Chapter 8

Time Value of Money

ANSWERS TO END-OF-CHAPTER QUESTIONS
8-1
a.
PV (present value) is the value today of a future payment, or stream of payments, discounted at the appropriate rate of interest.  PV is also the beginning amount that will grow to some future value.  The parameter i is the periodic interest rate that an account pays.  The parameter INT is the dollars of interest earned each period.  FVn (future value) is the ending amount in an account, where n is the number of periods the money is left in the account.  PVAn is the value today of a future stream of equal payments (an annuity) and FVAn is the ending value of a stream of equal payments, where n is the number of payments of the annuity.  PMT is equal to the dollar amount of an equal, or constant cash flow (an annuity).  In the EAR equation, m is used to denote the number of compounding periods per year, while iNom is the nominal, or quoted, interest rate.

b.
FVIFi,n is the future value interest factor for a lump sum left in an account for n periods paying i percent interest per period.  PVIFi,n is the present value interest factor for a lump sum received n periods in the future discounted at i percent per period.  FVIFAi,n is the future value interest factor for an ordinary annuity of n periodic payments paying i percent interest per period.  PVIFAi,n is the present value interest factor for an ordinary annuity of n periodic payments discounted at i percent interest per period.  All the above factors represent the appropriate PV or FVn when the lump sum or ordinary annuity payment is $1.  Note that the above factors can also be defined using formulas.

c.
The opportunity cost rate (i) of an investment is the rate of return available on the best alternative investment of similar risk.

d.
An annuity is a series of payments of a fixed amount for a specified number of periods.  A single sum, or lump sum payment, as opposed to an annuity, consists of one payment occurring now or at some future time. A cash flow can be an inflow (a receipt) or an outflow (a deposit, a cost, or an amount paid).  We distinguish between the terms cash flow and PMT.  We use the term cash flow for uneven streams, while we use the term PMT for annuities, or constant payment amounts.  An uneven cash flow stream is a series of cash flows in which the amount varies from one period to the next.  The PV (or FVn) of an uneven payment stream is merely the sum of the present values (or future values) of each individual payment.

e.
An ordinary annuity has payments occurring at the end of each period. A deferred annuity is just another name for an ordinary annuity.  An annuity due has payments occurring at the beginning of each period.  Most financial calculators will accommodate either type of annuity.  The payment period must be equal to the compounding period.

f.
A perpetuity is a series of payments of a fixed amount that last indefinitely.  In other words, a perpetuity is an annuity where n equals infinity.  Consol is another term for perpetuity.  Consols were originally bonds issued by England in 1815 to consolidate past debt.

g.
An outflow is a deposit, a cost, or an amount paid, while an inflow is a receipt.  A time line is an important tool used in time value of money analysis; it is a graphical representation which is used to show the timing of cash flows.

h.
Compounding is the process of finding the future value of a single payment or series of payments.  Discounting is the process of finding the present value of a single payment or series of payments; it is the reverse of compounding.

i.
Annual compounding means that interest is paid once a year.  In semiannual, quarterly, monthly, and daily compounding, interest is paid 2, 4, 12, and 365 times per year respectively.  When compounding occurs more frequently than once a year, you earn interest on interest more often, thus increasing the future value.  The more frequent the compounding, the higher the future value.

j.
The effective annual rate is the rate that, under annual compounding, would have produced the same future value at the end of 1 year as was produced by more frequent compounding, say quarterly.  The nominal (quoted) interest rate, iNom, is the rate of interest stated in a contract.  If the compounding occurs annually, the effective annual rate and the nominal rate are the same.  If compounding occurs more frequently, the effective annual rate is greater than the nominal rate. The nominal annual interest rate is also called the annual percentage rate, or APR.  The periodic rate, iPER, is the rate charged by a lender or paid by a borrower each period.  It can be a rate per year, per 6-month period, per quarter, per month, per day, or per any other time interval (usually one year or less).

k.
An amortization schedule is a table that breaks down the periodic fixed payment of an installment loan into its principal and interest components.  The principal component of each payment reduces the remaining principal balance.  The interest component is the interest payment on the beginning-of-period principal balance.  An amortized loan is one that is repaid in equal periodic amounts (or "killed off" over time).

l.
The terminal value is the future value of an uneven cash flow stream.

8-2
The opportunity cost rate is the rate of interest one could earn on an alternative investment with a risk equal to the risk of the investment in question.  This is the value of i in the TVM equations, and it is shown on the top of a time line, between the first and second tick marks.  It is not a single rate--the opportunity cost rate varies depending on the riskiness and maturity of an investment, and it also varies from year to year depending on inflationary expectations (see Chapter 5).

8-3
True.  The second series is an uneven payment stream, but it contains an annuity of $400 for 8 years.  The series could also be thought of as a $100 annuity for 10 years plus an additional payment of $100 in Year 2, plus additional pay​ments of $300 in Years 3 through 10.

8-4
True, because of compounding effects--growth on growth.  The following example demonstrates the point.  The annual growth rate is i in the following equation:

$1(1 + i)10 = $2.

The term (1 + i)10 is the FVIF for i percent, 10 years.  We can find i in one of two ways:

1.
Using a financial calculator input N = 10, PV = -1, PMT = 0, FV = 2, and I = ?.  Solving for I you obtain 7.18%.

2.
Using a financial calculator, input N = 10, I = 10, PV = -1, PMT = 0, and FV = ?.  Solving for FV you obtain $2.59.  This formulation recognizes the "interest on interest" phenomenon.

8-5
For the same stated rate, daily compounding is best.  You would earn more "interest on interest."

8-6
False.  One can find the present value of an embedded annuity and add this PV to the PVs of the other individual cash flows to determine the present value of the stream of cash flows.

8-7
The concept of a perpetuity implies that payments will be received forever. FV (Perpetuity) = PV (Perpetuity)(1 + i)( = (.

SOLUTIONS TO END-OF-CHAPTER PROBLEMS

[image: image1.wmf]mn

m

i

1

÷

ø

ö

ç

è

æ

+

8-1
a.
  0          1

[image: image30.wmf].

40

.

895

$

)

7908

.

1

(

500

$

)

FVIF

(

500

$

 

10

%,

6

 

=

=


  |          |      $500(1.06) = $530.00.


-500      FV = ?
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  |          |          |      $500(1.06)2 = $561.80.


-500                 FV = ?

[image: image33.wmf]FV

Year

2

1

2

1

0

3

4

3.8

c.
   0          1


   |          |     $500(1/1.06) = $471.70.


PV = ?       500

d.
   0          1          2


   |          |          |     $500(1/1.06)2 = $445.00.


PV = ?                  500


8-2
a.
  0   1   2   3   4   5   6   7   8   9   10 


  |   |   |   |   |   |   |   |   |   |   | 


-500                                   FV = ?



b.
  0   1   2   3   4   5   6   7   8   9   10 


  |   |   |   |   |   |   |   |   |   |   | 


-500                                   FV = ?



c.
   0   1   2   3   4   5   6   7   8   9   10 


   |   |   |   |   |   |   |   |   |   |   | 


PV = ?                                    500


d.
   0   1   2   3   4   5   6   7   8   9   10 


   |   |   |   |   |   |   |   |   |   |   | 


PV = ?                                  1,552.90

$1,552.90(PVIF12%,10)
=

$1,552.90(PVIF6%,10)
=

$1,552.90(0.3220)
= $500.03; i = 6%:
$1,552.90(0.5584)
= $867.14.

The present value is the value today of a sum of money to be received in the future.  For example, the value today of $1,552.90 to be received 10 years in the future is about $500 at an interest rate of 12 percent, but it is approximately $867 if the interest rate is 6 percent.  Therefore, if you had $500 today and invested it at 12 percent, you would end up with $1,552.90 in 10 years.  The present value depends on the interest rate because the interest rate determines the amount of interest you forgo by not having the money today.

8-3
a.
            ?


  |         |      $400 = $200(FVIF7%,n)


-200       400        2 = FVIF7%,n


                      n ( 10 years.

With a financial calculator, enter I = 7, PV = -200, PMT = 0, and FV = 400.  Then press the N key to find N = 10.24.  Override I with the other values to find N = 7.27, 4.19, and 1.00.

b.
            ?


  |         |      2 = FVIF10%,n

-200       400     n ( 7 years.  

c.
            ?


  |         |      2 = FVIF18%,n

-200       400     n ( 4 years.

d.
            ?


  |         |      2 = FVIF100%,n

-200       400     n = 1 year.

8-4
The general formula is FVAn = PMT(FVIFAi,n).

a.
  0    1    2    3    4    5    6    7    8    9   ADVANCE \r210


  |    |    |    |    |    |    |    |    |    |    | 

      400  400  400  400  400  400  400  400  400  400



                                            FV = ?


FVA10 = ($400)15.9374 = $6,374.96.

With a financial calculator, enter N = 10, I = 10, PV = 0, and PMT = 
-400.  Then press the FV key to find FV = $6,374.97.

b.
  0      1      2      3      4      5


  |      |      |      |      |      |    ($200)5.5256 = $1,105.12.

        200    200    200    200    200



                           FV = ?

With a financial calculator, enter N = 5, I = 5, PV = 0, and PMT = 
-200.  Then press the FV key to find FV = $1,105.13.

c.
  0      1      2      3      4      5


  |      |      |      |      |      |    ($400)5 = $2,000.00.

        400    400    400    400    400



                           FV = ?

With a financial calculator, enter N = 5, I = 0, PV = 0, and PMT = 
-400.  Then press the FV key to find FV = $2,000.

d.
To solve Part d using a financial calculator, repeat the procedures discussed in Parts a, b, and c, but first switch the calculator to "BEG" mode.  Make sure you switch the calculator back to "END" mode after working the problem.

(1)
 0    ADVANCE \r11    2    3    4    5    6    7    8    9   ADVANCE \r1 10


 |    |    |    |    |    |    |    |    |    |     |


400  400  400  400  400  400  400  400  400  400 ADVANCE \r2FV = ?


FVAn(Annuity due) = PMT(FVIFAi,n)(1 + i).  Therefore,


FVA10 = $400(15.9374)(1.10) = $7,012.46.

(2)
 0    1    2    3    4     5


 |    |    |    |    |     |


200  200  200  200  200 FV = ?


FVA5 = $200(5.5256)(1.05) = $1,160.38.

(3)
 0    1    2    3    4    5


 |    |    |    |    |     |


400  400  400  400  400 FV = ?


FVA5 = $400(5)(1.00) = $2,000.00.

8-5
The general formula is PVAn = PMT(PVIFAi,n).

a.
   0     1    2    3    4    5    6    7    8    9   ADVANCE \r110


   |     |    |    |    |    |    |    |    |    |    |

PV = ?  400  400  400  400  400  400  400  400  400  400

With a financial calculator, simply enter the known values and then press the key for the unknowns.  Except for rounding errors, the answers are as given below.

b.
   0     1    2    3    4    5


   |     |    |    |    |    |   $200(4.3295) = $865.90.

