
ECON 445
Spring 2007
Professor Paul Rothstein

Problem Set 3
Due Tuesday, April 17, at the start of class

Worth 28 points (2 points per question)
Show all of your work!

Problem 1 (12 points)

In this problem, we will explore a few sides of the “equal sacrifice” criterion. Let
T (y) denote the tax owed by someone with income y. Let U(y) be the utility any
individual achieves with income y. The function T (y) satisfies the equal sacrifice
criterion if:

U(y) − U [y − T (y)] = c

for all y ≥ 0 and all c ≥ 0.
It will be more convenient to rewrite this so the sacrifice is in terms of the average

tax rate and not the total tax. The reason is that we are mostly interested in whether
the average tax rate increases with income. If we define:

A(y) =
T (y)

y

then we can rewrite the left hand side of the first expression as:

U(y) − U [y − yA(y)] = U(y) − U [y(1 − A(y))]

So, A(y) satisfies the equal sacrifice criterion if:

U(y) − U [y(1 −A(y))] = c

for all y ≥ 0 and all c ≥ 0.

For questions 1-4, assume the utility function is:

U(y) =
√

y

1. Assume the government’s revenue requirement implies a sacrifice of c = 10.
Derive the explicit formula for A(y).
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2. Suppose there are two people in society with respective incomes:

y1 = 10, 000

y2 = 40, 000

What is person 1’s average tax rate under the equal sacrifice rule? How much
does person 1 pay in tax?

3. What is person 2’s average tax rate under the equal sacrifice rule? How much
does person 2 pay in tax?

4. Using your answers to (2) and (3), is A(y) progressive, proportional, or regres-
sive?

For questions 5-6, assume the utility function is:

U(y) = ln(y)

5. Derive the formula for A(y).

6. Notice that, in this case, the formula for A(y) does not depend on y. This
means that the average tax rate is independent of income.

What must this common tax rate be to raise the same amount of tax revenue
as was raised above (the total of the amount raised in (2) and (3)).

Problem 2 (3 points)

7. Using supply and demand curves, illustrate a situation in which imposing a unit
tax would cause no change in the net price of the good.

Problem 3 (9 points)

From an analytic perspective, a subsidy is nothing more than a negative excise
tax that confers a benefit to certain groups rather than imposing a burden on them.
For decades, the federal government has given fairly large subsidies to farmers for
producing everything from grain to honey.

8. Under what conditions of supply and demand do farmers enjoy all of the benefits
from these subsidies? Explain your answer, using a graph.
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9. Under what conditions do the farmers enjoy none of the benefit at all? Explain
your answer, using a graph.

10. Who does benefit from the subsidies in the second case?

Problem 4 (12 points)

The follow equations describe supply and demand in the market for widgets:

D(Q) = 100 − .2Q

S(Q) = −20 + .6Q

11. Solve for the equilibrium annual quantity and price.

12. Suppose a 20% tax on the gross price is levied. Solve for the new equilibrium
quantity, gross price, and net price.

13. Graph the pre-tax equilibrium price and quantity.

14. Shift the DEMAND curve to find the post-tax equilibrium gross price, net price,
quantity, and tax revenue.
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