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Q.1

Explain the “law of one price”

[2]

The “Law of One Price” states that if we assume that there are no arbitrage
opportunities in a market, then it follows that any two securities or combinations
of securities that give exactly the same payments must have the same price.

Write down the Equation of Value for an Insurance Policy

[1]
“PV premium = PV benefits + PV other outgo”
The premium for an insurance policy is calculated by equating the present value
of the expected amounts received in premiums to the present value of the
expected benefits and other outgo.

An insurance company accepts an obligation to pay Rs.10,000 at the end of
each year for 2 years. The insurance company purchases a combination of
the following two bonds at a total cost of X in order to exactly match its
obligation:

0] 1-year 4% annual coupon bond with ayield rate of 5%

(i)  2-year 6% annual coupon bond with ayield rate of 5%.
Calculate X.

[4]

Let F1 and F2 be face amounts of 1-year and 2-year bonds respectively
At the end of the second year,

F2+0.06F2=10000

F2=9433.96

[1]

At the end of the first year,
0.06(9433.96)+F1+. 04F1=10000
F1=9071.12

[1]

The price of the 1-year bond is (1.04/1.05) (9071.12)= 8984.73
[1]

The price of the 2-year borld is2
((0.06 /1.05) +(1.06/1.05™%))  * (9433.96)= 9609.38
The total priceis 8984.73 + 9609.38 = 18,594.11

[1]
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IV. Sania, Jaya, and Lisa each borrow Rs.5000 for five years at a nominal
interest rate of 12%, compounded half-yearly. Sania has interest
accumulated over the five years and pays all the interest and principal in a
lump sum at the end of five years. Jaya pays interest at the end of every six-
month period as it accrues and the principal at the end of five years. Lisa
repays her loan with 10 level payments at the end of every six-month period.
Calculate the total amount of interest paid on all three loans.

[5]

Sania

10

sl:}un:}{[u':"f"]

—1]=8954.24 —5000=393424

[2]

Jaya
- 5000 (0.06)(10)=3000.00

[1]
Lisa

5000
o M

P(10)—-3000 =1793 40 where P = =679.35

(2]
The sum is 8747.64.
Q.2
I. Prove
H

{I::r] _ Ei.]"i — nv |

[3]
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(Ia) =v+212+33 + . +m

(+D)a)yy; =1+2v+ 2+l

= f(fﬁ?};] =(1+v+v?+.. vV hH—m”

H

it
= (la); = S 3'

(1+1+1, for each step)
[3]

II. A loan isrepayable by an increasing annuity payable annually in arrears
for 15 years.
The repayment at the end of the first year is Rs.3,000 and subsequent
payments increase by Rs.200 each year. The repayments were calculated
using arate of interest of 8% per annum effective.

a) Calculatetheoriginal amount of theloan.

[3]

b) Construct the capital/interest schedule for years nine (after the eighth
payment) and ten, showing the outstanding capital at the beginning of
theyear theinterest element and the capital repayment.

[6]

c) Immediately after the tenth payment of interest and capital, the interest
rateon

the outstanding loan is reduced to 6% per annum effective. Calculate

the amount of the eleventh payment if subsequent payments continue to

increase by Rs.200 each year, and the loan is to be repaid by the
original date, i.e. 15 year s from commencement.

[5]

[Total 17]

Loan = 200(/a)g + 2800ag3 @ 8%

[1]
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i~ 15V 1.08%8.5595-15%0.31524
Uf?}r-ﬁam _ 1.08x8.55¢ 5%0.3152
7 0.08 0.08
= 56.4458
[1]
= Loan =200 x 56.4458 + 2,800 x 8.5595
= 35,255.76
[1]
b)
Capatal ofs after gt payment
= Eﬂﬂ{fa}ﬂ +4, 4(}E}aﬂ @ 8%
iy =TV < 3
Uﬂ'}ﬂ . G 2 1.08x5.2064—7x0.58349
; 0.08 0.08
=19.2310
= Cap o/s =200 = 19.2310 + 4,400 = 52064
=26.754.36
[2]
Year Loan ofs at Repayment Interest Capital
start element element
9 26,754 36 4,600 214035 2,459 65
[2]
10 24 294 71 4,800 1,943.58 2,866.42
[2]
c)
Loan ofs after 10% payment
=2429471 - 285642 =2143829
[2]
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Let 11" payment be X then
EGG{Iajﬂ X Eﬂﬂ}}aﬂ =21.438.29 @ 6%
14— Sy
(Iﬂ}j _ 1.06x4.2124-5v _ 19 1476
s 0.06
[2]
Hence 200= (12,1476 —42124) + X'« 42124 =721 43829
= X=4712.57
[1]
Q.3

