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V
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o
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n

s 
 1. 

A
re the follow

ing statem
ents T

rue, F
alse or A

m
biguous? P

rovide a short 
justification for your answ

er. (Y
ou are evaluated on your justification.) 

(a) If a portfolio has a beta of 1.0 (β
p  =

 1.0), then it m
ust be perfectly 

correlated w
ith the m

arket. 
S

o
lu

tio
n

: F
alse. If the portfolio has zero idiosyncratic risk, then it w

ill be 
perfectly correlated w

ith the m
arket regardless of the value of beta. In 

general a portfolio could have a beta of 1.0, how
ever, and substantial 

idiosyncratic risk that is uncorrelated w
ith the m

arket. In this case the 
correlation w

ould not be perfect. 
(b) T

he current price of D
igital stock is $44 per share. Y

ou are offered a 
forw

ard price for D
igital stock to be delivered in one year of $42. T

he 
forw

ard price is low
er than the spot price because the m

arket 
anticipates a sharp decline in the price of D

igital stock, and the contract 
offers a w

ay to hedge this risk. T
here is no arbitrage opportunity. 

S
o

lu
tio

n
: F

alse. C
onsider taking a long position in the future and 

shorting the stock in the spot m
arket. Invest the present value of $42 in 

the T
-B

ills. A
t the m

aturity of the future, unw
ind your short position by 

buying the stock for $42.  
(c) T

he stocks of M
erck and D

isney are traded at the sam
e price of $37 a 

share. T
he historical returns of M

erck are m
ore volatile than those of 

D
isney and exhibit higher system

atic risk. In addition, given the com
ing 

health reform
 proposal, it is generally believed that M

erck m
ay have a 

negative alpha in the future. It is know
n that neither M

erck nor D
isney 

w
ill pay dividends in a m

onth. C
onsider now

 forw
ard contracts on these 

tw
o stocks w

ith one m
onth to m

aturity. T
he forw

ard price of 100 shares 
of M

erck should be low
er than the forw

ard price of 100 shares of 
D

isney. 
S

o
lu

tio
n

: F
alse. T

he forw
ard price of both stocks should be $37×(1+

r). 
(d) S

ince investors are com
pensated for holding risk, tw

o securities w
ith 

the sam
e standard deviation should have the sam

e expected return.  
S

o
lu

tio
n

: F
A

LS
E

: If assets are priced according to the C
A

P
M

, then the 
asset's beta w

ill determ
ine the expected return. T

w
o assets w

ith the 
sam

e standard deviation could have different betas since they could 
have different am

ounts of diversifiable risk. If they have different betas, 
they w

ill have different expected returns. 
(e) T

he sales of retailing firm
s, such as departm

ent stores, are very 
seasonal. F

or exam
ple, a very large fraction of sales occur in 
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N
ovem

ber and D
ecem

ber. B
ecause of this w

e expect that the returns 
on the com

m
on stock of these firm

s w
ill be high in N

ovem
ber and 

D
ecem

ber and low
 in January and F

ebruary. 
S

o
lu

tio
n

: F
alse. T

his should already be capitalized in the stock price. 
(f) T

he current spot price of gold is $300 per ounce and the one-year 
futures price is $330 per ounce. (D

on't argue w
ith these “facts!") T

hese 
num

bers tell us that the m
arket is expecting at m

ost a 10%
 increase in 

the price of gold over the next year. 
S

o
lu

tio
n

: U
ncertain. T

he futures price does not help us figure out 
expectations. F

or exam
ple let S

0  be the current price of gold, r be the 
riskfree rate, and k the per ounce cost of storing gold T

hen by no 
arbitrage, the futures price m

ust be:  
)

1(
0

0
k

r
S

F
+

+
×

=
 

regardless of expectations. F
or exam

ple suppose that r =
 8%

, k =
 2%

 
and S

0  =
 300. T

hen: 
330

$
)

02
.0

08
.0

1(
300

$
0

=
+

+
×

=
F

 
independent of our or the m

arket's expectations about the price of gold 
in the future. 

(g) Y
ou just ran a regression relating the excess returns of a portfolio of 

sm
all stocks w

ith the excess returns on the S
&

P
500. (R

em
em

ber 
“excess returns" are returns in excess of the risk-free rate.) Y

ou found 
that the intercept in this regression is n

eg
ative and statistically 

significant. T
his m

eans that the S
&

P
500 is not m

ean-variance efficient. 
S

o
lu

tio
n

: T
rue. If the S

&
P

500 is on the m
ean-variance frontier it m

ust 
be the tangency portfolio. F

or the tangency portfolio w
e have:  

[
]f

T
T

T
i

f
i

r
r

E
r

r
C

ov
r

r
E

−
×

=
−

)
(

)
,

(
)

(
2

σ
 

hence the regression should produce an intercept of zero. 
(h) T

he price of A
B

C
 stock is currently $1 per share and you hold an in-the-

m
oney A

m
erican put option on A

B
C

 stock. T
he options w

ill expire in 
one-year, but you w

ould like to get out of your option position now
. 

