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  4. 

E
(r) =

 [0.35 × 44%
] +

 [0.30 × 14%
] +

 [0.35 × (–16%
)] =

 14%
 

σ
2 =

 [0.35 × (44 – 14) 2] +
[0 .30 × (14 – 14) 2] +

 [0.35 × (–16 – 14) 2] =
 630 

 
σ

 =
 25.10%

 

 
T

he m
ean is unchanged, but the standard deviation has increased, as the 

probabilities of the high and low
 returns have increased. 

  11. 
a 

[T
he expected dollar return on the investm

ent in equities is $18,000 com
pared to 

the $5,000 expected return for T
-bills.] 

12. 
b 

 13. 
d 

 14. 
c 

 15. 
b 

 17. 
b 

 18. 
a. 

Probability D
istribution of the H

PR
 on the Stock M

arket and Put: 

 
 

S
T

O
C

K
 

P
U

T
 

S
tate of the 

E
conom

y 
 

Probability  
E

nding Price +
 

$4 D
ividend 

H
PR

 
E

nding V
alue 

H
PR

 
B

oom
 

0.25 
 

$144 
 

44%
 

 
$  0 

−100%
 

N
orm

al G
row

th 
0.50 

 
$114 

 
14%

 
 

$  0 
− 100%

 
R

ecession 
0.25 

 
$  84 

 −16%
 

 
$ 30 

 
150%

 
  

 
R

em
em

ber that the cost of the index fund is $100 per share, and the cost of the 
put option is $12. 

 
b. 

T
he cost of one share of the index fund plus a put option is $112.  T

he 
probability distribution of the H

PR
 on the portfolio is: 
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S
tate of the 

E
conom

y 
Probability 

E
nding Price +

 
Put +

 
$4 D

ividend 
H

P
R

 
 

B
oom

 
0.25 

 
$144 

28.6%
 

=
 (144 − 112)/112 

N
orm

al G
row

th 
0.50 

 
$114 

 1.8%
 

=
 (114 − 112)/112 

R
ecession 

0.25 
 

$114 
 1.8%

 
=

 (114 − 112)/112 
  

 
 

c. 
B

uying the put option guarantees the investor a m
inim

um
 H

PR
 of 1.8%

 
regardless of w

hat happens to the stock's price.  T
hus, it offers insurance 

against a price decline. 
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  13. 
a. 

E
(rC ) =

 8%
 =

 5%
 +

 y(11%
 – 5%

) ⇒
 

5.
0

5
11

5
8

y
=

− −
=

 

  
b. 

σ
C  =

 yσ
P  =

 0.50 × 15%
 =

 7.5%
 

  
c. 

T
he first client is m

ore risk averse, allow
ing a sm

aller standard deviation. 
  

R
ew

ard to variability ratio =
 

71
.0

14 10
=
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  1. 
T

he param
eters of the opportunity set are: 

 
E

(rS ) =
 20%

, E
(rB ) =

 12%
, σ

S  =
 30%

, σ
B  =

 15%
, ρ = 0.10 

From
 the standard deviations and the correlation coefficient w

e generate the 
covariance m

atrix [note that C
ov(rS , rB ) =

 ρσ
S σ

B ]: 
 

 
B

onds 
Stocks 

B
onds 

 
225 

 
45 

Stocks 
 

45 
 

900 
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T
he m

inim
um

-variance portfolio is com
puted as follow

s: 

 
w

M
in (S

) =
1739

.0
)

45
2(

225
900

45
225

)
r,

r(
C

ov
2

)
r,

r(
C

ov

B
S

2B
2S

B
S

2B
=

×
−

+
−

=
−

σ
+

σ
−

σ
 

 
 

w
M

in (B
) =

 1 − 0.1739 =
 0.8261 

T
he m

inim
um

 variance portfolio m
ean and standard deviation are: 

 
 

E
(rM

in ) =
 (0.1739 × 20) +

 (0.8261 × 12) = 13.39%
 

 
 

σ
M

in  =
 

2/
1

B
S

B
S

2B
2B

2S
2S

)]
r,

r(
C

ov
w

w2
w

w[
+

σ
+

σ
 

 
 

 
=

 [(0.1739
2 × 900) +

 (0.8261
2 × 225) +

 (2 × 0.1739 × 0.8261 × 45)] 1/2  

 
 

 
=

 13.92%
 

 2. 
Proportion 

in stock fund 
Proportion 

in bond fund 
E

xpected 
return 

Standard 
D

eviation 
 

 
0.00%

 
 

100.00%
 

12.00%
 

15.00%
 

 
 

17.39%
 

 
82.61%

 
13.39%

 
13.92%

 
m

inim
um

 variance 
 

20.00%
 

 
80.00%

 
13.60%

 
13.94%

 
 

 
40.00%

 
 

60.00%
 

15.20%
 

15.70%
 

 
 

45.16%
 

 
54.84%

 
15.61%

 
16.54%

 
tangency portfolio 

 
60.00%

 
 

40.00%
 

16.80%
 

19.53%
 

 
 

80.00%
 

 
20.00%

 
18.40%

 
24.48%

 
 

 
100.00%

 
 

0.00%
 

20.00%
 

30.00%
 

 
  

G
raph show

n for next question. 
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 T
he graph indicates that the optim

al portfolio is the tangency portfolio w
ith expected 

return approxim
ately 15.6%

 and standard deviation approxim
ately 16.5%

. 
  4. 

