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Chapter 6
Bonds

Note:
All problems in this chapter are available in MyFinanceLab. An asterisk (*) indicates problems with a higher level of difficulty.


1.
Plan: We can use Eq. 6.1 to determine the semiannual coupon payment on the bond and then create a timeline for the cash flows using the semiannual coupon payment found earlier. 



Execute:

a.
The coupon payment is:
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b.
Using the semiannual coupon payment, we can then create a timeline for the cash flows of 
the bond. The timeline for the cash flows for this bond is (the unit of time on this timeline 
is six-month periods):




Evaluate: We can compute the coupon payment by simply computing the yearly total coupon payments using the coupon rate and the face value, and then dividing that by the number of coupon payments per year. Also, in order to compute the value of the bond, we need to know the cash flows, and this is why we plot out those cash flows in a timeline. 


2.
Plan: We can see that the bond consists of an annuity of 20 payments of $20, paid every 
six months, and one lump-sum payment of $1,000 (face value) in 10 years (20 six-month periods). We can rearrange Eq. 6.1 in order to find the coupon rate knowing the coupon payment of $20. By rearranging Eq. 6.1, we come up with the following: coupon rate  (coupon payment/face value) ( number of coupon payments per year.



Execute:

a.
The maturity is 10 years.

b.
(20/1,000) ( 2  4%, so the coupon rate is 4%.

c.
The face value is $1,000.



Evaluate: The maturity of the bond is the final repayment date of that bond, at which point payments on the bond will terminate. In this case, the bond will make 20 semiannual payments terminating in 10 years. We can find the coupon rate if we know the coupon payment, face value, and number of coupon payments per year by using and rearranging Eq. 6.1. Finally, 
we know that the face value of the bond is the amount repaid at maturity, in this case $1,000.


3.
a.
Use the following equation with FV = $100, P = price per $100 face value, and n = maturity (years) from the table,
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We get
	Price (P)
	Maturity (n)
	YTM

	95.77
	1
	4.42%

	91.46
	2
	4.56%

	86.93
	3
	4.78%

	82.25
	4
	5.01%

	77.09
	5
	5.34%




b.
The yield curve is as shown below.
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c.
The yield curve is upward sloping.
[image: image4.jpg]



4.
Plan: We can use Eq. 6.2 to compute the yield to maturity for each bond. We can then use Excel to plot the zero-coupon yield curve, which will plot the yield to maturity of investments of different maturities using the yield to maturity on the y-axis and the maturity in years on the x-axis. 



Execute:

a.
Using Eq. 6.2 for the first five years to compute the yield to maturity:
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	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	1
	
	95.51
	0
	100
	 

	Solve for Rate:
	 
	4.70%
	
	 
	 
	RATE(1,0,95.51,100)


	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	2
	
	91.05
	0
	100
	 

	Solve for Rate:
	 
	4.80%
	
	 
	 
	RATE(2,0,91.05,100)


	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	3
	
	86.38
	0
	100
	 

	Solve for Rate:
	 
	5.00%
	
	 
	 
	RATE(3,0,86.38,100)


	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	4
	
	81.65
	0
	100
	 

	Solve for Rate:
	 
	5.20%
	
	 
	 
	RATE(4,0,81.65,100)


	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	5
	
	76.51
	0
	100
	 

	Solve for Rate:
	 
	5.50%
	
	 
	 
	RATE(5,0,76.51,100)


b.
The yield curve is:
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c.
The yield curve is upward sloping.



Evaluate: The yield to maturity of the bond is the discount rate that sets the present value of the promised bond payments equal to the current market price of the bond. We can use Eq. 6.2 knowing the face value, price, and year of each bond in order to find the yield to maturity. We can plot the zero-coupon yield curve using Excel, which will compare the yield to maturity of investments of different maturities. 


