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Intermediate Microeconomics Study Guide

SECTION 1
Part I:  Provide concise definitions.  Usually an appropriate, well-labeled graph or mathematical relation is sufficient. (2 points each)

1.  Marginal Utility:


4.  Marginal Rate of Substitution:

2.  Substitution Effect:


5.  Income Effect:

3.  Indifference Curve:


6.  Consumer Equilibrium:

Part II:  Make your answers clear, concise, and comprehensive.  Usually an appropriate, well-labeled graph with a one or two sentence explanation is sufficient.  Begin each problem (1, 2, 3,...etc.) on a new page. 

(4 points each for parts  i, ii, iii, etc.)

1. i.  Katherine has a budget of $180 for shoes and hats.  If shoes cost $30 and hats cost $20 each, describe and sketch and thoroughly label her budget constraint.  As usual, assume (infinite) divisibility of goods.

ii.  Repeat part (i) if the price of hats increases to $30 a pair.

iii.  Repeat part (i) if her budget decreases to $120.

iv.  Repeat part (i)  if the store restricts hat purchases to three per customer.

2. i.  Provide a scenario (example) of an economic good that is a  "bad."  Pick a good that can be compared to your "bad."  Sketch a representation of the indifference curves (map).  

ii.  Do these indifference curves follow the law of diminishing marginal rate of substitution?  Explain.

3. Let y be a normal good and let x be an inferior good.  

i.  Sketch the income consumption curve (ICC), complete with a representative (likely) set of 

preferences (indifference curves /map).

ii.  Sketch a representative Engel Curve for x.

Part III:  Make your answers clear, concise, and comprehensive.  Usually an appropriate, well-labeled graph with a one or two sentence explanation is sufficient. Begin each problem (1, 2, 3,...etc.) on a new page.

(5 points each for parts  i, ii, iii, etc.)

1. Given goods x and y, sketch the indifference curve for 
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ii.  

.

iii.  

.  

iv, v, and vi.   Next, given the budget constraint, 3x + y = 30, explicitly determine the optimal bundles for each utility function in parts i, ii, and iii.   Note, you may find it expedient to do i & iv together, and so on.

2. i.  Regarding cell phone usage, sketch the budget constraint under (a) a pay as you go plan and (b) a plan in which you pay a flat fee, t, for 
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 free minutes, then a per unit fee for every minute thereafter.

ii.  Sketch the preferences an individual must have in order to suffer a loss in utility under plan b.

iii.  Regarding school choice, assuming a public school tax equal to t, sketch the budget constraint when (a) there is also a private school choice for a minimum additional payment equal to t and (b) when there exist private school vouchers.

iv.  Sketch the preferences an individual must have if they choose the public school option before and after the voucher system is implemented.

3.  Given income, M, and goods, x and y, illustrate the substitution and income effects after the price of x falls when preferences are:

i.  Cobb-Douglas ('typical').

ii.  Leontief (perfect complements).

SECTION 1 SOLUTIONS

1.   Marginal Utility =  





2.  Substitution Effect:  A change in consumption of good x due to a change in the relative price of good x.

3.  Indifference Curve:  A set of consumption bundles all yielding the same utility.

4.  

.  Demonstrates the trade-off that maintains constant utility; it is the slope of the indifference curve.

5.  Income effect:  A change in consumption of good x due to a change in real purchasing power.

6.  Consumer equilibrium:  

.

Part II:
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ii.  In this case the marginal rate of substitution reflects not a trade-off, but a bribe.  The indifference curves have positive slope.  

.   

 since the marginal disutility of garbage increases as the amount of garbage increases.  As food consumption increases, 

.  Thus, 

.
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Part III:
1.  i.  

.  

Three points on the indifference curve are (x,y) = (16,0); (13,9); (0,256).

ii.  

, perfect substitutes.

The intercepts are (x,y) = (0,16); (8,0).

iii.  

 is the vertex of these perfect complements.  

