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Chapter 2 Supply and Demand 5

B Teaching Tips

This chapter reviews basic supply and demand concepts from the principles level. Your interactions with
the class from the first session or two should give you a good indication of how much class time to spend
on it. If it has been some time since their principles course, students may need fairly consistent prompting
to recall the basic supply-and-demand model. For example, many will remember that there is a Law of
Demand, but won’t remember the law itself. Encourage students in the strongest terms to read the chapter
carefully. It is well worth the time spent at this stage to make sure everyone has solid recognition of these
basic tools and concepts.

The introduction of demand curves and equations is a good opportunity to review the basic geometric
concepts of slope and intercept. This doesn’t take much time, as most students can recognize slope and
intercept of a written equation, but there is sometimes a surprising lack of connection between what appears
in an equation and the resulting graph. Draw a demand curve and tell the class that the slope of this curve
is —2. Then ask the students what will happen in the graph if the slope increases to —4. Although it is likely
that several, perhaps most, students will know immediately, some will not. This is also a good time to
introduce nonlinear demand functions to illustrate the use of calculus. Assigning some of the quantitative
problems at the end of the chapter and collecting them (even if you don’t intend to collect homework
throughout the term) is another good diagnostic.

When reviewing demand, be sure students are clear on the difference between movement along the curve
and a shift of the entire curve. Two points should be helpful. First, note to them that both in Equation 2.3
and on the graph in Figure 2.1, price is the only independent variable present. Thus only price can cause

a movement along the curve. Second, underscore the role of other variables. After compiling a list of the
factors that can shift the demand curve (once they get started, the class as a group should be able to provide
you with this list), ask what factors are held constant along a single demand curve. Surprisingly, this question is
often greeted by a protracted silence. By realizing that it is the same factors that shift the curve when they
change, students develop a more solid understanding. The text makes this point well in Equations 2.2 and 2.3.
It is here that students should realize the use of partial derivatives to determine the size of the demand shift.

Be sure to review the inverse demand curve and the process of inversion. You can motivate this review
by noting that this process will be needed later when formulating a total revenue equation from a demand
equation. You can combine this with the discussion of the problem of the reversed axes, and reintroduce
the inverse function rule.

Try to keep the discussion of supply parallel to that of demand. For factors that can shift the entire supply
curve, note that they can all be lumped together under the broader heading of costs, government rules and
regulations, and other variables (as is done in the text). The text notes that there is no “Law of Supply,”
and most students have learned this in their principles course. Be aware, however, that some principles
instructors refer to the upward slope of supply curves in the short run as the “Law of Supply.” Adopting a
uniform taxonomy and vocabulary reduces confusion. This includes uniformity with the text with respect
to symbols and upper versus lower-case labeling.

When combining supply and demand in the discussion of equilibrium, press the students for a usable definition
of the term. You will likely receive the suggestion of “where supply equals demand.” Though incorrect,
this definition is useful in the introduction of price floors and ceilings where the quantity supplied does not
equal demanded at the equilibrium quantity. An important point regarding equilibrium solutions of supply-
and-demand problems is that they are typically stable and self-correcting. To illustrate this point, use examples
of commonly purchased items such as discounted clothing and music CDs, where reduced prices reflect
excess supply.
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6 Perloff * Microeconomics: Theory and Applications with Calculus, Second Edition

When discussing own-price elasticities, students need to understand that there are several formulas that
yield an elasticity, and the choice of formula is driven mostly by the information that is given. When talking
about the formula as simply a ratio of percentage changes, you might try to find a current newspaper piece
that has a percentage change in prices and the percentage change in quantity that results.

When discussing elasticities, two points require significant attention. The first is to get the students to make
the connection between a verbal description of an elasticity, the slope of the demand curve, the elasticity
formulas, and the graph of a demand curve. You can give the students information in different forms and
ask them to compute an elasticity in each case. The second area of confusion is that linear demand curves
are not of constant elasticity (except when perfectly elastic or inelastic). You can demonstrate using an
equation and a graph where although the slope is constant, the price/quantity ratio is changing, which
changes the elasticity as price falls. This is illustrated well in Figure 2.9 and also illustrated with the
constant elasticity demand function in Solved Problem 2.2.

Although own-price elasticities are covered in principles, income and cross-price elasticities generally are
not. Thus you should budget significant class time to discuss them. When covering income and cross-price
elasticities, consider using the following approach: Choose a product and ask the students what factors
might influence demand (choose something that has clear substitutes and complements, such as a
computer or a food item). Once you get a list, put a hypothetical demand equation on the board. If you
have a computerized classroom, you can bring in data and estimate a demand equation for the class. It is
good to do this, as it seems to take some of the abstraction out of demand analysis. Either way, once you
have an equation, review how an own-price elasticity can be determined from this equation, and use that as
a springboard into the cross-price and income elasticities. It is useful to change the units of one of the
variables, show how the coefficients would change, and demonstrate that the elasticity would remain
unchanged. Once you discuss this, consider having the class work the following as an in-class problem:

The demand for boxes of nails is estimated to be Q = 100 — 5p + 2/, where income is measured in thousands
of dollars. If p =4, and I = 10, what is the income elasticity? If the equation is then re-estimated using just
dollars instead of thousands of dollars, what will be the effect on the coefficient for /, and the income elasticity?
How would the income elasticity change if the price were reduced to $2?

While we frequently ignore the negative sign in the own-price elasticity of demand, the negative signs in
both the income and cross-price elasticities are more important and students often need to be reminded of
when the negative sign is required and when it is redundant.

Discussion of the own-price elasticity of supply will be similar to the discussion of demand elasticity. It is
useful to point out that the size of the shift in supply can be determined from supply elasticities other than
price. Equation 2.6 provides an opportunity to show input price elasticities.

