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Chapter Al

Number systems
NO CALCULATOR MAY BE USED IN THIS CHAPTER!

Al.1 Number systems:

Exercise 1:
Complete: * Natural numbers: N = {1;2;3; ......}
* Whole numbers: Ny = {0;1;2;3; ......}
* Integers: yA = {.;-2;-1;0;1;2;3;..}
. a
* Rational numbers: Q = {B /a,b € Z;b+# 0}

Al.2 Rational numbers:
Al.2.1 Equivalent fractions:

Exercise 2:

These are possible answers!

(1) Write down three equivalent fractions for each of the following rational numbers:

o FeFeze o 1-gozon
@ iemamom o 1toeom
o 5-gmmam o 2_moii
(9) 2%:§=2%:2% (h) 5:_:12_0:25_5

(2) Are the following equivalent fractions or not? (Answer yes or no only.)

12 24 7 3 3 6
@ - = = ?:Yes (b) = >7:No (© = =;7?7:No
(d) _iszl—:?:Yes (e) §=§71N0 (f) %-%7:\(95

(@ = —7:Ves ) == 27:Yes (i)
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Al.2.2 Order of rational numbers:

Exercise 3:

(1) Arrange the following fractions in ascending order:

3 2 4 3 45 _ 2 _ 40 _ 4 _ 48
@ -, -ad=-: >=— ; -=— ;- = —
4 3 5 4 60 3 60 5 60
2 5 4 2 28 5 30 4 28
) =—; —and =: === ; ==— ;- =—
3 7 6 3 42 7 42 6 42

(2) Arrange the following fractions in descending order:

3 5 15 2 16 _ 3 _ 18
@ - ;- ad-: -=— ; -=— ;- = —
4" 8 24 3 24 4 24

1 2 -7 -3 45 _ -5 _ 50 . -7 _ —42

(b) —135 13 and 5" 2 30 ’3 30 ' 5 30

(3) Place arational number between each of the following numbers:

-1 _ -5

wWIN
| w

wilN
Il
ENES

- w

i |
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-1 -3 _ -5 -3 _ 9 B3 _ -8 -7 =6 -1
@ . and = 3 T s and : T - < 5 OF T2 Or ¢ < 3
3 7
() >and —: 3=2=29 gopg L -2 L2 o2t
4 10 4 20 40 10 20 40 10 40 4
Al.2.3 Conversion of common fractions to decimal fractions:
Exercise 4:
Express the following as decimal fractions, without using a calculator:
10302 20202 .
() Z2=220-=22 0020 =-3142.. @ 42=422""=1466..~46
7 7 7 3 3
10204
(3) 1 _ 1000.. _1,%0%0% _ 0,125 (4) 7 _ 7000.. _ 7,707070 = 0,77.. ~
8 8 9 9
17 _ 17,000.. _ 17,702% _ 5 _5000.. 5500 _
() 25 25 25 = 0,68 (6) 100 100 100 0,05
40704070 4 I 60405
(7) L =%007000 _ 43636.. ~0,36 (8 —28=_2%000_ _5857..
11 11 7 7
50202 . 1020 4
(9) —52 =-52 °6° °=_-5833.~-583 (10) 2 = 33’0800'" =% ‘;0 °=4,125

0,7



Al.2.4 Rounding off decimal fractions:
Exercise 5:

(1) Round off the following fractions correct to the number of decimals indicated in brackets:

(@) 3,573 (to 2 dec)

~ 3,57

(c) 0,00384 (to 5 dec)

= 0,00384

(e) 8,39999 (to 1 dec)

~ 8,4

(g) 0,433218 (to 4 dec)
~ 0,4332

(i) 66,666 (to 2 dec)

~ 66,67

(b) 12,00873 (to 3 dec)
=~ 12,009
(d) 7,3226 (to1 dec)
~ 7,3
(F) 90,9023 (to the nearest integer)
=~ 91
(h) 1456,6799 (to 3 dec)
~ 1456,680
() 13,00034 (to 3 dec)
=~ 13,000

(2) Consider the following and choose the correct way of rounding off in brackets:

(a) 3,47653 =~

3,477 correct to the nearest (tenth, hundredth or thousandth)

(b) 96 995,31956 ~

96 995,32 correct to the nearest (tenth, hundredth or thousandth)

Al.2.5 Conversion of decimal fractions to common fractions:

Exercise 6:

Express the following as common fractions in its simplest form:

1) 0,125:%:%050+%§ (2) 1,25:1%= 12750—%
:% - 11

(3 146= 14> =14 + 2 @ —05=-2--5.°%

= 143 -1
(6) -12= -1 =-1>+ > (6) 235=23> =23 + 2

= -1 = 237
(M 304= 3555 <3555 + 5 ® 73=7%

-3t
(9 10075= 100> =100 > + 2> (10)  0,00005= —— :1005000 + g

1

= 2
= 100

20000
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Al.2.6 Conversion of recurring fractions to common fractions:

Exercise 7:
Convert the following to common fractions in its simplest form: (Without a calculator.)
(1 3,6 (2) 0,13
9 99
= 3 - E
3
= 3E
3
(3) 22,39 (4) -1,i135 or —-1,135
— : _ g
=22+ 0,3+ 0,09 = —1555
= 2 s JES = — g - 27
= 22+ 10+ 0,9 -10 1999 b
- 3,921 - 1>
_22+10+9X10 137
- 3 L
= 22+ 10+ 1><10
- 3.1
= 22+ 10+ o
- 3+1_ 59 4
= 22+ o - 22 o
= B
= 225
(5) 0,7 (6) 0,003
= = 0,3 = 100
9
3 1 3
= - )( - =
9 100 900
SRELY
~ 300
(7) 1,214 (8) 3,258
= ﬁ _ .« .
= 1999 =3+02+ 0,058

2 . . .
3+ E+ 0,58 - 10

2 58 1
3+ E+EXE

2 99 58
34+ 2x o4 8
+ 10 99 T 990

58 _ 256
990 ~ 990

_ g, 18
= 3+990+

128
= 33—
495
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© Calculate the following without using a calculator: 0,4 + %

. 2 4 2 4 2 3 4 6 10 1
= B = = =B = - X == - - = —_— = —
0’4+3 9+3 9+3 3 9+9 9 19

Al.3 Irrational and Real numbers:

Exercise 8:

(1) Which of the numbers are Rational numbers (Q) and which are Irrational numbers (Q")?

1

@ 14 :Q ® ¢ 0 © VBI :Q
d 012 :Q (e) V18 Q' M 12,23 :Q
9) —E Q (h) 0,2945.. Q' i) Vo4 :Q
M ° ® 3z 0 n > :Q
(2) Between which two integers do the following irrational numbers lie?
(a) —V12 (b) V66
—V16 < —V12 < —/9 V64 < 66 < /81
-4 < /12 < -3 8 <V66 <9
(c) V5 (d) 2
V1 <5 <38 V1 < V2 < V32
1 <35 <2 1 <32 <2

(3) The diagram below is a summary of all the numbers that are used on school level.
Place the following numbers in the right place on the table; simplify the number if necessary:
47 ; AB=2 ; V8; —16 ; 045;0,3;2=3,;02387..; ==0 ; 688
Real numbers:

Irrational Rational numbers

numbers :
Integers 0,3

0,45 6,88




Complex numbers

Al.4 Representation of sets of numbers:

Exercise 9:

(1) Write the following in interval notation (if applicable) and represent it on a number line:
(a)

fx: x < -1, x € R}

x €E(—o0; —1)

0
© {y:y < 2;y€eN}
No interval notation
N
°
< | | | | | L
- | | | | [ | =
-1 0 1 2 3 4
() {x/x < 3; x € I}
No interval notation
Z
<e ° °
< | | | | | L o
- | | | | | | =
-1 0 1 2 3 4

@ {(m:-2<m<5 meR}

m € [-2;5)

A

v

(b) {x: -3 <x<3; x €}

No interval notation

Z
® o o o o
«l | | | | |,
DA | | 1 | >
-3 -2 -1 0 1 2 3
d {x:x = -3, x € R}
x €[—3;0)
R
@ >
< | | | | | [
DI 1 | 1 | >
-3 -2 -1 0 1 2 3
-5
® {p/p =2 5 p €R}
5
p E[-5 ;%)
R
[
b I »
N | L
_5
2
(h) {x:x < 5 x €Ny}
No interval notation
No
® e o o o o
| | | | | |y
D | | 1 1 >
-1 0 1 2 3 4 5
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(2) Solve for x in each of the following and represent the solution on a number line:

@ x + 1< 3 x €N, () 2x = -8 x €R
x<3-1 x = 2
x < 2 X = —4
Ny R
o e o °
< s — -
-1 0 1 2 3 4 -4
¢ x —-—4<0 x€eZ d 2x +3>7 x€N
x<0+4 2x > 7 — 3
x < 4 x2i
2
x = 2
Z N
<e e o o o e o o>
—t - S
-1 0 1 2 3 4 1 2 3 4 5
e -6< x—-—1<6 x€R H x+7 = -1, xelZ
-6+1 < x £ 6+1 x =2 -1-7
-5 < x <7 x = —8
R Z
o ®

A

(

|
[
-5 7 -9 -8 -7 -6 -5 —14

Al1.5 REVISION EXERCISE:

(1) Convert the following to common fractions in its simplest form: (Without a calculator.)

