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Quiz 2:  Answers


1.
a.
To minimize the total cost of production across two production facilities, you want to spread production across the facilities so that the marginal production cost is the same at both facilities (i.e., MC1= MC2).  If the MCs are different at the two facilities, you can reduce total costs by reallocating production from the facility with the higher marginal cost to the facility with the lower marginal cost.  For example, if MC1 = 10 and MC2 = 15, the marginal unit costs 10 from facility 1 and 15 from facility 2.  If you produced one less unit at facility 2, you would save 15; if you produced one more unit at facility 1 it would cost 10.  Thus, you would reduce total cost by 5, and keep output the same if you moved one unit of output from facility 1 to facility 2.  As long as there is a difference between MCs at the two facilities, you could keep reducing total cost by reallocating output from the facility with the higher MC to the facility with the lower MC.  Notice that in making this decision, average total cost is irrelevant.  You can reduce costs by moving output to a facility that has a higher ATC, if it also has a lower MC.  For example, a high ATC may simply indicate a low production volume, resulting in a relatively high AFC.  Considering this, DoD should gather data about the facilities MCs, not their ATCs.  The change in total cost as output is expanded or contracted at both facilities is the data required to make the optimal consolidation decision. Then DoD should shift output to the facility with the lowest MC.

b.
With a limited supply of inputs, finding the optimal combination of inputs at the two facilities is a constrained optimization decision.  The answer to any constrained optimization is:
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Where K is capital, L is labor, O is other inputs and the superscripts 1 and 2 represent facilities 1 and 2.  In particular, the MB of an input at facility 1 (or 2) is the change in output from the facility as the quantity of the input used there increases by one unit.  With a limited number of inputs to spread across the two facilities, the MC of an input at facility 1 (or 2) is the loss in output from facility 2 (or 1) as the input is moved from the later facility to the former.  In other words, MCs are expressed in terms of opportunity costs.  If MCs are expressed in terms of opportunity costs, then:
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In this case, if the conditions for optimality are satisfied at one facility, they must necessarily be satisfied at the second facility.  Thus, with only two facilities, we need only worry about optimality at one of the facilities.  If these ratios are not equal, then you can increase the output of one facility without decreasing the output of the other facility.  For example, suppose the MB/MC ratios for capital and labor are:
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Shifting one unit of labor from facility 2 to facility 1 increases output by 5 at facility 1 and decreases output by 2 at facility 2; shifting one unit of capital from facility 2 to facility 1 increases output by 4 at facility 1 and decreases output by 2 at facility 2.  In the second set of ratios, the opposite effects pertain by shifting one unit of labor or capital from facility 1 to facility 2.  Thus, labor is relatively more effective at facility 1; capital is relatively more effective at facility 2.  A more efficient distribution of capital and labor would shift labor toward facility 1 and capital toward facility 2. As this shift occurs, we can increase output at one facility without decreasing it at the other facility, or potentially increase output at both facilities.  Furthermore, as we make this shift MB1L decreases and MB1K increases; similarly, MB2L increases and MB2K decreases.  This shift should continue until the ratios of marginal benefits to marginal costs are equal, as indicated in the relationship above.  To the extent defense managers attempt to optimize in their resource use, they should try to allocate resources as indicated above.  However, public sector managers do not have the same competition in the product market, or competition for ownership and control of the firm that ensures efficiency in private sector firms.

c.
Competitive profit maximizing firms will choose the input mix that equates the marginal benefit per dollar across inputs.  In other words, the input mix where:
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If all firms in the industry choose their input mix in the same way, and face the same flexible input prices, then the distribution of inputs across firms will satisfy the efficiency relationship described in part b.  Thus, competitive, profit maximizing firms will use an efficient input mix (technical efficiency).  This will hold true for any profit maximizing firm, whether perfectly competitive or monopolistic.  Furthermore, perfectly competitive firms will produce the output where P = MC. If price measures consumers willingness to pay for an additional unit of output, and MC is the added cost to produce that output, then an economy comprised of perfectly competitive firms and industries will produce and efficient mix of outputs (allocative efficiency).  On the other hand, a monopolistic firm will produce the output where P > MR = MC. Thus, a monopolistic firm will under produce output relative to a competitive industry.  With a monopoly, there will be an inefficient output mix (allocative efficiency).  It is unclear whether two firms are sufficient to capture the benefits of perfect competition.  Perfect competition requires many firms in the industry, enough that no one firms can influence market price.  This typically requires more than two firms.  However, if entry barriers are sufficiently low, potential entry can guarantee the benefits of competition, even with only two firms in the industry.

