
M2REG-SPVP-2223-ASM-SET 3-MATH
Suggested solutions

1. Required vector =
[
(a + b) · a

a · a

]
a

=
(5i + j − 3k) · (3i − 2j + k)

32 + 22 + 12 (3i − 2j + k) 1M

=
15
7

i − 10
7

j + 5
7

k 1A

2. Required vector =
(a + b) · (a − 2b)
(a − 2b) · (a − 2b) (a − 2b)

=
(−3i + 7j − k) · (3i + j − 10k)

32 + 12 + 102 (3i + j − 10k) 1M

=
12
55

i + 4
55

j − 8
11

k 1A

3. Projection vector =
u · v
v · v (v)

=
[3i + _j + (_ + 1)k] · (3i + 2j − k)

32 + 22 + 12 (3i + 2j − k) 1M

=
3_ + 24

14
i + _ + 8

7
j − _ + 8

14
k

We have
3_ + 24

14
= `,

_ + 8
7

= ` − 1
2

and V = −_ + 8
14

. 1M

Solving, we have _ = −1, ` =
3
2

and V = −1
2

. 3A

4. Projection vector =
u · v
v · v (v)

=
[(2_ − 1)i + 3j − 5k] · (2i − _j − k)

22 + _2 + 12 (2i − _j − k) 1M

=
2_ + 6
_2 + 5

i − _
2 + 3_
_2 + 5

j − _ + 3
_2 + 5

k

We have
2_ + 6
_2 + 5

=
4
3

, − _ + 3
_2 + 5

= −2
3

and −_
2 + 3_
_2 + 5

= `.
2_ + 6
_2 + 5

=
4
3

6_ + 18 = 4_2 + 20

4_2 − 6_ + 2 = 0

_ = 1 or
1
2

and − _ + 3
_2 + 5

= −2
3

1M

3_ + 9 = 2_2 + 10

2_2 − 3_ + 1 = 0

_ = 1 or
1
2

When _ = 1, ` = −2
3

; when _ =
1
2

, ` = −1
3

.

Thus, (_, `) =
(
1, −2

3

)
or

(
1
2
, −1

3

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

Required vector =
−−→
�� · −−→��
(��)2

(−−→��)

=
(i − j + k) · (2i − 2j − 2k)

22 + 22 + 22 (2i − 2j − 2k) 1M

=
1
3

i − 1
3

j − 1
3

k 1A

(b) Let # be the projection of � onto ��.
−−→
�# =

−−→
�# − −−→��

= −2
3

i + 2
3

j − 4
3

k 1A

Required distance = �#

=

√(
2
3

)2
+

(
2
3

)2
+

(
4
3

)2

=
2
√

6
3

1A

6. (a)
−−→
$� = −i + 4j + 3k
−−→
$� = i − 2j + 2k
−−−→
$" =

−−→
$� · −−→$�
($�)2

(−−→$�)

=
(−i + 4j + 3k) · (i − 2j + 2k)

12 + 22 + 22 (i − 2j + 2k) 1M

= −1
3

i + 2
3

j − 2
3

k 1A

(b) $" =

√(
1
3

)2
+

(
2
3

)2
+

(
2
3

)2

= 1 1A
−−→
�" =

2
3

i − 10
3

j − 11
3

k

�" =

√(
2
3

)2
+

(
10
3

)2
+

(
11
3

)2

= 5

Required area =
1
2
($") (�")

=
5
2

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

−−→
�� × −−→�� =

�������
i j k
−3 −2 −2
1 −5 −4

�������
= −2i − 14j + 17k 1A

Required area =
1
2

√
22 + 142 + 172

=

√
489
2

1A

(b)
−−→
�� = i + k
Required magnitude =

| (i + k) · (−2i − 14j + 17k) |
√

22 + 142 + 172
1M

=
5
√

489
163

1A

(c) Required volume =
1
3

(√
489
2

) (
5
√

489
163

)
1M

=
5
2

1A
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8. (a)
−−→
%� = (6 − C)i − 12k and −−→%� = (1 − C)i + 5j − 12k. 1M√

(6 − C)2 + 122 =
√
(1 − C)2 + 52 + 122 1M

C2 − 12C + 36 = C2 − 2C + 26

C = 1

(b) (i)
−−→
�� = −i − 8j
−−→
�� = −6i − 3j

−−→
�� × −−→�� =

�������
i j k
−1 −8 0
−6 −3 0

������� 1M

= −45k
Required unit vectors are k and −k. 1A

(ii)
−−→
�� = −3i − 4j + 5k
Let \ be the required angle.

−−→
�� · k = (��) |k| cos \ 1M

5 =
√

32 + 42 + 52 cos \

\ = 45° 1A

(iii) −−→�� =

−−→
�� · k

12 (k) 1M

= −5k
−−→
%� =

−−→
�� + −−→$� − −−→$%

= 3i + 4j − 12k

%� =
√

32 + 42 + 122

= 13 1A
Since %� = %� = %� = 13, � is on the sphere.
The claim is agreed. 1A
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