T
he proportion of the optim

al risky portfolio invested in the stock fund is given by: 

 
 

)
r,

r(
C

ov
]

r
)

r(
E

r
)

r(
E[

]
r

)
r(

E[
]

r
)

r(
E[

)
r,

r(
C

ov
]

r
)

r(
E[

]
r

)
r(

E[
w

B
S

f
B

f
S

2S
f

B
2B

f
S

B
S

f
B

2B
f

S
S

−
+

−
−

σ
−

+
σ

−
−

−
σ

−
=

 

 
 

 
4516

.0
]

45
)8

12
8

20
[(

]
900

)8
12

[(
]

225
)8

20
[(

]
45

)8
12

[(
]

225
)8

20
[(

=
×

−
+

−
−

×
−

+
×

−
×

−
−

×
−

=
 

 
 

w
B  = 1 − 0.4516 =

 0.5484 

 
T

he m
ean and standard deviation of the optim

al risky portfolio are: 

 
 

E
(rP ) =

 (0.4516 × 20) +
 (0.5484 × 12) =

 15.61%
 

 
 

σ
p  =

 [(0.4516
2 × 900) +

 (0.5484
2 × 225) +

 (2 × 0.4516 × 0.5484 × 45)] 1/2 =
 

16.54%
 

  5. 
T

he rew
ard-to-variability ratio of the optim

al C
A

L
 is: 

 
 

4601
.0

54
.

16

8
61

.
15

r
)

r(
E

p

f
p

=
−

=
σ

−
 

  6. 
a. 

If you require that your portfolio yield an expected return of 14%
, then you 

can find the corresponding standard deviation from
 the optim

al C
A

L
.  T

he 
equation for this C

A
L

 is: 
  

 
 

C
C

P

f
p

f
C

4601
.0

8
r

)
r(

E
r

)
r(

E
σ

+
=

σ
σ

−
+

=
 

 
 

Setting E
(rC ) equal to 14%

, w
e find that the standard deviation of the optim

al 
portfolio is 13.04%

. 
  

b. 
T

o find the proportion invested in the T
-bill fund, rem

em
ber that the m

ean of 
the com

plete portfolio (i.e., 14%
) is an average of the T

-bill rate and the 
optim

al com
bination of stocks and bonds (P

).  L
et y be the proportion invested 

in the portfolio P.  T
he m

ean of any portfolio along the optim
al C

A
L

 is: 
  

 
 

E
(rC ) =

 (l − y)rf  +
 yE

(rP ) =
 rf  +

 y[E
(rP ) − rf ] =

 8 +
 y(15.61 − 8) 

 
Setting E

(rC ) =
 14%

 w
e find: y =

 0.7884 and (1 − y) =
 0.2116 (the proportion 
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invested in the T
-bill fund). 

 
 

T
o find the proportions invested in each of the funds, m

ultiply 0.7884 tim
es 

the respective proportions of stocks and bonds in the optim
al risky portfolio: 

  
 

Proportion of stocks in com
plete portfolio =

 0.7884 × 0.4516 =
 0.3560 

 
 

Proportion of bonds in com
plete portfolio =

 0.7884 × 0.5484 =
 0.4324 

  7. 
U

sing only the stock and bond funds to achieve a portfolio expected return of 14%
, 

w
e m

ust find the appropriate proportion in the stock fund (w
S ) and the appropriate 

proportion in the bond fund (w
B  =

 1 − w
S ) as follow

s: 
  

14 =
 20w

S  +
 12(1 − w

S ) =
 12 +

 8w
S  ⇒

 w
S  =

 0.25 

 
 

So the proportions are 25%
 invested in the stock fund and 75%

 in the bond 
fund.  T

he standard deviation of this portfolio w
ill be: 

 
 

σ
P  =

 [(0.25
2 × 900) +

 (0.75
2 × 225) +

 (2 × 0.25 × 0.75 × 45)] 1/2 =
 14.13%

 

 
T

his is considerably greater than the standard deviation of 13.04%
 achieved 

using T
-bills and the optim

al portfolio. 
  9. 

a. 