(@) 14,17 (b) 0,1234
1234

=14+ 0,1+ 0,07 -

- x a
= 14+ -+ 0,7 +10
=14+ 4+ 2 x —
= 14+ =+

= 14 +

=14+ —+ = = 1432 = 14—



(c) 4,68 (d) 5.1
_ 68 = 1
= 410 =53
68 _ 4
100 = 4
= 4.£
25

(2) Indicate, by using a v/, all the rational numbers between 0 and 10:

(a) (b) (c) (d) (e) ) (9) (h) (i) ),
voElE| -1 | V8 | JBd | Vie | n | R0 |vimEm| 4,124.. 26_4-
v v v

(3) Round off the following fractions correct to the number of decimals indicated in brackets:

(@ 7,199 (to 1 dec) (b) 0,048561 (to 4 dec)
~7,2 ~ 0,0486

(c) 234,34 (to 1 dec) (d) 1001,1989 (to the nearest integer)
~ 234,3 ~ 1001

(e) 3,997 (to 2 dec) (F) 23,712 (to the nearest integer)
~ 4,00 ~ 24

(4) Place any two irrational numbers between 2 and 3.
2= 4 and 3=+9
2 < V5 <6 <7 <8 <3
Any 2!

(5) Between which two integers do the following irrational numbers lie?

@ ) /57

%> %> % V27 < 57 < V64
1 > %>% 3 <357 < 4

or

N | =

< |z <1 4 > 1357 >3
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(6) Complete the missing representations in the table below:

Set builder notation: Interval notation: | Number line:
W) |{x/-1<x<2xeR}| xe(-1;2] 0 R o
i l B
< I ‘ >
-1 2
R
(2 | {x: -2 <x <5;x € R} x € [-2;5] Y o
2 5
R
< ®
) y/y <3;y € R} y € (—;3] 4 L,
3
NO
e o o o
()] {x/x <3;x € Ny} N/A «] | | | | | »
-1 0 1 2 3 4
N
- I [ [ I [ \ g
1 2 3 4 5 6
o R .
6) |fm:0<m <4;,meR}| me (0;4] N R
0 4
R
7 {t: t > -5;t € R} te[-5;0) | | | R
D 1 | | | >
-5 -4 -3 -2 -1 0
(8) fm:m < 6, m € R} m € (—;6] P |
6
.Z
9 x/-1<x< 2;,x €EZ ¢
© |{x/ ) A —
-2 -1 0 1 2 3
R
oO——>
(10) {x/x >-1;x € R} x € (—1; «) < | >
-1

*hkkkhkhkkkikhkkkikikk
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Chapter A2

Algebraic expressions

A2.1 Products:
A2.1.1 The law of distribution:

Exercise 1:
Determine the following products:
1) v —Hly +3) (2) -2 -7
= y*+ 3y —4y — 12 =p?> - 7p - 2p+ 14
= y2 —y —12 =p> - 9 + 14
©) 2x + D(x —5) (4) (x — 2y)(2x — y)
= 2x> — 10x +1x — 5 = 2x%2 — 1xy — 4xy + 2y*
= 2x* - 9x - 5 = 2x2 — 5xy + 2y?
(5) (4ab + 1)(2ab — 3) (6) (5 — 7m)(2 — 3m)
= 8a’b?> — 12ab + 2ab — 3 =10 — 15m — 14m + 21m?
= 8a’b?> — 10ab — 3 =10 — 29m + 21m?
(7) (2a — 4b)(3a + 2b) (8) (m+n@2m - 1)
= 6a’+ 4ab — 12ab — 8b? =2m? — 1m + 2mn — n

= 6a®> — 8ab — 8b>

(9) (d — 12)(12 + d) (10) (@® + 4)(a® + 2)
= 12d + d? — 144 — 12d = a* +2a® + 4a® + 8
= d?* — 144 = a* +6a% + 8
(11) Gm - 6) (8m — 3) (12) (=2k — 5)(5 + 3k)
= 4m? — ’m — 48m +18 = —10k — 6k* — 25 — 15k

= 4m? — 49%m +18 — — 6k? — 25k— 25
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1 4
(13) (p+2)(8p - 2) (14)
40 8p 4
= 8p2 - — + — - —
P R o P
4
=8p> — 4+ 8- —
= 8p2+ 4 — -
(15) (3r® + 2)(2r* — 5) (16)
= 6r° — 1573 + 412 — 10
1 2 1 2
17 ( — )(— + —) 18
() p3q? p2q/ \p q (18)
1 2 2 4
- p*q®  p¢®  pPq  p*q?
Exercise 2:
Simplify:
(1) (abc — 2)(abc + 2) (2)
= a’b%*c* - 4
(3) ®» —990q + p) (4)

=@ — 99 + 9q)
— pZ _ 81q2

(abc — 2ac)(abc + 3bc)

= a’b%c? + 3ab*c* — 2a?’bc? — 6abc?

