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Financial Accounting

TIME  VALUE  OF  MONEY (tvm)

LEARNING  OBJECTIVES

A. UNDERSTAND and EXPLAIN time value of money and the following related concepts:  time period, interest and inflation, present value, payment, future value, and annuities.

1. CALCULATE the impact of deflation and inflation on long-term decisions.

2. CALCULATE the future value of a lump sum using compound interest.

3. CALCULATE the present value of a lump sum using compound interest.

4. CALCULATE the future value of a stream of payments made at the beginning or end of each period.

5. CALCULATE the present value of an income stream.

6. CALCULATE the payment necessary to pay off a debt.

7. CALCULATE the payment required to accumulate a specific sum of money in the future.

8. CALCULATE the number of time periods necessary to achieve investment goals or to pay off debt.

9. CALCULATE the present value of a bond.

10. CALCULATE the amount of bond premium or discount on a bond when the market interest rate is different than the coupon rate of the bond.

11. CALCULATE the payment required to accumulate a specific sum of money in the future when the investor also has a lump sum to invest at the beginning of the investment period.

12. CALCULATE or IMPUTE the interest rate or internal rate of return (IRR) of an investment.

TERMINOLOGY
Annuity



Internal rate of return (IRR)

Annuity due


Lump sum

Bond discount


Maturity value (FV)

Bond premium


Number of time periods (N)

Compound interest

Ordinary annuity

Coupon rate


Payment (PMT)

Discount rate


Present value (PV)

Face value  (FV)


Simple interest

Future value  (FV)

Stream of payments

Impute



Time horizon

Imputed interest

Time value of money (TVM)

Income stream


Zero coupon bond

Inflation or interest (I)



time  value  of  money  (tvm)


Time value of money refers to the concept that the value of a country’s currency will change as time passes.  This is another way of saying that the purchasing power of a dollar changes as time passes.  During periods of inflation, the purchasing power of the dollar declines as prices for goods and services increase.  For example, in 1970, it was possible to purchase a midsize car for $3,600.  Today, a comparable midsize car would cost around $25,000.   The opposite occurs during periods of deflation.  During deflationary periods while the price of goods decline, the value of a dollar rises.  For example, the price of computing power has declined since computers were introduced.  A $2,000 computer system today has a much larger hard drive and faster computing speeds plus more peripherals than a $2,000 computer system did in 2002.

The concept of time value of money affects all long-term business and investment decisions.  In determining the impact of time value of money, five separate variables can be considered: time periods, inflation or interest, present value, payments, and future value.  Every time value of money problem involves consideration of at least four of these elements.

 
To calculate the change in the value of a dollar over time, the time period must be considered.  The time period can be measured annually, semiannually, monthly, or daily.  The choice of measurement depends upon how often interest is calculated on the amount invested or loaned.  When calculating the interest on a simple interest loan, or measuring the impact of inflation, one annual period is used. When interest is calculated and paid as a percent of the original principal, it is called simple interest.  Compound interest is calculated on investments or loans based on more than one time period per year in which interest is paid on interest previously earned or owed, and has been added to the principal.  For example, bonds earn interest semiannually, while car payments and home mortgages incur interest charges on a monthly basis.  Credit card interest often accrues on a daily basis.

Time value of money transactions can involve a single amount of money, called a lump sum.  A typical lump sum investment decision would involve a lump sum insurance settlement or an inheritance.  However, most transactions involving time value of money principles include streams of payments paid or an income stream received over months or years.  A series of equal and regular payments made over time is called an annuity.  Payments can be made or received at either the beginning or end of a payment period.  An annuity with payments made or received at the beginning of a payment period is called an annuity due.  The income stream a Florida Lottery winner receives is an example of an annuity due.   An annuity with a payment made or received at the end of each payment period is called an ordinary annuity. Vehicle loans and home mortgages are examples of ordinary annuities.