S
tan

d
ard

 D
eviatio

n
(%

)

0.00

5.00

10.00

15.00

20.00

25.00

0
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G
old

Stocks

O
ptim

al C
A

L

P

 
  

 
E

ven though it seem
s that gold is dom

inated by stocks, gold m
ight still be an 

attractive asset to hold as a part of a portfolio.  If the correlation betw
een gold 
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and stocks is sufficiently low
, gold w

ill be held as a com
ponent in a portfolio, 

specifically, the optim
al tangency portfolio. 

 
b. 

If the correlation betw
een gold and stocks equals +

1, then no one w
ould hold 

gold.  T
he optim

al C
A

L
 w

ould be com
prised of bills and stocks only.  Since 

the set of risk/return com
binations of stocks and gold w

ould plot as a straight 
line w

ith a negative slope (see the follow
ing graph), these com

binations w
ould 

be dom
inated by the stock portfolio.  O

f course, this situation could not 
persist.  If no one desired gold, its price w

ould fall and its expected rate of 
return w

ould increase until it becam
e sufficiently attractive to include in a 

portfolio. 
 

S
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d
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 D
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n
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  10. 

Since Stock A
 and Stock B

 are perfectly negatively correlated, a risk-free portfolio 
can be created and the rate of return for this portfolio, in equilibrium

, w
ill be the 

risk-free rate.  T
o find the proportions of this portfolio [w

ith the proportion w
A  

invested in Stock A
 and w

B  =
 (1 – w

A
 ) invested in Stock B

], set the standard 
deviation equal to zero.  W

ith perfect negative correlation, the portfolio standard 
deviation is: 

  
 

σ
P  =

 A
bsolute value [w

A σ
A  − w

B σ
B ] 

 
 

0 =
 5w

A  − [10 × (1 – w
A

 )] ⇒
 w

A  =
 0.6667 

 
T

he expected rate of return for this risk-free portfolio is: 
 

 
E

(r) =
 (0.6667 × 10) +

 (0.3333 × 15) =
 11.667%
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T

herefore, the risk-free rate is 11.667%
. 

  11. 
False.  If the borrow

ing and lending rates are not identical, then, depending on the 
tastes of the individuals (that is, the shape of their indifference curves), borrow

ers 
and lenders could have different optim

al risky portfolios. 
  12. 

False.  T
he portfolio standard deviation equals the w

eighted average of the 
com

ponent-asset standard deviations only in the special case that all assets are 
perfectly positively correlated.  O

therw
ise, as the form

ula for portfolio standard 
deviation show

s, the portfolio standard deviation is less than the w
eighted average of 

the com
ponent-asset standard deviations.  T

he portfolio variance is a w
eighted sum

 
of the elem

ents in the covariance m
atrix, w

ith the products of the portfolio 
proportions as w

eights. 
  13. 

T
he probability distribution is: 

 
Probability 

R
ate of R

eturn 
 

 
0.7 

100%
 

0.3 
–50%

 
  

M
ean =

 [0.7 ×  100] +
 [0.3 × (−50)] =

 55%
 

 
V

ariance =
 [0.7 × (100 − 55) 2] +

 [0.3 × (−50 − 55) 2] =
 4725 

 
Standard deviation =

 4725
1/2 =

 68.74%
 

  14. 
σ

 P  =
 30 =

 yσ = 40y ⇒
 y =

 0.75 

E
(rP ) =

 12 +
 0.75(30 − 12) =

 25.5%
 

 18. 
T

he correct choice is c.  Intuitively, w
e note that since all stocks have the sam

e 
expected rate of return and standard deviation, w

e choose the stock that w
ill result 

in low
est risk.  T

his is the stock that has the low
est correlation w

ith Stock A
. 

 
M

ore form
ally, w

e note that w
hen all stocks have the sam

e expected rate of return, 
the optim

al portfolio for any risk-averse investor is the global m
inim

um
 variance 

portfolio (G
).  W

hen the portfolio is restricted to Stock A
 and one additional stock, 

the objective is to find G
 for any pair that includes Stock A

, and then select the 
com

bination w
ith the low

est variance.  W
ith tw

o stocks, I and J, the form
ula for the 

w
eights in G

 is: 
  

 

)I
(

w
1

)J
(

w

)
r,

r(
C

ov
2

)
r,

r(
C

ov
)I

(
w

M
in

M
in

J
I

2J
2I

J
I

2J
M

in

−
=

−
σ

+
σ

−
σ

=
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`  
Since all standard deviations are equal to 20%

: 

 
 

C
ov(rI , rJ ) =

 ρσ
I σ

J  =
 400ρ and w

M
in (I) =

 w
M

in (J) =
 0.5 

T
his intuitive result is an im

plication of a property of any efficient frontier, nam
ely, 

that the covariances of the global m
inim

um
 variance portfolio w

ith all other assets 
on the frontier are identical and equal to its ow

n variance.  (O
therw

ise, additional 
diversification w

ould further reduce the variance.)  In this case, the standard 
deviation of G

(I, J) reduces to: 
  

 
σ

M
in (G

) =
 [200(1 +

 ρ
I J )] 1/2  

T
his leads to the intuitive result that the desired addition w

ould be the stock w
ith 

the low
est correlation w

ith Stock A
, w

hich is Stock D
.  T

he optim
al portfolio is 

equally invested in Stock A
 and Stock D

, and the standard deviation is 17.03%
. 

