BNU1501/1

Study Guide

Basic Numeracy

BNU1501

Department of Decision Sciences

Important information:

This document contains all the topics
that have to be studied for BNU1501.

r{
university
of south africa

Define tomorrow: UNISA

Open Rubric



(©2017 Department of Decision Sciences,
University of South Africa.

All rights reserved.

Printed and distributed by the
University of South Africa,
Muckleneuk, Pretoria.

BNU1501/1



BNU1501/1

Introduction

Every day we all need to make decisions, and especially fiabdecisions.
Some of these decisions require a basic ability to use nusnbethis course
we want to help you to acquire basic numeracy skills to usenwhaking
decisions. We will then help you to apply this numeracy toregiroblems
encountered in daily life and to make rational and respdasibcisions.

Firstly, we show you the numeracy tools you require and wiey took like.
We then let you practise until you are proficient with thesdgoLastly, we
show you where you can use these tools to assist you in ewedgtasion-
making.

Are you ready? Let us begin!
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Chapter

Numbers and variables

On completion of this chapter you will be able to
¢ identify the different kinds of numbers
e draw a number line

round numbers off

explain what a variable is
e write down an elementary expression or equation by usinglvias

In this first chapter, we address some of the basic termiyaod notations
you will need in this course.

1.1 Numbers

We use numbers to describe and measure quantities. A nusm@eribstract
entity, an idea we use to express a quantity. Various syndaode used to
represent the same number, for instance, “4”, “3+1”, “foamntd “IV”. Let

us tell you about the different kinds of numbers we are goingse in this
course.

The most fundamental system of numbers isrthiral numberswe use to
count things, starting with the number one. We can write & ast, which is
a grouping or collection of similar things. Curly brackets ased to indicate
sets.

9]
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The set of natural numbers is

{1;2;3;4;5;..}.

(The three dots ... at the end indicate that the set contindesinitely).
The elements of the setare 1, 2, 3, 4,5 and so on.

Natural numbers can be used for counting (“there are twodg@kbé on the
table”) and for ordering (arranging in sequence) (“thigis tourth (4th)
largest apple”).

Natural numbers are also callpdsitive integers

To indicate the absence of certain things (such as when gaun fails to
score), the number 0 was added. This gives us the setofting numbers

{0;1;2;3;4,;5;..}.

Counting numbers are also calledn-negative integers

Situations may arise where positive numbers alone are fffatisat. For
example, we can subtract a larger number from a smaller dmen&gative
numbers are usually represented by a minus sign in fronteofitimber con-
cerned. The set afegative integerss

{...; =5;-4;-3;,-2;-1}.

When working with negative numbers it is important to digtirsh between
the sign of an operation (addition and subtraction) anditireaf a number
(positive or negative). Thet/_], ((-)] or [NEG] key on different calcula-
tors is used to enter a negative number or to change its sigte the E] IS
used for subtraction.

Negative numbers are used to describe values below zetoasuemper-
ature and debt. Negative numbers provide a convenient wiangdmating
opposite direction with a minimum of words, for examplepstenside a
building (see figure 1.1).

The following example illustrates the positive and negaintegers. Let us
look at something we are all familiar with — steps inside ddng.

We indicate ground level, where there is no step, as 0 (z&h® .steps above
ground level are numberedl, 42,43, and so on. The plus sign does not
indicate the operation of addition; it is a sign of directionthis case mean-
ing aboveground level. In the basement the steps are numbeled 2, —3,
and so on, indicatingelowground level (the opposite direction).

Combining the negative integers and the non-negativeénse@r zero plus
the positive integers) yields the set of integers:

{+ =8;,-2;-1,0; 1; 2; 3;---}.

10
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Figure 1.1: Steps inside a building.

One property of this set is that for every positive integegsé is a corre-
sponding negative integer such that their sum is zero. leratlords, if we
add—3 and+3, the answer is zero (0).

The number line is one way to represent a set of numbers giaphiTo il-
lustrate the construction of a number line, we place the etgswof the inte-
ger set in one-on-one correspondence with points on a lireew & straight
horizontal line and mark a point near the middle as 0 (zera). dffe call
this point the origin. Since integers are equally spacedselect points
around 0 (zero) with equal distances between them. Thiardistbetween
any two points is called the scale, a familiar example belregstcale on a
thermometer. Certain conventions are usually followedmid@ng number
lines; positive integers are associated with points toitjie of O (zero) and
negative integers are associated with points to the left(a€fo). See figure
below.

5 -4 -3 -2 -1 0 1 2 3 4 5
Figure 1.2: The number line.

The arrows at the end of the number line mean that the numbatsoe
infinitely.

Thus far we have not mentioned any numbers other than irgegbe num-
ber line also gives us a picture of the relationship betwategers and other
numbers. The integers are marked on the line, but each po#tiveen the
integer markings also represents a number. Examples apoihts repre-
senting the number%:(located halfway between 0 and 1) an@, 5 (located
halfway between-2 and—3) on the line. There are in fact an infinite num-

5
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ber of points between two integer markings. All these poimishe number
line (that is the solid line) represent the set@dl numbers Note that inte-
gers are real numbers. They are special real numbers.

( 1

T (See page 135 for the

Exercise 1.1 solutions.)

1. What kind of number is:
(@ -1
(b) §
2. Indicate the two numbers above on a number line.

1.2 Rounding of numbers

Rounding is the process of reducing the number of digits inralver while
trying to keep the value similar. Rounded numbers are lesgrate, but eas-
ler to use.

In this course we will be using the common method to do roundirhe rule
for applying this method is as follows:

e Decide which is the last digit that you will keep.

e Increase this digit by one if theext digit to the right is “5” or more,
and discard the rest.

e Leave this digit the same if theext digit to the right is less than “5”,
and discard the rest.

Example 1.1
1. Round 4,36923 to three decimal digits.

You want to keep three digits, so the “9” will be the last didihe
next digit to the right is “2”, which is less than five. Drop tH#8” part
to get 4,369.

2. Round 4,36923 to two decimal digits.

You want to keep two digits, so the “6” will be the last digithd next
digit is “9”, which is more than five. Add one to the “6” and drtpe
“923” part to get 4,37.
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3. Round 4,36923 to an integer.

You want to keep only integers, so the “4” is the last digiteTtext
digit is “3”, which is less than five. Drop the “36923” part tet.

Before rounding a number, you need to think carefully. Kéepfollowing
in mind:

e If ainterest rate is 16,25%, then you should not round it tsw1&here
is a big difference if you calculate interest on a loan usiig® inter-
est rate instead of a 16,25% interest rate!

e However, what does it mean if you calculate the price of aiclart
as R27,5394? When working with money, it makes more sense if w
round to two decimal digits.

e Do not round to integers unless it is obvious, or asked for.

e Do not round in the middle of a problem. Use all the digits, anty
round your final answer.

T (See page 135 for ther
solutions.) _
Exercise 1.2
1. Round the following numbers to three decimal digits:
(a) 4,57849
(b) 0,39887
(c) 10,0004
2. Round the following numbers to two decimal digits:
(a) 7,9747
(b) 10,495
(c) 8,998
3. Round the following numbers to integers:
(a) 12,034
(b) 9,8746
(c) 0,0342
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1.3 Variables

A variable is a symbol for a number we do not know. It can be s&em

place holder for an unknown number. Variables are usefidlmszthey al-
low us to write down unknown values in expressibasd equatior?s In the
expressionx+ 7, the symbok indicates a variable because we do not know
its value. We call an expression with variables in it an atgabexpression.
Algebra is basically a shorthand system.

For example, an expression for the area of a rectangulaopland of un-
known size can be constructed. Call the length of the rettaand its
width w. Then you can say that the area of the rectangle<isv. This will

be true for any value of andw. Once the values dfandw are specified we
can calculate the value of the expression. For examplegifethgth is 4 me-
tres and the width is 3 metres, we substitiiteith 4 andw with 3 to get the
area of the plot/ xw=4x 3= 12. The area is 12 square metres.

This is the great value of using variables — we can write doxpressions
which are completely general. To find the answer in a padrotése, all we
need to do is to substitute our particular values, as expibaiove.

Multiplication of numbers by variables can be represenmenore than one
way, for example:

e with a multiplication sign: 4«a
e with a dot: 4a
e with brackets: 44)

e Or straight: 4

Example 1.2

Make use of variables and write the following sentencesgebaic
expressions or equations:

(&) Add 7 to an unknown value.
X+7 (ora+7 orp+7, and so on)

(b) Subtract from b.
b—a

1An expression is a combination of numbers, operators, etacnd variables. Two
examples of expressions ane-36 and 2x 5.

2An equation is a statement that says that what is on the Iefisoéqual sign () is
equal to what is on the right of it. Two examples of equatialesia— 4 =1 and 2+ 4= 6.

14]
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(c) The sum ok andy is equal toz.

X+y=2

To summarise

e We can represent any unknown value by a symbol, and we call thi
symbol a variable.

e A variable can represent or assume any numerical value.

e The symbols most often used to represent variables are tager
letters of the alphabet, suchad, x andy.

e Acronyms are used as variables, for exampM for present
value.

e Choose a symbol that is short and that makes sense.

(Rosser 2003) Example 1.3

A biscuit manufacturer uses the following ingredients facte packet
of biscuits produced: 0,2 kg of flour, 0,05 kg of sugar and @ bk
butter.

One way we could specify the total amount of flour used, iskg,2

times the number of packets of biscuits produced. Howewisreasier
and simpler if we let the lettey (for quantity) represent the number of
packets of biscuits produced.

We can then say that:
¢ the total amount of flour required is @Rilograms
¢ the total amount of sugar required is Ogddlograms

e the total amount of butter required is ,Rilograms

( )
T (See page 137 for the
solutions.) Exercise 1.3

Make use of variables and write the following sentencesgeabahic
expressions or equations:

(a) Write an expression to subtract 4 from an unknown valae an
multiply this difference by 2.

15
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(b) If gis the number of loaves of bread you buy gnis the price
per loaf, write an equation for the total costwhen buying
bread.

(c) A cookery book recommends a cooking time of 30 minutes for
every kilogram of turkey plus another quarter of an hour.t&/ri
an equation for the total cooking time for turkey in termstef i
weight using your own variables

i. in minutes
ii. in hours

(d) The petrol consumption of your car is 10 kilometres peeliLet
X be the distance you travel in kilometres gmthe price per litre
of petrol in rand. Write an equation for

I. the amount of petrol you use to travekilometres

ii. your total petrol cost

(e) You want to make a booking at a restaurant for a group of peo
ple. You are told that there is a set menu that costs R95 pér adu
and R50 per child. There is also a fixed service charge of R10
per adult. Write an equation for the total cost of the meal, in
rand, if there are adults andy children.




Chapter

Basic operations on numbers and
variables

On completion of this chapter you will be able to
e perform basic operations on numbers and variables
e use basic powers and roots in calculations

e perform multiple basic operations in the correct order

2.1 Basic operations on numbers

You are already familiar with the basic rules for working mtumbers. We
are going to review them and let you practise them on youuéatior.

If you have not yet taken your SHARP EL-738FB calculator dutbox,
now is the time to do so! In Tutorial Letter 101 you will find eston how to
use the calculator. Work through the first four paragraphtpinancial
calculator mode’

The four basic operations are: addition, subtraction, iplidation and divi-
sion.

17
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2.1.1 Addition and subtraction

When numbers aradded the answer is called tteimor thetotal of the
numbers.

The sum of two real numbers is unique, that is, it does notenathich
number is placed first and which second — the result is the skoreex-
ample

6+ 2= 2+ 6 (both are equal to 8)

The sum of three numbers also does not depend on which twaldesla
first; the result is unique. For example

2+ (5+4) = (2+5) +4 (both are equal to 11)

Try these two examples on your calculator and see if you cortieet same
conclusion.

When numbers arsubtractedthe result is called thdifferenceof the two
numbers.

Let us investigate if the difference of two real numbers igua. Again,
take the two numbers 6 and 2:

6-2=4
and
2—-6=-4

We see that 6-2 # 2— 6. (The sign# is read as “does not equal”.) Chang-
ing the order when subtracting leads to the negative of titialinesult,
therefore the difference is not unique. This result meaaswie need to
make very sure that the order is correct before we do anyastthn.

f 't (See page 138 for the
solutions.)

Exercise 2.1
1. Which of the following statements are true? Show yourudatons.
(@) 7+(34+2) = (7+3)+2
(b) 6+(-5+3)=(6+-5)+3
2. Write the following as an equation:
(a) Subtract 5 from 8 to get a difference of 3.

(b) Subtract-5 from —8 to get a difference of 3.
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Consider the following problem (Rosser 2003) involving tiplé operations
of addition and subtraction.

Example 2.1

1. Atrain leaves its terminus with 19 passengers on boartheitirst
station 4 passengers get off and 9 get on. At the secondrsteiiget
off and 1 gets on. How many passengers remain on the train?

Most of you would probably answer this by saying-14 = 15 and
15+9=24. Then 24- 15= 9 and % 1 = 10 passengers remaining,
which is the correct answer. If you were faced with the proble

19-4+4+9-15+1 ="

you should simplify it in the same way, that fsgm the left to the
right. That means

19-4+a—-15+1=10

When an expression contains only the two operationagddftion and
subtraction, without any brackets, the rule is to perform th&om
left to right .

2.1.2 Multiplication and division

Multiplication

When two number armultipliedthe answer is called th@oductof the two
numbers. The numbers we multiply are caltadtors

Again, the product of two real numbers is unique, that ispgginot matter
which number is placed first and which second — the resulEes#me. For
example

6 x2=2x6 (both are equal to 12)

The product of three numbers also does not depend on whichrevaulti-
plied first; the result is unique. For example

2 x (5x4)=(2x5) x4 (both are equal to 40)

Try these two examples on your calculator and see if you contteetsame
conclusion.
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When multiplying with plus and minus sigiise rule is as follows:

o If we multiply two numbers with the same signs, the answerpesi-
tive number, that is

+ x4+ =4+
and
—X—:+

¢ If we multiply two numbers with different signs, the answerinega-
tive number, that is

+ X —-—=—
and
—X+:—

Note that we usually do not write the positive sign, +. A numighout a
sign indicates a positive number.

Example 2.2

1. 2x3=-6

2. 2x—-3=+46=6
Division
When one number idividedby another number, the answer is called the
guotient
The specific terminology we use divisionis

dividend-- divisor = quotient.

If we look at 62 = 3, 6 is thedividend 2 thedivisor and 3 thequotient

Let us investigate if the quotient of two real numbers is alsigue. Again,
take the two numbers 6 and 2:

6-2=3
and
. 1

We see that 6 2 # 2+ 6. Changing the order when dividing leads to the
inverse of the initial result (that i%, instead of 3), and therefore the quotient
is not unique.




CHAPTER 2 BASIC OPERATIONS ON NUMBERS AND VARIABLES BNU1501

When dividing with plus and minus sigrtise rule is as follows:

¢ If we divide two numbers with the same signs, the answer iss#tipe
number, that is

+++=+
and
—r—=+4

¢ If we divide two number with different signs, the answer isegative
number, that is

Example 2.3
1. 12+ -3=-4
2. —12+--3=+4+4=4
When adding long rows of numbers, it does not matter whichberswe
add first and which last. A similar remark applies to multption, but when

we come to subtraction and division, we must be very carafithe follow-
ing examples show:

10— (5-2) #(10-5)—-2
and
B8+4)+-2#8+-(4+2)

This means that an expression like-8 + 2 is highly ambiguous because
the result depends on the order in which we perform the d@imisThe SHARP
EL-738FB interprets & 4 =~ 2 as (8+ 4) + 2, which is equal to

(2) + 2 =1, since it works from left to right. When an expressiontaors
only the two operations ahultiplication anddivision, without any brack-
ets, the rule is to perform the operation from left to rightteTefore

8+2x4=16.
You can enforce a specific order by using brackets, for exampl
8+(2x4)=8+8=1.

We can conclude that, although we can change the order ottnéers for
addition and multiplication, we cannot do it for subtraotend division.

21
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f ' t (See page 138 for the
solutions.)

Exercise 2.2
1. Which of the following statements are true? Show yourudatons.
(@ —7x(2x—-3)=(-7x2)x -3
(b) 12+ (-4+2)=(12+—-4)=2
2. Write the following as an equation:

Divide 8 by —2 to get a quotient of-4

Consider the following problem (Rosser 2003) involving tiplé operations
of multiplication and addition.

Example 2.4

1. Arestaurant catering for a large party sits six peopletabse. Each
table requires two dishes of vegetables. How many dishesgsta-
bles are required for a party of 607

Most people would answer this by saying-66 = 10 tables and
10x 2 = 20 dishes, which is correct.

If this problem is set as 686 x 2 =? then the left to right rule must be
used. If you did not use this rule, you might get

60+-6x2=60+-12=5

which isincorrect

f ' t (See page 138 for the
solutions.)

Exercise 2.3

1. 43—13+1="
2. 6+16—-7="
3. 66+3—-30—-4+12="7
4. 22x8+-4="7
5. 460:-5x4="
6. 200-25x8x3+-4="7
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2.2 Basic operations on variables

Before we proceed with the basic operations on variables\egd to dis-
Cuss some more terminology.

Let us look at the following expression:
Coefficient Variable
5X—-7
o \
perator - constant

You already know that sariableis a symbol for an unknown number. In

this expression the variablexs An operatoris a symbol representing an

operation, in this case subtraction.cAnstantalways has the same value;
it is a fixed number, in this case 7. @efficientis the number in front of a
variable. In this case the coefficientxis 5.

If we look at the expression3t 7y + 2, we see that the constant is 2, the
coefficient ofy is 7 and the coefficient ofis 3.

There are some basic rules when working with variables.rguage we put
letters or sounds together to form words, and words put hegehake sen-
tences. If we think of an expression as a mathematical seatéme words
could be seen aermsmade up from numbers and variables. For example,
in the expression

5X+ 4ab— 6y

there are three terms, namely, 8ab and—6y. The numbers and variables
we multiply together to produce a term are calladtors In the term 4b,
the following are all factors of &h:

4,a,b,4a,4b andab

Here are two more general notes concerning notation:

¢ Note that when we have more than one variable in a factor, veege
the variables alphabetically. For example, we wrid,4ather than
4ba.

¢ If the coefficient is 1, we usually do not write it. For examlg is
written asy, or Ixyis written asxy, and—1x is written as—x.

A special notation is also used when a factor is repeatedema, for exam-
ple, 4x 4 x 4. We first write down the factor that is repeated, in this case 4.
Then we count how many times the factor is repeated, 3, and Wwdown

to the right of and higher than the factor (superscript) to 4& We call the
“3” the exponent of the number 4, but we say “four to the povkee¢” or

“the third power of four”. Similarly, 5< 5= 5% and we say “five to the power
two” or “the second power of five”.

23
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The repeated factor can also be a variable, soxthat x x x x x x = x> and
we say % to the power five” or “the fifth power of”.

We will discuss powers and exponents later again.

2.2.1 Addition and subtraction

The expressionxy+ 2x + 5y — 3z has four terms, namely¥;, 2x; Sy and
—3z. We can say that terms are separatedH®nd— signs. (Factors are
separated by signs).

When adding or subtracting, we only add or subtliketterms Terms are
alike when they have exactly the same combination of letieables. For
example, we can ad48a and 3, but we cannot addad 2b and &b.

We cannot simplify the expression 2 5y — 3z because 2 5y and—3z are
not like terms. We can, however, simplify the expressinr-25x — 3z by
adding the two like terms to gek# 3z

When adding or subtracting like terms we add or subtract dleéicients
and keep the letter variable part as it is. For example, wheeadd @ to 3a,
we add the 6 to the 3 to get 9 and keepdHhe get the sum of &

6+3=9

N =

Example 2.5
Simplify the following expressions:
() x+x

2x (Remember that there is actually a coefficient of 1 in front of
X.)

(b) —7a—3a
—10a
(c) 3x°+4x

3x2 + 4x (The two terms are not like terms.)

Note that:

e xyandyxare like terms when ordered (and should be ordered) and can

thus be added. That means

XY+ YX = Xy—+ Xy = 2Xy.

24]
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e x%y andxy? are not like terms. (The exponents must also be exactly the
same.) That means

Xy +Xy? = Xy + Xy,
which is the simplest form of the expression.

e x2y® andx®y? are not like terms, therefore

X2y3 43y = 3y 4+ 3y?

in its simplest form.

