Bill Gates	Problem Set 1:  Answers


Economic Decision Making





1.	These are all constrained optimization problems.  In all cases you want to use your time most efficiently (i.e., use your time tp maximize your objective given the time you have available).  In the first question, you want to maximize utility, where utility depends on both GPA and leisure time;  in the second problem, you want to maximize GPA where GPA depends on the grade you receive in each class; in the third part, you want to maximize total points in economics, where total points is the sum of the points you receive on each of three problems.  In all three questions, the answer will satisfy the general form:


		� EMBED Equation.2  ���


Because the constrained resource is time in all three cases, the MC is per unit time (i.e., hour, half day, day).  Because MC is the same for each activity in each question, optimization can be simplified to equating the values of the MBs, where MB represents the increase in the objective per unit time:


		MBx  =  MBy  =  MBz


The issue is to identify the relevant and MBs in each question.  Each question will be discussed briefly.


	a.	You can consider that utility depends on GPA and leisure.  Every hour you devote to studying increases GPA but reduces leisure time.  Your loss in leisure time is your (opportunity) cost of additional study time; a lower GPA is your (opportunity) cost of an increase in leisure time.  Furthermore, both studying and leisure time are likely to be affected by diminishing marginal returns.  The more you study, the smaller our marginal gains from additional study time; the more leisure time you consume, the less enjoyment you receive from an additional hour of leisure.  You need to find the time allocation such that the marginal utility gained from extra studying just equals the marginal loss in utility from less leisure.


	With regard to study time, you need to know how GPA changes as you study more, and how the increase in GPA affects utility.  This will vary across students.  Some students may find that additional study time adds little to GPA, some may find it adds a lot;  some may find that increasing GPA over 3.00 adds little to utility, some may find that a GPA below 4.00 subtracts significantly from utility.  Your current GPA only affects your answer indirectly.  Your current grades will be factored into your current GPA to determine your new cumulative GPA.  If you are a 3.00 and go student, the marginal value of study time will be lower the higher your current GPA.  If you are a 4.00 or bust student, the marginal value of study time will increase as your GPA decreases.  Depending on your relative value of grades and leisure time, it may not be optimal to spend the whole weekend studying.  You may receive higher overall utility by spending more of the weekend in other leisure time activities.  (It may not be optimal for all students to strive for a 4.00 GPA, though a 4.00 may be optimal for some.)


	b.	In this case, your objective is to maximize total GPAT, where 


		GPAT = 1/3*(GPAA +GPAM + GPAE)


Maximizing this expression with respect to time spent studying in each class yields:


		=>  MGPAA = MGPAM = MGPAE


In this formulation, the MB of studying one subject is the increase in your final grade attributable to the additional study time.  The relationship MGPAA = MGPAM = MGPAE emphasizes that the (opportunity) cost of studying n one subject is your loss in grade points from not studying other subject.  Studying a particular subject will also experience diminishing marginal returns; the marginal gains per hour (day) will decrease the more you study that subject.  You first study that subject with the highest increase in grade per unit time spent studying that subject (i.e., the subject with the highest MB).  You should stop studying a subject as soon as the marginal gains per unit time for that subject (MB) are lower than the marginal gains per unit time for the other subjects (MC).  (Recall the capital and labor example from class).


	The main issue to address is how your GPA in each class varies with study time.  This depends on two primary factors:  how important is each test to your overall grade, and how much will each test score improve as you spend more time studying that subject.  Current grades, background and past class performance all have indirect affects.  They indirectly affect the impact that study time has on the quiz score in each class, but the impact is likely to vary across students.  For example, a strong background may reduce the impact of further study (if you already know the material), though it could also increase the value (if you have a greater aptitude).  Similar arguments can be made for the other indirect factors.  The main point here is to discuss how study time affects test scores and how test scores affect course grade.  You want to equalize the marginal benefit of the last hour of study time across all three tests.  You may not want to study sequentially.  In fact it might be optimal not to study at all for one of your exams so you can devote more time to the others.  This would be optimal if either you have already mastered the required material or there is no hope of improving or hurting your grade in that subject.  In either case, the MB of studying that subject would be low.


	c.	In this case, your objective is to maximize your total points, PT, where 


		PT = (P1 +P2 + P3)


Maximizing this expression with respect to time spent studying in each class yields:


		=>  MP1 = MP2 = MP3


You would have a similar problem for each part of each question.  Again, the main issue is to determine how the point value in each question (part of a question) varies with time spent on that question (part of a question).  The (opportunity) cost of working on one question (part of a question) is your loss in points from not working on other questions.  Work on a particular question will also experience diminishing marginal returns; the marginal gains per minute will decrease the more you work on a question.  You should begin with questions (parts of questions) that have the highest increase in points per minute spent answering the question (i.e., where the MB > MC).  You should stop working on a question (part of question) as soon as the marginal gains per minute for that question (MB) are lower than the marginal gains per minute for unworked questions (parts of questions) (MC).


