Chapter 4
                           Pricing Fixed-Income Securities

Chapter Objectives

1. Introduce the mathematics of interest rates for fixed‑income securities.

2. Demonstrate the impact of compounding.

3. Describe the relationship between the interest rate on a security and the security's market price.

4. Introduce the concept of duration as a measure of a security's price sensitivity to changing interest rates.

5. Explain how interest rates on different money market instruments are quoted.

6. Introduce total return analysis and its use in valuing investments.

Key Concepts

1. Interest rate mathematics are based on the simple recognition that cash in your possession today is worth more than the same amount of cash to be received at any time in the future.

2. Simple interest is interest paid only on the initial principal. Compound interest is interest paid on the outstanding principal plus any interest that has been previously earned, but not paid out.

3. Interest may be compounded over different intervals. The shorter is the interval, the greater is the compounding frequency, and the greater is compound interest, ceteris paribus.

4. There are four basic price and interest rate relationships:

a. Market interest rates and bond prices vary inversely.

b. For a specific absolute change in interest rates, the proportionate increase in price when rates fall exceeds the   

    proportionate decrease in price when rates rise.

c. Long‑term bonds change proportionately more in price 1han short‑term bonds for a given change in interest rates.

d. Low‑coupon bonds change proportionately more in price than high‑coupon bonds for a given change in interest
    rates.

5. A security's duration is a measure of its price sensitivity to changes in interest rates. The longer is duration, the greater is the relative price sensitivity.

6. Many investors do not hold securities until final maturity and they cannot invest interim coupon payments at the yield to maturity so yield to maturity is not that meaningful a return measure. Similarly, many securities carry embedded options, such as the borrower’s option to prepay a mortgage or the issuer’s option to call a bond. Total return analysis is useful because it allows an investor to vary assumptions regarding cash flows and reinvestment rates and provides a meaningful estimate of the realized return over a target holding period.

7. Interest rates on securities are quoted and calculated differently. Some instruments trade only on a discount basis, while others are interest bearing. Some yields are quoted assuming a 360‑day year, while other quoted yields assume a 365‑day year. Basic interest rate calculations must recognize these differences.

  8. Money market yields can be best compared by calculating an effective annual yield.

Teaching Suggestions

This chapter provides background information for students who are unfamiliar with basic present value or future value concepts and the mathematics of interest rates. It can be conveniently assigned as background reading with students required to answer the end‑of-​chapter questions to demonstrate proficiency. 

Special attention should be paid to the four price and yield relationships which will be emphasized later in the discussion of interest rate risk and the pricing of taxable and tax‑exempt securities. Students should also be comfortable with how Macaulay’s duration of a security without options is calculated, per Exhibit 6.6, and what this figure means in terms of the security’s price sensitivity. In addition, it is important to note the difference between yield to maturity and total return analysis. Comment on the fact that the yield to maturity calculation assumes that all cash flows will be received as scheduled, will be reinvested at the yield to maturity, and that the holder of the security will hold it until final maturity. If any of these assumptions is violated (as they always are), yield to maturity is an incorrect measure of return. For this reason, many analysts today focus on total return as a measure of yield. Investors can vary their assumptions about the length of holding period, reinvestment rate, and when cash flows will be generated (when embedded options will be exercised).

Students should be familiar with how yields are quoted. Refer them to The Wall Street Journal’s daily publication of money market yields, and ask them to compare effective yields. They should also review graphs that plot different yields, ether from The Wall Street Journal or from Federal Reserve publications. The Wall Street Journal’s Money and Investing Section has excellent data on the Treasury and LIBOR swap curves and corporate bond data. 
Answers to End of Chapter Questions

1. $1,000 (1.02)28 = $1,741.02

2. $20,000 (1.005)72 = $28,640.89

3. (1.025)4 -  1 = 0. 1038, or 10.38% versus (1.00833)12 ‑  1 = 0. 1047 or 10.47%

