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Suggested solutions

1. p · c = 0 1M

: (a · c) + 2(b · c) = 0

4: − 2 = 0

: =
1
2

1A

2. (a) a · b = (5) (2) cos 120° = −5 1A

(b) (a + :b) · (a + 3b) = 0 1M

|a|2 + (3 + :)a · b + 3: |b|2 = 0

52 + (3 + :) (−5) + 3: (4) = 0

: = −10
7

1A

3. (a)
−−→
$% =

1
A + 1

−−→
$� + A

A + 1
−−→
$� 1M

=
1

A + 1
(5i + j) + A

A + 1
(2i + 4j)

=
5 + 2A
A + 1

i + 4A + 1
A + 1

j 1A

(b)
−−→
$% · −−→�� = 0 1M(

5 + 2A
A + 1

i + 4A + 1
A + 1

j
)
· (3i − 3j) = 0

1
A + 1

[(15 + 6A) − (12A + 3)] = 0

A = 2 1A

4.
−−→
�� = (2E − 2D − 1)i + (E + 3D − 2)j + (−E − D − 2)k 1A

−−→
�� · (j + k) = 0 1M

E + 3D − 2 + (−E − D − 2) = 0

D = 2 1A
−−→
�� · (−7i − j − 2k) = 0

−7(2E − 5) − (E + 4) − 2(−E − 4) = 0

E = 3 1A
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5. (2
√

3)2 = |a − b|2

12 = (a − b) · (a − b) 1M

= |a|2 − 2a · b + |b|2

= 52 − 2a · b + 32

a · b = 11 1A
(2a + b) · (a − 4b) = 2|a|2 − 7a · b − 4|b|2

= 2(5)2 − 7(11) − 4(3)2

= −63 ≠ 0
Thus, 2a + b and a − 4b are not orthogonal vectors. 1A

6. |3a − 4b|2 = 52

(3a − 4b) · (3a − 4b) = 25 1M

9|a|2 − 24a · b + 16|b|2 = 25

and |3a + 4b|2 = 112

(3a + 4b) · (3a + 4b) = 121

9|a|2 + 24a · b + 16|b|2 = 121 1A
Therefore,

121 − 25 = 48a · b 1M

a · b = 2 1A

7. (a) |a + b|2 = (a + b) · (a + b)

= |a|2 + 2a · b + |b|2 1M

= 4 + 2: + 4

|a + b| =
√

8 + 2: 1A

(b) a · (a + b) = |a| |a + b| cos 30° 1M

|a|2 + a · b = 2
√

8 + 2: cos 30°

4 + : =
√

8 + 2:
√

3

:2 + 8: + 16 = 24 + 6:

:2 + 2: − 8 = 0 1M

: = 2 or − 4
When : = −4, a + b is a zero vector and is not possible to have an angle 30° with a. 1A
|a + b| =

√
8 + 2(2) = 2

√
3 > 2 = |a|

The claim is agreed. 1A

8. (a)
−−→
%& =

−−→
$& − −−→$% = −i − 7j 1A

−−→
%' =

−−→
$' − −−→$% = 7i − 4j 1A

(b)
−−→
%& · −−→%' =

���−−→%&��� ���−−→%'��� cos∠&%'

−7 + 28 =
√

12 + 72
√

72 + 42 cos∠&%' 1M

∠&%' ≈ 68° 1A
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9. (a)
−−→
$� =

−−→
$� − −−→$� = 4i + 2j 1A

−−→
�� =

−−→
$� − −−→$� = 7i − j 1A

(b)
−−→
$� · −−→�� = ($�) (��) | cos \ | 1M

2 =
√

12 + 52
√

72 + 12 | cos \ | 1A

\ ≈ 93° or 87° (rejected) 1A

10.
−−→
�% =

1
4
−−→
�� + 3

4
−−→
��

=
19
4

i + 5j 1A
−−→
�� =

−−→
�� − −−→�� = −9i + 4j 1A

−−→
%� · −−→�� = (%�) (��) cos∠�%&

91
4

=

√(
19
4

)2
+ 52

√
92 + 42 cos∠�%& 1M

∠�%& ≈ 70.4° 1A

11. (a)
−−→
$% =

2
3

a + 1
3

b 1A

(b) (i)
−−→
$% · −−→$% = 32

4
9
|a|2 + 1

9
|b|2 + 4

9
a · b = 9 1M

4 + 4 + 4
9

a · b = 9

a · b =
9
4

1A

(ii) a · b = |a| |b| cos∠�$� 1M
9
4
= (3) (6) cos∠�$�

∠�$� = cos−1 1
8

1A

12. (a)
−−→
$' =

1
4
−−→
$% + 3

4
−−→
$& 1M

= 10i − 2j 1A

$' =
√

102 + 22 =
√

104 1A

Required unit vector =
1
√

104
(10i − 2j) 1M

=
1
√

26
(5i − j) 1A

(b) (4i + j) ·
(

1
√

26
(5i − j)

)
=

√
42 + 12(1) cos∠'$% 1M

cos∠'$% =
19

√
26 ×

√
17

1M

∠'$% ≈ 25° 1A
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13. (a) 0 =
−−→
$% · −−→�"

= 4a · [(2 − A)a − Bb] 1M

= 4
[
(2 − A) (1) − B

(
1
3

)]
1M

3A + B = 6 1

(b) Let ' be the mid-point of $&. Then
−−→
$' = b.

0 =
−−→
$' · −−→�'

= b · [−Aa + (1 − B)b] 1M

= −A
(
1
3

)
+ (1 − B) (1)

A + 3B = 3 1A

Solving, we have A =
15
8

and B =
3
8

. 1A

(c)
−−→
�# = (2a + b) −

(
15
8

a + 3
8

b
)

1M

=
1
8

a + 5
8

b 1A
Since $� ⊥ %& and �# ⊥ %&, we have $�//�# .

−−→
$� = :

(
1
8

a + 5
8

b
)

1M

−−→
&� =

:

8
a +

(
5:
8
− 2

)
b 1A

Since &� ⊥ $%,

0 =
−−→
&� · −−→$%

=
4:
8

a · a + 4
(
5:
8
− 2

)
a · b 1M

=
4:
8
+ 4

3

(
5:
8
− 2

)
=

4(8: − 16)
8

: = 2 1A

Thus,
−−→
$� = 2

(
1
8

a + 5
8

b
)
=

1
4

a + 5
4

b. 1A
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