
Problem Set 7

Intermediate Macroeconomics, Fall 2013
The University of Notre Dame

Professor Sims

Instructions: You may work on this problem set in groups of up to four people. Should you
choose to do so, please make sure to legibly write each group member’s name on the first page of
your solutions. This problem set is due in class on Thursday, October 31.

(1) Quantitative Equilibrium Exercise: Suppose that we have an endowment economy pop-
ulated by a representative household. The household’s utility function mapping consumption into
utils is log: u(Ct) = lnCt. The household lives for two periods, t and t + 1. There is uncertainty
over the realization of future income realization. Lifetime utility is U = u(Ct) + βE (u(Ct+1)),
where E is the expected value operator.

(a) Write down the Euler equation describing an optimal consumption plan from the perspective
of time t. NOTE: be sure to take note of how the expectations operator plays in.

(b) There is no government in the economy, and everyone is the same. Each period, the represen-
tative household receives an exogenous endowment of income, Yt. Hence, in equilibrium it must be
that Ct = Yt. Given your answer to (a), qualitatively describe how the interest rate will adjust to
make this market-clearing condition hold.

(c) Suppose that expected future income can take on two values, Y H
t+1 = 110 or Y l

t+1 = 90. It can
take on the high value with probability p and the low value with probability 1 − p. Suppose that
p = 0.5. What is the expected value of future income?

(d) Given these values, as well as the market-clearing condition that Ct = Yt, what is the expected
marginal utility of future consumption, E(u′(Ct+1))? How does this differ from the marginal utility
of the expected value of future consumption, u′(E(Ct+1))? Why?

(e) Suppose that current period income is Yt = 100. Suppose that β = 0.90. Given your answers
from (c)-(d), calculate the equilibrium real interest rate.

(f) Suppose instead that current income is Yt = 110, with expected future income the same as in
(c)-(d). Calculate the equilibrium real interest rate. Instead suppose that Yt = 90. Calculate the
equilibrium real interest rate for that value of income. What pattern do you notice between the
equilibrium rt and Yt? What is the intuition for this?

(g) Revert to assuming that Yt = 100. But now suppose that future income can take on the values
of Y h

t+1 = 120 and Y l
t+1 = 80, each occurring with probability p = 0.5. What will be the equilibrium

real interest rate? Is it different from what you found in (e)? Why or why not?

(2) The Algebra of the Equilibrium Production Model: Suppose that we have a standard set
up in which firms produces output using capital and labor, where it owns the capital and makes the
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capital accumulation decision. This problem asks you to go through the algebra of the firm problem.

The firm problem is to choose Nt, Nt+1, It, and It+1 to maximize the present discounted value of
firm profit (assume that 0 < α < 1, and that 0 < δ < 1):

max
Nt,Nt+1,It,It+1

V = AtK
α
t N

1−α
t − wtNt − It +

1

1 + rt

(
At+1K

α
t+1N

1−α
t+1 − wt+1Nt+1 − It+1

)
s.t.

Kt+1 = qIt + (1 − δ)Kt

Kt+2 = qIt+1 + (1 − δ)Kt+1

(a) Provide a terminal condition on Kt+2 that allows you to eliminate It+1 as a choice variable.

(b) Solve the period t capital accumulation equation for It in terms of Kt+1 and Kt. Re-write
the problem as an unconstrained maximization problem of choosing Kt+1. Find the first order
conditions for the choices of optimal Nt, Nt+1, and Kt+1.

(c) Use each of these first order to conditions to derive “demand” curves for Nt, Nt+1, and Kt+1.
Discuss how wt affects the demand for Nt (holding everything else fixed); how rt affects the demand
for Kt+1; and how At+1 and q affect the demand for Kt+1. Provide some intuition for these effects.

(d) Use your expression for the demand for Kt+1, along with the accumulation equation for cap-
ital, to derive an expression for the demand for investment, It. Argue that the demand for It is
increasing in q and At+1, and decreasing in rt.
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