Bill Gates
Problem Set 2:  Answers

EC202 Economics

Illustrative Problem:  Answer
A.
Total costs are $160 when output is zero.  Therefore, fixed costs are $160.  Values in the other columns can be calculated as follows:   VC = TC - FC;  ATC = TC/Q; AFC = FC/Q; AVC = VC/Q; MC = ∆TC/∆Q = ∆VC/∆Q.

  Q  
  TC  
  FC  
  VC  
  ATC  
  AFC  
  AVC  
  MC    

   0
$160
$160
$   0
$   -  
$   -
$  -









0.80

 100
 240
 160
   80
  2.40
  1.60  
 0.80









0.60

 200
 300
 160
  140 
  1.50
  0.80
 0.70









0.40

 300
 340
 160
  180
  1.13
  0.53
 0.60









0.20

 400
 360
 160
  200
  0.90
  0.40
 0.50









0.30

 500
 390
 160
  230
  0.78
  0.32
 0.46









0.40

 600
 430
 160
  270
  0.72
  0.27
 0.45









0.60

 700
 490
 160
  330
  0.70
  0.23
 0.47









0.80

 800
 570
 160
  410
  0.71
  0.20
 0.51









1.20

 900
 690
 160
  530
  0.77
  0.18
 0.5










2.00

1000
 890
 160
  730
  0.89
  0.16
 0.73

a.  From the Table, AVC hit their minimum of $.45 at 600 units of output and ATC hit their minimum of $.70 at 700 units of output.  MC should equal AVC and ATC at their minimum points.


b.  If price falls below AVC, the firm will not cover its variable production costs.  If it continues to operate, it will lose all its fixed costs and some of its variable costs.  If it shuts down, it only loses its fixed costs.  Therefore, if price falls below the minimum of its AVC, it will shut down.


c.  If price is below ATC, the firm's profits are negative.  If price equals ATC, profits are zero and the firm breaks even.  If price is above ATC, profits are positive.  If price is below ATC but above AVC, the firm will continue to operate even though it is losing money.  By shutting down, the firm loses its fixed costs.  As long as price covers variable costs and makes some contribution to fixed costs, the firm minimizes its loses by operating.


d.  To maximize profits, the firm wants to equate MC and MR.  For a competitive firm, MR is equal to price (the firm can sell as much as it wants at the going market price without affecting it).  Therefore, the firm should produce where MC = $1.00.  This occurs at an output of 800 shoelaces (MC equals $.80 at 750 and $1.20 at 850).


e.  Any profit maximizing firm is willing to supply output up to the point where MR = MC (or price = MC for competitive firms).  Therefore, the supply schedule corresponds to the MC curve.  However, the firm would shut down in the short run if price falls below AVC, because the firm would be better off not producing (minimizes losses).  So the supply curve corresponds to the MC curve where it lies above the AVC curve.

Tie-Rite's supply curve is equal to its MC curve above AVC.  The quantity that Tie-Rite would supply at each price can be read from the MC curve.  However, if price falls below the minimum of the AVC curve ($.45), the quantity supplied is zero.  The industry supply is 100 times Tie-Rite's supply.  The Table can be filled in as follows:



Quantity
Quantity Supplied
Quantity Supplied by

  Price

Demanded
by Tie-Rite

100 Identical Firms
$1.60

22,500

900


90,000

 1.00

36,000

800


80,000

 0.70

42,000

700


70,000

 0.50

60,000

600


60,000

 0.30

72,000

  0


     0


f.  In the shoelace industry, the quantity supplied and demanded are equal when price is $.50 and output is 60,000 shoelaces.  This is the short run equilibrium point.


g.  At a market price of $.50, each firm has a total cost of $430 and revenues of $300.  Therefore, they are operating at a $130 loss.  Because this loss is less than their $160 fixed costs, they continue to operate in the short run.  In the long run, some of the firms will leave the industry and industry output will decrease.  As firms leave the industry, the market price begins to rise (shift in the supply curve causing a movement along the demand curve).  Firms remaining in the industry respond by increasing their output, but total industry output falls because there are fewer firms in the industry.


h.  Firms continue to exit until price rises to $.70, the breakeven point (minimum ATC).  At this price, 42,000 shoelaces are demanded.  Each firm is willing to supply 700 shoelaces at $.70, so the total number of firms in the industry is 42,000/700 = 60.  This is the long run equilibrium point.