2.
a.
The objective is to maximize technical sophistication for a given level of spending (or to minimize the cost of obtaining a particular level of sophistication.  This is a constrained optimization problem.  The conditions for the optimal combination of Q, P and T can be given by:




[image: image6.wmf]T

T

P

P

Q

Q

MC

MB

MC

MB

MC

MB

=

=


where the marginal benefit of Q (P or T) is the change in technical sophistication resulting from and increase in recruit quality (pay or training intensity); and the marginal cost of Q (P or T) is the additional expenditure required to increase recruit quality (pay or training intensity).  You would like to spread your budget across these three uses so that the increase in technical sophistication is the same for the last dollars spent on Q, P or T.  If the marginal benefit per dollar is not equal across all uses, you can increase technical sophistication without increasing expenditures, or reduce the cost of the current level of technical sophistication, by spending more on that attribute(s) with a higher marginal benefit per dollar.  The military should make the same decision for alternative expenditures to increase recruit quality.  In other words, the military would like to find the point where:
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In this case, the MB is the change in recruit quality (Q) as advertising, recruiting offices or recruiter experience increases; MC is the increase in cost to obtain that increase in advertising, recruiting offices or recruiter experience.  The justification for the optimality of this rule is the same as stated above.  At the optimum, the marginal dollar spent on advertising, recruiting offices or recruiter experience will all buy the same increase in recruit quality; the marginal dollar spent on recruit quality, pay and recruiter experience will also buy the same increase in technical sophistication.


b.
Part a of this problem is essentially the same problem as the firm selecting the most cost effective mix of inputs.  This part of the question moves from the production function to the firm’s cost function, where some costs are fixed in the short run (Q and T) and some costs are variable (P).  Considering this parallel with the production function to production cost problem, the total cost of technical sophistication can be written as:



TC = PQQ + PTT + PPP, where Q and T are fixed in the short run.

To find the total cost expression, you would plug in the appropriate values for PQ, PT, and PP along with the short run values for Q and T.  Finally, you need to express P in terms of S, to express the cost function in terms of S.  This comes from the production function, plugging in the short run values of Q and T and solving for P in terms of S.  As with the production cost relationships, the marginal productivity of P (i.e., the rate of change in S as P changes) determines the MC of S in the short run.  If the marginal productivity of P is decreasing, the MC of S increases; if the marginal productivity of P is increasing, the MC of S decreases.  In the long run, changes in Q or T will shift the entire short run cost relationship (much as changes in K shift the firms short run cost curves).  If there are increasing returns to scale, average total cost will decrease as Q and T increase in the long run; if there are decreasing returns to scale, average total cost will increase as Q and T increase in the long run.  Finally, if there is more competition from the civilian labor market, there will be a decrease in the supply of labor to the military labor market.  This will reduce the effects of Q, P and T on technical sophistication in the military.  The military will find it more difficult (expensive) to increase technical sophistication.


c.
The demand for technical sophistication (quantity demanded) will depend on the price (cost) of technical sophistication as well as the price of complements and substitutes, income, tastes (e.g., weapon systems technical requirements), expected future conditions, etc.  The quantity of technical sophistication demanded is likely to decrease as the cost of technical sophistication increases, ceteris paribus.  This inverse relationship will reflect both an income and substitution effect.  As the price of technical sophistication increases, it will become more expensive relative to other approaches to improving military capabilities.  Thus, the military will purchase less technical sophistication and more of the substitute products.  Similarly, as the cost of technical sophistication increases, ceteris paribus, the military becomes effectively poorer.  Thus, the military will purchase less of all items, including technical sophistication.


