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PAI 723 Professor David Popp 
Solutions to Problem Set #3 Fall 2022 
 

 
1. a) By looking at the graph, we can tell utility is not maximized because the indifference curve 

is not tangent to the budget constraint.  Algebraically, we can tell utility is not maximized 
because marginal utility per dollar spent on each good (MU/P) is not equal. 

 
b) Currently, the marginal utility per dollar spent on y is higher than for x.  Intuitively, that means 

that we are getting more “bang for our buck” from consuming y, rather than x.  As a result, we 
should consume less x, which will result in more y being consumed (since income is being held 
constant).  For example, if we spend $1 less on x, utility will fall by $0.29.  However, if we then 
spend $1 more on y, utility will increase by $0.87.  Thus, the combined effect of spending $1 
less on x and $1 more on y is that utility will increase by $0.58. 

 
d) If you decreased consumption of x, the marginal utility per dollar spent on x should have 

increased.  This occurs because of diminishing marginal utility.  Since you now have less x, 
the remaining units are more valuable to you. 

 
e) Similarly, as you decreased consumption of x, consumption of y increased.  Thus, marginal 

utility per dollar of y is now lower.  Since you have more, additional units of y are not as valuable 
to you as they were before.  

 
f) Utility is maximized when the marginal utilities per dollar are equal.  At this point, it is no longer 

possible to swap consumption of one good for consumption of the other and still have utility 
increase.  Graphically, the indifference curve is tangent to the budget constraint.  Given the 
initial income and prices, utility is maximized when 10 of each good is consumed. 
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2. The key to drawing this graph is finding our two endpoints.  If consumers purchase no water, 
they can afford $5,000 worth of other stuff.  If they only purchase water, they can afford 5,000 
units of water (= 5,000/1). 
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b) There are three key points to this budget constraint: 
 

1) If a consumer spends no money on water, she has $5,000 per month for other 
consumption. 

 
2) If a consumer spends all her money on water, she can get 3583.33 units of water.  This 

is found as follows: 
- The first 500 units cost $375 (= 500 x $0.75). 
- This leaves the consumer $4,625 still to spend.  At $1.50 per unit, the consumer can 

purchase an additional 3083.33 units of water with this $4,625 (= $4,625/1.5). 
 
3) The price changes at 500 units.  Thus, the slope of the budget constraint will change 

here as well.  As shown above, a consumer purchasing 100 units of water has $4,625 
left to spend on other consumption. 

 
The budget constraint is found by connecting these 3 points. 
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c) The key to this question comes from the hint.  Note that the two budget constraints intersect at 
750 units of water: 

 
Cost of 750 units of water with the current rate (part a) = 750 x $1 = $750 
Cost of 750 units of water with two-tiered pricing (part b) = $0.75x500 + $1.50x250 = $750 
 

In each case, that leaves $4250 to spend on other consumption. 
 

Since we know that a typical family consumes 750 units of water with the flat rate, we need an 
indifference curve that is tangent to the budget constraint for this plan at this intersection (point 
A).  This is the green indifference curve below. 

 
Note that, since the budget constraints intersect here, and because the indifference curve is 
tangent to the flat-rate budget constraint here, the budget constraint for the two-tiered plan 
must go through this indifference curve.  Thus, under the two-tiered plan, the family could do 
better by choosing a bundle on a higher indifference curve, such as the one in blue associated 
with point B above.  Because of the relative positions of the two budget constraints, this 
indifference curve will be associated with less water consumption (note that the two-tiered 
budget constraint is only above the flat-rate budget constraint to the left of 750 units of water.  
Thus, the family is both better off and uses less water under the two-tiered plan.  The higher 
prices after 500 units of water will work to encourage conservation. 
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Note that it is not correct to say that consumers are equally happy with either plan here.  While it 
is true that it is possible for them to choose 750 units of water under either plan, they won’t want 
to do so.  If there preferences are such that they choose 750 units of water under the flat rate 
plan, they would prefer to have less water (but be on a higher indifference curve) under the two-
tiered plan.  If prices change, then choices will change, even if consumers could afford the same 
bundle that they had before. 
 
We can see this better by enlarging the area where the indifference curves are: 

 

 
 

 The original budget constraint from part (a) and the budget constraint with the two-tiered plan 
both go through point A, since they allow the same consumption as before.  With the original 
budget constraint, point A was an optimal bundle, so the indifference curve is tangent to the 
original budget constraint.  With the two-tiered plan, water rates are higher at this level of 
consumption, so the slope of that budget constraint is steeper at this point.  Thus, the 
indifference curve cannot also be tangent to the new budget line at point A.  Instead, the new 
budget constraint goes through the indifference curve.  As a result, it is possible to draw a 
higher indifference curve that is tangent to the new budget constraint.  Because water rates 
are higher under the two-tiered plan at point A, this new indifference curve will be at a point to 
the left of point A – there is less water consumption under the two-tiered plan, as the higher 
prices encourage conservation. 

 
 Note as well that if this consumer preferred much more water, the two-tiered plan would be 

worse, as its budget constraint is below the original budget constraint to the right of point A.  
The intuition as to why the family is better off in this case is that the lower price for the first 500 
units provides an income effect.  This enhances welfare, since prices are lower. The higher 
price after 500 units provides a substitution effect.  This decreases welfare since prices are 
higher.  At 750 units of consumption, the gain from the income effect is still dominating the 
losses from the substitution effect. 
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3. Receiving cash gives you more flexibility than receiving a gift.  When you receive cash, you 
can spend it on anything you want, whereas when you receive a gift, the maximum amount of 
“other stuff” you can purchase has not changed.  If your preferences are such that you prefer 
to have less of the “gift” than you are given, you would be better off given the flexibility of cash. 