PV = ?  200  200  200  200  200

c.
   0     1    2    3    4    5


   |     |    |    |    |    |   $400(5) = $2,000.00.

PV = ?  400  400  400  400  400

d.
(1)
 0    ADVANCE \r11    2    3    4    5    6    7    8    9   ADVANCE \r1 10


 |    |    |    |    |    |    |    |    |    |     |


400  400  400  400  400  400  400  400  400  400


PV = ?


PVAn (Annuity due)
= PMT(PVIFAi,n)(1 + i).  Therefore,


$400(6.1446)(1.10)
= $2,703.62.

(2)
 0    1    2    3    4     5


 |    |    |    |    |     |


200  200  200  200  200


PVAn (Annuity due) = $200(4.3295)(1.05) = $909.20.

(3)
 0    1    2    3    4    5


 |    |    |    |    |    |


400  400  400  400  400


PV = ?


PVAn (Annuity due)= $400(5)(1.00) = $2,200.00.

8-6
a.
         Cash Stream A                     Cash Stream B


   0    1    2    3    4    5        0    ADVANCE \l21    2    3    4    5


   |    |    |    |    |    |        |    |    |    |    |    |


PV = ? 100  400  400  400  300    PV = ? 300  400  400  400  100

With a financial calculator, simply enter the cash flows (be sure to enter CF0 = 0), enter I = 8, and press the NPV key to find NPV = PV = $1,125.25 for the first problem.  Override I = 8 with I = 0 to find the next PV for Cash Stream A.  Repeat for Cash Stream B to get NPV = PV = $1,300.32.  

b.
PVA = $100 + $400 + $400 + $400 + $300 = $1,600.

PVB = $300 + $400 + $400 + $400 + $100 = $1,600

8-7
These problems can all be solved using a financial calculator by entering the known values shown on the time lines and then pressing the I button.

a.
  0                           1


  |                           |

+700                        -749

7 percent:  $700 = $749(PVIFi,1); PVIFi,1 = 0.9346.

b.
  0                           1


  |                           |    7 percent.

-700                        +749

c.
   0                          10


   |                           |

+85,000                    -201,229

$201,229/$85,000 = 2.3674 = FVIFi,10; i = 9%.

d.
  0         1         2         3         4         5


  |         |         |         |         |         |

+9,000 -2,684.80 -2,684.80 -2,684.80 -2,684.80 -2,684.80

$9,000/$2,684.80 = 3.3522 = PVIFAi,5; i = 15%.

8-8
a.
  0      1      2      3      4      5


  |      |      |      |      |      |

-500                              FV = ?

With a financial calculator, enter N = 5, I = 12, PV = -500, and PMT = 0, and then press FV to obtain FV = $881.17.  With a regular calculator, proceed as follows:

Fvn = PV(1 + i)n = $500(1.12)5 = $500(1.7623) = $881.15.

b.
  0   1   2   3   4   5   6   7   8   9  ADVANCE \r110


  |   |   |   |   |   |   |   |   |   |   |

-500                                   FV = ?

Enter the time line values into a financial calculator to obtain FV = $895.42, or


PVn
= PV
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= $500
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= $500(FVIF6%, 10) = $500(1.7908) = $895.40.

c.
  0      4      8     12     16     20


  |      |      |      |      |      |

-500                              FV = ?

Enter the time line values into a financial calculator to obtain FV = $903.06, or

FVn = $500
[image: image3.wmf])
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 = $500(1.03)20 = $500(1.8061) = $903.05.

d.
  0     12     24     36     48     60


  |      |      |      |      |      |

-500                                 ?

Enter the time line values into a financial calculator to obtain FV = $908.35, or

FVn = $500
[image: image4.wmf])

5

(

12

12

12

.

0

1

÷

ø

ö

ç

è

æ

+

 = $500(1.01)60 = $500(1.8167) = $908.35.

8-9
a.
   0      2      4      6      8      10


   |      |      |      |      |       |

PV = ?                               500

Enter the time line values into a financial calculator to obtain PV = $279.20, or


PV
= FVn
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= $500
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 = $500(PVIF6%, 10) = $500(0.5584) = $279.20.

b.
   0      4      8    ADVANCE \r2 12     16     20


   |      |      |      |      |      |

PV = ?                               500

Enter the time line values into a financial calculator to obtain PV = $276.84, or

PV = $500
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 = $500
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 = $500(0.5537) = $276.85.

c.
   0      1      2           12


   |      |      |   ( ( (    |

PV = ?                     ADVANCE \l2 500

Enter the time line values into a financial calculator to obtain PV = $443.72, or


PV
= $500
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= $500
[image: image11.wmf]12

01

.

1

1

÷

ø

ö

ç

è

æ

 = $500(1.01)-12 = $500(0.8874) = $443.70.

8-10
a.
0      1      2      3                 9     ADVANCE \r210


|      |      |      |     ( ( (        |      |

      400    400    400               400    400



                                    FV = ?

Enter N = 5 ( 2 = 10, I = 12/2 = 6, PV = 0, PMT = -400, and then press FV to get FV = $5,272.32.

b.
Now the number of periods is calculated as N = 5 x 4 = 20, I = 12/4 = 3, PV = 0, and PMT = -200.  The calculator solution is $5,374.07.

Note that the solution assumes that the nominal interest rate is compounded at the annuity period.

c.
The annuity in Part b earns more because some of the money is on deposit for a longer period of time and thus earns more interest. 
Also, because compounding is more frequent, more interest is earned on interest.

8-11
a.
Universal Bank:  Effective rate = 7%.

Regional Bank:


Effective rate
= 
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 - 1.0 = (1.015)4 – 1.0



= 1.0614 – 1.0 = 0.0614 = 6.14%.

With a financial calculator, you can use the interest rate conversion feature to obtain the same answer.  You would choose the Universal Bank.

b.
If funds must be left on deposit until the end of the com​pounding period (1 year for Universal and 1 quarter for Regional), and you think there is a high probability that you will make a withdrawal during the year, the Regional account might be preferable.  For example, if the withdrawal is made after 10 months, you would earn nothing on the Universal account but (1.015)3 - 1.0 = 4.57% on the Regional account.

Ten or more years ago, most banks and S&Ls were set up as described above, but now virtually all are computerized and pay interest from the day of deposit to the day of withdrawal, provided at least $1 is in the account at the end of the period.

8-12
a.
With a financial calculator, enter N = 5, I = 10, PV = -25000, and FV = 0, and then press the PMT key to get PMT = $6,594.94.  Then go through the amortization procedure as described in your calculator manual to get the entries for the amortization table.



                                      Repayment     Remaining



    Year     Payment     Interest   of Principal     Balance   


      1    $ 6,594.94   $2,500.00    $ 4,094.94     $20,905.06



      2      6,594.94    2,090.51      4,504.43      16,400.63



      3      6,594.94    1,640.06      4,954.88      11,445.75



      4      6,594.94    1,144.58      5,450.36       5,995.39



      5      6,594.93*     599.54      5,995.39              0



           $32,974.69   $7,974.69    $25,000.00
*The last payment must be smaller to force the ending balance to zero.

b.
Here the loan size is doubled, so the payments also double in size to $13,189.87.

c.
The annual payment on a $50,000, 10-year loan at 10 percent interest would be $8,137.27.  Because the payments are spread out over a longer time period, more interest must be paid on the loan, which raises the amount of each payment.  The total interest paid on the 10-year loan is $31,372.70 versus interest of $15,949.37 on the 5-year loan.

8-13


         0                                  9       10




         |        |        |        ( ( (    |        |




Z:    -422.41     0        0                0     1,000.00




B:  -1,000.00    ADVANCE \r280       80               80  ADVANCE \l2   1,080.00

a.
With a financial calculator, for Z, enter N = 10, PV = -422.41, PMT = 0, FV = 1000, and press I to get I = 9.00%.  For B, enter N = 10, PV = -1000, PMT = 80, FV = 1000, and press I to get I = 8%.  (Alternatively, enter the values exactly as shown on the time line in the CF register, and use the IRR key to obtain the same answer.)

b.
With a calculator, for the "zero coupon bond," enter N = 10, I = 6, PMT = 0, FV = 1000, and press PV to get the value of the security today, $558.39.  The profit would be $558.39 - $422.41 = $135.98, and the percentage profit would be $135.98/$422.41 = 32.2%.

For the "coupon bond," enter N = 10, I = 6, PMT = 80, FV = 1000, and then press PV to get PV = $1,147.20.  The profit is $147.20, and the percentage profit is 14.72%.

c.
Here we compound cash flows to obtain a "terminal value" at Year 10, and then find the interest rate which equates the TV to the cost of the security.

There are no intermediate cash flows with Security Z, so its TV is $1,000, and, as we saw in Part a, 9% causes the PV of $1,000 to equal the cost, $422.41.  For Security B, we must compound the cash flows over 10 years at 6%.  Enter N = 10, I = 6, PV = 0, PMT = 80, and then press FV to get the FV of the 10 year annuity of $80 per year:  FV = $1,054.46.  Then add the $1,000 to be received at Year 10 to get TVB = $2,054.46.  Then enter N = 10, PV = -1000, PMT = 0, FV = 2054.46, and press I to get I = 7.47%.

So, if the firm buys Security Z, its actual return will be 9% regardless of what happens to interest rates--this security is a zero coupon bond which has zero reinvestment rate risk.  However, if the firm buys the 8% coupon bond, and rates then fall, its "true" return over the 10 years will be only 7.47%, which is an average of the old 8% and the new 6%.

d.
The value of Security Z would fall from $422.41 to $321.97, so a loss of $100.44, or 23.8%, would be incurred.  The value of Security B would fall to $773.99, so the loss here would be $226.01, or 22.6% of the $1,000 original investment.  The percentage losses for the two bonds is close, but only because the zero's original return was 9% versus 8% for the coupon bond.

The "actual" or "true" return on the zero would remain at 9%, but the "actual" return on the coupon bond would rise from 8% to 9.17% due to reinvestment of the $80 coupons at 12%.

8-14
a.
First, determine the annual cost of college.  The current cost is $12,500 per year, but that is escalating at a 5 percent inflation rate:



      College   Current     Years     Inflation     Cash



        Year      Cost    from Now   Adjustment   Required


         1      $12,500       5        (1.05)5    $15,954



         2       12,500       6        (1.05)6     16,751



         3       12,500       7        (1.05)7     17,589



         4       12,500       8        (1.05)8     18,468

Now put these costs on a time line:



13     14     15     16     17       18       19       20       21



 |      |      |      |      |        |        |        |        |



                                  -15,954  -16,751  -17,589  -18,468

How much must be accumulated by age 18 to provide these payments at ages 18 through 21 if the funds are invested in an account paying 8 percent, compounded annually?



