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DE TAILED EXPL ANATIONS

1.1.1.1.1. (c)(c)(c)(c)(c)
The reaction on the block (R) = 20 kg f
The horizontal force needed to move the block

= µR = 0.22 × 20
= 4.4 kg f

2.2.2.2.2. (d)(d)(d)(d)(d)

Acceleration (a) = 23 2
dv

t t
dt

= −

at t = 3 sec.
a = 3 × 3 × 3 – 2 × 3 = 21 m/s2

3.3.3.3.3. (b)(b)(b)(b)(b)

4.4.4.4.4. (c)(c)(c)(c)(c)
For perfectly elastic collision e = 1.0

5.5.5.5.5. (a)(a)(a)(a)(a)
Considering equilibrium of forces in N-S direction

N

F
PP

45° 45° E

2 2

P P
F

   + −      
 = 0

F =
2 2

2
P P=

6.6.6.6.6. (b)(b)(b)(b)(b)

R2 cos 45° = R1 R1 W
R2

R1

R2

45°

W

R2 sin45° = W

⇒ R2 = 2W

∴ R1 =
1

2
2

W W× =

W = 50 N
∴ R1 = 50 N
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7.7.7.7.7. (d)(d)(d)(d)(d)

8.8.8.8.8. (b)(b)(b)(b)(b)
490.5 N

N

F

P = 150 N

y

x

When body is at rest, for equilibrium,
N = 490.5 N

Applied force,  P = 150 N
Maximum static friction force,

Fmax = µsN
= 0.5 (490.5)
= 245.25 N

Because P < Fmax, we conclude that the block is in static equilibrium and correct value of friction force is,
F = 150 N

9.9.9.9.9. (a)(a)(a)(a)(a)
As the rod reaches it lowest position, the center of mass is lowered by a distance l. Its gravitational
potential energy is decreased by mgl.
Rotation occurs about the horizontal axis through the clamped end.

Clamp

l

l

Moment of inertia, I =
2

3
ml

Now, by work energy theorem;
Total work done = Change in kinetic energy

(∆W)mgl = (KE)f – (KE)i

mgl = ω21
2
I  – 0

ω21
2
I = (mgl)

 
ω 

 

2
21

2 3
ml

= (mgl)

ω2 =
6g
l

ω =
6g
l

Linear speed of the free end at given instant, v = lω

V = × 6gl
l

V = 6gl

10.10.10.10.10. (d )(d )(d )(d )(d )
For the mass m, mg – T = ma

For cylinder, T × R = I α

T × R = 2 a
mR

R
×

T = ma
⇒ mg = 2ma

⇒ a = 2ms
2
g −
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11.11.11.11.11. (a)(a)(a)(a)(a)
Free body diagram of ladder is

A
RA θ

W B
P

RB

Using equilibrium equations.
RA = P

and RB = W
Taking moment about B.

cos sin
2AR W⋅ θ = ⋅ θ
ll

RA =
1

tan
2

W Pθ =

12.12.12.12.12. (c)(c)(c)(c)(c)

Shape Area Centroid from
base

Square

Half circle

A d1 = 2

A d2 = π 2/8

y d1 = /2

y d2 = 2 /3π

The centroid of hatched position from base.

y = 1 1 2 2

1 2

A y A y
A A

−
−

=

2
2

2
2

2
102 8 3

3(8 )
8

d d dd d
dd

π⋅ − ⋅
π =

− ππ−

13.13.13.13.13. (b)(b)(b)(b)(b)
  FBD  FBD  FBD  FBD  FBD

ΣFy = 0

WRS

RA
θ

W = RS cos θ

RS =
100 10

75
×

cos θ =
75

10 10
θ

5

75

sin θ =
5

10
ΣFX = 0

RS sin θ = RA

∴ RA =
1000 5

57.735N
1075

× =
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14.14.14.14.14. (a)(a)(a)(a)(a)

300 N

A

500 N
B

C

P

T
0.3 NA

NA

NA

0.3 NA

0.3 NB

NB

Considering first FBD of block A:
∑Fy = 0

⇒ NA = 300 N
⇒ ∑Fx = 0
⇒ T = 0.3 NA = 0.3 × 300 = 90 N
Now consider FBD of block B :

∑Fy = 0
⇒ NB = NA + 500 = 300 + 500 = 800 N

∑Fx = 0
⇒ P = 0.3 NA + 0.3 NB

⇒ P = 0.3 (300 + 800)
= 330 N

15.15.15.15.15. (a)(a)(a)(a)(a)

80 mm 80 mm

60 mm

60 mm

F

CD

A E B

x
40mm

x

y

(0, 0)

2 3S. No. Shape Area (mm )  (mm) (mm )

1 19200 80 1536000

2 Circle 5026.55 5026.55

3 EBF 2400 133.33 320000

11773.45 1216000 5026.55

a
ABCD

a a

− −
∆ − −

∑ = ∑ = −

x x

x x

x x

Now, x =
a
a

∑
∑
x
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⇒ x =
1216000 5026.55

11773.45
− x

⇒ x = 72.38 mm

16.16.16.16.16. (c)(c)(c)(c)(c)