 
The following graph illustrates the concept.  Consider a choice between ugly sweaters and 
other stuff.  The lowest budget line represents your income before receiving a gift.  The second 
solid budget line is the constraint after receiving an ugly sweater.  Utility is higher, since it frees 
up some more money to spend on other stuff.  However, as the dashed line shows, utility could 
be higher still if you had instead received cash, since you would prefer fewer ugly sweaters 
than you currently have. 

 
 
Economist Joel Waldfogel, who was one of my advisors in graduate school, once did a study 
of this to estimate the “deadweight loss” of Christmas – that is, how much did recipients of gifts 
value them, compared to their actual cash price.  He estimated a deadweight loss between 
10% and 33% – that is, the value of presents received by people he surveyed was between 10 
and 33% than the actual price.  Not surprisingly, gifts from friends and significant others had 
the least deadweight loss, while gifts from distant relatives had the most. 
  

ugly sweaters  
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4. a) For the initial budget constraint, our endpoints are the amount that SOS can spend on 
each of its two activities.  This is $600,000 each.  The indifference curve is tangent to the 
budget constraint where two-thirds of spending, or $400,000 goes to land preservation.  This 
means that $200,000 goes to lobbying. 
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b) The new budget constraint is shown below.  Because SOS is receiving income, the budget 
constraint shifts out.  However, because the money can only be used to purchase land, the 
amount of lobbying cannot increase.  Thus, the budget constraint is cutoff at $100,000 of land 
preservation.  At this point, SOS could spend $100,000 on land preservation and still have 
$600,000 to spend on lobbying.  Similarly, SOS can now spend up to $700,000 on land 
preservation. Thus, the constraint is similar to the food stamp constraint that we discussed in 
class. 

 

 
The new indifference curve should be tangent to the new budget constraint and should be 
consistent with the original preferences.  Thus, it should fit inside the original indifference curve. 

 
c) Given the current preferences, there is no reason to believe that the amount of land purchased 

by SOS would increase by $100,000.  SOS is not near the kink in the budget constraint.  Thus, 
the no lobbying constraint is not binding for the group.  If they wished to increase lobbying 
efforts, they could use the $100,000 donation to purchase land, and then use some money that 
had been used for land preservation for lobbying instead. 
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5. a) To draw the budget constraint, note that consumers can buy up to 1500 units of junk food 
(= $3,000/$2), or $3,000 worth of other goods.  Note that these endpoints are what we need 
for the budget constraint – we want to show what is possible, not just what the consumers 
actually do.  Consumers actually choose 200 units of junk food per month.  Since each unit 
costs $2, this leaves them $2600 to spend on other consumption.  This is shown by drawing 
an indifference curve tangent to the budget constraint at 200 units of junk food.  This is the 
highest possible indifference curve given the budget constraint. 
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b) The price increase rotates the budget constraint in.  Now, the most junk food that consumers 
can afford is 1000 units.  Given that the household chooses 150 units of junk food, the family 
can afford to purchase $2550 worth of other goods (= $3000 – 3(150)).  The new indifference 
curve, tangent to the new budget constraint, is lower than the original indifference curve.  Utility 
has fallen. 
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c) The key to this problem is the hint.  The difference between the two budget constraints is due 
to the tax.  Thus, for any quantity, the difference between the two constraints is the amount of 
money paid to the government.  In this case, the family consumes 150 units of junk food after 
the tax.  They have 2550 left to spend.  If they had purchased 150 before the tax, they would 
have had 2700 to spend.  The difference (2700-2550) is the tax revenue (which, it should be 
noted, equals $150, since the tax is $1 per unit of junk food). Thus, the new budget constraint 
has a steep slope, parallel to the one drawn in part (b), and goes through the original budget 
constraint at a quantity of 150 units of junk food.  I have made this new line blue to highlight its 
position. 

 

 
Note that the blue budget constraint is below the original budget constraint.  It is also steeper 
than the original budget constraint.  As a result, households will choose less junk food, even 
after the rebate.  That is because of the substitution effect.  Higher prices make junk food 
less appealing. Even if we had given households enough income to get them back to their 
original utility curve, they would choose less junk food. 
 
As I’ve drawn the curves above, consumers are worse off with the tax and rebate plan.  
Although the rebate helps compensate them, it is not enough to get them back to their original 
indifference curve.  Note that the original indifference curve is infeasible with the blue budget 
constraint.  The reason is that the compensation is only equal to the amount of revenue 
raised by the tax.  As junk food prices rise, consumers substitute away from junk food and 
purchase more of other goods.  Because of this substitution effect, the revenue that is raised 
is not sufficient to get consumers back to their original indifference curve. 
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The key here is that the new indifference curve goes through the original budget constraint.  
The old indifference curve only touches that constraint in one place.  Thus, it is unlikely for 
the new line to go through the old budget constraint.  However, depending on the scale of 
your graph, it is possible.  If you drew the curves so that there was little change in junk food 
consumption, the revenue raised may be sufficient to compensate consumers for their lost 
welfare.  As long as your answer to this question was consistent with your drawing in part 
(c), either answer is acceptable. 
 
The intuition here is that there is a substitution effect – people consume less junk food after 
the tax, which reduces government revenue – and an income effect – using the revenue to 
lower income taxes allows consumers to increase their welfare.  One makes consumers 
better off, and the other makes consumers worse off.  For consumers to be better off, the 
income effect has to dominate the substitution effect. 
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