                    $15,954(PVIF8%,0) =
$15,954



                    $16,751(PVIF8%,1) =
 15,510



                    $17,589(PVIF8%,2) =
 15,079



                    $18,468(PVIF8%,3) =
 14,660


                                     ADVANCE \r2
$61,203
Thus, the father must accumulate $61,203 by the time his daughter reaches age 18.

b.
She has $7,500 now (age 13) to help achieve that goal.  Five years hence that $7,500, when invested at 8 percent, will be worth $11,020:

$7,500(1.08)5 = $11,020.

c.
The father needs to accumulate only $61,203 - $11,020 = $50,183.  The key to completing the problem at this point is to realize the series of deposits represent an ordinary annuity rather than an annuity due, despite the fact the first payment is made at the beginning of the first year.  The reason it is not an annuity due is there is no interest paid on the last payment which occurs when the daughter is 18. Thus,






$50,183 = PMT(FVIFA8%,6).








    PMT = $6,841.

Another way to approach the problem is to treat the series of payments as a five-year annuity due with a lump sum deposit at the end of Year 5:  $50,183 = FVADUE,5 + PMT = PMT[(PVIFA8%, 5)(1.08)] + PMT = PMT[5.8666(1.08) + 1].  Therefore, PMT = $50,183/7.3353 = $6,841.

8-15
   0      1      2      3      4      5      6

   |      |      |      |      |      |      |

PV = ?                                     2,000

With a calculator, enter N = 6, I = 14, PMT = 0, and FV = 2000, and press PV to get PV = $911.17.  Or:

$2,000(1/1.14)6 = $2,000(0.4556) = $911.20.

$1,000 today is worth more.  The present value of $2,000 at 14 percent over six years is $911.20, which is less than $1,000.00.

Alternatively, the future value of $1,000 is:  FV6 = $1,000(1.14)6 = $1,000(2.1950) = $2,195.

8-16
a.
ADVANCE \r21997   1998   1999   2000   2001   2002


  |      |      |      |      |      |

 -6                                 12   (in millions)

With a calculator, enter N = 5, PV = -6, PMT = 0, FV = 12, and then solve for I = 14.87%.

b.
The calculation described in the quotation fails to take account of the compounding effect.  It can be demonstrated to be incorrect as follows:

$6,000,000(1.20)5 = $6,000,000(2.4883) ADVANCE \l1= $14,929,800,

which is greater than $12 million.  Thus, the annual growth rate is less than 20 percent; in fact, it is about 15 percent, as shown in Part a.

8-17
 0     1    2    3    4    5    6    7    8    9   ADVANCE \r110


 |     |    |    |    |    |    |    |    |    |    |


-4                                                  8 (in millions)

$4,000,000/$8,000,000 = 0.50, which is slightly less than the PVIFi,n for 7 percent in 10 years.  Thus, the expected rate of return is just over 7 percent.
 With a calculator, enter N = 10, PV = -4, PMT = 0, FV = 8, and then solve for I = 7.18%.
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  0
1
2
3
4
5
6
7
8
9
10


  |
|
|
|
|
|
|
|
|
|
|

-13,250
2,345.05
2,345.05
2,345.05
2,345.05
2,345.05
2,345.05
2,345.05
2,345.05
2,345.05
2,345.05


     PVA10
= PMT(PVIFAi, 10)


 $13,250
= $2,345.05(PVIFAi, 10)


PVIFAi, 10
= 5.6502


       i
= 12%.

With a calculator, enter N = 10, PV = -13250, PMT = 2345.05, FV = 0, and then solve for I = 12%.

8-19
   0        1           2           3           4                30


   |        |           |           |           |        ( ( (     |


85,000  -8,273.59   -8,273.59   -8,273.59   -8,273.59         -8,273.59

$85,000/$8,273.59 = 10.2737 = PVIFAi,n for a 30-year annuity.  

With a calculator, enter N = 30, PV = 85000, PMT = -8273.59, FV = 0, and then solve for I = 9%.

8-20
a.
   0        1         2         3         4


   |        |         |         |         |


PV = ?   -10,000   -10,000   -10,000   -10,000

With a calculator, enter N = 4, I = 7, PMT = -10000, and FV = 0.  Then press PV to get PV = $33,872.11.  

b.
(1)
At this point, we have a 3-year, 7% annuity whose value is $26,243.16. You can also think of the problem as follows:

$33,872(1.07) ─ $10,000 = $26,243.04.

(2)
Zero after the last withdrawal.

8-21
   0       1       2               ?

   |       |       |     ( ( (      |

12,000  -1,500  -1,500          -1,500


[image: image13.wmf].
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ADVANCE \u2
With a calculator, enter I = 9, PV = 12000, PMT = -1500, and FV = 0. 
Press N to get N = 14.77 ( 15 years. Therefore, it will take approximately 15 years to pay back the loan.

8-22
0       1       2       3       4       5       6


|       |       |       |       |       |       |

ADVANCE \d3
ADVANCE \r2      1,250   1,250   1,250   1,250   1,250ADVANCE \l2     ?


                                             FV = 10,000

With a financial calculator, get a "ballpark" estimate of the years by entering I = 12, PV = 0, PMT = -1250, and FV = 10000, and then pressing the N key to find N = 5.94 years.  This answer assumes that a payment of $1,250 will be made 94/100th of the way through Year 5.

Now find the FV of $1,250 for 5 years at 12%; it is $7,941.06. 
Compound this value for 1 year at 12% to obtain the value in the account after 6 years and before the last payment is made; it is $7,941.06(1.12) = $8,893.99.  Thus, you will have to make a payment of $10,000 - $8,893.99 = $1,106.01 at Year 6, so the answer is: it will take 6 years, and $1,106.01 is the amount of the last payment.

8-23
PV = $100/0.07 = $1,428.57.   PV = $100/0.14 = $714.29.

When the interest rate is doubled, the PV of the perpetuity is halved.

8-24
   0          ADVANCE \l11          2          3          4


   |          |          |          |          |


PV = ?       ADVANCE \r250         50         50        1,050ADVANCE \l2
Discount rate:  Effective rate on bank deposit:

EAR = (1 + 0.08/4)4 - 1 = 8.24%.

Find PV of above stream at 8.24%:

PV = $893.26 using the cash flow register.

Also get PV = $893.26 using the TVM register, inputting N = 4, I = 8.24, PMT = 50, and FV = 1000.

8-25
This can be done with a calculator by specifying an interest rate of 5% per period for 20 periods with 1 payment per period, or 10% interest, 20 periods, 2 payments per year.  Either way, we get the payment each 6 months:


 N = 10 ( 2 = 20.


 I = 10%/2 = 5.


PV = -10000.


FV = 0.

Solve for PMT = $802.43.  Set up amortization table:

                                               

Pmt of


    Period    Beg Bal    Payment   Interest   Principal   End Bal


       1    $10,000.00   $802.43   $500.00     $302.43   $9,697.57


       2      9,697.57    802.43    484.88

                                   $984.88
You can also work the problem with a calculator having an amortization function.  Find the interest in each 6-month period, sum them, and you have the answer.  Even simpler, with some calculators such as the HP-17B, just input 2 for periods and press INT to get the interest during the first year, $984.88.  The HP-10B does the same thing.

8-26
First, find PMT by using a financial calculator:  N = 5, I/YR = 15, PV = -1000000, and FV = 0.  Solve for PMT = $298,315.55.  Then set up the amortization table:


        Beginning                                              Ending


Year     Balance       Payment      Interest    Principal     Balance

  1   $1,000,000.00  $298,315.55  $150,000.00  $148,315.55  $851,684.45

  2      851,684.45   298,315.55   127,752.67   170,562.88   681,121.57

Fraction that is principal = $170,562.88/$298,315.55 = 0.5718 = 57.18%.

8-27
a.
Begin with a time line:


6-mos. 0   1   2   3   4   5   6       8      10      12      14      16      18      20


Years  0 ADVANCE \d76%ADVANCE \u7    1       2       3       4       5       6       7       8       9      10



       |   |   |   |   |   |   |   |   |   |   |   |   |   |   |   |   |   |   |   |   |



      ADVANCE \u3

ADVANCE \d3100 100 100 100 100 FVA
Since the first payment is made today, we have a 5-period annuity due. The applicable interest rate is I = 12/2 = 6 per period, N = 5, PV = 0, and PMT = -100.  Setting the calculator on "BEG," we find FVA (Annuity due) = $597.53.  That will be the value at July 1, 2001, or t = 2.5. Now we must compound out to t = 10, or for 7.5 years at an EAR of 12.36%, or 15 semiannual periods at 6%.

       $597.53  ( 20 - 5 = 15 periods @ 6% ( $1,432.02,

or     $597.53  ( 10 - 2.5 = 7.5 years @ 12.36% ( $1,432.02.

b.
                         1                    10 years


 0    ADVANCE \l2 1     2     3     4     5              40 quarters

 |     |     |     |     |     |      ( ( (     |

PMT   PMT   PMT   PMT   PMT                 FV = 1,432.02

The time line depicting the problem is shown above.  Because the payments only occur for 5 periods throughout the 40 quarters, this problem cannot be immediately solved as an annuity problem.  The problem can be solved in two steps:

(1)
Discount the $1,432.02 back to the end of Quarter 5 to obtain the PV of that future amount at Quarter 5.

(2)
Then solve for PMT using the value solved in Step 1 as the FV of the five-period annuity due.

Step 1:
Input the following into your calculator:  N = 35, I = 3, PMT = 0, FV = 1432.02, and solve for PV at Quarter 5.  PV = $508.92.

Step 2:
The PV found in Step 1 is now the FV for the calculations in this step.  Change your calculator to the BEGIN mode.  Input the following into your calculator:  N = 5, I = 3, PV = 0, FV = 508.92, and solve for PMT = $93.07.

8-28
Here we want to have the same effective annual rate on the credit extended as on the bank loan that will be used to finance the credit extension.

First, we must find the EAR = EFF% on the bank loan.  Enter NOM% = 15, N = P/YR = 12, and press EFF% to get EAR = 16.08%.

Now recognize that giving 3 months of credit is equivalent to quarterly compounding--interest is earned at the end of the quarter, so it is available to earn interest during the next quarter.  Therefore, enter P/YR = 4, EFF% = EAR = 16.08%, and press NOM% to find the nominal rate of 15.19 percent.

Therefore, if a 15.19 percent nominal rate is charged and credit is given for 3 months, the cost of the bank loan will be covered.

Alternative solution:  We need to find the effective annual rate (EAR) the bank is charging first.  Then, we can use this EAR to calculate the nominal rate that should be quoted to the customers.

Bank EAR:  EAR = (1 + iNom/m)m - 1 = (1 + 0.15/12)12 - 1 = 16.08%.

Nominal rate that should be quoted to customers:





16.08%
= (1 + iNom/4)4 - 1





1.1608
= (1 + iNom/4)4




1.0380
= 1 + iNom/4




   iNom
= 0.0380(4) = 15.19%.

