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Suggested solutions

1. (a)
−−→
$% =

3
7

a + 4
7

b 1A

(b) (i) |a × b| = |a| |b| sin∠�$� 1M

294 = (35) (14) sin∠�$�

sin∠�$� =
3
5

Since ∠�$� is an acute angle, cos∠�$� =

√
52 − 32

5
=

4
5

.

a · b = |a| |b| cos∠�$� 1M

= (35) (14)
(
4
5

)
= 392 1A

(ii)
−−→
$% · −−→$% =

(
3
7

a + 4
7

b
)
·
(
3
7

a + 4
7

b
)

=
9
49
|a|2 + 24

49
a · b + 16

49
|b|2

=
9
49
(35)2 + 24

49
(392) + 16

49
(14)2 1M

= 481���−−→$%��� = √481 1A

2. (a)
−−→
�� = −3i + j 1A
−−→
�� = −3i + k

−−→
�� × −−→�� =

�������
i j k
−3 1 0
−3 0 1

������� 1M

= i + 3j + 3k 1A

(b) Let n =
−−→
�� × −−→�� = i + 3j + 3k.

−−→
$% =

−−→
$� · n
n · n (n) 1M+1M

=
3

12 + 32 + 32 (i + 3j + 3k)

=
3
19
(i + 3j + 3k) 1A
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3. (a)
−−→
�� − i − 2j + k
−−→
�� = −2i − 6j + 6k
−−→
�� = (3 + 1)i − 4j + 5k

−−→
�� × −−→�� =

�������
i j k
−1 −2 1
−2 −6 6

�������
= −6i + 4j + 2k 1A

Note that �� is perpendicular to
−−→
�� × −−→��.

−−→
�� · (−−→�� × −−→��) = 0 1M

−6(3 + 1) + 4(−4) + 2(5) = 0

3 = −2 1A

(b)
−−→
�� = −i − 2j + k =

−−→
�� 1M

We have ��//�� and �� = ��.
Thus, ���� is a parallelogram. 1

(c) −−→+� = −9i + 6j + 3k

=
3
2
(−−→�� × −−→��)

Thus, +� is perpendicular to the plane ����. 1

(d) Required volume =
1
3

���−−→�� × −−→����� (+�)
=

1
3

√
62 + 42 + 22

√
92 + 62 + 32

= 28 1A
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4. (a) Let �% : %� = A : (1 − A).
−−→
$% = (1 − A)−−→$� + A−−→$�

= (1 − A) (8j + 8k) + A (3i − 4j − k) 1M

3Ai + (−12A + 8)j − 9A + 8k

Since $% ⊥ $�,
−−→
$% · −−→$� = 0. 1M

3A (3) + (−12A + 8) (−4) + (−9A + 8) (−1) = 0

A =
20
33

Put A =
20
33

.

−−→
$% = 3

(
20
33

)
i +

[
−12

(
20
33

)
+ 8

]
j +

[
−9

(
20
33

)
+ 8

]
k

=
20
11

i + 8
11

j + 28
11

k 1A

(b) Let
−−→
$& = B

−−→
$%.

Then
−−→
$& =

20B
11

i + 8B
11

j + 28B
11

k.
−−→
�& =

−−→
$& − −−→$�

=
20B
11

i +
(
8B
11
− 8

)
j +

(
28B
11
− 8

)
k

−−→
�� = 3i − 12j − 9k
Note that ∠&�� = ∠&$� = 90°.

−−→
�& · −−→�� = 0 1M(

20B
11

)
(3) +

(
8B
11
− 8

)
(−12) +

(
28B
11
− 8

)
(−9) = 0

B =
77
12

Thus,
−−→
$& =

35
3

i + 14
3

j + 49
3

k. 1A

(c) �& is a diameter of �.
−−→
$� =

1
2
−−→
$& + 1

2
−−→
$� 1A

=
22
3

i + 1
3

j + 23
3

k 1A
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5. (a) a · a = |a|2 = 9 1A
a · b = |a| |b| cos∠�$�

= (3) (4) cos
c

3
1M

= 6 1A

(b) $� = 3 cos
c

3
=

3
2

−−→
$� =

(
3
2

)
4
−−→
$� 1M

=
3
8

b 1A

(c)
−−→
$� =

:

: + 1
−−→
$� + 1

: + 1
−−→
$�

=
:

: + 1
a + 3

8(: + 1)b 1A
� is the orthocentre of 4$��.

−−→
$� · −−→�� = 0(

:

: + 1
a + 3

8(: + 1)b
)
· (b − a) = 0 1M

− :

: + 1
|a|2 + 3

8(: + 1) |b|
2 +

(
:

: + 1
− 3

8(: + 1)

)
a · b = 0

− 9:
: + 1

+ 6
: + 1

+ 6
(
:

: + 1
− 3

8(: + 1)

)
= 0

: =
5
4

1A

(d) (i)
−−→
$� · −−→�% = ($�) (�%) cos(180° − ∠$�%) 1M

= −($�) (�%) cos∠$�%

= −($�) (��)
Thus,

−−→
$� · −−→�% is always a constant. 1

(ii)
−−→
$� · −−→�% = −($�) (��) 1M

= −4
(
4 − 3

2

)
= −10 1A
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6. (a) (i) (1)
−−→
$, =

B

B + C
−−→
$( + C

B + C
−−→
$) 1A

(2)
Area of 4�),
Area of 4�,( =

),

,(
=
B

C

Area of 4�), = (area of 4�)() × B

B + C 1M

=
BD

B + C
*�

�,
=

Area of 4�*)
Area of 4�),

= B ÷ BD

B + C
=
B + C
D

*� : �, = (B + C) : D 1
(ii) Let A be the radius of the circumcircle of 4()*.

