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Algebraic expressions

1.1 Introduction

¢ Content covered in this chapter includes understanding how numbers are classified as rational or irrational, estimating
surds, rounding off, factorisation and simplification.

¢ This chapter provides a lot of core skills that learners will apply to the rest of mathematics. Ensure that learners are
sufficiently proficient in the skills covered in this chapter.

¢ Rounding real numbers is an important skill that learners will use often. Ensure that learners are completely comfort-
able with this skill.

¢ Factorisation forms the groundwork for solving equations. Learners should be comfortable factorising trinomials and
binomials.

* Factorisation should include types covered in grade 9 as well as trinomials, grouping in pairs and sum and difference
of two cubes.

1.2 The real number system

1.3 Rational and irrational numbers

Decimal numbers

Converting terminating decimals into rational numbers

Converting recurring decimals into rational numbers

Exercise 1 — 1:

1. The figure here shows the Venn diagram for the special sets N, Ny and Z.

Y/
No

<

a) Where does the number —% belong in the diagram?
Solution:
First simplify the fraction: —%2 = —4
—4 is an integer, so it falls into the set Z.
b) In the following list, there are two false statements and one true statement. Which of the statements is true?

i. Every integer is a natural number.
ii. Every natural number is a whole number.
iii. There are no decimals in the whole numbers.
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Solution:
Consider each option carefully:
i. There are integers which do not fall into the natural numbers (all negative numbers), so this is false.

ii. The natural numbers are {1;2;3; ...} and whole numbers are {0; 1;2;3; ...} (the circle N is inside No) so
if a number is a natural number it must be a whole number. This is true.

iii. Whole numbers {0;1;2;3;...} only go up in steps of 1, so there cannot be any decimal numbers in the
whole numbers, making this false.

So only (ii) is true.

2. The figure here shows the Venn diagram for the special sets N, Ny and Z.

(D

a) Where does the number —1 belong in the diagram?

Solution:

—% is in its simplest form, therefore it is not in N, Ny or Z. It is in the space between the rectangle and Z.
b) In the following list, there are two false statements and one true statement. Which of the statements is true?

i. Every integer is a natural number.
ii. Every whole number is an integer.
iii. There are no decimals in the whole numbers.

Solution:
Consider each option carefully:
i. There are integers which do not fall into the natural numbers (all negative numbers), so this is false.
ii. Theintegersare {...;—3;—2;—1;0;1;2;3;...} and the whole numbers are {0; 1;2;3; ...} (the circle Z is
inside Np) so if a number is an integer it must be a whole number. This is true.
iii. Whole numbers {0;1;2;3;4;...} only go up in steps of 1, so there cannot be any decimal numbers in the
whole numbers, making this false.

So only (ii) is true.
3. State whether the following numbers are real, non-real or undefined.

a) —V3
Solution:
—+/3 has no minus sign under the square root (the minus is outside the root) and is not divided by zero, so it is
real.

0
b) —
)\/5

Solution:

% has no minus sign under the square root (the minus is outside the root) and is not divided by zero, so it is
real.

o V-9

Solution:

+v/—9 has a minus sign under the square root so it is non-real.

-7
0

Solution:

-7 o . :

% has division by zero so it is undefined.

e) —v/—16
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f)

Solution:

—+/—16 has a negative number under the square root so it is non-real.

V2

Solution:

v/2 has no minus under the square root (the minus is outside the root), is not divided by zero, so it is real.

4. State whether the following numbers are rational or irrational. If the number is rational, state whether it is a natural
number, whole number or an integer.

a)

1

3
Solution:

—1 is rational. A fraction of integers is a rational number.

0,651268962154862...

Solution:

0,651268962154862... is irrational. It cannot be simplified to a fraction of integers.

V9

3
Solution:

V9

5 is rational, an integer, a whole number and a natural number. An integer is a rational number.

7I'2

Solution:

72 is irrational. It cannot be simplified to a fraction of integers.

7_‘_4

Solution:

7* is irrational. It cannot be simplified to a fraction of integers.

V19

Solution:

/19 is irrational. It cannot be simplified to a fraction of integers.

(YD)’

Solution:

(%)7 is rational, an integer, a whole number and a natural number. It can be written as an integer.
T+ 3

Solution:

m is irrational. 3 is rational (it is an integer). Any rational number added to any irrational number is irrational.
Therefore 7 + 3 is irrational.

7+ 0,858408346

Solution:

misirrational. 0,858408346 is rational (it is a terminating decimal). Any rational number added to any irrational
number is irrational.

Therefore 7 + 0,858408346 is irrational.

5. If a is an integer, b is an integer and c is irrational, which of the following are rational numbers?

a)

6
Solution:

5 js rational.

w| ol

Solution:

Since a is an integer, £ is rational.

—2

b

Solution:

Since b is an integer, ‘TQ is rational.

Note that b cannot be 0 as that makes the fraction undefined.
1

C
Solution:
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Since c is irrational, % is irrational.
6. For each of the following values of a state whether % is rational or irrational.

a) 1
Solution:
_ 1 . .
14 = 1z is rational.
b) —10
Solution:

a

_ =10 ; f
i = 1 s rational.

Q) V2
Solution:
4 = 37 isirrational.

d) 2,1
Solution:

a

14 = 77 is rational.

7. Consider the following list of numbers:

4 22 14 S
—3;0; V—1; —85; ERVEE: 7; H; 7:1,34; 3,3231089...; 3+ V2 ; 9%; m; 11

Which of the numbers are:

a) natural numbers
Solution:
Check which of the numbers are in the set {1;2; 3;4;...}. Therefore 7 and 11 are natural numbers.
b) irrational numbers
Solution:
Remember that rational numbers can be written as ¢ where a and b are integers. Also remember that rational
numbers include terminating decimal numbers. Therefore —v/8 ; 3,3231089... ; 3+ +/2; 7 are all irrational.
c) non-real numbers
Solution:
Any number that is a square root of a negative number is non-real. Therefore only v/—1 is non-real.
rational numbers
Solution:
Remember that rational numbers can be written as ¢ where a and b are integers. Also remember that rational

numbers include terminating decimal numbers. Therefore —3 ; 0; —82 ; 22 ; 7; 1,34 ; 95 ; 11 are all
rational numbers.

integers

Solution:

Check which of the numbers are in the set {...; —3; —2; —1;0;1;2; 3;...}. Therefore —3 ; 7 ; 11 are integers.
undefined

Solution:

Any fraction divided by 0 is undefined. Therefore only 4! is undefined.

=

e

=)
=2

8. For each of the following numbers:

¢ write the next three digits and
* state whether the number is rational or irrational.
a) 1,15
Solution:
* Since there is a dot over the 5 we know that the 5 repeats. The next three digits are: 555
e Rational, there is a repeating pattern of digits.

b) 2,121314...
Solution:
* The number does not terminate (this is shown by the . ..). There is also no indication of a repeating pattern
of digits since there is not dot or bar over any of the numbers. The next three digits could be any numbers.
Note that while it looks like there is a pattern in the digits we do not know if this pattern continues on.
* Irrational, there is no repeating pattern.
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c) 1,242244246...
Solution:

* The number does not terminate (this is shown by the . ..). There is also no indication of a repeating pattern
of digits since there is not dot or bar over any of the numbers. The next three digits could be any numbers.

Note that while it looks like there is a pattern in the digits we do not know if this pattern continues on.
e Irrational, there is no repeating pattern.
d) 3,324354...
Solution:

e The number does not terminate (this is shown by the ...). There is also no indication of a repeating pattern
of digits since there is not dot or bar over any of the numbers. The next three digits could be any numbers.

Note that while it looks like there is a pattern in the digits we do not know if this pattern continues on.
e Irrational, there is no repeating pattern.
e) 3,324354
Solution:

* Since there is a dot over both the 5 and the 4 we know that the pattern 54 repeats. The next three digits
are: 545

 Rational, there is a repeating pattern.

9. Write the following as fractions:

a) 0,1
Solution:
Ol =L
b) 0,12
Solution:
1 2
12=— 4 —
012 10 a 100
_10 2
~ 100 ' 100
_ 12
~ 100
3
T 25
c) 0,58
Solution:
5 8
0,58 = 0 = 100
_ 50 L 8
~ 100 ' 100
_®
~ 100
_2
~ 50
d) 0,2589
Solution:
2 5 8 9
0.2589 = 75 150 * 7000 T 70000
_ 2000 500 . 80 9
~ 10000 ~ 10 000 10000 10 000
2589
10 000
10. Write the following using the recurring decimal notation:
a) O,1111111...
Solution:

We see that only the digit 1 is repeated and so we can write this as: 0,1.
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b) 0,1212121212...

Solution:

There is a repeating pattern of 12 and so we can write this number as: 0,12
c) 0,123123123123...

Solution:

There is a repeating pattern of 123 and so we can write this number as: 0,123
d) 0,11414541454145...

Solution:

The pattern 4145 repeats and so we can write this number as: 0,114145.

11. Write the following in decimal form, using the recurring decimal notation:

a) 25
45
Solution:
45|25,0000 = 0 remainder 25
45|25,250000 = 5 remainder 25
45]25,2502°000 = 5 remainder 25
45|25,20%°02°00 = 5 remainder 25
25
== =0,5555...
45
=0,5
10
b) —
) T8
Solution:
18]10,0000 = 0 remainder 10
18]10,°0000 = 5 remainder 10
18|10,'°0*°000 = 5 remainder 10
18|10,*°0'°0'°00 = 5 remainder 10
10
— — 0,5555., ..
18
=05
7
C) ﬁ
Solution:

33|7,0000 = O remainder 7
33|7,70000 = 2 remainder 4
33/7,%0%000 = 1 remainder 7
33|7,70%0700 = 2 remainder 4

7
— =0,2121...
33 '

=0,21
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$-1(3)

=2(0,333333...)

= 0,666666...
=06
3
e) lﬁ
Solution:
3 1
l7=1+3 (ﬁ)
=1+ 3(0,090909...)
=1+0,27272727...
=127
5
f) 4—
) 6
Solution:
5 1
42 =4 =
S _4ts ( 6)
=4+ 5(0,1666666...)
=4+0,833333...
— 4,83
1
2,
g) 9
Solution:

2%:2+0,1111111...
=21

12. Write the following decimals in fractional form:

a) 0,5
Solution:
z = 0,55555... and
10z = 5,55555...
10z — z = (5,55555...) — (0,55555...)
9r =5
) 5
b) 0,63
Solution:

10z = 6,3333... and
100z = 63,3333...
100z — 10z = (63,3333...) — (6,3333...)

99z = 57
.x_ﬂ
90
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o 0,4

Solution:
x = 0,4444... and
10z = 4,4444...
10z — z = (4,4444...) — (0,4444...)
9 =4
g
LE=g
d) 5,31
Solution:
x =5,313131... and
1002 = 531,313131...
100z — z = (531,313131...) — (5,313131...)
99x = 526
_ 52
99
e) 4,93
Solution:
x = 4,939393... and
100z = 493,939393...
100z — = = (493,939393...) — (4,939393...)
992 = 489
_ 163
- 33
f) 3,93
Solution:
x = 3,939393... and
1002 = 393,939393...
100z — 2 = (393,939393...) — (3,939393...)
992 = 390
_ 130
-~ 33
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.

1. 2DBM 2. 2DBN 3a. 2DBP 3b. 2DBQ 3c. 2DBR 3d. 2DBS 3e. 2DBT 3f. 2DBV
4a. 2DBX 4b. 2DBY 4c. 2DC2 4d. 2DC3 4e. 2DC4 4f. 2DC5 4g. 2DC6 4h. 2DBZ
4i. 2DBW 5.2DC7 6. 2DC8 7.2DC9 8a. 2DCB 8b. 2DCC 8c. 2DCD 8d. 2DCF
8e. 2DCG 9a. 2DCH 9b. 2DC 9c. 2DCK 9d. 2DCM  10a. 2DCN  10b. 2DCP  10c. 2DCQ

10d. 2DCR  11a.2DCS  11b. 2DCT  11c. 2DCV ~ 11d. 2DCW  11e. 2DCX 11f. 2DCY  11g. 2DCZ
12a.2DD2  12b.2DD3  12c.2DD4 12d.2DD5 12e. 2DD6 12f. 2DD7

]
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1.4 Rounding off

Exercise 1 — 2:

1. Round off the following to 3 decimal places:

a) 12,56637061...
Solution:

Mark off the required number of decimal places: 12,566|37061 . ... The next digitis a 3 and so we round down:
12,566.

3,31662479...
Solution:

Mark off the required number of decimal places: 3,316[62479.... The next digit is a 6 and so we round up:
3,317.

0,2666666...
Solution:

Mark off the required number of decimal places: 0,266|6666.... The next digit is a 6 and so we round up:
0,267.

1,912931183...
Solution:

Mark off the required number of decimal places: 1,912|931183. ... The next digit is a 9 and so we round up:
1,913.

6,32455532...

Solution:

Mark off the required number of decimal places: 6,324|55532.... The next digit is a 5 and so we round up:
6,325.

0,05555555...

Solution:

Mark off the required number of decimal places: 0,055|55555. ... The next digit is a 5 and so we round up:
0,056.

=8

e

=

)

=

2. Round off each of the following to the indicated number of decimal places:

a) 345,04399906 to 4 decimal places.
Solution:

345,04399906 ~ 345,0440

b) 1361,72980445 to 2 decimal places.
Solution:

1361,72980445 ~ 1361,73

c) 728,00905239 to 6 decimal places.
Solution:

728,00905239 ~ 728,009052

1 .
d) o7 to 4 decimal places.