8-29
Information given:

1.
Will save for 10 years, then receive payments for 25 years.

2.
Wants payments of $40,000 per year in today's dollars for first payment only.  Real income will decline.  Inflation will be 5 percent. Therefore, to find the inflated fixed payments, we have this time line:

    0                        5                       ADVANCE \r210

    |    |    |    |    |    |    |    |    |    |    |

  40,000                                           FV = ?

Enter N = 10, I = 5, PV = -40000, PMT = 0, and press FV to get FV = $65,155.79.

3.
He now has $100,000 in an account which pays 8 percent, annual compounding.  We need to find the FV of the $100,000 after 10 years. Enter N = 10, I = 8, PV = -100000, PMT = 0, and press FV to get FV = $215,892.50.

4.
He wants to withdraw, or have payments of, $65,155.79 per year for 25 years, with the first payment made at the beginning of the first retirement year.  So, we have a 25-year annuity due with PMT = 65,155.79, at an interest rate of 8 percent.  (The interest rate is 8 percent annually, so no adjustment is required.)  Set the calculator to "BEG" mode, then enter N = 25, I = 8, PMT = 65155.79, FV = 0, and press PV to get PV = $751,165.35.  This amount must be on hand to make the 25 payments.

5.
Since the original $100,000, which grows to $215,892.50, will be available, we must save enough to accumulate $751,165.35 - $215,892.50 = $535,272.85.

6.
The $535,272.85 is the FV of a 10-year ordinary annuity.  The payments will be deposited in the bank and earn 8 percent interest.  Therefore, set the calculator to "END" mode and enter N = 10, I = 8, PV = 0, FV = 535272.85, and press PMT to find PMT = $36,949.61.

SOLUTION TO SPREADSHEET PROBLEMS

8-30
The detailed solution for the spreadsheet problem is available both on the instructor’s resource CD-ROM (in the file Solution for Ch 08-30 Build a Model.xls) and on the instructor’s side of the Harcourt College Publishers’ web site, http://www.harcourtcollege.com/finance/theory10e.
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a.
Payment = $3,523.79.

INPUT DATA:                   KEY OUTPUT:

Loan amount       $30,000     Payment

$3,523.79
Interest rate       10.00%

Number of years        20

MODEL-GENERATED DATA:

Amortization schedule:

Year
Payment
Interest
Principal     Repayment
Remaining Balance
PV of    Payments

1
$ 3,523.79 
$ 3,000.00 
$   523.79 
$29,476.21
$ 3,203.44

2
3,523.79   
2,947.62       
576.17    
28,900.04     
2,912.22

3
3,523.79   
2,890.00       
633.78    
28,266.26     
2,647.47

4
3,523.79   
2,826.63       
697.16    
27,569.10     
2,406.80

5
3,523.79   
2,756.91       
766.88    
26,802.22
2,188.00

6
3,523.79   
2,680.22       
843.57    
25,958.65     
1,989.09

7
3,523.79   
2,595.87
927.92    
25,030.73     
1,808.26

8
3,523.79   
2,503.07     
1,020.72    
24,010.01     
1,643.87

9
3,523.79   
2,401.00     
1,122.79    
22,887.22     
1,494.43

10
3,523.79   
2,288.72
1,235.07
21,652.16     
1,358.57

11
3,523.79   
2,165.22     
1,358.57    
20,293.58     
1,235.07

12
3,523.79   
2,029.36     
1,494.43    
18,799.15     
1,122.79

13
3,523.79   
1,879.92     
1,643.87    
17,155.28     
1,020.72

14
3,523.79   
1,715.53     
1,808.26    
15,347.02       
927.92

15
3,523.79   
1,534.70     
1,989.09    
13,357.93       
843.57

16
3,523.79   
1,335.79     
2,188.00    
11,169.94       
766.88

17
3,523.79   
1,116.99     
2,406.80     
8,763.14       
697.16

18
3,523.79   
876.31
2,647.47     
6,115.67       
633.78

19
3,523.79   
611.57     
2,912.22     
3,203.44       
576.17

20
3,523.79   
   320.34     
3,203.44         
0.00
     523.79


$70,475.77   
$40,475.77   
$30,000.00                

$30,000.00

b.
Payment = $7,047.58

INPUT DATA:                   KEY OUTPUT:

Loan amount       $60,000     Payment

$7,047.58
Interest rate       10.00%

Number of years        20

MODEL-GENERATED DATA:

Amortization schedule:

Year
Payment
Interest
Principal Repayment
Remaining Balance
PV of Payments

1
$ 7,047.58
$ 1,047.58
$ 6,000.00
$58,952.42 
$ 6,406.89

2
7,047.58
5,895.24
1,152.34
57,800.09     
5,824.44

3
7,047.58     
5,780.01     
1,267.57    
56,532.52
5,294.95

4
7,047.58     
5,653.25
1,394.33    
55,138.19     
4,813.59

5
7,047.58     
5,513.82     
1,533.76    
53,604.43     
4,375.99

6
7,047.58     
5,360.44     
1,687.13    
51,917.30
3,978.17

7
7,047.58     
5,191.73     
1,855.85    
50,061.45     
3,616.52

8
7,047.58     
5,006.15     
2,041.43    
48,020.02     
3,287.75

9
7,047.58     
4,802.00     
2,245.58    
45,774.45     
2,988.86

10
7,047.58     
4,577.44     
2,470.13    
43,304.31     
2,717.15

11
7,047.58     
4,330.43     
2,717.15    
40,587.17     
2,470.13

12
7,047.58     
4,058.72     
2,988.86    
37,598.31     
2,245.58

13
7,047.58     
3,759.83     
3,287.75
34,310.56     
2,041.43

14
7,047.58     
3,431.06
3,616.52    
30,694.04
1,855.85

15
7,047.58     
3,069.40     
3,978.17
26,715.86     
1,687.13

16
7,047.58     
2,671.59     
4,375.99    
22,339.87     
1,533.76

17
7,047.58     
2,233.99     
4,813.59    
17,526.28     
1,394.33

18
7,047.58     
1,752.63     
5,294.95    
12,231.33     
1,267.57

19
7,047.58     
1,223.13     
5,824.44     
6,406.89     
1,152.34

20
7,047.58     
640.69     
6,406.89
0.00     
1,047.58


$140,951.55   
$80,951.55   
$60,000.00

$60,000.00

c.
Payment =  $12,321.39.

INPUT DATA:                   KEY OUTPUT:

Loan amount       $60,000     Payment

$12,321.39
Interest rate       20.00%

Number of years        20

MODEL-GENERATED DATA:

Amortization schedule:

Year
Payment
Interest
Principal Repayment
Remaining Balance
PV of Payments

1
$ 12,321.39 
$ 12,000.00   
$   321.39
$59,678.61
$10,267.83

2
12,321.39 
11,935.72
385.67    
59,292.94     
8,556.52

3
12,321.39 
11,858.59
462.80    
58,830.13     
7,130.44

4
12,321.39 
11,766.03
555.37
58,274.77     
5,942.03

5
12,321.39 
11,654.95       
666.44    
57,608.33     
4,951.69

6
12,321.39
11,521.67       
799.73    
56,808.60     
4,126.41

7
12,321.39
11,361.72       
959.67
55,848.93     
3,438.67

8
12,321.39
11,169.79     
1,151.61    
54,697.33     
2,865.56

9
12,321.39
10,939.47     
1,381.93    
53,315.40     
2,387.97

10
12,321.39
10,663.08     
1,658.31    
51,657.09     
1,989.97

11
12,321.39
10,331.42     
1,989.97    
49,667.12     
1,658.31

12
12,321.39
9,933.42     
2,387.97    
47,279.15     
1,381.93

13
12,321.39
9,455.83     
2,865.56    
44,413.59     
1,151.61

14
12,321.39
8,882.72     
3,438.67    
40,974.91       
959.67

15
12,321.39
8,194.98     
4,126.41    
36,848.50       
799.73

16
12,321.39
7,369.70
4,951.69
31,896.81       
666.44

17
12,321.39
6,379.36     
5,942.03
25,954.78       
555.37

18
12,321.39
5,190.96     
7,130.44    
18,824.35       
462.80

19
12,321.39
3,764.87     
8,556.52    
10,267.83       
385.67

20
12,321.39
2,053.57    
10,267.83         
0.00       
321.39


$246,427.84  
$186,427.84   
$60,000.00                

$60,000.00

CYBERPROBLEM
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The detailed solution for the cyberproblem is available on the instructor’s side of the Harcourt College Publishers’ web site: http://www.harcourtcollege.com/finance/theory10e.

MINI CASE

ASSUME THAT YOU ARE NEARING GRADUATION AND THAT YOU HAVE APPLIED FOR A JOB WITH A LOCAL BANK.  AS PART OF THE BANK'S EVALUATION PROCESS, YOU HAVE BEEN ASKED TO TAKE AN EXAMINATION WHICH COVERS SEVERAL FINANCIAL ANALYSIS TECHNIQUES.  THE FIRST SECTION OF THE TEST ADDRESSES DISCOUNTED CASH FLOW ANALYSIS.  SEE HOW YOU WOULD DO BY ANSWERING THE FOLLOWING QUESTIONS.

A.

DRAW TIME LINES FOR (A) A $100 LUMP SUM CASH FLOW AT THE END OF YEAR 2, (B) AN ORDINARY ANNUITY OF $100 PER YEAR FOR 3 YEARS, AND (C) AN UNEVEN CASH FLOW STREAM OF -$50, $100, $75, AND $50 AT THE END OF YEARS 0 THROUGH 3.
ANSWER:
(BEGIN BY DISCUSSING BASIC DISCOUNTED CASH FLOW CONCEPTS, TERMINOLOGY, AND SOLUTION METHODS.)  A TIME LINE IS A GRAPHICAL REPRESENTATION WHICH IS USED TO SHOW THE TIMING OF CASH FLOWS.  THE TICK MARKS REPRESENT END OF PERIODS (OFTEN YEARS), SO TIME 0 IS TODAY; TIME 1 IS THE END OF THE FIRST YEAR, OR 1 YEAR FROM TODAY; AND SO ON.


 0        1        2   YEAR


 |        |        |
LUMP SUM


                  100  CASH FLOW


 0        1        2        3


 |        |        |        |
ANNUITY


         100      100      100


 0        1        2        3


 |        |        |        |
UNEVEN CASH FLOW STREAM


-50      100       75       50

A LUMP SUM IS A SINGLE FLOW; FOR EXAMPLE, A $100 INFLOW IN YEAR 2, AS SHOWN IN THE TOP TIME LINE.  AN ANNUITY IS A SERIES OF EQUAL CASH FLOWS OCCURRING OVER EQUAL INTERVALS, AS ILLUSTRATED IN THE MIDDLE TIME LINE. AN UNEVEN CASH FLOW STREAM IS AN IRREGULAR SERIES OF CASH FLOWS WHICH DO NOT CONSTITUTE AN ANNUITY, AS IN THE LOWER TIME LINE.  -50 REPRE-SENTS A CASH OUTFLOW RATHER THAN A RECEIPT OR INFLOW.