B
ecause A

B
C

 is not expected to pay a dividend over the next year you 
w

ould sell the option instead of exercising it. 
S

o
lu

tio
n

: U
ncertain. It is possible that exercising the option now

 is the 
best think to do. If you w

ait the m
ost you can m

ake is $1. If there is a 
reasonable chance (according to the risk-neutral probabilities) then the 
put option w

ill have a sm
all value. In this case it is better to exercise the 

option now
. 

(i) 
T

he return of X
Y

Z
's stock is perfectly correlated w

ith the m
arket return. 

A
ccording to the C

A
P

M
 the expected return of X

Y
Z

's stock is equal to 
the m

arket return. 
S

o
lu

tio
n

: F
alse in general. A

 stock can have low
 beta and yet be 

perfectly correlated w
ith the m

arket if the idiosyncratic risk is zero. 
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2. 
Y

ou are at lunch one day w
ith a friend and the conversation turns to 

investm
ent in stocks and bonds. Y

our friend has little experience w
ith 

investm
ent in stocks. Y

ou start by explaining the benefits of diversification. 
Y

our friend then says, “T
his is great! T

hat m
eans if I invest in 1,000 stocks I 

w
ill be able to avoid risk altogether. W

hy have I been keeping m
y m

oney in the 
bank all this tim

e?" U
nder w

hat situation w
ould your friend be correct? D

o you 
think that this situation is realistic? W

hat further “instruction" w
ould you give 

your friend? 
 S

o
lu

tio
n

: 
 If all stock returns are uncorrelated, then by investing in a large num

ber of 
stocks risk could be essentially elim

inated. T
his is not realistic because all 

stock returns tend to m
ove together to som

e extent. I w
ould explain to m

y 
friend that firm

 specific risk can be elim
inated, but not m

arket w
ide m

ovem
ents 

in stock price.  
M

y friend w
ould still face a risk-return tradeoff betw

een high-return w
ith high-

risk in the stock m
arket and low

-risk w
ith low

-return at the bank. 
 

3. 
C

onsider the follow
ing properties of the returns of stock 1, of stock 2 and of 

the m
arket (m

): 

7.
0

30
.0

    
10
.0

4.
0

20
.0

10
.0

)
~(

,2
2

,1
1

=
=

=
=

=
=

m
m

m
m

r
E

ρ
σ

σ
ρ

σ
 

S
uppose further that the risk-free rate is 5%

. 
(a) A

ccording to the C
apital A

sset P
ricing M

odel, w
hat should be the 

expected return of stock 1 and of stock 2? 
(b) S

uppose that the correlation betw
een the return of stock 1 and the 

return of stock 2 is 0.5. W
hat is the expected return and the standard 

deviation of the return of a portfolio that has a 40%
 investm

ent in stock 
1 and a 60%

 investm
ent in stock 2? 

(c) A
ssum

e that the C
apital A

sset P
ricing M

odel is valid. H
ow

 could you 
construct a new

 portfolio using the m
arket portfolio and the riskfree 

asset that has the sam
e expected return as the portfolio you considered 

in part 3b but has the low
est standard deviation possible? W

hat is the 
standard deviation of the return of this portfolio? 

(d) S
uppose that the correlation betw

een the return of stock 1 and the 
return of stock 2 is -0.7. W

hat is the expected return and the standard 
deviation of the return of a portfolio that has a 40%

 investm
ent in stock 

1 and a 60%
 investm

ent in stock 2? C
onsider an investm

ent that is 
m

ade up of a com
bination of this risky portfolio and the risk-free asset. 

In this case, w
ould it be advisable to sw

itch to a portfolio m
ade up of the 

m
arket portfolio and the risk-free asset? In other w

ords, is the m
arket 

portfolio m
ean-variance efficient in this case? 
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S
o

lu
tio

n
: 

 a) 
F

irst com
pute the betas 

4.
1

15
.0

15
.0

3.
0

7.
0

5333
.0

15
.0

15
.0

2.
0

4.
0

2
2

2

2 1
,1

2 ,1
1

=
×

×
=

=
×

×
=

=
=

β

σ
σ

σ
ρ

σ σ
β

m

m
m

m m
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b) 

C
om

bining stocks 1 and 2 in the portfolio yields 

%
27

.
10

%
12

6.
0

%
67

.7
4.
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)
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)
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)
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E
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c) 

Let w
m  be the w

eight on the m
arket portfolio. W

e require: 

054
.1

%5
%5

%
27

.
10

%5
%5

%
27

.
10

%5
)

1(
%

10
%

27
.

10

)
1(

)
~(

%
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.
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)
~(

=
−
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+
×

=
⇔

×
−

+
×

=
⇔

−
+

=
=

m

m

m
m

f
m

m
m

p

w

w

w
w

r
w

r
E

w
r

E

 

 I w
ould invest 105.4%

 in the m
arket and –5.4%

 at the risk-free rate. T
he 

standard deviation to the return on this portfolio w
ould be 1.054 × 0.15 

=
 0.1581. 

d) 
E

(rp ) =
 10.27%

, as in part b. H
ow

ever now
: 

(
)

(
)

(
)

(
)

%7
.

13
137

.0
01864

.0

01864
.0

3.
0

2.
0

)7
.0

(
6.

0
4.