( 1

T (See page 139 forthe Eyarcise 2.4
solutions.) '

Simplify the following expressions:
(a) d+b
(b) 8y—5y
(C) 2¢° 4 4x2
(d) 7b?—4b
(e) 2ab—5ab
(f) 5x%4 2x+3x% +5x
(9) X+ 2y—4x
(h) x?4y?—3x% —5y? +xy
() x3y2 —3xy® + 53y — yvPx — 33

() 12wx+5— 3wy+ 4yw+ Xw+ wx-+ 3

2.2.2 Multiplication and division

We are familiar with the multiplication of two numbers, butmecessarily
with the multiplication of two variables or the multiplicah of a number
and a variable.

In section 1.3 we saw thatBneans that 6 is multiplied witt. In the term
6C we say that both 6 antclare factors of 6.

When we want to multiply é with 8a, we first multiply the numbers (the
coefficients): 6<x 8 = 48. (Always keep the sign rule in mind.) Then multiply

25
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the variablest x a= ca= ac. (Always arrange the variables in the product
alphabetically.) Thus
6c x 8a = 48ac.

Now what about 6 x 6¢? We follow the same method as above and first
multiply the coefficients: 6« 6 = 36. Then multiply the variables and re-
member the special notation for repeated factossc = ¢. Thus

6C x 6C = 36¢2.

Let us look at a few more examples.

Example 2.6
1. Simplify 6ax —2b

6x —2=-12
axb=ab

Thus
6ax —2b= —12ab

2. Simplify —5x x —4y
—5Xxx —4y = 20xy

3. Simplify —3xy x 4xy
—3xy x 4xy = —12%y?

Now it is your turn to do a few multiplications!

( 1

T (See page 140 for the

Exercise 2.5 solutions.)

Simplify
(a) &xx2x
(b) 3xyx 2xy
(c) 3x%x 3x
(d) 2abx 4ac
(e) xyxy
(f) Blpxp
(g) 17abx 10b
(h) —4kl x —5kp
(i) 14x—2cd




Note: The lines in

—5X
4.5xy

over the numbers and
variables mean that we
cancel out factors.
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(j) 4ac(—5ad)

Let us look at examples for division of terms containing &akes and num-
bers.

Example 2.7
Simplify:
(@) =2
We divide the numbers6+-2 = —3.
Thea’s cancel out, thatis+-a=1.
Thus —6a_ —6x1 6

22 - 2x1 2 >

20x
(b) =5
Divide the coefficients first, keeping the sign rule in mind:

20+ -5=—-4

Thex's cancel out, leaving only.

Thus
20xy_20><x><y_20><1><y__4
TBx  Bxx  Bx1 7
5
(C)ﬁ,
We get
—5X  —BX
20xy  4-5xy
_ 1
= %
18y
OF
We get
18%y  3-6-X-X-y
X2 3-x-y-y
_ 6x
y
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When you multiply or divide expressions, always use theofwihg order:
e Establish the sign of the answer by using the applicablersiign
e Multiply or divide the numbers (coefficients).

e Multiply or divide the variables.

It is time for some more exercises.

( 1

Exercise 2.6
Simplify:

(@) 56S3y3 + 8x%y?

(b) —8lac—+ 3ad

(c) 32p? = —64p

(d) —10cd+ —d
l (e) 1xy—+12xy ,
2.3 Powers

In section 2.2 you were briefly introduced to powers. Here ewesit the
special notation and introduce you to the rules (laws) obeents.

A power consists of a base and an exponent for exampls,8power, the
second power of 8.

2.3.1 EXxponents

In the expression®the base is 8, the exponent is 2, and the power is the

whole expression, 8

base nd
2 power of 8

exponent

The exponent tells you how many times the base is multipligia #self. In
this example: 8= 8-8 = 64. In words we would say “eight to the power
two” or “eight squared”. We can also say “the second poweigiité.

28

T (See page 141 for the
solutions.)
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In general we say that if a numbais multiplied by itselfn times, it is writ-

ten asa".

axaxax---xa=a"

ntimes
In this general cas@is the base and the exponent.

Note thata! = a, for example 4 = 4.

Remember that the value of any bas¢he power oneis always just the
base. For example,

5! = 5 andx! = x.
What about a number or varialtle the power zerag?

By definition, any number or variable to the power zero is @oghat

10°=1,4°=1 anda’ = 1.

See the notes in tutorial letter 101, on using your calculébobtain the
value of an exponential expression by using the powe ‘

( 1

Exercise 2.7
T (See page 142 for the

solutions.) 1. Identify the base and the exponent in the following
expressions/powers.

(a) 6
(b) &
(c) 108
(d) 206
2. Calculate the value of the following expressions/powers
(a) 5
(b) 10P
(c) 3,18
(d) 206

Now what abouhegative exponent8 If 10° = 100, what does IG mean?

By definition,
1_1
10?2 100

Note that 102 is nota negative number.

10 2=
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To deal with this, we use the concept of the inverse (or recil) of a num-
ber. The inverse or reciprocal of a number is the result wainbhthen we
divide 1 with the number. For example, the inverse of 1%lsl\low we can

P 1 1.1 1
write 15 as 10+, or 10 at 55-

Thus, for any base with an exponent, theerseis found by using the same
base, but changing tregnof the exponent.

Therefore, by definition

1
al==C
a
and in general
a"= 1
=5

1.
?1

Vice versa, we can writg as 31, X—12 asx 2, etc.

We can write: 101 = ;572 =2, x 5= X—15 and so on.

The key on the calculator that we can use to calculate thegave

(1/x]. (On other calculators it may ) See the notes on using your
calculator, in tutorial letter 101 on how to obtain the vatdi@n exponential
expression with a negative exponent.

( 1

Exercise 2.8
T (See page 143 for the

Express the following powers with positive exponents anapéify as solutions.)
far as possible:

(@) 31
(b) 572
(c) 5 1x5?

2.3.2 Laws of exponents

In this section we will deduce the laws of exponents by uskageles.

1.
a’xa’ axa % axaxa
— axaxaxaxa
—
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Thus, we can deduce from the above that when we multiply two or
more terms withsimilar baseswe add the exponents.

amxan:am—i-n
2.
a* axaxaxa
a2 axa

When we divide two terms witeimilar baseswe subtract the expo-
nents from each other.

a_m _gmn
an
3.
(@)% = (a%) x (&%) x (&)
= axa X axa x axa
— g

When we raise a power (base with exponent) to a power, wephulti
the exponents with each other.

(am)n — am><n — amn

(ab)® = (ab)x (ab) x (ab)
= axbxaxbxaxb
= axaxaxbxbxb

a’h®

When we raise a product to a power, it is equal to the produeaoh
factor raised to the same power.

(ab)™=amp™




BNU1501 CHAPTER 2 BASIC OPERATIONS ON NUMBERS AND VARIABLES

f ' t (See page 143 for the
solutions.)

Exercise 2.9

Simplify the following by using the exponent laws:

4 2 ;
oy © o
(b) 2 x 3¢ (h) 6cd2e? - 3cde
(© ottt () (b2
(d) 2xyx 4x’y? Q) (34?2
(e) 2abx 4a? x 3al? (k) (4a2bd)3

() (3xy2)*

: Xy

(f) 3 (M) o2z

2.4 Roots

In the previous paragraph, when we multiplied 8 with itsef#, wrote 8x
8 = 82 and in words we said “eight squared”. More examples of scLare

4 squared=4°=4x4=16
5 squared=5° =5x5=25
6 squared= 6° = 6 x 6 = 36
A square roofgoes in the other direction:
3 squared is 9, so the square root of 9 is 3.

The square root of a number is the value that, when multifpiedself,
gives the number.

We not only have square roots, but also third roots, fourtitssrand so on.

The symbol we use for roots in general\rjg. Examples of specific roots
are:

square root'\zf
third root: e
fourth root: Ve

32
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By convention we do not write the small 2 in front of the symfaolthe

square root, but onl)(f. If you come across a root symbol without a small
number in front, you know that it is squareroot. Most calculators have a
square root ke)(f. (See the notes on using your calculator, in tutorial letter
101)

Another example:

72 =49 andy/49=7
(We say “the square root of 49 is 7".)
By using the SHARP EL738FB calculator:

Example 2.8
1.
V49=?
Calculator steps:
2ndF v 149[=]
The answeris 7.
2.
V216="?

Calculator steps:

3 2ndF| v 216[=]

The answer is 6.

t (Youcanuseyour )
calculator to get to the

answer directly, but you Eyarcise 2.10
should also be able to do

it without a calculator. 1. Determine the following:
See page 144 for the
solutions.) (@) V16
(b) V25
(c) V16
(d) V125
2. Calculate:

(a) V196+ /144
(b) (v5)?
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(€) (V64
(d) (V1)

2.5 Order of operations

When you see something liket32 x 5, which part should you calculate
first? Your instinct might be to start the operations fromléfeand go to
the right, as if you were reading. That might seem naturadlybu will get

a wrong answer in the case oft x 5. In problems involving more than
one operation (such as addition and multiplication in tlaisa) certain rules,
calledpriority rules, must be followed.

It is essential that when we see an expression, we all urashergtto mean
the same thing; then we will all obtain the same result. Waalk to agree
to perform the operations in a specific order. The commondgpied con-
vention or rule for operations is:

Highest priority

Brackets

Powers and roots
Multiplication and division
Addition and subtraction

Lowest priority

Example 2.9
Calculate the value of the expression 3—4 x5+ 6= 3.

There are no brackets, powers or roots in the expressione Stast
with the multiplication and division:

2x3—4x5+6+-3
N N =~
6 20 2
Now we have 6- 20+ 2 which is equal to-14+2 = —12.
Therefore 2« 3—-4x54+6+-3=—-12.

34
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Exercise 2.11

t (See page 145 for the Calculate the value of the following two expressions. Inhecase
solutions.) state the order in which the operations are performed. Wheri{p
ties are equal, operate from left to right.

(@) 4x3+2+5x6—-20+4x%x2
(b) Fx7—v/9x8+22+4x3

What if you want to deviate from these predetermined presft Say for
instance, in the example
2x34+4x5,

we actually need to add-8 4 first and then multiply the sum by 2 and 5.
How can we achieve this? The answer is: we use brackets. Vi& wri

2x(3+4)x5.

This expression indicates that we must first calculate tipesssion in brack-
ets,(3+4), and then do the other operations:

2x(34+4) x5
7

Now we have Z 7 x 5= 70 as the value of the expression.

We call “(” the left or open bracket and “)” the right or closkbracket. The
number of open brackets and closed brackets must alway® lsathe, oth-
erwise the expression is not uniquely specified.

( 1

T (See page 145 for the Exercise 2.12
solutions.) .

Calculate the value of the following expressions:
(@ 7x8+8x9
(b) 7x (8+8)x9
() (7x8+8)x9
(d) 7x (84+8x9)
(e) 200+ 16° + 4
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We now know that brackets within an expression have the Bighréority
and must always be calculated first. But what about brackigtsndorack-
ets? Always work from the innermost bracket outwards. Noée within a
set of brackets, the usual priority rules apply. An exp@ssinderneath a
root sign, should be seen as if in brackets.

Example 2.10

Calculate the value of the following expression:

\/3>< 424 32 1 (4+3)°

Step-by-step, we do the calculation as follows:

Step Reduced expression

1 \/(3>< (42+32)+(4+3)2)

2 V(3% /(1619) +(7)?)
3 V/(3x V25+72)

4 (3x5+49)

5 (15+49)

6 V64

7 8

Let us look at the order of operations in the following exaenpl
e Do the brackets first

3x(54+46)=3x11 = 33 (right)
3x(5+6)=15+6 = 21 (wrong)

e Powers and roots before multiplication, division, addition and sub-

traction
5x22=5x4 = 20 (right)

5x22=10° = 100 (wrong)
e Multiplication or division before addition and subtractio n

24+5x3=2+15 = 17 (right)
2+5x3=7x3 = 21 (wrong)
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e Otherwise just go left to right

30+-5x3=6x3 = 18 (right)
30+-5x3=30+15 = 2 (wrong)

Exercise 2.13

t (See page 146 for the Determine the value of

solutions.)
(42 —(6x3-80= 5)2) =+ (P-77).
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Chapter

More operations on numbers

On completion of this chapter you should be able to
e list all the factors of a certain number
e determine the lowest common multiple (LCM)
¢ do basic operations on fractions and decimals

e do basic operations involving percentages and ratios

3.1 Factors

3.1.1 Whatis a factor?

All integers, have factors. Some numbers have more fadtarsathers.

A factor of a number is a number by which it can be divided wifleaving

a remainder.

1 and the number itself, are always factors of a certain nunhle¢ us look

at the following example.

Example 3.1
1. The factors of 6.

If 6 is divided with 1 the answer is 6.
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If 6 is divided with 2 the answer is 3.
If 6 is divided with 3 the answer is 2.
If 6 is divided by 6 the answer is 1.

Therefore, the factors of 6 are: 1, 2, 3 and 6, because ak th@sbers
divide exactly into 6, that is without a remainder.

If we write 6= 2 x 3, we have factorised 6.
2. The factors of 8.
If 8 is divided by 1, the answer is 8.
If 8 is divided by 2, the answer is 4.
If 8 is divided by 4, the answer is 2.
If 8 is divided by 8, the answer is 1.
Therefore, the factors of 8 are 1, 2, 4 and 8.
If we write 8= 2 x 4, we have factorised it.
If we write 8= 2 x 2 x 2, we have factorised 8 in prime factors.

Note: Prime numbersall have only two factors, namely 1 and the
number itself, e.g. 7 has no other factors than 1 and 7. Angtneh a
number is 11. We can try to list the prime numbers:

1,2,3,5,7,11, 13,17, 19, 23, etc.

3.1.2 The lowest common multiple (LCM)

Firstly, we have to know what a multiple of a whole number ismAltiple

of a number is found by taking th@oductof that number and any counting
number. For example, to find the multiples of 3, multiply 3 hyd3 by 2,

or 3 by 3, and so on. The multiples of 3 are thus 3, 6, 9, 12, £5,Tetfind
the multiples of 5 multiply 5 by 1, 5 by 2, 5 by 3, and so on. Thdtiples

of 5 are thus 5, 10, 15, 20, etc.

If we have two numbers and wish to determine the lowest commaltiple
(LCM) of the two numbers, we want the smallest number whichnsulti-
ple of both these numbers.
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Example 3.2
1. Determine the LCM of 6 and 8.
Method 1:

The multiples of 6 are:

6;12; 18;;

The multiples of 8 are:

8; 16;;

It is clear from the above, that thewestcommon multiple of 6 and 8
is 24.

Method 2:
First we factorise 6 and 8 iprime factors:

6 = 2x3
8 = 2x2x2

Now to determine the LCM, we write down the prime factors @& th
first number (6), in factorised form, that is

2x3

Now see which prime factors of the second number have NOT been
written down yet. We see that the prime factors of the secamaher
(that is the 8) are % 2 x 2. Only one 2 has been written down, so we
must add another two 2s, as factors of the LCM.

6 = 2x3
8 = 2x2x2
Therefore, LCM = 2x3x2x2
24

2. Determine the LCM of
(a) 30 and 45
Method 1:

30 = 2x15=2%x3x%x5
45 = 5x9=5%x3%x3
Therefore, LCM = 2x3x5x3
= 90
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Method 2:

The multiples of 30 are 30; 6; 120; 150; ... etc.

The multiples of 45 are 4; ... etc.

Therefore, the LCM of 30 and 45 is 90.

(b) 3and 8 and 24

Method 1:
3 = 3
8 = 2x2x2
24 = 3x2x2x2
LCM = 3x2x2x2
= 24
Method 2:

The multiples of 3 are 3; 6; 9; 12; 15; 18; ; 27; ... etc.

The multiples of 8 are 8; 1; 32; 40; ... etc.

The multiples of 24 ar; 48; ... etc.

Therefore, the LCM of 3, 8 and 24 is 24.

Exercise 3.1 t (See page 146 for the
solutions.)
Determine the LCM of
(@ 4and 6
(b) 6 and 16
(c) 5and 30

(d) 14 and 20
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3.2 Fractions

3.2.1 Whatis a Fraction?

A fraction is a numerical quantity that is not a whole number.

A fraction consists of a numerator and denominator;

3 numerator
4~ denominator

The numerator tells us how many parts of the denominatoe thier. Thus
there are 3 quarters in%a

3.2.2 Types of fractions

e Proper fractions:

A proper fraction is a fraction with a numerator that is smalhan the

denominator.

3.2 13
75 17

e Improper fractions

An improper fraction is a fraction with a numerator that igkx (big-
ger) than the denominator:

=
w

; = etc
2

Wi s
IR

[ —

¢ Mixed fractions

Consider the improper fractio% meaning “three halves”. We know that
three halves are equal t(% JIwhich we call a mixed fraction. How did we get
the 32 As follows:

We divide the numerator by the denominator. This gives usgitieger, with
the remainder being the numerator over the existing deratorin
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Example 3.3
1. Change the following improper fractions into mixed frans:
@) &

We divide 5 into 7 giving us 1, with a remainder of 2.

7 2
—=1=
5 5
(b) ¥
We divide 6 into 17 giving us 2 with a remainder of
(17—12) =5.
17 .5
—_ 2z
6 6

Can one change mixed fractions into improper fractions?artssver is
YES.

This is how we do it: Multiply the whole number (integer) bytdlenomi-
nator and add this answer to the numerator with the denoaoristdying the
same.

5
26
__ 2x6+45
o 6
1245
6
17

= 6

Alternative explanation:

N
oo
|
N
+
olul

5ol
+
ol

3.2.3 Simplification of fractions

If both the numerator and the denominator of a fraction artiptied or di-
vided by the same number, the fraction does not change, @riegresents
the same quantity.

[24]
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To have a fraction in its simplest form, we want the smallestsible num-
bers in the numerator and denominator, and still have aidraetith the

same value.

Example 3.4
& = 2 Divide both the denominator and the numerator by 3,

and 2 = 1 Divide both the denominator and the numerator by 2.
2 = ¢ Divide both the denominator and the numerator by 2,

and § = 2 Divide both the denominator and the numerator by 2.
12 = & Divide both the denominator and the numerator by 2,

= 2 andthen by 3.

The fractions in the example above have been simplified.

T (See page 147 for the

solutions.) Exercise 3.2

1. Change the following improper fractions to mixed frango
@) 3
(b)
() ¥
d) 3

2. Change the following mixed fractions to improper frango
(a) 3}
(b) 8
() 75
(d) 23

3. Simplify the following fractions:
@) £
(b)
(€)
(d)

o b

G Ko 58 Kl
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3.2.4 Multiplication of fractions

There are three simple steps to multiply fractions:
1. Multiply the numerators.
2. Multiply the denominators.

3. Simplify the fraction if needed.

Example 3.5
1. -
3%X7
_ 2x5
- 3x7
_ 10
= 21
2. 3.2
473
_ 6
=
— 1
= 2
OR
We could first simplify the fractions by cross cancelatiohjei are
allowed.
3xZ 2divides into 4; and 3 divides into 3
1
= 32
3. 6 s
15 < 2
= 3x3 Divide 2into 4 and 6; and 5 into 15
1 l P .
= ﬁ We divided 3 into 3
_ 1
= 2
4. 2,415
37X 5%20
= 155;10 Divide 2 into 20; and divide 3 into 15
= &l Divide 5 into 5; and 2 into 4 and 10
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5.
2 =21 Divide 5ainto 158%; and divide 7 into 21
o 3 . . .
= 3 Divide 3 into 3
_ 1
a
6. 3
5x =
5

Let us first change the 5 (an integer) into a fraction, withrtheera-
tor being 5 and, the denominator 1. We know that 5 divided /3, i
so normally we write “5” and not%”. Now,

3

X5

W rl;

3.2.5 Division of fractions

There are three simple steps to divide fractions:

1. Invert (turn around) the second fraction, and make:ttsgn ax
sign.

2. Multiply the first fraction with the inverted second friaxt.

3. Simplify the resulting fraction if possible.

5+3
_ 5.3
= 1~1
_ 5,1
= 1X3
—_ 5
= 3
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Example 3.6

1.