Since there are 60 firms in the industry in long run equilibrium, industry supply is 60 times Tie-Rite's supply.  The Table can be filled in as follows:

Price  

      Qd_____

Qs by Tie-Rite 
Qs by all Firms    


$1.60

    22,500

   1300

     78,000

 1.00

    36,000

   1200

     72,000

 0.70

    42,000

   1100

     66,000

 0.50

    60,000

   1000

     60,000

 0.30

    72,000
 
    900

     54,000


i.  In the shoelace industry, the quantity supplied and demanded are equal when price is $.50 and output is 60,000 shoelaces.  This is the short run equilibrium point.


j.  If the breakeven market price is $.30 and the market price is $.50, firms in the industry are earning excess profits.  This encourages other firms to enter the industry in the long run, expanding industry output.  This expansion reduces market price (shift in the supply curve causing a movement along the demand curve).  As market price falls, firms in the industry reduce their output, but industry output increases because there are more firms.

k.  Firms continue to enter the industry until prices fall to the breakeven price ($.30) and profits are again zero.  At this price, 72,000 shoelaces are demanded.  Each firm in the industry supplies 900 shoelaces.  The number of firms in the industry is 72,000/900 = 80.  This is the long run equilibrium.

Required Problems

1.
a.
If TC = 1600 +100q + 0.3q3  =>  FC = 1600 and VC = 100q + 0.1q3  =>  ATC = 1600/q + 100 + 0.1q2 and AVC = 100 + 0.1q2.  The break even point is where MC = ATC  =>  100 + 0.3q2 = 1600/q + 100 + 0.1q2  =>  q = 20, ATC = MC = 220.  The shutdown point is where MC = AVC  =>  100 + 0.3q2 = 100 + 0.1q2  =>  q = 0, MC = AVC = 100.


b.
The short run supply curve shows thew relationship between the quantity supplied and market price.  To maximize profits, firms produce where MR = MC.  But in perfect competition, MR = P.  Thus, firms produce where P = MC.  For an individual firm in perfect competition, the MC curve shows thew relationship between price and quantity supplied, for all values above the shutdown point.  This is the firm's supply curve.  The short run industry supply curve is the horizontal sum of the individual firm's MC curves.  (The horizontal sum adds the quantity supplied by all firms at each market price.)


c.
Industry output and price is determined by Qs = Qd  =>  100 + .003Q2 = 300 - .002Q2  =>  Q = 200  =>  P = 220 (from either the supply or demand curves).  Because 220 is the break even price, we know that π = 0.  Finally, because P = 220, we know from the break even point that when P = 220, P = MC  =>  q = 20.

d.
A decrease in fixed costs will reduce ATC, but leave MC and AVC unchanged.  Because MC doesn't change, there is no change in the short run industry supply.  Thus, in the short run, there is no change in industry price and output.  If price doesn't change, output per firm won't change either (this is consistent with the stability of industry output).  Finally, profits increase by the decrease in FC, π = 925.

2.
a.
Fuel costs are a variable input.  If variable costs increase, ATC, AVC and MC increase in the short run.  As a result, the short run industry supply curve for air travel decreases (shifts left).  Industry price increases and output decreases.  In turn, output and profits per firm decrease (because the industry demand curve is downward sloping, the increase in price is less than the increase in costs, so the firms face an effective price decrease).  In the long run, firms leave the industry because π < 0.  As firms leave, the supply curve deceases further.  Thus, industry price increases further and industry output continues to decrease.  The increase in industry prices causes output and profits per firm to increase until π = 0 (industry output decreases as output per firm increases because there are fewer firms in the industry).


