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1. Let 𝑉(𝑟, 𝑡, 𝑇) be the time-t price of an interest rate derivative that matures at
time T, when the time-t short rate is r. You are given:
(i) The stochastic process of V is given by:
𝑑𝑉(𝑟, 𝑡, 𝑇) = 𝛼(𝑟, 𝑡, 𝑇)𝑉(𝑟, 𝑡, 𝑇)𝑑𝑡 − 𝑞(𝑟, 𝑡, 𝑇)𝑉(𝑟, 𝑡, 𝑇)𝑑𝑍(𝑡)
where 𝑍(𝑡) is a standard Brownian motion.
(ii) The Sharp ratio of the interest rate risk is of the form 𝜙(𝑟, 𝑡) = 𝑘𝑡√𝑟,
where k is a constant.
(iii) 𝛼(9%, 1, 2.5) = 0.33 and 𝑞(9%, 1, 2.5) = 0.5.
(iv) 𝛼(9%, 2, 2.5) = 0.04.
Find the following:
(a) The value of the constant k.

(b) 𝑞(9%, 2, 2.5).

(4 + 4 = 8 points)

2. Let 𝑟(𝑡) be the time-t short rate and let 𝑃(𝑟, 𝑡, 𝑇) be the time-t price of a zerocoupon bond that matures at time T, when the time-t short rate is 𝑟(𝑡). You
are given:
(i) The stochastic process of 𝑟(𝑡) is given by:
𝑑𝑟(𝑡) = 0.25[𝑏 − 𝑟(𝑡)]𝑑𝑡 + 0.2𝑑𝑍(𝑡)
where 𝑏 is a positive constant and 𝑍(𝑡) is a standard Brownian motion.
(ii) The Sharp ratio of the interest rate risk is 10%.
(iii) The stochastic process of P is given by:
𝑑𝑃(𝑟, 𝑡, 𝑇) = 𝛼(𝑟, 𝑡, 𝑇)𝑃(𝑟, 𝑡, 𝑇)𝑑𝑡 − 𝑞(𝑟, 𝑡, 𝑇)𝑃(𝑟, 𝑡, 𝑇)𝑑𝑍(𝑡)
(iv) lim

−1

𝑇→∞ 𝑇

ln 𝑃(5%, 0, 𝑇) = 6%.

Find the following:
(a) 𝑞(5%, 2, 4).

(b) 𝛼(5%, 2, 4).

(c) The value of the constant 𝑏.

(3 + 4 + 5 = 12 points)

