Production Fynction cnd Cost Curves
Problem Set

Use the table below to answer question 7.

Quantity of Marginal
Labor Product of Labor
0
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1
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2
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3
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4
11
5
9
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5
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Using the marginal product of labor curve in the
figure, the total product of labor for three workers is:

a. 51 bushels.
b. 45 bushels.
c. 39 bushels.
d. 15 bushels.
e. 17 bushels.

The short run is a period that is:

a. less than 1 week.

b. lessthan 1 month.

c. long enough such that output can vary, but plant
capacity cannot.

d. long enough to make all economic adjustments.

e. aperiod too short to vary any production input.

Diminishing marginal returns means that:

a. each additional unit of an input used will cause
output to decrease.

b. each additional unit of an input used will increase
output, but by smaller and smaller amounts.

c. each additional unit of an input used will increase
output by larger and larger amounts.

d. each additional unit of an input used will not cause
output to change.

e. each additional unit of an input used will increase
output by the same amount.

A total product curve indicates the relationship between:

a variable input and price.

a variable input and variable cost.
a variable input and output.
output and price.

output and a fixed input.
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Use the graph below to answer questions 13-14.
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5. When hiring units of labor between zero and L, units
of labor, which of the following statements is true?

The marginal product of labor is increasing.

The marginal product of labor is decreasing.

Total product is increasing at a diminishing rate.

Average product is decreasing.

Total product is increasing at a constant rate.
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6. If after hiring L, units of labor, the firm hires more
labor, total product will because the
marginal product of labor is

decrease; positive

increase; positive

decrease; negative

increase; negative

equal zero; negative
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7. A farm can produce 1,000 bushels of wheat per year
with two workers and 1,300 bushels of wheat per
year with three workers. The marginal product of
the third worker is:

100 bushels.

300 bushels.

1,300 bushels.

2,300 bushels.

150 bushels.
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8. You own a small deli that produces sandwiches,
soups, and other items for customers in your town.
Which of the following is a fixed input in the
production function at your deli?

the dining room where customers eat their meals

loaves of bread used to make sandwiches

cans of tomato sauce used to make soups

employees hired to help make the food

electricity to power the lights and appliances.
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9. Cindy operates Birds-R-Us, a small store manufacturing
and selling 100 bird feeders per month. Cindy's monthly
total fixed costs are $500, and her monthly total variable
costs are $2,500. If for some reason Cindy'’s fixed cost fell
to $400, then her:

average fixed costs would increase.

average total costs would decrease.

marginal costs would decrease.

average variable costs would decrease.

marginal costs would increase.
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Use the graph below to answer questions 27-28. Use the table below to answer questions 22-25.

(per poriod) Quantity
of Bagels Total Total
v (per period) Variable Costs Fixed Costs
0 $0.00 $0.10
w 1 0.20 0.10
2 0.30 0.10
3 0.35 0.10
¥ 4 0.45 0.10
0 Qutput (per period) 5 0.60 0.10
6 0.80 0.10
10. The curve labeled V represents the firm's 7 1.05 0.10
curve. 8 135 0.10
a. total cost
b. average total cost 16. The total cost of producing six bagels is:
c. marginal cost a. $0.10.
d. average variable cost b. $0.20.
e. average fixed cost c. $0.80.
d. $0.90.
11. The curve labeled W represents the firm's e. $0.15.
curve.
a. average fixed cost 17. Marginal cost reaches its minimum value for the
b. marginal cost bagel.
c. average variable cost a. first
d. total variable cost b. third
e. average total cost c. fourth
d. fifth
12. Which of the following cost concepts is correctly defined? e. second
a MT= @ 18. The average total cost of producing six bagels is:
M a. $0.10.
b. ATC=VC+FC b. $0.60.
c. ATC=AVC+AFC c. $0.20.
d. TC=AVC+AFC d. $0.80.
e. TC=AVC+MC e. $0.15.
13. Kaile Cakes is currently producing 10 cakes per day. 19. The marginal cost of producing the second bagel is:
The marginal cost of the tenth cake is $24, and a. $0.05.
average total cost of 10 cakes is $6. The average total b. $0.10.
cost of 9 cakes is: c. $0.30.
a. $4. d. $0.40.
b. $5. e. $0.20.
c. $6.
d. $8. 20. Suppose Bonnie spends $300 per month to rent the
e. $9. building, $100 per month to pay for insurance for
her business, and $100 per worker per month for
14. Rebecca knows that Becca Furniture's marginal cost every worker she hires. Given this information,
curve is above the average total cost curve. This Bonnie’s fixed costs equal:
means Becca Furniture's average total cost curve: a.  $400.
a. must be rising. b. $300.
b. must be horizontal. c.  $500.
c. must be falling. d. $100.
d. isatits minimum point. e. $600.
e. isatits maximum point.
21. If a firm produces 10 units of output and incurs $35
15. The marginal cost curve intersects the average in average total cost, and $5 in average fixed cost,
variable cost curve at: average variable cost is:
a. its lowest point. a. $30.
b. its maximum. b.  $35.
c. its endpoint. c. $50.
d. no point; the curves don't intersect. d.  $300.
e. all points; the curves are the same. e. $5.
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22. Bernie’s ice-making company produces ice cubes using a 10-ton machine Quantity of Electricity Quantity of Ice
and electricity. The quantity of output, measured in terms of pounds of ice, (kilowatts) (pounds)
is given in the accompanying table. 0 0
a. What s the fixed input? What is the variable input? 1 1,000
The fixed input is the 10-ton machine, and the variable input is 2 1,800
electricity. 3 2.400
4 2,800

