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Origins & History

CISTFITUTIONS

A Meeting of Minds (1927): Developed by mathematician Charles Cobb and economist Paul

Douglas to solve an empirical puzzle.

Data Driven: They sought to model the growth of the American economy from 1899 to 1922.

Key Insight: Empirical evidence of the time suggested that the shares of labor and capital in total

income remained remarkably constant over decades, despite changes in technology.
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The Equation
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The Mathematical Formula e e

This elegant multiplicative form captures

the interaction between two key inputs. If

either input is zero, output 1s zero.
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Key Variables

Y : Total Production (Output)
A : Total Factor Productivity (Technology &

Efficiency)
K : Capital Input (Machinery, Buildings)
L : Labor Input (Work hours)
o , B : Output Elasticities

(responsiveness of output to inputs)
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Visualizing Production NS L

The Isoquant Map
e [soquants represent all combinations of Capital (K) and
:rimwmmide e Labor (L) that produce the same specific level of Output
% (Y).
‘g Ic3 The smooth, convex shape implies a diminishing
% ml'cz Marginal Rate of Technical Substitution (MRTS).
[ As you substitute more capital for labor, it becomes
e increasingly difficult to replace the remaining labor.
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Marginal Products

SIS TFITUTIONS

Law of Diminishing Returns

The Cobb-Douglas function satisfies the fundamental
economic law of diminishing marginal returns.

As you add more units of Labor ( L ) while holding
Capital ( K ) constant, the additional output produced

by each new worker eventually declines.

Dimernsshing ‘ Negatve

: : . . . sasing
Mathematically, the first derivative is positive (more . by '. e
input = more output), but the second derivative is :
negative (growth rate slows down). -
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Returns to Scale

als

Constant (CRS)
a+ B
—

Doubling all inputs results
in exactly doubling the
output. This is the standard
assumption for aggregate

economies.
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WLSTFITUTIONS

% e

Increasing (IRS) Decreasing (DRS)
a+ B a<+1 ¥
>

Doubling inputs leads to Doubling inputs leads to

more than double the less than double the output.
output. Often seen in Typical in scenarios with
industries with high fixed scarcity of unmanaged

costs or network effects. resources (e.g., land).
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Historical Factor Shares

WLSTFITUTIONS

B L_L:bor Share (B=0.7)

Capital Share (a=0.3)

In perfectly competitive markets, a and [ represent the share of total income going to Capital and

Labor. Historically, Labor has captured about 70% of income.
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ElaStICIty & S“bStlt“thn CISTFITUTIONS

Unitary Elasticity Implication

c =1 This means that a change 1n the relative price of

The elasticity of substitution between inputs (e.g., wages rising relative to rental rates)

Capital and Labor is exactly 1. This is a triggers a proportional change in quantities used.

defining property of the Cobb-Douglas Consequently, the relative income shares of
form capital and labor remain constant, even as prices
fluctuate.
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Consumer Theory Application

SIS TFITUTIONS

The Cobb-Douglas form isn't just for production; it's a

staple in Consumer Theory.

U(x,y)=xa y§P
It models preferences for goods that are "imperfect

substitutes".

A key property is that consumers with these

preferences spend a fixed fraction of their budget on

each good, regardless of price changes.
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Applications in Economics U

Graph 1 -~ Phases of a Business Cycle

R
=
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Economic Growth Econometrics Policy Analysis
Used in the Solow-Swan Log-linearization ( In Y ) Helps in assessing the impact
model to analyze long-term allows for easy parameter of technological change ( A )
growth and capital estimation via linear versus simple input
accumulation. regression. accumulation.
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Limitations & Criticisms S

Aggregation Problem: Is it theoretically valid to add up all diverse machinery and
buildings into a single variable " K "?
Declining Labor Share: Recent decades have shown a decline in labor's share of

income, contradicting the constant share assumption of Cobb-Douglas.

Elasticity Reality: Empirical evidence sometimes suggests the elasticity of
substitution ( ¢ ) 1s less than 1, implying capital and labor are more
complementary than the model assumes.

Rigidity: It fails to model extreme cases like perfect complements (Leontief) or

perfect substitutes.
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