
E1C01 12/08/2009 Page 1

CHAPTER 1
Time Value of Money Toolbox

INTRODUCT I ON

One of the most important tools used in corporate finance is present value
mathematics. These techniques are used to evaluate projects, make financial
decisions, and evaluate investments. This chapter explains the time value of
money, including present value (PV) and future value (FV), and how to ad-
just valuation formulas for various interest rate conventions. The chapter
also presents several shortcuts to value a series of cash flows that fit a few
standard patterns.

Readers should begin by developing an intuitive understanding of why
it is necessary to incorporate interest rates into any analysis involving differ-
ent periods of time. This understanding leads to a simple set of formulas
expressing several time value relationships. After developing an intuitive
understanding, readers will find it easy to incorporate interest rates by using
the formulas for present value and/or future value in their analyses. Al-
though this analysis shows up quite often, students will be relieved to find
that its application is similar in most instances.

CASH F LOWS

Much of this text focuses on cash flows. Accountants realize the importance
of cash; they devote an entire statement to the analysis of the sources and
the uses of cash and cash balances. Accountants are interested in tracking
cash flow in large measure because a company must have adequate cash to
survive and prosper. Start-up companies may run out of cash before they
have a chance to establish their businesses. Even established companies fo-
cus on both the profitability of the business and the flow of cash.

Corporate finance uses the same or similar measure of cash flow as
accountants track in the statement of cash flows. However, this chapter and
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much of this book rely on cash flows for a completely different analysis and
treat the cash flows from a project or even the cash flows of an entire corpo-
ration much like the cash flows of a bond. With a bond, investors transfer
money today to borrowers, who in turn pay interest and eventually repay
the loan. The size and timing of the cash payments and cash receipts deter-
mines the attractiveness of the bond investment. The techniques described
herein will enable investors to evaluate the cash flows of any investment re-
gardless of when the cash flows occur.

FUTURE VALUE

The future value of a cash flow is the value at some specified future time of a
cash flow that occurs immediately. The concept of future value allows a
company to decide whether cash flows that occur at two different times are
equivalent. The way in which the two cash flows are equivalent is the sub-
ject of this chapter and will be explained subsequently.

Suppose that a company issues a bill that requires a customer to pay
$100 upon receipt. The customer asks for extra time to pay. The company
can borrow at an 8 percent interest rate. The company tells the customer
that it will accept $102 instead in three months.

The company calculated the amount of cash it would accept that would
be equivalent to getting $100 immediately. If the delay in receiving payment
causes the company to borrow $100 for three months, the company must
account for the interest on the loan. The formula for interest might look
like Equation 1.1.

Interest ¼ $100 � 8% � 3=12 ¼ $2 ð1:1Þ

This is a formula for simple interest. Simple interest applies the interest
rate to a principal balance for a period of time. The formula begins with the
principal balance multiplied by the annual interest rate of 8 percent or $8.
However, the rate applies only to three months or one-quarter of the year.
Therefore, the interest for three months is $2, and the amount of the de-
layed payment would have to be $100 þ 2 ¼ $102 to compensate the com-
pany for the delay in payment.

The immediate payment of $100 in the preceding example is called the
present value. The later payment is called a future value. As has been dem-
onstrated, the two amounts are linked by the interest rate and the amount of
time between the two payment dates.

In the preceding example, an 8 percent interest rate was used to deter-
mine an equivalent future payment from a present value. The method relied
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on a bank rate of interest. In fact, the company may still prefer the immedi-
ate payment of $100 to a deferred payment of $102. The deferred payment
exposes the company to the risk of nonpayment for a longer period of time.
The delay increases the amount the company must record as an account re-
ceivable in its financial statements and requires the company to include a
liability on the balance sheet for the bank loan.

To address these concerns, the company may increase the interest rate
used in determining the future value it will accept in lieu of the immediate
payment of $100. Later, this text will explore factors that affect the interest
rate or return that links present values to future values. This chapter, how-
ever, generally assumes that the company knows the required rate that in-
corporates these factors.