b.
A decrease in demand shifts the demand curve to the left.  The firms' cost curve and industry supply are unaffected.  Thus, industry output and price decrease.  As price decreases, firms reduce output and their profits fall (π < 0).   In the long run, firms leave the industry because π < 0, and the long run response is the same as in part a.  As firms leave, the supply curve deceases, industry price increases and industry output continues to decrease.  The increase in industry prices causes output and profits per firm to increase until π = 0 (industry output decreases as output per firm increases because there are fewer firms in the industry).  Because the firms' ATC have not changed, price will return to its original level.


c.
It is impossible to predict what happens to industry price in the short run if both changes occur simultaneously.  The increase in costs will tend to increase price while the decrease in demand will reduce price.  The net effect depends on the relative size of the changes and the elasticities of demand and supply.  In any case, industry output will decrease.  Similarly, output and profits per firm will decrease (the firms' costs have increased while price either decreases or increases by less than the increase in costs).  The number of firms does not change in the short run.


d.
In the long run, firms will leave the industry because π < 0.  This will cause the same long run response as described for parts a and b.  Industry price will increase until it reaches the minimum point of the new ATC.  This is the same level as found in part a.  However, industry output and the number of firms will be less than found in part a, because the increase in costs is aggravated by the decrease in demand.  Because the price is the same as in part a, output per firm will equal the same value as found in part a.

3.
a.
Crude oil is an input in the production of gasoline.  If crude oil production in the Middle East decreases (i.e., the supply curve shifts left), the equilibrium price of Middle East crude increases and the equilibrium quantity decreases.  When the price of crude oil increases, the ATC, AVC, and MC curves for refining gasoline increase in the short run for all firms in the industry except ARCO.  ARCO's cost curves don't change because the cost of Alaska crude hasn't increased.  If the short run MC for all but one firm in a perfectly competitive industry increase, the industry supply curve decreases (one firm is a small enough part of the market that it can't significantly affect the market).  The short run industry price of gasoline increases and industry quantity decreases.  Unless the short run demand for gasoline is completely inelastic, price increases by less than costs for all refineries using Middle East crude.  Thus, output per firm will decrease and π < 0.


For ARCO, costs have not increased so ARCO can continue charging the same price, in which case the firm produces the same output and earns zero profits.  In this case, their prices would be lower than the rest of the industry.  There would be excess demand for ARCO gas because everybody would want the cheaper gas.  ARCO would not increase output to serve this excess demand without raising prices because they are producing the profit maximizing output at that price.  Excess demand for ARCO gas would lead to one of two solutions.  If ARCO didn't raise prices, lines would form at ARCO stations and the total cost of ARCO gas would increase until it equaled the cost of gas at other stations.  Alternatively, ARCO could raise prices until the excess demand disappeared (i.e., ARCO prices equal the market price).  At this price, ARCO would expand output so that P = MC (though they would not take over the market and become a monopolist unless their MC curve was essentially flat).  ARCO would make excess profits.  (Note:  ARCO can't keep the short run cost of gas below the market price despite government pleas to relate prices and costs.)
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b.
In the long run, refineries using Middle East crude leave the industry if π < 0  As refineries leave, the price of gasoline increases further, industry output decreases, and output and profits per firm increase.  This continues until refineries using Middle East crude make zero profits.  The long run analysis for ARCO is similar to the short run.  As price goes up, ARCO can keep prices constant, creating excess demand and gas lines, or they can raise prices, increasing both output and profits.  The later result is more likely.

