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N.L.M FRICTION

SINGLE CORRECTEXERCISE – I

1. A

From constrained
– 5 – 5 – 5 + v

B
= 0

v
B
 = 15 m/s ↓

2. A
From constrained
+2 – v

B
 – v

B
 + 1 = 0

↑= s/m2/3vB

3. A

From constrained

– a – a
B
 – a

B
 + f = 0









−=

2

a

2

f
aB  = ( )↑− af

2

1

4. A

From constrained

– a
C
 + 2 + 2 – 1 – 1 – a

C
 = 0

a
C
 =1 m/s2 ↑

5. B

CA DB

6
 m

/s

6
m

/s

4
 m

/s

P1 P2

0
2

66–
v

1p =
+

=

0|v||v|
21 pp ==

v
D
 = – v

C

∴∴∴∴ velocity of C is = 4 m/s

6. A

 
A

B

0.6 m/s

v

From constrained

v – 0.6 – 0.6 – 0.6 = 0

V= 1.8 m/s

7. A

A

37°
B

10 m/s

20m/s

20m/s

v

v cos 37° = 20

s/m25
4

520
v =

×
=

8. D

A

P

B

Q

θ θ

M

u
u

v

From constrained

v cos θ = u

v = 
θcos

u

9. B

A B

v0
vA

From constrained

V
0
 – V

A
 – V

A
 + V

0
 + V

0
 = 0

2

V3
V 0

A =

V
AB

 = V
A
  – V

B
 = 

2

V3 0
 – V

0

)Righttowards(
2

V0=
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10. C

A

B

u

90°–

V

From constant

v cos θ = u sin θ
v = u tan θ

11. A

A B
C

a b
Let

ĵcîcC yx +=

C
x
 = a →

–a – b + 0 + 0 – b – a + c = 0

c
y
 = (2a+2b)  ↓ (By constrain Motion)

In ground frame

∴  ĵ)b2a2(–îaC +=

12. A
b

1α
1α
2α

a
b cos α

2
 = a cos α

1

2

1

cos

cosa
b

α

α
=

13. B

A

BNB

NA

60°

60°

30°
30°

N
A
 sin 60° = 500

3

1000
NA =

N
A
 cos 60° = N

B
 ⇒ 

3

500
NB =

14. A

W
M

2k
g

W
M

2kg

30º 30º

Weighing Machine
always Measure Normal

So N = 310

15. A

mg
N1

N2

30°

45°

30°

N2

30°

30°

45°

45°
N145°

30°

N2

N1

45°

mg

2

3N

2

N
50 21 =+ ...(1)

2

N

2

N 21 = ...(2)

On solving we get
N

1
 and N

2

N
1
 = 96.59 N, N

2
 = 136.6 N
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16,17,D,A

w

F3

45°
45°T=60N

F1

F
1
 = F

3
 = T cos 45° = 60 × 

2

1
 = N

2

60

N
2

60
W =

18. B

M

B

A

F
θ

T
T

T sin θ = F

T = 
θsin

F

19. B

45°

mg

45°
mg

A

B

mg

mg

T

T

C

Force along the rod is same

= mg cos 45° = 
2

mg

20. B

A CB

T

TT

T

θθ

m
mM

2T cos θ = Mg
⇒ 2mg cos θ = Mg ....(1)

θ always > 0 so M < 2 m

21. A

m

MT T

T’

45°45°

mg
2

T2
=

T = 
2

mg

2

T
cos'T =θ

Mg
2

T
sin'T +=θ

Mg)1(tan
2

T
=−θ

m

M2
1tan +=θ

22. C

A B

W

θ θ

   

T

W/2

θ

T’

Tsinθ

Tcosθ

T cos = T′

T sin θ = 
2

W

⇒ T′ = θcot
2

W
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23. C

θ θT T

2T cos θ = mg

θ
=

cos2

mg
T

θ ↑ , cos θ ↓ and T ↑
If tension is more than string may be break

24. A

Relative acceleration Man and car is zero during the

journey

N = 0

25. A

A

a=F/m

+ve

Em x

A = 
2at

2

1

A
a

2
t =

∴  
F

mA2
t = ∴ F = ma

∴ 












=

F

mA2
4total

26. A

v = at  → +)(

t
m

F
v =

t

v

27. B

t2

t1

E(–A)
(–A/2)