  19. 
N

o, the answ
er to Problem

 18 w
ould not change, at least as long as investors are not 

risk lovers.  R
isk neutral investors w

ould not care w
hich portfolio they held since all 

portfolios have an expected return of 8%
. 

  
C

H
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  1. 

E
(rP )  =

 rf  +
 β

 P [E
(rM

 ) – rf ] 

 
18 =

 6 +
 β

 P (14 – 6) ⇒
 β

 P  =
 12/8 =

 1.5 
  2. 

If the security’s correlation coefficient w
ith the m

arket portfolio doubles (w
ith all 

other variables such as variances unchanged), then beta, and therefore the risk 
prem

ium
, w

ill also double.  T
he current risk prem

ium
 is: 14 – 6 =

 8%
 

T
he new

 risk prem
ium

 w
ould be 16%

, and the new
 discount rate for the security 

w
ould be: 16 +

 6 =
 22%

 
 

If the stock pays a constant perpetual dividend, then w
e know

 from
 the original data 

that the dividend (D
) m

ust satisfy the equation for the present value of a 
perpetuity: 

 
 

Price =
 D

ividend/D
iscount rate 

 
50 =

 D
/0.14 ⇒

 D
 =

 50 × 0.14 =
 $7.00 

A
t the new

 discount rate of 22%
, the stock w

ould be w
orth: $7/0.22 =

 $31.82 
T

he increase in stock risk has low
ered its value by 36.36%

. 
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4. 
a. 

False.  β
 =

 0 im
plies E

(r) =
 rf , not zero. 

 
b. 

False.  Investors require a risk prem
ium

 only for bearing system
atic 

(undiversifiable or m
arket) risk.  T

otal volatility includes diversifiable risk. 
 

c. 
False.  Y

our portfolio should be invested 75%
 in the m

arket portfolio and 
25%

 in T
-bills.  T

hen: 
  

 
 

β
P  =

 (0.75 × 1) +
 (0.25 × 0) =

 0.75 
 5. 

a. 
C

all the aggressive stock A
 and the defensive stock D

.  B
eta is the sensitivity 

of the stock’s return to the m
arket return, i.e., the change in the stock return 

per unit change in the m
arket return.  T

herefore, w
e com

pute each stock’s beta 
by calculating the difference in its return across the tw

o scenarios divided by 
the difference in the m

arket return: 
 

 
 

00
.2

25
5

38
2

A
=

− −
−

=
β

 

 
 

30
.0

25
5

12
6

D
=

− −
=

β
 

 
b. 

W
ith the tw

o scenarios equally likely, the expected return is an average of the 
tw

o possible outcom
es: 

 
 

 
E

(rA
 ) =

 0.5 × (–2 +
 38) =

 18%
 

 
 

E
(rD

 ) =
 0.5 × (6 +

 12) =
 9%

 
 

c. 
T

he SM
L

 is determ
ined by the m

arket expected return of [0.5(25 +
 5)] =

 15%
, 

w
ith a beta of 1, and the T

-bill return of 6%
 w

ith a beta of zero.  See the 
follow

ing graph. 
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T
he equation for the security m

arket line is: 

 
 

E
(r) =

 6 +
 β

(15 – 6) 
 

d. 
B

ased on its risk, the aggressive stock has a required expected return of: 

 
 

E
(rA

 ) =
 6 +

 2.0(15 – 6) =
 24%

 

T
he analyst’s forecast of expected return is only 18%

.  T
hus the stock’s alpha is: 

  
 

α
 A  =

 actually expected return – required return (given risk) 

 
 

 =
 18%

 – 24%
 =

 –6%
 

Sim
ilarly, the required return for the defensive stock is: 

 
E

(rD ) =
 6 +

 0.3(15 – 6) =
 8.7%

 

T
he analyst’s forecast of expected return for D

 is 9%
, and hence, the stock has 

a positive alpha: 
  

 
α

 D  =
 actually expected return – required return (given risk) 

 
 

 
 =

 9 – 8.7 =
 +

0.3%
 

 
T

he points for each stock plot on the graph as indicated above. 
 

e. 
T

he hurdle rate is determ
ined by the project beta (0.3), not the firm

’s beta.  
T

he correct discount rate is 8.7%
, the fair rate of return for stock D

. 
  6. 