5.
Plan: We can use the bond’s yield to maturity to compute the bond’s price as the present value of the face amount, where the discount rate is the bond’s yield to maturity. From the table, the yield to maturity for two-year, zero-coupon, risk-free bonds is 5.50%.



Execute: 
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	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	2
	5.500%
	 
	0
	100
	 

	Solve for PV:
	 
	 
	(89.85)
	 
	 
	PV(0.055,2,0,100)




Evaluate: We can compute the price of a zero-coupon bond simply by computing the present value of the face amount using the bond’s yield to maturity.


6.
Plan: We can use the bond’s yield to maturity to compute the bond’s price as the present value of the face amount, where the discount rate is the bond’s yield to maturity. From the table, the yield to maturity for four-year, zero-coupon, risk-free bonds is 5.95%.



Execute: 
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	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	4
	5.950%
	 
	0
	100
	 

	Solve for PV:
	 
	 
	(79.36)
	 
	 
	PV(0.0595,4,0,100)




Evaluate: We can compute the price of a zero-coupon bond simply by computing the present value of the face amount using the bond’s yield to maturity.


7.
6.05%.


8. 
The prices of several bonds with face values of $1,000 are summarized in the following table:
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9.
Plan: These are all issued by the same issuer with the same par value. They only differ on the size of the coupon payments and the maturity.



Execute:

a.
Three-year (you get the FV sooner, so its PV must be higher).

b.
Four percent coupon bond—the timing is the same, but the 4% coupon bond pays interest payments, while the zero-coupon bond is a pure discount bond.

c.
Six percent coupon bond—the timing is the same, but the coupon (interest) payments are higher for the 6% bond.



Evaluate: When the timing is the same, the bond with the higher coupon payments (larger interim cash flows) must be worth more. When the timing is different, but the coupons are zero, the bond that pays off sooner must be worth more.


10.
Plan: Given the yield, we can compute the price using Eq. 6.3. First, note that a 8.5% APR is equivalent to a semiannual rate of 4.25%. Also, recall that the cash flows of this bond are an annuity of four payments of $32.5, paid every six months, and one lump-sum cash flow of $1,000 (the face value), paid in two years (four six-month periods).


Execute:
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	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	4
	4.250%
	 
	32.5
	1,000
	 

	Solve for PV:
	 
	 
	(963.91)
	 
	 
	PV(0.0425,4,32.5,100)




Evaluate: The yield to maturity is the discount rate that equates the present value of the bond’s cash flows with its price. By discounting the cash flows using the yield, we can find the bond’s price.


11.
First, calculate the cash flows and put them on a timeline. A $1,000 par, 4.25% coupon bond pays (0.0425 ( $1,000)/2  $21.25 every six months and then pays the $1,000 par at maturity. The next payment is due in six months.

	Today
	6 months
	1 year
	1.5 years

	
	21.25
	21.25
	1021.25




Next, convert the quoted APRs into six-month rates because the cash flows come at six-month intervals. Finally, discount the cash flows.



Execute: Convert APRs to six-month rates:  0.01/2  0.005;  0.011/2  0.0055;   0.013/2  0.0065.



Discount the cash flows using the appropriate spot rate for each cash flow, remembering that 
the number of periods (n) refers to the number of six-month periods.
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Evaluate: The bond is trading at a premium (price greater than par) because the coupon rate of 4% is higher than the current market spot rates. The price rises until the bond’s return matches the return offered elsewhere in the market for cash flows of the same timing and risk.
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12.
Plan: The bond consists of an annuity of 20 payments of $40.5, paid every six months, and one lump-sum payment of $1,000 in 10 years (20 six-month periods). We can use Eq. (6.3) to solve for the yield to maturity. However, we must use six-month intervals consistently throughout 
the equation. In addition, we can use an annuity spreadsheet in Excel (shown in each part) to find the bond’s yield to maturity. Also, given the yield, we can compute the price using Eq. (6.3). Note that a 9.2% APR is equivalent to a semiannual rate of 4.6%. Again, we can use a spreadsheet in Excel to find the new price of the bond.