V = 0

t
1
 →  to reach (– A) to 0

F

mA2
t1 =

t
2
 → to reach (–A) to –A/2

F

mA
t2 =

)12(
F

mA
tt 21 −=−

28. A
At t = 2 sec

a = 
2

10
 = 5 m/s2

So, F = ma = N25.05
1000

50
=×

At t = 4 sec

a = 0

So  F = 0

At t = 6 sec,

a = – 5 m/s2

F = – 0.25 N

29. B

F
2m m

N1 N1

2m m

N2 N2

F

Acceleration = 
m3

F

contact force N
1
 = 

mF F

3m 3
=

F
3

2

m3

Fm2
N2 ==

∴ N
1
 : N

2
 = 1 : 2

30. B

M
m

M’
N1

N2

F
N1

N2
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F – N
1
 = Ma

N
1
 – N

2
 = ma

N
2
 = M′a

N
1
 = (M′ + m) a

∴ M′ > M ⇒ N
1
 > N

2

31 A

1 kg

1 m

C

B

A

Tension at A

T
A
 = mg = 10 N

32. B
Tension at B

T
B
 = 1 g + 0.5 g = 15 N

33. C
Force exertd by support = T

C

= 1 g + 1 g = 20 N

34. C

12kg

8kg

a 2 2m/s. 2

T2

T1

T2
120 N

80 N

T
2
 – 80 = 8(2.2) ...(1)

T
1
 – T

2
 – 120 = 12(2.2) ...(2)

After solving (1) to (2) [take g = 9.8 m/s2]

T
1
 = 240 N

T
2
 = 96 N

35. B
100

70+50

T

   

100

T+25

M=2.5kg

4m/sec2

a = 
5

20
  ⇒ a = 4m/s2

T + 25 – 100 = 2.5 × 4

T = 85 N

36. C

M

m

2T

T T

a

a

M>>m

T – mg = ma ...(1)
Mg – T = Ma ...(2)

from (1) and (2)

g
mM

mM
a 









+

−
=

Put M >> m ⇒ a = g

∴  T = 2 mg, 2T = 4mg

37. C

M

Mfixed
θ

sin

M
g

a T

T
a

Mg sin θ – T = Ma ...(1)

T = Ma ...(2)

Now eq. (1) – eq. (2)

Mg sin θ – 2T = 0

T = 
2

sinMg θ

38. C

2mm

Case (i)

T – mg = ma

2mg – T = 2ma   a=g/3
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F=2mg

m

(II)

case (ii)

T – mg = ma

T = 2 mg g=a

On comparing a of case of (i) < case of (ii)

39. C

M
2

M1 α β
fixed

T

a

T

M
1
 g sin α – T = M

1
 a ...(i)

T – M
2
 g sin β = M

2
 a ...(ii)

On solving

T = 
21

21

MM

g)sin(sinMM

+

β+α

40. A

P1

P2

4m2m

A BF

T

T

a
b

From Constrain equation
 2a = 3b ..(1)

  

2m

T

T
F

a

4m

2T

b

T

T
T

F – 2T = 2ma ...(2)

3T = 4mb ...(3)
On solving (1), (2) & (3)

17

F3
b =

41. B

2m

T

T

F

a

C
T

C

4m
b

3T

constrain equation 2a = 3b + c ..(1)
F – 2T = 2ma ..(2)
T = mc ...(3)
3T = 4mb ...(4)
on solving above four equation

b = 
2s/m

m21

F3

42. A

60°

M

60°

P1

m

P2

T T

T

From Constrain equation

– b + 0 + 0 – b/2  + 
2

3
b  + a – 

2

3
b  = 0

a = 
2

b3
..(1)

F.B.D of 8 kg block

T/2 T/2

T
2/3N

b8
2

3N
T =+ ....(2)

F.B.D of 2 kg block
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2/3mbN1 +

2/3mg2/mb +

T

mg/2

2/3mbN1 +

mb

mg/22/
3

m
g

2/
m

b

+

60° mg

maT
2

mg

2

3
mg =−+ ...(3)

2

mg

2

3
mbN =+ ...(4)

On solving above four equation, we get

b23

330
b =

43. C

m1 m2 m3

2T
2T

T T

a

2T = m
1
 g ...(1)

m
2
g – T = m

2
a ...(2)