(@)

(b)

(€)

(d)

o

X
WIN - g2 Rlo

WA RN N N
X

[EEN
[V

wWIN Rl AW
wIN Ol

IO

>|< X
~

S

X

L LN \V] I\)|I—\
gl =

gl Rl Rl olw

3a . 12a
4b * 14b
3a , 14
4b 12a

X
x|
N

®i~N NI AW
X
ENEN|
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(e)
2. 4.12
3%X9715
2x §x 13 Onlyinvert the term directly to the
right-hand side of the division sign.
1,4,5
159%%
1.,2.5
1X9%X3
2x5
9x3
10
27
()
5.1 . 3
6 12X 15
2 x 1% 2 Onlyinvert the term directly to the
right-hand side of the division sign.
2
(9
1%% . (3b 8
= (@ x9)
13b . (38) First do the brackets, and then
o the division.
(
T (See page 148 for the .
solutions.) Exercise 3.3
1. Simplify
() %3
(b) 3+3
©) S+3
@ §xi+d
5.1, 3
®) g+ %15
7 .14 3
() 22+ %1
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3.2.6 The addition and subtraction of fractions

We know that if we adc% to % the answer iﬁ. How did we get to this an-

swer?

There are three simple steps to add fractions:

1. Make sure the denominators are the same (LCM).

2. Add the numerators of the fractions and put the answertbeetle-

nominator.

3. Simplify the fraction if possible.

So, how do we adg to 1?

We get the denominator to be the same by determining the LCileodle-

nominators:
2 2
4 2% 2
LCM 2x2
= 4
Therefore L1
AT
1,2
= 373
_ 241
= 4
— 3
= 3
Example 3.7
1,5
1. 7+%

First determine the LCM of the denominators:

4 = 2x2
6 = 2x3
LCM = 2x3x2
= 12
1,5
aTe
_ 1Ix345x%x2
- 12
_3+10
= 12
_ 13
= 12
_ 1
— 11_2
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Alternative method:

1,5
ate
_ 3,10
= 1t
_ 3+10
= 12
— 13
=
a1
= 1%
3,4
2. £ +75
First determine the LCM of the denominators:
5 =5
7 = 7
LCM = 5x7
35
3,4
517
_ 3x74+4x5
= T 3
21120
= 735
_ 4
- 35
a6
= 1z
Alternative method:
3,4
517
_ 3><7_|_ﬁ>

W
a1
W
al

I
B W
= Ol
+
N
alo

= 35
6
= 1x
7,5
3. 5+3
Determine the LCM:
9 = 3x3
6 = 2x3
LCM = 3x3x2

= 18
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7.5
916 7.5
_ 7x2+5x3 5156
18 _ 14,15
_ 14415 - 187 18
= 718 OR 29
_ 29 - 18
- 18 11
— 14
_ qu 18
= 178

To subtract one fraction from another, we basically takestrae steps
as for addition.

SN
By
ulw

|
IN

Determine the LCM:

15 = 3x%x5
6 = 2x3
LCM = 3x5x2
30
13 2 13_2
156 15 6
_ 13x2-2x5 _ 26 10
= 30 = 30730
_ 26-10 _ 26-10
= ~30 OR = 730
_ 16 _ 16
= 30 = 30
_ 8 _ 8
= 15 = 15
16a , 9
5 +%

Determine the LCM:

LCM =bxc=Dbc

16a , 9 16a , 9

D ¢ B ¢
_ leaxc+9bxb _ 16ac+ 9bb
- bc OR —  bc bc
_ 16act9p? _ 16act9p?
- bc - bc

o
ol
|
olw

Determine the LCM;

5 =5
6 = 2x3
30
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1_3 1_3
6 5 6 5
_ 1x5-3x6 5 _ 18
= 30 ~ 30 30
_ 5-18 _ 5-18
= 730 OR = 730
- =13 - =13
~ 30 =~ 730
_ 13 _ 13
=~ T30 = T30
2,.3_1
7. 5+5— 13
Determine the LCM:
5 = 5
6 = 2x3
4 = 2x2
LCM = 5x2x3x2
60
2.3_1 2,.3_1
5t6 2 5t6 2
_ 2(12)+3(10)-1(15) _ 212, 310 _ 1015
= 60 — 760 60 60
_ 24+30-15 _ 24+30-15
- 60 OR - 60
— 39 - 39
~ 60 ~ 60
— 13 _ 13
~ 20 ~ 20
8.
23 +13
= 2+1+ % + % Separate the integers from the fractions
1(1)+1(1)

= 3+ =%5=> Add up the integers and simplify the
two fractions.
= 3441
= 3+2
= 3+1
4

NB: We know that
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Note: We may only cross cancel overnaultiplication sign, not over
a—ora+.

Itis TOTALLY INCORRECT to do the following:

- % Cancel the 2 in the numerator by the 2 in the denominator.

You may only cancel out factors!

T (See page 149 for the

Exercise 3.4 solutions.)
1. Simplify the following:
(@) 2+32

®) §+3

3.3 Decimals

A decimal system involves counting in units of 10. A decinsahinumber
consisting of a comma followed by one or more numbers whiphesent
tenths, hundredths, and so on.

To change a fraction to a decimal, we have to divide the denatoi into
the numerator.
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Example 3.8

1. Write  as a decimal.

0,5
2[t,0

We cannot divide 2 into 1. So, we add a zero to the 1.

Because we have added the zero we have to write
a comma above the division line.

Now we can divide 2 into 10 to get 5. The answer is therefore 0,5
We usually write a zero in front of the comma.

2. Write 3 as a decimal.

We have to divide 4 into 3,000 ...

0,75
413,00

28
309
0

Therefore

4x7=28

Subtract 28 from 30 and add zero to the answer of 2
4%x5=20

Subtract 20 from 20 to get O.

3
7! - O, 75

3. Write the following as decimals:

(@) 15

If we have to divide the numerator with 10, we just shift the
comma in the numerator 1 unit to the left. Note that 1 = 1,0.

Therefore .

A=01.

We usually write a zero in front of the comma.
(b) 155=0,01

If we have to divide the numerator with 100, we shift the comma
in the numerator 2 units to the left.

Therefore, 35 = 0,01.

100 has 2 zeros therefore there are two numbers after the aomm

(C) 195=0,03.

Here again we shifted the comma in 3,0 two units to the left to
get 0,03.

(d) 55 =0,017.

There are three zeros in the denominator of 1 000, therefere w
shift the comma in the numerator 17 three units to the lefeto g
0,017.

(€) 150050= 0,00004

There are five zeros in 100 000 therefore we shift the comma five
unit to the left to get 0,00004.
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You can use your calculator to check the answers.
4. Write 2% as a decimal.
To change a mixed fraction into a decimal, we do the following

Write the%1 as a decimal and add it to the integer (whole number).

1
2—- =225
4 )

T (See page 150 for the

Exercise 3.5 solutions.)

1. Write the following as decimals:
(a)
(b)
(c)
(d)
2. Write the following as fractions:
(@) 025
(b) 0,3
(c) 145
(d) 2,6

ool glw WwIN

w
Blw

3.4 Percentages

Percentage means per hundred. Five percent or 5% means Gruked,
which can be written as 5% gg; or 0,05.

33% means 33 out of a hundred or 0,33.
115% meang32 or 1,15, etc.
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Example 3.9

1. Tim would like to buy a bicycle that costs R1 200. His graotmer
is prepared to give him 40% of the price of the bicycle as aday
present. How much money will she give him?

The amount received = 40% of 1200

40 1200
100X "1
480

His grandmother will give him R480.
2. John receives a commission of 2,5% on his sales. His mosaites
for December amounted to R175 000. Determine his commission

The amount of commission= 2= x 175000

— 437500

John’s commission for December was R4 375,00.

3. Kate bought a dress, priced at R1 800, at Elegant Boutisjue was
given a discount of 30%. How much did Kate pay for the dress?

; _ 30 _ 1800
Discount = 700 X 1
= 540

The amount paid for the dress is the original price of thegjnesnus

the discount:
Price paid = 1800—540

1260

Therefore, Kate paid R1 260 for the dress.

4. James received an increase of R1 200 per month on his njatlaky
of R9600. Determine the percentage increase in his salary.

_ 1200, 100
Increase = 5§50 X 71
= 125%
The percentage increase was 12,5%.

5. You obtained 12 out of 15 for your first assignment. Whabisry
mark as a percentage for this assignment?
Percentage= 12 x 1%

= 80%

You obtained 80% for the first assignment.
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6. Joseph bought a TV set that normally costs R2 500, for R2Dé€er-
mine the percentage discount that Joseph received.

First determine the amount of discount that Joseph received
That is R(2500— 2000 = R500.

Remember that percentage is always calculated on the akigmount.

Percentage discount= 3% x 1%
— 20,00%
Joseph received 20% discount.
( )]
Exercise 3.6 t (See page 152 for the

. solutions.)
1. Sera bought a box of apples. There were 125 apples in tharitbghe

discovered that 4% of them were rotten. How many apples cshed
sell?

2. Peters monthly salary is R9000. An amount of R3 150 is dedLfor
income tax. Determine the percentage income tax that Paigr p

3. A survey reveals that in the small town of Duncanville 4 f&filies
out of a total of 11 275 families own DVD players. What peregyet
of families own DVD players?

4. Mary bought a pair of shoes on which she had to pay 14% VADuata
ing to R216,60. Determine the price of the shoes.

5. The price of a loaf of bread, currently costing R5,12 iseéased by
9,5%. Determine the new price of a loaf of bread.

3.5 Ratios

A ratio is a way of comparing two or more quantities.

Suppose we have a pupil - teacher ratio of 40 to 1. Then we cabay
cally write, the pupito teacher ratio is 40:1, or alternativé@. We read
40:1as40to 1.

The order in which the numbers is written, is important. TReefers to
the first object mentioned, namely the pupils, and the 1 sdfethe second,
namely, teachers.
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Example 3.10

1. Albert has R10 000 which he wishes to divide between hissiaters,
Alice and April in the ratio of 6:4. How much will each of thesgers
receive?

First we determine the portion that Alice will receive, ahén the
portion that April will receive. If the money must be dividedthe
ratio of 6:4 we divide the money into 10 equal pafts0= 6+ 4).

Then

Alice will receive = F x R10000

= 6000

T : _ 4  R10000
April willreceive = 15 x ==

= 4000
Alice will receive R6 000 and April R4 000.

Note: If you add the two amounts together you get R10 000 which is
the original amount that had to be divided between the twiersis

2. Jerome picked 77 apples and he wishes to divide them bet8ipbo
and Simon in the ratio of 3:8. Determine how many apples Sipto
receive.

The total number of parts in the ratio is 11.

: : e 3 .77
Sipho will receive = 3 X 7
= 21

Sipho will receive 21 apples.

Exercise 3.7
1. There are 72 Smarties in a packet containing red and greantigs in

the ratio of 5:3. Determine the number of red Smarties in Heket.
T (See page 153 for the

solutions.) 2. The ratio of stone, sand and cement in a concrete mixt@&is.
Determine

(a) the percentage of stone
(b) the percentage of sand

(c) the percentage of cement in the mixture
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Chapter

Measurements

On completion of this chapter you will be able to
e convert length units from one unit to another
e determine the perimeter of different figures

determine the area of different figures

determine the volume of different objects

convert litres to cubic units

convert cubic units to litres

apply measurements to assist in decision-making in dddypliob-
lems

Have you ever renovated the tiling in the bathroom or kitcbieyour home?
If yes, then you will know that in order to do that, you had tcide how
many tiles to buy. Were you able to determine the numberes tieeded or
did you ask someone else?

In this chapter we start off by showing you the basics of mesmsent. This

will enable you to tackle problems similar to the ones désatiabove (and
others) with confidence. It will place you in a position whgoel do the cal-
culations and make the decisions yourself.
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4.1 The international system

It is difficult to imagine a world without a system for measwgithings. You
would not know the distance to another town, the capacititried of a fuel
tank, whether your body mass is within limits, and so on.

The earliest measuring system originated in the barteesyand units cor-
responded with things like the length or size of a hand or.fbtatny coun-
tries each had their own measuring system. In the moderrdywetich is
characterised by international trade and extended induatrd technolog-
ical development, it became necessary to have a common rreasys-
tem. A modern international system, tBgstéme international d’unitéslso
known as Sl, was developed. South Africa was one of the fitstit@s to
accept this system.

The following table gives us a good indication of the S| syste

Factor Power | Common name| SI nhame | SI symbol
10 10t ten deca- D
100 107 hundred hecto- h
1000 103 thousand kilo- k
1000000| 10° million mega- M
0,1 101 | tenth deci- d
0,01 1072 | hundredth centi- c
0,001 1073 | thousandth milli- m
0,000001| 106 | millionth micro- u
4.2 Length

The Sl base unit for length imetre. The symbol used for this base unit is
m. Therefore we write 10 metres as 10 m. Note the space betleerutm-
ber and the unit.

Decimal multiples and submultiples in the Sl system are:

10 millimetres (mm) = 1 centimetre (cm)
10 centimetres (cm) 1 decimetre (dm)
10 decimetres (dm) 1 metre (m)
10 meters (m) 1 decametre (Dm)
10 decametres (Dm) 1 hectometre (hm)
10 hectometres (hm) 1 kilometre (km)

In the Sl system it is very easy to convert from one unit to heobecause
we work in multiples of ten.
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The rule is:

¢ If you have to convert to a greater unit, say from m to kiwjde by
the appropriate multiple of 10.

¢ If you have to convert to a smaller unit, say from m to mmultiply
by the appropriate multiple of 10.

We normally use km, m, cm and mm.

1km=1000m and 1 m= 100 cm= 1000 mm

“Distance” is a length. Examples of units used for distarares
e kilometres to measure long distances, like between caesf3 km
e metres to measure medium-sized distances, like your hesigitl,6 m

e centimetres to measure small lengths, like your body measents,
say your waist is 80 cm

¢ millimetres to measure very small lengths or thicknesslestlhe
width of a paper clip, say 6 mm.

Example 4.1 Convert the length of a 2,5 km tunnel into centimetres.

The first step is to change 2,5 km into metres by multiplyirggribmber of
kilometres by 1 000:

25km=25x 1000m =2500m
Therefore,
2,5km =2500m.

The second step is to change 2500 m into centimetres by ryutiggthe
number of metres by 100:

2500m =2500x 100cm = 250000cm
The length of the tunnel is thus 250 000 cm.

T (See page 153 for the L

solutions.)

Exercise 4.1

Convert the following:

(@) 400 mto km (d) 5kmtom
(b) 18cmto mm (e) 124mtocm
(c) 4450m to km () 5246,3m to km
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(9) akmtocm (i) 246cm to km
(h) 246cmtom ) GO0m+0,5km)tom

4.3 Perimeter

The perimeter C of a figure is the distance around the edgewrdaoy of

a figure (the length of the boundary). We know that distanoegasured as
a length, therefore, we would use the same Sl units for letogtheasure
perimeter.

A home owner who wants to fence his or her property would, xaneple,
measure the perimeter of the property to know how much feneeor she
needs.

To measure the perimeter of a regular figure we usually makeiihe
properties of the specific regular figure to simplify the a#édtions. Let us
look at a rectangle, a square, a triangle and a circle.

4.3.1 Rectangles

A rectangle is a four-sided figure with all four angles eqoa@® and the
opposite sides equal in length.

H L

1 [
[

The little squares in the corners of the figure above inditteiethe angles
are 90. Suppose the long sides of the rectangle are of lehgtid the short
sides are of lengttv. We call them the length and width of the rectangle.

The perimeter of the rectangle is the sum of all four sides:
C = l+w+l+w

= 2+2w
= 2(1+w)

64]
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The formula for theperimeter of a rectangleis
C=2(1+w).

Therefore, to calculate the perimeter of the rectangle,ddetle long side
of the rectangle to the short side of the rectangle and niykiigs sum with
two.

Example 4.2

Calculate the perimeter of a rectangle with a length of 10 tchawidth of 4
m.

The first step is to add the long side of 10 m to the short sidemftd get
the sum of 14 m. Secondly, multiply this sum with two to getpleeimeter
of 28 m.

Mathematically we write this as

C =2

The perimeter is 28 m.

4.3.2 Squares

A square is a rectangle with all four sides equal in lenfyth,

[
o L]

1 [
[

The perimeter is the sum of all four sides:

C = I+1+1+lI
4
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The formula for theperimeter of a squareis

C=4l.

Example 4.3
Calculate the perimeter of a square with sides of 7.cm.
Multiply the side length by four to get the perimeter of 28 cm.

Mathematically we write it as

C = 4l

The perimeter is 28 cm.

4.3.3 Triangles

A triangle is a three-sided figure.

r

Again the perimeter is the sum of the lengths of the sides.

C=p+q+r

Example 4.4
Calculate the perimeter of a triangle with sides of 3cm, 5amd Acm.
Add lengths of the three sides together to get the perimétEs om.

Mathematically we write it as

C = 34547

The perimeter is 15cm.

66



CHAPTER 4 MEASUREMENTS BNU1501

4.3.4 Circles

Note: We refer to the perimeter of a circle as ttiecumference of a circle.

A circle is a perfectly round plane figure in which every pantits circum-
ference is equidistant from its centre. (“Equidistant” methe same dis-
tance from the centre of the circle.)

We call the distance from the centme)(to the circumference theadius (r)

of the circle. Thediameter (d) is the straight line from side to side passing
through the centrenf). The diameterd) is two times as long as the radius
(r), therefored = 2r.

I The formula for thecircumference C) of a circle is
The irrational numbert

(pronounced 'pie’) is the
ratio of the
circumference of a
circle to its diameter.

C=2m.

Note: We use that key on the calculator in calculations because it is more
accurate thas?.

Example 4.5
Calculate the circumference of a circle with a radius of 2 cm.
Using the given formula, the circumference is calculated as
C = 2mr

= 2XTIx2
12,57

Therefore, the circumference of the circle is 12,57 cm.
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4.3.5 lrregular figures

Here are some examples of irregular figures:

The perimeter is simply the sum of the lengths of all the sides

Example 4.6

Calculate the perimeter of an irregular figure with five sidelength 2 m,
4m,5m,6m and 3m.

Add the lengths of the five sides together to get the perinoét2d m.
Mathematically we write it as
C = 24+4+4+5+6+3

20
The perimeter is 20m.

4.3.6 Composite figures

A composite figure is a combination of regular figures. Heeetano exam-
ples:

alf circle

~—1+——Square

pal

Square
a 7

Triangle
Rectangle
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Again the perimeter is the sum of the lengths of all the sides.

( 1

t (See page 155 for the EXETCISE 4.2

solutions.)
1. Calculate the perimeter of each of the following figures:

() A rectangle with a length of 1,2 km and a width of 375 m.
(b) A square with sides of 3cm.

(c) Atriangle with sides of 30 mm, 25 mm and 15 mm.

(d) A circle with a radius of 4,5m.

(e) A figure with four sides of lengths:
12m,35m, 7m and 13m.

2. Calculate the perimeter of the figure below:

1cm

2,5cm 2,5cm

3cm

0,5cm

3. Sam wants to obtain a quotation to fence his entire prepBaiow
is a plan of Sam’s property. Sam asks you to help him deterthme
total metres of fencing he needs.

50m

Sam’s property 25m
45 m

5m




BNU1501 CHAPTER 4 MEASUREMENTS

4.4 Area

Area (A) is the word for the size of a surface. To specify the size efstir-
face we calculate the area of the surface.

The basic Sl unit which is used for area is square metr9. One square
metre is the size of a square where each side of a square iseireim
length.

4.4.1 Rectangles

Suppose we want to tile a rectangular surface area which isohigrand 3
m wide.

5m

Furthermore, suppose we want to use big square tiles wighlsijths 1 m.
The surface area of one tile is 11 m = 1 n?.
(Remember our rules for multiplication:»1 1 = 1 and mx m = n?.)

Now, how many of these tiles do we need to cover the surfagedre
5mx 3m? (We say 5nbby3m.)

5m

3m
Im

Im

Itis clear that we need 5 tiles in the length and 3 tiles in tidthv

The number of tiles needed is553 = 15.
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We can now say that the area is 15 square metres.
(Also 5mx 3m = 15nt.)

Thus, to calculate the area of a rectangle, we multiply thgtleby the
width and give the answer as a “squaré€’. The unit following the “square”
will depend on the unit we are working with.

[
H L]

1 []
[

The formula for thearea (A) of a rectangleis

A = lengthx width
= Ixw

Instead of saying the lengthxsand the width i/, we talk about a rectangle
of sizex by y and writex x y.

When the numbers become large, it is convenient to convartdmer unit
as the next example shows.

