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Problem Set 4:  Answers

MN3140  Microeconomics

1.
a.
To describe the firm's behavior, we need the firm's MC curve.  MC is the rate of change (i.e., derivative) of TC with respect to q.  TC = ATC*q.  Thus:



TC = 360 + 20q + 10q2  =>



MC = 20 + 20q

Industry price and output occurs where the industry supply and demand curves intersect.



200 - 0.1Q = 20 + 0.2Q  =>



180 = 0.3Q  =>  Q = 600, P = 140.

Individual firms will operate where P = MC in perfect competition.  Thus, given P and the firm's MC:



140 = 20 + 20q  =>  



120 = 20q  =>  q = 6.

Profits are ( = TR - TC  =>  ( = (P - ATC)q.  From ATC in the problem, when q = 6, ATC = 140.  Thus,



( = (140 - 140)*6  =>  ( = 0.

Finally, if Q = 600 and q = 6, there must be 100 firms in the industry.



i.
When Qs = Qd , firms maximize (, and ( = 0, the industry is in long run equilibrium.


b.
Yes, you would expect efficiency.  Perfectly competitive industries satisfy the conditions for efficiency (as described in question 2b above):  firms are price takers and retain their profits, firm's are price takers in input markets and input prices are free to adjust, consumers maximize utility and don't affect output prices, output prices are free to adjust).


c.
A subsidy can be modeled as increasing supply (i.e., shifting the curve to the right and down).  The original curve represents the relationship between the quantity supplied and the price producers receive (P).  The new curve represents the relationship between the quantity supplied and the price consumers pay (P').  If the subsidy is 33.33% of the price consumers pay, then the new supply curve is:  P' = 15 + 0.15Qs

The new equilibrium price and quantity can be found by equating demand and the new supply:



200 - 0.1Q = 15 + 0.15Q  =>



185 = .25Q  =>  Q = 740
The price to consumers is found from either the demand curve or the new supply curve:  Pc = 126.

The price to producers is found from the old supply curve or 1.33 times the consumers' price:  Pp = 168.

In the short run, the number of firms doesn't change, so there are still 100 firms in the industry.

Output per firm is either Q/100 = 7.4, or the output where Pp = MC  =>  



168 = 20 + 20q  =>  148 = 20q  =>  q = 7.4.

At this level of output, ATC = 142.5.  Thus profits are:



( = (168 - 142.5)*7.4  =>  ( = 187.6.



ii.
In the long run, new firms are going to be attracted to the industry by the excess industry profits.  As firms enter, both supply curves will shift right and down.  Firms will continue entering as long as there are excess industry profits.  Thus, the producers' price must fall to Pp = 140, meaning the consumers' price must fall to Pc = 105.  From the demand curve, if consumers pay 105, they will demand Q = 950.  If Pp = 140, individual producers will supply  q = 6 and ( = 0 (as found in part a).  If Q = 950 and q = 6, then there are 158.33 firms in the industry (I guess one firm entered Sept. 1).


d.
The subsidy does not substantially affect the conditions for efficiency described above.  The only exception is that there is a gap between consumers' and producers' prices.  Thus, producers still have an incentive to maximize efficiency in production.  However, we will not get an efficient level of output in the housing industry.  In particular,  The MB of the 950th house is 105 (the price consumers are willing to pay for the house); the MC of producing the house is 140.  Thus, there is a discrepancy between MC and MB.  Housing is over produced.  However, if the government is correct that individual consumers under value housing due to neighborhood effects, then the allocative inefficiency is overstated by comparing 105 to 140.  If the neighborhood effects are strong enough, housing may actually be under provided.  Efficiency requires that MB = MC, considering all the benefits and costs.

2.
a.
TC = 40,000 + 200q + q2  =>  ATC = 40,000/q + 200 + q, MC = 200 + 2q.  Industry equilibrium occurs where S = D  =>  200 + 0.02Q = 1000 - 0.02Q  =>  800 = 0.04Q  =>  Q = 20,000; from the demand or supply curves, P = 600; at this price the firm produces P = MC  =>  600 = 200 + 2q  =>  q = 200; when q = 200, ATC = 600  =>  π = (600 - 600)200  =>  π = 0; finally, if Q = 20,000 and q = 200, # = 20,000/200  =>  # = 100.