	Again, the optimal strategy might vary across students.  Students working for a perfect score might find they spend less time on the earlier parts of questions, so they have relatively more time to devote to the harder questions (e.g., your answers to the easier questions don’t improve much with time after the first few minutes).  Alternatively, students with less lofty goals (and less knowledge of the material), may want to spend relatively more time on the easier parts of questions.  This would be the case if the harder questions were beyond the student’s capabilities.  If the student can’t answer the harder questions, it is not productive to spend much time on them.  It is unlikely to be optimal to allocate time to questions according to their point values.


2.  a.  If a new hybrid seed reduces the cost of cattle feed, it will reduce the cost of producing hamburger.  This will cause the supply curve to increase (shift right).  At the old equilibrium price, there would now be an excess supply.  Thus, market price will fall.  As market price decreases, there is an increase in the quantity demanded (movement along the demand curve).  At the new equilibrium, price will be lower and the quantity exchanged will be higher.�
��
�
b.  Catsup and hamburgers are compliments in consumption.  Thus, an increase in the price of catsup, due to an increase in the price of tomatoes, will cause the demand for hamburgers to decrease (shift left).  At the old equilibrium price, there would now be an excess supply.  Thus, market price will fall.  As market price decreases, there is an decrease in the quantity supplied (movement along the supply curve).  At the new equilibrium, both price and the quantity exchanged will be lower.�
��
�
c.  Hot dogs and hamburgers are substitutes in consumption.  Thus, an decrease in the demand for hot dogs will cause the demand for hamburgers to increase (shift right).  At the old equilibrium price, there would now be an excess demand.  Thus, market price will rise.  As market price increases, there is an increase in the quantity supplied (movement along the supply curve).  At the new equilibrium, both price and the quantity exchanged will be higher.�
��
�
d.  Meat packers are an input in the production of hamburgers.  An increase in the price of inputs will decrease supply (shift left).  At the old equilibrium price, there would now be an excess demand.  Thus, market price will increase.  As market price increases, there is a decrease in the quantity demanded (movement along the demand curve).  At the new equilibrium, price will be higher and the quantity exchanged will be lower.�
��
�
e.  If the government agrees to buy all surplus hamburgers at a price 10% above the current market price, there is an increase in the number of consumers.  As a result, the demand for hamburgers will increase (shift).  In fact, the demand curve becomes horizontal at P* = (1.1)P showing that the government will buy an unlimited amount at this price.  Equilibrium price to P*.  As price increases, the quantity supplied increases (movement along the supply curve).  Thus, both equilibrium output and price increase�
��
�
f.  A price ceiling will hold the price of hamburgers below the equilibrium value.  As price decreases, the quantity supplied decreases and the quantity demanded increases (movements along both curves).  The quantity exchanged will be limited to the amount supplied.  This creates an excess demand, but prices cannot increase to eliminate it.  As a result, an alternative allocation mechanism must be developed.  In most cases, this increases the total opportunity cost of hamburgers above P* and P.�
��
�
3.	The supply and demand schedules and the supply and demand curves for sweat socks are shown below, for your reference.


�


	a.  The equilibrium price and quantity is the combination of price and quantity that clears the market.  In other words, the price where the quantity demanded equals the quantity supplied.  Inspecting the demand and supply schedules (or curves if drawn) indicates that quantity supplied and demanded are equal at a price of $4..  Equilibrium quantity is 2900.


	b.  Revenue equals the quantity sold multiplied by the price per unit sold.  Revenue = 2900  X $4 = $11,600.


	c.  The subsidy is paid to producers and does not affect consumer tastes.  Consumers will still demand the same amount at any given price.  Thus, the demand curve doesn't shift.  However, the supply curve shifts down.  Producers receive the market price plus the two dollar subsidy on each pair of socks sold.  Therefore, producers will be willing to sell a given amount at a market price two dollars below the old supply price, since they actually receive the market price plus the subsidy.  The supply curve shifts down by $2.


