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MOTION IN A PLANE LEVEL 2 
 

Single Correct Answer Type 

1. (c) 

Because vertical downward displacement of both (target and bullet) will be equal 

2. (c) 

𝛼 =
𝑑𝜔

𝑑𝑡
= 0            [As 𝜔 = constant] 

3. (a) 

If the horizontal range is the same then the angle of projection of an object is 𝜃 or (90° − 𝜃) with the 

horizontal direction. So, the angle of projection of first particle is 𝜃 and the other particle is (90° − 𝜃) 

𝑡1 =
2𝑢sinθ

𝑔
 

𝑡2 =
2𝑢sinθ(90° − θ)

𝑔
 

𝑡2 =
2𝑢cosθ

𝑔
 

∵   𝑡1𝑡2 =
2𝑢sinθ

𝑔
∙
2𝑢cosθ

𝑔
  

𝑡1𝑡2 =
2𝑢2sin2θ

𝑔2
 

or   𝑡1𝑡2 =
2𝑅

𝑔
    (∵ 𝑅 =

𝑢2sin2θ

𝑔
)            

4. (b) 

Since the projectile is released its initial velocity is the same as the velocity of the plane at the time of 

release 

Take the origin at the point of release 

Let 𝑥 and 𝑦(= −730m) be the coordinates of the point on the ground where the projectile hits and let 𝑡 

be the time when it hits. Then 

𝑦 = −𝑣0𝑡 cos θ −
1

2
g𝑡2  

where θ = 53.0° 

This equation gives 

𝑣0 = −
𝑦 +

1

2
g𝑡2

𝑡 cos θ
 

= −
−730 +

1

2
(9.8)(5)2

5 cos 53°
= 202 ms−1 

5. (b) 

Only horizontal component of velocity (𝑢 cos 𝜃) 

6. (a) 

Water will not fall down, if weight, 𝑚g = centrifugal force 

= 𝑚𝑟𝜔2 = 𝑚𝑟 (
2𝜋

𝑇
)
2

 

7. (a) 

(0.5)2 + (0.8)2 + 𝑐2 = 1 

0.25+0.64+𝑐2 = 1 

or  𝑐2 = 1 − 0.25 − 0.64 = 0.11 

or  𝑐 = √0.11 
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8. (c) 

𝜇 =
𝑣2

𝑟𝑔
=

(4.9)2

4 × 9.8
= 0.61 

9. (b) 

If |A⃗⃗ | = |B⃗⃗ | = 𝑥, then |C⃗ | = √2𝑥 

Now, A⃗⃗ + B⃗⃗ = −C⃗  

or     (A⃗⃗ + B⃗⃗ ) ∙ (A⃗⃗ + B⃗⃗ ) = (−C⃗ ) ∙ (−C⃗ ) 

or     cosθ = 0  or     θ = 90° 

or        A⃗⃗ ∙ A⃗⃗ + C⃗ ∙ C⃗ + 2A⃗⃗ ∙ C⃗ = 𝐵2 

or    𝑥2 + 2𝑥2 + 2𝑥2√2cosθ = 𝑥2  

or        cosθ = −
1

√2
 

∴ or         θ = 135° 

Again,     B⃗⃗ + C⃗ = −A⃗⃗  

or       (B⃗⃗ + C⃗ )∙ (B⃗⃗ + C⃗ ) = −(−A⃗⃗ ) ∙ (−A⃗⃗ ) 

or     𝑥2 + 2𝑥2 + 2𝑥2√2cosθ = 𝑥2  

or      cosθ = −
2𝑥2

2𝑥2√2cosθ
= −

1

2
 or   θ = 135° 

10. (d) 

Tension in the string 𝑇 = 𝑚𝜔2𝑟 = 4𝜋2𝑛2𝑚𝑟 

∴ 𝑇 ∝ 𝑛2 ⇒
𝑛2

𝑛1
= √

𝑇2

𝑇1
⇒ 𝑛2 = 5√

2𝑇

𝑇
= 7 𝑟𝑝𝑚 

11. (b) 

