Bill Gates

Quiz 2:  Answers

MN3140  Microeconomics 
Fall 2000
1. a.
As shown in the graphs below, the industry supply and demand curves to determine the industry output and price.  To maximize profits, the firm then chooses the output for which industry price equals it’s marginal cost (P=MC).  Profits are determined by subtracting average total cost from industry price (determines average profits per unit) and multiplying by the firm’s output level ((P-ATC)*q).  Finally, the number of firms in the industry is determined by dividing industry output by output per firm (# = Q/q), assuming all firms are identical.
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The calculations to determine the firms cost curves are as follows:






TC = PkK + PlL = 4K + L, if K = 4  =>






TC = 16 + L

From the production function:  
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Plugging this into the TC expression:
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From the industry supply and demand curve:  

0.000125Q = 4 - 0.000125Q  =>  4 = 0.00025Q  => Q = 16,000, P = $2
From the firm’s cost curves:

 If P = 2, P = MC  =>  
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In this case, supply equals demand in the industry, the firm is producing the profit maximizing output, and ( = 0. Thus, the industry is in long run equilibrium. If ( where greater (less) than zero, firms would enter (leave) the industry.  This would increase (decrease) industry supply, causing industry price to decrease (increase).  This would continue until sufficient firms entered (left) the industry that industry price returned to its breakeven level and profits returned to zero or the marginal firm in the industry.

b. The firm is using a technically efficient mix of capital and labor if:
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This is consistent with the expected result.  K and L have equal exponents in this Cobb-Douglas production function, so labor and capital are used in the inverse proportion of their relative prices.  In this problem, K = 4.  Furthermore, from the relationship between L and q derived above, L = 16 if q = 16.  Thus, L = 4K; labor and capital are used in their optimal proportions.

c. One firm cannot significantly affect industry price or output in perfect competition (the first assumption of perfect competition).  Therefore, industry price will remain P = 2.  The innovative firm will treat this price as given, and maximize profits assuming price will not be affected by any increases in the firm’s output.  The innovative firm’s cost curves can be determined using the methodology in part a.  In particular:

From the production function:  
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Plugging this into the TC expression:
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From the firm’s cost curves:

If P = 2, P = MC  =>  
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Checking the innovative firm’s impact on industry price, if one firm produces 64, while 999 firms produce 16, industry output is 16048.  From the demand curve, P = 1.994.  Price would only decrease by $.006.  This would not have any significant effect on the output in the remaining firms in the industry. Thus, they would continue to produce 16 units and earn zero profits.  No firms without access to the new technology would want to enter the industry.

d.
The firm is using a technically efficient mix of capital and labor if:
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In this problem, K = 4.  Furthermore, from the relationship between L and q derived above, L = 64 if q = 64.  Thus, L = 16K; labor and capital are not used in their optimal proportions.  The firm should use more capital than it is currently using in relation to the quantity of labor used.  As the firm expands its capital stock, it will affect the firms MC and ATC.  From this Cobb-Douglas production function, the sum of the exponents exceeds 1, so the firm will experience increasing returns to scale.  As it increases its capital stock, average total and marginal costs decrease.  The firm’s profit maximizing output level will increase, and its breakeven cost will decrease.  Thus, the firm will continue expanding.  Because it always faces increasing returns to scale, it will eventually dominate the market.


If you didn’t recognize that this firm faced increasing returns to scale, which is likely the case, you could discover the same answer if you calculated MC and ( for the firm if it increased its capital stock (e.g., calculate the firm’s output and profits when K = 16 instead of 4).  Alternatively, you could determine the optimal capital/labor mix and average costs if the firm produces the current industry output level, 16,000).  Finally, I accepted answers that simply addressed the issue of returns to scale.