0
2

3.
0

6.
0

2.
0

4.
0

2
2

2

2
1
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1

2
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2
2

2
1

1
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=
=

=

=
×

×
−

×
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×
+

×
+

×
=

+
+

=p p
w

w
w

w

σ

σ
σ

ρ
σ

σ
σ

 

 R
isk-return tradeoff on the m

arket: 

3333
.0
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.0

05
.0

10
.0

)
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=
−

=
−

=
m

f
m

M
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r

E
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R
isk-return tradeoff on the portfolio: 
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38
.0

137
.0

05
.0

1027
.0

)
~(

2
=

−
=

−
=

P

f
P

P

r
r

E
SR

σ
 

T
here is a better tradeoff w

ith this portfolio, therefore the m
arket is not 

m
ean-variance efficient. 

 
4. 

Y
our current portfolio consists of three assets, the com

m
on stock of IB

M
 and 

G
M

 com
bined w

ith an investm
ent in the riskless asset. Y

ou know
 the follow

ing 
about the stocks ( ρ

i,j  denotes the correlation betw
een asset i and asset j, and 

M
 denotes the m

arket portfolio): 

25
.0

64
.0

40
.0

30
.0

2
2

,
,

=
=

=
=

G
M

IB
M

M
G

M
M

IB
M

σ
σ

ρ
ρ

 

Y
ou also have the follow

ing inform
ation about the m

arket portfolio, and the 
riskless asset, f: 

04
.0

04
.0

13
.0

)
~(

2
=

=
=

f
m

m
r

r
E

σ
 

A
ssum

e that individuals can borrow
 and lend at rf  and that the C

apital A
sset 

P
ricing  M

odel (C
A

P
M

) describes expected returns on assets. Y
ou have $200; 

000 invested in IB
M

, $200; 000 invested in G
M

, and $100; 000 invested in the 
riskless asset.  

(a) W
hat are the expected rates of return on IB

M
 stock and G

M
 stock? 

(b) W
hat are the R

2 values of the regressions of the returns of IB
M

 and G
M

 
on the return on the m

arket? 
(c) A

ssum
e that the correlation betw

een IB
M

 and G
M

, ρ
IB

M
,G

M  is 0.10. 
W

hat is the variance of your portfolio? W
hat is its beta, β

p,M ? 
(d) F

ind an efficient portfolio that has the sam
e standard deviation as your 

portfolio, but has the highest expected return possible. W
hat is the 

expected return on this portfolio? 
       
      S

o
lu

tio
n

: 
 

(a) F
irst com

pute the stock’s betas and then their expected returns: 

0.
1
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M
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(b) T

he R
2 are com

puted as follow
s: 
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.0

25
.0

04
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(c) H
ere w

f  =
 100/500 =

 0.2, w
IB

M  =
 200/500 =

 0.4 and w
G

M  =
 200/500 = 

0.4. 
(

)
(

)
(

)
(

)
(

)
%
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.
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3937
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2
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=

=
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=
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G
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G
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G
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G
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G
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M

IB
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p
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w
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σ
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0
2.

0
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1
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0
2.

1
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0
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(d) E
fficient portfolios are m

ade up of com
binations of the riskfree asset 

and the m
arket. Let w

M  be the am
ount invested in the m

arket portfolio. 
T

he standard deviation of an efficient portfolio is:  

M
M

efficient
w

σ
σ

=
 

T
he standard deviation of the portfolio is 

40
.0

=
p

σ
. T

herefore the 

efficient portfolio w
ith the sam

e standard deviation is determ
ined by 

2
4.

0
04
.0

2 1
=

⇒
=

×
m

m
w

w
. T

he expected rate of return on the portfolio 

is 
%

22
04
.0

1
13
.0

=
×

−
×

m
w

 
 

5. 
Y

ou have the follow
ing inform

ation about the prices of a one-year discount or 
zero-coupon bond and a tw

o-year coupon bond (note that the tw
o-year bond 

is not a discount bond).  
• 

T
he one-year discount bond pays $100 in one year and sells for a current 

price of $96. 
• 

T
he tw

o-year coupon bond has a principal of $1000 and an annual coupon 
of $60. T

he bond currently sells for a price of $1050. 
(a) W

hat are the im
plied yields to m

aturity on one- and tw
o-year discount 

bonds? 
(b) W

hat is the im
plied forw

ard rate betw
een years 1 and 2? 

(c) C
onsider a 2 year annuity w

ith annual paym
ents of $500. W

hat is the 
m

ost that you w
ould be w

illing to pay for this annuity? 
       
      S

o
lu

tio
n

: 
 

(a) Y
T

M
1  =

 100/96 - 1 =
 4.17%

. Y
T

M
2  satisfies: 

2
2 )

1(

1060

0417
.1 60

1050
Y

T
M

+
+

=
 

O
r 
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%
35
.3

1
60
.

57
1050 1060

2 1

2
=

−
⎟⎠ ⎞

⎜⎝ ⎛
−

=
Y

T
M

 

(b) T
he forw

ard rate is given by: 

%
54
.2

1
)

0417
.0

1(

)
0335
.0

1(
1

)
1(

)
1(

2

1

2
2

2
=

−
+ +

=
−

+ +
=

Y
T

M

Y
T

M
f

 

(c) T
he price of this annuity should be: 

10
.