The ray of vertices is 

.
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iv.  

.  

.  

.  

.

v.  

.  Budget Constraint: 
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.  The BC is steeper.  Optimal bundle is y=30, x=0.

vi.  

.
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SECTION 2
INTERTEMPORAL ALLOCATION

1.  Let preferences over current and future consumption be defined by  

.  Let the interest rate between periods be 10%.  Assume current income is $40,000 and future income is $50,000.  

i.  What is the present value of future income?

ii.  Find the optimal allocation of current and future consumption.  Is this individual relatively patient or impatient?

2.  Assume the interest rate increases from 10% to 20%.  

i.  On two separate graphs, illustrate preferences that indicate (a) a rise in utility after the rate increase, 

and (b) a fall in utility after the rate increase.

ii.  Explain the intuition justifying the outcomes in (i.a.) & (i.b.).  

Hint:  Look at possibly dominant income or substitution effects.

3.  Use the results from our intertemporal model to explain why, when compared to graduate students in other fields, graduate students in law tend to drive nicer cars despite being the same age and having comparable economic status.

4.  Using the two-period intertemporal model, describe the indifference curves of an individual who believes that Armageddon is to come in period two!

LABOR/LEISURE

1.  The year is 2015 and your little neighbor Tommy would like to go to Holy Cross to study English.  Unfortunately, Tommy also likes to watch TV.  Left to his own devises, he would forego studying completely and spend all his discretionary time (up to 60 hours per week) watching TV!  

    After complaining incessantly to you, Tommy's parents let slip that the little guy receives $100 a week in allowance.  Recalling a rather enlightening microeconomics course you once had at the Cross, you advise Tommy's parents to eliminate the 'free' allowance.  Instead, you tell them to pay Tommy $20 for every hour he studies.  

    i.  Use consumer choice theory to describe the effect of tying Tommy's allowance to his study time.  Under typical preferences would you expect Tommy's study time to increase?  Justify with a sketch.  

Hint:  Sketch the relevant budget constraint and indifference curves, comparing optimal bundles of TV time and allowance before and after you change the allowance policy.  

ii.  Under what conditions (preferences) will your suggestion not work?  That is, is it possible that, despite your suggestion,  Tommy could still devote all 60 hours to watching TV?  Be explicit and illustrate graphically.

2.  Assume that you have 60 hours per week to either work or use for leisure time.  Also assume that your hourly wage is $20.  The budget line for this scenario follows.  Incorporate the graph into your analysis.  Note that the slope of the line is  -w, where w is the hourly wage.
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i.  Describe the effects on the budget constraint and utility if your hourly wage increases to $25.  

ii.  When ones wage increases there is incentive to work more (because your time is more valuable now) and to allow for more leisure time (because leisure is a normal good).  When the wage increase leads to more working hours we say that the substitution effect dominates.  Why?  When the wage increase leads to more leisure (fewer hours spent working) we say that the income effect dominates.  Why?

iii.  Sketch two sets of preferences (indifference curves).  One must illustrate a dominant substitution effect and the other, a dominant income effect.

iv.  Referring to the original graph again, what is the effect on the budget line and potential effect on utility and leisure time if, at an hourly wage of $20, you now make "time and a half" after 40 hours ($30 per hour for each hour after 40).

3.  Assume that you have 60 hours per week to either work or use for leisure time.  Also assume that your hourly wage is $20.  The budget line for this scenario follows.  Incorporate figure 2 into your analysis.  Note that the slope of the line is  -w, where w is the hourly wage.
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i.  Describe the effects on the budget constraint and utility if your hourly wage 

increases first to $25 and then to $30.

ii.  Based on your answer to (i), sketch the labor supply curve.

iii.  Does your labor supply curve illustrate a dominant income or substitution effect?  Explain!

iv.  If necessary, amend your answer to (i) to generate a backward bending labor supply curve.  Illustrate and explain.