Qn 1 April 2002 a large number of nominal Rs.1 zero-coupon bonds were
![(S)Slkj)?-:-dr’edeemed at par on 1 April 2007. The issue price was Rs.0.67 per Rs.1
gr?gdfhe table gives the prices at 1 April for each year until redemption in
'zl'?l()e7bric&s are used for both the sale and purchase of bonds, and fractions of

bonds may be bought and sold.

1/4/200
Date 1/4/2002 1/4/2003 1/4/2004 1/4/2005 1/4/2006 7
67p 78p 81p 86p 95p 100p

Consider two investors A and B. Investor A invests Rs.100 in bonds on 1
April

each year from 2002 to 2006 inclusive; and investor B buys 100 bondson 1
April each year from 2002 to 2006 inclusive.

For both investors construct a schedule to show the value of the fund at 1
April each year from 2002 to 2007 inclusive. From this calculate for the
period

from 1 April 2002 to 1 April 2007 for both investors:

(i) the money weighted rate of return per annum

(i) the time weighted return per annum
[12]
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Year Price Fund A Fund B
New New

2002 67 100 100.00 67 67

2003 78 100 216.42 78 156

2004 8l 100 324.74 8l 243

2005 86 100 444.79 86 344

2006 95 100 591.33 95 475

2007 100 622.46 500

[4]
i)
Money weighted rates of return
A: 10055 = 622.46 i~ 74%
B: 67(1 +1)° = T8(1 +1)* + 81(1+i)° =+ 86(1 = i)* = 95(1 = 1) =500
Try i=8% LHS=50951 {=7% LHS=49556 1i~73%
[2+2]

Time weighted rates of return will all be equal to the time weighted
return on the fund given by

67(1+i)° =100 ie.i=8.3%
Otherwise:

- 2
A (L+ip = 111%3“ :

= i=83%

2 | B2

24774 34479 49133 622.46
1642 32474 44479 59133

B: (1+4)f = 42 9= 208 080 oW _ ;g 30
¥
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Time weighted rates of return will all be equal to the time weighted
return on the fund given by

BTl +1F =100 ie i=83%
Otherwise:

A- (1+0)F = 11642 22474 34479 49133 62246
- ' 100 21642 32474 44479 59133

—=1=8.3%

B (1447 = 15 162 258 380 500 _ . _ g4
’ ' 67 156 243 344 475

[2+2]
Q4
A pension fund expects to make payments of Rs.100,000 per annum at the
end of each of the next five years. It wishes to immunise these liabilities by
investing in two zero coupon bonds which mature in five years and in one
year respectively.
Therateof interest is5% per annum effective.
0)
(a) Show that the present value of theliabilitiesis Rs.432,948.
(b) Show that the duration of theliabilitiesis 2.9 years.
[6]
(if)
Calculate the nominal amounts of the two zer o coupon bonds which must
be purchased if the pension fund is to equate the present value and
duration of assets and liabilities.
[6]
(iii)
(a) Calculate the convexity of the assets.
(b) Without calculating the convexity of the liabilities, comment on
whether you think Redington’simmunisation has been achieved.
[6]
[Total 18]
i)
(a) 100,000 am @ 5% ag = 4.32948
= PV = 432,947.667
[2]
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5
() D¢ x100,000 % v = 100,000 (Ia)z @ 5%

=]

G — 57
(Ta)g = 32" _ 12,5664 @ 5%

numerator = 1,256,640
(2]
= Duration = 1,256,640 / 432,947 667

=29
[2]

PV of zero coupon bond holdings is:
Av® + Bv= 432947 667 (1)
[2]
Duration numerator is:
5A4v" + Bv=1,256,640 (2)
[2]
= 5Av — Av’ = 1,256,640 — 432,947.667