948
$

)
0335

.1
(

500

0417
.1 500

2
=

+
 

I w
ould pay not m

ore that $948.10. 
 

6. 
T

he stock of W
ithit Incorporated has a β

 of 0.5 and that of A
gainstit 

Incorporated has a β
 of -0.5. T

he excess return on the m
arket is 10%

 and the 
risk free return is currently 5%

. A
 portfolio that has a 50%

 investm
ent in W

ithit 
and a 50%

 investm
ent in A

gainstit has an expected return of 6%
. A

s a 
m

anager of a large portfolio, w
ould this inform

ation affect your investm
ent 

strategy? If so, in w
hat m

anner and w
hy? 

 S
o

lu
tio

n
: 

 T
he β of the portfolio is 0.5 × 0.5 +

 0.5 × (-0.5) =
 0. A

ccording to the C
A

P
M

 the 
expected return on this portfolio should be the risk free return w

hich is 5%
. 

S
ince this portfolio is expected to earn 6%

, this portfolio represents a good 
opportunity. I w

ould increase m
y investm

ent in this portfolio relative the 
proportion that it represents in the m

arket portfolio. T
his strategy im

plies that I 
w

ill face the diversifiable risk in the tw
o com

panies. A
s a result I w

ould not 
necessarily invest all of m

y m
oney in this portfolio, but I w

ould think about how
 

m
uch of this com

pany specific risk I w
ould be w

illing to take. 
 

7. 
C

onsider a stock w
hich is currently selling for $40. E

ach year you expect that 
the stock w

ill either increase in value by 40%
 or decrease in value by 20%

. 
C

urrently a one year pure discount bond w
ith face value $1000 is selling for 

$980 and the term
 structure is flat. A

fter analyzing the stock you believe that 
its prospects are not good and you believe that there is a 90%

 chance that it 
w

ill decrease in value each year. 
(a) W

hat is the price of a E
uropean put option w

ritten on this stock w
ith tw

o 
years to expiration and strike price of $40? 

(b) S
uppose that this option is selling for $2. W

ould you take advantage of 
this price in som

e w
ay? If so, describe in detail w

hat you w
ould do.  

 
S

o
lu

tio
n

: 
 

(a) I know
 that I w

ill need a risk-free interest rate to do this calculation. 
A

ccording to the discount bond price the risk free interest rate is 
1000/980 -1 =

 2%
. T

he potential payoffs of the stock over tim
e are 

given by: 
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T

he payoff on the put option is: 
 

 
 W

here P
u  is the price of the call w

hen the stock goes up the first period 
and P

d  is the price of the call w
hen the stock goes dow

n after the first 
period. O

bviously P
u  =

 0. 
T

o answ
er this question you could calculate risk-neutral probabilities 

and then calculate. Instead I w
ill derive the strategy that replicates the 

call payoff since I know
 I w

ill need it in part (b). 
Let ∆

d  and D
d  be the respective positions in the stock and bonds 

needed to replicate the put option after the stock has dow
n to 32. T

hen 
w

e need:  

4.
14

02
.1

6.
25

0
02
.1

8.
44

=
+

∆
=

+
∆

d
d

d
d

D D
 

T
his im

plies that ∆
d  =

 -0.75 and D
d  =

 32.94. H
ence P

d  =
 -

0.75×32+
32.94 =

 8.94. 
Let ∆

 and D
 be the respective positions in the stock and bonds needed 

to replicate the payoff to the put option over the first year. W
e need: 

94
.8

02
.1

32

0
02

.1
56

=
+

∆
=

+
∆

D D
 

T
his im

plies that ∆
 =

 -0.37 and D
 =

 20.31. H
ence P

 =
 5.51. 

(b) S
ince the option is sell for less than it is w

orth, I w
ould buy the option 

now
 and purchase 0.37 shares of the stock and borrow

 20.31 in the 
bond m

arket today. I w
ould then readjust m

y holdings of stocks and 
bonds as in part (a) to allow

 m
e to deliver the option payoff at tim

e 2. 
T

his hedges m
y risk and I can keep the difference betw

een 5.51 and 2. 
 

8. 
Y

ou are a m
anager in a brokerage house w

hich m
akes m

arkets in a variety of 
securities including stocks, bonds, and options. A

 custom
er has called one of 

your salesm
en to find out if the firm

 w
ould be w

illing to w
rite (i.e., sell to) him

 a 
tw

o-year E
uropean call option on 100 shares of A

B
C

 stock w
ith an exercise 

$40 

56 ( =
 40 × 1.40) 

32 ( =
 40 × 0.80) 

78.40 ( =
 56 × 1.40) 

44.8 ( =
 56 × 0.80) 

25.6 ( =
 40 × 1.40) 

44.8 ( =
 56 × 0.80) 

P
0 =

? 

P
u  =

 ? 

P
d  =

 ? 

