
Sketch Solutions to Qs 1,2,4 of Exam MS220, Theory of

Finance

Spring Semester 2006

Question 1

(a) The annual instalment Y satisfies

Y ∗ a20|@8% = 180000.

So Y = 18333.40 is the amount paid in year 7.

(b) This is open to interpretation, but if we use the effective interest rate 100j% such that

1 + j =
1.08

1.03
,

which gives j = 0.0485, we get

real PV = Y ∗ a20|@4.85% = £231530.83

(c) After 6 years she has repaid £54000. Therefore in year 7 she pays £9000 + 0.08 ∗ 126000 =
£19080.

(d) d(12)@8% = 0.0767. (Explanation of d(p) is in your notes.)

(e) 180000 ∗ 1.082 is owed because payments deferred for two years. Annual amount to be paid
satisfies

A ∗ s̈
(12)
n| @8% = 180000 ∗ 1.082.

We also know A: it is 12 ∗ 1500 = 18000. Everything except n is known in this expression;
solving for it I get n = 8.3, which means the mortgage should run for 9 years.

(f) Outstanding capital after 12 payments is

a8|@8% ∗ Y,

where Y is as per part (a). This gives £105355.43. She then owes this to a bank to be repaid
over 8 years at 6% I assume. The annual payments are now

105355.43

a8|@6%
= 16966.01,

saving 1367.39 in each of the 8 years. The PV of the savings she makes (at either 6 or 8%)
is more than enough to cover the £4500 fee she was forced to pay the first bank, so I would
advise her to use the new scheme and save some money in the process.
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Question 2:

(a) In this part of the question you are supposed to treat i1, i2 and i3 as independent interest
rates in years 1, 2 and 3 respectively. So F = 100(1 + i1)(1 + i2)(1 + i3), and hence E(F ) =
100(1 + E(i))3 = 100(1.05)3 = 115.7625.

(b) First compute
E(F ) = (100/3) ∗

(

1.043 + 1.053 + 1.063
)

= 115.7835.

Then
var(F ) = (10000/3) ∗

(

1.046 + 1.056 + 1.066
)

− 115.78352 = 7.29.

(I believe this is the correct answer - I know it’s different to the one given on the paper itself.)

(c) The variance of the uniform distribution as described in the question is smaller than that
computed above, so from this point of view you can argue that the project is less ‘risky’. (Its
variance is 6.078.)

(d) Presumably T = F , in which case lnT ∼ N (ln 100 + 3 ∗ 0.049, 3 ∗ 0.2). Therefore T is
log-normally distributed with mean ln 100 + 3 ∗ 0.049 and variance 0.6.

(e) See Central Limit Theorem (CLT) in your notes.

(f) Let S =
∑500

k=1 Tk be the FV of Norm’s portfolio 3 years from now. S has mean 500µ and
variance 500σ2. The conditions are right to apply the CLT. This gives

S − 500µ√
500σ2

∼ N (0, 1)

where ∼ here means ‘is approximately distributed as’. We require µ such that

p(S ≤ 55000) ≥ 0.95.

Rearranging this gives

p

(

S − 500µ√
500σ2

≤ 55000− 500µ√
500σ2

)

≥ 0.95.

The r.v. on the left is treated as N (0, 1), whose cumulative distribution function is usually
written Φ(z); some of its values are given in the table at the front of the exam paper. Putting
σ2 = 20 in, we need µ such that

Φ

(

55000− 500µ

100

)

≥ 0.95.

From the tables, Φ(x) ≥ 0.95 iff x ≥ 1.7 approximately. Therefore we solve

55000− 500µ

100
≥ 1.7

for µ. I get µ ≤ 106.6 (roughly).

2



Question 4:

(a) Use coupon rate equals yield iff bond sold at par. So find c such that (c, 100) lies on the
graph: this is 0.08 approx. To find maturity put P = 50, λ = 0.175,m = 4, C = 8 in the
bond price formula, leaving n as a variable which you can easily solve for. I get that n is
very close to 60, which, since it’s a 4-coupon bond means Maturity = 15 years as an initial
estimate.

(b) Put P = 90, m = 4, λ = 0.09, C = 8 and n = 10 ∗ 4 in the bond price formula, solving for
F . Here F is the payment you receive when you sell the bond on, so it’s ok to think of it as
a face value as we have done in the past. I get selling price = £91.59 approx.

(c) is in your notes.

(d) The first part is a ‘show that’. The second part: if the yield decreases then the duration
goes up. This is akin to thinking of yield as IRR and duration as payback time. If your IRR
decreases then your payback time is longer.

(e) Duration = 15 using the original version of the duration formula (i.e. not the Macaulay
duration.) Price is £21.05, which comes from

P =
80

(1 + 0.09
4 )60

,

i.e. bond price formula with C = 0.

(f) Let total amount invested in bond A be PA, and similarly for bond B. Let DA be the
duration of bond A etc. Then the immunisation formulae require

PA + PB = 25000

DAPA + DBPB = 12 ∗ 25000,

using the data given in the question. But DA = 8.58 from part (d) and DB = 15 from (e),
so we can solve these for PA and PB . I get PA = 11682.24 and PB = 13317.76. This means
130 shares of A and 633 of B. (I rounded up the number of shares otherwise the duration
would be slightly less than 12 years.)
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