
Inequalities

An inequality (or inequation) is a statement that one quantity is larger (or Siotaller)
another.  A  linear  inequality  is an iiiequality  iii  whicli the highest power  of  tli=

is 1. For example, m < 2 and x + 5 > 2 are linear ineqrialities but t2 + l > 4 ;S
Examples  of  inequality  staten'ients  are coinmon  in everyday  life.

,i  8

Ul

H  <  3.5 where

H  is height  of  vehicle.

m G 1.4  tonnes  where
m is mass of  the load.

/t >  1.2 t'n .o"here
h is tl'ie ii:iqm

Must  pass

tmough  this  end A > 18 where

A is the required  age.
If  d is the diameter  of  the wire,  then  d
must  be between  1 mm  and  4 mm.  We
write  this  as d > l and  d < 4. We can
combine  them  to write  l < d < 4.

>  is greater  than

< is less  than

Interpretirig  an inequa1ity  etatement

Inequality  statements  can  be read  from  left  to right  and  also from  right  to left.

5xaffiple 5 < 8 can be read  from  left  to right  as 5 is less than  8 or it can be read  from right to
left  as 8 is greater  than  5. So 8 > 5 is the same as 5 < 8.

Similarly,  x > 4 and  4 < x are equivalent  statements.

Repreeen'biriB  inequalities on a riumber lirie
{:xa.rnples Number  line

(a)  i i I 0 : : :
8 9 10  11  12  13  14  15

(b)  . i -  : : : : -  i i

-3 -2 -1  0 l  2 3 4 5

Statement  of  inequality

x > 10

-2  <  x < 3
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(C)

(d)

(e)

25 26 27 28 29 30 31 32

-4  -3 -2 -1  0 I 2 3 4 5 6

o

-4 -3 -2 -1  0 12345

27 <. x 's- 30

X %< 3

x < -l  and x >  2

- 2 -l  0 1 2 3 4 5

- 4 -3  -2 -1  0 I 2 3 4

- 4 -3  -2 -l  0 1 2 3 4  5

- 2 -]  0 1 2 3 4  5

S.

-3  -2 -l  0 12345

l I I I J i i i i j

5 6 7 8 9 10 11 12 13

17 18 19 20 21 22 23 24

-4 -3 -2 -l  0 1 2 3 4 5

2. Draw  a number  line  to show  each  ineqriality  statement.

(a)  12 <  x < 15  (e)  x > 0 and  x < -3

(b)  x > -1  (f)  6 < x < 10

(c)  4 < x  (g)  -  8 < x <- 2

(d)  -2  b  x b l  (11) x <. -4  and  x > 3

[='a[Ul

rigl'it  to
1. Write  an inequality  statement  that  is true,  e.g. 5 < 8.

(a)  Add  6 to both  sides.  Is the new  statement  true?

(b)  Subtract  10 from  both  sides.  Is the new  statement  tnie?

(c)  Multiply  both  sides  by  3. Is the new  statement  true?

(d)  Divide  both  sides  by  2. Is the new  statement  true?

(e)  Multiply  both  sides  by -4.  Is the new  statement  tiue?

(f)  Divide  both  sides  by  -10.  Is the new  statement  true?

2, What  operations  caused  your  ttue  inequality  statement  to be no longer  true?

3. To maintain  the truth  of  an inequality  when  you  divide  or multiply  both  sides  of  it
by  a negative  number,  what  must  happen  to the > or < symbol?  Discuss  and compare
your  aiswer  with  other  students.
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Eiolvin@ inequalities
A linear equation lias only one solution, but a linear inequality may liave lllf+ . 50l111;c
These  solutions  can easily  be represented  on a number  iine.

l-]

Ey(,,lpglB i Solve  tlie inequality  2x -  1 > 11 and graph  the solution  on a mnnber  line.

2x -  1 > 11

2x -  I + l > 11 + 1

2x > 12

2x  12

:xa6
-l  O l 2 3 4 5 6 7 8

Solve  and graph  the inequality  -11  > l -  2x.