Example 4.7

To calculate the area of a rectangle of size 10002000 m we do the fol-
lowing:

A = 1000mx 1000m
— 1000000"4.

The area is 1000000

Instead of working with 1000 000fnwe convert the 1 000 m to km. We
know that 1 000 m is equal to 1 km therefore:

A = 1000mx1000m
1 OOOkm " 1 OOOkm
~ 1000 1000
= 1kmx 1lkm

1 kn?

So we have 1000000%a= 1 kn?.
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Other units we use for area are square metres, square carBEicC.

1m? = 1Imx1m
— 100cmx 100cm
10000cm

and

lcn? = 1cmx lcm
= 10mmx 10mm
100mnf

When we are talking about land and its size, eveR it result in large
numbers. For this purpose we use a hectare (ha).

A hectareis the area of a square, with each side of length 100 m.

100 m
H] |
100 m 1 ha 100 m
u i
100 m
Thus
lha = 100mx 100m
10000 4.
(
Exercise 4.3

1. How many hectares are there in one square kilometre?
2. Calculate the area of a rectangle with size 24«<h8cm

3. Calculate the area of the following figure:

4m

im

T (See page 158 for the
solutions.)
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4.4.2 Squares

A square is a special type of rectangle with sides of equajtien

[
H L]

1 []
[

Therefore, the area of a square can easily be derived fromrdaeformula
for rectangles by substituting the width with lengith

The formula for thearea (A) of a squareis

A = lengthx length

= | xI
|2

4.4.3 Triangles

Calculating the area of a triangle is a little more compkcdatbut we can
make it easier by using a sketch. Use any triangle and caflittesa, b and
C.

IS

Now turn the triangle so that we can use any side as the basasluse side
b.
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b

Draw a line from the top vertex (angular point) perpendictdahe basd,
and call ith (for height).

h

m

b

Now draw a rectangle over this triangle by drawing a line |paréo the base
b through the top of the triangle and two more lines paralldl so that we
have the following:

D E

c P b A
Call this rectangl&CDE. The original triangle is calleACBand is made
up of two trianglesPCBandAPB.

It is clear that the triangl®CBis exactly one half of the rectangBPC,
and the trianglé@PBis one half of rectanglBEAP. This means that the area
of the triangleACBis exactly one half that of the rectandd&DE.

The area of the rectangl&CDE = AC x CD.
ButCD = EA= h, therefore the area of the rectangldis h.
Therefore, the area &CDE = b x h.

We have already found that the area of the triangle is halfdhtne rectan-
gle ACDE.

[74]
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Therefore, the formula fahe area of a triangleis

A = %basex height

= %bxh

Example 4.8

Calculate the area of a triangle with base 9,3 mm and heighmim.
The area of a triangle is

A = %bxh

1
= -x93x7,6
2>< ) X?
~ 3534

The area of the triangle is 334mnf.

(

Exercise 4.4

1. Calculate the area of the following shaded figure:

T (See page 159 for the

solutions.) 6 m

9m ]
14 m

2. Calculate the area of the following figure:

AN

4m
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4.4.4 Circles
The formula for the area of a circle is

A=rTmr".

How this formula is arrived at is not important in this modulet us look at
an example.

Example 4.9
Calculate the area of a circle with radius 3 m.

The area of the circle is:

A = m

= (3

= m9

~ 2827
The area is 2827 n?.
f 1
Exercise 4.5

. . ) T (See page 161 for the
1. Calculate the area of the following circle: solutions.)
25 cm
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2. Calculate the area of the following figure:
50 mm

30 mm

4.5 \Volume

Volume {V) is the word used for the capacity of a three—dimensionadaibj

The basic Sl unit for volume isubic metre (m?). The volume of a cube,
with each side’s length one metre ase cubic metre

Im

Im

45.1 Cubes

A cube is a block with sides all equal in length, that meankeitgth, width
and height are all equal in length.
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The formula for thevolume (V) of a cubeis:

V = IxIxl
|3

45.2 Prisms

In a rectangular prism the length, width and height can beffdrdnt lengths.

/

The formula for thevolume (V) of a prism is:

V = area of the base perpendicular height
= Ixbxh

4.5.3 Cylinders

A cylinder is any object that has circles at its base and taphas a pedicu-
lar height that joins the top and base.

~— i
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The formula for thevolume of a cylinderis:

V = area of basex perpendicular height
= m?xh
= m?h

4.5.4 Conversions and litres
Volume units other than f(cubic metres) are also used. It is easy to convert
from one unit to another in the Sl system as we work in mulsglkten.
To convert from cm to mn:
len? = lcmxlcmxlcm

= 10mmx 10mmx 10mm
1000 mnt

In words: One cubic centimetre is equal to a thousand culiomsires.

Therefore, to convert from cfrto mn? we mustmultiply by 1000, and to
convert from mm to cn? we mustdivide with 1 000.

To convert from m to cnr:

1m® = Imx1imx1im

= 100cmx 100cmx 100cm
1000000cr

In words: One cubic metre is equal to a million cubic centiegt

Therefore, to convert frorm? to cm?® we mustmultiply with 1 000 000, and
to convert fromcm3 to m3 we mustdivide with 1 000 00Q

Another unit often used to measure volumétre . Internationally, the ab-
breviation for litre is L, but in South Africa we uge

1/ = 10cmx 10cmx 10cm= 1000c¢n3.

Therefore, to change frofitre to cm 3 we mustmultiply with 1 000. To
change frontm? to ¢ we mustdivide with 1 000.
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1m® = Imx1mx1m
= 100cmx 100cmx 100cm

— 1000000cm

_ 1000000,
~ 1000

= 1000/.

Therefore,

1m® = 1000/

To change fronm?3 to litre , we multiply by 1 000.

Example 4.10

1. Determine the volume of a cube with sides 50 mm long.

Give the answer in cfa

The volume of the cube is:
V = 50x50x50

125000
The volume is 125000 m#n
We know that 1000 mf= 1¢.
Therefore to change the volume to grdivide with 1 000.

Thus
V = 125000+1000

125
The volume is 125ckh
Alternatively, first convert the side lengths from mm to cnyéd

V = 50mmx50mmx 50mm
= 5cmx5cmx5cm  (10mm= 1cm)
= 125cn?

. Determine the volume of a prism with=2m, b =3m andh =3m.

Give the answer in litres.
The volume of the prism is:

V = |Ixbxh
= 2x3x%x3
18.
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The volume is 18
To change the volume to litres, multiply with 1 000 because

1m® = 1000/. Thus

V = (18x1000
= 18000
The volume is 18 000 litres.

3. Determine the volume of a water pipe which is 2 km long with-a
dius of 25 cm. Give the answer in litres.

First convert all the measurements to the same units:

2km = 2000m
(2000x 100)cm
200000cm

The volume of the water pipe, which is in the form of a cylindsr

V = mh
= 17(25)% x 200000
= 711125000000
3926990817

The volume of the water pipe is thus 392 699 OBANT.

To convert this volume to litres, we divide by 1 000. The vokiis
thus 392 699 litres.

Exercise 4.6
T (See page 162 for the ) _
solutions.) 1. How many crd are there in half a litre?

2. The perpendicular height of a circular dam is 1,5m and thmeiter is
5m. What is the volume of the dam in litres?

3. Calculate the volume of a prism of size 12cm by 9cm by 4cm.
L J
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4.6 Summary of formulas

Perimeter

Rectangle: C=2(l +w)
Square: c=4l
Triangle: C=a+b+c
Circle: C=2m

Area

Rectangle: A=1 xw
Square: A=1?
Triangle: A= 3bh

Circle: A=
Volume

Cube; V=13
Prism: V=I|xbxh

Cylinder: V = mrh

4.7 Applications

Now that you have mastered the basics of measurement, weiagetg
apply it to problems encountered in our daily lives. Thes#bfams usually
demand some type of decision from us: how many tiles to buy, ¢ften

to phone the oil recycling company, and so on. From what yee kearned
you will be in a position to confidently make such decisionise Tollowing
examples will illustrate different applications.

Example 4.11

1. You want to tile your lounge floor of size 5,0 m by 2,5 m. Hownya
tiles are needed if the tiles are 250 mm by 250 mm? Add 10% for
breakage.

The area of the floor is a rectangle and thus we can calculase it
A = Ixw

= 2,5x50
125

The area of the lounge floor is 12,5m

Since we have to use the same unit right through, we needd¢olatd
the area of one square tile irPniTo do that we convert the side length
of the tile frommm to m.
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Remember 1000mm= 1m
250

1000
= 0,25m

Therefore 250mm=

The area of one tile is thus:

A = |?
= (0,25)?
— 0,0625

The area of one tile is thus 0625 n?.

To get the number of tiles needed we divide the floor area bypitha
of one tile. (Remember the area of the floor and tile must blen t
same units!)

12,5

0,0625
— 200

Number of tiles =

Thus, 200 tiles will cover the 5m 2,5m floor.

To provide extra tiles for possible breakage, we add 10%etbes,

the total number of tiles= 200+ 10% of 200

10
= 200+ 100 x 200

= 200+ 20
= 220

The number of tiles we need to purchase is 220.

2. How much will it cost to fill your swimming pool to the brimthe
pool is in the form of a prism of size 6 m by 4 m by 2m? You can buy
water at R5 per kilolitre.

First we calculate the volume of the swimming pool:

V = Ixbxh
= 6x4x2
= 48

The volume of the swimming pool is 48%which is 48 kilolitre.
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As discussed in the section on volume, we know that

1m® = 1000/ =1 kilolitre

1 kilolitre cost R5, therefore, the cost to fill the pool is adws:

cost = price per kilolitrex number of kilolitre used
5x48
= 240

It will cost R240 to fill your swimming pool to the brim. J

Exercise 4.7

1. You want to cover the walls of your bedroom with wall pagére ;ro(fjﬁgnpsa)ge 163 forthe

bedroom floor is 4,3 m by 3,4 mand the walls are 2,5m high. Olhe ro
of paper covers 4,5f How many rolls of wall paper will you need to
purchase? Ignore any doors and windows in your calculation.

2. You have moved into your newly built house and want to ctiver
whole garden with grass initially. Your garden budget is R@6. The
figure below shows the area you want to cover with grass. Aagard
contractor has quoted you R15 pef to plant kikuyu grass and R20
per n? to plant LM grass. Will you be able to use this contractor and
stay within your budget?

30 m

40 m

2



Chapter

Equations and formulas

On completion of this chapter you will be able to
e manipulate equations
e solve equations

e change the subject of a formula in an equation

5.1 What are expressions, equations and formu-
las?

An expression is a combination of numbers, operators, letacnd vari-
ables for example:
3x—6,2x5, and 2(3x—5)

An equationstates that two expressions are equal to each other.
For example: 2+3=09.
An equation always contains an equal sign.

A formulais a specific expression which representsréfationship between
different variableslt is, in fact, a recipe for calculating the value of some
desired variable, called tlieependenvariable, from the values of the rele-
vantindependenvariables.

You are familiar with the use of formulas by now, because weshssed for-
mulas throughout Chapter 4.
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In this chapter you will learn how to manipulate equationsdtve them and
how to change the subject of a formula.

5.2 Manipulation and solving of equations

How do we solve fox in the equation $+4 = 197

Think back to a see-saw from your childhood.

We have said that in an equation the left-hand side (LHS)astxequal to
the right-hand side (RHS) . That means that our see-saw reustlalance
with the = sign directly above the point of supporta.

o = O
A

If we want to solve foix, we manipulate the equation by getting rid of every-
thing on the left-hand side of the equation, so that we haletbe x on the

left. But remember: our see-saw must stay in balance becdise equal
sign. Therefore,

Whatever you do on the left-hand side of the equation, you ohuthe
same on the right-hand side as well.

Now back to the original question.
Solve %+4 = 109.
We go step-by-step to get tixealone on the left.
First take away (subtract) the 4. On both sides!
5x +4-4 19-4

O - O
A

Thus
5x 15
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You can see that our see-saw is still in balance. The see-asotstay in
balance right through our manipulation.

If we want to solvex we are still stuck with the 5. To get rid of the 5, we can
divide (both sides!) by 5.

15
5

O - O

Thus
X 3

O - O
A

To check our answer we can substitute 3 in the original equation.

LHS = 5x+4
— 5(3)+4
= 15+4
= 19

RHS = 19

Therefore, the right hand-side is equal to the left hand-gidie substitute
with 3. Therefore, our answer &f= 3 is correct! That means, the equation
5x+4 =19, is true ifx = 3.

Now let us take this solving of a variable step-by-step.

Example 5.1
Solve the following equations:

1.
b+4=09

To solve forb subtract 4 on both sides. Thus

b+4—4 = 9-4
b = 5.

The value ob is 5. That means i = 5, the equation

b+4=9
is true.
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2.
p—4=9
To solve forp add 4 on both sides. Thus
p—4+4 = 9+4
p = 13
The value ofpis 13.
3.
4k =24
To solve fork divide by 4 on both sides. Thus
4 _ 24
4 4
k = 6.
The value ok is 6.
4. .
- =24
4

To solve fork multiply with 4 on both sides. Thus

l—<><4 = 24x4

4
k = 96.

The value ok is 96.
Check all four of these answers by substituting the answirdroriginal
equation!

To summarise;:

Apply the inverse basic operation both sides

The inverse operation for
e addition{t) is subtraction{)
e subtraction{) is addition{)
e multiplication(x) is division(=)

e division(=) is multiplication(x).
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Example 5.2
Solve the variable in each of the following equations:
l.a+3=5

The operation on the left hand-side of the equation is andiflo
solve the equation apply the inverse operation of subtractin both
sides and simplify:

a+3 =
a+3-3
a —=

|
N o1 Ol

|

w

The value ofais 2.

2.b—-7=16
To solve the equation apply the inverse operation of addito both
sides:
b—7 = 16
b—74+7 = 16+7
b = 23

The value ob is 23.
3.Xx—2=6

To solve the equation add 2 on both sides:

X—2 = 6
X—2+2 = 6+2
X = 8

The value ofx is 8.
4. 3p=14

To solve the equation divide by 3 on both sides:

3p = 14
3 _ u
3 — 3
p = 43

The value ofpis 43.
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r
5. - =4
5
To solve the equation multiply by 5 on both sides:
r
— = 4
5
ro 5
3 X 1 = 4x5
r = 20

The value of is 20.

T (See page 165 for the

Exercise 5.1 solutions.)

Solve forx in the following equations:
(@) x+4=12
(b) 6+x=2
(c) x—7=-3
(d) 5x=23
©) 2 ~10

Our next step is to look at a combination of the basic opematibet us look
at some other examples.

Example 5.3

Solve forx.
2x—3=5

Add 3 both sides and simplify.

2X—3+3 = 543
2Xx = 8

Divide both sides with 2.

< MR
Aol o

Thusxis 4.
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Example 5.4
Solve forx. «
—+2=11
3 +
Subtract 2 both sides.
X
—+2-2 = 11-2
3 +
X
Z =9
3
Multiply both sides with 3.
x 3 _ 9.3
371 171
X = 27
Thusx s 27.
Example 5.5
Solve forp.
/p+5=33

Subtract 5 on both sides and simplify.

7p+5-5 = 33-5

7 = 28
Divide by 7 and simplify.
28
77
p = 4

Always remove the numbéuarthestfrom the variabldirst.

Exercise 5.2
T (See page 166 for the
solutions.) Solve the variables in the following equations. Always d¢hgour
answer.
(@) %+3=6
(b) 6x—4 =26

(c) —5x+4=19




BNU1501 CHAPTER 5 EQUATIONS AND FORMULAS

m);—zzg

Let us look at more complicated examples:

Example 5.6
Solve the following equations:

1. 4+4x-2 =7
Add the constants on the left:
Ix+2 = 7
Subtract 2 on both sides:
4 = 5
Divide by 4 on both sides and simplify:
x =3
The value ofis 2 or 1,25.

2. &+6 = 3x+26
Subtracting & on both sides and simplify:
8X—3Xx+6 = 3x—3x+26.

SX+6 = 26
Subtract 6 on both sides and simplify:
5x = 20
Divide by 5 on both sides and simplify:
X = 4
3. 2(x+3)=18
Let us look at the LHS separately:
LHS: 2(x+ 3)

According to the order of operations (see 2.4 in Section 2v&.have

to remove the brackets first. We cannot simplify what'’s inliheck-

ets: thex and the 3 are not like terms. What we do is to multiply what
is in front of the brackets with each term inside the brackets

X

&)

We get 2xX+2x3
= 2X+ 6.
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Remember this simplification of a bracket, as you will usdtgmmin
solving equations. In general we have

a(b+c)=ab+ac.

Now back to our example.

2(x+3) = 18
2x+6 = 18
2x = 18-6
2x = 12
X = 6

Exercise 5.3

T (See page 168 for the

i Solve for the variable in the following equations:
solutions.)

(@) 53—x) =4(5+5x)

(b) 6a+3+1=4a—8—3a

() X+1—-2x=9—-x—-4

(d) 5x—3(x—(3x—4)) =2(5x—3(1—2x)) +5

5.3 Changing the subject of a formula

In formulas we usually have more than one variable. We caripubate the
formula so that we have another variable on the left. We ba&lmanipula-
tion “changing the subject”.

To change the subject of the formules= u+ at, fromv to u means we want
to haveu alone on the left hand side of the equation. To accompliskeit w
apply the inverse operation of additionumn both sides.

That is
VvV = u+tat
V—uU = u—u+at
Vv—u = at.
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But we wantonly u on the left, so subtraston both sides:
V—-VvV—u = at—v
—u = at—v

We multiply both sides by-1 to get rid of the minus sign in front of the
~(-u = —(at-v)
u = —at+v
u = v—at

Now we have changed the formula to havas the subject.

To change the subject of= u + at to a, we must remove the number or
variablefurthestfrom a first. In this case it is1. Thus

V—Uu = u—u-—+at
v—u = at.

We may switch the left-hand side and the right-hand siderat@t any time,
because they are equal to each other. We do that ta gethe left. Thus

at=v—u.

To have onlya on the left, we divide both sides lby

at o vV—Uu

t ot
vV—Uu

a = ——.

t
Another important aspect concerning formulas is that otiéygendent vari-
able and the independent variable(s), as mentioned at theriieg of this
chapter. The variable on the left is called the dependerdiiarand those
on the right are the independent variable(s).

In the formulav = u+ at, vis the dependent variable angda andt are the
independent variables.

Example 5.7
Change the subject of the following formulas to the variahdkcated:
1. Change the subject tan:
2y—3x = 4
Add 3x on both sides and simplify.
2y—3x+3x = 443X

2y = 443X
Divide by 2 on both sides and simplify.
y = X
3
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Thereforey = 3x+2.

2. Change the subject tan:
y—mx—c = 0

Add c on both sides and simplify.
y—mx—c+c = 0+c

y—-mx = ¢
Add mxon both sides and simplify.
y—mx+mx = Cc+mx
y = mx+c

3. Change the subject tin:

Va = b

Square on both sides.

(Va2 = (b)?

Simplify using the fact that,/a)? = a
a = b?

4. Change the subject tin:
ab—c = d

Add c on both sides and simplify.
ab—c+c = d+c

ab = c+d
Divide by b on both sides and simplify.
ab _ cd
b — b
a = ¢&td

b

5. Change the subject tan:
*y _
z

Multiply by zon both sides and simplify.
Xty z _ t. .z

z 1 — 11
X+y = 1z
Subtractx on both sides and simplify:
X—X+y = 1tz—X
y = tz—X
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6. Change the subject toin:
Vatb
o=
Multiply by t on both sides and simplify.
v a;+b xi = sxt.
va+b = st
Square on both sides and simplify.
(Va+b)? = (st)?
a+b = (st)?
Subtracta on both sides and simplify.
a—at+b = (st)?—a
b = st’°—a

7. Change the subject toin:
{ — v

- a

Multiply by a on both sides and simplify.

ix3 = Bt
at = +2h
Switch the sides around.
v2h = at

Square on both sides and simplify.

(V2 = (at)?

2h = (at)?
Divide by 2 on both sides and simplify:
2 _ (@?
2 — 2
h — &t

8. Change the subject tan:
2

Xt =y
Take the square root on both sides and use the fact/fkft x.
Ve = \fy

X =y
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9. Change the subject tan:
2
A = T
Multiply by 4 on both sides and simplify.
AN = T
Switch the two sides around.
m? = 4A

Divide by rron both sides and simplify.

