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1. (10 points) Suppose the equilibrium price for on-campus housing is $10,000 a
year. The university places a price ceiling of $8,000 to make housing more
affordable. Assuming no change in the supply, draw a supply and demand graph
to show the effects of the price ceiling, and describe any inefficiencies that may
result. If the price ceiling is raised to $12,000, does this change the analysis?
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1. (10 points) Suppose the equilibrium price for on-campus housing is $10,000 a
year. The university places a price ceiling of $8,000 to make housing more
affordable. Assuming no change in the supply, draw a supply and demand graph
‘to show the effects of the price ceiling, and describe any inefficiencies that may
result. If the price ceiling is raised to $12,000, does this change the analysis?
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\ SU%;S / The price ceiling of $8,000 creates a shortage in
the market. Deadweight loss is created.

$12,000

A $12,000 price ceiling causes a surplus because

ot SHORTAGE it appears above the equilibrium, and deadweight
loss is again created. /r
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After the price c:eiling‘;u in place, how many
bushels of corn are bought/sold?

Mumber

3 bushels

Incorrect.

For an exchange to occur, a willing buyer and
seller are needed. At a price of $7, how many
units exist where there are both a willing buyer

and seller?
The market is not in equilibrium after the price
Deilin%is imposed. Rather, thereisa of
ushels.

() surplus Number
() shortage 5

bushels

833 1086

Cruantity (bushels)




Suppose the equilibrium price in a market is $10. The government sets a maximum price of
$7. This is an example of a(n):

equilibrium price.
price ceiling.
* pHeeflonr

fair price.

The correct answer is not

price floor.

— A price floor is a minimum price for a good.

Try again, , GET A HINT, or click SHOW ME to
see the answer and try another question.
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Answer

MONTHLY RENT (Dollars per apartment] MONTHLY RENT (Dollars per apartment)
5600 5600
Supply = s Supply
a A N/
4800 4800
& PS
& & J
4000 & 4000 £
3200 3200
2400 2400
| Demand L Demand
1600 ¢ 1600 ¢
0.0 0.8 1.6 2.4 3.2 4.0 0.0 0.8 1.6 2.4 3.2 4.0
QUANTITY OF APARTMENTS [Millions per month] | Help | | Clear Al | QUANTITY OF APARTMENTS (Millions per month)
Explanation: Close A

In the market for apartments, the equilibrium rent is $4,000 per month and the equilibrium quantity is 1.2 million
apartments. Consumer surplus is the difference between a buyer's willingness to pay and the price the buyer actually
pays, while producer surplus is the difference between the price a seller receives and the seller's cost (or willingness
to sell). Therefore, consumer surplus is the triangular area below the demand curve and above the market rent of
$4,000, and producer surplus is the triangular area above the supply curve and below the market rent. Mousing over
the shaded area, you will find that the consumer surplus is $720 million per month and the producer surplus is
$1,440 million per month at equilibrium.
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Online Quiz: Chapter 4

The equilibrium rent in the market for 1-bedroom
apartments in your neighborhood is $800. If the
government imposes a price ceiling of $400 in this
market:

O More apartments will be available for rent

O Fewer people will rent apartments

O More people will rent apartments

O The same number of apartments will be rented



Online Quiz: Chapter 4

The equilibrium rent in the market for 1-bedroom
apartments in your neighborhood is $800. If the

government imposes a price ceiling of $400 in this
market:

Your answer:. The same number of apartments will be rented

INCORRECT: The correct answer is: “Fewer people will rent apartments”







DOES AULOMATED AND NARRATED
FEEDBACK IMPROVE LEARNING
OUTCOMES COMPARED WITH TEXT

FEEDBACK OR NO FEEDBACK?
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How often do you read the text before attending
class?

Never 48%

23%

Rarely

Occasionally 17%

10%

Regularly

Always [N 2%



How useful do you find the textbook to answer
problems before class?

Useless 31%

RorveY o
Useful

Useful

24%

Very Useful

Essential I 1%



The Square Knot

1) Make an X with the two ends,
with the right end on top.Tie an
overhand knot, twisting the right end
around the left end.

2) With the "new" right and left
ends, put the left over the right.
Tie another overhand knot.

