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9 25
3x+1_

2_
1251.5x = 510−x  

(52)
3x+1_

2_
(53)1.5x = 510−x

52×3x+1_
2_

53×1.5x = 510−x

53x+1_
54.5x = 510−x

3x + 1 − 4 . 5x = 10 − x
−9 = 0 . 5x

x = −18

10      8
2_
3 × 1_

42 × 23y−4 × 32
3_
5 = 64

(23)
2_
3 × (22)−2

× 23y−4 × (25)
3_
5 = 26

23×2_
3 × 2

2×(−2)
× 23y−4 × 25×3_

5 = 26

22 × 2−4 × 23y−4 × 23 = 26

2 + (−4) + (3y − 4) + 3 = 6
3y = 9

y = 3

11 −27− 2_
3 × 9

3
× (−3)2x = −243

((−3)3)− 2_
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× (−3)2x = (−3)5
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2
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_
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_
44 = √
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= √
_
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_
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_
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d √
_
63 = √

_
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_
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_
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_
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_
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_
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= √
_
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_
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4_
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2
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8     9
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e 2√
_
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_
12 + √

_
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_
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_
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_
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180 = 3 × √

_
4 × 5 + 2 ×   

    √
_
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5 a √
_
5(2 − √
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b √
_
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3 × √
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c √
_
2(7 + √

_
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_
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d (4 + √
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f (2 + √
_
3)(4 + √

_
3) = 2(4 + √

_
3) + √

_
3(4 + √

_
3)

= 8 + 2√
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= 11 + 6√
_
3

g (2 − √
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_
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_
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_
2 + √

_
4

= 8 − 5√
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2

h (3 − √
_
7)(2 + √

_
7) = 3(2 + √

_
7) − √

_
7(2 + √

_
7)

= 6 + 3√
_
7 − 2√

_
7 − √

_
49

= −1 + √
_
7

i (4 − √
_
5)2

= (4 − √
_
5)(4 − √

_
5)

= 4(4 − √
_
5) − √

_
5(4 − √

_
5)

= 16 − 4√
_
5 − 4√

_
5 + √

_
25

= 21 − 8√
_
5

j (√
_
2 + √

_
3)(√

_
2 − √

_
3) = √

_
2 √

_
2 − √

_
2 √

_
3 + √

_
2 √

_
3 − √

_
3 √

_
3

= √
_
4 − √

_
9

= 2 − 3
= −1

k (√
_
3 + √

_
5)2 = (√

_
3 + √

_
5)(√

_
3 + √

_
5)

= √
_
3 √

_
3 + √

_
3 √

_
5 + √

_
3 √

_
5 + √

_
5 √

_
5

= 3 + 2√
_
15 + 5

= 8 + 2√
_
15

f √
_
700 = √

_
100 × 7

= √
_
100 × √

_
7

= 10√
_
7

2 √
_
180 = √

_
36 × 5

= √
_
36 × √

_
5

= 6√
_
5

3 a √
_
18_
3 = √

_
9 × 2_

3

= √
_
9 × √

_
2_

3

= 3√
_
2_

3

= √
_
2

b √
_
75_
5 = √

_
25 × 3_

5

= √
_
25 × √

_
3_

5

= 5√
_
3_

5

= √
_
3

c √
_
48_
2 = √

_
16 × 3_

2

= √
_
16 × √

_
3_

2

= 4√
_
3_

2

= 2√
_
3

4 a √
_
12 + √

_
75 = √

_
4 × 3 + √

_
25 × 3

= √
_
4 × √

_
3 + √

_
25 × √

_
3

= 2√
_
3 + 5√

_
3

= 7√
_
3

b √
_
192 − √

_
48 = √

_
64 × 3 − √

_
16 × 3

= √
_
64 × √

_
3 − √

_
16 × √

_
3

= 8√
_
3 − 4√

_
3

= 4√
_
3

c √
_
500 + √

_
20 − √

_
45 = √

_
100 × 5 + √

_
4 × 5 −

√
_
9 × 5

=  √
_
100 × √

_
5 + √

_
4 × √

_
5 −

√
_
9 × √

_
5

= 10√
_
5 + 2√

_
5 − 3√

_
5

= 9√
_
5

d √
_
50 − √

_
18 + 2√

_
32 = √

_
25 × 2 − √

_
9 × 2 + 2√

_
16 × 2

=  √
_
25 × √

_
2 − √

_
9 × √

_
2 + 2 ×

√
_
16 × √

_
2

= 5√
_
2 − 3√

_
2 + 8√

_
2

= 10√
_
2
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l  (√
_
5 − √

_
2) = (√

_
5 − √

_
2)(√

_
5 − √

_
2)