This demand curve for technical sophistication will behave like any other demand curve.  The demand curve will shift as the price of substitutes, complements or income changes.  The curve will shift to the right if the change increases the demand for technical sophistication at each price; it will shift to the left if the change reduces the demand for technical sophistication at each price.  Finally, the optimal level of technical sophistication occurs where the demand for technical sophistication intersects its supply curve.  At this point, the MB (as measured by willingness to pay) is just equal to MC (as measured by the supply curve).  Any change that increases the demand for technical sophistication will increase the optimal quantity of technical sophistication; any change that decreases the demand for technical sophistication will reduce the optimal quantity of technical sophistication.

3.
a.
The short run industry price is determined by the intersection of supply and demand.  The firm will then respond to the industry price and choose the level of output that maximizes its short run profits.  This occurs where P (MR for the perfectly competitive firm) equals MC; per unit profit is found by comparing P and ATC at that price.  In particular, the firms cost curves and short run results are:
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b.
Short run industry (economic) profits are positive, so firms will be attracted to enter this industry in the long run.  As firms enter the industry, industry supply increases (shifts right).  Industry output increases and price decreases; this will decrease output and profits per firm.  Long run entry will continue until industry price falls to the breakeven point ((=0).  As found in part A, the breakeven point occurs where P = 400 and q = 1000.  In the industry, Q = 400,00 (from the demand curve) when P = 400.  Thus, the industry will support 400 firms.  The short run economic profits have doubled industry size in the long run.


c.
The monopolist will produce output at the point where MC = MR.  In this case, MR is the rate of change in total revenue as output increases (i.e., the derivative of TR with respect to Q).  MC is as calculated in part b.  Thus, with a monopolist, the calculations are as follows:
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If all other industries are perfectly competitive, they produce the output level where supply equals demand. At this point, the MB consumers receive from an additional unit of output, as reflected by their willingness to pay, is equal to the industry marginal cost of producing that level of output, as reflected by the supply curve which is the industry marginal cost curve.  Thus, the ratio of MB/MC for all competitive firms is 1.  The mix of outputs across firms satisfies the expected conditions for allocative efficiency:  the ratios of MB to MC is equal across outputs from all industries.  However, if one firm is monopolistic, it produces where P>MR=MC. Thus, the ratio of MB to MC in this industry is greater than 1.  There is an inefficient mix of outputs.  Total value to consumers would increase in the economy devoted more resources to productionin the monopolized industry because the ratio of MB to MC is higher in that industry than in the other competitive industries.  Of course, shifting resources in this manner would benefit some consumers at the expense of others.  There would be a net gain (winners win more than losers lose), but not everyone wins.


d.
If the government imposes a 300 price ceiling on competitive firms in this industry, firms would reduce their output in the short run.  In particular, the quantity supplied would decrease to 300 = 200 + 0.2q  => q = 500 in the short run. Industry output would fall to 300 = 200 + 0.001Q  =>  Qs = 100,000 (there would be 200 firms in the industry as in part a).  Consumers would want to increase their consumption.  The quantity demanded would increase to 300 = 800 – 0.001Q  =>  Qd = 500,000.  Thus, there would be excess demand of 400,000 at the $300 ceiling price.  As price falls to 300, profits per firm would be also be negative (P = 300 is below the breakeven price P = 400).  In particular, ( = (P – ATC)*q  => ( = (300 – 450)*500  (where 450 is ATC when q = 500) => ( = -$75,000.  Industry profits equal 200*-75,000 = -15,000,000.


In the long run, firms would leave the industry ((<0), and the industry supply would decrease (supply curve would shift left).  Normally this would increase industry price.  However, the price ceiling would preclude this from happening.  Price would remain 300 and firms would continue leaving.  Unless the price ceiling were eventually relaxed, all firms would leave in he long run.