Execute: Using Eq. (6.3) to find the bond’s yield to maturity:

a.
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Using the annuity spreadsheet:

	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	20
	 
	1,035.61
	40.5
	1000
	

	Solve for Rate:
	 
	3.79  %
	 
	 
	 
	RATE(20,40.5,1035.61,1000)



Therefore, YTM  3.79 % ( 2  7.59 %.
b.

[image: image14.wmf]220

40.540.540.51,000

PV $929.07

0.092

0.0920.092

1

11

2

22

+

=++×××+=

æö

æöæö

+

++

ç÷

ç÷ç÷

èø

èøèø



Using the spreadsheet.


With a 9.2% YTM  4.6% per six months, the new price is $929.07.

	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	20
	4.60%
	 
	40.5
	1,000
	 

	Solve for PV:
	 
	 
	(929.07)
	 
	 
	PV(0.046,20,40.5,1000)




Evaluate: The yield to maturity is the discount rate that equates the present value of the bond’s cash flows with its price. By discounting the cash flows using the yield we can find the bond’s price. The bond’s price has lowered to $929.07, raising the yield to maturity from 8.1% to 
9.2% APR. The present value of the bond payments equal to the current market price of the bond is lowered by increasing the discount rate of the bond.


13.
Plan: We can compute the bond’s coupon rate by rearranging Eq. 6.3 to find the coupon payment. We can also use an annuity spreadsheet in Excel to find the coupon rate.



Execute:
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So the coupon rate is 3.283%.



We can use the annuity spreadsheet to solve for the payment:
	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	5
	5.70%
	
	 
	1,000
	

	Solve for PMT:
	
	
	
	32.83 
	
	PMT(0.057,5,,1000)




Therefore, the coupon rate is 3.283%.



Evaluate: In order to compute the coupon rate, you must know the coupon payment. In this case, we can solve for the coupon payment by rearranging Eq. 6.3 to find the annual coupon payment and then dividing that number by the face value in order to convert the annual payment into the coupon rate.

14. 
Two percent coupon means 2% of $1,000, or $20, paid out in six-month installments of $10 each. The bond matures in one year and pays its par back at that time. So, the cash flows are $10 in six months and $1,010 in one year. The appropriate rate for the six-month cash flow is 1.7% APR, compounded semiannually, or 0.85% (0.0085) per six-month period. The appropriate rate for the one-year cash flow is 2% APR, or 1% (0.01) every six months, compounded over two six-month periods (n = 2):
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15.
a.
discount

b.
premium

c.
premium

d.
at par


16.
The bond’s price will go down. Mathematically, the discount rate will increase, so the PV must decrease. Economically, the market interest rates represent the opportunity cost of capital. When your other investment opportunities become more attractive, this one becomes relatively less attractive, so its price must decrease until market participants are willing to buy it.

17.
a.
Because the yield to maturity is less than the coupon rate, the bond is trading at a premium.

b.
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	NPER
	Rate
	PV
	PMT
	FV
	Excel Formula

	Given:
	14
	4.77%
	 
	52.3
	1,000
	 

	Solve For PV:
	 
	 
	(–1,046.21)
	 
	 
	=PV(0.0477,14,52.3,1000)
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18.
Plan: Given the bond’s yield to maturity, we can compute the price using Eq. 6.3. Note 
that the cash flows of this bond are an annuity of 10 payments of $70, paid annually, and one lump-sum cash flow of $1,000 (the face value), paid in 10 years.



