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RATIONAL EXPRESSIONS C3 Worksheet A 
 
 
 
1  Simplify 
 

 a 
618
13

−
−

x
x  b 

208
156

+
+

x
x  c 

67
33

2 ++
+
yy

y  d 
107

25
2

2

+−
−
xx

x  

 

 e 
183
6

2

2

−+
−−

aa
aa  f 

352
3

2

2

−+
+

xx
xx  g 

16
4113

2

2

−
−−

t
tt  h 

612
6136

2

2

−+
+−

xx
xx  

 
2  Express as simply as possible 
 

 a 
99

3 2

−x
x  × 

x
x
2

44 −  b 
107

36
2

2

++
−
xx

x  ÷ 
2
6

+
−

x
x  

 

 c 
86

2
2

2

++
+

nn
nn  × 

2

4
n

n +  d 
4

124
2 −
−

x
x  × 

32
2

2

2

−−
+

xx
xx  

 

 e 
yy

y
+2

2

2
4

 ÷ 
5112

152
2

2

++
−+
yy

yy
 f 

472
1

2

2

−+
−

xx
x  × 

143
156

2

2

+−
+−

xx
xx  

 

 g 
155
1010

+
−

x
x  ÷ 

127
34

2

2

++
−−
xx

xx  h 
aa

aa
48

3
2

23

−
−  ÷ 

352
9

2

2

−+
−

aa
a  

 
3  Express as a single fraction in its simplest form 
 

 a 
y
2  + 

4
7
+y

 b 
5

2
−x
x  – 

3
1
+x

 c 
)2(

7
+xx

 – 
2

3
+x
x  

 

 d 
)1)(3( −− xx

x  + 
)1(2

5
−x

 e 
qq 3

2
2 +

 + 
124

5
+q
q  f 

33
4
−x

 + 
xx

x
−

+
2

2  

 

 g 
5

4
+x

 + 
1582 ++ xx

x  h 
4

6
2 −x

x  – 
2

3
+x

 i 
372

125
2 ++

+
tt

t  – 
12

4
+t

 

 
4  Simplify 
 

 a 
306
52

−
−

x
xx  b 

82
16
2

2

−+
−

xx
x  c 

9123
642

2

2

+−
−−

xx
xx  d 

12 2

3

−−
−
xx
xx  

 

 e 
182

3
2

2

−
−

x
xx  f 

443
2

2

23

−+
−+
xx

xxx  g 
102

352
2

2

−+
−+
xx

xx  h 
2

45
2

24

−−
+−

xx
xx  

 
5  Express as simply as possible 
 

 a 
105

1010 2

+
−

x
x  × 

45
86

2

2

++
++

xx
xx  b 

62
2

2

2

−−
−

tt
tt  ÷ 

6136
49

2

2

++
−

tt
t   

 

 c 
374
10122

2

2

+−
++

xx
xx  ÷ 

xx
xx

34
204

2

2

−
+  d 

9124
968

2

2

++
−+

xx
xx  × 

x
xx

86
32 2

−
+  

 

 e 
9

56
2

24

−
++

x
xx  × 

44
62

2

2

+
−

x
xx  f 

295
16

2

4

−+
−

yy
y

 ÷ 
11025

4
2

2

+−
+

yy
y
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6  Express as a single fraction in its simplest form 
 

 a 
1

5
2 −x

 – 
22

1
+x

 b 
4

3
2 −x

x  – 
232

4
2 −+ xx

 
 

 c 
32

4
2 −+ xx

 + 
23

1
2 +− xx

 d 
25
1

2 −
+

x
x  + 

xx 5
2

2 +
 

 

 e 2
2 1

4 4
x

x x
−

+ +
 + 

3 6
x

x +
 f 

3
1
−x

 + 
xx 3

3
2 −

 + 2 6 9
x

x x− +
 

 

 g 
62 −− xx

x  + 
232

2
2 −+ xx

 h 
2

1
x

 – 
xx 23

1
2 −

 + 
46

3
−x

 

 
7  Solve 
 

 a 1 – 
x
2  = 

52
3
−x

 b 
1

2
2 −x

 + 
1

3
+x

 = 1 
 

 c 
252

20
2 ++ xx

 + 1 = 
12

10
+x

 d 
5
3

+
+

y
y  – 

2
1  = 

y
y 12 −  

 

 e 5 + 
65

1
2 ++ xx

 = 
3

11
+x

 f 
2441

3
xx +−

 – 
241

10
x−

 = 
x21

5
+

 

 

8       f(x) ≡ 
xx

x
5
157

2 −
−  – 4

5x −
,     0 < x < 5. 

