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Suggested solutions

Multiple Choice Questions

1. C 2. D 3. B 4. C 5. D

6. D 7. A 8. B 9. B 10. D

11. A 12. B 13. C 14. B 15. C

16. B 17. D 18. C 19. B 20. D

21. C 22. B 23. D 24. C

1. C

Let the length of cube be 2. 𝑀 and 𝑁 be mid-points of 𝐵𝐷 and 𝑃𝑄 respectively.

Note that since 𝐷, 𝑃, 𝐻 are collinear and 𝐵, 𝑄, 𝐻 are
collinear, we have 𝑀 , 𝑁 and 𝐻 are collinear.
Note that 𝑀𝐻 ⊥ 𝐵𝐷 and 𝐶𝑀 ⊥ 𝐵𝐷.
The angle required is ∠𝐶𝑀𝐻.
𝐶𝑀 =

1
2

√︁
22 + 22 =

√
2.

∠𝐶𝑀𝐻 = tan−1 2
√

2
≈ 55◦.
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2. D

Let 𝐸 be a point on 𝐴𝐶 such that 𝑉𝐸 ⊥ 𝐴𝐶.
Required angle is ∠𝑉𝐸𝐷.
Since the pyramid is symmetric about the plane 𝑉𝐴𝐶,

we have ∠𝑉𝐸𝐵 = ∠𝑉𝐸𝐷 =
180◦

2
= 90◦.
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3. B

Let 𝑀 be a point on 𝐵𝐶 such that 𝐴𝑀 ⊥ 𝐵𝐶.
Note that 𝐴𝑀𝐷 is a plane of reflection of the tetrahedron and it is perpendicular to the plane 𝐵𝐶𝐷.
We have ∠𝐴𝑀𝐷 = 80◦ and the required angle is ∠𝐴𝐷𝑀 .
Consider △𝐴𝐵𝐶.
𝐴𝑀 = 56 sin 60◦ = 28

√
3 cm

Consider △𝐵𝐶𝐷.
𝐷𝑀 =

√︁
602 − 282 =

√
2816 cm

Consider △𝐴𝑀𝐷.
𝐴𝐷2 = 𝐴𝑀2 + 𝐷𝑀2 − 2(𝐴𝑀) (𝐷𝑀) cos 80◦

𝐴𝐷 ≈ 65.4 cm
𝐴𝑀2 = 𝐴𝐷2 + 𝐷𝑀2 − 2(𝐴𝐷) (𝐷𝑀) cos∠𝐴𝐷𝑀

∠𝐴𝐷𝑀 ≈ 47◦

4. C

Let 𝑀 and 𝑁 be mid-point of 𝐴𝐵 and 𝐶𝐷 respectively.
Let 𝑋 be the mid-point of 𝑀𝑁 such that 𝑉𝑋 is perpendicular to the plane 𝐴𝐵𝐶𝐷.
We have 𝜃 = ∠𝑀𝑉𝑁 and

𝜃

2
= ∠𝑉𝑁𝑋 .

𝐷𝑋 =
1
2

√︁
42 + 22 =

√
5 cm

𝑉𝑋 =
√︁

72 − 𝐷𝑋2 = 2
√

11 cm
tan

𝜃

2
=
𝑀𝑋

𝑉𝑋

=
2

2
√

11

=

√
11

11

5. D

Let 𝐸 be a point on 𝐶𝐷 such that 𝐵𝐸 ⊥ 𝐶𝐷. Then 𝜃 = ∠𝐴𝐸𝐵.
𝐶𝐷 =

√︁
242 + 72 = 25 cm. By considering the area of △𝐵𝐶𝐷,

(25) (𝐵𝐸)
2

=
(24) (7)

2

𝐵𝐸 =
168
25

tan 𝜃 =
7
𝐵𝐸

=
25
24
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6. D

Let 𝐷 be a point on 𝐵𝐶 such that 𝑃𝐷 ⊥ 𝐵𝐶.
Required angle is ∠𝐴𝐷𝑃.
𝐵𝐶 =

√︁
42 + 32 = 5 m

(𝑃𝐷) (𝐵𝐶)
2

=
(𝑃𝐵) (𝑃𝐶)

2
𝑃𝐷 = 2.4 m

tan∠𝐴𝐷𝑃 =
5

2.4

=
25
12

7. A

Note that 𝛼 = ∠𝐺𝐹𝐻 = 45◦, 𝛽 = 90◦.
Thus, 𝛼 < 60◦ < 𝛽.