Solution:
We first write the fraction as a decimal and then we can round off.

1
— = 0,037037...
27 !

~ 0,0370

e) 3—2 to 5 decimal places.

Solution:
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We first write the fraction as a decimal and then we can round off.

45 = 0,45454545...

99
~ 0,45455

1 .
f) — to 2 decimal places.

Solution:
We first write the fraction as a decimal and then we can round off.

1
o= 0,08333...
~ 0,08
3. Study the diagram below
A s B
™
E D o C

a) Calculate the area of ABDE to 2 decimal places.

Solution:
ABDE is a square and so the area is just the length squared.

A=1
= 71-2
= 9,86904...
~ 9,87

b) Calculate the area of BC'D to 2 decimal places.

Solution:
BCD is aright-angled triangle and so we have the perpendicular height. The area is:

5bh
1
T2

g
I

2
™

34802...

1
=49
~ 4,93

c) Using you answers in (a) and (b) calculate the area of ABCDE.

Solution:
The area of ABC'DE is the sum of the areas of ABDE and BCD.

A=987+493
~ 14,80

d) Without rounding off, what is the area of ABCDE?

Solution:

Chapter 1. Algebraic expressions




Aascpe = AaBpe + Ascp

1
=1+ >bh
+ 2
1
=72 4= 5712
= 14,8044...
o . T
4. Giveni = 500’ r=74;n=96; P= 200 000.
a) Calculate 7 correct to 2 decimal places.
Solution:
B b
~ 600
_ 74
~ 600
=0,01233
~ 0,01

b) Using you answer from (a), calculate A in A = P(1 +¢)".
Solution:

A=PQ1+d)"
=200 000 (1 + 0,01)%°
= 519 854,59

c) Calculate A without rounding off your answer in (a), compare this answer with your answer in (b).
Solution:

A=P1+9)"
74\%
A =200000 (1 .
( + 600)
= 648 768,22
There is a 128 913,63 difference between the answer in (b) and the one calculated without rounding until the
final step.
5. If it takes 1 person to carry 3 boxes, how many people are needed to carry 31 boxes?
Solution:
Each person can carry 3 boxes. So we need to divide 31 by 3 to find out how many people are needed to carry 31
boxes.
31
— =10,3333...
3 !’

Therefore 11 people are needed to carry 31 boxes. We cannot have 0,333 of a person so we round up to the nearest
whole number.

6. If 7 tickets cost R 35,20, how much does one ticket cost?
Solution:
Since 7 tickets cost R 35,20, 1 ticket must cost R 35,20 divided by 7.

35,20
7
Therefore one ticket costs R 5,03. Money should be rounded off to 2 decimal places.

= 5,028571429

For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.

la.2DD9 1b. 2DDB  1c. 2DDC 1d.2DDD 1e. 2DDF  1f.2DDG 2a.2DDH 2b. 2DDJ
2c.2DDK  2d. 2DDM  2e. 2DDN  2f. 2DDP 3.2DDQ 4. 2DDR 5. 2DDS 6. 2DDT

L)
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1.5  Estimating surds

Exercise 1 — 3:

1. Determine between which two consecutive integers the following numbers lie, without using a calculator:

a) V18

Solution:

4and 5 (4% = 16 and 5% = 25)
b) /29

Solution:

5and 6 (52 = 25 and 6> = 36)
o V5

Solution:

land 2 (1* = 1 and 23 = 8)
d) V79

Solution:
(4% = 64 and 5° = 125)

g
=~
¥
(S
ol o
(S

Solution:
12 and 13 (122 = 144 and 13% = 169)

=
a
=

Solution:
7and 8 (72 = 49 and 82 = 64)

g
5
2

Solution:

8and 9 (8% = 64 and 9 = 81)
V12

Solution:

4 and 5 (4° = 64 and 5% = 125)

&
3

ﬁ
©
=

i)
Solution:
4and 5 (4° = 64 and 5° = 125)
j) V81
Solution:
4 and 5 (4° = 64 and 5° = 125)

2. Estimate the following surds to the nearest 1 decimal place, without using a calculator.

a) V10

Solution:

Since 3% = 9 and 42 = 16, v/10 must lie between 3 and 4. But we note that 10 is closer to 9 than to 16 and so
v/10 will be closer to 3 than to 4.

3,1 or 3,2 are suitable estimates.
b) /82
Solution:

Since 9% = 81 and 102 = 100, v/82 must lie between 9 and 10. But we note that 82 is closer to 81 than to 100
and so /82 will be closer to 9 than to 10.

9,1 is a suitable estimate.
o V15
Solution:

Since 3% = 9 and 4% = 16, v/15 must lie between 3 and 4. But we note that 15 is closer to 16 than to 9 and so
v/15 will be closer to 4 than to 3.

3,9 is a suitable estimate.

d) V90
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Solution:

Since 92 = 81 and 102 = 100, v/90 must lie between 9 and 10. But we note that 90 is about halfway between
81 and 100, so v/90 will be halfway between 3 and 4.

3,5 is a suitable estimate.

3. Consider the following list of numbers:
F3V19; 215 045; 045; —1/§; 65 —v8; V5L
Without using a calculator, rank all the numbers in ascending order.

Solution:

Remember that negative numbers are smaller than positive numbers. It may also be helpful to write the fractions as
decimals to help you estimate the number. For the surds you can estimate between which two numbers the surd lies
and use that to help you rank these numbers.

« ¥ ~3857
¢ /19 lies between 4 and 5

. 27 ~ 6,28

coyfi=-g=-15

o —+/8lies between —2 and —3

¢ /51 lies between 7 and 8
Also note that 0,45 < 0,45.

Therefore we get the following order: —v/8; —y/2; 0,45; 0,45; 2 ; V/19; 6; 27 ; /51

For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths'.

la. 2DDW  1b. 2DDX 1c.2DDY 1d.2DDZ 1e.2DF2  1f. 2DF3
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2c. 2DFB 2d. 2DFC 3. 2DFD

L)
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1.6 Products

Multiplying a monomial and a binomial

Multiplying two binomials

Multiplying a binomial and a trinomial

Exercise 1 — 4:

1. Expand the following products:
a) 2y(y +4)
Solution:
2y(y +4) = 29" + 8y

b) (y+5)(y+2)
Solution:

1.6. Products
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o (2—1t)(1—2¢)
Solution:

d) (z —4)(z+4)
Solution:

e) —(4—z)(z+4)
Solution:

f) —(a+b)(b—a)
Solution:

g (2p+9)(Bp+1)
Solution:

h) (3k —2)(k +6)
Solution:

i) (s+6)>
Solution:

) —(7T—2)(7T+2)
Solution:

(y+5)(y+2)=y°+2y+5y+10
=y’ + Ty +10

(2—t)(1—2t) =2 — 4t —t +2t°
=2t — 5t +2

(x—4)(z+4) =2 + 4z — 4z — 16
=a2>—16

—(4—z)(x+4) = —(4z + 16 — 2° — 4x)
= —(16 — z%)
=-16+2°
=216

—(a+b)(b—a)=(a+b)(a—b)
=a®+ba—ba— 16

2 2
=a"—b

(2p+9)(3p+1) = 6p° +2p+27p+ 9
=6p° +29p+9

(3k — 2)(k + 6) = 3k* + 18k — 2k — 12
= 3k” + 16k — 12

(s+6)> = (s+6)(s+6)
=52 + 65+ 65+ 36
=%+ 125+ 36

Chapter 1. Algebraic expressions
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Bz —1)(3z +1)
Solution:

(7k + 2)(3 — 2k)
Solution:

(1 — 4z)?
Solution:

(=3-y)(5—-y)
Solution:

(8 —z)(8+ )
Solution:

@+ )
Solution:

(—7y T 11)(—12y aF 3)
Solution:

(9—5)
Solution:

—(49 4 Tz — Tz — )
= —(49 — z%)
=z%—49

—(7T—2)(T+x)

8z —1)(3z + 1) = 92 + 3z — 3z — 1
=927 —1

(Tk +2)(3 — 2k) = 21k — 14k° + 6 — 4k
=14k + 17k + 6

(1—42)* = (1 — 42)(1 — 42)
=1— 4z — 4z + 162>
=16z> -8z +1

(=3 —y)(5—y) = —15+3y — 5y +4°
=y —2y—15

(8—z)(84x) =64+ 8z — 8z — 2°
= —2° +64

9+2)°=(9+z)(9+2)
81 + 9z + 9z + z°
=22 + 18z + 81

(=Ty + 11)(—12y + 3) = 84y" — 21y — 132y + 33
= 84y> — 153y + 33

(9-5)°=(9—-5)(g—5)
=g* —59—59+25
=g° — 109+ 25

1.6. Products




s) (d+9)?
Solution:

(d+9)2 = (d+9)(d+9)
=d?+9d + 9d + 81
=d® +18d +81
t) (6d+7)(6d —7)

Solution:

(6d + 7)(6d — 7) = 36d> — 42d + 42d — 49
= 36d° — 49
u (bz+1)(bz—1)

Solution:

(52 + 1)(52 — 1) = 252° — 5z + 5z — 1
= 2522 —1
v) (1—3h)(1+3h)

Solution:

(1—3h)(1+3h) =1+ 3h — 3h — 9h>
=1—9n
w) (2p+3)(2p+2)

Solution:

(2p+3)(2p+2) =4p° +4p+6p+6
=4p° +10p+6
X) (8a+4)(a+T7)

Solution:

(8a + 4)(a + 7) = 8a® + 56a + 4a + 28
= 8a® + 60a + 28
y) (5r +4)(2r +4)

Solution:

(57 + 4)(2r + 4) = 101> 4 20r + 8 + 16
= 107> + 287 + 16

z) (w+1)(w—1)

Solution:

w+Dw—-1)=w+w—-—w-1

=w?-1

2. Expand the following products:

Chapter 1. Algebraic expressions




oY)

(=3
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d

e

) (g+11)(g —11)
Solution:

) (4b—2)(2b—4)
Solution:

) (4b—3)(2b—1)
Solution:

) (6 —4)(3z + 6)
Solution:

) (Bw —2)(2w +7)
Solution:

f) (2t — 3)?

Solution:

g (5p —8)?

Solution:

h) (4y +5)°

Solution:

(g+11)(g—11) = g° + 11g — 11g — 121
= g% — 121

(4b — 2)(2b — 4) = 8b° — 16b — 4b + 8
= 8b> — 200+ 8

(4b —3)(2b — 1) = 8b°> — 4b— 6b + 3
=8b> — 100+ 3

(6x — 4)(3z + 6) = 182 4 36z — 12z — 24
=18z% + 24z — 24

(3w — 2)(2w + 7) = 6w’ + 21w — 4w — 14
= 6w’ 4 17w — 14

(2t — 3)% = (2t — 3)(2t — 3)
=4t> — 6t —6t+9
=4t — 12t +9

(5p — 8)* = (5p — 8)(5p — 8)
= 25p® — 40p — 40p + 64
= 25p> — 80p + 64

(4y +5)% = (4y + 5)(4y + 5)
= 169> + 20y + 20y + 25
= 16y° + 40y + 25

1.6. Products




D (2y° + 3y°)(=by — 12)
Solution:

(2y° + 3y°)(=5y — 12) = —10y" — 24y° — 15y° — 36¢°
= —10y" — 39y° — 36¢°
j) 9(8y* — 2y + 3)
Solution:
9(8y* — 2y + 3) = 72y* — 18y + 27
k) (—2y? — 4y + 11)(5y — 12)
Solution:
(—2y° — 4y + 11)(5y — 12) = —10y° — 209> + 55y + 24y> + 48y — 132
= —10y® + 4y” + 103y — 132
) (7y? — 6y — 8)(—2y +2)
Solution:
(Ty® — 6y — 8)(—2y +2) = —14y> + 12¢° + 16y + 14y> — 12y — 16
= —14y° + 26y° + 4y — 16
m) (10y + 3)(—2y* — 11y + 2)
Solution:
(10y + 3)(—2y° — 11y + 2) = —20y° — 110y° + 20y — 6> — 33y + 6
= —20y° — 116y> — 13y + 6
n) (—12y — 3)(2y* — 11y + 3)
Solution:
(—12y — 3)(2¢° — 11y + 3) = —244° + 132y> — 36y — 65> + 33y — 9
= 24y +126y° — 3y — 9
0) (—10)(2y> + 8y + 3)
Solution:
(—10)(2y° + 8y + 3) = —20y° — 80y — 30
p) (7y + 3)(7y* + 3y + 10)
Solution:
(7y + 3)(Ty® + 3y + 10) = 49y° + 213> + 70y + 21y> + 9y + 30
= 49y° + 42y* + 79y + 30

q) (a+ 2b)(a® + b* + 2ab)
Solution:

(a+ 2b)(a® + b* + 2ab) = a® + ab® + 2a*b + 2a°b + 2b° + 4ab®
=a° + 4a°b + 5ab? + 23

Chapter 1. Algebraic expressions
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(z+y)(z® —zy+y°)
Solution:

(+y)(a® —zy+y°) =2° -2’y + 2y’ + 2y — 2’ +¢°
:m3+y3

3m(9m? + 2) 4 5m?(5m + 6)
Solution:

3m(9m® + 2) + 5m>(5m + 6) = 27m® 4 6m + 25m> + 30m>
= 52m° + 6m + 30m°

42%(102° + 4) + 423 (22 + 6)
Solution:

422 (102° + 4) + 42° (22% + 6) = 402° + 162° + 82° + 242°
= 482" + 162° + 2423

3k (K* + 3) + 2k*(6k° + 7)
Solution:

3k3 (K + 3) 4 2K%(6K° + 7) = 3k° + 9k> + 12K 4 14K°
= 15k° 4 9%° 4 14K°

(32 + 2)(3z — 2)(92> — 4)
Solution:

(3z + 2)(3z — 2)(92° — 4) = (92° — 4)(92° — 4)
= 81z* — 36z — 36z + 16
=81zt — 72z + 16

(—6y* +11y° + 3y)(y + 4)(y — 4)
Solution:

(=6y* + 11y° + 3y)(y + 4)(y — 4) = (=6y" + 11y° + 3y)(y° — 16)
= —6y° + 96y + 11y* — 176y> + 3¢° — 48y
= —6y° + 107y* + 3y® — 176y> — 48y

(z +2)(z — 3)(2* + 22 — 3)
Solution:

(x4 2)(x — 3)(z® + 22 —3) = (2° —z — 6)(z° + 2z — 3)
=z' +22° — 3¢° — 2® — 207 + 3z — 62° — 12z + 18
=z 4+ 23— 112% — 92 + 18

(a+2)? — (2a — 4)?
Solution:

(a+2)° = (2a —4)*> = a® + 4a + 4 — (4a® — 16a + 16)
=a%+4a+4— 4a® + 16a — 16
= —3a® + 20a — 12

1.6. Products




3. Expand the following products:

a)

b)

(22 + 3)% — (z — 2)?
Solution:

2z +3)° — (z —2)° =42° + 1204+ 9 — (z° — 42 + 4)
=42 + 122 +9— 2% + 4z — 4
=322+ 16z +5

(2a® —a —1)(a® + 3a + 2)
Solution:

(2a° —a —1)(a® + 3a 4 2) = 2a* + 6a® + 4a® — 0® — 30> — 2a — a* — 3a — 2
— 20t E5q =55 =9

(W +4y—1)(1 -4y —¢?)
Solution:

W +ay - DA —-dy—y>) =9’ -4’ —y' +4dy — 169" —4y® — 1+ 4y + ¢
=yt -8y — 14> +8y—1

2(z — 2y) (¢ + zy + 3?)
Solution:

2z — 2y)(2* + zy + %) = 2(2° + 2y + 2y” — 20y — 201° — )
=2(z° — 2’y —ay” — )
=2z — 2x2y = 2xy2 = 2y3

3(a — 3b)(a® + 3ab — b?)
Solution:

3(a — 3b)(a® + 3ab — b*) = 3(a® + 3a°b — ab® — 3a°b — 9ab® + 3b%)
= 3(a® — 10ab® + 3b°)
= 3a® — 30ab® + 9b°

(2a — b)(2a + b)(2a* — 3ab + b%)
Solution:

(2a — b)(2a + b)(2a> — 3ab + b*) = (4a® — b*)(2a° — 3ab + b*)
= 8a* — 12a®b + 4a%b? — 2a%b% + 3ab® — b*
= 8a* — 12a®b + 24%b* + 3ab® — b*

2(3z + y)(3x — y) — (3x — y)*
Solution:

2(3z + y)(3z — y) — (3z — y)* = 2(9¢” — y°) — 92° + 6y — o/
=18z% — 2y2 —9z% + 6y — y2
=9z° + 6y — 3y2

(z+y)(z - 3y) + 2z — y)?
Solution:

(@ +y)(x —3y) + 2z — y)* =2° — 3zy + zy — 3y” + 42° — 4wy + ¢/
= 5z% — 6zy — 2y2

Chapter 1. Algebraic expressions
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Solution:

Tt e
227 3
“ntete
. 2 x 4
) (=-2)(5+2)
Solution:
<m_g)(x+é):mj+4_g_§
T 3 =z 3 3  x2
7 12 2 8
=373 37 =
_z® 10 8
=3t3 =

k) %(10x —12y) + 1 (152 — 18y)

Solution:

1 1
5(1095 —12y) + g(ISz — 18y) = 5x — 6y + 5z — 6y
=10z — 12y

) %a(lla + 6b) + %(8(1 + 12b)

Solution:

%a(éla + 6b) + i(sa +12b) = 2a® + 3ab + 2a + 3b

4. What is the value of b, in (z 4+ b)(z — 1) = 2* + 3z — 4
Solution:

(x+b)(z—1)=a>—x+br—0b

From the constant term we see that b = 4. We can check the = term: —x + 4x = 3x.
5. What is the value of g, in (z — 2)(z + g) = 2° — 6z + 8
Solution:

(x—2)(x+g) =24 gz —2z—2g
From the constant term we see that —2g = 8, therefore g = —4. We can check the z term: —4x — 22 = —6x.
6. In(z—4)(z+k)=2>+bx+c
a) For which of these values of k& will b be positive?
—3;—-1;0;3;5
Solution:

(x —4)(z + k) = 2* + kx — 4z — 4k

The z term is kz — 4z so for b to be positive k > 4. Therefore k = 5.
For which of these values of k will ¢ be positive?

—3;—-1;0;3;5

Solution:

g

1.6. Products




(€ —4)(x + k) = 2° + ke — 4o — 4k

The constant term is —4k so for c to be positive k < 0. Therefore k = —3 or k = —1.
c) For what real values of k will ¢ be positive?
Solution:

From the previous question we see that k& < 0 will make c positive.
d) For what real values of k will b be positive?

Solution:

From earlier we see that & > 4 will make b positive.

7. Answer the following:

4 2
a) Expand <x+ ;) .

Solution:

(+2) = (=+2) (+2)

16
=z’ +8+—
T

2
b) Given that <m + é) = 14, determine the value of 2 + 1—3 without solving for x.
0 x

Solution:

2
o

2

, . 1 : 4\?
Now we note that the above expression can also be written as 2 + —S + 8. Since (m + 7) = 14 we get:
x o

1
14:x2+8+—§
x
14—8::524—1—2
T
1
6:x2+—2
x

8. Answer the following:

1 2
a) Expand: <a+ 5)
Solution:
2
(a-f—l) =a2+2+i2
a a

: 1 : 1\* ,
b) Given that <a + 5) = 3, determine the value of (a + a) without solving for a.

Solution:

2
c) Given that <a — 1) = 3, determine the value of (a + l) without solving for a.
a a

Solution:
We note that:

Chapter 1. Algebraic expressions




. 1\? 1\°
Next we note that if we add 4 to (a - g> we get <a + E) . Therefore:

1\° 1
(a—i—f) :a2—2+—2+4
a a

=344
—9+4
=13

9. Answer the following:

1 2
a) Expand: <3y+ —)
2y

Solution:

L

1Y% s
(3y+f> =9y +3+4y2

2y

. 1 . 1\ . .
b) Given that 3y + % = 4, determine the value of <3y + %> without solving for y.

Solution:
1\?>
3y+— | =4
(y+%)
=16

10. Answer the following:

1 2
a) Expand: <a+ —)
3a

Solution:

3 9a?

: RER Y -
b) Expand: <a+ 3a) (a 3 + 9a2)

Solution:

NS WOPIEE U U WP SRR IS SRR B
3a 3 9a%2) 3° 9% 3 9a 27d?
1

_ 3

ot 27a3

. 1 . s 1 .
o) Given that a + — = 2, determine the value of a” + without solving for a.
3a 27a3

Solution:

1.6. Products




3 1
=2(3
@t 27a3 (3)
=6
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.
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1.7 Factorisation

Common factors

Exercise 1 — 5:

Factorise:

1. 12z + 32y
Solution:

12z + 32y = 4(3z + 8y)
2. —2ab® — 4a%b
Solution:

—2ab® — 4a°b = —2ab(b + 2a)

3. 18ab — 3bc
Solution:

18ab — 3bc = 3b(6a — c)

4. 12kj + 18kq
Solution:

12kj + 18kq = 6k(2j + 3q)

Chapter 1. Algebraic expressions
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5. —12a + 24a®
Solution:
—12a + 24a® = 12a(—1 + 2a°)
6. —2ab — 8a
Solution:
—2ab — 8a = —2a(b+4)
7. 24kj — 16k%j
Solution:
24kj — 16k*j = 8kj(3 — 2k)
8. —a’b—b%a
Solution:
—a’b — b’a = —ab(a +b)
9. 72b%q — 18b3¢?
Solution:
72b°q — 18b°¢° = 18b%q(4 — bq)

10. 12525 — 532
Solution:

1252° — 5% = 5(252° — ¢/%)
= 5(52° — y)(52° +y)
11. 622 + 22 + 102®
Solution:
62> + 2 + 10z° = 22(3z + 1 + 52°)
12. 2zy® + zyz + 3zy
Solution:
2zy® + zy’z + 3y = zy(2y + yz + 3)
13. 12k%j + 24k% 52
Solution:
12k%5 + 24Kk%5% = 12k%5(1 + 25)
14. 3a® + 6a — 18

Solution:
3a® + 6a — 18 = 3(a” + 2a — 6)
15. Ta+4
Solution:
Ta+ 4
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.
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Difference of two squares

Exercise 1 — 6:

Factorise:

1. 4(y —3) + k(3 —v)
Solution:

4y—3)+k(B—y)=4(y—3) —k(y—3)
=W-3)(4-k)

2. a*(a—1) —25(a — 1)
Solution:

a’(a—1) —25(a—1) = (a — 1)(a® — 25)

(a—1)(a—5)(a+5)

3. bm(b+4) — 6m(b+4)
Solution:

bmn(b+4) — 6m(b+4) = (b+4)(bm — 6m)
=(b+4)(m)(b—06)

4. a*(a+7)+9(a+7)
Solution:
a®(a+7)4+90a+7) = (a+7)(a®>+9)

5. 3b(b—4) — 7(4 — b)
Solution:

3b(b— 4) — 7(4 — b) = 3b(b — 4) + 7(b — 4)
=b-4)Bb+7)
6. 3g(z+6) +2(6 + z)

Solution:

39(z +6) +2(6 + 2) = 3g(z + 6) + 2(z + 6)
=(2+6)(3g+2)

7. 4b(y 4+ 2) + 5(2 + v)

Solution:

4b(y +2) +5(2 +y) = 4b(y +2) + 5(y + 2)
= (y+2)(4b+5)

8. 3d(r+5) + 14(5+r)

Solution:

3d(r +5) + 14(5 + r) = 3d(r + 5) + 14(r + 5)
= (r+5)(3d + 14)

Chapter 1. Algebraic expressions




10.

12.

13.

14.

15.

16.

17.

. (6z+y)2—9

Solution:

(6 +y)> =9 = (6z+y —3)(6z+y+3)

42 — (4z — 3y)?
Solution:

4a° — (4z — 3y)® = (2z + 4z — 3y)(2z — (4o — 3y))
= (6z — 3y)(3y — 27)
= 3(2z — y)(3y — 27)

. 16a® — (3b + 4c)?

Solution:

164 — (3b + 4c)® = (4a + 3b + 4c)(da — (3b + 4c¢))
= (4a + 3b+ 4c)(4a — 3b — 4c)
(b—4)% —9(b—5)2
Solution:
(b—4)2—9(b—5)°=(b-4—-30b-5))(b—4+3(b—5))
= (—2b+ 11)(4b — 19)

4(a — 3)* — 49(4a — 5)

Solution:
4(a —3)* —49(4a — 5)° = (2(a — 3) — 7(4a — 5))(2(a — 3) + 7(4a — 5))
= (2a — 6 — 28a + 35)(2a — 6 + 28a — 35)
= (29 — 26a)(30a — 41)
16k* — 4
Solution:
16k> — 4 = (4k — 2)(4k + 2)
a’b’c® — 1
Solution:
a’b’c® —1 = (abe — 1)(abc + 1)
%az — 4b?
Solution:
15 2 (1 1
g% 4b° = (311 2b> (3a+2b>
%xZ -2
Solution:

1.7. Factorisation




18. 4> —8
Solution:
Note that (\/g)2 =8

v’ —8=(y—V8)(y+V8)

19. y? — 13
Solution:
Note that (\/13)2 =13

y? —13 = (y — V13)(y + V13)
20. a*(a — 2ab — 15b%) — 9b*(a® — 2ab — 15b%)

Solution:
a’(a — 2ab — 15b%) — 9b%(a® — 2ab — 150%) = (a* — 2ab — 15b°)(a” — 9b*)
= (a — 5b)(a + 3b)(a — 3b)(a + 3b)
= (a — 3b)(a — 5b)(a + 3b)*
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths'.
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Factorising by grouping in pairs

Exercise 1 — 7:

Factorise the following:

1. 6d — 9r + 2t5°d — 3t°r
Solution:

6d — 9r + 2t°d — 3t°r = 3(2d — 3r) + t°(2d — 3r)
= (2d — 3r)(3 +t°)
2. 92 — 18m + b2 — 2b®m

Solution:

9z — 18m + b%z — 26°m = 9(z — 2m) + b (2 — 2m)
= (z —2m)(9+b%)
3. 352 — 10y + 7c°z — 2c°y

Solution:

35z — 10y 4+ 7%z — 2%y = 5(7z — 2y) + (72 — 2y)
= (72— 2y)(5+ ¢°)

4. 6 +a—+ 2ax + 3

Chapter 1. Algebraic expressions
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10.

12.

