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Introduction

The last commercial nuclear reactor plant in the UnitedThe last commercial nuclear reactor plant in the United 
States was completed in 1996 and energy firms have 
found lower-cost ways of generating electricity using 
traditional power plants instead of nuclear plants.

Recent technological developments in nuclear power g
generation, however, may induce energy firms to start 
building nuclear reactors once again.

To understand why this is so, you must first study 
production and cost concepts covered in this chapter.
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Learning Objectivesg j

• Discuss the difference between the short Discuss the difference between the short 
run and the long run from the perspective 
of a firm

• Understand why the marginal physical 
product of labor eventually declines as p y
more units of labor are employed

• Explain the short-run cost curves a typical p yp
firm faces
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Learning Objectives (cont’d)g j ( )

• Explain the short-run cost curves a typical p a t e s o t u cost cu es a typ ca
firm faces

• Describe the long-run cost curves a typical g yp
firm faces

• Identify situations of economies and 
diseconomies of scale

• Define a firm’s minimum efficient scale
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Chapter Outlinep

• Short Run versus Long RunShort Run versus Long Run
• The Relationship Between Output and 

Inputsputs
• Diminishing Marginal Product
• Short-Run Costs to the FirmShort Run Costs to the Firm
• The Relationship Between Diminishing 

Marginal Product and Cost CurvesMarginal Product and Cost Curves
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Chapter Outline (cont’d)p ( )

• Long-Run Cost CurvesLong Run Cost Curves
• Why the Long-Run Average Cost Curve is 

U-ShapedU S aped
• Minimum Efficient Scale
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Did You Know That ...

• The average single-item cash register receipt has g g g p
grown more than 2 inches longer since 1990?

• This has happened because most retailers now 
i t dditi l i f ti   i t  h  print additional information on receipts, such as 

savings from use of reward cards and information 
about special offers. 

• Recently, however, many companies have 
determined to reduce the expenses on paper 
receiptsreceipts.

• What are the determinants of a company’s 
expenses?
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Short Run versus Long Rung

• Short RunShort Run

– A time period when at least one input, such as 
plant size, cannot be changedplant size, cannot be changed

– Plant Size
• The physical size of the factories that a firm owns and • The physical size of the factories that a firm owns and 

operates to produce its output

• Long Run• Long Run

– The time period in which all factors of 
production can be varied

8A/22-8Lectures by Prof. Fusi

production can be varied



Short Run versus Long Run (cont'd)g ( )

• Managers take account of both the short-Managers take account of both the short
run and long-run consequences of their 
behavior.

• While making decisions about what to do 
today, tomorrow, and next week—they today, tomorrow, and next week they 
keep an eye on the long-run benefits.
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The Relationship Between Output 
and Inp ts and Inputs 

• A firm takes numerous inputs, combines A firm takes numerous inputs, combines 
them using a technological production 
process and ends up with output.

• We classify production inputs in two broad 
categories—labor and capital.categories labor and capital.
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The Relationship Between Output 
and Inp ts (cont'd)and Inputs (cont'd)

Output per time period = some function of capital and labor inputs

Q = ƒ(K L)

or

Q = output / time period

Q ƒ(K,L)

p p
K = capital
L = labor
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The Relationship Between Output 
and Inp ts (cont'd)and Inputs (cont'd)

• ProductionProduction

– Any activity that results in the conversion of 
resources into products that can be used in resources into products that can be used in 
consumption
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The Relationship Between Output 
and Inp ts (cont'd)and Inputs (cont'd)

• Production FunctionProduction Function

– The relationship between maximum physical 
output and the quantity of capital and labor output and the quantity of capital and labor 
used in the production process

– The production function is a technological p g
relationship between inputs and output.
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Example: Virtualization Expands Feasible 
Production at Many FirmsProduction at Many Firms

• Traditionally, firms have installed software y,
applications on the hard drives of their 
computers. 
T d   fi   i   d  ll d • Today, many firms are using a procedure called 
application virtualization that allows application 
software of one computer to run on another 
computer.