T – m
3
g = m

3
 a ...(3)

on solving

321 m

1

m

1

m

4
+=

44. B

A

B

T
Resistance 
force

T

F

mg

F

at Block B
T + F = mg ...(1)
at Block A
T = F ...(2)

T = 
2

Mg

45. D

T = 250 (max)

amax

20g

250 – 200 = 20 a
max

a
max

 = 2.5 m/s2

46. B

2 kg3 kg 10N

2ms
–2

2kg

2 m/s2

10Nkx

10 – kx = 2 × 2
kx = 6 N

∴ Acceleration of 3 kg = 
3

6
 = 2 m/s2

47. A
Before cutting After cutting

3 kg

A B 3kg

3g

kx kx

2kx = 3g
kx = 15
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3kg

3g

kx

2s/m5
3

15

3

kxg3
a ==

−
=

48. B

200 N

20kg10kg

12 m/s2

Force on 10 kg block = 12 × 10 = 120 N

So

20kg 200 N120N

2s/m4
20

80
a ==

49. B

2m

m

kx

kx

2mg

mg

T

2m

T=0

kx
2mg

After cutting T = 0

∴  
m2

mg3
a =  = 

2

g3

50. (i) A, (ii) A, (iii) C, (iv) D, (v) B, (vi) D, (vii) B, (viii) B

(a)

w.m

a = 0
V = 0
N=mg

(b)

w.m

a
N = mg + ma

(c)     

w.m

a
  N = mg – ma

Independent of the direction of velocity.

51. (i) A, (ii) A, (iii) A, (iv) C, (v) B, (vi) C, (vii) C, (viii) B

M = 10 kg

a v

(a) v = 0 or v = constant , a = 0

w = m(g + a)

= 10 (g + 0)

= 100 N

(b) v = 0 or v = constant

a = upward = 2m/s2

w = m (g + a)

= 120 N

(c) v = 0 or v = constant

a = downward = 2m/s2

w = m (g – a)

= 80 N

52. A

S
1
 is accelerating frame so psuedo force act opposite

to frame acceleration

F
Pseudo

 = mass of analyzing body × acceleration of frame

)ĵ10–î5(–2=  = ĵ20î10– −

53. B

S
2
  is inertial frame

F = ma

So ĵ20î10F +=

54. A

With respect to S
1
 frame

Net force = zero.

55. A

θsinmg

α
mgαsinmg

pseudo force

From trolley frame

mg sin α = mg sin θ
θ = α
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56. C

A

B C

m

θ

a

ma

θ
sin

m
a

θ
sin

m
g

mgθ
cos

m
g

θ

+

cos

m
a

Mass m falls freely

N = 0

m g  c o s  θ = ma sin θ
a = g cot θ

57. C

5kg

30° 

10kg

2m/s
2

T

T

B

10 pseudo
50

20 pseudo

100s
in3

0°

10

Tension in the string is 60N.

So spring balance reading

= 6 kg or 60 N

58. D

α

θ

a0

mg
ma

T
θ

T cosθ = mg cos (α – π)

T sin θ = ma
0
 + mg sin (α – π)

(2) / (1)

α

α+
=θ

cosg

singa
tan 0

FRICTION

59.   
E

C

A

D

B

2m/s

3m/s

fBA

2m/s

5m/s

fED

fDC

fED

fCB

fDC

fBAfCB

fAg

5m/s
fAg

60. Direction of kinetic friction depends on relative veloc-

ity, not on the force

A B
fKAB fKAB

fKAB

fKAG

61. A

Monkey is moving up due to friction force

fr

mg

a

f
r
 – mg = ma

f
r
 = m(a+g)

towards up.

62. B

m

N FC
f

θ

mg

For θ < angle of repose

F
c
 = mg

For θ > angle of repose
as θ ↑ f = µmg cos θ ↓

N = mg cos θ ↓

63. A

N = 10 – 4 = 6 N

f
max

 = 0.3 × 6 = 1.8 N

But required =  1 N  ←

Force of friction = î–
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64. C

1.0=µ

3.0=µ

5.0=µF

1

2

3

3

2kg

1 kg

F

f1

f2

f1

f2

f3

f
1 max

 = 15 N, f
2
 
max

 = 15 N, f
3 max

 = 6 N

65. C

θ

F

m

mgfr

N

a

Fcosθ

Fsinθ

F sin θ + N = mg

or N = mg – F sin θ ...(1)

f
r
 = µN ...(2)