A more general formula for interest appears in Equation 1.2.

Interest ¼ Present Value � Rate � Time ð1:2Þ

where Time is the interval in years between the time of the present value and
the time of the future value and Rate is the annual interest rate.

The value of a cash payment that occurs immediately is the present
value. The future value of this cash flow is the present value plus interest, as
set forth in Equation 1.3.

Future Value ¼ Present Valueþ Interest ð1:3Þ

Substitute the formula for interest in Equation 1.2 into the formula for fu-
ture value in Equation 1.3 to produce Equation 1.4.

Future Value ¼ Present Valueþ Present Value � Rate � Time ð1:4Þ

Finally, simplify Equation 1.4 by collecting terms. The result is Equation
1.5, which shows that the future value is related to the present value by a
rate of interest that applies to the time from the present payments to the
future payments.

Future Value ¼ Present Value (1þ Rate � Time) ð1:5Þ

Compound I n t eres t

The formula for future value in Equation 1.5 is correct for short intervals
of time, but most investments pay interest every three months, every six
months, or annually. When investments pay interest between the time of the
present value and the time of the future value, the formula in Equation 1.5
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is not correct. This section explains how these interim interest payments
affect the calculation of the future value. First, it is necessary to explain the
compounding process.

An old-fashioned passbook bank account illustrates the basic concepts
of future value and compound interest. In the days before businesses had
easy access to computers, banks used and reused a passbook as a simple
ledger to account for customer deposits, withdrawals, and interest. Each
time the customer deposited or withdrew funds, the new information was
added to a running ledger. Modern monthly and quarterly statements work
the same way, except that they include only a one-month or 3-month period
of time. In contrast, the passbook included a running total of all deposits,
withdrawals, and interest payments since the account was opened.

A customer could deposit an amount and see interest accumulate. Table
1.1 illustrates the process.

The investment of $1,000 on 3/14/20X1 grows to $1,040.28 by Decem-
ber 31, 20X1. In the absence of taxes, the cash amount on 3/14/20X1 is
linked to the year-end balance of $1,040.28 by the amount of interest
earned during the period.

The specific calculations in Table 1.1 require some explanation. In this
example, interest is paid at the end of every calendar quarter. This exam-
ple employs one commonly used method to calculate the number of days
of interest—each month is assumed to have exactly 30 days and each year
has 360 days. (See the appendix for a description of this method and other
day-counting methods.) The first interest payment accumulates at 5 per-
cent interest. If the rate applied for a full year (that is, the interest rate
applied for a full year and was not compounded), the interest would be
$50 ($1,000 times 5 percent). The interest for the 16-day period from
March 14 to March 31 is a fraction of that annual amount equal to $50 �
16/360 or $2.22.

The period from March 31 to June 30 contains exactly 91 actual days
but the counting convention used here assumes there are 30 days in each
month or 90 in each quarter. The interest for this quarter is $1,002.22 � 5

TABLE 1.1 Passbook Investment at 5 Percent Quarterly Interest

Date Deposit Withdrawal Days Interest Principal

03/14/20X1 1,000.00 — — — 1,000.00
03/31/20X1 — — 16 2.22 1,002.22
06/30/20X1 — — 90 12.53 1,014.75
09/30/20X1 — — 90 12.68 1,027.43
12/31/20X1 — — 90 12.84 1,040.28
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percent � 90/360 or $12.53. Notice that this old-fashioned way to count
days calls for an interest payment of $12.53, whereas a more precise
method would calculate $1,002.22 � 91/365 or $12.49. The two values are
generally fairly close, especially over a year or more. In some cases, the way
interest is applied can have a big impact on the future value. It is important
to understand the day-counting convention that is being used and to use the
interest rate correctly.