2 4A
r T

Take the square root on both sides.

) 4A
r = \/—.

[ 4A
r

(
T (See page 170 for the

solutions.) Exercise 5.4

Change the subject of the following formulas to the variahtkcated

in brackets.

(@) yXy—z=w )
() 9= (0
(©) 1=(mK? -(K)
(d) r2=x24y? .. ()
(€) r2=x2+y? ~.(x)
(f) I="Prt .. ()
(g9 S=P(1+rt) (1)
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Chapter

Straight lines

On completion of this chapter you should be able to
e draw a straight line on a system of axes
e determine the slope of a straight line
e determine the equation of a straight line

If a vertical and horizontal number line intersect perpeuatdirly, they form
right angles (of 90) with each other and a co-ordinate system of axes is
formed. These two lines intersect to form four sectiondedajuadrants.

2nd quadrant 1st quadrant

3rd quadrant 4th quadrant

The horizontal line is called theaxis, and the vertical line is called tlye
axis. These two axes MUST be clearly indicated wittxamd ay.
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The point where the two axes intersect (cross each othea)lesidheorigin
and is indicated by a zero.

Both thex-axis (that is, the horizontal line) and theaxis (that is, the verti-
cal line) must be divided into sections of equal length terfer scale.

Starting from the origin and moving to the right, we divide #xis into
equal parts. Note that the distance between the units (ms)nldJST al-
ways be the same. The numbers on the right-hand side of thie are posi-
tive numbers.
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A
WV

Now moving to the left of the origin, we divide the axis intoitsn(numbers)
of exactly the same length as those on the positive side. Tihbars on
the left-hand side of the origin are negative numbers (dsi€ase with the
number line).

N
3
x

3 —2 1 1 2 3

We follow the same procedure on the vertigalxis. The numbers above the
origin are positive numbers and the numbers below the oagmegative
numbers.

A neat system (set) of axes is given in the following sketch.

101



BNU1501 CHAPTER 6 STRAIGHT LINES

N
\VV

How do we use the numbers on the set of axes?

If we look at the set of axes below, we see that in any point erbtioken
vertical line,x is equal to 2.

VV

=
-------N-_--------
w
X

A specific point is indicated by two coordinates, written(gsy).

For example, to find the exact point whég 3) lies on the system of axes,

we do the following: All the points on the dotted line aboved@anx-coordinate
of 2 and all the points on the horizontal dotted line in théoiwing sketch

has ay-coordinate of 3.
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(2;3)
CF TP, v (X, y)

N
3
x

The broken line and the dotted line intersect at a point wket@ andy =3
and we write it down a$2; 3) — first thex-value and then the-value. The
order in which the numbers are written is important.

Note: Onthe horizontak-axesthe value ofy is alwayszero. On the verti-
caly-axis the value ok is always zero

Looking at all four the quadrants, we see that in the first gartgl bothx and

y are positive. In the second quadrans negative ang is positive. In the
third quadrant the values of boxrandy are negative. In the fourth quadrant
y is negative and is positive.

3--

(=22 51 22
1--

3 2 -1 { 1 2 3 X
-1+

2-% 7] ‘-2
-34

If we wish to draw a straight line (also called a graph) on a$eixes, we
need two points.
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Let us draw a straight line (line 1) through poirits; y1) = (1; 3) and(Xo; y2) =
(—1;—-1). We do it as follows:

1. Draw a neat set of axes and name the axes.
2. Divide the axes into equal suitable length units.
3. Plot the given points on the system of axes.
4. Join the points.
5

. Name the line.

Let us draw another straight line through the points
(x1;y1) = (—=3; 1) and(x2; y2) = (1; —1) (line 2).

y
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If we look carefully at the two graphs above we see that thediraight line
(line 1) runs from the third quadrant upwards, (that is adedrom left to
right) to the first quadrant. The second line (line 2) startdhe second
guadrant and runs downwards (that is, descends) to thenfquetdrant. We
also see that the second line is “flatter” than the fist lines Téteepness”
with which straight lines ascend or descend is calledstbpeor gradientof
the line. The slope is the ratio of change in thealue from one point to the
other to the change in the correspondirgalue.

Let us look again to the line passing through the poffits3) and(—1; —1)
(thatis line 1).

change in they-value

The slope of this line= change in thex-value

The slope of this line is positive 2. Any straight line thahsurom the third
guadrant upwards (that is, ascends) from left to right hassttipe slope.

Let us draw a straight line going through the poif#s3; 3) and(1; —1).

1105)



BNU1501 CHAPTER 6 STRAIGHT LINES

<

(—3;3)

s TR t---Ye(1;-1)

change in the-value

The slope of this line = change in the-value

_ iy
X1—X2

3-(=1)
)

4
—4

= -1

The slope of this line is negative. Any line that has a desicgn@hat is
downwards) trend from left to right has a negative slope.

Almost all straight lines intersect theaxis.

Refer to the straight line passing through the poitts3) and(—1; —1)
(line 1), again.
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y=2x+1

|
w

|
N

|

N

I_\_-
N
w

x

We have calculated that the slope of this line is 2. We see frengraph
that it intersects the vertical axigaxis, at 1. Can this information be repre-
sented in an equation?

Yes, there is a general functional equation that we can ussptesent this
information.

The equation for a straight line is

y=bx+a

whereb the slope of the line andthey-intercept.

The equation for a straight line passing through the poiht3)(and(—1; —1)
is given by

y=2x+1

Let us determine the equation for the straight line passinmugh points
(—3;3) and(1; 1) (line 3).
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We have calculated that the slope of the line-lsand looking at the graph
we see that thg-intercept is zero.

The equation for this line is thus

y = bx+c
= —1Ix+0

Can we determine thequation for a straight line passing through two
points without drawing a graph? Yes, we can by using the followingaeq
tion:

y=y1_Yo—W1
X—X1 Xo — X1

Example 6.1
1. Determine the equation for the line through the two points

(x1;y,) = (1; 3) and(xg; y2) = (—1; —1) and draw this line.
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2(x—1)

2X —
2X —

2
2+3

2X+ 1.

If one has the equation for a straight line can one then drawitie?
Yes! This is how we do it:

Draw up a table choosing three valueser the third point is to

check if your calculations are correct:

X

0

1

2

y

Now substitute the-values into the equation:

If x= 0 theny
If x= 1 theny
If x= 2 theny

y:

2xX+1
2000+1
0+1

1

2(1)+1
241
3

2(2)+1
441
5

Complete the table by filling in thgvalues, obtained above:

X

0

1

2

y

1

3

5

This means that the point8; 1); (1; 3) and(2; 5) lies on the line

which equation is

y=2x+1.
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Let us draw the graph by plotting tixe and the corresponding
values (points) on the graph and join the points. We then rthme
graph.

y=2x+1

2. Draw the graph of:
y=—-X+2
If x=0theny=—(0)+2=2
If x=1theny=—(1)+2=1
If x=2theny=—(2)+2=0.

Draw up a table and fill in thg values.

X

(@)
=
N

<
N
H
o

The points(0; 2), (1; 1) and(2; 0) lie on the line of

y=—X+2.

Draw a neat set of axes, name the axes and divide them up aggord
to a suitable scale, plot the points, join the points, andentdra graph.
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We can draw more than one graph on the same set of axes.

3. Draw the graphs for
(@) y=2x—-1
(b) y=—-3x+2
on the same set of axes.
(@) y=2x-1

If x=0theny=2(0)— -1

|
w

1
If x=1theny=2(1)-1
If x=2theny=2(2)—-1

X 0|12
y -1{1|3

The points(0; —1), (1; 1) and(2; 0) lie on the line of

y=2x—1.

(b) y=—-3x+2
If x=0theny=—-3(0)+2=2
If x=1theny=—-3(1)+2=-1
If x=2theny=—-3(2)+2=—-4
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X 0 1] 2
y 2| 1] 4

The points(0; 2), (1; —1) and(2; —4) lie on the line of
y=—-3x+2.
Draw a neat set of axes, name the axes and divide them intd equa

lengths according to a suitable scale, plot the points fefitist graph,
join the points and name the line. Do exactly the same forélersd

equation.
y
3 2 -1 3 X
-1
—Yy=—3X+2
—2+
—3+
( 1 1 (See page 172 for the
solutions.)
Exercise 6.1

1. Draw a straight line through the poirits2; 4) and(3; —1).
2. Draw a straight line through the poir{ts1; —2) and(2; 3).

3. Determine the equation for the straight line going thiotige points
(2;3) and(—2; —-2).

4. Determine the equation for the straight line going thiotige points
(—=1;-2) and (2; 2).

5. Draw the following two straight lines on the same set ofsaxe

y = —x+2 and
y = 2x—1
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Chapter

Basic Financial Calculations

On completion of this chapter you should be able to
e do basic simple and compound interest calculations
e do basic annuity calculations
e calculate the payments on a mortgage loan
e set up a basic amortisation schedule

Note: e Appendix A contains the solutions to all exercises by substi-
tuting into the relevant formulas and using ordinary cadton
keys, when necessary.

e Appendix B contains the solutions to the financial exercises by
using the ordinary ofinancial keyson the calculator.

7.1 Interest

Interest is money that you receive if you have invested a sumoney, or
money that you pay if you have borrowed money. The amounttefest

is calculated as a fraction of the amount borrowed or saved @period of
time. The fraction, also known as the interest rate, is Ugeapressed as a
percentage per year. The period of time should be expressezhrs.
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7.1.1 Simple interest

If you borrow money from the bank and the amount that you oveebtink
for the loan, is calculated at the end of the time period yaudveed the
money for, you pay simple interest — only one calculationesassary.

Example 7.1

1. How much simple interest is payable on a loan of R20 00Cokad
for a period of one year at a simple interest rate of 10% peryea

The interest payable per year is 10% of R20 000:
Interest payable= 10%x 20000
= 8 x20000
= 0,10x 20000
2000

The above means that at the end of the year (that is after 1Ehsjon
R2 000 interest is owed to the bank.

Can we formulate an equation for calculating simple inté&res
Yes! Let us try to do so:

The interestl) payable equals the original amount borrowed, also
called the principa(P) or present valug multiplied by the interest
rate(r) per year, multiplied by the time in yeaft) that we borrowed
the money for.

The formula to calculate th@mple interestis:

| =Prt

whereP is the principle amount borrowed or the present value of the
loanr is the simple interest rate per year and the time in years that
the principle is borrowed. Let us use this equation and séxidbove
calculation was correct.

Il = Prt
= 20000x0,10x 1
= 2000
Now let us set up a formula for tHature value or accumulated amount
(S) — that is the total amount payable at the end of the pefitiche
the money is borrowed for:
S = P(principal + I (interest payable
= P+Prt (Replacd with Prt)
= P(1+rt) (Take outthe common facté)

114



See Appendix B (7.1)
for how to enter this
calculation on your
calculator

See Appendix B (7.2)

See Appendix B (7.3)

See Appendix B (7.4)
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Thus, thefuture value formula is
S=P(1+rt)

Let us test our new formula.
S = P(1+rt)
= 20000(1+ 755 x 1)
= 20000(1+0,10x 1)
= 2000011+0,10)
20000(1,10)
22000
An amount of R22 000 must be paid back at the end of year one.
We could also use our calculator to do this calculation.
The answer is 22 000.
If we wish to borrow the money for a period of three years thalto
amount payable is
S = P(1+rt)
= 200001+ {8 x 3)
= 20000(1+0,10x 3)
= 26000

. Martha invested R1 500 for 21 months. The applicable srmérest

rate is 9% per year. Determine the amount of interest thatiawill
receive in 21 months’ time.

In the formula time has been defined in years, therefore, thaénths
should be written in years, and therefore divided by 12.

I = Prt
= 1500% 135 X 33
236,25

Martha will receive R236,25 interest after 21 months.

. Sera must pay Stephan an amount of R3500 in 6 years’ tim&,34

simple interest rate is applicable. Determine the amowattSlera bor-
rowed from Stephan 6 years ago.

S = P(1+rt)
125
3500 = P(1+ 15 x6)
P _ _ 3500
<1+11Ldg><6)
— 2000

Sera borrowed R2 000 from Stephan.
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4. Jane borrowed R5 000 from John at a simple interest ratéb®6.7
The amount she needs to repay is R7 500. Determine the times und
consideration.

First manipulate the formula so thais on the left-hand side of the
equal sign and the rest of the variables are on the right-baiedof the

equal sign.
S = P(1+rt)
S = 1+t (Get rid of theP)
S-1 =1t (Get rid of the 1
n = 3-1 (Switch around the terms)

P
t = (§-1)=r (Getrid of ther)

Now fill in the values of the variables.

_ 7500 . 75

t = (800~ 1)+ 100

= (1,5-1)x3¥
100
— O,SXﬁ
= 6,6667

See Appendix B (7.5)

Jane needs to pay Johan R7 500 in 6,67 years’ time.

5. Temba borrowed R12 500 from Thabo. He must pay him R20 600 si
years from now. Determine the applicable simple interd@staawhich
Temba borrowed the money.

From the question we see that in six years’ time Temba must pay
Thabo R7 500 in interest. The following formula may be used:

I = Prt

7500 12500xr x 6

r = 7500
125006

~ 01
= 10% See Appendix B (7.6)

Themba borrowed the money at a simple interest rate of 10%qaer

f ' 1 (See page 175 for the
solutions.)

Exercise 7.1
1. James borrowed R2 000 from Tim at a simple interest rat&wp&r

year. Determine the amount that James must pay Tim aftenseve
years.

116



CHAPTER 7 BASIC FINANCIAL CALCULATIONS BNU1501

2. Debbie must pay Douglas an amount of R6 400 in four yeare.ti
Determine the amount that she borrowed from Douglas if al@mp
interest rate of 15% per year is applicable.

7.1.2 Compound interest

In the case of simple interest only one calculation of irdei®done, namely
at the end of the contract or investment period.

In the case of compound interest, interest is calculateegatiar intervals,
without paying or withdrawing the interest that means thegrest is also
calculated on interest during the following compoundingqus.

Example 7.2
1. Simple interest

Suppose you invest R1 000 for three years at a simple intextesof
10% per year. At the end of the three year period you will hareed

interest, |, where
I = Prt

= 1000x0,10x 3
= R300

and the accumulated amount will b¢ IF000+ 300) = R1300.
2. Compound interest

Suppose the interest is calculated at the end of each yeanstedd
of withdrawing the interest, you leave the interest in theoant. Then,
after one year you will have earned

I = Prt
= 1000x0,10x1
= 100

This R100 is added to the principal and at the end of year twowith
receive interest on the original principal of R1 000 plusititerest of
R100— thus on R1 100.

The interest earned in the second year is

| = Prt
= 1100x0,10x 1
110

At the end of year two you will have a balance of
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R(1100+110) = R1210 in your account.

The interest earned in the third year is

I = Prt
= 1210x0,1x1
121

and at the end of the third year you will have a balance of
R(1210 + 121)=R1 331,00 in your account.

As you see, if interest is calculated more frequently andmtitdrawn
you earn R1331- 1300 = R31 more in interest than when the calcu-
lation is done at the end of the investment time. Interegtithealcu-
lated more frequently and not withdrawn is called compounterest.

The above boils down to an interest-on-interest situat@mpound
interest is just the repeated application of simple intaxethe prin-
cipal which at each stage is increased by the simple inteegaied in
the previous period.

Instead of doing a separate calculation for every compoenic g,
we do only one calculation by using tetempound interest formula
namely:

COMPOUND INTEREST

S=P(1+i)"
where
S = the accumulated amount or future value
P = the principal or present value

i = the given interest rate per year divided by the number
of compounding periods per year

n = the time in years multiplied by the number of compounding
periods per year.

Let us use the formula to check our calculations above:
S = P(1+i)"
= 1000(1+ 19%

= 1000(1+0,10)°
1331,0000

)3x1

Ordinary calculator steps:

1000 1E| 0,10 2ndF | 3[=) See Appendix B (7.7)
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See Appendix B (7.8)
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The accumulated amount after three years, if R1 000 is iadest
10% compound interest compounded annually, is R1331,00.

By using the financial keys on the calculator: See Appendix B(7.7).

Note: The prescribed financial calculator has been pre-
programmed to do these types of compound interest
calculations.

See Tutorial Letter 101 for the explanation of the use of tharfcial
keys on the calculator. It is very important to study the gkltor ex-
amples in Appendix B.

. Cheryl invested R2 000 at an interest rate of 12% per yearpounded

every six months for ? years. What will this investment amount to?

The above may be represented on a time line as

R2000
129

: — )

Nl

now
By using the formula:

S = P@a+i)"
whereP = 2000
I = 12%-+2 The interestis compounded every
six months that is twice a yedr = 2)
n = 2,5x2

%\ 2,5%2
S = 2000(1+ 12%)>%

2,5x2

0,12
s = 2000(1+242)
— 26764512

Ordinary calculator steps:

2000[x][ (] 1[+] 0.12=] 2[) ] [2ndF] [y [ (] 25[x] 2])]
=l

Cheryl will receive R2676,45 after%zyears.

By using the financial keys on the calculator: See Appendix B(7.8).

. Carl borrowed money from Daphne at an interest rate of 164 gar

compounded quarterly. The total amount to be paid back igesaxs’
time is R5000. Determine the amount of money that Carl bogtbw
from Daphne.
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6
I T% R5 000
— ' —+ ------ +—+—+—+—tyears
now 1 2 5 6
By using the formula:
S = P(1+i)"
with S = 5000
I = 16%-+4
n = 6x4
6x4
5000 = P (14 16%)
6x4
5000 = P(1+24)
24
P = 5000+ (1+24°)
P — 19506074

Ordinary calculator steps:
5000E| 1[+]0.26[=] 4 2ndF | 24[=]

Carl borrowed R1 950,61 from Daphne.

By using the financial keys on the calculator:

See Appendix B(7.9). See Appendix B (7.9)

5. Debbie invested R5 000 into an account earning 7,5% istteoan-
pounded monthly. She received R7 830,59. Determine the auaib

periods under consideration.
7,5%

R5 000 > R7830,59

now n

By using the formula:

S = P(1+i)"
S — 783059
P — 5000
i — 7,50+12
75%\"
783059 = 5000(1+75%¢)
783059 — 5000(1+%75)n
n = 72 (Logarithms have to be used)

See Appendix B (7.10)

Debbie invested her money for 72 months which is 6 years.
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t (See page 176 for
solutions.)

T (See A(3), A(4), A(5)
and A(6) in Appendix B
for the solutions by
using the financial keys
on the calculator.)
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Note: One needs the knowledge of logarithms if the unknown is
in the exponent. Logarithms are not part of this module’s
syllabus, therefore it is advised that students usditiaa-
cial keyson the calculator in such a case. See Appendix B
(7.10).

Exercise 7.2

1. Sam borrowed R10000 at 7,5% per year compounded montatgrD
mine the amount that Sam owes after 3 years.

2. Marcus must pay Mika R12 000 in six years’ time from now. ddet
mine the amount of money that Marcus borrowed four years fego i
interest rate of 11,5% per year, compounded weekly wascaipé.

3. Jillinvested R10 000 into an account earning 9,2% intecesn-
pounded quarterly. If she received R24 832,78 determinpeheds
under consideration.

4. Abel invested R15000. After 10 years he received R45 0@de®
mine the yearly interest rate (compounded yearly).

7.2 Annuities

In each of the above instances only one amount was eitheoldrarrowed.

In the case of simple interest only one calculation was dowktlae interest
was added to the principal at the end of the whole period.

In the case of compound interest, only one amount was eghéol bor-
rowed and the interest was calculated according to the nuailsempound-
ing periods per year which can differ from one investmentiother. After
each calculation the interest was added to the principattamthterest for
the following compounding period, was calculated on the pancipal, and
so forth.

There are also situations where the same amount of moneidignpaan
account at certain fixed equal time intervals. For example:

Every Monday morning you deposit R100 into a bank accourtout with-
drawing any money from this account. Or you deposit say R1i@0an
account every 1'50f a month without withdrawing any money from this ac-
count. You could also deposit the same amount every yeangsa®the in-
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tervals between the payments are exactly the same. Thigfypgnsaction
is called an annuity.

An annuity is a sequence of equal (same amount) payments at &)
time intervals.

There are two types of formulas to determine different v&lfeannuities.

7.2.1 The future value of an annuity

Thefuture value of an annuity, is the balance in an account after a series of
payments have been made at equal time intervals.