• This frees up disc space on a particular computer 
and also allows firms to run previously and also allows firms to run previously 
incompatible software applications on that 
computer.
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The Relationship Between Output 
and Inp ts (cont'd)and Inputs (cont'd)

• Average Physical ProductAverage Physical Product

– Total product divided by the variable input
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The Relationship Between Output 
and Inp ts (cont'd)and Inputs (cont'd)

• Marginal Physical ProductMarginal Physical Product

– The physical output that is due to the addition 
of one more unit of a variable factor of 
production

– The change in total product occurring when a 
i bl  i t i  i d d ll th  i t  variable input is increased and all other inputs 

are held constant

– Also called marginal productAlso called marginal product

8A/22-16Lectures by Prof. Fusi



Figure 8A/22-1 The Figure 8A/22 1 The 
Production Function and 
Marginal Product: A 
Hypothetical Case, Panel (a)yp , ( )
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Figure 8A/22-1 The Production Function and 
Marginal Product: A Hypothetical Case  Panel (b)Marginal Product: A Hypothetical Case, Panel (b)
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Figure 8A/22-1  The Production Function and 
Marginal Product: A Hypothetical Case  Panel (c)Marginal Product: A Hypothetical Case, Panel (c)
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Diminishing Marginal Productg g

• Measuring marginal productMeasuring marginal product

• The concept of marginal profit applies to 
many situationsmany situations

• Specialization and marginal product

• Diminishing marginal product

h l f d h l d• The law of diminishing marginal product

8A/22-20Lectures by Prof. Fusi



Diminishing Marginal Product 
(cont'd)(cont'd)

• Law of Diminishing Marginal ProductLaw of Diminishing Marginal Product

– The observation that after some point, 
successive equal-sized increases in a variable successive equal sized increases in a variable 
factor of production, such as labor, added to 
fixed factors of production, will result in smaller 
increases in outputincreases in output
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Diminishing Marginal Product 
(cont’d)(cont’d)

• Production of computer servers as an Production of computer servers as an 
example of the law of diminishing marginal 
profit:  

• We have a fixed amount of factory space, 
assembly equipment, and quality control assembly equipment, and quality control 
diagnostic software.

– So the addition of more workers eventually – So the addition of more workers eventually 
yields successively smaller increases in output
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Diminishing Marginal Product (cont'd)g g ( )

• After a while, when all the assembly After a while, when all the assembly 
equipment and quality-control diagnostic 
software are being used, additional 

k  ill h    bli  d workers will have to start assembling and 
troubleshooting quality problems 
manuallymanually.

• The marginal physical product of an 
additional worker  given a specified additional worker, given a specified 
amount of capital, must eventually be less 
than that for the previous workers.
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Diminishing Ma ginal P od ct (cont’d)Diminishing Marginal Product (cont’d)

• Point of saturationPoint of saturation
– Given the amount of fixed inputs, there is no 

further positive use for more of the variable 
input.
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Why Not … force firms to reduce their fixed and, 
hence, total costs by cutting their energy use?

• Current levels of energy use already reflect firms’ gy y
efforts to balance inputs in a way that minimizes 
total costs. 
If fi   f d t  t b k   • If firms were forced to cut back on energy 
utilization, then they would have to increase their 
use of labor or other variable inputs to maintain 
their output rates, which would cause their 
variable costs and perhaps even total costs to 
increase  increase. 
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Short-Run Costs to the Firm

• Total Costs
– The sum of total fixed costs and total variable costs

• Fixed Costs
C t  th t d  t  ith t t d  fi d f   – Costs that do not vary with output and are fixed for a 
certain period of time, i.e. rent on a building

• Variable Costs
– Costs that vary with the rate of production, i.e. wages 

paid to workers and purchases of materials

Total costs (TC) = TFC + TVC
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Short-Run Costs to the Firm (cont'd)( )

• Average Total Costs (ATC)
Al  ll d  it t t l t– Also called average per-unit total costs

– It is the Total Costs (TC) divided by Output (Q)
– Suppose Total Cost is $1 500  the Output is 1  Suppose Total Cost is $1,500, the Output is 1. 

Therefore, 

total costs (TC)
Average total costs (ATC) = 

total costs (TC)
output (Q)

Average total costs (ATC) = 
1,500

1
= 1,500
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Short-Run Costs to the Firm (cont'd)( )

• Figure out Average Total Cost (ATC) at two Figure out Average Total Cost (ATC) at two 
units of output while the Total Cost (TC) is 
at $1,800 using the formula

A t t l t (ATC)
total costs (TC)

Average total costs (ATC) = 
( )

output (Q)

Average total costs (ATC) = 
1,800

2
= 900
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Short-Run Costs to the Firm (cont'd)( )

• Average Fixed Costs (AFC)
An Average Fixed Cost gets progressively smaller as – An Average Fixed Cost gets progressively smaller as 
output rises because we are dividing a larger and larger 
denominator into a numerator that stays the same. If 
fixed cost is $1 000 how much will average cost be at fixed cost is $1,000 how much will average cost be at 
one unit of output?

