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Q1) (20 marks)

A non-dividend paying stock has a current price of R100. In any unit of time the price of the
stock is expected to increase by 10% or decrease by 5%. The continuously compounded risk-free
interest rate is 4% per unit of time.

A European call option is written with a strike price of R103 and is exercisable after two units of
time, at t = 2.

Establish, using a binomial tree, the replicating portfolio for the option at the start and end of
the first unit of time, i.e. at t = 0, 1. Hence, calculate the value of the option at t = 0. [20]

Q2) (15 marks)

A loan is being repaid with 25 annual payments of 300 each. With the 10th payment, the borrower
pays an extra 1000, and then repays the balance over 10 years with a revised annual payment. The
effective rate of interest is 8%.

a) Calculate the amount of the revised annual payment.

Q3) (35 marks)

Suppose that a stock price is modelled by a two period recombining binomial model, where each
period is six months, with the following parameters:

tisk free interest rate r = 3% p.a.; volatility = 10% p.a.; initial share price S, =100.
%)

The up step is given by U=¢€ 2/,

Consider a European call option, expiring in one yeat’s time with exercise price 90.

(i) Construct a two period recombining tree, showing the share price at each node, and derive the
risk neutral probabilities assuming that no dividends are payable. [5]

(if) Using the binomial tree in (i), determine the value of the option. [5]
Assume now that a dividend of 20 is payable immediately before the expiry of the option.

(iti) (a) Write down the share prices at the final three nodes of the binomial tree in (i) assuming
the same total return as before. [5]

(b) Write down the payoff at each of these three nodes of the option .  [5]

(iv) Using the risk neutral probabilities from (i) determine the value of the payoff under the
option at the end of the first time period, assuming the share price has jumped up in the first
time period . [2]

(v) Suppose now that the option is American, not European.

(a) Determine the payoff at the node described in (iv) (i.e. at the end of the first time period,
assuming the share price has moved up in the first time period). [5]

(b) Using (a), determine whether the holder of the American option should exercise early at the
node described in (iv). [5]



(c) State with reasons whether the value at time zero of the American option is either:
(1) strictly less than

(2) greater than or equal to

(3) strictly greater than

the value of the European option. [3]

Q4) (10 marks)

(i) Explain the terms delta, gamma, Vega, Psi, Rho and theta of an option. [0]
(i) Describe, including a numerical example, the concept of delta hedging of options. [4]

Q5) (10 marks)

The Black-Scholes formula for the value of a European call option on a non-dividend paying

stock at time t can be written as:
c=Se"""g(d,)~Ke""Vg(d,),
where

In(S4)+(r+95)(T- t)

o~NT —t

In(S) (r 0/)(T t)

o T -t

K = strike price, T = time of maturity , S = price of stock at time t, I = risk-free rate, o =

volatility, & = dividend rate.

and @ () = cumulative distribution function of the standard normal distribution.

(a) Using the Black-Scholes formula show that the call price, C, is the maximum of S — Ke "

ot zero, depending on the strike price, when o tends to zero. [10]