= √
_
5 √

_
5 − √

_
5 √

_
2 − √

_
2 √

_
5 + √

_
2 √

_
2

= 5 − 2√
_
10 + 2

= 7 − 2√
_
10

6 a (3√
_
8)2

= 3√
_
8 × 3√

_
8

= 9 × √
_
64

= 9 × 8
= 72

b (√
_
5) + (√

_
5)2

+ (√
_
5)3

+ (√
_
5)4

= √
_
5 + √

_
25 +

√
_
125 + √

_
625

=  √
_
5 + 5 +

√
_
25 × 5 + 25

=  √
_
5 + 5 +

5√
_
5 + 25

= 6√
_
5 + 30

7 Sara has missed some terms out when expanding 
the brackets.

(3 + √
_
5)2

= (3 + √
_
5)(3 + √

_
5)

= 9 + 3√
_
5 + 3√

_
5 + √

_
25

= 9 + 6√
_
5 + 5

= 14 + 6√
_
5

8  LHS =  (√
_

 7   −  √
_

 5  )(√
_

 7   +  √
_

 5  )

=  √
_

 7    √
_

 7   +  √
_

 7    √
_

 5   −  √
_

 5    √
_

 7   −  √
_

 5    √
_

 5  

=  √
_
49   −  √

_
25  

= 7 − 5
= 2 = RHS 

1.3 Rationalising denominators

1 a 1_
√

_
3

= 1 × √
_
3_

√
_
3 × √

_
3

= √
_
3_

3

b 1_
√

_
7

= 1 × √
_
7_

√
_
7 × √

_
7

= √
_
7_

7

c 3_
√

_
2

= 3 × √
_
2_

√
_
2 × √

_
2

= 3√
_
2_

2

d 2_
√

_
2

= 2 × √
_
2_

√
_
2 × √

_
2

= 2√
_
2_

2

= √
_
2

e 5_
√

_
5

= 5 × √
_
5_

√
_
5 × √

_
5

= 5√
_
5_

5

= √
_
5

f 3_
√

_
6

= 3 × √
_
6_

√
_
6 × √

_
6

= 3√
_
6_

6

= √
_
6_

2

g √
_
2_

√
_
3

= √
_
2 × √

_
3_

√
_
3 × √

_
3

= √
_
6_

3

h √
_
2_

√
_
5

= √
_
2 × √

_
5_

√
_
5 × √

_
5

= √
_
10_
5

i √
_
3_

√
_
7

= √
_
3 × √

_
7_

√
_
7 × √

_
7

= √
_
21_
7

2 a 1_
5 + √

_
3

=
1 × (5 − √

_
3)____________

(5 + √
_
3)(5 − √

_
3)

= 5 − √
_
3______________  

25 − 5√
_
3 + 5√

_
3 − 3

= 5 − √
_
3_

22

b 1_
3 − √

_
2

= 1 × (3 + √
_
2)____________

(3 − √
_
2)(3 + √

_
2)

= 3 + √
_
2______________  

9 + 3√
_
2 − 3√

_
2 − 2

= 3 + √
_
2_

7

c 2_
1 − √

_
5

=
2 × (1 + √

_
5)____________

(1 − √
_
5)(1 + √

_
5)

= 2 + 2√
_
5____________

1 + √
_
5 − √

_
5 − 5

= 2 + 2√
_
5_

−4

= 1 + √
_
5_

−2

d 2_
1 + √

_
2

= 2 × (1 − √
_
2)____________

(1 + √
_
2)(1 − √

_
2)

= 2 − 2√
_
2____________

1 − √
_
2 + √

_
2 − 2

= 2 − 2√
_
2_

−1

= −2 + 2√
_
2
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3 a 1_
√

_
2 − √

_
3

=
1 × (√

_
2 + √

_
3)______________  (√

_
2 − √

_
3)(√

_
2 + √

_
3)

= √
_
2 + √

_
3____________

2 + √
_
6 − √

_
6 − 3

= √
_
2 + √

_
3_

−1

= −√
_
2 − √

_
3

b 5_
√

_
3 + √

_
5

=
5 × (√

_
3 − √

_
5)______________  (√

_
3 + √

_
5)(√

_
3 − √

_
5)

