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CHAPTER SUMMARY
A small seller, which cannot affect the market price, maximizes profit by producing at a rate where its marginal cost equals the price. (For a small seller, the price equals marginal revenue.) In the short run, at least one input is fixed and therefore cannot be adjusted. The business breaks even when total revenue covers variable cost. In the long run, the business can adjust all inputs and leave or enter the industry. It breaks even when total revenue covers total cost.


The supply curve shows the quantity supplied as a function of price, other things equal.  The effect of a change in price is represented by a movement along the supply curve to a new quantity.  Changes in other factors such as wages and the prices of other inputs are represented by shifts of the entire supply curve.


Seller surplus is the difference between revenue from some production rate and the minimum amount necessary to induce the seller to produce that quantity.  Elasticities of supply measure the responsiveness of supply to changes in underlying factors that affect supply.


The Math Supplement to this chapter illustrates two things mathematically. First, it shows that the profit-maximizing (loss minimizing) production rate exists where marginal revenue equals marginal cost. Second, it shows that a change in any factor of supply other than the price of the item is represented by a shift of the entire market supply curve. 
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TIPS FOR INSTRUCTORS

Generally, microeconomics and managerial economics texts present the costs of a business in a table that reports fixed and variable costs.  In reality, no business reports costs in this way.  Accordingly, I start from a table of “functional” costs such as wages, rent, etc. and then analyze these to obtain the fixed and variable costs.


Further, most texts assume that the entire fixed cost is also sunk for a short‑run horizon.  This is a critical assumption: It implies that, for a short‑run horizon, the business can ignore fixed costs, and need only cover variable costs. In deference to established convention, I make the same assumption in discussing perfectly competitive businesses.  In Chapter 7, however, I carefully distinguish between fixed and sunk costs. I discuss how ex‑ante variable costs can become sunk, and how fixed costs can be avoidable.  A superb reference on this point is Henry Wang and Bill Z. Yang, “Fixed and sunk costs revisited”, Journal of Economic Education, Vol. 32 No. 2, Spring 2001, 178-185.


Most texts use the concept of “producer surplus”. This is a misnomer in labor markets, where sellers are human beings. Accordingly, I introduce the nomenclature “seller surplus”, which is symmetric to the concept of “buyer surplus” on the demand side.

GENERAL CHAPTER OBJECTIVES
1. Explain why short run costs vary with the production rate and what could cause a shift in short run cost curves.

2. Determine the profit-maximizing (loss-minimizing) production level in the short run.

3. Explain under what short-run conditions a business will remain in operation and when it is best to shut down.

4. Explain why the individual seller’s supply curve is that portion of its marginal cost curve above minimum average variable cost.

5. Explain why the demand for inputs is derived from the level of production.

6. Explain why costs vary with the production rate and what could cause a shift in cost curves.

7. Determine the profit-maximizing (loss-minimizing) production level in the long run and explain the breakeven condition in the long run.

8. Describe how the market supply curve is derived in the short run and the long run and their properties.

9. Describe seller surplus in words and determine it graphically.

10. Explain why labor supply curves generally slope upward in terms of the work-leisure tradeoff and the income effect.

11. Describe the elasticity of supply concept, calculate price elasticity of supply coefficients and interpret them.

SPECIFIC INSTRUCTIONAL OBJECTIVES
After completing this entire chapter, students should be able to:
1. Distinguish between the short run and the long run.

2. Distinguish between fixed, variable, total and marginal cost.

3. Describe and calculate marginal cost as the change in variable or the change in total cost associated with additional units produced.

4. Describe and calculate average (unit) cost as the total cost divided by the production rate.

5. Describe and calculate average (unit) cost as the sum of average variable and average fixed cost.

6. Describe and calculate average variable cost as being equal to variable cost divided by the output level.

7. Describe and calculate average fixed cost as being equal to fixed cost divided by the output level.

8. Describe and calculate marginal product as the increase in output arising from an additional unit of the input.

9. Explain why diminishing marginal product causes average variable cost to increase as output expands and, in turn, causes average total cost to rise as the production rate increases.

10. Summarize why the average variable, average (total), and marginal cost curves are U-shaped.

11. Describe and calculate total and marginal revenue.

12. Identify and explain why the profit-maximizing (loss-minimizing) quantity to produce exists at that production rate in which marginal revenue equals marginal cost.

13. Explain why marginal revenue equals price when a business can sell as much as it would like at the market price; and therefore, the profit-maximizing rule for such a business becomes that production rate at which price equals marginal cost.