B =
1
2
A2 sin∠) �*

=
1
2
A2 sin 2U 1M

Similarly, we have C =
1
2
A2 sin 2V and D =

1
2
A2 sin 2W.

Note that*� : �, = (B + C) : D.
−→
$� =

B + C
B + C + D

−−→
$, + D

B + C + D
−−→
$* 1M

=
B + C

B + C + D

( B

B + C
−−→
$( + C

B + C
−−→
$)

)
+ D

B + C + D
−−→
$*

=
B
−−→
$( + C−−→$) + D−−→$*

B + C + D

=

(
1
2A

2 sin 2U
) −−→
$( +

(
1
2A

2 sin 2V
) −−→
$) +

(
1
2A

2 sin 2W
) −−→
$*

1
2A

2 sin 2U + 1
2A

2 sin 2V + 1
2A

2 sin 2W

=
(sin 2U)−−→$( + (sin 2V)−−→$) + (sin 2W)−−→$*

sin 2U + sin 2V + sin 2W
1

(b) (i)
−−→
�� = 4i
�� = 4
−−→
�� = 2

√
2i + 2j + 2k

�� =

√
(2
√

2)2 + 22 + 22 = 4 = ��

Thus, 4��� is an isosceles triangle. 1A

(ii)
−−→
�� · −−→�� = (��) (��) cos∠��� 1M

8
√

2 = (4) (4) cos∠���

cos∠��� =

√
2

2
∠��� =

c

4
1A

Since �� = ��, we have ∠��� = ∠��� =
1
2

(
c − c

4

)
=

3c
8
<
c

2
.

4��� is an acute-angled triangle.
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−−→
$� =

(
sin c

2
) −−→
$� +

(
sin 3c

4

) −−→
$� +

(
sin 3c

4

) −−→
$�

sin c
2 + sin 3c

4 + sin 3c
4

1M

=
(i − 2j − 2k) +

√
2

2 (5i − 5j − 2k) +
√

2
2 (1 + 2

√
2)i

1 +
√

2
2 +

√
2

2

=
3 + 3
√

2
1 +
√

2
i − 2 +

√
2

1 +
√

2
j − 2 +

√
2

1 +
√

2
k

= 3i −
√

2(
√

2 + 1)
1 +
√

2
j −
√

2(
√

2 + 1)
1 +
√

2
k

= 3i −
√

2j −
√

2k 1A

(iii)
−−→
�� =

−−→
$� − −−→$� = 2i + (2 −

√
2)j + (2 −

√
2)k

−−→
�� × −−→�� =

�������
i j k
2 2 −

√
2 2 −

√
2

4 0 0

�������
= 4(2 −

√
2)j − 4(2 −

√
2)k 1A

Required distance

= �� sin∠���

=
(��) (��) sin∠���

��

=

���−−→�� × −−→�����
��

=

√
[4(2 −

√
2)]2 + [−4(2 −

√
2)]2

4

=

√
32(2 −

√
2)2

4
= 2
√

2 − 2 1A
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7. (a)
−−→
%� = i − 5j + 2k 1M
−−→
%� = −i + (−1 − C)j − k

%� = %�√
12 + C2 + 22 =

√
12 + (−1 − C)2 + 12 1M

C2 + 5 = C2 + 2C + 3

C = 1 1A

(b)
−−→
�� = 6i − 3j − 3k 1A
−−→
�� = 4i − 2j − 2k =

2
3
−−→
��

Thus, �, � and � are collinear with �� : �� = 2 : 1. 1A+1A

(c) (i)
−−→
�� = 2i − 4j

−−→
�� × −−→�� =

�������
i j k
2 −4 0
6 −3 −3

�������
= 12i + 6j + 18k 1M

A required vector

=
1

√
122 + 62 + 182

(12i + 6j + 18k) 1M

=

√
14
7

i +
√

14
14

j + 3
√

14
14

k 1A

(ii) (1)
−−−→
�" = (G − 1)i + (H + 2)j + (I − 1)k

−−−→
�" ·

(√
14
7

i +
√

14
14

j + 3
√

14
14

k

)
= 0 1M

2(G − 1) + (H + 2) + 3(I − 1) = 0

2G + H + 3I = 3 1

(2) When G = 1, H = 1 and I = 0, 2G + H + 3I = 2(1) + 1 + 0 = 3. 1M
−−→
�% is a vector perpendicular to the vector found in (i).
Thus, % lies on N . 1

M2REG-SPVP-2425-ASM-SET 4-MATH-MS-7 END OF PAPER