B.
1.
WHAT IS THE FUTURE VALUE OF AN INITIAL $100 AFTER 3 YEARS IF IT IS INVESTED IN AN ACCOUNT PAYING 10 PERCENT ANNUAL INTEREST?

ANSWER:
SHOW DOLLARS CORRESPONDING TO QUESTION MARK, CALCULATED AS FOLLOWS:

 0         1         2         3

 |         |         |         |

100                         FV = ?

AFTER 1 YEAR:


FV1
= PV + i1 = PV + PV(i) = PV(1 + i) = $100(1.10) = $110.00.

SIMILARLY:


FV2
= FV1 + i2 = FV1 + FV1(i) = FV1(1 + i)



= $110(1.10) = $121.00 = PV(1 + i)(1 + i) = PV(1 + i)2.


FV3
= FV2 + i3 = FV2 + FV2(i) = FV2(1 + i)



= $121(1.10) = $133.10 = PV(1 + i)2(1 + i) = PV(1 + i)3.

IN GENERAL, WE SEE THAT:


FVn
= PV(1 + i)n,

SO
FV3
= $100(1.10)3 = $100(1.3310) = $133.10.

NOTE THAT THIS EQUATION HAS 4 VARIABLES:  FVn, PV, i, AND n.  HERE WE KNOW ALL EXCEPT FVn, SO WE SOLVE FOR FVn.  WE WILL, HOWEVER, OFTEN SOLVE FOR ONE OF THE OTHER THREE VARIABLES.  BY FAR, THE EASIEST WAY TO WORK ALL TIME VALUE PROBLEMS IS WITH A FINANCIAL CALCULATOR.  JUST PLUG IN ANY 3 OF THE FOUR VALUES AND FIND THE 4TH.
FINDING FUTURE VALUES (MOVING TO THE RIGHT ALONG THE TIME LINE) IS CALLED COMPOUNDING.  NOTE THAT THERE ARE 3 WAYS OF FINDING FV3: USING A REGULAR CALCULATOR, FINANCIAL CALCULATOR, OR SPREADSHEETS. FOR SIMPLE PROBLEMS, WE SHOW ONLY THE REGULAR CALCULATOR AND FINANCIAL CALCULATOR METHODS.

(1)
REGULAR CALCULATOR:

1.
$100(1.10)(1.10)(1.10) = $133.10.

2.
$100(1.10)3 = $133.10.

(2)
FINANCIAL CALCULATOR:


THIS IS ESPECIALLY EFFICIENT FOR MORE COMPLEX PROBLEMS, INCLUDING EXAM PROBLEMS.  INPUT THE FOLLOWING VALUES:  N = 3, I = 10, PV = -100, PMT = 0, AND SOLVE FOR FV = $133.10.

B.
2.
WHAT IS THE PRESENT VALUE OF $100 TO BE RECEIVED IN 3 YEARS IF THE APPROPRIATE INTEREST RATE IS 10 PERCENT?

ANSWER:
FINDING PRESENT VALUES, OR DISCOUNTING (MOVING TO THE LEFT ALONG THE TIME LINE), IS THE REVERSE OF COMPOUNDING, AND THE BASIC PRESENT VALUE EQUATION IS THE RECIPROCAL OF THE COMPOUNDING EQUATION:



   0        1        2        3


   |        |        |        |


PV = ?                       100



FVn = PV(1 + i)n TRANSFORMS TO:

PV = 
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 = FVn(1 + i)-n
THUS:

PV = $100
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 = $100(PVIFi,n) = (0.7513) = $75.13.

THE SAME METHODS USED FOR FINDING FUTURE VALUES ARE ALSO USED TO FIND PRESENT VALUES.


USING A FINANCIAL CALCULATOR INPUT N = 3, I = 10, PMT = 0, FV = 100, AND THEN SOLVE FOR PV = $75.13.

C.

WE SOMETIMES NEED TO FIND HOW LONG IT WILL TAKE A SUM OF MONEY (OR ANYTHING ELSE) TO GROW TO SOME SPECIFIED AMOUNT.  FOR EXAMPLE, IF A COMPANY'S SALES ARE GROWING AT A RATE OF 20 PERCENT PER YEAR, HOW LONG WILL IT TAKE SALES TO DOUBLE?
ANSWER:
WE HAVE THIS SITUATION IN TIME LINE FORMAT:



 0       1       2       3  3.8  4


 |       |       |       |   |   |


-12                          2

SAY WE WANT TO FIND OUT HOW LONG IT WILL TAKE US TO DOUBLE OUR MONEY AT AN INTEREST RATE OF 20%.  WE CAN USE ANY NUMBERS, SAY $1 AND $2, WITH THIS EQUATION:


 FVn = $2
= $1(1 + i)n = $1(1.20)n.


   (1.2)n
= $2/$1 = 2


n LN(1.2)
= LN(2)


        n
= LN(2)/LN(1.2)


        n
= 0.693/0.182 = 3.8.

ALTERNATIVELY, WE COULD USE A FINANCIAL CALCULATOR.  WE WOULD PLUG I = 20, PV = -1, PMT = 0, AND FV = 2 INTO OUR CALCULATOR, AND THEN PRESS THE N BUTTON TO FIND THE NUMBER OF YEARS IT WOULD TAKE 1 (OR ANY OTHER BEGINNING AMOUNT) TO DOUBLE WHEN GROWTH OCCURS AT A 20% RATE.  THE ANSWER IS 3.8 YEARS, BUT SOME CALCULATORS WILL ROUND THIS VALUE UP TO THE NEXT HIGHEST WHOLE NUMBER.  THE GRAPH ALSO SHOWS WHAT IS HAPPENING.

D.

WHAT IS THE DIFFERENCE BETWEEN AN ORDINARY ANNUITY AND AN ANNUITY DUE? WHAT TYPE OF ANNUITY IS SHOWN BELOW?  HOW WOULD YOU CHANGE IT TO THE OTHER TYPE OF ANNUITY?

0      1      2      3


|      |      |      |


      100    100    100

ANSWER:
THIS IS AN ORDINARY ANNUITY--IT HAS ITS PAYMENTS AT THE END OF EACH PERIOD; THAT IS, THE FIRST PAYMENT IS MADE 1 PERIOD FROM TODAY. CONVERSELY, AN ANNUITY DUE HAS ITS FIRST PAYMENT TODAY.  IN OTHER WORDS, AN ORDINARY ANNUITY HAS END-OF-PERIOD PAYMENTS, WHILE AN ANNUITY DUE HAS BEGINNING-OF-PERIOD PAYMENTS.




THE ANNUITY SHOWN ABOVE IS AN ORDINARY ANNUITY.  TO CONVERT IT TO AN ANNUITY DUE, SHIFT EACH PAYMENT TO THE LEFT, SO YOU END UP WITH A PAYMENT UNDER THE 0 BUT NONE UNDER THE 3.

E.
1.
WHAT IS THE FUTURE VALUE OF A 3-YEAR ORDINARY ANNUITY OF $100 IF THE APPROPRIATE INTEREST RATE IS 10 PERCENT?
ANSWER:

0          1          2          3




|          |          |          |



          

100        100        100



                                

110



                               


121



                               


$331

GO THROUGH THE FOLLOWING DISCUSSION.  ONE APPROACH WOULD BE TO TREAT EACH ANNUITY FLOW AS A LUMP SUM.  HERE WE HAVE


FVAn
= $100(1) + $100(1.10) + $100(1.10)2


= $100[1 + (1.10) + (1.10)2] = $100(3.3100) = $331.00.

USING A FINANCIAL CALCULATOR, N = 3, I = 10, PV = 0, PMT = -100.  THIS GIVES FV = $331.00.

E.
2.
WHAT IS THE PRESENT VALUE OF THE ANNUITY?

ANSWER:
    0          1          2          3



    |          |          |          |



              100        100        100



  90.91



  82.64



  75.13



$248.68

THE PRESENT VALUE OF THE ANNUITY IS $248.68.  USING A FINANCIAL CALCULATOR, INPUT N = 3, I = 10, PMT = 100, FV = 0, AND PRESS THE PV BUTTON.

SPREADSHEETS ARE USEFUL FOR TIME LINES WITH MULTIPLE CASH FLOWS. 
THE FOLLOWING SPREADSHEET SHOWS THIS PROBLEM:


A
B
C
D

1
0
1
2
3

2

100
100
100

3
248.69




THE EXCEL FORMULA IN CELL A3 IS = NPV(10%,B2:D2).  THIS GIVES A RESULT OF 248.69.  NOTE THAT THE INTEREST RATE CAN BE EITHER 10% OR 0.10, NOT JUST 10.  ALSO, NOTE THAT THE RANGE DOES NOT INCLUDE ANY CASH FLOW AT TIME ZERO.

EXCEL ALSO HAS SPECIAL FUNCTIONS FOR ANNUITIES.  FOR ORDINARY ANNUITIES, THE EXCEL FORMULA IS = PV(INTEREST RATE, NUMBER OF PERIODS, PAYMENT).  IN THIS PROBLEM, = PV(10%,3,-100), GIVES A RESULT OF 248.96. FOR THE FUTURE VALUE, IT WOULD BE = FV(10%,3,-100), WITH A RESULT OF 331.

E.
3.
WHAT WOULD THE FUTURE AND PRESENT VALUES BE IF THE ANNUITY WERE AN ANNUITY DUE?

ANSWER:
IF THE ANNUITY WERE AN ANNUITY DUE, EACH PAYMENT WOULD BE SHIFTED TO THE LEFT, SO EACH PAYMENT IS COMPOUNDED OVER AN ADDITIONAL PERIOD OR DISCOUNTED BACK OVER ONE LESS PERIOD.

TO FIND THE FUTURE VALUE OF AN ANNUITY DUE USE THE FOLLOWING FORMULA:

FVAn(ANNUITY DUE) = FVAn(1 + i).

IN OUR SITUATION, THE FUTURE VALUE OF THE ANNUITY DUE IS $364.10:


FVA3(ANNUITY DUE) = $331.00(1.10)1 = $364.10.

THIS SAME RESULT COULD BE OBTAINED BY USING THE TIME LINE:  $133.10 + $121.00 + $110.00 = $364.10.

THE BEST WAY TO WORK ANNUITY DUE PROBLEMS IS TO SWITCH YOUR CALCULATOR TO "BEG" OR BEGINNING OR "DUE" MODE, AND GO THROUGH THE NORMAL PROCESS.  NOTE THAT IT'S CRITICAL TO REMEMBER TO CHANGE BACK TO "END" MODE AFTER WORKING AN ANNUITY DUE PROBLEM WITH YOUR CALCULATOR.

THIS FORMULA COULD BE USED TO FIND THE PRESENT VALUE OF AN ANNUITY DUE:

PVAn(ANNUITY DUE) = PVAn(1 + i) = PMT(PVIFAi,n)(1 + i).

