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Question – Finding one unknown
An investor buys, for a premium of 187.06, a call option on a non-dividend-paying stock 
whose current price is 5,000. The strike price of the call is 5,250 and the time to expiry is 6 
months. The risk-free rate of return is 5% pa continuously compounded.

The Black-Scholes formula for the price of a call option on a non-dividend-paying share is 
assumed to hold.

(i) Calculate the price of a put option with the same time to maturity and strike price as the 
call. 

(ii) The investor buys a put option with strike price 4,750 with the same time to maturity. 
Calculate the price of the put option if the implied volatility were the same as that in (i).

[You need to estimate the implied volatility to within 1% pa of the correct value.]
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Question – Pricing exotic options
A building society issues a one-year bond that entitles the holder to the return on a 
weighted-average share index (ABC500) up to a maximum level of 30% growth over the year. 
The bond has a guaranteed minimum level of return so that investors will receive at least x% 
of their initial investment back. Investors cannot redeem their bonds prior to the end of the 
year.

(i) Explain how the building society can use a combination of call and put options to prevent 
making a loss on these bonds. 

(ii) The volatility of the ABC500 index is 30% pa and the continuously compounded risk-free 
rate of return is 4% pa. Assuming no dividends, use the Black-Scholes pricing formulae to 
determine the value of x (to the nearest 1%) that the building society should choose to make 
neither a profit nor a loss.



Solution
(i) Preventing a loss

A helpful way of tackling tricky Black-Scholes questions such as this is to draw a graph comparing 
the payoff on the bond at expiry with the value of the underlying asset at expiry. In the diagram 
below, S(t) is the value of the initial investment.



We can compare the shape of this graph against graphs for the payoffs on call and put 
options, and on the underlying shares.

Solution



The graphs demonstrate that a combination of the underlying shares, a long put with exercise 
price xSt and a short call with exercise price 1.3St will replicate the graph and hence the payoff 
on the bond.

If an investor buys a bond the building society can invest the money in the ABC500 so that it 
is not exposed to movements in the ABC500 index. However, the building society is 
guaranteeing that investors will receive at least x% of their initial investment back. The 
building society can hedge this loss by buying a put option on the index with a strike price of 
x% of the current share price. This put option will cost money – let’s say p . 

The building society is also limiting the investors’ return to 130% of their initial investment. 
They can do this by selling call options with a strike price of 130% of the current share price. 
This call option will be priced at c , say. If c ≥ p then the building society will not make a loss.

Solution



(ii) No profit or loss

If c = p then the building society will not make a profit or a loss. So the problem requires us to work out the price of the 
call option c and then work out the value of x such that c = p .

We will be using the Black-Scholes formula to price the options and, because the numbers are all relative, we can 
assume that the initial index price is 100, say.

Using the formulae on page 47 of the Tables, we can calculate the price of a call option:

Solution



We now need to work out the value of x so that p = 
4.44 . We will try K= 90 to begin with:

Solution
This is higher than the required value, and so we try a lower 
value for the strike price, say K = 80 :
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