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Discussion Section 6

KEY CONCEPTS

CHAPTER 11: The Solow Growth Model

- The Solow Growth Model has constant savings rate, s: Savings = sY

- Capital accumulation:

∆K = sY − δK = sF (K,L) − δK. (1)

- Constant labor, L, first, then when we incorporate population growth (thus L growth)

we assume constant returns to scale in the production funciton.

- Constant Return to Scale (CRS): F(K,L) exhibits CRS if when both inputs are

multiplied by a constant κ, then F (κK, κL) = κF (K,L).

- Steady State: At the steady state, the output and capital are constant, i.e., they don’t

grow over time. The steady state exits in the Solow growth model, because F (K,L) has

diminishing marginal returns on K.

sF (K∗, L) = δK∗ (2)

- Growth Rate Rule. The change of capital is ∆Kt = Kt − Kt−1 = It − δKt−1 =

sYt − δKt−1. The growth rate of capital is gK = ∆K
K

.

Suppose two variables x and y have growth rates of gx and gy and A is some constant.

Then:

(a) If z = Ax/y, then gz = gx − gy.

(b) If z = Axy, then gz = gx + gy.

(c) If z = Axa, then gz = a ∗ gx.

- Absolute Convergence. For different countries, other things equal (same technology,

s and δ), smaller values of K(0) are associated with larger growth rate of K and Y. That

is, poor economies grow faster than rich economies, and they converge to the same steady

state level. In other words, there is convergence across economies.

- Conditional Convergence. If economies differ in their F, s, and δ, they will not

converge to the same steady state. The concept of conditional convergence is that for the

development of a single country, the growth rate will be high when capital per worker is

low. That is, an economy grows faster the further it is from its own steady

state.
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QUESTION 1 (Constant returns to scale - 11.8)

Suppose F (K,L) exhibits CRS:

(a) Show that F (K,L) has diminishing returns to scale in K and L (individually).

(b) Let output per capita (per worker) be y = Y/L, and capital per capita (per worker)

be k = K/L. Show that F (K,L) can be written as y = f(k).

QUESTION 2 (Growth rates)

Suppose x grows at rate gx = 0.1, and y grows at the rate gy = 0.03. What is the growth

rate of z in the following cases?

(a) Suppose x grows at rate gx = 0.1, and y grows at the rate gy = 0.03. What is the

growth rate of z in the following cases?

(1) z = x ∗ y

(2) z = y/x

(3) z = x1/2y−1/4

(b) If Y = AKαL1−α, and the growth rates of A, K, L are gA, gK , gL respectively, what

is the growth rate of Y, ∆Y
Y

in terms of gA, gK , gL?

(c) If the growth rate of Y is gY , what’s the growth rate of GDP per capita, Y/L?

QUESTION 3 (Absolute convergence- 11.11(a))

Eq(2) implies s = δK∗

Y ∗ . Eq(1) tells you ∆K
K

= sY/K − δ. If we substitute the saving rate

s into ∆K
K

, then we get
∆K

K
= δ

(
Y/K

Y ∗/K∗ − 1

)
Show that the growth rate of K is decreasing in K, and that absolute convergence holds.

QUESTION 4 (Problems 11.9, 11.13, 11.14 - hint: 11.14 is similar to 11.13)

Consider a Cobb-Douglas production function Y = AKαL1−α, where A > 0, 0 < α < 1.

(a) Suppose there is no technology progress or population growth, (A and L are constant

over time), use Eq(2) to work out the steady state K∗. Show that if L doubles, then

K∗ and Y ∗ also double.

(b) What are the steady state values of investment, net investment, and consumption?

(c) What is the steady state value of real interest rate and real wage?
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(d) Derive the growth rate of capital along the transition to the steady-state, gK =

∆K/K. Does the growth rate declines as capital stock rises?

(e) From (d), derive the growth rate of output along the transition to the steady-state

, gy = ∆Y
Y

(short-run growth rate).

(f) Population Growth: suppose now the population grows each year. That is, L

grows at the rate gL = n. We know that the steady state K∗ will change as L

changes each year. We call the growth rate of the steady state capital, K∗, the

long-run growth rate of capital, and the path (K/L)∗, (Y/L)∗ the steady state

path. What is ∆K∗

K∗ and ∆Y ∗

Y ∗ in the long-run?

(g) (HARD) Following from (f), what is the long-run growth rate of capital per capita

K/L, and GDP per capita? Does capital per capita tends toward a constant? What

determines this value? (Derive the growth rate of K/L along the transition to the

steady-state, use the condition ∆(K/L) = ∆K
L

− K
L

∆L
L

).

(h) Technological progress: in addition to (f), if A grows at the rate gA each year,

what is the long-run growth rate of capital K∗? (Now there is both technology

progress and population growth. Use the growth rate rule)

(i) Following from (h), what is the long-run growth rate of GDP, ∆Y ∗

Y ∗ ? (Use the

growth rate rule)

(j) Compare (f) and (h). What is the main difference?
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