-11>1-2x

-11  -  l > 1 -  2x -1

-12  > -2x

- 12  -2X
- <

- 2 -2
(dividing  by a negative  number  reverses  tlie inequality  sign)

3 4  5 6 7 8 9 10  11

5xample 3
3X

Solve and graph the inequality -4
3x  2x
-  -  -  < 14
45

Multiply  both  sides  by 20.

3x  2x

20 X -i  - 20 X 7  < 20 X 14
15X -  8x < 280

7x < 280

x < 40

2x
-  -  < 14.

5

01-+-+

35  36  37  38  39  40  41  42
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ality  sig')

1. Find,  by substitution,  wliidt  of tl'ie following  is not a possible  solution  to tlie
ineqriality  given.

(a)  4.r + 5 > 21

A x = 2 B x = 7 C x = 10  D .i- =  4

(b)  3a + 2 > 14

Aa=7  Ba=4  C(1=5  D({=9

(c)  -2x  -  I > 16

A x =  -10  B :'c =  -8  C x =  -20  D x =  -12

5x -  I
(d)  <- 2x -  I

4

A x =  I B x = O C x=  4 D x = 6

2. For  eacli  of  tl'ie following,  solve  the inequality  and grapli  tlie  solution  on a nym"iber line.

(a)  x + 5 < 3 (f)  -5  <; x -  2

(b)  x -  4 > 4 (g)  4 >  x -  4

(c)  x + 1 > 5 (h)  -1  <  x -  1

(d)  x -  3 <; -2  (i)  x + 2 < -5

(e)  7 < x + 6 (j)  x -  3 > -3

3. Solve  tlie  following  inequalities.

(a)  3x > 6

(b)  2x < 5
x

(d)  -; G -2

(e)  6x < 10

(f)  3X > -9

(h)  20 > 4x

4.  Solve  tl'ie following  inequalities.  Grapli  each solution  on a numlier  line.

(a)  -2X  > 4

(b)  -3x  =E- -6

x

4

(e)  I -  x > 4

(g)  -2x  + l > -3

(li)  I -  3x < 7

5. For  each of  tlie  following,  solve  the inequality  and graph  tlie  solution  ori a number  liiie.

x -  4 2p

(b)  2x > 6

(c)  3x  I < Ig  (g) 5(x - 2) > 2o 5a

(d)  7 < x + i  (h) -6x < 12 (lO l + -  -.. -g3

(e)  8 >  2x -  6 (i)  1 -  4x < 17  (l)  -3w  + 10 > 4

ALGEBRA 353



6. Solve tlie following  ineqrialities  and grapli eacli solution  on a numLier  l:. ,-

21= + 4 5177 -  2 3{-(

(a) ' 3 > 12 (e) 9 > 2 (i) -2 =- -4, - 5
rn -  2

(b) 2 -  5y <- 22 (f)  -3(2  -y)  < 6 o) 3 + ' "' I

(c)  v + 5 < 21)-  2

8a + 4
(d)  > 6

2

2a + 1 : - 3a

7.  Solve,  grapliing  eacli  solution  on a mu'nber  line.

2a 3a (e)  -2  <  2x < 6

(a) -5 -  -2  > 6 (i)
-yp

38>--10

(b)

(C)

-50) -  2) l
<  2 -

4  2

7 -  zp  ap -  4

(f)  -14  <; 3x -  2 <- 7

(gj
1 -y  2 -y

+  <2
2 3

(j) 1 -  2x > --l,a

6-4(1  + 21)

(k) s  > b

(d)  8X -  2 < 2 -  8.r (li)
2t  t

1---<2--
34

(l)
8 + 17? m -  2

[I2
(Worlc  in pairs.)

1. You  have  $20  to spend  on iten'is  which  cost  $4.80  each.

(a)  How  does  tlie  ineqriality  4.87? S- 20 relate  to tliis  sitiiation?  What  does  77 sr,:i'id

(b)  Solve  4.877 < 20 in the  context  of  the problem.  Grapli  your  solutions  on a

line.  Consider  tlie  following:

(i)  Can  77 be negative?  (ii)  Can  77 be a fraction?

2. Describe  a situation  where  tlie  inequality  4/? + 6p < 100  would  apply,  giveii  that n

and  p are positive  whole  numbers.  Compare  your  answer  with  those  of  otliei'  groups.

