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1. Suppose 𝑋(𝑡) is an Ornstein-Uhlenbeck process defined by:
𝑑𝑋(𝑡) = 2[4 − 𝑋(𝑡)]𝑑𝑡 + 8𝑑𝑍(𝑡)
where 𝑍(𝑡) is a standard Brownian motion. If 𝑌(𝑡) = 1/𝑋(𝑡) and:
𝑑𝑌(𝑡) = 𝑎(𝑌(𝑡))𝑑𝑡 + 𝑏(𝑌(𝑡))𝑑𝑍(𝑡)
determine 𝑎(0.5).
(10 points)
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2. Consider the Black-Scholes framework. For a stock and a derivative security
on the stock, you are given:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

The continuously compound risk-free interest rate is 𝑟 = 5.5%.
The time-t price of the stock is 𝑆(𝑡).
The time-t price of the derivative security is 𝑉(𝑆(𝑡), 𝑡) = 𝑒 𝑟𝑡 ln[𝑆(𝑡)].
The stock’s volatility is 30%.
The stock pays dividends continuously at a rate proportional to its price.
The derivative security does not pay dividends.

Find 𝛿, the dividend yield on the stock.

(10 points)

Hint: Find the three Greek letters (∆, Γ and 𝜃), then apply the Black-Scholes
Equation.
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3. For binomial tree model for a stock, you are given:
(i) The current stock price is 40.
(ii) In each half year, the price will either rise by 20% or fall by 20%.
(iii) The stock pays dividends continuously at a rate proportional to its price.
The dividend yield is 3%.
(iv) The continuously compounded risk-free interest rate is 5%.
Approximate the time-0 delta, gamma and theta of a 1-year at the money
European call option on the stock.
(15 points)
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4. Let 𝑆(𝑡) be the time-t price of nondividend paying stock. You are given:
(i) 𝑆(𝑡) follows a geometric Brownian motion with 𝑆(0) = 30.
(ii) The stock volatility is 20%.
(iii) 𝑃(𝑆(2) < 20) = 2.5%.
Find the following:
(a) The expected rate of appreciation on the stock.

(b) E(𝑆(2) | 𝑆(2) < 20)

(c) A 95% lognormal prediction interval for 𝑆(4).
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(d) The probability that a European call option with a strike price of 35 and
a maturity date in three months will be exercised.

(e) The smallest integer-valued strike price, K, for which an investor will
exercise a European put option in three months with probability 99%.

(3 + 4 + 4 + 4 + 5 = 20 points)
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5. Consider a stock that follows a geometric Brownian motion. You are given:
(i) The time-t price of the stock is 𝑆(𝑡).
(ii) The current stock price is 50.
(iii) The stock pays dividends continuously at a rate proportional to its price.
The dividend yield is 1%.
(iv) The expected rate of appreciation on the stock is 4%.
(v) The sharp ratio is 0.20.
(vi) The continuously compound risk free interest is 3%.
Find the following:
(a) The stock’s volatility.

(b) The prepaid forward price for a claim that pays 𝑆 −1 (0.5) after 6 months.
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(c) The price of a 3-month 45-strike cash-or-noting put option on the stock.

(d) The price of a 3-month 55-strike European call option on the stock.

(e) The price of a 3-month 55-strike European put option on the stock.

(f) The price of a straddle that pays |𝑆(0.25) − 55| after 3 months.

(4 + 5 + 4 + 5 + 4 + 3 = 25 points)