Solution:

. %> — 6z + 5z — 30

Solution:

. 5z + 10y — az — 2ay

Solution:

a® —2a —azx + 22
Solution:

. 5zy — 3y +10x — 6

Solution:

.ab—a®>—a+1b

Solution:

14m — 4n + 7Tjm — 2jn
Solution:

. 28r — 20z + Tgr — 59z

Solution:

25d — 15m + 5yd — 3ym
Solution:

6x + a+ 2ax + 3 =6x + 3+ a + 2azx
=32z +1)+a(2z+1)
=B+a)(2z+1)

x? — 6z + 5z — 30 = z(z — 6) + 5(x — 6)
= (z+5)(z — 6)

5z + 10y — az — 2ay = 5(z + 2y) — a(z + 2y)
= (5-a)(z +2y)

a® —2a —azx + 2z =ala—2) — z(a —2)
— (a-2)(a-2)

5zy — 3y + 10z — 6 = y(5bz — 3) + 2(5x — 3)
= (y+2)(5z — 3)

ab—a’—a+b=—-a>—a+ab+b
=—ala+1)+bla+1)
= (~a+B)(a+1)

14m — 4n + 7jm — 2jn = 2(Tm — 2n) + j(Tm — 2n)
= (Tm —2n)(2 + j)

287 — 20x + 7gr — 5gx = 4(7r — 5z) + g(7r — 5x)
= (Tr —5z)(4 +9)

25d — 15m + 5yd — 3ym = 5(5d — 3m) + y(5d — 3m)
= (5d — 3m)(5 + v)

1.7. Factorisation




13. 45q — 18z + 5¢q — 2¢cz
Solution:

45q — 18z + 5cq — 2cz = 9(5q — 22) + ¢(5q — 22)
— (5g—22)(9+¢)
14. 65 — 150 + 2yj — Syv

Solution:

67 — 15v + 2yj — byv = 3(2j — 5v) + y(25 — 5v)
= (27 —5v)(3+y)

15. 16a — 40k + 2za — 5zk
Solution:

16a — 40k + 2za — 5zk = 8(2a — 5k) + z(2a — 5k)
= (2a — 5k)(8 + 2)
16. ax — bx + ay — by + 2a — 2b

Solution:

ax —br+ay — by + 2a — 2b = z(a — b) + y(a —b) + 2(a — b)
(a—=b)(z+y+2)

17. 3ax + bz — 3ay — by — 9a — 3b

Solution:
3az 4+ br — 3ay — by — 9a — 3b = z(3a + b) — y(3a + b) — 3(3a + b)
— (Ba+b)(@—y—3)
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.
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Factorising a quadratic trinomial
General procedure for factorising a trinomial

Exercise 1 — 8:

Factorise the following:

1. 22+ 8z + 15
Solution:

2 +8z+15= (z+5)(z+3)

Chapter 1. Algebraic expressions
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2. 224+ 9z +38
Solution:

>+ 9z +8=(x+8)(x+1)

3. 22 4+ 12z + 36
Solution:

2 + 12z 4 36 = (z + 6)(z + 6)
2

= (z +6)
4. 2h% 4+ 5h — 3
Solution:
2h* + 5h — 3 = (h + 3)(2h — 1)
5. 322 +4z +1
Solution:
3z’ +4r+1=(x+1)Bcx+1)
6. 352 +s—10
Solution:

35> +5—10= (s +2)(3s — b)
7. 2% —2x—15

Solution:
2 — 20 —15= (z + 3)(z — 5)
8. 2> +2zx—3
Solution:
2’ +2c-3=(z+3)(z—1)
9. x4+ —20
Solution:

2>+ —20=(z+5)(x—4)
10. 2° —z — 20
Solution:
> —z—-20=(z—5)(z+4)

11. 222 — 222 + 20
Solution:

2z% + 22z + 20 = 2(z® 4 11z + 10)
= 2(z + 1)(z + 10)
12. 6a* + 14a + 8
Solution:
6a° + 14a + 8 = 2(3a® + 7a + 4)
=2(a+1)(3a+4)
13. 6v% — 27w + 27

Solution:

60> — 27v + 27 = 3(20% — v + 9)
=3(2v—-3)(v—23)

1.7. Factorisation




14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

6g%> — 159 — 9
Solution:

322+ 19z + 6

Solution:

322+ 172 — 6
Solution:

T2 — 6z — 1
Solution:

62> — 152 — 9

Solution:

a® — Tab+ 12b

Solution:

3a? + 5ab — 125>
Solution:

98zt + 1422 — 4

Solution:

(z—2)2—7(z—2)+12
Solution:

(a—2)*—4(a—2) -5
Solution:

(y+3)*—3(y+3)—18
Solution:

69> — 159 — 9 = 3(29° — 59 — 3)
=3(9—-3)(29+1)

3z® +192 + 6 = (3z + 1)(x + 6)

3z2 + 17z — 6 = (3 — 1)(x + 6)

70> —6x—1=(Tx+1)(z —1)

6z — 152 — 9 = 3(22> — 5z — 3)
=32z +1)(z —3)

a® — Tab+ 12b° = (a — 4b)(a — 3b)

3a® + 5ab — 12b° = (3a — 4b)(a + 3b)

98z* + 142° — 4 = 2(49z" — 72° — 2)
=2((Tz + 2)(7z — 1))

(—2°-7z—-2)+12=(z—2)—4)((x—2)—3)
=(z—6)(z—5)

(@a—2)%—4(a-2)-5=(a—2)—5)((a—2)+1)
=(a—T7)(a—1)

(y+3)°—3(y+3)—18=((y+3) —6)((y+3) +3)
=(y—3)(y+6)

Chapter 1. Algebraic expressions




25. 3(b* + 5b) + 12
Solution:

3(b> + 5b) + 12 = 3(b> + 5b) + 3(4)

= 3(b° + 5b +4)
=3(b+4)(b+1)
26. 6(a” + 3a) — 168
Solution:
6(a” + 3a) — 168 = 6(a” + 3a) — 6(28)
= 6(a” + 3a — 28)
=6(a+7)(a—4)
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.
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Sum and difference of two cubes

Exercise 1 — 9:

Factorise:
1. w*—8
Solution:
w® — 8 = (w— 2)(w® + 2w+ 4)
2. ¢° + 64
Solution:
g +64=(g+4)(g° — 49+ 16)
3. 3 +1
Solution:
B +1=(h+1)(h —h+1)
4. 22 +8
Solution:
3 2 2
z” +8 = (z+ 2)[(z)” — (=)(2) + (2)7]
= (z+2)(z® — 2z +4)
5. 27 —m?
Solution:

1.7. Factorisation
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10.

11.

12.

13.

27— m® = (3 -m)[(3)* + (3)(m) + (m)?]
= (3—m)(9+ 3m+m?)

223 — 23
Solution:
2z — 29° = 2(2® — ¢°)
=2(z —y)[(2)’ + (2)(v) +¥’]
=2(z — y)(=* + 2y +v°)
. 3k 4 81¢°
Solution:
3k3 + 81¢% = 3(K® + 27¢°)
=3(k +39)[(k) — (k)(3q) + (39)°]
= 3(k + 3q)(k* — 3kq + 9¢°)
. 6413 — 1
Solution:
64t — 1 = (4t — 1)[(4t)> + (4t)(1) + (1)?]
= (4t — 1)(16t° + 4t + 1)
. 64x? — 1
Solution:
642° — 1= 8z — 1)(8z + 1)
12523 + 1
Solution:
1252° + 1 = (52 + 1)[(5x)* — (52)(1) + (1)?]
= (5z 4 1)(252% — 5z + 1)
252% +1
Solution:

Note that (\3/%)3 = 25.

252° + 1 = (V25 + 1)[(V/25z)* — (V/25z)(1) + (1))
= (V/25z 4 1)((V/25)%z* — V/25z + 1)

z — 125z*
Solution:
z —1252* = (2)(1 — 1252°)
= (2)(1 = 52)[(1)* + (1)(52) + (52)°]
= (2)(1 — 52)(1 + 5z + 252%)
8mS + n?
Solution:

Chapter 1. Algebraic expressions




8m6 +TL9 _ (2m2)3 + (n3)3
= (2m® + n®)[(2m?)* — 2m*)(n®) + (n*)?]
= (2m? + n®)(4m* — 2m*n® 4 n®)
14. 216n° — k3
Solution:

216n° — k* = (6n — k)(36n> + 6nk + k%)
15. 125s% + d3
Solution:
1255° + d° = (55 + d)(25s° — 5sd + d°)
16. 8k> + r®
Solution:
8k +1° = (2k + r)(4k” — 2kr + 1)
17. 853%k31® — b°

Solution:
8%k 1% — b® = (2jkl — b)(45°k>1* + 2jklabe + b%)
18. 27z%y® + w?
Solution:
272%y° + w® = (3zy + w)(92%y* — 3zyw + w?)

19. 128m> + 23

Solution:
128m® + 2% = 2(64m® + f?)
= 2(4m + f)(16m> — 4mf + f?)
1
20. pl5 — =12
0.p gY
Solution:
15 1 1o 5v3 (L 43
PP gy =) - (GY)
_ 5_1 4 5\ 2 5y (1 4 14
- (7=37) [+ 09 (3v') + ()]
(5 14 10,154 14
—<p 2?/)(17 +2py+4y)
2T
21. t73_8
Solution:
27 5 .3 9 3s
w s =Gty )
L 3
2 s
Solution:
1 g 1 1, h
6443 h _(4q h)(16q2+4q+h)

1.7. Factorisation




1
23. 72¢° + gqﬁ

Solution:

72¢° + %v?’ = 2 (216g° +v°)

(6g + 1))(36g2 — 6gv + v2)

W= W

24. 1 — (z —y)®
Solution:

1—-(@-p’=010-(z—-y)1)’ - D)@ -y +@=-y7
=(1l-z+y)(Q-—z+y+a’®—2ay+y°)
25. h*(8¢° + h®) — (8¢° + h?)

Solution:

h*(8¢° +h%) — (8¢° + 1) = (h* — 1)(8¢° + A%)
= (b = 1)(h®* +1)(2° + h)(4g" — 26°h + 1)
= (h=1)(h+ 1)(A* +1)(29" + h)(4g" — 2¢°h + I?)

26. x(125w? — h3) + y(125w> — h?)
Solution:

z(125w° — h3) 4+ y(125w® — h®) = (z + y)(125w® — h?)
= (z +y) (5w — h)(25w” + Swh + h?)

27. x2(27p® + w?) — 52(27p* + w?) — 6(27p® + w?)

Solution:
22(27p° + w®) — 52(27p* + w®) — 6(27p° + w®) = (2 — 5z — 6)(27p° + w?)
— (= 6)(z + 1)(3p + w)(9” — 3pw + w?)
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths'.

1. 2DMW 2. 2DMX 3. 2DMY 4. 2DMZ 5. 2DN2 6. 2DN3 7. 2DN4 8. 2DN5

9. 2DN6 10.2DN7  11.2DN8 12.2DN9 13.2DNB  14.2DNC 15.2DND 16. 2DNF
17.2DNG  18. 2DNH 19. 2DN]J 20. 2DNK  21.2DNM  22. 2DNN  23.2DNP  24. 2DNQ
25.2DNR  26.2DNS  27. 2DNT

2,

==\ www.everythingmaths.co.za m.everythingmaths.co.za

1.8  Simplification of fractions

Exercise 1 — 10:

1. Simplify (assume all denominators are non-zero):
3a

15

Solution:

a)
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http://www.everythingmaths.co.za/@@emas.search?SearchableText=2DNS
http://www.everythingmaths.co.za/@@emas.search?SearchableText=2DNT
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2a 4+ 10

4
Solution:

5a + 20
a+4
Solution:

a’® —4a
a—4
Solution:

3a® — 9a
2a — 6
Solution:

9a + 27

9a + 18
Solution:

Note restriction: a # —2.
6ab + 2a

2b
Solution:

Note restriction: b # 0.

3a

15 5
2a+10 _ 2(a+5)
4 4

a—+5
2
5a+20 5(a+4)
a-+4 a-+4
5
a®—4a _ ala—4)
a—4  a—4
a
3a®> —9a  3a(a —3)
2a —6  2(a—23)
3a
2
9a+27  9(a+3)
9a+18  9(a+2)
a—+3
T a+2
6ab+2a  2a(3b+1)
2b 2b
_a(3b+1)
B b
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16z%y — 8zy
122 — 6
Solution:

h)

4xyp — 8xp
122y
Solution:

Note restriction: y # 0.