Time value of money impacts planning decisions regarding present value and future value.  The present value is what money is worth today.  Future value is what money is worth at a specific time in the future.  The determination of the time horizon for an investment decision determines the impact of time value of money. The time horizon is the point in the future when money will be realized from an investment, needed for an investment, or the length of a loan contract.  The longer the time horizon, the greater the influence time value of money will have on the value of the investment.
The financial calculator can be used to impute, or back into values, such as interest rates and time periods.  For example, investments in rental properties generate monthly cash flows.  However, there is no stated rate of interest attached to the rent payments.  The financial calculator can be used to impute the internal rate of return, or effective interest rate, of such an investment.  Another use for the financial calculator is to impute time periods for an investment.  For example, borrowers often have the ability to add additional dollars to loan payments. Doing so will shorten the period of a loan.  The financial calculator can be used to determine the adjusted time period of a loan.                                                                  

TIME  VALUE  OF  MONEY:  CALCULATOR  TIPS

1. Always clear the internal memory of the calculator between problems.  

2. Determine whether or not payments are made at the beginning or end of the period, and then adjust for BEGIN or END mode.  

3. Determine the number of compounding periods per year.  This will require you to adjust the number of payments per year.  Compounding periods affect the time period (n) key.  Compounding also affects the P/Y and C/Y keys on the TI calculators.

4. Use of the change sign key [+/-] key.  This function must be used for programmable financial calculators in order to solve for N or I.  Generally, the change sign [(-)] or [+/-] key is used before entering a payment or present value amount.  For example, to enter a negative $40,000 payment, hit the change sign key, and enter the $40,000 payment.  
LEARNING  OBJECTIVE  # 1:  Be able to CALCULATE the impact of deflation and inflation on long-term decisions.

PROBLEM:  A gallon of regular gasoline cost $1.38 in 1981.  From 1981 to 2007, inflation averaged 3.42% per year.  What would be the cost for a gallon of gas in 2007 if the cost had increased at the rate of inflation?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	26
	3.42
	1.38
	N/A
	?


STEPS:  

1. Clear the calculator.  

2. Select the payment/compounding mode 1 per year.

3. Enter the 3 variables.

4. Solve for FV to find the answer.

INSIGHT:  Planning for the consequence of long-term changes in prices is crucial for both retirement planning and long-term investing. Investors should make estimates of the current cost of their investment objective, such as a car, house, vacation, or annual retirement income.  Then that amount should be recalculated allowing for an estimated inflation factor.  Failure to include price level changes in investment planning will lead to underfunded investment goals.

REVIEW:  Jennie Walters is planning to retire in 15 years.  She would like to have an annual income of $45,000 in today’s dollars.  Assuming an average annual inflation rate of 3%, calculate the amount of annual income needed in inflation adjusted dollars.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING  OBJECTIVE # 2:  Be able to CALCULATE the future value of a lump sum using compound interest.

PROBLEM:  Dave Montalvo is 35. If he deposits $4,000 in an IRA today, how much would he have in 32 years if his investment earned an average annual interest rate of 9% compounded monthly?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	32
	9
	4,000
	N/A
	?


STEPS:

1. Clear the calculator.  

2. Select the payment/compounding mode 12 per year.

3. Enter the three variables.

4. Solve for FV to find the answer.

INSIGHT:   Making contributions to an IRA account are valuable at any age.  However, due to the effects of compounding, contributions made at the beginning of a work career are more valuable than later contributions.  

REVIEW:  Dave’s sister Amy is 25.  She also plans to deposit $4,000 in an IRA. Assume that the investments in her IRA earn 9% compounded monthly until she retires at age 67.  Calculate the amount Amy would have in her IRA.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING OBJECTIVE # 3:  Be able to CALCULATE the present value of a lump sum using compound interest.

PROBLEM:  Becky Lewis estimates that she will need $30,000 in five years for a down payment on a new home.  What amount would she have to invest today at 5% interest, compounded monthly, in order to reach her goal?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	5
	5
	?
	N/A
	$30,000


STEPS:  

1. Clear the calculator.

2. Select the payment/compounding mode 12 per year.  

3. Enter the 3 variables.

4. Solve for PV to find the answer.
INSIGHT:  The key to investment planning is to be able to measure the impact of the time value of money when comparing future lump sums to current values.  For example, insurance companies often offer a choice of when to receive insurance proceeds.  People can choose to receive a lump settlement or to postpone receipt of the settlement until some time in the future.

REVIEW:  Mark was injured in an auto accident.  The insurance company is offering a settlement of $350,000 to be paid in a lump sum 2 years from now or a lump sum payment today discounted at 5% compounded monthly.  Calculate the value of the lump sum option.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING OBJECTIVE # 4:  Be able to CALCULATE the future value of a stream of payments made at the beginning or end of each period.

