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Section 2b: 
Financial Mathematics
1. Introduction
A financial literate person is able to manage his/her personal finances by making the best decisions on how to handle his/her money.

Why is financial literacy important? A financially literate person:
· Is able to budget correctly to meet his/her expenses;
· Is able to identify financial products or services that meets his/her needs;
· Is not likely to fall victim to abusive practices and scams.

Answer the following questions to see how well you are managing your money.

	1 Do you save some of your money?
	a Yes. I try to put some aside for new clothes.
b Of course I save for a day in future that I might need it, as well as for my retirement.
c Yes, if I have anything left to save.

	2 Do you keep track of your money?
	a No, I have better things to do.
b My bank statements are enough.
c I have a budget plan.

	3 How much do you pay off on your credit card each month?
	a The minimum amount.
b I only borrow money when I am sure I can keep up the payments and only if I really need something.
c I sometimes use one credit card to pay off another.

	4 If you want to buy a new computer with a loan, what would you do?
	a Look for the best deal for both the computer and the loan.
b Take advice from a friend or family member.
c Find a computer I like and take the first finance that I receive.

	5 Will you have enough money for your retirement?
	a I am far too young to think about this now.
b I think I will have enough when I retire.
c I have made sure that I've got a plan to have enough when I retire.

	6 How will you react if you received a phone call offering you a chance to make big money?
	a Take up the offer.
b Consider it carefully by seeking qualified advice.
c Ignore it, there is a catch. If it is so easy, why isn’t everybody rich?



http://www.understandingmoney.gov.au/tools/Consumer/healthcheck/
(03-03-2009)

Check your answers at the end of the section.
Learning outcomes
At the end of this section you should be able to make appropriate decisions to manage your personal finances.
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	Start up activity 2.1: 
Which contract will it be?



Pair up with a class mate and complete the following activity.

Your parents have offered to buy you a mobile phone on the condition that you select a plan which costs no more than R200 per month.

1. Compare and contrast the two mobile phone deals below for the following situations, and give the best option.
1.1. Suppose you will make most of your calls during peak times to another cell phone.
1.2. Suppose you will make most of your calls during off-peak times to another cell phone.
1.3. Suppose you will make most of your standard calls during off-peak times.

2. Compare the free minutes of each contract, taking into consideration their monthly charge.
2.1. Which contract will be most expensive during peak hours?
2.2. Which contract will be the best choice for off-peak hours?

3. Recommend a particular contract and explain why this will be the best option for you.

	MTN BUNDLED TARIFFS
	VODACOM TALKTIME TARIFFS

	
	[image: http://www.cellular.co.za/images/archive/COMPANION-LOGO.gif]
	[image: http://www.cellular.co.za/images/corporate/PULSE-LOGO.gif]
	
	Weekender
	Weekender Plus

	Connection Fee
	R90.63
	R90.63
	Connection Fee
	R91.20
	R91.20

	Monthly Charge
	R114
	R148.20
	Monthly Charge
	R114
	R130

	Free Minutes
	15
	120
	Free Minutes
	100
	120

	Free Minutes Usage
	Anytime
	Weekend
	Free Minutes Usage
	Weekends
	Weekends

	NO SMS sent
	R0.89
	R0.89
	SMS sent
	R0.68
	R0.68

	Standard Calls Peak
	R2.48
	R1.37
	Peak Standard
	R2.51
	R2.51

	Standard Calls Off-Peak
	R0.68
	R0.68
	Off-Peak Standard
	R0.68
	R0.68

	Cell-to-cell Peak
	R2.48
	R2.05
	Peak cell-to-cell
	R1.37
	R1.37

	Cell-to-cell Off-Peak
	R0.68
	R0.68
	Off-Peak cell-to-cell
	R0.68
	R0.68

	Peak national
	R2.48
	R2.05
	Peak national
	R2.51
	R2.51

	Off-peak national
	R0.68
	R0.68
	Off-peak national
	R0.68
	R0.68

	Service Call Peak
	R2.51
	R2.05
	Service Calls Peak
	R1.37
	R1.37

	Service Call Off-Peak
	R0.68
	R0.68
	Service calls Off-Peak
	R0.68
	R0.68

	Service Call Off-Peak
	R0.68
	R0.68
	Service calls Off-Peak
	R0.68
	R0.68

	http://www.cellular.co.za/africa/south-africa/mtn/mtn-bundlerates.htm
(03-03-2009)
	http://www.cellular.co.za/africa/south-africa/vodacom/vod-talktime.htm
(03-03-2009)



Time Periods Applying:

	When?
	Mon-Fri
	Sat

	20h00-07h00
	Off-Peak
	Off-Peak

	07h00-20h00
	Peak
	Off-Peak




2. Interest
Borrowing money is a necessary transaction for most people and businesses. Whenever money is borrowed or goods are bought on credit, the customer pays interest on the amount due.
· The amount of money on which interest is paid is called the initial value (P).
· The interest charged on the borrowed money is expressed as a percentage. This percentage is called the interest rate (i).
· When money is borrowed, the borrower agrees to pay back the initial value and the interest within a specified period of time (n).

Simple interest
Simple interest calculations are used to determine the approximate interest gained once money has been invested. Suppose you invest an amount of money at a certain bank and you are informed that you will earn simple interest on the invested amount. This means that when the interest is calculated, only the initial invested value will be considered. You will not earn interest on the interest that you have earned on the initial invested amount. It is assumed in each case that the interest rate remains constant.

Simple interest is therefore the cost of borrowing money, computed on the initial value only.

The interest due depends on 3 things:
· the initial value (P)
· the interest rate (i)
· the number of years over which the loan is paid back (n)

The relationship is expressed as follows:

	Formula for simple interest:



where	SI is the total simple interest paid
	P is the initial value
	i is the annual interest rate written as a decimal, and
	n is the time in years

The amount to be repaid at the end of the n-year period is equal to the initial value plus the interest:

Amount to be repaid 





The time period is always quoted in years, so convert months to years before applying the time in the formula. Remember that:


1 month =  years

2 months =  years

9 months = years

73 days = years

292 days =  years

Example 5.1



Determine the simple interest when  is invested for  years at an interest rate of  per year.
Solution



 and

 years




The interest earned is .

Example 5.2


John borrows  for 5 years at a simple interest rate of  per year. How much interest must he pay? What is the total amount that must be repaid?
Solution





 years




John has to pay  interest.


Amount to be repaid 

	

	


The total amount that John must repay is .
Example 5.3


How much interest will  earn in 9 months at a simple interest rate of  per year?
Solution






 months  years



The interest earned is .

Example 5.4


Your friend lends you  and states that you must pay him back  at the end of the month. What is the simple interest rate that he is charging you?
Solution




 month  years





We now have to solve for , so we make it the object of the formula .

Then  and we substitute the values into this formula.




The annual interest rate that he charged you was .

Example 5.5



How long will it take an investment of  to amount to  at a simple interest rate of  per year.
Solution









We now have to solve for , so we make it the object of the formula .

Then  and we substitute our values into this formula.

 years, or 9 years and 4 months. Explain how you get 9 years and 4 months.

Example 5.6


An acquaintance assures you that if you invest  today, your money will double in  years. What annual simple interest rate is he promising you?
Solution


We know that the original amount of  doubles to.

This means that our interest earned was: .









We now have to solve for , so we make it the object of the formula .

Then  and we can substitute our values into the new formula.

.

He is assuring you of a  simple interest rate.

Example 5.7

Samantha bought an artwork which has increased in value by 50% in the time that she owned it. She also figured out that her investment increased in value with  annually (assuming simple interest). How long ago did Samantha buy the artwork? 
Solution








We do not know the original value of the artwork, when she bought it. We only know that it increased by while she owned it. If, for example, she bought it for  and it increased by , then it would now be worth . Notice that we multiply  with . The original cost therefore increased  times and we have that:






We now have to solve for , so we make it the object of the formula .

Then  and we substitute the values into this formula.

 years or 18 years and 9 months

Samantha bought the artwork 18 years and 9 months ago.

Example 5.8


Suppose your dad wants to purchase a car valued at , in four years’ time. He wants to invest his money at a simple interest rate of  per year to be able to afford the car. How much money should he invest now in order to achieve his aim?

Solution









We now have to solve for , so we make it the object of the formula .

Then  and we substitute the values into this formula.