In the discussion of taxes and tax incidence, students need to be clear on two general points. The first is
that the after-tax equilibrium is independent of whether the tax is levied on firms or consumers. The second
is that the incidence is dependent on the elasticities of supply and demand. In this instance, using the
special cases of perfectly inelastic and perfectly elastic supply and demand curves may be very helpful
(see chapter problems 6 and 7). You can then extend this to empirical examples such as the recent debate
in Congress over the settlement with tobacco firms. The chapter discusses the primary and secondary
(smuggling) effects of state-level taxes. A federal tax on cigarettes, however, would raise large amounts of
revenue but would not discourage smoking as much as if demand were elastic. A good contrast for this is
the 1990 Federal Luxury Tax, which raised significant revenues from taxes on high-priced automobiles but
devastated the U.S. boating industry (see Additional Applications, below).
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Chapter 2 Supply and Demand 7

When discussing floors and ceilings, stress the definitions using simple graphs as illustrations. While it
seems counterintuitive to some students that an effective floor must be above the equilibrium price and an
effective ceiling must be below, suggest that they use this as a mnemonic device. In this section, try to
engage the class in a discussion of unintended or secondary effects of government intervention. This issue
deserves significant class discussion time. Most students have not thought much about the consequences of
ceilings and floors beyond the simple price effects. The text has a good description of the unfortunate side
effects of gasoline price controls. Another good example for discussing secondary effects is rent control.
On the supply side, there are distortions of incentives of landlords to provide efficient levels of upkeep
and safety measures in rent-controlled buildings. On the demand side, time spent searching and undesired
doubling-up reduce consumer satisfaction. Secondary effects of floors are also worth noting. You can
discuss the text’s example of the possible negative effects of minimum wages. Again, students are likely
to view minimum wages as strictly a benefit to workers because they have not considered that job loss will
mean that some workers are harmed rather than helped by the establishment of minimums or increases in
their level.

In the section on when to use the supply-and-demand model, be sure to define and discuss transaction costs.
Most students will not be familiar with this term from principles, and it has important implications on the
functioning of thin markets and markets where there is substantial uncertainty.

B Additional Applications

Tax Revenues from Federal Luxury Taxes

In 1990, ad valorem taxes were imposed on many luxury goods. The tax was 10% of the amount over
$100,000 paid for yachts, over $250,000 paid for planes, over $10,000 for furs and jewels, and over $30,000
for cars.' The idea was to raise tax revenues for the government without harming the poor and middle class.

Due to a mistaken belief about elasticities, the tax on automobiles raised more revenue than expected.
This portion of the luxury tax was predicted to raise $25 million in 1991 and $1.5 billion over five years.
It actually brought in $98.4 million in the first year alone. Because most of the cars that were taxed were
built abroad, the reduced output—sales of Mercedes fell 27% and Lexus sales fell 10% in the first quarter
of 1991—affected few American workers except auto salespeople.

In contrast, the taxes on goods other than cars raised relatively little revenue and caused a substantial loss
of domestic output and jobs. As a result, four bills were brought before Congress within a year to remove
those taxes. In mid-1993, the taxes were revoked. A 1996 law phases out the luxury auto tax by 2002.

The yachting industry provides an extreme example of the harm to domestic producers. In the first year of
the yacht tax, sales of yachts costing over $100,000 fell by 71% (sales of boats costing less than $100,000,
which were not affected by the tax, fell 28% due to the recession). The yacht tax raised only $7 million,
well below the forecast amount, because the drop in sales was not forecast. Congressional analysts made
errors in predicting demand and supply elasticities. The demand curve was thought to be less elastic than it
was because tax-avoiding behavior and the ability of consumers to shift between goods was ignored. Wealthy
boat owners escaped the boat tax by buying yachts in the Bahamas or buying yachts that cost just under
$100,000.

"This section is based on “Senate Panel Kills Tax on Luxury Items,” Los Angeles Times, June 17, 1992:D1 and D13. Christopher
Byron, “The Bottom Line, High and Dry,” New York, 25(18), May 4, 1992:18, 20. Bernard Baumohl, “Taxes: Tempest in a Yacht
Basin,” Time, 137(26), July 1, 1991:51.
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Yacht industry employment fell from 160,000 workers at the start of 1991 to 115,000 a little more than a
year later. Thus the loss of payroll taxes in this industry far outweighed the increase in luxury tax revenues.
According to a study by a trade group, payroll taxes would have fallen by $148 million from 1991 to 1996
had the luxury tax not been removed. Although this is likely to be an overestimate, as it assumes that workers
would not have found work in other industries, the tax clearly failed to achieve its goal. The unintended
effects of this law could have been avoided if Congress had better information about the elasticities of
demand and supply.

1. Can you think of commodities other than those discussed that the government could have chosen that
would have better achieved their goal?

2. Suppose that instead of taxing commodities, the government decided to simply tax the income of
wealthy citizens at a much higher rate. Would this achieve the stated goal?

Elasticity of Toll Roads in Pennsylvania and New Jersey’

Turnpike Commissions in Pennsylvania and New Jersey substantially increased tolls on the turnpikes in
those states in 1991 in an effort to cover the increased cost of maintenance and construction of other state
roads. Like any consumers faced with a price increase, drivers, especially truckers, began seeking alternative
routes. The truckers were upset that they were being targeted by the toll increases because they depend on
using the roads to transport goods to major cities like Philadelphia and New York. To save the money that
would otherwise go toward paying the increased tolls (as much as $50 per trip), truckers began (and continue)
to use back roads instead. Unfortunately, this shift creates congestion, road wear, and driver fatigue due to
the increased stress of driving on hilly two-lane highways rather than turnpikes. It also results in additional
wear on the trucks as well as higher fuel costs as the trucks sit longer in traffic.

In Pennsylvania, the tolls increased 30%. However, revenue did not increase by 30% because of the
substitution of free roads for turnpikes by cars and trucks alike. Truck traffic on turnpikes fell by 13% in
response to the increase. In northern New Jersey, on roads that lead directly to New York, tolls were
doubled (increased by 100%). There, car traffic fell by 7% and truck traffic by 12%. Some independent
truckers gave up completely. “I’m quitting this year” was the response of Jimmy Williams. In addition to
the reduction in traffic due to the substitution, the states must now also cope with the increased expenditures
required to maintain and improve roads that are not designed to accommodate such heavy volume.

1. For truckers, what is the elasticity of demand for toll roads in Pennsylvania?

2. What are the demand elasticities for cars and trucks in New Jersey? Why do you suppose that they
are different from the elasticities in Pennsylvania?