 

 Show that  f(x) = k
x

,  where k is an integer to be found. 

 

9       f(x) ≡ 
253

5
2 −+

−
xx

x  + 2
3 1x −

,     x > 1. 
 

Show that  f(x) = 1
2x +

. 

 

10  Given that  f(x) ≡ 
2
2

−
+

x
x ,  x ≠ ± 2,  show that  f(x) – 

)(f
1
x

 = 
4

8
2 −x

x . 

 

11  a Express  
5

2
+x

 + 
)5)(2(

3
++ xx

  as a single fraction in its simplest form. 
 

b Hence solve the equation 
 

       
5

2
+x

 + 
)5)(2(

3
++ xx

 = 
3
1 , 

 

   giving your answers to 2 decimal places. 
 

12 Show that the equation  
24

3
+x

 – 
144

5
2 ++ xx

 = 2  has no real roots. 

 

13 Express  







+ xx
1–  

5
6  ÷ 

25
1

2 −
−

x
x   as a single fraction in its simplest form. 

C3 RATIONAL EXPRESSIONS Worksheet A continued
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RATIONAL EXPRESSIONS C3 Worksheet B 
 
 
 
1 Find the quotient and remainder obtained in dividing 
 

 a (3x3 − 10x2 − 9x + 15)  by  (x − 4) b (2x3 − 11x2 − x + 3)  by  (2x − 1) 
 

 c (4x3 + 8x2 + 7x + 32)  by  (2x + 5) d (1 − 22x2 − 6x3)  by  (3x + 2) 
 
2 a Show that (x + 2) is a factor of (x3 + 4x2 + x − 6). 
 

b Fully factorise  x3 + 4x2 + x − 6. 
 

c Simplify  
3 2

2
4 6

9
x x x

x
+ + −

−
. 

 
3 a Show that (2x − 3) is a factor of (2x3 − 5x2 + 13x − 15). 
 

b Simplify  
3 2

2
2 5 13 15

2 7 6
x x x

x x
− + −

− +
. 

 
4 a State a linear factor of  x3 − 1. 
 

b Simplify  
3

2
1

2
x

x x
−

+ −
. 

 
5 Find the integers A and B such that 
 

       2 5
3

x
x

+
+

 ≡ A + 
3

B
x +

. 

 

6 Express each of the following in the form  A + 
f ( )

B
x

,  where f(x) is linear. 

 a 2
1

x
x

+
+

 b 3
2

x
x

+
−

 c 
1

x
x−

 d 2 1
2

x
x

+
+

 e 1
2 1
x
x
−
−

 f 1 4
3 2

x
x

−
+

 

 
7 Find the quotient and remainder obtained in dividing 
 

 a (x2 + 3x + 5)  by  (x2 + x + 2) b (2x2 + 3x − 8)  by  (x2 − x − 4) 
 

 c (x2 + 7)  by  (x2 + 3x − 1) d (3x2 − x − 4)  by  (x2 + 2) 
 

 e (x3 − 2x2 − 5x + 8)  by  (x2 + x − 2) f (2x3 − 7x2 + 1)  by  (x2 − 5x + 1) 
 

 g (3x3 + 6x2 − 2x + 5)  by  (3x2 + 4) h (6x3 − x2 − 44x − 6)  by  (2x2 − 5x − 2) 
 
8 a Divide (x3 + 5x2 + 7x − 13)  by  (x2 + 3x − 4). 
 

b Hence show that 
 

       
3 2

2
5 7 13

3 4
x x x

x x
+ + −

+ −
 ≡ x + 2 + 5

4x +
. 

 

9       f(x) = 
3 2

2
2 21 70

2 15
x x x

x x
− − +

+ −
,   x ≠ 3. 

 

a Express f(x) in the form  Ax + B + 
g( )

C
x

,  where g(x) is linear. 

b Hence, or otherwise, solve the equation  f(x) = 3 7
3

x
x

−
−

. 
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RATIONAL EXPRESSIONS C3 Worksheet C 
 
 
 

1 Express  
9

6
2 −x

 – 
352

7
2 −− xx

  as a single fraction in its simplest form.       (6) 

 

2       f(x) ≡ 
32

3
+x

 – 
12112

9
2 ++

+
xx

x ,     x > 0. 
 