922 — 16
6x — 8
Solution:

b? — 81a?
18a — 2b
Solution:

k)

£2 _ g2

) 82 — 2st + 2
Solution:

Note restriction: s # ¢
xz? — 22— 15

5z — 25
Solution:

m)

1622y — 8zy _ 8xy(2xz — 1)
120 —6  6(2z—1)

8xy

6

4xy

3

dzyp — 8xzp  dap(y — 2)
12zy - 122y
_py—2)
3y

92° —16  (3z —4)(3z +4)

6z—8 23z —4)
3z +4
)

b2 —81a®> (b—9)(b+9)

18a—2b  2(9-0)
b+9
T2
t2—s> (t—s)(t+s)
s2—2st+t2  (s—t)2
_—(s=t)(+s)
EEDE
_ —(t+s)
C s—t

2 —22—-15 (z—5)(xz+3)
50—25  5(x—b)
x+3

5
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z2 4+ 2z — 15

z2 + 8z + 15
Solution:
2’ +2c—15 (z+5)(xz—3)
22 +8z+15  (z+3)(z +5)
r—3
T z4+3
Note restriction: = # —3.
o) 22—z —6
T3 — 27
Solution:
?—z—-6  (z—3)(z+2)
z3—27  (z—3)(z2+3z+9)
_ T+ 2
T 22432 +9
) a® + 6a — 16
P a® —8
Solution:
a®>+6a—16  (a+8)(a—2)
a3 -8  (a—2)(a%+2a+4)
___a+38
a2+ 2a+4
) a® — 4ab — 12b°
q a? + 4ab + 4b?
Solution:

a® —4ab— 126> (a — 6b)(a + 2b)

a? +4dab + 462 (a+ 2b)2
__a—6b
T a+2b
Note restriction: a # —2b.
" 6a® —7a —3
3ab+ b
Solution:

6a> —T7a—3 (2a—3)(3a+1)
3ab+b b(Ba+1)
_2a-—3

b

Note restriction: b # 0.
22—z —1

3 —x
Solution:

202 —x—1 (2z+1)(xz—1)

B—z  zlz—1(=z+1)
2z +1

T oz(z+1)

Note restrictions:  # —1 and x # 0.
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qz + qr + 16z + 167
2+
Solution:

t)

qz+qr+16z+16r _ q(z+7)+ 16(z + 1)

(z+7) a (z+7)
_ (z+1)(g+16)
(z+7)
=q+ 16
u Pz —pg + 5z — 5¢q
2—q
Solution:
pz—pg+52—5¢ p(z—q)+5(x—q)
(z—q) a (z—q)
_ (=9 ®+5)
- (-9
=p+5
v hx — hg + 13z — 13g
r—g
Solution:
hx —hg+ 13z —13g _ h(z — g) + 13(z — g)
(z—9) a (z—9)
_ (@—g)(h +13)
- (-9
=h+13
W) f2a_fa2
f—a
Solution:

fa—fa® _ af(f —a)
f—a ~ (f-a)
:af

2. Simplify (assume all denominators are non-zero):
b +10b+21 . 2b° +14b

3(62—=9) 3062 — 90b
Solution:

a)

b +10b+21 , 20" +14b _ b +10b+21 3067 — 90b
362 —9)  30b2 —90b 3(b2 —9) 2b + 14b
_ (b+7(b+3)  30b(b—3)
3b—3)(b+3) " 2b(b+7)
130

—3772
5

¢ +172 470 | 32”421z
5(x2 —100) 4522 — 450z
Solution:

b)
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2+ 172470 | 32°+2lx  2°+ 172+ 70 _ 452° — 450z
5(z2 —100) ~ 45z —450x  5(z2 — 100) 3z2 + 21z
_ (z+T7)(xz+10) 45z (x — 10)
~ 5(x—10)(z +10) = 3x(z+7)
1,45
5 3
=3
o 22N 66 2 Z e 0
3(22 —121) =~ 2422 — 264z
Solution:
224172+66 | 222 +122 224172466 _ 2427 — 2642
3(22 —121) © 2422 — 264z 3(22 — 121) 222 + 12z
(z+6)(z+11) 24z(z — 11)
T 3(z—11) (2 + 11) 22(z + 6)
1 24
=3%3%
=4
d) 3a+9 o Ta + 21
14 a+3
Solution:
3a+9  7a+21  3(a+3)  7(a+3)
14 ° a+3 14  a+3
_ 3(a+3) . .
14
_3(a+3) 1
14 7
3(a+3)
98
o) a® —5a 4a
2a+10 3a+15
Solution:
c12—5a>< da  a(a—05) « 4a
2a+10 ~ 3a+15 2(a+5)  3(a+5)
_laa—5)]4a]
[2(a +5)][3(a + 5)]
_ 4a*(a—5)
" 6(a+5)2
Note restriction: a # —5.
f 3zp+4p | 12p?
8p " 3r+4
Solution:
3zp+4p | 12p°  p(Bz+4) | 12p?
8 " 3zx+4 8  3x+4
_3z+4 3x+4
-8 12p?
_ [3x + 4][3z + 4]
(8][12p?]
3z +4)?
- 96p?

1.8. Simplification of fractions




Note restriction: p # 0.
24a — 8 . 9a — 3

g)

12 ’ 6
Solution:
24a—8  9a—3 8(3a—1)  3(a—1)
2 6 12 ) 6
_ 2(3a—1) « 2
3 a—1
_ 2Bz - D)2
[3][a — 1]
_ 4(3a—1)
" 3(a—1)
Note restriction: a # 1.
h) a’® + 2a . 2a + 4
5 T20
Solution:

a*+2a  2a+4 ala+2) . 2a+2)
5 20 5 20
a(a+2)>< 10

5 a+ 2
_ la(a+2)][10]
-~ Blla+2]
10a
5
=2a

i p’+pg 2lq
p 8p + 8¢q
Solution:

2
p +pg _21q pp+q) . 2lq

7p 8p+8  Tp 8(p+q)
_ [p(p + 9)][214]
[7p][8(p + q)]
_ 21pq
56p
_ 3q
)

5ab—15b . 6b°

4da—12 "~ a+b
Solution:

5ab—15b . 6b>  5b(a—3) . 6b°
46—12 “a+b 4@—-3) a+b
_ibxa+b
4 7 6b2
_ [5b][a + b]
- [4]f6b?]
~30p°
" 4(a+b)

Note restriction: a # —b.
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16 — 22 z+3

k) xz—w—12xw+4
Solution:
16 — 22 Xm+3_(4—w)(4+x)xx+3
2—z—12" z+4 (z—-4)(z+3) z+4
==l
0 a® +0v® 5a + 5b
a3 a? + 2ab + b?
Solution:
a?’—&—b3>< 5a + 5b _(a+b)(a2—ab+b2)x5(a+b)
ad a? +2ab+ b2 a’ (a+0)?
a® — ab + b?
=———>—— X5
a
_ 5(a® —ab+b°)
==
Note restrictions: a # 0.
m) a—4 ><(12—i—2a—&—1
a+5a+4 a?—3a—4
Solution:
a—4 Xa2+2a+1_ a—4 o (a+1)2
a+5a+4" a2—3a—4 (a+4)(a+1) " (a—4)(a+1)
1
T a+t4
Note restrictions: a # —4.
3z + 2 r—2
n — X
22 —6x+8 322+8x+4
Solution:
3z + 2 » =2 _ 3z + 2 » =2
22 —6x+8 322+8x+4 (z—4)(z—2)  (Bz+2)(z+2)
1
C(z—4H(z+2)
Note restrictions: « # 4 and x # —2.
a®>—2a+8 a*+a—-12 3
o) X — =
a? + 6a + 8 3 2
Solution:
a2—2a+8xa2+a—12_§_(a—4)(a—|—2) (a+4)(a=3) 3
a? + 6a + 8 3 2 (a+2)(at+4) 3 2
_(@-4)@-3) 3
- 3 2
_2(a—4)(a—3)-9
- 6
_2(a®—Ta+12) -9
- 6
_ 2a® —14a+ 15
- 6
0 42> -1 6z +5x+1  9z2+6x+1

322 + 10z +3 422 +75—3 822 —6z +1

1.8. Simplification of fractions




Solution:

46 -1 6z’ +5z+1 92”6z +1
3224+ 10z +3 ~ 422 +T7xr—3  8x2—6x+1

2z —1)(2z+1)  (z+3)(4x—1) (3z +1)?
= X X
(z+3)Bz+1)  (2z+1)Bz+1) (2z—1)(4z—1)
=1

x+4 _z— 2
3 2
Solution:

q)

z+4 z-2_ 2x+4)-3=-2)

3 2 6
_2x+8—-3x+6
- 6
_14—95
T 6
) p3+q3x3p—3q
2 2 2
p p?—q
Solution:
P+a® 3p-3¢_ (p+a@* —patd) 3(p—q)
p? p? — ¢? p? p—a)(p+q)
_+o@ —pi+q) 3
p? p+q
30" —pg+q°)
==

Note restriction: p # 0.

3. Simplify (assume all denominators are non-zero):

a)x—3_:c+5
3 4
Solution:
z—3 x+5 4(x—3)-3(x+5)
3 4 12
_4r—12 -3z —15
- 12
_x=27
o112
20 —4 -3
b) 9 T 1 +1
Solution:
2x—4_a:—3+1_4(2x—4)—9(m—3)+36
9 4 36
8z — 16— 9z + 27436
- 36
47—z
- 36
3r—4 x+2
o 1+ i 3
Solution:
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1+3x—4_a:—|—2: 12+30Bz—4) —4(z+2)
4 3 12
12492 —12— 42— 8
B 12
5 —8
o112
11 8
a—|—11+a—8
Solution:
11 8 11(a — 8) + 8(a + 11)
+ =
a+11 a-—38 (a+11)(a —8)

Note restrictions: a # —11 and a # 8.
12 6

t—12 -6

Solution:

12

11a — 88 4 8a + 88
(a+11)(a—38)
. 19a
" (a+11)(a —8)

6 12(x — 6) — 6(z — 12)

r—12 x-6

Note restriction: = # 12 and z # 6.
12 8

r+12 + r—38

Solution:

12

T (z-12)(z—6)
122 — 72 — 6z 4 72
(z — 12)(x — 6)
6x
(z —12)(z — 6)

8 12(r — 8) + 8(r + 12)

r+12+r

Note restriction: r £ —12 and r # 8.

2 4 3
g —+ —+—
Ty TZ Yz
Solution:
2 4
_ _|_ _
Ty xZ
Note restrictions: x # 0; y # 0 and z # 0.
y 5L
t—2 t—3
Solution:

8

(r+12)(r — 8)
12r — 96 + 8r 4 96
(r+12)(r — 8)
207
(r+12)(r — 8)

3 _ 22

Yyz

4y
G ==aF
TYyz = TYZ
2z + 4y + 3x
TYz

3x
TYz

1.8. Simplification of fractions




5 1 (5)(t—3) 1(t —2)
t—2 t—3 (t—-3)(t—2) (t—2)(t—3)
_5(t-3)-(t-3)

i)

(t—2)(t—3)

_ Bt—15—t43

T (t—2)(t—23)

412

 (t—2)(t—23)
Note restrictions: ¢ # 2 and ¢ # 3.
k+2 1
K2+2 k42
Solution:

k42 1 (k+2)(k+2) 1(k* +2)

R+2 k+2 (B2+2)k+2) (*2+2)(k+2)
(k+2)2 — (k2 +2)
(k2 +2)(k +2)
K 4dk+4-K -2
(k2 +2)(k +2)
4k +2
(k2 +2)(k +2)
2(k +2)
(k2 +2)(k +2)

Note restrictions: k # —2 and k2 # +/2.
t+2 t+1

3q + 2q
Solution:

j)

t+2  t+1 (t+2)(2q) (t+1)(3q)
3q 2q (39)(29) (39)(29)
(2tq + 4q) + (3tq + 3q)
6q2
_q(5t+7)
= 52
Bt47
= 5

Note restriction: g # 0.

3,2
pP—4 (p—-2)?

Solution:

k)

3 2 3(p —2)? 2(p® — 4)
P-4 (»-27 @-490@-2? @-490@-2)
_3=2)p—-2)+2(p—2)(p+2)
(p+2)(p-2)°
_ [pP=2BFr—2)+2(p +2)]
(r+2)(p—2)°
_3p—6+2p+4
~ (p+2)(p—2)?
5p — 2
(r+2)(p—2)°

Note restriction: p # £2.
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2

T T

r+y
Solution:

y2—LL'2

P 2

+
T +y

Note restriction: = # +y.
1

m-+n

Solution:

3mn
m3 + n3

m)

3mn

yQ—ZEQ

r+y  (z+y)(r—y)

z(x —y) + 2?

(@+y)(z—y)

z% — :cy+m2

(z+y)(z—y)
22 — xy

(= +y)(z—y)

1 3mn

m+n m3+nd

m+n  (m+n)(m? —mn+ n?)

_ 1(m? —mn +n?) +3mn
" (m+n)(m2 — mn +n2)

h
h3— f3
Solution:

1

" EEYESE

h 1

m2 + 2mn + n?