3. How might the increase in tolls affect consumers in Philadelphia and New York?

B Discussion Questions
1. Can you think of any cases in which the Law of Demand might not hold?
2. Would you expect most supply curves to have an upward slope? Why or why not?
3. What are some examples of markets that are competitive?

4. In which markets might transactions costs be so high that the market cannot be competitive?

’Based on Agis Salpukas, “Tolls Up, Trucks Take Back Roads,” New York Times, September 17, 1991:D1, D6.
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10.
11.
12.

Can you think of situations where the government would want to take actions that cause shortages?

In what markets and situations would you expect that the quantity demanded would not equal the
quantity supplied?

Give an example of a product where the long-run elasticity of demand is less than the short-run
elasticity.

Give an example of a product where the long-run elasticity of supply is less than the short-run
elasticity.

Given what you learned in this chapter about luxury taxes, would you advocate imposing them or
not? Why?

Why might a government prefer to collect sales taxes from firms rather than consumers?
Why might a government prefer one type of sales tax (ad valorem or specific) to the other?

Discuss the wisdom of “necessity” taxes as replacements for luxury taxes.

Additional Questions and Problems

Suppose you are planning to conduct a study of the running shoe market. List the factors that you
believe would cause changes in the demand for running shoes. In each case, note whether the
relationship would be positive (direct) or negative (inverse). Also list the factors that you believe
would affect the supply, again noting the nature of the relationship.

In each case below, identify the effect on the market for steak.
a. An increase in the price of lamb.

A decrease in the population.

An increase in consumer income.

A decrease in the price of steak sauce.

An increase in advertising by chicken producers.

o a0 o

In each case below, identify the effect on the market for coal.

a. The development of a new, lower-cost mining technique.

An increase in wages paid to coal miners.

The imposition of a $2 per ton tax on coal.

A widespread news report that demand for coal will be much lower next year.
A new government regulation requiring air purifiers in all work areas.

o a0 o

In a competitive labor market, demand for workers is O, = 10,000 — 100W, and supply is O, =

2000 + 1900W, where Qs the quantity of workers employed and W is the hourly wage. What is

the initial equilibrium wage and employment level? Suppose that the government decides that

$5 per hour is the minimum allowable wage in any market. How would this new minimum wage
alter this market? What would the new employment level be? What would happen to total payments
to labor? Would there be any excess supply of labor? If so, how much?
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10.

11.

12.

13.

14.

15.

16.

17.

For each sentence below describing changes in the tangerine market, note whether the statement is
true, false, or uncertain, and explain your answer. You will find it helpful to draw a graph for each case.
a. If consumer income increases and worker wages fall, quantity will rise and prices will fall.

b. If orange prices decrease and taxes on citrus fruits decrease, quantity will fall and prices will rise.

c. If the price of canning machinery (a complement) increases and the growing season is unusually
cold, quantity and price will both fall.

If demand for show tickets is described by the equation Q, = 100 — p, and supply is O, = 20 + p, find
the equilibrium price and quantity. How would your answer change if the supply curve shifted to
Q; =10+ p due to increases in actor salaries?

Suppose the demand for onion ice cream was described by the equation O, = 20 — p, and the supply

was described by Q, = —40 + p. What are the equilibrium price and quantity? Show your answer using
a graph.

If demand for toy drums is described by the equation Q, = 300 — 5p, and supply is Q, = 60 + 3p, find
the equilibrium price and quantity. How would your answer change if a decrease in consumer income
shifted the demand curve to Q) =220-5p?

A new chemical cleaning solution is introduced to the market. Initially, demand is @, = 1000 — 2p and
supply is O, = 100 + p. Determine the equilibrium price and quantity. The government then decides that
no more than 300 units of this product should be sold per period, and imposes a quota at that level. How
does this quota affect the equilibrium price and quantity? Show the solution using a graph and
calculate the numerical answer.

Demand for park visits is @, =10,000—100P. If park visits are free, how many visitors will attend?
How will your answer change if the park adds a $20 admission fee? Show using a graph.

A firm introduces a new model of MP3 player, which can play both audio and video files. The price
is the same as that of a previous model that can only play audio files. What would happen to the market
of the previous model? What if the new model is more expensive than the previous one?

In a competitive labor market, demand for workers is Q, = 9900 — 100W, and supply is Q, =

2000 + 1900W, where Q is the quantity of workers employed and W is the hourly wage. Suppose
the government decides to impose a wage ceiling of $3 per hour. What would the equilibrium in
this labor market?

What would you predict about the elasticities of demand and supply for emeralds? Be sure to state
your reasons in each case.

Explain why demand curves that are linear (straight lines) generally do not have a constant elasticity.
What types of linear demand curves do have a constant elasticity?

Using the formula given in Equation 2.21, if the price of eggs increases from $1.50 per carton to
$1.75, and the quantity demanded decreases from 25 to 20, what is the elasticity of demand?

Using the formula given in Equation 2.22, if the equation for the demand for bow ties is Q =200 — 10p,
what is the elasticity of demand when p = $10?

Using the formula given in Equation 2.25, if the price of coffee increases from $0.60 to $0.80 per cup
and the quantity supplied increases from 50 cups to 100 cups, what is the elasticity of supply?
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18.

19.

20.

21.

22.

23.

24.

25.

Suppose demand for inkjet printers is estimated to be Q = 1000 — 5p + 10p, — 2p,+ 0.1Y. If p = 80,
p, =50, p,=150, and Y = 20,000; answer the following:
a. What is the price elasticity of demand?

b. What is the cross-price elasticity with respect to commodity X? Give an example of what
commodity X might be.

c.  What is the cross-price elasticity with respect to commodity Z? Give an example of what
commodity Z might be.

d. What is the income elasticity?

Suppose the demand for antibiotics is Q = 100,000. What is the elasticity of demand? If a specific tax
of $1 per dose were levied, who would bear the burden of the tax?

Use a graph to show that the incidence of a $1/1b. tax on grapes is the same whether the tax is
shown as a shift in the supply curve (tax on sellers) or the demand curve (tax on buyers). Under
what circumstances would the incidence of the tax be split equally between buyers and sellers?

