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Topic 3 Part II 
The Cost Functions of the Firm 

 
1) Defining Costs 
 -E_______ costs 
 -Opportunity _____ 
 
2) The Short and Long Runs 
 
3) The Short-Run Cost Functions of the Firm    
 - Graphing 
 - Marginal and _______ Cost Functions 
 - Area under the MC Function 
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4) Deriving LAC Function 
 - LAC & _______ Choice of Plants 
 - LAC & Continuum of Plant Sizes 
 
 
5) The Number of Firms & Long Run Cost Function 
 -Diseconomies of Scale & Industries with Many Firms 
 -Economies of _____ & Industries with Few Firms 
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Introduction:  
This section examines the costs of the firm.  Economists 
and accountants define _____ differently.  Thus, we must 
adjust the way we think and define “____” when 
determining the _____ of the firm. 

 
 

Defining Costs 
 
Explicit Costs: are costs for factors of production. 
 
Examples:  Wages  Mortgage Payments  Insurance 
                   Lumber   Computers   Electricity  Rent 
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Opportunity Cost: the ________ income when a firm uses a 
resources for a specific use. 
        The cost of the ____ best alternative use of the   
             resource. 
 
Example: Suppose you own your own business. 

If working for someone else is your next best alternative, 
your _____ earned from another firm is your opportunity 
cost. 

 
Assumption: The total cost for the firm includes all explicit  
                       and opportunity costs. 
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Economists assume that: 
 

1) A firm breaks even when total _______ equals the 
sum of all explicit costs and opportunity costs. 

 
2) A firm earns a profit if total _______ is greater than 

total explicit costs and opportunity costs. 
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The Short and Long Runs 
 
Short run and long run costs differ.  In the long run all factors 
of production are v______, whereas, in the short run, the firm 
must operate with at least one fixed factor of production. 
 
Realistically, the distinction between short run and long run 
time frames is not easily defined.  The short run could mean a 
day, or a week or a month or 5 years.   
 
In order to build the model, we will simply define the short 
run as a time period where some factors of production are not 
v_______. 
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The Short-Run Cost Functions of the Firm 
 
Fixed Cost: is a ___that does not change with the quantity of  
                    output p_______. 
 
 
A Sunk Cost: a p_______ expenditure that a firm cannot 
avoid.   
 
The short run total cost function, CS(q) represents the total 
cost of producing each quantity with a given plant size. 
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The short-run total cost function is the sum of the fixed and 
variable ____ functions: 
                                
                          CS(q) = F + V(q) 
 
where: F = fixed cost 
           V(q) = variable cost (costs that change with output   
                       produced.) 
 
The short-run total cost function shows the ______ total cost 
of  producing each quantity when at least one factor is fixed. 
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Graphing: 
 

To derive the short-run total cost function, we can graph total 
fixed and total variable costs and then sum them vertically. 
 

 
Cost $ 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                    Quantity 

Total Fixed Cost 
           ‘F’

Total Variable Cost 
         ‘V(q)’            

Total Cost           
         ‘Cs(q)’  



Topic 3 page 67 

Next, we can derive the average costs function and the 
marginal cost function from these curves. 
 
There are seven cost functions you need to know: 
 
The first three we have already discussed. 
 
 1) Short-run total cost: CS(q) 
 2) Short-run total variable cost: V(q) 
 3) Total fixed cost: F 
 4) Short-run marginal cost: MCS (q) 
 5) Short-run average cost: ACS(q) 
 6) Average variable cost: AVC(q) 
 7) Averaged fixed cost: AFC(q) 
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5)  The Short-Run Average Cost Function: 
 

AC (q)
C (q)
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At each quantity of output produced, the SAC is the sum of 
average fixed cost and average variable cost. 
 

6) Average Variable Cost: 
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4) The Short Run Marginal Cost Function: 
 
MCS is the change in ___ cost when quantity changes by Δq . 
Since the change in total cost is the change in fixed cost 
(which is ________) plus the change in variable cost, we can 
express MC in the following ways: 
 

              
MC q

C q
q

V q
qS

S( )
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The short-run marginal cost is the _____ of either the short-
run total cost function or the variable cost function. 
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Deriving Functions 4-7: The Short-Run Cost Function of 
The Firm 
 
The SAC at any quantity of output is the _____ of a straight 
line drawn from the _____ to the point on Cs(q) associated 
with that output. 
 