= 5√
_
3 − 5√

_
5_____________  

3 − √
_
15 + √

_
15 − 5

= 5√
_
3 − 5√

_
5_

−2

= 5_
2

(−√
_
3 + √

_
5)

c 2√
_
3_

√
_
3 − √

_
7

=
2√

_
3 × (√

_
3 + √

_
7)
  ______________  (√

_
3 − √

_
7)(√

_
3 + √

_
7)

= 2 × √
_
9 + 2√

_
21  _____________  

3 + √
_
21 − √

_
21 − 7

= 6 + 2√
_
21_

−4

= 3 + √
_
21_

−2

d 2 + √
_
3_

√
_
3 + √

_
5

=
(2 + √

_
3)(√

_
3 − √

_
5)
  ______________  (√

_
3 + √

_
5)(√

_
3 − √

_
5)

= 2√
_
3 − 2√

_
5 + 3 − √

_
15  ________________  

3 − √
_
15 + √

_
15 − 5

= 2√
_
3 − 2√

_
5 + 3 − √

_
15  ________________

−2

e √
_
2 + √

_
3_

√
_
2 − √

_
3

=
(√

_
2 + √

_
3)(√

_
2 + √

_
3)
  ______________  (√

_
2 − √

_
3)(√

_
2 + √

_
3)

= 2 + √
_
6 + √

_
6 + 3____________

2 + √
_
6 − √

_
6 − 3

= 5 + 2√
_
6_

−1

= −5 − 2√
_
6

f √
_
7 − √

_
11_

√
_
11 + √

_
7

=
(√

_
7 − √

_
11)(√

_
11 − √

_
7)
  ________________  (√

_
11 + √

_
7)(√

_
11 − √

_
7)

= √
_
77 − 7 − 11 + √

_
77  ______________  

11 − √
_
77 + √

_
77 − 7

= 2√
_
77 − 18_

4

= √
_
77 − 9_

2

4 a 1_
(2 + √

_
3)2 = 1____________

(2 + √
_
3)(2 + √

_
3)

= 1______________  
4 + 2√

_
3 + 2√

_
3 + 3

= 1_
7 + 4√

_
3

= 
1 × (7 − 4√

_
3)______________  (7 + 4√

_
3)(7 − 4√

_
3)

= 7 − 4√
_
3_________________  

49 − 28√
_
3 + 28√

_
3 − 48

= 7 − 4√
_
3_

1
= 7 − 4√

_
3

e 3_
2 − √

_
3

=
3 × (2 + √

_
3)____________

(2 − √
_
3)(2 + √

_
3)

= 6 + 3√
_
3______________  

4 + 2√
_
3 − 2√

_
3 − 3

= 6 + 3√
_
3_

1

= 6 + 3√
_
3

f 4_
5 + √

_
7

=
4 × (5 − √

_
7)____________

(5 + √
_
7)(5 − √

_
7)

= 20 − 4√
_
7______________  

25 − 5√
_
7 + 5√

_
7 − 7

= 20 − 4√
_
7_

18

= 10 − 2√
_
7_

9

g √
_
2_

1 + √
_
3

=
√

_
2 × (1 − √

_
3)______________  (1 + √

_
3) × (1 − √

_
3)

= √
_
2 − √

_
6___________

1 − √
_
3 + √

_
3 − 3

= √
_
2 − √

_
6_

−2

h √
_
3_

1 − √
_
3

= √
_
3 × (1 + √

_
3)______________  (1 − √

_
3) × (1 + √

_
3)

= √
_
3 + 3___________

1 + √
_
3 − √

_
3 − 3

= 3 + √
_
3_

−2

i √
_
3_

2 − √
_
2

= √
_
3 × (2 + √

_
2)______________  (2 − √

_
2) × (2 + √

_
2)

= 2√
_
3 + √

_
6_____________  

4 + 2√
_
2 − 2√

_
2 − 2

= 2√
_
3 + √

_
6_

2

j √
_
5_

3 + √
_
3

= √
_
5 × (3 − √

_
3)______________  (3 + √

_
3) × (3 − √

_
3)