Execute: When it was issued, the price of the bond was:
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	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	10
	6.000%
	 
	70
	1,000
	 

	Solve for PV:
	 
	 
	(1,073.60)
	 
	 
	PV(0.06,10,70,1000)




Evaluate: The yield to maturity is the discount rate that equates the present value of the bond’s cash flows with its price. By discounting the cash flows using the yield, we can find the bond’s price, which is $1,073.60.
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19.
Plan: Because we are valuing the bond just before the first $70 coupon payment, we know that the payment is worth $70. The rest of the bond is now a nine-year bond, which we can value. The value of the bond is the sum of these cash flows.



Execute: Before the first coupon payment, the price of the bond is:
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Evaluate: This bond would have a value of $1,138.02.
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20.
Plan: Because the first $70 coupon has just been paid, it no longer is reflected in the value of the bond. The bond is now a nine-year maturity bond, which can be valued.



Execute: After the first coupon payment, the price of the bond will be
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Evaluate: The value of this bond is $1,068.02.


21.
Plan: A 6% coupon bond pays (0.06 ( $1,000)/2  $30 every six months.



We can use the fact that there are 20 six-month periods left until maturity and Eq. 6.3 to infer the YTM for the existing bond. Your company will have to offer a coupon rate equal to that YTM to sell new bonds.



Execute:
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Using either trial and error, a financial calculator, or Excel, we can determine that y  0.025. 
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The six-month rate is 0.025, so the semiannually compounded APR would be 5% (2.5% × 2). Because the market is currently pricing your company’s bonds to yield 5%, you would need to offer a 5% coupon rate in order to have them priced at par.



Evaluate: Even though you had to offer a 6% coupon rate in the past, market conditions have changed and the coupon rate you would now have to offer would only be 5%.


22.
First, we compute the initial price of the bond by discounting its 10 annual coupons of $11 and final face value of $100 at the 9.94% yield to maturity.

	


	NPER
	Rate
	PV
	PMT
	FV
	Excel Formula

	Given:
	10
	9.94%
	
	11
	100
	 

	Solve For PV:
	
	
	(–106.53)
	
	
	= PV(0.0994,10,11,100)


Thus, the initial price of the bond = $106.53. (Note that the bond trades above par, as its coupon rate exceeds its yield.)

Next, we compute the price at which the bond is sold, which is the present value of the bond’s cash flows when only 6 years remain until maturity.

	 
	NPER
	Rate
	PV
	PMT
	FV
	Excel Formula

	Given:
	6
	9.94%
	
	11
	100
	 

	Solve For PV:
	
	
	(–104.62)
	
	
	= PV(0.0994,6,11,100)


Therefore, the bond was sold for a price of $104.62. The cash flows from the investment are therefore as shown in the following timeline.
	Year
	0
	1
	2
	3
	4

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Purchase Bond
	–$106.53
	
	
	
	

	Receive Coupons
	
	$11
	$11
	$11
	$11

	Sell Bond
	
	
	
	
	$104.62

	Cash Flows
	–$106.53
	$11.00
	$11.00
	$11.00
	$115.62
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23.
Plan: We need to compute the price of each bond for each yield to maturity and then calculate the percentage change in the prices. We can use Eq. 6.3 to compute the prices. 



Execute: We can compute the price of each bond at each YTM using Eq. 6.3. For example, with a 6% YTM, the price of Bond A per $100 face value is:
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The price of Bond D is:
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One can also use the Excel formula to compute the price: =PV(YTM, NPER, PMT, FV).



Once we compute the price of each bond for each YTM, we can compute the percentage price change as:
Percentage change  
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The results are shown in the table below:

	
Bond
	Coupon Rate
(annual payments)
	Maturity
(years)
	Price at
6% YTM
	Price at
5% YTM
	Percentage Change

	A
	0%
	15
	$  41.73 
	$  48.10 
	15.3%

	B
	0%
	10
	$  55.84 
	$  61.39 
	9.9%

	C
	4%
	15
	$  80.58 
	$  89.62 
	11.2%

	D
	8%
	10
	$114.72 
	$123.17 
	7.4%




Evaluate: The 15-year zero-coupon bond is the most sensitive to the decrease in the bond’s yield to maturity, while the 10-year bond shows the least sensitivity. In addition, both of the 15-year bonds are more sensitive than the 10-year bonds, proving that long-term bonds are riskier than short-term bonds.