F cos θ – f
r
 = ma ...(3)

on solving (1), (2) & (3)

m

)sinFmg(cosF
a

θ−µ−θ
=

a = 
m

F
(cosθ + µsinθ) – µg

66. C

If A and B are moving without slipping

m
c
g – T = m

c
 a ...(1)

T = 3ma ...(2)

w.r.t. B

A

Nµ

N
ma

mg

a

N = ma

m
c
g = µma

a = g/a

mcg – c

3mg
m g /

u
= µ

m
c
 = 

3m

1µ −

67. A

System is at rest contract

So,

  

C

A
T = 50

f

2.0=µ

5kg

T

mg=50

At rest

f = T = µN

N = 50/0.2 = 250 newton

so m
c
 = 15 kg

68. B

θcosr

mg

θ

θµ= cosmgf

θ
cos

mg

θsinmg

h
θ

θr

h = r – r cos θ
µ mg cosθ = mg sin θ
tan θ = u

cosθ = 
21

1

µ+

h = r(1 – cosθ) = r 













µ+
−

21

1
1

69. A

move with a constant velocity

So ma = mµ g

a = µ g

⇒ v2 – u2 = 2as

gs2v µ= If u = 0

70. B

2
0

1
mv mgL

2
= µ

0v 2 gL= µ
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71. C

Floor will provide the normal force and friction force

the net reaction is provide by the floor is R.

A

N

Vfr

= A

R

V

floor

72. A

Q

P

θ

///////////////////////////////////////

mg

N

m

N

)sinQP( θ+

fr
)mgcosQ( +θ

f
r
 = µ N = µ (mg + Q cos θ)

f
r
 = P + Q sin θ

µ = 
)cosQmg(

)sinQP(

θ+

θ+

73. A

fr a

θcosmg θsinmg

mg sin θ – f
r
 = ma

⇒ mg sin θ – µ mg cos θ = ma
g[sinθ – µ cos θ] = a

⇒ 0

vdv
g[sin xcos ]

dx
= θ − µ θ [∴ µ = µ

0
x]

and a = 
dx

vdv

∫ ∫=θµ−θ
x

0

v

0

0 vdvdx]cosx[sing

[Here v = 0]

∴ 0]cos
2

x
x[sing

2

0 =θµ−θ

⇒ x = θ
µ

tan
2

0

74. A
x/2 v

0

0 0

g(sin xcos )dx vdvθ − µ θ =∫ ∫
2 2

0x x v
g[sin . – cos ]

2 2 2 2

µ  
θ θ = 

 
Keeping the value

x = θ
µ

tan
2

0

0

sintang
v

µ

θθ
=

75. A
f
s
 ≤ µ N

mg sin θ ≤ µ m g cos θ
µ ≥ 1

76. D
At the x increases, u ↑ a ↓
so when a = 0 instant give maximum speed
g sin 37° – (0.3) xg cos 37° = 0

6 – 8x
10

3
××  = 0

60 20
x 2.5m

3 8 8
= = =

×

77. B

mg

N
T

37°

f

1000/3

amax

250
T cos 37° = f
N + T sin 37° = mg

∴ N = 100 g – T sin 37° = 100 g – 
5

T3

and T cos 37° = µ N

T cos 37° = µ(100 g – 
5

T3
)

on solving T = 
3

1000
(µ = 

3

1
)
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T – Mg = ma
max

maxa25250
3

1000
×=−

2
max s/m

3

10

3

g
a ==

78. A

fr

θcosmg θsinmg

θ

N

Let length is � of inclined plane, then

f
r
 = µN = µ mg cos θ

mg sin θ – f
r
 = ma

mg sin θ – µ mg cos θ = ma ...(1)

Now

2at
2

1
=�   = 

2t)cos(sing
2

1
θµ−θ

Now �
1
 = �

2

�
2
 = 










θ

2

t
sing

2

1 2

2
21 1 t

g(sin cos )t g(sin 0 cos )
2 2 2

 
θ − µ θ = θ − × θ  

 

4(sin θ – µ cos θ) = sin θ

µ = 
4

3
 = 0.75

79. A
Friction not depend on surface Area
so angle remain same.
∴ Angle = 30°

80. D

m1 m2

a

m1

m a1
m2

m a2

    a
net

 = a – µg     a
net

 = a – µg

∴ f
r
 static and  f

r
 kinetic

both provide same acceleration
to m

1
 and m

2
.

