Bill Gates

Quiz 1:  Answers

MN3140 – Microeconomic Theory

Fall AY2000


1.
a.
An expansion in supply can be represented as a rightward shift in the supply curve.  At the original equilibrium price, this will create an excess supply, as pictured to the right.  The excess supply will put pressure on price to fall, as producers reduce prices to liquidate their unintended increases in inventory.  As price falls, the quantity demanded will increase and the quantity supplied will decrease.  Unlike the following situations, this decrease in output (quantity supplied) does not represent a tightening of the computer chip market, it is a response to a chip glut (over supply).

b. An earthquake in Taiwan that destroys a significant portion of the computer chip industry’s productive capacity will reduce the supply of computer chips (shift the supply curve to the left).  There will be excess demand in the computer chip industry at the initial equilibrium price.  This will put pressure on prices to increase.  As prices increase the quantity demanded will decrease (movement along the demand curve).  Equilibrium industry price will increase and equilibrium industry quantity will decrease.  Unlike the answer to part a, this decrease in supply does represent a tightening of the computer chip market due to the loss of production capacity.

c. An increase in the demand for consumer products using computer chips would increase the demand for computer chips (shift the demand curve to the right).  The demand for computer chips is considered a derived demand in this case.  Consumers do not demand computer chips because they consume them as a final product (as with beer or shirts), but because computer chips are used as inputs in other final products that are now in higher demand.  As the demand for computer chips increases, there is an excess demand at the initial equilibrium price.  This will again put pressure on equilibrium prices to increase.  As equilibrium computer chip prices increase, the quantity supplied will also increase (movement along the supply curve).  The outcome is a higher equilibrium price and quantity.  This also represents a tightening of the computer chip market.
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d. The three impacts described in parts a through c have offsetting impacts in some cases.  In particular, equilibrium price decreases with the glut in supply (part a) but increases after the earthquake and increase in demand (parts b and c).  Similarly, equilibrium quantity decreases after the glut and earthquake (parts a and b), but increases after the increase in demand (part c).  The net effect of these changes will depend in part on the relative magnitude of their impacts on the supply and demand curves, and in part on the shapes of the demand and supply curves (elasticity of supply and demand).  For example, if the demand curve is relatively steep (inelastic) and the supply curve is relatively flat (elastic), the supply side impacts (glut and earthquake) will have a relatively large impact on price (glut decreases price; earthquake increases price) and a relatively small impact on quantity.  On the other hand, the increase in demand will have a relatively large impact on quantity and a relatively small impact on price.  Given inelastic demand and elastic supply, the net impact of the supply effects will determine the change in equilibrium price while the demand change will determine the effect on equilibrium quantity.  Thus, equilibrium quantity will tend to increase due to the demand increase, the net impact on equilibrium price depends on whether the glut or earthquake has the stronger impact on supply (the glut resulted from an increase in supply, the earthquake reduces supply).  Two cases are pictured below; one in which the glut has the larger impact on supply (equilibrium price decreases), the other in which the earthquake has the larger impact on supply (equilibrium price increases).
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2. a.
Equilibrium price and quantity occurs at the intersection of the labor demand and supply curves.  Note that the labor demand curve represents firms’ demand for labor; the labor supply curve represents the labor supplied by individuals.  Thus, roles for firms and individuals are reversed compared to the product market.  This reversal is important in answering parts of this question.

1.0 + 0.01Q = 13.00 – 0.02  =>

12.00 = 0.03Q  =>

Q = 12/0.03  =>

Q = 400, P = 5.00 (from either the supply or demand curve)

Total expenditure = PxQ = $2000  (See graph below)

b. If the government imposes a minimum wage of 6.00, it creates a price floor above the current equilibrium price of 5.00.  As the price increases, it increases the quantity supplied (by individuals) and decreases the quantity demanded (by producers).  This will create an excess supply of labor (or unemployment).  In particular, if P = 6.00:

From the demand curve, 6.00 = 13.00 – 0.02Qd  =>

7.00 = 0.02Qd  =>

Qd = 7.00/0.02  =>

Qd = 350
From the supply curve, 6.00 = 1.00 + 0.01Qs  =>

5.00 = 0.01Qs  =>

Qs = 5.00/0.01  =>

Qs = 500
Unemployment = Qs – Qd = 500 – 350 = 150 = Unemployment
c. Comparing parts a and b, the quantity of labor demanded decreased from 400 to 350; 50 people lost jobs due to the higher wage rate.  The quantity of labor supplied increased from 400 to 500; 100 people entered the labor market due to the higher wage rate.  The combined effect of people losing jobs and entering the labor market caused a 150 increase in unemployment (50 + 100 = 150).  Thus, the shape of the demand curve (elasticity) determines how many people lose jobs due to the minimum wage; the more inelastic the labor demand (steeper labor demand curve), the fewer people lose jobs, and vice versa.  The more inelastic the labor supply, the fewer people enter the labor market, and vice versa.
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d. Labor is an input in the production process.  Thus, an increase in labor prices due to the minimum wage law decreases the supply of products using minimum wage labor as an input (i.e., shift the supply curve to the left).  This increases the equilibrium price and reduces equilibrium quantity for these products.  In fact, the decrease in equilibrium product market output is the reason the quantity of labor demanded decreases as labor prices increase in the short run.  Firms cannot substitute capital for labor in the short run, but the quantity of labor used (L) varies directly with the firm’s output (Q), as indicated by the firm’s production function when K is fixed.

The vertical shift in the supply curve represents the increase in labor costs at each output level (just as this vertical distance represents the increase in production costs due to a tax when we model a tax as affecting the supply curve).  Thus, one measure of the cost of the minimum wage would be the vertical shift in the supply curve, at the new equilibrium quantity, times the equilibrium quantity exchanged ((PxQ). The cost of the minimum wage will be divided between consumers and producers much as the burden of a tax.  P1 – P0 is the increase in price borne by consumers; P0 – Pc I the reduction in the producers revenues per unit. This measure
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considers the impact of the minimum wage on the units that are exchanged in the new equilibrium.  There is also a reduction in market activity (the new product market equilibrium is at a lower output level than the initial equilibrium).  Thus, the minimum wage imposes an additional cost associated with the units of output that are not produced.  This is measured by the area between the original demand and supply curves as output varies between its new and old equilibrium levels.  This cost is referred to as the “dead weight loss.”  We will discuss this more in conjunction with consumer and producer surplus.

e. As with taxes an subsidies, this cost is divided between producers and consumers, at least in the short run.  As we will discuss later, the cost is borne entirely by consumers in the long run.  This cost may be higher or lower than the cost calculated below for the wage subsidy.  However, the cost is not easily measured.  Because it is not obvious, consumers frequently don’t consider the cost a minimum wage law imposes.  It is often viewed as a relatively cost-less way to increase low-end wage rates.

f. In this case, we can distinguish between the wages employers pay and the wages workers receive.  The demand curve shows quantity of labor demanded versus the wages employers pay (Pe); the supply curve shows the quantity of labor supplied versus the wage workers receive (Pw).  Rewriting:

Pw = 1.00 + 0.01Qs
Pe = 13.00 – 0.02Qd
With a wage subsidy, Pe ( Pw.  In fact:

Pw = Pe + S, where the subsidy S = Pe in this problem.  =>  Pw = 2Pe
Using this relationship to rewrite the labor supply curve (i.e., rewriting the supply curve in terms of Pe):

2Pe = 1.00 + 0.01Qs  =>

Pe = 0.5 + 0.005Qs

Equating the new supply curve with the old demand curve yields:

0.5 + 0.005Q = 13.00 – 0.02Q  =>

12.5 = 0.025Q  =>

Q = 500, Pe = $3.00 (from new supply or old demand curve)

Pw = $6.00 (from Pw = 2Pe or the old supply curve)

