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Problem Set 3

MN3140  Microeconomics
Due:  Nov 20/21

1.
Suppose the industry demand and supply for coffeepots is given by P = 100 - Qd and P = 10 + Qs, respectively, where P is the price and Q is the quantity of coffeepots.  Furthermore, Mr. Pots, a representative firm in the competitive coffee pot industry has AVC = 10 + 5q, where q is the output per firm, and FC = 45.  Answer the following questions concerning Mr. Pots and the competitive coffee pot industry.  Illustrate your answers with graphs where helpful.  Firms and the industry can produce partial coffeepots.

a.
What is the current industry output, industry price, output per firm and profits per firm?  How many firms are there in the industry.

b.
What is Mr. Pot's break-even price and shutdown price?

c.
To encourage coffee consumption (so that students are awake in all their classes), the government imposes a $30 price ceiling on coffeepots.  What effect will this have on Mr. Pots and the coffeepot industry in the short and long run?

d.
Suppose instead that the government offers a 50% coffee pot subsidy (i.e., the subsidy is 50% of the price the consumers pay).  Determine the effect on short run equilibrium coffeepot price and output and on Mr. Pot's output and profits, if the industry supply with the subsidy is  P '= 6.67 + 0.67Q.  How is the subsidy divided between consumers and producers?

2.
Suppose a profit-maximizing firm produces its output in two different factories.  Output in the factories is given by:



q1 = 4K11/2L11/2, and K1 = 16

q2 = 2K21/2L21/2, and K2 = 256

In both factories, Pk = 10,000 and Pl = 1024.  Help the management decide how to divide output between the two factories by answering the following questions, illustrate with graphs if helpful.

a.
Find the ATC and MC curves and break-even point for each factory.

b.
If the firm operates in a perfectly competitive market where market price is P = 3200, find the profit maximizing output and profit for both factories.

c.
Briefly describe the relationship between the MC at each factory and the firm's overall MR (i.e., MC1, MC2, and MR)?

d.
Alternatively, suppose the firm is a monopolist facing a market demand given by:



P = 11,200 - 2QT, where QT is total output (i.e., QT = q1 + q2)


(q and Q can be used interchangeably in this case).  Find the monopolist's profit maximizing price, total output and output and profit for both factories.

3.
Suppose that all oil refineries except ARCO receive their crude oil from the Middle East (ARCO receives theirs from Alaska).  Because of the crisis in the Middle East, the price of Middle East crude oil has increased, but ARCO's costs for Alaska crude oil have not changed.  According to news commentators, this has given ARCO a cost advantage that has enabled them to maintain lower gas prices (though they recently increased).  Briefly analyze this situation by answering the following questions.  Assume that the oil industry is perfectly competitive (possibly a heroic assumption), and that the Middle East and Alaska are the only two sources of crude oil.

a.
Assume that all oil refineries have normal shaped cost curves, and ARCO's cost curves are lower than the cost curves for all other oil companies (because of lower Alaska crude oil prices).  What would you expect to happen to the market price of gasoline, ARCO's output and profits, and the output and profits of the other oil refineries in the short run after Middle East crude oil prices increase?

b.
If this situation continues in the long run, what would you expect to happen to the number of oil refineries, the market price of gasoline, ARCO's output and profits, and the output and profits of the other oil refineries?

c.
Can ARCO's costs of Alaska crude oil remain lower than the cost of Middle East crude oil in the long run, as assumed above?  Explain briefly.

Optional Problems

4. A firm's production function for baseballs is given by q = 4L1/2K1/2.  Answer the following questions with regard to the firm’s output and costs.

a.
If the price of capital is 100, the price of labor is 1, and the firm has 4 units of capital, derive the firm's total cost, fixed cost, variable cost, average total cost, average fixed cost, average variable cost, and marginal cost functions.  (Remember, these cost functions express cost as a function of output, q, not labor).

b.
Verify that MC equals AVC and ATC at their minimum points.  What are the break-even and shut-down points.

c.
Over what range of outputs is the marginal product of labor increasing?  Decreasing?  What is the relationship between the marginal product of labor and marginal cost?

5.
Suppose the ATC for a DoD service provider is given by ATC = 300 - 17Q + 0.5Q2.  The demand for their service is given by P = 280 - 4Q.  Because demand is stable, DoD expects that the quantity demanded this year will equal the quantity demanded last year (i.e., E(Qt) = Qt-1).  This "producer" is put under unit costing.  The price the producer is "paid" equals the producer's total cost from the previous period divided by the expected output this period (Pt = TCt -1/ E(Qt) = ACTt-1).  Profit is calculated as ( = (Pt* - ACTt)*Qt.  Using a spreadsheet, answer the following questions:

a.
If the quantity demanded last year was 15, compute the unit cost, ATC and profit for each of the next 8 periods (a computer will simplify the calculations).  What is the producer's cumulative profit?  Will the unit cost and output stabilize?

b.
Can profits or unit cost be used to evaluate the manager's performance?

c.
What output would maximize efficiency in the use of DoD's resources?

d.
If the service provider were allowed to maximize profits, what would be output, price and profit in each of the first eight periods?  Compare cumulative profit in this case to that found in part a.