 Show that  f(x) = 
4

1
+x

.                      (5) 

 

3  a Express  
6

1
−x

 – 
36

2
2 −x

  as a single fraction in its simplest form.        (3) 
 

b Hence solve the equation 
 

       
6

1
−x

 – 
36

2
2 −x

 = 
2
1 , 

 

   giving your answers in the form  a + b 5 ,  where  a, b ∈    .          (4) 
 
4       f(x) ≡ 2x3 – 5x2 – 23x – 10. 
 

a Show that (x – 5) is a factor of f(x).                  (2) 
 

b Express  
592

)(f
2 −− xx

x   in its simplest form.                (5) 

 
5  Given that the equation 
 

       
189

6
2 ++

+
xx

x  + 
7+

−
x

px  = 0 
 

  has real, equal roots, find the possible values of the constant p.           (7) 
 

6  Express  
13

1
−x

 – 
169

3
2 +− xx

x  – 
xx −23

1   as a single fraction in its simplest form.    (5) 

 
7  a Simplify 
 

   i 
24

147
x

x
−
+ , 

 

   ii 
xx

xx
123

282
2

2

+
−+ .                       (4) 

b Hence show that the equation  
24

147
x

x
−
+  = 

xx
xx
123

282
2

2

+
−+   has no real roots.      (4) 

 

8  The first three terms of an arithmetic series are 
2

1
−t

, 
2
1  and  

tt 2
4

2 −
 respectively. 

  a Show that  
tt 2

4
2 −

 + 
2

1
−t

 = 1.                   (2) 
 

  b Given that the common difference of the series is not zero, find the value of t and the 
first term of the series.                     (5) 
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RATIONAL EXPRESSIONS C3 Answers - Worksheet A 
 

 
1 a = 3 1

6(3 1)
x
x
−
−

 = 1
6

 b = 3(2 5)
4(2 5)

x
x

+
+

 = 3
4

 c = 3( 1)
( 6)( 1)

y
y y

+
+ +

 d = ( 5)( 5)
( 2)( 5)
x x
x x

+ −
− −

 

      = 3
6y +

  = 5
2

x
x

+
−

 
 

 e = ( 2)( 3)
( 6)( 3)
a a
a a

+ −
+ −

 f = ( 3)
(2 1)( 3)

x x
x x

+
− +

 g = (3 1)( 4)
( 4)( 4)

t t
t t

+ −
+ −

 h = (3 2)(2 3)
(4 3)(3 2)

x x
x x

− −
+ −

 

  = 2
6

a
a

+
+

  = 
2 1

x
x −

  = 3 1
4

t
t

+
+

  = 2 3
4 3

x
x

−
+

 

 
2 a = 

23
9( 1)

x
x −

 × 4( 1)
2
x

x
−  = 2

3
x  b = ( 6)( 6)

( 2)( 5)
x x
x x

+ −
+ +

 × 2
6

x
x

+
−

 = 6
5

x
x

+
+

 
 

 c = ( 2)
( 4)( 2)

n n
n n

+
+ +

 × 2
4n

n
+  = 1

n
 d = 4( 3)

( 2)( 2)
x

x x
−

+ −
 × ( 2)

( 1)( 3)
x x

x x
+

+ −
 = 4

( 2)( 1)
x

x x− +
 

 

 e = 
24

(2 1)
y

y y +
 × (2 1)( 5)

( 5)( 3)
y y

y y
+ +

+ −
 = 4

3
y

y −
 f = ( 1)( 1)

(2 1)( 4)
x x
x x
+ −
− +

 × (3 1)(2 1)
(3 1)( 1)

x x
x x
− −
− −

 = 1
4

x
x

+
+

 
 

 g = 10( 1)
5( 3)

x
x

−
+

 × ( 3)( 4)
(4 )(1 )
x x

x x
+ +
+ −

 = −2 h = 
2 ( 3)