b. Construct a table showing the marginal product of the variable

input. Does it show diminishing returns?
As you can see from the declining numbers in the third column of the accompanying table, electricity does indeed
exhibit diminishing returns: the marginal product of each additional kilowatt of electricity is less than that of the

previous kilowatt.

Quantity of Electricity Quantity of Ice Marginal
(kilowatts) (pounds) Product
0 0
1 1,000 1,000
2 1,800 800
3 2,400 600
4 2,800 400

c. Suppose a 50% increase in the size of the fixed input increases output by 100% for any given amount of the variable
input. What is the fixed input now? Construct a table showing the quantity of output and marginal product in this case.
A 50% increase in the size of the fixed input means that Bernie now has a 15-ton machine. So the fixed input is
now the 15-ton machine. Since it generates a 100% increase in output for any given amount of electricity, the
quantity of output and marginal product are now as shown in the accompanying table.

Quantity of Electricity Quantity of Ice Marginal
(kilowatts) (pounds) Product
0 0
1 2,000 2,000
2 3,600 1,600
3 4,800 1,200
4 5,600 800

23. Alicia’s Apple Pies is a roadside business. Alicia must pay $9.00 in rent each day. In addition, it costs her $1.00 to produce the
first pie of the day, and each subsequent pie costs 50% more to produce than the one before. For example, the second pie
costs $1.00 X 1.5 = $1.50 to produce, and so on.

a. Calculate Alicia’'s marginal cost, variable cost, average total cost, average variable cost, and average fixed cost as her

daily pie output rises from 0 to 6. (Hint: The variable cost of two pies is just the marginal cost of the first pie, plus the

marginal cost of the second, and so on.)

As shown in the accompanying table, the marginal cost for each pie is found by multiplying the marginal cost of
the previous pie by 1.5. Variable cost for each output level is found by summing the marginal cost for all the pies
produced to reach that output level. So, for example, the variable cost of three pies is $1.00 + $1.50 + $2.25 =
$4.75. Average fixed cost for Q pies is calculated as $9.00/Q since fixed cost is $9.00. Average variable cost for Q
pies is equal to variable cost for the Q pies divided by Q; for example, the average variable cost of five pies is
$13.19/5, or approximately $2.64. Finally, average total cost can be calculated in two equivalent ways: as TC/Q or
as AVC + AFC.

: . . , Average Fixed | Average Variable | Average Total
Quantity of Pies | Marginal Cost Variable Cost Cost Cost Cost
0 $0.00
1 $1.00 $1.00 $9.00 $1.00 $10.00
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2 $1.50 $2.50 $4.50 $1.25 $5.75
3 $2.25 $4.75 $3.00 $1.58 $4.58
4 $3.38 $8.13 $2.25 $2.03 $4.28
5 $5.06 $13.19 $1.80 $2.64 $4.44
6 $7.59 $20.78 $1.50 $3.46 $4.96

b. Indicate the range of pies for which the spreading effect dominates and the range for which the diminishing returns
effect dominates.

The spreading effect dominates the diminishing returns effect when average total cost is falling: the fall in AFC

dominates the rise in AVC for pies 1 to 4. The diminishing returns effect dominates when average total cost is

rising: the rise in AVC dominates the fall in AFC for pies 5 and 6.