PROBLEM:  a.  Leon plans to save $325 per month towards retirement at the beginning of each month.  How much would he have at the end of 45 years, assuming an interest rate of 10%?  b.  Leon plans to save $325 per month towards retirement at the end of each month.  How much would he have at the end of 45 years, assuming an interest rate of 10%?

a. Calculator Solution: Beginning
	N
	I
	PV
	PMT
	FV

	45
	10
	N/A
	325
	?


  b. Calculator Solution: End   
	N
	I
	PV
	PMT
	FV

	45
	10
	N/A
	325
	?


STEPS:  

1.  Clear the calculator. 

2.  Select the payment/compounding mode 12 per year.

For a., select the begin mode.  The word “begin” should show on the display screen. 

For b., select end.  The display screen should be clear (HP) or show the word “end “ (TI).

3.  Enter the 3 variables.

4.  Solve for FV to find the answer.

INSIGHT:  Contributions made at the beginning of each month will earn an extra month’s interest.  Over a long period of time, this will add more dollars to your investment accounts than contributions made at the end of the month.

REVIEW:  Leon did not start saving for his retirement when he started working.  Instead, he waited until age forty.  Now he only has 27 years to save for retirement.  Assume that he puts the $325 per month into his IRA.  At a 10% average annual return how much would Leon have for contributions made at the beginning of the month?  How much would he have for contributions made at the end of each month?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	a.

	
	
	
	
	b.


LEARNING OBJECTIVE # 5:  Be able to CALCULATE the present value of an income stream.

PROBLEM:  The billboard for the Florida Lottery announces an $18,000,000 prize to the winner.  The winner has the option of receiving the $18,000,000 paid in 30 annual installments of $600,000 or as a lump sum based on the present value of the payments.  Assuming that the lottery commission uses an interest rate of 4.3% to calculate the lump sum, what is the present value of the lump sum option?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	30
	4.3
	?
	$600,000
	N/A


STEPS:  

1. Clear the calculator.

2. Select the payment/compounding mode 1 per year.

3. Select the begin mode.

4. Enter the 3 variables.

5. Solve for PV to find the answer.

INSIGHT:  Many people play the lottery.  Winners have the option of taking annual payments divided over the prize period or a lump sum payment. The amount of the lump sum option is based on the present value of the payments.   Since the future value of the prize is known, it is ignored in calculating the present value of the payments.  In addition, the prizes are paid out at the beginning of the prize period.

REVIEW:  The PowerBall Lottery is currently $75,000,000.  The winner has the option of receiving the $75,000,000 paid in 30 annual installments of $2,500,000 or as a lump sum based on the present value of the payments.  Assuming that the lottery commission uses an interest rate of 4.5% to calculate the lump sum, what is the present value of the lump sum option?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING OBJECTIVE # 6:  Be able to CALCULATE the payment necessary to pay off a debt.

PROBLEM:  Dawn Chin plans to buy a new vehicle.  Her current vehicle will bring $5,500 as a trade-in.  She can pay another $2,500 as a down payment.  The vehicle she wants to buy costs $19,500.  What would be her monthly payments for a four-year loan at 6.5%?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	4
	6.5
	$11,500
	?
	N/A


STEPS:  

1. Clear the calculator.

2. Select the payment/compounding mode 12 per year.

3. Select the end mode.  Generally, interest is an accrual and is paid at the end of each period.

4. Enter the 3 variables.  Note:  the amount borrowed is PV.  

5. Solve for PMT to find the answer.

INSIGHT:  The use of a consumer loan to purchase a vehicle is one of the most common types of debt.  Before you purchase your next vehicle, calculate the projected loan payments prior to visiting a dealership.  Knowing how much you can afford and expect to pay will help you in the negotiation process.  This calculation process works for other types of loans, such as home mortgages.

REVIEW:  Mark Macy is buying a house.  The house costs $220,000.  He plans to put $44,000 down and borrow $176,000 at 6% for 30 years.  Calculate the principal plus interest portion of his mortgage payment.
Calculator Solution

	N
	I
	PV
	PMT
	FV

	 
	 
	                         
	
	


LEARNING OBJECTIVE # 7:  Be able to CALCULATE the payment required to accumulate a specific sum of money in the future.