He should invest.
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	Learning activity 2.2



1. 
Find the simple interest on R500 invested for 3 years at  interest per annum.
2. 
Suppose you borrow R2 000 for 4 years at a simple interest rate of.
2.1. How much interest will be paid?
2.2. What is the total amount that must be repaid?
3. Joe deposits R700 in the bank and earns simple interest at a rate of R9 per R100 per annum. How much interest does he receive at the end of the year?
4. Determine the simple interest rate if you invested R1000 for 4 years and earned R350 interest.
5. 
Determine the amount invested if you earn R200 simple interest for 2 years at  per annum.
6. 
If you end up with R695 after investing R500 at  simple interest per year, find the period of the investment.
7. 
An investor wishes to have saved an amount of R3 500 in 3 years time. She can invest her money at a simple rate of  per annum. How much money should she invest now in order to achieve her aim?
8. A man borrowed R3 500 and a year later paid back the loan plus simple interest with a cheque for R4 200. Find the annual rate of interest, as a percentage, paid for the loan.
9. The owner of a business overdrew his bank account by R1 500. The bank charged him R50 simple interest on his overdraft at the end of a 5 month period. What interest rate did the bank charge him per annum?
10. 
At what annual simple interest rate should R96 be invested for 6 months so as to produce the same interest as R75 invested at  per annum for 1 year?
Compound interest
When the interest earned on an investment at the end of each year is not a fixed amount determined by the initial value only, but also by all other interests earned (at the end of previous years), then the interest earned is called compound interest. In this case, the interest at the end of each successive year will be more than the interest for the previous year, since the amount on which interest is calculated keeps increasing after every year.

Let us illustrate the idea below:
Example 5.9

[bookmark: Exam1]Find the total interest when R300 is invested for 3 years at an interest rate of  compounded annually.
Solution



1st year:



 interest was earned during the first year.

Amount on which interest will be earned during the second year is 

2nd year:



 interest was earned during the second year.

Amount on which interest will be earned during the third year is 

3rd year:



 interest was earned during the third year.

Total amount at the end of the third year is 


Total interest earned over three years is 

OR we can make use of the following table:

	Year
	Instalment
	Interest earned
	New instalment

	1
	R300
	R33
	R333

	2
	R333
	R36,63
	R369,63

	3
	R369,63
	R40,66
	R410,29




So the total interest earned is.

Example 5.10

Find the interest when R1 000 is invested for 3 years at an interest rate of  compounded annually.
Solution



1st Year:



Value of investment at the end of year 1 is 

2nd Year:



Value of investment at the end of year 2 is 

3rd Year:



Value of investment at the end of year 3 is 

Interest earned = Amount at the end of year 3 – Initial value

	= 

= 

The total amount of interest earned is R331.

Calculations such as the above can become very tedious. For this reason we use the following formula to find compound interest.

	Formula for compound interest:



where	A is the future value of the investment
	P is the present value of the investment
	i is the annual interest rate written as a decimal, and

	 is the number of years


interest earned



Let us look at our previous examples again by making use of this formula.

Example 5.11

Find the interest when R300 is invested for 3 years at an interest rate of  compounded annually.
Solution




Interest earned = Amount at the end of year 3 – Initial value

	=

	=


The total amount of interest earned is.

Example 5.12

Find the interest when R1 000 is invested for 3 years at an interest rate of  compounded annually.
Solution




Interest earned = Amount at the end of year 3 – Initial value

	=

	=


The total amount of interest earned is.

Example 5.13


Suppose your sister opened an account by depositing  on 1 June 2006. If the account earned interest at a rate of  compounded annually, how much money would be in the account on 1 March 2008?
Solution


because from 1 June 2006 untill 1 March 2008 is a 21 month period.



The amount in the account on 1 March 2008 would be.

Example 5.14

Joe made a deposit of R1 200 into his Take Care bank account. Two years later he made a second deposit of R800. How much is in Joe’s account five years after the first deposit, if the interest rate is  compounded annually?
Solution
In this case there are two payments that were made at different points in time. The solution is straightforward when we realise that the accumulated values of the payments can be considered separately and then simply added together.
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             0             1              2             3             4              5 years


     (Invest)         (Invest)

The first payment was R1 200, which will earn interest over five years. The second payment was R800, which will earn interest over three years. We determine the interest earned on each of the amounts separately.

Future value of first payment:





Future value of second payment:





Total value of the investment after five years
= Future value of first payment + Future value of second payment

=

=

Example 5.15

In three years’ time you will need R10 000 to pay for your son’s studies. If your money earns  interest compounded annually, how much will you need to invest now so that you will have enough money to pay for his studies?
Solution




We have to substitute the information into the formula  and then solve for .



You need to invest  today.



The sign  means “is approximately equal to” and we use it when we want to provide a sensibly rounded answer to an exact answer. In the example above, the exact answer to the problem is actually. We chose, however, to round the answer off to two decimal places, since we cannot work in smaller units than cents.

Example 5.16
You heard from a friend that there is an investment opportunity that will triple your money in two years’ time. What interest rate (compounded annually) does that imply?


Solution
The initial amount is unknown, but we do know that in two years it will triple. Therefore:




We have to substitute the information into the formula  and then solve for .



This implies an interest rate of roughly.

Example 5.17
You made a single deposit of R800 into your bank account on 6 June 2007. On 6 November 2007 your balance was R950. You cannot remember the interest rate that your bank charged, but you do remember that the lady at the bank said the interest would be compounded annually. Determine the interest rate.
Solution


because from 6 June 2007 till 6 November 2007 is a 5 month period. Then:





We substituted the information into the formula  and solved for.

The interest rate that the bank used was roughly.



[image: ]Example 5.18

You opened an account with R2 300, earning interest at  compounded annually. On 1 January 2006 the amount in the account had doubled. When did you open the account?
Solution

We know that the account doubled over the period, so the future value is. Then:





We substitute the information into the formula  and solve for.





This is an exponential equation of the form. To solve for the exponent, we need to apply logarithms on both sides of the equation.



So she opened the account approximately  years, or 8 years and almost 2 months, before 1 January 2006. It must have been at the beginning of November, 1997.


	[image: ]
	Learning activity 2.3



1. 
You will need R20 000 in six years’ time. If you invest R9 000 today at an interest rate of  compounded annually, will you have enough money in six years’ time?
2. 
Suppose you invest R50 000 for 5 months at an interest rate of  compounded annually. How much interest will you have earned after 5 months?
3. 
Suppose you invest R10 000 for 15 days at an interest rate of  compounded annually. How much interest will you have earned after 15 days?
4. 
Ruth made a deposit of R500. Two years later she made a second deposit of R600. Three years after that she made another deposit of R900. How much money is in Ruth’s account nine years after the first deposit, if the interest rate is  compounded annually? 


Enrichment: 5 &6
5. 
[image: ]The number of professional assistants in your firm increases by  every year. Calculate the number of professional assistants after 10 years if you started with three assistants.
6. 
The cost of living increases by  annually during three successive years. Find the percentage increase at the end of the four years.

7. Suppose you inherit R3 000. You can choose what to do with the money:
7.1. 
Choice A: Invest your money for three years at an interest rate of  compounded annually.
7.2. 
Choice B: Play “Lotto” and spend R5 each week. At the end of three years you hope to win the “Lotto” which would give you an amount of.
7.3. Which is the best choice? Explain your answer.
8. 
If you earn R270 compound interest at  per year for 2 years, how much did you invest? 
9. You borrowed R3 000 for 3 years and the total interest paid was R650, compounded yearly. Determine the interest rate per year.
10. 

If you have R1 050 in your bank account after  years and you invested money at  compound interest annually, how much did you invest initially?
[image: ]
11. 
Helen made an investment of R2 300 that has since tripled in value. The investment earned interest of  compounded yearly. How long did it take Helen’s investment to triple?

In the preceding section the interest was compounded annually. In many instances the interest may be compounded over other time periods such as a quarter, month, week or day. This rate, when it is expressed as an equivalent rate per annum, is known as the nominal rate of interest.

Example 5.19


Find the interest when R200 is invested for  years at a nominal annual rate of , compounded half-yearly.
Solution
1st 6 months:



Amount at the end of the first six months 

	
2nd 6 months:



Amount at the end of the second period of six months 

	
3rd 6 months:



Amount at the end of the third period of six months 

	


Total interest earned 

OR we can make use of the following table:

	Year
	Instalment
	Interest earned
	New instalment

	6
	R200,00
	R9,50
	R209,50

	12
	R209,50
	R9,95
	R219,45

	18
	R219,45
	R10,42
	R229,87



When dealing with nominal rates of interest, we need to consider a few things before using the formula. To determine the correct interest rate (i), the nominal rate must be divided by the number of periods per year for which the interest is compounded. Furthermore, the time (n) now consists of the total number of time periods involved.

	Formula for calculating compound interest:



where	A is the future value of the investment
	P is the present value of the investment (initial investment)
	i is the rate of interest per time period, written as a decimal
	n is the number of time periods over which the interest is compounded



Example 5.20


Find the interest when R200 is invested for  years at a nominal annual rate of , compounded half-yearly.
Solution



The period is six months and the number of six month-periods in  years (18 months) is . Since the interest is compounded half-yearly, the interest rate per six months is . We divide by 2, because there are two six-month periods in a year.

Consider the following illustration of the time-situation:

   0                  0,5                 1                    1,5 years
   0                    1                  2                      3	three periods of six months each in1,5 years


We want to find the future value of R200 after 3 periods of six months at a half-yearly rate of . Let us substitute all the information into the formula and then determine the total interest earned.







Total interest earned is.