2x(x — 5y)(3x + 2y)
= 2x(3x* + 2xy — 15xy — 10y?)
= 2x(3x* — 13xy — 10y?)

= 6x3 — 26x%*y — 20xy?

B m3n? 3m?’n 6mn 18
6 3mn?2 2mn m2n3
3 m3nz2 m - 18
6 n m2n3

G +51)G - 5t)

= — — 25¢%

(n+ 7k)(Tn — k)

=7n% — 1kn + 49kn — 7k?>

=7n?% + 48kn — 7k?
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(5) (—a + 4b)(—a — 4b) (6)
= a* + 4ab — 4ab — 16b?

= a?* — 16b?

(7) (x*™ — 8)(x*™ + 8) (8)

— x2m+2m_64_

xim — 64
) (b5c3 + 6)(bSc® + 6) (10)

= b12¢% + 6b°c® + 6b°c® + 36

= b'%¢% + 12b%c32 + 36

(11) (m — 2n)?(m + 2n)? (12)
= [(m — 2n)(m + 2n)]?
= [m? — 4n?]?

= m* - 8m?*n? + 1ent

A2.1.2 Squaring of a binomial:

Exercise 3:
Determine the following squares:

1) (v — 11)° (2
=@ - 1Dy - 11)
=y2 — 11y — 11y + 121

= y?2 — 22y + 121

(0,3 + 3¢)(0,3 — 39q)

=0,09 — 942

(4xk®> — 7)(7 + 4xk>)
= (4xk® — 7)(4xk®+7)

= 16x%*k'° — 49

[
N
=N‘ SN

|

NN
N—————
N
:N‘ SN

+

NN
N—————

m
= o 16
(Bp + 2¢)°

=Bp + 29)Bp + 29)
=9p? + 6pq + 6pq + 44>

=9p? + 12pq + 44>



3)

(%)

(7)

(9)

(11)

(—4 + 5¢)?
=(—4 + 5¢)(—4 + 5¢)
=16 — 20c — 20c + 25c?

=16 — 40c + 25c?
(k? + 1)?
=(k* + 1)(k* + 1)
= k* +1k* + 1k* + 1
= k* +2Kk* + 1
(-3
=(x-3)(x-3)

_ 2 1 _ 1 1

= x X X+ 3

— 2 1

= Xx 1x + 2
(5p — 2p?)?

=(Gp - 2pH)(5p - 2p?)
= 25p% — 10p3 — 10p3 + 4p*

= 25p? — 20p3 + 4p*

(0,2 + 6y)2

0,2 + 6y)(0,2 + 6y)
= 0,04 + 1,2y + 1,2y + 36y2

= 0,04 + 2,4y + 36y?

14

(4)

(6)

(8)

(mn + 3)2

=(mn + 3)(mn + 3)
=m?n? + 3mn + 3mn + 9
=m?n? + 6mn + 9

(8 — 3b)?

=(8 — 3b)(8 — 3b)
=64 — 24b — 24b + 9b?

=64 — 48b + 9b?
¢-3)
- G- 969

25 5 5
2
- Y- _ 6y
- 25 5+9

Il
/N
N
+
Slw
N———"
/N
N
+
Slw
N———"

=16 + =2 + 2, 2
n n n
=16 + 2 1+
n

_4m?  2mp? N 2mp? N p*
- p? 3mp 3mp = 9Im?
B 4m2 N 4_p p4-

p? 3  9m?



Exercise 4:

Simplify (Use the shorter method!)

(11)

1)

3)

(%)

(7)

(9)

(x — 3)
=x>—- 6x+ 9
By + 7)°

= 9y2 + 42y + 49

(52 + 8)2

= 25t* + 80t* + 64

(-2k — 5)2

= 4k*> + 20k + 25

(4x* + 10 y*)?

= 16x* + 80x%y? + 100y*

(8 — 3y)(8 + 3y)

=64 — 9y°

A2.1.3 Binomials and trinomials:

Exercise 5:

Simplify the following products:

1)

(2a — 3)(a®* + 5a — 4)

2a® +10a? —8a — 3a%? — 15a + 12

2a3 +7a* — 23a+ 12

15

()

(4)

(6)

(8)

(10)

(12)

(2)

(6m — 1)
=36m? — 12m + 1
(3 + pqg)?

=9 + 6pq + p*q*

G- o)

=2 — 8y + 36y?

(e2e)’

5m

9p? — 12pq + 44q?
25m?

2Zmn + 7)(7 + 2mn)

2mn + 7)(2mn + 7)

= 4m?n® + 28mn + 49
—2(abc — 11)?