To determine if ACs is increasing or decreasing as quantity 
produced changes, simply determine how the slopes of 
successive rays to different points on the total cost curve 
change.  
 
The ACs reaches a minimum when the _____ of the ray from 
the origin to the _____ cost curve is tangent. 
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AVC is the slope of a ray from the _____to the total variable 
cost function. When the slope of the ray from the origin to the 
V(q) curve is tangent, AVC is at a m______. 
 
The difference between AC and AVC _________ as the 
quantity increases because AFC=F/q decreases. 
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Cost 
 
 
 
 
 
 
 
 
 
          0                                                                        Output 
Cost 
 
 
 
 
 
 
 
 
 
                                                                                                 
       0                                                                               Output 

Total Cost 

Variable Cost

Fixed Cost

Marginal Cost

Average Total Cost
Average 

Variable Cost

Average Fixed Cost
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The Relationship Between Marginal and Average Costs 
 

1) When MC < AC: AC is decreasing. 
2) When MC = AC: AC is constant. 
3) When MC > AC: AC is increasing. 
 

The marginal cost function goes through the minimum points of the average 
variable cost and short-run average cost functions. 
     Cost                                                                                       MC 
                    AVCs                     ATCs 
                                  AFC 
                                        
                       
 
 
 
 
 
 

     
    

Output 
 0 

Short-Run Marginal Cost and Short Run Average Cost 
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The Area Under the Marginal Cost Function 
 
The area under the marginal cost function between any two 
quantities equals the increase in _______cost when the firm’s 
output increases from one quantity to the other. 
 
1) Discrete Case: 
 

Quantity Total Variable 
Cost 

Short-Run MC Sum of Short-
Run MC 

1 40  40 
2 55  55 
3 95  95 
4 145  145 
5 200  200 
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Cost Per Units 

 
                                                              MC 
 

55 
50 

 
 40 
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      0            1             2            3             4           5 
 

The area 
under the 
rectangles is 
the variable 
cost of 
producing 
that quantity.
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2) Continuous Case: 
 
Let q0 and q1 be two points under the MC curve.  The ____ 
under the marginal cost function between these two points is: 
 

MC(q) q∂
∂
∂q

q

q

q V q
q

V q V q0

1

0

1
1 0∫ ∫= = −

( )
( ) ( )  

 
The area under the marginal cost function equals the change 
in total variable cost when ______ increases from q0 to q1: 
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Cost per Unit 

 
                                                           MC 
 
                                                      
                                                                        AVC 
 
 
 
 
 
 
 

q0                                q1                                           Quantity 
 
The increase in variable cost from increasing output is the 
area under the _________cost function. 
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Deriving the LAC Function from the SAC Function 
 
In the long run a firm operates by choosing a plant size and 
the amount of labour that produces a quantity of product at 
the lowest possible total ____.   
 
The question we will address is: “How does the firm 
determine its size to attain the lowest long-run total and 
average costs?” 
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1) The Long-Run Average Cost Function with a 
Limited  

 
Choice of Plants: 
 
Suppose we have 5 plants of 5 different sizes. 
 

Let plant 1 represent the smallest plant. 
Let plant 5 represent the largest plant. 
Let plants 2-4 represent plants of a size in between small 

and large. 
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Average cost 

 
ATC1                                                                                                                    ATC5 
 
          ATC2                                                              
                     ATC3                   ATC4 

      AC2(q0)                                    
 

AC1(q0) 
 
 
 
             q0                                                              Quantity 

The graph consist of five short-run average cost functions 
representing the five firms’ ACs. 
 
If the firm decides to produce q0 units, the average cost of 
producing q0 with the first plant is lower than the second 
plant.   
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The firm should build a small firm if it chooses to produce q0. 
 
To find the long-run average cost from the firm’s short-run 
average cost functions, for each quantity produced, simply 
move up vertically until you reach the first short-run average 
cost function.   
 
