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Solutions to Chapter 5
The Time Value of Money
1.

2.

3.

a.

$100/(1.08)10 = $46.32

b.

$100/(1.08)20 = $21.45

c.

$100/(1.04)10 = $67.56

d.

$100/(1.04)20 = $45.64

a.

$100  (1.08)10 = $215.89

b.

$100  (1.08)20 = $466.10

c.

$100  (1.04)10 = $148.02

d.

$100  (1.04)20 = $219.11

$100  (1.04)113 = $8,409.45
$100  (1.08)113 = $598,252.29

4.

With simple interest, you earn 4% of $1,000 or $40 each year. There is no interest on
interest. After 10 years, you earn total interest of $400, and your account accumulates to
$1,400. With compound interest, your account grows to: $1,000  (1.04)10 = $1480.24
Therefore $80.24 is interest on interest.

5.

PV = $700/(1.05)5 = $548.47
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6.
Present Value
a.

b.

c.

Years

$400

11

$183

4

$300

7

Future Value

Interest Rate
(1 / 11)

$684

 684 
 400 

(1 / 4 )

$249

 249 
 183 

$300

− 1 = 5.00%

 300 
 300 

− 1 = 8.00%
(1 / 7 )

− 1 = 0%

To find the interest rate, we rearrange the basic future value equation as follows:

 FV 
FV = PV  (1 + r)  r = 
 PV 

(1 / t )

−1

t

7.

You should compare the present values of the two annuities.
a.

 1

1
PV = $1,000  
−
= $7,721.73
10 
 0.05 0.05  (1.05) 
 1

1
PV = $800  
−
= $8,303.73
15 
 0.05 0.05  (1.05) 

b.

 1

1
PV = $1,000  
−
= $4,192.47
10 
 0.20 0.20  (1.20) 
 1

1
PV = $800  
−
= $3,740.38
15 
 0.20 0.20  (1.20) 

c.

8.

When the interest rate is low, as in part (a), the longer (i.e., 15-year) but smaller
annuity is more valuable because the impact of discounting on the present value of
future payments is less significant.

$100  (1 + r)3 = $115.76  r = 5.00%
$200  (1 + r)4 = $262.16  r = 7.00%
$100  (1 + r)5 = $110.41  r = 2.00%
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9.

PV = ($200/1.06) + ($400/1.062) + ($300/1.063) = $188.68 + $356.00 + $251.89 = $796.57

10.

In these problems, you can either solve the equation provided directly, or you can use your
financial calculator, setting: PV = (−)400, FV = 1000, PMT = 0, i as specified by the
problem. Then compute n on the calculator.
a.

$400  (1.04)t = $1,000  t = 23.36 periods

b.

$400  (1.08)t = $1,000  t = 11.91 periods

c.

$400  (1.16)t = $1,000  t = 6.17 periods

11.
APR

Compounding
period
1 month
(m = 12/yr)

Effective
annual rate
1.0112 − 1 = 0.1268 = 12.68%

a.

12%

b.

8%

3 months
(m = 4/yr)

1.024 − 1 = 0.0824 = 8.24%

c.

10%

6 months
(m = 2/yr)

1.052 − 1 = 0.1025 = 10.25%

12.
Effective
Rate

13.

Compounding
period
1 month
(m = 12/yr)

Per period rate

APR

1.10(1/ 12) − 1 = 0.0080

0.096 = 9.6%

a.

10.00%

b.

6.09%

6 months
(m = 2/yr)

1.0609(1/ 2) − 1 = 0.0300

0.060 = 6.0%

c.

8.24%

3 months
(m = 4/yr)

1.0824(1/ 4) − 1 = 0.0200

0.080 = 8.0%

Solve the following for t: 1.08 = 2  t = 11.9 years
t

On a financial calculator, enter: PV = (−)1, FV = 2, PMT = 0, i = 6 and then compute n.
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14.

Semiannual compounding means that the 8.6 percent loan really carries interest of 4.3
percent per half year. Similarly, the 8.4 percent loan has a monthly rate of 0.7 percent.
APR
8.6%
8.4%

Compounding
period
6 months
(m = 2/yr)

1.0432 − 1 = 0.0878 = 8.78%

1 month
(m = 12/yr)

1.00712 − 1 = 0.0873 = 8.73%

Effective annual rate

Choose the 8.4 percent loan for its slightly lower effective rate.
15.

APR = 1% × 52 = 52%
EAR = (1.01)52 − 1 = 0.6777 = 67.77%

16.

17.

Since we are assuming that it is currently 2007, 107 years have passed since 1900.
a.

$1,000  (1.05)107 = $185,035.50

b.

PV  (1.05)107 = $1,000,000  PV = $5,404.37

$1,000  1.04 = $1,040.00  interest = $40
$1,040  1.04 = $1,081.60  interest = $1,081.60 − $1,040 = $41.60
After 9 years, your account has grown to: $1,000  (1.04)9= $1,423.31
After 10 years, your account has grown to: $1,000  (1.04)10 = $1,480.24
Interest earned in tenth year = $1,480.24 − $1,423.31 = $56.93

18.