Example 5.21

Sam wants to know how much his R2 000 will accumulate in 3 years if left in an account earning interest at a nominal annual rate of  compounded monthly.
Solution





What does “nominal annual rate of  compounded monthly” mean? It means that the actual interest rate is not , but  per month. In this problem a single period is a month, which gives  periods (months). The interest rate is therefore  over 36 months.

Let’s draw a timeline to illustrate the situation.
 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


  1         2         3        4          5                                                              32       33      34        35      36
36 periods – each one month in length


Notice that we are trying to find the future value of R2 000 over 36 months at a monthly rate of . Let us substitute all the information into the formula.







So, after three years, Sam will have.

The effects of compounding depend on the frequency at which the interest rate is compounded, be it yearly, half-yearly, quarterly, monthly or daily, as well as the interest rate which is used. Whenever a rate per annum is compounded over a different time period, we need to carefully determine what the rate over this time period is.  This can be compared to what it would have been, had it been compounded annually.

Example 5.22




If a rate was quoted as  per annum compounded half-yearly, it means that the investment actually pays  every six months. Does this mean  compounded every six months is the same as  per year? Let’s see.

If you invest R100 at  per year, you will have R110 at the end of the first year. 

If you invest R100 at  per year, you will have R120 at the end of the first year. 

If you invest R100 at  per year, you will have R121 at the end of the first year. 


If you invest R100 at  per half-year, receiving interest every six months, meaning you invest R100 at  per year compounded half-yearly, the future value will be






Therefore, our example illustrates that an investment at  per annum compounded half-yearly (which is equivalent to  every six months) is the same as investing at a rate of  per year.

[image: ]Enrichment section starts
Interest rates must be comparable in order to be useful. Government requires that consumers be assisted with comparing the actual costs of borrowing. In finance and economics the following terminologies are common:

Periodic rate is the interest that is charged for each period. The periodic rate is defined as the annual nominal rate divided by the number of compounding periods per year.



Nominal interest rate is unadjusted for inflation, for example, a  annual nominal interest rate compounded monthly has a periodic (monthly) rate of.

Effective annual rate is an imagined rate that would yield the same final value as the compounding plan over one year.



To compare different interest rates, we will always need to convert to an effective rate. In our example above, the  is called a nominal interest rate and the , which is actually the rate that you will earn, is called the effective annual rate.

The effective interest rate is calculated as if compounded annually.

	The effective rate r is calculated in three steps:
Step 1:	First divide the quoted rate (nominal rate) by n, the number of compounding periods per year (for example, n=12 for monthly compounding).
Step 2:	Add 1 to the result and raise it to the power n.
Step 3:	Subtract 1.




where 	r is the effective annual rate
	i is the nominal rate written in decimal form
	n is the number of compounding periods per year (4, if the interest is compounded every three months, for example)



Example 5.23

For a nominal interest rate of  compounded monthly, find the equivalent effective interest rate.
Solution

, then



The effective annual rate is .

Example 5.24

Find the effective annual rate for a loan with a  nominal annual rate compounding daily.
Solution






The effective annual rate is.



From the previous two examples it is clear that a loan compounding daily will have a substantially higher effect on the future value than one compounding annually. For example, a loan of R100 000 at  interest compounded daily, will make the borrower pay R516 more than one who was charged  interest, compounded annually.
[image: ]
Enrichment section ends here.

We look at more examples on compound interest.
Example 5.25

An amount of R2 000 is deposited into a bank account which pays an annual interest rate of , compounded quarterly. Find the balance after 3 years.
Solution



The time period is a quarter of a year ( months). There are four quarters (three month periods) in a year, so the number of quarters in 3 years is . Since the interest rate is compounded quarterly, the interest rate per quarter is 

Let’s draw a timeline to illustrate the situation.

	2 years,
	0	0,5 years	3 months	3 years

     0                  1                   2                             9                  10                 11                12

	12 periods of three months each
		(36 months)


We want the future value of R2 000 over 12 periods of three months each at a quarterly rate of  Let us substitute all our information into the formula.






The balance will be  after three years.

Example 2.26

Joe made a deposit of R1 200 into his bank account. Two years later he made a second deposit of R800 into the same account. How much money is in Joe’s account five years after the first deposit, if a nominal annual rate of  compounded quarterly, is earned?
Solution



The period is a quarter of a year ( months). There are four quarters (three month periods) in a year, so the number of quarters in 5 years is . Since the interest rate is compounded quarterly, the interest rate per quarter is 
In this case there are two payments at different points in time. The solution is straightforward if we realise that the accumulated values of the payments can be considered separately (as indicated on the timeline) and then simply added together.

 (
0       
         
    1        
     
       2    
        
        3      
      
        4      
       
        5 years
0        
       
     4     
      
         8       
      
     12       
       
     16     
     
         20
)







Invest	Invest
R1 200	R800
20 periods of 3 months each
 (60 months)

The first payment was R1 200 and would have earned interest for five years, or 20 periods. The second payment was R800 and would have earned interest for three years, or 12 periods.

Future value of the first deposit:





Future value of the second deposit:





Total future value of investment
= Future value of first deposit + future value of second deposit


=

=

Example 5.27

Your dad wants to retire on his 60th birthday with R1 000 000 from an investment he is about to make at his bank on his 45th birthday. The bank pays a nominal annual rate of  compounded monthly. Give your dad advice on how much he must invest on his 45th birthday to have R1 000 000 when he retires?
Solution


The time period is a month. There are 12 months in a year, so the number of months in 15 years is . Since the interest is compounded monthly, the interest rate per month is 



We are trying to find the present value of R1 000 000 over 180 periods of one month each at a monthly rate of  Let us substitute all our information into the formula and solve for .




Then:		


He should invest  on his 45th birthday.

Example 5.28
Sue made an investment 3 years ago. The investment doubled in value at a certain nominal annual rate, compounded half-yearly. What nominal annual rate was used here?

Solution


The time period is half a year (six months). There are two six month periods in a year, so the number of six month periods in 3 years is . We are trying to find the nominal annual rate compounded half-yearly that caused the investment to double in value. Let’s substitute our information into the formula and solve for .



If  and , then 


So the nominal annual rate was approximately.

[image: ]Example 5.29

How long will it take R750 to grow to R1 500 if the nominal annual rate is , compounded quarterly?


Solution

Since the interest rate is compounded quarterly, the interest rate per quarter is 



We want to find the time it will take the present value of R750 to grow to R1 500 at a nominal quarterly rate of  Let us substitute all our information into the formula and solve for .








This is an exponential equation of the form . To solve for the exponent , we need to apply logarithms on both sides of the equation.




So the total time it will take for R750 to grow to R1500 is approximately 33,95 quarters =  years.


	[image: ]
	Assessment activity 2.4



1. 
[image: ][image: ]Find the future value of R430 if it is invested for two years at a nominal annual rate of , compounded quarterly. 
1.1. Also find the equivalent effective interest rate.

2. 
As you walked pass the bank yesterday, you saw that the bank advertised their nominal annual rate as  compounded daily. If you deposit R4 000 today, how much will be in your account one year from now?

3. 
[image: ]An investment that John made five years ago at a nominal annual rate of , compounded half-yearly, is presently worth R4 670. How much did John invest? 
3.1. Also find the equivalent effective interest rate.

4. Suppose that an amount of R2 500 grows to R3 750 in six years at a certain nominal annual interest rate, compounded monthly. What was this nominal rate?

5. What nominal annual rate of interest, compounded half-yearly, did Peter earn if his investment of R6 780 earned R780 of interest over four years?
[image: ]
6. 
How long will it take for R5 000 to grow to R10 000 if the nominal annual interest rate is , compounded quarterly?
7. 
How many years will it take your investment of R2 000 to double at a nominal annual interest rate of , compounded monthly?



3. Annuity
An annuity is a finite series of payments made at equal intervals of time. The payments may be all the same, or they may vary. Examples of annuity payments are mortgage payments, loan repayments, rental payments and  insurance premiums.

We are going to work with an annuity called a simple ordinary annuity. An annuity is called simple if interest is compounded at the same time the annuity payment is made. An annuity is called ordinary if a constant amount is paid at the end of each period.

Future value of an annuity
The future value of an annuity is the amount due/saved at the end of the term.

Let us illustrate the idea with an example:
Example 5.30

If you deposit R500 at the end of each year for the next three years at a nominal annual rate of  compounded yearly, how much will you have in your bank account after three years?
Solution



1st year:	The deposit of R500 was made only at the end of the first year, so there was no interest earned during the first year.

2nd year:	We started with R500.
The interest earned during the second year can be calculated as follows:


At the end of the second year we had the initial R500 plus the interest of R40. We also deposited another R500 at the end of the second year.
Amount at the end of year 2
= R500 + R40 + R500
= R1 040

3rd year:	We started with R1 040 at the beginning of the year.
The interest earned during the third year can be calculated as follows:


At the end of the third year we had R1 040 plus the interest of R83,20. We also deposited another R500 at the end of the year.
Amount at the end of year 3
= R1 040,00 + R83,20 + R500,00
= R1 623,20

OR we can make use of the following table:

	Year
	Balance at 
the beginning of 
the year
	Interest earned
	Payment at the 
end of the year
	Total at the 
end of the year

	1
	0
	0
	500
	500

	2
	500
	40
	500
	1040

	3
	1040
	83,20
	500
	1623,20



After three years you will have R1 623,20 in your bank account.