4 (2 1)
a a
a a

−
−

 × (2 1)( 3)
( 3)( 3)

a a
a a

− +
+ −

 = 
4
a  

 
3 a = 2( 4) 7

( 4)
y y
y y

+ +
+

 b = 2 ( 3) ( 5)
( 5)( 3)

x x x
x x

+ − −
− +

 c = 
27 3

( 2)
x

x x
−

+
 

  = 9 8
( 4)
y

y y
+
+

  = 
22 5 5

( 5)( 3)
x x

x x
+ +

− +
 

 

 d = 2 5( 3)
2( 3)( 1)

x x
x x

+ −
− −

 e = 2
( 3)q q +

 + 5
4( 3)

q
q +

 f = 4
3( 1)x −

 + 2
( 1)
x

x x
+
−

 

  = 7 15
2( 3)( 1)

x
x x

−
− −

  = 
28 5

4 ( 3)
q

q q
+

+
  = 4 3( 2)

3 ( 1)
x x

x x
+ +

−
 = 7 6

3 ( 1)
x

x x
+
−

 
 

 g = 4
5x +

 + 
( 3)( 5)

x
x x+ +

 h = 6
( 2)( 2)

x
x x+ −

 − 3
2x +

 i = 5 12
(2 1)( 3)

t
t t

+
+ +

 − 4
2 1t +

 

  = 4( 3)
( 3)( 5)

x x
x x

+ +
+ +

  = 6 3( 2)
( 2)( 2)

x x
x x

− −
+ −

  = 5 12 4( 3)
(2 1)( 3)
t t

t t
+ − +

+ +
 

  = 5 12
( 3)( 5)

x
x x

+
+ +

  = 3 6
( 2)( 2)

x
x x

+
+ −

  = 
(2 1)( 3)

t
t t+ +

 

    = 3( 2)
( 2)( 2)

x
x x

+
+ −

 = 3
2x −

 

 
4 a = ( 5)

6( 5)
x x

x
−
−

 = 
6
x  b = (4 )(4 )

( 4)( 2)
x x

x x
+ −
+ −

 c = 2( 3)( 1)
3( 1)( 3)

x x
x x

− +
− −

 d = ( 1)( 1)
(2 1)( 1)
x x x

x x
+ −
+ −

 

    = 4
2
x

x
−
−

  = 2( 1)
3( 1)

x
x

+
−

  = ( 1)
2 1

x x
x

+
+

 
 

 e = (3 )
2( 3)( 3)

x x
x x

−
+ −

 f = ( 2)( 1)
(3 2)( 2)
x x x

x x
+ −
− +

 g = (2 )(1 3 )
(2 5)( 2)

x x
x x
− +
+ −

 h = 
2 2( 1)( 4)

( 1)( 2)
x x
x x

− −
+ −

 

  = −
2( 3)

x
x +

  = ( 1)
3 2
x x

x
−
−

  = − 3 1
2 5

x
x

+
+

  = ( 1)( 1)( 2)( 2)
( 1)( 2)

x x x x
x x

+ − + −
+ −

 

        = (x − 1)(x + 2) 
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5 a = 10( 1)( 1)

5( 2)
x x

x
+ −

+
 × ( 2)( 4)

( 1)( 4)
x x
x x

+ +
+ +

 = 2(x − 1) b = ( 2)
(2 3)( 2)

t t
t t

−
+ −

 × (3 2)(2 3)
(3 2)(3 2)

t t
t t

+ +
+ −

 = 
3 2

t
t −

 

 

 c = 2( 1)( 5)
(4 3)( 1)

x x
x x

+ +
− −

 × (4 3)
4 ( 5)
x x

x x
−
+

 = 1
2( 1)

x
x
+
−

 d = 2
(4 3)(2 3)

(2 3)
x x

x
− +

+
 × (2 3)

2(3 4 )
x x

x
+

−
 = −

2
x  

 

 e = 
2 2( 1)( 5)

( 3)( 3)
x x
x x

+ +
+ −

 × 2
2 ( 3)
4( 1)
x x
x

−
+

 = 
2( 5)

2( 3)
x x

x
+
+

 f =
2( 4)( 2)( 2)
(5 1)( 2)

y y y
y y

+ + −
− +

×
2

2
(5 1)

4
y

y
−
+

= (y − 2)(5y − 1) 

 
6 a = 5

( 1)( 1)x x+ −
 − 1

2( 1)x +
 b = 3

( 2)( 2)
x

x x+ −
− 4

(2 1)( 2)x x− +
 

  = 10 ( 1)
2( 1)( 1)

x
x x

− −
+ −

  = 3 (2 1) 4( 2)
( 2)( 2)(2 1)

x x x
x x x

− − −
+ − −

 