b.
TC = 4,000,000 + 200Q + 0.01Q2  =>  ATC = 4,000,000/Q + 200 + 0.01Q, MC = 200 + 0.02Q.  If demand is P = 1000 - 0.02Q  =>  TR = PxQ = 1000Q - 0.02Q2  =>  MR = 1000 - 0.04Q.  For profit maximization, MC = MR  =>  200 + 0.02Q = 1000 - 0.04Q  =>  Q = 13,333.33; from the demand curve, P = 733.33, at that output, ATC = 633.33, thus π = (733.33 - 633.33)13,333.33  => π = 1,333,333.33.


c.
If the government raises fixed costs, it won't effect either industry in the short run.  ATC increases in both cases, but not MC.  Thus, both firms and industries continue producing the same output at the same price.  However, π decrease by the increase in fixed costs.  Thus, πPC = -10,625; πM = 270,833.33.  In the long run, firms will leave the competitive industry because π < 0.  This shifts the supply curve to the left (decrease), raising industry price, lowering industry output, increasing output per firm and raising profit towards zero.  The process stops when the industry reaches a new long run equilibrium and price rises to the new break-even point,π = 0 (50,625/q + 200 + q = 200 + 2q  => q = 225, MC = ATC = P = 650, from demand Q = 17500, # = 77.77.  For the monopolist, there is no long run response because profits are still positive.

3.
a.
To find ATC, we can derive a TC function from the production function, the quantity of capital and the input prices.  In particular:
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b.
To minimize the cost of production, you want MC1 = MC2.  If the marginal costs are different, you could reduce total cost by shifting output from the facility where the MC is highest to the one where it is lowest.  For example, if MC1 = 200 and MC2 = 100.  Reducing output in facility 1 by 1 unit would decrease total costs by 200.  Increasing output at facility 2 by 1 unit would increase total costs by 100.  This would represent a net savings of 100 without changing output.  Thus, to check for efficiency, you must compute MC1and MC2.  From the total cost equations above,
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Because MC1 = MC2 this distribution of outputs is efficient and we can't reduce total costs by reallocating outputs across plants.


c.
i.
The efficient combination of capital and labor is determined by comparing the marginal productivities of labor and capital per dollar.    In other words:
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The values of L and K used in determining efficiency are the quantities of labor and capital actually in use.  In plant 1, if K 1= 16 and q1 = 1600, the production function shows that L 1= 160,000.  For plant 2, if K 2= 4 and q2 = 1600, the production function shows that L2 = 160,000.  Thus, 
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Because these ratios are equal for plant 1, the combination of labor and capital is efficient.  You should change the quantity of capital as long as q = 1600 (if q changes, so will MPL and MPK, so the efficiency conditions would change).  The ratios are unequal for plant 2.  Thus, this is not the efficient combination of capital and labor.  In fact, the marginal productivity of capital per dollar is much higher than the marginal productivity of labor per dollar.  Efficiency would indicate that you should expand K2.  This makes sense as you examine the production functions and the relative capital stocks.  Capital has a larger effect on output in plant 2 (the exponent on K is 1 rather than 0.5), yet it has a lower capital stock.  It should be more effective to expand capital in plant 2 than in plant 1.



ii.
As you change K to make plant 2 more efficient, it will reduce TC2, ATC2, and MC2.  Thus, you should begin shifting output from plant 1 to plant 2 to minimize total costs.


d.
As described in part c above, the cost minimizing level of capital within a plant occurs where the marginal productivites of capital and labor per dollar are equal.  As described in part b, the cost minimizing mix of outputs across plants is where the MCs of production at the two plants are equal.  



i.
Both of these results represent applications of our general efficiency result:
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For the level of K within a facility, the objective is to minimize the cost of producing the predetermined output.  Because we are hiring inputs to produce output, the marginal benefit of K, L or any other input is the change in output as we change that input (i.e., the marginal productivity of the input).  The marginal cost is the change in total cost as we acquire an additional unit of the input.  If we are hiring inputs in a competitive factor market, our individual input decisions will not affect input prices.  We are input price takers.  Thus, the MC of the input is simply the price of the input.