N
ot possible.  Portfolio A

 has a higher beta than P
ortfolio B

, but the expected return 
for Portfolio A

 is low
er than the expected return for P

ortfolio B
.  T

hus, these tw
o 

portfolios cannot exist in equilibrium
. 

  7. 
Possible.  If the C

A
PM

 is valid, the expected rate of return com
pensates only for 

system
atic (m

arket) risk, represented by beta, rather than for the standard 
deviation, w

hich includes nonsystem
atic risk.  T

hus, Portfolio A
’s low

er rate 
of return can be paired w

ith a higher standard deviation, as long as A
’s beta is 

less than B
’s. 

  8. 
N

ot possible.  T
he rew

ard-to-variability ratio for Portfolio A
 is better than that of 

the m
arket.  T

his scenario is im
possible according to the C

A
P

M
 because the C

A
P

M
 

predicts that the m
arket is the m

ost efficient portfolio.  U
sing the num

bers supplied: 
  

 
5.

0
12 10

16
S

A
=

−
=
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33
.0

24 10
18

S
M

=
−

=
 

 
Portfolio A

 provides a better risk-rew
ard tradeoff than the m

arket portfolio. 
  9. 

N
ot possible.  Portfolio A

 clearly dom
inates the m

arket portfolio.  Portfolio A
 has 

both a low
er standard deviation and a higher expected return. 

   10. 
N

ot possible.  T
he S

M
L

 for this scenario is: E
(r) =

 10 +
 β

(18 – 10) 
Portfolios w

ith beta equal to 1.5 have an expected return equal to: 
 

 
E

(r) =
 10 +

 [1.5 × (18 – 10)] =
 22%

 

T
he expected return for Portfolio A

 is 16%
; that is, Portfolio A

 plots below
 the 

S
M

L
 (α

 A  =
 –6%

), and hence, is an overpriced portfolio.  T
his is inconsistent w

ith 
the C

A
PM

. 
  11. 

N
ot possible.  T

he SM
L

 is the sam
e as in Problem

 10.  H
ere, Portfolio A

’s required 
return is: 10 +

 (0.9 × 8) =
 17.2%

 
T

his is greater than 16%
.  Portfolio A

 is overpriced w
ith a negative alpha: 

α
 A  =

 –1.2%
 

  12. 
P

ossible.  T
he C

M
L

 is the sam
e as in P

roblem
 8.  Portfolio A

 plots below
 the C

M
L

, 
as any asset is expected to.  T

his scenario is not inconsistent w
ith the C

A
PM

. 
  13. 

Since the stock’s beta is equal to 1.2, its expected rate of return is: 

 
 

6 +
 [1.2 × (16 – 6)] =

 18%
 

 
 

0

0
1

1

P

P
P

D
)r

(
E

−
+

=
 

 
 

53
$

P
50

50
P

6
18

.0
1

1
=

⇒
+

=
−

 

  14. 
T

he series of $1,000 paym
ents is a perpetuity.  If beta is 0.5, the cash flow

 should be 
discounted at the rate: 

  
 

6 +
 [0.5 × (16 – 6)] =

 11%
 

 
 

PV
 =

 $1,000/0.11 =
 $9,090.91 
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If, how

ever, beta is equal to 1, then the investm
ent should yield 16%

, and the price 
paid for the firm

 should be: 
  

 
PV

 =
 $1,000/0.16 =

 $6,250 

 
T

he difference, $2,840.91, is the am
ount you w

ill overpay if you erroneously 
assum

e that beta is 0.5 rather than 1. 
  17. 

a. 
Since the m

arket portfolio, by definition, has a beta of 1, its expected rate of 
return is 12%

. 
 

b.  
β =

 0 m
eans no system

atic risk.  H
ence, the stock’s expected rate of return in 

m
arket equilibrium

 is the risk-free rate, 5%
. 

 
c. 

U
sing the SM

L
, the fair expected rate of return for a stock w

ith β =
 –0.5 is: 

 
 

 
E

(r) =
 5 +

 [(–0.5)(12 – 5)] =
 1.5%

 

 
T

he actually expected rate of return, using the expected price and dividend for 
next year is: 

  
 

 
E

(r) =
 [($41 +

 $1)/40] – 1 =
 0.10 =

 10%
 

 
B

ecause the actually expected return exceeds the fair return, the stock is 
underpriced. 

  22. 
d. 

From
 C

A
PM

, the fair expected return =
 8 +

 1.25(15 − 8) =
 16.75%

 

 
 

A
ctually expected return =

 17%
 

 
 

α
 =

 17 − 16.75 =
 0.25%

 

 25  d. 

 26. 
d. 

[Y
ou need to know

 the risk-free rate] 

 27. 
d. 