So no relative motion between them
∴ x = 0 (Always)

81. C

F

f θ=30°

   F

θ=60°

f

F = mg sin 30° + µ mg cos 30°

]31[
2

mg
µ+= ...(1)

F + f = mg sin 60°

F = 
mg

[ 3 – ]
2

µ ...(2)

Now (1) = (2)

1 3 3+ µ = − µ

⇒
( 3 1)

( 3 1)

−
µ =

+

82. (a) B, (b) D, (c) A

(a) T – mg sin 45° = ma

T – 
2

mg
 = 

25

mg
   Given 

25

g
a =

2

mg

5

6
T =

(b) 3 mg sin 45° – T – µN = 3ma

3mg 6mg 3mg

2 5 2 5 2
− − = µ (3 mg cos 45°)

1 2 1
3mg 3mg

2 5 2 5 2 2

  µ
− − = × 

 

µ = 
5

2

(c)
45°

Tsin45°
Tsin45°

T T
2Tcos45°

So 2T cos 45° = F

F
2

1

25

mg6
2 =××

∴  F = 
5

mg6
  downward
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83. A

F
frA

T = 0

m m

B A

F

µ µs k> µ µs k=

T

mgsµ

Initially

0fF
Ar

=−  ⇒ t – µ
s
 mg = 0  ⇒ t = µ

s
 mg

[till or f
rB

 = µ
s
mg

    t – µ
s
mg = µ

s
 mg

   t = 2 µ
s
 mg ]

rBrA ffFT =−=

rBs fmgtT =µ−=

t = µ
s
mg   block be will not move

µ
s
mg < t ≤ 2µ

s
mg block be will not move,

static friction will work

after t > 2µ
s
mg kinetic friction will work

m

mgmgF
a ks µ−µ−

=

So T = F – µ
s
 mg – ma after t = 2µ

s
 mg

f

t

84. A

10kg

5kg

F
f1

f2
f1

f
1 max

 = 10 N

f
2 max 

= 45 N

85. A
If F = 2 N

there will be no motion

the required frictional force is 2 N

86. A

There will be no motion of 5 kg because

(f
2
 > f

1
)

The maximum F which will not cause motion

F = 10 N

87. C

Acceleration is zero

(For any value of F 5kg block will not move)

88. A

10N
30N

10N

10kg

5kg

a
10kg

 = 
10

1030 −
= 

2s/m2
10

20
=

89. C

0.2×mg

5m/s

2.5 sec

For t < 1 sec

∴ a
B
 = 2 m/s2

and velocity of truck is 5 m/s

∴ Friction will act after 1 sec due to relative motion

between block and truck

5 = 2 × t

t = 2.5 sec.

90. A

(M+m)g

N

θ

θ+ cosg)mM(

θ+ sing)mM(

For equilibrium condition

(M+m)g sin θ = µ ( M + m) g cosθ
tan θ = µ
Here µ → coefficient of friction between board & log.

91. A

{a = µg = 0.2 × 10 = 2}

acceleration = 2 m/s2

So, 4 = 2 × t ⇒ t = 2 sec

∴ S = 
2)2.(2.

2

1
 = 4 m
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1. C

Pulley is fixed from the ceiling

If pulley is fricitonless then there is no effect of mass of

pulley.

2. B

u

mg + bv

In upward motion

as v ↓
Force ↓
acceleration ↓
and takes less time to reach at top.

3. A,B,D

T

m g1

T

m g2

(A) T = m
1
g < m

2
g

∴ Acceleration of m
2
 is ↓

(B) T = m
2
 g > m

1
g

∴ acceleation of m
1
 is ↑

(C) Masses is different

∴ Not possible

(D) T – m
1
g = m

1
a

m
2
g – T = m

2
a

on solving Possible
)mm(

g)mm(
a

21

12

+

−
=

4. C

(A) 40 cos 30° = 320  N

(B) weight = 5 kg
(C) Net = zero

5. B
If v = 0 or v = constant then frame is inertial.

6. A,C

 

A

B m2spring 
    k

m1

C

m1

m g1

kx

m2

m g2

kx

m
1
g = kx a = 

2

2

m

gmkx −

a = 0
Before Burnt
T = kx = m

1
g

Just after burning just at 1 sec
(A) m

2
 will be upwards.