IN OUR SITUATION, THE PRESENT VALUE OF THE ANNUITY DUE IS $273.56:

PVA3(ANNUITY DUE) = $248.69(1.10)1 = $273.56.

THE EXCEL FUNCTION IS = PV (10%,3,-100,0,1).  THE FOURTH TERM, 0, TELLS EXCEL THERE ARE NO ADDITIONAL CASH FLOWS.  THE FIFTH TERM, 1, TELLS EXCEL IT IS AN ANNUITY DUE.  THE RESULT IS $273.56.

A SIMILAR MODIFICATION GIVES THE FUTURE VALUE:  = FV(10%,3,-100,0,1), WITH A RESULT OF 364.10.

F.

WHAT IS THE PRESENT VALUE OF THE FOLLOWING UNEVEN CASH FLOW STREAM?  THE APPROPRIATE INTEREST RATE IS 10 PERCENT, COMPOUNDED ANNUALLY.


0      1      2      3      4  YEARS


|      |      |      |      |


0     100    300    300    -50

ANSWER:
HERE WE HAVE AN UNEVEN CASH FLOW STREAM.  THE MOST STRAIGHTFORWARD APPROACH IS TO FIND THE PVS OF EACH CASH FLOW AND THEN SUM THEM AS SHOWN BELOW:


   0      1      2      3      4  YEARS


   |      |      |      |      |


         100    300    300    -50


 90.91


247.93


225.39


(34.15)


530.08

NOTE (1) THAT THE $50 YEAR 4 OUTFLOW REMAINS AN OUTFLOW EVEN WHEN DISCOUNTED.  THERE ARE NUMEROUS WAYS OF FINDING THE PRESENT VALUE OF AN UNEVEN CASH FLOW STREAM.  BUT BY FAR THE EASIEST WAY TO DEAL WITH UNEVEN CASH FLOW STREAMS IS WITH A FINANCIAL CALCULATOR OR A SPREADSHEET.  CALCULATORS HAVE A FUNCTION WHICH ON THE HP 17B IS CALLED "CFLO," FOR "CASH FLOW."  OTHER CALCULATORS COULD USE OTHER DESIGNATIONS SUCH AS CF0 AND CFI, BUT THEY EXPLAIN HOW TO USE THEM IN THE MANUAL.  YOU WOULD INPUT THE CASH FLOWS, SO THEY ARE IN THE CALCULATOR'S MEMORY, THEN INPUT THE INTEREST RATE, I, AND THEN PRESS THE NPV OR PV BUTTON TO FIND THE PRESENT VALUE.

SPREADSHEETS ARE ESPECIALLY USEFUL FOR UNEVEN CASH FLOWS.  THE FOLLOWING SPREADSHEET SHOWS THIS PROBLEM:


A
B
C
D
E

1
0
1
2
3
4

2

100
300
300
-50

3
530.09





THE EXCEL FORMULA IN CELL A3 IS = NPV(10%,B2:E2), WITH A RESULT OF 530.09.

G.
WHAT ANNUAL INTEREST RATE WILL CAUSE $100 TO GROW TO $125.97 IN 3 YEARS?
ANSWER:


  0             1             2             3


  |             |             |             |


-100                                     125.97


            100(1 + i)    100(1 + i)2   100(1 + i)3



FV = $100(1 + i)3
= $125.97.




     $100(1 + i)3
= $125.97




         (1 + i)3
= $125.97/$100 = 1.2597




           1 + i
= (1.2597)1/3




           1 + i
= 1.08




               i
= 8%.

USE A FINANCIAL CALCULATOR TO SOLVE:  ENTER N = 3, PV = -100, PMT = 0, FV = 125.97, THEN PRESS THE I BUTTON TO FIND I = 8%.

CALCULATORS CAN FIND INTEREST RATES QUITE EASILY, EVEN WHEN PERIODS AND/OR INTEREST RATES ARE NOT EVEN NUMBERS, AND WHEN UNEVEN CASH FLOW STREAMS ARE INVOLVED.  (WITH UNEVEN CASH FLOWS, WE MUST USE THE "CFLO" FUNCTION, AND THE INTEREST RATE IS CALLED THE IRR, OR "INTERNAL RATE OF RETURN;" WE WILL USE THIS FEATURE IN CAPITAL BUDGETING.)

H.
1.
WILL THE FUTURE VALUE BE LARGER OR SMALLER IF WE COMPOUND AN INITIAL AMOUNT MORE OFTEN THAN ANNUALLY, FOR EXAMPLE, EVERY 6 MONTHS, OR SEMI-ANNUALLY, HOLDING THE STATED INTEREST RATE CONSTANT?  WHY?

ANSWER:
ACCOUNTS THAT PAY INTEREST MORE FREQUENTLY THAN ONCE A YEAR, FOR EXAMPLE, SEMIANNUALLY, QUARTERLY, OR DAILY, HAVE FUTURE VALUES THAT ARE HIGHER BECAUSE INTEREST IS EARNED ON INTEREST MORE OFTEN.  VIRTUALLY ALL BANKS NOW PAY INTEREST DAILY ON PASSBOOK AND MONEY FUND ACCOUNTS, SO THEY USE DAILY COMPOUNDING.

H.
2.
DEFINE (A) THE STATED, OR QUOTED, OR NOMINAL RATE, (iNOM), (B) THE PERIODIC RATE (iPer), AND (C) THE EFFECTIVE ANNUAL RATE (EAR).

ANSWER:
THE QUOTED, OR NOMINAL, RATE IS MERELY THE QUOTED PERCENTAGE RATE OF RETURN, THE PERIODIC RATE IS THE RATE CHARGED BY A LENDER OR PAID BY A BORROWER EACH PERIOD (PERIODIC RATE = iNom/m), AND THE EFFECTIVE ANNUAL RATE (EAR) IS THAT RATE OF INTEREST WHICH WOULD PROVIDE AN IDENTICAL FUTURE DOLLAR VALUE UNDER ANNUAL COMPOUNDING.

H.
3.
WHAT IS THE EFFECTIVE ANNUAL RATE FOR A NOMINAL RATE OF 10 PERCENT, COMPOUNDED SEMIANNUALLY?  COMPOUNDED QUARTERLY?  COMPOUNDED DAILY?

ANSWER:
THE EFFECTIVE ANNUAL RATE FOR 10 PERCENT SEMIANNUAL COMPOUNDING, IS 10.25 PERCENT:

EAR = EFFECTIVE ANNUAL RATE = 
[image: image17.wmf].
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IF iNom = 10% AND INTEREST IS COMPOUNDED SEMIANNUALLY, THEN:

EAR = 
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 = (1.05)2 – 1.0 = 1.1025 – 1.0 = 0.1025 = 10.25%.

FOR QUARTERLY COMPOUNDING, THE EFFECTIVE ANNUAL RATE IS 10.38 PERCENT:

(1.025)4 - 1.0 = 1.1038 - 1.0 = 0.1038 = 10.38%.

DAILY COMPOUNDING WOULD PRODUCE AN EFFECTIVE ANNUAL RATE OF 10.52%.
H.
4.
WHAT IS THE FUTURE VALUE OF $100 AFTER 3 YEARS UNDER 10 PERCENT SEMIANNUAL COMPOUNDING?  QUARTERLY COMPOUNDING?

ANSWER:
UNDER SEMIANNUAL COMPOUNDING, THE $100 IS COMPOUNDED OVER 6 SEMIANNUAL PERIODS AT A 5.0 PERCENT PERIODIC RATE:


iNom
= 10%.


FVn
= 
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 = $100
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 = $100(1.05)6 = $134.01.

QUARTERLY:  FVn = $100(1.025)12 = $134.49.

THE RETURN WHEN USING QUARTERLY COMPOUNDING IS CLEARLY HIGHER.

ANOTHER APPROACH HERE WOULD BE TO USE THE EFFECTIVE ANNUAL RATE AND COMPOUND OVER ANNUAL PERIODS:

SEMIANNUALLY:  $100(1.1025)3 = $134.01.

QUARTERLY:     $100(1.1038)3 = $134.49.

I.

WILL THE EFFECTIVE ANNUAL RATE EVER BE EQUAL TO THE NOMINAL (QUOTED) RATE?
ANSWER:
IF ANNUAL COMPOUNDING IS USED, THEN THE NOMINAL RATE WILL BE EQUAL TO THE EFFECTIVE ANNUAL RATE.  IF MORE FREQUENT COMPOUNDING IS USED, THE EFFECTIVE ANNUAL RATE WILL BE ABOVE THE NOMINAL RATE.

J.
1.
WHAT IS THE VALUE AT THE END OF YEAR 3 OF THE FOLLOWING CASH FLOW STREAM IF THE QUOTED INTEREST RATE IS 10 PERCENT, COMPOUNDED SEMIANNUALLY?


0           1           2           3  YEARS


|     |     |     |     |     |     |


           100         100         100
ANSWER:

0           1           2           3


|     |     |     |     |     |     |


           100         100         100


                                   110.25 = 100(1.05)2

                                   121.55 = 100(1.05)4

                                   331.80
HERE WE HAVE A DIFFERENT SITUATION.  THE PAYMENTS OCCUR ANNUALLY, BUT COMPOUNDING OCCURS EACH 6 MONTHS.  THUS, WE CANNOT USE NORMAL ANNUITY VALUATION TECHNIQUES.  THERE ARE TWO APPROACHES THAT CAN BE APPLIED: (1) TREAT THE CASH FLOWS AS LUMP SUMS, AS WAS DONE ABOVE, OR (2) TREAT THE CASH FLOWS AS AN ORDINARY ANNUITY, BUT USE THE EFFECTIVE ANNUAL RATE:


[image: image21.wmf]10.25%.
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NOW WE HAVE THIS 3-PERIOD ANNUITY:

FVA3 = $100(1.1025)2 + $100(1.1025)1 + $100 = $331.80.

YOU CAN PLUG IN N = 3, I = 10.25, PV = 0, AND PMT = -100, AND THEN PRESS THE FV BUTTON TO FIND FV = $331.80.

J.
2.
WHAT IS THE PV OF THE SAME STREAM?

ANSWER:
   0             1             2             3


   |      |      |      |      |      |      |


                100           100           100


 90.70


 82.27      PV = 100(1.05)-4

 74.62


247.59

PV = $100(2.4759) = $247.59 AT 10.25%.

TO USE A FINANCIAL CALCULATOR, INPUT N = 3, I = 10.25, PMT = 100, FV = 0, AND THEN PRESS THE PV KEY TO FIND PV = $247.59.

J.
3.
IS THE STREAM AN ANNUITY?

ANSWER:
THE PAYMENT STREAM IS AN ANNUITY IN THE SENSE OF CONSTANT AMOUNTS AT REGULAR INTERVALS, BUT THE INTERVALS DO NOT CORRESPOND WITH THE COMPOUNDING PERIODS.  THIS KIND OF SITUATION OCCURS OFTEN.  IN THIS SITUATION THE INTEREST IS COMPOUNDED SEMIANNUALLY, SO WITH A QUOTED RATE OF 10%, THE EAR WILL BE 10.25%.  HERE WE COULD FIND THE EFFECTIVE RATE AND THEN TREAT IT AS AN ANNUITY.  ENTER  N = 3, I = 10.25, PMT = 100, AND FV = 0.  NOW PRESS PV TO GET $247.59.