�


	d.  The new equilibrium price and quantity, which equates the quantity supplied and demanded, is $3 and 3500 pairs of socks.  At a price of $3, consumers demand 3500 pairs of sweat socks.  Similarly, producers are willing to supply 3500 pairs because they actually receive $5 per pair of sweat socks ($3 from consumers plus $2 from the government subsidy).


	e.  The producer's total revenue equals the quantity of sweat socks sold multiplied by the total revenue received per pair (market price plus subsidy).


Revenue = 3500 X ($3 + $2) = 3500 X $5 = $17,500.


	f.  Total subsidy payments equal the quantity of sweat socks sold multiplied by the subsidy per pair.  Subsidy = 3500 X $2 = $7000.


	g.  Comparing the answers to questions 1 and 4, the equilibrium market price has fallen by $1 (from $4 to $3) as a result of the subsidy.  The producers' revenue is $5, the equilibrium market price plus the subsidy ($3 + $2).  This is $1 more than the old equilibrium price.


	h.  The government demand is zero at any price above $5.  The new demand curve is the same as the original demand curve for private consumers at any price above $5.  However, the government agrees to purchase an unlimited amount at $5.  Therefore, the demand curve becomes horizontal at $5.


�


	i.  The new equilibrium occurs where the supply curve crosses the new demand curve.  They intersect at a price of $5.  There would be excess supply at prices above $5, because the government will not purchase any socks for more than $5.  However, the price would never fall below $5, because the government will purchase an infinite amount for $5.  Thus, the equilibrium quantity will be 3500.  At $5, non-government consumers will purchase 2300 pairs of sweat socks.  The government purchases 1200 (3500 - 2300) pairs.


	j.  Revenue equals the quantity sold times the market price.  Revenue = 3500 X $5 = $17,500.


	k.  At a price of $3, producers will supply 2300 pairs of sweat socks.  Because the quantity demanded exceeds the quantity supplied at a price of $3, consumers would have to be rationed to 2300 pairs in order to avoid lines.


�


	l.  Consumers would be willing to pay up to $5 per pair, because that is the price at which 2300 pairs are demanded.  With the price ceiling, sweat sock prices cannot rise above $3 per pair.  Therefore, consumers would pay $2 for a ration coupon.  The price ceiling and ration coupons would transfer $2 of revenue per pair from sweat sock producers to the owners of ration coupons.


4.	a.	Fuel costs are a input to producing air travel.  If input costs increase, the industry supply curve for air travel decreases (shifts left).  Industry price increases and output decreases.  


	b.	A decrease in demand shifts the demand curve to the left.  This decreases industry output and price.


	c.	It is impossible to predict what happens to industry price if both changes occur simultaneously.  The increase in costs will tend to increase price while the decrease in demand will reduce price.  The net effect depends on the relative size of the changes and the elasticities of demand and supply.  In any case, industry output will decrease.


5.	a.  A dealer based policy would decrease the supply of drugs entering the U.S.  This would be true at every price.  Thus, the supply curve would shift to the left.  This would drive up the equilibrium market price to the new equilibrium level.  As price went up, the quantity of drugs demanded would decrease (movement along the demand curve).  The extent of the decrease in quantity would depend on the elasticity of demand.  The more elastic demand, the larger the decrease in quantity demanded.   The same result would occur regardless of how the U.S. reduced the supply of drugs (i.e., whether by intercepting shipments or s	ubsidizing growers to convert to cash crops).


		If drug prices fell after implementing this program, it would indicate that the program was not having the desired effect.  Either supply increased despite the government's efforts or one of the other market conditions changed (violating the ceteris paribus assumption).


�


	b.	A user based policy would decrease demand for drugs, shifting the demand curve to the left.  As a result, price would fall.  This would cause a movement along the supply curve as the quantity supplied decreased in response to the lower price.  Thus, both price and quantity would fall as a result of this policy.  If prices decreased after implementing this policy, ceteris paribus, it would indicate that the policy was successful.  If other conditions changed (e.g., a shift in the supply curve), it would be impossible to determine if prices had fallen due to the decrease in demand or due to the other changes in the market.


	c.	If the government implemented both policies at the same time, it would be impossible to predict whether we should expect prices to increase or decrease without additional information.  In particular, we would have to know the relative sizes of the shifts is supply and demand and the elasticity of supply and demand in order to predict whether prices should increase or decrease.  If the ceteris paribus conditions were violated, it would be impossible to determine the success of the programs even if we had information about the size of the shifts and the elasticities.