P
uu  =

 M
ax (0, 40 – 78.4) =

 0 

P
ud  =

 M
ax (0, 40 – 44.8) =

 0 

P
dd  =

 M
ax (0, 40 – 25.6) =

 

P
ud  =

 M
ax (0, 40 – 44.8) =

 0 



Sam
ple Final E

xam
 Q

uestions and Solutions – B
E

M
 104 – Fall 2004 ©

 B
. G

erard       p.9 

price of $48 per share. T
he custom

er is w
illing to pay $2000 for the call option, 

and your salesm
an w

ants to know
 if the firm

 w
ill do it or not. A

B
C

 stock is 
currently selling for $50 per share. A

lthough call options on A
B

C
 are not 

traded, E
uropean put options on A

B
C

 are actively traded on the C
hicago 

B
oard O

ptions E
xchange. A

 tw
o-year put option on 100 shares of A

B
C

 w
ith an 

exercise price of $48 per share is currently selling for $500. In the governm
ent 

bond m
arket, a T

reasury bill w
ith a principal value of $100 and a m

aturity date 
of one year from

 now
 is currently trading at $85. A

 T
reasury N

ote w
hich 

prom
ises a coupon paym

ent of $10 one year from
 now

 and a principal 
paym

ent of $100, along w
ith a $10 coupon paym

ent tw
o years from

 now
 is 

currently trading at $83.5. 
A

nsw
er the follow

ing questions: 
(a) S

hould the firm
 w

rite the call option? W
hy? 

(b) W
hat is the low

est price for the call option at w
hich you w

ould 
recom

m
end that your firm

 w
rite the option? 

(c) S
uppose that in addition to the above inform

ation, you discovered that 
your research departm

ent view
ed A

B
C

 stock favorably and w
as 

recom
m

ending its purchase. W
ould your answ

er to part b change? W
hy 

or w
hy not? 

 
     S

o
lu

tio
n

: 
 (a) T

o answ
er this question w

e first need the yield to m
aturity on a tw

o-year 
zero. W

e can calculate Y
T

M
1  from

 the one-year zero: 
%

65
.

17
1

85
/

100
1

=
−

=
Y

T
M

 
T

he coupon bond price m
ust satisfy: 

2
2 )

1(

110

1765
.1 10

5.
835

Y
T

M
+

+
=

 

H
ence Y

T
M

2  =
 21:11%

. 
A

ccording to P
ut-C

all P
arity the price of the call (per share) should be: 

27
.

22
2111
.1

48
5

50

)
1(

2

2
2

0

=
−

+
=

+
−

+
=

Y
T

M

K
P

S
C

 

F
or 100 shares, the call price should be $2,227. S

ince the custom
er is 

w
illing to pay only $2,000, you shouldn't w

rite the call. 
(b) T

he low
est price is $2,227. 

(c) T
his doesn't change m

y answ
er since w

e are pricing the call from
 

arbitrage.  
 

9. 
Y

ou are approached by tw
o portfolio m

anagers. T
he track records of these tw

o 
m

anagers in the past five years are as follow
s: T

he first had an average 
annual excess return of 10%

 and a standard deviation of 25%
; and the second 

had an average excess return of 12%
 and a standard deviation of 32%

. W
ith 
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this inform
ation, could you decide w

ho is a better m
anager? W

ould you entrust 
som

e of your m
oney w

ith either of these tw
o m

anagers and w
hy? 

   S
o

lu
tio

n
: 

 
I w

ould like inform
ation about their betas in order to assess w

hether any of the 
risk is due to m

arket variation and to assess w
hether I could com

bine these 
portfolios in m

y larger portfolio to im
prove the portfolio perform

ance. 
 

10. Y
ou conclusively dem

onstrate that a m
ultifactor m

odel describes stock returns 
better than the C

A
P

M
. Y

ou are building portfolios for a client. H
e says, “T

hat's 
all very nice, but I am

 only interested in m
ean and variance. T

herefore, the 
tw

o-fund theorem
 applies. I don't believe in active m

anagem
ent, so I should 

just hold the m
arket portfolio." H

ow
 w

ould you respond? 
   S

o
lu

tio
n

: 
 

If the C
A

P
M

 does not w
ork, the m

arket is not m
ean-variance efficient. T

he  
analysis im

plies that w
e could com

bine the m
ultifactor portfolios together to 

create a portfolio that w
ill beat the m

arket. 
 

11. S
uppose that the risk-free rate is 5%

, and that the expected return on the 
m

arket is 12%
. Y

ou are advising a friend w
ho has identified a stock w

hich he 
expects w

ill have a rate of return of 15%
. Y

our analysis of the stock indicates 
that the stock has a beta of 0.5. W

hat advice w
ould you offer to your friend 

and w
hy? 

 S
o

lu
tio

n
: 

 T
he required return on the stock is: 

%5
.8

%
)

5
%

12
(

5.
0

%5
=

−
×

+
=

erequired
r

 

S
ince the return expected by m

y friend is greater than the required return, this 
stock represents a good investm

ent. M
y friend should consider increasing his 

investm
ent in the stock. H

e should be careful about increasing this investm
ent 

too m
uch, how

ever, since he w
ill be exposed to idiosyncratic risk as he 

becom
es less diversified. 

 
12. Y

ou have an obligation to pay out $10 m
illion in 5 years and you w

ould like to 
invest today in the bond m

arket to protect your investm
ent. Y

ou can invest in 2 
year pure discount bonds and 10 year pure discount bonds. W

hat com
bination 

of bonds w
ould you choose to invest in. 