14. Define sunk cost as a cost that has been committed and cannot be avoided.

15. Realize that sunk costs should be ignored in making a current decision.

16. Explain why a business should continue in production so long as its revenue covers variable cost (i.e. shut down if losses are greater than fixed cost); or equivalently, so long as price covers average variable cost.

17. Explain why that part of the marginal cost curve above minimum average variable cost is the individual seller’s supply curve.

18. Defend why the profit-maximizing rule (produce where price equals marginal cost) remains the same in the long run as for the short run.

19. Explain why a business will remain in operation in the long run so long as total revenue is sufficient to cover total cost; or, alternatively, so long as price covers average cost.

20. Describe the seller’s long-run individual supply curve as that portion of its long-run marginal cost curve that lies above its average cost curve.

21. Define the market supply curve as a graph showing the quantity that the market will supply at every possible price.

22. Explain why the market supply curve is the horizontal summation of the various individual sellers’ supply curves.

23. Infer that the same factors that shift the individual seller’s supply curve also shift the market supply curve.

24. Identify that the freedom of entry and exit is a key difference between the short run and the long run.

25. Explain why, in the long run, if a business can earn profits in an industry, then this will attract new businesses, which will increase market supply, reduce market price, increase the quantity supplied in the market, until sellers just break even.

26. Explain why the long-run market supply curve slopes more gently upward than the short-run market supply curve.

27. Explain why the long-run market supply curve may be flat.

28. Define seller surplus as the difference between a seller’s revenue from some production rate and the minimum amount necessary to induce the seller to produce that quantity.

29. Calculate seller surplus as being equal to the difference between price and marginal cost, for all quantities from zero up to the production level.

30. Calculate seller surplus as being equal to the difference between revenue from some production rate and the variable cost, or R - V.

31. Graphically illustrate seller surplus.

32. Realize that a seller’s profit varies relatively more than the price of its output because a change in price affects the revenue at the original production rate and induces the seller to adjust production.

33. Realize that the seller surplus for the whole market is the sum of the individual seller surpluses, and is represented graphically by the area between the price line and the market supply curve (in both the short run and the long run).

34. Explain why the labor supply curve slopes upward in terms of the work-leisure tradeoff.

35. Determine the market supply curve of labor as the horizontal summation of all individual supply curves of labor.

36. Distinguish between the increasing marginal cost of labor and the income effect associated with an increase in the wage, and the consequent effect on the slope of the labor supply curve.

37. Define the elasticity of supply as the responsiveness of supply to changes in an underlying factor.

38. Define the price elasticity of supply as the percentage by which the quantity supplied will change if the price of the item rises by 1%.

39. Calculate the price elasticity of supply using the arc approach and interpret the resulting number.

40. Realize that the price elasticity of supply is a pure number that does not depend on any units of measure; price elasticity may vary along the same supply curve; a change in any of the factors of that affect supply may affect the price elasticity; capacity utilization affects both individual and market supply elasticities; and the greater the amount of time under consideration the more elastic an individual and market supply curve.

41. Explain why a change in price will affect revenue both directly and also through changing the sales or quantity supplied (using the price elasticity).

RECOMMENDED CASE
Bruce Greenwald, “CETUS Computer Corp. Sales Force,” South-Western College Publishing Casenet (http://casenet.thomsonlearning.com/casenet/abstracts/cetus.html).  The questions facing Cetus sales managers were: (1) How many, if any, highly experienced sales representatives to hire; and (2) How many, if any, less experienced representatives to hire. This case can be used to cement the idea of marginal analysis in the demand for inputs into production.

ANSWERS TO PROGRESS CHECKS
4A.
The total cost curve would be higher but the variable cost curve would not change.

4B.
The marginal and average variable cost curves would not change, but the average cost curve would be lower.

4C.
To maximize profit, Luna must produce at the rate where marginal cost equals 75 cents. See Figure 4C on page 529 of the textbook.

4D.
If the market price of eggs is $1.31, Luna should produce 8000 dozen eggs a week and its revenue would be $1.31 X 8,000 = $10,840, hence its profit would be $10,840 - $7,232 = $3,248.

4E.
See Figure 4E on page 530 of the textbook.

4F.
See Figure 4F on page 530 of the textbook.

4G.
Proportionate change in quantity = (6500 – 5800)/6150 = 11%. Proportionate change in price = (90 - 80)/85 = 12%. Hence, the price elasticity = 11/12 = 0.9.