Suppose a tax on beans of $0.05 per can is levied on firms. As a result of the tax, the equilibrium
price increases from $0.20 to $0.22. What fraction of the incidence falls on consumers? On firms?
Suppose the supply elasticity is 0.6. What must the demand elasticity be?

If the market demand curve for triple-scoop ice cream cones is O, = 60 — 8p, use the derivative
formula for elasticities to calculate the elasticity of demand when p = $4.

Suppose the market supply curve of wagons is Q. = —62.5 + 0.5p°. The demand curve is Q, = 325 —
2p°. Use Equation 2.27 to determine the incidence of a small tax on consumers.

Show that when demand is perfectly elastic, tax incidence is zero.

Show that the supply function Q = Ap® has constant elasticity.

Answers to Additional Questions and Problems

Possible responses include:
Demand: Price of running shoes (-)
Sock prices (-)
Prices of other sneaker types (+)
Number of people who are regular runners (+)
Income (+)
Supply:  Worker wages (—)
Increases in leather prices (—)
Removal of import tariffs (+)
Unit tax on running shoes (—)

The demand curve shifts to the right.
The demand curve shifts to the left.
The demand curve shifts to the right.
The demand curve shifts to the right.
The demand curve shifts to the left.

o0 o P
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3. a. The supply curve shifts to the right.
b. The supply curve shifts to the left.
c. The supply curve shifts to the left.
d. The supply curve shifts to the left.
e. 'The supply curve shifts to the left.
4. Without minimum wages, the equilibrium is
10,000 — 100W = 2000 + 1900W
W =4
Q0 =9600.
With the new minimum wage of $5, employment will equal the amount of labor demanded at the
minimum wage.
0, = 10,000 — 100(5) = 9500.
Total payments to labor would increase from $38,400 to $47,500. Excess supply of labor would equal
2000 = 2000 + 1900(5) — 9500. Thus, in addition to the 100 people who would lose jobs that they had
before the minimum, an additional 1900 would now want jobs that would be unobtainable at the
higher wage rate.
5. In each case, you must draw a graph that shows the original supply and demand curves, plus the new

curves after the changes. You must then consider whether it matters how far the curve shifts in
response to the change in the parameter indicated.

a. Uncertain. In this case, both the supply and the demand curves shift to the right. Quantity will
definitely increase, but whether prices rise, fall, or remain constant depends on the relative sizes
of the supply and demand shifts. See Figure 2.1. In Figure 2.1, because the demand shift is
relatively larger than the shift in supply, prices increase.

Figure 2.1
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Chapter 2 Supply and Demand 13

b. False. The supply curve shifts right due to the decrease in taxes, and the demand curve shifts left
due to the decrease in orange prices. Prices will be lower, and the change in quantity depends on
the magnitude of the shifts. See Figure 2.2. In the case of Figure 2.2, the large rightward shift in
supply compared to the relatively small shift of the demand curve causes quantity to increase.

$
S
Tax reduction

SI
p ........................
p' ...........................

D
DI
Q Q' Q

Figure 2.2

c. Uncertain. In this case, the demand and supply curves both shift to the left. Quantity decreases,
but price may rise, fall, or remain unchanged depending on the relative magnitude of the shifts.
See Figure 2.3. In this case, price remains unchanged.

$ S8
[ ;
D
Dl
Q' Q Q
Figure 2.3
6. Set O = Q, and solve.
For 0,=20+p
100-p=20+p
p =40
0 =60
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For Q' =10+p
100-p=10+p
p =45
Q=55
7. Set Q,= Q, and solve.
P =30
0=-10

Equilibrium quantity is zero, because the demand curve lies below the supply curve at all prices
where output is positive. See Figure 2.4.

$, Price per
Gallon S
D
Gallons of ice cream
Figure 2.4

8. Set Q,= 0, and solve.

For 0,=300-5p
300-5p=60+3p
p =30
Q = 150 units.
For Q) =220-5p
220-5p=60+3p
p =20
0 =120

9. The equilibrium solution with no government intervention is
1000-2p=100+p
p =300
Q =400
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10.

11.

12.

13.

When the quota is imposed at 300 units, supply cannot exceed that level, regardless of price. Thus the
supply curve becomes vertical at 300 units. The new equilibrium quantity is 300 and price is determined
by where the supply curve with the quota (S,,,,) intersects the demand curve (see Figure 2.5). To
solve for the price, plug the quota value (300) into the demand equation.

1000 — 2p = 300
p =350

$ Squota

350

300

300 400 Q
Figure 2.5

When park visits are free, the equilibrium quantity is 10,000 = 10,000 — 100(0). With a $20 entrance
fee quantity falls to 8000. See Figure 2.6.

$
100
20 : s
; D
8000 10,000 Q
Figure 2.6

The demand curve of the previous model shifts to the right. If the new model is more expensive, the
demand curve for the previous model still shifts to the right, but with a smaller magnitude.

Without the wage ceiling, the equilibrium is given by
10,000 — 100W = 2000 + 1900W,

where W =4 and Q = 9600. With the wage ceiling of $3 per hour, the market wage rate will be
W = 3, and the amount of labor employed will be 7700.

The demand for emeralds is elastic, as they would be categorized as luxury goods rather than necessities.
Emeralds are also substitutable in most cases for other precious gems, which increases their elasticity.
Supply is likely to be quite inelastic for two reasons. First, there are only a few places in the world
where emeralds can be found. Second, of those found, only a small percentage are of sufficient quality
to be used in jewelry. Supply elasticity would be larger if extraction costs vary at different mines.
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14.

15.
16.
17.
18.

19.

20.

21.

22.
23.
24.

25.

Elasticities that are calculated from linear demand curves are a function of two things. The first is the
slope of the curve, and the second is the ratio p/Q. While the slope of a linear demand curve remains
constant, the ratio of price to output varies along the curve due to the negative slope. The only exceptions
are when the demand curve is flat, in which case price does not vary, and the demand curve is perfectly
elastic, and when the demand curve is vertical, in which case quantity does not vary and the demand
curve is perfectly inelastic.