CONSUMER OPTIMA

Note, in the problems that follow use the method of  LaGrange Multipliers to obtain the optimal bundles.  

Feel free to use Maple V.5.

1.  i.  Given  

  px = 4 and py = 5, sketch the income-offer curve and Engel curve after determining the optimal bundles when m = 200, 300 & 400.  

ii.  Can you find the equation for the Engel curve with this information?

2.  Given 
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 with m = 200 and py = 5, sketch the price-offer curve for good x after determining the optimal bundles when px = 4, 3 and 2. 

3.  Find the demand function for x when py =5 and m = 200, assuming that preferences are given by 

.

4.  Given the preferences defined in (3), derive the value function.  Assuming m= 100,  px = 2 and py = 5, calculate the consumer's maximum utility.

5. i.  In what manner is Pareto Optimality efficient?

ii.  On the graph below explicitly demonstrate how point p could be Pareto optimal when starting from an allocation w.  "Spam" is considered a normal good - not that it matters here.




PRINCIPLES OF PRODUCTION

1.  (4 points)  The following illustrates short run costs.  Complete the table.

	Output
	0
	1
	2
	3
	4
	5
	6

	TC
	24
	
	
	108
	
	
	

	MC
	-
	16
	
	
	52
	
	

	TFC
	
	
	
	
	
	
	

	TVC
	
	
	50
	
	
	
	

	AC(ATC)
	-
	
	
	
	
	
	47

	AVC
	-
	
	
	
	
	39.2
	

	AFC
	-
	
	
	
	
	
	


2.   Determine whether the following statements are true or false.  You MUST explain your reasoning!

i.  Other things being constant, if the fixed costs of a firm were to increase by $100,000 per year, AFC and ATC would rise, but MC would remain unchanged.

ii.  A typical firm's average total cost (ATC) must fall with expansion of output if its marginal cost per unit is below it and falling.

iii.  Economies of scale (IRS) exist over the range of output for which the long-run average cost curve is falling.

iv.  At 10 units of output, a firm's U-shaped marginal cost and average total cost curves each equal $1000.  Therefore, at 11 units of output its marginal cost is less than $1000 and its average total cost is greater than $1000.

3.  What primarily distinguishes our new production model from that learned in principles?

PRODUCTION THEORY

1.  For each of the following production functions:

(a)  explicitly determine whether increasing, decreasing or constant returns to scale exist. 

(b)  illustrate (a) by sketching three appropriately chosen (and labeled) isoquants.


i.  



ii.  



iii.  



iv.  


2.  Assume that the production function for computer discs is 

.  In addition, assume that the wage is $10 and rent is $20.  

i.  Show that, with respect to these isoquants, the cost-minimizing combinations of capital and labor for 

Q = 20 occurs when twice as much labor as capital (L=2K) is used in production.  Why?  Provide intuitive reasoning.

Hint:  You have two equations,  

.  Solve simultaneously for L and K.  Then calculate the cost of this much L and K.  Finally, show that as you move along an isoquant (

) costs increase.

ii.  Using (i) find the equation for the long run output expansion path.  Sketch the path, illustrating several optimal output levels along it.

iii.  Holding capital fixed at 25 units, what is the cost minimizing amount of labor you will hire to produce 

Q = 20 units?  What is the total cost of this input combination?  How do these costs compare to those in (i)?  

GRAPHICALLY Illustrate the discrepancy.

3.  Given the production technology 

 with 

wage = 5 and rent = 15.  Explicitly derive and graph the equations for the 

LRTC, LRAC and LRMC curves.  Hint:  Watch for Corner Solutions!

4.  Assume that waste water and capital are necessary inputs for production (you need both to produce anything).  Using the accompanying graph, at an output level of Qo,  explain and illustrate  the effect on the optimal choice of inputs when a tax on the price (cost) of waste water, Pww, is imposed.
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5.  A firm has a production function F(L,K)=Q with constant returns to scale.  Assume r=2 and w=1.  When the firm produces 5 units of capital it uses K=2 and L=3.  How much K and L will it use when 

LRTC = 70?  Explain.