_ 823,692.333
- 4

- A v = 0.783526

= A=26281589
[1]
Using equation (1),

_ 432,947 667 — 262,815.89+"

v

B

v=0.952381 = B=238,375.80
[1]
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i)
Convexity of assets
254V + Bv =25 % 262815.89 = (1.05)7 + 238375.80 (1.05)™
=h375102.741
O — {1.{]5)'2 xH3T7TH102.741 + (1.ﬂ5}'2 x1256640
' y = 432947.667
= 13.89356 13.89 years®.
[4]
Nominal Value
A
— Assets
—————— Liabilities
— : : : : » Duration
1 2 3 4 5
Assets appear to be more "spread out” than liabilities, so likely that
immunisation against small changes in market rate (in Redington sense)
has heen achieved.
Check — Convexity of liabilities
100000(v + 4v* + B2 + 16+ + 2517°) = 4510643.101
. (1.05)7 14510643.101 + 1256640}
Convexity =
432947 .667
=12.0825 12.08 years’.
So the surmise is true.
[2]

Q5

An investor purchased a bond with exactly 20 years to redemption. The
bond, redeemable at par, has a gross redemption yield of 6%. It pays annual
coupons, in arrears, of 5%. The investor does not pay tax.
0] Calculate the purchase price paid for the bond.
[3]
(if) After exactly ten years, immediately after payment of the coupon then
due, thisinvestor sellsthe bond to another investor. That investor pays

Page 10 of 17



CTl Nov 05

income and capital gainstax at a rate of 30%. The bond is purchased by
the second investor to provide a net rate of return of 6.5% per annum.

(a) Calculatethe price paid by the second investor.
(b) Calculate the annual effective rate of return earned by the first
investor during the period for which the bond was held.
[10]
[Total 13]
@ P = 5azp+1000"

=5x 11.4699 + 100 x 0.311805 = 88.53

[3]

i) (a) P' = 0.7xbag + 1000 — (100 - P') x 0.3,%°

0.7 x bag, + 700" + 0.3P"°

o 3.5a + 00"
1-0.30"

ag = 7.18883 v'?=0.53273

62.45201

= ————— =74.33161
1-0.159819

P!

(3]
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(b)  88.53 = dag + 74331610

5  (88.53-74.33161)/10
88.53 88.53

Estimate of yield:

=4.04401%
Return must be higher. Try 4.5%

am =17.91272  v'"=0.64393
Price would be: 8§7.4279
Try 4%

a =8.110896 v = 0.67556
Price would be: 90.76994

88.53 - 87.427
j= - 905387421 005.0.045=0.04335
90.76994 — 87.4279

(3]

Q6

I. Explain briefly the shape of the yield curve by referenceto the liquidity
preferencetheory.

[2]

The liquidity preference theory states that, as a general rule, investors prefer to
hold stocks that they are not “locked into” for a long period. They are therefore
prepared to pay more for shorter, more liquid, stocks. This implies that the yields
obtainable on these shorter stocks will be lower.Hence the yield curve will
normally have an upward slope.

[1. An annuity pays 1 at the end of each year for n years. Using an annual
effective interest rate of i, the accumulated value of the annuity at time (n +

(1+i)"=2.476 .
1)is13.776 . It isalso known that £
Calculaten

[3]
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59(1+i)=13.776

(1+1)°-1] 2.476-1

[1+7)= =13.776

! I

d=010714=—"—
1+i

(/2 mark for each step =3marks)

[11. Bhanu deposits Rs.100 into a bank account. Her account is credited interest
at a nominal rate of interest i convertible semiannually.At the same time,
Priya deposits Rs.100 into a separate account. Priya’s account is credited
interest at a force of interest of d. After 7.25 years, the value of each account
is200. Calculate!li—¢)

[3]

(4= ={1e2] =2=2i=070%
Bhanu - - vooES
(1]
Priya
g5 _ 7.
.7
s=182 _g 5604

[1]
S Ai=8)=9.79%9-9.56% =023%

[1]

Q.7

0] State what is meant by a forward contract. Your answer should
include reference to the terms .short forward position and long
forward position.

[2]

(i) A 3-month forward contract isissued on 1 February 2001 on a stock with
aprice of Rs.150 per share. Dividends arereceived continuously and the
dividend yield is 3% per annum. In addition, it is anticipated that a
special dividend of Rs.30 per share will be paid on 1 April 2001.
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Assuming arisk-freeforce of interest of 5% per annum and no arbitrage,
calculate theforward price per share of the contract.
[3]

[Total 5]

(i) Definition
A forward contract is an agreement made at some time t =0, say, between two
parties under which one agrees to buy from the other a specified amount of an
asset (denoted S) at a specified price on a specified future date. The investor
agreeing to sell the asset is said to hold a short forward position in theasset, and
the buyer is said to hold a long forward position.

