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Risk Management and Insurance

Tutorial 4. Annuity and Perpetuity, Present Value

All discrete payments are made at the end of the payment period (ordinary annuity and
perpetuity).

Question 1
Find the sum of the first » terms and of the infinite geometric series
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Question 2
Show that the present value of an annuity that runs for 7" years is:
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Hint: Use the result of Question 1.
Question 3

Show that the present value of ¥ dollars per year paid continuously for 7 years is:

V(0)= (1 e“RT)

Question 4
Show that the present value of a perpetuity of ¥ dollars per year is:

e =
e

Does it matter whether the perpetuity is paid at the end of the year or continuously?

Question 5

Equation of value: A person owes $ 10,000 due in one year and $ 30,000 due in 4 years. He or she
agrees to pay $ 20,000 today and the remainder in 2 years. What is the payment in 2 years if the
interest rate is 5%, compounded semiannually?

Hint: Set up the equation of value with a focal date of 2 years. Does the focal date matter?



Question 6

Sinking fund: A worker plans to retire in 30 years. How much must he save every year so that he
has $ 600,000 at retirement? Assume the net return on savings is 4% per year, annually
compounded.

Question 7

Mortgage: The following table shows the monthly repayments for a 25 year mortgage. The loan
values range from $ 100,000 to $ 500,000 and three interest rates are given.

Loan B.32% (current) B.57% (imminent) 7.82% (forecast)
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How is this table calculated? Recalculate the monthly payment for a loan of $ 200,000 with an
interest rate of 6.32%. Use monthly interest compounding.

Present Value Calculation:

Question 8

Evaluate the following expression at z = 5:

‘]
L\ x? +3)dx
dz2

What does this expression show?

Question 9

Notation: The time index 7 runs from 7 to 7.

a) Suppose an investment produces a continuous stream of income over 10 years at a rate of
$20,000 per year and the interest rate is 6% per year, continuously compounded. Determine
the present value.

b) Determine the rate of increase in the value of the investment project if its life is extended by
an instant, dP/dT.

¢) What is the present value in question (a) if the stream of income lasts forever?



Question 10

Consider an oil field that produces a diminishing cash flow that falls at the rate s as the field is
exploited.

C(t)=e='C(0)

With a time horizon of 7 years, the field’s present value is:

il T
P(0) = je—”cmdt = je‘(’“)’C(O)dt
0 0

r is the interest rate.

a) Calculate the field’s present value for C(0) = $ 100,000,000, » = 0.12, s = 0.05, and 7' = 20
years.

b) Calculate the rate of change in the field’s present value, dP/dT, if it is operated for an instant
beyond time 7.
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Discuss the following point with the students:

It seems natural to use year 2 as focal date for the equation of value in this questions but
with compound interest any date could be used.

However, with simple interest the focal date in the equation of value matters for the
solution!
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Question 10
Consider an oil field that produces a diminishing cash flow that falls at rate s as the field is
exploited.

C(t)=e"*C(0)

With a time horizon of T years, the field’s present value is:
T
P(0)= [e "+ C(0)ar
0

r is the interest rate.

a) Calculate the field’s present value for C(0) = $ 100,000,000, » = 0.12, s = 0.05, and 7' = 20
years.
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b) Calculate the rate of change in the present value if the field is operated for an instant beyond
| i ‘
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