8. B

Refer to the figure. Let 𝐸 be the mid-point of 𝐵𝐶 and length of each side be 𝑥 cm.

C

B
D

A

In △𝐴𝐸𝐷, 𝐴𝐸 = 𝐷𝐸 = 𝑥 sin 60◦ =
√

3𝑥
2

cm.

𝑥2 = 𝐴𝐸2 + 𝐷𝐸2 − 2(𝐴𝐸) (𝐷𝐸) cos∠𝐴𝐸𝐷

∠𝐴𝐸𝐷 = cos−1 1
3

Consider the volume of the tetrahedron.
1
3

(
𝑥2

2
sin 60◦

)
(𝐴𝐸 sin∠𝐴𝐸𝐷) = 576

𝑥 ≈ 17.0

Let 𝑋 be the projection of 𝐴 on the plane 𝐵𝐶𝐷.
Note that 𝐷, 𝑋 , 𝐸 are collinear.
Consider △𝐴𝑋𝐸 .
Required height = 𝐴𝐸 sin∠𝐴𝐸𝐷

≈ 13.9 cm
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9. B

Let 𝑀 and 𝑁 be mid-points of 𝐵𝐶 and 𝐴𝐷 respectively.
Required angle is ∠𝑀𝑉𝑁 .

𝑀𝑉 = 𝑁𝑉 =

√︄
82 −

(
4
2

)2
=
√

60 cm

62 = 𝑀𝑉2 + 𝑁𝑉2 − 2(𝑀𝑉) (𝑁𝑉) cos∠𝑀𝑉𝑁

∠𝑀𝑉𝑁 ≈ 46◦

10. D

Let 𝐾 be a point on 𝐸𝐺 such that 𝐴𝐾 ⊥ 𝐸𝐺.
Required angle is ∠𝐴𝐾𝐹.
Consider the area of △𝐸𝐹𝐺.

1
2
(8) (6) = 1

2
(𝐸𝐺) (𝐹𝐾)

24 =
1
2

√︁
82 + 62(𝐸𝐾)

𝐸𝐾 = 4.8 cm

tan 𝜃 =
12
4.8

𝜃 ≈ 68◦

11. A

Let 𝑀 and 𝑁 be mid-points of 𝐵𝐷 and 𝐴𝐷 respectively.
Required angle is ∠𝑀𝑉𝑁 .
𝑀𝑉 = 𝑁𝑉 =

√︁
152 − 42 =

√
209 cm

𝑀𝑁 = 6 cm
𝑀𝑁2 = 𝑀𝑉2 + 𝑁𝑉2 − 2(𝑀𝑉) (𝑁𝑉) cos∠𝑀𝑉𝑁

∠𝑀𝑉𝑁 ≈ 24◦

12. B

Required angle is ∠𝐶𝐵𝐻 (or ∠𝐷𝐴𝐸).
∠𝐶𝐵𝐻 = 45◦

13. C

152 = 92 + 122 ⇒ ∠𝐵𝐷𝐶 = 90◦.
Since △𝐴𝐵𝐷 is vertical and 𝐶𝐷 is horizontal, 𝐴𝐷 ⊥ 𝐶𝐷.
Therefore, 𝜃 = ∠𝐴𝐷𝐵 = tan−1 12

9
and so sin 𝜃 =

4
5

.
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14. B

Let 𝐵𝐶 = 1.

