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Learning Objectives
Upon completion of this unit, students should be able to:

1. Interpret cash flow scenarios and apply appropriate TVM valuation

methods.

2. Calculate the present value of single sum using discounting TVM
methodology.

3. Calculate future value of a single sum utilizing compounding TVM
techniques.

4. Calculate the present value of annuity-series of cash flows using
discounting TVM methodology.

5. Calculate the future value of annuity-series of cash flows using
compounding TVM techniques.

6. Formulate models to assess other variables in TVM models including
the term, interest rate, rates of compounding and discount rates.

7. Calculate the value of a perpetuity.

Written Lecture

One of the most important aspects in business management involves decision-
making and planning. Such decisions can involve deploying resources (human,
financial, physical, etc.). As we will see later in the course, analyzing options in
allocating long-term resources involves capital budgeting and is based on
assessing cash flows using time-value-of-money methodology. Time value of
money (TVM) is relevant in many facets of our daily lives including planning for
retirement, acquiring a loan and purchasing insurance. This unit is committed to
understanding the foundations of time value of money, its core attributes, and
the methodology for valuing and applying TVM to different situations.

Time value of money (TVM) is the mathematical methodology that is used to
calculate either:
e Present value of some future cash flow(s) - This is often referred to as
discounting.

e Future value of cash flows -. This is usually referred to as compounding.

The basic reasoning of TVM is that $1.00 today is worth more than $1.00 in a
year. Why? Because money earns interest or is deflated through inflation. There
are two categories of cash flow used in TVM:

e asingle sum (single payment), or

e a series of equal periodic cash flows (annuity)

The core equation utilized in all TVM analysis is as follows: Py (1 +i)" = P,

Where:
P, = Present value at time period “0” or today

“n” = number of time periods

i” = interest rate (or discount/compounding rate)
P.= Future value at time period “n”



Another variation, that isolates future value of the initial equation looks like this:
PV(L+i)"=FV

Where:
PV = Present value at time period “0” or today
“n” = number of time periods

i” = interest rate (or discount/compounding rate)
FV= Future value at time period “n”

When you look at the above equation, there are some observations that can be
made:
e Assuming you are given a certain present value and if you want to
increase the future value, you can increase assumptions (i) for interest
rate or the time period (n).

Future values increase at an increasing rate through compounding as time
periods increase. The following chart illustrates this phenomenon:

- Bank
Balance

Time —

The above figure can be found in your textbook on page 259.

To isolate the present value, the previous equations can be arranged as
follows:
PV= EV,
(1+)"
Thus, lower present values will be obtained with:

¢ higher interest rates, and
e longer time periods

An annuity involves a series of payments into the future. The methodology for
calculations is similar to those for a single sum, except you have a series of cash
flows. Annuity problems are very common in the “real world” and include
retirement plans, home mortgages, life insurance and capital budgeting.
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There are two types of annuities:
e An ordinary annuity where the cash flow occurs at the end of each time
period, which looks like:

] 2 3 4
| | | |
T | | |
$1,000 $1,000 $1,0 0

00 $1,000

The above figure can be found in your textbook on page 252.

e An annuity due where the cash flow is at the beginning of each time
period, which looks like:

0 1 2 3 4

| | | |

| 1 1 1 1
$1,000 $1,000 $1,000 $1,000

The above figure can be found in your textbook on page 252.

In regard to calculating a future (terminal) value of an annuity, the following items
result in higher amounts:

¢ higher interest rates, and

e longer time periods

The present value of an annuity brings a series of payments in the future back to
the present. Higher interest rates result in lower present values. Longer time
periods increase the present value, because more payments are received.

Just like any endeavor (sports, hobbies, etc.), practice allows you to better apply
your skills in different situations. The key to better understanding time value of
money techniques is to practice various types of problems, identifying different
variables that impact calculations. Going through examples often allows you to
get a better grasp of the variables.

Time value of money problems may be solved by using:
algebraic formulas

interest tables

financial calculators

software

In this course, you may use any of the methods above to correctly arrive at an
answer. Excel has tools to calculate both present and future values. It is highly
suggested that you purchase the Texas Instruments BA-II financial calculator.
You may use other calculators or the interest tables, but you need to learn the
key strokes/interest tables on your own. The following examples will show
pertinent key strokes for the Tl BA-Il Financial Calculator.