Example 7.3

1. Suppose Bert deposited an amount of R600 at the end of geary
into an account earning 11,5% interest per year for threesy&seter-
mine the accumulated amount at the end of year three.

11,5%

RGOO—RG;OO
R600 ]
now 1 2  3years
The first deposit will earn interest for two years, and willamt to
S = P(1+i)"

600(1+ 11,5%)°
600(1+ 0,115
74594

The second deposit will earn interest for one year, and wilbant to
S = P(1+i)"
600(1+ 11,5%)*
— 600(1+0,115*"
669,00
The third R600 will earn no interest.
At the end of year three Bert will have a balance of
R(754 94+ 669 00-+ 600) = R2 014,94 in the account.

Just think what it would be like if you had to do, say 30 of thewad
calculations!

Instead, the following formula may be used for determinimg future
value of an annuity.
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The formula forfuture value of an annuity is

FUTURE VALUE

s R((1+i_)”—1>

A shortened version of the formula is
S= Rsmj

(In this shortened version of the formula, the given infotiorais sort
of summarized).
whereS = the future value or accumulated amount
R = equal payments made at equal time intervals
I = the applicable interest rate divided by the number
of compounding periods per year

n = time inyears multiplied by the number of
payments per year
Smi = Inwords Snanglei
wheren = the number of years multiplied by the number of

compounding periods per year
i = theyearly interest rate divided by the number of
compounding periods

Let us use the formula above to check our previous example.
S = Rspj

= 600s3 115%

= 600’5§|0,115
: = 201494
See Appendix B (7.11)
By using the financial keys on the calculator:See appendix B (7.11)

By substituting into the formula:

S — R<(1+i_)”—1

1+0,115°%1-1
- 600(( 0,151)5 )

— 20149350

Ordinary calculator steps: 600 1 El 0,115
£ [rA N R B LR
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What does this mean? It means that if you deposit an amourd@® R
at the end of every year into an account earning 11,5% intpegs
year, there will be a balance of R2 014,94 in the account Hitee
years.

2. Determine the accumulated amount of an annuity with qugrpay-
ments of R1 200, at an interest rate of 16% per year, compaunde
guarterly, made over a period of 10 years.

R1200 R1200 R1200 R1200 R1200 R1200 R1200 R1200

now 1 9 10

The values of the variables are as follows:
R = 1200
n = 10(years)x 4 (number of compounding periods)
i = 16%+-4=0,016+-4
S = Rspi
= 1200515:116%:4
=1 200510x4 0,164
= 1140306188 See Appendix B (7.12)

By using the financial keys on the calculator:
See Appendix B (7.12)

By using the formula:

S — R (L+i)"-1

[
10x4

0161044 _
— 1200 <1+“§6 :

0,16

— 1140306188

Ordinary calculator steps: 1 200 1 EI 0,16EI 4
] (2ndf] [y 4o 1) [ 0624 =

The accumulated amount of R1 200 made every quarter for 118 yea
R114030,62.

7.2.2 Present value of an annuity

Thepresent valueof an annuity is the amount of money (balance) in an
accountnowwhich have to be paid off in equal payments at equal time in-
tervals at a set interest rate so that the balance will beatdfe end of the
time period.
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Example 7.4

1. Determine th@resent valueof an annuity with yearly payments of
R600 made at the end of each year, at an interest rate of 1.6% p
year, for a term of three years.

If we do a step-by-step calculation, without a formula, wetdss fol-

lows:

The relevant time line is given below.
— 600

600

600

!
}
!
|

now

1 I 2 I 3 years

We wish to determine the value of the annuityw. We have to find
the present value of each payment of R600 now.

The present value of the first R600HRsn the formula

S
600

P(1+i)"
P(1+11,5%)*"

600
(1+11,5%)!
600
(1+0,115)*
5381166

538 12

(1 year discounted)

The present value of the second R60@ is the formula

S
600

P(1+i)"

P(1+11, 5%)2 (2 years discounted)

600
(1+11,5%)°
600
(1+0,115)°
4826158

482 62

The present value of the third R600Rsn the formula
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S = P@a+i)"

600 = P(1+ 11,5%)3 (3 years discounted)

P 600
(1+11,5%)°

P — 600
(1+0,115°

4328393
43284
The present value of the annuity is thus
R(53812+ 48262+ 432 84) = R1453,58.
We can however use the following formula to piesent value
annuities calculations:
PRESENT VALUE

A shortened version of the formula is

P = Ram
whereP = the present value or principal
R = equal payments made at equal time interval

i = the applicable interest rate divided by the number
of compounded periods per year

n = timeinyears multiplied by the number of
payments per year

Let us use the formula to check our above example.

P = Ramj

= 60&3@11.,5%
= 6005‘§|0,115

= 14535716 )
See Appendix B (7.13)

Note: There is a one cent difference because we rounded three times
in the step-by-step calculation and only once by using thadda.

By using the financial keys on the calculator:
See Appendix B (7.13).
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By substituting into the formula:

o (14+0,115°—1
- 600(0,115(1+o,115)3>

— 14535716

Ordinary calculator steps: 600 1 El 0,115
2ndF 3] 1 EI 0,115 1[+] 0,115 2ndF
3=

This means that if you were to pay R600 every year for threesyaa
an interest rate of 11,5% per year, you would be able to pag débt
of R1453,57.

2. Determine th@resent valueof R1 500 quarterly payments made into
an account earning 12,6% interest, compounded quartdrbytime
under consideration is six years.

First determine the value of the variables.
R = 1500
n = 6 x 4, the number of years multiplied
by the number of compounding periods per year
I = 12 6-+4, the interest rate per year divided
by the number of compounding periods per year

P = Rami
= 15003@12,6%4

150Q6;710,126: 4
See Appendix B (7.14) = 249976658

By using the financial keys on the calculator:
See Appendix B (7.14)

By using the formula:

P = R<((11++i?;'_-il>

L. 026 24_l
_ 1500<(§+%;6—>24%26>

= 249976658
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Ordinary calculator steps: 1 500 E 1 EI 0,126EI
4 2ndF 24E| 1E| 1E|O,1Z6EI4
24 0,126 =] 4[]

This answer means that you were able to pay off a debt (loaRp4f997,67
in three years’ time.

Every Friday Sophie deposits R160 into an account eaffifg in-
terest per year, compounded weekly. Determine the balacceifu-
lated amount) in the account after two years.

S = Rspi
= 1605%:5717,89%: 52
= 16057:5710,078: 52
= 179935568 See Appendix B (7.15)

By using the financial keys on the calculator:
See Appendix B (7.15)

By substituting into the formula:

1+M 52x2_q
- 160{—< oo }

52

S = R[%}

— 179935568

Ordinary calculator steps: 160[x 1[+]0.078=] 52
2ndF 522E| 1EI0,078EISZ
=]

Sophie’s account had a balance of R17 993,56 after two years.

Neville wishes to buy a motor cycle that will cost him R4&00eter-

mine how much money he must deposit every month into an atcoun

earning 8,4% per year, compounded monthly, in order to beyrnb-

tor cycle in three years’ time. See Appendix B (7.16)

S = Rspyj
R = -S

Smi
48000
S3x1218,4%: 12
48000

S3x1210,084:12
— 11770186
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By using the financial keys on the calculator:

See Appendix B (7.16)

By substituting into the formula:

S - R [(1+i)”—1}

R —

S [(1+ii)”—1]

— 48000+ {—(”13084
12

0.084)12><31:|

= 11770186

Ordinary calculator steps: 48 OOOEI 1 El 0,084EI
12 2ndF | 36[] 1E| 0,084 =] 12[=]

Neville has to deposit R1 177,02 every month in order to ha4@ @0
available into three years’ time to buy his motor cycle.

. How long will it take Eva to save R55 000 if she deposit ewargr

R9 500 into an account earning 7,34% interest per year.

S = Rspj
55000 = 9500Gm7,34%
55000 = 9500m0,0734%
n = 5

By using the financial keys on the calculator:

See Appendix B (7.17)

By substituting into the formula:

S —
i.e. Si =
ie. 3 =
e. (1+)" =
i.e. n =

[y
RI(1+i)"—1]
(1+i)"-1
2+1

log(&+1)
log(1+i)

55000¢0,0734
log 9500 +1)

log(1+0,0734
4,9997 years

Eva will have to deposit R9 500 every year for five years to $&8000.
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6.

Note: Logarithms are not part of the syllabus of this module.
Therefore it is advised that students use the financial ealcu
lator keys in exercises where the time (in the exponent) has
to be calculated. See Appendix B (7.17).

Harold must pay Rodney R12 500 every month for five yeargsyo p
for the gym equipment he bought. The interest rate is 12,3% ¢,
compounded monthly. Determine the price (present valut)eogym
equipment.
P = Ram;
= 12 5001@12,3%42

= 1250@s5; 17 0,123:12
= 5581267996 See Appendix B (7.18)

By using the financial keys on the calculator:
See Appendix B (7.18)

By substituting into the formula:

l+% 12><571
( 0122 22x5 0,123
(4+25°) 7

12
= 5581267996
The price of the gym equipment is R558 126,80.

Ronel owes llze an amount of R120 000. This debt must begfiid
in six years’ time. An interest rate of 13,6% per year, comuzad
quarterly is applicable. Determine Ronel’s quarterly papis.

= 12 500[

P = Rami
120000 = Rag:z1136:4
R = 73944704 See Appendix B (7.19)

By using the financial keys on the calculator:
See Appendix B (7.19)

By substituting into the formula:

24
— 120000- [w]

24
0,136 0,136
(:H- 7 ) I

— 73944704

Ronel must pay llze R7 394,47 every quarter.
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p )
T (See page 177 for the
solutions.) Exercise 7.3

Lg‘?ig‘;’?ﬁg;% 1. Determine the future value of an annuity after five paymehR6 000

A(10) for the solutions each paid annually at an interest rate of 10% per year.

by using the financial

keys on the calculator.) 2. Determine the present value of an annuity with semi-anmayaments

of R800 each at 16% per year compounded half yearly and waa t
of ten years.

3. Determine the present and future value of an annuity vaghments of
R200 per month for five years at 8% per year, compounded monthl

4. Mapule needs R25 000 in five years’ time to pay for a new leung
suite. She invest monthly an amount of money into an accaamirg
9,95% interest per year compounded monthly. Determine loetiy

deposits into this account.
L J

7.3 Amortisation

If we buy a house we usually borrow money from the bank to paytfe
house. The bank will then issue a mortgage loan that mustiddéopak over
a period of time. A mortgage loan is said to be amortised iftedlliabilities
(that is the principal and interest) are paid in equal paysanequal time
intervals.

Note: We use theresent value formulato determine the monthly payment
and the outstanding principal.

Example 7.5

1. Aloan of R50 000 is to be amortised at an interest rate of @866
year, compounded monthly by means of equal monthly paynuosets
a period of ten year years. The first payment is due at the etigbof
first month. Determine the monthly payment.

P = Ram

50000 = Rale 12115%-+12

R — 50000
aT0x12115%: 12

R 50000
a70x1210,15:12

See Appendix B (7.20) = 8066748
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By using the financial keys on the calculator:
See Appendix B (7.20)

The monthly payment is R806,67.

Note: There is an extra amount that must be paid when a loan
is amortised. The monthly payment includes the interest
on the outstanding balance in the account. This may best
be understood by drawing up an amortization schedule
(table).

. Alloan of R5000 is to be repaid at an interest rate of 15% par y

over a five year period.
A step-by-step calculation follows:

Theyearly paymentsare:

P = Ram
5000 = Rags50
5000 = Raggss
R = 149],,58 (by using the financial calculator keys)

See Appendix B (7.21)
At the end of year one the interest due is:

| = Prt
5000x 15%x 1
= 5000x0,15x 1
750,00.

This amount must be subtracted from the payment of R1 491,58 t
have the amount of capital paid off with this payment. Thusamount
of only R(149158— 750) = R741,58 was repaid.

The outstanding balance at the beginning of year two is thus
R(5000— 741 58) = 425842.

Note: Before the total yearly payment can be deducted from
the outstanding balance, 15% interest is to be paid on the
above amount:

Interest due= 425842 x 15%= 638 76

Therefore, the actual amount that can be deducted from émeiso
R(1491 58— 638 76) = R852 82 The outstanding principal at the
beginning of year three is thug&258 42— 852 82) = R340560.

The interest due is 15% 3 405,60 = R510,84. The loan is therefore
reduced by an amount of(R491 58— 510,84) = R98Q 74. The out-
standing amount at the beginning of year four is
R(340560—980,74) = R2424,86.
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The interest due is 15% of R2 424,86 = R363,73 while the amount
with which the loan is reduced is R(14%B— 363 73) = R1 127,85.
The outstanding balance at the beginning of year five is
R(242486—112785) = R1297,01.

The interest of 15% of R1 297,01 amounts to R194,55. If we diedu
this amount from the yearly payment of R1 491,58 it become2H]103
which is 2 cent more than the outstanding principal at thervegg of
year five. This is due to rounding errors.

The above information may be represented in a amortisatioackile
as follows:

PaymentsOutstanding | Interest Payment Principal
made principal (rand) (rand) repaid
(Year) | (balancein (rand)
rand)
5000,00
1 4 258,42 750,00 1491,58 741,58
2 3405,60 638,76 1491,58 852,82
3 2424,86 510,84 1491,58 980,74
4 1297,01 363,73 1491,58 1127,85
5 —0,02 194,55 1491,58 1297,03

Drawing up an amortisation table can be a tedious procesftire
we use our financial calculator to assist us with these caticuls.

For example, to determine the outstanding balance at thariag of
year four, we do the following:

First we determine the yearly payment by using the finanaikuta-
tor keys. For the whole procedure see Appendix B (7.22).

t (See page 178 for the Exercise 7.4

solutions.)

T (See Appendix B,
A(12) and A(13) for the
solutions by using the
financial keys on the
calculator.)

1.

2.

Mr and Mrs Smart bought a house for R750 000. They obtained a
mortgage loan at 11,6% per year compounded monthly withna ter
of 20 years. Determine their monthly payments.

Draw up an amortisation schedule for a loan of R12 000 witiarest
at 10% per year compounded yearly and a term of five years.
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Appendix

Solutions to exercises

Chapter 1. Numbers and variables
Exercise 1.1:1(a)
—1 is a negative integer (or a negative real number)

Exercise 1.1:1(b)

3 is a positive real number

Exercise 1.1:2

|
-1: 2 -1 0 1 2 number line

number line

INIH
|
N
|
[ —
o
'_\__
N

Exercise 1.2:1(a)
4,578

Exercise 1.2:1(b)
0,399
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Exercise 1.2:1(c)
10,000

Exercise 1.2:2(a)
7,97

Exercise 1.2:2(b)
10,50

Exercise 1.2:2(c)
9,00

Exercise 1.2:3(a)
12

Exercise 1.2:3(b)
10

Exercise 1.2:3(c)
0

Exercise 1.3(a)

Take the unknown value to bgor any other variable).

Subtract 4 from an unknown valug=— 4

Multiply this difference by 2: 2 (x—4) or 2(x—4)

Exercise 1.3(b)
Total cost = Number of loaves< price per loaf
cC = gxp
= Pq

Exercise 1.3(c)

Let
TCT, = Total Cooking Time in minutes
TCT, = Total Cooking Time in hours

W = Weightin kilogram
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Exercise 1.3(c)

(i)
TCTn = 30xW+15 (7x60=15)
= 30W+15

Exercise 1.3(c)
(ii)
TCH = JxW+3
1 1
Exercise 1.3(d)

It is given that

x = distance in kilometer
p = price per litre in rand
(i)

For 10 km your car uses 1 litre
i.e. for Lkm your car use% litre
i.e. forxkm your car usegy x X litre
= {g litre

The amount of petrol used to travekm is 7 litres.

Exercise 1.3(d)
(i)
Let c = total petrol cost
Petrol cost = Amount of petrolx price
C = 45XxXP

— Xp
— 10

Your total petrol cost will bd% rand.

Exercise 1.3(e)

Total cost of meal = Number of adults< (menu price per adul-

fixed charge) + number of children

menu price per child
= Xx(954+10)+yx50
= 105«+ 50y
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Chapter 2. Basic operations on numbers and variables

Exercise 2.1:1(a)
7+(3+2) = 7+(5 = 12
(7+3)+2 = (10042 = 12

The statement is true.

Exercise 2.1:1(b)

6+(-5+3) = 6+(-2) = 4
(6+-5+4+3 = (1)+3 = 4
The statement is true.

Exercise 2.1:2(a)
8-5=3

Exercise 2.1:2(b)
—8— (-5 =-3

Exercise 2.2:1(a)
—7x(2x-3) = —7x(-6) = 442 = 42
(=7x2)x-3 = (-14x-3 = 442 = 42

The statement is true.

Exercise 2.2:1(b)
12+ (-4+2) = 12+(-2) = -6
(12+-4)+2 = -3+2 = —

The statement is not true.

NIlw

Exercise 2.2:2
8+—-2=-4

Exercise 2.3:1

43—-13+1=30+1=31

Exercise 2.3:2
6+16—7=22—7=15
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Exercise 2.3:3
66+3—-30—4+12

= 69-30—4+12

= 39-4+12

= 35412

= 47

Exercise 2.3:4

22x8+4=176+-4=44

Exercise 2.3:5
460+-5%x4=92x4 =368
Exercise 2.3:6
200+-25x8x3+-4

= 8x8x3=4

= 64x3+4

= 1924

= 48
Exercise 2.4(a)
4db+b=(4+1)b=>5b

Exercise 2.4(b)
8y—Sy=(8-5y=3y
Exercise 2.4(c)

2P +4x2 = (2+4)x° = 6x°

Exercise 2.4(d)
7b?—4b=7b?—4b  (b?andb are not like terms)

Exercise 2.4(e)
20ab—5ab= (20— 5)ab= 15ab

Exercise 2.4(f)

B5x? 42X+ 3x2 + 5x
= 5x°+3x°+2x+5x (group like terms together)
8x2 + 7x.
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Exercise 2.4(g)

X+ 2y — 4X
= TX—4x+2y (group like terms together)
= 3X+2y

Exercise 2.4(h)

X2 +y? —3x% —5y? + xy
X% — 3x% +y? —5y% + xy
= (1-3)x2+(1-5)y?+xy
= —22 -4y +xy

Exercise 2.4(i)
x3y® — 3xy? 4 53y — yix — y3x3
= Xy -3y + 53y —xy? —x3y® (rearrange factors inside terms alphabetically)
= X3+ 53y3 — x3y3 —3xy® —xy® (group like terms together)
5x3y — 4xy?
Exercise 2.4())

12wx+ 5 — 3wy + 4yw—+ Xw-+ wx+ 3
= 12wx+5—3wy+4wy+wx+wx+ 3 (rearrange factors inside terms alphabetically)
= 12wx+wx+wx—3wy+4wy+5+3 (group like terms together)

14wx+wy-+8

Exercise 2.5(a)
BX x 2X = (6x 2) X (Xx X) = 12x X2 = 12%?

Exercise 2.5(b)
XY X 2Xy = (3% 2) X (XyxXy) = B6x(XXXXYXY)

= 6x (X2 xYy?)
6X2y2
Exercise 2.5(c)
3P x3x=(3x3) x(X¥xX) = 9Ix (XXxXXX)
3
Exercise 2.5(d)
2abx 4ac=8x (abxac) = 8(axaxbxc)
= 8a’bc

140



APPENDIX A

BNU1501

Exercise 2.5(e)
Xyxy=(1x1)x(Xxyxy)=1xy? = xy?
Exercise 2.5(f)

Blpxp=(3x1) x (I xpxp)=23lp?

Exercise 2.5(g)
17abx 10b = (17x 10) x (ax b x b) = 170ak?

Exercise 2.5(h)
—4kl x —5kp = (—4x—5)x (kx| xkxp)
= +20x (Kp)
= 20K%p
Exercise 2.5(i)

14x — 2cd is already in its simplest form.

Exercise 2.5())
4ac(—5ad) = —20a’cd

Exercise 2.6(a)

56x%y% -+ 8x%y?
S6x XXX xxxY xY xy
?xXnyxy

_ TXXxy
- 1

= Xy

Exercise 2.6(b)

—8}ac+3ad
—8lac

o 31 ad

_2fc
- d

Exercise 2.6(c)

32p? + —64p
_ 32pxp
— =b4p
-2
_ P

- 2
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Exercise 2.6(d)

10cd =+ —d

~10cd
- =d

= 10c

Exercise 2.6(e)

12xy-+12xy
_ A2xy
- 112xy
=1 Note: The answer is 1 and not 0.