3. A  real  estate  agent  selling  your  propeity

at auction  summarises  her  expectations  of

tl'ie sale  price  on tlie  number  line  below.

9  "O

85 90 95 100105110115120125130135140145

Likely  sale price ($ thorisands)

(a)  Wliat  do yori  think  is tl'ie lowest  price

acceptable  for  the  propeity?

(b)  You  will  be satisfied  with  a sale  price

of  $13  7 000.  Does  this  seem  likely  to

happen?

(c)  If  yori  are offered  $142  000 for  tl'ie propeity,  should  you  accept  the cffel'?
Explain.

4. Make  rip some  inequalities  or mu'nber  lines  and swap  tliem  with  other  groups.
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(li)-i=P
If -  Ill)

"' " a kli -  u'

-jl'/i  -  Af/i  -h(A'  + A4) li(Aj  + AQ

(" " o AJ -  iV o' " a il/  -  iV o' " a iV -  Al

5- ln)  D = 3 5

ILII It/ = 620

0, (a)  C = 45.2448 lb) lc) i = 20.5

7. (a)  C = 290 (b) lc)d=76

4 6 10- I IC ) l = 5

10.  ( a ) S = -  620 11))

II.  (a)  (i) P = 3Q + I (ii)  P = 61

o
Ili)  (i) P = ";  + I (ii)  P = 5

ICI  (if P = I l -  2Q  (ti)  P =  -29

12.  (a)  182 cm  (b)  39 cin

13.  (a)  $196.77  (c)  $712

(c)  I = 20

liii)  Q = 8

iiii)  Q = 120

(iii)  Q =  -7

l.(a)s'-5

(b)  -3  < s < 2

(c)  -2  < 1 !G 4

(d)  A > I

(e)  -I  b  l G I

(f)  8 '-  Y < 13

(g)  s <  19 and s > 22

(li)  -3  iG v '-  0 and A > 3

'  (11)

(b)

(C)

(d)

(e)

if')

I i I :.

9 10 II  12 13 14  15 16 17 18

-4  -3  -2  -l  0 2345

0123456789

I

-4  -3  -2  -l  0

I

12345

-4  -3  -2  -l  0

-2  0 2 4 6

2 3 4  5

C'

8 10 12 14 16

10  -8  -6  -4  -2  0

(IT) I

-5  -4  -3  -2  -l  0

I

24(1!1

I

234

(a)  A  (b)  B

(a)  .x < -2

ilZ

-3  -2  -l  0

(b)  v >  8

6789

(c)  B (d)  B

(c).s>4

illl

2345

(d)  l  "-l

-l  O I 2

lc)  s > I

ii:

0123

1Q.1)-3

zi

-3  -2  -l  0

(g  ) l  =.  8

ili

2468

3.l.i)s>2

(b)  s < :';

(c)  s > 8

(d)1'--6

(e)  s < l-;

4.(a)i<-2

-4  -3  -2  -l  0

(li)  s > 2

0 I 2 3 4

(c)  1 G 4

01

ld)  1 >-I

1

234

-2  -I  O I 2

(e)  s- < -  3

-4  -3  -2  -l  0

'  (a)  s > 5

23456

(b ) v > 3

jll

23456

(c)  s < 6

45678

ld)  l > (i

02468

(e)  ;l (  7

a-1111

45678

(f')  .s > 16

a I I I 'I I

4 8 12 16 20

6- (a)  r' > 16

0 8 16 24  32

(b)  i' >  -4

illl

-8  -6  -4  -2  0

(c)  s' > 7

il  I

56789

lli)  l > 0

-l  O I 2

(i)  s < -7

-8  -7  -(i  -5

Ij ) s > 0

ill

-l  0 2

IF) s > -3

(gl  s ;a -3

(li)  s < 5

(i)s>24

(j ) 1 <  -  2 0

(I')  s <- 4

01

(g)  s < 2

01

I

234

2 3 4

(li)  s > -2

illl

-4  -3  -2  -l  0

ii)  s < -4

il

-7  -6  -5  -4  -3

(g)  v > 6

II

02468

ili) T > -2

zllO

-4  -3  -2  -l  0

(i)  v > -4

-4  -3  -2  -l  0

(,i) p > 9
r I l  : : l-

8 9 10  II  12

(k)  a <- -  6

ill

-8  -6  -4  -2  0

(l)  iii  < 2

tllO

0234

(d)  n > I

4i  C

01234

(e)  ni b  4

41  Ill

01234

(F) io < 4

l-)