= —2(a’b*c* — 22abc + 121)

= —2a?b%*c* + 44abc — 242

(m + 7)(2m?* + 3m + 3)

2m3 +3m? + 3m+ 14m? + 21m + 21

= 2m3 +17m? + 24m + 21



(3) 1+ 001 - x + x%

=1—1x+1x% + 1x — 1x% + x3

=1+ a8

(5) (2m + %) (mTz +4- 4m)

= 3+8 8 2+mz+2 dm

! m-om T-g 2

- m3+8 8m2+1m2+2 2

T g remT—y 8 m
m3

_ _ =72
—2+6m 78m+2

16
(4) By — 2)(9y* + 6y + 4)

=27y% +18y? + 12y — 18y?> — 12y — 8

=27y3 — 8

(6) (m*n® — 5)(25 + 5m*n® + m*n%)

= 25m?n? + 5m*n* + m®n® — 125
—25m?n? — 5m?n?

= m®n® — 125

A2.1.4 The sum and difference of two cubes:

Exercise 6:

Write down the following products directly, if possible:

(1) (a + 3)(@® — 3a + 9)

=a3 + 27
@  (E-1)(Gx2+3x+1)
x3
=~ o 1

(5) (5q + 7)(25¢®> — 35q + 49)

=125¢® + 343

(7) (x = 5)(x* — 5x + 25)

= x3 —5x2 +25x — 5x% + 25x — 125

= x3—-10x% + 50x — 125

(2) 2y* + 4)(4y° — 8y’ + 16)
- 8y° + 64
2 1 4 2, 1
4) (6a 2) (36a +3a? + 4)
1
_ 6 _
= 216a° — 2

(6) (8 — 3m)(9Im?* + 24m + 64)

= (8 — 3m)(64 + 24m + 9IM?)

= 512 — 27m?3

8) (0,1 + 0,2y)(0,01 — 0,02y + 0,04y?)

= 0,001 + 0,008y3
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9) (9a* + 6a?b + 4b*)(3a? — 2b) (10) 2(—1 + 5m)(25m* + 5m + 1)

= (3a? — 2b)(9a* + 6a*b + 4b?) 2(5m—1)(25m* + 5m + 1)

=27a® — 8b3 = 2(125m3 - 1)

=250m3 — 2

A2.1.5 Simplification of expressions:

Exercise 7:

Simplify:

1) 2a(a + 1) — 3(a — 1)? () (m® 4+ 3m? — 2m — 2)m + 4 (m® + 5m? — 6)
= 2a* +2a—-3(a*—-2a+1) =m(m?®+3m?*—-2m—2) +4(m*+5m? - 6)
= 2a’+2a—3a*+6a-3 = m* +3m3 - 2m? — 2m +4m3 + 20m? — 24
= —1a®’+8a-3 = m* +7m3 + 18m? — 2m — 24

B) (-DE*-x+1D+3(x-2)- @  O-DO+DO*+1)
=x3-x’+x—-x>+x—-1+3x—-6—x3 = (y* —1)(*+1)
= —2x2+5x—7 = y* -1

()  —2(2c+1)(c—2) - 2(2c - 1)? ® lep-372- (2+2)
=-2(2¢*-3c—2)—2(4c®? —4c+1) = %(161)2 —24p +9) - <%2+2p+4)
= —4c? + 6c + 4 — 8c% + 8c — 2 —8p?—12p 4o Lpto2p-4
= —12¢% + 14c + 2 = 7op?—14p +;

(7)  a?+b?>—(2a —b)*>+ (a+2b)? (8) By+1DOOy*+ 1By - 1)
= a? + b% — (4a® — 4ab + b?) + a® + 4ab + 4b* = By+1)By —1D(9y*+1)
= a®+b* — 4a® + 4ab — b* +a’ + dab + 4b* = (9y? - 1)(9y*+ 1)

= —2a® + 4b* + 8ab = 81y* -1

9) 7-3(55t—6)+2t—(t—1(t+1) (10) (x + 3y)(x* —3xy +9y*) + (x + 3y)(x — 3y)
=7 —15t+ 18 + 2t — (t> — 1) = x3 +27y3 + x% — 9y?
=7-15t+18+2t—t*+1

= —1t* — 13t + 26
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(11) @2p—-3)4p*+6p+9(Bp*+27) (12 (x—y+k)(x —y —k)

= (8p3 — 27)(8p3 + 27)

= 64p° — 729

=[(x—») +k][(x —y) — k]

=[(x —»)? — k%]

= x% - 2xy +y* — k?

(13) (@-33=p-30-3@-3 (14 [@Em+n)(E@m* —2mn+n*)]?

=(P-3)P*-6p+9)

= p3 —6p*+9p—3p%+18p —27

= p3 —9p? +27p — 27

= [8m3 + n3]?

= 64m® + 16m3n3 + n®

(15) @+ —y) — @& =+ @x+y)?—xx+y)+(x —y)*+2xy +y?)