If the price ceiling is imposed on the monopoly, MR for the monopoly becomes 300 (up to the point where 300 = demand curve).  In particular, the monopolist sells each additional unit of output at the ceiling price (300) up to the point where the demand curve won’t support another purchase at this price.  This is not an intuitive result for the monopolist (and one I do not expect a lot of people to get).  Thus, the monopolist produces 300 = 200 + 0.001Q => Q = 100,000 (the competitive industry output), charges P = 300, and earns ( = (300 – 450)*100,000  =>  ( = -15,000,000 (the competitive industry total profits (losses)).  If the price ceiling remains in effect, the monopolist would leave the industry in the long run.

4.
a.
The short run industry price is determined by the intersection of supply and demand.  The firm will then respond to the industry price and choose the level of output that maximizes its short run profits.  This occurs where P (MR for the perfectly competitive firm) equals MC; per unit profit is found by comparing P and ATC at that price.  In particular, the firms cost curves and short run results are:
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b.
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c.
With a limited supply of inputs, finding the optimal combination of inputs across two industries is a constrained optimization decision.  The answer to any constrained optimization is:




[image: image13.wmf]

 EMBED Equation.2  [image: image14.wmf]2

L

2

L

2

K

2

K

1

L

1

L

1

K

1

K

MC

MB

MC

MB

or

MC

MB

MC

MB

=

=



Where K is capital, L is labor and the superscripts 1 and 2 represent industries 1 and 2.  In particular, the MB of an input in industry 1 (or 2) is the change in output from the industry as the quantity of the input used there increases by one unit.  With a limited number of inputs to spread across the two industries, the MC of an input in industry 1 (or 2) is the loss in output from industry 2 (or 1) as the input is moved from the later industry to the former.  In other words, MCs are expressed in terms of opportunity costs.  If MCs are expressed in terms of opportunity costs, then:
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In this case, if the conditions for optimality are satisfied in one industry, they must necessarily be satisfied in the second industry.  Thus, with only two industries, we need only worry about optimality in one of the industries.  If these ratios are not equal, then you can increase the output in one industry without decreasing the output of the other industry, or simultaneously increase output in both industries.  Using the partial derivatives as calculated in parts a and b, the conditions for technical efficiency in industry 1 can be written as:
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Plugging in the specified values for the Ls and Ks  (L1 = 10,000, L2 = 6,400, K1 = 100 and K2 = 64) yields:



[image: image18.wmf]efficiency

 

technical

 

No

8

3

8

4

8

3

2

1

80

30

20

10

3

40

2

10

10

1

20

1

12

160

20

100

160

16

200

10

64

*

3

400

,

6

*

2

100

*

2

000

,

10

400

,

6

*

2

64

000

,

10

*

2

100

MC

MB

MC

MB

3

/

1

2

/

1

2

/

1

2

/

1

2

/

1

3

/

2

2

/

1

2

/

1

K

1

K

1

L

1

L

1

-

¹

-

Þ

-

¹

-

Þ

-

=

-

Þ

-

=

-

-

=

-

Þ

-

=

-

Þ

=


Shifting labor from industry 2 to industry 1 increases output by 4 in industry 1 at the cost of 8 units output in industry 2; shifting capital from industry 2 to industry 1 increases output by 3 in industry 1 at the cost of 8 units output in industry 2.  Thus, labor is relatively more effective in industry 1 than capital.  At the same time, capital is relatively more effective in industry 2 than labor (8 units of output in industry 2 comes at the cost of 3 units of output in industry 1 if you shift capital, and 4 units of output in industry 1 if you shift labor).  A more efficient distribution of capital and labor would shift labor toward industry 1 and capital toward industry 2. As this shift occurs, we can increase output in one industry without decreasing it in the other industry, or potentially increase output in both industries simultaneously.  Furthermore, as we make this shift MB1L decreases and MB1K increases; similarly, MB2L increases and MB2K decreases.  This shift should continue until the ratios of marginal benefits to marginal costs are equal, as indicated in the optimal relationship above.
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