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Chapter 10  Costs

Chapter Summary

This chapter covers cost curves in both the short run and the long run. The chapter begins with the short run and the distinction between fixed and variable costs; next the discussion turns to average fixed cost, average variable cost, and average total cost. Using an example of a dry cleaning business, Kelly's Cleaners, the chapter demonstrates the relationship between a simple production function with labor as the sole variable input (the type developed at the beginning of Chapter 9) and the short-run cost curves. Finally, the marginal cost curve is introduced, and the relationship between marginal cost and ATC and AVC is discussed.

The second half of the chapter deals with costs in the long run. It begins with a discussion of isocost lines and develops the optimal output combination using isocost lines and isoquants. Next, the output expansion path is developed using isoquants and isocost lines. The output expansion path can be used to derive the long-run cost curves. The text illustrates the LTC, LMC and LAC curves for increasing, decreasing, and constant returns to scale; the relationship between the shape of the LAC curve and the structure of industry is briefly discussed. The appendix discusses the relationship between long-run and short-run cost curves and some mathematical applications of cost minimization. 
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Teaching Suggestions

1. It pays to spend part of a class period making sure that the concept of cost is understood. Try some of the following questions on your students. 


a. Why will an ice cream stand on Main Street with the same product as a similar stand on a back street not necessarily be more profitable? (Assume service and quality are identical.)

b. Why is a volunteer army, which pays the going wage, less costly than a draft, which pays everyone a submarket wage?

c. What happens to your cost of living if your landlord dies and wills your apartment to you? Are you better or worse off?

d. You make $50,000 in a small family business, and that amount keeps going up $5,000 every year.  A friend keeps trying to entice you to join his business. He keeps raising his offer to you by $6,000 a year. What is happening to your economic profits over the years?

2. The chapter summary begins with the following statement: "Of all the topics covered in microeconomics, students usually find the material on cost curves most difficult to digest. And for good reason, since the sheer volume of specific concepts can easily seem overwhelming at first encounter." You might want to treat Chapter 10 as two chapters (one on short-run curves and one on long- run curves), since the amount of material presented here is much more than any other chapter in the text. Students generally can understand this material, but as the quote above suggests, they are often overwhelmed by the sheer volume of the material. Sometimes they give up trying to understand and instead try to memorize everything. This defeats the central purpose‑‑to get them to understand the concepts involved. Make sure that they understand short- run curves (homework or a quiz should help) before you move to long-run curves.

3. Start the formal analysis by sequentially sketching a set of short-run cost curves, and go over the intuitive logic of each curve. The average fixed costs are the easiest to grasp. Next the average variable cost can be related to the notion of increasing and diminishing returns. Once those two are understood, simply vertically sum the two and the average total cost will appear. Emphasize that the AVC bottoms out sooner than the ATC because it is not being pulled downward by the falling AFC. Sketching in the marginal cost is critical because its effect on the ATC and AVC must be understood before it can be drawn successfully. Emphasize that each set of cost curves is for a particular size operation with a specified range of output. Draw perhaps three separate sets showing three plant sizes, with the middle one having lower costs than the two end graphs. This will help pave the way for considering long-run costs later on. 

4. In the final analysis, unless students can take a set of isoquants and budget lines and sketch  short-run and long-run cost curves from it, they haven't quite mastered the concepts which tie production and cost closely together. Without this tool it is hard to describe the long-run envelope cost structure. It is helpful to prepare several transparencies for class like Problem 5 in the study guide. Use one as a quiz to make clear the importance of grasping cost concepts. 

Stumbling Blocks for Students

1. The difference between the short-run U-shaped cost curves and the long-run U-shaped cost curve is confusing. Diminishing returns to production is often thought to be the same as economies of size.  Make sure that they are seen as completely different unrelated concepts.

2. The efficient input combination where MPL /MPK = PL/PK  is readily seen as the tangency point of the isoquant and the isocost line. When the equality sign is changed to an inequality, students have trouble recognizing the kind of input imbalance that exists. It seems that if the MPL is too low,  students are inclined to see labor as being underutilized rather than overutilized. This is because they do not integrate the diminishing returns concept into their understanding of efficiency conditions. It is important to point out that an entrepreneur cannot change the prices of her inputs since she is a price taker in factor markets. That leaves only the adjustment of the input combination to effect cost savings. Recognizing that the marginal products of the inputs are inversely related to the amount of input being used can help solve this misunderstanding.