ANSWERS TO REVIEW QUESTIONS
1.  The short run is a time horizon within which a seller cannot adjust at least one input. By contrast, the long run is a time horizon long enough that the seller can adjust all inputs. Assuming that all fixed costs are also sunk, while all variable cost are not sunk, then there are fixed costs only in the short run, while all costs are variable in the long run.

2.  This statement confuses average with marginal cost. The average cost is $2. The marginal cost may be greater than, equal to, or less than $2, depending on the production technology.

3.  Nothing.  Marginal costs are not necessarily related to fixed costs.

4.  The marginal revenue is the change in total revenue arising from the sale of an additional unit.  If the business can sell as much as it wants at the market price, then the additional unit can be sold at the market price without affecting the price at which the original units are sold.  Hence, the marginal revenue equals the price.

5.  Since the price of Mercury’s output is less than the marginal cost, Mercury can raise profit by reducing production.

6.  The analysis underestimates the increase in profit: It considers only the increase in profit on the existing production, and ignores the increase in profit resulting from an increase in production.

7.  (a)
Increases both average and marginal cost curves;  (b) No effect; (c)
Reduces both average and marginal cost curves.

8.  Like any other input, advertising is subject to diminishing marginal product.  Each additional dollar of advertising yields a smaller increment in sales and profit.

9.  Not necessarily.  In the short run, a business that is covering its variable cost should continue in production.

10.  The bus operator that suspended operations may have realized that the price fell below its average variable cost, while the other that continued in business may have had an average variable cost that was below the price.

11.  (a) Movement along;  (b) Shift of the entire curve to the left; and (c) Shift of the entire curve to the right.

12.  The buyer should design its order to leave the seller with zero seller surplus.

13.  (a) False;  (b) True.

14.  Omitted.

15.  The supply will be relatively more elastic in the long run.

ANSWERS TO DISCUSSION QUESTIONS
1. Lego invented its eponymous brick in 1949.  Within 50 years, the company had produced over 200 billion bricks at factories in Denmark, Korea, Switzerland, and the United States.  Lego bricks are made from acrylonitrile butadinese styrene (ABS).  The raw material is melted at around 235 degrees Celsius, molded under high pressure, and then cooled.  Lego manufactured the molds at its own factories in Germany and Switzerland.   

a. Which of the following costs are fixed and which are variable? (i) production of the mold, (ii) raw material, and (iii) other components.

b. In a short run planning horizon, which of the costs in (a) should the manufacturer cover in order to remain in business? 

Answer: 

(a) (i)
 Fixed cost --- it does not vary with the production level.  (ii) Variable cost because it varies with the production level.  (iii) Variable cost.

(b) Raw material and other component costs: for the manufacturer to remain in business, its revenue must cover variable costs. (Assuming that the production of the mold is sunk and fixed.)

2. A typical bank's sources of funds include savings deposits, certificates of deposit (CDs), and checking (demand) deposits.

a. Obtain the current interest rates on savings and checking accounts, and CDs from a local bank.  Suppose that the bank incurs an additional 1% cost to administer checking accounts.  There are no administrative costs for savings accounts and CDs.  List the three sources of funds in ascending order of annual cost per dollar of funds.

b. Suppose that the bank has equal amounts of savings and checking deposits, and CDs.  Compare its average cost of funds with its marginal cost of funds.

Answer

(a) Suppose that the current interest rates are: savings deposits, 4%; Certificates of Deposit, 6%; checking (demand) deposits, 2%.  Given an additional 1% cost to administer checking accounts, the three sources of funds in ascending order of annual cost per dollar of funds would be:

Checking (Demand) Deposits
3%

Savings Deposits
4%

Certificates of Deposit
6%

(b) The average cost of funds would be (3% + 4% + 6%)/3 = 4.33%.  Making the simplistic assumption that the marginal cost of funds is that from the most expensive source of funds, the marginal cost is just the CD rate of 6%.  Actually, the marginal cost is the cost of increasing deposits by $1.  The bank may have to offer a higher interest rate to attract more deposits.   A precise calculation of the marginal cost = [total cost of (current funds + $1)] – [total cost of current funds].

3. Table 4.1 shows the weekly expenses of the Luna Farm.  Suppose that wages are 5% higher, increasing the cost of labor by 5%.  

a. By recalculating Tables 4.1 and 4.2, explain how the increase in wages will affect the (i) average variable cost and (ii) average cost.  

b. Luna's management claims that it needs a 5% higher price to make up for the wage increase.  Assess whether this claim is valid in the (i) short run and (ii) long run. 

