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V46/S14012/EE/20160710

Time : 3 Hours Marks : 80

Instructions :
1. All Questions are Compulsory.
2. Each Sub-question carry 5 marks.
3. Each Sub-question should be answered between 75 to 100 words. Write every questions

answer on separate page.
4. Question paper of 80 Marks, it will be converted in to your programme structure marks.

1. Solve any four sub-questions.
a) The value of the assets held by an investment fund on 1 January 2011 was £ 2.3 million.

On 30 April 2011, the value of the assets had risen to £2.9 million and, on 1May
2011, there was a net cash inflow to the fund of £1.5million. On 31st December
2011, the value of the assets was £ 4.2 million.
i) Calculate the annual effective time-weighted rate of return for 2011. 2
ii) Calculate, to the nearer 0.1%, the annual effective money-weighted rate of return

for 2011. 3
b) An investor is considering investing in a project with cash flows as below:

Investments
Rs. 150 crores - at the start of the project
Rs. 20 crores - at the end of each month for the following six months
Rs. 3 crores - per annum payable monthly at the end of each month with first payment
at the end of 7th month till 20 years from the start of the project.
Income
Rs.3 crores - per month for 19½ years at the start of each month beginning from 7th

month Rs.500 crores - at the end of 20 years.
Calculate the DPP for the project assuming an effective rate of interest of 8% p.a. 5

c) An investment project gives rise to the following cash flows. At the beginning of each
of the first three years Rs.180,000 will be invested in the project. From the beginning
of the first year until the end of the twenty-fifth year, net revenue will be received
continuously. The initial rate of payment of net revenue will begin at Rs.25,000 per
annum. The rate of payment is assumed to grow continuously at a rate of 6% per
annum effective.
Calculate the net present value of the project at an effective rate of interest of 7% p.a.

5
d) i) Define the terms Discounted payback period and payback period with reference

to an investment project. 2
ii) Compare both the discounted payback period and the payback period with the

net present value for determining whether to proceed with an investment project
and explain why the latter is a superior measure. 3
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e) An investor is looking to invest in an infrastructure project. He has two choices
available between two different cities. For each of the projects, the expected cashflows
have been advised to the investor as being as follows:
For project A, an initial expense of  Rs.170,000 has been estimated. This is followed
by a further outgo of Rs.20,000 at the end of first year and Rs.10,000 at the end of
second year. However, the project promises impressive incoming cash flows of
Rs.20,000 each at the end of year 1 and 2, and income of Rs.200,000 at the end of
year 3.
On the other hand, project B demands an initial investment of Rs.30,000 more than
that of project A, but no further ongoing expenses. In return, this project is expected
to provide an income of Rs.14,000 pa at the end of each of the first 6 years. This is
followed by the return of the entire initial investment at the end of the 6th year.
Calculate the internal rate of return (correct to 1 decimal place) for each project. 5

2. Solve any four sub-questions.
a) An investor, who is liable to income tax at 20% but is not liable to capital gains tax,

wishes to earn a net effective rate of return of 5% per annum. A bond bearing coupons
payable half-yearly in arrear at a rate 6.25% per annum is available. The bond will be
redeemed at par on a coupon date between 10 and 15 years after the date of issue,
inclusive. The date of redemption is at the option of the borrower.
Calculate the maximum price that the investor is willing to pay for the bond. 5

b) An ordinary share pays annual dividends. The next dividend is due in exactly eight
month’s time. This dividend is expected to be Rs.1.10 per share. Dividends are expected
to grow at a rate of 5% per annum compound from this level and are expected to
continue in perpetuity. Inflation is expected to be 3% per annum. The price of the
share is Rs.21.50.
Calculate the expected effective annual real rate of return for an investor who purchases
the share. 5

c) You wish to purchase a car in 4 year’s time. The current cost of the car is Rs.450,000
which is expected to increase by 5%p.a. over the next 4 years.
In order to match your expected expenditure of car purchase, you invest Rs.400,000
now in a 4-year index linked security which pays nominal coupon of 5% annually in
arrear and is redeemable at par. The coupon and capital payments are inflated by
reference to an inflation index value with 2 months time lag. The inflation index value
2 months before issue was 115.
The table below shows the index values at other times:
Time 0 10/12 1 110/12 2 210/12 3 310/12 4
Index 117 123 124 128 130 133 134 141 142

