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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) A certain share pays a dividend every quarter which is 1% of the share price
immediately before the ex-dividend date. Immediately before one such ex-dividend
date, the share price is Rs. 100. The risk-free interest rate is 5% per annum.

Deduce whether it might be advantageous to exercise either of following American
put options immediately:

i) expiry date in one month, exercise price = Rs. 150 4

ii) expiry date in three months, exercise price = Rs. 140 1

b) Explain the difference between hedging, speculation and arbitrage. 5

c) i) List six factors that affect stock option prices. 2

ii) Explain the impact of increase of each these variables on the price of a European
Call and American Put option. Assess each independently while assuming others
to be fixed. 3

d) i) Define Theta. 1

ii) What is meant by the “Theta of an option is –0.1”? 1

iii) For a option writer what is the risk of having a delta neutral portfolio which has
a large negative Gamma? 3

e) i) State whether delta should be positive or negative in the case that the derivative is:

a) a call option
b) a put option. 3

ii) Kumar has Rs. 10,000 invested in a portfolio consisting of 1,000 shares.
Rajashree has Rs. 10,000 invested in a portfolio of 5,000 call options on the
share and the delta is 0.5. If the share price increases by 10%, what will be the
value of each portfolio? 2
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2. Solve any four sub-questions.

a) The increase in the price of a share over the next year is believed to have a mean of
10% and a S.D. of 10%.

Determine the values of u and d for a one-step binomial tree model that are consistent
with the mean and standard deviation of the return on the underlying share, assuming
that the share price is twice as likely to go up than to go down. 5

b) A non-dividend-paying stock in an arbitrage-free market has a current price of 150p.
Over each of the next two years its price will either be multiplied by a factor of 1.2 or
divided by 1.2. The continuously compounded risk-free rate is 1% p.a. The value of
an option on the stock is 50p.

Denote by Puu the value of the payoff if both stock price moves are up, Pud for the
value of the payoff if one move is up and one is down (this is the same which ever
order the price moves occur), and Pdd for the value of the payoff if both stock price
moves are down. The price of the stock is to be modelled using a binomial tree approach
with annual time steps.

Derive, and simplify an equation for Puu in terms of Pud and Pdd. 5

c) A non-dividend-paying stock has a current price of 300p. Over each of the next two
three-month periods its price will either go up by 30p or down by 30p. Price
movements for each period are independent of each other. An investment in a cash
account returns 2% per quarter. A European call option on the stock pays out in six
months based on a strike price of 290p. The price of the stock is to be modelled using
a binomial tree approach with three-month time steps.

Calculate the value of the call option today using a risk-neutral pricing approach. 5

d) i) State the martingale representation theorem in discrete time. 2

ii) If Xt is a martingale with respect to the implied measure Q = (q, 1–q) then show
that q = –d / (u–d) where u(>0) and d(<0) are possible values of Xt+1 – Xt which
occur with probabilities q and 1–q respectively. 2

iii) Explain in words how ϕt is related to the two martingale processes Xt and Yt.
1

e) i) Consider Share price process 
2

0
1

exp ( )
2t tS S t Zμ σ σ⎡ ⎤= − +⎢ ⎥⎣ ⎦

 where Zt is

standard Brownian motion under P. Show that ( )
0

rt r t
P tE e S S e μ− −⎡ ⎤=
⎣ ⎦ . 3

ii) When is rt
t tD e S−=  a martingale under P? 1
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iii) How to make Dt unconditionally martingale? 1

3. Solve any four sub-questions.

a) You are a long term investor and hold 1,000 units of a non-dividend paying stock in
your portfolio.

The stock is priced at 100 and the price of a 6 month at-the-money European call
option on the stock is 9.1990.

Calculate the implied volatility to 0.5% of accuracy if the risk free force of interest
is 6% per annum (with continuous compounding). 5

b) Consider the following conditions:

Current asset price = ¥ 150

European call strike price = ¥ 160

European call maturity = 2 years

European put strike price = ¥ 145

European put maturity = 3 years

Asset price volatility = 15%

Risk-free force of interest = 1%

Dividend rate (cc) = 0

Find the value of European call option. 5

c) For the data given in Q3(b) above, find the fair price of European put option. 5

d) i) In a Black-Scholes market, a European call option on the dividend-free stock,
with strike price $120 and expiry T = 1 year is priced at $10.09. The continuously
compounded risk-free rate is 2% p.a. and the stock is currently priced at $110.

ii) Estimate the implied volatility of the stock to the nearest 1%.

5

e) The price St of a share, paying no dividends, follows geometric Brownian motion:

( )t t tdS S dt dZμ σ= +
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Where Zt is a standard Brownian motion. A derivative is available on this share that
can only be exercised at time T. The price of the derivative at time t, f (t, St), depends
on the time and the current share price. A cash bond is also available that offers a risk
free rate of return of r (continuously compounded). The price of the bond is Bt.

You wish to set up a replicating portfolio for the derivative made out of shares and
cash, so that:

( , )t tSt B f t Sϕ ψ+ =

i) Write down the stochastic differential equation that is satisfied by Bt. 1

ii) Explain what it means for such a portfolio to be self-financing. Give a differential
equation that must be satisfied by the portfolio considered above in order that
this is the case. 2

iii) Explain what it means for a process to be previsible. 2

4. Solve any four sub-questions.

a) Explain what is meant by a one-factor model of interest rates and briefly discuss the
limitations of such models. 5

b) What are the limitations of the one-factor terms structure models? 5

c) Compare the Vasicek and Hull and White models of interest rates. 5

d) Describe various types of models used for modelling the credit risk. 5

e) Let r be the constant continuously compounded risk-free rate and δ be the constant
recovery rate for a defaultable zero-coupon bond in a two state model for credit
rating with deterministic transition intensity.

i) State the formula for the bond price. 1

ii) Determine the risk-neutral default intensity if the zero-coupon bond price is
given by:

( ) 3 3( , ) 1 (1 )(1 exp{ ( ) / 6})r T tB t T e T tδ− − ⎡ ⎤= − − − − −
⎣ ⎦ 2

iii) Calculate the fair price of an insurance contract which pays £ 1,200,000 after two
years if the bond defaults in the first year and the continuously compounded
risk-free rate is 2% p.a. 2
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