If you earned simple interest (without compounding), then the total growth in your
account after 25 years would be: 4% per year  25 years = 100%
Therefore, your money would double. With compound interest, your money would
grow faster than it would with simple interest, and therefore would require less than 25
years to double.

19.

We solve the following equation for r:
422.41  (1 + r)10 = 1000  r = 9.00%
[On a financial calculator, enter: PV = (−)422.41, FV = 1000, n = 10, PMT = 0, and
compute the interest rate.]
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20.

The PV for the quarterback is the present value of a 5-year, $3 million annuity:
$3 million  annuity factor(10%, 5 years) =

 1

1
$3 million  
−
= $11.37 million
5
0
.
10
0
.
10
(
1
.
10
)


The receiver gets $4 million now plus a 5-year, $2 million annuity. The present value of
the annuity is:

 1

1
$2 million  
−
= $7.58 million
5
 0.10 0.10(1.10) 
With the $4 million immediate payment, the receiver’s contract is worth:
$4 million + $7.58 million = $11.58 million
The receiver’s contract is worth more than the quarterback’s even though the receiver’s
undiscounted total payments are less than the quarterback’s.

21.

Rate of growth for apples: $0.93  (1 + r)10 = $1.18  r = 2.41%
Rate of growth for oranges: $0.96  (1 + r)10 = $1.50  r = 4.56%
Price of apples in 2024: $1.18  (1.0241)20 = $1.90
Price of oranges in 2024: $1.50  (1.0456)20 = $3.66

22.

If the payment is denoted C, then:



1
1
C 
−
= $8,000  C = PMT = $202.90
48 
 (0.10 / 12) (0.10 / 12)  [1 + (0.10 / 12)] 
The monthly interest rate is: 0.10/12 = 0.008333 = 0.8333 percent
Therefore, the effective annual interest rate on the loan is:
(1.008333)12 − 1 = 0.1047 = 10.47 percent

23.

a.

b.

 1

1
PV = 100  annuity factor(6%, 3 periods) = 100  
−
= $267.30
3
0
.
06
0
.
06
(
1
.
06
)


If the payment stream is deferred by an additional year, then each payment is
discounted by an additional factor of 1.06. Therefore, the present value is reduced by
a factor of 1.06 to: $267.30/1.06 = $252.17
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24.

a.

This is an annuity problem; use trial-and-error to solve for r in the following
equation:

1

1
$600   −
= $80,000  r = 0.548%
240 
 r r  (1 + r ) 
Using a financial calculator, enter: PV = (-)80,000, n = 20  12 = 240 months
FV = 0, PMT = 600, compute i. To compute EAR:
EAR = (1 + 0.00548)12 − 1 = 0.0678 = 6.78%
b.

Compute the payment by solving for C in the following equation:

 1

1
C 
−
= $80,000  C = PMT = $573.14
240 
 0.005 0.005  (1.005) 
Using a financial calculator, enter: n = 240, i = 0.5%, FV = 0, PV = (−)80,000 and
compute PMT = $573.14
25.

a.

Your monthly payments of $400 can support a loan of: $15,189.58
This is computed as follows:

 1

1
PV= $400  
−
= $15,189.58
48 
 0.01 0.01 (1.01) 
Using a financial calculator, enter: n = 48, i = 12%/12 = 1%, FV = 0, PMT = 400
and compute PV = $15,189.58
With a down payment of $2,000, you can pay at most $17,189.58 for the car.
b.

In this case, n increases from 48 to 60. You can take out a loan of $17,982.02 based on
this payment schedule. This is computed as follows:

 1

1
PV= $400  
−
= $17,982.02
60 
 0.01 0.01 (1.01) 
Thus, you can pay $19,982.02 for the car.
26.

a.

With PV = $9,000 and FV = $10,000, the annual interest rate is determined by solving
the following equation for r:
$9,000  (1 + r) = $10,000  r = 11.11%
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b.

The present value is: $10,000  (1 − d)
The future value to be paid back is $10,000.
Therefore, the annual interest rate is determined as follows:
PV  (1 + r) = FV
[$10,000  (1 – d)]  (1 + r) = $10,000
1+ r =

27.

28.

1
1
d
r =
−1 =
d
1− d
1− d
1− d

c.

The discount is calculated as a fraction of the future value of the loan. In fact, the
proper way to compute the interest rate is as a fraction of the funds borrowed. Since
PV is less than FV, the interest payment is a smaller fraction of the future value of the
loan than it is of the present value. Thus, the true interest rate exceeds the stated
discount factor of the loan.

a.

If we assume cash flows come at the end of each period (ordinary annuity) when in fact
they actually come at the beginning (annuity due), we discount each cash flow by one
period too many. Therefore we can obtain the PV of an annuity due by multiplying the
PV of an ordinary annuity by (1 + r).

b.

Similarly, the FV of an annuity due equals the FV of an ordinary annuity times (1 + r).
Because each cash flow comes at the beginning of the period, it has an extra period to
earn interest compared to an ordinary annuity.