Subsidy = $3.00 (from Pw – Pe, or S=Pe)
Government cost = 3.00 x 500 = $1500
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3.
a.
This is a constrained optimization problem where we have to find the cheapest way to produce the specified output level at each plant.  In both cases, we know the value of Q and we want to find the value of TC, so TC is the objective and Q is the constraint.  In particular, using Legrange to solve for plant 1 (dropping subscripts for plant 1 and 2):

TC = PkK + PlL  = 36K + 9L

Q = 4K1/2L1/2  =>  512 = 4K1/2L1/2  =>  512 - 4K1/2L1/2 = 0
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Notice that the exponents in the Cobb-Douglas production function are the same for both K and L, thus we use capital and labor in the inverse proportion to the ratio of their prices.  Remembering this, we could immediately determine L = 4K.

Using the shortcut method to solve for plant 2 (again dropping the plant designating subscripts):

TC = PkK + PlL  = 36K + 9L

Q = 3K1/3L2/3  =>  324 = 3K1/3L2/3  =>  324 - 3K1/3L2/3 = 0
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b. If the government wants to reduce and consolidate output into one plant, they can change L but they cannot change K.  Thus, the short run costs of producing Q = 576 at plants 1 and 2 are as follows:

Plant 1

576 = 4K1/2L1/2  =>  576 = 4(64)1/2L1/2  =>  576 = 32L1/2  =>  18 = L1/2  =>  L = 324
b. TC = 36(64) + 9(324)  =>  TC = 2304 + 2916  =>  TC = 5220
If the capital stock at Plant 2 is not eliminated, or used for another purpose, then DoD would still incur those capital costs in the short run:  TC = 5382 + 972 = 6354.

Plant 2

576 = 3K1/3L2/3  =>  576 = 3(27)1/3L2/3  =>  576 = 9L2/3  =>  64 = L2/3  =>  L = 512
TC = 36(27) + 9(512)  =>  TC = 972 + 4608  =>  TC = 5580
If the capital stock at Plant 1 is not eliminated, or used for another purpose, then DoD would still incur those capital costs in the short run:  TC = 5580 + 2304 = 7884
In general, the cost impact of shifting short run output from one plant to another is indicated by the relative marginal productivity of labor between the two plants (assuming labor costs are the same at both plants.)  If labor costs were not the same, you would have to normalize for the price of labor and compare MPl per dollar).  Because capital stock cannot change, shifting output from one plant to another reduces labor costs at the plant losing output and increases labor costs at the plant increasing output.  Capital costs don’t change at either plant and need not be considered.  If the marginal productivity of labor (per dollar) is higher at one plant, DoD could reduce total costs by consolidating output in that plant.  To minimize total costs, DoD would want to distribute output between plants so that the MPl (per dollar) is the same at both plants.  

c. In the long run, DoD can change the capital stock at either plant. Thus, the benefit of consolidating output depends on returns to scale.  In part a, the average cot per unit is $9 at both plants.  Furthermore, both plants exhibit constant returns to scale (because the sum of the exponents is 1 in a Cobb-Douglas production function).  Thus, DoD cannot reduce total costs by consolidating output in one plant (total costs will remain the same, and equal to $5184 ($9 x 576) for any distribution of output across plants).  This is the straightforward answer if you understand the implications of Cobb-Douglas production functions.  

c. If not, you can calculate the optimal combination of K and L, and corresponding total costs, at both plants 1 and 2, if DoD produces 576 units of output at one plant or the other.  You can solve for K and L using either LaGrange or the shortcut approach, as illustrated above.  However, the production functions and labor and capital prices are the same here as in part a, so the ratios of K and L are also the same.  Thus, long run costs at plants 1 and 2 are as follows:

Plant 1

L = 4K and 576 = 4K1/2L1/2  =>  576 = 4K1/2(4K)1/2  =>  576 = 8K  =>  K = 72, L = 288
TC = 36(72) + 9(288)  =>  TC = 2592 + 4608  =>  TC = 5184  (Average cost = $9/Unit)

Plant 2

L = 8K and 576 = 3K1/3L2/3  =>  576 = 3K1/3(8K)2/3   =>  576 = 12K  =>  K = 48, L = 384
TC = 36(48) + 9(384)  =>  TC = 1728 + 3456  =>  TC = 5184  (Average cost = $9/Unit)

d. Conditions under which consolidation benefits DoD in the short and long run were described above.