6. Given the production technology 
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 with 

wage = 5 and rent = 5.  Explicitly derive and graph the equations for the 

LRTC, LRAC and LRMC curves.  

7. Explain why unions usually support increases in the minimum wage despite the fact that most union employees earn three to six times the minimum wage.  

8.  Refer to Figure 3.
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i.  According to the graph, are there increasing, constant, or decreasing returns to scale?  Explain.

ii.  Based on (i), sketch the LRAC curve.  Use this to sketch the LRMC curve.

iii.  Fix capital at 2K.  Illustrate the SR iso-cost lines on figure 3 above.  

iv.  Use (iii) to derive and sketch the SRAC curve with the LRAC in (ii).

SECTION 2 SOLUTIONS
Intertemporal Allocation

1. i.  

.

ii.  The budget constraint is 

.  That is, the present value of consumption must equal the present 

value of income.  Alternatively, you can calculate the equation directly from the slope and vertical intercept  (y=mx+b).




2.  i.&ii.
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When patient, the individual is much more likely to benefit from the opportunity to substitute present consumption for future consumption.  

3.  Law students spend fewer years in graduate school and generally expect they have a higher present value of future income.

Thus, they are more likely to tolerate a greater amount of debt.

4.  In this case, the individual does not believe that there will be a period 2!  Thus, he will consume everything in period one.  
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Labor/Leisure
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ii.  When an increase in the wage leads one to work more, she is substituting labor for leisure time.  When an increase in the wage leads one to choose more leisure time (a normal good), then one is in effect 'purchasing' more leisure with the addition to the hourly wage rate (income).  
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Consumer Optima
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.  So, 

, 

  

  View the optimum as equations of 

x and M, and of y and M.  Therefore, the Engel curve for x is constant (vertical) since changes in M do not affect x 

.  

The Engel curve for y is linear, with a positive slope 

.  The Engel curve for y is sketched below.
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2.  Using the Maple worksheet from Take Home Test 1 (or use #3 below), if Px = 4, then y =10, x= 37.5 and  = .1347.  

If Px = 3, then y =10, x= 50 and  = .1672.  If Px = 2, then y =10, x= 75 and  = .2266.  Thus, the price offer (cons.) curve is horizontal.
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4.  From #3, use the BC to get 

.  Substitute this and 

 into u(x,y).
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.
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.  

We can check this directly:  u(x,y)= u(37.5,5)= 15.15(1.4953)=22.65.
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Principles of Production

1.

	Output
	0
	1
	2
	3
	4
	5
	6

	TC
	24
	40
	74
	108
	160
	220
	282

	MC
	-
	16
	34
	34
	52
	60
	62

	TFC
	24
	24
	24
	24
	24
	24
	24

	TVC
	0
	16
	50
	84
	136
	196
	258

	AC
	-
	40
	37
	36
	40
	44
	47

	AVC
	-
	16
	25
	28
	34
	39.2
	43

	AFC
	-
	24
	12
	8
	6
	4.8
	4


2.  i.  True.  TC=TFC+TVC.  So, AC=AFC+AVC.  Therefore, if TFC rises, this affects AFC and AC, but not any variable costs.  

Since TVC is the sum of the MCs, it follows that MC must have been unaffected as well.
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iii.  True by definition.  

iv.  False.  Refer to the graph in (ii).  MC > AC > 1000 at q=11.

3.  In our new model, capital can also vary.  Thus, it is by definition a long run model.

Production Theory

1.  See class notes.

2.  i.  This problem is easily solved by the Lagragian method.  (See the handout I supplied with Take Home 2).  

However, it is helpful to develop some intuition also.  This problem is designed for that purpose.

We assume wage is half the rent, yet production is unbiased with respect to L and K (both contribute equally, 

).

It follows that we would use twice as much labor as capital, L=2K.  

