Bill Gates

Quiz 1:  Answers

MN3140  -  Microeconomic Theory

Fall AY2001


1.
a.
The most common action OPEC can take to increase crude oil prices is to reduce the supply of oil (i.e., institute production quotas).  This would shift the supply curve to the left (reduce supply). In general, this will increase the price of crude oil and reduce the quantity exchanged.  Since crude oil is an input in the production of gasoline, this would also reduce the supply of gasoline, increasing its price and reducing quantity exchanged.  The impact on both the price of crude oil and gasoline would depend on the elasticity of supply in both the short and long run.  In the short run, the elasticity of supply will depend on whether non-OPEC producers can quickly increase crude oil production, in response to higher prices, and compensate for OPEC’s cut backs.  In the past (i.e., Operation Desert Storm) non-OPEC producers had significant excess crude oil production capacity.  Thus, OPEC production quotas were not expected to have any significant impact on crude oil or gasoline prices, except in the very short run.  The figures below show the impact when short run crude oil supplies are both elastic and inelastic. Clearly, elasticity of demand will also affect the relative impact on price and quantity; the more inelastic demand the greater the impact on price relative to quantity, and vice versa.
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b. An increase in domestic GDP will increase income, which increases the demand for gasoline (shift right).  The demand for gasoline will increase as consumer choose to drive more, and as they choose to buy less fuel efficient cars (e.g., SUVs).  This will increase both the quantity exchanged and price of domestic gasoline.  Again, the relative impact on price and quantity depends on the elasticity of supply and demand.  The figure below shows how the impact changes with elasticity of demand.
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c. If domestic refineries have reached their capacity, the supply of gasoline will become completely vertical (inelastic to price increases).  The supply of gasoline cannot increase as the supply of crude oil increases (i.e., increases in crude oil supplies cannot shift the supply of gasoline to the right at the current price level) and price increases in gasoline will not cause any increase in the quantity supplied.  However, the quantity of gasoline supplied will still presumably decrease as the price of gasoline decreases.  This situation is depicted in the figure to the right, which shows the effect of an increase in crude oil prices (supply of gasoline shifts right for low prices, but not high prices).
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d. As depicted in part c above, increases in crude oil supplies by releasing oil from the strategic oil reserve cannot affect gasoline prices in the short run if refining capacity is fully utilized.  Producing additional gasoline would require increasing refining capacity.  This would only be possible over a longer time period.

e. The tax on gas guzzling cars would reduce equilibrium quantity in the gas guzzling car market.  Consumers would buy fewer of these cars as the tax made them more expensive to buy (and to sell).  Gas is a complement in consumption to gas guzzling cars, so this would also reduce the demand for gasoline (shift the curve to the left).  This demand shift and the impact on consumer and producer surplus is depicted in the graph to the right.  For simplicity, I have drawn this graph with a vertical supply curve in the relevant region.  Before the tax, consumer surplus was A + B, 
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and Producer surplus was C + D + E.  After the tax, consumer surplus is A + C, and producer surplus is E.  Thus, C represents an income transfer from producers to consumers.  B + D is surplus value lost as a result of the tax.

2.
The costs of an MDU include the initial cost of purchasing and outfitting the vehicle, the unit’s operation, maintenance and equipment servicing costs, the costs of consumables used in providing dental care, and the labor costs to provide the associated dental care.  Some of these costs are also associated with dental care provided by a DDC, including consumables and labor costs.  Others have DDC counterparts, but are likely to be different in an MDU (e.g., equipment costs, maintenance costs, servicing).  The added cost of providing service through an MDU would be the difference between the cost of service in an MDU and the cost of the same service provided by a DDC.  The MDU’s benefit is that it can bring dental service to the sailor.  This reduces the sailor’s time away from work while seeking dental care, and the associated transportation costs.  In some cases, the time away from work while traveling to a DDC might preclude the sailor from obtaining dental care and reduce the unit’s dental readiness level.