The coupons received are invested till the end of 4 years in a bank account which
provides an annual return of 4%p.a. Determine whether your investment proceeds at
the end of 4 years from now will be sufficient to buy the car or not? 5
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d) An investor is considering the purchase of two government bonds, issued by two
countries A and B respectively, both denominated in euro. Both bonds provide a capital
repayment of ∈100 together with a final coupon payment of ∈6 in exactly one year.
The investor believes that he will receive both payments from the bond issued by
Country A with certainty. He believes that there are four possible outcomes for the
bond from Country B, shown in the table below:
Outcome Probability
No coupon or capital payment 0.1
Capital payment received, but no coupon payment received 0.2
50% of capital payment received, but no coupon payment received 0.3
Both coupon and capital payments received in full 0.4
The price of the bond issued by Country A is ∈101.
i) Calculate the price of the bond issued by Country B to give the same expected

return as that for the bond issued by Country A. 3
ii) Calculate the gross redemption yield from the bond issued by Country B assuming

that the price is as calculated in part (i). 1
iii) Explain why the investor might require a higher expected return from the bond

issued by Country B than from the bond issued by Country A. 1
e) An investor purchases a bond 3 months after issue. The bond will be redeemed at par

ten years after issue and pays coupons of 6% per annum annually in arrears. The
investor pays tax of 25% on both income and capital gains (with no relief for
indexation).
Calculate the purchase price of the bond per Rs.100 nominal to provide the investor
with a rate of return of 8% per annum effective. 5

3. Solve any four sub-questions.
a) An insurance company has liabilities of Rs.6 million due in exactly 8 year’s time and

a further Rs.11 million due in exactly 15 year’s time. The assets held by the insurance
company consist of a 5-year zero-coupon bond of nominal amount Rs.5.5088 million
and a 20-year zero-coupon bond of nominal amount Rs.13.7969 million.
The current rate of interest is 8% per annum effective at all durations. Show that the
first two conditions of Redington’s theory for immunisation against small changes in
the rate of interest are satisfied. 5

b) An investor is considering the purchase of an annuity, payable annually in arrears for
15 years. The first payment is Rs.8000. Using a rate of interest of 9% per annum
effective, calculate the duration of the annuity when:
i) The payments remain level over the term. 2
ii) The payments increase at a rate of 9% per annum compound. 3

c) i) List the reasons why the running yield from property investments will normally
be higher than that of ordinary shares. 3

ii) State the main features of certificates of deposit. 2
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d) i) Give a definition of swap. 1
ii) Describe briefly the main features of interest and currency swap contracts. 2
iii) Discuss the risk characteristics to counterparties of a swap contract. 2

e) i) A zero-coupon bond has the price at time t = 0 as per equation 2(100 1.5 )%tP t= −

where 2 4,t≤ ≤  calculate the instantaneous forward rate F3. 2
ii) The Spot rate at time t = 0 is expressed as (3.05+0.35n)% p.a. effective for

1 5.n≤ ≤  Calculate the three year forward rate at time t = 2 expressed as an
effective annual rate of interest. 3

4. Solve any four sub-questions.
a) The investment returns i of a mutual fund in different years are independent and

identically distributed. (1+i) follows a log normal distribution with mean 1.06 and
standard deviation 0.02. For an investment of Rs.1 at time t = 0, calculate the mean
and standard deviation of the accumulated amount at time t = 4. 5

b) A student actuary has invested an amount of Rs.1,25,000 in a corporate deposit which
pays interest at the end of each year. The practice adopted by the student actuary is to
always reinvest interest earned on the investment in the same corporate deposit. The
rate of interest is declared at the beginning of each year which remains unchanged
during the year. The rate of interest declared in any one year is independent of the rate
declared in any other year.
At the beginning of the first year, the annual effective rate of interest declared is
expected to be one of 4%, 5% or 6% with equal probability. At the beginning of the
second year, the annual effective rate of interest declared is expected to be either 8%
with 40% probability or 5% with 60% probability. At the beginning of the third year,
the annual effective rate of interest declared is expected to be either 7% with 90%
probability or 5% with 10% probability.
Derive the expected accumulated amount of the investment at the end of three years. 5

c) A person bought a 3-year forward contract on 1st August 2013 to buy 100 nominal of
stock that pays coupons of 4% p.a payable quarterly on 30th June, 30th September,
31st December and 31st March each year forever. The stock also pays 50% nominal  on
31st March 2015. The stock is priced such that it gives an effective yield of 5.5%p.a.
Calculate the forward price of the contract, given that the risk free rate is 6.5% p.a. 5

d) A one-year forward contract on a stock is entered on 1st October 2013 when the
stock price is at Rs.91 and the risk-free force of interest is at 9% per annum. The
stock is expected to pay an annual dividend of Rs.3.80 with the next dividend due
after six months. On 1st February 2014, the price of the stock is Rs.109 and the
risk-free force of interest is 8.5% per annum.
The dividend expectation is unchanged. Calculate the value of the contract to the
holder of the long forward position on 1st February 2014. 5

e) i) Explain what is meant by the “no arbitrage” assumption in financial mathematics. 2
ii) Outline the similarities and differences between deterministic and stochastic

interest rate models. 3
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