¢.  Whatis Alicia’s minimum-cost output? Explain why making one more pie lowers Alicia’s average total cost when
output is lower than the minimum-cost output. Similarly, explain why making one more pie raises Alicia’s average total
cost when output is greater than the minimum-cost output.

Alicia’s minimum-cost output is 4 pies; this generates the lowest average total cost, $4.28. When output is less
than 4, the marginal cost of a pie is less than the average total cost of the pies already produced. So making an
additional pie lowers average total cost. For example, the marginal cost of pie 3 is $2.35, whereas the average
total cost of pies 1 and 2 is $5.75. So making pie 3 lowers average total cost to $4.58, equal to (2 X $5.75 +
$2.25)/3. When output is more than 4, the marginal cost of a pie is greater than the average total cost of the pies
already produced. Consequently, making an additional pie already produced. Consequently, making an additional
pie raises average total cost. So, although the marginal cost of pie 6 is $7.59, the average total cost of pies 1
through 5 is $4.44. Making pie 6 raises average total cost to $4.96, equal to (5 X $4.44 + $7.59)/6.

24. Draw a correctly labeled graph showing a firm with an upward sloping MC curve and typically shaped ATC, AVC and AFC curves.

MC
ATC

AVC
$/Unit

AFC

Quantity

25. Marty’s Frozen Yogurt is a small shop that sells cups of frozen yogurt in a university town. Marty owns three frozen-yogurt
machines. His other inputs are refrigerators, frozen-yogurt mix, cups, sprinkle toppings, and, of course, workers. He estimates
that his daily production function when he varies the number of workers employed (and at the same time, of course, yogurt mix,
cups, and so on) is as show in the accompanying table.

a.  What are the fixed inputs and variable inputs in the production of cups of frozen yogurt?

The fixed inputs are those whose quantities do not change as the quantity of output changes: frozen-
yogurt machines, refrigerators, and the shop. The variable inputs are those whose quantities do change
as the quantity of output changes: frozen-yogurt mix, cups, sprinkle toppings, and workers.

b. What is the marginal product of the first worker? The second worker? The third worker? Why does the marginal
product decline as the number of workers increases?

The marginal product, MPL, of the first worker is 110 cups. The MPL of the second worker is 90 cups.

The MPL of the third worker is 70 cups. The MPL of labor declines as more and more workers are added

due to the principle of diminishing returns to labor. Since the number of frozen-yogurt machines is

fixed, as workers are added there are fewer and fewer machines for each worker to work with, making

each additional worker less and less productive.
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¢.  Now assume that Marty pays each of his workers $80 per day. The cost of his other variable inputs is $0.50 per cup of

yogurt. His fixed cost is $100 per day. Complete the chart below, calculating the variable cost, total cost, marginal

cost, average variable cost (AVC), average fixed cost (AFC), and average total cost (ATC) per cup. How many cups of

frozen yoqurt are produced when ATC is minimized?

Marty’s variable cost, VC, is his wage cost ($80 per worker per day) and his other input costs ($0.50 per
cup). His total cost, TC, is the sum of the variable cost and his fixed cost of $100 per day. The answers
are given in the accompanying table.

Quantity of Marginal
Frozen Yogurt Variable Cost Fixed Cost | Total Cost Cost HRE A AIIE
(cups) (per cup) (percup) | (percup) | (percup)
0 $0 $100

(1 worker X 80) + $100 $235 $1.23 $0.91 $1.23 $2.14

110 (110 cups X 0.5) =

$135

200 $260 $100 $360 $1.39 $0.50 $1.30 $1.80
270 $375 $100 $475 $1.64 $0.37 $1.39 $1.76
300 $470 $100 $570 $3.17 $0.33 $1.57 $1.90
320 $560 $100 $660 $4.50 $0.31 $1.75 $2.06
330 $645 $100 $745 $8.50 $0.30 $1.95 $2.26

Average total cost is minimized when 270 cups of yogurt are produced. At lower quantities of output, the
fall attributable to the spreading effect dominates changes in average total cost. At higher quantities of
output, the rise attributable to the diminishing returns effect dominates changes in average total cost.

d. What principle explains why the AFC declines as output increases? What principle explains why the AVC increases as
output increases? Explain your answers.

AFC declines as output increases due to the spreading effect. The fixed cost is spread over more and

more units of output as output increases. AVC increases as output increases due to the diminishing

returns effect. Due to diminishing returns to labor, it costs more to produce each additional unit of

output.
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