Use trial-and-error to solve the following equation for r:

1

1
$240   −
= $8,000  r = 1.599%
48 
 r r  (1 + r ) 
Using a financial calculator, enter: PV = (−)8000; n = 48; PMT = 240; FV = 0, then
compute r = 1.599% per month.
APR = 1.599 %  12 = 19.188%
The effective annual rate is: (1.01599)12 − 1 = 0.2097 = 20.97%
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29.

The annual payment over a four-year period that has a present value of $8,000 is computed by
solving the following equation for C:

 1

1
C 
−
= $8,000  C = PMT = $3,147.29
4 
 0.2097 0.2097  (1.2097) 
[Using a financial calculator, enter: PV = (−)8000, n = 4, FV = 0, i = 20.97, and compute
PMT.] With monthly payments, you would pay only $240  12 = $2,880 per year. This value
is lower because the monthly payments come before year-end, and therefore have a higher PV.
30.

Leasing the truck means that the firm must make a series of payments in the form of an
annuity. Calculate the present value as follows:
 1

1
PV= $8,000  
−
= $38,132.32
6
0.07
0.07

(
1
.
07
)


Using a financial calculator, enter: PMT = 8,000, n = 6, i = 7%, FV = 0, and compute PV =
$38,132.32
Since $38,132.32 < $40,000 (the cost of buying a truck), it is less expensive to lease than
to buy.

31.

PV of an annuity due = PV of ordinary annuity  (1 + r)
(See problem 27 for a discussion of the value of an ordinary annuity versus an annuity due.)
Therefore, with immediate payment, the value of the lease payments increases from
$38,132.32 (as shown in the previous problem) to:
$38,132.32  1.07 = $40,801.58
Since this is greater than $40,000 (the cost of buying a truck), we conclude that, if the first
payment on the lease is due immediately, it is less expensive to buy the truck than to lease it.

32.

Compare the present value of the payments. Assume the product sells for $100.
Installment plan:
PV = $25 + [$25  annuity factor(5%, 3 years)]

 1

1
PV= $25 + $25  
−
= $93.08
3
 0.05 0.05  (1.05) 
Pay in full: Payment net of discount = $90
Choose the second payment plan for its lower present value of payments.
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33.

Installment plan:
PV = $25  annuity factor(5%, 4 years)

 1

1
PV= $25  
−
= $88.65
4
 0.05 0.05  (1.05) 
Now the installment plan offers the lower present value of payments.
34.

a.

Solve for C in the following equation:
C  annuity factor(12%, 5 years) = $1,000

 1

1
C 
−
= $1,000
5
 0.12 0.12  (1.12) 
C  3.6048 = $1,000  C = PMT = $277.41
b.

If the first payment is made immediately instead of in a year, the annuity factor will
be greater by a factor of 1.12. Therefore:
C  (3.6048  1.12) = $1,000  C = PMT = $247.69

35.

This problem can be approached in two steps. First, find the present value of the $10,000,
10-year annuity as of year 3, when the first payment is exactly one year away (and is
therefore an ordinary annuity). Then discount the value back to today.
(1)

 1

1
PV3 = $10,000  
−
= $77,217.35
10 
 0.05 0.05  (1.05) 
[Using a financial calculator, enter: PMT = 10,000; FV = 0; n = 10; i = 5%, and
compute PV3 = $77,217.35]

(2)

36.

PV0 =

PV3
$77,217.35
=
= $66,703.25
3
(1 + r )
1.053

The monthly payment is based on a $100,000 loan:

 1

1
C 
−
= $100,000  C = PMT = $1,028.61
360 
 0.01 0.01 (1.01) 
The net amount received is $98,000. Therefore:

1

1
$1,028.61  −
= $98,000  r = 1.023% per month
360 
 r r  (1 + r ) 
The effective rate is: (1.01023)12 − 1 = 0.1299 = 12.99%
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37.

The payment on the mortgage is computed as follows:



1
1
C 
−
= $100,000  C = PMT = $599.55
360 
 (0.06 / 12) (0.06 / 12)  [1 + (0.06 / 12)] 
After 12 years, 216 months remain on the loan, so the loan balance is:



1
1
$599.55  
−
= $79,079.37
216 
 (0.06 / 12) (0.06 / 12)  [1 + (0.06 / 12)] 

38.

a.

 1

1
C 
−
= $1,000  C = PMT = $301.92
4
 0.08 0.08  (1.08) 
Using a financial calculator, enter: PV = (−)1,000, FV = 0, i = 8%, n = 4, and compute
PMT = $301.92

b.

c.

Time

Loan balance

0
1
2
3
4

$1,000.00
$778.08
$538.41
$279.56
$ 0.00

Year-end
interest due
$80.00
$62.25
$43.07
$22.36
$ 0.00

Year-end
payment
$301.92
$301.92
$301.92
$301.92
--

Amortization
of loan
$221.92
$239.67
$258.85
$279.56
--

 1

1
PV= $301.92  
−
= $778.08
3
0.08
0.08

(
1
.
08
)


Therefore, the loan balance is $778.08 after one year.

