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MOTION IN A PLANE LEVEL 2 
 

Single Correct Answer Type 

1 (a) 

Here  A⃗⃗ − OP⃗⃗⃗⃗  ⃗ = 10 units along 𝑂𝑃 

B⃗⃗ − (OQ⃗⃗⃗⃗  ⃗) = 10 units along 𝑂𝑄 

∴    ∠𝑋𝑂𝑃 = 30° and  ∠𝑋𝑂𝑄 = 135° 

∴    ∠𝑄𝑂𝑋′ = 180° − 135°=45° 

 

Resolving   A⃗⃗  and  B⃗⃗  into two rectangular components we have 𝐴 cos 30° along 𝑂𝑋 and 𝐴 sin 30° along 

𝑂𝑌. 𝐵 cos 45° along 𝑂𝑋′ 𝑎𝑛𝑑 𝐵 sin 45° along 𝑂𝑌′. 

Resultant component force along 𝑋-axis. 

(𝐴 cos30° − 𝐵sin45)î 

= (10 × √3/2 − 10 × 1/√2)î = 1.59î 

Resultant component force along 𝑌-axis 

= (𝐴 sin30° + 𝐵sin45°)ĵ 

= (10 × 1/2 + 10 × 1/√2)ĵ = 12.07ĵ 

2 (c) 

A⃗⃗ + B⃗⃗ = C⃗  (given) 

So, it is given that C⃗  is the resultant of A⃗⃗  and B⃗⃗  

∴      𝐶2 = 𝐴2 + 𝐵2 + 2𝐴𝐵 cosθ 

32 = 3 + 3 + 2 × 3 × cosθ 

3=6 cosθ   or cosθ =
1

2
     ⇒ θ 60° 

3 (a) 

A⃗⃗ ∙ B⃗⃗ = 0 ⇒ A⃗⃗ ⊥ B⃗⃗  

Now,  A⃗⃗ × B⃗⃗ = 1⃗    or  𝐴𝐵 sinθ = 1 

𝐴𝐵 sin90° = 1  or  𝐴𝐵 = 1 ⇒ 𝐴 = 1 and 𝐵 = 1 

So,   A⃗⃗    and B⃗⃗  are perpendicular unit vectors. 

4 (c) 

Here, 𝑣max =? , 𝑟 = 18 m, g = 10 ms−2 

𝜇 = 0.2 

𝑚𝑣max
2

𝑟
= 𝐹 = 𝜇𝑅 = 𝜇𝑚g 

𝑣max = √𝜇𝑟g = √0.2 × 18 × 10 = 6 ms−1 

= 6 ×
18

5
km h−1 = 21.6 km h−1 

5 (b) 

𝑣 = √5g𝑅 

When  𝑅′ =
𝑅

4
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𝑣′ = √5g𝑅′ = √5g𝑅/4 =
1

2
√5g𝑅 =

1

2
𝑣 

6 (b) 

𝑇 sin θ = 𝑚𝑟𝜔2 = 𝑚(𝑙 sinθ)𝜔2 

or  𝑇 = 𝑚𝑙𝜔2 = 𝑚𝑙 (2𝜋 ×
2

𝜋
)
2

= 16𝑚𝑙 

7 (a) 

𝑅 = 𝑚𝑔 cos 𝜃 −
𝑚𝑣2

𝑟
 

 
When 𝜃 decreases cos 𝜃 increases 𝑖. 𝑒., 𝑅 increases 

8. (a) 

Area of parallelogram = |𝐴 × 𝐵| 

𝐴𝐵 sinθ =
1

2
𝐴𝐵 

∴ sinθ =
1

2
, θ = 30° 

9. (a) 

In this problem it is assumed that particle although moving in a vertical loop but its speed remain 

constant 

Tension at lowest point 𝑇max =
𝑚𝑣2

𝑟
+ 𝑚𝑔 

Tension at highest point 𝑇min =
𝑚𝑣2

𝑟
− 𝑚𝑔 

𝑇max

𝑇min
=

𝑚𝑣2

𝑟
+ 𝑚𝑔

𝑚𝑣2

𝑟
− 𝑚𝑔

=
5

3
 

By solving we get, 𝑣 = √4𝑔𝑟 = √4 × 9.8 × 2.5 = √98 𝑚/𝑠 

10. (c) 

𝐹 = 𝑚𝜔2𝑅 ∴ 𝐹 ∝ 𝑅 ( 𝑚 and 𝜔 are constant) 