4. $15,000 (present value interest factor of annuity) 1%, 24 x Payment


or Payment
= $15,000/21.24



= $706.10

lst payment: 
interest   = .0 1 (15,000) = 150; principal = 556. 10

2nd payment: 
interest   = .01 (14,443.90) = 144.44; principal = 558.66
3rd payment: 
interest   = .01 (13,885.24) = 138.85; principal = 567.25

4th payment: 
interest   = .01 (13,317.99) = 133.18; principal = 572.92

5. Present value = $6,800/(1.12)8 = $2,746.41

6. With annual compounding: $250 (1.24)6 = $908.80; 

    with monthly compounding: $250 (1.02)72 = $1,040.28

7. Future value = $9,000 (1.08)3 (1.05)8  =  $16,750.52

8. Part i): Annual growth rate (g): $150,000 (1+g)5  =  $250,000 or 

               g   =  0.1076 or 10.76%

8. Part ii)  Bank 1: 4.50%;  > Bank 2: (1.01075)4 ‑ 1 = 0.0437 or 4.37%;  

                   > Bank 3: (1.000112329)365 ‑ 1 = .04185 or 4.185%

 9. X 
=  amount of principal financed over 4 years

           =  (present value interest factor of annuity) 1 %,48 x $375,

            =   37.05506 x $375

            =   $13,895.65

You can afford the Toyota Camry for $12,000 as the Infiniti G35 is too expensive at $16,000.
10. Premium bond because the coupon rate exceeds the market rate.

20    $350          +
 10,000       

Price =        (1.03)t                (1.03)20       =    $10,743.71


t=1

11. Suppose that you buy the Treasury security at $10,000 par. If you strip the coupons, each equal to $300, and the principal payment and sell them each as a zero coupon security, each would be priced to yield the associated zero coupon rate. The price of each zero coupon security and cumulative price would be:

a. 6-month zero:  $300/(1.027) =  $292.11

b. 1-year zero:   $300/(1.029)2  =  $283.32

c. 18-month zero:   $300/(1.031)3  =   $273.74

d. 2-year zero:  $300/(1.034)4  =   $262.45

e. 2-year zero:  $10,000/(1.034)4  =   $8,748.18
                         Total value            =   $9,859.80

Thus, this series of transactions would lose $10,000  -  $9,859.80  =  $140.20. To make a profit, an arbitrager could short sell the security for $10,000 and buy each of the zero coupons for $9,859.80 (or reconstitute the security) and make a profit of $140.20.

 12. Assuming that Lamar paid par for the bond, the par value is $2,800. The bond pays $98 in semiannual interest.



                       19     98          2,800
Price =      (1.03)t +    (1.03)19      =       $3,000.55


 t=l

Brigg's $2,800 investment returned $3,000.55, or $200.55 more than the price, for a  +7.1625% over 6 months, or 14.325% annually. He did well because interest rates fell during the 6 months.

13. The current price of the bond is $10,092.93 given the coupon rate of 6.5% and the market rate of 6%. The Macaulay's duration is 3.804 semiannual periods or 1.902 years.

325 (1) +  325(2) +    325(3) + 10,325(4)

Duration =     (1.03)     (1.03)2      (1.03)3       (1.03)4          =      3.816  semiannual periods


10,092.93

Duration of the zero coupon bond is 4 semiannual periods or 2 years. The durations differ because the coupon bond makes interim coupon payments while the zero coupon bond pays the entire return at maturity. 

14. The price of the investment with the cash flows discounted at 6% is $6,672.28. The

duration is 3.1 years calculated as [ 1,780 + 12,594.29 + 6,336.75 ] / 6,672.28.

15. a. low or zero

b. high

c. low

d. low duration

16. Both are correct. The mathematics calculates Macaulay’s duration as the weighted average of time until the cash flows arise, where the weights are the present value of each cash flow as a fraction of the initial price. The duration approximation formula shows that this duration estimate is a measure of price elasticity with respect to interest rates..