Exercise 2.7:1(a)
Base: 6
Exponent: 4
Exercise 2.7:1(b)
Base: 3
Exponent: 2
Exercise 2.7:1(c)
Base: 10
Exponent: 8
Exercise 2.7:1(d)
Base: 206
Exponent: O
Exercise 2.7:2(a)
5% =5x5x5x5=625

Exercise 2.7:2(b)
10°=10x 10x 10x 10x 10= 100000

Exercise 2.7:2(c)
3,18=3,1x3,1x3,1=29791

Exercise 2.7:2(d)
206°=1
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Exercise 2.8(a)
-1_1
37=73

Exercise 2.8(b)

31 _ 1
St=% =15

Exercise 2.8 (c)
51x5?2=1x(5x5=2=5
(Check your answer Wlth a calculator.)
Exercise 2.9(a)
b % b2 b4+2 b6
Exercise 2.9(b)

X2 x 3x* = 6x°T4 = 6x°

Exercise 2.9(c)

a2b3 a4b5 a2+4 b3+5 a6 % b8 a6b8

Exercise 2.9(d)
2Xy X 4x2yR = 8x1t2yl+3 — gxdyA

Exercise 2.9(e)
2ab x 4a? x 3ab? = 24alt2+1plt2 — 245%p3

Exercise 2.9(f)
Exercise 2.9(g)

153’ 7-2 __ a5
= =3a'7“=3a

Exercise 2.9(h)

6cd?€? = 3cde? = 2¢t1d? 1?2 = 2c%d1e? = 2d
Exercise 2.9(i)

(x"') — 11x2y4x2 _ 12,8 _ 8

Exercise 2.9(j)

(3c*)? =32 () = 9cB
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Exercise 2.9(k)

(4a2b3)3 _ 41><3a2><3b3><3 _ 43a6b9 _ 64a6b9
Exercise 2.9(1)

(3X)1223)4 _ 31X4X1><4y2x423x4 _ 8b<4y8212

Exercise 2.9(m)
' _ P2y

ox2y2 T 31 T 3

Exercise 2.10:1

You can use your calculator to get to the answer directlywaialso show
you how to do it without a calculator.

Exercise 2.10:1(a)
V16=+/4x4=14
Calculator stepsl 2ndF | v 116[=]
Exercise 2.10:1(b)

V25=15x5=5
Calculator stepsl 2ndF Na ZSEI

Exercise 2.10:1(c)
V16=2x2%x2x2=2
Calculator steps: | 2ndF | 7 116[=]

Exercise 2.10:1(d)
V125= J5x5x5=5

Calculator steps: 2ndF| 7 1125=]

Exercise 2.10:2(a)
V196+V144=\/14x 14+ /12x 12=14+12= 26

Calculator stepd 2ndF |[,/~ 196{1' 2ndF |[ /| 144[=]

Exercise 2.10:2(b)
(\/5)2: VBxV5=15x5=5
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Exercise 2.10:2(c)

<\/6_4>2: V6hx \/64=8x8=64
Exercise 2.10:2(d)
(ﬂ)zzﬂxﬂ:lxlzl

Exercise 2.11(a)

There are no brackets, powers or roots, so we start wisimd-- form left to right:
4x3+-2+5x6—20+-4x%x2

= 12+-2+30-5x%x2

= 6+30—10 (Now+ and—)

= 26

Taerefore 4 3+-2+5x6—-20+-4%x2=26.
Exercise 2.11(b)
Fx7—v/9%x8+28+4x3

First do the powers and roots:
9x7—3x8+8+4x3

Then dox and--:

63—-24+2x3
= 63—24+6.
Lastly do+ and—:
39+6
= 45

Therefore 3x 7—1/9x 8+23+4x3=45,

Exercise 2.12(a)

7x8+8x9
56+72
128

Exercise 2.12(b)
7x(8+8)x9

= 7x(16)x9
1008
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Exercise 2.12(c)

(7x8+8)x9
— (56+8)x9

576

64x9

Exercise 2.12(d)
7x(8+8x9)
7x(8+72)
7x 80

560

Exercise 2.12(e)

200+ 16° =4
= 200+4096-=4
= 20041024
= 1224

Exercise 2.13

6x3-80+5)) + (2~ 77)

2)2) (4

= (16—4)74

= 12

= 3

4

—
~(18-16)%) =
—

(81—77)

Chapter 3. More operations on numbers

Exercise 3.1(a)
Method 1

4
6
LCM

2x2
2x3
2x2x3
12

Method 2
Multiples of 4 are:

4, 8;@; 16; 20; ...etc

Multiples of 6 are:

6;@; 18; 24; ...etc

Therefore, the LCM of 4 and 6 is 12.
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Exercise 3.1(b)

Method 1
6 = 2x3

16 = 2x2x2x2

Method 2
Multiples of 6 are:

6: 12: 18: 24: 30: 36: 4; _..etc

LCM = 2x3x2x2x2 Multiples of 16 are:

48

Exercise 3.1(c)

Method 1
5 =5
30 = 5%x2x3
LCM = 2x3x5
30

Exercise 3.1(d)

Method 1
14 = 2x7

20 = 2x2x5
LCM = 2x7x2x5
= 140

Exercise 3.2:1(a)
§=2;

Exercise 3.2:1(b)
3=24

Exercise 3.2:1(c)
$-2

Exercise 3.2:1(d)
=35

Exercise 3.2:2(a)

3% _303)+1 _ 10 OR

3 T3

16; 32;; 64 ...etc

Therefore, the LCM of 6 and 16 is 48.

Method 2
Multiples of 5 are:

5: 10: 15: 20: 25; 35: .. etc
Multiples of 30 are:

;60; 90; ...etc

Therefore, the LCM of 5 and 30 is 30.

Method 2

Multiples of 14 are:

14:; 28; 42; 56; 70; 84; 98: 112; 12; 154;
168; ...etc

Multiples of 20 are:
20; 40:; 60; 80; 100; 12; 160; 180;...etc
Therefore, the LCM of 14 and 20 is 140.

oS
I
w
_|_
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I
wlw©o
+
Wl
I
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Exercise 3.2:2(b)

8§ _ 8(M+3 _ 59
7 7 - 7

Exercise 3.2:2(c)

7544 _ 39

4 _
75_ 5 7 5

Exercise 3.2:2(d)

2§_2(8)+3_1_9
8~ 8 T 8

Exercise 3.2:3(a)
7 _1x7 _ 1

14~ 2x7~ 2
Exercise 3.2:3(b)

20 __ 2x2x5 _ 4
157 3x5 T 3

Exercise 3.2:3(c)

8 _ 222 _
1

Nl
N
I\)
w

Exercise 3.3:1(c)

3.9 _ 3_.21
21 7%X79

7721 —

X

= ~Nw

Exercise 3.3:1(d)

g Rlo

olul

X
EN N
X

|
olo
X

o
‘.4

Nl N
X
w
X
N
X
N

w

w
w

~

2x2x3

(63

2+
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Exercise 3.3:1(e)
5.1 .3

6+ 127°15
5 2x2x3 3
237X 1 X3x5

= 2

Exercise 3.3:1(f)

7 . 14 3
24 32" 16
_ 7 % 2X2X2X2%2 % 3
T 2x2x2x3 2x7 2X2%x2%x2

1

- 8

Exercise 3.4:1(a)

Exercise 3.4:1(b)

1,2
513

_ 1<3>1+52<5> LCM =5x3=15

3+10
- 15

13
= 15

Exercise 3.4:1(c)

2_
3

ol

= 2230 LCM =3%x2=6

4-1
- 6

|
N

Exercise 3.4:1(d)

3_13
7728

12-13

- 28
_1

- 728

_ 3“%513 LCM =7x4=28
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Exercise 3.4:1(e)

5 3 7
6 212

_ w LCM =2x3x2x2=24
_ 201847
- 24
_ 247
- 24
—]
- 24
o 3x3
T 2x2x2x3
_ 3
- 8

Exercise 3.4:1(f)

6 3 5
117273

— Y0839 529 | cM=11x2x3=66

_ 36+99-110

- 66

_135-110

- 66

25
~ 66

Exercise 3.4:1(g)
1,43
13+43
= 1444+ M9836)0 cM=3x2x2=12
13
1
1
= 6%
Exercise 3.5:1(a)
) )
3=0,66
0,66
31| 2,00
18
20
18

2

(3x6=18)
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Exercise 3.5:1(b)
3
g = O, 6

0,6
530
30

0

(6 x 5= 30)

Exercise 3.5:1(c)

2=0,833
0,833
6 [ 5,000
48 (6 x 8= 48)
20 and (3x6=18)
18
20

Exercise 3.5:1(d)
32=375
0,75
43,00
28
- 20
20 (5% 4= 20)
0

(7x 4=28)

Exercise 3.5:2(a)
0,25= &

5x5
- 2x2x5x%x5

1

= 4
Exercise 3.5:2(b)
0,3=

Exercise 3.5:2(c)

_ 45
1,45 = 135

1 3x3x5
— 2x2x5x5

_ 9
_]_2_0
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Exercise 3.5:2(d)
2,6 = 25

2x3
2555

3
25

Exercise 3.6:1

- 4 125
Rotten apples = 155 X =5
4 ><5><5><5
2x2x5x5 1
=5

Sera can sell 120 applé$25—5).

Exercise 3.6:2

Percentage income tax paid

_ 3150
= 5900 ¥ 100

= 35%
Peter pays 35% of his salary income tax.

Exercise 3.6:3

4150 ., 100
Percentage DVD player owners= 11275 X "1

= 36,81%
The percentage of families that owns a DVD player is 36,81.
Exercise 3.6:4

114% of the price is R216,60
ie 1% of the price i2L860

i.e  100% of the price i%ﬁeo x 10 = R19000
The price of the pair of shoes was R190,00.

Exercise 3.6:5
The price of a loaf of bread is R5,12.

; i 95 512
Increase in price = 100 X T

— 0,4864

Therefore the price of a loaf of bread increased by 49 cents.

The new price of a loaf of bread is R(5,12+0,49) = R5,61.
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Exercise 3.7:1

The total number of parts in this ratio ist53 = 8.

Therefore, the number of red smarties of 72

N oolor oolon
~
H|I\)

The number of red smarties is 45.

Exercise 3.7:2(a)
The total number of parts in this ratio ist64 +1 = 11.
The percentage stonef x 120 =54 55%

Exercise 3.7:2(b)

4 ., 100
The percentage sand= 17 X =1

= 36,36%
Exercise 3.7:2(c)

1. 100
The percentage cement= 17 X =1

— 9,09%

Chapter 4. Measurements

Exercise 4.1(a)

400 m to km:
We know that 1000m = 1 km.
Therefore 400

400m is equal to 0,4 km.

Exercise 4.1(b)
18 cm to mm:

We know that 1 cm= 10mm.
Therefore
18cm=18x 10mm= 180 mm
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18cmis equal to 180 mm.

Exercise 4.1(c)

4450 m to km:
We know that 1000 m= 1 km.
Therefore 4450

4450 mis equal to 4,45 km.

Exercise 4.1(d)

5km to m:
We know that 1km=1000m
Therefore
5km=5x1000m=5000m

5km is equal to 5000 m.

Exercise 4.1(e)

12,4mtocm:
We know that 1m= 100cm.
Therefore
124m=124x 100cm=1240cm

12,4mis equal to 1240cm

Exercise 4.1(f)
5246,3m to km:

We know that 1000 m= 1 km.

Therefore
52463

1000

52463 m= km = 5,2463km

5246,3 is equal to 5,2463 km.

Exercise 4.1(9g)

akm tocm:
We know that 1 km=1000m= (1000x 100)cm= 100000cm.
Therefore

axlkm=ax1000m=1000Gm= 100G x 100cm= 10000@Gcm.

akm is equal to 100008cm.
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Exercise 4.1(h)

246 cmto m:
We know that 100cm= 1 m.
Therefore
246cm= 246-+-100m= 2,46 m

246cm is equal to 2,46 m.

Exercise 4.1(i)

246 cm to km:
We know that 1 km=1000m= (1000x 100) cm= 100000 cm.
Therefore

246cm= 246-+-100000km= 0,00246 km

246cm is equal to 0,00246 km

Exercise 4.1(j)

(50m+0,5km) to m:
We know that 1 km=1000m
Therefore

(50m+0,5km) =50m+ (0,5 x 1000 m = 50 m+500m= 550m

(50m+-0,5km) is equal to 550 m.

Exercise 4.2:1(a)

Given: A rectangle with = 1, 2km andw = 375m.
Convert the width also to kilometre by dividing it by 1 000:
375+1000= 0,375

The perimeter is calculated as
C = 2(l+w)
= 2(1,2+0,375
2(1,575)
3,15

The perimeter of the rectangle is 3,15 km.

Exercise 4.2:1(b)
Given: A square with =3cm
The perimeter is calculated as
C = 4l
= 4x3
= 12

The perimeter of the square is 12 cm.
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Exercise 4.2:1(c)

Given: A triangle with sides of 30 mm, 25 mm, 15 mm.
The perimeter is calculated as

C = 30+25+15
= 70

The perimeter of the triangle is 70 mm.

Exercise 4.2:1(d)

Given: A circle withr =4,5m.
The circumference is calculated as

C = 2mr
= 2xmnx45
28,27

Thecircumference of the circleis 28,27 m.

Exercise 4.2:1(e)

Given: A figure with four sides of length 12m, 35m, 7m, and 13 m.
The perimeter is calculated as

C = 12+35+7+13
67

The perimeter of the figure is 67 m.

Exercise 4.2:2
Given: The following figure:

A B
lcm

H 25cm G [O 25cm ©

3cm

—
0,5cm
We see that the length of AB is equal to the sum of the lengti@yfEF
and GH. Therefore

Length of AB = Length of CD+ Length of EF+ Length of GH
= 254+0,5+25
= 55
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The length of AB is thus 5,5 cm.

The perimeter is calculated as

C = AB4+BC+CD+DE+EF+FG+GH+HA
= 55+1+25+3+05+3+25+1
— 19

The perimeter of the figure is 19 cm.

Exercise 4.2:3

Given: The following figure:

A 50m B
Sam’s property 25m
45 m
D C
FSmE

First calculate the lengths of CD and DE:

Length of CD = Length of AB— Length of EF
= 50-5
45

The length of CD is 45 m.

Length of DE = Length of AF— Length of BC
= 45-25
= 20
The length of DE is 20 m.
The perimeter is calculated as
C = AB+BC+CD+DE+EF+FA

= 50+25+45+4+20+5+45
= 190

Sam needs 190 m of fencing.
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Exercise 4.3:1

We know that 1000 m= 1km and 1 ha= 100 mx 100m= 10000 n%.

Therefore

1km? = 1000mx 1000m

— 1000000M

= 71 000 OOOhectare
~ 10000

= 100 hectare.

There are 100 hectare in one km

Exercise 4.3:2

Given: A rectangle with = 24cm andv = 18cm.
The area is calculated as

A = Ixw
= 24x18
= 432

The area of the rectangle is 432€m

Exercise 4.3:3

Given: The following figure:

A B
4m
C 2m D
1im
F
4m E

We can subdivide the figure into two rectangles ABGF and CD&@adke

calculations easier.

First calculate the length of AB:

Length of AB = Length of EF— Length of CD

= 4-2
= 2

The length of AB is 2 m.

158



APPENDIX A BNU1501

The area is a composite area of two rectangles and is cadudat

A = area ABGH-area CDEG
= (AB xBG)+ (CD x DE)
= (2x4)+(2x1)
= 8+2
= 10.

The area of the figure is 104n

Exercise 4.4:1

Given: The following figure:

9m [ ]

14m

Calculate the length of BD.

Length of BD = Length of BC— Length of CD
= 14-9
=5

The length of BD is 5m.

The area is calculated as:

A = area ABD
1
= —=bh
2

1
= —-BDxAD
> X

= %X5X6

= 15

The area of the shaded figure is 15m
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Exercise 4.4:2

Given: The following figure:

55m

3m

The area is a composite area of one rectangle and one triangle
First calculate the perpendicular height of the triangleEAB
h = Total height— Length of BC
= 55-4
= 15
The perpendicular height of the triangle is 1,5m.

The area is calculated as
A = area ABE+area BCDE
1
= —bh+ (I xw)
2
1
= EBEX h+ (BC x CD)

1
= (§x3><1,5)+(4><3)
— 225412

14,25,

The total area of the figure is 14,2%m
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Exercise 4.5:1

Given: The following figure:

25 cm

The diameter of the circle is given as 25 cm. Therefore, tHaisas

r- = d=+2
= 25+2
= 125
The area is calculated as
A = 1m?
= m(12,5)?
= 1x15625
490,87. (by using the calculator.)

The area of the circle is 490,87 ém

Exercise 4.5:2

Given: The following figure:
A 50 mm

30 mm

D

The area is a composite area of one rectangle and one hadf, @lso called
a semi-circle.

First calculate the radius of the half circle:
rr= d=2
= 30=+2
15

The radius of the half circle is thus 15 mm.
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The area of the figure is calculated as:

A = area ABCD+ area of half circle

1
— (I><W)+§nr2

— (AB x AD) +%(m2)
— (50%30)+ %(nx (15)%)

1500+ 353 43
18534292

The total area of the figure is 1858 mn?.

Exercise 4.6:1
We know that there are 1000 érim one litre.

Therefore, in half a litre we havel 000=-2) = 500cn.

Exercise 4.6:2

The dam is in a form of a cylinder with diameter 5m and perpeuldr

height of 1,5m. The volume is calculated as

V = m?h

= nmx(5+2)%x1,5
1% 9,375
~ 29,4524

The volume of the dam is 2852 n¥.
We know that 1 = 1000 litres.

Therefore, the volume of the dam(i29.452x 1000 ¢ = 29452.

Exercise 4.6:3

Given: A prism of size 12cmx 9cmx 4cm
The volume is calculated as:

V = Ixbxh
= 12x9x4
= 432

The volume of the prism is 432cn
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Exercise 4.7:1

The total area of the walls is a compositdaiir rectangles, two sets of two

equal sized rectangles. We can calculate it as:

A = 2(I xh)+2(bxh)
2(4,3x2,5m)+2(3,4 x2,5)
215417

385

The total area of the walls is 38,¥m
Each roll of wallpaper covers 4,5m

Therefore, the number of rolls needed is:

38,5
4,5
— 8,56

Number of rolls =

The number of wallpaper rolls needed is 8,56 but as we can biyywhole

rolls we round it off to 9 rolls.

Exercise 4.7:2

The area to be covered with grass must be calculated. Theséasto calcu-
late the area of the stand and then subtract the area of tlse hoaving and

pool.

30m

40 m
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The area of the stand is:

= 40x 30
1200

The area of the stand is 1206 m

The area of the house is area ABCI plus area DEHI.

Area ABCI = AB xBC BC=AlI =10

= 15x10
= 150
Area DEHI = DExHE DE = AH-AI
= 5X5 = 15-10
= 25 = 5
= 25

The area of the house= ABCI + DEHI
= 150+25
175

The area of the house is 175m

The area of the pool= area of JKLM
= 6x4
= 24

The area of the pool is thus 24m

The area of the paving= area of EFGH
= 15x5
= 75

The area of the paving is thus 75m

The total area that has to be planted with grass

area of stand area of house area of poo}- area of paving
= 1200-175—24-75
= 926
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The total area that has to be planted with grass is thus 26 m

Thecostto plant with kikuyu grass= 15x 926
= 13890

It will cost you R13 890 to plant 926#f kikuyu grass.

The cost to plant with LM grass= 20x 926
= 18520

It will cost you R18520 to plant 926frof LM grass.

Your budget allows you to spend R15 000, therefore kikuysgvaill be
your choice.

Chapter 5. Equations and formulas

Exercise 5.1(a)

To solve forx subtract 4 on both sides and simplify:

X+4 = 12
X+4—-4 = 12—-4
X = 8.

The value ofx is 8.

Exercise 5.1(b)

To solve forx subtract 6 on both sides and simplify:

6+x = 2
6+x—6 = 2-6
X = —4

The value ofx is —4.