3) Pull tightly on both all four
"parts'" emerging from the knot.
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around the left end.

2) With the "new" right and left
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Which presentation is more
effective?

A. Just text

B. Just pictures

C. Text and pictures

D. Video (harration and pictures)
E. There is no difference
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CHAPTER 13 THE COSTS OF PRODUCTION 263

Production and Costs

Firms incur costs when they buy inputs to produce the goods and services that
they plan to sell. In this section, we examine the link between a firm’s pro-
duction process and its total cost. Once again, we consider Caroline’s Cookie
Factory.

In tl):e analysis that follows, we make an important simplifying assumption:
We assume that the size of Caroline’s factory is fixed and that Caroline can vary
the quantity of cookies produced only by changing the number of workers she
employs. This assumption is realistic in the short run but not in the long run. That
is, Caroline cannot build a larger factory overnight, but she can do so over the
next year or two. This analysis, therefore, describes the production decisions that
Caroline faces in the short run. We examine the relationship between costs and
time horizon more fully later in the chapter.

The Production Function

Table 1 shows how the quantity of cookies produced per hour at Caroline’s fac-

tory depends on the number of workers. As you can see in the first two columns,

if there are no workers in the factory, Caroline produces no cookies. When there

is 1 worker, she produces 50 cookies. When there are 2 workers, she produces 90 production function
cookies and so on. Panel (a) of Figure 2 presents a graph of these two columns  the relationship between
of numbers. The number of workers is on the horizontal axis, and the number of  quantity of inputs used
cookies produced is on the vertical axis. This relationship between the quantity =~ to make a good and the
of inputs (workers) and quantity of output (cookies) is called the production  quantity of output of that

function. good
Table 1
Output Total Cost
(quantity of of Inputs A Production
cookles Marginal (cost of Function and
Number of produced Product Cost of Cost of factory + cost Total Cost:
Workers per hour) of Labor Factory Workers of workers) Caroline’s Cookie
0 0 $30 $0 $30 ooy
50
1 50 30 10 40
40
2 90 30 20 50
30
3 120 30 30 60
20
4 140 30 70
10
5 150 30 50 80
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marginal product of 30 cookies, and the fourth worker has a marginal product

of 20 cookies. This property is called diminishing marginal product. At first,  diminishing

when only a few workers are hired, they have easy access to Caroline’s kitchen =~ marginal product

equipment. As the number of workers increases, additional workers have to share  the property whereby

equipment and work in more crowded conditions. Eventually, the kitchen is so  the marginal product of

crowded that the workers start getting in each other’s way. Hence, as more and  an input declines as the

more workers are hired, each additional worker contributes fewer additional quantity of the input

cookies to total production. increases
Diminishing marginal product is also apparent in Figure 2. The production

function’s slope (“rise over run”) tells us the change in Caroline’s output of cook-

ies (“rise”) for each additional input of labor (“run”). That is, the slope of the

production function measures the marginal product of a worker. As the number

of workers increases, the marginal product declines, and the production function

becomes flatter.

From the Production Function to the Total-Cost Curve
The last three columns of Table 1 show Caroline’s cost of producing cookies.
In this example, the cost of Caroline’s factory is $30 per hour, and the cost of a
worker is $10 per hour. If she hires 1 worker, her total cost is $40 per hour. If she
hires 2 workers, her total cost is $50 per hour, and so on. With this information,
the table now shows how the number of workers Caroline hires is related to the
quantity of cookies she produces and to her total cost of production.

Our goal in the next several chapters is to study firms’ production and pricing
decisions. For this purpose, the most important relationship in Table 1 is between
quantity produced (in the second column) and total costs (in the sixth column).
Panel (b) of Figure 2 graphs these two columns of data with the quantity pro-
duced on the horizontal axis and total cost on the vertical axis. This graph is called
the total-cost curve.