01234

541l i%i C ' /l/ F i" a



(If  m > 7

-s -7  -6  -s  -4

(k) t' "'-  -3

32 34 36 38 40 -4  -3  -2  -l  0

0!12J-l  ! -10 -9

-2  -l  0

(c) p <2i67

(g) .i > -  i

-2  -l  0 I 2

(li)i>-2

2 % 2 -l-: -10

li) p < %

(d) i<-=t

 4,  al 0 ,l 4,
(e) -l  'G 'x s- 3

-  1. i i j 1,

- I O I 2 3

o -l'l %l -lal -lj

(k) > >  4

(f)  -4  !Gx  !G 3

A  -2  0 2 4

(I) m > -16

-16 -12  -8  -A 0

1. (a) p = 3

(b) p =  -2

(e) a =  -  25

(g) ni

(ii  i' = -3-"

3 ) IT = -I

r =  12(b) (ii S = 100

Q
(ii) r

4. (a) a < 1(i

2 4 6 8 10

(f)  p > 60

0 30 60 90 120

I I <: 2,

(it) 10 metres

-8  -6  -4  -2  0

(c) x s- 4
(g) v > 4-4'

0234

(d) v > -  2;'
(l'i) 3i"s  '  12:

-3 -24 -2 14 l ' -4 -3:  -i"1'2 lid ;3 x

Mixer>Reviaiou f%fE4fz5
1. (a) 14ga - g -  3

(b) 6ni' -  13ni + 5

(c) 3i'a + I 6i' + 5

(d) 4d' -  20d + 25

(e) 25 + 40u' + I 6ii'a

(f)  I 6'r" -  Qr

A'
(g) 25 -  -;

5

(h ) i.= + 6rl + 9? - 16

2. (a) 4(u' -  4)

(b) -T(A -,p)

(c) 5n(3m -  n)

(d) -3(33- + ))

(e) (g + 2X2 -  g)

(f)  (4X -  3)(io + 7)

(g) (l - A-X/C' -  l) = (l -  {tXA -  lXh + l)
(h) 3a(2b - I + 4a}

'  (a) kd -  3)((/ + 3)

(b) (5+p -  4%5ii' + 4)

(C) (-r - :%.i + %)
(d) 25(/i -  2%/i + 2)

(e) (xa - 2%t? + 2%i  + 4)

4. (a) (2r + l %y + 9)

(b) (3g -  7X3.g + 4)

(c) (2nt -  5%21n -  3)

(5  (r + <)(t + 5)

(g) (u + 2Xii -  I )

(h) 0' * 9X1' -  2)

(i) (m - 15%m + I)

(i)  (7 + 0)(6  -  0)

(d) (2d + 3e)(d -l- e}

(e) (7y -  4%2y - 3)

(f)  (2C -  5)"

k

'  (a) (,  3

ii' -  5

(d' iv -  4

II

(b' (-3p - lX2p + :4)

2d
(C)  I

d -]

4ni
(di-7--,

Ill  -  IT

5q - i2

(") q(q -  2Xtr -  3)

2r' -  4

(" 0' -  2%r + 2%r + I )(r - l )

7. A census is a survey of tlie entire population,  wliile  a siimple is

only a part of the population tliat lias been selected m order to

find information aborit rlie whole population.

)l (a) stratified  (b) stratified

In. Yes, biased in favour of older people, who are inore likely  to be
anti-republic.

11. (a) $2.90

(b) between 1991-1992

(c) about IOc

(d) !H2044

12. (a) range = 6, mode = 6, median = 5.5, mean = 5 16

(b) range = 6, tnode = 46 and 48, inedian = 48, tnean  = 48.5

t5J2

}3. (,:

(b

(c

(d )

(el

14. (:1)

lb)

l 5.

16. (a)

(b)

(C)

ld)

(e)

17. Iil)

18. (a)
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