Answer


(a)
Both average variable and average costs increase.  See the revised Tables 4.1 and 4.2 below.  On the assumption that part of the wage expenses of the business is a fixed cost, then the average fixed cost increases as well.  Therefore, average (total) costs increase not only because average variable costs increase due to 5% higher wages, but also because of the higher average fixed cost.

Revised Table 4.1 Short run weekly expenses

Weekly

production rate
Rent
Wages
Cost of Supplies

Total

0
$2000
$210.00
$0
$2210.00

1000
$2000
$555.45
$100
$2655.45

2000
$2000
$877.80
$200
$3077.80

3000

$2000
$1276.80
$300
$3576.80

4000
$2000
$1781.85
$400
$4181.85

5000
$2000
$2407.65
$500
$4907.65

6000
$2000
$3165.75
$600
$5765.75

7000
$2000
$4063.50
$700
$6763.50

8000
$2000
$5105.10
$800
$7905.10

9000
$2000
$6295.80
$900

$9195.80

Revised Table 4.2 Analysis of short-run costs

Weekly

production rate
Fixed cost
Variable cost
Total cost
Marginal cost  
Avg. fixed cost
Avg. variable cost
Avg. cost

0
$2210

$2210





1000
$2210
445.45
2655.45
0.45
2.21
0.45
2.65

2000
$2210
867.80
3077.80
0.32
1.11
0.43
1.54

3000

$2210
1366.8
3576.80
0.50
0.74
0.46
1.19

4000
$2210
1971.85
4181.85
0.61
0.55
0.49
1.05

5000
$2210
2697.65  
4907.65
0.73
0.44
0.54
0.98

6000
$2210
3555.75
5765.75
0.86
0.37
0.59
0.96

7000
$2210
4553.50
6763.50
1.00
0.32
0.65
0.97

8000
$2210
5695.10
7905.10
1.14
0.28
0.71
0.99

9000
$2210
6985.80
9195.80
1.29
0.25
0.78
1.02

(b)
(i)
Luna’s claim that it needs a 5% higher price to make up for the wage increase is not valid in the short run. Assume the price was originally $0.70. Before the 5% wage increase, the profit-maximizing production rate was 5000 where price equals marginal cost. To continue to produce 5000 dozen eggs per week, where marginal cost now equals $0.73 then the price required will have to increase from $0.70 to $0.73. This is an increase of only 4.3%---less than 5%.

(ii)
Luna’s claim that it needs a 5% higher price to make up for the wage increase is also not valid in the long run. In the long run, price equals average cost. The 5% increase in the wage increases average cost by less than 5% at all production rates. (See table above.)

4. Jupiter Oil produces crude oil from two fields, one in the North and another in the South.  Table 4.8 reports the total costs at the two fields for various rates of production.

Table 4.8:  Jupiter Oil


Total Cost from

Production rate (barrels/day)
Northern Field
Southern Field

1000
$5,000
$8,000

2000
$11,000
$16,000

3000
$18,000
$24,000

4000
$26,000
$32,000

5000
$35,000
$40,000

a. To produce a total of 5,000 barrels per day in the cheapest way, how much should the company produce from the Northern field and how much from the Southern field?

b. At the production rates that you give for (a), what is the cost of the last thousand barrels from the Northern and the Southern fields? 

Answer


(a)
Jupiter would want to allocate its production between the two fields where the marginal costs of production are equal at both locations, while producing a total of 5000 barrels per day.  By doing so, Jupiter will minimize its costs of producing 5,000 barrels per day.  Therefore, Jupiter should produce 4,000 barrels at its northern field and 1,000 barrels at its southern field.  See the following table.


Total cost
Marginal cost

Production rate (barrels/day)
Northern Field
Southern Field
Northern Field
Southern Field

1000
$5,000
$8,000
$5,000
$8,000

2000
$11,000
$16,000
$6,000
$8,000

3000
$18,000
$24,000
$7,000
$8,000

4000
$26,000
$32,000
$8,000
$8,000

5000
$35,000
$40,000
$9,000
$8,000

(b)
The marginal cost of the last 1,000 barrels at each location is $8,000.

