
Unassessed exercises for Week 8-10

MAT2008, Spring 2009

I. Duration:

1) Let a business project has only non-negative cashflows (Ak ≥ 0 for all k =
1, · · · , n) and let δ > 0 be a force of interest. Let us write out the present value of
the project in terms of the force of interest:

PV (δ) =
n∑

k=0

Ake−δtk

a) Prove that PV ′(δ) = d
dδ PV (δ) = −D(δ)PV (δ) where D(δ) is a duration of

the project expressed in terms of the force of interest δ.
b) Prove the inequality:

(1) PV ′′(δ) ≥ PV (δ)[D(δ)]2

(where the inequality holds iff the business project has exactly one positive cashflow
(all others are zeros)). Hint: see the proof of the immunization theorem.

c) Using the inequality (1) give an alternative simple proof of the immunization
theorem.

2) Let some business project has the present value P = 5000 pounds and dura-
tion D = 10 years at i = 8%. Assume that the interest rate is changed to i = 8.3%.
Find the approximate value of the PV at this interest rate.

II. Bond price formula: find the inaccuracy.
Consider the Example on bonds selling and buying at page 40 of the ClassNotes
and its Solution at the same page. Look precisely at the answers at parts a), b)
and c).

a) Without computations explain why the answers do not look reliable.
b) Refine the computations and obtain sharper estimates for the prices and

yields.

III. Immunization: An investor has an obligation to pay L = 500000 pounds in
T = 7 years. The current yield on the (ideal) bond market is 6% (the same as the
obligation interest rate). The investor wants to construct an immunized portfolio
using two of the following bonds:

Bond A: price 110 pounds, duration: 10 years
Bond B: price 60 pounds, duration: 5 years

Bond C: price 150 pounds, duration: 15 years
Bond D: price 200 pounds, duration: 18 years

a) Give the list of all bond pairs which are appropriate for this project. Explain
your answer.

b) Is it possible to make an immunized portfolio using 3 bonds A, C and D.
c) The investor decided to use the bonds A and B. Compute the number of

bonds A and B which he should buy in order to have the immunized portfolio.
1