A B

T T

4 kN 3 kN

4
9.81

3
9.81

a a

For block A,

4
9.81

T a− = 4 ...(i)

For block B,

3
9.81

T a+ = 3 ...(ii)

For equation (i) and (ii), we get

⇒
7

9.81
a

= –1

∴ a = –1.401 m/s2 (Because of this deceleration, the system will come to rest)
The system comes to rest when final velocity becomes zero
∴ v = u + at
⇒ 0 = 1.85 – 1.401t
∴ t = 1.32 sec

17.17.17.17.17. (d)(d)(d)(d)(d)

30°

T mg = 2.0 

FT

mg

Fn

Tangential force, FT = mg sin 30° = 0.5 mg
Normal force, Fn = T – mg cos 30°

⇒ Fn = 2 mg – 0.866 mg
⇒ Fn = 1.134 mg

Normal acceleration, an = nF
m

⇒ an =
1.134mg

m

⇒ an = 1.134 × 9.81 = 11.125 m/s2
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∵ an =
2V

R

⇒ 11.125 =
2

1
V

⇒ V = 3.34 m/s

18.18.18.18.18. (b)(b)(b)(b)(b)

x dx

5 m

Let the cross-sectional area be α. The mass of an element (dm) of length dx located at a distance x away
from the left end is (0.5 + 3x)α dx. The x-coordinate of the centre of mass is given by,

Xcm =

( )

( )

+ α
=

+ α

∫∫
∫ ∫

5

0
5

0

0.5 3

0.5 3

d
dm

dm
d

x x x
x

x x

=
( )

( )

+ α

+ α

∫

∫

5
2

0
5

0

0.5 3

0.5 3

x x dx

x x dx

=

   
+         

 
× +    

2 3

2

5 50.5 3
2 3

50.5 5 3
2

=
6.25 125

3.28 m
2.5 37.5

+
+

�

19.19.19.19.19. (b)(b)(b)(b)(b)

mT F  cos θ

F  sin θ

N′

mg

Considering free body diagram
F cosθ = T + µN ′

T cosθ = µ mg + µ(mg – F sinθ) [ ]sinN mg F= − θ′

⇒ F =
2

cos sin
mgµ

θ + µ θ
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⇒ For Fmin =
2

2

1

mgµ

+ µ

∵ [Max value of a cosθ + b sin θ is 2 2a b+ ]

20.20.20.20.20. (d)(d)(d)(d)(d)
Let the velocity of box as it reaches point D is v.
Energy conservation between A and D

mg × 100 = × + 21
60

2
mg mv

v = 28.01 m/s
As the box reaches the highest point after take off, it will have velocity,

vh = vcosθ = 28.01 × cos(30)
vh = 24.26 m/s

Energy conservation between A and the highest point

mg × 100 = ( )× + × 2
max

1
24.26

2
mg h m

hmax = 70 m

21.21.21.21.21. (b)(b)(b)(b)(b)
Apply virtual work method,

x =
θ 

  
2 sin

2
l

h =
θ 

  
cos

2 2
l

⇒ dx =
θ θ 

  
2 cos

2 2
dl

h h

θ/2

x

mg mg

l

P

dh =
θ θ −   

sin
2 2 2

dl

⇒
θ 

  
cos

2

d x
= − ×

θ 
  

4
sin

2

dh

By principle of virtual work,
⇒ Pdx + 2mgdh = 0 = WD

⇒ P × dx =
θ × ×  

2 tan
2 4

dmg x

⇒
2P
mg =

θ 
  

tan
2

⇒ θ =
−  ×  

 
1 2

2 tan
P

mg

θ = 90°

22.22.22.22.22. (a)(a)(a)(a)(a)
There are three forces acting on the bar AB; pull Q at B, tension in string T and reaction at point A i.e. Ra.
For isosceles triangle ABC,
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β =
π − α α   γ = = ° −      

90
2 2

If there is no friction on pulley, tension in string BC will be P.
Taking moment about point A,
(P cosδ) × (l sinα) + (P sinδ)(l cosα) = Qlsinα

Pl sin(α + δ) = Qlsinα
Psin(180° – β) = Qsinα

α − +  
sin 180 90

2
P = Qsinα

α
cos

2
P =

α α
2 sin cos

2 2
Q

C

B

α

Pl

l
Q

A

γ

Ra

α

β

δ
T P = 

α α   −      
cos 2 sin

2 2
P Q = 0

or
α

sin
2

=
2
P
Q

Pcosδ
P

Psinδ B

δ

l cosα
Q

l sinα

(90 – )α
Ra

l

A

α =
− −   = = °   ×   
1 1 9002sin 2sin 23.6057

2 2 2200
P
Q

α =
π ×   

23.6057
180  = 0.412 radian

23.23.23.23.23. (d)(d)(d)(d)(d)
From Newton’s first law,
ΣFy = 0

60°

Q

N2

N3

30°

F N2 2 = 0.2

N2 sin60° – 0.2N2 sin30° – Q = 0
Q = 0.766 N2
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ΣFX = 0
N2 cos60° + 0.2N2 cos30° – P = 0

P = 0.673 N2

P
Q

=
0.673
0.766

30°

P60°

N1

F N2 2 = 0.2 

N2

P = 0.878Q � 0.9Q
α = 0.9

24.24.24.24.24. (b)(b)(b)(b)(b)
Suppose in small time interval ∆t, the ring is displaced from A to A′ and the block from C to C′.

