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Agenda

1. Exam

• Online, open book, can use calculator or excel

• Tips: Make a cheat sheet! Make an Excel sheet with solution templates

2. Stock Splits 

• Q9.1 (Last week)

3. Upper + Lower Bounds

• Q10.2, Q10.3

4. Put-call Parity

• Q10.7, Q10.14

5. Arbitrage if P-C parity/boundary condition violated

• Q10.11, Q10.12, 10.15
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Agenda

1. Exam

• Know how to use Black-Scholes Merton model and calculate implied volatility!!!!!!!

2. Michael Burry of ‘The Big Short’ reveals a $530 million bet against Tesla (cnbc.com)

3. Overview of Black-Scholes Merton 

4. Tute q’s

5. Excel sheets

6. Goal seek for finding implied volatility

https://www.cnbc.com/2021/05/17/michael-burry-of-the-big-short-reveals-a-530-million-bet-against-tesla.html


How do you value a ….

• European non-dividend call/put ?

• Black-Scholes Merton Model

• European dividend call/put? 

• Black-Scholes Merton Model, use S* = S- PV(D)

• American non-dividend call?

• American non-div call should never be exercised early => Black-Scholes Merton Model

• American dividend call?

• Black’s approximation

• European options on stock indices?

• Adapted Black-Scholes Merton Model, use r-q, 𝑆0𝑒
−𝑟𝑡

• European options on currencies?

• Adapted Black-Scholes Merton Model, use r-rf, 𝑆0𝑒
−𝑟𝑓𝑡



13.2

The volatility of a stock price is 30% per annum. What is the standard deviation of the percentage price change 

in one trading day?

𝜎𝑑𝑎𝑖𝑙𝑦 = 30 × 1/252 = 1.9%

Can be confusing, “annual volatility” is the annual SD of the returns, not the annual volatility of returns



13.10

What is the price of a European call option on a non-dividend-paying stock when the stock price is $52, the 

strike price is $50, the risk-free interest rate is 12% per annum, the volatility is 30% per annum and the time to 

maturity is three months?

European non-div call



13.11

What is the price of a European put option on a non-dividend-paying stock when the stock price is $69, the 

strike price is $70, the risk-free interest rate is 5% per annum, the volatility is 35% per annum and the time to 

maturity is six months?

European non-div put



13.28

Consider an option on a non-dividend-paying stock when the stock price is $30, the exercise price is $29, the 

risk-free interest rate is 5% per annum, the volatility is 25% per annum and the time to maturity is four months. 

a) What is the price of the option if it is a European call?

b) What is the price of the option if it is an American call?

c) What is the price of the option if it is a European put?

d) Verify that put–call parity holds.
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13.28

Consider an option on a non-dividend-paying stock when the stock price is $30, the exercise price is $29, the 

risk-free interest rate is 5% per annum, the volatility is 25% per annum and the time to maturity is four months. 

(b) What is the price of the option if it is an American call? 

• Recall, in the absence of dividends, it is never ideal to exercise an American call early 

• => price same is the ‘as if they were European options’. 

• => 2.52

(d) Verify that put–call parity holds.



13.28

Consider an option on a non-dividend-paying stock when the stock price is $30, the exercise price is $29, the 

risk-free interest rate is 5% per annum, the volatility is 25% per annum and the time to maturity is four months. 

BONUS: What if the American option paid a dividend?

Black’s Approximation – calculate the value of two European call options: 

(1) a European call with the same expiration date as the American option 

(2) a European call that expires just before the latest ex-dividend date during the life of the option. 

The greater of (1) and (2) is taken as the approximate value for the American call



15.10

Consider a stock index currently standing at 250. The dividend yield on the index is 4% per annum and the risk-

free rate is 6% per annum. A three-month European call option on the index with a strike price of 245 is 

currently worth $10. What is the value of a three-month put option on the index with a strike price of 245?

Information on both a call and put with same K and T => need to invoke put call parity



15.25

Suppose that the spot price of the Canadian dollar is USD 0.95 and that the Canadian dollar/US dollar 

exchange rate has a volatility of 8% per annum. The risk-free rates of interest in Canada and the United States 

are 4% and 5% per annum, respectively. Calculate the value of a European call option to buy one Canadian 

dollar for USD 0.95 in nine months. Use put–call parity to calculate the price of a European put option to sell 

one Canadian dollar for USD 0.95 in nine months. What is the price of a call option to buy USD 0.95 with one 

Canadian dollar in nine months



Implied Volatility 

C( S, K, σ, r, t, T ) = Market Price 

Adjusting volatility until C = Market Price,

Leads us to the “Implied Volatility”

In pricing model 

• > data > what if analysis > goal seek

• Adjusts ‘σ’ until call price = market price 



Thank you!