39.

The loan repayment is an annuity with present value equal to $4,248.68. Payments are
made monthly, and the monthly interest rate is 1%. We need to equate this expression
to the amount borrowed ($4,248.68) and solve for the number of months (t).

 1

1
$200  
−
= $4,248.68  t = 24 months, or 2 years
t 
 0.01 0.01 (1.01) 
Using a financial calculator, enter: PV = (−)4248.68, FV = 0, i = 1%, PMT = 200, and
compute n = 24.
The effective annual rate on the loan is: (1.01)12 − 1 = 0.1268 = 12.68%
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40.

The present value of the $2 million, 20-year annuity, discounted at 8%, is:

 1

1
PV= $2 million  
−
= $19.64 million
20 
 0.08 0.08  (1.08) 
If the payment comes immediately, the present value increases by a factor of 1.08 to
$21.21 million.
41.

The real rate is zero. With a zero real rate, we simply divide her savings by the years of
retirement: $450,000/30 = $15,000 per year

42.

r = 0.5% per month
$1,000  (1.005)12 = $1,061.68
$1,000  (1.005)18 = $1,093.93

43.

You are repaying the loan with payments in the form of an annuity. The present value
of those payments must equal $100,000. Therefore:

1

1
$804.62   −
= $100,000  r = 0.750% per month
360 
 r r  (1 + r ) 
[Using a financial calculator, enter: PV = (−)100,000, FV = 0, n = 360, PMT = 804.62,
and compute the interest rate.]
The effective annual rate is: (1.00750)12 − 1 = 0.0938 = 9.38%
The lender is more likely to quote the APR (0.750%  12 = 9%), which is lower.
44.

EAR = e0.06 − 1 = 1.0618 − 1 = 0.0618 = 6.18%

45.

The present value of the payments for option (a) is $22,000.
The present value of the payments for option (b) is:

 1

1
PV= $500  
−
= $18,986.98
48 
 0.01 0.01 (1.01) 
Option (b) is the better deal.
46.

$100  e 0.10  8 = $222.55
$100  e 0.08  10 = $222.55
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47

Your savings goal is FV = $30,000. You currently have in the bank PV = $20,000. Solve
the following equation for t:
1.005t − 1
($20,000  1.005t ) + $100  
 = $30,000  t = 44.74 months
 0.005 
Using a financial calculator, enter FV=30000, PV=(−)20000, PMT = (−)100 and r = 0.5%.
Solve for n to find n = 44.74 months.

48.

The present value of your payments to the bank equals:

 1

1
PV= $100  
−
= $736.01
10 
 0.06 0.06  (1.06) 
The present value of your receipts is the value of a $100 perpetuity deferred for 10 years:

100
1

= $930.66
0.06 (1.06)10
This is a good deal if you can earn 6% on your other investments.
49.

If you live forever, you will receive a $100 perpetuity that has present value equal to: $100/r
Therefore: $100/r = $2500  r = 4 percent

50.
51.

r = $10,000/$125,000 = 0.08 = 8 percent
a.

The present value of the ultimate sales price is: $4 million/(1.08) 5 = $2.722 million

b.

The present value of the sales price is less than the cost of the property, so this would
not be an attractive opportunity.

c.

The present value of the total cash flows from the property is now:
PV = [$0.2 million  annuity factor(8%, 5 years)] + $4 million/(1.08) 5

 1
 $4 million
1
= $0.2 million  
=
−
+
5
(1.08)5
 0.08 0.08  (1.08) 
= $0.799 million + $2.722 million = $3.521 million
Therefore, the property is an attractive investment if you can buy it for $3 million.
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52.

PV of cash flows = ($120,000/1.12) + ($180,000/1.122) + ($300,000/1.123) = $464,171.83
This exceeds the cost of the factory, so the investment is attractive.

53.

a.

The present value of the future payoff is: $2,000/(1.06) 10 = $1,116.79
This is a good deal: present value exceeds the initial investment.

b.

The present value is now equal to: $2,000/(1.10)10 = $771.09
This is now less than the initial investment. Therefore, this is a bad deal.

54.

Suppose the purchase price is $1. If you pay today, you get the discount and pay only $0.97.
If you wait a month, you pay $1. Thus, you can view the deferred payment as saving a cash
flow of $0.97 today, but paying $1 in a month. Therefore, the monthly rate is:
0.03/0.97 = 0.0309 = 3.09%
The effective annual rate is: (1.0309)12 − 1 = 0.4408 = 44.08%

55.

You borrow $1,000 and repay the loan by making 12 monthly payments of $100.
Solve for r in the following equation:

1

1
$100   −
= $1,000  r = 2.923% per month
12 
 r r  (1 + r ) 
[Using a financial calculator, enter: PV = (−)1,000, FV = 0, n = 12, PMT = 100, and
compute r = 2.923%]
Therefore, the APR is: 2.923%  12 = 35.076%
The effective annual rate is: (1.02923)12 − 1 = 0.41302 = 41.302%
If you borrowed $1,000 today and paid back $1,200 one year from today, the true rate
would be 20%. You should have known that the true rate must be greater than 20%
because the twelve $100 payments are made before the end of the year, thus increasing
the true rate above 20%.
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56.