 S
o

lu
tio

n
: 

 T
he duration of the obligation is 5. T

he duration of the 2-year zero and 2 and 
the duration of the 10-year zero is 10. Let x be the proportion of m

y investm
ent 
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in the 2-year zero, then to protect m
yself against interest rate fluctuations I 

need: 
5

)
1(

10
2

=
−

+
x

x
 

H
ence x =

 62:5%
. I w

ould invest 62.5%
 of m

y m
oney in the 2-year zero and 

37.5  
 

13. Y
ou are an investor in C

an
ad

a. T
he current exchange rate betw

een U
.S

. and 
C

anadian dollars is 0.7 U
.S

. dollars for each C
anadian dollar. T

he one-year 
forw

ard exchange rate is 0.72 U
.S

. dollars for each C
anadian dollar. T

he tw
o-

year forw
ard exchange rate is 0.7 U

.S
. dollars for each C

anadian dollar. T
he 

yields to m
aturity on zero coupon bonds of all m

aturities in C
anada are 6%

 (in 
C

anadian dollars). 
(a) W

hat is the yield to m
aturity (in U

.S
. dollars) on a one-year pure 

discount bond in the U
nited S

tates? W
hat is the yield to m

aturity (in 
U

.S
. dollars) on a tw

o-year pure discount bond in the U
nited S

tates? 
(b) A

 U
.S

. bank that you w
ork w

ith is w
illing to sign a forw

ard contract w
ith 

you in w
hich you agree to invest $U

S
 100 m

illion in the bank in one 
year. A

 year later (i.e. tw
o years from

 now
) you w

ill receive $U
S

 105 
m

illion. A
lternatively you could sign a forw

ard contract w
ith this sam

e 
bank in w

hich you borrow
 $U

S
 100 m

illion in one year and repay $U
S

 
105 m

illion in tw
o years. A

re these term
s consistent w

ith your 
calculations in part (a)? If not, is there a w

ay to take advantage of the 
bank? Is so, how

? 
 

S
o

lu
tio

n
: 

 
(a) Let E

0  be the current exchange rate, F
0,1  the one-year forw

ard rate and 
F

0,2  the tw
o-year forw

ard rate. T
hen 

j
C

D
N

j

j
U

S
j

j
Y

T
M

Y
T

M
E

F
)

1(

)
1(

0
,0

+ +
=

 

w
here 

U
S

j
Y

T
M

 is the yield to m
aturity on a pure discount bond w

ith j years 

to m
aturity in the U

S
 and 

C
D

N
j

Y
T

M
 is the yield to m

aturity on a pure 

discount bond w
ith j years to m

aturity in C
anada. H

ence: 

1
)

1(

1

0 ,0
−

⎥⎦ ⎤
⎢⎣ ⎡

+
=

j

j
C

D
N

j
j

U
S

j
Y

T
M

E F
Y

T
M

 

In our case this gives  

%6
1

)
06

1(
7.

0

7.
0

%
03
.9

1
)

06
1(

7.
0 72
.0

2 1

1 1

2
2

1
1

=
−

⎥⎦ ⎤
⎢⎣ ⎡

+
=

=
−

⎥⎦ ⎤
⎢⎣ ⎡

+
=

U
S

U
S

Y
T

M

Y
T

M

 

(b) T
he im

plied forw
ard rate in the U

S
 betw

een year 1 and year 2 is:  
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%
05
.3

1
0903
.1 06
.1

2

2
=

−
=

U
S

f
 

T
he bank is quoting a forw

ard rate of 5%
 hence the term

s are not 
consistent w

ith m
y calculations in part (a). I w

ould do the follow
ing: 

• 
A

gree to lend the funds to the bank. T
hat is, invest $U

S
 100 M

 in 
year 1 and receive $U

S
 105 M

 in year 2. 
• 

B
uy $U

S
 100 M

 in the one-year forw
ard currency m

arket. T
his w

ill 
cost m

e 100/0.72 =
 $C

D
N

 138.89 M
 in year 1. 

• 
F

inance the $C
D

N
 138.89 M

 in the C
anadian bond m

arket through a 
forw

ard loan at 6%
. If this is not available then I w

ould use the one-
year and tw

o-year zero coupon bonds in C
anada to create this 

contract. I w
ill ow

e $C
D

N
 138.89 M

 × 1.06 =
 $C

D
N

 147.22 M
.  

• 
S

ell $U
S

 105 M
 in the tw

o-year forw
ard currency m

arket. I w
ill 

receive 105/0.7 =
 $C

D
N

 150 M
 in year tw

o. 
T

his generates $C
D

N
 150 M

 - $C
D

N
 147.22 M

 =
 $C

D
N

 2.78 M
 in year 2 

w
ith no expenditure anyw

here. 
 

14. C
onsider the follow

ing inform
ation about the return on tw

o stocks: 

0
18
.0

10
.0

)
~(

04
.0

14
.0

08
.0

)
~(

2,
1

2
2

1
1

=
=

=

=
=

=

ρ
σ σ

r
E

r
r

E
f

 

(a) S
uppose that you currently invest 20%

 in the risk-free security, 10%
 in 

stock #1 and 70%
 in stock #2. W

hat is the expected return on your 
portfolio? W

hat is the standard deviation of the return? W
hat is the 

S
harpe ratio of your portfolio? 