  = 11
2( 1)( 1)

x
x x

−
+ −

  = 
26 7 8

( 2)( 2)(2 1)
x x

x x x
− +

+ − −
 

 

 c = 4
( 3)( 1)x x+ −

 + 1
( 1)( 2)x x− −

 d = 1
( 5)( 5)

x
x x

+
+ −

 + 2
( 5)x x +

 

  = 4( 2) ( 3)
( 3)( 1)( 2)

x x
x x x

− + +
+ − −

  = ( 1) 2( 5)
( 5)( 5)

x x x
x x x

+ + −
+ −

 

  = 5 5
( 3)( 1)( 2)

x
x x x

−
+ − −

  = 
2 3 10

( 5)( 5)
x x

x x x
+ −
+ −

 

  = 5
( 3)( 2)x x+ −

  = ( 5)( 2)
( 5)( 5)
x x

x x x
+ −
+ −

 

    = 2
( 5)
x

x x
−
−

 

 

 e = 2
2 1

( 2)
x

x
−

+
 + 

3( 2)
x

x +
 f = 1

3x −
 + 3

( 3)x x −
 + 2( 3)

x
x −

 

  = 2
3(2 1) ( 2)

3( 2)
x x x

x
− + +

+
  = 

2

2
( 3) 3( 3)

( 3)
x x x x

x x
− + − +

−
 

  = 
2

2
8 3

3( 2)
x x

x
+ −

+
  = 

2

2
2 9
( 3)
x

x x
−

−
 

 

 g = 
( 2)( 3)

x
x x+ −

+ 2
(2 1)( 2)x x− +

 h = 2
1
x

 − 1
(3 2)x x −

 + 3
2(3 2)x −

 

  = (2 1) 2( 3)
( 2)( 3)(2 1)
x x x
x x x

− + −
+ − −

  = 
2

2
2(3 2) 2 3

2 (3 2)
x x x

x x
− − +

−
 

  = 
22 6

( 2)( 3)(2 1)
x x

x x x
+ −

+ − −
  = 

2

2
3 4 4
2 (3 2)
x x
x x

+ −
−

 

  = (2 3)( 2)
( 2)( 3)(2 1)

x x
x x x

− +
+ − −

  = 2
(3 2)( 2)

2 (3 2)
x x
x x
− +

−
 

  = 2 3
( 3)(2 1)

x
x x

−
− −

  = 2
2

2
x

x
+  
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7 a x(2x − 5) − 2(2x − 5) = 3x b 2

( 1)( 1)x x+ −
 + 3

1x +
 = 1 

  x2 − 6x + 5 = 0  2 + 3(x − 1) = x2 − 1 
  (x − 1)(x − 5) = 0  x2 − 3x = 0 
  x = 1, 5  x(x − 3) = 0 
    x = 0, 3 
 

 c 20
(2 1)( 2)x x+ +

 + 1 = 10
2 1x +

 d 2y(y + 3) − y(y + 5) = 2(y + 5)(2y − 1) 

  20 + 2x2 + 5x + 2 = 10(x + 2)  2y2 + 6y − y2 − 5y = 4y2 + 18y − 10 
  2x2 − 5x + 2 = 0  3y2 + 17y − 10 = 0 

  (2x − 1)(x − 2) = 0  y = 17 289 120
6

− ± +  = 17 409
6

− ±  

  x = 1
2 , 2  y = −6.20, 0.537 (3sf) 

 

 e 5 + 1
( 3)( 2)x x+ +

 = 11
3x +

 f 2
3

(1 2 )x−
 − 10

(1 2 )(1 2 )x x+ −
 = 5

1 2x+
 

  5(x2 + 5x + 6) + 1 = 11(x + 2)  3(1 + 2x) − 10(1 − 2x) = 5(1 − 4x + 4x2) 
  5x2 + 14x + 9 = 0  10x2 − 23x + 6 = 0 
  (5x + 9)(x + 1) = 0  (10x − 3)(x − 2) = 0 
  x = 9

5− , −1  x = 3
10 , 2 

 
8 f(x) = 7 15

( 5)
x

x x
−
−

 − 4
5x −

        9  f(x) = 5
(3 1)( 2)

x
x x

−
− +

 + 2
3 1x −

 

