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Long-Run Conditions

All factors of production are variable

Firms can substitute one factor for another 

Firms will choose a technically efficient combination of 
K and L

Production function considers technically efficient 
technologies

There are several technically efficient combination of K 
and L to produce any given level of output
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Profit Maximization

Firms try to maximize profits

It implies cost-minimization

Method of production must be economically efficient 
(and not only technically efficient)
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Economically Efficient 
Combinations of K and L

When the last dollar spent on K and L increases total 
output by the same amount

MPK MPL
=

PK PL

MPL PL
=

MPK PK
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Factor Substitution

Suppose that at certain combination of K and L the 
following relationship holds:

MPK MPL
>

PK PL

What should be done to achieve economic efficiency?

Since, beyond the point of diminishing marginal productivity, the 
marginal product of a factor of production decreases as more of 
that factor is being used in production, increasing the quantity of 
K will reduce MPK and decreasing the quantity of L will increase 
MPL. Therefore, the firm should substitute capital for labour.
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Isoquants

Different combinations of K and L can produce a given 
output in a technically efficient way 

For instance, let’s say that Y = 5 can be produced with 
either (K, L) = (2, 4) or (K, L) = (3, 3) 

An isoquant is the locus of all the technically efficient 
combinations of K and L that can produced a given 
level of output
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An Isoquant (Y = 5)
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Conditions for an Isoquant

Isoquants satisfy three 
important conditions:

They are downward-
sloping

They are convex to the 
origin

They cannot intersect

K

L

Y1
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An Isoquant Map
The farther away an isoquant curve 
is from the origin, the greater the 
level of output it represents is.

Y2

A

B

C

Y3

If we keep L constant at L1 while 
increasing the quantity of K from 
K1 to K2, then output must 
increase from Y1 to Y2.

If we keep K 
constant at K1 while 
increasing the 
quantity of L from L1
to L2, then output 
must increase from 
Y1 to Y2.

K

K2

K1

Y1
Y0

LL1 L2
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Marginal Rate of Technical 
Substitution

As we move from one point on an isoquant to another, we are 
substituting one factor of production for another while keeping 
output constant

The Marginal Rate of Technical Substitution (MRTS) 
measures the rate at which one factor of production is 
substituted for another with output being held constant

The MRTS of L for K (MRTSLK) is equal to –∆K divided by ∆L
Therefore, the MRTS is shown graphically by the absolute 
value of the slope of the isoquant (MRTS = – ∆Y/∆X)
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Substitution between 
K and L (Y = 5)
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Marginal Rate of Technical 
Substitution (continued)

The MRTS is related to the MP of the factors of production: the 
MRTS between two factors of production is equal to the ratio of 
their MPs
Consider the production function: Y = F(L, K). As L and K 
change, Y will change as follows:

∆Y = MPL∆L + MPK∆K 
As we move down along an isoquant we substitute L for K 
keeping Y constant, and thus ∆Y = 0
Therefore, MPL∆L + MPK∆K = 0 and

− ∆K/∆L = MPL/MPK

and since MRTSLK = − ∆K/∆L, then
MRTSLK = MPL/MPK
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Marginal Rate of Technical 
Substitution (continued)

Output Y1 is initially produced combining 
LA units of L with KA units of K.

Y2

A

C

B ∆Y = MPL∆L > 0

Point B lies on a higher isoquant 
representing higher output Y2.

∆Y = MPK∆K < 0

∆Y = MPL∆L + MPK∆K = 0

K

KA

∆K

KB

Y1 −∆K/∆L = MPL/MPK∆L

LLBLA
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Isocost Line
An isocost line shows all the combinations of K and L that can 
be acquired at given prices for a given total cost

The isocost line in production theory is similar to the budget line 
in consumption theory

Suppose that a firm has $100 to spend on K and L, and that the 
price of a unit of L (w) is $25 a day and that the rental price of a 
unit of K (r) is also $25 a day. The isocost line, then, is given by:

100 = 25 K + 25 L   or   K = 4 – L 

In general, the equation for the isocost line is given by:
TCi = r K + w L   or   K = TCi/r – (w/r) L



© Gustavo Indart Slide 15

Isocost Line (continued)

K
TC1 = r K + w L 
or K = TC1/r – (w/r) L

TC1/r

Slope = − w/r

LTC1/w
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Isocost Map
TCi = r K + w L 
or K = TCi/r – (w/r) L

Slope = − w/r

TC3 > TC2 > TC1

K

TC3/r

TC2/r

TC1/r

TC1/w TC2/w TC3/w L

For given relative prices of the factors of production (w/r), we can construct a 
family of isocost lines or isocost map, each isocost line corresponding to a certain 
outlay. Note that the further away from the origin, the higher the outlay.
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Economic Efficiency

Any point on an isoquant indicates a technically 
efficient way of producing a given output

However, among all these technically efficient 
combinations of K and L that can produced this given 
output, there is only one combination which is also 
economically efficient

An economically efficient combination of K and L is 
the combination that produces a given output at 
minimum cost
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Cost-Minimization

Y1

We can see that output Y1 can be produced with 
less costly combinations of K and L as we move 
down along the isoquant.

