
Pricing Options with Mathematical Models 

17. Black-Scholes-Merton pricing

Some of the content of these slides is based on material from the 
book Introduction to the Economics and Mathematics of 
Financial Markets by Jaksa Cvitanic and Fernando Zapatero.



The model



Black-Scholes-Merton pricing: PDE approach



Replication produces a PDE



The bottom line

• If the PDE has a unique solution 𝐶𝐶(𝑡𝑡, 𝑠𝑠), it 
means we can replicate the option by holding 
delta shares at each time. The option price at 
time 𝑡𝑡 when the stock price is equal to 𝑠𝑠 is 
given by 𝐶𝐶(𝑡𝑡, 𝑠𝑠), and the option delta is the 
derivative of the option price with respect to 
the underlying.

• The PDE and the option price do not depend 
on the mean return rate 𝜇𝜇 of the underlying!



Black-Scholes formula



Graphs of the PDE solutions
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Pricing Options with Mathematical Models 

18. Risk-neutral pricing: Black-Scholes-Merton 
model

Some of the content of these slides is based on material from the 
book Introduction to the Economics and Mathematics of 
Financial Markets by Jaksa Cvitanic and Fernando Zapatero.



Risk-neutral probability in B-S-M 
model



Girsanov theorem



Black-Scholes formula as an expected value



Computing the expected values



Reminder: Black-Scholes formula



Another way to get the PDE



Implied volatility

Volatility Smile

Implied volatility

Strike price
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