𝐴𝐸 = 𝐵𝐹 = 1 sin 60◦ =
√

3
2

𝐴𝐶 =
𝐴𝐸

sin 30◦
=
√

3

cos∠𝐴𝐶𝐵 =
𝐵𝐶

𝐴𝐶
=

1
√

3

15. C

Let 𝐾 be a point on 𝐴𝐶 such that 𝐷𝐾 ⊥ 𝐴𝐶.
We have 𝑥 = ∠𝐷𝐾𝐸 .
Consider the area of △𝐴𝐶𝐷.

(𝐴𝐷) (𝐶𝐷)
2

=
(𝐴𝐶) (𝐷𝐾)

2
(3) (4)

2
=

√
32 + 42(𝐷𝐾)

2
𝐷𝐾 = 2.4 cm

Consider △𝐷𝐾𝐸 .

tan 𝑥 =
𝐷𝐸

𝐷𝐾

=
2

2.4

=
5
6

16. B

Note that ∠𝐵𝐶𝑇 = ∠𝐵𝐶𝐴 = 90◦.
We have 𝐵𝐶 is perpendicular to the plane 𝐴𝐶𝑇 .
Let 𝐷 be a point on 𝐴𝑇 such that 𝐶𝐷 ⊥ 𝐴𝑇 .
Then 𝜃 = ∠𝐵𝐷𝐶.
Consider the area of △𝐴𝐶𝑇 .

(40) (30)
2

=

√
402 + 302(𝐶𝐷)

2
𝐶𝐷 = 24 cm

Consider △𝐵𝐶𝐷.

tan 𝜃 =
20
24

=
5
6
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17. D

Since 𝐵𝐸 ⊥ 𝐴𝐶 and 𝐷𝐸 ⊥ 𝐴𝐶, required angle is ∠𝐵𝐸𝐷.

�

�

�

�

�

18. C

Let length of each edge be 2. Let 𝐾 be a point on 𝐵𝑉 such that 𝐴𝐾 ⊥ 𝐵𝑉 and 𝐶𝐾 ⊥ 𝐵𝑉 .
𝐴𝐾 = 𝐶𝐾 = 2 sin 60◦ =

√
3 and 𝐴𝐶 =

√︁
22 + 22 = 2

√
2

In △𝐴𝐾𝐶, ∠𝐴𝐾𝐶 is the required angle.

(2
√

2)2 = (
√

3)2 + (
√

3)2 − 2(
√

3)2 cos∠𝐴𝐾𝐶

∠𝐴𝐾𝐶 ≈ 109◦

19. B

Let 𝐹 be a point on 𝐴𝐶 such that 𝐵𝐹 ⊥ 𝐴𝐶.
Required angle is ∠𝐵𝐹𝐷.
Let 𝐵𝐶 = 1 cm.
Note that △𝐴𝐵𝐶 and △𝐴𝐶𝐷 are equilateral.

𝐷𝐹 = 𝐵𝐹 = 1 sin 60◦ =
√

3
2

cm

𝐵𝐷 =
√︁

12 + 12 =
√

2 cm
𝐵𝐷2 = 𝐷𝐹2 + 𝐵𝐹2 − 2(𝐷𝐹) (𝐵𝐹) cos∠𝐵𝐹𝐷

∠𝐵𝐹𝐷 ≈ 109◦

20. D

Let 𝐸 be a point on 𝐶𝐷 such that 𝐵𝐸 ⊥ 𝐶𝐷. Then 𝐴𝐸 ⊥ 𝐶𝐷 and 𝜃 = ∠𝐴𝐸𝐵.

∠𝐵𝐶𝐷 = tan−1 15
8

, and 𝐵𝐸 = 𝐵𝐶 sin∠𝐵𝐶𝐷 =
120
17

m

tan 𝜃 =
8
𝐵𝐸

=
17
15
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21. C

Let 𝐾 be a point on 𝐴𝑀 such that 𝐷𝐾 ⊥ 𝐴𝑀 .
Then 𝛼 = ∠𝐸𝑀𝐷 and 𝛽 = ∠𝐸𝐾𝐷.