Suppose a business orders some goods and could either pay the supplier
$1,000 on March 14 or pay $1,040.28 at the end of the year when the
goods will be delivered. Because the company can invest the $1,000 deposit,
the customer could pay $1,000 now or invest the funds at 5 percent and pay
$1,040.28 at year-end. Because the bank account provides exactly enough
interest to pay the higher amount at the end of the year, the company does
not prefer one alternative to the other. (Eventually, the comparison must
include taxes and the risk of loss on the investment.)

Alternatively, the company could borrow $1,000 on March 14 at 5 per-
cent and pay the lower invoice amount. The interest would accumulate to
$1,040.28 by year-end. The company would need to pay $1,040.28 to
repay the loan, which exactly equals the amount of the delayed payment.

A company cannot both borrow at 5 percent and invest at 5 percent as
implied by the foregoing description. It is not necessary to be able to borrow
and lend at the same rate. Rather, it is important to determine the relevant
interest rate that can link the value on March 14 and the value on December
31. The calculation of future value using the appropriate interest rate pro-
vides a way to compare two different cash flows at different points in time.

The passbook investment detailed in Table 1.1 includes compound in-
terest. In other words, the interest paid on March 31 also earns interest fol-
lowing that payment date. The value of the account rises on each payment
date, and the base used to determine the interest payment is larger in later
quarters. As a result, the interest payments are larger than if the bank had
paid simple interest.

In contrast, if the bank paid simple interest on $1,000 using Equation
1.5, the customer would not benefit from earning interest on the quarterly
interest payments. The interest rate would apply for 286=360 years or .794
years, taking the fraction of the year using the 30=360 day counting method
shown in Table 1.1. The future value using Equation 1.5 would be

Future Value ¼ $1;000 (1þ 5% � :794) ¼ $1;039:72 ð1:6Þ

Paying the customer quarterly (or even more frequent) interest has the
effect of raising the return to the investor. It is important to follow the cor-
rect compounding assumption to determine the present or future value from
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a particular interest rate. This chapter will later address how to handle the
difference in interest created by different compounding assumptions.

The formula for compound interest begins much like the formula for
simple interest given in Equation 1.5. Suppose that the interest rate is 6 per-
cent per year and an investment pays interest annually. The future value at
the end of one year is shown in Equation 1.7.

FV1 ¼ PV � (1þ Rate � 1) ¼ PV � (1þ Rate) ð1:7Þ

After one year, a passbook would contain PV � (1 þ Rate). This amount
from Equation 1.7 appears in Equation 1.8 in square brackets and is rein-
vested for another year.

FV2 ¼ PV � 1þ Rateð Þ½ � � 1þ Rateð Þ
FV2 ¼ PV � 1þ Rateð Þ2 ð1:8Þ

After two years, a passbook would contain PV � (1 þ Rate)2. The amount
from Equation 1.8 appears in Equation 1.9 in square brackets and is rein-
vested for another year.

FV3 ¼ PV � 1þ Rateð Þ2
h i

� (1þ Rate)

FV3 ¼ PV � 1þ Rateð Þ3
ð1:9Þ

Table 1.2 summarizes the growth in principal, now applying the speci-
fied rate of 6 percent and also showing the calculation of the interest gener-
ated in each period. In each case, the starting principal amount appears in
the square brackets, and interest equals this updated principal amount times
the annual interest rate.

The general formula for future value for an investment that pays annual
interest appears in Equation 1.10.

FVi ¼ PV � 1þ Rateð Þi ð1:10Þ
where i equals the number of years between the present and the future.

TABLE 1.2 Passbook Investment at 6 Percent Annual Interest

Date Principal Interest Interest

3/15/20X1 1,000,000 60,000 [Deposit] � (Rate)
3/15/20X2 1,060,000 63,600 [Deposit(1þ Rate)] � (Rate)
3/15/20X3 1,123,600 67,416 [Deposit(1þRate)(1þRate)] � (Rate)
3/15/20X4 1,191,016 71,461 [Deposit(1þRate)(1þRate)(1þRate)] � (Rate)
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Equation 1.10 makes it easy to calculate the future value for much longer
periods without needing to calculate individual interest payments as was
done in Table 1.2.