Average fixed costs (AFC) = 
total fixed costs (TFC)

output (Q)

Average fixed costs (AFC) = 
1,000

1
= 1, 000
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Short-Run Costs to the Firm (cont'd)( )

• Figure out Average Fixed Cost (AFC) at Figure out Average Fixed Cost (AFC) at 
two units of output using the formula

Average fixed costs (AFC) =
total fixed costs (TFC)

Average fixed costs (AFC)  
output (Q)

Average fixed costs (AFC) = 
1,000

2
= 500
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Short-Run Costs to the Firm (cont'd)( )

• Calculate Average Fixed Cost (AFC) at Calculate Average Fixed Cost (AFC) at 
three, four, five and six units of output. 
Round up to the absolute value.

• Solution:

total fixed costs (TFC)
Average fixed costs (AFC) = 

total fixed costs (TFC)

output (Q)

Average fixed costs (AFC) = 
1,000

3
= 333
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Short-Run Costs to the Firm (cont'd)( )

• Calculate AFC at three, four, five and six Calculate AFC at three, four, five and six 
units of output. Round up to the absolute 
value.

• Solution:

total fixed costs (TFC)
Average fixed costs (AFC) = 

total fixed costs (TFC)

output (Q)

Average fixed costs (AFC) = 
1,000

4
= 250
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Short-Run Costs to the Firm (cont'd)( )

• Calculate AFC at three, four, five and six Calculate AFC at three, four, five and six 
units of output. Round up to the absolute 
value.

• Solution:

total fixed costs (TFC)
Average fixed costs (AFC) = 

total fixed costs (TFC)

output (Q)

Average fixed costs (AFC) = 
1,000

5
= 200
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Short-Run Costs to the Firm (cont'd)( )

• Calculate AFC at three, four, five and six Calculate AFC at three, four, five and six 
units of output. Round up to the absolute 
value.

• Solution:

total fixed costs (TFC)
Average fixed costs (AFC) = 

total fixed costs (TFC)

output (Q)

Average fixed costs (AFC) = 
1,000

6
= 167
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Short-Run Costs to the Firm (cont'd)( )

• Average Variable Costs (AVC)Average Variable Costs (AVC)
– Unlike fixed cost, variable cost rises with 

output. What about AVC? Usually it declines for 
a while as output increases. Eventually, 
however, AVC will level off and begin to rise.

Average variable costs (AVC) =
total variable costs (TVC)

Average variable costs (AVC)  
output (Q)
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Short-Run Costs to the Firm (cont'd)( )

• Suppose we have Total Variable Cost Suppose we have Total Variable Cost 
(TVC) at $500 and output at one, it will 
be:

Average variable costs (AVC) = 
total variable costs (TVC)

500

g ( )
output (Q)

Average variable costs (AVC) = 
500

1
= 500
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Short-Run Costs to the Firm (cont'd)( )

total variable costs (TVC)
Average variable costs (AVC) = 

total variable costs (TVC)

output (Q)

Output Total Variable Cost 
$

Average Variable 
Cost $

2 1,800

3 2,000

4 2,3004 2,300

5 2,700

6 3,400
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Short-Run Costs to the Firm (cont'd)( )

total variable costs (TVC)
Average variable costs (AVC) = 

total variable costs (TVC)

output (Q)

Output Total Variable Cost 
$

Average Variable 
Cost $

2 1,800 900

3 2,000 667

4 2,300 5754 2,300 575

5 2,700 540

6 3,400 567
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Short-Run Costs to the Firm (cont'd)( )

• Marginal Cost Marginal Cost 

– The change in total costs due to a one-unit 
change in production ratechange in production rate

Marginal costs (MC) = 
change in total cost

change in outputg p
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Figure 8A/22-2 Cost of Production: An Example, Panel (a)
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Figure 8A/22-2 Cost of Production: An Example, Panel (a)
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Figure 8A/22-2 Cost of Production: An Example, Panel (b)
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Figure 8A/22-2 Cost of Production: An Example, Panel (c)
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Figure 8A/22-2 Cost of Production: An Example, Panel (c)

Shut-down Point
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Figure 8A/22-2 Cost of Production: An Example, Panel (c)

Break-even Point
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Policy Example: Pulling New Weapons off the 
fComputer Games Shelf

• Today the U.S. military uses everyday electronic y y y y
gadgets, such as Sony PlayStation and Microsoft 
Xbox, to assist in developing new weapons.
W  d l  h  f d th t th  • Weapons developers have found that those 
electronic gadgets incorporate the most up-to-
date computing technologies.