For same range angle of projection should be 𝜃 and 90 − 𝜃 

So, time of flights 𝑡1 =
2𝑢 sin 𝜃

𝑔
 and 

𝑡2 =
2𝑢 sin(90 − 𝜃)

𝑔
=

2𝑢 cos 𝜃

𝑔
 

By multiplying = 𝑡1𝑡2 =
4𝑢2 sin𝜃 cos 𝜃

𝑔2  

𝑡1𝑡2 =
2

𝑔

(𝑢2 sin2𝜃)

𝑔
=

2𝑅

𝑔
⇒ 𝑡1𝑡2 ∝ 𝑅 

12. (d) 

Radial force =
𝑚𝑣2

𝑟
=

𝑚

𝑟
(

𝑝

𝑚
)
2

=
𝑝2

𝑚𝑟
[As  𝑝 = 𝑚𝑣] 

13. (a) 

When body is released from the position 𝑝 (inclined at angle 𝜃 from vertical) then velocity at mean 

position 

𝑣 = √2𝑔𝑙(1 − cos 𝜃) 

∴ Tension at the lowest point = 𝑚𝑔 +
𝑚𝑣2

𝑙
 

= 𝑚𝑔 +
𝑚

𝑙
[2𝑔𝑙(1 − cos 60)] = 𝑚𝑔 + 𝑚𝑔 = 2𝑚𝑔 

14. (a) 

B⃗⃗ + (î + 2ĵ − 3k̂) = î 

or      B⃗⃗ =   −2ĵ + 3k̂ 

15. (d) 

cosθ =
(î+2ĵ+2k̂).î

(12+22+22)1/2=  
1

√3
=

1

3
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= 0.4472 = cos63°12′ 

16. (a) 

Centripetal velocity at highest point = √𝑔𝑅 = √10 × 1.6 = 4𝑚/𝑠 

17. (c) 

The velocity of the particle at any time 𝑡 

𝐯⃗ = 𝐯⃗ 0 + 𝐚⃗ 𝑡 

The 𝑥-component is 

𝑣𝑥 = 𝑣𝑎𝑥 + 𝑎𝑥𝑡 

The 𝑦-component is 

𝑣𝑦 = 𝑣𝑎𝑦 + 𝑎𝑥 = (−0.5𝑡)ms−1 

When the particle reaches its maximum 𝑥-coordinates, 𝑣𝑥 = 0. That is 

3 − 𝑡 = 0 

⇒ 𝑡 = 3s 

The 𝑦-component of the velocity of this time is 

𝑣𝑦 = −0.5 × 3 = −1.5 ms−1 

18. (b) 

A⃗⃗ = 2î − ĵ + 3k̂;  B⃗⃗  ⃗ = 3î − 2ĵ − 2k̂ ;  C⃗⃗⃗  =? 

R⃗⃗ = k̂ = A⃗⃗ + B⃗⃗ + C⃗  

k̂ = (2î − ĵ + 3k̂) + (3î − 2ĵ − 2k̂)+ C⃗  

= 5î − 3ĵ + k̂ + C⃗  

∴   C⃗ = −5î + 3ĵ 

19. (a) 

Tangential acceleration 𝑎 = 𝐿𝛼 

∴   Normal relation 𝑁 = 𝑀𝑎 = 𝑀𝐿𝛼 

∴   Frictional force 𝐹 = 𝑚𝑁 = 𝜇𝑀𝐿𝛼 

For no sliding along the length frictional force ≥ centripetal force 

𝑖𝑒, 𝜇𝑀𝐿𝛼 ≥ 𝑀𝐿𝜔2  

As   𝜔 = 𝜔0 + 𝛼𝑡 = 𝛼𝑡 

∴  𝜇𝑀𝐿𝛼 ≥ 𝑀𝐿(𝛼𝑡)2 ⇒ 𝑡 = √
𝜇

𝛼
 

20. (b) 

𝑚𝑣2

𝑟
∝

𝐾

𝑟
⇒ 𝑣 ∝ 𝑟𝑜 

𝑖. 𝑒. speed of the particle is independent of 𝑟 

21. (b) 