Exercise 5.1(c)

To solve forx add 7 on both sides and simplify:

X—7 = -3
X—7T+7 = —3+7
X = 4

The value ofx is 4.
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Exercise 5.1(d)

To solve forx divide by 5 on both sides and simplify

5x = 23
5 _ 23
5 5

3
X = 4-

5
X = 4,6

The value ofx is 4,6.

Exercise 5.1(e)

To solve forx multiply with 4 on both sides and simplify

= 10

= 10x4
= 40

MIXx
X N DIX

The value ofx is 40.

Exercise 5.2(a)

To solve forx remove the numbdurthestfrom thex first and simplify:

2X+3 = 6
2X+3—-3 = 6-3
2x = 3
2 _ 3
2 2
L _ 3
2
The value ofx is 5.
Check your answer:
RHS = 6
3 2 3
= 3+3
6

The RHS is equal to the LHS, therefore the answe} isfcorrect.
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Exercise 5.2(b)

Remove—4 which is the furthest fromt by adding 4 on both sides and sim-
plify:
6x—4 = 26
6x—4+4 = 26+4
6x = 30
Divide by 6 on both sides and simplify:
6X 30

6 6
X = 5

The value ofx is 5.

Check the answer:
RHS = 26
LHS = 6x—4
= 6(5)—-4
= 30-4
= 26

The RHS is equal to the LHS, therefore the answer of 5 is cobrrec

Exercise 5.2(c)

To solve forx: subtract 4 on both sides, simplify, divide by 5 on both sides
and simplify.

—bx+4 = 19
—5Xx+4—-4 = 19-4
—b5x = 15
—bx 15
5 5
—-x = 3
X = -3 (Multiply or divide both sides by-1.)
Check the answer:
RHS = 19
LHS = -5x+4
= —5(-3)+4
= 15+4
= 19

The RHS is equal to the LHS, therefore the answer 8fis correct.
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Exercise 5.2(d)

Add 2 on both sides, simplify, multiply by 7 on both sides amdify to
solve forx:

X
-2 =9
7
;—2+2 — 942
X
- = 11
7
X 7
=x- = 11x7
771 %
X = 77
Check the answer:
RHS = 9
X
LHS = =-2
7
77
= —-2
7
= 11-2
9

The RHS is equal to the LHS, therefore the answer of 77 is cbrre

Exercise 5.3(a)
5(83—x) = 4(5+5x%)
Remove the brackets by multiplying 4 with both terms insiuehiracket, to get
15—-5x = 20+ 20x.
Subtract 15 on both sides of the equation
15—-15-5x = 20— 15+20x
Simplify to get
—5x = 5+20x
Subtract 28 on both sides of the equation and simplify
—5x—20x = 5+420x—20x
-25% = 5.
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Divide by —25 on both sides and simplify

—2% 5
—25 25
x — _1

5
x = —0,2.

The value ofk = —0,2 or — 2.

Exercise 5.3(b)

6a+3+1 = 4a—8—-3a
Add the like terms on both sides.
6a+4 = a—8
Subtract 4 on both sides and simplify.
6a+4—4 = a—8-4

6a = a—12
Subtracta on both sides and simplify.
ba—a = a—a—12
S5a = —12
Divide by 5 on both sides and simplify.
5a _ _12
5 = 5
a = -

5
The value ofais —% or —2,4.

Exercise 5.3(c)
X+1-2x = 9—-x—4
Simplify the like terms on both sides.
X+1 = 5-—x
Subtract 1 on both sides and simplify.
3X+1-1 = 5-1-—x
X = 4—x
Add x on both sides and simplify.
X+X = 4—X+X
4 = 4
x = 1

The value ofxis 1.
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Exercise 5.3(d)
5x—3(x—(3x—4)) = 2(5x—3(1—2x))+5
Remove the inner brackets first and simplify.
5x—3(x—3x+4) = 2(5x—3+6x)+5
5x—3x+9x—12 = 10x—6+12X+5
11x—12 = 22-1
Add 12 on both sides and simplify.
1Ix—12+12 = 2X%—1+12
1Ix = 2%+11
Subtract 22 on both sides and simplify.
1Ix—22x = 2X—22x+11
—11x = 11
Xx = -1

The value ofxis —1.

Exercise 5.4
() yXy—2z=w
To change the subject o we first addz on both sides of the equation
and simplify.
VXY—Z+Z = W+z
VY = w+z

To eliminate the, /~ we square both sides and simplify.

(V) = (w27

Xy = (w+42)?
Divide by x on both sides.
2
y = @ Note that(w+ 2)2 # w? + 22
® a=%

To change the subject towe start by getting rid of the fraction.
We multiply byt? on both sides and simplify.

qxt? = % xt?
qt? = 4r
To gett alone on the left, we divide by on both sides and simplify.
a® _ a4
q q
t?2 = &

q
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To eliminate the power, we take the square root on both sides
and simplify.

t:\/%.
© ¢ = (mk?

To change the subject tQ we first get rid of the square on

the right, by taking the square root on both sides of the eguat

VI = mk

We switch the left-hand and right hand sides around, to karethe left hand side.

mk = V7
Then we divide both sides by.

mk _
m m
k = ¥

@ 12 = @ty

To change the subject to we take the square root on both sides.

r= X2+y2

€ P = X4y
To change the subject o we switch the left and right hand sides
around.
R4y = 2
Then we subtragf? on both sides.
2 = r2_y?

Then we take the square root on both sides to nxake subject.

() Note: The formulas in (f) and (g) are the formulas used in simple in-
terest calculations, whetds the interestP the principal amount in-
vested or paid;, the interest rate anicthe time period.

I = Prt
To change the subject to we switch the left and right hand sides
around.
Prt = |

Then we divide byPt on both sides and simplify.
Pt _ |
Pt T Pt

_
r= g
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@ S = P@A+rt)
To change the subject tpwe first remove the brackets on
the right, by multiplyingP with both terms inside the bracket.
S = P+Prt
Then we subtrad? on both sides, simplify and
switch the left and right hand sides around.

Pt = S-P
Divide by Pr on both sides.
t = =P
= Pr

Chapter 6. Straight lines

Exercise 6.1:1
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Exercise 6.1:2

3t (2;3)

Exercise 6.1:3

y=y _ Y2a=3
X—X1 Xo2—X1
y-3 __ —-2-3
X2 — 22
y-3 _ -5
X— - -4
_ 5
y-3 = 7(x=2)
— 5y_5.2
y = 2X—3'1
_ 5, 10
y = 3X 4+3
— 5y 10, 12
= X7 +73
_ 5 2
= X+3
= 2x+1 infraction f
= 3x+3 infraction form

= 1,25+ 0,5 indecimal form
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Exercise 6.1:4

Exercise 6.1:5

Points(0; 2), (1; 1) and(2; 0) lie ony = —x+ 2.

If x =
If x =
If x =

X

g
—
|
N
=

N N
+ |

Mo

=

S

Toxow
B Wis +

e

N

|
B
w
)

wlh Wl Wl WA whs N
X X
I
o
(o2} W

X
|
wIN

1,333%— 0,667 rounded to three decimal digits

1,33x— 0,67 rounded to two decimal digits

Otheny =
1theny =
2theny =

y=2x-1

N N

(
(
(

N

0)
1)
2)

X

0|1

y

-1|1

2
3

y=— X+2
le. y=-1Ix+2
If x = Otheny = —1(0)+2
If x = 1ltheny = —-1(1)+2
If x = 2theny = —-1(2)+2
x|0]1]2
yl2|1|0

S

H
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Points(0; —1), (1; 1) and(2; 3) lie ony = 2x— 1.

Y 41

3._
y=2x—1

Chapter 7. Basic Financial Calculations

Exercise 7.1:1

S =
S =

P(1+rt)

2000(1+8%x 7)

2000(1+0,08x% 7) 8% = 35 = 0,08
312000

See Appendix B (A.1) James must pay Tim R3 120 after seven years.

for how to enter this
calculation on your
calculator

S
6400

See Appendix B (A.2) 6400
P

Four years ago Debbie borrowed R4 000 from Douglas.

Exercise 7.1:2

= P(1+rt)
= P(1+15%x 4)

— P(1+0,15x 4)

6400
1+0,15x4

— 400000

_ 15 _
15%= 43 =0,15
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Exercise 7.2:1

S = P(1+i)"

o 3%12
~ 10000(1+ %)

3x12
— 10000(1+205%)"

= 125144614

Sam owes R12 514,46 after three years.

Exercise 7.2:2

S = PA+i)"
12000 = p<1+11ég%>10x52
12000 = P<1+O’é215>10X52

P = #

= 38044689

Marcus borrowed R3 804,47 from Mika four years ago.

Exercise 7.2:3

S = P@A+i)"

9,29\ "

2483278 — 1oooo<1+ 2 )
h — 40,0000

That is 40 quaters which is 10 years because the number ofaxomdpg
periods per year is 4. Jill will receive R24 832,78 after 1@rge

Exercise 7.2:4

S = P@+i)"
45000 = 150001+i)*
R = (1+i)1°

V3 = 1+i
i = V3-1
i = 0,1161

See Appendix B (A.3)

See Appendix B (A.4)

See Appendix B (A.5)

Therefore,i”terle%e: 0,1161 that means the interest rate = 11,61% See Appendix B (A.6)

176



See Appendix B (A.7)

See Appendix B (A.8)

See Appendix B (A.9)

See Appendix B (A.10)

APPENDIX A BNU1501

Abel invested R15 000 for 10 years at an interest rate of 24,pér year.

Exercise 7.3:1

RSmi
366306000

The future value of R6 000 payments for 5 years is R36 630,00.

Exercise 7.3:2

Rami
8002155 7116%:2

800 10x210,16+-2
78545179

The present value of an annuity with R800 payments made weng@nths
for 10 years equals R7 854,52.

Exercise 7.3:3

Ram;
200855171806 12

200851710,08: 12
98636867

The present value of an annuity with monthly payments of R2&h made
for 5 years is R9 863,69.

S = Respj
20055, 171806 12

20055>< 1210,08+-12
146953712

The future value of an annuity of R200 monthly payments madée
years is R14695,37.
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Exercise 7.3:4

S = Rsyj
25000 = RSz 7719 9506: 12

= RS5:1710,0995: 12
25000

S5x1210,0995: 12
— 3232696

Mapule needs to invest R323,27 every month for 5 years to R&6D00
available to pay for her new lounge suite.

Exercise 7.4:1

P = Ram

750000 = azp:121116%-12

= Ra20>< 1210,116+12
R 750000

430x1210,116:12
= 80499620

By using the financial calculator keys:
See Appendix B (A:12)

By using the formula:

:[m. '
(1

= 750000+ [

R =

0 116 12x20 ]

1..0.116% 240.0116
2 12

= 80499620

The monthly payments are R8 049,96.
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Exercise 7.4:2

First determine the yearly payments

P = Ram;
= Rag)g 19
R — 12000
a510,10
= 31655698

See Appendix B (A.13) The yearly payments are R3 165,57.

By using the financial keys on the calculator:
See Appendix B(A.13)

By using the formula:

— 12000- [M]
" 1(1+0,10°-0,10

= 31655698

= 316557
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Appendix

Key operations for the calculator:
Chapter 7

Calculator example 7:1

Enter into the calculator as 20000 1[+]0.10[x | 1])|[=]

The answer is 22 000.

Calculator example 7:2

Enter into the calculator as 20000 1[+]0.10[x | 3])|[=]

The answer is 26 000.

Calculator example 7:3

Enter into the calculator as 1508 |9 +]100[ x| 21[+]12[=]
The answer is 236.25

Calculator example 7:4

Enter into the calculator as

3500[=[(JL 12.5[=]100[x]6[) [N |=]

The answer is 2 000.

Calculator example 7:5

Enter into our calculator a§500]+]5000[— | 1[) |[+][(] 7.5[ =] 100D | =]

6.6667 appears on the screen.
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Calculator example 7:6

Enter into our calculator as 7508 [ (] 12500 x| 6[)|[=]

0.1000 appears on the screen and that is 10%.

Calculator example 7:7

Enter into the calculator as

to clear the register of the calculator

|2ndF | P/Y|1[ENT] (enter the number of compounding
periods first)

+/— {1000/ PV
10[17Y |
3[2ndA[x PIY[N]

FV =13310000

Calculator example 7:8

Enter into the calculator as

|2ndF|| P/Y|2[ENT]
+/—|2000[PV]
12[IrY
25[2ndF [ PIY|[N]

FV =26764512

Calculator example 7:9

Enter into the calculator as

|2ndF|| P/Y|4[ENT]
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+/—|5000[FV]
16[1/Y |

6]2ndF| | x P/Y|[N]

PV =19506074

Calculator example 7:10

Enter into the calculator as

|2ndF||P/Y|12[ENT]

+/—|5000/ PV
7830.59FV]
7.5[1/Y ]

N = 72,0001 appears on the screen, which is 72 months and that ig€ yea

Calculator example 7:11

Enter into the calculator as

|2ndF||P/Y]1|ENT]
+/— |600[ PMT]
11.5[1/Y |

3[2ndFA|| x PIY][N]

FV =20149350
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Calculator example 7:12

Enter into the calculator as

| 2ndF|| P/Y|4|ENT]
+/—|1200PMT]
10[2ndF|| x P/Y|[N]
16]17Y |

FV =114030.6188

Calculator example 7:13

Enter into the calculator as

|2ndF|| P/Y|1[ENT]
+/— | 600[PMT]
3[2ndA[x PIY][N]
11.5[1/Y ]

PV =1453.5716

Calculator example 7:14

Enter into the calculator as

[2ndF|CA

|2ndF|| P/Y|4[ENT]
+/—|1500PMT]

12.6[1/Y ]
6| 2ndF|| x P/Y
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PV = 24 997.6658

Calculator example 7:15

Enter into the calculator as

|2ndF||P/Y|52[ ENT]
+/—|160[PMT]
2[2ndi|[ < PIY][N]
7.8[11Y ]

FV =17 993.5568

Calculator example 7:16

Enter into the calculator as

|2ndF|| P/Y|12[ENT]|
+/— 48000 FV]
3[2ndFA|| x PIY|[N]
8.4/I/Y |

| COMP|[PMT|
PMT = 1177.0186

Calculator example 7:17

Enter into the calculator as

|2ndF||P/Y|1|ENT|
+/—|55000[FV]
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9 500 PMT|
7.34[11Y |

N = 4,9997.

Calculator example 7:18

Enter into the calculator as

| 2ndF|| P/Y] 12| ENT]|
ON/C

+/— 12500 PMT]
12.3[1/Y ]
5[2ndF [ PIV][N]

PV = 558 126.7996

Calculator example 7:19

Enter into the calculator as

|2ndF|| P/Y|4[ENT]

+/—1120000 PV
6 2ndF] [ PIY][N]
13.6[1/Y ]

| COMP|[PMT|
PMT = 7394.4704

Calculator example 7:20

Enter into the calculator as

|2ndF|| P/Y|12[ENT]

186}



APPENDIX B BNU1501

+/—|50000/PV]
10| 2ndF|| x PIY
15[1/Y |

| COMP|[PMT|
PMT = 806.6748

Calculator example 7:21

Enter into the calculator as

|2ndF||P/Y|1[ENT]

+/—|5000/ PV

5/2ndF|| x P/Y

15(1lY

| COMP|[PMT|
PMT = 1 491.5776

Calculator example 7:22

Enter into the calculator as

|2ndF||P/Y]1|ENT]
+/—|5000[PV]
5[2ndF|| x PIY|[N]
15[1/Y |

| COMP|[PMT]
PMT = 1 491.5776

Now pres$ AMRT | (fourth row, first key) 4 ENT].
Pres§v]4
Pressv |
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BALANCE = —129701 appears on the screen meaning that an amount of
R1297,01 is still outstanding after four payments.

Presg v]again
S PRINCIPAL = 1127,85 is the amount paid off.
Pressg ¥ |again

> INTEREST= 363.73 is the amount of interest that has to be paid on the
outstanding balance.

To complete the schedule press
[v]5 twice and continue as above.

Calculator example A:1

Enter into the calculator as 200@][(|1[+]0,08[x | 7)) |[=].

3120,0000 appears on the screen.

Calculator example A:2

Enter into the calculator as

64OQE| 10.155

The answer is 4000000

Calculator example A:3

Enter into the calculator as

2ndF|| CA|

2ndF|| P/Y|12[ENT]
ON/C

+/— 10000/ PV]
7.5(1Y |

3[2ndF|| x PIY|[N]

FV =12514.4614

Calculator example A:4
Enter into the calculator as:

2ndF CA
2ndF| | P/Y|52[ENT]
ON/C|

+/—|12 000 FV]

11.5/1lY
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10| 2ndF|| x P/Y

PV = 3804.4689

Calculator example A:5
Enter into the calculator as

2ndF||CA |
2ndF||P/Y|4[ENT]
ON/C

+/—|10000 PV|
24832,78FV |
9.2[I/Y ]

N = 40,0000.

That is 40 quarters, which & = 10 years.

Calculator example A:6
Enter into the calculator as

2ndF||CA|
2ndF||P/Y]1|ENT]
ON/C

+/—|45000[FV
15000 PV

10[2ndF|| x P/Y|[N]

[ComP|[irY ]

Y =11.6123

Calculator example A:7
Enter into the calculator as

2ndF|| CA|
2ndF||P/Y|1[ENT]
ON/C

+/— 16000 PMT
10| 17Y |

5/2ndF|| x P/Y|[N]

FV =36 630.6000
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Calculator example A:8
Enter into the calculator as

2ndF|| CA|

2ndF | P/Y|2[ENT]
ON/C
+/—|800[PMT|
16[1/Y |

10|2ndF|| x P/Y|[N]
[COMP|[PV]

PV =7854.5179

Calculator example A:9
Enter into the calculator as

2ndF||CA |

2ndF|| P/Y]12[ENT]
ON/C
+/—|200[PMT|
8lIY
5/2ndF|| x P/Y|[N]
[ComP[PV]

PV =9863.6867

Calculator example A:10
Enter into the calculator as

2ndF|| CA|

2ndF | P/Y|12[ENT]
ON/C
+/—|200[PMT|
8|lIY
5/2ndF|| x P/Y|[N]
[COMP|[FV]

FV = 14695.3712
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Calculator example A:11
Enter into the calculator as

2ndF||CA|
2ndF||P/Y| 12| ENT]|
ON/C

+/—|25000FV
9.95[I/Y

5/2ndF|| x P/Y

| COMP|[PMT|
PMT = 323.2696

Calculator example A:12

Enter into the calculator as:

2ndF||CA |
2ndF||P/Y|12[ENT]
ON/C

+/— (750004 PV
11.6[1/Y

20| 2ndF|| x P/Y

| COMP|[PMT|
PMT = 8 049.9620

Calculator example A:13
Enter into the calculator as

2ndF||CA |
2ndF||P/Y|1[ENT]
ON/C

+/—|12000 PV
10[I7Y |
5/2ndF|| x P/Y|[N]

| COMP|[PMT|

PMT = 3165.568% 3 165,57

Fill this amount in under the column payment.

Now pres§AMRT | 1[ENT|

Pres¢v]1
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BALANCE = —-100344302 appears on the screen. The amount of R10 034,43
has to be filled in under Outstanding principal at the begigmif year 2.

Presg v ] again.

Y PRINCIPAL = 1965.5698 appears on the screen. The amount of R1 965,57
has to be filled in under Principal repaid.

Presg v ] again.

> INTEREST= 1200.0000 appears on the screen. The amount of R1 200,00
has to be filled in under Interest due at year end.

Presgv |2 twice.

Pressv |

BALANCE = —78723034 appears.
Press v |

> PRINCIPAL = 2162.1268 appears.
Pressv |

> INTEREST= 1003.4430 appears.
To continue to year three:

Pres§v|3 twice.

Then pres§v | for the balance.
Press v | for the principal.

Presg v ] for the interest.

For year four:

Presgv]4 twice.

Continue as above.

For year five:

presg v]5 twice.

Continue as above. The balance is 0.00. The principal répaii77,79 and
the interest due R287,78.

Fill all of this data into the amortisation schedule.

The amortisation schedule is as follow:
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PaymentsOutstanding | Interest Payment Principal
made principal (rand) (rand) repaid
(year) | (balancein (rand)

rand)
12 000,00
1 10034,43 1200,00 3165,57 1965,57
2 7872,30 1003,44 3165,57 2162,13
3 5493,96 787,23 3165,57 2378,34
4 2877,79 549,40 3165,57 2616,17
5 —0,00 287,78 3165,57 2877,79
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