If radius of the path is halved, then force will also become half 

11. (d) 

Let A⃗⃗ , B⃗⃗  and C⃗  be as shown in figure. Let θ be the angle of incidence, which is also equal to the angle of 

reflection. Resolving these vectors in rectangular components, we have 

 

A⃗⃗ =sinθî − cosθĵ 

B⃗⃗ = sinθî + cosθĵ 

B⃗⃗ − A⃗⃗ = 2cosθ ĵ 

or  B⃗⃗ = A⃗⃗ + 2cosθ ĵ 
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Now  A⃗⃗ . C⃗ = 2cosθĵ  or B⃗⃗ = A⃗⃗ cosθ ĵ  

∴    B⃗⃗ = A⃗⃗ − 2(A⃗⃗ . C⃗ )ĵ  or   B⃗⃗ = A⃗⃗ − 2(A⃗⃗ . C⃗ )C⃗                    (as ĵ = C⃗ ) 

12. (c) 

In projectile motion given angular projection, the horizontal component velocity remains unchanged. 

Hence  

𝑣 cos α = 𝑢 cos θ or 𝑣 = 𝑢 cos θ sec α 

13. (d) 

s = 0 × 1 +
1

2
× 9.8 × 1 × 1 = 4.9 m 

14. (d) 

Minimum speed at the highest point of vertical circular path 𝑣 = √𝑔𝑅 

15. (c) 

When θ = 180°, the particle will be at diametrically opposite point, where its velocity is opposite to the 

initial directions of motion. The change in momentum = 𝑚𝑣 − (−𝑚𝑣) = 2𝑚𝑣 (maximum). When θ =

360°, the particle is at the initial position with momentum 𝑚. Change in momentum 𝑚𝑣 − 𝑚𝑣 = 0 

(minimum) 

16. (d) 

𝑅 = 4𝐻 cot 𝜃, if 𝜃 = 45° then 𝑅 = 4𝐻 ⇒
𝑅

𝐻
=

4

1
 

17. (b) 

Maximum tension in the thread is given by 

𝑇max = 𝑚𝑔 +
𝑚𝑣2

𝑟
 

or 𝑇max = 𝑚𝑔 + 𝑚𝑟𝑤2           (∵ 𝑣 = 𝑟𝜔) 

or  𝜔2 =
𝑇max − 𝑚𝑔

𝑚𝑟
 

Given,    𝑇max = 37 N,m = 500g = 0.5 kg, 𝑔 = mg−2, 

𝑟 = 4m 

∴    𝜔2 =
37 − 0.5 × 10

0.5 × 4
=

37 − 5

2
 

or  𝜔2 = 16 

or ω = 4 rad s−1 

 

18. (a) 

𝑚𝑔 = 1 × 10 = 10𝑁,
𝑚𝑣2

𝑟
=

1 × (4)2

1
= 16 

Tension at the top of circle =
𝑚𝑣2

𝑟
− 𝑚𝑔 = 6𝑁 

Tension at the bottom of circle =
𝑚𝑣2

𝑟
+ 𝑚𝑔 = 26𝑁 

19. (a) 

Centripetal force 

𝑚𝑣2

𝑅
= 𝑚𝑎 

or     𝑎 =
𝑣2

𝑅
 

∴     
𝑎1

𝑎2
=

𝑣1
2

𝑣2
2 

Here, 𝑣1 = 𝑣,   𝑣2 = 2𝑣, 𝑎1 = 𝑎 

∴   
𝑎

𝑎2
=

𝑣2

(2𝑣)2
=

1

4
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or   𝑎2 = 4𝑎 

20. (d) 

Displacement is distance from initial to final position In 40s cyclist completes =1 round 

∴ In 3min(180 s) cyclist will complete = 4
1

2
 round Displacement for 4 round is zero. 

Displacement for 
𝑙

2
 round = length of diagonal = 2√2m.  

 
21. (d) 

𝐵𝑥 = 10 − 6 = 4 and 𝐵𝑦 = 9 − 6 = 3 

so,  𝐵 = (𝐵𝑥
2 + 𝐵𝑦

2)
1/2

=√42 + 32 = √16 + 9 

= √25 = 5 

22. (c) 

𝜔 =
𝑑𝜃

𝑑𝑡
=

𝑑

𝑑𝑡
(2𝑡3 + 0.5) = 6𝑡2 

At 𝑡 = 2 𝑠, 𝜔 = 6 × (2)2 = 24 𝑟𝑎𝑑/𝑠 

23. (a) 

Here, 𝑟 = 92 m, 𝑣 = 26 ms−1, μ =? 