The plant with that average cost function produces that 
quantity at the lowest average and total costs in the long run. 
 

        The long run average cost function becomes the scalloped       
average cost function. 
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2) The Long-Run Average Cost Function With A 
Continuum of Plants Sizes: 
 
Now suppose the firm is no longer limited to five plant sizes.  
It can build any size plant it chooses.   
 
We can derive the long run total cost function by connecting 
all the points that identify the minimum _____ cost of 
producing each quantity. 
 
That is, each plant produces a certain ________ at a minimum 
point.  By connecting each of these minimum points, we can 
derive a curve representing these minimum cost-quantity 
points: the long-run total cost curve: 
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Total Costs  

                                                    CostL =CL    
 
 
 
 
 
 
                                                          Quantity 
Cost per Unit 
                   ACs                         MCL 
                                   MCs                        ACL 
                                             
 
 
 
 
                                                            Quantity  

Let CL(q)=the long run total cost function, (representing the 
minimum total cost of producing each quantity) in the top 
diagram. 

q0 
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We can derive the long-run AC and marginal cost function 
from the long run total cost function. 
 

The long run AC function is the ‘U’ shaped curve labelled 
ACL. 

The long run MC function is labelled MCL. 
 
When there is a continuum of plant sizes, each plant has the 
lowest average cost for producing a unique quantity. 
 
Only one plant can produce a specific quantity at the lowest 
possible cost.  That point will be along the long-run average 
cost curve.  
 

For that plant, there is only one point where the SAC will 
touch the LAC. 
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To derive the LAC, simply find the plant with the lowest 
SAC.  By connecting all these points, we form the LAC 
function. 
 

The long run average cost function shows the lowest average 
cost of producing each quantity. 
 

The long run marginal cost function shows the incremental 
cost of producing another unit. 
 
The long-run MC will equal the long run AC when LAC is at 
a minimum. 
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Note: 
Let q0= the quantity of output at the minimum point along 
the LAC function.  Then: 
      Cost per Unit 
 
                                           
                                     MCs   ACs                          ACL 
 
 
 
 
 
 
 
 
 
 
 
 
 
               
             0          q                       q0                quantity 

ACs 

MCs 
MCL 

If q < q0,  ACL=ACS   >  MCL = MCS 
 
If q = q0,  ACL=ACS     =  MCL=MCS 
 
If q > q0,  ACL=ACS   <  MCL=MCS 
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The Number of Firms and the Long-Run Cost Function 
 
The number of firms that operate in a particular industry 
depends on the s____ of the long-run _______ cost function.   
The shape places a limit on the number of firms that can 
efficiently operate in the market and achieve minimum cost 
of production. 
   Cost per unit 
 
 
 
 

 
                                                                                                              Quantity 

Internal Diseconomies 
of scale 

Internal Economies 
of scale 
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When the LAC decreases, the firm is experiencing internal 
e________ of scale.  I.e. as output increases by increasing 
inputs, the average cost is falling. 
 
Eventually, the firm will hit a minimum and any other 
increases in output will increase _______ cost.  Here the firm 
will experience internal diseconomies of scale. 
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Diseconomies of Scale and Industries with Many Firms 
 
There are indicators whether there are internal diseconomies  
of scale. 
 
Many firms, where even a large firm holds only a small 
market share, is an indicator that diseconomies of scale limit 
the ____ of any one firm. 
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Economies of Scale and Industries With Few Firms 
 
In some industries there are persistent economies of scale.   
 
This is because: 
1) Indivisibility of a factor of production: there may be a 

minimum level of output that the plant size cannot be 
scaled back to. 

2) Volume and area connection: _____ cost increases less 
proportionately with output. 

3) Specialization within the firm: large firms can ________ 
tasks within the firm to operate more efficiently. 
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Natural Monopoly: a single firm can produce a given output 
at the lowest total cost. 
 
This occurs when a firm experiences continual ________ 
economies of scale. 
 
The total cost of producing a given quantity increases when 
there is more than one firm. 
 
Example:  B.C. Hydro 
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