c.
Over time, ARCO's cost curves should increase to equal the cost curves of refineries using Middle East Crude.  The analysis in parts a and b looks at changes in output as price of the product changes, ceteris paribus (the price of Alaska crude oil was assumed to stay constant).  In reality, as ARCO expands its production of gas, its demand for Alaska crude increases.  The other refineries will also want to substitute Alaska for Middle East crude,further increasing demand for Alaska crude.  As demand for Alaska crude increases, the price also increases.  This increases  ARCO's costs, just as costs for other refineries increased with the increase in Middle East crude prices.  Even if ARCO had exclusive rights to Alaska crude, the opportunity cost of Alaska crude would increase.  If ARCO did not use all their Alaska crude oil, they could resell it to other refineries at the price of Middle East crude oil (assuming that the types of oil are perfect substitutes).
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4.
United should continue this red-eye service as long as the MR exceeds the MC of providing the service.  The marginal cost is determined by the variable costs of this service.  Thus, any fixed costs that are allocated based on expected number of flights should not be considered.  The other costs are all variable costs that United would not incur if they did not offer the flight.  These costs sum to $4000/flight.  If tickets sell for $200, United would have to sell 20 tickets to make the flight worthwhile.  (this assumes that United has no other motivation to provide this flight, e.g., to position planes for other flight, carry freight, provide feeder service for other flights, etc.)

5.
a.
From supply and demand, .0005Q = 250 - .002Q  =>  .0025Q = 250  =>  Q = 100,000, P = 50.  If P = 50, P = MC  =>  50 = .05q  =>  q = 100 (which also equals Q/# = 100,000/100).  Finally, π = (P - ATC)q.  ATC = 25000/q + 0.025q; when q = 1000, ATC = 50  =>  π = 0.  The industry is in short and long run equilibrium.


b.
i.)
If q = 4K1/2L1/2 and K = 25, q = 4(251/2)L1/2 = 20L1/2  =>  L = q2/400.  TC = PKK + PLL = 1000K + 12.5L  = 25,000 + 12.5(q2/400)  =>  TC = 25,000 + 0.03125q2.  MC = ∆TC/∆q (or using calculus dTC/dq)  =>  MC = 0.0625q.  If # = 100, q = Q/100.  The industry supply curve is the sum of the MC curves for all 100 firms in the industry  =>  substitute q = Q/100 into MC  =>  MC = P = 0.000625Qs.



ii.)
Following the procedure developed in class and above, start with the industry and work to the firm.  S = D  =>  0.000625Q = 250 - 0.002Q  =>  250 = 0.002625Q  =>  Q = 95,238, P = 59.52.  For the firm, P = MC  =>  59.52 = 0.0625q  =>  q = 59.52/0.0625  =>  q = 952.38 (= Q/# = 95,238/100).  π = (P - ATC)q; ATC = 25,000/q + 0.03125q = (25,000/952.38) + 0.03125(952.38) = 26.25 + 29.76 = 56.01  =>  π = (59.52 - 56.01)952.38 => π = 3342.86.  Finally, # = 100, because the number of firms doesn't change in the short run.



iii.)
The increase in costs increases the ATC, MC and AVC proportionally, as shown in the graph.  This increases the break-even price and reduces the break-even quantity.  The increase in MC shifts the industry supply curve to the left, as shown.  The new equilibrium price rises and firms actually make a profit in the short run (consumers more than bear the entire cost of health care).  Over time, new firms enter and compete these profits away.  As price falls, output per firm falls and profits equal zero.



iv.)
In the long run, firms will enter because the existing firms are making a positive profit.  In fact firms will continue to enter until price falls to the new break-even point.  From the firm's new ATC and MC, this occurs at q = 894.4 and P = 55.90.  At this price, industry demand is 97,050.  If each firm is producing 894.4, the industry can support 108.5 firms.  Profits will be zero.

6.
a.
The loss of oil from Iraq and Kuwait has reduced the supply of oil.  This will shift the supply curve to the left.  At the old market price, there would be an excess demand.  As a result, price will increase (movement along the demand curve) until we reach a new equilibrium price.  The equilibrium price will be higher than before the loss of supply, and the quantity exchanged will be lower.  The sizes of these changes depend on the elasticity of both demand and supply (i.e., how sensitive is the quantity demanded to changes in price and how easy is it for suppliers to increase output in the short run).  The market price reflects the total cost of purchasing gasoline because there is no shortage in equilibrium.