Calculations such as these can become very tedious and lengthy. We therefore introduce the following formula to find the future value of an annuity.

	Formula for determining the future value of an annuity





where  is the future value of the annuity (total payments plus interest)
	R is the annuity payment amount, made per time period
	n is the total number of payments to be made
	i is the interest rate per time period, written as a decimal number



Let us look at our previous example again, but now we use the formula.

Example 5.31

If you deposit R500 at the end of each year for the next three years at a nominal annual rate of  compounded yearly, how much will you have in your bank account after three years?
Solution
R = R500
n = 3


i =  	Then 

	

	

After three years you will have R1 623,20 in your bank account.

Example 5.32

Suppose you want to be a millionaire by the time you are 65. You are able to deposit R500 at the end of every three months and you will earn interest at a nominal annual rate of  compounded monthly. Determine whether or not you will be a millionaire at 65 if you are now 25 years old. Give reasons for your answer.
Solution


The time period is three months. There are four periods of three months in a year, so there will be  periods of three months in 40 years. Since the interest is compounded monthly, the interest rate per month is 



	

You will only have R180 320,43 by the time you are 65 years old. That is still R819 679,57 short of a million, so you will definitely not be a millionaire.

Example 5.33

Rudi is saving to buy a new motorcycle in two years’ time. The motorcycle will cost him R25 000. If he can make monthly payments into an account earning a nominal annual interest of  compounded quarterly, how much must he deposit each month to have R25 000 available in two years’ time?
Solution

The time period is a month. There are 12 months in a year, so there are [image: ] months in 2 years. Since the interest is compounded quarterly, the interest rate per quarter is 



Let us substitute all our information into the formula and solve for R.



Rudi has to deposit R1 761,55 into his account each month to have R25 000 available in two years’ time.
[image: ]Example 5.34

Your dad wants to save money for your newborn sister’s university studies. He estimates that R40 000 will be adequate. If he can save R5 000 every year and earn interest at a nominal annual interest rate of , compounded monthly, calculate the time it will take to have R40 000 available.
Solution

Since the interest is compounded monthly, the interest rate per month is 




Let us substitute all our information into the formula and solve for .





This equation is of the form . We therefore have to use logarithms to solve for .



Your dad will have to save for 7,7 years or 7 years and 8 months, to have R40 000 available.
	[image: ]
	Assessment activity 2.5



1. 
You deposit R450 at the end of every month for four years. You earn interest at a nominal annual rate of  compounded monthly. Calculate the amount in your bank account after four years.
2. 
John plans to contribute R5 000 at the end of every year into a retirement account paying a nominal annual rate of  compounded annually. If he retires in 30 years’ time, how much will he have?
3. 
Sydney saved R300 at the end of every month for 10 years. If his money earned a nominal annual rate of  compounded every three months, how much does he have after 10 years?
4. 
Your dad wants to give your youngest sister R50 000 on her 21st birthday. Suppose his savings earn a nominal annual interest rate of  compounded quarterly. Determine the size of the payments that he will have to make yearly for the next eight years, so that he will have R50 000 available on her 21st birthday.
5. 
How much should be deposited monthly into an account if the aim is to accumulate R15 000 over five years? Assume the account earns interest at a nominal annual rate of  compounded daily.
[image: ]
6. 
At the age of 35 John began contributing R1 650 every month to a retirement fund. If his money earns interest at a nominal annual rate of , compounded monthly, how long does it take for his retirement fund to grow to R45 000?

Present value of an annuity
The present value of an annuity is the value of a future payment or series of future payments on a given date.

	Formula for calculating the present value of an annuity





where  is the present value of the annuity (total payments plus interest paid so far)
	R is the payment made per time period
	n is the total number of payments
	i is the interest rate per payment period written as a decimal



Example 5.35

Stuart bought himself a two-bedroom townhouse and makes monthly payments of R4 000 over twelve years. The nominal annual rate is  compounded monthly. He would like to know the present equivalent cash price of the house.
Solution


The time period is a month. There are 12 months in a year, so there will be  months in 12 years. Since the interest is compounded monthly, the interest rate per month is 

R = R4 000
n = 144

i = 


	

	

	

The equivalent cash price now (present value) of the house is R297 651,74.

Example 5.36

Your dad owes the bank R40 000 and wants to make equal monthly payments that will have the total amount paid off in two years’ time. What will the monthly payments be if the bank is charging a nominal annual rate of  compounded monthly?
Solution


The period is a month. There are 12 months in a year, so there will be  months in 2 years. Since the interest is compounded monthly, the interest rate per month is

 = R40 000
n = 24

i = 


Let us substitute all our information into the formula and solve for.



The monthly payments will be R1 901,67.
[image: ]Example 5.37

Because of a cash-flow problem during the holiday you charge R2 000 in expenses to your credit card. You can only afford to make a minimum payment of R300 per month in paying off your debt. If the nominal annual rate is , compounded daily, how long will it take you to pay off the R2 000?
Solution

Since the interest is compounded daily, the interest rate per day is 


 = R2 000
R = R300

i = 


Let us substitute all our information into the formula and solve for .





This is an equation of the form , so we have to use logarithms to solve for .



It will take you almost 7 months to pay off your debt.


	[image: ]
	Assessment activity 2.6



1. 
An annuity pays R2 000 per year for four years. Find the present value of this annuity if the nominal annual interest rate is  compounded yearly.
2. 
Jenny is planning a holiday to Europe and wants to be able to withdraw R6 000 from her account every month for one year. Her account earns a nominal annual rate of  compounded monthly. How much should Jenny deposit into her account before she leaves?
3. 
A newly-wed couple took out a bank loan in order to purchase furniture for their home. The loan was to be repaid in monthly instalments of R950 over two years. Calculate the present value of these repayments if the nominal annual rate is  compounded monthly.
4. 
Luke bought a motorcycle for R13 000 and will pay it off in equal monthly payments at the end of each month for two years. If the nominal interest rate is  compounded monthly, what is the monthly payment that Luke has to make?
5. 
You decide to borrow R10 000 from a bank in order to pay for your studies. The bank charges a nominal annual rate of  compounded quarterly over six years. What monthly payments will you have to make on this loan?
[image: ]
6. 
Your dad bought a new car for R250 000. If he makes monthly repayments of R4 500, work out how long it will take him to pay off the car. Assume the nominal annual rate is  compounded monthly.

Amortisation
There are different ways of repaying debts. One of the methods of repayment is by amortisation. For an amortisation loan, the lender may require the borrower to repay parts of the loan per time period. Each periodic payment covers part of the loan, as well as interest on the balance of the loan. In amortisation problems we try to find the periodic payment required to pay off the debt. To do this we use the present value of an annuity.

Let us illustrate the concept by the following example:



Suppose a business takes out a four-year loan of R2 000 at a nominal rate of , compounded yearly. The loan agreement calls for the borrower to pay the interest on the loan balance each year and to reduce the loan balance (principal) yearly by R500. Since the loan amount declines by R500 every year, it will be fully paid in four years’ time (). We can calculate the total payment per year by preparing an amortisation schedule as follows:

	Year
	Initial balance
	Interest paid
	Principle paid
	Total payment
	Ending balance

	1
	R2 000
	R180
	R500
	R680
	R1 500

	2
	R1 500
	R135
	R500
	R635
	R1 000

	3
	R1 000
	R90
	R500
	R590
	R500

	4
	R500
	R45
	R500
	R545
	0

	Total
	
	R450
	R2 000
	R2 450
	



Note that, in this example, the payment each year reduces. The reason for this is that the loan balance, on which interest is charged, becomes less.


The most common way of amortising a loan is for the borrower to make a single, fixed payment every period. Let us consider the example above. What would the amortisation schedule look like if the payments were fixed? We first need to determine the payment. To do this we can use the present value formula .

Since the interest is compounded yearly, the interest rate is 








Let us substitute all our information into the formula and solve for .



The borrower will therefore make four equal payments of R617,34. In this example the total payment per period is known. To calculate the principal portion we calculate the interest and then subtract it from the total payment.

Let us check whether this will pay off the loan.

	Year
	Initial balance
	Principle paid
	Interest paid
	Total payment
	 Balance

	1
	R2 000
	R437,34
	R180,00
	R617,34
	R1 562,66

	2
	R1 562,66
	R476,70
	R140,64
	R617,34
	R1 085,96

	3
	R1 085,96
	R519,60
	R97,74
	R617,34
	R566,36

	4
	R566,36
	R566,37
	R50,97
	R617,34
	0

	Total
	
	R2 000,01
	R469,35
	R2 469,36
	



If you compare the two loan amortisations you will see that the total interest paid is greater in the amortisation option where equal payments are made. The reason for this is because the initial two repayments of the equal-payment amortisation are less and therefore more interest is charged.