Determining the optimal number of MDUs is an unconstrained optimization problem.  The way the question is phrased, there is no limit on the number of MDUs the defense department can provide.  As such, the optimal number of MDUs should satisfy:

MB = MC.

The trick is defining the relevant MBs and MCs.  The marginal cost of an MDU is the additional cost to provide dental care in an MDU vice a DDC.  The marginal benefit is the sailors’ reduced transportation cost, the opportunity cost of the sailors time away from duty, and any increases in dental readiness.  The defense department should begin by providing MDUs to serve those areas where the net benefits (marginal benefits minus marginal costs) are the greatest.  The defense department should continuing adding MDUs as long as MB > MC.  It should not provide any MDU where MC > MB.  Thus, the optimal number of MDUs is where MB = MC.


b.
If the defense department wants to meet a particular level of dental readiness at the least possible cost, the defense department faces a constrained optimization problem.  The objective is to minimize the defense department’s cost; the constraint is meeting a particular dental readiness level.  For a constrained optimization involving MDUs and DDCs, we know the general form of the solution will satisfy:
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There are many different ways you can define MB and MC in this case, because some factors can be considered as either a cost of one or a benefit (cost saving) of the other.  For example, the sailors’ opportunity cost of time in traveling to a DDC can be considered a cost of DDCs or a benefit of MDUs (time saving).  One way to characterize costs and benefits is to consider total costs as including all costs associated with each type of dental care.  Thus, the total cost of an MDU includes all of the costs outlined in part a, plus the costs of the sailors’ time to receive dental care (travel time is negligible).  The total cost of a DDC includes, the costs of the facility, equipment, labor etc., plus the costs of sailors’ time traveling to the DDC and receiving dental care.  The MCs would be the change in total cost as the defense department adds an additional MDU or DDC (or possibly expands the DDC to add an additional dentist or exam room).  Total benefit would represent the total number of patients treated, or some other measurement of total impact on dental readiness.  The MB would be the change in patients treated (or dental readiness) as the defense department changes capacity in either MDUs or DDCs. 

With these definitions, the ratios of MB/MC represent the change in patients treated per dollar expenditure on either MDUs or DDCs.  To minimize the cost of dental readiness, the defense department should ensure that they are receiving an equally good bargain from both MDUs and DDCs.  In other words, funding should be allocated so that both facilities add the same to medical readiness per dollar for the last dollar spent.  If one facility is a “better buy” than the other, the defense department should shift more of its money into the better buy.  When these ratios are the same, the defense department cannot reduce its budget without reducing the level of dental readiness.

c.
The defense department also faces a constrained optimization in determining how to allocate its budget across dental care, medical care, training, weapons, etc.  Thus, the required level of dental readiness implied in part b is the outcome of a more general optimization decision.  This more general decision must satisfy the same general conditions:
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In this case, the total costs are the costs of providing dental care, medical care, training, etc., where we presume that dental care is being provided as efficiently as possible (i.e., dental care is using the cost minimizing combination of MDUs and DDCs).  The MCs are the changes in total cost as the defense department changes the level of dental care, medical care, training, etc.  The total benefit is the contribution each activity makes to some broader measure of military performance (e.g., military capability requires a mixture of dental readiness, medical readiness, training, weapons, etc.).  The MBs are then the change in total military performance as the defense department increases dental care, medical care, training, etc.  The goal is to find the mixture that balance the contribution each are makes to total military performance, per dollar spent on each activity.  The reasoning is the same as in part b, the terminology is slightly different to reflect the broader concerns of part c relative to part b.