[2]

(ii) Calculation
We know that for a security with a known dividend yield the forward price, K, is
given by the formula

K = 546901

where & is the price of the security at time O (in this case £150), 9 isthe risk-
free force of interest (5% pa), D isthe dividend yield (3% pa) and T is the term of
the forward contract (3 months).

In this question we also have a one-off fixed divided of £30 payable after 2
months.

The forward price of a security with fixed income is given by the formula:

aT

K =(S3-De

where | represents the present value of the fixed income payments due during the
term of the forward contract.

Therefore, in order to find the forward price of the security in the question we
must subtract the accumulated value of special dividend from the forward price
calculated as though the security only has a known dividend yield. So:

(005-003)% .. D05k
K =1508" M _ 30005 2]
150x1.0050125-30x1.0041734

£120.63 per share [1]

[3]

. A company has just borrowed Rs.100,000 at a fixed rate of 8% pa. Theloan

isto berepaid at par valuein five years and interest must be paid at the end
of each year.In order to reduce its exposure to fixed rate borrowing, it
arranges an interest rate swap to exchange the 8% pa fixed rate for a
variablerate that is ¥ higher than the central bank’s base rate at the time
when theinterest payments are due.
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Q.9

Over the next fiveyears, the base ratesturn out to be:
(7Y%, 6%% , 7% , 8%, 9)

a) Statetheconstant effective annual interest rate that would have been paid
by the company if it had not arranged the swap.
b) Calculate the constant effective annual interest rate that has been paid by
the company as aresult of taking out the swap.
[Total 4]

(@) Sincetheloan isissued at afixed rate of 8% pa payable annually in arrears,
theeffective annual interest rate is 8%.

[1]

(b) The effective annual rate is the rate that solves the equation of value:
100,000 = 8,000v + 7.000v" +8,000v° +9,000v* +110,000v° 1]

[1]
The interest payments are ¥2% higher than the declared rates.
First try 8.4% (the average of the five annua rates).
@8.4% 99,629 = RHS
@8.3% 100,030 =RHS

[1]
[1]

Therefore the effective annual rateis 8.3%.

l. Outlinethe similarities and differ ences between deter ministic and
stochastic interest rate models.

[3]

Purpose of models
Both types are used to project the accumulated value of flows of money.

[V
Assumptions
Deterministic models assume that future rates of return are fixed. Stochastic models
assume that future rates of return are random variables.

[V
Results obtained
For a given assumed set of future rates of return, a deterministic model will give a
single definite answer. For a given assumption about the statistical distribution of
future rates of return, a stochastic model will give a datistical distribution
describing arange of possible answers.

[1]

Risk and uncertainty

Stochastic interest rate models make allowance for uncertainty by enabling the
probability that the actual value will lie in a given range to be calculated.
Deterministic models make allowance for uncertainty by carrying out calculations
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based on different sets of assumptions (eg by including contingency marginsin the
assumptions).
[1]

I.

Therate of interest earned in the year from timet-2tot is denoted by -
Assume 1+%) jslognormally distributed. The expected value of the rate of
interest is5%, and the standard deviation is 11%.

a) Calculatethe parameters of the lognormal distribution of 2+ %)

[4]
b) Calculatethe probability that the rate of interest in the year from time
t-2tot lies between 4% and 7%.
[4]
[Total 11]
i)
(1+1i,)~logN(u, o)
E[l+i]=e""% =105 = u+a¥ =0048790
[1]
VI1+i] = (e"°%)2 (e —1) = (1.05)2(e® —1) = 011
[1]
= % =1.010975
= o- =0.010915
= u=0.04333. o=0.104476
[1+1]
i)
Pr[104 <(1+4,)<107]
_ @[ log{ LOT)— i - @[ log(1.04) — u |
a J o J
[2]

Page 16 of 17



CTl Nov 05

&(0.233) - ®(-0.039)

0.59211 - (1 - 0.51555) = 0.10766

[2]

***********************8
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