You will have to pay back the original $1,000 plus (3  20%) = 60% of the loan
amount, or $1600 over the three years. This implies monthly payments of:
$1,600/36 = $44.44
The monthly interest rate is obtained by solving:

1

1
$44.44   −
= $1,000  r = 2.799% per month
36 
 r r  (1 + r ) 
Using a financial calculator, enter: PV = (−)1,000, FV = 0, n = 36, PMT = 44.44, and
compute r = 2.799%
Therefore, the APR is: 2.799%  12 = 33.588%
The effective annual rate is: (1.02799)12 − 1 = 0.39273 = 39.273%
57.

For every $1,000 borrowed, the present value is: [$1,000  (1 − d)]
The future value to be paid back is $1,000. Therefore, the annual interest rate is determined
as follows:
PV  (1 + r) = FV
[$1,000  (1 – d)]  (1 + r) = $1,000
1+ r =

1
1
d
r=
−1 =
d
1− d
1− d
1− d

If d = 20%, then the effective annual interest rate is: (0.2/0.8) = 0.25 = 25%
58.

After one year, each dollar invested at First National will grow to:
$1  (1.031)2 = $1.06296
After one year, each dollar invested at Second National will grow to:
$1  (1.005)12 = $1.06168
First National pays the higher effective annual rate.

59.

Since the $20 initiation fee is taken out of the proceeds of the loan, the amount actually
borrowed is: $1,000 − $20 = $980
The monthly rate is found by solving the following equation for r:

1

1
$90   −
= $980  r = 1.527% per month
12 
 r r  (1 + r ) 
The effective rate is: (1.01527)12 − 1 = 0.1994 = 19.94%
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60.

The future value of the payments into your savings fund must accumulate to $500,000.
We choose the payment (C) so that:
C  future value of an annuity = $500,000

1.06 40 − 1
C 
 = $500,000  C = PMT = $3,230.77
 0.06 
Using a financial calculator, enter: n = 40; i = 6; PV = 0; FV = 500,000,
compute PMT = $3,230.77
61.

If you invest the $100,000 received in year 10 until your retirement in year 40, it will grow
to: $100,000  (1.06)30 = $574,349.12
Therefore, you do not need any additional savings; investing the $100,000 produces a
future value that exceeds your $500,000 requirement.

62.

By the time you retire you will need:

 1

1
PV= $40,000  
−
= $458,796.85
20 
 0.06 0.06  (1.06) 
The future value of the payments into your savings fund must accumulate to: $458,796.85
We choose the payment (C) so that:
C  future value of an annuity = $458,796.85

1.06 40 − 1
C 
 = $458,796.85  C = PMT = $2,964.53
 0.06 
Using a financial calculator, enter: n = 40; i = 6; PV = 0; FV = 458,796.85 and compute
PMT = $2,964.53
63.

a.

After 30 years, the couple will have accumulated the future value of a $3,000
annuity, plus the future value of the $10,000 gift. The sum of the savings from
these sources is:

1.0830 − 1
25
$3,000  
 + ($10,000  1.08 ) =
 0.08 
$339,849.63 + $68,484.75 = $408,334.38
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b.

If they wish to accumulate $800,000 by retirement, they have to save an
additional amount per year to provide additional accumulations of: $391,665.62
This requires additional annual savings of:

1.0830 − 1
C 
 = $391,665.62  C = PMT = $3,457.40
 0.08 
[Using a financial calculator, enter: i = 8; n = 30; PV = 0; FV = 391,665.62 and
compute PMT.]
64.

a.

The present value of the planned consumption stream as of the retirement date
will be:

 1

1
PV= $30,000  
−
= $320,243.29
25 
 0.08 0.08  (1.08) 
Therefore, they need to have accumulated this amount of savings by the time they
retire. So, their savings plan must provide a future value of: $320,243.29
With 50 years to save at 8%, the savings annuity must be:

1.0850 − 1
C 
 = $320,243.29  C = PMT = $558.14
 0.08 
Another way to think about this is to recognize that the present value of the
savings stream must equal the present value of the consumption stream. The PV
of consumption as of today is: $320,243.29/(1.08)50 = $6,827.98
Therefore, we set the present value of savings equal to this value, and solve for
the required savings stream.
b.

The couple needs to accumulate additional savings with a present value of:
$60,000/(1.08)20 = $12,872.89
The total PV of savings is now: $12,872.89 + $6,827.98 = $19,700.87
Now we solve for the required savings stream as follows:

 1

1
C 
−
= $19,700.87  C = PMT = $1,610.41
50 
 0.08 0.08  (1.08) 
Using a financial calculator, enter: n = 50; i = 8; PV = (−)19,700.87; FV = 0; and
then compute PMT = $1,610.41
65.

$60,000/6.9 = $8,696. Her real income increased from $6,000 to $8,696.
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66.

