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INSTRUCTIONS TO CANDIDATES 
 
 1. Write your candidate number here ____________.  Your name 

must not appear. 
 
 2.  Do not break the seal of this book until the supervisor tells you 

to do so. 
 
 3. Tables and numerical values necessary for solving some of the 

questions on this examination will be distributed by the 
Supervisor. 

 
 4. This examination consists of 20 multiple-choice questions. 
 
 5.  Each question has equal weight.  Your score will be based on 

the number of questions which you answer correctly.  No credit 
will be given for omitted answers and no credit will be lost for 
wrong answers; hence, you should answer all questions even 
those for which you have to guess. 

 
 6. A separate answer sheet is inside the front cover of this book. 

During the time allotted for this examination, record all your 
answers on side 2 of the answer sheet.  NO ADDITIONAL 
TIME WILL BE ALLOWED FOR THIS PURPOSE.  No credit 
will be given for anything indicated in the examination book but 
not transferred to the answer sheet.  Failure to stop writing or 
coding your answer sheet after time is called will result in the 
disqualification of your answer sheet or further disciplinary 
action. 

 
 7. Five answer choices are given with each question, each answer 

choice being identified by a key letter (A to E).  Answer choices 
for some questions have been rounded.  For each question, 
blacken the oval on the answer sheet which corresponds to the 
key letter of the answer choice that you select. 

 
 8. Use a soft-lead pencil to mark the answer sheet.  To facilitate 

correct mechanical scoring, be sure that, for each question, your 
pencil mark is dark and completely fills only the intended oval. 
Make no stray marks on the answer sheet.  If you have to erase, 
do so completely. 

 
 9. Do not spend too much time on any one question.   If a question 

seems too difficult, leave it and go on. 
  
10. While every attempt is made to avoid defective questions, 

sometimes they do occur.  If you believe a question is defective, 
the supervisor or proctor cannot give you any guidance beyond 
the instructions on the exam booklet. 

 
11. Clearly indicated answer choices in the test book can be an aid 

in grading examinations in the unlikely event of a lost answer 
sheet. 

 
12. Use the blank portions of each page for your scratch work.  

Extra blank pages are provided at the back of the examination 
book.   

13. When the supervisor tells you to do so, break the seal on the 
book and remove the answer sheet. 

 
On side 1 of the answer sheet, space is provided to write and to 
code candidate information.  Complete Blocks A through G as 
follows: 

 
     (a)    in Block A, print your name and the name of this test 

center; 
 
     (b)    in Block B, print your last name, first name and middle 

initial and code your name by blackening the ovals (one 
in each column) corresponding to the letters of your 
name; for each empty box, blacken the small rectangle 
immediately above the "A" oval; 

 
         (c)   write your candidate number in Block C (as it appears 

on your ticket of admission for this examination)  and 
write the number of this test center in Block D (the 
supervisor will supply the number); 

 
         (d)  code your candidate number and center number by 

blackening the five ovals (one in each column) 
corresponding to the five digits of your candidate 
number and the three ovals (one in each column) 
corresponding to the three digits of the test center 
number, respectively.  Please be sure that your candidate 
number and the test center number are coded correctly; 

 
         (e)    in Block E, code the examination that you are taking by 

blackening the oval to the left of "Exam MFE"; 
  
         (f)    in Block F, blacken the appropriate oval to indicate 

whether you are using a calculator and write in the make 
and model number; and 

  
         (g)    in Block G, sign your name and write today's date.  If 

the answer sheet is not signed, it will not be graded. 
 

On side 2 of your answer sheet, space is provided at the top for 
the number of this examination book.  Enter the examination 
book number, from the upper right-hand corner of this 
examination book, in the four boxes at the top of side 2 marked 
"BOOKLET NUMBER".  