(m + n)(m2 — mn + n?)
m+mn

m2 — mn + n?

h 1

h3—f3_h2—|—hf—|—f2

Solution:

T =D+ hi+ ) Rt hft[?
h—h+f
(h+ [)(h® + hf + f2)
a f
~ (h+ £)(R? 4+ hf + f?)

m2—2w+1_m2+m+1
(x—1)3 z3 —1

3r—3

23z —3)  2(3z —3)
222 —2-3z+3
a 6z — 6
_(z-1)(2z-1)
- 6(x —1)

2¢ — 1

6
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Solution:

x2—2x+1_:v2+w+1_(w—1)2_w2+w+1

(z—1)3 z3—1 (z—1)3 z3—1
1 2’ +z+1
(z—1) (z—1)(22+z+1)
1 1
“@-D -1
=0
1 2z
Y G B
Solution:

1 2z 1 2z
(x—1)2 3-1 (z—-12 (z—1)(a2+z+1)

Ptz +1-—2z(x—1)

T (- 12222+ 1)
2?4+ 1— 2z 4 2z
(z—=1)2(x24+z+1)

o —z? + 3z +1

T (z—1)2(z2 4z +1)

2 +2t—8 1 +t+1
2+t—6  t2—9  t—3
Solution:

r)

>+ 2t —8 1 t+1:(t+4)(t—2)+ 1 +t—|—1
2+t—6  2-9 t—-3 (t+3)t—-2) (t—-3)(t+3) t-3
t+4 1 t+1
Tt 3 t=3)+3) i-3
(= 3)(t+4) F 1+ (t+1)(E+3)
(t—=3)(t+3)
P4t — 1241+t +4t+3
- (t—3)(t+3)
_ 22 +5t-38
 (t—=3)(t+3)
_ 2> +5¢—8
2 -9
Note restriction: ¢ # +3.
22 —3z+9 r—2 1
2 3 4+ 27 +m2+4x+3_m—2
Solution:
z2 —3z+9 T —2 1 22 —3z+9 xr—2 1

x3 + 27 2+4dz+3 z-2 (z+3)(z2—3z+9) + (z+3)(z+1) z-2

_(@+D@E-2)+(@—-2° - (z+3)(z+1)
(z+3)(z+1)(z—2)
22—z —2+22—4dox+4—2%2—42—3
(z+3)(z+1)(z—2)
. x> — 9z —1
(z+3)(z+1)(xz—2)

Note restrictions: z # —3;  # —1 and x # 2.
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1 a2+2ab—|—b2_ 1

t
) a? — 4ab + 4b? u a3 — 8b3 a2 — 4b2
Solution:
1 n a® + 2ab + b? _ 1
a? — 4ab + 4b2 a® — 8b3 a? — 4b2
_ 1 a® + 2ab + 4b° 1

= la—20)(a—26) T (a—2b)(a® 1 2ab + 4%  (a— 2b)(a 1 20)
~ (a+2b) + (a — 2b)(a + 2b) — (a — 2b)
(a — 2b)%(a + 2b)
a+2b+a® —4b> —a+2b
(a — 2b)?(a + 2b)
_a®+4b—4b?
"~ (a—2b)2(a + 2b)

Note restriction: a # £2b.

4. What are the restrictions in the following:

a) L
r—2
Solution:
We need to find the value of = that will make the denominator equal to 0. Therefore:
r—2#0
ar == 9)
3z —9
b
) 4z +4
Solution:
First simplify the fraction:
3z —9 3(x—1)
dr+4 4z +1)
Now we can determine the restriction:
4xz+1)#0
z+1#0
T #—1
c) 3__1
z x2-1
Solution:
First simplify the fraction:
s s 1
z 22—1 =z (z—1(z+1)
Now we can determine the restrictions. There are three restrictions in this case:
x#0
xr—1+#0
x+1#0
Therefore:  # 0 and = # +1
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.
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la.2DNW  1b.2DNX 1c.2DNY  1d.2DNZ  Te. 2DP2 1f.2DP3  1g 2DP4  1h.2DP5
1i.2DP6  1j.2DP7  1k. 2DP8 1.2DP9  1m.2DPB 1n.2DPC  10.2DPD  1p. 2DPF
19.2DPG ~ 1r.2DPH  1s. 2DP) 1t.2DPK  1u.2DPM  1v.2DPN  1w.2DPP  2a. 2DPQ
2b.2DPR  2c.2DPS  2d.2DPT  2e.2DPV  2f.2DPW  2g 2DPX  2h.2DPY  2i.2DPZ
2j.2DQ2  2k.2DQ3  2.2DQ4 2m.2DQ5  2n.2DQ6  20.2DQ7  2p.2DQ8  2q.2DQY
2r.2DQB  3a.2DQC  3b.2DQD  3c.2DQF  3d.2DQG  3e.2DQH  3f.2DQJ  3g. 2DQK
3h.2DQM  3i.2DQN  3j.2DQP  3k.2DQQ  3L.2DQR  3m.2DQS  3n.2DQT  3o.2DQV
3p.2DQW  3q.2DQX  3r.2DQY  3s.2DQZ  3t.2DR2  4a.2DR3  4b.2DR4  4c. 2DR5

]
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1.9 Chapter summary

End of chapter Exercise 1 — 11:

1. The figure here shows the Venn diagram for the special sets N, Ny and Z.

7
No

D

a) Where does the number 2,13 belong in the diagram?

Solution:

2,13 is in its simplest form, therefore it is not in N, Ny or Z). It is in the space between the rectangle and Z
b) In the following list, there are two false statements and one true statement. Which of the statements is true?

* Every natural number is an integer.
* Every whole number is a natural number.
* There are fractions in the integers.
Solution:
Consider each statement:

* Integers are natural numbers and negative natural numbers. Therefore this statement is true.
* 0 is not a natural number, therefore this statement is false.
* Integers are natural numbers and negative natural numbers, no fractions. Therefore this is false.

The only true statement is (i).

2. State whether the following numbers are real, non-real or undefined.
a) —v/—5
Solution:
This is the square root of a negative number and so is non-real.

V8
b)T

Solution:
We are dividing by 0 and so this is undefined.
0 —V15
Solution:
This is the square root of a positive number and so is real.
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d) —v7

Solution:

This is the square root of a positive number and so is real.
e) v/—1

Solution:

This is the square root of a negative number and so is non-real.
f) v2

Solution:

This is the square root of a positive number and so is real.

3. State whether each of the following numbers are rational or irrational.

a) V4
Solution:
Irrational. It cannot be simplified to a fraction of integers.
b) 457
Solution:
Irrational. It cannot be simplified to a fraction of integers
o V9
Solution:
V9=3
Rational. Can be simplified to an integer
d) V8
Solution:
V8 =2
Rational. Can be simplified to an integers.
4. If a is an integer, b is an integer and c is irrational, which of the following are rational numbers?
—b
a
Solution:
We have a fraction of integers and so this is rational.
b) c+ec
Solution:

When we divide a number by itself we get 1 and so this is rational.
c) 4
C
Solution:
We are dividing an integer by an irrational number and so this is irrational. However if a = 0 then the fraction
is equal to 0 and the number is rational.
1
d) ~
(&
Solution:
We are dividing an integer by an irrational number and so this is irrational.

a)

5. Consider the following list of numbers:

V26 ; g; \/—24;v39;7,ii;7r2; g;7,12; —V24; ?;37‘(’;\/78;9;7‘(‘

a) Which of the numbers are non-real numbers?
Solution:
Only v/—24 is non-real as it is the square root of a negative number.
b) Without using a calculator, rank all the real numbers in ascending order.
Solution:
We exclude v/—24 from the list as it is non-real. We also exclude % as it is undefined. Then we note that:

o /26 lies between 2 and 8
e 32=15
2 —

* /39 lies between 6 and 7
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« 1~ 9,8696
T ~1,5708

e —/24 lies between —4 and —5

o 37~ 9,4248

» /78 lies between 8 and 9

e m~3,1416

Therefore the ordering is: —v/24; £; Z; V/26; 7; v39; 7115 712; V78; 9; 3 ; n°

c) Which of the numbers are irrational numbers?
Solution:
Any number that cannot be written as a fraction of integers is irrational. Therefore

—V24; 5 ; V26 ; 7 /39 ; V78 ; 3n; w2 are all irrational.
Which of the numbers are rational numbers?
Solution:

All numbers that can be written as a fraction of integers are rational numbers. Therefore g 07115 712 ; 9are
all rational numbers.

=

L

Which of the numbers are integers?

Solution:

Only 9 is an integer.

f) Which of the numbers are undefined?

Solution:

Any fraction that has a denominator of 0 is undefined, therefore only % is undefined.

6. Write each decimal as a simple fraction.

a) 0,12
Solution:
1 2
0.12= 15 " 100
_ 12
"~ 100
_3
25
b) 0,006
Solution:
6
0,006 = 1000
_3
~ 500
c) 4,14
Solution:
r=4,141414. ..
100z = 414,141414. ..
100z — x = (414,141414..) — (4,141414 .. )
99x = 410
_ 410
99
d) 1,59
Solution:
5 9
1,59 =1+ — + —
9= 15 100
)
~ 100
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e) 12,277

Solution:
z=12277
10z = 122,7
100z = 1227,7
. 100z — 10z = 90z = 1105
1105
T 90
_ 221
T 18
f) 0,82
Solution:
0,82 = 0,82222,..
z = 0,8222...
10z = 8,222...
100z = 82,222...
100z — 10z = 82,222 — 8,222...
90z = 74,000
90x = 74
R
T 45
g 7,36
Solution:
z = 7,363636...

100z = 736,363636...

100z — = = (736,363636...) — (7,363636...)
99z = 729

-8l

7. Show that the decimal 3,2118 is a rational number.
Solution:

z =3,2118
1000z = 32 118,18
.10 000z — 2 = 9999z = 32 115

32115
~ 9999

This is a rational number because both the numerator and denominator are integers.
8. Write the following fractions as decimal numbers:

T
18
Solution:

a)
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18|1,0000 = O remainder 0

18/1,10000 = 0 remainder 0
18]1,°0000 = 5 remainder 10
18]1,°00%00 = 5 remainder 10

1
8= 0,05555...

= 0,05

b) 11
Solution:

13
1- ==
272

2|3,0000 = 1 remainder 1
2|3,10000 = 5 remainder 0
—15

9. Express 0,78 as a fraction ¢ where a, b € Z (show all working).
Solution:

x=0,78
100z = 78,78
. 100z — z =99
; 78
L T= g

10. For each of the following numbers:

¢ write the next three digits;
 state whether the number is rational or irrational.

a) 1,11235...
Solution:
e The number does not terminate (this is shown by the . ..). There is also no indication of a repeating pattern
of digits since there is not dot or bar over any of the numbers. The next three digits could be any numbers.
e Irrational, there is no repeating pattern.

b) 1,1
Solution:
 Since there is a dot over the 1 we know that the 1 repeats. The next three digits are: 111
 Rational, there is a repeating pattern of digits.

11. Write the following rational numbers to 2 decimal places.

a) 1

2
Solution:
To write to two decimal places we must convert to decimal: § = 0,50.
b) 1
Solution:
To write to two decimal places just add a comma and two 0's: 1,00.
0,111111
Solution:
We mark where the cut off point is, determine if it has to be rounded up or not and then write the answer. In
this case there is a 1 after the cut off point so we do not round up. The final answer is: 0,111111 = 0,11.
0,999991
Solution:

We mark where the cut off point is, determine if it has to be rounded up or not and then write the answer. In
this case there is a 9 after the cut off point so we round up. The final answer is: 0,999991 =~ 1,00.

e

&
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12. Round off the following irrational numbers to 3 decimal places.

a) 3,141592654...

Solution:

3,142 (round up as there is a 5 after the cut off point).
b) 1,618033989...

Solution:

1,618 (no rounding as there is a 0 after the cut off point).
c) 1,41421356...

Solution:

1,414 (no rounding as there is a 2 after the cut off point).
d) 2,71828182845904523536...

Solution:

2,718 (no rounding as there is a 2 after the cut off point).

13. Round off the number 1523,00195593 to 4 decimal places.
Solution:
1523,00195593 ~ 1523,0020
14. Round off the number 1982,94028996 to 6 decimal places.
Solution:
1982,94028996 ~ 1982,940290
15. Round off the number 101,52378984 to 4 decimal places.
Solution:
101,52378984 ~ 101,5238
16. Use your calculator and write the following irrational numbers to 3 decimal places.

a) V2

Solution:

V2 & 1,414213562... ~ 1,414
b) v3

Solution:

V3 =~ 1,732050808... ~ 1,732
o V5

Solution:

V5 & 2,236067977... ~ 2,236
d) V6

Solution:

V6 ~ 2,449489743... ~ 2,449

17. Use your calculator (where necessary) and write the following numbers to 5 decimal places. State whether the
numbers are irrational or rational.

a) V8
Solution:
V8 & 2,828427125... ~ 2,82843
Irrational number.
b) V768
Solution:
V768 ~ 27,71281292... = 27,71281
Irrational number.
o /0,49
Solution:
/0,49 = 0,70000
Rational number.
d) +/0,0076
Solution:
/0,0016 = 0,04000

Rational number.

e) /0,25
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Solution:
/0,25 = 0,50000
Rational number.
f) V36
Solution:
v/36 = 6,00000
Rational number.
g) /1960
Solution:
V1960 ~~ 44,27188724... ~ 44,27189
Irrational number.
h) /0,0036
Solution:
/0,0036 = 0,06000
Rational number.
i) —8y/0,04
Solution:
—84/0,04 = —8(0,20000) = —1,60000
Rational number.
j) 5v/80
Solution:
5v/80 = 5(8,94427191...) ~ 44,72136
Irrational number.

18. Round off:

a) @ to the nearest 2 decimal places.
Solution:

~ 0,7071...