6.	a.	The loss of oil from Iraq and Kuwait has reduced the supply of oil.  This will shift the supply curve to the left.  At the old market price, there would be an excess demand.  As a result, price will increase (movement along the demand curve) until we reach a new equilibrium price.  The equilibrium price will be higher than before the loss of supply, and the quantity exchanged will be lower.  The sizes of these changes depend on the elasticity of both demand and supply (i.e., how sensitive is the quantity demanded to changes in price and how easy is it for suppliers to increase output in the short run).  The market price reflects the total cost of purchasing gasoline because there is no shortage in equilibrium.


	b.	If the government feels that gas price increases will have a detrimental impact on the economy (i.e., lead us to a recession), then a frequent recommendation is to impose a price ceiling that holds gas prices to their previous market value (no additional change in demand or supply).  This increases the quantity demanded and reduces the quantity supplied, creating an excess demand.  Price no longer equates the quantity supplied and demanded.  Thus, alternative mechanisms must be used to allocate the limited supply to consumers (i.e., first come first serve).  These alternative mechanisms generally increase the total cost of purchasing gas by adding an opportunity cost.  To eliminate the time cost of standing in line, rationing is frequently recommended in conjunction with price ceilings.  Ration coupons can restrict the quantity demanded to equal the quantity supplied.  However, they also create an opportunity cost.  Ration coupons have a value, either on legitimate or black markets.  Thus, it is almost impossible to keep the total cost of gasoline below its equilibrium value.  In fact, it may rise substantially above its equilibrium value if the price ceiling significantly reduces the quantity supplied.


	c.	The market price (received by suppliers) is lower but the total cost paid by consumers is higher in the price ceiling case.  Furthermore, consumers receive less gas in the price ceiling case.  Thus, consumers should prefer the market outcome to the misleading appeal of price ceilings.  Furthermore, price ceilings will impair long run responses to loss of oil supplies.  If prices are held artificially low, producers will not get the signal that they should increase supplies (more realistically, they know that there is excess demand at the ceiling price, but they have less incentive to increase the quantity supplied).  Thus, supplies may not expand as quickly in the long run if there is a price ceiling.  Price ceilings cause both short and long run misallocations.


		As to an alternative policy, your guess is as good as mine.


7.	a.	This is a constrained optimization problem.  The Navy wants to maximize the benefit of its anti-drug budget.  The budget is the constraint; the level of illegal drug demand reduction is the objective.  In general, the solution to a constrained optimization problem takes the form MBx/MCx = MBy/MCy = MBz/MCz = ....  In this specific instance, the marginal cost is the extra dollar spent in each program and the marginal benefit is the decrease in drug demand obtained for that dollar expenditure.  Thus, the decrease in drug demand per dollar for the last dollar spent on each program should be the same.  To find this point, the Navy would need information on the impact that various programs have on the demand for illegal drugs.  Ideally, this would be statistical data.  More realistically, this will be subjective data.


	b.	If you consider that the Navy's anti-drug budget is unlimited, this is an unconstrained optimization problem.  The general form of the answer to this problem is MC = MB.  In the context of illegal-drug demand reduction, the Navy should increase the budget as long as the cost of reducing the demand for drugs is less than the benefit the Navy receives from that reduction.  The benefit the Navy receives involves increased readiness, morale, fewer lost work days, lower medical costs, etc.  More realistically, the total Navy budget is limited.  An additional dollar spent on anti-drug programs means a dollar less spent elsewhere.  In this case the appropriate criterion is similar to part a, MBx/MCx = MBy/MCy = MBz/MCz = ....  The anti-drug program's marginal costs and marginal benefits (e.g., increases in readiness) must be balanced against all other Navy programs.  In either case, zero tolerance is not an economically optimal solution.  It may be so expensive to eliminate the last bits of drug use, that the MC far exceed the MB.  For public relations purposes, zero tolerance may be appropriate, but not for economic efficiency.


	c.	The Navy receives several benefits by reducing the demand for drugs.  These include:  reductions in sick leave, health care costs and work productivity;  increases in readiness; and possibly reductions in recruiting and training costs for replacement personnel.  However, this last benefit assumes that personnel separated for drug use will be replaced.  This may not occur as the Navy downsizes.
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