Some care should be exercised in using Equation 1.10 for fractional
periods. For example, the future value after 3.5 years could be calculated
successively, as in Table 1.3. In this case, the interest is prorated for half
of a year.

Applying Equation 1.10 for the fractional period of 3.5 years yields ap-
proximately the same answer:

FV3:5 ¼ PV � 1þ :06ð Þ3:5 ¼ 1;226;226 ð1:11Þ

More Frequen t Compound i n g

Equations 1.7 to 1.10 develop a general formula for compounding an in-
vestment that pays interest annually. Most U.S. bonds, along with many
other instruments, pay interest twice each year. Equation 1.12 shows the
future value of a cash flow one year in the future for investments that pay
interest twice each year:

Future Value1 ¼ Present Value � 1þ Rate

2

� �
� 1þ Rate

2

� �

¼ Present Value � 1þ Rate

2

� �2 ð1:12Þ

The term in the first set of parentheses adjusts the starting present value
to the middle of the year using simple interest, much like the adjustment in
Equation 1.5. Then the original amount plus the interest collected in six
months is reinvested. The term in the second set of parentheses adjusts the
starting present value plus interest from the first semiannual interest pay-
ment to the end of the year.

TABLE 1.3 Passbook Investment at 6 Percent Annual Interest

Date Principal Interest

3/15/20X1 1,000,000 60,000
3/15/20X2 1,060,000 63,600
3/15/20X3 1,123,600 67,416
3/15/20X4 1,191,016 35,730 (prorated 50 percent of annual interest)
9/15/20X4 1,226,746
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The future value one year in the future of a cash flow for investments
that pay interest quarterly is presented in Equation 1.13.

FV1 ¼ PV � 1þ Rate

4

� �
� 1þ Rate

4

� �
� 1þ Rate

4

� �
� 1þ Rate

4

� �

¼ PV � 1þ Rate

4

� �4

ð1:13Þ

Like Equation 1.12 for semiannual interest, the year is divided into subper-
iods. At the end of each subperiod, the investment pays interest and the in-
terest is available to be reinvested. Equation 1.14 presents a more general
formula that can account for rates that compound at difference frequencies.

FVYears ¼ PV � 1þ Rate

Freq

� �Years�Freq
ð1:14Þ

where Years represents the time between the present and the future value
date and Freq refers to the number of compounding periods per year.

For example, an annual bond has a frequency or Freq of one. In this
case, Equation 1.14 simplifies to Equation 1.10. A semiannual bond would
use 2 for Freq, and there would be twice as many semiannual periods and
years between the present and the future value date. Two other common
frequencies are quarterly for many money market instruments and monthly
for mortgage investments. Banks may pay interest with daily compounding,
in which case Freq would be 365 or 366. Finally, the shortest possible com-
pounding period could be a tiny fraction of a year. Compounding over
infinitesimally small compounding periods, called continuous compound-
ing, is discussed further along in the text.

THE IMPACT OF COMPOUND ING FREQUENCY
ON FUTURE VALUE

Interest on interest increases the effective interest rate. In other words, com-
pound interest raises the future value compared to simple interest. In gen-
eral, the more frequently interest is compounded, the higher the effective
interest rate and the higher the resulting future value.

Table 1.4 begins with a present value of $1,000. The interest rate is
6 percent and the future value 10 years later is determined for simple
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interest (no compounding), and several commonly assumed compounding
frequencies.

The data is presented visually in Figure 1.1, which plots the future value
for simple interest and various compounding frequencies.

The important point to remember is that it is necessary to know what
compounding assumptions are associated with the rate of interest used in
present value and future value calculations and to develop a value using the
correct assumption.

EQU I VAL ENT INT EREST RATE

More frequent compounding has the same effect as using a higher interest
rate. That is, for a given present value, the future value increases as the as-
sumed interest rate rises. The future value also increases as the compound-
ing frequency rises.