As  
𝑚𝑣2

𝑟
= 𝐹 = 𝜇𝑅 = 𝜇 𝑚g 

𝜇 =
𝑣2

𝑟g
=

26 × 26

92 × 9.8
= 0.75 

24. (c) 

𝑣 = √𝜇 𝑟g = √0.25 × 80 × 9.8 = 14 ms−1 

25. (a) 

|∆𝑣⃗⃗ ⃗⃗ | = 2𝑣 sin(𝜃/2) = 2𝑣 sin(
90

2
) = 2𝑣 sin 45 = 𝑣√2 

26. (b) 

Let   Â + B̂ = R̂  then using parallelogram law of vectors we have 

1 = (12 + 12 + 2.1.1 cosθ)1/2 

or       1 = 2(1 +  cosθ) 

or        
1

2
− 1 =  cosθ 

or       cosθ = −
1

2
= cos120° 

or      θ = 120° 

∴  |Â − B̂| = |Â + (−B̂)|. 

Now the angle between Â   and  − B̂ is 60° 

The resultant of |Â + (−B̂)| 

(12 + 12 + 2 × 1 × 1 × cos60°)1/2 

=√3 

27. (d) 

We know that if two stones have same horizontal range, then this implies that both are projected at θ 
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and 90° − θ. 

Given, θ =
π

3
= 60° 

∴   90° − θ = 90° − 60° = 30° 

For first stone, 

Maximum height = 102 =
𝑢2sin260°

2g
 

For second stone, 

Maximum height, ℎ =
𝑢2sin230°

2g
 

∴  
ℎ

102
=

sin230°

sin260°
=

(1/2)2

(√3/2)
2 

or ℎ = 102 ×
1/4

3/4
= 34 m 

28. (b) 

�⃗� = 𝑟 × 𝑚𝜐 = 𝐻 𝑚𝑣cos 𝜃 =
𝜐 sin2 𝜃

2𝑔
𝑚𝜐 cos 𝜃 =

𝑚𝜐3

4√2𝑔
 

29. (c) 

𝑣2

g
= 100 or 𝑣2 = 100 g 

ℎmax. =
𝑣2

2g
=

100g

2g
= 50m 

30. (b) 

𝜔1 = 2𝜋𝑟 = 2𝜋 × 20,𝜔2 = 0, 𝑡 = 20𝑎, 𝛼 =? 

As  𝜔2 = 𝜔1 +  𝛼𝑡 

∴  𝛼 =
𝜔2−𝜔1

𝑡
=

40𝜋−0

20
= 2𝜋 rad s−2 

31. (d) 

Maximum range =
𝑢2

𝑔
= 100 𝑚 

Maximum height =
𝑢2

2𝑔
=

100

2
= 50 𝑚 

32. (b) 

When a body is revolving in circular motion it is acted upon by a centripetal force directed towards the 

center. Water will not fall if weight is balanced by centripetal force. Therefore  

 

𝑚𝑔 =
𝑚𝑣2

𝑟
 

⟹ 𝑣2 = 𝑟𝑔  … (i) 

Circumference of a circle is 2𝜋𝑟. 

Time of revoluation =
2π𝑟

𝑣
 

Putting the value of 𝑣 from Eq. (i), we get 

𝑇 =
2𝜋𝑟

√𝑔𝑟
= 2𝜋√

𝑟

𝑔
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Given, 𝑟 = 4 m, 𝑔 = 9.8 
m

s

2

 

∴ 𝑇 = 2𝜋√
4

9.8
 

⟹ 𝑇 =
4𝜋

√9.8
= 4s 

33. (b) 

Centripetal force = breaking force 

⇒ 𝑚𝜔2𝑟 = breaking stress × cross sectional area 

⇒ 𝑚𝜔2𝑟 = 𝑝 × 𝐴 ⇒ 𝜔 = √
𝑝 × 𝐴

𝑚𝑟
=  √

4.8 × 107 × 10−6

10 × 0.3
 

∴  𝜔 = 4 𝑟𝑎𝑑/𝑠𝑒𝑐 

34. (d) 