(B) m
1
 will be = 0

7. A,B,C
F = α t
ma = α t

m

t
a

α
=  ⇒ a ∝ t ....(1) St. line

m

t

dt

dv α
=  ⇒ v =

2

t

m

2α

⇒ v ∝ t2 ...(2) Parabola

on solving (1) & (2)

v ∝ a2 Parabola.

8. B,D

A

B
fixed

30°

a

T
T

T

mg

T + mg sin θ = ma ....(1)

mg – T = ma ....(2)

on solving (1) & (2) a = 
4

g3

T = 
4

g3

9. A,B,C

Slope of x – t curve gives velocity

In region AB, BC, CD have constant

slope.

⇒ a = 0 ⇒ net force = 0

MULTIPLE CHOICE QUESTIONSEXERCISE – II
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10. B

F
1
 may be equal to F

2

11.   B

m m m
F =2mg1

2mB C F =mg2A

2mg T T
T

mg
mg

    a
1
 = g 2mg – T = 2 ma       a

3
 = 0

T – mg = ma

a
2
 = g/3

∴ a
1
 > a

2
 > a

3

12. B

TT

T=100N

m=250 kg

2m

= 500 kg

A

B

M = 250 kg

a
A
 = 

m

F
 = 

250

100
 = 

5

2
  and a

B
 = 

250

100
 = 

5

1

Now

aA

aB

100m
a  + a1 2

a
AB

 = a
1
 + a

2
 = 

5

3

5

1

3

2
=+

100 = 
2

21 t)aa(
2

1
+

2t
5

3

2

1
100 








=

t2 = 333.33

t = 18.25 = 18.3 sec

13. B

W

θd

θ 22

�
−

π

l

θλRd

element of 
dm mass

dm=

/2

/2– /r

F rgcos d

π

π

= θ θ∫ �
l









−λ=

r
cos1rgF
�









−=

r
cos1

m

rg
.

m
a

�

l

rg
a 1 cos

r

 
= − 

 

�

�

14. C

Given

î3edcba =++++
�����

...(1)

î–edcb =+++
����

...(2)

ĵ24edca =+++
����

...(3)

(1) – (2)  ⇒ î4a =
�

(1) – (3) ⇒ ĵ24î3b −=
�

Now ĵ24î7ba −=+
��

25)24(49|ba| 2 =+=+
��

FRICTION
15. A,B

N15f sstaticmax
µ==

6.0
25

15

mg

15

N

15
s ====µ

Now let µ
k
 then

15 – f
r
 = ma

15 – µ
k
 25 = 2.5 a

5.2

a5.215
k

−
=µ ...(1)

Now x = ut + 
2

1
 at2

10 = 0 + 
2

1
 × a × (5)2

⇒ a = 
5

4

55

210
=

×

×

⇒ a = 
2s/m

5

4

∴ 52.0
5.2

5/45.215
k =

×−
=µ
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16. C

5 kg

4 kgP

Q F

2.0=µ

1.0=µ

f
1
 = 0.2 × 40 = 8 N

f
2
 = 0.1 ×90 = 9 N

Max. acceleration for system a = 
4

8
 = 2 m/s2

Minimum force needed to cause system to move = 9 N

17. B

N

mg

Nf µ=

T

Friction force will more then man will not slip.

N is More

18. A,B,C

M

T

Nµ

T – µN = ma

As T ↑ man

Can have tendency to move

19. C

Rough

Smooth
m

M

mg > µ M g

m > µM

20. A,C

(A)  m < µ M
system is at rest T = mg

mg – T = ma ⇒ T = mg – ma

& T – µ Mg  = Ma {m > µM}

⇒ T = Ma + µ M g

on analysing  µ Mg < T < mg

21. A,D

Rough

Smooth

m

M

F
Mo

T

T

(A) When F = 0

No frictin b/w m & M
0
 so system move.