= 3√
_
5 − √

_
15_____________  

9 − 3√
_
3 + 3√

_
3 − 3

= 3√
_
5 − √

_
15_

6

k √
_
5_

4 − √
_
5

= √
_
5 × (4 + √

_
5)______________  (4 − √

_
5) × (4 + √

_
5)

= 4√
_
5 + 5______________  

16 + 4√
_
5 − 4√

_
5 − 5

= 4√
_
5 + 5_
11

l √
_
7_

7 − √
_
7

= √
_
7 × (7 + √

_
7)______________  (7 − √

_
7) × (7 + √

_
7)

= 7√
_
7 + 7______________  

49 + 7√
_
7 − 7√

_
7 − 7

= 7 + 7√
_
7_

42

= 1 + √
_
7_
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f 3____________
(2 + √

_
5)(4 − √

_
5) = 3______________  

8 − 2√
_
5 + 4√

_
5 − 5

= 3_
3 + 2√

_
5

= 
3 × (3 − 2√

_
5)______________  (3 + 2√

_
5)(3 − 2√

_
5)

= 9 − 6√
_
5______________  

9 − 6√
_
5 + 6√

_
5 − 20

= 9 − 6√
_
5_

−11

= −9 + 6√
_
5_

11

g √
_
3_______

(1 + √
_
3)2 = √

_
3____________

(1 + √
_
3)(1 + √

_
3)

= √
_
3___________

1 + √
_
3 + √

_
3 + 3

= √
_
3_

4 + 2√
_
3

= √
_
3 × (4 − 2√

_
3)
  ________________  (4 + 2√

_
3) × (4 − 2√

_
3)

= 4√
_
3 − 6_______________  

16 − 8√
_
3 + 8√

_
3 − 12

= 4√
_
3 − 6_
4

= 2√
_
3 − 3_
2

h √
_
5_______

(5 − √
_
2)2 = √

_
5____________

(5 − √
_
2)(5 − √

_
2)

= √
_
5______________  

25 − 5√
_
2 − 5√

_
2 + 2

= √
_
5_

27 − 10√
_
2

= √
_
5 × (27 + 10√

_
2)
  ___________________  (27 − 10√

_
2) × (27 + 10√

_
2)

= 27√
_
5 + 10√

_
10  ____________________  

729 + 270√
_
2 − 270√

_
2 − 200

= 27√
_
5 + 10√

_
10___________

529

i √
_
2____________

(5 − √
_
2)(1 + √

_
2) = √

_
2____________  

5 + 5√
_
2 − √

_
2 − 2

= √
_
2_

3 + 4√
_
2

= √
_
2 × (3 − 4√

_
2)
  ________________  (3 + 4√

_
2) × (3 − 4√

_
2)

= 3√
_
2 − 8________________  

9 − 12√
_
2 + 12√

_
2 − 32

= 3√
_
2 − 8_

−23

= 8 − 3√
_
2_

23

5 a √
_
75 − √

_
12 = √

_
25 × 3 − √

_
4 × 3

= √
_
25 × √

_
3 − √

_
4 × √

_
3

= 5√
_
3 − 2√

_
3

= 3√
_
3

b 1_
(2 − √

_
5)2 = 1____________

(2 − √
_
5)(2 − √

_
5)

= 1______________  
4 − 2√

_
5 − 2√

_
5 + 5

= 1_
9 − 4√

_
5

= 
1 × (9 + 4√

_
5)______________  (9 − 4√

_
5)(9 + 4√

_
5)

= 9 + 4√
_
5_________________  

81 + 36√
_
5 − 36√

_
5 − 80

= 9 + 4√
_
5_

1

= 9 + 4√
_
5

c 3_
(5 − √

_
3)2 = 3____________

(5 − √
_
3)(5 − √

_
3)

= 3______________  
25 − 5√

_
3 − 5√

_
3 + 3

= 3_
28 − 10√

_
3

= 
3 × (28 + 10√

_
3)
  _________________  (28 − 10√

_
3)(28 + 10√

_
3)

= 84 + 30√
_
3  ____________________  

784 + 280√
_
3 − 280√

_
3 − 300

= 84 + 30√
_
3_

484

= 42 + 15√
_
3_

242

d 4_
(6 + √

_
2)2 = 4____________

(6 + √
_
2)(6 + √

_
2)

= 4______________  
36 + 6√

_
2 + 6√

_
2 + 2

= 4_
38 + 12√

_
2

= 2_
19 + 6√

_
2

= 2 × (19 − 6√
_
2)
  ________________  (19 + 6√

_
2)(19 − 6√

_
2)