Output Y1 can also be produced combining KB units of 
K with LB units of L at a cost equal to TC2 < TC1.A

B

C The cost-minimizing 
combination of K and L is 
reached at a point where the 
isoquant is just tangent to an 
isocost line. 

Output Y1 can be produced combining KA units of K with LA units 
of L at a cost equal to TC1.

K

KA

KB

KC

LA LB LC TC2/w TC1/w L
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Cost-Minimization (continued)

The least-cost position is given graphically by the tangency point 
between the isoquant and an isocost line

Therefore, the condition for cost-minimization is that the slope 
of the isoquant must be equal to the slope of the isocost line 

Since the MRTSLK is equal to the absolute value of the slope of 
the isoquant, and w/r is the absolute value of the slope of the 
isocost line, MRTSLK = w/r

Given that MRTSLK = MPL/MPK, then MPL/MPK = w/r

Therefore, MPL/w = MPK/r, that is, the last dollar spent on 
capital and labour must increase total product by the same 
amount
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Conditions for Cost Minimization
To produce an output Y1, the cost-minimizing combination of 
capital and labour (L*, K*) must satisfied two conditions:

1) Y1 = F(L*, K*) 
(L*, K*) must be a technically efficient 

combination

(L*, K*) must be a point on the isoquant 
representing output Y1

2) MRTS (L*, K*) = w/r
(L*, K*) must be an economically efficient 

combination
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Change in Relative Prices
Suppose that the firm was minimizing costs at the initial 
combination of K and L, that is, 

MPL/MPK = w1/r1 or MPL/w1 = MPK/r1

Suppose that the price of L increases to w2. Therefore,
MPL/MPK < w2/r1

To restore equilibrium, MPL must increase and MPK must 
decrease

Therefore, the quantity of L must decrease and the quantity 
of K must increase 

Therefore, as the relative price of inputs changes, the relatively 
more expensive factor of production is partially replaced by the
relatively less expensive factor of production
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Change in Relative Prices (cont’d)

Output Y1 can be produced with the cost-
minimizing combination of KB units of K and LB
units of L. The total cost is equal to TC2.

Given the prices of K and L, output Y1 is produced with the cost-
minimizing combination of KA units of K and LA units of L. The 
total cost is equal to TC1.

If the price of L increases to w2 > w1, output Y1 cannot 
be produced with a total outlay equal to TC1.

A

B

K

KB

KA

Y1

TCLB1/w2 LA TC2/w2 TC1/w1 L
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Cost Curves in the Long-Run
Finding the minimum cost of producing each level of 
output when all factors of production are variable 
allows us to construct the long-run total cost function

We can express this minimum cost for each level of 
output as a cost per unit of output. In this way, we 
obtain the long-run average cost curve (LRAC)

The LRAC curve is determined by the technology of 
the industry (which is assumed given) and by the prices 
of the factors of production



© Gustavo Indart Slide 24

The Shape of LRAC Curve
The LRAC curve is U-shaped: long-run average cost first 
decreases as the level of output increases, reaches a minimum, 
and then starts increasing as the level of output keeps increasing

The decreasing-cost segment of the LRAC curve indicates that as 
the production capacity of the firm increases, the cost per unit of 
output decreases

That is, the LRAC curve exhibits economies of scale

Since factor prices are assumed constant, declining long-run 
average cost occurs because output increases more than in 
proportion to inputs

That is, over this range the firm enjoys increasing returns
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The Shape of LRAC Curve (cont’d)

The increasing-cost segment of the LRAC curve indicates that as 
the production capacity of the firm increases, the cost per unit of 
output increases

That is, the LRAC curve exhibits diseconomies of scale

Since factor prices are assumed constant, rising long-run average 
cost occurs because output increases less than in proportion to 
inputs

That is, over this range the firm exhibits decreasing returns

The firm could also experience constant costs around the 
minimum long-run average cost level

Since factor prices are assumed constant, constant long-run 
average cost occurs because output increases in the same
proportion as inputs
That is, over this range the firm exhibits constant returns
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Long-Run Average Cost Curve
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Relationship between SR and LR 
Costs

The short-run cost curves and the long-run cost curves are all 
derived from the same production function

The SRATC curve shows the lowest average cost of producing 
any output when K is fixed

The LRAC curve shows the lowest average cost of producing 
any output when all inputs are variable

No SRTAC curve can fall below the LRAC curve because as the 
level of output increases, input substitution in the long-run 
assures that the minimum possible cost per unit of output is 
achieved
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SR and LR Average Cost Curves
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Long-Run Factor Substitution

Input substitution in the 
long-run assures that the 
minimum possible cost 
per unit of output is 
achieved.

K

K1
Y3

Y2
Y1

L1 L2 L3 L
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