67.

68.

69.

(1 + nominal interest rate) = (1 + real interest rate)  (1 + inflation rate)
a.

1.03  1.0 = 1.03  nominal interest rate = 3.00%

b.

1.03  1.04 = 1.0712  nominal interest rate = 7.12%

c.

1.03 1.06 = 1.0918  nominal interest rate = 9.18%

real interest rate =

1 + nominal interest rate
−1
1 + inflation rate

a.

(1.06/1) – 1 = 0.0600 = 6.00%

b.

(1.06/1.03) – 1 = 0.0291 = 2.91%

c.

(1.06/1.06) – 1 = 0.0%

a.

PV = $100/(1.08)3 = $79.38

b.

real value = $100/(1.03)3 = $91.51

c.

real interest rate =

d.

PV = $91.51/(1.04854)3 = $79.38

a.

The real interest rate is: (1.06/1.02) – 1 = 3.92%

1 + nominal interest rate
− 1 = 0.04854 = 4.854%
1 + inflation rate

Therefore, the present value is:

 1

1
PV= $100,000  
−
= $446,184.51
5
 0.0392 0.0392  (1.0392) 

70.

b.

If cash flow is level in nominal terms, use the 6% nominal interest rate to
discount. The annuity factor is now 4.21236 and the cash flow stream is worth
only $421,236.

a.

$1 million will have a real value of:$1 million/(1.03) 50 = $228,107

b.

At a real rate of 2%, this can support a real annuity of:

 1

1
C 
−
= $228,107  C = PMT = $13,950
20 
 0.02 0.02  (1.02) 
[To solve this on a financial calculator, enter: n = 20, i = 2, PV = 228,107, FV = 0,
and then compute PMT.]
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71.

According to the Rule of 72, at an interest rate of 6%, it will take 72/6 = 12 years for your
money to double. For it to quadruple, your money must double, and then double again. This
will take approximately 24 years.
Using a financial calculator, enter: i = 6, PV = (–)1, FV = , and then compute n = 23.79
years.
The real interest rate is: (1.06/1.04) – 1 = 0.0192 = 1.92%
Purchasing power increases by: (1.0192)24 – 1 = 0.5784 = 57.84%

72.

(1+1.11)12 – 1 = 7786.37 = 778,637%%
Prices increased by 778,637 percent per year.

73.

Using the perpetuity formula, the 4% perpetuity will sell for: £4/0.06 = £66.67
The 2½% perpetuity will sell for: £2.50/0.06 = £41.67

74.

a.

 1

1
PV= $30,000  
−
= $228,182.39
15 
0.10
0.10

(
1
.
10
)



b.

The present value of the retirement goal is:
$228,182.39/(1.10)30 = $13,076.80
The present value of your 30-year savings stream must equal this present value.
Therefore, we need to find the payment for which:

 1

1
C 
−
= $13,076.80  C = PMT = $1,387.18
30 
 0.10 0.10  (1.10) 
You must save $1,387.18 per year.
c.

1.00  (1.04)30 = $3.24

d.

We repeat part (a) using the real interest rate: (1.10/1.04) – 1 = 0.0577 or 5.77%
The retirement goal in real terms is:

 1

1
PV= $30,000  
−
= $295,796.61
15 
 0.0577 0.0577  (1.0577) 
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e.

The future value of your 30-year savings stream must equal: $295,796.61
Therefore, we solve for payment (PMT) in the following equation:

1.057730 − 1
C 
 = $295,796.61  C = PMT = $3,895.66
 0.0577 
Therefore, we find that you must save $3,895.66 per year in real terms. This
value is much higher than the result found in part (b) because the rate at which
purchasing power grows is less than the nominal interest rate, 10%.
f.

If the real amount saved is $3,895.66 and prices rise at 4 percent per year, then
the amount saved at the end of one year, in nominal terms, will be:
$3,895.66  1.04 = $4,051.49
The thirtieth year will require nominal savings of:
3,895.66  (1.04)30 = $12,635.17

75.

a.

We redo problem 64, but now we use the real interest rate, which is:
(1.08/1.04) – 1 = 0.0385 = 3.85%
We note that the $30,000 expenditure stream now must be interpreted as a real
annuity, which will rise along with the general level of prices at the inflation rate of
4%.
We find that the PV of the required real savings stream as of the retirement date is:

 1

1
PV= $30,000  
−
= $476,182.14
25 
 0.0385 0.0385  (1.0385) 
[Using a financial calculator, enter: n = 25; i = 3.85; FV = 0; PMT = 30,000 and
compute PV.]
This requires a savings stream with a real future value of $476,182.14, which
means that the real savings stream must be: $3,266.82

1.038550 − 1
C 
 = $476,182.14  C = PMT = $3,266.82
 0.0385 
[Using a financial calculator, enter: n = 50; i = 3.85; FV = (−)476,182.14; and
then compute PMT.]
b.

Nominal savings in year one will be: $3,266.82  1.04 = $3,397.49
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c.