PROBLEM:  You plan to have $1,000,000 in your retirement account when you retire in 44 years.  Assume an average annual rate of return of 9% compounded monthly.  a.  How much will you have to save at the beginning of each month?  b.  How much will you have to save at the end of each month?  

a. Calculator Solution:  Beginning
	N
	I
	PV
	PMT
	FV

	44
	9
	N/A
	?
	$1,000,000


  b. Calculator Solution: End   
	N
	I
	PV
	PMT
	FV

	44
	9
	N/A
	?
	$1,000,000


STEPS:  

1. Clear the calculator. 

2. Select the payment/compounding mode 12 per year.

3. Select EITHER the begin or end mode as required by the problem.

4. Enter the 3 variables.

5. Solve for PMT to find the answer.

INSIGHT:  Everyone should be financially independent.  Set a retirement savings goal.  Then use this method to determine the amount of monthly contributions you need to make in order to reach your goal.

REVIEW:  You plan to have $1,000,000 in your retirement account when you retire in 40 years.  Assume an average annual rate of return of 9% compounded monthly.  a.  How much will you have to save at the beginning of each month?  b.  How much will you have to save at the end of each month?  

a. Calculator Solution:  Beginning
	N
	I
	PV
	PMT
	FV

	
	
	
	
	


  b. Calculator Solution:  End   
	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING OBJECTIVE # 8:  Be able to CALCULATE the number of time periods necessary to achieve investment goals or to pay off debt.

PROBLEM:  Mackenzie Roth has a 30 year, 6% mortgage on his home.  The current monthly payments for the mortgage, which has a current balance of $70,000, are $419.69 per month.  He can now afford a $700 monthly payment.  How long would it take him to pay off his mortgage by making a $700 monthly payment?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	?
	5
	$70,000
	$700
	N/A


STEPS:  

1. Clear the calculator.

2. Select the payment/compounding mode 12 per year.

3. Select the end mode.

4. When entering the payment, press the change sign (+/-) key and enter the amount.  Then enter the remaining 2 variables.

5. Solve for N to find the answer, which will be displayed in months.

INSIGHT:    Paying any loan off early will save interest expense.  This is a very valuable technique for saving money on consumer loans, such as vehicle loans and home mortgages.

REVIEW:  Ben Patel has a 5-year, 6.5% loan on his car.  The current loan balance is $12,500 with monthly payments of $293.49. He can now afford a $450 monthly payment.  How long would it take him to pay off the loan by making a $450 monthly payment?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING OBJECTIVE # 9:  Be able to CALCULATE the present value of a bond.

PROBLEM:  Matador Company issued 1,000; $1,000 bonds for a bond issue of $1,000,000.  The bonds were issued for a 25-year term with a coupon rate of 6.5%.  The current market rate is 7%.  Interest is paid semiannually.  Calculate the present value of one bond.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	25
	7
	?
	$32.50
	$1,000


STEPS:  

1. Clear the calculator. 

2. Select the payment/compounding mode 2 per year because the standard compounding period for corporate and government bonds is semiannual.

3. Select the end mode.

4. Enter the 4 variables.

5. Hints:  Use the market rate of interest for I/YR.  The payment is calculated by multiplying the face value times the coupon rate.  This amount is the total annual interest.  Divide that amount by 2 to get the semiannual payment.

6. Solve for PV to find the answer. 

INSIGHT:  The coupon, or interest rate paid by bonds remain the same over the life of the bond.  However, the market value (PV) fluctuates over the life of bond issues as the market interest rates change.

REVIEW:  Matador Company issued 1,000; $1,000 bonds for a bond issue of $1,000,000.  The bonds were issued for a 25-year term with a coupon rate of 6.5%.  The current market rate is 6%.  Calculate the present value of one bond.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING OBJECTIVE # 10:  Be able to CALCULATE the amount of premium or discount on a bond when the market interest rate is different than the coupon rate of the bond.

PROBLEM:  Matador Company issued 1,000; $1,000 bonds for a bond issue of $1,000,000.  The bonds were issued for a 20-year term with a coupon rate of 6%.  a. The current market rate is 6.5%.  Calculate the present (market) value of one bond, then calculate the amount of the bond discount.  b. The current market rate is 5.5%.  Calculate the present (market) value of one bond, then calculate the amount of the bond premium.

