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Chapter 11

Chapter 11
1.
A generalized version of formula (11.2) would be
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where 
[image: image2.wmf]12

0

n

ttt

<<<<

K

. Now multiply numerator and denominator by 
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We now have 
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2.
We can apply the dividend discount model and formula (6.28) to obtain
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We next apply formula (11.4) to obtain
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Finally, we apply formula (11.5)
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3.
We can use a continuous version for formula (11.2) to obtain
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and then apply formula (11.5)
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4.
The present value of the perpetuity is
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The modified duration of the perpetuity is
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5.
Applying the fundamental definition we have
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6.
(a) We have 
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so that 
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(b)
We have 
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so that 
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7.
Per dollar of annual installment payment the prospective mortgage balance at time 
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8.
We have
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9.
(a)
Rather than using the definition directly, we will find the modified duration first and adjust it, since this information will be needed for part (b). We have
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Now, 
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and 
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(b)
We have
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and multiplying numerator and denominator by 
[image: image28.wmf](

)

4

1

i

+



[image: image29.wmf](

)

(

)

(

)

(

)

(

)

(

)

3232

21621.168.2

3.23.

2.541

111.11.1

i

ii

+++

===

++++


10.
When there is only one payment 
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 is the time at which that payment is made for any force of interest. Therefore,
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11.
(a)
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(b)
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(c)
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(d)
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12.
Per dollar of installment payment, we have
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If 
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13.
We have    
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so that 
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14.
From formula (11.10)
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Now applying formula (11.9b), we have
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15.
(a)
From formula (11.19)
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(b)
From formula (11.20)
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(c)
From formula (11.22)
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16.
We have:
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(a)
We have
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(b)
We have
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17.
Using formula (11.22)
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which agrees with the price calculated in Exercise 16.
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which agrees with the price calculated in Exercise 16.

18.
We know that 
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and 
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19.
Directly form formula (11.24), we have
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20.
(a)
Time 1 before payment is made:
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Time 1 after payment is made:
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“Jump” 
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(b)
Time 2 before payment is made:
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Time 2 after payment is made:
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“Jump” 
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(c)
The numerator is the same before and after the “jump.” The denominator is one less after the jump than before. The effect is greater when the numerator is greater.
21.
Treasury bills have a stated rate at simple discount, which can be considered to be a discount rate convertible quarterly as they rollover from quarter to quarter. We have


[image: image63.wmf](

)

(

)

(

)

(

)

2

42

2

2

2

11

42

.06

11          .0613775.

42

di

i

i

-

-

æö

-=+

ç÷

èø

æö

-=+=

ç÷

èø



Run tests at 
[image: image64.wmf](

)

2

.0513775

i

=

 and .0713775.

[image: image65.wmf](

)

(

)

(

)

(

)

2

4

4

2

4

4

.0513775

11,  so  .0504.

42

.0713775

11,  so  .0695.

42

L

H

d

d

d

d

-

-

æö

-=+=

ç÷

èø

æö

-=+=

ç÷

èø



Thus, use 5.04% and 6.95% rates of discount.

22.
Macaulay convexity equals to the square of Macaulay duration for single payments. Thus, we have

	Macaulay

	
	Duration
	Convexity
	Amount

	Bond 1
	2
	4
	10,000

	Bond 2
	5
	25
	20,000

	Bond 3
	10
	100
	30,000



Then applying formula (11.25)
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23.
 We set
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and obtain 
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 using a financial calculator.

24.
We have
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25.
Using absolute matching with zero-coupon bonds, we have
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26.
Let 
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 be the face amount of 1-year and 2-year bonds. At the end of the second year


[image: image73.wmf]222

.0610,000and9433.96.

FFF

+==



At the end of the first year
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The price of the 1-year bond is
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The price of the 2-year bond is
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The total price is 
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 to the nearest dollar.

27.
(a)
The amount of Bond B is
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in order to meet the payment due in one year. The amount of Bond A is
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in order to meet the payment due in 6 months. The cost of Bond B is 
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The cost of Bond A is
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Thus, the total cost to the company is
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(b)
The equation of value is
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which is a quadratic. Solving the quadratic gives 
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 which is a semiannual interest rate. Thus, the nominal IRR convertible semiannually is 
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28.
(a)
The liability is a single payment at time 
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which is equal to the modified duration of the assets.


(b)
We have
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Thus, the convexity of the liability is
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which is less than the convexity of the assets of 2.47934.

29.
(a)
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(1) 
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(2) 
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(3) 
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(b)
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(1) 
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(2) 
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(3) 
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(c)
In Example 11.14 
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30.
(a)
From formula (11.27) we have
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Now multiplying by 
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From formula (11.28) we have
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Now multiplying by 
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Solving two equations in two unknowns, we have 
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(b)
Testing formula (11.29) we have
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and
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Yes, the conditions for Redington immunization are satisfied.

31.
Adapting formulas (11.30) and (11.31) to rates of interest, we have:
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Solving two equations in two unknowns give the following answers:

(a)
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(b)
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32.
Again adapting formulas (11.30) and (11.31) to rates of interest, we have:
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or
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Solving two equations in two unknowns gives the following answers:

(a)
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(b)
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33.
(a)
If 
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If 
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Thus, choose
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(b)
If 
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If 
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Thus, no solution exists.

34.
(a)
If 
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If 
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Thus, choose
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(b)
If 
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If 
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Thus, no solution exists.

35.
The present value of the liability at 5% is
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The present value of the bond at 5% is 1,000,000.


If interest rates decrease by ½%, the coupons will be reinvested at 4.5%. The annual coupon is
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The liability value at that point is 1,000,000 creating a loss of 1,000,000-998,687 = $1313.


If the interest rates increase by ½%, the accumulated value 12/31/z+4 will be 
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creating a gain of 
[image: image164.wmf]1,001,3231,000,000$1323

-=

.

36.
(a)
Under Option A, the 20,000 deposit grows to  
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(b)
Using the principles discussed in Chapter 10, we have
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37.
The present value the asset cash inflow is
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The present value the liability cash outflow is
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We then have the following derivatives:
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If 
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Thus, the investment strategy is optimal under immunization theory, since
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38.
This is a lengthy exercise and a complete solution will not be shown. The approach is similar to Exercise 37. A sketch of the full solution appears below.


When the initial strategy is tested, we obtain the following:
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Since
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, the strategy cannot be optimal under immunization theory.

The superior strategy lets x, y, z be amounts invested in 1-year, 3-year, 5-year bonds, respectively. The three immunization conditions are set up leading to two equations and one inequality in three unknowns.
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39.
(a)
We have 
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(b)
We have 
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40.
(a)
We have
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so that
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(b)
The error in this approach is 
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