For the mix of output across facilities, the marginal benefit of producing an additional unit of output at a particular facility is the extra unit of output.  Thus, MB = 1 for all facilities in this decision.  The general efficiency condition simplifies to MCx = MCy = MCz , as described above.  If we are making this tradeoff in the short run, we can only change the variable inputs.  Thus, the MC represents the change in variable inputs as we change output, times the input prices.  In the long run, we can change both variable and fixed inputs.  Thus, the marginal cost represents the change in both the variable and fixed inputs as we change output, times the input prices.  In this case, we must be sure the changes in inputs retains the optimal ratios between inputs.



ii.
You could set up a Legrangian, where you choose K1, L1, K2, and L2 to minimize TC1 + TC2, subject to the constraint that q1 + q2 = 3200 (i.e., (3200 - L11/2K11/2 - L21/2K2)).  This optimization would have 5 unknowns, K1, L1, K2, L2 and .  You could simplify this problem by determining the optimal combination of K and L at each plant, the use these relationships to eliminate L1 and L2 or K1 and K2 from the optimization.  You could further simplify by using q1 = 3200 - q2 to eliminate one of the remaining 2 variables and the constraint.  You would be left with one equation and one unknown.  In this case, the answer is actually easy if you recognize the qualities of the production functions.    L has the same coefficient in both production functions;  K has a larger exponent in facility 2.  Furthermore, facility 1 has constant returns to scale (coefficients sum to 1) while facility 2 has increasing returns to scale.  Thus, we can minimize costs by consolidating all output in facility 2.

4.
a.
i.
There are at least two concepts of efficiency in operating a maintenance depot:  we want to minimize the cost of providing any particular maintenance service (technical efficiency), and we want to provide the most valuable mix of services (allocative efficiency).  My guess is that most analyses of efficiency in maintenance depots concentrate on the first concept of efficiency:  minimizing the cost of providing a particular service.  Both notions of efficiency are important if we want to maximize the value generated by our scarce resources or budget.



ii.
In general efficiency is maximized we our resource allocation satisfies our general optimality condition:

The difficult part is determining what constitutes the costs and benefits of any particular decision.  There are at least three alternative answers here (and at least two variants of each answer) depending on how you interpreted this question.  I will briefly outline all three, but I only expected one (I considered any of these equally correct).



For a particular maintenance service, we need to find the efficient mix of inputs to produce the service output.  This is equivalent to finding the point where the producer's isoquant is tangent to the isocost line.  For a maintenance activity, the MB is the marginal contribution each input makes to the service output.  The MC is the effect the input has on total costs (as long as we are purchasing inputs in competitive factor markets, factor prices are the MCs).  This characterization presumes we can freely expand or contract the quantities of inputs we use (i.e., hire more or less of these inputs from the input markets).  There is an alternative interpretation which is equally correct.  If we consider a DoD maintenance depot as having a predetermined mix of input (e.g., billets, etc.) which is not purchased, but can not be freely expanded or contracted, then the MC has a different interpretation.  In this case, the MC is an opportunity cost.  If we use more of one input in one activity, we lose that input in other activities.  The value of the most effective alternative use is the marginal cost of the factor.



You could also interpret the question as asking about the allocation of resources across activities within a depot.  Again the answer depends on whether our inputs are predetermined, or whether we can vary input levels.  If input levels are variable, as they typically are in a private sector firm, then this becomes an unconstrained optimization problem.  Assuming we are providing each service as efficiently as possible, we would keep expanding a service area until MB=MC.  The MB would measure the consumers' marginal value for the service (e.g., how much they are willing to pay) and the MC would measure the marginal resource cost of providing the service.  Alternatively, we may have a predetermined quantity of inputs.  In this case, there is a constrained optimization problem, similar to the Edgeworth Box problem.  We are looking for the tangency points between the isoquants for the different service activities.  The MB measures the marginal contribution a resource makes toward providing that particular service.  The MC represents the marginal opportunity cost of shifting a unit of resources to its current use from its next best alternative use.



Finally, we could interpret the question as selecting the right mix of services for the depot to offer.  In the military context, with constrained resources, this would involve selecting the right point from the PPF.  In this case, MB measures the service's contribution to the depot's overall mission (e.g., readiness).  MC measures the service's cost in terms of the foregone output of other services.  Selecting the right mix requires that we determine the relative values for the alternative services we can provide (e.g., aircraft maintenance versus vehicle of ship maintenance).


b.
As discussed in class, there are several factors that ensure producers minimize production costs and produce the mix of outputs that maximize consumers' value.  For technical efficiency (cost minimization), we require that firms are price takers and that  they keep their profits.  If I maximize profits and prices are independent of a my costs, I will have an incentive to minimize costs (which maximizes profits).  If I don't keep profits, or if my cost reduction efforts lower my future prices, I will not have the same incentive to minimize costs.  In addition, input prices must be independent of the firm's actions and must adjust freely.  If my actions affect input prices (e.g., monopsonist) it will affect my resource use (monopsonists under hire resources).  If input prices can't freely adjust (e.g., minimum wage laws, union contracts, etc.), it will also affect the input mix.  These conditions must exist to ensure profit making firms are producing along the PPF (the contract curve in the Edgeworth Box).