b.
If the government feels that gas price increases will have a detrimental impact on the economy (i.e., lead us to a recession), then a frequent recommendation is to impose a price ceiling that holds gas prices to their previous market value (no additional change in demand or supply).  This increases the quantity demanded and reduces the quantity supplied, creating an excess demand.  Price no longer equates the quantity supplied and demanded.  Thus, alternative mechanisms must be used to allocate the limited supply to consumers (i.e., first come first serve).  These alternative mechanisms generally increase the total cost of purchasing gas by adding an opportunity cost.  To eliminate the time cost of standing in line, rationing is frequently recommended in conjunction with price ceilings.  Ration coupons can restrict the quantity demanded to equal the quantity supplied.  However, they also create an opportunity cost.  Ration coupons have a value, either on legitimate or black markets.  Thus, it is almost impossible to keep the total cost of gasoline below its equilibrium value.  In fact, it may rise substantially above its equilibrium value if the price ceiling significantly reduces the quantity supplied.


c.
The price received by suppliers is lower but the total cost paid by consumers is higher with a price ceiling case.  Furthermore, consumers receive less gas in the price ceiling.  Thus, consumers should prefer the market to the misleading appeal of price ceilings.  Furthermore, price ceilings impair long run responses to loss of oil supplies.  If prices are held artificially low, producers will not get the signal that they should increase supplies (more realistically, they know that there is excess demand at the ceiling price, but they have less incentive to increase the quantity supplied).  Thus, supplies may not expand as quickly in the long run if there is a price ceiling.  Price ceilings cause both short and long run misallocations.


As to an alternative policy that helps minimize short run price increases, your guess is as good as mine.  This is your chance to be imaginative.

7.
a.
A monopolist maximizes profits by producing where MC = MR and charging the price the market can bear (I will replace q with Q because the firm is the industry).  MR = ∂TR/∂Q = ∂(PxQ)/∂Q  =>  MR = 100,000 - 240Qd.  Setting MC = MR yields:  10,000 - 120Q + .36Q2 = 100,000 - 240Q  =>  Q ≈ 360.  From the demand curve, P ≈ $56,800 when Q = 360.  Finally, π = (P - ATC)Q.  ATC = 45,620 when Q = 360  =>  π = $4,025,280.  In this case the firm is in long and short run equilibrium.  Even though the firm is making positive profits, entry is blocked so firms cannot enter the industry.  The only possible long run adjustment would be a change in the monopolists capital stock to increase long run profits.  This is not possible with the cost curves given here.


c.
Compared to a competitive industry with a similar cost structure, the monopolist produces less (360 versus 500) and charges a higher price ($56,800 versus $40,000).  This enables the monopolist to earn excess profits.  More troublesome, however, is that P > MC.  Monopolies introduce an inefficiency.  The total value of all goods and services produced is not maximized.

MONOPOLY VERSUS PERFECT COMPETITION
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d.
If market demand increases to 130,000 - 120Qd, MR will also increase.  In fact, MR = 130,000 - 240Qd.  The monopolist will produce where MC = MR, and charge the maximum price the market will bear.  Thus, the monopolist will increase output and price in the short run.  In particular, MC = MR  =>  10,000 - 120Q + .36Q2 = 130,000 - 240Q  =>  Q ≈ 434.  From the demand curve, P ≈ $77,920.  Finally, π = (P - ATC)Q.  ATC = 41,124 when Q = 434 (Q is below the output where ATC is minimized so that ATC decreases as Q increases), so π ≈ $15,970,000.  As explained above, there is no further long run adjustment.

INCREASE IN DEMAND
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e.
If a monopolist's fixed costs increase, it will not affect MC, demand or MR.  The monopolist will not adjust short run price or output, however, the monopolist's profits decrease by the increase in fixed costs.  In this case, Q ≈ 360, P ≈ $56,800, and π = $3,025,280.  Thus, π decreases by $1,000,000.  There is no long run adjustment.  If the firm was producing the level of output that maximized the difference between revenues and operating costs, a change in fixed costs should not affect output and price (i.e., nothing has happened to change the output and price that maximize the difference between revenues and operating costs).  The only possible long run adjustment is if the monopolist leaves the industry (the increase in fixed costs made π < 0).

INCREASE IN FIXED COSTS
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