3. It is not intuitively obvious to most that if you chose to produce an output less than the amount at the minimum point on the LAC curve, you would build a plant and operate it at less than capacity. It is not easy to see that an underutilized bigger plant can have lower costs than the minimum ATC of a smaller plant. Sometimes an example helps. If I produce cars in my garage and an output of five would give me my lowest ATC of say $20,000, then it may be better to rent a six- bay service station and produce the five cars at $18,000 per car even if the optimal output for that operation would be ten cars at $15,000 ATC. Graphically it is important to explain the reason why point B is preferred to point A.
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Answers to Questions for Review

1. The law of diminishing returns implies that eventually the VC curve will slope upward.

2. As soon as diminishing returns set in, the MC curve will slope upward.

3. book publishing

4. If MC is less than average costs (total or variable), then each additional unit produced should lower average cost. If MC is more than average costs (total or variable), then each additional unit produced should increase average cost.

5. We have decreasing returns.

6. If MC was greater for one activity, then one could lower total cost by shifting some production.

Answers to Chapter 10 Problems

1.

 Quantity  
Total 

Fixed 
Variable  
ATC  
AVC
AFC
  MC

of output
cost

cost
cost






___________________________________________________________

    0

24

24
0

--
--
--
_____

______________________________________________________________          16

    1

40

24
16

40
16
24
_____

______________________________________________________________          34

    2

74

24
50

37
25
12
_____

______________________________________________________________          34

    3

108

24
84
              36
28           8
_____

______________________________________________________________          52

    4

160

24
136

40
 34
  6
_____

______________________________________________________________          60

    5

220

24
196

44
 39.2 
 4.8
_____

______________________________________________________________          62

    6

282

24
258

47
 43
  4
_____

______________________________________________________________

2. With K fixed at 2, we have Q=6L, which solves for L=Q/6.  So we have:


VC= wL=wQ/6=Q/3;  

AVC=1/3;


FC=3K=6; 


AFC=6/Q;


TC=6+(Q/3);


ATC=(6/Q)+(1/3);


MC=1/3
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3. When MP=AP, marginal cost and average variable cost will be the same.  To see this, note first that MC=
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Q=w
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L/
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Q=w/MP.  Similarly, AVC=wL/Q=w/AP.  So when AP=MP, it follows that MC=AVC.

4. a) The firm minimizes costs when it distributes production across the two processes so that marginal cost is the same in each.  If Q1 denotes production in the first process and Q2 is production in the second process, we have Q1 + Q2 = 8 and 0.4Q1 = 2 + 0.2Q2, which yields  Q1=6, Q2=2.  The common value of marginal cost will be 2.4.

4. b) Note that for output levels less than 5, it is always cheapest to produce all units with process 1.
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5. If K and L are perfect substitutes, only one of the inputs will be used for any given isocost line.  No matter what the isocost line's slope, we will always get a corner solution (except where the slope is exactly -1).
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6. If K and L are perfect complements, the two inputs will be used in fixed proportion, no matter what the slope of the isocost line.
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7. The necessary condition for cost minimization is  MPK/PK = MPL/PL. Here, MPK/PK = 2 and MPL/PL = 4.5.  Since this firm gets more output from the last dollar it spends on labor than from the last dollar it spends on capital, it should buy less capital and more labor.

8. For this production function, as long as the input price ratio (PK/PL) remains 2:1, the optimal input bundle will always have 2 units of capital for every 3 units of labor, i.e., K = 2L/3.  For a total cost of 70, we thus have PKK+PLL = 2(2L/3) + L = 70, which solves for L=30 and K=20.  (See diagram.)



Capital




35



                                                        Output Expansion Path (slope = 2/3




20


          3.5





              7                        30                                   70            Labor


9. At the minimum-cost input bundle for producing Q*, we know that the extra output obtained from the last dollar spent on labor is the same as the extra output obtained from the last dollar spent on capital.  Thus the two short-run marginal cost curves will take the same value at Q*. 

10. The LAC curve is the outer envelope of the firm's two SAC curves, as shown by the locus ABC in the diagram.
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11. The LMC and SMC curves coincide at the output level for which LAC and SAC are equal.  If LMC 
[image: image11.wmf]¹

 SMC, it follows that SAC>LAC.
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12. LRAC = LRTC/Q = Q2 - 20Q + 220.