£=(-5/0.25)(1.5/25)=-1.2
£=-10(10/100) = -1
1= (50/0.2)(0.6/50) = 3

£=—400/(1000 + 500 — 300 + 2000 — 400) = —400/2800 = —0.143
£, =500/2800 = 0.179

£,=-300/2800 = —0.107

d.  £=2000/2800 = 0.714

o o P

Because quantity does not depend on price, demand is perfectly inelastic, and the elasticity is zero.
Consumers would bear the full burden of any specific tax.

In Figure 2.7, the initial equilibrium is at e,. A tax of $1/1» can be shown by shifting the supply curve
up by $1 (%), or by shifting the demand curve down by $1(D?). In either case, price paid by consumers
is the same (p,). The upper shaded area is the incidence on consumers, the lower shaded area is the
incidence on suppliers. Using Equation 3.7, if the supply elasticity is equal to the demand elasticity,
the incidence would fall equally on buyers and sellers.

$/Ib.

P>

pP—7

Figure 2.7

The incidence on consumers is # = 0.02/0.05 = 0.4. Thus the incidence on firms is 0.6. If the supply
elasticity is 0.6, using formula (3.6), the demand elasticity must be —0.9.

£=-32/28 =-1.143.
dSldp =p. dDldp=-4p. Thus dpldt=pl[p— (—4p)] = 1/5.

The tax incidence is calculated as 7/(77 — €). For perfectly elastic demand, £is negative infinity.
Hence the tax incidence is zero.

dQldp = Aep®~'. Hence (dQ/dp)(p/Q) = Aep®™'pl(Ap®) = & which is a constant.
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1.

Answers to Questions and Problems in the Text

The statement “Talk is cheap because supply exceeds demand” makes sense if we interpret it to mean
that the quantity supplied of talk exceeds the quantity demanded at a price of zero. Imagine a downward-
sloping demand curve that hits the horizontal, quantity, axis to the left of where the upward-sloping
supply curve hits the axis. (The correct aphorism is “Talk is cheap until you hire a lawyer.”)

The demand curve shifts to the left from D, to D, by 30%, which is the distance between Q, and Q,.
For supply curve S, the price drops from p, to p,, a change less than 30%. For a steeper supply curve
S,, the price decreases to p,, a larger decrease, yet still smaller than 30%. Accordingly, the
equilibrium quantity changes less than 30% as well.

$, air travel
price

Po

P1
P2

QQQQ Q, airline service
Figure 2.8

Both the demand and supply of guns have increased; i.e., demand shifted up to the right and supply
shifted down to the right. However, the results suggest that the increase in demand was greater than
the increase in supply and this led to an increase in both equilibrium price and quantity.

Suppose the original equilibrium price and quantity is P, and Q,, respectively. A drop in production
shifts the supply curve up to the left. Suppose the new equilibrium price and quantity is P, and Q,.
It is obvious that we will have Q, < Q, and P, > P,. A price control at P, after the supply curve has
shifted creates excess demand, Q, — Q,, where Q, and Q, are the quantities supplied (on the new
supply curve) and demanded at price P,. A price ceiling may lead to the creation of a black market
in which the prices as high as P, could be charged. (See Figure 2.3.)

p, Price per kg

s2 s

D1

105 1Qp 1Oy
Q, Vegetables (kg)

Figure 2.9
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5. Shifts of both the U.S. supply and the U.S. demand curves affected the U.S. equilibrium. U.S. beef

consumers’ fear of mad cow disease caused their demand curve in the figure to shift slightly to the
left from D' to D’. In the short run, total U.S. production was essentially unchanged. Because of the
ban on exports, beef that would have been sold in Japan and elsewhere was sold in the United States,
causing the U.S. supply curve to shift to the right from S' to S°. As a result, the U.S. equilibrium
changed from e, (where § "intersects D') to e, (where S* intersects D°). The U.S. price fell 15% from
p, to p,=0.85p,, while the quantity rose 43% from Q, to Q, = 1.43Q,. Comment: Depending on
exactly how the U.S. supply and demand curves had shifted, it would have been possible for the U.S.
price and quantity to have both fallen. For example, if D had shifted far enough left, it could have
intersected S” to the left of O, and the equilibrium quantity would have fallen.

e

s

=

o

Q

@

Q

(0]

k)

a

o

P,
p,=0.85p,

Q, Q,=1.43Q,
Q, Tons of beef per year

Figure 2.10

The increase in demand for ethanol has increased the demand for corn, an input in the production

of ethanol. The market demand for corn shifts to the right, increasing both the equilibrium price and
quantity. The increase in price reduces the quantity of corn that is consumed as food. The increase in
price induces more farmers to produce corn and increases the demand for agricultural land. See the
New York Times article: “Ethanol is Feeding Hot Market for Farmland” by Monica Davey,

August 8, 2007.

7. Audio-PowerPoint answer by James Dearden is also available (2B Brazilian Soybeans).

a. World demand decreased (China’s decrease in imports) and world supply increased (the increase
in supply from the United States’ bumper crop was greater than the decrease in supply from
Asian soy rust). The rightward shift of world supply and the leftward shift of world demand both
work to lower the world price of soybeans.

b. In this case, since supply increased and demand decreased (the shifts were in opposite directions),
the price is unambiguously lower. In general, however, we have to know the magnitude of the
shifts in addition to their direction to predict accurately the effect on price and quantity.
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8. After the quota was reimposed, the equilibrium price would increase and quantity decrease as shown
in the figure below.

$, price
of textile

Po
P1
D
Qi Qv  Q, quantity of textile
Figure 2.11

9. In the absence of price controls, the leftward shift of the supply curve as a result of Hurricane Katrina
would push market prices up from p, to p, and reduce quantity from g, to g,. At a government
imposed maximum price of p,, consumers would want to purchase ¢* units but producers would only
be willing to sell ¢’ units. The resulting shortage would impose search costs on consumers, making
them worse off. The reduced quantity and price also reduced firms’ profits.

$,
gasoline

S

P4 Si

5 AN

Price ceiling
Po /
/
D,
q° [of q? Qo Q, gasoline

Figure 2.12

10. Although the increase in supply (from the export ban) and the decrease in demand (the prohibition of
government ministries from purchasing beef) worked to lower the equilibrium price, the increase in
demand from higher incomes worked against these actions, keeping the price of beef high.
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11.