4.
a.
This is a constrained optimization problem.  DoD wants to maximize the number of nursing recruits they attract for a constrained recruiting budget.  In general, we know the solution to the optimization problem should balance the ratios of MB to MC across alternative uses for DoD’s limited recruiting budget.  Specifically, setting this up as a LaGrangian would yield:
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In this case, the objective is to maximize the total number of recruits, which is the sum of the recruits from each accession source.  The constraint is that the total costs of attracting recruits can not exceed the recruiting budget. The difficult part of this specification is determining how cost varies with the number of recruits from each accession source (this is equivalent to determining the supply curve for each recruiting source).  For example, consider direct accessions.  The total cost would consider how the supply of military nurses increases as the enlistment bonus increases (i.e., how much would DoD have to increase the bonus to attract additional nurses?).

The answer to the constrained optimization (consistent with the LaGrangian) would be of the form:
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The MBs in this case are simply one additional recruit from each accession source (the partial derivatives of the objective with respect to D, R and T all equal 1).  The MCs are the increases in total cost required to obtain one additional recruit from each accession source.  MC should increase for each source as the number of recruits increases, assuming there is a limited supply of recruits for a given incentive package.  Because the numerator is one for each term in the optimal solution, the optimization simplifies to equating the MCs of attracting additional recruits across accession sources.  If it is cheaper to attract an additional recruit from one source than from the others, DoD should attract more recruits from that source.  At the optimum, the last recruit is equally expensive from each accession source.

d. If DoD defined a successful recruit as a nurse who extends beyond the initial period of obligated service, DoD’s optimization problem remains essentially as described above. The main difference is that the terms in the numerator of the optimal solution have a slightly different definition.  In particular, MB now involves nurses that meet the definition for successful recruits.  DoD now has to consider how many recruits are required from each accession source to generate one successful recruit.  The MB reflects the effect on successful recruits as more nurses are enlisted from each accession source.  For example, a higher percentage of direct accession nurses may be willing to extend beyond initial obligation when the enlistment bonus is lower than when it is higher (those entering at a lower bonus may be more compatible with the military environment than those that are attracted for a higher bonus).  The MB terms would have to reflect this propensity to reenlist and the change in this propensity as the recruitment incentive increases.

e. Selecting the optimal size of the nurse corps. is also a constrained optimization problem.  DoD has a limited budget to spread across all potential uses:  nurses, doctors, dentists, facilities and equipment in the healthcare arena; healthcare, training and maintenance/support in the readiness arena, readiness, operational forces and weapon systems at a broader level (this could be further broadened to the congressional level involving tradeoffs between defense and other government expenditures).  Decisions at each level can be characterized as a constrained optimization.  As such, the optimal size of the nurse corp. must satisfy the general characteristics of a constrained optimization solution:  
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The MB would be the contribution to healthcare, readiness or national security as DoD expands the nurse corp., doctors, training, weapons, etc.  The MC is the cost for an additional nurse, doctor, training exercise, weapon system, etc.  Data on marginal costs and benefits is not readily available (DoD mostly collects total and average cost data).  Thus, much of this information may have to be gathered by looking at past data, observing current operations (including training exercises and simulations), or talking to smart and knowledgeable people.

f. My guess is that no military department sets up a systematic process that looks like this.  However, decision-makers may consider the appropriate tradeoffs in allocating resources.  In competitive industries, we presume that competition will ensure that only the optimizing firms survive.  Government operations do not have competition to weed not non-optimizing producers.  We have to rely on other mechanisms to motivate efficient behavior.  There may be elements of the budget/POM process that help ensure efficiency.  The military often claims esprit de corps serves this role.  As the budget tightens, the incentive to optimize may increase.  Your guess here is as good as mine.  I am primarily looking for what you consider.
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