
ECON 102: Intermediate Macroeconomics
Prof. Julio Gaŕın

Fall 2022
Problem Set 6

Due Date: Monday, November 7.
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. Also: i) be neat,
ii), for the data part, if the question asks for a graph, copy the graph from Excel to Word and write your answer
next to or below it, iii) when graphing, label all plots, series, and axes accordingly, iv) if a graph has a time
dimension, always plot it on the horizontal axis, v) write down your name, vi) staple all pages together. Have
fun!

Labor Supply

1. Subsidies and Labor Supply. Consider a representative agent who lives for one period and has the utility
function:

U = lnCt + θ ln (1 −Nt) .

The budget constraint is:
Ct = wtNt +Πt

where wt is the wage and Πt is non-wage income.

(a) Formally present the problem faced by the consumer.

(b) Intuitively describe the problem.

(c) What is the MRS equals price ratio condition?

(d) Solve for the optimal quantities of consumption and labor.

(e) Suppose that the government implements a lump sum subsidy to all workers. The budget constraint is
now:

Ct = wtNt +Πt + Tt.

How are the optimal quantities of Ct and Nt affected by the introduction of the subsidy? Specifically,
do people consume more or less leisure? What is the intuition for this?

(f) Instead of lump sum subsidy, suppose the government subsidies work. With the subsidy, the workers
receive an effective wage rate of wt(1 − τt). The budget constraint is now:

Ct = wtNt(1 + τ) +Πt.

How are the optimal quantities of Ct and Nt affected by the introduction of the subsidy? Specifically,
do people consume more or less leisure? What is the intuition for this?

(g) Suppose the government wants to help workers but does not want to discourage work. Which of these
subsidies will be more successful?

Production Function

2. Williamson, 5th edition, problem 2.12 (slightly modified). You need to do this problem in Excel.
Let Kt denote the quantity of capital a country has at the beginning of period t. Also, suppose that capital
depreciates at a constant rate δ, so that δKt of the capital stock wears out during period t. If investment
during period t is denoted by It, and the country does not trade with the rest of the world, then we can say
that the quantity of capital at the beginning of period t + 1 is given by

Kt+1 = (1 − δ)Kt + It.
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This equation is often referred to as the “law of motion for capital.” Suppose at the beginning of year 0 that
this country has 80 units of capital. Investment expenditures are 10 units in each of years 0,1,2,3,4, . . . ,10.
The capital stock depreciates by 10% per year.

(a) Calculate the quantity of capital at the beginning of years 0,1,2,3,4, . . . ,10.

(b) Repeat 2a, except assume now the country begins year 0 with 100 units of capital. Explain what
happens now, and discuss your results.

3. The Cobb-Douglas production function. This problem asks you to use Excel to plot and examine the
Cobb-Douglas production function Y =KαL1−α, with α = 0.33.

(a) Create a table of numbers in an Excel worksheet. Let the rows represent a grid of values for capital,
K = {0,1,2, . . . ,15}, and the columns represent a grid of values for labor, L = {0,1,2, . . . ,15}, and then
fill in the 16×16 grid with the values of output, Y =KαN1−α, using the value of K corresponding to that
row and the value of L corresponding to that column (you should use “=(Row value)^(0.33)*(Column

value)^(0.67)”).

(b) In this part you’ll create a plot of what the production function looks like. Use Excel’s “surface plot”
(listed under “other charts” in the charting section) to create a 3-D plot of the grid of numbers created
in part (a). Label the x and y axes and be sure that the grid marks on the two axes correspond to the
actual values for K and L.

(c) In this part, I want you to plot a “slice” of the production function. That is, for the column associated
with L = 3, use a “line plot” to plot the values of output for each value of capital in that column. From
this plot you can see that the marginal product of capital (the slope of the curve that you plot), is
decreasing and concave. Note that there will appear to be a “kink” in the curve between the first and
second points, but this occurs simply because the production function is very steep here and due to the
limited number of gridpoints the jump from the first gridpoint to the second gridpoint is large.

(Note: for these first three parts, please turn in one sheet with a printout of the grid with the values
and another sheet that contains the 3-D figure of the production function and the figure with the “slice”
of the production function.)

(d) How can you see, from the grid of values for output, that the production function exhibits constant
returns to scale?
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