©|S

~ 0,71

b) /14 to the nearest 3 decimal places.
Solution:

V14 = 3,741657...
~ 3,742

19. Write the following irrational numbers to 3 decimal places and then write each one as a rational number to get an
approximation of the irrational number.
a) 3,141592654...
Solution:

3,141592654... = 3,142
142

1000
1571
~ 500

=

b) 1,618033989...
Solution:

Q

1,618033989... ~ 1,618

L
1000

809

~ 500
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c) 1,41421356...
Solution:

1,41421356... ~ 1,414
414

1000
_ 707

~ 500

d) 2,71828182845904523536...
Solution:

2,71828182845904523536... ~ 2,718
718

1000
1359

~ 500

=~ 2

20. Determine between which two consecutive integers the following irrational numbers lie, without using a calculator.

a) V5

Solution:

2and 3 (22 =4 and 32 = 9)
b) V10

Solution:

3and 4 (3% = 9 and 4> = 16)
o V20

Solution:

4and 5 (4% = 16 and 5% = 25)
d) v/30

Solution:

5and 6 (52 = 25 and 6% = 36)
e) V5

Solution:

l1and 2 (1* =1 and 2° = 8)
f)y V10

Solution:
(2® =8 and 3* = 27)

R
%M
N
=]
OQ_
w

Solution:
(2® =8 and 3* = 27)

=5
ﬁl\’
W] &
5
3l 2
w

olution:
and 4 (3% = 27 and 4° = 64)

w w»n

w
°_§
= @
(=2
=)
=

9 and 10 (9% = 81 and 10% = 100)

5
[N}

Solution:
8 and 9 (82 = 64 and 9% = 81)

=
w

ot

1)

Solution:

3and 4 (3% = 27 and 4® = 64)
) /118

Solution:

4 and 5 (4% = 64 and 5° = 125)
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21. Estimate the following surds to the nearest 1 decimal place, without using a calculator.

a) V14
Solution:
V/14 lies between 3 and 4. Since 32 = 9 and 42 = 16 it lies closer to 4 than to 3.
Therefore 3,7 or 3,8 are suitable estimates.
b) V110
Solution:
V/110 lies between 10 and 11. Since 10% = 100 and 112 = 121 it lies almost exactly between 10 and 11.
Therefore 10,5 is a suitable estimate.
o V48
Solution:
\/48 lies between 6 and 7. Since 62 = 36 and 72 = 49 it lies closer to 7 than to 6.
Therefore 6,9 is a suitable estimate.
d) V57
Solution:
/57 lies between 7 and 8. Since 72 = 49 and 82 = 64 it lies almost exactly between the two numbers.
Therefore 4,5 or 4,6 are suitable estimates.

22. Expand the following products:

a) (a+5)°
Solution:
(a+5)? = (a+5)(a+5)
:a2+5a+5a+25
=a®+10a + 25
b) (n+12)2
Solution:
(n+12)° = (n+ 12)(n + 12)
=n+12n + 12n + 144
=n’+ 24n + 144
o (d—4)>
Solution:

(d—4)* = (d—4)(d—4)
=d®>—4d —4d + 16
=d?>—8d+ 16

d) (Tw+ 2)(Tw — 2)
Solution:
(Tw + 2)(Tw — 2) = 49w® — 14w + 14w — 4
= 49w° — 4
e) (12¢+1)(12¢ — 1)

Solution:

(12¢ + 1)(12¢ — 1) = 144¢® — 12 +12¢ — 1
= 144¢*> — 1
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f) —(—z—2)(z+2)
Solution:

—(—z—-2)(z+2)=(x+2)(z+2)
=224+ 2x+2x+4

=22 td4x+4
g) (5k — 4)(5k + 4)
Solution:
(5k — 4)(5k + 4) = 25k> + 20k — 20k — 16
= 25k? — 16
h) (5f +4)(2f +2)
Solution:
(5f +4)(2f +2) = 10f% + 10f +8f + 8
=10f>+18f +8
i) (3n+6)(6n + 5)
Solution:
(3n 4 6)(6n + 5) = 18n* + 15n + 36n + 30
= 18n% + 51n + 30
j) (29 +6)(g+6)
Solution:
(29 4 6)(g + 6) = 2¢° + 129 + 6g + 36
=29 +18g + 36
k (4y +1)(4y + 8)

Solution:

(4y +1)(4y + 8) = 16y° + 32y + 4y + 8
=16y° + 36y + 8

(d—3)(7d+2)
Solution:

(d—3)(7d+2) = 7d* +2d — 21d — 6

=7d> —19d — 6
m) (6z —4)(z —2)
Solution:
(62 —4)(z —2) = 62" — 122 — 42 +8
=622 —162+8
n) (5w —11)32
Solution:

(5w —11)> = (5w — 11)(5w — 11)
= 25w> — 55w — 55w + 121
= 25w* — 110w + 121
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o) (bs —1)?

Solution:
(55 —1)% = (55 — 1)(5s — 1)
=255> —B5s—5s+1
=255 —10s + 1
p) (3d —8)?
Solution:

(3d — 8)? = (3d — 8)(3d — 8)
= 9d* — 24d — 24d + 64
= 9d? — 48d + 64

Q) 5f2(3f +5)+ 7f(3f2+ 1)
Solution:

5F2(3f +5)+ 7f(3f2 +7) = 15f% + 2572 + 21 1% + 49f
=36% 4 25f% + 49f

r 8d(4d® + 2) + 6d*(7d* + 4)
Solution:

8d(4d® + 2) + 6d*(7d* + 4) = 32d* + 16d + 42d* + 24d°
= 74d" + 16d + 24d°

s) 5222z + 2) + 7x(72% + 7)
Solution:

52°(2z 4 2) + 72(72° + 7) = 102> + 102° + 492> + 49z
= 592° 4+ 102” + 49z

23. Expand the following:

a) W +3+y)y+1)(y—2)
Solution:

W' +3 )+ Dy -2 =@ +3° +9)° -y -2)
=y’ -y’ -2t 3yt =3’ —6y" + 90— -2
=y~ +yt -2 -T2y

b) (z+1)% — (z —1)?
Solution:

(x4+1)>2-(x-1)2=2+22+1— (2> -2z +1)
=242 +1—2>+22—1
= 4x

o (z2 4224 1)(2? — 2z +1)
Solution:

(®+2e+1) (2 — 224+ 1) =a* —22° +2® +22° —42® + 2e + 2> — 2z + 1
4 2
=z —2z° +1
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d) (4a — 3b)(16a> + 12ab + 9b%)
Solution:

(4a — 3b)(16a” + 12ab + 9b°) = 64a° + 484a°b + 36ab® — 48a°b — 36ab” — 27b°
= 64a” — 270°

e) 2(z + 3y)(z* — zy — v*)
Solution:

2(z + 3y)(2® — ay — y®) = 2(2° — 2%y — 2y® + 3%y — 3zy® — 3y°)
=22° + 4w2y - 8:/L'y2 = 6y3

f) (3a — 5b)(3a + 5b)(a® + ab — b?)
Solution:

(3a — 5b)(3a + 5b)(a® + ab — b°) = (9a° — 25b%)(a® + ab — b°)
= 9a* + 9a® — 9a%b* — 25a%b* + 25ab° — 25b*
=9a" + 9a® — 34a°b* + 25ab® — 25b"

(-

Solution:

_y—?
a 3 a 3
h(2_2 a2
)<3 a)<3+a)
Solution:
a_3\(a 3y_a _ , ;.3
3 a 3 a) 9 a?
_a 3
9 a?
L1 1
i) §(12x —9y) + 6(12$ + 18y)
Solution:

1
(122 — 9y) + 6(12&: +18y) = 4z — 3y + 2z + 3y

Wl =

= 6x

(@ +2)(z—2) — (= +2)°
Solution:

(x+2)(x—2)— (x+2)°=2°—4— ( + 4z +4)
= —4x -8

24. What is the value of e in (z — 4)(x + e) = x> — 162
Solution:

(x—4)(zx+e) =2z +ex— 4z —4e

From the constant term we see that 4e = 16, therefore e = 4.
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25. In (z+2)(z + k) =2> + bz +c:

a) For which of these values of £ will b be positive?
—6; —-1;0;1;6
Solution:

(x+2)(x + k) =2° + kx + 2z + 2k
=z’ + (k+2)x+2k

The b term is k + 2 and so any value greater than —2 will make the b term positive.
Therefore —1; 0; 1; 6

b) For which of these values of k will ¢ be positive?
—6; —-1;0;1;6
Solution:
From above we see that the ¢ term is 2k. Therefore any positive value of & will make ¢ positive.
Therefore 0; 1; 6
¢) For what values of k will ¢ be positive?
Solution:
From above we see that the c term is 2k. Therefore any positive value of k£ will make ¢ positive.
Therefore k > 0
d) For what values of k will b be positive?

Solution:
From above we see that any value greater than —2 will make the b term positive.
Therefore k > —2.

26. Answer the following:

1 2
a) Expand: <3a — —)
2a

Solution:
1\? 1
<3a— —) =9a"+3+ —

2a 4a/
. 1 2, 3, 1
b) Expand: <3a 2@) <9a + 5 + 4a2>

Solution:

1 2, 3 1 3,9 3 9 3 1
— Sh =) =2 Sgae 2L B & B
(3a 2a> <9a + 2 + 4a2> o=+ 2a—|— 40 2" 4a  8a®

1
—27a° — —
Ta 35

. 1 . 1 . .
c) Given that 3a — % = 7, determine the value of 27a® — 33 without solving for a.

Solution:

3 i_ _i 2 § i
27a 8@3—(3(1 2a> (9(1 +2+4a2>
3
7 2
2+

Chapter 1. Algebraic expressions




27. Solve by factorising:

a) 17?2 — 15°
Solution:
172 — 15° = (17 — 15)(17 4 15)
= 2(32)
= 64
b) 132 — 122
Solution:

13% — 122 = (13 — 12)(13 4+ 12)
=25

c) 1200452 — 1200352

Solution:
120045 — 120035° = (120045 — 120035) (120045 + 120035)
= 10(240080)
= 2400800
d) 262 — 242
Solution:

26% — 24 = (26 — 24)(26 + 24)

= 2(50)
= 100
28. Represent the following as a product of its prime factors:
a) 143
Solution:

143 =144 — 1
=(12-1)(12+1)
=11x13

b) 168
Solution:

168 = 169 — 1
=(13-1)(13+1)
= 12(14)
=3x2°x2x7
=2°x3x7

c) 899
Solution:

899 =900 — 1
= (30— 1)(30 + 1)
=29 x 31
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d) 99

Solution:
99 =100 — 1
= (10— 1)(10 + 1)
=32 x 11
e) 1599
Solution:

1599 = 1600 — 1
= (40 — 1)(40 + 1)
= 39(41)
=3 x 13 x 41

29. Factorise:

a) a® -9
Solution:
a®>—9=(a—3)(a+3)
b) 9% — 81
Solution:
96> — 81 = 9(b* — 9)
=9(b—3)(b+3)
o) m? — é
Solution:
w2 L (o 1Y (o L
9 3 3
d) 5—5a%b°
Solution:

5 —5a°b° = 5(1 — a’b°%)
=5(1 — ab®)(1 + ab®)

e) 16ba* — 81b
Solution:

16ba* — 81b = b(16a* — 81)
= b(4a” — 9)(4a> +9)
= b(2a — 3)(2a + 3)(4a” +9)

f) a® — 10a + 25
Solution:

a® —10a+ 25 = (a — 5)(a — 5)

g) 166 + 56b + 49
Solution:

16b% + 56b + 49 = (4b+ 7)(4b+ 7)
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h) —4b% — 144b° + 48b°

Solution:
—4b® — 144b° + 48b° = —4b%(1 + 36b° — 12b°)
= —4b*(6b° — 1)(6b° — 1)
= —4b° (60 — 1)°
i) 16 — z*
Solution:

16 — z* = (4 — 2°)(4 + z%)
= (4+x2)(2+x)(2—x)

j) Tx? — ld4a + Toy — 14y

Solution:
72 — 14 + Tzy — 14y = 7(a® — 2z + zy — 2y)
= T(z(z - 2) + y(z - 2))
=T7(z - 2)(z+y)
2
k) y* — 7y — 30
Solution:

y> — Ty —30 = (y — 10)(y + 3)

D1—z—2>+23
Solution:

m) —3(1—p*)+p+1
Solution:

—3(1-p)+p+1=-3(1-p)(l+p)+(1+p)
=1 +p)[-3(1-p)+1]
= (1+p)(=2+3p)

n) x2—2x+1—y4
Solution:
2?2z +1-y' =3z -2)+ (1 - )1 +v°)
=z(@—-2)+1+y)1-y)(1+y°)

4b(x® — 1) + 2(1 — z°)
Solution:

)

4b(z® — 1)+ z(1 — 2®) = («® — 1)(4b — z)
=@z-1)@*+z+1)(4b—x)
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p) 3m(v—7) +19(=7+v)
Solution:

3m(v—"7)+19(=74+v) =3m(v —7) + 19(v — 7)
= (v—"T)(3m +19)

q) 3f(z+3)+19(3 + 2)

Solution:
3f(z+3)+19(3+ 2) =3f(z + 3) + 19(z + 3)
= (Bf+19)(z+3)
N 3p®—3
Solution:
s_ Y _gp_ Ly 2 1
-5 =3-3) +3+7)

s) 85 — 125y°
Solution:

8z% — 12547 = (2% — 5y%)(4z* + 102%y® + 25¢°)

Y (2+p)°-8(p+1)°
Solution:

2+p)°-8(+1)°=[p+2) -2+ ]l(P+2°+2(0+2)(p+1) +4(p+ 1)
=[p+2—-2p—2|[p° +4p+4+2p* +6p+4+4p*> +8p+4]
= (—p)(12 + 18p + 7p°)

u) %a3 — a?b + 2a°b — 6ab? + 3ab® — 9>

Solution:

%a3 — a’b + 2a°b — 6ab’ + 3ab® — 9b° = %a2(a — 3b) + 2ab(a — 3b) + 3b°(a — 3b)

= (%a2 + 2ab + 3b°)(a — 3b)

_ (a® + 6ab + 9b*)(a — 3b)
- 3

_ (a+ 3b)2(a — 3b)

- 3

v) 6a2 —17a+5
Solution:
6a®> —17a+5 = (2a — 5)(3a — 1)
w) s +2s—15
Solution:
2 +25—15=(s—3)(s+5)

X) 16v + 24h + 2550 + 35°h
Solution:

16v + 24h + 25°v + 35°h = 8(2v + 3h) + j° (20 + 3h)
= (20 + 3R)(8 + j°)
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y) 18h — 45g 4 2m3h — 5m?g
Solution:

18h — 459 4+ 2m*h — 5m®g = 9(2h — 5g) + m>(2h — 59)
= (2h — 59)(9 + m?)