     = 7 15 4
( 5)

x x
x x
− −

−
 = 3 15

( 5)
x

x x
−
−

           = 5 2( 2)
(3 1)( 2)
x x

x x
− + +

− +
 = 3 1

(3 1)( 2)
x

x x
−

− +
 

     = 3( 5)
( 5)
x

x x
−
−

 = 3
x

  [k = 3]          = 1
2x +

 

    
 
10 f(x) − 1

f ( )x
 = 2

2
x
x

+
−

 − 2
2

x
x

−
+

      11  a = 2( 2) 3
( 2)( 5)

x
x x

+ +
+ +

 = 2 7
( 2)( 5)

x
x x

+
+ +

 

         = 
2 2( 2) ( 2)

( 2)( 2)
x x

x x
+ − −

− +
       b 2 7

( 2)( 5)
x

x x
+

+ +
 = 1

3
 

         = 
2 2

2
4 4 ( 4 4)

4
x x x x

x
+ + − − +

−
      3(2x + 7) = (x + 2)(x + 5) 

         = 2
8

4
x

x −
           x2 + x − 11 = 0 

                   x = 1 1 44
2

− ± +  = 1 45
2

− ±  = −3.85, 2.85 

 
12 3

2(2 1)x +
 − 2

5
(2 1)x +

 = 2       13  = 6 ( 5)
( 5)

x x
x x
− +

+
 ÷ 1

( 5)( 5)
x

x x
−

+ −
 

 3(2x + 1) − 10 = 4(4x2 + 4x + 1)       = 5 5
( 5)
x

x x
−
+

 × ( 5)( 5)
1

x x
x

+ −
−

 

 16x2 + 10x + 11 = 0          = 5( 1)
( 5)
x

x x
−
+

 × ( 5)( 5)
1

x x
x

+ −
−

 

 b2 − 4ac = 100 − 704 = −604        = 5( 5)x
x
−  

 b2 − 4ac < 0  ∴ no real roots 
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1 a   b 
 
 
 
 
 
 
 
 
 

   quotient:  3x2 + 2x − 1,  remainder:  11   quotient:  x2 − 5x − 3,  remainder:  0 
 
 c   d 
 
 
 
 
 
 
 
 
 

   quotient:  2x2 − x + 6,  remainder:  2    quotient:  −2x2 − 6x + 4,  remainder  −7 

 
2 a let  f(x) = x3 + 4x2 + x − 6 
   f(−2) = −8 + 16 − 2 − 6 = 0 
   ∴ (x + 2) is a factor 
 

 b 
 
 
 
 
 
 
 
 
   ∴ x3 + 4x2 + x − 6 
     = (x + 2)(x2 + 2x − 3) 
     = (x + 2)(x + 3)(x − 1) 
 c = ( 2)( 3)( 1)

( 3)( 3)
x x x

x x
+ + −

+ −
 

   = ( 2)( 1)
3

x x
x

+ −
−

 

 3x2 + 2x − 1  
x − 4 3x3 − 10x2 − 9x + 15

 3x3 − 12x2    
  2x2 − 9x  
  2x2 − 8x  
   − x + 15
   − x + 4
      11

x2 − 5x − 3   
2x − 1 2x3 − 11x2 − x + 3 

2x3 − x2     
− 10x2 − x   
− 10x2 + 5x   

− 6x + 3 
− 6x + 3 

    

 2x2 − x + 6  
2x + 5 4x3 + 8x2 + 7x + 32

 4x3 + 10x2    
  − 2x2 + 7x  
  − 2x2 − 5x  
    12x + 32
    12x + 30
      2

− 2x2 − 6x + 4   
3x + 2 − 6x3 − 22x2 + 0x + 1 

− 6x3 − 4x2     
− 18x2 + 0x   
− 18x2 − 12x   

  12x + 1 
  12x + 8 
   − 7 

 x2 + 2x − 3  
x + 2 x3 + 4x2 + x − 6

 x3 + 2x2    
  2x2 + x  
  2x2 + 4x  
   − 3x − 6
   − 3x − 6
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3 a let  f(x) = 2x3 − 5x2 + 13x − 15 
   f( 3

2 ) = 27
4  − 45

4  + 39
2  − 15 = 0 

   ∴ (2x − 3) is a factor 
 

 b 
 
 
 
 
 
 
 
 
   ∴ 2x3 − 5x2 + 13x − 15 
     = (2x − 3)(x2 − x + 5) 