24.
Bond A is most sensitive because it has the longest maturity and no coupons. Bond D is the least sensitive. Intuitively, higher coupon rates and a shorter maturity typically lower a bond’s interest rate sensitivity.
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25.
a.
Purchase price = 100 / 1.0430 = 30.83. Sale price = 100 / 1.0425 = 37.51. Return = (37.51 / 30.83)1/5 – 1 = 4.00%. I.e., since YTM is the same at purchase and sale, IRR = YTM.

b.

Purchase price = 100 / 1.0430 = 30.83. Sale price = 100 / 1.0525 = 29.53. Return = (29.53 / 30.83)1/5 – 1 = -0.86%. I.e., since YTM rises, IRR < initial YTM.

c.

Purchase price = 100 / 1.0430 = 30.83. Sale price = 100 / 1.0325 = 47.76. Return = (47.76 / 30.83)1/5 – 1 = 9.15%. I.e., since YTM falls, IRR > initial YTM.

d.
Even without default, if you sell prior to maturity, you are exposed to the risk that the YTM may change.

26.
Plan: We can use the bond’s yield to maturity to compute the bond’s price as the present value of its face amount, where the discount rate is the bond’s yield to maturity. We can compute the credit spread by taking the yield to maturity of each security and subtracting the yield to maturity for the Treasury bill. 



Execute: 

a.
The price of this bond will be 
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	Given:
	N
	I/Y
	PV
	PMT
	FV
	Excel Formula

	
	1
	3.200%
	 
	0
	100
	 

	Solve for PV:
	 
	 
	(96.90)
	 
	 
	PV(0.032,1,0,100)


b.
The credit spread on AAA-rated corporate bonds is 0.032 – 0.031  0.1%.

c.
The credit spread on B-rated corporate bonds is 0.049 – 0.031  1.8%.

d.
The credit spread increases as the bond rating falls because lower-rated bonds are riskier.



Evaluate: We can compute the price of a zero-coupon bond simply by computing the present value of the face amount using the bond’s yield to maturity. The credit spread on the AAA-rated corporate bonds is less than the credit spread on the B-rated corporate bonds because lower-rated bonds are riskier and the credit spread increases as the bond rating falls.

27.
a.
When originally issued, the price of the bonds was:
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b.
If the bond is downgraded, its price will fall to:
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28.
Your firm has a credit rating of A. You notice that the credit spread for five-year maturity A debt is 85 basis points (0.85%). Your firm’s five-year debt has a coupon rate of 6%. You see that new five-year Treasury notes are being issued at par with a coupon rate of 2.0%. What should the price of your outstanding five-year bonds be?

We can price your debt as percentage of par (per $100 par value): 6% of $100 is $6, paid as $3 every six months. In that case, your debt makes $3 payments every six months for five years and then pays $100 par. The appropriate YTM is the comparable Treasury plus the credit spread: 0.0285, which is the APR. That corresponds to a six month rate of 0.0285/2 = 0.01425
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29. 
a.
The price will be:
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b.
Each bond will raise $1,017.46, so the firm must issue 11,795 bonds: 
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This will correspond to a principal amount of 11,795 × 1000 = $11,795,000.
c.
For the bonds to sell at par, the coupon must equal the yield. Since the coupon is 5.1%, the yield must also be 5.1%, or A rated.
d.
First, compute the yield on these bonds: 
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Given a yield of 5.9%, it is likely these bonds are BB rated. Yes, BB-rated bonds are junk bonds.
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30.
a.
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Thus, the price is 103.7% of the face value.
b.
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Thus, the price is 97.63% of the face value.
c.
credit spread = 9% – 7.5% = 1.5%
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