(b) Is it possible to invest in a com
bination of the risk-free security, stock #1 

and stock #2 to give you a portfolio w
ith a higher expected return but 

w
ith the sam

e standard deviation as your portfolio in part (a)? If so, 
construct this new

 portfolio. T
he new

 portfolio you construct m
ust also 

have the best possible S
harpe ratio of portfolios invested in 

com
binations of stocks #1 and #2, and the risk-free security. 

 S
o

lu
tio

n
: 

 (a) T
he expected return on this portfolio is: 

%6
.8

%
10

7.
0

%8
1.

0
%4

2.
0

)
~(

=
×

+
×

+
×

=
p

r
E

 

T
he variance  and standard deviation of the return on this portfolio are: 

(
)

(
)

%
13

13
.0

0161
.0

0161
.0

18
.0

7.
0

14
.0

1.
0

2
2

2

=
=

=

=
×

+
×

=

p p

σ σ
 

T
he sharpe ratio for the portfolio is: 

35
.0

13
.0

04
.0

086
.0

)
~(

=
−

=
−

=
m

f
p

P

r
r

E
SR

σ
 

(b) T
o answ

er this question w
e need the tangency portfolio. F

irst w
e find 

the w
eights w

1 and w
2 on stock 1 and 2 respectively that solve: 
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f

fr
r

E
w

w

r
r

E
w

w

−
=

+

−
=

+

)
(

)
(

2
2,

2
2

2,
1

1

1
2,

1
2

1,
1

1

σ
σ

σ
σ

 

S
olving yields: 

85
.1

18
.0

)
04

.0
10

.0
(

04
.2

14
.0

)
04

.0
08

.0
(

2
2

2
1

=
−

=

=
−

=

w w
 

T
he actual w

eights are determ
ined by norm

alizing these so that they 
add to one. H

ence 

48
.0

85
.1

04
.2

85
.1

52
.0

85
.1

04
.2

04
.2

2 1

=
+

=

=
+

=

w w
 

T
he expected return of the tangency portfolio is: 

%
96
.8

%
10

48
.0

%8
52
.0

)
~(

=
×

+
×

=
T r

E
 

T
he variance of the tangency portfolio return is: 

(
)

(
)

%3
.

11
113

.0
0128

.0

0128
.0

18
.0

48
.0

14
.0

52
.0

2
2

2

=
=

=

=
×

+
×

=

p T

σ σ
 

O
ur goal is to construct a portfolio com

bining the tangency portfolio and 
the risk free asset in such a fashion as to m

atch the standard deviation 
of the portfolio constructed in (a). Let w

T  be the w
eight on the T

angency 
portfolio. T

hen w
T  =

 0.13/0.113 =
 1.15. T

he expected return on this 
portfolio is: 

%
74
.9

%
96
.8

15
.1

%4
15
.0

)
~(

=
×

+
×

−
=

M
atch

r
E

 
 

15. A
B

C
 incorporated is currently trading for $50 per share. A

fter exam
ining the 

stock of A
B

C
 you have determ

ined that in one year the price of A
B

C
 w

ill either 
increase to $65 per share w

ith probability 85%
 or decrease to $45 per share 

w
ith probability 15%

. A
B

C
 does not pay dividends. A

 one-year T
-bill w

ith a 
face value of $100 is also trading for $98. 

(a) W
hat should be the price of a E

uropean call option w
ith one year to 

m
aturity and a strike price of $60 per share? 

(b) S
uppose that the call option of part (a) is actually trading for $2. Is this 

an arbitrage opportunity? If so, how
 w

ould you exploit it? 
(c) S

uppose now
 that the call option of part (a) is trading for the price you 

calculated in part (a). A
 E

uropean put option w
ith a strike price of $60 

and one year to m
aturity is trading for $8, how

ever. C
ould you use the 

call option (and other securities) to exploit this price in any w
ay? If so, 

how
?  
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   S
o

lu
tio

n
: 

 
(a) T

he one-year risk-free rate is 100/98 − 1 =
 2%

. T
he potential payoff of 

the stock and of the call option are given by:  
 

 
 W

e need a ∆
 and a D

 such that:  

0
02

.1
45

5
02

.1
65

=
+

∆
=

+
∆

D D
 

T
hese im

ply that ∆
 =

 0.25 and D
 =

 −11.03. T
he price of the call should 

be 0.25 × 50 − 11.03 = 1.47. 
(b) S

ince the option is overvalued I w
ould sell the option and hedge this 

obligation by buying 0.25 shares of the stock and borrow
ing $11.03 

bonds. F
or each tim

e I did this I w
ould m

ake 0.54. I w
ould do this a lot!! 

(c) 
A

ccording to put-call parity, the put option should be w
orth: 

29
.

10
02

.1
60

50
47

.1

)
1(

=
+

−
=

+
+

−
=

r
K

S
C

P
 

S
ince the put is underpriced in the m

arket I w
ould buy the put option 

and hedge this position by selling a call, buying a share of the stock 
and borrow

ing 60/1.02 =
 58.82 using a one-period pure discount bond.  