θ = 2𝜋𝑛 = 𝜔0𝑡 +
1

2
𝛼𝑡2 

2𝜋 × 10 =
1

2
 𝛼42 or  𝛼 =

40𝜋

16
 

Let it make 𝑁 rotations in the first 8 s 

Then, 2𝜋𝑁 =
1

2
𝛼 82 

or  𝑁 =
1

2𝜋
×

64

2
×

40𝜋

16
= 40 

∴ The required number of rotations 

= 40 − 10 = 30 

35. (d) 
1

2
𝑚𝑢2 −

1

2
𝑚𝑣2 = 𝑚𝑔𝐿 

⇒ 𝑣 = √𝑢2 − 2𝑔𝐿 

|𝑣 − �⃗� | = √𝑢2 + 𝑣2 = √𝑢2 + 𝑢2 − 2𝑔𝐿 = √2(𝑢2 − 𝑔𝐿) 

36. (a) 

Given, 𝜔1 = 2𝜋 × 400 rad s−1 

𝜔2 = 2𝜋 × 200 rad s−1 

∴ 𝛼 =
2𝜋(400−200)

2
= 200𝜋 rad s−2 

37. (c) 

In uniform circular motion tangential acceleration remains zero but magnitude of radial acceleration 

remains constant. 

38. (b) 

Horizontal range 

𝑅 =
𝑢2 sin2𝜃

𝑔
                      ...(i) 

Maximum height 

𝐻 =
𝑢2 sin2 𝜃

2𝑔
                    ...(ii) 

Here (i)=(ii) 

𝑢2 sin 2𝜃

𝑔
=

𝑢2 sin2 𝜃

2𝑔
 

2 cos 𝜃 =
sin𝜃

2
 

𝜃 = tan−1(4) 
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39. (d) 

For critical condition at the highest point 𝜔 = √𝑔/𝑅 

⇒ 𝑇 =
2𝜋

𝜔
= 2𝜋√𝑅/𝑔 = 2 × 3.14√4/9.8 = 4 sec 

40. (d) 

tanθ =
𝐿

𝐴
 

tan30° =
10𝑣

3400
 

𝑣 =
340

√3
= 196.3 m/s 

41. (d) 

𝑣max = √𝜇𝑟𝑔 = √0.2 × 100 × 9.8 = 14𝑚/𝑠 

42. (b) 

𝐹 =
𝑚𝑣2

𝑟
. For same mass and same speed if radius is doubled then force should be halved 

43. (a) 

𝑅 =
𝑣2 sin2θ

g
= 200, 𝑇 =

2𝑣 sin θ

g
= 5 

Dividing,  
𝑣2×2sin θ cosθ

g
×

g

2𝑣 sinθ
=

200

5
= 40 

or 𝑣 cos θ = 40ms−1 

It may be noted here that the horizontal component of the velocity of projection remains the same 

during the flight of the projectile 

44. (a) 

𝑅max = 𝑅 =
𝑢2

𝑔
 

⟹ 𝑢2 = 𝑅𝑔 

Now, as range =
𝑢2sin2θ

g
 

then
𝑅

2
=

𝑅𝑔sin2θ

g
 

⟹ sin2θ =
1

2
= sin30° ⟹ θ = 15° 

45. (c) 

Velocity at the lowest point, 𝑣 = √2g𝑙 

At the lowest point, the tension in the string 

𝑇 = 𝑚g +
𝑚𝑣2

𝑙
= 𝑚g +

𝑚

𝑙
(2g𝑙) = 3𝑚g 

46. (d) 

Tension is string = centrifugal force 

In first case, 𝐹 = 𝑚 𝑟 𝜔2 

In second case, 𝐹′ = 𝑚(2𝑟)(2𝜔)2 = 8𝑚𝑟 𝜔2 = 8 𝐹 

47. (d) 

At 45°, 𝑣𝑥 = 𝑣𝑦  

or  𝑢𝑥 = 𝑢𝑦 − g𝑡 

∴   𝑡 =
𝑢𝑦 − 𝑢𝑥

g
 

=
40(sin60° − sin 30°)

9.8
= 1.5 s 
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48. (c) 

𝐹 =
𝑚𝑣2

𝑟
=

500×(10)2

50
= 1000N 

49. (a) 

At the highest point of trajectory, the velocity becomes horizontal. So, it is perpendicular to acceleration 

(which is directed vertically downwards) 

50. (b) 

Area in which bullet will spread = 𝜋𝑟2 

For maximum area, 𝑟 = 𝑅max =
𝑣2

𝑔
 [When 𝜃 = 45°] 

Maximum area 𝜋𝑅max
2 = 𝜋 (

𝜐2

𝑔
)
2

=
𝜋𝜐4

𝑔2  

 