• Thus, employing those products has reduced 
average total costs in designing and producing 
new military hardwarenew military hardware.
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Short-Run Costs to the Firm (cont'd)( )

• QuestionQuestion

– What do you think—is there a predictable 
relationship between the production function relationship between the production function 
and AVC, ATC, and MC?
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Short-Run Costs to the Firm (cont'd)( )

• AnswerAnswer

– As long as marginal physical product rises, 
marginal cost will fall, and when marginal marginal cost will fall, and when marginal 
physical product starts to fall (after reaching 
the point of diminishing marginal product), 
marginal cost will begin to risemarginal cost will begin to rise

8A/22-48Lectures by Prof. Fusi



Short-Run Costs to the Firm (cont’d) ( )

• The relationship between average • The relationship between average 
and marginal costs

• When marginal costs are less than average 
variable costs, the latter must fall

• When marginal costs are greater than 
average variable costs, the latter must rise
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Short-Run Costs to the Firm (cont'd)( )

• There is also a relationship between There is also a relationship between 
marginal costs and average total costs

– Average total cost is equal to total cost divided Average total cost is equal to total cost divided 
by the number of units produced

– Marginal cost is the change in total cost due to Marginal cost is the change in total cost due to 
a one-unit change in the production rate
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The Relationship Between Diminishing Marginal 
Product and Cost CurvesProduct and Cost Curves

• Firms’ short-run cost curves are a Firms  short run cost curves are a 
reflection of the law of diminishing 
marginal product

• Given any constant price of the variable 
input, marginal costs decline as long as input, marginal costs decline as long as 
the marginal product of the variable 
resource is rising
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The Relationship Between Diminishing Marginal 
Product and Cost Curves (cont'd)Product and Cost Curves (cont d)

• At the point at which diminishing marginal At the point at which diminishing marginal 
product begins, marginal costs begin to 
rise as the marginal product of the 
variable input begins to decline
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The Relationship Between Diminishing Marginal 
Product and Cost Curves (cont'd)Product and Cost Curves (cont d)

• If the wage rate is constant, then the labor If the wage rate is constant, then the labor 
cost associated with each additional unit of 
output will decline as long as the marginal 
physical product (MPP) of labor increases

8A/22-53Lectures by Prof. Fusi



Figure 8A/22-3 The Relationship Between 
Output and Costs  Panel (a)Output and Costs, Panel (a)
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Figure 8A/22-3 The Relationship Between 
Output and Costs  Panel (b)Output and Costs, Panel (b)
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Figure 8A/22-3 The Relationship Between 
Output and Costs  Panel (c)Output and Costs, Panel (c)
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Figure 8A/22-3  The Relationship Between 
Output and Costs  Panel (d)Output and Costs, Panel (d)
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The Relationship Between Diminishing Marginal 
Product and Cost Curves (cont'd)Product and Cost Curves (cont d)

• Of course, the average total cost curve and Of course, the average total cost curve and 
average variable cost curve are also 
affected.

• They will have their familiar U shape in the y p
short run.
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Long-Run Cost Curvesg

• Planning HorizonPlanning Horizon

– The long run, during which all inputs are 
variablevariable
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Long-Run Cost Curves (cont'd)g ( )

• Long-Run Average Cost CurveLong Run Average Cost Curve

– The locus of points representing the minimum 
unit cost of producing any given rate of output, unit cost of producing any given rate of output, 
given current technology and resource prices

• Planning Curve• Planning Curve

– The long-run average cost curve.
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Figure 22-4 Preferable Plant Size and the 
Long Run Average Cost CurveLong-Run Average Cost Curve
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Long-Run Cost Curves (cont'd)g ( )

• ObservationObservation
– Only at minimum long-run average cost curve 

is short-run average cost curve tangent to g g
long-run average cost curve.

• QuestionQuestion
– Why do you think the long-run average cost 

curve U-shaped?
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Example: New Technologies Reshape the LAC Curve 
in Book Publishing

• Today, publishers can use “print-on-demand” y, p p
(POD) devices to produce many fewer copies of a 
book at an average cost at least as low as that 
incurred using traditional offset printing  whose incurred using traditional offset printing, whose 
average cost is lowest only if large numbers of 
copies are produced.

• As a result, short-run cost curves associated with 
lower rates of book output have shifted downward 
and thus pushed the minimum point of publishers’ and thus pushed the minimum point of publishers  
long-run average cost curves leftward.
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Why the Long-Run Average Cost 
C r e is U Shaped Curve is U-Shaped 

• Economies of scaleEconomies of scale

• Constant returns to scale

• Diseconomies of scale
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Why the Long-Run Average Cost 
C r e is U Shaped (cont'd)Curve is U-Shaped (cont'd)

• Economies of ScaleEconomies of Scale

– Decreases in long-run average costs resulting 
from increases in outputp
• These economies of scale do not persist indefinitely, 

however.

