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Abstract 

The derivation and solution of the celebrated Black-Scholes Option Pricing Formula is set out in 

rather more detail than has appeared in the literature so far. One problem with the Black-Scholes analysis 

is that the mathematical skills required in the derivation and particularly in the solution of the model are 

fairly advanced and probably unfamiliar to most economists. This paper derives the partial differential 

equation for the call option price and gives full details of its solution. All the necessary mathematics are 

given in three appendices. It is anticipated that the mathematical methods detailed here will be of wider 

applicability in Economics and Finance. (JEL G13). 

1. Introduction 

Interest in the theory of option pricing received a major stimulus in 1973 
with the publication of a pioneering paper by Black and Scholes (2). The Black-
Scholes paper represents a milestone in the option pricing literature for several 
reasons: on the one hand it was the first realistic general equilibrium model of 
option pricing; but it is equally important in the sense that it has engendered 
much subsequent literature on the valuation of many types of contingent claim. 
(See, for example, references (3), (8), and (13) in the bibliography). Finally, it 
had important implications for empirical work. Since the price of a call option 
depends on only five quantities (all of which are either directly observable or 
easily measurable) the empirical calculation of option prices can be a relatively 
simple task. 

One problem with the Black-Scholes analysis, however, is that the mathem
atical skills required in the derivation and solution of the model are fairly 
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advanced and probably unfamiliar to many economists. The analysis is essen
tially in two parts. Firstly, Black-Scholes show how a riskless hedge can be 
constructed when the stochastic process for the underlying asset price is lognor-
mal. It is thus shown that the call option price is determined by a certain second 
order partial differential equation. The second part of the analysis involves 
solving this partial differential equation and thus deriving the celebrated Black-
Scholes pricing formula. 

The first part of the analysis has received considerable attention in the 
literature. It has been discussed in detail by Cox and Ross (8), Chow (6), Cox 
and Rubinstein (9), Smith (16) and Malliaris (11) as well as in the original 
Black-Scholes paper - and this is a by no means exhaustive list of references. The 
second part is rather more difficult and details of the solution technique for the 
partial differential equation of the option price have not been given coverage in 
the literature. Black and Scholes give few details and simply state the solution 
—the Black-Scholes formula. Several authors have searched for alternative ways 
of deriving the Black-Scholes formula that avoid the necessity of solving a 
partial differential equation. Usually these assume making certain assumptions 
about investor behaviour and the work of Cox and Rubinstein (9) is typical of 
this type of approach. 

The purpose of this paper is to set out the derivation and Solution of the 
Black-Scholes model in some detail. The following section deals with the deriva
tion of the partial differential equation for the option price, section three covers 
the solution of the partial differential equation and section four offers some 
concluding remarks. The material in section two has already received much 
attention in the literature and is thus dealt with rather briefly here. In contrast, 
the material of section three has received little (if any!) attention and is discussed 
here in some detail. 

Mathematical appendices are provided for those areas of mathematics 
which are likely to be unfamiliar to many economists. Our aim is to make the 
type of analysis required in the Black-Scholes model more accessible and thus to 
stimulate further interest in the theory of pricing of contingent claims. 

2. The Black-Scholes model 

The holder of a European call option has the right to purchase a unit of a 
given stock at a certain price, the exercise price, on a certain date, the exercise 
date. Assume that: 
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