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PAI 723 
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Fall 2022 
 

Solutions Available Wednesday, October 19 
 

1. This problem is designed to help you practice the concept of utility maximization.  You will need to 
download the Excel worksheet utilmax.xls from the problems page of the class web site to complete the 
problem.   

 
The worksheet includes a sheet labeled “calculations.”  On the calculations sheet, I have plotted an 
indifference curve (If you are interested, the curve is derived from the utility function U(x,y) = �xy, 
although you do not need to know that to complete the problem.)  
 
Given the initial income and prices (I=$20, Px=$1, Py=$1, X=15), the allocation of x and y is not optimal. 
Your task is to find the combination that does maximize utility.  You may change any of the boxes that 
are highlighted on the calculations sheet (income, Px, Py, or X).  You cannot change the consumption of 
y.  This is found by spending all the remaining income.  As you change variables, observe what happens 
to consumption of good y, marginal utility per dollar of each good, and total utility.  Also, observe what 
happens to the indifference curve diagram.  Included below are some questions to guide your use of this 
sheet. 

 
a) Given the initial setup (I=$20, Px=$1, Py=$1, X=15), utility is not maximized. How can we tell 

this by looking at marginal utility per dollar? How can we tell this by looking at the graph? 
b) Given the relationship between the marginal utility per dollar of x and y, how should you change 

the level of x to improve utility?  Why?   
c) Try improving utility by changing x in the direction you state in question 2.  Were you correct? If 

you were, total utility should increase.  If you weren't, try moving x in the other direction (and be 
sure that you understand why you were wrong – if you don't, please ask me or the TA!) 

d) What happened to the marginal utility per dollar of x as you went from (a) to (c)?  Why? 
e) What happened to the marginal utility per dollar of y as you went from (a) to (c)?  Why? 
f) Keep changing the value of x until a maximum is reached.  How do you know when this has 

occurred?  
g) (optional) Feel free to try different scenarios by changing the price or income, as well as the 

amount of x that is consumed. 
 

 
2. The city of River Rapids charges $1 per unit of water purchased.  The typical residential consumer has 

an income of $5000/month. 
 

a) Draw the budget constraint corresponding to the current rate structure in River Rapids, placing 
water on the x-axis, and other consumption on the y-axis.  

b) Reproduce your graph from part (a).  Now, consider an alternative plan that provides the first 
500 units of water for just $0.75/unit.  Additional units purchased cost $1.50 each.  Reproduce 
your graph from part (a) on the axes below.  Add the budget constraint for this two-tiered plan 
to your illustration. 

c) Reproduce your diagram from part (b).  Suppose that the average consumer currently uses 750 
units of water per month with the flat rate plan form part (a).  Add indifference curves that are 
consistent with this choice to your diagram.  (Hint: calculate how much it costs to purchase 750 
units of water under each plan).  

 
 Will the two-tiered rate plan encourage the typical consumer to reduce water consumption?  Will 

the typical consumer be better or worse off with the two-tiered rate plan?  How do you know 
this?  Please explain the intuition behind your answer.   
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3. Using utility theory, explain why economists would expect people to prefer receiving cash rather than 
other gifts at holidays. 

 
 
4. Save Open Spaces (SOS) is a non-profit organization that promotes protection of undeveloped land.  

They perform two primary activities: purchasing undeveloped land for preservation and lobbying 
Congress for additional protection for undeveloped land.  SOS has a budget of $600,000.  Currently, 
two-thirds of their budget goes to purchasing land, and one-third to lobbying.   
 

a) Draw a budget constraint and indifference curve for SOS with land preservation on the x-axis 
and lobbying on the y-axis.  You can assume that the current balance of activities maximizes 
the utility of the organization.  Be sure to show the endpoints of the budget constraint, as well 
as spending on land preservation and lobbying. 

b) Irwin M. Green, a rich philanthropist with an interest in environmental issues, offers SOS a 
$100,000 grant, with the stipulation that the funds can only be used to purchase new lands for 
protection.  Thus, money from the grant cannot be used to support lobbying activities. 
Reproduce your illustration from part (a) below.  Then, show how the budget constraint changes 
after SOS receives the $100,000 grant. Add an indifference curve showing SOS’s distribution 
of activities after receiving the grant.   

c) Will the amount of land purchased by SOS increase by $100,000?  Why or why not? 
 
 
5.  Concerned about the unhealthy diet of many American youth, United for Skinny Adolescents (USA), a 

health advocacy group, proposes a junk food tax.  Unhealthy foods such as soda, salty snacks, and 
high-fat baked goods would be taxed.  Because new taxes are unpopular, USA proposes that the policy 
be revenue neutral.  That is, all of the revenue raised from the tax will be given back to taxpayers. For 
simplicity, in this question we’ll assume that all revenues are returned as a lump-sum income tax rebate.  
That is, each household’s income will rise by the amount of revenue raised per household by the new 
junk food tax. 

 
 This question asks you to analyze the effect of this policy on a typical American household.  Suppose 

that, without the policy, the typical American household has $3000 to spend for month.  They can spend 
this money on junk food and other goods.  Suppose that, before the tax, a unit of junk food costs $2.1  
At that price, the typical household purchases 200 units of junk food per month. 

 
a) Using an indifference curve and budget constraint, sketch this initial condition below, with other 

consumption on the y-axis, and units of junk food on the x-axis. 
b) As a result of the proposed tax, the price of junk food will rise to $3/unit.  At this new price, the 

typical household is expected to consume 150 units of junk food per month.  Redraw the above 
graph, and illustrate the effect of the price change on the graph.  Be sure to show how much the 
household spends on other consumption when it chooses 150 units of junk food at the new 
prices. (Note: for this part of the question, do not consider the effect of the tax rebate.  That will 
come in the next part of the question.) 

c) Recognizing that new taxes are unpopular, USA proposes returning the income raised by the 
tax to consumers.  Suppose that this is done through a lump-sum income tax rebate.  Redraw 
your graph from part (b).  Add a new budget constraint for the typical household after receiving 
the rebate.  For simplicity, assume that consumers bear the burden of the tax, so that the 
government collects $1 per unit of junk food sold. (Hint: Think about how much other 
consumption a household could afford if they purchased 150 units of junk food, as in part (b), 
but prices hadn’t risen as a result of the tax.)    
• How will the amount of junk food consumed now compared to what households chose 

before the tax (part a)?  How do you know this?   
• How will the utility of consumers after the rebate compare to the utility they had in part (a), 

before the junk food tax was put in place.  Explain intuitively why these are different. 
 

1 You could think of a “unit” of junk food as representing a bag of chips or bottle of soda, for example. 
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