• Once long run average costs rise  the curve begins to • Once long-run average costs rise, the curve begins to 
slope upwards.
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Why the Long-Run Average Cost 
C r e is U Shaped (cont'd)Curve is U-Shaped (cont'd)

• Reasons for economies of scaleReasons for economies of scale

– Specialization
• Division of tasks or operations• Division of tasks or operations

– Dimensional factor

l f f l l• Large-scale firms often require proportionately less 
input per unit of output

– Improved productive equipment– Improved productive equipment

• The larger the enterprise, the more the firm can take 
advantage of larger-volume types of machinery.
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Figure 22-5  Economies of Scale, Constant Returns 
to Scale, and Diseconomies of Scale Shown with the 
Long-Run Average Cost Curve
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Why the Long-Run Average Cost 
C r e is U Shaped (cont'd)Curve is U-Shaped (cont'd)

• Explaining why a firm might experience Explaining why a firm might experience 
diseconomies of scale

– Limits to the efficient functioning of Limits to the efficient functioning of 
management

– Coordination and communication is more of a Coordination and communication is more of a 
challenge as firm size increases
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Minimum Efficient Scale

• Minimum Efficient Scale (MES)Minimum Efficient Scale (MES)

– The lowest rate of output per unit time at 
which long-run average costs for a particular which long run average costs for a particular 
firm are at a minimum
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Figure 22-6  Minimum Efficient Scaleg
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Minimum Efficient Scale (cont'd)( )

• Small MES relative to industry demandSmall MES relative to industry demand
– There is room for many efficient firms.

– High degree of competitionHigh degree of competition

• Large MES relative to industry demand
Th  i   f  l   ll b  f – There is room for only a small number of 
efficient firms.

– Small degree of competitionSmall degree of competition
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Example: Why “Big-Box” Retailer Best Buy Has 
Begun to Shrink Its StoresBegun to Shrink Its Stores

• Traditionally, the average size of a Best Buy store y, g y
has been 40,000 square feet. 

• Soon, this average size of Best Buy’s newer 
t  ill b  l  th  t th  l  stores will be less than one-tenth as large. 

• Thus, the minimum efficient scale of Best Buy 
stores will be decreasing.stores will be decreasing.
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You Are There: During Hard Times for 
Borrowers  a Repo Man Also Has It ToughBorrowers, a Repo Man Also Has It Tough

• The Great Recession of the late 2000s has 
resulted in an increase in orders for repossession 
of vehicles.
H  fit  f  th  “  ” h  l  • However, profits for the “repo men” have also 
dropped because of increases in the average total 
costs of repossessing cars, which have become 
more difficult to find and to repossessed.
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Issues & Applications: Why Small Nuclear 
Reactors Are Fueling Big DreamsReactors Are Fueling Big Dreams

• Today, energy firms are downsizing nuclear power y, gy g p
generation because smaller nuclear reactors are 
more sophisticated so that they can generate the 
same power using less nuclear fuelsame power using less nuclear fuel.

• This means that the minimum efficient scale of 
nuclear reactors has decreased.
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Summary Discussion of Learning 
Objecti es Objectives 

• The short run versus the long run from a The short run versus the long run from a 
firm’s perspective

– Short run—a period in which at least one input Short run a period in which at least one input 
is fixed

– Long run—a period in which all inputs are Long run a period in which all inputs are 
variable
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Summary Discussion of Learning 
Objecti es (cont'd)Objectives (cont'd)

• The law of diminishing marginal productg g p
– As more units of a variable input are employed with a 

fixed input, marginal physical product eventually begins 
to decline

• A firm’s short-run cost curves
– Fixed and average fixed costg

– Variable and average variable cost

– Total and average total cost

– Marginal cost
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Summary Discussion of Learning 
Objecti es (cont'd)Objectives (cont'd)

• A firm’s long-run cost curveg
– Planning horizon

– All inputs are variable including plant size

• Economies and diseconomies of scale and a firm’s 
minimum efficient scale

Along the down ward sloping range of the firm’s long run – Along the down-ward sloping range of the firm’s long-run 
average cost curve, the firm experiences economies of 
scale

Al  th  d l i  ti  th  fi  t  – Along the upward sloping portion, the firm encounters 
diseconomies of scale
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