Example 5.38

Your family takes a R600 000 mortgage from the bank to buy a new home. The bank charges interest at an annual rate of  compounded monthly over 20 years. Find the monthly payments that your family has to make on this loan.
Solution


The time period is a month and the number of months in 20 years is . Since the interest is compounded monthly, the interest rate per month is 






Let us substitute all our information into the formula and solve for 



The family must repay the loan with monthly instalments of R7 029,44.

Example 5.39
In the previous example, find the outstanding balance for the loan at the end of the twelfth year.
Solution


At the end of the twelfth year there are still eight years of payments left on the loan. The time period per instalment is a month. There are 12 months in a year, so there are  months in 8 years. Since the interest is compounded monthly, the interest rate per month is .




Let us substitute all our information into the formula and solve for .







At the end of the twelfth year the family still owes R418 238,99.

Example 5.40

Suppose your family bought a house 12 years ago and financed it at an interest rate higher than what is available today. They would now like to refinance their loan at a lower interest rate. If they borrowed R450 000 and got a 20-year mortgage at an annual rate of  compounded monthly, how much do they still owe on their mortgage?
Solution


First we need to find the monthly payments. The instalment-period is a month and there are  months in 20 years. Since the interest is compounded monthly, the interest rate per month is 






Let us substitute all our information into the formula and solve for .



We want to know how much your family owes on the house. The outstanding amount after twelve years is the actual present value of the future payments over the next eight years.



The period is a month and there are  months in the remaining 8 years. Since the interest is compounded monthly, the interest rate per month is 





Let us substitute all our information into the formula and solve for .







They still owe R324 181,48 after twelve years.


	[image: ]
	Assessment activity 2.7



1. 
Bonnie has just received an amount of money unexpectedly and would like to pay off her house. She pays R3 200 at the end of every month at a nominal rate of  compounded monthly in order to accomplish this. How much money is outstanding on Bonnie’s house if she has 108 payments left?
2. 

Suppose John borrowed R500 000 over 20 years to buy a house at a nominal rate of  compounded monthly. Five years later the interest rate on the loan dropped to .
2.1. Find the monthly repayment that John originally made on the loan.
2.2. Find the new instalment that John has to pay each month after the drop in the interest rate. 
Make use of excel to answer the following questions:
3. 
Prepare an amortisation schedule for a ten-year loan of R100 000. The nominal rate is  compounded yearly and the loan calls for equal annual payments.
3.1. Find the instalment per year.
3.2. Make use of an Excel spread sheet to type the following information into the specified cells. Type the instalment that you found in 3.1 into B4.

	
	A
	B
	C
	D
	E
	F

	1
	Loan amount
	100 000
	
	
	
	

	2
	Interest rate
	13% = 0.13
	
	
	
	

	3
	Loan term
	10
	
	
	
	

	4
	Loan payment
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	Year
	Beginning
	Total
	Interest
	Principle
	Ending

	7
	
	Balance
	Payment
	Paid
	Paid
	Balance

	8
	1
	
	
	
	
	

	9
	2
	
	
	
	
	

	10
	3
	
	
	
	
	

	11
	4
	
	
	
	
	

	12
	5
	
	
	
	
	

	13
	6
	
	
	
	
	

	14
	7
	
	
	
	
	

	15
	8
	
	
	
	
	

	16
	9
	
	
	
	
	

	17
	10
	
	
	
	
	

	18
	Totals
	
	
	
	
	

	19
	
	
	
	
	
	

	20
	
	
	
	
	
	



a Complete the amortisation table. Make use of formulas only. No values should be type in.
b Provide totals in C18, D18 and E18.
c Make a printout of your answer page, containing the values. Also print out a separate page that shows the formulas that you used.

To show the formulas in each cell, follow these 3 steps:
Step 1: On the Tools menu, click Options, and then click the View tab.
Step 2: To display formulas in cells, select the Formulas check box.
Step 3: To display the formula results, clear the check box.




	[image: ]
	Group activity 2.8



Use the given web sites to answer the questions:
1. http://www.nationwidehomeloans.co.za/tools.htm
(09-03-2009)

Suppose you want to buy a new house for R650 000 at a nominal rate of  with a loan term of 20 years. (Monthly payments)

1.1. Give the total transfer cost on the house.
1.2. Explain in your own words what transfer cost means.
1.3. Determine the amount that you must apply for so that you will have enough money to buy the house. Assume that you have no money of your own.
1.4. Use this home loan amount and determine your monthly payment.
1.5. Find the total amount of interest paid over 20 years.
1.6. Find the total amount paid over 20 years.

2. http://www.mortgageworld.co.za/index.php?cont=calculatorplus
(09-03-2009)
2.1. Choose the option: How much do I have to earn?
Not sure how much money you'll have to earn to afford your house payment and accompanying expenses?
2.1.1. 
Suppose you want a home mortgage loan of R450 000 at a nominal rate of  for a loan term of 20 years.
2.1.2. Determine your required annual salary that you have to earn.
2.1.3. Determine your required monthly salary that you have to earn.

2.2. Choose the option: Mortgage calculator
Want to know how much your monthly payment is for your mortgage?
2.2.1. 
Suppose you want a home loan of R600 000 at a nominal rate of  for a loan term of 20 years.
2.2.2. Find the monthly payments that you will have to make.
2.2.3. Use the amortisation schedule and determine the total interest paid in year nine.
2.2.4. Use the amortisation schedule and determine the total principal paid in year fifteen.
2.2.5. Use the amortisation schedule to find the year for which the difference in interest paid and principal paid is a minimum.

2.3. Choose the option: Mortgage calculator - With graphs, monthly and annual amortisation tables
Want to know how much your monthly payment is for your mortgage?
2.3.1. 
Suppose you want a loan of R500 000 at a nominal rate of  for a loan term of 20 years.
2.3.2. Determine the monthly payments that you will have to make.
2.3.3. Find the total amount of interest paid over 20 years.
2.3.4. Find the total amount of payments made over 20 years.
2.3.5. After how many years will the amount of interest paid for that year be less than the principal amount paid?
2.3.6. Determine the interest, the principal and the balance of the specific month, after 36 months have passed.


4. Depreciation
[image: ]The concept of depreciation is very simple. Let’s say you purchase a computer for your business. The computer starts losing value the minute you buy it. Each year that you own the computer, it loses some value, until it has no value to your business any longer. An asset’s loss in value is known as depreciation. In simple words we can say that depreciation is the reduction in value of an asset due to usage, wear and tear, technological outdating or other factors.

Most possessions such as cars, caravans, electrical equipment or computers depreciate in value as time passes. At the end of each year the value of a car, for example, will be less than its value at the beginning of the year. Most assets lose their value over time (in other words, they depreciate) and must be replaced once the end of their useful life is reached. There are several accounting methods that can be used to write off an asset's depreciation cost over the period of its useful life.

The write-off periods for a selection of such assets for the 2006 tax year are shown in the table below.

Wear and Tear Allowances | South Africa Tax Guide 2006

	Item
	Period of 
write-off
(no. of years)
	Item
	Period of 
write-off
(no. of years)

	Air-conditioners: window type
	6
	Fax machines
	3

	Bicycles
	4
	Fitted carpets
	6

	Calculators
	3
	Furniture and fittings
	6

	Cellular telephones
	3
	Gymnasium equipment
	10

	Computers (personal)
	3
	TV sets, video machines and decoders
	6

	Motorcycles
	4
	Telephone equipment
	5

	Typewriters
	6
	Trailers
	5

	Refrigerators
	6
	X-ray equipment
	5



Depreciation is the process of spreading the acquiring costs of an asset over its useful economic life; that is, over the period during which it is used to produce income for the business.

In running a business, a number of fixed assets are purchased to assist in producing income in future years. Examples of such assets are real estate, buildings, vehicles, office equipment, machines, etc. The purchase price of an asset is called the original cost and is used as the basis for determining depreciation. The salvage value is the estimated value of the asset at the end of its useful life. The useful life of an asset is the period of time that the business feels the asset will be of use to them. At the end of its useful life the asset may be sold or disposed of. Salvage value also means scrap value.
There are two main methods of determining depreciation:
· The straight-line method
· The reducing balance method

Straight-line depreciation
Straight-line depreciation is the more commonly used method. According to this method the company estimates the salvage value of the asset at the end of the period during which it was used to generate income. The value of the asset depreciates by a fixed amount every year over the lifespan of the asset.

	
Annual depreciation



Book value after  years = original cost – ( x annual depreciation).