J.
4.
AN IMPORTANT RULE IS THAT YOU SHOULD NEVER SHOW A NOMINAL RATE ON A TIME LINE OR USE IT IN CALCULATIONS UNLESS WHAT CONDITION HOLDS?  (HINT: THINK OF ANNUAL COMPOUNDING, WHEN iNom = EAR = iPer.)  WHAT WOULD BE WRONG WITH YOUR ANSWER TO QUESTIONS J(1) AND J(2) IF YOU USED THE NOMINAL RATE (10%) RATHER THAN THE PERIODIC RATE (iNom /2 = 10%/2 = 5%)?
ANSWER:
iNom CAN ONLY BE USED IN THE CALCULATIONS WHEN ANNUAL COMPOUNDING OCCURS. IF THE NOMINAL RATE OF 10% WAS USED TO DISCOUNT THE PAYMENT STREAM THE PRESENT VALUE WOULD BE OVERSTATED BY $272.32 - $247.59 = $24.73.

K.
1.
CONSTRUCT AN AMORTIZATION SCHEDULE FOR A $1,000, 10 PERCENT ANNUAL RATE LOAN WITH 3 EQUAL INSTALLMENTS.

2.
WHAT IS THE ANNUAL INTEREST EXPENSE FOR THE BORROWER, AND THE ANNUAL INTEREST INCOME FOR THE LENDER, DURING YEAR 2?

ANSWER:
TO BEGIN, NOTE THAT THE FACE AMOUNT OF THE LOAN, $1,000, IS THE PRESENT VALUE OF A 3-YEAR ANNUITY AT A 10 PERCENT RATE:


   0          1          2          3


   |          |          |          |


-1,000       PMT        PMT        PMT


  PVA3
= PMT
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$1,000
= PMT(1 + i)-1 + PMT(1 + i)-2 + PMT(1 + i)-3


= PMT(1.10)-1 + PMT(1.10)-2 + PMT(1.10)-3.

WE HAVE AN EQUATION WITH ONLY ONE UNKNOWN, SO WE CAN SOLVE IT TO FIND PMT.  THE EASY WAY IS WITH A FINANCIAL CALCULATOR.  INPUT N = 3, I = 10, PV = -1,000, FV = 0, AND THEN PRESS THE PMT BUTTON TO GET PMT = 402.1148036, ROUNDED TO $402.11.

NOW MAKE THE FOLLOWING POINTS REGARDING THE AMORTIZATION SCHEDULE:

· THE $402.11 ANNUAL PAYMENT INCLUDES BOTH INTEREST AND PRINCIPAL. INTEREST IN THE FIRST YEAR IS CALCULATED AS FOLLOWS:

1ST YEAR INTEREST = i ( BEGINNING BALANCE = 0.1 ( $1,000 = $100.

· THE REPAYMENT OF PRINCIPAL IS THE DIFFERENCE BETWEEN THE $402.11 ANNUAL PAYMENT AND THE INTEREST PAYMENT:

1ST YEAR PRINCIPAL REPAYMENT = $402.11 - $100 = $302.11.

· THE LOAN BALANCE AT THE END OF THE FIRST YEAR IS:

1ST YEAR ENDING BALANCE
= BEGINNING BALANCE – PRINCIPAL REPAYMENT




= $1,000 - $302.11 = $697.89.

· WE WOULD CONTINUE THESE STEPS IN THE FOLLOWING YEARS.

· NOTICE THAT THE INTEREST EACH YEAR DECLINES BECAUSE THE BEGINNING LOAN BALANCE IS DECLINING.  SINCE THE PAYMENT IS CONSTANT, BUT THE INTEREST COMPONENT IS DECLINING, THE PRINCIPAL REPAYMENT PORTION IS INCREASING EACH YEAR.

· THE INTEREST COMPONENT IS AN EXPENSE WHICH IS DEDUCTIBLE TO A BUSINESS OR A HOMEOWNER, AND IT IS TAXABLE INCOME TO THE LENDER.  IF YOU BUY A HOUSE, YOU WILL GET A SCHEDULE CONSTRUCTED LIKE OURS, BUT LONGER, WITH 30 ( 12 = 360 MONTHLY PAYMENTS IF YOU GET A 30-YEAR, FIXED RATE MORTGAGE.

· THE PAYMENT MAY HAVE TO BE INCREASED BY A FEW CENTS IN THE FINAL YEAR TO TAKE CARE OF ROUNDING ERRORS AND MAKE THE FINAL PAYMENT PRODUCE A ZERO ENDING BALANCE.

· THE LENDER RECEIVED A 10% RATE OF INTEREST ON THE AVERAGE AMOUNT OF MONEY THAT WAS INVESTED EACH YEAR, AND THE $1,000 LOAN WAS PAID OFF. THIS IS WHAT AMORTIZATION SCHEDULES ARE DESIGNED TO DO.

· MOST FINANCIAL CALCULATORS HAVE AMORTIZATION FUNCTIONS BUILT IN.

FRACTIONAL TIME PERIODS

THUS FAR ALL OF OUR EXAMPLES HAVE DEALT WITH FULL YEARS.  NOW WE ARE GOING TO LOOK AT THE SITUATION WHEN WE ARE DEALING WITH FRACTIONAL YEARS, SUCH AS 9 MONTHS, OR 0.75 YEARS.  IN THESE SITUATIONS, PROCEED AS FOLLOWS:

· AS ALWAYS, START BY DRAWING A TIME LINE SO YOU CAN VISUALIZE THE SITUATION.

· THEN THINK ABOUT THE INTEREST RATE--THE NOMINAL RATE, THE COMPOUNDING PERIODS PER YEAR, AND THE EFFECTIVE ANNUAL RATE.  IF YOU HAVE BEEN GIVEN A NOMINAL RATE, YOU MAY HAVE TO CONVERT TO THE EAR, USING THIS FORMULA:

EAR = 
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· IF YOU HAVE THE EFFECTIVE ANNUAL RATE--EITHER BECAUSE IT WAS GIVEN TO YOU OR AFTER YOU CALCULATED IT WITH THE FORMULA--THEN YOU CAN FIND THE PV OF A LUMP SUM BY APPLYING THIS EQUATION:

PV = FVt
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· HERE T CAN BE A FRACTION OF A YEAR, SUCH AS 0.75 IF YOU NEED TO FIND THE PV OF $1,000 DUE IN 9 MONTHS, OR 450/365 = 1.2328767 IF THE PAYMENT IS DUE IN 450 DAYS.

· IF YOU HAVE AN ANNUITY WITH PAYMENTS DIFFERENT FROM ONCE A YEAR, SAY EVERY MONTH, YOU CAN ALWAYS WORK IT OUT AS A SERIES OF LUMP SUMS. THAT PROCEDURE ALWAYS WORKS.  WE CAN ALSO USE ANNUITY FORMULAS AND CALCULATOR FUNCTIONS, BUT YOU HAVE TO BE CAREFUL.

L.

SUPPOSE ON JANUARY 1, 2002, YOU DEPOSIT $100 IN AN ACCOUNT THAT PAYS A NOMINAL, OR QUOTED, INTEREST RATE OF 11.33463 PERCENT, WITH INTEREST ADDED (COMPOUNDED) DAILY.  HOW MUCH WILL YOU HAVE IN YOUR ACCOUNT ON OCTOBER 1, OR AFTER 9 MONTHS?

ANSWER:
THE DAILY PERIODIC INTEREST RATE IS kPer = 11.3346%/365 = 0.031054%. THERE ARE 273 DAYS BETWEEN JANUARY 1 AND OCTOBER 1.  CALCULATE FV AS FOLLOWS:


FV273
= $100(1.00031054)273


= $108.85.

USING A FINANCIAL CALCULATOR, INPUT N = 273, I = 0.031054, PV = -100, AND PMT = 0.  PRESSING FV GIVES $108.85.


AN ALTERNATIVE APPROACH WOULD BE TO FIRST DETERMINE THE EFFECTIVE ANNUAL RATE OF INTEREST, WITH DAILY COMPOUNDING, USING THE FORMULA:

EAR = 
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 - 1 = 0.12 = 12.0%.

(SOME CALCULATORS, E.G., THE HP 10B AND 17B, HAVE THIS EQUATION BUILT IN UNDER THE ICNV [INTEREST CONVERSION] FUNCTION.)


THUS, IF YOU LEFT YOUR MONEY ON DEPOSIT FOR AN ENTIRE YEAR, YOU WOULD EARN $12 OF INTEREST, AND YOU WOULD END UP WITH $112.  THE QUESTION, THOUGH, IS THIS:  HOW MUCH WILL BE IN YOUR ACCOUNT ON OCTOBER 1, 2002?


HERE YOU WILL BE LEAVING THE MONEY ON DEPOSIT FOR 9/12 = 3/4 = 0.75 OF A YEAR.


  0              0.75   1


  |               |     |


-100           FV = ?  112

YOU WOULD USE THE REGULAR SET-UP, BUT WITH A FRACTIONAL EXPONENT:

FV0.75 = $100(1.12)0.75 = $100(1.088713) = $108.87.


THIS IS SLIGHTLY DIFFERENT FROM OUR EARLIER ANSWER, BECAUSE N IS ACTUALLY 273/365 = 0.7479 RATHER THAN 0.75.

M.
NOW SUPPOSE YOU LEAVE YOUR MONEY IN THE BANK FOR 21 MONTHS.  THUS, ON JANUARY 1, 2002, YOU DEPOSIT $100 IN AN ACCOUNT THAT PAYS A 12 PERCENT EFFECTIVE ANNUAL INTEREST RATE.  HOW MUCH WILL BE IN YOUR ACCOUNT ON OCTOBER 1, 2003?

ANSWER:
USING A FINANCIAL CALCULATOR INPUT THE FOLLOWING:

N = 365 + 273 = 638, I = 11.3346/365 = 0.031054, PV = -100, PMT = 0. PRESSING FV GIVES A RESULT OF FV = $121.91.

ALTERNATIVELY, HERE YOU WILL BE LEAVING THE MONEY ON DEPOSIT FOR 
1 + 9/12 = 1 + 3/4 = 1.75 OF A YEAR.


  0                        1                1.75    2


  |                        |                 |      |


-100                      112             FV = ?   125.44

YOU WOULD USE THE REGULAR SET-UP, BUT WITH A FRACTIONAL EXPONENT:


FV = $100(1.12)1.75 = $100(1.219359) = $121.94.

N IS ACTUALLY 638/365 = 1.7479, WHICH ACCOUNTS FOR THE SLIGHT DIFFERENCE IN THE ANSWERS.