 
16. C

onsider the follow
ing inform

ation about the returns to stocks #1 and #2 along 
w

ith the m
arket return,  

05
.0

15
.0

10
.0

)
~(

4.
0

5.
0

2.
0

4.
0

,2
2

,1
1

=
=

=
=

=
=

=

f
m

m

m
m

r
r

E
σ

ρ
σ

ρ
σ

 

(a) A
ccording to the C

A
P

M
, w

hat is the expected return on a portfolio that 
is invested 40%

 in stock #1 and 40%
 in stock #2 and the rest in the risk-

free security? 
(b) A

ssum
ing that the idiosyncratic risk in stock #1 is uncorrelated w

ith the 
idiosyncratic risk in stock #2, w

hat percentage of the total variance of 
the return to the portfolio in part (a) is explained by the m

arket return? 
(c) S

uppose that you are currently 50%
 invested in the m

arket portfolio and 
50%

 in the risk-free security. A
fter analyzing stock #1 you expect that 

the return on this stock w
ill be 10%

. W
ould this inform

ation m
ake you 

change your investm
ent strategy? If so, how

? 

S
0  =

 56 

S
u  =

 65 

S
d  =

 
C

0  =? 

C
u  =

 M
ax(0,65-60) = 5 

C
d  =

 M
ax(0,45-60) = 
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S

o
lu

tio
n

: 
 (a) T

he beta of the stock #1 is: 

33
.1

15
.0

15
.0

5.
0

4.
0

5333
.0

15
.0

15
.0

4.
0

2.
0

2
2

2

2 1
,1

2 ,1
1

=
×

×
=

=
×

×
=

=
=

β

σ
σ

σ
ρ

σ σ
β

m

m
m

m m

 

T
he beta of the portfolio is 0.4 × 0.53 +

 0.4 × 1.33 =
 0.74. H

ence the 
expected return of the portfolio is: [

]
[

]
%

72
.8

%5
%

10
74
.0

%5

)
~(

)
~(

=
−

×
+

=

−
×

+
=

f
m

p
f

p
r

r
E

r
r

E
β

 

(b) T
he covariance betw

een the tw
o stock returns is given by: 

016
.0

15
.0

33
.1

53
.0

2
2

2
1

2,
1

=
×

×
=

=
m

σ
β

β
σ

 

T
he variance of the portfolio is: 

(
)

(
)

%
59
.

26
2659
.0

0707
.0

0707
.0

016
.0

4.
0

4.
0

2
5.

0
4.

0
4.

0
4.

0
2

2
2

=
=

=

=
×

×
×

+
×

+
×

=p p

σ σ
 

H
ence the percentage of total variance explained by the m

arket is: 

%6
.

17
or  

  
176
.0

0707
.0

15
.0

74
.0

2
2

2

2
2

2
=

×
=

=
p

m
p

R
σ σ

β
 

(c) A
ccording to the C

A
P

M
 it should return: 
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H
ence this is a good stock. I w

ould buy m
ore of it but I w

ould be careful 
to control m

y exposure to idiosyncratic risk. In other w
ords I w

ould not 
put all of m

y m
oney in this stock. 

 
17. Y

ou have a portfolio that consists of the follow
ing: 

• 
O

ne share of A
B

C
 stock. 

• 
A

 long position in a E
uropean put option on shares of A

B
C

 w
ith strike price 

of $40 and one year to m
aturity. 

• 
A

 short position in tw
o E

uropean call options on shares of A
B

C
 w

ith strike 
price of $30 and one year to m

aturity. 
• 

A
 long position in a E

uropean call option on shares of A
B

C
 w

ith strike price 
of $50 and one year to m

aturity. 
(a) D

raw
 a diagram

 of the payoff to this portfolio at the end of the year.  
(b) W

hat should be the m
inim

um
 price of this portfolio? 
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S
o

lu
tio

n
: 

 
(a) T

he payoff looks like: 
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 (b) S

ince the payoff is alw
ays above 10, the m

inim
um

 price for this portfolio 
should be the price of a bond w

ith face value of $10 and m
aturity equal 

to the   m
aturity date of the options. 

 
18. Y

our uncle has asked for investm
ent advice. C

urrently his entire savings are 
invested in one-year treasury bills. H

e has been listening to his friends, 
how

ever, and they are advising him
 about som

e good stock picks. U
sing all of 

the lessons from
 this course w

hat issues w
ould you think about in designing a 

better portfolio for your uncle. P
rovide a discussion of w

hy these issues are 
im

portant. C
learly indicate w

hat advice you w
ould give your uncle. 

 S
o

lu
tio

n
: 

 D
iscussion points: 

• 
G

o into stocks possibly because of the equity prem
ium

. 
• 

D
iversification w

ith the m
arket. 

• 
Interest rate exposure current: reinvestm

ent risk. M
atch D

uration. 
• 

P
ossibly use sm

all stocks or value strategy. 
• 

Ignore “stock picks" because of m
arket efficiency. 

• 
H

ow
 m

uch risk can he tolerate? P
resent som

e hypothetical return 
perform

ance m
easures to your uncle. 

 