12.

In the figure below, the no-quota total supply curve, S in panel c, is the horizontal sum of the U.S.
domestic supply curve, S°, and the no-quota foreign supply curve, S'. At prices less than p, foreign
suppliers want to supply quantities less than the quota, Q. As a result, the foreign supply curve under
the quota, S/, is the same as the no-quota foreign supply curve, 5/, for prices less than p. At prices
above p, fore ign supphers want to supply more but are limited to Q. Thus the foreign supply curve
with a quota, S, is vertical at Q for pI'lCCS above p. The total supply curve with the quota, S, is
the horizontal sum of $ and S/. At any price above p, the total supply equals the quota plus the
domestic supply. For example, at p*, the domestic supply is O, and the foreign supply is Q,, so the
total supply is O, +Q,. Above p, S is the domestic supply curve shifted Q units to the right. As a
result, the portion of S above p has the same slope as S°. At prices less than or equal to p, the same
quantity is supplied with and without the quota, so § is the same as S. At prices above p, less is
supplied with the quota than without one, so S is steeper than S, indicating that a given increase in
price raises the quantity supplied by less with a quota than without one.

(a) U.S. Domestic Supply (b) Foreign Supply (c) Total Supply
85 85 8
a5 a3
y Q y Q
g q s
p* S p*
p cssesesend ......é ............... p
Q, q Q o Q+Q, Q;+Q, Q;+Q;
Q,, Tons per year Qy, Tons per year Q, Tons per year

Figure 2.13

Figure 2.14 reproduces the no-quota total American supply curve of steel, S, and the total supply
curve under the quota, S, which we derived in the answer to the previous question. At a price below
D, the two supply curves are identical because the quota is not binding: It is greater than the quantity
foreign firms want to supply. Above p, § lies to the left of S. Suppose that the American demand is
relatively low at any given price so that the demand curve, D', intersects both the supply curves at a
price below p. The equilibria both before and after the quota is imposed are at e, where the
equilibrium price, p,, is less than p. Thus if the demand curve lies near enough to the origin that the
quota is not binding, the quota has no effect on the equilibrium. With a relatively high demand curve,
D', the quota affects the equilibrium. The no-quota equilibrium is e,, where D" intersects the no-quota
total supply curve, S. After the quota is imposed, the equilibrium is e,, where D" intersects the total
supply curve with the quota, S. The quota raises the price of steel in the United States from p, to p,
and reduces the quantity from Q, to Q..

Since the price of high-quality tequila has remained constant, in the face of increase in demand we
should conclude that the supply is very elastic (almost horizontal).

Since the drop in the price of low-quality tequila is relatively large, the demand should be inelastic.
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13.

14.

8 S (quota)
% S (no quota)
2
w
k)
§ Py |eereeeere
Q.._ p2 ..................................
o

B loeoeet™eoinenses

p] """""""

D" (high)
D’(low)ﬁ
Q, Q, Q, Q Tons of steel per year

Figure 2.14

The problem states that it takes 7 years for an agave plant to be ready for harvesting, and obviously
the amount of tequila distilled depends on the harvest. Therefore, changes in the price of tequila
cannot immediately affect the supply of tequila. Thus in the short run, the supply is almost vertical
(price elasticity is almost equal to zero) and price changes do not immediately result in changes in the
quantity supplied. However, in response to lower prices, less agave plants will be planted and in the
long run the harvest will go down. This means the long-run elasticity of supply is larger.

Since the price of high-quality tequila has remained constant, in the face of increase in demand we
should conclude that the supply is very elastic (almost horizontal).

Since the drop in the price of low-quality tequila is relatively large, the demand should be inelastic.

As the rental price increases due to increase in demand, more apartments (in other uses) and hotel
rooms become available. People will rent houses that otherwise would not be available for renting.
However, there is a point beyond which capacity is reached and the hotel rooms and apartments
cannot be increased in the short run. At this point the supply becomes vertical. The situation is
depicted in Figure 2.15.

$/Unit 4

,,,,,,,,,,,,,,,,,, ' D;

D!

Unit/Time

Figure 2.15
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15. When Viagra was introduced, the demand curve for seal genitalia moved to the left from D, to D,,
resulting in a lower quantity and price. If the original supply curve is S,, then under demand curve D,,
zero will be sold on the market even if there is a positive demand at various prices.

3,

seal S
genitalia

S,
2
D,
Q, seal genitalia
Figure 2.16

16. The numbers suggest that labor demand is inelastic. In Figure 2.17, the supply curve shifts to the right
by 11%, yet the decrease in equilibrium wage is only 3.2%.

$, wage rate Sy
-3.2%
Quantity of labor supply
Figure 2.17

17. Audio-PowerPoint answer by James Dearden is also available (3A Economic PhDs).

a. In the very short run the supply is fixed. This means that the supply curve is vertical. In this case
shift in demand only changes the price, and quantity exchanged remains the same. This means
that AQ,% = 0, and thus the short-run elasticity of supply is 77, = AQJ/%AP ;= 0. Figure 2.18
illustrates this.

A
$/Hours D, Ss
Dy

$105,200

AQs=0 Work Hours/Year
Figure 2.18
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b. As salary remains high, more graduate students will be attracted to doctoral programs in
economics. In the long run, the supply curve will become more elastic (upward sloping).
This means that the long run elasticity of supply becomes positive, i.e., 77, = DAQ,/% AP, > 0.
Figure 2.19 illustrates this.

$/Hours 4
D, Ss

APLI

[ 5
>
«>  Work Hours/Year
L

Figure 2.19

In general 77, = 7. This is true even if in the short run the supply curve is not perfectly inelastic.
Figure 2.20 illustrates this point.

$/Hours 4
D, s,

S
$105‘200 I, Nttty
APSI APL: 77777777777777777
é‘a_’sl;Work Hours/Year
AQL
Figure 2.20
18. Use Equation 2.28 from the text to solve for the change in price.
a_ 1
dr n-e

a. If demand is perfectly inelastic, the demand curve is vertical. The supply curve shifts up by $1,
and all of the incidence falls on consumers. Price increases by $1, and there is no change in

quantity. Since £=0, dP/d7=1.