 
14. After the examination, the supervisor will collect this book and 

the answer sheet separately.  DO NOT ENCLOSE THE 
ANSWER SHEET IN THE BOOK.  All books and answer 
sheets must be returned.  THE QUESTIONS ARE 
CONFIDENTIAL AND MAY NOT BE TAKEN FROM THE 
EXAMINATION ROOM. 
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Unless otherwise stated in the question, assume: 
 

• The market is frictionless.  There are no taxes, transaction costs, bid/ask spreads, 
or restrictions on short sales.  All securities are perfectly divisible.  Trading does 
not affect prices.  Information is available to all investors simultaneously.  Every 
investor acts rationally (i.e. there is no arbitrage).   

 
• The risk-free interest rate is constant.  

 
• The notation is the same as used in Derivatives Markets, by Robert L. McDonald. 

 
When using the normal distribution, choose the nearest z-value to find the probability, or 
if the probability is given, choose the nearest z-value.  No interpolation should be used.   
 

Example:  If the given z-value is 0.759, and you need to find Pr(Z < 0.759) from 
the normal distribution table, then choose the probability for z-value = 0.76: Pr(Z 
< 0.76) = 0.7764. 

 

The density function for the standard normal random variable is
21
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**BEGINNING OF EXAMINATION** 
 
 
 

1. You use the usual method in McDonald and the following information to construct a 
binomial tree for modeling the price movements of a stock.  (This tree is sometimes 
called a forward tree.)  
 
(i) The length of each period is one year. 
 
(ii) The current stock price is 100. 
 
(iii) The stock’s volatility is 30%. 
 
(iv) The stock pays dividends continuously at a rate proportional to its price.  The 

dividend yield is 5%. 
 
(v) The continuously compounded risk-free interest rate is 5%. 
 
 
Calculate the price of a two-year 100-strike American call option on the stock. 
 
 
(A) 11.40 
 
(B) 12.09 
 
(C) 12.78 
 
(D) 13.47 
 
(E) 14.16 
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2. You have observed the following monthly closing prices for stock XYZ: 
 

Date Stock Price 
January 31, 2008 105  
February 29, 2008 120  
March 31, 2008 115  
April 30, 2008 110  
May 31, 2008 115  
June 30, 2008 110  
July 31, 2008 100  

August 31, 2008   90  
September 30, 2008 105  

October 31, 2008 125  
November 30, 2008 110  
December 31, 2008 115  

 
The following are one-year European options on stock XYZ.  The options were issued on 
December 31, 2007. 
 
(i) An arithmetic average Asian call option (the average is calculated based on 

monthly closing stock prices) with a strike of 100.  
 

(ii) An up-and-out call option with a barrier of 125 and a strike of 120. 
 

(iii) An up-and-in call option with a barrier of 120 and a strike of 110. 
 
 
Calculate the difference in payoffs between the option with the largest payoff and the 
option with the smallest payoff. 
 
 
(A)   5 
 
(B) 10 
 
(C) 15 
 
(D) 20 
 
(E) 25 
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3. You are given the following regarding stock of Widget World Wide (WWW): 
 
(i) The stock is currently selling for $50.  

 
(ii) One year from now the stock will sell for either $40 or $55.  

 
(iii) The stock pays dividends continuously at a rate proportional to its price.  The 

dividend yield is 10%.  
 
 
The continuously compounded risk-free interest rate is 5%.  
 
While reading the Financial Post, Michael notices that a one-year at-the-money European 
call written on stock WWW is selling for $1.90.  Michael wonders whether this call is 
fairly priced.  He uses the binomial option pricing model to determine if an arbitrage 
opportunity exists.  
 
 
What transactions should Michael enter into to exploit the arbitrage opportunity (if one 
exists)? 
 
 
(A) No arbitrage opportunity exists. 
 
(B) Short shares of WWW, lend at the risk-free rate, and buy the call priced at $1.90. 
 
(C) Buy shares of WWW, borrow at the risk-free rate, and buy the call priced at 

$1.90. 
 
(D) Buy shares of WWW, borrow at the risk-free rate, and short the call priced at 

$1.90. 
 