(B) When F is applied then friction develope a range for

which M and m are stationary w.r.t M
0
, such that

m m

T
T

f mg mg

or

(C) Limiting friction between M
0
 & m is µ ma

∴  Dependent on a

         (D) When Pseudo acts on M is equal to T

then f = 0

22. B,C

m

M

F
Mo

T

T

mg

f

a

f

Ma

Use Pseudo concept

T = Ma ...(1)

T = f + mg  ⇒ T = µ ma + ma ...(2)

On using (1) & (2)

Ma = µ ma + mg

mM

Mg
a

µ−
=

(B) then
umM

mg)mMM(
F 0

−

++
=

(A) Net Possible becouse T > 0

(only Possible when T = 0 at m block)

µ ma = mg ⇒ a = g/u

but T > 0, to move the upper block.

(C) When f = 0

T = Ma, T = mg
a = mg/M

F = (M
0
 + M + m) 

M

mg

when friction is zero, then only single velue of F for

which both M and m are rest w.r.t M
0
.
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23. A,B

(A) If F = 0, the block connot remains stationary

(B) For one unique value of F, the blocks M and m re-

main stationary with respect to block M
0
.

24. B,C

100

37°

m

a
T

T

mg

T = mg

T = 100 mg sin 37° + 0.3 × 100 g cos 37°

[Put g = 9.8]

T = 588 + 235.2

mg = 823.2 ⇒ m = 82.33 = 83 kg

(b)

a

T + f = ma

T + 235.2 = 588

T = 588 – 235.2 = 352.8

m = 35.28 kg

25. B,D

f
c
 = N (Given)

∴ f
c
 = 22 fN +

Acceleration to condition f = 0 ⇒ f
c
 = N

26. A,B,C,D

10 kg

6.0=µ

20 m/s2

(A) Acceleration of box = 20 m/s2

(when consider as system)

Force on Box

F = 200 N

N = 200 N

f
max

 = µ N = 0.6 × 200 = 120 N

(B) f
required

 = 100 N

(C) N5100)200()100(Nff 2222
c =+=+=
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1. B

A

4 kg

a2

a1

T

T

2T

40

a3

40 – 2T = 4. a
3

...(1)
T = a

1 
T = 2a

2 
⇒ a

1
 = 2a

2
...(2)

a
3
 = 

2

aa 21 +
...(3)

2.

m/2

A

g/6

m
a

a

a
mR

 = a
m
 – a

R

a
m
 = (g/6 – a)

a
2

m
g

2

m
T =− ...(1)

T – mg = m(g/6 – a) ...(2)

Eq. (2) – (1)

9

g4
a =   & T = 

18

Mg13

3.

T
T

Mg

M

mg

a = 2m/s2

(i) M + m = 20 kg

(M + m)g = 200 N

2T = 200 N

T
A
 = 100 N

(ii) 2T – (M + m)g = (M + m) a

2T = (M + m) (g + a)

T = 
2

)210(20 +

T
A
 = 120 N

T
B
 = 2T

A
 = 240 N

4.

g/2 cos 60°

g sin 30°

5 = 
2t.

4

g

2

1
×

t = 2 sec

5. (a) T
1
 = 20 N = kx

1

(b)  T – 20 = 2a

     30 – T = 3a

On solving a = 2m/s2

   T = 24 N = kx
2

(c) T – 10 = a

     20 – T = 2a

On solving   a = 10/3 m/s2 & T = 
3

40
 N = kx

3

x
2
 > x

1
 > x

3
x

1
 : x

2
 : x

3
 = 15 : 18 : 10

6. F
N

N sin 37° = F

F = 2.5 × 10 × cos 37° × sin 37°

 = 12 Newton

7.

m1 5kg

40N40N

8kg

80N

T

T = 80N

50 – 40 = 5 × a

a = 2 m/s2

40 – m
1
g = m

1
 × 2

m
1
 = kg

3

10

SUBJECTIVE PROBLEMSEXERCISE – III
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8. Net force diagram

2T

T

40kg

man
50kg

3T = 900 N

T = 300 N

9.

50

5×5

N

x

y

10.

37°

3 m/s2

N
 

Ncos37°

37°

N

3
a

37°
3cos37° = asin37°

 a = 4m/s  2

N sin 37° = 1 × 3

N × 
5

3
 = 1 × 3

N = 5 N

mg – 5 cos 37° = m × 4

11.

m1 m2

m  = 4kg1 m  = 1kg2

F 30t N

10t

20t

10t10t

20 t = 40 ⇒  t = 2 sec

12. Net force on 40 kg block = 4F
1
 – F

2

so a
net

 = 
40

FF4 21 −

at t = 2 sec F
2
= 10 ; F

1
 = 30; a

net
=

4

11
m/sec2

t = 4 sec F
2
=20; F

1
 = 30; a

net
 = 

4

10
m/sec2

t = 0 → 2 v = 1.5 + 
4

11
 ×2 = 7 m/s

t = 2 → 4 v = 7 + 2.
4

10
 = 12 m/s

v = 12 m/s

13.