$ S+t
D
T
Sy
P+
P1
g1 Q
Figure 2.21
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b. The demand curve is horizontal when perfectly elastic. The supply curve shifts up by $1. Price
paid by consumers remains at p (the pre-tax level). Price received by sellers is p — 7 (the price
less the tax). Quantity falls to the intersection of the new supply curve and the original demand
curve. Suppliers absorb the entire burden of the tax because consumers have no willingness to

pay higher prices. Since £ = —eo, dP/d7= 0.

$ S+t

S

P

92 G Q
Figure 2.22

c.  When supply is perfectly inelastic, the supply curve is vertical. Thus, shifting the supply curve
upward would have no effect on the equilibrium quantity or price paid by consumers. Sellers
would bear the entire burden of the tax. Since =0, dP/dt= 0.

$
\ S
P1
T
D
p1-7
] Q

Figure 2.23

d. When supply is perfectly elastic, the supply curve is horizontal. The supply curve shifts up by
$1 increasing price by $1. The quantity falls and the incidence falls entirely on the consumer.
Since 7 — oo, dP/dT=1.

$
pi+t \
Py S
D
Q
Figure 2.24
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e. If the demand curve is perfectly elastic (horizontal), and the supply curve is perfectly inelastic
(vertical), the effect of a tax would be no change in equilibrium quantity and no change in price
paid by consumers, and sellers would bear the entire burden of the tax. Since £ — —ec and 17=0,
dPldt=0.

$

P4

Figure 2.25

]

19. When the supply curve is upward sloping and the demand curve is vertical (perfectly inelastic demand),
or when the demand is downward sloping and the supply curve is horizontal (perfectly elastic supply)
the firms can pass all the tax burden completely to the consumers.

$ S +1
D
T
pr+7T S
Py
] Q
Figure 2.26

20.

$

py+7

P1

\
NI
N

1

D

When the supply curve is upward sloping and the demand curve is horizontal (perfectly elastic demand),

or when the demand curve is downward sloping and the supply curve is vertical (perfectly inelastic
supply) there will be 0% pass through of the taxes.

$

Si+1

S

P1

92
Figure 2.27
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21.

22.

23.

24.

25.

We showed that, in a competitive market, the effect of a specific tax is the same whether it is placed
on suppliers or demanders. Thus if the market for milk is competitive, consumers will pay the same
price in equilibrium regardless of whether the government taxes consumers or stores.

The law would create a price ceiling (at 110% of the pre-emergency price). Because the supply curve
shifts substantially to the left during the emergency, the price control will create a shortage: A smaller
quantity will be supplied at the ceiling price than will be demanded.

The demand curve for pork is Q = 171 — 20p + 20p, + 3p_ + 2Y. As a result, dQ/0Y =2. A $100
increase in income causes the quantity demanded to increase by 0.2 million kg per year.

To solve this problem, we first rewrite the inverse demand functions as demand functions and then
add them together. The total demand function is:

0=0,+0,=(120-p)+(60-1/2p)

=180—-1.5p.
s,
movies
120 ha
b 4 d
60 120 180 Q
movies
Figure 2.28

In Figure 2.29 below, line ad is the demand function for college students, and line ed is the demand
function for other town residents. Line abc is the total demand function. Mathematically, the
demand function can be expressed as:

0 =120 —p when p > 60
Q =240 - 3p when p < 60.

3,
movies
120 \@
b
60 |€
d c
120 240 Q,
movies
Figure 2.29
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26.

27.

28.

29.
30.

31.

32.

33.

The total demand is Q = Q.+ Q, = 15.6p™"*" + 16p™"**. At a price of 40 cents, small firms will demand
1.96 million Kbps and large firms will demand 5.37 million Kbps for a total of 7.33 million Kbps.

Price elasticity of demand for small firms is —0.563 and for large firms is —0.296. A demand function
of the general form Q = Ap™ has a constant elasticity of —c.

Equating the right sides of the supply and demand functions and using algebra, we find:
0.75 In(p) =2.4+0.15 In(p)

In(p) =3.2+0.2 In(p).
We then set p, = 110, solve for In(p)

In(p) =3.2+0.2(4.7),
and exponentiate In(p) to obtain the equilibrium price:

p = $62.80/ton.
Substituting p into the supply curve and exponentiating, we determine the equilibrium quantity:
QO = 11.91 million short tons/year.

The demand elasticity is —2.65/21 = —0.13 for prenatal smokers.

The elasticity of demand is (dQ/dp)(p/Q) = (9.5 thousand metric tons per year per cent) X (45 cents/1275
thousand metric tons per year) = —0.34. That is, for every 1% fall in the price, a third of a percent
more coconut oil is demanded. The cross-price elasticity of demand for coconut oil with respect to
the price of palm oil is (dQ/dPP)(PP/Q) =16.2 x (31/1275) = 0.39.

The expected percentage price change will be equal to the percentage change in quantity divided by
the price elasticity. 10.4/(=1.6) = —6.5. The increase in supply would cause the price of beef to fall
by 6.5%. Any other price change is likely a result of a change in demand.

Price elasticity is the percentage change in quantity divided by the percentage change in price.
£=-8.3/21 =—-0.395. An elasticity coefficient less than one indicates an inelastic demand.

Audio-PowerPoint answer by James Dearden is also available (3B Price Elasticity Health Ins.).

a. Suppose Q is the number of insured and AQ is the change in the number of insured. An increase
in the number of uninsured is the same as a decrease in the number of insured. Therefore an
increase in the number of uninsured by 300,000 can be denoted by AQ = —-300,000; i.e., number
of insured has decreased by 300,000. Now we know:

E=AQ%IAP% = (AQ/Q)/(AP/P)

and that
AP/P =0.01.
When
0 = 200,000,000,
we have:

£=(AQ/IQ)/(AP/P)
= (=300,000/200,000,000)/0.01
=-0.15.
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b. When Q = 220,000,000, we have:

£=(AQ/IQ)/(AP/P)
= (=300,000/220,000,000)/0.01
=-0.1364.