(E) Short shares of WWW, borrow at the risk-free rate, and short the call priced at 

$1.90. 
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4. Your company has just written one million units of a one-year European asset-or-nothing 
put option on an equity index fund.  
 
The equity index fund is currently trading at 1000.  It pays dividends continuously at a 
rate proportional to its price; the dividend yield is 2%.  It has a volatility of 20%.   
 
The option’s payoff will be made only if the equity index fund is down by more than 
40% at the end of one year.   
 
The continuously compounded risk-free interest rate is 2.5% 
 
 
Using the Black-Scholes model, determine the price of the asset-or-nothing put options. 
 
 
(A) 0.2 Million 

 
(B) 0.9 Million 

 
(C) 2.7 Million 

 
(D) 3.6 Million 

 
(E) 4.2 Million  
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5. You are given the following three-period interest rate tree.  Each period is one year.  The 
risk-neutral probability of each up-move is 70%.  The interest rates are continuously 
compounded rates. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Consider a European put option that expires in 2 years, giving you the right to sell a  
one-year zero-coupon bond for 0.90.  This zero-coupon bond pays 1 at maturity. 
 
 
Determine the price of the put option. 
 
 
(A) 0.012 
 
(B) 0.018 
 
(C) 0.021 
 
(D) 0.024 
 
(E) 0.029 
 
 

r0 = 12% 

rd = 9% 

ru = 15% 

ruu = 18%

rud = 12%

rdu = 12%

rdd = 6%   



Exam MFE: Spring 2009 - 6 - GO ON TO NEXT PAGE 

6. 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. 
 
Let 

  Y(t)  =  1
( )X t

. 

 
You are given that 
 
  dY(t)  =  α(Y(t))dt  +  β(Y(t))dZ(t) 
 
for some functions α(y) and β(y).   
 
 
Determine α(½). 
 
 
(A) 
 

9−  
 

(B) 
 

1−  
 

(C) 
 

4 
 

(D) 
 

7 
 

(E) 
 

63 
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7. The following one-period binomial stock price model was used to calculate the price of a 
one-year 10-strike call option on the stock.  
 
 
                            
 
 
 
 
 
You are given: 
 
(i) The period is one year. 

 
(ii) The true probability of an up-move is 0.75. 

 
(iii) The stock pays no dividends. 

 
(iv) The price of the one-year 10-strike call is $1.13. 
 
 
Upon review, the analyst realizes that there was an error in the model construction and 
that Sd, the value of the stock on a down-move, should have been 6 rather than 8.  The 
true probability of an up-move does not change in the new model, and all other 
assumptions were correct.   
 
 
Recalculate the price of the call option.  
 
 
(A) $1.13 

 
(B) $1.20 

 
(C) $1.33 

 
(D) $1.40 

 
(E) $1.53 
 

Su = 12 

Sd = 8 

S0 = 10 
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8. Assume the Black-Scholes framework.  Consider a stock and a derivative security on the 
stock. 
 
You are given: 
 
(i) The continuously compounded risk-free interest rate, r, is 5.5%. 

 
(ii) The time-t price of the stock is S(t). 

 
(iii) The time-t price of the derivative security is ert ln[S(t)]. 

 
(iv) The stock’s volatility is 30%. 

 
(v) The stock pays dividends continuously at a rate proportional to its price. 

 
(vi) The derivative security does not pay dividends. 

 
 
Calculate δ, the dividend yield on the stock. 
 
 
(A) 0.00 

 
(B) 0.01 

 
(C) 0.02 

 
(D) 0.03 

 
(E) 0.04 
 
 



Exam MFE: Spring 2009 - 9 - GO ON TO NEXT PAGE 

9. You are given: 
 
(i) The current exchange rate is 0.011$/¥. 
 
(ii) A four-year dollar-denominated European put option on yen with a strike price of 

$0.008 sells for $0.0005. 
 
(iii) The continuously compounded risk-free interest rate on dollars is 3%. 
 