2.
a.
The optimum quantity of capital and labor is determined by equating their ratios of marginal benefits to marginal costs.  In this case, the MB of either labor or capital is the extra output of computers (textiles) produced with one more unit of labor in computer (textile) production.  The MB of capital is the change in computer (textile) output using one more unit of capital.  The MC of labor (capital) is the change in the firm’s total cost as it hires one more unit of labor (capital).  Thus, the ratio of MB to MC for labor shows the extra computer (textile) output the firm produces by spending an extra dollar on labor; the ratio of MB to MC of capital shows the extra computer (textile) output the firm produces by spending an extra dollar on capital.   This can be found mathematically by using either Legrange, or by directly computing the ratios of MC to MB as below, for computers and textiles, respectively:
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b. In this case, the conditions for the efficient mix of capital and labor are as described in part a:  the ratios of the marginal benefits to marginal costs must be the same for both capital and labor in computers and in textiles.  However, in this case here is a limited supply of capital and labor.  The economy cannot buy more capital or labor; producers must make do with the total quantities on-hand.  Thus, when the computer (textile) industry uses an additional unit of labor, the textile (computer) industry must make do with one less unit of labor; the same holds for capital.  As a result, the MC of capital and labor in computers (textiles) is the opportunity cost of the lost output in textiles (computers).  Mathematically, this condition can be stated as follows:
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In both of these cases, the constraint on the total capital and labor available can be used to simplify these expressions further (e.g., Lc = 5000 – Lt, and Kc = 1000 – Kt).  The tangency points between the isoquants in an Edgeworth box can also illustrate the optimal C and T mix.  Because exponents on L and K are different, for both C and T, the optimal mix is not on the diagonal line in this case.  Also notice that both expressions yield the same results.  With only two industries, the optimal mix of capital and labor in one necessarily implies the optimal mix in the other.


i.
The MC terms are different in determining the technically efficient mix of capital and labor in parts a and b.  This would indicate that that the two problems would yield different optimal combinations.  However, in the long run, the combinations will be the same.  The optimal mix in part b ensures that there is no excess demand or supply for either labor or capital.  In competitive markets, any prices for K and L that do not balance the quantity of capital and labor demanded and supplied will tend to adjust over time.  Input prices will stop adjusting when the quantity of both capital and labor demanded and supplied just balance.  This will yield the same capital and labor mix in part a as found in part b, though labor and capital prices would likely adjust from the values given in part a (I did not try to find the optimal price ratio for part a).

c.
As indicated by the exponents on K and L in the production functions, capital has a larger impact on output in the computer industry, and labor has a larger impact on output in the textile industry.  Thus, countries with relatively lower capital prices will tend to emphasize more capital-intensive products, such as computers; countries with relatively lower labor prices will tend to emphasize more labor-intensive products, such as textiles.  Thus, domestic producers will emphasize computers and foreign producers will emphasize textiles.  Looking at the optimum capital labor ratio with the foreign input prices can reinforce this result.  The lower labor costs will favor the product that uses relatively more labor, the higher foreign capital prices will hurt the product that uses relatively more capital.  For example, if Pkf = 120, Plf = 2 as stated below, then Lc = 20Kc vice Lc = 4Kc in part a, and Lt = 180Kt vice Lt = 36Kt in part a.


i.
As imports increase from the foreign country, total supply increases in the domestic market, reducing price and increasing equilibrium quantity.  As market price decreases, production by domestic firms will decrease and profits will fall below zero.  Domestic producers will begin leaving the industry.  If the foreign breakeven price is below the domestic breakeven price, foreign producers will drive out all domestic producers.  If the foreign breakeven price is not below the domestic breakeven price, at least for the most efficient domestic producers, the industry will support both domestic and foreign producers.  The same process in reverse characterizes the computer industry, where the domestic country is an exporter. (A further complication involves exchange rates.  Comparisons between breakeven prices involve production technologies (production functions), input prices and exchange rates.  Thus, exchange rates can adjust to support both domestic and foreign producers in long run equilibrium).

d.
Import restrictions are not necessary to retain domestic production.  Production costs depend on production technology and input prices.  Generally, countries with lower labor costs face higher capital costs.  Thus, they will pick input mixes that emphasize their relatively lower labor costs.  This will give them an advantage in labor intensive products, but put them at a disadvantage in capital intensive products.  When added to exchange rate considerations (which I did not expect you to address in your answers), trade restrictions are not required to retain domestic jobs.  International trade may adversely affect employment in certain industries, but there is no evidence that increasing trade, or even increasing trade deficits, is correlated with higher domestic unemployment rates.

3.
a.
As shown in the graphs below, the industry supply and demand curves to determine the industry output and price.  To maximize profits, the firm then chooses the output for which industry price equals it’s marginal cost (P=MC).  Profits are determined by subtracting average total cost from industry price (determines average profits per unit) and multiplying by the firm’s output level ((P-ATC)*q).  Finally, the number of firms in the industry is determined by dividing industry output by output per firm (# = Q/q), assuming all firms are identical.
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To complete these calculations, the demand and supply curves are given, we need to determine the firm’s MC from the ATC given in the problem.  In particular, if:
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  =>  TC = ATCxq = 20,000 + 50q + 0.5q2   =>
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Thus, equilibrium in the industry implies:




350 – 0.005Q = 50 + 0.01Q  =>




300=0.015Q  =>  Q = 20,000; P = $250 (from either the demand or supply curve)

If P = 250, for the firm:




P = MC  =>  250 = 50 + q  =>  q = 200



If q = 200, 
[image: image19.wmf]ATC

q

q

=

+

+

=

+

+

=

+

+

=

20

000

50

0

5

20

000

200

50

0

5

200

100

50

100

250

,

.