𝐸𝑘
′ = 𝐸𝑘 cos2 30° =

3𝐸𝑘

4
 

22. (d) 

Maximum tension in the string is 

𝑇max = 𝑚𝑔 +
𝑚𝑣𝐵

2

𝑙
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= 𝑚𝑔 +
2𝑚𝑔𝑙

𝑙
(1 − cos 𝜃0) 

= 𝑚𝑔 +
2𝑚𝑔𝑙

𝑙
. 2 sin2

𝜃0

2
 

∵ (1 − cos 𝜃0 = 2 sin2
𝜃0

2
) 

[Since 𝜃0 is small] 

= 𝑚𝑔(1 + 𝜃0
2) 

23. (a) 

Horizontal component of velocity 𝜐𝑥 = 500 𝑚/𝑠 and vertical components of velocity while striking the 

ground 

 
𝜐𝑦 = 0 + 10 × 10 = 100 𝑚/𝑠 

∴ Angle with which it strikes the ground 

𝜃 = tan−1 (
𝜐𝑦

𝜐𝑥
) = tan−1 (

100

500
) = tan−1 (

1

5
) 

24. (a) 

Here, Mass of a stone, 𝑚 = 2𝑘𝑔 

Length of a string, 𝑟 = 0.5 𝑚 

Breaking tension, 𝑇 = 900 𝑁 

As 𝑇 = 𝑚𝑟𝜔2 or 𝜔2 =
𝑇

𝑚𝑟
=

900

2×0.5
= 900 

𝜔 = 30 rad 𝑠−1 

25. (b) 

𝑣max = √𝜇𝑟𝑔 = √0.5 × 40 × 9.8 = 14 𝑚/𝑠 

26. (c) 

For projectile 𝐴 

Maximum height, 𝐻𝐴 =
𝑢𝐴

2 sin2 45°

2𝑔
 

For projectile 𝐵 

Maximum height 𝐻𝐵 =
𝑢𝐵

2 sin2 𝜃

2𝑔
 

As per equation 

𝐻𝐴 = 𝐻𝐵  

𝑢𝐴
2 sin2 45°

2𝑔
=

𝑢𝐵
2 sin2 𝜃

2𝑔
 

⇒
sin2 𝜃

sin2 45°
=

𝑢𝐴
2

𝑢𝐵
2  

⇒ sin2 𝜃 = (
𝑢𝐴

𝑢𝐵
)
2

sin2 45° 

⇒ sin2 𝜃 = (
1

√2
)
2

(
1

√2
)
2

  [∵
𝑢𝐴

𝑢𝐵
=

1

√2
 (Given)] 

⇒ sin 𝜃 =
1

2
⇒ 𝜃 sin−1 (

1

2
) = 30° 

27. (c) 

 

500 m/s 

100 m/s 

u = 500 m/s 
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Centripetal acceleration = 4𝜋2𝑛2𝑟 = 4𝜋2 (
1

2
)
2

× 4 = 4𝜋2 

28. (b) 

F⃗ 1 + F⃗ 2 + F⃗ 3 + F⃗ 4 = (5î − 5ĵ + 5k̂) + (2î + 8ĵ + 6k̂) 

+(−6î + 4ĵ − 7k̂)+(− î − 3ĵ − 2k̂) 

= 4î + 2k̂ 

This fore is in 𝑦 − 𝑧 plane. Therefore, particle will move in 𝑦 − 𝑧 plane. 

29. (a) 

Given,  𝑟 = (20/𝜋)m 

𝑣 = 80 m/s 

θ = 2 rev = 4π rad  

𝜔0 = 0 

From the equation 

𝜔2 = 𝜔0
2 + 2αθ, we have 

𝜔2 = 2αθ 

or   
𝑣2

𝑟2 = 2 ∙
𝑎

𝑟
θ 

or  𝑎 =
𝑣2

2𝑟θ
=

(80)2

2×(20/𝜋)×4𝜋
 

= 40 ms−2 

30. (d) 

 

31. 