17. Assume that the purchase price of the zero is $1,000. This means that its future value at maturity in 4 years is $1,000 (1.03)8  =  $1,266.77. 

        Formula: Change in price = ‑8 [.005/(1.03) ] 1,000 = ‑$38.83

Bond price @ 7%:  =  $1,266.77 / (1.035)8  =  $962.00


Change in price = ‑$38

Duration provides only an estimate of price changes with the nonlinear price‑yield relationship.

18. The change in price will be larger. See the basic bond pricing relationships. At a market rate of 5%, the new bond price is $1,266.77 / (1.025)8  =  $1,039.70. Thus the change in price is +$39.70.

Using the elasticity formula: change in price  =  -8 [-.005/(1.03) ] 1,000  =  +$38.83.

19. Treasury bills, repurchase agreements, commercial paper, and bankers acceptances are quoted on a discount basis.

20. The current price is $1,000,000 ‑ .045 (180/360) $1,000,000 =  $977,500.

      The bond equivalent yield is: yield = [ 1,000,000 – 977,500 ] (365/180) = .046675, or 4.6675%.






         977,500

21. Large negotiable CDs, Eurodollars, and federal funds rates are calculated against par value rather than purchase price.

22. Discount rate  =  [ $10,000 – $9,620 ] (360/270) = .05067, or 5.067% 



                   $10,000

       Bond equivalent yield  =  [ $10,000 – $9,620 ] (365/270)  =  0.0534, or 5.34%.





       $9,620

23. Total return: Coupon interest: 10 x $305  =  $3,050

                            Interest on interest :  $305 [(1.025)10 – 1]/0.025  - $3,050  






=  $3,417.03  -  $3,050






=  $ 367.03



   Value at maturity:  $10,000



   Total Future Dollars:  $13,417.03



   Total Return  =  [$13,417.03]1/10    -   1   =   0.02983, or 2.983% semiannually

                                                        $10,000

      Sell the bond after 2 years:



   Coupon interest:  4 x $305  =  $1,220



   Interest on interest:  $305 [(1.025)4  - 1]/0.025  - $1,220  

 



          
=  $1,226.52  -  $1,220






=  $  26.52
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    Sale price:          305
+      10,000        =     $10,247.04




           t=1  (1.026)t                 (1.026)6


    Total Future Dollars:   $11,493.56



    Total Return  =   [$11,493.56]1/4    -    1    =   0.03541, or 3.541 semiannually





         $10,000

The total return is higher in the second case because the holder assumes that he/she can sell the security for a gain after two years. This gain increases the total return versus holding the security until maturity.

24. Expected total return:

Coupon interest:   $3,500  x  4 
=   $14,000

Interest on interest:    $3,500 [ (1.04)4  -  1 ) ]    -   $14,000  =  $862.62





   0.04
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Sale price:              3,500         +       100,000       =     $99,172.51


           t=1  (1.036)t                  (1.036)10 
Total Future Dollars:
$114,035.13

Total Return  =    [$114,035.13]1/4     -     1    =   0.01252, or 1.252% semiannually



      $108,500

       This return is low because the investor pays a premium for the security, rates are assumed to increase 

       after purchase, and the sale price is well below the purchase price.

25. Total return on Bondex Corp. shares (per share):

    First 2 years:

Dividend income:   $1 x 8  =  $8

Reinvestment income:    $1 [(1.015)8  - 1)]  -  $8  =  $0.433





0.015

If you can reinvest this at 9% (2.25% quarterly) over the last 3 years, the total future value of the first 2 years’ dividends is $8.433 (1.0225)12   =  $11.014

Next 3 years:

Dividend income:   $1 x 12  =  $12

Reinvestment income:   $1 [(1.0225)12  -  1)]   -  $12   =  $1.602





0.0225  

Sale price after 5 years:  $30

Total Future Dollars:
$54.616

Total Return  =   [54.616]1/20   -  1    =   0.039846, or 3.9846% quarterly

                              25.0

   for a total return of 15.938% annually.