=x2—y? — (2% = 2xy + y?) + (2 + 2xy + y?) — 2% — xy + 23 +2x%y + xy? — x%y — 2xy% — y°

=x*—y?—x*+2xy -y

= —y? +3xy + x3 + 1x%y — 1xy? — y3

2+ x?+2xy+y? - x* —xy + X042x%y + 1xy? — 1’y - 2xy% — y°

A2.2 Factorisation:

A2.2.1 Common factor:

Exercise 8:
Factorise completely:
(1) 4am + 3a’m*

= am(4 + 3am?3)
(4) 4x* — 8x + 1
=(M4x* - 8+ 1)

(2) 12x? — 132y?
=12(x* — 11y?)
(5) %abc + %azbc2

= ;abc(l + ac)

3) -p°¢® + pq
=pq(-p'q*+1)

(6) 5r’R* + 15r°R?
= 5r°R*(r?R? + 3)
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(7) 7x(3y — 1) — 23y - 1) (8) 12x3t — 14xt3® + 16x%t?
=@By-1)(7x-2) = 2xt(6x* — 7t? + 8xt)

9) 2gh + 18g%h + 3g3h (10) a(2m + 3) + b(3 + 2m)
= gh(2 + 18g + 3g?) =(2m+ 3)(a+b)

(11) 3g(3g + h) —1(3g + h) (12) 1(4b + 5) + 7a(4b + 5)
=(3Bg+h)(Bg-1) = (4b+5)(1+ 7a)

(13) rx—y)+ @y —x)+2t(x —y) (14) S5ab(d — 4c) — 7a(4c — d)

=rx—-y)—1(x —y) +2t(x —y) = 5ab(d — 4c) + 7a(d — 4c)

x—y)(r—1+2t = (d - 4c)(5ab+7a)

=(d — 4c)(a)(5b+7)

(15) 4xy + 2 — kQxy + 1) (16) y*(x? = 5) + y(x? —5)
= 2Q2xy+1) —k(2xy+1) =@ -5 +
=(2xy+1)(2-k) =y - 5)(y° + 1)

A2.2.2 Grouping:

Exercise 9:
Factorise completely:

1) r —s — 5r + 5s (2) 3am3® + 6am + 7m?n + 14n
=1(r—s)—5(r—25) = 3am(m? + 2) + 7n(m? + 2)
=(r—-s)(1-5)=—-4(@r-5s) = (m? + 2)(3am + 7n)

(3) pq — pr + q*— qr 4) 4x — 8k — rtx + 2rtk
= p(@q-1)+q(q—71) = 4(x — 2k) — rt(x — 2k)
= (@-r{@+a =(x -2 - 1t)

(5) aw — bw + 2bw — 2aw (6) p? +p2+ q) + 2q
= —law + 1bw = p*+2p+pq+2q
=—1w(a—b) or =pP+2)+q(p+2)

=w(b—a) =@+2)(P+9
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@) mx+ nx+ rx—my—ny—ry (8) rg —1+p —q
=x(m+n+r)—ym+n+r) =pq+p -1 —q
=(m+n+r)(x-y) =plg+1)-1(1+q)

=@+DH@E-1

9) gth —j) + g% — hj (10) 3mn3 + 2mt — 7m + 3kn3 + 2kt — 7k
=gh— gj + g*>—hj =m(3n3+2t—7)+k(3n3+2t—-7)
=gh+ g*— gj —hj =m(3n3+2t—-7)+ k(3n3 + 2t —7)
=g(h+9) -jlg+h=(g+h)@g-i =(@3n® +2t-7)(m+k)

A2.2.3 Difference between two squares:

Exercise 10:

Factorise completely:

1) c? — 81 (2 1 — p? (3) x?y? — 25
=(—9)(c+9) =1+p)(A-p) = (xy — 5)(xy +5)

4) 9 + k? (5) mi® — 16 (6) r® — k?
= (9 + k?) = (m% —4)(m® + 4) = -k)@3+k)

(7 (xyz)? — 121 (8) n? — 50 9) -9 + tt= t*-9
= (xyz — 11)(xyz + 11) = (n? - 50) = (t* + 3)(t* — 3)

(10)  2x% — 8 (1)  —y? — 49 12)  (x + y)2 — 100
—2(x% — 4) = —1(y% + 49) = (x+y—10)(x + y + 10)

=2(x—2)(x+2)

(1) pm+p*-m -1 (14 (m —3)2 — (m+ 2)?
= p’(m+1)—-1(m+1) = [(m—3) — (m+2)][(m - 3) + (m + 2)]
= (m+ 1D (p*-1) = [-5][2m—-1] or
=(m+D@E-D{P+1) =-52m—-1)

15)  x® — 9x 16) m* — n
=x(x?-9) = (m? —n?)(m? + n?)

=x(x—3)(x+3) = (m — n)(m + n)(m? + n?)