In each type of Single Sum TVM problem, you will be given three of the following
variables PV, FV,, k, and n and be asked for the fourth. For each Annuity TVM
problem you will be given four of the following variables PV, FV,,, k, PMT and n
and be asked for the fifth.
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There are four different types of problems in this unit;
e Present value of a single sum

Future value of a single sum

Present value of an annuity

Future value of an annuity

Example 1: Future Value of a Single Sum

What is the future value after eight years of $1000 deposited in a savings
account that pays 5 percent annually?
Answer: Using algebraic notation

FV =PV (1 +i)"
FV = $1,000 (1 + .05)°
FV =$1,477.45
Answer: Using the TI-BAIl Plus (set the 2™ I/Y key = 1)
PV =-1000
PMT =0
N=8
1Y =5

CPT FV =$1,477.45

Interpretation
Depositing $1,000 (a current cash outflow) in the saving account produces

$1,477.45 after eight years

Of the $1,477.45:
e $1,000 is the initial principal, and
e $477.45 is the earned interest.

Example 2: Present Value of a Single Sum

What is the present value $1,500 received after five years if the rate of interest is
4 percent annually?
Answer: Using algebraic notation
PV = EV,
(1+)"
PV = $1,500.00
(1+.04)°
PV = $1,232.89

Answer: Using the TI-BAIl Plus (set the 2™ I/Y key = 1)
FV = -1,500.00
PMT =0
N=5
Iy = 4
CPT PV = $1,232.89

Interpretation
$1,500.00 received after five years is worth $1,232.89 today if the interest rate is

4 percent.
Example 3: Future Value of an Annuity

You deposit $1,000 in an account at the end of each year for six years. What is
the total amount (ending amount) in the account if you earn 8 percent annually?
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Answer: Using Algebraic Notation is not recommended. To do this algebraically,
you would set up each year as a separate single sum and add up the future
values. This can be time consuming and often leads to mistakes. In regard to
annuities, you should use you TI BA-1I Plus financial calculator.

Answer: Using the TI-BAII Plus (set the 2™ I/Y key = 1 and your 2™ PMT key is
set to End)

PVv=0

PMT = $1,000

N=6

Y =8

CPT FV = $7,335.93

Interpretation
For an annual cash payment of $1,000, you will have $7,335.93 after six years.

Of the $7,335.93,
e $6,000 is the total cash outflow, and
e $1,335.93 is the earned interest.

Example 4: Present Value of an Annuity

What is the present value of (or required cash outflow to purchase) an ordinary
annuity of $5,000 for ten years, if the rate of interest is 5.5 percent?

Answer: Using algebraic notation is not recommended. To do this algebraically,
you would set up each year as a separate single sum and add up the future
values. This can be time consuming and often leads to mistakes. In regard to
annuities, you should use you TI BA-1l Plus Financial calculator.

Answer: Using the TI-BAII Plus (set the 2™ I/Y key = 1 and your 2™ PMT key is
set to End)

FV=0

PMT = $5,000

N =10

IIY =5.5

CPT PV = $37,688.13

Interpretation
For a present payment of $37,688.13, the individual will annually receive $5,000

for the next ten years.
e The $37,688.13 is an immediate cash outflow;
e The $5,000 annual payment is a cash inflow.

Effective annual rate (EAR) is the annually compounded rate that pays the same
interest as a lower rate compounded more frequently.

EAR — (] + k.’i(ﬂ” ]
m

The annual percentage rate (APR) associated with credit cards is actually the
nominal rate and is less than the EAR.

An amortized loan’s principal is paid off regularly over its life and assumes a
constant payment is made periodically. A loan is actually an annuity TVM
problem and you need to know the following variables:

e Loan amount (PVA)

e Payment (PMT)

e Periodic interest rate (k)
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Mortgage Loans are amortized loans used to purchase real estate and usually
amortized over a 30 year span. During the early years of a mortgage loan, nearly
all of the payment goes toward paying interest. Early mortgage payments
provide a large tax savings, reducing the effective cost of borrowing.

A perpetuity is a stream of regular payments going on forever. As will be seen in
the next unit, a common example of a perpetuity is preferred stock. Preferred
stock is a hybrid security that attracts certain investors with a fixed payment with
an infinite life. The future value of a perpetuity makes no sense because there is
no end point. The present value of a perpetuity is calculated as:

PV, = PMT/K,

Where PMT = period (infinite payment) and K, = the discount rate.

For example, assuming an annual payment of $100 in perpetuity and a discount
rate of 5%, the value of the perpetuity is:

$100/.05 = $2,000

Compounding periods can be shorter than a day. As the time periods become
infinitesimally short, interest is said to be compounded continuously. To
determine the future value of a continuously compounded value:

FV, =PV (e"")

An Example of a Continuously Compounded Interest Rate

The First National Bank of Charleston is offering continuously compounded
interest on savings deposits. Such an offering is generally more of a promotional
feature than anything else and rarely used. Also, more important is the ability to
calculate the equivalent annual rate (EAR). For example, using 12%
compounded continuously?:

FV, =PV(e"")=$100(e ") =$100(1.1275)=$112.75

Return = ($112.75-$100.00)/$100.00 = 12.75%



