TIME VALUE OF MONEY
Financial Calculators (Texas Instruments - BA II Plus)
N 
Number of periods

I/Y 
Interest rate per period

PV
Present value (often negative)

PMT
Payment

FV
Future value

Example
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Enter: N = 3; I/Y = 5; PV = -100; PMT = 0; CPT; FV
Answer: 115.7625 
Notes:
Please set your calculator to the following:

· 1 period per year

· End-of-period payments
· 4 significant digits
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Excel PV Function =PV(I,N,PMT,FV)
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Excel FV Function =FV(I,N,PMT,PV)
Questions:
1. How much will 1¢ be worth in 100 years if you can earn 20% per year?

2. How much will 1¢ be worth in 100 years if you can earn 21% per year?

3. How much will 1¢ be worth in 105 years if you can earn 20% per year?

4. How much will 1¢ be worth in 105 years if you can earn 21% per year?

Excel Rate Function = RATE(N,PMT,PV,FV)
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Excel NPER Function = NPER(I,PMT,PV,FV)
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Question:

1. How long will it take $1 to double at an interest rate of 20%?

Answer:
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Enter: FV = 2; I/Y = 20; PV = -1; PMT = 0; CPT; N
Answer: 3.8018
Annuities

· Constant payments

· Fixed number of periods

Ordinary annuity – payments are due at the end of the period.


Examples: mortgages, car loans, student loans

[image: image7.emf]0

1 2 3

-$100

i = 5%

-$100 -$100

0

1 2 3

-$100

i = 5%

-$100 -$100



[image: image8.wmf](

)

1

1

N

ordinary

i

FVAPMT

ii

éù

+

=-

êú

êú

ëû



[image: image9.wmf](

)

11

1

ordinary

N

PVAPMT

i

ii

éù

=-

êú

+

êú

ëû


Annuity due – payments are due at the beginning of the period.


Examples: rent, insurance, lottery payoffs
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Note: You can switch your calculator from “end” to “begin” to do this directly, but be sure to switch back!

Perpetuities

· Constant payments

· Infinite number of periods
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Additional Cash Flows
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Cash Flows on Bonds
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Financial Calculators (Texas Instruments - BA II Plus)
CF
Cash Flow Register

Notes:

· Please clear out all previous work!

· To compute IRR, at least one CF must be negative.

Enter: CF (CF0) = 0; ↓ (C01) = 10; ENTER ↓ (F01) = 2; ENTER ↓ (C02) = $110;  ENTER; NPV I = 5; ENTER ↓ CPT; 
Answer NPV: $113.6162 
Irregular Cash Flows
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Enter: CF (CF0) = 0; ↓ (C01) = 100; ENTER ↓ (F01) = 1; ENTER ↓ (C02) = $200; ENTER ↓ (F02) = 1; ENTER ↓ (C03) = $100; ENTER; NPV I = 5; ENTER ↓ CPT; 
Answer NPV: $363.0278 
Interest

Simple Interest – Interest is earned only on the principle (not on the interest).

Compound Interest – Interest is earned on principle plus interest.
Nominal Interest Rate – Also called the “quoted rate” is the rate quoted by banks, brokers, mortgage lenders, student loan officers, and car dealers.

Periodic Interest Rate – the rate paid (or charged) each period.

Example

A 12% nominal annual rate (or annual percentage rate) that is paid quarterly is also a 3% periodic rate that is paid quarterly.
Effective Annual Rate – the actual annual rate paid (or charged) taking into account the number of times the interest was compounded per year.
Example

Compare the following two loans:

1. A credit card loan that charges 1% per month [12.6825%]
2. A bank loan at 12% compounded quarterly [12.5509%]
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where, M= the number of periods per year.
Nonannual Compounding

· Semi-annual Compounded Interest – is credited (or charged) each 6 months
· Example: bonds

· Quarterly-Compounded Interest – is credited (or charged) every 3 months

· Example: dividends

· Monthly Compounded Interest – is credited (or charged) monthly

· Examples: mortgages, student loans, and auto loans
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where, M= the number of periods per year and N = the number of years.
Continuously Compounded Interest – the number of periods per year that interest is compounded is infinitely small.
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Questions:

1. Would you rather invest in an account that pays 5% with annual or monthly compounding?

2. Would you rather borrow at 5% with annual or monthly compounding?

Amortized Loans – is a loan that is repaid in equal amounts (often on a monthly basis).
Examples: mortgages, car loans, student loans

If you borrow $15,000 to buy a car and the bank charges you 6.25% interest, how much can you expect to pay monthly?

Enter: N = 60; I/Y = 0.5208; PV = -15,000; FV = 0; CPT; PMT
Answer: $291.74
Table 1: Amortization Schedule $15,000 at 6.25% for 5 years.