This shows that the price elasticity depends on the number of people who are insured.

34. Start by using Equation 2.2 with the usual values for income and chicken prices for demand
0=206-20p+20p, , and Equation 2.7 Q =88 +40p for supply. As in solved Problem 2.1,

the effect of a change in the price of beef on the price of pork can be shown to be
8_p _ dD/dp, _ 20 ~033
op, 0S/Op—0aD/dp 40—(=20)

Thus a $0.60 increase in the price of beef will result in a $0.20 increase in the price of pork.

P,
$ per kg

BN

3.3

D (py = $4.60)

Di(pp = $4)

- i
| | l E
| 220 228 Q, millions of kg/yt

35. The demand curve is Q = 114.8 — 0.656p. The supply curve without the ANWR production is
Q=574+ 0.492p. p = 50. The shock will change the supply function to Q = 54.4 + 0.492p.
Hence p = 52.61, increasing by 5.2%. With the ANWR production, the supply function after the
shock will be Q =55.2 + 0.492p. Hence p = 51.92, indicating a 3.8% price increase.

36. A subsidy is essentially a negative tax. The supply curve shifts down by the amount of the tax, and
the new equilibrium is determined by 286 — 20p = 40(p + $1.05) The new equilibrium occurs at a
price of $2.60 and a quantity of 234. Consumers receive $0.70 of the $1.05 subsidy.

P,
$ per kg

3.3
2.6

| I |
l 220 234 Q, millions of kg/yr
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37.

38.

39.

40.

41.

The numbers suggest that cigarette demand is inelastic. Therefore, government can increase tax
revenue by raising cigarette tax. The average federal and state tax is currently 84.5¢ . A 10¢

increase in federal tax coupled with a 2.8 ¢ increase in state taxes will reduce the cigarette demand

by —0.3 x 12.8/84.5 = —4.5%. Without an increase in state taxes, the increase in federal tax will
reduce the cigarette demand by —0.3 x 10/84.5 = -3.6%.

Tax incidence for almonds: 12/(12 + 0.47) = 0.96; for cotton, 0.73/(0.73 + 0.68) = 0.52; for
processing tomatoes, 0.64/(0.64 + 0.26) = 0.71.

Differentiating quantity, Q(p(7)), with respect to 7, we learn that the change in quantity as the tax
changes is (dQ/dp)(dp/dt). Multiplying and dividing this expression by p/Q, we find that the change

in quantity as the tax changes is & Q/p)(dp/d7). Thus the closer £is to zero, the less the quantity falls,
all else the same.

Because R = p(1)Q(p(1)), an increase in the tax rate changes revenues by
R _dp . dOdp

dr dr dp dt

using the chain rule. Using algebra, we can rewrite this expression as

R _dp(, 0\ _dp,f,, d0p)_dp
dr_dr(Q+pdpj dz‘Q{lerp QJ dTQ(1+g).

Thus the effect of a change in 7on R depends on the elasticity of demand, & Revenue rises with the
tax, given an inelastic demand (0 > £> —1), and falls with an elastic demand, €< —1.

We can determine how the total wage payment, W = wL(w), varies with respect to w by
differentiating. We then use algebra to express this result in terms of an elasticity:

d_W:L+Wd_L:L 1+d—LKJ:L(1+£),
dw dw dw L

where €1s the elasticity of demand of labor. The sign of dW/dw is the same as that of 1 + & Thus total
labor payment decreases as the minimum wage forces up the wage if labor demand is elastic, £< -1,
and increases if labor demand is inelastic, £€> —1.

a. The demand function is: @ =2000P%* , and the inverse supply function is: P =1.5P,, therefore
the equilibrium price and quantity are:
P =1.5P,
Q" =2000-(1.5P,)"* =1686.83P,**

Therefore, Z% =1686.83 - (—0.42) P12 =708 47 P\,

w
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b. As shown in Figure 2.41, The total $3.00 specific tax shifts up the supply curve by $3.00.
Therefore the tax increases equilibrium retail price by $3.00 and decreases equilibrium retail
quantity from Q, to Q,, where:

{Ql =2000-(1.5P,)"*
Q, =2000-(1.5P, +3.00)°* < Q,.

Q.
\ € .
P2 ' swrth tax
T $3.00
P1 Swithout tax
Q Q Q
Figure 2.41

Math: Suppose the total specific tax is 7=3.00.

Since equilibrium retail price P=1.5P, + 7, then g—P =1> 0, which implies that the specific tax
T

increases equilibrium retail price.
Since equilibrium retail quantity Q =2000-(1.5P, + 7)™, then:

3—Q =2000-(-0.42)-(1.5P, +7)"'* <0,
T

which implies that the specific tax decreases equilibrium retail quantity.
c. With the specific tax in place, the equilibrium price and quantity of cigarettes are:
P =15P, +7
0" =2000-(1.5P, +7)"*.

Then we have:

g% =2000-(-0.42)-1.5-(1.5P, + 7)'** =—-1260-(1.5P, + 7)**.

w

Therefore:

IGE)  3(=1260-(1.5P, +7)'4)
or or
=—1260-(~1.42)-(L5P, +7)>*
=1789.2-(L5P, + 7).
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Since the total specific tax is 7=3.00, then:

(2%

P,

=1789.2-(1.5P, +3)>* >0,

which implies that the change in the wholesale price will have a less negative effect on the
equilibrium quantity if the tax rate increases.

42. (a) The inverse demand function is: P =1000—Q + L , then the demand function is:

Y
=1000-P +—
Q 20

The inverse supply function is: P 0

Y
+—, then the supply function is:
2 40 PPy

Y
=2P-—
Q 20
Setting the quantity demanded equal the quantity supplied, we have:
1000-p+Xzop- L o p 100 Y ppe X 200, Y
20 20 3 30 20 3 60
Therefore the equilibrium price and quantity in terms of Y are:
P = 1000 +1
3 30
. 2000 Y
=4 —
¢ 3 60
aP* 1 . . . ey
(b) 1y = % >0, therefore a decrease in median income leads to a decrease in the equilibrium
rental price.
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