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Hints 

• This is a closed-book exam, one-page cheat sheet is permitted. 

• Please use a new page for every assignment if possible. 

• Gaod luck! 

1. Itö calculus and Feynman Kac (9 paints) 

a) (3 points) Suppose that dSt = µStdl + aStdWt. Campute the dynamics of Yt = v'St and 
:haw that Y is again a geometric Brownian motian with parameters µ = ½µ - !a2 and 
a = ½adWt. Campute the quadratic variation [Y]t- f -r'f, l-_v-z. -~ cH· 

~ 0 .., ~ 

b) (2 points) Consider a process X that salves the SDE dXt = -yXtdl + x:dWt, Xo = x E IR, 
'Y, x: > 0. Use Itö's product formula or the time dependent Itö formula to obtain an SDE 
for the process Yi = e--rt Xt. Conclude that Yi = x + K- J~ e--rsdW8 • "f.,. g•\v. -.J ckk 

c) (4 points) Use the Feynman Kac formula to solve the following terminal value problem. 
ft(t, x)+µxfx+½a 2x 2 fxx = 0, (t, x) E [0, T) xJR+, with terminal condition f(T, x) = l{x:SK} 
for same K > 0 (µ E lR. and a > 0 are given constants) .r{'( Lr, r ~) - (f'J-1 ,r 1) rT-f-.)) 

~ / 
2. Black Scholes model and volatility estimation (4 points) 

a) {2 points) Empirical properties of Black Schales: 
Describe two advantagcs and two disadvantagcs af thc Black Schales modcl. 

b) (2 points) Volatility Estimatian: 
Describe historical and implied volatility. 

3. Black Scholes model and logarithmic stock price. (7 points) Consider in the context 
af the Black Schales model with drift µ, volatility a and short rate r a terminal value claim 
with payoff h(Sr) = In Sr. 

a) ( 4 paints) Use the risk-neutral pricing fprmula to compute the price of this option. 
e -r c,-.. , l L "r.s) +t - ~~•> fT-+-) ) 

b) (2 paints) Give a selffinancing replicating strategy {~tock and maney market account pasi-
tion) for thc claim. ~-z. e-r,,__.,, j 

1 
).)J\I',., e,-rT(L"nJt (C-t,cr1)rf-t/-"1) 

c) {1 point) Campute the Gamma of the terminal value claim. 

r ~ -r (f--'r) _1 \ - e, s 
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