   ∴ 
3 2

2
2 5 13 15

2 7 6
x x x

x x
− + −

− +
 

     = 
2(2 3)( 5)

(2 3)( 2)
x x x

x x
− − +

− −
 

     = 
2 5

2
x x

x
− +
−

 

 
4 a x − 1 
 

 b 
 
 
 
 
 
 
 
 
   ∴ x3 − 1 = (x − 1)(x2 + x + 1) 

   ∴ 
3

2
1

2
x

x x
−

+ −
 = 

2( 1)( 1)
( 1)( 2)

x x x
x x
− + +

− +
 

     = 
2 1

2
x x

x
+ +
+

 

 
5 2 5

3
x

x
+

+
 = 2( 3) 1

3
x
x
+ −
+

 = 2 − 1
3x +

 

 ∴ A = 2, B = −1 

 
6 a = ( 1) 1

1
x

x
+ +

+
 = 1 + 1

1x +
 b = ( 2) 5

2
x

x
− +

−
 = 1 + 5

2x −
 

 

 c = (1 ) 1
1

x
x

− − +
−

 = −1 + 1
1 x−

 d = 2( 2) 3
2

x
x
+ −
+

 = 2 − 3
2x +

 
 

 e = 
1 1
2 2(2 1)

2 1
x
x
− −
−

 = 1
2  − 1

2(2 1)x −
 f = 2(3 2 ) 7

3 2
x
x

− + +
+

 = −2 + 7
3 2x+

 

 x2 − x + 5  
2x − 3 2x3 − 5x2 + 13x − 15

 2x3 − 3x2    
  − 2x2 + 13x  
  − 2x2 + 3x  
    10x − 15
    10x − 15
      

 x2 + x + 1  
x − 1 x3 + 0x2 + 0x − 1

 x3 − x2    
  x2 + 0x  
  x2 − x  
    x − 1
    x − 1
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7 a      b 
 
 
 
 
   quotient:  1,   remainder:  2x + 3     quotient:  2,   remainder:  5x 
 
 c     d 
 
 
 
 
   quotient:  1,   remainder:  −3x + 8     quotient:  3,   remainder:  −x − 10 
 
 e     f 
 
 
 
 
 
 

 
   quotient:  x − 3,   remainder:  2      quotient:  2x + 3,   remainder:  13x − 2 
 
 g     h 
 
 
 
 
 
 
   quotient:  x + 2,   remainder:  −6x − 3    quotient:  3x + 7,   remainder:  −3x + 8  
 
8 a    
 
 
 
 
 
 
 

   ∴ = x + 2  remainder  5x − 5       ∴ f(x) = x − 4 + 2
2 10

2 15
x

x x
+

+ −
 

 b LHS = x + 2 + 2
5 5

3 4
x

x x
−

+ −
             = x − 4 + 2( 5)

( 5)( 3)
x

x x
+

+ −
 

       = x + 2 + 5( 1)
( 1)( 4)

x
x x

−
− +

            = x − 4 + 2
3x −

 

       = x + 2 + 5
4x +

         b 3 7
3

x
x

−
−

 = 3( 3) 2
3

x
x
− +
−

 = 3 + 2
3x −

 

                   ∴ f(x) = 3 7
3

x
x

−
−

 

                   ⇒  x − 4 + 2
3x −

 = 3 + 2
3x −

 