I. ✓. Since ∠𝐷𝐾𝑀 = 90◦, we have 𝐷𝐾 < 𝐷𝑀 and 𝛼 < 𝛽.

II. ✗. Since 𝛼 < 𝛽, we have cos𝛼 > cos 𝛽.

III. ✓. ∠𝐷𝐴𝑀 = ∠𝐵𝑀𝐴 = tan−1 5
2.5

≈ 63.4◦

𝐷𝐾 = 𝐴𝐷 sin∠𝐷𝐴𝑀 ≈ 4.47 cm
tan 𝛽 =

𝐷𝐸

𝐷𝐾
=

4
√

5

22. B

Refer to the figure. Let 𝐸 be the mid-point of 𝐵𝐶 and length of each side be 12 cm.

In △𝐴𝐸𝐷, 𝐴𝐸 = 𝐷𝐸 = 12 sin 60◦ = 6
√

3 cm
122 = 𝐴𝐸2 + 𝐷𝐸2 − 2(𝐴𝐸) (𝐷𝐸) cos∠𝐴𝐸𝐷

∠𝐴𝐸𝐷 = cos−1 1
3

Let 𝑋 be the projection of 𝐴 on the plane 𝐵𝐶𝐷. Then
𝑋 is the centroid of △𝐵𝐶𝐷 and it lies on 𝐷𝐸 .
In △𝐴𝐸𝑋 , ∠𝐴𝑋𝐸 = 90◦ and
height = 𝐴𝐸 sin∠𝐴𝐸𝐷

=
√

96 cm

Volume =
1
2
(12)2 sin 60◦(

√
96) × 1

3
= 144

√
2 cm3

C

B
D

A

23. D

Refer to the figure. Let 𝐸 be the mid-point of 𝐵𝐶 and length of each side be 𝑥 cm.

In △𝐴𝐸𝐷, 𝐴𝐸 = 𝐷𝐸 = 𝑥 sin 60◦ =
√

3𝑥
2

cm

𝑥2 = 𝐴𝐸2 + 𝐷𝐸2 − 2(𝐴𝐸) (𝐷𝐸) cos∠𝐴𝐸𝐷

∠𝐴𝐸𝐷 = cos−1 1
3

Let 𝑋 be the projection of 𝐴 on the plane 𝐵𝐶𝐷. Then
𝑋 lies on 𝐷𝐸 and 𝐴𝑋 ⊥ 𝐵𝐷.
In △𝐴𝐸𝑋 ,

𝐴𝐸 sin∠𝐴𝐸𝐷 = 4

𝑥 = 2
√

6
C

B
D

A

REG-AOT-2425-ASM-SET 3-MATH-MS 7



24. C

Let 𝐾 be a point on 𝑉𝐵 such that 𝐴𝐾 ⊥ 𝑉𝐵. We have 𝐶𝐾 ⊥ 𝑉𝐵 also.
Required angle is ∠𝐴𝐾𝐶.
𝐴𝐶 =

√︁
122 + 122 = 12

√
2 cm

𝑉𝐴 = 𝑉𝐵 = 𝑉𝐶 =

√√√
82 +

(
12
√

2
2

)2

=
√

136 cm

In △𝑉𝐴𝐵,

cos∠𝐴𝐵𝑉 =

(
12
2

)
𝑉𝐵

∠𝐴𝐵𝑉 ≈ 59.0◦

𝐴𝐾 = 𝐶𝐾 = 12 sin∠𝐴𝐵𝑉 ≈ 10.3 cm
In △𝐴𝐾𝐶,

𝐴𝐶2 = 𝐴𝐾2 + 𝐶𝐾2 − 2(𝐴𝐾) (𝐶𝐾) cos∠𝐴𝐾𝐶

∠𝐴𝐾𝐶 ≈ 111◦
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Conventional Questions

25. (a) In △𝐴𝐵𝐶,

𝐴𝐶2 = 92 + 152 − 2(9) (15) cos 120◦ 1M

𝐴𝐶 = 21 cm 1A

In △𝐴𝐷𝐶, ∠𝐴𝐷𝐶 = 180◦ − 120◦ = 60◦

Since 𝐴𝐷 = 𝐶𝐷, ∠𝐷𝐴𝐶 = ∠𝐴𝐶𝐷 =
180◦ − 60◦

2
= 60◦ and hence △𝐴𝐶𝐷 is equilateral. 1M

So, 𝐴𝐷 = 𝐴𝐶 = 21 cm. 1A

(b) Centre of the required circle is at the circumcentre 𝑂 of △𝐴𝐶𝐷. Let 𝐸 be the mid-point of
𝐴𝐷.