	Month
	Beginning Amount
	Payment
	Interest
	Repayment of Principal
	Ending Balance

	
	[1]
	[2]
	[3]
	[4]
	[5]

	1
	$15,000 
	($3,585.20)
	$937.50
	($2,647.70)
	$12,352.30 

	2
	$12,352 
	($3,585.20)
	$772.02
	($2,813.18)
	$9,539.12 

	3
	$9,539 
	($3,585.20)
	$596.20
	($2,989.00)
	$6,550.12 

	4
	$6,550 
	($3,585.20)
	$409.38
	($3,175.82)
	$3,374.30 

	5
	$3,374 
	($3,585.20)
	$210.89
	($3,374.30)
	$0.00 


Note:
In Excel, make sure to use 6.25% (not 6.25).

Real Rate of Return
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The Rule of 72

This is a useful rule of thumb for the time it takes an investment to double with discrete compounding.
  To use the rule, divide 72 by the interest rate to determine the number of periods it takes for a value today to double.

Example: If the interest rate = 6%, the rule of 72 indicates that it takes 72/6 = 12 years to double.  Using your calculator you can check this solution:
Enter: I/Y = 6; PV = -1; PMT = 0; FV = 2;CPT; N
Answer: 11.8957 years or ~ 12 years 

The Rule of 69.3

This related rule of thumb works for interest rates that are continuously compounded.
Example: If the interest rate = 6%, the rule of 72 indicates that it takes 69.3/6 = 11.55 years to double.  

Practice Questions

1. A company invests $4 million to clear a tract of land and plant young pine trees.  The trees will mature in 10 years, at which time the entire lot will be sold for an expected value of $8 million.  What is the company’s expected rate of return?

Enter: N = 10; PV = -4; PMT = 0; FV = 8;CPT; I/Y
Answer: 7.1773% 

2. Bank A charges 12.2% compounded monthly on its business loans and Bank B charges 12.4% compounded semiannually.  As a potential borrower, which bank would you prefer?

To solve this problem find the effective annual rate for each bank:
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where, M= the number of periods per year.
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Answer: Bank B
3. You can afford to make car payments of $650 per month.  How much will the bank loan you at an annual interest rate of 13.5% on a 4 year loan?
Enter: N = 48; I/Y = 1.125%; PMT = 650; FV = 0;CPT; PV
Answer: $24,006.21

4. You decide you want to save money for your retirement. You are currently 25, and estimates you can afford to save $ 500 each month until retirement. If you plans on retiring at 65, and save the money in an account earning 4 % interest compounded quarterly, how much will you account be worth when you retire?

To solve this problem, first calculate how much you deposit every period, as well as how many periods this will cover. At $500 a month, then each quarter (3 months) will cover a total of $1500 in deposits, while over 40 years, there are 160 total quarters. 

Enter: N = 160; I/Y = 1%; PMT = 1500; PV = 0;CPT; FV
Answer: $587,073.95

5. After deciding to buy a new car, you can either select a lease or a purchase the car with a 3 year loan.  The car you want costs $35,000.  The dealer has a special leasing arrangement where you pay $1 today and $450 per month for the next 3 years.  If you decide to purchase the car, you will use a loan with an 8% APR and will pay the car off over three years.  If you believe that you will be able to sell the car for $23,000 in three years, should you buy or leas the car?  
Find the PV of both options and compare:
PV lease (Note: use the interest rate on the loan to compute the PV of the lease)

Enter: N = 36; I/Y = 0.6667; PMT = $450; FV = 0;CPT; PV
Solution: $14,360.31 + $1 = $14,361.31

PV loan (Price of the Car – PV of the Resale Price)
Enter: N = 36; I/Y = 0.6667; PV = 0; PMT = 0; FV = $23,000;CPT; PV
Solution: $35,000 - $18,106.86 = $16,893.14

Answer: Lease
What break-even resale price will make you indifferent between buying and leasing?

Find the FV of the PV of the Resale Price that makes (Price of the Car – PV of the Resale Price) = PV of the Lease

$35,000 – PV of the Resale Price = $14,361.31

PV of the Resale Price = $20,638.69

To find FV

Enter: N = 36; I/Y = 0.6667; PV = 20,638.69; PMT = 0;CPT; FV
Solution: $26,216.03
� Discrete compounding is the process of calculating interest and adding it to existing principal and interest at finite time intervals, such as daily, monthly or yearly.  It differs from continuous compounding where interest is calculated and added to existing principal and interest at infinitely short time intervals.


� These problems are modeled after the following end of chapter question: 2-22 & from Financial Management, 12th edition, chapter 2 and 4-17 & 4-58 in Corporate Finance, 8th edition by Ross, Westerfield, & Jaffe.
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