[Y
ou need to know

 the risk-free rate] 

 28.  
U

nder the C
A

P
M

, the only risk that investors are com
pensated for bearing is the 

risk that cannot be diversified aw
ay (system

atic risk).  B
ecause system

atic risk 
(m

easured by beta) is equal to 1.0 for both portfolios, an investor w
ould expect the 

sam
e rate of return from

 both portfolios A
 and B

.  M
oreover, since both portfolios 

are w
ell diversified, it doesn’t m

atter if the specific risk of the individual securities 
is high or low

.  T
he firm

-specific risk has been diversified aw
ay for both portfolios. 



 
5-13 

 
C

H
A

P
T

E
R

 14: B
O

N
D

 P
R

IC
E

S A
N

D
 Y

IE
L

D
S 

  12. 
a. 

T
he bond pays $50 every 6 m

onths.  T
he current price is: 

 
 

 
[$50 × A

nnuity factor (4%
, 6)] +

 [$1,000 × PV
 factor (4%

, 6)] =
 $1,052.42 

 
 

A
ssum

ing the m
arket interest rate rem

ains 4%
 per half year, price six m

onths 
from

 now
 is: 

  
 

 
[$50 × A

nnuity factor (4%
, 5)] +

 [$1,000 × PV
 factor (4%

, 5)] =
 $1,044.52 

  
b. 

R
ate of return

42
.

052
,1

$

90
.7

$
50

$

42
.

052
,1

$

)
42
.

052
,1

$
52
.

044
,1

($
50

$
−

=
−

+
=

 

 
 

 =
 0.04 =

 4.0%
 per six m

onths 
  15. 

If the yield to m
aturity is greater than the current yield, then the bond offers the 

prospect of price appreciation as it approaches its m
aturity date.  T

herefore, the bond 
m

ust be selling below
 par value. 

  21. 
T

he stated yield to m
aturity, based on prom

ised paym
ents, equals 16.075%

. 
[n =

 10; PV
 =

 –900; FV
 =

 1000; PM
T

 =
 140] 

  
B

ased on expected coupon paym
ents of $70 annually, the expected yield to 

m
aturity is 8.526%

. 
  C
H

A
P

T
E

R
 15: T

H
E

 T
E

R
M

 ST
R

U
C

T
U

R
E

 O
F

 IN
T

E
R

E
ST

 R
A

T
E

S 
  6. 

M
aturity 

P
rice 

Y
T

M
 

Forw
ard R

ate 
1 

$943.40 
6.00%

 
 

2 
$898.47 

5.50%
 

(1.055
2/1.06) – 1 =

 5.0%
 

3 
$847.62 

5.67%
 

(1.0567
3/1.055

2) – 1 =
 6.0%

 
4 

$792.16 
6.00%

 
(1.06

4/1.0567
3) – 1 =

 7.0%
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16. 
a. 

T
he current bond price is: 

 
 

($85 × 0.94340) +
 ($85 × 0.87352) +

 ($1,085 × 0.81637) =
 $1,040.20 

 
 

T
his price im

plies a yield to m
aturity of 6.97%

, as show
n by the follow

ing: 

 
 

[$85 × A
nnuity factor (6.97%

, 3)] +
 [$1,000 × PV

 factor (6.97%
, 3)] =

 $1,040.17 
  

b. 
If one year from

 now
 y =

 8%
, then the bond price w

ill be: 

 
 

[$85 × A
nnuity factor (8%

, 2)] +
 [$1,000 × PV

 factor (8%
,2)] =

 $1,008.92 

 
 

T
he holding period rate of return is: 

 
 

[$85 +
 ($1,008.92 – $1,040.20)]/$1,040.20 =

 0.0516 =
 5.16%

 
  20. 

a. 
Five-year Spot R

ate : 

 
 

5
5

4
4

3
3

2
2

1
1

)
y

1(

070
,1

$

)
y

1(

70
$

)
y

1(

70
$

)
y

1(

70
$

)
y

1(

70
$

000
,1

$
+

+
+

+
+

+
+

+
+

=
 

 
 

5
5

4
3

2
)

y
1(

070
,1

$

)
0716

.1
(

70
$

)
0605

.1
(

70
$

)
0521

.1
(

70
$

)
05

.1
(

70
$

000
,1

$
+

+
+

+
+

=
 

 
 

5
5 )

y
1(

070
,1

$
08

.
53

$
69

.
58

$
24

.
63

$
67

.
66

$
000

,1
$

+
+

+
+

+
=

 

 
 

5
5 )

y
1(

070
,1

$
32

.
758

$
+

=
 

 
 

32
.

758
$

070
,1

$
)

y
1(

5
5

=
+

⇒
%

13
.7

1
411
.1

y
5

5
=

−
=

 

 
 

Five-year Forw
ard R

ate : 

 
 

%
01
.7

1
0701
.1

1
)

0716
.1

(

)
0713
.1

(
4 5

=
−

=
−

 

  
b. 