Example 5.41
A typewriter bought for R2 000 is expected to be worthless to a firm and without any scrap value (i.e., zero scrap value) after five years.
1 Calculate the annual depreciation according to the straight-line method.
2 Construct a depreciation schedule for the typewriter over five years.
Solution
1	Original cost is R2 000
Expected life is five years
Scrap value is zero
The typewriter will depreciate at:

Annual depreciation 

Annual depreciation  per year
2	
	Year
	Book value at the beginning of the year
	Annual depreciation
	Accumulated depreciation
	Book value at the end of the year

	1
	R2 000
(Original Cost)
	R400
	R400
	R1 600

	2
	R1 600
	R400
	R800
	R1 200

	3
	R1 200
	R400
	R1 200
	R800

	4
	R800
	R400
	R1 600
	R400

	5
	R400
	R400
	R2 000
	R0
(Written off)





After five years we would say that the typewriter has been “written off”. According to the straight-line method the net book value of an asset is reduced by the same amount each period. Basically it means that you take the total value of the asset and divide it by the number of periods. This amount is then subtracted from the balance at the end of each period.

In real life things are a little more complicated. Unlike the example it would not be fair to assume that the typewriter would suddenly stop working or be absolutely worthless after five years. It could be possible to sell the typewriter even it has been completely written off.

Example 5.42
A vehicle that depreciates over 5 years, is purchased at a cost of R400 000 and will have a salvage value of R130 000.
1 Calculate the annual depreciation according to the straight-line method.
2 Construct a depreciation schedule for the vehicle over five years.
Solution
1.	Original cost is R400 000
Expected life is five years
Salvage value is R130 00
The vehicle will depreciate at:

Annual depreciation 

Annual depreciation  per year

	Year
	Book value at the beginning of the year
	Annual depreciation
	Accumulated depreciation
	Book value at the end of the year

	1
	R400 000
(Original Cost)
	R54 000
	R54 000
	R346 000

	2
	R346 000
	R54 000
	R108 000
	R292 000

	3
	R292 000
	R54 000
	R162 000
	R238 000

	4
	R238 000
	R54 000
	R216 000
	R184 000

	5
	R184 000
	R54 000
	R270 000
	R130 000
(Scrap Value)



Example 5.43

The value of machinery bought for R20 000 decreases every year by the fixed amount, which is  of R20 000. Calculate the machinery’s value after eight years.

Solution

The original cost is R20 000 and the value decreases every year by  of R20 000. 

Annual depreciation  per year

Depreciation over eight years = annual depreciation x 8

	= 
	= R8 000


Book value = original cost – ( x annual depreciation)
	= R20 000 – R8000
	= R12 000

The machinery’s value after eight years will be R12 000.

Example 5.44
A company purchases a computer for R5 500. Its useful life is estimated to be five years. Use the straight-line method to find the annual depreciation if, at the end of five years, the computer is assumed to have:
1 no salvage value
2 a salvage value of R750.
Solution
The original cost is R7 500 and the expected life is five years.

1 Salvage value is zero.

Annual depreciation 

	

	

The annual depreciation is R1 100.

2 Salvage value is R750.

Annual depreciation 

	

The annual depreciation is R950.




	[image: ]
	Assessment activity 2.9



1. A company purchases a trailer for R6 000. Its useful life is estimated to be five years. Use the straight-line method to find the annual depreciation if at the end of five years the trailer is assumed to have:
1.1. no salvage value.
1.2. a salvage value of R800.

2. 
A restaurateur decided to purchase an air conditioning system for his restaurant at R8 000. The value of the air conditioning system will decrease every year by  of its original value and it is expected to be worthless to the restaurateur and without any scrap value in the end.
2.1. Calculate the annual depreciation according to the straight-line method.
2.2. How long will it take before the air conditioning system is worthless?
2.3. Construct a depreciation schedule for the air conditioning system until it is worthless.
2.4. Determine the value of the air conditioning system after eight years.

3. 
John paid R156 000 for a new car at the end of 2003. He paid a deposit of R30 000 and arranged finance for the balance at a nominal rate of  compounded monthly for one year.
3.1. What was the outstanding amount that had to be financed?
3.2. Calculate John’s monthly payments that he had to make.
3.3. Eventually the car is expected to be worthless to John, without any scrap value.
3.3.1. Calculate the annual depreciation according to the straight-line method over 15 years.
3.3.2. 
The car depreciates by  of its original cost every year. Find the value of the car at the end of 2008.
3.3.3. How long will it take before the car is completely depreciated?

Reducing balance method
This method calculates the depreciation at the end of every period, on the balance of the asset at the end of the last period. You therefore reduce the value of the asset by a fixed percentage (and not a fixed amount) at the end of every period.

Depreciation is calculated as a percentage of the reducing balance. Each period uses the previous period’s balance to work out the new balance. The reducing balance method of depreciation provides a high annual depreciation charge in the early years of an asset's life, but it will reduce progressively as the asset ages.




Example 5.45

On 1 August 1988 Sue bought a motorcycle for R9 000. If the motorcycle depreciated at a rate of  per annum, how much was it worth when she traded it in for another motorcycle on 1 August 1991?
Solution

1st year:	Depreciation 


2nd year:	The new value 

	Depreciation 


3rd year:	The new value 

	Depreciation 


The new value equals .

So the value of the motorcycle on 1 August 1991 was R4608.

Let us look at the typewriter-example when explaining the straight-line method.

Example 5.46

A company bought a typewriter for R2 000. Construct a depreciation schedule over the useful life of the typewriter (salvage value is zero), if the typewriter depreciates at a rate of  per annum. How long will it take for the typewriter to be worthless?
Solution

The original cost is R2 000 and the typewriter depreciates at a rate of  per annum. The depreciation schedule for the typewriter over three years will be as follows:

	Year
	Book value at the beginning of the year
	Annual depreciation
	Accumulated depreciation
	Book value at the end of the year

	1
	R2 000
(Original Cost)
	

	R400
	R1 600

	2
	R1 600
	

	R720
	R1 280

	3
	R1 280
	

	R976
	R1 024






A more complete depreciation schedule prepared on an Excel sheet is shown below:

	
	A
	B
	C
	D
	E

	1
	Year
	Beginning
	Annual
	Accumulated 
	Ending

	2
	
	Balance
	Depreciation
	Depreciation
	Balance

	3
	1
	2000.00
	400.00
	400.00
	1600.00

	4
	2
	1600.00
	320.00
	720.00
	1280.00

	5
	3
	1280.00
	256.00
	976.00
	1024.00

	6
	4
	1024.00
	204.80
	1180.80
	819.20

	7
	5
	819.20
	163.84
	1344.64
	655.36

	8
	6
	655.36
	131.07
	1475.71
	524.29

	9
	7
	524.29
	104.86
	1580.57
	419.43

	10
	8
	419.43
	83.89
	1664.46
	335.54

	11
	9
	335.54
	67.11
	1731.56
	268.44

	12
	10
	268.44
	53.69
	1785.25
	214.75

	13
	11
	214.75
	42.95
	1828.20
	171.80

	14
	12
	171.80
	34.36
	1862.56
	137.44

	15
	13
	137.44
	27.49
	1890.05
	109.95

	16
	14
	109.95
	21.99
	1912.04
	87.96

	17
	15
	87.96
	17.59
	1929.63
	70.37

	18
	16
	70.37
	14.07
	1943.71
	56.29

	19
	17
	56.29
	11.26
	1954.96
	45.04

	20
	18
	45.04
	9.01
	1963.97
	36.03

	21
	19
	36.03
	7.21
	1971.18
	28.82

	22
	20
	28.82
	5.76
	1976.94
	23.06

	23
	21
	23.06
	4.61
	1981.55
	18.45

	24
	22
	18.45
	3.69
	1985.24
	14.76

	25
	23
	14.76
	2.95
	1988.19
	11.81

	26
	24
	11.81
	2.36
	1990.56
	9.44

	27
	25
	9.44
	1.89
	1992.44
	7.56

	28
	26
	7.56
	1.51
	1993.96
	6.04

	29
	27
	6.04
	1.21
	1995.16
	4.84

	30
	28
	4.84
	0.97
	1996.13
	3.87

	31
	29
	3.87
	0.77
	1996.91
	3.09

	32
	30
	3.09
	0.62
	1997.52
	2.48

	33
	31
	2.48
	0.50
	1998.02
	1.98

	34
	32
	1.98
	0.40
	1998.42
	1.58

	35
	33
	1.58
	0.32
	1998.73
	1.27

	36
	34
	1.27
	0.25
	1998.99
	1.01

	37
	35
	1.01
	0.20
	1999.19
	0.81

	38
	36
	0.81
	0.16
	1999.35
	0.65



With the straight-line method the accumulated depreciation is R2 000. With the reducing balance method the accumulated depreciation (after 38 years) is R1 999,35. It is almost the same, because the total value of the typewriter had to be depreciated. It will, however, take more than 38 years before the typewriter will be deemed worthless (of value zero)  if we use the reducing balance method, compared to the five years that it will take if we use the straight-line method.

Calculations such as these can become very tedious. For this reason we can use the following formula to determine the new value after depreciation.

	Formula for determining the new value after depreciation:


The book value at the end of  years 
The depreciation rate must be written in decimal form.



Let us look at our first example again, now by using the formula.