∠𝑂𝐴𝐸 =
60◦

2
= 30◦.

Radius = 𝑂𝐴 =
𝐴𝐸

cos 30◦
1M

=
21
2

÷ cos 30◦

= 7
√

3 cm 1A

E

O
A

B
C

D

(c) Required angle is ∠𝑂𝐸𝑉 . 1A

𝑂𝐸 = 𝑂𝐴 sin 30◦ =
7
√

3
2

cm 1M

tan∠𝑂𝐸𝑉 =
15
𝑂𝐴

1M

∠𝑂𝐸𝑉 ≈ 68.0◦ 1A

Required angle is 68.0°.

26. (a) 𝐴𝐶2 = 82 + 122 − 2(8) (12) cos 100◦ 1M

𝐴𝐶 ≈ 15.5 cm 1A
(b) (i) Let 𝑀 be the mid-point of 𝐵𝐷.

𝐷𝑀 = 3 cm

In △𝐴𝑀𝐷,

𝐴𝑀 =
√︁

82 − 32

=
√

55 cm 1M

In △𝐶𝑀𝐷,

𝐶𝑀 =
√︁

122 − 32

=
√

135 cm
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In △𝐴𝐶𝑀 ,

(
√

55)2 = 𝐴𝐶2 + (
√

135)2 − 2(𝐴𝐶) (
√

135) cos∠𝐴𝐶𝑀 1M

∠𝐴𝐶𝑀 ≈ 27.1◦

Required angle is 27.1°. 1A

(ii) Let 𝑄 be the foot of perpendicular from 𝐷 to 𝐴𝐶.

Since sin
∠𝐷𝑃𝐵

2
=
𝐷𝑀

𝑃𝐷
,

∠𝐷𝑃𝐵 attains maximum when 𝑃𝐷 is minimum, i.e., 𝑃 = 𝑄. 1A
When 𝑃 moves from 𝐴 to 𝑄, ∠𝐷𝑃𝐵 increases.
When 𝑃 moves from 𝑄 to 𝐶, ∠𝐷𝑃𝐵 decreases. 1A

27. (a) (i) 𝐶𝑀 =
√︁

102 + 102

= 10
√

2 cm 1A

(ii) tan∠𝐴𝐶𝐵 =
20
10

∠𝐴𝐶𝐵 ≈ 63.4◦ 1A

(iii) Area of △𝐴𝐶𝑀 =
1
2
(20 − 10) (10)

= 50 cm2 1A

(b) (i) In △𝐶𝐷𝑀 , ∠𝐷𝐶𝑀 = ∠𝐴𝐶𝐵 − 45◦ ≈ 18.4◦ 1A

𝐷𝑀2 = 𝐶𝐷2 + (10
√

2)2 − 2(𝐶𝐷) (10
√

2) cos∠𝐷𝐶𝑀 1M

𝐶𝐷 ≈ 7.45 cm 1A

In △𝐵𝐶𝐷, 𝐵𝐷 =
√︁

102 − 𝐶𝐷2 ≈ 6.67 cm 1A

(ii) Let 𝑁 be the foot of perpendicular from 𝐵 to 𝐶𝑀 .
Required angle is ∠𝐵𝑁𝐷.
In △𝐵𝑁𝐶, 𝐵𝑁 = 10 sin 45◦ = 5

√
2 cm

In △𝐵𝑁𝐷,

sin∠𝐵𝑁𝐷 =
𝐵𝐷

5
√

2
1M

∠𝐵𝑁𝐷 ≈ 70.5◦ 1A

Required angle is 70.5°.
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