 

(d) 

Here, 𝑟 = 5 m, 𝜇 = 0.5, 𝜔 =? , g = 10ms−2 

𝑚𝑟𝜔2 = 𝐹 = 𝜇𝑅 = 𝜇 𝑚g 

𝜔 = √
𝜇g

𝑟
= √

0.5×10

5
= 1 rad s−1 

32. (d) 

Kinetic energy given to a sphere at lowest point = potential energy at the height of suspension 

 

⇒
1

2
𝑚𝑣2 = 𝑚𝑔𝑙 

∴ 𝑣 = √2𝑔𝑙 

33. (b) 

Centripetal force = 𝑚𝑟𝜔2 = 5 × 1 × 4 = 20N 

34. (c) 

A particle performing a uniform circular motion has a transverse velocity and radial acceleration 

35. (a) 

𝑚𝑣2

𝑟
=

𝑘

𝑟2
 ⇒ 𝑚𝑣2 =

𝑘

𝑟
 ∴ K. E. =

1

2
 𝑚𝑣2 =

𝑘

2𝑟
 

P.E. =  ∫ 𝐹 𝑑𝑟 = ∫
𝑘

𝑟2  𝑑𝑟 = −
𝑘

𝑟
 

∴ Total energy = K. E. +P. E. =
𝑘

2𝑟
−

𝑘

𝑟
= −

𝑘

2𝑟
 

36. (c) 

Difference in K.E. = Difference in P.E. = 2𝑚𝑔𝑟 

37. (c) 

2

2

1
. mvEK 

 

P.E. = mgl 

l 
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𝑣 = √𝜇 𝑟g = √0.64 × 20 × 10 = 11.2 ms−1 

38. (d) 

A⃗⃗ ∙ (B⃗⃗ × A⃗⃗ ) = (A⃗⃗ × A⃗⃗ ) ∙ B⃗⃗ = (0⃗ ) ∙ B⃗⃗ = 0 

39. (d) 

𝑟1 = 𝑣/𝜔; 𝑟2 = 2𝑣/(𝜔/2) = 4𝑣/𝜔 = 4𝑟1 

𝑎1 = 𝑣2/𝑟1; 𝑎2 = (2𝑣)2/𝑟2 = 4𝑣2/𝑟1 = 𝑣2/𝑟1 = 𝑎1 

40. (d) 

Angular acceleration =
𝑑2𝜃

𝑑𝑡2 = 2𝜃2 

41. (b) 

Since range is max, therefore 𝜃 = 45° 

Hence, 𝑉𝑥 = 𝑉 cos 𝜃 = 𝑉 cos 45° =
𝑉

√2
 

At the highest point, the net velocity of the projectile is 

𝑉𝑥 = 𝑉 cos 45° 

∴ K. E. =
1

2
𝑚𝑉𝑥

2 =
1

2
𝑚

𝑉2

2
= 0.5 𝐾 

  

42. (b) 

Acceleration of electron 

=
𝑣2

𝑟
=

(2.18 × 106)2

0.528 × 10−10
= 9 × 1022 ms−2 

43. (d) 

Given, equation is 

𝑦 = 9𝑥2   … . (i) 

Since, 𝑥-component of velocity remains constant, we have 
𝑑𝑥

𝑑𝑡
=

1

3
ms−1    … (ii) 

From Eq. (i), we have 𝑦-component of velocity. 