Now compare the total-cost curve in panel (b) with the production function in
parel (a). These two curves are opposite sides of the same coin. The total-cost curve
gets steeper as the amount produced rises, whereas the production function gets
flatter as production rises. These changes in slope occur for the same reason. High
production of cookies means that Caroline’s kitchen is crowded with many work-
ers. Because the kitchen is crowded, each additional worker adds less to production,
reflecting diminishing marginal product. Therefore, the production function is rela-
tively flat. But now tum this logic around: When the kitchen is crowded, produc-
ing an additional cookie requires a lot of additional labor and is thus very costly.
Therefore, when the quantity produced is large, the total-cost curve is relatively steep.

QUICK QUIZ If Farmer Jones plants no seeds on his farm, he gets no harvest. If he
plants 1 bag of seeds, he gets 3 bushels of wheat. If he plants 2 bags, he gets 5 bushels.
If he plants 3 bags, he gets 6 bushels. A bag of seeds costs $100, and seeds are his only
cost. Use these data to graph the farmer’s production function and total-cost curve.
Explain their shapes.

The Various Measures of Cost

Owur analysis of Caroline’s Cookie Factory demonstrated how a firm’s total cost
reflects its production function. From data on a firm’s total cost, we can derive
several related measures of cost, which will turn out to be useful when we analyze
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Figure 2

Caroline’s Production

FIRM BEHAVIOR AND THE ORGANIZATION OF INDUSTRY

The production function in panel (a) shows the relationship between the number of
workers hired and the quantity of output produced. Here the number of workers
hired (on the horizontal axis) Is from the first column in Table 1, and the quantity
of output produced (on the vertical axis) Is from the second column. The production

2:"':2“ and Total-Cost function gets flatter as the number of workers Increases, which reflects diminishing
marginal product. The total-cost curve In panel (b) shows the relationship between the
quantity of output produced and total cost of production. Here the quantity of output
produced (on the horizontal axis) Is from the second column In Table 1, and the total
cost (on the vertical axis) Is from the sixth column. The total-cost curve gets steeper as
the quantity of output Increases because of diminishing marginal product.

(a) Production function (b) Total-cost curve
Quantity Total
of Output Cost
(cookies %
per hour) 4
160 [~ Production 80 Total-cost
function curve
140 - 70
120 — 60
100 — 50
80— 40
60—
40— 20—
20— 10—
| | | | | ] [ | | ] !
0 1 2 [ 5 6 Number of 0 20 40 60 B0 100 120 140 160 Quantity
Workers Hired of Qutput
(cookies per hour)

marginal product
the increase in output
that arises from an
additional unit of input

One of the Ten Principles of Economics introduced in Chapter 1 is that rational
people think at the margin. As we will see in future chapters, this idea is the key
to understanding the decisions a firm makes about how many workers to hire
and how much output to produce. To take a step toward understanding these
decisions, the third column in the table gives the marginal product of a worker.
The marginal product of any input in the production process is the increase in
the quantity of output obtained from one additional unit of that input. When the
number of workers goes from 1 to 2, cookie production increases from 50 to 90, so
the marginal product of the second worker is 40 cookies. And when the number of
workers goes from 2 to 3, cookie production increases from 90 to 120, so the mar-
ginal product of the third worker is 30 cookies. In the table, the marginal product
is shown halfway between two rows because it represents the change in output as
the number of workers increases from one level to another.

Notice that as the number of workers increases, the marginal product declines.
The second worker has a marginal product of 40 cookies, the third worker has a



average total cost does not vary with the level of output, there are said to be
constant returns to scale. In this example, Ford has economies of scale at low
levels of output, constant returns to scale at intermediate levels of output, and
diseconomies of scale at high levels of output.

What might cause economies or diseconomies of scale? Economies of scale
often arise because higher production levels allow specialization among workers,
which permits each worker to become better at a specific task. For instance, if
Ford hires a large number of workers and produces a large number of cars, it can
reduce costs with modern assembly-line production. Diseconomies of scale can
arise because of coordination problems that are inherent in any large organization.
The more cars Ford produces, the more stretched the management team becomes,
and the less effective the managers become at keeping costs down.