Calculator Solution

a. Calculator Solution
	N
	I
	PV
	PMT
	FV

	20
	6.5
	?
	$30
	$1,000

	
Bond Discount =


  b. Calculator Solution   
	N
	I
	PV
	PMT
	FV

	20
	5.5
	?
	$30
	$1,000

	
Bond Premium =



STEPS:  

1. Clear the calculator.

2. Select the payment/compounding mode 2 per year.

3. Select the end mode.

4. Enter the 4 variables. 

5. Solve for PV to find the answer.

6. Subtract the future (face) value of the bond from the present (market) value.  If the amount is negative, then the amount is the discount.  If the amount is positive, then the amount is the premium.

INSIGHT:  Individual bonds rarely sell for maturity value.  Is it better for investors to buy bonds at a discount or a premium?

LEARNING OBJECTIVE # 11:  Be able to CALCULATE the payment required to accumulate a specific sum of money in the future when the investor also has a lump sum to invest at the beginning of the investment period.

PROBLEM:  Miriam Ramos has saved $10,000 towards a down payment on a new house.  She wants to have a total of $40,000 and plans to buy in 5 years.  How much will she have to save at the beginning of each month if she can earn 5% on her savings?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	5
	5
	$10,000
	?
	$40,000


STEPS:  

1. Clear the calculator. 

2. Select the payment/compounding mode 12 per year.

3. Select the begin mode.

4. When entering present value, press the change sign (+/-) key and enter the dollar amount.  Enter the remaining two variables.

5. Solve for PMT to find the answer.

INSIGHT:  Many people already have some money set aside towards a financial goal.  This method helps to determine the amount of monthly payments needed to reach the goal while factoring in the amount already saved.

REVIEW:  Jason Thomas has saved $2,500 towards a down payment on a new truck.  He wants to have a total of $15,000 and plans to buy in 3 years.  How much will he have to save at the end  of each month if he can earn 5% on his savings?

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


LEARNING  OBJECTIVE  # 12:  Be able to CALCULATE or IMPUTE the interest rate or internal rate of return (IRR) of an investment.

PROBLEM:  Jordan Gonzalez is considering an investment in a warehouse costing $340,000.  The projected annual income is $100,000 for the next five years.  Calculate (impute) the expected interest rate from this investment.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	5
	?
	$340,000
	$100,000
	N/A


STEPS:  

1. Clear the calculator. 

2. Select the payment/compounding mode 1 per year.

3. Select the end mode because income is calculated at the end of an accounting period.

4. When entering the payment amount, press the change sign key (+/-) and enter the dollar value.  Then enter the remaining 2 variables.

5. Solve for I/YR to find the answer.

INSIGHT:  Direct ownership of real estate provides investors with rental income.  This method is used to calculate the rate of return for such investments.  This rate of return (or imputed interest rate) can then be used to compare the expected or actual performance of an investment to other types of investments.

REVIEW:  Robyn LaFrance is considering an investment in a pistachio grove costing $410,000.  The projected annual income is $110,000 for the next five years.  Calculate (impute) the expected interest rate from this investment.

Calculator Solution

	N
	I
	PV
	PMT
	FV

	
	
	
	
	


TIME  VALUE  OF  MONEY  HANDOUT

Check Figures for Problems 1-12

	PROBLEMS
	REVIEW

	1.  $3.31 [3.082] per gallon
	1.  $70,108.54

	2. $70,495.44
	2.  $172,809.50

	3.  $23,376.
	3. $316,758.90

	4. a. 16$3,435,203.16  b. $3,406,813.06
	4. a. $539,310.39  b. $534,853.28

	5.  $10,437,843.91
	5.  $42,554,721.32

	6.  $272.72
	6.  $1,055.21

	7.  a.  $146.86  b.  $147.96
	7.  a. $212.02 b.  $213.61

	8.  129.6 months
	8. 30.2 months

	9. $941.36
	9.  $1,064.32

	10.  a.   $944.48; Discount = $55.52   
       b.   $1,060.20; Premium = $60.20
	N/A

	11.  $397.81
	11.  $312.14

	12.  14.4%
	12.  10.7%


TVM TEST SCHEDULE

Test # 1:  1, 2, 3

Test # 2:  4, 5

Test # 3:  6, 7

Test # 4:  8, 9, 10

Test # 5:  11, 12

1