T
he yield to m

aturity is the single discount rate that equates the present value 
of a series of cash flow

s to a current price.  It is the internal rate of return. 
  

 
T

he spot rate for a given period is the yield to m
aturity on a zero-coupon bond 

that m
atures at the end of the period.  A

 spot rate is the discount rate for each 
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period.  S
pot rates are used to discount each cash flow

 of a coupon bond in 
order to calculate a current price.  S

pot rates are the rates appropriate for 
discounting future cash flow

s of different m
aturities. 

  
 

A
 forw

ard rate is the im
plicit rate that links any tw

o spot rates.  Forw
ard rates 

are directly related to spot rates, and therefore to yield to m
aturity.  Som

e 
w

ould argue (as in the expectations hypothesis) that forw
ard rates are the 

m
arket expectations of future interest rates.  A

 forw
ard rate represents a break-

even rate that links tw
o spot rates.  It is im

portant to note that forw
ard rates 

link spot rates, not yields to m
aturity. 

  
 

Y
ield to m

aturity is not unique for any particular m
aturity.  In other w

ords, 
tw

o bonds w
ith the sam

e m
aturity but different coupon rates m

ay have 
different yields to m

aturity.  In contrast, spot rates and forw
ard rates for each 

date are unique. 
  

c. 
T

he 4-year spot rate is 7.16%
.  T

herefore, 7.16%
 is the theoretical yield to 

m
aturity for the zero-coupon U

.S. T
reasury note.  T

he price of the zero-
coupon note discounted at 7.16%

 is the present value of $1,000 to be received 
in 4 years.  U

sing annual com
pounding: 

  
 

 
35

.
758

$
)

0716
.1

(

000
,1

$
P

V
4

=
=

 

  
C

H
A

P
T

E
R

 16: M
A

N
A

G
IN

G
 B

O
N

D
 P

O
R

T
F

O
L

IO
S 

  1. 
T

he percentage change in the bond’s price is: 

 
 

%
27
.3

0327
.0

005
.0

10
.1 194
.7

y
y

1

D
uration

−
=

−
=

×
−

=
∆

×
+

−
 or a 3.27%

 decline. 

  2. 
a. Y

T
M

 =
 6%

 

(1) 
(2) 

(3) 
(4) 

(5) 
T

im
e until 

P
aym

ent 
(years) 

C
ash Flow

 
PV

 of C
F 

(D
iscount 

rate =
 6%

) 
W

eight 
C

olum
n (1) × 

C
olum

n (4) 

1 
 

$60.00 
 

$56.60 
0.0566 

0.0566 
2 

 
$60.00 

 
$53.40 

0.0534 
0.1068 

3 
$1,060.00 

 
$890.00 

0.8900 
2.6700 

C
olum

n Sum
s 

$1,000.00 
1.0000 

2.8334 
  

D
uration =

 2.833 years 
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b. Y

T
M

 =
 10%

 

(1) 
(2) 

(3) 
(4) 

(5) 
T

im
e until 

P
aym

ent 
(years) 

C
ash Flow

 
PV

 of C
F 

(D
iscount 

rate =
 10%

) 
W

eight 
C

olum
n (1) × 

C
olum

n (4) 

1 
 

$60.00 
 

$54.55 
0.0606 

0.0606 
2 

 
$60.00 

 
$49.40 

0.0551 
0.1102 

3 
$1,060.00 

 
$796.39 

0.8844 
2.6532 

C
olum

n Sum
s  

 
$900.53 

1.0000 
2.8240 

  
D

uration =
 2.824 years, w

hich is less than the duration at the Y
T

M
 of 6%

. 
 5. 

a. 
(1) 

(2) 
(3) 

(4) 
(5) 

T
im

e until 
P

aym
ent 

(years) 
C

ash Flow
 

PV
 of C

F 
(D

iscount rate =
 

10%
) 

W
eight 

C
olum

n (1) × 
C

olum
n (4) 

1 
$10 m

illion 
 

$9.09 m
illion 

0.7857 
0.7857 

5 
$4 m

illion 
 

$2.48 m
illion 

0.2143 
1.0715 

C
olum

n Sum
s 

$11.57 m
illion 

1.0000 
1.8572 

  
 

D
 =

 1.8572 years =
 required m

aturity of zero coupon bond. 
 

b. 
T

he m
arket value of the zero m

ust be $11.57 m
illion, the sam

e as the m
arket 

value of the obligations.  T
herefore, the face value m

ust be: 
 

 
 

$11.57 m
illion × (1.10) 1.8572 =

 $13.81 m
illion 

  11. 
a. 