Nominal savings in the last year will be: $3,266.82  (1.04)50 = $23,216.26

d.

Nominal expenditures in the first year of retirement will be:
$30,000  (1.04)51 = $221,728.52
Nominal expenditures in the last year of retirement will be:
$30,000  (1.04)75 = $568,357.64

76.

The interest rate per three months is: 6%/4 = 1.5%
Therefore, the value of the perpetuity is: $100/0.015 = $6,666.67

77.

FV = PV  (1 + r0)  (1 + r1) = $1  1.08  1.10 = $1.188

PV =

78.

FV
$1
=
= $0.8418
(1 + r0 )  (1 + r1 ) 1.08  1.10

You earned compound interest of 6% for 8 years and 4% for 13 years. Your $1,000 has
grown to:
$1,000  (1.06)8  (1.04)13 = $2,653.87

79.

a. First, calculate the present value of all lifetime expenditures
General living expenses of $50,000 per year for 50 years:

 1

1
$50,000  
−
= $912,796
50 
 0.05 0.05  (1.05) 
Apartment rental of $16,000 for 8 years
 1

1
$16,000  
−
= $103,411
8
 0.05 0.05  (1.05) 
Home purchase of $250,000 in 9 years
PV = $250,000/(1.05)9 = $161,152
Five automobile purchases of $30,000 in each of years 0, 10, 20, 30, 40, and
50.
PV = $30,000/(1.05)0 = $30,000
PV = $30,000/(1.05)10 = $18,417
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PV = $30,000/(1.05)20 = $11,307
PV = $30,000/(1.05)30 = $6,941
PV = $30,000/(1.05)40 = $4,261
PV = $30,000/(1.05)50 = $2,616
College education of $150,000 in 25 years
PV = $150,000/(1.05)25 = $44,295
College education of $150,000 in 30 years
PV = $150,000/(1.05)30 = $34,707
Retirement Portfolio of $436,177 in 50 years ($436,177 = PV of a 20 year
annuity paying $35,000).
 1

1
$35,000  
−
= $436,177
20 
 0.05 0.05  (1.05) 
PV = $436,177/(1.05)50 = $38,036
Summing the present value of all lifetime expenditures gives $1,367,939 = 912,796 +
103,411 + 161,152 + 30,000 + 18,417 + 11,307 + 6,941 + 4,261 + 2,616 + 44,295 +
34,707 + 38,036.
To find the average salary necessary to support this lifetime consumption plan we
solve for the 50 year payment with the same present value:

 1

1
C 
−
= $1,367,939  C = PMT = $74,931
50 
 0.05 0.05  (1.05) 
b. In part a we have discounted real cash flows using a nominal interest rate. Here
we repeat the process using a real interest rate of 1.94% (0.0194 = 1.05/1.03 – 1).
General living expenses of $50,000 per year for 50 years:

 1

1
$50,000  
−
= $1,591,184
50 
 0.0194 0.00194  (1.0194) 
Apartment rental of $16,000 for 8 years
 1

1
$16,000  
−
= $117,511
8
 0.0194 0.00194  (1.0194) 
Home purchase of $250,000 in 9 years
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PV = $250,000/(1.00194)9 = $210,300
Five automobile purchases of $30,000 in each of years 0, 10, 20, 30, 40, and
50.
PV = $30,000/(1.0194)0 = $30,000
PV = $30,000/(1.0194)10 = $24,756
PV = $30,000/(1.0194)20 = $20,428
PV = $30,000/(1.0194)30 = $16,857
PV = $30,000/(1.0194)40 = $13,910
PV = $30,000/(1.0194)50 = $11,479
College education of $150,000 in 25 years
PV = $150,000/(1.0194)25 = $92,785
College education of $150,000 in 30 years
PV = $150,000/(1.0194)30 = $84,285
Retirement Portfolio of $575,530 in 50 years ($575,530 = PV of a 20 year
annuity paying $35,000).
 1

1
$35,000  
−
= $575,530
20 
 0.0194 0.0194  (1.0194) 
PV = $575,530/(1.00194)50 = $220,210
Summing the present value of all lifetime expenditures gives $2,433,705 = 1,591,184
+ 117,511 + 210,300 + 30,000 + 24,756 + 20,428 + 16,857 + 13,910 + 11,479 +
92,785 + 84,285 + 220,210.
To find the average salary necessary to support this lifetime consumption plan we
solve for the 50 year payment with the same present value:

 1

1
C 
−
= $2,433,705  C = PMT = $76,475
50 
 0.0194 0.0194  (1.0194) 
This average real salary is equivalent to the salary from part a, $74,931, growing to
$135,334 in just 20 years ($74,931 x (1 + 0.03)20 = $135,334).
With these expected lifetime expenditures a 2010 graduate must “save” on average
$76,475 each year; a challenge, given that the required annual savings will grow
along with other prices each year.
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80.

a.
Using Table 5-4, the annuity factor is 11.4699. The annual payment on the
loan is therefore $100,000/11.4699 = $8,718.47.
b.

c.