θ = 30°

C

C′

A′A

B

D

Now AB + BC = A′B + BC′
⇒ AD + DB + BC = A′B + BC′
⇒ AD = BC′ – BC [∵ A′B � DB]

⇒ AD = CC′
 θ = ′ 
cos AD

AA

⇒
′Α θ
∆
cosA
t

=
′

∆
CC

t

⇒ Vcosθ = V′
⇒ V′ = 10 × cos30° = 8.66 km/hr

25.25.25.25.25. (a)(a)(a)(a)(a)
Let speed of car moving in opposite direction is V km/hr.
From relative velocity approach, velocity of opposite direction car = V + 80

∴
Distance
Velocity = Time

⇒ +
20

80V
=

8
60

⇒ V = 70 kmph = 19.44 m/s
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26.26.26.26.26. (c)(c)(c)(c)(c)

T2
T1

60°

2000 g

60°

Using Lami’s theorem, ( )° + °
1

sin 90 60
T

 = ( )° − ° + ° + °
2

sin 360 (90 60 90
T

⇒ °
1

sin150
T

= °
2

sin120
T

⇒
1

2

T
T = 0.577

27.27.27.27.27. (b)(b)(b)(b)(b)
Resolving the forces in horizontal and vertical components.
In x-direction,
⇒ ΣFx = 100cos45° – 40cos60°
⇒ ΣFx = 70.71 – 20
⇒ ΣFx = 50.71 N

60° 45°

40 N

100 Ny

R

10
5.

35
 N

50.71 N

θ

x

In y-direction,
ΣFy = 40sin60° + 100 sin45°

⇒ ΣFy = 105.35 N

∴Resultant of given forces, R = ( ) ( )Σ + Σ2 2
yF Fx

⇒ R = ( ) ( )+ 22 105.3550.71

⇒ R = 116.92 N

⇒ θ =
−  

 
 

1tan yF

Fx

⇒ θ =
−  

  
1 105.35tan

50.71

⇒ θ = 64.3° from x-axis
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28.28.28.28.28. (a)(a)(a)(a)(a)
FBD of 80 N block,

µ  ⋅ N T

80 N

N
a (m/s )

2

ΣFy = 0,
⇒ N = 80 N

ΣFx = ma,
⇒ T – µN = ma

⇒ T – 0.2(80) =
⋅80 a

g [∵ W = mg]

⇒ T – 16 =
80a
g ...(i)

FBD of 100 N block,

100 N

T

a (m/s )
2

ΣFy = ma
⇒ 100 – T = ma

⇒ 100 – T =
⋅100 a

g ...(ii)

From equation (i) and (ii),

 − + 
 

80
100 16

a
g =

100a
g

⇒ 84 =
180a

g

⇒ a =
27

m/s
15
g

∴ T =
 +   

80 716
15
g

g  = 53.33 N
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29.29.29.29.29. (a)(a)(a)(a)(a)
Let the acceleration of system be a0 in the left direction due to applied force P.
Consider the motion of rectangular block from the frame of prism which is non-inertial. A pseudo force
equal to ma0 has to be applied on rectangular block in the right direction.

θ

mao

mao cosθ

mgsinθ

mg

N

θ

θ

mgcosθ

mao sinθ

To prevent sliding of rectangular block.
mgsinθ = ma0cosθ

⇒ a0 = g ...(i)
Now, N = mgcosθ + ma0sinθ
⇒ N = mgcos45° + ma0sin45°

⇒ N = 2mg ...(ii)

Considering motion of prism,

θ

PNsinθ

mg

N
N′

θ

∴ P – Nsinθ = ma0

⇒ P = ma0 + Nsin45°

⇒ P = + × 12
2

mg mg {from (i) and (ii)}

∴ P = 2 mg
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30.30.30.30.30. (c)(c)(c)(c)(c)
The free body diagram of all the three cylinder are as shown below:

A B

C

RD RE

150 N150 N

200 NRF RG

RG

45° 45°

θ = 45° θ = 45°TT

RF

Consider the free body diagram of cylinder C.
Each cylinder in in equilibrium.

∴ θ =
−  

  
1 170cos

240  = 44.9° � 45°

Let, RG and RF are the reactive forces.
Applying equilibrium conditions:

ΣFx = 0
⇒ RFsin45° – RGsin45° = 0

RF = RG
ΣFy = 0

⇒ RFcos45° + RGcos45° = 200

⇒ RF = RG = °
200

2cos45
 = 141.42 N

Similarly, considering freebody diagram of cylinder A and applying equilibrium conditions,
ΣFx = – RFcos45° + T = 0

⇒ T =  RFcos45° = 141.42 × cos45°
= 99.999 N
� 100 N

ΣFy = – RF sin45° – 150 + RD = 0
⇒ RD = RF sin45° + 150

= 141.42 × sin45° + 150 = 250 N