7) 63d — 18s + Tu’d — 2u’s
Solution:

63d — 185 + Tu’d — 2u’s = 9(7d — 2s) + u*(7d — 2s)
= (7d — 25)(9 + u®)
30. Factorise the following:

a) 6a’ + 14a + 8
Solution:

60> 4 14a + 8 = 2(3a® + 7a + 4)
=2(a+1)(3a+4)

b) 6¢g% — 159 — 9

Solution:
2 2
6g9° — 159 — 9 = 3(2g° — 59 — 3)
=3(9—-3)(29+1)

o 125¢% —

Solution:

125¢° — r® = (59 — 7)(259% + 5gr + 1°)

d) 82 + 23

Solution:

8r° +2° = (2r + 2)(4r® — 2rz + 2°)

e) 1dm —4n+ 7jm — 2jn
Solution:

14m — 4n + 7jm — 2jn = 2(Tm — 2n) + j(Tm — 2n)
= (Tm — 20)(2 + j)

f) 25d — 15m + 5yd — 3ym

Solution:
25d — 15m + 5yd — 3ym = 5(5d — 3m) + y(5d — 3m)
= (5d — 3m)(5 + v)

g g’ —27

Solution:

g’ —27=(9-3)(g"+39+9)

h) 2*+125

Solution:

22 +125 = (2+5) (22 — 52 + 25)
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i) b — (3a — 2b)?
Solution:

) 9 — (4z +2y)*
Solution:

k) 162° — 3y®
Solution:

1
) 8(12 — 24p*

Solution:

m) 4(a —3) — 81z%(a — 3)
Solution:

n) (24 b)% —11(2+b) — 12
Solution:

o) 2x? + Txy + 5y°

Solution:

p) z? — 2zy — 1542
Solution:

q) 4z* 4+ 112> +6
Solution:

b* — (3a — 2b)° — (3a — 2b))(b + 3a — 2b)
3b—3a)(3a — b)

=3(b—a)(3a—0)

=
=

9y° — (4z + 2y)* = (3y + 4z + 2y) (3y — (4= + 2y))
= (4z + 5y)(y — 4z)

162° — 3y® = 4(42° — 9¢°)
= 4(42° — 9¢°)
= 4(42® — 3y*) (42> + 3y*)

12_ 4_1 2 _ 4
g0° — 24" = & (a® — 144")

= & (0= 126%) (a+120?)

4(a —3) — 81z*(a — 3) = (a — 3)(4 — 81z%)
=(a—3)(2—-9z)(2+ 9x)

(2+b)%—11(24b) —12 = ((2+b) + 1)((2+b) — 12)
= (b+3)(b - 10)

2z° + 7oy + 5y° = (2z + 5y) (z + v)
x? — 2zy — 15y° = (z — 5y)(z + 3y)

4zt +112° + 6 = (42° + 3)(z* + 2)
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N 6z* — 3822 + 40
Solution:

6z — 38z° + 40 = 2(3z" — 192° + 20)
=2(3z% — 4)(z® - 5)

s) 9a%x + 9a’y + 27a — b%x — by — 3b>
Solution:

9a’z 4 9’y + 27a° — b’z — b’y — 3b° = (9a® — b°)(z + y + 3)
= (3a+b)(3a —b)(z+y+ 3)

1) 2(2y% — 5y) — 24
Solution:

2(2y° — 5y) — 24 = 2(2y° — By) — 2(12)
2(2y° — 5y — 12)
22y +3)(y —4)

1
u =z — %1’—255’2-1—18

2
Solution:
Lo 9 g2y ig= ¥ 93— 427436
2 2 B 2
_ 2¥(z—4) -9z —4)
- 2
_ (z—=4)(=*-9)
(=4 (x-3)(z+3)
B 2
v) 27r3s% — 1
Solution:
27353 — 1= (3rs — 1)(9r%s® + 3rs + 1)
1 3
W) Tosms T 7
Solution:

L _|_ 7’3 — i _|_ r 1 — L _|_ 7-2
125h3 R 25h2  5h
X) j(64n® — b®) + k(64n° — b%)
Solution:

§(64n° — b%) + k(64n° — b*) = (j + k) (64n° — b%)
= (j + k) (4n — b)(16n> + 4nb + b?)

31. Simplify the following:

a) (a—2)%—a(a+4)
Solution:

(a—2)°—ala+4)=a®>—4a+4—a*>—4a
= —8a+4
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b) (5a — 4b)(25a® 4 20ab + 16b?)
Solution:

(5a — 4b)(25a” + 20ab + 16b*) = 125a° + 100a°b + 80ab> — 100a’b — 80ab® — 64b°
= 125a° — 64b°

o (2m — 3)(4m> + 9)(2m + 3)
Solution:
(2m — 3)(4m® + 9)(2m + 3) = (4m> — 9)(4m> +9)
= 16m" — 81
d) (a+2b—c)(a+2b+c)
Solution:
(a4 2b—c)(a+2b+c) = a’® + 2ab + ac + 2ab + 4b° + 2bc — ac — 2bc — ¢*

=a® + 4dab+ 40> — 2

m?> +11lm +18 _ 3m? +27m

e)

4(m? —4)  24m2 —48m
Solution:
m?+11m +18 | 3m®>+27m _ m® + 1lm + 18 5 24m? — 48m
4(m? —4)  24m? —48m 4(m? — 4) 3m? +27Tm
(m+9)(m+2) _ 24m(m — 2)
T im-_2)m+2) " 3m(m+09)
124
T 473
=2
p LA+ 18  AC 424t
5(t2—9) 1002 — 300t
Solution:
2 +9t+18 | 4’ +24t _ *+9t+18  100£* — 300t
5(t2—9)  100£2 — 300t  5(t2 —9) 412 + 24¢
(t+6)(t+3) _ 100t(t — 3)
T 5(t—3)(t+3)  4t(t+6)
_ 1, 100
57 4
=3
4—b?
® 3%5—6
Solution:
4-b>  (2-b)(2+D)
3b—6 30b-2)
2+b
T3
h) x> —1;2:5 +4
T —'8
Solution:
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z2—|—2x—|—4_ 2% + 2z + 4

3-8  (z—-2)(z2+2z+4)
1
T -2
22 — 5z — 14
3x + 6
Solution:

d>+23d+132  4d*>+48d

) TB@ =121y 100a% — 1100d

Solution:
d®+23d+132 | 4d®>+48d  d® +23d+132 _ 100d> — 1100d
5(d2 —121) 10042 —1100d _ 5(d® —121) . 4d? +48d
_ (d+12)(d+11)  100d(d — 11)
5(d—11)(d+11) = 4d(d + 12)
1, 100
57 4
—5
a—2 ;(a—l)(a+1)xa2—2a—15
a®+4a+3 ° a—1 a—2
Solution:
a—2 ;(a—l)(a+1)xa2—2a—15
a?2+4a+3 ° a—1 a—2
_ a—2 ;(a—l)(a+1)x(a+3)(a—5)
(a+1)(a+3) ° a—1 a—2
_ a—2 o a—1 ><(a—|—3)(a—5)
(a+1)(@a+3)  (a—1)(a+1) a—2
_a—5
" (a+2)2
a+6 Xa2+14a+33;a3+216
a?+12a + 11 a+3 T oa+1
Solution:
a+6 a® +14a +33 _ a®+ 216
a? +12a + 11 a+3  a+1
a+6 (a+11)(a+3) a+1
Tar1)@+D) " a+3 " (a+6)(a+6a+ 36)
1
" a2+ 6a+36

atb b% — ba — 6a’ " a? —b— 2b?
a-+2b a? — 4b? 3a—0b
Solution:

m) 2+

5. atb ><b2—m—6a2Xaﬁ—b—2b2

T a+2b a? — 4b2 3a—b

a+2b 9 (b —3a)(b+ 2a) » (a—2b)(a+0)
a+b  (a—2b)(a+2b) 3a—b

= —2(2a +b)

=2 %
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st + sb + 31t + 31b

t+b
Solution:

n)

ny + nqg + 8y + 8¢

y+q
Solution:

o)

P-4 . pty
P p? — pq
Solution:

p)

2 3
Solution:

2 T 2
T

o)

1 _a+t 7
a+7 a%-—49
Solution:

x + 2
213
Solution:

s) + 16

st +sb+ 31t +31b _ s(t +b) + 31(t +b)

(t+10b) a (t+0b)
_ (t+Db)(s+31)
(t+0b)
=s+31

ny+nq+8y+8q _ n(y +q) +8(y + q)
(y+9) (y+a)
(y +a)(n+8)
(y+a)
=n+8

—¢ . p+ta _ (-9 +q pP—aq)

p P —pqg p p+q
=(p-q)°
=p° —2pg+q°

2z 2z  12+32° —42°
2 2°3° " 62
_12—3:2
T 6z
1 a+7 1 a+7
a+7 a®2—49 a+7 (a+7)(a—7)
_ —14
T a+7(a-T1)
x+ 2 (x + 2) + 16(22°)
213 +16= 213
322+ +2
- 23
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1—2a a—1 1

t p— —
)4a2—1 202 -3a+1 1—a

Solution:
1—2a a—1 1 1-—2a a—1 1
1?1 2a?—3a+1 1-a (Qa—D@at1]) @a—D@-1) Ta-1
5 (2a — 1) 1 1
= T @a-D@a+1) 2a-1 a-1
_ 4a —1
" (2a+1)(2a—1)(a—1)
u) %w 4+ B 2 14
Solution:
1x+m—2+4: 3z +2(x —2)+ (2)(3)(4)
2 3 6
3z +2x—4+24
- 6
_ 95z +20
6
V) 1 4o —x -3
x2+2x x22+2x-—3
Solution:
1 42° —x —3 1 (42 +3)(z — 1)
22+2z  224+22-3 =z(z+2) (z-1)(z+3)
_ 1 4z + 3
T xz(z+2) x+3
_z+3+xz(4zr+3)(x+2)
B z(z +2)(z + 3)
_ z+3+x(42® + 11z +6)
- z(z + 2)(z + 3)
_ 42® 4+ 112° + Tz + 3
 z(z+2)(z+3)
b’ +6b+9  b*—6b+38 1
w) 4
B2 —9 b-2)(b+3)  b+3
Solution:
2 +6b+9 b2 —6b+8 1 (b+3)? (b—4)(b—2) 1

-9 T G-20+3) b+3 (6+3)06-3)  (b-2)b+3) 513
_b+3  b—4 1
=5 375737013
(b+32+®-3)(b—-4)+b-3
(b—3)(b+3)
B2 +6b+94+b>—Tb+124+b—3
(b—3)(b+ 3)
20% 4+ 18
(b—3)(b+3)
2(b% + 9)
(b—3)(b+3)

2% + 2z 22 +2x+1
224+xz+6 243+ 2
Solution:

X)
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z? 4+ 2z Xm2+2w+1_ z(z + 2) ><(:c—l—l)(ae—|—1)
22+ +6 22+3x+2 z22+z2+6 (z+2)(z+1)

_ z(z+1)
T 224 x+6
12 5
) z+12  z-5
Solution:
12 5 12(z — 5) + 5(z + 12)
12 z2-5 (z+12)(z—5)
122 — 60+ 52 + 60
(z+12)(z — 5)
. 17z
T (2+12)(z - 5)
g4
w—11 w—4
Solution:

11 4

w—11 w-—4

11(w —4) — 4(w — 11)
(w—11)(w — 4)
11w — 44 — 4w + 44
(w—11)(w —4)
. Tw
T (w—11)(w — 4)

32. Show that (22 — 1)? — (x — 3)? can be simplified to (z + 2)(3z — 4).
Solution:

2z-1)>%-(z-3>2=2c-1)2z—-1)— (z—3)(z—3)
=42® — 20 — 2z +1— (2° — 3z — 3z — 9)
=32°4+2c -8
=Bz —4)(z+2)
33. What must be added to 2® — = + 4 to make it equal to (x 4 2)*?

Solution:
Suppose A must be added to the expression to get the desired result.

@z + A= (x+2)?
A=z +2)(z+2) - (2°—z+4)
=z +2+24+4—2>+z-4
= oz

Therefore 52 must be added.

22 +1

34. Evaluate P — if z = 7,85 without using a calculator. Show your work.

Solution:
First simplify the expression:

?+1 (z+ 1)@ —z+1)
22 —xz+1 2 —x+1
=x+1

Now substitute the value of z: 7,85 + 1 = 8,85.
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35. With what expression must (a — 2b) be multiplied to get a product of (a® — 8b%)2
Solution:

(a — 2b)(a® + 2ab + 4b°) = a® — 8b°
So, the expression is a® + 2ab + 4b°.

36. With what expression must 272 + 1 be divided to get a quotient of 3z + 12
Solution:

272° +1 = 3z +1)(92° — 3z + 1)
(32 4+ 1)(9z% — 32 + 1)

=3 1
922 — 3z + 1 o

Therefore the expression is 922 — 3z + 1.

37. What are the restrictions on the following?
Qg 4
312 + 2z — 1

Solution:
4 4

322+2c—1 (Bz—1)(z+1)
x#%andx#—l

a
b) 3(b—a)+ab—a?
Solution:

a a
3(b—a)+ab—a2 3(b—a)+alb—a)
a

T (b—a)a+3)
a#banda # -3
For more exercises, visit www.everythingmaths.co.za and click on 'Practise Maths’.
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