      LRMC = dLRTC/dQ = 3Q2 - 40Q + 220
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13. ATC = LTC/Q = Q + 10/Q 


AVC = Q


AFC = 10/Q


MC = dLRTC/dQ = 2Q
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Additional Problems

1. You have been hired by the IRS to audit a dead economist's consulting firm. He left his records incomplete so that only a student trained in economics could fill in the blanks.

	Clients
	Total 

Cost
	Fixed

Cost
	Variable

Cost
	Average

Total Cost
	Average 

Variable 

Cost
	Average 

Fixed

Cost
	Marg.

Cost



	0
	
	100
	
	
	
	
	

	1
	
	
	75
	
	
	
	

	2
	
	
	
	
	
	
	65

	3
	
	
	250
	
	
	
	

	4
	
	
	
	112.5
	
	
	

	5
	
	
	
	
	100
	
	

	6
	
	
	
	
	
	
	200

	7
	1100
	
	
	
	
	
	


Does the consulting firm exhibit diminishing returns for any number of clients between 0 and 7?

2. Doug wants to go into the donut business. For $500 per month he can rent a bakery complete with all the equipment he needs to make a dozen different kinds of donuts (K=l). He must pay unionized donut bakers a monthly salary of $400 each. He projects his production function to be Q = 5KL (where Q is tons of donuts).

a. What is Doug's monthly total cost function, variable cost function, and marginal cost? 

b. How many bakers will Doug hire to make 25 tons of donuts?

c. What will happen to Doug's total cost if his production function turns out to be Q=2KL?

3. A local beer company has two separate breweries. The marginal cost and average cost functions are given as: MCl = 80Ql  and ATCl=(500/Ql)+40Ql for brewery one and MC2=400Q2 and ATC2=(300/Q2)+200Q2  for brewery two. Where Ql and Q2 are cases of beer. How should the firm allocate production if they want to produce 6000 cases of beer?

4. If average cost is increasing with output, is marginal cost less than, greater than, or equal to average cost? Explain why. 

5. True or False: The marginal cost curve slopes upward due to increasing returns to scale. 

6. True or False: The fixed cost curve is always downward sloping.

7. True or False: The average total cost curve can be created by adding the average variable cost curve to the average fixed cost curve.

Answers to Additional Problems

1.

	Clients
	Total 

Cost
	Fixed

Cost
	Variable

Cost
	Average

Total Cost
	Average 

Variable 

Cost
	Average 

Fixed

Cost
	Marg.

Cost



	0
	100
	100
	0
	-
	0
	-
	

	1
	175
	100
	75
	175
	75
	100
	75

	2
	250
	100
	150
	125
	75
	50
	65

	3
	350
	100
	250
	116.67
	83.33
	33.33
	100

	4
	450
	100
	350
	112.5
	87.5
	25
	100

	5
	600
	100
	500
	120
	100
	20
	150

	6
	800
	100
	700
	133.33
	116.67
	16.67
	200

	7
	1100
	100
	1000
	157.14
	142.86
	14.29
	300


The firm exhibits diminishing returns for any number of clients greater than two.

2. a)   K=1 L=Q/5

       TC = 500 + 400(Q/5) = 500 + 80Q

       VC = 80Q

       The marginal cost is equal to the slope of the total cost curve which is MC = 80.

2. b)   L = Q/5 = 25/5 = 5

2. c)   K = 1, L = Q/2, TC = 500 + (400/2)Q = 500 + 200Q

3.   Q = Q1 + Q2 = 6000

Set MC1 = MC2
80Q1 = 400Q2
Q1 = 5Q2
Q1 = 6000 ‑ Q2
5Q2 = 6000 ‑ Q2
6Q2 = 6000

Q2 = 1000

Q1 = 6000 ‑ 1000 = 5000

4. If average cost is increasing, then marginal cost is greater than average cost.

5. False. It slopes upward due to the law of diminishing returns.

6. True. AFC = TFC/Q so as Q rises the AFC will constantly fall. 

7. True. Total cost is made up of variable cost and fixed cost.

Answers to Chapter 10 Appendix Problems

1. For the production function, 
[image: image15.wmf]Q 

=

 

K

 

L

 MPK 

=

 

Q

/

K 

=

 

L

/

2

 

K 

,

 and MPL 

=

 

Q

/

L 

=

 

K

/

2

 

L

.