,

.

(

)





( = (250 – 250)*200  =>  ( = 0



Finally, # = Q/q = 20,000/200  =>  # = 100.

This industry is in long run equilibrium because firm’s are earning zero economic profits.  If profits were positive (negative), firms would enter (leave) the industry in the long run, attracted by the positive (negative) profits.  As firms enter (leave) the industry, the supply will increase, or shift right (decrease, or shift left), increasing (decreasing) equilibrium output and decreasing (increasing) industry price.  As industry price decreases (increases), output and profits per firm will also decrease (increase).  This will continue until profits fall to zero (equilibrium price reaches the breakeven price).  In this case, breakeven price for the firm is where MC = ATC (minimum of the ATC curve). 

b.
The monopolist maximizes profits by producing the output where MC = MR.  MC is determined from the firm’s cost curves; MR is determined from the industry demand curve.  This is pictured in the graph below.
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From the demand curve:




P = 350 – 0.005Qd  =>  TR = PxQ = 350Q – 0.005Q2  =>
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Profit maximization requires MC = MR  =>




MC = MR  =>  50 + 0.01Q = 350 – 0.01Q  =>  300 = 0.02Q  =>  




Q = 15,000, P = 275 from the demand curve.

If Q = 15,000, the firm’s ATC is:  
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  ATC = 258.33




( = (P – ATC)Q = (275 – 258.33)15,000  =>  ( = $250,000.


i.
In the long run, entry is blocked into the industry.  Thus, the only possible long run change involve the monopolist adjusting its capital stock to further increase profits.
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c.
Efficiency in the mix of outputs requires the ratio of MB to MC be the same across industries.  The MB can be measured by the price consumers are willing to pay for the last unit purchased (i.e., price from the demand curve); MC is measured by the marginal production cost for the last unit produced.  In perfect competition, the industry marginal cost of producing the last unit of output in the industry is the same as the MC at each firm in the industry.  (all profit maximizing firms produce the output where P = MC, and all firms face the same P.  Thus MC is the same for all firms.)  In particular:




In perfect competition:
P = MB = 250; MC = 250  =>  MB/MC = 1



In monopoly:  
P = MB = 275; MC = 200  =>  MB/MC = 1.375
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This implies that output is a better buy from the monopoly producer.  Marginal value exceeds marginal cost.  If the economy has limited resources, we can only increase output in the monopolistic industry if we reduce output in the competitive industry.  If the economy shifted productive resources from the competitive industry to the monopolistic industry, the value created by the monopoly would exceed the value lost in the competitive industry.  Thus , the current mix of outputs is not efficient.


d.
i.
The new supply curve for the competitive industry, and ATC curve for the representative firm, are:




P = 80 + 0.01Qs
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In the industry:
350 – 0.005Q = 80 + 0.01Q  =>




270=0.015Q  =>  Q = 18,000; P = $260 (from either the demand or supply curve)

If P = 260, for the firm:




P = MC  =>  260 = 80 + q  =>  q = 180



If q = 180, 
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( = (260 – 281.11)*180  =>  ( = -3800



Finally, # = Q/q = 18,000/180  =>  # = 100, as expected # can’t change in the short run.



ii.
This industry is not in long run equilibrium because firm’s are earning negative economic profits.  If profits are negative, firms would leave the industry in the long run, discouraged by the negative profits.  As firms leave the industry, the supply will decrease, or shift left, decreasing equilibrium output and increasing industry price.  As industry price increases, output and profits per firm will also increase.  This will continue until profits fall to zero (equilibrium price reaches the breakeven price).  The firms’ breakeven price is where MC = ATC (minimum of the ATC curve).  In this case, the new breakeven price is:
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If P = 280, Q = 14,000  =>  # = 70, thirty firms leave the industry in the long run.

