to shirk?
· Profit Sharing
· Revenue Sharing
· Piece Rates
 





Additional exercise on Ordinary price discrimination	(Optional)

p1 = 80 – 5q1		
p2 = 180 – 20q2	
TC = 50 + 40(q1 + q2)
a.	Set MC = MR
	40 = 80 – 10q1	
	Solve q1 = 4	
	p1 = $60
	TR = $240
	
	Set MC = MR
	40 = 180 – 40q2	
	Solve q2 = 3.5	
	p2 = $110
	TR = $385
	Total costs = 50 + 40(4 + 3.5) = $350
	Profit = $240 + $385 - $350 = $275
 
b. 	E1 = (dq/dp)(p/q) = –(1/5)(60/4) = -3
	E2 = (dq/dp)(p/q) = –(1/20)(110/3.5) = -1.57
c. 	The market with the lower elasticity has the higher price.


d.	What is profit, if there was no price-discrimination?
Ans:	Find the aggregate demand from the following:
	q1 = 16 – 0.2p
	q2 = 9 – 0.05p
	Q = 25 – 0.25p
	p = 100 – 4Q
	MR = 100 -8Q
	Set MC = MR 
	40 = 100 – 8Q
	Q = 7.5
	P = 70
	TR = $525
	TC = $350
	Profit = $175
	q1 = 16 – 0.2(70) = 2
	q2 = 9 – 0.05(70) = 5.5	
T/F Questions:
1.	Under perfect price-discrimination, each customer pays a different price. T
2.	Under multi-part pricing, each customer may different prices for each block they 	purchase. T
3.	Under ordinary price-discrimination, price-elasticity (even thought its absolute value is more than one) is relatively lower in the high-price market. T
True-False Questions
1.	If the monopolist is charging an uniform price, where the elasticity of demand is 0.5, then the monopolist is producing too output. 
2.	The more elastic the demand, higher is the profit-maximizing mark-up.
3.	The more elastic the demand, lower is the profit-maximizing mark-up.
4.	Deadweight loss is zero under prefect price-discrimination by a monopolist.
5.	A monopoly produces widgets at a marginal cost of $10 per unit and zero fixed costs. It faces an inverse demand function given by P = 50 - Q. The demand elasticity of a widget at the monopoly price and quantity is – 1.5.
6.	The marginal cost pricing strategies does not usually enhance the profits of firms with market power.
Answers
1.	True
2.	False
3.	True
4.	True
5.	True
6.	True
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