3.
a.
The equilibrium price and quantity for labor in both markets is determined by the interaction of both demand and supply (i.e., where the demand and supply curves intersect).  If demand is the same in both markets, the relative equilibrium price and quantities will be determined by the supply curves:  recruiting is a less desirable job, so it has a smaller quantity supplied at every wage rate.  As a result, equilibrium wages will be higher in recruiting (to attract labor to the less attractive jobs - known as compensating wage differentials) and equilibrium quantity will be lower.  The calculations are as follows:

Office Assistant

1000 – 0.2Qa = 100 + 0.1Qa =>

900 = 0.3Qa  =>

Qa = 3000  =>  Pa = 400

Recruiters

1000 – 0.2Qr = 100 + 0.2Qr  =>

900 = 0.4Qr  =>

Qr = 2250  =>  Pr = 550


b.
If the demand for recruiters increases, it will increase the equilibrium quantity and wage rate for recruiters.  This will have an indirect effect on the market for office assistants because both markets are hiring from the same labor pool.  In particular, the supply of office assistants will decrease (supply curve shift left) as some people leave the office assistant market to become recruiters.  The individuals most likely to become recruiters are those that derive the least disutility (unhappiness) from recruiting (those office assistants that are the least opposed to recruiting).  In fact the increase in the quantity of labor supplied in recruiting will come from a combination of people that were not working before, but are attracted to work because of the higher recruiting wage rate, and people that are attracted to switch from office assistants to recruiting.  The new equilibrium in the recruiting market is as follows:

Recruiting
1000 – 0.1Qr = 100 + 0.2Qr  =>

900 = 0.3Qr  =>

Qr = 3000  =>  P = 700

c.
A minimum wage (price floor) of 500 would be above the equilibrium price in the office assistant market, but below the equilibrium price in the recruiter market.  As a result, the price floor will affect the office assistant market, but not the recruiting market, which already offers a wage of 550 (i.e., equilibrium price and quantity remain the same as in part a).  By holding price above equilibrium, price floors increase the quantity supplied, decrease the quantity demanded, and create a chronic excess supply.  However, it will not affect the demand or supply of labor (i.e., it causes a movement along the demand and supply curve in response to the change in price, but not a shift in either curve).  The excess supply will put pressure on prices to decrease, but the price floor will preclude that possibility.  In particular:

If P = 500  =>  500 = 100 + 0.1QaS  =>  400 = 0.1QaS =>  QaS = 4000
500 = 1000 – 0.2QaD  =>  500 = 0.2QaD  =>  QaD = 2500
Comparing the quantity of office assistants supplied and demanded, there is an excess supply of 1500 candidates.  Furthermore, compared to part a, the quantity of office assistants supplied has increased from 3000 to 4000.  Thus, 1000 of the 1500 unemployed office workers represent new entrants to this labor market (possibly recruiters).  Similarly, the quantity of recruiters demanded decreases from 3000 to 2500.  Thus, 500 of the unemployed office workers represent a reduction of employment in office workers.  Because only 2500 units of labor are demanded (i.e., there are only 2500 jobs), 2500 is the equilibrium quantity of office assistant labor hired.
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While the price floor does not have a direct effect on the market for recruiters, there will certainly be an indirect effect.  As the wage rate for office assistants increases, some recruiters may want to switch to office assistants.  Unfortunately, they will not find jobs.  In fact, as employment of office assistants decreases from 3000 to 2500, there will likely be an increase in the supply of recruiters, decreasing wage rates and increasing equilibrium quantity in that market.


d.
A 300 per person wage subsidy can be modeled as increasing the supply curve for labor in both markets (shift the supply curve to the right).  In fact the vertical distance of this shift is 300 (shift down  -  i.e., reduce the supply curve intercept by 300).  If the subsidy is modeled as affecting the supply curve, the new equilibrium price will represent the wage paid by employers (the demanders of labor).  The wage received by employees can be found either from the old supply curve or by adding 300 to the wage paid by employers.  These calculations are as follows:

Office Assistant

1000 – 0.2Qa = -200 + 0.1Qa =>

1200 = 0.3Qa  =>

Qa = 4000  =>  Pa = 200 (for employers)

Pa = 500 (for employees)