(17)

(19)

(21)

(23)

(25)

(27)

(28)

ab’x — ab3x
= ab3x(b* - 1)
= ab3x(b* — 1)(b* +1)
= ab3x(b—-1)(b+ 1)(b* + 1)
3b(q>— 9) + 2(q%> — 9)
=(q*-9)(3b+2)
=(q—-3)(q+3)(3b +2)
Sk(p? —4) + 2a(p? — 4) — 1(p? — 4)
= (p*-4)(5k+2a-1)
= pP-2)(p+2)(5k+2a—-1)

(Br — 2)% — 4r?
=[(3r—2) —2r][(3r—2) + 2r]
= [r — 2][5r — 2]
4m? — n? + 2m + n
= 2m+n)2m—-—n)+1(2m+n)
= (m)[(Zm —-n) + 1]
= (2m+n)2m—-n+1)

16(x — y)? — 25(2x + 3y)?
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(20)

(22)

(24)

(26)

a’h — 8ab
ab(a? — 8)
a? — 81

= (a®—-9)(a® +9)

= (a®-3)(a®+3)(a® +9)

q*(x?—2x —5) —k?*(x?>—-2x —5)
= (x* —2x—-5)(¢* — k?)
= (x* —2x-5)(q¢* - k)(q* + k)
3p2 — 2q - 3q* + 2p
= 3p* - 3¢* + 2p — 2q
= 3p*-q¢)+2(p-9q)
=3p-Qw+D+20-q)
= P—q@)Bp+3q+2)

= [4(x—-y) — 52x+3y)][4(x—y) + 5(2x + 3y)]

= [4x —4y — 10x — 15y]|[4x — 4y + 10x + 15y]

= [—6x — 19y][14x + 11y]
(@a—=b+ c)>— (a+b —c)?

= [(a—b+c)—(a+b—-0c)][la—b+c)+(a+b—0)]

= [a—b+c—a—-b+c]la—b+c+a+b—c]
—2(b—c¢)(2a)

= [=2b + 2c][2a] =
= —4a(b—c)



A2.2.4 Trinomials:

Exercise 11:

Factorise completely:

1)

(4)

(7)

(10)

(13)

(16)

(19)

(22)

(25)

(28)

x4+ 5x+6
=(x+3)(x+2)
p’—2p—8

=@P-4Hp+2)

a’ —5a — 14
=(a—7)(a+2)
s+ 10s — 24
=(s+12)(s—2)
p? —2p + 1
=@-DrE-1
r2 — 11r — 12
=(r—-12)(r+1)
m? — 18m — 144
=(m-—-24)(m+6)
2t> — 12t + 10
=2(t? — 6t +5)
=2(t—-1)(t-5)
7k — 60 + k?
= k*+ 7k — 60
= (k—-5)(k+12)
x? — 4xy + 3y?

=x—-3y)(x—-1y)
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2 y2+3y — 4
=+HO -1
(5) k*+ k — 20

= (k+5)(k—4)

@  xt+e6x'+9
=% +3)(x%*+3)

(1)  p’-p -6
=@-3)P+2)

(14) % + 5¢3 — 24

=(3-3)(c*+8)
(7)

k2 — 15 — 10
= k% -25
= (k—5)(k+5)

(200  a*+ 2a — 63
=(a+9)(a-"7)

(23)  r* + 2r2 — 24
= @2 +6)(r2—4)
=@2+6)Tr—2)(r+2)

(26)  y®— 3y*—18y
=y(y*—3y-18)
=y -6)(y+3)

(299  15y% — 8y + 1

=0By-1D@Ey-1)

(3)

(6)

9)

(12)

(15)

(18)

(21)

(24)

(27)

(30)

m? — 3m — 10
=(m-5)(m+2)
b?>+11b+ 10

=(b+10)(b+1)

7 — 8q + q*
=q*—8q+7
=@q@-1@q-7)

d?+10d + 25
=(d+5)(d+5)

12 + 8s + s?
= s2+8s+12
=(s+6)(s+2)

g% + lag — 72
=(g+18)(g —4)

t?2 — 13t + 42
=({t—-6)(t—-17)

100 — 21y — y?
= —1(y? + 21y — 100)
-1y +25)(y—-4)

m2+m+i

- (me ) (m )

15 — 2d — d?
= —1(d? + 2d — 15)

= —1(d +5)(d - 3)



(31) n3 + 8n% + 12n (32)
=n(n?+ 8n + 12)
=nn+2)(n+6)

(34  p*q* - pg®-12 (35)

= (pq* - D (pq* +3)

p? + 3pq — 18q? (33)

—k?+ 12k — 35 (36)

—1(k? — 12k + 35)

23

—8 + 4x + 4x2

=(+6q)(p—3q) = 4(x* +1x - 2)

= 4(x+2)(x—1)
8m? — 7m —1

= (8m+1)(m—1)

= —1(k-5)(k—7)

(37) x%(a? + 5a + 6) — y?>(a® + 5a + 6)