This analysis shows why long-run average-total-cost curves are often U-shaped.
At low levels of production, the firm benefits from increased size because it can
take advantage of greater specialization. Coordination problems, meanwhile, are
not yet acute. By contrast, at high levels of production, the benefits of specializa-
tion have already been realized, and coordination problems become more severe
as the firm grows larger. Thus, long-run average total cost is falling at low levels
of production because of increasing specialization and rising at high levels of pro-
duction because of increasing coordination problems.

constant returns to
scale

the property whereby
long-run average total
cost stays the same as
the quantity of output
changes

QUICK QUIZ If Boeing produces 9 jets per month, its long-run total cost is $9.0 mil-
lion per month. If it produces 10 jets per month, its long-run total cost is $9.5 million
per month. Does Boeing exhibit economies or diseconomies of scale?

Lessons from a Pin Factory

“Jack of all trades, master of none.” This well-known adage helps
explain why firms sometimes experience economies of scale. A per-
son who tries to do everything usually ends up doing nothing very
well. If a firm wants its workers to be as productive as they can be,
it is often best to give each worker a limited task that he or she an
master. But this is possible only if a firm employs many workers and
produces a large quantity of output.

In his celebrated book An Inquiry into the Nature and Causes of
the Wealth of Nations, Adam Smith described a visit he made to a
pin factory. Smith was impressed by the specialization among the
waorkers and the resulting economies of scale. He wrote,

One man draws out the wire, another straightens it a third
cuts it, a fourth points it, a fifth grinds it at the tap for receiv-
ing the head; to make the head requires two or three distinct
operations; to put it on is a peculiar business; to whiten it is
another; it is even a trade by itself to put them into paper.

Smith reported that because of this spediaization, the pin factory
produced thousands of pins per worker every day. He conjectured
that if the workers had chosen to work separately, rather than as
a team of spedalists, "they certainly could not each of them make
twenty, perhaps not one pin a day.” In other words, because of
specialization, a large pin factory could achieve higher output per
worker and lower average cost per pin than a small pin factory.

The specidlization that Smith observed in the pin factory is
prevalent in the modern economy. If you want to build a house, for
instance, you could try to do all the work yourself. But most people
tum to a builder, who in tumn hires carpenters, plumbers, electri-
dans, painters, and many other types of workers. These workers
spedcialize in particular jobs, and this allows them to become better
at their jobs than if they were generalists. Indeed, the use of special-
ization to achieve economies of scale is one reason modern societies
are as prosperous as they are.
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Online Quiz: Chapter 4

The equilibrium rent in the market for 1-bedroom
apartments in your neighborhood is $800. If the
government imposes a price ceiling of $400 in this
market:

O More apartments will be available for rent

O Fewer people will rent apartments

O More people will rent apartments

O The same number of apartments will be rented



Online Quiz: Chapter 4

The equilibrium rent in the market for 1-bedroom
apartments in your neighborhood is $800. If the

government imposes a price ceiling of $400 in this
market:

Your answer:. The same number of apartments will be rented

INCORRECT: The correct answer is: “Fewer people will rent apartments”

CONTINUE



Online Quiz: Chapter 4

The equilibrium rent in the market for 1-bedroom
apartments in your neighborhood is $800. If the
government imposes a price ceiling of $400 in this
market:

Your answer: The same number of apartments will be rented

INCORRECT: The correct answer is: “Fewer people will rent apartments”

Explanation: A price ceiling is a type of price control preventing
sellers from increasing their price above that set price. In this situation,
a price ceiling of $400 prevents any landlord from charging rent higher
than $400. A reduction in price would increase quantity demanded.

However, some landlords cannot cover their costs at the lower price,
thereby reducing the quantity supplied. Although more apartments are
desired at the lower price, fewer are actually supplied, resulting in a
shortage. The result is that fewer people will rent apartments.




Online Quiz: Chapter 4

The equilibrium rent in the market for 1-bedroom
apartments in your neighborhood is $800. If the

government imposes a price ceiling of $400 in this
market:

Your answer:. The same number of apartments will be rented

INCORRECT: The correct answer is: “Fewer people will rent apartments”
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(o :
Feeuback Text Video
(n=224) (n=232) (n = 224)
. 29.33 29.09 29.64
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. 3.97 4.08 3.99
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62 55 67
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Math Course Credit Earned (329) (:356) (.292)
1.98 2.00 1.91
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Question P C2

In the following diagram showing the
demand and supply for basketball tickets,
which of the following policies would create
a surplus of 20 units?