,

¶

¶

¶

¶



The condition for cost minimization is MPL/MPK = PL/PK, which in this example becomes K/L = 1/4, or L= 4K.  Inserting this expression for L into the production function and setting Q=2, we get 2 = 
[image: image16.wmf]K
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)

4

K

 = 2K, so K = 1 and L = 4 are the cost-minimizing input values.

2. The problem is to find




min
(3K+2L)     subject to Q=3KL.




K,L

      If we solve the production function for L=Q/3K and substitute back into the total cost 

      expression, the problem becomes 




min
[3K+(2Q/3K)].




K

      The first order condition for a minimum is d[3K+(2Q/3K)]/dK = 3-(2Q/3K2)=0, which solves for the cost-minimizing value of K, K*= 
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/

2

3

Q

.  Substituting this expression into the production function, we get L*=
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      The least costly way of producing Q is thus given by  


LTC=3K*+2L*=
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2
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+
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 = 2
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;
LMC= dLTC/dQ = 
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LAC=LTC/Q= (2
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      This production function has increasing returns to scale.

3. a) Optimality requires that


MPL/MPK = w/r = 2/4.

(*)


MPL = 
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MPK = 
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MPL/MPK = (2
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(**)


From (*) and (**), we can say that K/L = 1/4.

3. b) Since K/L = 1/4, we have L = 4K.

       When we substitute this into the production function, we have

       Q(K, L) = 2L
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 = 8K
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 = 1000.

       This implies  K3/2 = 125,  which implies K=25 and L=100.

4. Optimality requires MPL/MPK = PL/PK .

       MPL = 
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       MPK = 
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       MPL/MPK = K/L = PL/PK.

       This implies PL/PK = 2/8 or PK = 4PL.

(*)
       We also have that LxPL + KxPK = 16.

(**)

       Substituting (*) into (**) yields

       8PL + 2x4PL = 16,

       or PL = 1 and PK =4.

5. Optimality requires MPL/MPK = PL/PK .

      MPL =
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 = 2/L.

      MPK = 
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 = 3/K.

      MPL/MPK = (2/L)/(3/K) = 2K/3L = PL/PK = 6/4.

      Thus the optimal ratio is K/L = 9/4

Answers to Homework Assignment

Homework  assignment             
 Key: ______Chapter 10___________

1. On the graph below sketch a set of short run cost curves that exhibit increasing and then diminishing returns. Include ATC, AVC, MC, and AFC. Label all axis and functions. Make sure the intersections are carefully located and the curves relate to each other in the appropriate manner. Do not use numbers. A sketch graph is sufficient if the relationships are all correct.
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2.  On the graph below the MC and ATC of two plants are shown. Both produce the same product and the MC equations for each are shown. Forty three units of output are to be produced. How many should be produced by each plant? Show on the graph why your answer is correct. 


$







    MC = 4 + 10Q                      MC = 4Q







           12


         31
Quantity 

Since Q1 + Q2 = 43 and the two MC should be equal for optimal efficiency                               (4 + 10Q1 = 4Q2) the two equations can be solved simultaneously to get the quantities. By substitution, 4 + 10(43 – Q2) = 4Q2 and 434 – 10Q2 = 4Q2 so 14Q2 = 434 or Q2 = 31. Therefore Q1 = 12. 

3. If both plants are used, explain why you would use one that has average costs so much higher than the other one. If only one plant is used, explain why you would use one extensively when the marginal cost of the other would be lower at low output levels.

Both are used because the marginal cost is the only relevant cost in the decision. The ATC curves include cost that relate to fixed costs. As long as the MC in the smaller plant is less than the cost of the next unit produced in the larger plant, plant 1 should be used. 


4. The academic world has seen an enormous improvement in communications technology. Internet access, distance learning, virtual classrooms are part of the discussion and many schools are moving toward higher tech learning. Along with all of this has come a decline in the price of electronic information. By using isoquants and isocost lines, tell a story about what you might expect to happen to faculty salaries. List your assumptions because your answer could vary considerably depending on what you assume about the isoquants and isocost lines. Use the graph below as your starting point. 
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In this sketch the capital of teaching is increased and the faculty hired stays the same. This is because the price of capital in teaching has fallen and the preferences of students are as shown. Other outcomes for faculty and capital could result if the indifference curves are drawn strongly favoring one input over the other.
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