= (a® + 5a + 6)(x* — y?)
= (a+2)(a+3)x-y)(x+y)
Let (x+1) =k
(39) (x4 1% +3(x+1) — 28
= k* +3k-28

= (k+7)(k—4)

=x+1+7)(x+1-4)

=(x+8)(x—-3)
(41) m*n* + 4m?n® - 5
= (m?n? + 5)(m*n? — 1)

= (m?*n?+5)(mn—-1)(mn +1)

A2.2.5 More trinomials:
Exercise 12:

Factorise completely:

(1) 3x2+ 10x + 3 3x><: +1 = +1x

=3Bx+1)x+3) «x +3 =+9x

+10x

(38) 2t* — 26t% + 72
=2(t* —13t* + 36)
=2(t2 — 4)(t* - 9)
=2(t—2)(t+2)(t—3)(t+3)

(40)  x*(y*—9) —4x(?-9) —12(0* - 9)
= (y2 — 9)(x% — 4x — 12)

=@ -3)@+3)(x—-6)(x+2)

Compare no.39 with no.42
(42) (2c — 1% +8(2c — 1) + 16

=[(2c—1) + 4][(2c — 1) + 4]
= [2c¢+ 3][2¢c + 3]

= (2c + 3)?

) 6y — 1y —2 3y, (-2=-4y
>< +1 =+3y

=@y-2)2y+1) ¥



©)

(%)

(7)

(9)

(11)

(13)

(15)

(17)

(19)

5t2 + 8t — 4 5t><:
t
= (5t —2)(t +2)

3p? — 16p + 21

=@Bp—-7P-3)

14r2 + 17r + 5
=2r+1)(7r +5)

8c? — 18¢c + 7
=(2c—1)(4c—7)

15p* — 1pq - 2¢°

=(GBp—-2q9)3p+1q)

20s? — 44st — 15t2
= (2s — 5t)(10s + 3t)

9m? — 12m + 4

=@Bm-2)3m-—-2)

10k?2 — 18k — 10
= 2(5k%? — 9k — 5)

18c%d? — 15c¢d — 12
= 3(6c*d?* — 5cd — 4)
= 3(3cd — 4)(2¢d + 1))

—2=-2t

+2 =+10t

24

(4)

(6)

(8)

(10)

(12)

(14)

(16)

(18)

(20)

6n2 — 29n + 9 3n

=3Bn-1)2n-9) 2n

12g2 — 4g — 1

=(6g+1)(2g9-1)

10g%2 + ¢ — 9

=(10g-9)(q+1)

6m?> — 7mn + 2n?

=(2m-1n)(3m —2n)

12 — 35x + 25x?
= (4 —-5x)(3 — 5x)

20a? —1lab — 12b?
= (4a + 3b)(5a — 4b)

2

x? — 2xy + y?

=x-y(x-y)

25a®> — 30ab + 9b?
= (5a — 3b)(5a — 3b)
or (5a —3b)?

—12 + 23b2 — 10b*
= —1(10b* — 23b? + 12)
= —1(5b2 — 4)(2b% — 3)

X
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(21) m? —4mn + 4n? — 9x? (22) 4p? — 12pq + 9q* — 16y2
= (m - 2n)(m — 2n) — 9x? = (2p—-39)(2p — 3q) — 16y?>
= (m — 2n)? — 9x? = (2p —3q)* — 16y*
=(m—-2n—-3x)(m—2n+ 3x) =2p—-3q—4y)(2p —3q + 4y)
(23) x?— n?+2mn —m? (24) 9a? —1 — 25y% 4+ 10y
=x2 — 1(n? - 2mn + m?) =9a? — 1(25y%> — 10y + 1)
=x? — (n—m)? =9a? — (5y — 1)
=[x-(Mm-m)][x + (n—m)] =[3a—-(5y — D][3a+ (5y — 1)]
=[x —n+m][x+n—m] =[3a—-5y+1][3a+ 5y — 1]

A2.2.6 Sum and difference of cubes:

Exercise 13:
Factorise completely:

(1) a® — 1 (2) m3 — 8

=(a-1)(a*+1a+1) =(m-2)(m*+2m+4)
(3) 1000 + ¢3 4 x4+ y°

= (10 + t)(100 — 10t + t?) = (2% + y3)(x* — x%y3 + y°)
(5)  c3d3 + 64 6) 125 — p™

= (cd + 4)(c*d? — 4cd + 16) = (5 —p*) (25 + 5p* + p®)
(7) 8p3 + 27¢3 (8) 100 — y®

= (2p + 3q)(4p* — 6pq + 99%) = (10-y*)(10 +y*)
9) 1 — 216t3 (10 r°+ %

= (1 - 6t)(1 + 6t + 36t2) =(T+%)(T2+%r+%)

T, = —65 2n=65—-11+2 =56