5. Barrick Gold, a Canadian corporation listed on the New York Stock Exchange, owns the Bousquet mine in Northwest Quebec and the Tambo mine in Chile.  Table 4.9 reports information on selling prices and costs for the two mines.  Barrick's selling price of gold differs from the spot price as some production is sold through long-term contract and also owing to the company's use of hedging.  The "average cash cost" includes operating cost, royalties, and taxes, while the "average cost" includes the cash cost as well as depreciation and amortization.

Table 4.9: Barrick Gold


Tambo
Bousquet


1996
1997
1998
1998

Production (thousand ounces)
160
133
167
176

Selling price ($ per ounce)

415
420
400
400

Average cash cost ($ per ounce)
307
309
273
194

Average cost ($ per ounce)
417
456
392
400

Source: Barrick Gold Corporation, 1997 and 1998 Annual Reports

a. Suppose that the Tambo mine always produces at the scale where its marginal cost equals the selling price of gold.  Its marginal cost curve, however, shifts with changes in wages, equipment, and other factors.  Using the data from Table 4.9, illustrate the shifts in Tambo's marginal cost curve, the selling price, and profit-maximizing scale of production between 1996 and 1998.

b. In 1997, management continued to produce from the Tambo mine even though the selling price of gold, $420 per ounce, was less than its average production cost of $456 per ounce.  Was this a mistake?

c. Use Barrick's 1998 data to compare the (i) short-run break-even conditions for Bousquet and Tambo; and (ii) the long-run break-even conditions for the two mines.

Answer

(a) 









(b) No.  The price of $420 covered the average variable cost (average cash cost) of $309 at Tambo.

(c) In 1998, Tambo’s average variable cost (average cash cost) was $273 per ounce, which was higher than Bousquet’s $194 per ounce.  By contrast, Tambo’s average cost was $392 per ounce, which was lower than Bousquet’s

7.  In 1984, Pennzoil entered into an agreement to acquire 1.008 billion barrels of Getty Oil's reserves for $3.4 billion.  Shortly after, however, Getty accepted a higher offer from Texaco.  Pennzoil then sued Texaco for interference with contract.  Pennzoil claimed that its damages were 1.008 billion barrels times $10.87, which had been its average exploration cost, less the proposed acquisition cost of $3.4 billion.  The price of West Texas Intermediate Crude was $30 per barrel in 1984. (Texaco, Inc. v. Pennzoil, Co., Court of Appeals, First District, Houston, 729 S.W. 2d, p. 768)

a. Suppose that the future price of oil is $30 per barrel, while the production cost from the Getty fields is a constant $5, $10, or $15 per barrel.  In each case, what is the profit from producing 1.008 barrels of oil?  (Ignore the fact that the profit will be received in the future.)

b. For each case, deduct $3.4 billion from your profit in (a).  

c. Which is a more accurate way to estimate Pennzoil's damages -- the approach in (b) or that used by Pennzoil?  

Answer


(a)
If cost = $5 per barrel:  Revenue = price x quantity = $30 x 1.008 billion = $30.24 billion.  Cost = $5 x 1.008 billion = $5.04 billion.  Profit = Revenue – Cost = $30.24 - $5.04 billion = $25.2 billion.



If cost = $10 per barrel: Revenue = $30.24 billion. Cost = $10.08 billion. Profit = $20.16 billion.



If cost = $15 per barrel: Revenue = $30.24 billion. Cost = $15.12 billion. Profit = $15.12 billion.


(b)
If cost = $5 per barrel: Profit = $21.8 billion.  If cost = $10 per barrel: Profit = $16.76 billion.  If cost = $15 per barrel: Profit = $11.72.billion.


(c)
The approach in (b) is more accurate.  Pennzoil’s claim ignores the cost of producing the oil and the future price of oil.  For example, if the price of oil drops to $1 a barrel, it would become uneconomic to produce oil.  Then Pennzoil would have actually gained by being prevented from acquiring Getty Oil.

7. Until 1998, there were two major American manufacturers of DRAMs. Then, Texas Instruments (TI) sold its factories in Avezzano (Italy), Richardson (Texas), and Singapore and interests in two Asian joint ventures to Micron Technology.  TI shut the remainder of its DRAM production facilities including one in Midland, Texas.   

a. Compare the effects on the worldwide long-run supply of DRAMs of TI's sale of the Richardson plant with its closure of the Midland factory.

b. Which probably had the higher average cost -- the Richardson or Midland plant? 

c. Following TI's exit, Micron Technology was left as the United States' only significant DRAM manufacturer.  Did that necessarily imply that there was only one company manufacturing DRAMs in the United States?

