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Time : 3 Hours Marks : 80

Instruction :
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) i) XYZ Life Insurance Co sells a single premium unit-linked product where the
benefit payable on maturity is the higher of the fund value and the single premium.
The premiums are invested in a fund that is invested 100% in equities. The
company levies a charge for providing this guarantee. How would the following
affect the charge?

1) Term of the contract

2) Prevalent interest rates 2

ii) Derive the lower bound on the price of a European call option on a non dividend
paying share. 3

b) i) List five factors that effect the price of a European put option on a non-dividend
paying share.

ii) State how the premium for a European put option would change if each of these
factors increased.

5

c) Let c be price of a four-month European call option on a dividend paying share. Assume
the strike price is $30, the underlying is currently valued at $28 and a dividend of
$0.50 is expected in 2 months. The continuously compounded risk-free rate is constant
and equal to 5% p.a.

Derive upper and lower bounds on the price c of this call option, taking into account
the dividend. 5

d) i) Define delta and gamma of a derivative. 2

ii) Explain uses of delta hedging and gamma hedging. 3

e) For each of the Greeks Γ, θ, ρ, v and λ; discuss whether its value will be positive or
negative in the case of an European (i) call option, (ii) put option.

5
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2. Solve any four sub-questions.

a) A stock price is currently Rs.100. Over the next two three-month periods it is expected
to go up by 4% or down by 3%. The risk free rate of interest is 6% per annum with
continuous compounding.

i) What is the value of a six-month European call option with a strike price of
Rs.102? 3

ii) What is the value of a six-month European put option with a strike price of
Rs.102? 2

b) A non-dividend paying stock is currently priced at S0 = £ 80. Over each of the next two
three-month periods it is expected to go up by 6% or down by 5% on each period. The
continuously compounded risk free interest rate is 5% p.a.

Calculate the value of a six-month European call option with a strike price of £ 82. 5

c) Show that in a one-step binomial tree model of the price of a non-dividend paying

share, the risk-neutral probability of an upward movement is given by 
r te dq
u d

δ −
=

−
where, r is the risk-free rate of return compounded continuously, u is the proportionate
change in the price of the share if it goes up and d if it goes down and δt is the length
of the one-step time period. State any assumptions that you may have made. 5

d) Give-5-step method to value an option for the Binomial model based on martingale.
5

e) i) What do you understand by equivalent probability measures? 2

ii) State the Cameron-Martin-Girsanov theorem. 3

3. Solve any four sub-questions.

a) i) In a Black-Scholes market, let S be the price of a stock and D be the price of a
derivative written on S, with maturity T, where, Dt = g(t, St) for any t <T and
g(T,x) = f (x) .

Write down the partial differential equation (PDE) that g must satisfy, including
the boundary condition for time T. 3

ii) A share is currently priced at 640p. A writer of 1,00,000 units of a one year
European put option with an exercise price of 630p has delta-hedged the option
with a portfolio which holds cash and is short 24,830 shares. The continuously
compounded risk-free rate of interest is 3%p.a. and no dividends are payable
during the life of the option. The assumptions of the Black-Scholes model apply.

Calculate delta of the Put option. 2
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b) i) State the expression for the delta of a call option on a non-dividend paying stock.
Define all terms used. 2
You are a long term investor and hold 1,000 units of a non-dividend paying stock
in your portfolio.
You have observed that the markets are excessively volatile during the cricket
world cup.

ii) When are stock prices considered to be “excessively volatile”? 2
iii) What do you understand by Volatility in share price? 1

c) A one-year European call option on a non-dividend paying stock in company ABC has
a strike of $150.
The continuously compounded risk-free rate is 2%p.a. The current stock price is
$117.98. Assume that the market follows the assumptions of a Black-Scholes model.
An institutional investor holds a delta-hedged portfolio with 1,00,000 call options, no
cash and short 18,673  shares of Company ABC.
The implied volatility is calculated as 22% p.a.
Calculate the price of a one-year put on the same stock with a strike of $150. 5

d) A European call option on a stock has an exercise date one year away and a strike price
of £ 2. The underlying stock has a current price of £ 1.80. The continuously
compounded risk free rate of interest is 5% p.a. The option is priced at 20p.
Estimate the volatility of the stock price process to within 1% p.a., Assuming the
Black-Scholes model applies. 5

e) St denotes the price of a security at time t. The discounted security process –rtSt

t

[where r denotes the continuously – compounded risk-free interest rate] is a martingale
under the risk-neutral measure Q.
Bt denotes the accumulated value at time t of an initial investment of 1 unit of cash.
i)  Show that the discounted cash process is also a Q – martingale. 2
ii) Deduce that the discounted value of any self-financing portfolio [where

transactions are made only by switching funds between the security and cash,
with no addition or withdrawals of funds from the portfolio] will also be a
Q-martingale? 3

4. Solve any four sub-questions.
a) Describe briefly the Vasicek one-factor model of interest rates and its key statistical

properties.
In the Vasicek model, the spot rate of interest is governed by the stochastic differential
equation:

( )t t tdr a b r dt dBσ= − +

Where Bt is a standard Brownian motion and a, b > 0 are constants. 5
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b) i) What are the 3 main limitations of one factor model? 3

ii) Given that short rate is 4% and standard deviation is 1% per annum, calculate the
S.D when the short rate increases to 8% in.

1) Vasicek’s model

2) Cox Ingersoll Ross Model
2

c) Consider an asset generating income at q% per annum with continuous compounding.
Derive the forward price, K, of a contract issued at time 0 maturing at time T  to
purchase one unit of the asset. 5

d) Company A’s bonds are modelled according to a two-state model. Company A has two
zero-coupon bonds in issue, both with a recovery rate of δ = 60%.  Bond 1 matures in
one year, bond 2 in two year’s time. Bond 1 has a continuously compounded credit
spread of 4%, bond 2 has a continuously compounded credit spread of 5%. The
continuously compounded risk-free rate is 1.5% p.a.

i) Calculate the price per $100 nominal of each bond in one year and in two year’
time.

ii) Deduce the implied risk-neutral probabilities of no default in one year and in
two year’s time.

5

e) A company has two zero-coupon bonds in issue. Bond A redeems in 1 year and the
current price of £ 100 nominal is £ 92.50. Bond C redeems in 2 years and the current
price of £ 100 nominal is £ 74.72.

The continuously compounded risk-free rate is 2.5% p.a. for the next two year.

i) Write down the formula for the general zero-coupon bond price in the two state
model for credit ratings, defining all the terms used. 2

ii) Determine the implied risk-neutral probability of default for bond A, assuming
this model holds, and a recovery rate of 50% for bond A.

3
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