Not surprisingly, market participants adjust downward the stated rates
of frequently compounded interest rates to compensate for the larger
amount of interest on interest earned with frequent compounding. It is often

TABLE 1.4 Compounding Frequency at 6 Percent Interest

Frequency Description Future Value

0 Simple 1,600.00
1 Annual 1,790.85
2 Semiannual 1,806.11
4 Quarterly 1,814.02
12 Monthly 1,819.40
365 Daily 1,822.03
1 Continuous 1,822.12

1,850.00

1,800.00

1,750.00

1,700.00

F
ut

ur
e 

V
al

ue

1,600.00

1,650.00

14121086420
Periods per Year

FIGURE 1.1 Future Value versus Compounding Frequency
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necessary to determine how much to adjust a particular rate to produce the
same results as a different interest rate with a different compounding
frequency.

Suppose a 10 percent quarterly-compounded interest rate is used—that
is, the interest rate for one year is 10 percent so that interest of 2.5 percent is
paid quarterly. By applying Equation 1.14, it is possible to determine the
annually compounded rate that is equivalent.

Applying Equation 1.14 to a $100 present value for one year, the future
value would be $110.38 as shown in Equation 1.15.

FV4 ¼ 100 � 1þ 10%

4

� �4

¼ 110:38 ð1:15Þ

To determine the annual interest rate that produces the same result (i.e.,
produces in the same future value), set up Equation 1.14 again for an annu-
ally compounded rate.

FV1 ¼ 100 � 1þ Rate1
1

� �1

¼ 110:38 ð1:16Þ

It is easy to see that the annually-compounded rate of 10.38 percent
would produce the same future value as a 10 percent rate compounded
quarterly. The rate calculated from Equation 1.16 is called the equivalent
annual rate or the effective annual rate. (Note that the ‘‘annual percent-
age rate’’ that mortgage lenders are required to disclose to borrowers is
not the same. That rate includes the impact of certain loan origination
costs not included here.)

To calculate an equivalent semiannual rate, set up Equation 1.14 again
for two compounding periods per year.

FV2 ¼ 100 � 1þ Rate2
2

� �2

¼ 110:38 ð1:17Þ

This rate is a bit more challenging to calculate. By manipulating a few terms
in Equation 1.17, it is possible to solve for the equivalent semiannual rate.

1þ Rate2
2

� �2

¼ 110:38

100
ð1:18Þ

Simplify the right side with division and take the square root of both sides as
shown in Equation 1.19.
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1þ Rate2
2

� �
¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:1038

p
ð1:19Þ

Finally, rearrange with a little more algebra.

Rate2 ¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1:1038

p
� 1

� �
¼ 10:125% ð1:20Þ

The equations in this book evaluated with more decimal points of accuracy
than appear on the page. Equation 1.20 equals 10.124 percent using the
values printed due to rounding.

This method converts a rate with one compounding frequency to an
equivalent rate with a different compounding frequency by determining the
rate that produces the same future value as the future value associated with
the known beginning rate.

CONT INUOUSLY COMPOUNDED INT EREST

Figure 1.1 makes clear that more frequent compounding results in a higher
future value (or equivalently, a higher effective interest rate). Figure 1.1 also
suggests that the impact of more frequent compounding has a larger impact
going from one to two to four compounding periods than the impact of
compounding more frequently than monthly. Table 1.4 demonstrates that,
for a given annual rate, daily compounding produces a higher future value
than monthly compounding, but the impact is smaller. Compounding more
frequently than daily produces very little difference in the future value or
the effective interest rate.

Although the impact is small, many people use interest rates that are
continuously compounded. Continuously compounded rates assume that
interest is paid and reinvested after each infinitesimally small step in time.
These rates are used not to raise the effective interest rate but instead to
simplify the math. For example, option pricing formulas that use continu-
ously compounded rates may be simpler or easier to apply than rates with
other compounding frequencies.

The future value of a cash flow using continuous compounding is
shown in Equation 1.21.