The initial loan payment is 6,000 of 8,718.46, or 69%. Amortization is 31%.
The last loan payment is 493 of 8,718.46, or 6%. After 10 years $35,831.41
has been paid off, or 36% of the loan.

d.

If the inflation rate is 2% the real interest rate on the loan is approximately
4%. The real value of the first payment is $8,718.46/(1+.04) 1, or $8,383.13.
The real value of the last payment is $8,718.46/(1+.04) 20, or $3,978.99.

e.

If the inflation rate is 8% and the real interest rate is unchanged the nominal
interest rate is approximately, 12%.
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The real value of the first payment is $13,387.88/(1+.04) 1, or $12,872.96. The
real value of the last payment is $13,387.88/(1+.04)20, or $6,110.05.
f.

High inflation hurts the real estate market by increasing the real costs of the
homeownership.
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Solution to Minicase for Chapter 5

How much can Mr. Road spend each year? First let’s see what happens if we ignore
inflation.
1.

Account for Social Security income of $750 per month, or $9,000 annually.

2.

Account for the income from the savings account. Because Mr. Road does not want to
run down the balance of this account, he can spend only the interest income:
0.05  $12,000 = $600 annually

3.

Compute the annual consumption available from his investment account. We find the
20-year annuity with present value equal to the value in the account:
Present Value = annual payment  20-year annuity factor at 9% interest rate:

 1

1
PV = annual payment  
−
20 
 0.09 0.09  (1.09) 
$180,000 = annual payment  9.129  Annual payment = $180,000/9.129 = $19,717
Notice that the investment account provides annual income of $19,717, which is more
than the annual interest from the account. This is because Mr. Road plans to run the
account down to zero by the end of his life.
So Mr. Road can spend: $19,717 + $600 + $9,000 = $29,317 per year
This is comfortably above his current living expenses, which are $2,000 per month or
$24,000 annually.
The problem of course is inflation. We have mixed up real and nominal flows. The Social
Security payments are tied to the consumer price index and therefore are level in real terms.
But the annuity of $19,717 per year from the investment account and the $600 interest from
the savings account are fixed in nominal terms, and therefore the purchasing power of these
flows will steadily decline.
For example, let’s look out 15 years. At 4 percent inflation, prices will increase by a factor
of (1.04)15 = 1.80. Income in 15 years will therefore be as follows:
Income Source
Social security (indexed to CPI,
fixed in real terms at $9,000)
Savings account
Investment account
(fixed nominal annuity)
Total income

Nominal Income
$16,200

Real Income
$9,000

600
19,717

333
10,954

$36,517

$20,287

Once we recognize inflation, we see that, in fifteen years, income from the investment
account will buy only a bit more than one-half of the goods it buys today.
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Obviously Mr. Road needs to spend less today and put more aside for the future. Rather than
spending a constant nominal amount out of his savings, he would probably be better off
spending a constant real amount.
Since we are interested in level real expenditures, we must use the real interest rate to
calculate the 20-year annuity that can be provided by the $180,000. The real interest rate is:
real interest rate = (1.09/1.04) − 1 = 1.048 − 1 = 4.8%
We therefore calculate the real sum that can be spent out of savings as follows:

 1

1
C 
−
= $180,000  C = PMT = $14,200
20 
 0.048 0.048  (1.048) 
[Using a financial calculator, enter: n = 20; i = 4.8; PV = (−)180,000; and then
compute PMT = $14,200]
Thus Mr. Road’s investment account can generate real income of $14,200 per year. The real
value of Social Security is fixed at $9,000. Finally, if we assume that Mr. Road wishes to
maintain the real value of his savings account at $12,000, then he will have to increase the
balance of the account in line with inflation, that is, by 4% each year. Since the nominal
interest rate on the account is 5%, only the first 1% of interest earnings on the account, or $120
real dollars, is available for spending each year. The other 4% of earnings must be re-invested.
So total real income is: $14,200 + $9,000 + $120 = $23,320
To keep pace with inflation Mr. Road will have to spend 4 percent more of his savings each
year. After one year of inflation, he will spend: 1.04  $23,320 = $24,253
After two years he will spend: (1.04)2  $23,320 = $25,223
The picture fifteen years out looks like this:
Income Source
Social security
Net income from savings
account
(i.e., net of reinvested interest)
Investment account
(fixed real annuity)
Total income

Nominal Income
$16,200
216

Real Income
$9,000
120

25,560

14,200

$41,976

$23,320

Mr. Road’s income and expenditure will nearly double in 15 years but his real income and
expenditure are unchanged at $23,320.
This may be bad news for Mr. Road since his living expenses are $24,000. Do you advise him to
prune his living expenses? Perhaps he should put part of his nest egg in junk bonds which offer
higher promised interest rates, or into the stock market, which has generated higher returns on
average than investment in bonds. These higher returns might support a higher real annuity -- but
is Mr. Road prepared to bear the extra risks?
Should Mr. Road consume more today and risk having to sell his house if his savings are run down
late in life? These issues make the planning problem even more difficult. It is clear, however, that
one cannot plan for retirement without considering inflation.
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