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PRACTICE QUESTIONS 

 

1. CT8 April 2008 question 10 
 
In a situation where the zero-coupon bond market is arbitrage-free and 
complete, consider the following Vasicek model for the short-rate process: 
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2. CT8 April 2010 Question 4 
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3. CT8 April 2011 Question 10 
  

 
 

 

4. CT8 September 2011 Question 5 
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5. CT8 April 2012 Question 5 
 

 
 

 

6. CT8 September 2012 Question 5 
 

 
 
 
7. CT8 September 2012 Question 6 
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8. CT8 April 2015 Question 10 
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9. CT8 April 2016 Question 10 
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10. CT8 September 2016 Question 9 
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11. CT8 September 2017 Question 9 

 

 



 
 

 

10 

FE 1 UNIT 4 

PRACTICE QUESTIONS 

 

 
 

 

Questions on Stochastics Interest rate models 
 

1. a. In any year, the interest rate per annum effective on money invested with a given 
bank has mean value j and standard deviation s and is independent of the interest rates 
in all previous years.  

Let 𝑆𝑛 be the accumulated amount after n years of a single investment of 1 at time t = 0. 
 

(i) Show that E[𝑆𝑛 ] = (1 + 𝑗)𝑛 
 

(ii) Show that Var[𝑆𝑛] = (1 + 2𝑗 +  𝑗2 +  𝑠2)𝑛 - (1 + 𝑗)2𝑛 
 

b. The interest rate per annum effective in (a), in any year, is equally likely to be 𝑖1 or 𝑖2 

(𝑖1 > 𝑖2). No other values are possible. 

 

(i) Derive expressions for j and 𝑠2 in terms of 𝑖1 𝑎𝑛𝑑 𝑖2. 
 
(ii) The accumulated value at time t = 25 years of 1 million invested with a bank at time t 

= 0 has expected value 5.5 million and standard deviation 0.5 million. Calculate the 

values of 𝑖1 𝑎𝑛𝑑 𝑖2. 
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Solution 
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2. ￡80,000 is invested in a bank account which pays interest at the end of each year. 

Interest is always reinvested in the account. The rate of interest is determined at the 

beginning of each year and remains unchanged until the beginning of the next year. The 
rate of interest applicable in any one year is independent of the rate applicable in any 

other year. During the first year, the annual effective rate of interest will be one of 4%, 
6% or 8% with equal probability. During the second year, the annual effective rate of 
interest will be either 7% with probability 0.75 or 5% with probability 0.25. During the 

third year, the annual effective rate of interest will be either 6% with probability 0.7 or 
4% with probability 0.3. 

 
a. Derive the expected accumulated amount in the bank account at the end of three 
years. 

 
b. Derive the variance of the accumulated amount in the bank account at the end of 
three years. 

 
c. Calculate the probability that the accumulated amount in the bank account is more 

than ￡97,000 at the end of three years. 
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Solution: 
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3. By adopting a particular investment strategy a company expects that on average the 
annual yield on its funds will be 8% with a standard deviation of 7%. The yields in 

different years may be assumed to be independently distributed. 
 
a. Find the expected value and standard deviation of the accumulated amount after 15 

years of a single investment of Rs.1000 made now. 
 

Assume further that each year 1+it has a lognormal distribution where it is the annual 
yield on company’s funds in year t. 
 

b. Calculate the parameters of the lognormal distribution. 
 

c. Calculate the probability that a single investment of Re.1/- made now will be less than 
60% of its expected value. 
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Solution: 
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4. An insurance company holds a large amount of capital and wishes to distribute some 
of it to the policyholders by way of two possible options. 

 
Option A 

£100 for each policyholder will be put into a fund from which the expected annual 
effective rate of return from the investments will be 5.5% and the standard deviation of 

annual returns 7%. The annual effective rates of return will be independent and (1+ 𝑖𝑡) is 

log normally distributed, where 𝑖𝑡 is the rate of return in year t. The policyholder will 
receive the accumulated investment at the end of ten years. 
 
Option B 

£100 will be invested for each policyholder for five years at a rate of return of 6% per 
annum effective. After 5 years, the accumulated sum will be invested for a further 5 

years at the prevailing five-year spot rate. This spot rate will be 1% per annum effective 
with probability 0.2, 3% per annum effective with probability 0.3, 6% per annum 
effective with probability 0.2, and 8% per annum effective with probability 0.3. The 

policyholder will receive the accumulated investment at the end of ten years. 
 
Deriving any necessary formulae: 

a. Calculate the expected value and the standard deviation of the sum the policyholders 
will receive at the end of the ten years for each options A and B. 

 
b. Determine the probability that the sum the policyholders wil receive at the end of ten 
years will be less than £115 for each options A and B. 

 
c. Comment on the relative risk of the two options from the policyholder’s perspective. 
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5. A company Arbitrage Ltd offers a financial product with an investment guarantee at 
maturity @ 9.5% p.a. for 10 years. It invests the money at a floating rate it , with (1+ it) 

following a log-normal distribution with the following parameters μ = 0.1, σ = 0.05 for t < 
5 and μ = 0.1, σ = 0.015 for t ≥ 5 where t is the time in years since initial investment. 

 
The product was offered to a company Profit Booker Ltd which agrees to invest €9,000 
initially and €6,000 at the end of the 5th year. The maturity amount will be payable at 

the end of the 10th year. 
 
a. Calculate, with a 99.5% confidence level, the minimum accumulated amount that 

company Arbitrage Ltd. will have at the end of 10 years, if it invests the money received 
from Profit Booker Ltd. at this floating rate. 

 
b. Calculate the amount that Arbitrage Ltd need to invest now in a risk-free bond in 
order to mitigate the possible amount of loss, if any, at the 99.5% confidence level 

assuming the interest rate for the risk free bond to be 6% p.a 
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