FVContinuous ¼ PV � eRate�Time ð1:21Þ

Time Value of Money Toolbox 11
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where Rate is a continuously compounded interest rate, Time again mea-
sures the difference in years between the future valuing date and the present,
and e refers to the mathematical constant equal to 2.718.

Questions and answers that follow at the end of the chapter will use
the continuously compounded rate and provide a more complete explan-
ation of how to use continuous compounding. For a short explanation,
refer to Table 1.5, which lists the future value of $100 for several years at
6 percent interest along with the syntax for instructing Excel to produce
these values.

It is clear from the line in Table 1.5 showing the future value after one
year that a 6 percent continuously compounded rate is equivalent to a 6.18
percent annually compounded rate.

PRESENT VALUE

So far, this chapter has introduced ways to find a value in the future that is
worth the same as a cash payment that occurs immediately. Consider, now,
the case of a single payment you must make one month (30 days) in the
future. Assume the payment equals $1 million.� Suppose as well that you
could make a somewhat smaller payment immediately instead of paying $1
million 30 days from now. The annual interest rate is 10 percent.

You may pay either $1 million in a month or $991,735.54 today. The
interest in this case was calculated by multiplying a smaller amount (PV)
times an interest rate of 10 percent. If the payment were deferred for an
entire year, the interest would equal PV � 10 percent. In the preceding case,
the annual interest rate was reduced to a daily rate by dividing by 360, the
days per year in the 30=360 counting convention. Finally, the daily amount

TABLE 1.5 Future Value at 6 Percent Continuous Compounding

Time Future Value Excel Syntax

0 100.00 ¼100�exp(6%�0)
1 106.18 ¼100�exp(6%�1)
2 112.75 ¼100�exp(6%�2)
5 134.99 ¼100�exp(6%�5)

10 182.21 ¼100�exp(6%�10)

�Later, it will be convenient to present the values in terms of a nominal $1.00 cash
flow. The advantage of working with $1 in each case is that all results can then be
simply multiplied by the relevant actual cash flows.
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was converted to monthly by multiplying by 30. The calculation of interest
is described in Equation 1.22.

Interest ¼ PV � 10% � 30
360

ð1:22Þ

In the preceding example and in general, the 10 percent annual interest
rate was reduced by the fraction of the year involved in the calculation.
Equation 1.22 could be modified to reflect a different day counting conven-
tion. The appendix presents a brief description of day-counting alternatives.

The payment of PV plus the interest in 30 days must equal $1,000,000.
Equation 1.23 shows how to calculate the immediate payment that is equiv-
alent to $1,000,000 a month from now.

$1;000;000 ¼ PVþ PV � 10% � 30
360

$1;000;000 ¼ PV � 1þ 10% � 30
360

� �

PV ¼ $1;000;000

1þ 10% � 30
360

¼ $991;735:54 ð1:23Þ

If you have the money to pay the invoice now, you could pay the imme-
diate amount of $991,735.54 or make the payment of $1,000,000 in 30
days. If you postpone payment and invest the money in a short-term invest-
ment (also at 10 percent), you will earn exactly enough to pay the later,
higher amount.� If you really can earn exactly 10 percent, you should be
completely indifferent as to whether you pay $991,735.54 now or
$1,000,000 in a month from now.y

Alternatively, the company may prefer to borrow money now to make
the immediate payment. If the cost of borrowing were 10 percent, you
would owe $8,264.46 in interest ($991,735.54 � 10 percent � 30=360) if

�Again, taxes complicate the matter, of course. See Equations 1.28 and 1.29.
yAccountants would record the alternatives differently. They would recognize the
explicit interest as interest revenue. They would not impute an interest expense for
the deferred payment. Instead, they would likely record a higher cost of goods sold.
Nevertheless, as long as the delayed payment amount is based on (exactly) the same
interest rate as the earning rate, net income would be equal regardless of whether the
company paid early or later.