(iv) The continuously compounded risk-free interest rate on yen is 1.5%. 

 
 

Calculate the price of a four-year yen-denominated European put option on dollars with a 
strike price of ¥125. 
 
 
(A) ¥35 
 
(B) ¥37 
 
(C) ¥39 
 
(D) ¥41 
 
(E) ¥43 
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10. Two nondividend-paying assets have the following price processes: 
 

      1

1

d ( ) 0.08d 0.2d ( )
( )

S t t Z t
S t

= +  

     
2

2

d ( ) 0.0925d 0.25d ( )
( )

S t t Z t
S t

= −  

 
where Z(t) is a standard Brownian motion.  An investor is to synthesize the risk-free asset 
by allocating 1000 between the two assets.   
 
 
Determine the amount to be invested in the first asset, 1S . 
 
 
(A) 333.33 
 
(B) 444.44 
 
(C) 555.56 
 
(D) 666.67 
 
(E) 750.00 
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11. Assume the Black-Scholes framework.  For t ≥ 0, let S(t) be the time-t price of a 
nondividend-paying stock. You are given 
 
(i) S(0) = 0.5 
 
(ii) The stock price process is 
 

  d ( ) 0.05d 0.2d ( )
( )

S t t Z t
S t

= +  

 
  where Z(t) is a standard Brownian motion. 
 
(iii) E[S(1)a] = 1.4, where a is a negative constant. 
 
(iv) The continuously compounded risk-free interest rate is 3%. 
 
 
Consider a contingent claim that pays S(1)a at time 1. 
 
 
Calculate the time-0 price of the contingent claim.  
 
 
(A) 1.345 

 
(B) 1.359 

 
(C) 1.372 

 
(D) 1.401 

 
(E) 1.414 
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12. You are given:  
 
(i) C(K, T) denotes the current price of a K-strike T-year European call option on a 

nondividend-paying stock.   
 

(ii) P(K, T) denotes the current price of a K-strike T-year European put option on the 
same stock.   

 
(iii) S denotes the current price of the stock. 
 
(iv) The continuously compounded risk-free interest rate is r.   
 
 
Which of the following is (are) correct? 
 

(I) 0 ≤ C(50, T) − C(55, T) ≤ 5e−rT 
 

(II) 50e−rT ≤ P(45, T) − C(50, T) + S ≤ 55e−rT  
 

(III) 45e−rT ≤ P(45, T) − C(50, T) + S ≤ 50e−rT  
 
 
(A) (I) only 

 
(B) (II) only 

 
(C) (III) only 

 
(D) (I) and (II) only 

 
(E) (I) and (III) only 
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13. Assume the Black-Scholes framework.   
 
Eight months ago, an investor borrowed money at the risk-free interest rate to purchase a 
one-year 75-strike European call option on a nondividend-paying stock.  At that time, the 
price of the call option was 8. 
 
Today, the stock price is 85.  The investor decides to close out all positions. 
 
You are given: 
 
(i) The continuously compounded risk-free rate interest rate is 5%. 

 
(ii) The stock’s volatility is 26%. 
 
 
Calculate the eight-month holding profit.  
 
 
(A) 4.06 
 
(B) 4.20 
 
(C) 4.27 
 
(D) 4.33 
 
(E) 4.47 
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14. You are to use a Black-Derman-Toy model to determine F0,2[P(2, 3)], the forward price 
for time-2 delivery of a zero-coupon bond that pays 1 at time 3. 

 
In the Black-Derman-Toy model, each period is one year.  The following effective annual 
interest rates are given: 
 
 rd   =  30% 

ru   =  60% 
 rdd  =  20% 
 ruu  =  80% 
 
 
Determine 1000 × F0,2[P(2, 3)]. 
 
 
(A) 667 

 
(B) 678 

 
(C) 690 

 
(D) 709 

 
(E) 712 
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15. You are given: 
 
(i) The true stochastic process of the short-rate is given by 

 
  dr(t) = [0.008 − 0.1r(t)]dt + 0.05dZ(t), 
 
where Z(t) is a standard Brownian motion under the true probability measure.  