.  C=rK+wL =20K+10L =20K+10(2K) =40K =40(14.142) =565.68.  

To verify, look at the costs when K = 15 and K = 14.  

When K = 15, 

.  

When K=14, 

.  Both costs exceed 565.68.
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C=rK+wL = 15K + 5L = 15(0) + 5L.  Thus, C= 5L.  Also, Q= L+K = L+ 0 = L.  Therefore, the total cost function is C = 5Q.

LRAC= C/Q = 5Q/Q = 5.  Since LRAC is constant, LRMC = LRAC = 5 too.
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5.  

.  


At Q=5, C= 2(2) + 1(3) = 7.  When C' = 70 = 10(7) and it follows that t = 10.  


6.  From class we know that the cost minimizing solution is always at the vertex of the Leontief isoquant.  The ray of vertices 

is .5L = K or L = 2K.  It follows that C= rK+wL = 5K+5L = 5K+5(2K) = 15K.  Also, Q=.5L=K.  Therefore, LRTC = C = 15Q.  

Thus, LRAC = C/Q =15 = LRMC since average cost is constant. 
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8.  i.  According to the graph, F(2L,2K)<2F(L,K) and so on.  Thus, there are DRS.
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SECTION 3    

Competition and Collusion

1.  Samantha's Subs  is a firm in a perfectly competitive industry.  Assume that the industry price is $5.00.  

The cost structure for this firm follows.

QUANTITY(units):

0
1
2
3
4
5
6
7

TOTAL COST($):

4
8
11
13
16
20
25
31



TFC:

It is often
MR:

helpful to
MC:

calculate
TVC:

these 

AC:

first.

AVC:

i.  To maximize profits the firm should produce:

ii.  The firm's average variable costs are:

iii.  The firm's maximum profits are:

iv.  The firm would close in the short run if the market price dipped below:

v.  True or False:  Given the current situation, firms will enter the industry.  Explain.

vi.  True or False:  If the industry price were $4.00 firms will leave the industry.  Explain.

vii.  True or False:  A monopoly maximizes profits by choosing  Q where MR = MC and P where Q intersects demand.  Explain.

2.  Katie's Kitchen  is a monopoly facing demand p=60-6q.  

The cost structure for this firm follows. 

QUANTITY(units):

0
1
2
3
4
5
6


TOTAL COST($):

2
8
16
26
38
58
80


i.  What is the marginal revenue function for this firm?

ii.  In order to maximize profits how many units must the firm produce?

iii.  The firm will close immediately if price falls below $___:

iv.  True or False:  Katie's Kitchen is currently earning positive economic profit so it stands to reason that it is in a long run situation. 

3.  A perfectly competitive industry is said to have increasing costs if whenever firms enter the industry in response to the presence of pure economic profit, the increased demand for factors of production causes factor costs, and thus the firms' average costs, to increase.  Sketch the long run supply curve for the industry in the presence of increasing costs.  Hint:  the industry long run supply curve in your notes is horizontal because we implicitly assumed that costs remained constant throughout all adjustment processes.  However, our application concerning land values explicitly assumes increasing costs!

4.  Graphically illustrate and explain the following:

i.  A monopoly that can conceivably offer the same profit maximizing quantity at two different  prices.  

(What does this imply about monoplolies?)
ii.  A monoploly that would close immediately.

iii.  Why might requiring monopolies to charge a competitve price be unrealistic.  If one were forced to regulate monopoly prices, what price might be fair to both consumers and monpolists?  Use a graph!

5.  i.  Explain how the following "prisoner's dilemma" type game can explain competition and collusion among duopolists.  All values represent potential profits.  

ii.  What is the (Nash) equilibrium solution?   WHY is this an equilibrium (draw the proper arrows and briefly explain)?