Answer

(a) TI’s sale of the Richardson factory did not change the worldwide long-run supply of DRAMs.  Its closure of the Midland factory did reduce the supply.

(b) The Midland plant probably had the higher average cost, which explains why TI could not sell it and had to shut it.

(c) No.  There might have been other DRAM plants in the United States, but owned by non-US firms.

8. Compile two series of data, one for the price of physical gold and another for an index of gold mining shares, on a monthly basis for the most recent 10-year period.  Convert the two series into comparable indexes by rebasing both series to 100 at the beginning of the period.

a. Graph the two series against time.  

b. Compare the volatility of the two series.

c. Explain the difference in the volatility.

Answer



The price index of gold mining shares would be more volatile than the price of physical gold.  This is an example of the general principle that a seller’s profit varies more than the price of its output.  

9. Several studies have estimated the wage elasticity of the market supply of labor among women to be 0.2.

a. By what percentage must wage rates increase for women to supply 10% more labor? 

b. How would an increase in the price of childcare affect the market supply of women's labor?

c. Suppose that the elasticity of the market supply of women's labor with respect to the price of childcare is -0.5.  If the wage rises by 5% and the price of childcare also rises by 5%, what would be the effect on the hours worked by women?

Answer

(a) 50%. The wage elasticity of 0.2 means that for every 1% increase in the wage, there will be a 0.2% increase in the quantity supplied of female workers.  Therefore, a 50% increase in the wage is required to bring about a 10% increase in the quantity supplied (50% x 0.2 = 10%).

(b) The increase in the price of childcare would reduce the market supply of women's labor.

(c) The 5% wage increase would change labor supplied by 0.2 x 5 = 1%, while the 5% increase in the price of childcare would change labor supplied by –0.5 x 5% = -2.5%.  Hence, the net effect is to reduce women’s hours worked by 1.5%.

10. Suppose that a study of the ocean tanker industry shows that, when tanker rates are 5% higher, the quantity supplied is 1% higher in the short run and 25% higher in the long run.

a. Calculate the short and long run price elasticities of supply.

b. Is demand more or less elastic in the long run than in the short run?  Explain your answer.  

c. If tanker rates were to fall by 2%, what would be the effect on industry quantity supplied in the (i) short run, and (ii) long run? 

Answer

(a) Recall that the price elasticity of supply equals the percentage change in the quantity supplied divided by the percentage change in the price. By substitution, the short run price elasticity of supply = 1%/5% = 0.2. The long run price elasticity of supply = 25%/5% = 5.

(b) Price elasticity of supply is greater in the long run because, in the long run, suppliers have more time to respond to a price change.

(c) (i) In the short run, quantity supplied will change by 0.2 x (-2) = -0.4%.  (ii) In the long run, quantity supplied will change by 5 x (-2) = -10%. 

11. This question applies the techniques presented in the math supplement.  Let the market supply for aluminium be represented by the equation, S  =  p - 0.5z - 2, where S is the quantity supplied in tons a year, p is the price of the aluminium in dollars per ton, and z is the price of electricity.

a. Suppose that that z = 5.  Sketch the supply curve.

b. Illustrate the effect of a change in the price of aluminium from p = 20 to p = 16.  

c. Illustrate the effect of a change in the price of electricity from z = 5 to z = 2.

Answer:

(a) If z = 5, then S = p - 4.5. When p = 10, S = 5.5. When S = 0, p = 4.5. This gives us two points to draw this linear positively sloped supply curve. Note that out of convention we place the price (p) on the y-axis and the quantity supplied (S) on the x-axis (the opposite of the way in which this equation was written---that is, we invert the axes). Therefore, the y-intercept is 4.5 and the slope is 1. The supply curve (line in this case) takes on its typical positive slope as illustrated in Figure 4.14 in the Math Supplement to this chapter of the textbook.

(b) When p = 20, S = 15.5. When p = 16, S = 11.5. This decrease in the price is reflected as movement down along the supply curve (line).

(c) When z = 5 the supply curve is S = p - 4.5. However, when z = 2 the supply curve becomes S = p - 3. The y-intercept (the vertical axis intercept, where price is labeled) becomes 3, and the slope remains equal to 1. Therefore, there is a parallel downward (or rightward) shift of the entire supply curve (line). This illustrates that a decrease in the price of an input (electricity) will increase supply---a greater quantity will be made available at all possible prices. See Figure 4.14 in the Math Supplement for an example of a rightward shift of a supply curve.
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