Example 5.47

On 1 August 1988 Sue bought a motorcycle for R9 000. If the motorcycle depreciated at a rate of  per annum, how much was it worth when she traded it in for another motorcycle on 1 August 1991?
Solution


The book value at the end of  years 

	

The value of the motorcycle after three years was R4 608, as before.
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	Assessment activity 2.10



1. 
A motorbike is bought second hand for R12 000. Its price depreciates at  per year. For how much could it be sold in five years’ time? (Use the reducing balance method)
2. 
A firm purchased machinery on 1 January 2008. The machinery cost R12 500 and was depreciated using the reducing balance method at a rate of . Show the depreciation account for the first four years of the asset’s life.
3. 
A restaurateur decided to purchase an air conditioning system for his restaurant. The value of the air conditioning system will decrease every year by  under the reducing balance method. At the end of the fifth year the value will be R2 457,60.
3.1. Determine the original cost of the air conditioning system.
3.2. Determine the air conditioning system’s value after ten years.
4. 
A computer has a book value of R5 000 after three years. Depreciation was calculated under the reducing balance method at a rate of . Find the original cost of the computer.
5. A motorcycle that was purchased for R45 000 is expected to have a trade-in value of R25 000 four years later. Use the reducing balance method to calculate the rate of depreciation.


5. Personal Income Tax
Personal Income Tax is a direct tax levied on the income of a person. Individuals who receive income are liable to pay personal income tax.

1 When is an individual liable for income tax?
Every individual who receives income in excess of a specific amount (also known as the “threshold” amount) in a year is liable to pay income tax. The threshold amount varies from year to year.

2 Different kinds of income that an individual can be taxed on:
a Income from employment such as salaries, wages, bonuses and overtime
b Investment income such as interest and rental income
c Annuities
d Pensions

3 What kind of tax deductions are there? (Parts of income that are “tax free”)
a Interest Exemption
b Dividends Exemption
c Medical Deductions
d Retirement Annuities
e Donations Exemption

4 What is employee’s tax?
Employee’s tax is the tax that employers must deduct from the income of their employees (salaries, wages and bonuses) and pay directly to the South African Revenue Service (SARS) on a monthly basis.

5 What is a year of assessment for an individual?
A year of assessment for an individual consists of twelve months and starts on 1 March and ends at the end of February the following year.

6 To whom is the income tax payable?
The income tax is payable to SARS and they are responsible for collecting taxes from taxpayers on behalf of the Government.

7 When is income tax payable? 
The final income tax payable by an individual can only be calculated once the total taxable income earned by the individual for the full year of assessment has been determined.

8 What is SITE?
SITE stands for Standard Income Tax on Employees. It is deducted from the income of all full-time employees who earn below the specific threshold for a specific year of assessment (which was R60 000 for the 2008 year of assessment).

9 What is PAYE?
PAYE stands for Pay-As-You-Earn. PAYE is deducted by the employer from the income of all full-time employees who earn in excess of the SITE threshold for a specific year of assessment (which was R60 000 for the 2008 year of assessment).

10 What proof does an employee have that tax was deducted from his/her earnings?
An employer must issue the employee with a receipt known as an employee’s tax certificate (IRP 5 certificate) where it shows that tax was deducted from his/hers income.

11 Who should complete the tax forms?
Many individuals fill out their own personal tax forms. There are also registered tax agents who can assist in this process, although the responsibility for the correctness of the information entered on the form still rests with the individual.

The table below gives the Tax Rates for Individuals for the tax year 2008/2009.

	Taxable Income (Rand)
	Rates of Tax

	0 – 122 000
	18% of each R1

	122 001 – 195 000
	R21 960 + 25% of the amount above R122 000

	195 001 – 270 000
	R40 210 + 30% of the amount above R195 000

	270 001 – 380 000
	R62 710 + 35% of the amount above R270 000

	380 001 – 490 000
	R101 210 + 38% of the amount above R380 000

	490 001 and above
	R143 010 + 40% of the amount above R490 000



	Rebates:
Primary: R8 280
Additional (Persons 65 and older): R5 040
	Tax thresholds:
Below age 65: R46 000
Age 65 and over: R74 000



Tax Year http://www.oldmutual.co.za/markets/south-african-budget-2008/income-tax-calculator.aspx 
(13-08-2008)

	Framework for calculation of tax liability:
Gross income	R…
Less exempt income	(R…)
	Income	R…

Less allowable deductions	(R…)
Add taxable capital gains	R…
	Taxable Income	Rx

Tax per tables % of Rx (taxable income) : 	(R…)
Less rebates	(R…)
Less SITE and PAYE	(R…)
	Tax payable	R…



Take a look at the following simplified example:

An employee who is not yet 65 years of age received the following income for the period 1 March 2007 to 29 February 2008 (that is the 2008 year of assessment):

GROSS INCOME: R238 000
Tax was deducted and paid to SARS (by the employer) during the year of assessment as follows:
SITE		R3 060
PAYE		R41 770

Find the amount of tax payable to SARS by the employee.

Solution:
Gross income received	R238 000
Less: exempt income	R0
Income	R238 000
Less: allowable deductions	R0
TAXABLE INCOME	R238 000

The income tax payable on the taxable income of R238 000 is calculated by applying the tax rates for the year of assessment ending 28 February 2008 (see table above). The taxable income of R238 000 falls within the interval  R195 001 – R270 000.

	Therefore the tax on the first R195 001 is	R40 210  

	
The tax on the remaining R43 000 (R238 000 - R195 000) is  of R43 000	+R12 900

	Normal tax payable	R53 110

	Less: Primary rebate	-R8 280

	Net normal tax payable	R44 830

	Less:	SITE	-R3 060

	PAYE	-R41 770

	TAX PAYABLE ON ASSESSMENT	R0,00
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	Learning activity 2.11



Use the information in the table for tax rates for individuals to answer the following questions (assume all incomes were earned during the 2008 tax year).
1 Find the tax payable for a 34-year old person on the following taxable incomes:
a R80 890
b R252 471
2 Find the tax payable for a 71-year old person on the following taxable incomes:
a R160 780
b R302 371
3 From an income of R370 457, allowances of R12 569 are deducted. Find the tax payable on the assessment if the person is a senior citizen.
4 A man is 46 years old and earns R500 200 per year. He is allowed a relief of R1 890 on his pension fund payments. Determine the tax payable on his assessment.
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	Group activity 2.12



1 Complete the IT12S SARS form below by making use of the given IRP 5. 

Use the following web site to help you to complete the form:
http://www.capegateway.gov.za/Text/2007/9/how_to_fill_in_your_it12s_form
(06-03-2009)
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End of section comments
Today’s financial world offers consumers a vast variety of products. Due to this degree of choice consumers need to be equipped with the knowledge and skills to evaluate the options and identify those that best suit their needs and circumstances. 
We need to plan ahead on the following topics for example:
· budget
· use credit if you can afford it
· provide for unexpected events
· long term (e.g. retirement)
· aware of products that are available
· shop around for best products
· select best option.

This will help consumers understand how to prevent becoming involved in transactions that are financially destructive. 



Feedback
Answers to check how well you are managing your money.
1 b
2 c
3 b
4 a
5 c
6 c

Answers to start-up activity 5.1
1. 
1.1. Weekender or Weekender plus
1.2. They are the same
1.3. They are the same
2. 
2.1. Companion
2.2. They are the same

3. Depends on when you want to make calls

Answers to learning activity 5.2
1. R120
2. 
2.1. R1 520
2.2. R3 520
3. R63
4. 8,75%
5. R2 000
6. 3 years
7. R2 631,58
8. 20%
9. 8%
10. 15,63%

Answers to learning activity 5.3
1. No, you will only have R13 506,57
2. R1 228,79
3. R23,97
4. R3 155,97
5. 6 years
6. 63%
7. Investment gives R3 726,89; Lotto gives R4 540,00, if you are very lucky; It is safer to invest your money
8. R1 863,35
9. 6,8%
10. R874,12
11. 2 years and 4 months

Answers to assessment activity 5.4
1. R498,90 effective rate 7,7%
2. R4 464,44
3. R2 670,01 effective rate 11,8%
4. 6,72%
5. 2,8%
6. 12 years and 8 months
7. 8 years and 8 months

Answers to assessment activity 5.5
1. R25 617,07
2. R621 073,63
3. R132 673,85
4. R5 774,23
5. R248,59
6. 24 years and 3 months

Answers to assessment activity 5.6
1. R7 779,96
2. R68 793,19
3. R19 778,57
4. R624,41
5. R403,49
6. 6 years and 10 months

Answers to assessment activity 5.7
1. R218 787,23
2. 
2.1. R5 946,44
2.2. R4 984,86
3. 
3.1. R18 428,9



3.2, 3.3 and 3.4.
	