Time Value of Money Toolbox 13
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you make an early payment while avoiding an equal charge on the invoice
amount. The company must repay principal of $991,735.54 plus interest of
$8,264.46 after 30 days, a total of $1 million. As long as the implicit inter-
est rate on the invoice matches your borrowing rate, it doesn’t matter
whether you make an early payment or a payment in 30 days.

By similar logic, your creditor is indifferent between receiving
$991,735.54 immediately or $1 million in a month. If your creditor is a net
borrower, it will incur additional borrowing costs of $8,264.46, because
your delay in payment results in a larger loan balance for the creditor for a
month (if the creditor borrows at 10 percent). Alternatively, if your early
payment means your creditor has $991,735.54 more invested in interest-
bearing investments, those investments would earn $8,264.46 over 30 days.
Although the creditor receives $8,264.46 less from the customer, the credi-
tor receives $8,264.46 additional interest income.

The interest calculated this way is not correct for longer time intervals.
Contractual payments can extend over several years. For these uses, a com-
pound interest method that calculates interest over years or even decades is
required.

In all the preceding examples, both you and your company were able to
either borrow or invest at the same rate. That is, of course, not realistic. In
fact, trade credit is often a major motivation for sales. Large creditworthy
manufacturers can pass some of their borrowing advantage on to customers
as a sales inducement.

For the purposes of describing the time value of money, however, it is con-
venient to start with the simplifying assumption that everyone agrees on the
interest rate. In the preceding examples, both you and your creditor are indif-
ferent between an early payment and a larger payment 30 days later. If we
calculate the future amount from an immediate cash flow, it is called a future
value. The amount we could accept as immediate payment in lieu of a payment
sometime in the future is called the present value. (See Figures 1.2 and 1.3.)

The present values of future cash flows are often called discounted cash
flows because the present value is less than the actual cash flows occurring
in the future. When an investment is valued from forecasted future cash
flows and the future cash flows are all converted to present values, the anal-
ysis is called discounted cash flow analysis.

FORMULAS FOR PRESENT VALUE AND
FUTURE VALUE

The general formula for the future value of an immediate cash flow appears
in Equation 1.24.

14 MASTERING CORPORATE FINANCE ESSENTIALS
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FV ¼ Cash Flow 1þ Rateð ÞTime (Equation 1:10 restated slightly) ð1:24Þ

where Rate is the annual interest rate used and Time is the number of years
until the future date. To repeat, this formula applies to interest rates that
pay interest annually.

The general formula for the present value of a future payment appears
in Equation 1.25.

PV ¼ Cash Flow

1þ Rateð ÞTime
ð1:25Þ

where Rate is the annual interest rate used and Time is the number of years
until the future date. Equation 1.25 is derived from Equation 1.24 by rear-
ranging the times to adjust the value of a future cash flow back to the pres-
ent instead of adjusting the value of an immediate cash flow to the future.

As with Equation 1.24, this formula applies to interest rates that pay
interest annually. The formula can be altered in the same way that Equation
1.14 was modified to apply rates of different compounding periods by mod-
ifying the way the formula handles the rate and the number of compound-
ing periods.

& Example 1: What is the present value of a payment of $40,000 made in
2.5 years if the annual interest rate is 8 percent?

Time of
Analysis Cash Payment

Time
Line

Present
Value

FIGURE 1.2 Present Value Time Line

Cash
Payment

Time
Line

Future
Value

Time of
Analysis

FIGURE 1.3 Future Value Time Line
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PV ¼ $40;000

1þ :08ð Þ2:5 ¼ 32;998:99 ð1:26Þ

Equation 1.26 contains the formula for the present value of Example 1.
If 8 percent is the interest rate, the payment of $40,000 in 2.5 years is
worth only as much as an immediate payment of $32,998.99.

& Example 2: What is the future value of a payment of $25,000 made in
four years if the annual interest rate is 6 percent?

FV ¼ 25;000 � 1þ :06ð Þ4 ¼ 31;561:92 ð1:27Þ

Equation 1.27 contains the formula for the future value of Example 2.
Faced with a 4-year delay in receiving payment, you should insist on
receiving $31,561.92 instead of an immediate payment of $25,000.