N.
SUPPOSE SOMEONE OFFERED TO SELL YOU A NOTE CALLING FOR THE PAYMENT OF $1,000 15 MONTHS FROM TODAY.  THEY OFFER TO SELL IT TO YOU FOR $850. YOU HAVE $850 IN A BANK TIME DEPOSIT WHICH PAYS A 6.76649 PERCENT NOMINAL RATE WITH DAILY COMPOUNDING, WHICH IS A 7 PERCENT EFFECTIVE ANNUAL INTEREST RATE, AND YOU PLAN TO LEAVE THE MONEY IN THE BANK UNLESS YOU BUY THE NOTE.  THE NOTE IS NOT RISKY--YOU ARE SURE IT WILL BE PAID ON SCHEDULE.  SHOULD YOU BUY THE NOTE?  CHECK THE DECISION IN THREE WAYS:  (1) BY COMPARING YOUR FUTURE VALUE IF YOU BUY THE NOTE VERSUS LEAVING YOUR MONEY IN THE BANK, (2) BY COMPARING THE PV OF THE NOTE WITH YOUR CURRENT BANK ACCOUNT, AND (3) BY COMPARING THE EAR ON THE NOTE VERSUS THAT OF THE BANK ACCOUNT.

ANSWER:
YOU CAN SOLVE THIS PROBLEM IN THREE WAYS--(1) BY COMPOUNDING THE $850 NOW IN THE BANK FOR 15 MONTHS AND COMPARING THAT FV WITH THE $1,000 THE NOTE WILL PAY, (2) BY FINDING THE PV OF THE NOTE AND THEN COMPARING IT WITH THE $850 COST, AND (3) FINDING THE EFFECTIVE ANNUAL RATE OF RETURN ON THE NOTE AND COMPARING THAT RATE WITH THE 7% YOU ARE NOW EARNING, WHICH IS YOUR OPPORTUNITY COST OF CAPITAL.  ALL THREE PROCEDURES LEAD TO THE SAME CONCLUSION.  HERE IS THE TIME LINE:

ADVANCE \d21

ADVANCE \u21

  0                    1    1.25


  |                    |     |


-850                       1,000

(1)
FV = $850(1.07)1.25 = $925.01 = AMOUNT IN BANK AFTER 15 MONTHS VERSUS $1,000 IF YOU BUY THE NOTE.  (AGAIN, YOU CAN FIND THIS VALUE WITH A FINANCIAL CALCULATOR.  NOTE THAT CERTAIN CALCULATORS LIKE THE HP 12C PERFORM A STRAIGHT-LINE INTERPOLATION FOR VALUES IN A FRACTIONAL TIME PERIOD ANALYSIS RATHER THAN AN EFFECTIVE INTEREST RATE INTERPOLATION.  THE VALUE THAT THE HP 12C CALCULATES IS $925.42.)  THIS PROCEDURE INDICATES THAT YOU SHOULD BUY THE NOTE.

ALTERNATIVELY, 15 MONTHS = (1.25 YEARS)(365 DAYS PER YEAR) = 456.25 ~ 456 DAYS.


FV456
= $850(1.00018538)456


= $924.97.

THE SLIGHT DIFFERENCE IS DUE TO USING N = 456 RATHER THAN N = 456.25.

(2)
PV = $1,000/(1.07)-1.25 = $918.90. SINCE THE PRESENT VALUE OF THE NOTE IS GREATER THAN THE $850 COST, IT IS A GOOD DEAL. YOU SHOULD BUY IT.

ALTERNATIVELY, PV = $1000/(1.00018538)456 = $918.95.

(3)
FVn = PV(1 + i)n, SO $1,000 = $850(1 + i)1.25 = $1,000.  SINCE WE HAVE AN EQUATION WITH ONE UNKNOWN, WE CAN SOLVE IT FOR i.  YOU WILL GET A VALUE OF i = 13.88%.  THE EASY WAY IS TO PLUG VALUES INTO YOUR CALCULATOR.  SINCE THIS RETURN IS GREATER THAN YOUR 7% OPPORTUNITY COST, YOU SHOULD BUY THE NOTE.  THIS ACTION WILL RAISE THE RATE OF RETURN ON YOUR ASSET PORTFOLIO.

ALTERNATIVELY, WE COULD SOLVE THE FOLLOWING EQUATION:

$1,000 = $850(1 + i)456 FOR A DAILY i = 0.00035646,

WITH A RESULT OF EAR = EFF% = (1.00035646)365 - 1 = 13.89%.

O.
SUPPOSE THE NOTE DISCUSSED IN PART N HAD A COST OF $850, BUT CALLED FOR 5 QUARTERLY PAYMENTS OF $190 EACH, WITH THE FIRST PAYMENT DUE IN 3 MONTHS RATHER THAN $1,000 AT THE END OF 15 MONTHS.  WOULD IT BE A GOOD INVEST​MENT FOR YOU?

ANSWER:
HERE IS THE TIME LINE:
YEAR
  0    0.25  0.5   0.75  1.0   1.25  USE EAR = 7.0%

QUARTER
  0     1     2     3     4     5    USE iNom/4 = 1.70585%


  |     |     |     |     |     |


-850   190   190   190   190   190

AGAIN, WE CAN SOLVE THE PROBLEM IN SEVERAL WAYS, AS ABOVE:

· FIND THE PVA:



PVA
= $190(1.07)-0.25 + $190(1.07)-0.5 ... + $190(1.07)-1.25



= $190(0.9832) + ... = $903.25.

WE COULD FIND THE iNom FOR EAR = 7.0%, QUARTERLY COMPOUNDING, WHICH IS iNom = 6.8234%, OR 6.8234/4 = 1.70585% PER QUARTER, AND USE WHOLE NUMBER EXPONENTS: OR PVA = $190(1.017...)-1 + $190(1.017...)-2 ... + $190(1.017...)-5 = $903.25.  SINCE THE PVA IS GREATER THAN THE COST, THE NOTE IS A GOOD DEAL.  NOTE THAT IN THE SECOND EQUATION ABOVE WE COULD USE THE ANNUITY FUNCTION, BUT WE HAD TO FIND iNom AND THEN DIVIDE BY 4 TO GET THE QUARTERLY RATE FOR USE IN THE ANNUITY EQUATION.

· FIND THE INTEREST RATE BUILT INTO THE NOTE:

PVA = $850 = $190(1 + i)-1 + $190(1 + i)-2 ... + $190(1 + i)-5.

HERE WE HAVE AN EQUATION WITH ONE UNKNOWN, SO WE CAN SOLVE IT FOR i, THE RATE OF RETURN.  WITH A FINANCIAL CALCULATOR, WE FIND i = 3.8258658%, BUT THIS IS THE QUARTERLY RATE.  WE CONVERT TO THE EFFECTIVE ANNUAL RATE AS FOLLOWS:

EAR = (1 + 0.038258658)4 - 1 = 16.2%.

SINCE THIS RATE IS GREATER THAN YOU COULD EARN ON THE BANK DEPOSIT, WE AGAIN SEE THAT THE NOTE IS A GOOD BUY FOR YOU.

· YOU COULD ALSO COMPOUND THE $190 PAYMENTS AND THE BANK DEPOSIT. HERE, THIS QUESTION WOULD ARISE:  WHEN YOU RECEIVE THE $190 PAYMENTS, WHAT WOULD YOU DO WITH THEM?  THE ANSWER TO THAT QUESTION INVOLVES THE "REINVESTMENT RATE."  IN THIS INSTANCE, YOU WOULD PROBABLY DEPOSIT THE PAYMENTS IN THE BANK AND EARN 7% ON THEM.  THAT WOULD PRODUCE THIS SITUATION:

ADVANCE \d21

ADVANCE \u21


0       0.25     0.5      0.75     1.0      1.25


|        |        |        |        |        |


        190      190      190      190      190

FVA1.25
= $190(1.07)1 + $190(1.07)0.75 + $190(1.07)0.5 + $190(1.07)0.25 + $190


= $982.97.
AS WE SAW EARLIER, THE BANK DEPOSIT WOULD GROW TO:

FV = $850(1.07)1.25 = $925.01.


  0          1         1.25  YEARS


  |          |          |


-850                 FV = 925.01

OR
FV = $850
[image: image28.wmf]5

Nom

4

i

1

÷

ø

ö

ç

è

æ

+

 = $850
[image: image29.wmf]5

4

068234

.

0

1

÷

ø

ö

ç

è

æ

+

 = $925.02.

    0         1         2         3         4         5 QUARTERS

    |         |         |         |         |         |

  -850                                             925.01

SINCE THE NOTE WOULD GROW TO A LARGER FINAL AMOUNT, THIS ANALYSIS ALSO INDICATES THAT THE NOTE IS A GOOD BUY.  NOTE ALSO THAT IF YOU COULD KEEP FINDING OTHER NOTES LIKE THIS ONE, YOU COULD REINVEST THE CASH FLOWS--THE $190 PAYMENTS--AT A HIGHER RATE THAN 7%, SO YOU WOULD END UP WITH EVEN MORE.  WE WILL LOOK AT THE REINVESTMENT RATE ASSUMPTION IN GREATER DEPTH LATER IN THE COURSE, AND IN LATER FINANCE COURSES. THE REINVESTMENT RATE ASSUMPTION IS IMPORTANT IN DECISIONS INVOLVING ALTERNATIVE INVESTMENT OPPORTUNITIES.

8.24%





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Word.Picture.8  ���





20%





10%





10%





10%





5%





5%





10%





12%





12%





7%





7%





6%





6%





6%





6%





6%





12%





6%





12%





7%





10%





18%





100%





10%





5%





0%





10%





5%





0%





10%





5%





0%





10%





5%





0%





8%





8%





i = ?





i = ?





i = ?





i = ?





12%





6%





3%





1%





6%





3%





1%





6%





14%





?





i = ?





i = ?





i = ?





7%





9%





12%





3%





5%





i%





i%





i%





10%





10%








Learning Objectives:  8 - 2
Harcourt, Inc. items and derived items copyright © 2002 by Harcourt, Inc.
Harcourt, Inc. items and derived items copyright © 2002 by Harcourt, Inc.
Answers and Solutions:  8 - 1

_975761145.unknown

_981187412.unknown

_981269497.unknown

_983361823.unknown

_983597740.unknown

_983597769.unknown

_983362019.unknown

_981279467.unknown

_983361770.unknown

_981279416.unknown

_981264279.unknown

_981264301.unknown

_981264244.unknown

_980662303.unknown

_981186686.unknown

_981187292.unknown

_981186587.unknown

_980935435.doc


FV







Year







2







1







2







1







0







3







4







3.8












_975761391.unknown

_975762109.unknown

_975761246.unknown

_975751627.unknown

_975751831.unknown

_975761116.unknown

_975751678.unknown

_975748264.unknown

_975748820.unknown

_975748873.unknown

_975748322.unknown

_975748386.unknown

_975740600.unknown

_975740830.unknown

_974802983