= 38 − 12√
_
2  ___________________  

361 − 114√
_
2 + 114√

_
2 − 72

= 38 − 12√
_
2_

289

e 1____________
(3 − √

_
2)(2 + √

_
2) = 1______________  

6 + 3√
_
2 − 2√

_
2 − 2

= 1_
4 + √

_
2

= 1 × (4 − √
_
2)____________

(4 + √
_
2)(4 − √

_
2)

= 4 − √
_
2______________  

16 − 4√
_
2 + 4√

_
2 − 2

= 4 − √
_
2_
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b 4 + √
_
5_

√
_
75 − √

_
12

= 4 + √
_
5_

3√
_
3

= 
(4 + √

_
5) × √

_
3_

3√
_
3 × √

_
3

= 4√
_
3 + √

_
15_

9

6 a 2 + √
_
5_

√
_
50 − √

_
8

= 2 + √
_
5____________  

√
_
25 × 2 − √

_
4 × 2

= 2 + √
_
5_

5√
_
2 − 2√

_
2

= 2 + √
_
5_

3√
_
2

= 
(2 + √

_
5) × √

_
2_

3√
_
2 × √

_
2

= 2√
_
2 + √

_
10_

6

b 3 − √
_
3_

√
_
27 + √

_
75

= 3 − √
_
3____________  

√
_
9 × 3 + √

_
25 × 3

= 3 − √
_
3_

3√
_
3 + 5√

_
3

= 3 − √
_
3_

8√
_
3

= 
(3 − √

_
3) × √

_
3_

8√
_
3 × √

_
3

= 3√
_
3 − 3_
24

= √
_
3 − 1_

8

c 1 + √
_
2_

√
_
80 + √

_
45

= 1 + √
_
2_

4√
_
5 + 3√

_
5

= 1 + √
_
2_

7√
_
5

=
(1 + √

_
2) × √

_
5_

7√
_
5 × √

_
5

= √
_
5 + √

_
10_

35

d √
_
3 − 4_

2√
_
32 − √

_
18

= √
_
3 − 4_

8√
_
2 − 3√

_
2

= √
_
3 − 4_
5√

_
2

=
(√

_
3 − 4) × √

_
2_

5√
_
2 × √

_
2

= √
_
6 − 4√

_
2_

10

e 2 + √
_
5___________

1 − 2√
_
48 + √

_
12

= 2 + √
_
5___________

1 − 8√
_
3 + 2√

_
3

= 2 + √
_
5_

1 − 6√
_
3

=
(2 + √

_
5) × (1 + 6√

_
3)
  ________________  (1 − 6√

_
3) × (1 + 6√

_
3)

= 2 + 12√
_
3 + √

_
5 + 6√

_
15  ________________  

1 + 6√
_
3 − 6√

_
3 − 108

= 2 + 12√
_
3 + √

_
5 + 6√

_
15  ________________

−107

f 5 + √
_
3____________

2 − 3√
_
20 + √

_
80

= 5 + √
_
3________________  

2 − 3√
_
4 × 5 + √

_
16 × 5

= 5 + √
_
3___________

2 − 6√
_
5 + 4√

_
5

= 5 + √
_
3_

2 − 2√
_
5

= 
(5 + √

_
3)(2 + 2√

_
5)
  ______________  (2 − 2√

_
5)(2 + 2√

_
5)

= 10 + 10√
_
5 + 2√

_
3 + 2√

_
15  __________________  

4 + 4√
_
5 − 4√

_
5 − 20

= 5 + 5√
_
5 + √

_
3 + √

_
15  ______________

−8

7 √
_
7 + 7_

7 − √
_
7

=
(√

_
7 + 7)(7 + √

_
7)____________

(7 − √
_
7)(7 + √

_
7)

= 7√
_
7 + 7 + 49 + 7√

_
7  ______________  

49 + 7√
_
7 − 7√

_
7 − 7

= 56 + 14√
_
7_

42

= 4 + √
_
7_

3

8 2 + √
_
3_

√
_
80 − √

_
20

= 2 + √
_
3_

4√
_
5 − 2√

_
5

= 2 + √
_
3_

2√
_
5

= 
(2 + √

_
3) × √

_
5_

2√
_
5 × √

_
5

= 2√
_
5 + √

_
15_
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