To ensure the value maximizing mix of outputs (e.g., that we choose the value maximizing point along the PPF), the conditions for technical efficiency must be met (specifically that firms are profit maximizing price takers).  Similar conditions must be met for consumers.  Consumers must be price takers (no monopsonists) and utility maximizers.  Finally, output prices must be free to adjust (no price floor or price ceilings).  If these requirements are met, prices will adjust until producers provide the value maximizing output  mix.  Any price distortions (e.g., monopsonies, monopolies, floors, ceilings, taxes, subsidies, etc.) will move us way from technical efficiency and/or allocative efficiency.



i.
If DoD only receives a few responses for each privatization opportunity, it is unlikely all of these conditions will be met.  Suppliers are probably not price takers.  Rather, they are price setters.  Similarly, DoD is a monopsonist in many areas.  Finally, most output prices are not freely adjusting market prices.  They are non-market prices established through a bargaining process.  In fact, they are often tied to production costs in the bargaining process.  If this is an accurate characterization, privatization may not ensure technical efficiency or allocative efficiency.  Private sector providers will have a mixed incentive to minimize production costs; profits increase this period but future prices decrease.  It is unlikely DoD maximizes allocative efficiency (maximizes the value of the product mix). 


c.
Establishing the depots as profit centers, with complete control over their output prices, essentially makes them similar to private sector, profit making firms.  As such, they have all the properties discussed above.  If they truly have control over their output prices, they should have an incentive to maximize technical efficiency.  The draw back to this proposal is that it gives the depots some monopoly power.  The greater their monopoly power, the less likely they will produce the right mix of outputs (i.e., the greater the allocative inefficiency because depots will under produce service).  The degree of monopoly power depends on at least two factors, the level of competition between depots and the elasticity of demand for depot maintenance.  Obviously, competition between depots will reduce the inefficiencies associated with monopoly power.  Similarly, the more elastic the demand curve, the lower the monopoly distortion (P is closer to MC as the demand curve becomes flatter).  If DoD can promote competition between DoD depots, and potentially with private providers, establishing DoD depots as profit centers might significantly improve efficiency in depot maintenance.

5.
a.
To find the production possibilities frontier, you want to maximize the production of one good subject to the constraint that you produce a given amount of the second good (i.e., max ASW subject to SW = SW*).  


£ = ASW + (SW* - SW)  =>


£ = MACA + (SW* - MS1/2CS1/2)

In terms of the Edgeworth Box diagram, you want to find the distribution of MA, CA, MS, and CS that correspond to the tangency points between the indifference curves for ASW and SW.  Because there is a limited amount of man and computer-hours, we know:


MS = 2000 - MA and 


CS = 500 - CA.

Thus, both ASW and SW  are expressed in terms of MA and CA.  Setting up the Legrangian yields:  



£ = MACA + (SW* - (2000 - MA)1/2(500 - CA)1/2)

Taking (£/(MA and (£/(CA, solving for  and setting equal to one another yields:  


MA = 4CA.

Plugging this relationship into the budget constraint (from (£/() and solving for CA, MA yields:


CA = 500 - (SW*/2)


MA = 2000 - 2SW*

Plugging these values into the equation for ASW and solving in terms of SW* yields:


ASW = (1000 - SW*)2.

This is the production possibilities frontier.  It intersects the SW axis at 1000 and the ASW axis at 1,000,000.  This corresponds to the values of SW and ASW found by using all man and computer hours in either SW or ASW.

b. You want to maximize utility subject to the constraint imposed by the production possibilities frontier.  The equation for the PPF can be rewritten as either:

ASW = (1000 – SW)2  =>

ASW – (1000 – SW)2 = 0; or

ASW = (1000 – SW)2  =>

ASW = 1,000,000 – 2000SW + SW2  =>


1,000,000 = ASW + 2000SW – SW2  =>


1,000,000 – (ASW + 2000SW – SW2) = 0

Thus, the Legrangian can be stated as:  


£= SW*ASW1/2 + ( ASW – (1000 – SW)2)


£= SW*ASW1/2 + (1,000,000 - (ASW + 2000SW – SW2)).

Solving this Legrangian we find that SW = 500 and ASW = 250,000.  From the equations for MS and CS in part a, MS = 1000 and CS = 250.  Thus, MA = 1000 and CA = 250.  Finally, U = SW*ASW1/2 = 250,000.
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