 
(ii) The risk-neutral process of the short-rate is given by 

 
   dr(t) = [0.013 − 0.1r(t)]dt + )(~d05.0 tZ , 
 
 where )(~ tZ is a standard Brownian motion under the risk-neutral probability  
 measure. 
 

(iii) For t ≤ T, let P(r, t, T) be the price at time t of a zero-coupon bond that pays $1 at 
time T, if the short-rate at time t is r.  The price of each zero-coupon bond follows 
an Itô process: 
 

),(d],),([d],),([
],),([
],),([d tZTttrqtTttr

TttrP
TttrP

−= α   t ≤ T. 

 
 

Calculate α(0.04, 2, 5). 
 
 
(A) 0.041 

 
(B) 0.045 

 
(C) 0.053 

 
(D) 0.055 

 
(E) 0.060 
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16. You are given the following information about a nondividend-paying stock: 
 
(i) The current stock price is 100. 

 
(ii) The stock-price process is a geometric Brownian motion. 

 
(iii) The continuously compounded expected return on the stock is 10%. 

 
(iv) The stock’s volatility is 30%. 
 
 
Consider a nine-month 125-strike European call option on the stock.   
 
 
Calculate the probability that the call will be exercised. 
 
 
(A) 24.2% 

 
(B) 25.1% 

 
(C) 28.4% 

 
(D) 30.6% 

 
(E) 33.0% 
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17. Assume the Black-Scholes framework.  Consider a one-year at-the-money European put 
option on a nondividend-paying stock. 
 
You are given: 
 
(i) The ratio of the put option price to the stock price is less than 5%. 

 
(ii) Delta of the put option is −0.4364.  

 
(iii) The continuously compounded risk-free interest rate is 1.2%. 

 
 
Determine the stock’s volatility. 
 
 
(A) 12% 

 
(B) 14% 

 
(C) 16% 

 
(D) 18% 

 
(E) 20% 
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18. Consider an arbitrage-free securities market model, in which the risk-free interest rate is 
constant.  There are two nondividend-paying stocks whose price processes are 

 
  0.1 0.2 ( )

1 1( ) (0) ,t Z tS t S e +=   
 

0.125 0.3 ( )
2 2( ) (0) ,t Z tS t S e +=  

 
where Z(t) is a standard Brownian motion and t ≥ 0.  
 
 
Determine the continuously compounded risk-free interest rate. 
 
 
(A)   2% 

 
(B)   5% 

 
(C)   8% 

 
(D) 10% 

 
(E) 20% 
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19. Consider a one-year 45-strike European put option on a stock S.  You are given: 
 
(i) The current stock price, S(0), is 50.00. 
 
(ii) The only dividend is 5.00 to be paid in nine months. 
 
(iii) ,1Var[ln ( )] 0.01 ,     0 1.P

tF S t t= × ≤ ≤  
 
(iv) The continuously compounded risk-free interest rate is 12%. 
 
 
Under the Black-Scholes framework, calculate the price of 100 units of the put option.  
 
 
(A)   1.87 

 
(B) 18.39 

 
(C) 18.69 

 
(D) 19.41 

 
(E) 23.76 
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20. Assume that the Black-Scholes framework holds.  Consider an option on a stock. 
 
You are given the following information at time 0: 
 
(i) The stock price is S(0), which is greater than 80.   

 
(ii) The option price is 2.34.   

 
(iii) The option delta is −0.181. 

 
(iv) The option gamma is 0.035. 
 
 
The stock price changes to 86.00.  Using the delta-gamma approximation, you find that 
the option price changes to 2.21. 
 
 
Determine S(0). 
 
 
(A) 84.80 

 
(B) 85.00 

 
(C) 85.20 

 
(D) 85.40 

 
(E) 85.80 
 
 
 
 
 

**END OF EXAMINATION** 