	Loan amount
	100000
	
	
	

	
	Interest rate
	13% = 0.13
	
	
	

	
	Loan term
	10
	
	
	

	
	Loan payment
	18428.96
	
	
	

	
	
	
	
	
	

	Year
	Beginning
	Total
	Interest
	Principle
	Ending

	
	Balance
	Payment
	Paid
	Paid
	Balance

	1
	100000.00
	18428.96
	13000.00
	5428.96
	94571.04

	2
	94571.04
	18428.96
	12294.24
	6134.72
	88436.32

	3
	88436.32
	18428.96
	11496.72
	6932.24
	81504.08

	4
	81504.08
	18428.96
	10595.53
	7833.43
	73670.65

	5
	73670.65
	18428.96
	9577.18
	8851.78
	64818.87

	6
	64818.87
	18428.96
	8426.45
	10002.51
	54816.36

	7
	54816.36
	18428.96
	7126.13
	11302.83
	43513.53

	8
	43513.53
	18428.96
	5656.76
	12772.20
	30741.33

	9
	30741.33
	18428.96
	3996.37
	14432.59
	16308.74

	10
	16308.74
	18428.96
	2120.14
	16308.82
	-0.08

	Totals
	
	184289.6
	84289.52
	100000.08
	



3.5.
	
	Loan amount
	100000
	
	
	

	
	Interest rate
	13% = 0.13
	
	
	

	
	Loan term
	10
	
	
	

	
	Loan payment
	18428.96
	
	
	

	
	
	
	
	
	

	Year
	Beginning
	Total
	Interest
	Principle
	Ending

	
	Balance
	Payment
	Paid
	Paid
	Balance

	1
	=SUM($C$1)
	=+SUM($C$4)
	=B8*0.13
	=SUM(C8-D8)
	=SUM(B8-E8)

	2
	=F8
	=+SUM($C$4)
	=B9*0.13
	=SUM(C9-D9)
	=SUM(B9-E9)

	3
	=F9
	=+SUM($C$4)
	=B10*0.13
	=SUM(C10-D10)
	=SUM(B10-E10)

	4
	=F10
	=+SUM($C$4)
	=B11*0.13
	=SUM(C11-D11)
	=SUM(B11-E11)

	5
	=F11
	=+SUM($C$4)
	=B12*0.13
	=SUM(C12-D12)
	=SUM(B12-E12)

	6
	=F12
	=+SUM($C$4)
	=B13*0.13
	=SUM(C13-D13)
	=SUM(B13-E13)

	7
	=F13
	=+SUM($C$4)
	=B14*0.13
	=SUM(C14-D14)
	=SUM(B14-E14)

	8
	=F14
	=+SUM($C$4)
	=B15*0.13
	=SUM(C15-D15)
	=SUM(B15-E15)

	9
	=F15
	=+SUM($C$4)
	=B16*0.13
	=SUM(C16-D16)
	=SUM(B16-E16)

	10
	=F16
	=+SUM($C$4)
	=B17*0.13
	=SUM(C17-D17)
	=SUM(B17-E17)

	Totals
	
	=SUM(C8:C17)
	=SUM(D8:D17)
	=SUM(E8:E17)
	



Answers to group activity 5.8
Answers may vary from year to year.
1. 
1.1. Transfer cost R17 113.
1.2. Transfer cost is the money you have to pay to register the house in your name.
1.3. I must apply for R667 113
1.4. R8 784,47
1.5. R1 441 159,80
1.6. R2 108 272,80
2. 
2.1. 
2.1.1. R204 505,30
2.1.2. R17 042,11
2.2. 
2.2.1. R7 900,74
2.2.2. R77 825,00
2.2.3. R41 541,15
2.2.4. In year 16
2.3. 
2.3.1. R6 036,87
2.3.2. R948 849,62
2.3.3. R1 448 849,62
2.3.4. In year 15
2.3.5. Interest R5 420,75; Principle R616,13; Balance R481 227,90

Answers to assessment activity 5.9
1. 
1.1. R1 200
1.2. R1 040
2. 
2.1. R800
2.2. 10 years
2.3.      

	Year
	Book value at
the beginning of 
the year
	Annual
depreciation
	Accumulated
depreciation
	Book value
at the end of 
the year

	1
	8000
	800
	800
	7200

	2
	7200
	800
	1600
	6400

	3
	6400
	800
	2400
	5600

	4
	5600
	800
	3200
	4800

	5
	4800
	800
	4000
	4000

	6
	4000
	800
	4800
	3200

	7
	3200
	800
	5600
	2400

	8
	2400
	800
	6400
	1600

	9
	1600
	800
	7200
	800

	10
	800
	800
	8000
	0




2.4. R1 600
3. 
3.1. R126 000
3.2. R11 672,19
3.3. 
3.3.1. R10 400
3.3.2. R39 000
3.3.3. 7 years

Answers to assessment activity 5.10
1.	R5 324,46
2.	

	Year
	Book value at
the beginning of the year
	Annual
depreciation
	Accumulated
depreciation
	Book value
at the end of the year

	1
	12500
	4166.67
	4166.67
	8333.33

	2
	8333.33
	2777.78
	6944.44
	5555.56

	3
	5555.56
	1851.85
	8796.30
	3703.70

	4
	3703.70
	1234.57
	10030.86
	2469.14

	5
	2469.14
	823.05
	10853.91
	1646.09

	6
	1646.09
	548.70
	11402.61
	1097.39

	7
	1097.39
	365.80
	11768.40
	731.60

	8
	731.60
	243.87
	12012.27
	487.73

	9
	487.73
	162.58
	12174.85
	325.15

	10
	325.15
	108.38
	12283.23
	216.77

	11
	216.77
	72.26
	12355.49
	144.51

	12
	144.51
	48.17
	12403.66
	96.34

	13
	96.34
	32.11
	12435.77
	64.23

	14
	64.23
	21.41
	12457.18
	42.82

	15
	42.82
	14.27
	12471.45
	28.55

	16
	28.55
	9.52
	12480.97
	19.03

	17
	19.03
	6.34
	12487.31
	12.69

	18
	12.69
	4.23
	12491.54
	8.46

	19
	8.46
	2.82
	12494.36
	5.64

	20
	5.64
	1.88
	12496.24
	3.76

	21
	3.76
	1.25
	12497.49
	2.51

	22
	2.51
	0.84
	12498.33
	1.67

	23
	1.67
	0.56
	12498.89
	1.11

	24
	1.11
	0.37
	12499.26
	0.74

	25
	0.74
	0.25
	12499.50
	0.50

	26
	0.50
	0.17
	12499.67
	0.33

	27
	0.33
	0.11
	12499.78
	0.22

	28
	0.22
	0.07
	12499.85
	0.15

	29
	0.15
	0.05
	12499.90
	0.10

	30
	0.10
	0.03
	12499.93
	0.07

	31
	0.07
	0.02
	12499.96
	0.04

	32
	0.04
	0.01
	12499.97
	0.03

	33
	0.03
	0.01
	12499.98
	0.02

	34
	0.02
	0.01
	12499.99
	0.01

	35
	0.01
	0.00
	12499.99
	0.01

	36
	0.01
	0.00
	12499.99
	0.01

	37
	0.01
	0.00
	12500.00
	0.00



	3.1	R7 500
	3.2	R805,31
4.	R8 141,66
5.	13,7%

Answers to learning activity 5.11
1. 
1.1. R6 280,20
1.2. R49 171,30
2. 
2.1. R26 615
2.2. R68 999,85

3. R88 430,80
4. R138 054

Answers to group activity 5.12
The first page will have the student’s personal information on.
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Tracking my progress
You have reached the end of this section. Check whether you have achieved the learning outcomes for this section.

	LEARNING OUTCOMES
	 I FEEL CONFIDENT
	 I DON’T FEEL CONFIDENT

	
Calculate simple interest using the equation 
	
	

	Manipulate the simple interest formula to solve for any of the unknowns.
	
	

	
Calculate compound interest using the equation 
	
	

	Manipulate the compound interest formula to solve for any of the unknowns.
	
	

	
Evaluate the effective rate of interest (if the nominal rate is given) using the equation 
	
	

	Distinguish between the future and present value of annuities
	
	

	
Calculate the future value of an annuity using the formula 
	
	

	Manipulate the future value of an annuity formula to solve for any of the unknowns
	
	

	
Calculate the present value of an annuity using the formula 
	
	

	Manipulate the present value of an annuity formula to solve for any of the unknowns
	
	

	Prepare an amortisation schedule by making use of an Excel file
	
	

	Calculate annual depreciation using the straight line method
	
	

	Calculate annual depreciation using the reducing balance method
	
	

	Prepare a depreciation schedule for both the straight line method and the reducing balance method
	
	

	Calculate depreciation value using the following equation 



	
	

	Manipulate the depreciation value formula to solve for any of the unknowns
	
	

	Solve simple personal tax problems
	
	

	Use a computer to determine the monthly instalments of a mortgage
	
	




Now answer the following questions honestly:

1 What did you like best about this section?
	

	

	





2 What did you find most difficult in this section?
	

	

	




3 What do you need to improve on? 
	

	

	




4 How will you do this?
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