Recruiters

1000 – 0.2Qr = -200 + 0.2Qr  =>

1200 = 0.4Qr  =>

Qr = 3000  =>  Pr = 400 (for employers)

Pr = 700 (for employees)
In the office assistant market, employers pay 200 after the subsidy, as opposed to the 400 they paid before; employees receive 500 after the subsidy, as opposed to the 400 they received before.  Thus, employers receive 200 of the subsidy; employees receive 100.  In the recruiting market, employers pay 400 after the subsidy, as opposed to 550 before; employees receive 700 after the subsidy, as opposed to 400 before.  Thus, employers and employees both receive 150 of the subsidy in recruiting.  The employees receive a larger share of the subsidy in recruiting, vice office assistants, because supply is less elastic in recruiting (it takes a larger increase in price to illicit an increase in the quantity supplied). Both office assistants and recruiters would prefer the subsidy to the minimum wage law.
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e.
A decrease in income taxes would increase the amount of take home wages employees receive.  This will increase the supply of labor:  employees will be wiling to supply more labor at every wage rate employers offer because employees receive greater take home compensation than before. The increase in the supply curve reduces equilibrium wages and increases equilibrium quantity in both markets.
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4.
a.
This is a constrained optimization problem where the objective is to maximize security (S) without spending more than $2,400,000.  This can be solved by Legrane or by substituting directly into:
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I will use Legrange in the answer here.  In particular:
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b.

[image: image13.wmf]4

10

40

1000

8000

*

2

2

)

3

2

(

3

25

.

0

400

100

8000

1000

)

3

1

(

3

3

/

1

3

/

1

3

/

1

3

/

1

3

/

1

3

/

1

3

/

2

3

/

2

3

/

2

3

/

2

3

/

2

3

/

2

=

=

=

=

=

¶

¶

=

=

=

=

=

=

¶

¶

=

-

-

F

E

F

E

F

S

MB

E

F

E

F

E

S

MB

F

E


Thus, at the optimal quantities of E and F, MBE does not equal MBF.  In fact, MBF is 16 times as large as MBE.  However, these MBs are not supposed to be equal at the optimal combination of E and F.  MB indicates how output changes as either E or F change by one unit (i.e., the increase in S as we add one more officer or enlisted personnel).  If these MBs were equal, it would imply that we receive the same increase in output by adding either an officer or enlisted personnel.  However, one officer costs 16 times as much as one enlisted personnel.  Therefore, equating MBs is not optimal.  We want to equate the marginal benefit per dollar, or the ratio of MB to MC for both enlisted personnel and officers, as specified in the answer to part a.  If we divide MBE and MBF by their MCs (prices), we find the MB per dollar is equal for both enlisted personnel and officer (and equals 0.0025), as required for optimality.


c.
This is again a constrained optimization.  You have 200 people to allocate to one of two tasks (constraint); again you want to allocate this labor in a way that maximizes security (objective).  Thus, you can solve this problem either using Legrange or by substitution.  I will use the later approach in this answer.  The only trick to this problem is recognizing that the constraint does not involve expenditures.  Rather, you are restricted in your total labor.  Thus, the constraint simply becomes:  

200 = R + M  =>  200 – (R + M) = 0

Using the general form of the constrained optimization answer, where our total “cost” of personnel is 

TC = R + M
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(Note:  you can also use the shortcut.  The exponents in the Cobb-Douglas production function are equal to one another.  Thus, you will use the inputs in the inverse ratio of their relative prices.  Therefore, you know R = M and you can plug directly into the constraint and solve).

d. 
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In this case, the MBs are equal at the optimal combination of R and M.  Here the prices of R and M are irrelevant, we are simply trading off billets one for one.  Thus, the effective (opportunity) cost of R and M are the same, and equal to 1 person.  Because both R and M have the same price, equating the MB per dollar is equivalent to equating the MBs, as verified in the calculation above.
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