510

58

NERZ a) a price floor of $8
b) a price ceiling of $8
c) a price floor of $4
d) a price ceiling of $4

56

34

$2

Demand

S0 10 20 30 40 30



Question P C 3

Which of the following would likely increase
deadweight loss in the market for grapes?

a) lowering an effective price ceiling from $2
to $1.50 per pound

b) lowering an effective price floor from $3 to
$2 per pound

c) raising an effective price ceiling from $3
to $4 per pound

d) none of the above would increase
deadweight loss



Question E 3

A luggage store estimates the price elasticity
of its carry-on cases to be equal to 3. If the
store discounts its carry-on cases by 10%,
what would be the resulting effect on the
guantity demanded?

a) An increase of 3%
b) A decrease of 3%
c) An increase of 30%
d) A decrease of 30%
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Regression resu ItS

VARIABLE MODEL | MODEL 2

Text 0.034 (0.03)  0.416*= (0.08)
Video 0.089%* (0.03)  1.05%** (0.08)
Age 0.014(0.01)  -0.021 (0.03)
Male 0.036 (0.03) 0.083 (0.07)
GPA 0.063** (0.03)  0.165%* (0.07)
ACT 0.009** (0.004)  0.033** (0.01)

n=752 ***p<0.0l *p<0.05 *p<0.l
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marginal product of 30 cookies, and the fourth worker has a marginal product

of 20 cookies. This property is called diminishing marginal product. At first,  diminishing

when only a few workers are hired, they have easy access to Caroline’s kitchen ~ marginal product

equipment. As the number of workers increases, additional workers have to share  the property whereby

equipment and work in more crowded conditions. Eventually, the kitchen is so  the marginal product of

crowded that the workers start getting in each other’s way. Hence, as more and  an input declines as the

more workers are hired, each additional worker contributes fewer additional quantity of the input

cookies to total production. increases
Diminishing marginal product is also apparent in Figure 2. The production

function’s slope (“rise over run”) tells us the change in Caroline’s output of cook-

ies (“rise”) for each additional input of labor (“run”). That is, the slope of the

production function measures the marginal product of a worker. As the number

of workers increases, the marginal product declines, and the production function

becomes flatter.

From the Production Function to the Total-Cost Curve
The last three columns of Table 1 show Caroline’s cost of producing cookies.
In this example, the cost of Caroline’s factory is $30 per hour, and the cost of a
worker is $10 per hour. If she hires 1 worker, her total cost is $40 per hour. If she
hires 2 workers, her total cost is $50 per hour, and so on. With this information,
the table now shows how the number of workers Caroline hires is related to the
quantity of cookies she produces and to her total cost of production.

Our goal in the next several chapters is to study firms’ production and pricing
decisions. For this purpose, the most important relationship in Table 1 is between
quantity produced (in the second column) and total costs (in the sixth column).
Panel (b) of Figure 2 graphs these two columns of data with the quantity pro-
duced on the horizontal axis and total cost on the vertical axis. This graph is called
the total-cost curve.

Now compare the total-cost curve in panel (b) with the production function in
parel (a). These two curves are opposite sides of the same coin. The total-cost curve
gets steeper as the amount produced rises, whereas the production function gets
flatter as production rises. These changes in slope occur for the same reason. High
production of cookies means that Caroline’s kitchen is crowded with many work-
ers. Because the kitchen is crowded, each additional worker adds less to production,
reflecting diminishing marginal product. Therefore, the production function is rela-
tively flat. But now tum this logic around: When the kitchen is crowded, produc-
ing an additional cookie requires a lot of additional labor and is thus very costly.
Therefore, when the quantity produced is large, the total-cost curve is relatively steep.
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n .
tory demonstrated how a firm’s total cost
data on a firm’'s total cost, we can derive
will turn out to be useful when we analyze
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The Square Knot




The Square Knot

1) Make an X with the two ends,
with the right end on top.Tie an
overhand knot, twisting the right end
around the left end.

2) With the "new" right and left
ends, put the left over the right.
Tie another overhand knot.

3) Pull tightly on both all four
"parts'" emerging from the knot.
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