
Romer Chapter 1

Steve Ambler

Fall 2024

Steve Ambler Romer Chapter 1 Fall 2024 1 / 6



Question 1.1 1

We can answer either using logs (if one accepts that ∂ ln(X (t))
∂t gives

the growth rate of X (t)) or using levels

I’ll start using levels

We have

Ż (t) ≡ ∂Z (t)

∂t
=

∂ (X (t)Y (t))

∂t
= X (t)

∂Y (t)

∂t
+ Y (t)

∂X (t)

∂t

≡ X (t)Ẏ (t) + Y (t)Ẋ (t)

⇒ Ż (t)

Z (t)
=

X (t)Y (t)

Z (t)

Ẏ (t)

Y (t)
+

Y (t)X (t)

Z (t)

Ẋ (t)

X (t)

=
Ẋ (t)

X (t)
+

Ẏ (t)

Y (t)
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Question 1.1 2

We have:

Z (t) ≡ X (t)

Y (t)

⇒ ∂Z (t)

∂t
≡ ˙Z (t) =

∂ (X (t)/Y (t))

∂t

=
∂X (t)

∂t

1

Y (t)
− X (t)

(Y (t))2
∂Y (t)

∂t

=
∂X (t)
∂t

X (t)

X (t)

Y (t)
−

∂Y (t)
∂t

Y (t)

X (t)

Y (t)

=
∂X (t)
∂t

X (t)
Z (t)−

∂Y (t)
∂t

Y (t)
Z (t)

⇒
˙Z (t)

Z (t)
=

˙X (t)

X (t)
−

˙Y (t)

Y (t)
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Question 1.1 3

We have

∂Z (t)

∂t
=

∂ (aX (t)α)

∂t
= a

∂ (X (t)α)

∂t
= aαX (t)α−1∂ (X (t))

∂t

≡ aαX (t)α−1Ẋ (t)

⇒ Ż (t)

Z (t)
= α

aX (t)α

Z (t)

Ẋ (t)

X (t)
= α

Ẋ (t)

X (t)
,

Q.E.D.

The growth rate of an exponential function of a variable is just the
exponent times the growth rate of the variable.
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Question 1.1 4

For any variable X which is a time series and a function of time, we
have

∂ln (X (t))

∂t
=

1

X (t)
× ∂X (t)

∂t
≡ Ẋt

Xt

So the proportional rate of change of X (t), which is the rate of
growth, is exactly equal to the time derivative of the log. In discrete
time when time periods are not instantaneous, this holds as an
approximation (first difference of logs).

For a product of two variables X and Y which are functions of time,
we have

∂ln (X (t)Y (t))

∂t
=

∂ln (X (t))

∂t
+

∂ln (Y (t))

∂t
=

Ẋt

Xt
+

Ẏt

Yt

The time derivative of the log of a product of two variables is the sum
of the growth rates of the variables. In discrete time, the sum of the
first differences of the logs.
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Question 1.1 5

The problem in part (c) is easier to solve if we start off by taking logs.

ln (Z (t)) = a+ α ln (X (t)) .

∂ ln (Z (t))

∂t
= α

∂ ln (X (t))

∂t
= α

1

X (t)

∂X (t)

∂t
≡ α

Ẋ (t)

X (t)
,

Q.E.D.
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