𝑑𝑦

𝑑𝑡
= 18𝑥 ∙ (

𝑑𝑥

𝑑𝑡
)
2

 

𝑑𝑦

𝑑𝑡
= 18 (

𝑑𝑥

𝑑𝑡
)
2

= 18 × (
1

3
)
2

= 2ms−2 

∴ 𝐚y = 2 𝐣̂̇ ms−2 

44. (b) 

Let a body be projected at a velocity 𝑢 at an angle θ with the horizontal. Then horizontal range covered 

is given by 

  

𝑅 =
𝑢2 sin2θ

𝑔
 … (i) 

and height H is  

𝐻 =
𝑢2sin2θ

2𝑔
 … (ii) 
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Given,   𝑅 = 3𝐻 

𝑢2 sin 2θ

𝑔
= 3 ×

𝑢2sin2θ

2𝑔
 

Also,   sin2 θ = 2 sin θcos θ 

∴   
𝑢22 sin θ cos θ

𝑔
= 3 ×

𝑢2sin2θ

2𝑔
 

or  2 cos θ = 1.5 sin θ  

or tan θ =
2

1.5
= 1.33 

or θ = 53°7′′ 

Hence, angle of projection is 53°7′ 

45. (d) 

When the string makes an angle θ with the vertical, then 

𝑇 − 𝑚g cos θ =
𝑚𝑣2

𝑟
 

Substituting the values, we obtain 

6 − (1)(10) cos θ =
1 × (4)2

1
 

or   6 − 10 cos θ=16 

or  cos θ = −1 = cos 180° 

∴ = 180° 

  

46. (b) 

Range,𝑅 =
𝑢2 sin 2θ

𝑔
 

∴ 20 =
𝑢2 sin(2 × 30°)

𝑔
 

⟹
𝑢2

𝑔
=

20

sin 60°
=

20

√3
× 2 =

40

√3
 

Now,𝐻 =
𝑢2sin2θ

2𝑔
 

=
40

√3
×

sin230°

2
 

=
40

√3
×

(
1

2
)
2

2
=

5

√3
m 

 

 

47. (b) 

48. (b) 

𝑣2 = 𝑢2 + 2𝑎𝑠             …(i) 

 
At 𝐵, 𝑢 = 10 𝑚/𝑠 

at max. height, 𝜐 = 0 
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𝑎 = −10 𝑚/𝑠2; 𝑠 = ℎ/2 

From equation (i) 

0 = (10)2 + 2(−10)ℎ/2 ⇒ ℎ = 10 𝑚 

49. (b) 

𝐻 =
𝑢2 sin2 θ

2g
 

𝑑𝐻 =
2𝑢 sin2 θ

2g
𝑑𝑢 

∴   
𝑑𝐻

𝐻
=

2𝑑𝑢

𝑢
= 2 ×

1

10
 

∴% increase in 𝐻 =
𝑑𝐻

𝐻
× 100 

=
2

10
× 100 = 20% 

50. (d) 

For vertically upward motion of a projectile, 

𝑦 = (𝑢 sin α)𝑡 −
1

2
𝑔𝑡2 

or  ℎ = (𝑢 sin α)𝑡 −
1

2
𝑔𝑡2 

or  𝑔𝑡2 − (2𝑢 sinα)𝑡 + 2ℎ = 0 

∴ 𝑡 =
2𝑢 sinα ± √(4𝑢2sin2α) − 8𝑔ℎ

2𝑔
 

If two roots of quadratic Eq.(i) are 𝑡1 , 𝑡2 then 

 𝑡1 =
2𝑢 sinα + √4𝑢2sin2α − 8𝑔ℎ

2𝑔
 

𝑡2 =
2𝑢 sinα − √4𝑢2sin2α − 8𝑔ℎ

2𝑔
 

If particle crosses the wall at times 𝑡1 and 𝑡2 respectively, then time of flight 𝑡 is 

 𝑡 = √𝑡1𝑡2 

or 𝑡2 = 𝑡1𝑡2 

∴  (
2𝑢 sinα

𝑔
)
2

=
(2𝑢 sinα)2 − (4𝑢2sin2𝛼 − 8𝑔ℎ)

4𝑔2
 

or 
4𝑢2sin2𝛼

𝑔2
=

8𝑔ℎ

4𝑔2
 

or 2𝑢2sin2α = 𝑔ℎ  

Given, 𝑢 = √2𝑔ℎ 

 ∴   2(2𝑔ℎ)sin2𝛼 = 𝑔ℎ 

or  sin2𝛼 =
1

4
 

or  sinα =
1

2
 

∴   𝛼 = 30° 

 


