Micro II

Lecture 4 
Time value of Money

Kornkarun Kungpanidchakul
Future Value

Future value is How much what you got now grows to when compounded at a given rate. A dollar in hand today is worth more than a dollar to be received in the future because if you had it now, you could invest it, earn interest, and end up with more than one dollar in the future. The process of going from today’s value (present value) to future value is called “compounding”. We can calculate the future value from the following formula.

FV= PV (1 + i )N







(1)
Given that
PV = present value

i = interest rate

INT = dollars of interest you earn during the year

FV = future value

N = number of periods 


For example, suppose that you deposit $100 in a bank that pays 5% interest each year. How much you would have at the end of a year?

In this example, N = 1, so FV can be calculated as follows:


FV
 = PV + INT



= PV + PV(i)



= PV(1+i)



= $100 ( 1 + 0.05) = $105


So after a year, you will have $105.


What would you end up with if you left your $100 in the account for five years? You start by depositing $100 in the account. You earn $5 of interest during the first year so the amount at the end of Year 1 is $105. Then you start the second year with $105 and earn $5.25 in the second year (105 [0.05]). This process continues and because the beginning balance is higher, the annual interest earned increases.


FV2 
= FV1 (1+i)



= PV (1+i)(1+i)



= PV(1+i)2


= 100 (1+5)2 = $110.25


Using the same way,


FV5 
= PV(1+i)5


= 100 (1+5)5 = $127.63


Therefore, the future value of an initial lump sum at the end of n years can be found by equation (1).

Present value


Present value is how much you would get now. Suppose you have some extra cash and you have a chance to buy a low-risk security which will pay $127.53 at the end of five years. Your local bank is currently offering 5 percent interest on five years The 5 percent rate is defined as your opportunity cost rate or the rate of return you could earn on an alternative investment of similar risk. How much should you pay for the security?


From the future value example presented in the previous section, we saw that an initial amount of $100 invested at 5 percent per year would be worth $127.63 at the end of five years. You should be indifferent to the choice between $100 today and $127.63 due in five years when the opportunity cost rate is 5%. The $100 is defined as the present value or PV of $127.63 due in five years when the opportunity cost is 5%. If the price of the security were less than $100, you should buy it. Conversely, if the security cost more than $100, you should not buy it because you’d be better off from depositing your money in the bank (your alternative). When the security is $100, you’re indifferent. So $100 is called the security’s fair or equilibrium value.


Finding the present value is called discounting and it is simply the reverse of compounding.

Present Value = P0 = FVN / (1+i)N




(2)
Solving for interest rate and time


Thus far, you are given the interest rate and the number of years plus either the PV or the FV. However, in some situations, you will need to solve for either i or N.
i) Solving for i


Suppose that you can buy a security for $78.35 which will pay you $100 after five years. What is the interest rate you would earn on this investment?

From 

FV= PV (1 + i )N




$100= 78.35 (1+i)5 

Solve for i, you will get i= 5%.

ii) Solving for n


Suppose you know that a security will provide a return of 5% per year, that it will cost $78.35 and you will receive $100 at maturity, but you do not know when the security matures. How to find the maturity?

FV= PV (1 + i )N



$100= 78.35 (1+0.05)N 

Solve for N, take the natural log of both sides,


N ln(1.05) = ln (1.276)


N = ln (1.276)/ ln (1.05) = 5

Annuity


An annuity is a series of equal payments made at fixed intervals for a specified number of periods. For example, $100 at the end of each of the next three years is a three-year annuity.

i) Future value of an annuity

 
If you deposit $100 at the end of each year for three years in a savings account that pays 5% interest per year, how much will you have at the end of three years?

Let PMT is the periodic payments (an annuity), then the future value of an annuity (FVA) can be calculated as follows:
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ii) Present value of an annuity


Suppose you wer offered the following alternatives 1) a three year annuity with payments of $100 and 2) a lump sum payment today. How large must the lump sum payment today be to make it equivalent to the annuity?



[image: image3.wmf])

)

1

(

1

1

(

)

1

1

(

1

i

i

PMT

i

PMT

PVA

n

N

t

t

n

+

-

=

+

=

å

=


Perpetuities


Some annuities go on indefinitely, i.e give you a stream of payments a year forever. These are called perpetuities or consols.
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Bonds

Securities are financial instruments that promise certain patterns of payment schedules. The particular kind of security that we will examine here is a bond. The borrower ( the agent who issues the bond) promises to pay a fixed number of dollars (coupon) each period until a certain date N (the maturity date), at which point the borrower will pay an amount F ( the face value) to the holder of the bond.
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Uneven cash flow streams


The definition of an annuity includes the words constant payment. However, some important decisions involve uneven or non constant cash flows; for exsample, common stocks typically pay an uneven steam of dividends over time, and fixed investment such as new equipment do not generate constant cash flows.

From now on, we will use the term cash flow (CF) to denote uneven cash flows.
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Net present value

Net present value is the present value of net cash flows. NPV is an indicator of how much value an investment or project adds to the value of the firm. If NPV is positive, the investment would add value to the firm. However, if NPV is negative, the investment would subtract value from the firm so the investment should be rejected.
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Where CF0 is the capital outlay at the beginning of the project.

Amortized loans

One of the most important applications of compound interest involves loans that are paid off in installments over time. If a loan is to be repaid in equal periodic amounts, it is said to be an amortized loan.


Suppose that a firm borrows $1000 and the loan is to be repaid in three equal payments at the end of each of the next three years. Suppose that the lender charges 5% interest rate on the loan. What will be the amount the firm must repay each year?
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We can solve the equation for PMT. The answer is the firm must repay $367.21 each year.

Practice questions

1. Suppose that the firm A must decide whether to introduce a new product line. The new product will have startup costs, operational costs, and incoming cash flows over six years. This project will have an immediate investment of $100,000. Other cash outflows for years 1-6 are expected to be $5,000 per year. Cash inflows are expected to be $50,000 per year for years 1-6. All cash flows are after-tax, and there are no cash flows expected after year 6. Find the net present value of this project and decide whether the firm should invest in this project or not.
2. Assume that the pension fund manager is considering two alternative securities as investments i) Security X which costs $500 today, pays nothing during its 10-year life, and then pays $1000 after 10 years or ii) Security Y which has a cost today of $1000, and pays $100 at the end of each of the next 9 years and then $1000 at the end of year 10.

a. What is the rate of return on each security?

b. Assume that the interest rate the fund manager can earn on the fund’s money is 5%, what would the price of each security change to, what would the fund’s profit be on each security?

Proof for the present value of annuity in Lecture 4
We use the geometric series to prove the PV of annuity. Consider
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The summation of the discount factor =
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This is the geometric series with the common ratio (r ) of 
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And the finite sum can be defined as:
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Using this formula to find the summation of the discount factor, we have:
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QED

If we use the infinite sum:
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Then,
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