6.
Suppose you are the manager of Turbowhirl, one of many firms producing washing machines in the perfectly competitive washing machine industry.  Your production engineers inform you that your average variable costs are the same in both the short run and the long run. Furthermore, they estimate that the average variable cost function is as follows:  AVC = 75 - 2.4q + 0.06q2.  Answer the following questions, using graphs to illustrate your answers if helpful.  (The numbers may be not be as "user friendly" as in the past.)

a.
Derive the MC function associated with this AVC function.

b.
If fixed costs equal $2400, derive the ATC function associated with this AVC function.  At what output does the ATC reach its minimum value (solve by "plug and chug" or the quadratic formula)?

c.
At what market price, in the short run, would Turbwhirl breakeven?  Shutdown?

d.
At what market price, in the long run, would Turbowhirl leave the industry?  At what price would other firms enter the industry?

e.
How many washing machines will Turbowhirl produce if the market price is $50?  $125?  $200?

f.
In the long run, what is the market price of washing machines?

7.
Suppose the production function is given by q = 4K1/2L1/2.  Furthermore, the price of labor is Pl = 5,000 and the price of capital is Pk = 20,000.  Answer the following questions for this firm.

a.
Describe what is meant by the marginal product of labor.  Derive an expression for the marginal product of labor.

b.
If the firm has 10,000 units of capital, derive expressions for the firm's unit costs, including ATC, AVC, AFC and MC.  Note that these cost curves must be expressed in terms of q.

c.
Draw a rough sketch of the firm's unit cost curves and briefly describe the relationship between the curves.

d.
At what price and output will the firm shutdown?  At what price and output will the firm break-even?

e. 
Describe the relationship between the firm's marginal product of labor and marginal cost.  Verify that this relationship holds both mathematically and using a numerical example.

8.
NPS is considering improvements to its travel request and claims (voucher) processing system to both improve service and reduce costs.  Currently there are 14 staff members processing travel vouchers.  They differ in their level of training, and hardware and software (Travel Manager Plus, TMP) resources.  Cost and voucher data for the 14 travel technicians are given in the table below.  All technicians with training must also have a computer.  All technicians with TMP S/W must also have computers and training.

# of Technicians
Vouchers Processed
 Ave Cost/Voucher
Comment

2
200
100
Use Typewriter

4
600
75
Use Computer

6
1200
60
Have Training

2
500
50
Have TMP S/W

14
2500
64.8



Costs for upgrading the travel processing system are as follows:



$1500/computer



$1600/person for training



$1800/person for TMP S/W


a.
If the goal is to minimize the cost of processing travel claims, should NPS provide training, computers TMP S/W for all travel technicians?  Explain.


b.
NPS has a limited total budget for which travel process improvements must compete with other internal improvements.  Suppose alternative investments could save $1.50 for every dollar invested.  Would this change your answer to part a? 

9.
The Monterey Peninsula has experienced modest to severe water shortages over the last several years.  To alleviate these shortages, the local governing body has typically held water prices constant as water supplies decrease and rationed water.  Rationing limits water use to a specified quantity (e.g., 82 gallons/person/day in a typical single family house).  To help eliminate future water shortages, local voters were asked to approve a new dam across the Carmel River in a recent election.  Help analyze the local water situation by answering the following questions, using graphs if helpful.


a.
Some critics complain that policy makers create shortages.  Suppose that water prices vary during draught and wet years (i.e., increase during draughts and decrease during wet years).  How would this affect water shortages, voluntary water conservation, voluntary water reclamation, etc.?


b.
If water prices are held constant (below their equilibrium value) during a draught:



i.
What is the effect on water supply and demand and the quantity of water bought and sold?



ii.
Does the price of water reflect the value of water to local consumers?



iii.
In the agricultural community, farmers can grow crops using different combinations of water, fertilizer and labor.  What impact will price controls and rationing have on resource use in the local agriculture industry?



iv.
If agricultural land can be used to grow strawberries (water intensive) and graze cattle (not water intensive), what impact will price controls and rationing have on the allocation of agricultural land?


c.
Water shortages can be eliminated by a combination of new water sources (e.g., a new dam, desalination, reclamation) and reduced demand (conservation).  



i.
How would price controls and rationing affect voluntary rationing decisions?



ii.
How would price controls and rationing affect the desirability of new water sources?
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