Thus, a constant per unit increase in variable costs does not affect breakeven output and increases breakeven price by the increase in per unit variable costs.  In the long run, the entire cost increase is passed to consumers.
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iii. For the monopolist, the increase in costs will only affect ATC, not demand or MR.  Specifically:
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From the demand curve:




P = 350 – 0.005Qd  =>  TR = PxQ = 350Q – 0.005Q2  =>
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Profit maximization requires MC = MR  =>




MC = MR  =>  80 + 0.01Q = 350 – 0.01Q  =>  270 = 0.02Q  =>  




Q = 13,500, P = 282.50 from the demand curve.

If Q = 13,500, the firm’s ATC is:  
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  ATC = 295.65




( = (P – ATC)Q = (282.50 – 295.65)13,500   =>  ( = -$177,500.
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iv.
The monopolist has negative economic profits after this tax.  Therefore, the monopolist would leave the industry in the long run (the monopolist would not shutdown in the short run because its losses by operating are less than the fixed costs it would lose if it shutdown).

4.
a.
(If you are interested I a thesis topic on this issue, se me!) This is a constrained optimization.  The objective is to maximize air defense capabilities by allocating a limited air defense budget across aircrews (A), maintenance services (M) and consumables (C).  As such, the defense department should allocate its limited budget so that:
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In this case, the MB is the increase in air defense capabilities as we add one more unit of A, M or C.  The MC is the increase in total cost if the defense department purchases an additional unit of A, M or C (if the price of A, M and C are constant, MC simplifies to P, as shown above).  Thus, these ratios measure the increase in air defense capabilities for the marginal dollar spent on A, M or C.  If there is an imbalance in any of these ratios, then air defense capabilities can be purchased more efficiently by using more of that input where the ratio of MB to MC is highest (i.e., where air defense capability is a better buy).



i.
Equating these ratios across inputs assumes that we can substitute A, M and C for one another, while maintaining the same level of air defense capability (i.e., A, M and C are substitutable for one another).  If these inputs are not substitutable, but must be used in fixed proportion to one another, then the optimum combination of inputs requires that we buy these resources in the required proportions.  This relationship will hold regardless of the price ratio between A, M and C (i.e., isoquants are L-shaped; the tangency with the iso-cost line will occur at the corner of the isoquant, which represents the required proportions of inputs, regardless of the inputs’ relative prices.


b.
This again is a constrained optimization problem, involving technical efficiency (it is asking about the optimal distribution of inputs (M an C) across alternative outputs/missions (F, T and G)).  In general, constrained optimization problems require balancing ratios of MB to MC.  In this case, the optimum mix of M and C across fighter (F), tanker (T) or general support mission (G) requires that the defense department balance the MB and MC of M and C in each of these uses.  Specifically:
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In this case, the MB of M (or C) in F (or T or G) is the increase in fighter (tanker or general support) output as the defense department adds additional maintenance services (consumables) to the fighter (tanker or general support) mission.  With a limited supply of M and C, the MC of M (or C) in F (or T or G) is measured as an opportunity cost.  The MC of M (or C) in F (or T or G) is the loss in output we suffer in other missions as we reallocate M (or C) from hose other missions to F (or T or G).  When we have more than two outputs, the MC should be measured in terms of the output lost in the next best use of our resources.  This captures the sacrifice we would actually make; if we use one more unit of M (or C) in F (or T or G), we would not use that input in its next best use.  At the optimal point, F, T and G would all be equally good uses of the marginal unit for each input.  Thus, we could use the opportunity cost of any other mission in measuring the MC of M (or C) in F (or T or G).


c.
This question addresses the optimal mix of outputs.  As such, it involves allocative rather than technical efficiency.  Again the answer must satisfy the general conditions for a constrained optimization.  Specifically:
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In this case, the MB of F (or T or G) requires some valuation function (utility).  MB of F (or T or G) is the contribution that an additional fighter makes to the nation’s overall air defense capability.  The MC of F (or T or G) is the change in the defense department’s total costs as it purchases an additional fighter (tanker or general support aircraft).  If the purchase price of F (T or G) is constant regardless of the number purchased, then the MC simplifies to the purchase price, as shown above. Thus, these ratios measure the marginal increase in defense capability for the last dollar spent on F, T and G.  As in part a, if these ratios are not equal, the asset(s) with the higher marginal benefit per dollar is a better buy relative to the other assets.  The defense department can increase its air defense capability without increasing its overall budget by purchasing more of the asset(s) that is a better buy and less of the others.



i.
Your guess is as good as mine as to whether your department of defense uses this approach in choosing its mix of air (or any other) assets. The process may be either explicit or implicit (high level defense department decision makers subjectively make these tradeoffs in their decision making process).  I am primarily looking for the factors you discuss in answering this part of the question.
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