	                       A\B
	
	                        Firm B
	

	
	
	Cheat 
	Collude

	                      Firm A
	Cheat
	10\10
	30\5

	
	Collude
	5\30
	20\20


6.  The market demand curve for an duopolistic industry is given by p = 36 - 3Q.  Assume that marginal cost 

is 0 (constant) for each duopolist.  Note:  MC=0 is not a trick!  It just makes the calculations a bit simpler!

i.  Find the Cournot equilibrium price, quantity and profits for each firm.  

State and graph the reaction functions of each firm.

ii.  Find the Stackelberg equilibrium price, quantity and profits for each firm.  

State and graph the reaction functions of each firm.

iii.  Find the Bertrand equilibrium price, quantity and profits for each firm.

iv.  Find the Cartel equilibrium price, quantity and profits for each firm.

7.  In the spatial model of monopolistic competition, assume there are 1000 total customers and 5 firms, each with 

TC = 100 + 4Q.  Calculate the price paid by the consumer if one way transportation costs equals $t.  Is the optimal number of firms greater than, less than, or equal to 5?  Explain.

Factor Markets

1.  A monopsonist's demand for labor is given by w = 18 - L and its AFC curve is given 

by w = 3 + 2L.  

i.  How many laborers will the monopsonist hire and what wage will he offer?

ii.  How many laborers will the monopsonist hire with a minimum wage of $11?

2.  Are the following statements True, False or Uncertain?  Explain your conclusions.  When 'uncertain'  provide conditions that would make the statement true or false.

i.   The marginal revenue product (MRP) curve is a firms demand curve for a factor of production.

ii.  An increase in the demand for bicycles will shift the MRP (Marginal Revenue Product) of bicycle factory workers left, causing the output (Q) of bicycle firms to rise.

iii.  A decline in the demand for movie tickets causes a decline in demand for cinema ushers.  This is an example of derived demand.

iv.  The market output rule that is analogous to the market input rule of MRP = MRC is P = MC.

v.  After hiring 30 units of the variable input labor, a firm determines that MRC (of labor) = 20 dollars, and the MRP (of labor) = 23 dollars.  Thus, the firm should  decrease the use of labor.

vi.  An increase in the wage rate will cause the demand curve for labor to shift.

3.  Explain how a price taking monopsonist differs from a typical perfectly competitive firm.  In particular, will wage equal marginal (labor) cost?  Why or why not?

4.  Explain the relationship between the rental rate and the interest rate.

SECTION 3 SOLUTIONS
1.  Samantha's Subs  is a firm in a perfectly competitive industry.  Assume that the industry price is $5.00.  

QUANTITY(units):
0
1
2
3
4
5
6
7

TOTAL COST($):
4
8
11
13
16
20
25
31

TFC=TC when Q=0:
4
4
4
4
4
4
4
4

MR=P in P.C.

5
5
5
5
5
5
5
5

MC=
[image: image6.wmf]TC

Q

D

D

:

-
4
3
2
3
4
5
6

TVC=TC-TFC:

0
4
7
9
12
16
21
27

AC=
[image: image7.wmf]TC

Q

:

-
8
5.5
4.33
4
4
4.17
4.43

AVC=
[image: image8.wmf]TVC

Q

:

-
4
3.5
3
3
3.2
3.5
3.86
i.  To maximize profits the firm should produce Q = 6, where MR = 5 = MC.

ii.  The firm's average variable costs are 3.5.

iii.  The firm's maximum profits are TR - TC = PxQ - TC = 5(6) - 25 = 5 > 0.

iv.  The firm would close in the short run if the market price dipped below minimum AVC = 3.

v.  True:  Given the current situation, firms will enter the industry since profit >0 and there are no barriers to entry.

vi.  False:  If the industry price were $4.00, MR = MC at Q = 5.  Here, profit = TR - TC = PxQ-TC= 20-20 =0.

vii.  True.