PV
 of the obligation =

 [$10,000 × A
nnuity factor (8%

, 2)] =
 $17,832.65 

 
 

D
uration =

 1.4808 years, w
hich can be verified using R

ule 6 or a table such as 
T

able 15.3. 
 

b. 
A

 zero-coupon bond m
aturing in 1.4808 years w

ould im
m

unize the obligation. 
S

ince the present value of the zero-coupon bond m
ust be $17,832.65, the face 

value (i.e., the future redem
ption value) m

ust be: 
 

 
 

$17,832.65 × 1.08
1.4808 =

 $19,985.26 
  

c. 
If the interest rate increases to 9%

, the zero-coupon bond w
ould decrease in 

value to: 
  

 
92

.
950
,

17
$

09
.1

26
.

985
,

19
$

4808
.1

=
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T

he present value of the tuition obligation w
ould decrease to $17,591.11.  T

he 
net position decreases in value by $0.19. 

  
If the interest rate decreases to 7%

, the zero-coupon bond w
ould increase in 

value to: 
  

 
 

99
.

079
,

18
$

07
.1

26
.

985
,

19
$

4808
.1

=
 

 
T

he present value of the tuition obligation w
ould increase to $18,080.18.  T

he 
net position decreases in value by $0.19. 

  
T

he reason the net position changes at all is that, as the interest rate changes, 
so does the duration of the stream

 of tuition paym
ents. 

  16. 
a. 

PV
 of obligation =

 $2 m
illion/0.16 =

 $12.5 m
illion 

 
 

D
uration of obligation =

 1.16/0.16 =
 7.25 years 

 
 

C
all w

 the w
eight on the 5-year m

aturity bond (w
hich has duration of 4 years).  

T
hen: 

  
 

 
(w

 × 4) +
 [(1 – w

) × 11] =
 7.25 ⇒

 w
 =

 0.5357 

 
 

T
herefore: 

0.5357 × $12.5 =
 $6.7 m

illion in the 5-year bond, and; 

 
 

 
 

0.4643 × $12.5 =
 $5.8 m

illion in the 20-year bond. 
  

b. 
T

he price of the 20-year bond is: 

 
 

[$60 × A
nnuity factor (16%

, 20)] +
 [$1,000 × PV

 factor (16%
, 20)] =

 $407.12 

 
 

T
herefore, the bond sells for 0.4071 tim

es its par value, and: 

 
 

 
M

arket value =
 P

ar value × 0.4071 

 
 

 
$5.8 m

illion =
 Par value × 0.4071 ⇒

 Par value =
 $14.25 m

illion 

 
 

A
nother w

ay to see this is to note that each bond w
ith par value $1,000 sells 

for $407.12.  If total m
arket value is $5.8 m

illion, then you need to buy 
approxim

ately 14,250 bonds, resulting in total par value of $14.25 m
illion. 

  17. 
a. 

T
he duration of the perpetuity is: 1.05/0.05 =

 21 years 

 
 

C
all w

 the w
eight of the zero-coupon bond.  T

hen: 

 
 

 
(w

 × 5) +
 [(1 – w

) × 21] =
 10 ⇒

 w
 =

 11/16 =
 0.6875 

T
herefore, the portfolio w

eights w
ould be as follow

s: 11/16 invested in the 
zero and 5/16 in the perpetuity. 
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b. 

N
ext year, the zero-coupon bond w

ill have a duration of 4 years and the 
perpetuity w

ill still have a 21-year duration.  T
o obtain the target duration of 

nine years, w
hich is now

 the duration of the obligation, w
e again solve for w

: 
  

 
 

(w
 × 4) +

 [(1 – w
) × 21] =

 9 ⇒
 w

 =
 12/17 =

 0.7059 

 
 

So, the proportion of the portfolio invested in the zero increases to 12/17 and 
the proportion invested in the perpetuity falls to 5/17. 

 23. 
a. 

%
 price change =

 (−E
ffective duration) × C

hange in Y
T

M
 (%

) 

 
 

C
IC

: 
(−7.35) × (−0.50%

) =
 3.675%

 

 
 

P
T

R
: 

(−5.40) × (−0.50%
) =

 2.700%
 

  
b. 

S
ince w

e are asked to calculate horizon return over a period of only one 
coupon period, there is no reinvestm

ent incom
e. 

  
 

H
orizon return =

 C
oupon paym

ent +
Y

ear-end price − Initial Price
Initial price

   

 
 

C
IC

: 
%

806
.6

06806
.0

50
.

017
,1

$

50
.

017
,1

$
50
.

055
,1

$
25
.

31
$

=
=

−
+

 

 
 

P
T

R
: 

%
971
.5

05971
.0

50
.

017
,1

$

50
.

017
,1

$
50
.

041
,1

$
75
.

36
$

=
=

−
+

 

  
c. 

N
otice that C

IC
 is non-callable but PT

R
 is callable.  T

herefore, C
IC

 has 
positive convexity, w

hile PT
R

 has negative convexity.  T
hus, the convexity 

correction to the duration approxim
ation w

ill be positive for C
IC

 and negative 
for P

T
R

. 
   