Taxes can easily be incorporated into the present value and future value
models. Suppose that a corporation pays a marginal tax rate of 35 percent.
This effectively lowers the corporation’s borrowing cost by 35 percent,
since an interest expense lowers taxable income and tax payments should
go down by 35 percent of the interest expense. Similarly, the net return on
an investment is 35 percent lower than the indicated interest rate.

To apply after-tax analysis to discounted cash flows, you could reduce
the effective interest rate. For example, if interest rates are 10 percent and a
corporation pays a 35 percent corporate income tax rate, the after-tax inter-
est rate is 10 percent � (100 percent � 35 percent) ¼ 6.5 percent.

The impact of corporate taxes effectively lowers the interest rate. The
formulas for present value and future value can account for the impact of
taxes on value. See Equations 1.28 and 1.29.

PV ¼ 1

1þ 1� Taxð Þ � Rate½ � Time
ð1:28Þ

FV ¼ 1þ 1� Taxð Þ � Rate½ � Time ð1:29Þ

In the preceding formulas, a $1 nominal cash flow was assumed in each
case. The marginal corporate tax rate is included as ‘‘Tax.’’ These formula-
tions also assume that the cash flow is not a taxable cash flow or that the
values from the formulas will be applied to cash flows already reduced by
taxes.

16 MASTERING CORPORATE FINANCE ESSENTIALS
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The present value and future value models are tools that can be used to
make certain financial decisions within a firm. One direct application is to
compare alternative payment options as described previously. The company
should select the alternative that maximizes shareholder value. The com-
pany should select the alternative that is cheaper when the appropriate dis-
count rate is used.�

The present value and future value models can also assess simple invest-
ment alternatives. The formulas provide a basis for comparing a variety of
simple investments (a single outflow at the beginning and a single, certain
return later). These techniques are used frequently to evaluate a series of
investments in order to ration scarce capital and invest in the most attract-
ive alternatives.

CONCLUS I ON

The first step in reviewing cash flows is to make all individual cash flows
equivalent. The largest impact is usually the adjustment for the time value
of money. Present value and future value formulas provide a basis for com-
paring and combining the value of cash flows occurring at different times.

�Choosing the appropriate discount rate (also called the firm’s cost of capital) is not
a trivial matter. Many factors enter the calculation of the cost of capital, including
the riskiness of the firm, the riskiness of a particular project, whether a new invest-
ment reduces or increases existing business risks, market risks, and more. Chapter 3
presents financial theories useful in determining the appropriate discount rate.

Time Value of Money Toolbox 17
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Questions

1.1. Your supplier asks you to pay your $300,000 invoice in 30 days.
However, the supplier will allow you to pay $298,500 immediately.
You can borrow at 5 percent (annual rate). Should you pay $298,500
immediately or $300,000 in 30 days? Ignore any impact of taxes.

1.2. Ignoring any impact of taxes, what borrowing rate would make you
indifferent between paying the invoice in Question 1.1 immediately
and paying $300,000 in a month?

1.3a. If you deposit money today into an account that pays 6.5 percent in-
terest, how long will it take you to double your money if interest does
not compound (simple annual interest)?

1.3b. If interest compounds annually?

1.3c. If interest compounds semiannually?

1.3d. If interest compounds quarterly?

1.3e. If interest compounds continuously?

1.4a. What is the daily compounded rate equivalent to a semiannual 6 per-
cent rate?

1.4b. What is the monthly compounded rate equivalent to a 6 percent semi-
annual rate?

1.4c. What is the annually compounded rate equivalent to a semiannual 6
percent rate?

1.4d. What is the continuously compounded rate equivalent to a semi-
annual 6 percent rate?

1.5. Following a large decline in stock prices, David commented that he
lost 100 percent of the value of his 401K; then he grinned and added,
‘‘continuously compounded.’’ If David’s 401K was worth $100,000
18 months ago, what is it worth today?
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