                     x − 4 = 3 
                     x = 7 

 1     
x2 + x + 2 x2 + 3x + 5 

 x2 + x + 2 
  2x + 3 

2     
x2 − x − 4 2x2 + 3x − 8 

2x2 − 2x − 8 
 5x   

 1     
x2 + 3x − 1 x2 + 0x + 7 

 x2 + 3x − 1 
  − 3x + 8 

3    
x2 + 2 3x2 − x − 4 

3x2 + 0x + 6 
− x − 10 

 x − 3   
x2 + x − 2 x3 − 2x2 − 5x + 8

 x3 + x2 − 2x 
 − 3x2 − 3x + 8
 − 3x2 − 3x + 6
     2

2x + 3    
x2 − 5x + 1 2x3 − 7x2 + 0x + 1

2x3 − 10x2 + 2x  
3x2 − 2x + 1
3x2 − 15x + 3

  13x − 2

 x + 2   
3x2 + 4 3x3 + 6x2 − 2x + 5

 3x3 + 0x2 + 4x 
  6x2 − 6x + 5
  6x2 + 0x + 8
   − 6x − 3

3x + 7    
2x2 − 5x − 2 6x3 − x2 − 44x − 6

6x3 − 15x2 − 6x  
14x2 − 38x − 6
14x2 − 35x − 14

 − 3x + 8

 x + 2  
x2 + 3x − 4 x3 + 5x2 + 7x − 13

 x3 + 3x2 − 4x
   2x2 + 11x − 13
   2x2 + 6x − 8
     5x − 5

x − 4    
x2 + 2x − 15 x3 − 2x2 − 21x + 70

x3 + 2x2 − 15x  
− 4x2 − 6x + 70
− 4x2 − 8x + 60

   2x + 10

9  a
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1 = 6

( 3)( 3)x x+ −
 − 7

(2 1)( 3)x x+ −
      2  f(x) = 3

2 3x +
 − 9

(2 3)( 4)
x

x x
+

+ +
 

 = 6(2 1) 7( 3)
( 3)( 3)(2 1)

x x
x x x

+ − +
+ − +

 = 5 15
( 3)( 3)(2 1)

x
x x x

−
+ − +

       = 3( 4) ( 9)
(2 3)( 4)
x x

x x
+ − +

+ +
 

  = 5( 3)
( 3)( 3)(2 1)

x
x x x

−
+ − +

 = 5
( 3)(2 1)x x+ +

         = 2 3
(2 3)( 4)

x
x x

+
+ +

 = 1
4x +

 

 
3  a = 1

6x −
 − 2

( 6)( 6)x x+ −
 = ( 6) 2

( 6)( 6)
x

x x
+ −

− +
  4  a f(5) = 250 − 125 − 115 − 10 = 0 

   = 4
( 6)( 6)

x
x x

+
− +

            ∴ (x − 5) is a factor of f(x) 

 b 4
( 6)( 6)

x
x x

+
− +

 = 1
2

          b 

   2(x + 4) = x2 − 36 
   x2 − 2x − 44 = 0 

   x = 2 4 176
2

± +  = 2 6 5
2

±  = 1 ± 3 5  

 
 
                   ∴ f(x) = (x − 5)(2x2 + 5x + 2) 
                       = (x − 5)(2x + 1)(x + 2) 
                   ∴ 2

f ( )
2 9 5

x
x x− −

 = ( 5)(2 1)( 2)
(2 1)( 5)

x x x
x x

− + +
+ −

 

                          = x + 2 
 
5  6

( 3)( 6)
x

x x
+

+ +
 + 

7
x p
x

−
+

 = 0       6  = 1
3 1x −

 − 2
3

(3 1)
x

x −
 − 1

(3 1)x x −
 

  (x + 7) + (x − p)(x + 3) = 0        = 
2

2
(3 1) 3 (3 1)

(3 1)
x x x x

x x
− − − −

−
 

 x2 + (4 − p)x + 7 − 3p = 0         = 2
1 4
(3 1)

x
x x

−
−

 

  real, equal roots  ∴ b2 − 4ac = 0 
 (4 − p)2 − 4(7 − 3p) = 0 
  p2 + 4p − 12 = 0 
 (p + 6)(p − 2) = 0 
 p = −6, 2 
 
7  a i = 7( 2)

(2 )(2 )
x
x x

+
+ −

 = 7
2 x−

      8  a 1
2

 − 1
2t −

 = 2
4

2t t−
 − 1

2
 

   ii = (2 7)( 4)
3 ( 4)
x x

x x
− +

+
 = 2 7

3
x

x
−         ∴ 2

4
2t t−

 + 1
2t −

 = 1 

 b 7
2 x−

 = 2 7
3
x

x
−            b 4

( 2)t t −
 + 1

2t −
 = 1 

   21x = (2 − x)(2x − 7)          4 + t = t2 − 2t 
   x2 + 5x + 7 = 0            t2 − 3t − 4 = 0 
   b2 − 4ac = 25 − 28 = −3         (t + 1)(t − 4) = 0 
   b2 − 4ac < 0  ∴ no real roots        t = −1, 4 
                   but if t = 4, common difference = 0 
                   ∴ t = −1,  first term = 1

3−  

2x2 + 5x + 2   
x − 5 2x3 − 5x2 − 23x − 10 

2x3 − 10x2     
5x2 − 23x   
5x2 − 25x   

  2x − 10 
  2x − 10 


	a: 