2.  Katie's Kitchen  is a monopoly facing demand p=60-6q.  

QUANTITY(units):
0
1
2
3
4
5
6


TOTAL COST($):
2
8
16
26
38
58
80

Price=60-6Q:

60
54
48
42
36
30
24


TFC=TC when Q=0:
2
2
2
2
2
2
2

MR=60-12Q:

60
48
36
24
12
0
-12

MC=
[image: image9.wmf]TC

Q

D

D

:

-
6
8
10
12
20
22


TVC=TC-TFC:

0
6
14
24
36
56
78


AC=
[image: image10.wmf]TC

Q

:

-
8
8
8.67
9.5
11.6
13.33


AVC=
[image: image11.wmf]TVC

Q

:

-
6
7
8
9
11.2
13

i.  The marginal revenue function for this firm is the derivative of TR=PxQ; MR = 60 - 12Q.

ii.  In order to maximize profits the firm must produce Q = 4 where MR = MC = 12.

iii.  The firm will close immediately if price falls below minimum AVC = 6.

iv.  True: Katie's Kitchen is currently earning positive economic profit so it stands to reason that it is in a long run situation because of the presence of barriers to entry (TR-TC= 36(4)-38=106).

3.  A perfectly competitive industry is said to have increasing costs if whenever firms enter the industry in response to the presence of pure economic profit, the increased demand for factors of production causes factor costs, and thus the firms' average costs, to increase.  
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4.i.  A monopoly does not have a typical supply curve.  Depending upon the placement of the MR curve, it is possible that a change in demand may lead to a change in either price or quantity, but not necessarily both!




Can you sketch two distinct situations that coincidentally have identical profit maximizing prices at 

different quantities?

4.ii. 
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4.iii.  Also see handout.
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5.i.  See handout.  

5.ii.  Even if the two duopolists agree to collude, each could increase profits by cheating (increasing output).  Once one firm realizes that his former partner is cheating, he will no longer honor the agreement.  The outcome

 (A, B)= (cheat, cheat) is the Nash equilibrium.
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6.  Duopoly:  Consider an oligopolistic industry with two firms.  

6.i.  Cournot Quantity Competition  (Symmetric Game):  Assume industry demand is given by 

, where each firm has only labor costs, 

.  Each firm has half the market, so market demand can be expressed as 

. 


Since firm 1 controls half the market, it faces demand 

 where 

 is fixed.  (Similarly firm 2 has demand
[image: image12.wmf]12
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.)  


Marginal Revenue for firm 1 is:



.


To maximize profits the firm will produce the quantity commensurate with MR=MC.  



.  The equation, 

, is called firm 1's reaction function.   By symmetry, firm 2's reaction function is 

. 




Industry price is 

.  

Thus, for each firm, 

 Henceforth, note that 
[image: image13.wmf]iii
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6.ii.  Stackelberg Competition  (Quantity Leader):  Assume that firm 1 (leader) knows firm 2's (follower) reaction function.  It can increase profits by incorporating this information.


Again industry price is 

.  The leader substitutes the reaction function for firm 2 into its demand, 

.  

.

The profit maximizing quantity is found by setting

.


The follower's quantity is then determined by its reaction, 

.

Industry output is Q=9.
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Industry price is 
[image: image14.wmf]P363(9)9
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.  
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.  Note that the leader's profit is larger than in the Cournot scenario, whereas the follower's profit is less.  Thus, having information that your competitors do not have is a blessing for you and a curse for them!

6.iii.  Bertrand (Price) Competition:  Here the duopolists act as perfect competitors until P=MC.  
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 for each firm.  
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 for each firm.

6.iv.  Cartel (Monopoly outcome):   
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 for each firm.  Note that profits for both firms are higher than all other scenarios.

7.  
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.  The consumers' price is 
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 where 
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 is the average one-way distance a consumer must travel and t is the one-way fare.  The number of customers per firm is 
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.  

The goal is to minimize 
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 with respect to N:
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 is the optimal number of firms. 

Thus, if 
[image: image27.wmf]t5.92

£

, the optimal number of firms is 
[image: image28.wmf]5
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.  If t >5.92, the optimal number of firms is >5.
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