B

A

1 m/s2

2 m/s2

4 m/s2

1
 m

/s
2

½ m/s2

y = 
4

t2

So a
A
 = ↓2s/m

2

1
, a

B
 = 4 m/s2

 
↓

14.

m

�

x = �/2

mg

T Kx

T = mg – kx = mg – 
2

k�

If K > 2 mg/�

T = 0

15. T – m
T
 g = m

T
 a

cm
 = [m

A
a

A
 + m

B
a

B
 + m

c
a

c
]

T = m
T
g + m

A
 a

A
 + m

B
a

B
+ m

C
a

C

= 330 + 10 × (–2) + 15 × 1.5 + 8 × 0

= 330 + 22.5 – 20
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= 332.5 N

16. (a) 

m

M

(M+m)g

2T – (m + M)g = (m+M) a

T = 
2

)ag)(Mm( ++

(b) 

N

mg + T

N – (mg + T)  = ma

(c)  
m

2T = mg

T = )yes(
2

mg

(d)  

T T T

3T – (m + M)g = (m + M)a

3

)ag)(Mm(
T

++
=

(e)

N + T

mg

N + T – mg = ma

(f)

T T T

3T – mg  = 0

)yes(
3

mg
T =

17. (A) 
5kg 40N

5.0s =µ
4.0k =µ

f = 25 Nstatic 

f = 20 Nkinetic 

So 
2s/m4

5

2040
a =

−
=

(B)

50N=70
30

37°

10
40

µ
s
 = 0.5

µ
k
 = 0.4

f
static

 = 35 N

f
kinetic

 = 28 N

a = 
2s/m2.1

10

2840
=

−

(C)
10kgµ µs k= = 0 6.

5kg

T

a = 0 m/s2

18. m/3

2/3mg

If friction coefficient is µ then

mg
3

2
g

3

m
=µ

µ = 2
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19. Do Yourself

20.
3/4mg

mg/4

25%

4/mgmg
4

3
=µ

µ = 
3

1
 = 0.33

21. θ = angle of Repose

r

R

////////////////////////

volume of cone = hr
3

1 2π

h = r tan θ
and for just sliding

mg sinθ = µmg cosθ

tan θ = µ = 
r

h

v = 
3r

3

1
πµ

22.

15k
g

2/150

T
45°

2/T

2/T

150
2/150

45°

T = 50 N

N = 200 / 2

2

200
f µ=

2

200

2

50

2

150 ×µ
=−

µ = 
2

1

23.

1 kg

T

gsin
37º

mg = T = g sin 37° + µ g cos 37°
m = 1kg

24. 2kg
1kg

10m/s

f
f

f = 5 N
v

2
 = v

1

⇒ t510t
2

5
−=×

t = .sec
3

4

25.
m

gs
in

37
°

N

f

mg

37°

  

37º

m

Mgsin
37°

mg sin 37° – N sin 37° – f cos 37° = mg sin 37°

N. sin 37° = – f cos 37°

N. 
5

3
 = – µ. N. 

5

4

N. 
5

3
 = – µ.N. 

5

4

µ = 
4

3

26.

2kg

2kg
T

fmax1

fmax1

fmax2

f
max

 
1
 = 20 × 0.6 = 12 N

f
max

 
2
  = 40 × 0.4 = 16 N

T – 12 – 16 = 2 × a

T – 28 = 12

T = 40 N

[12 = 2a, a = 6m/s2]
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27.
maf µ=

mg
ma a0

w.r.t train

a
0 
= g – µ x 4

= 10 – 2

= 8 m/s2

1 = 
2

1
 × 8 × t2

t = 2 sec

28. 2t = µm g

t
0
 = 5 sec 2

2

dt

xd
a =

5 sec < t < 10 sec a = (t – 5)

29. f = 0.8 × 50 = 40 N

50 – T  – 40 = 5a

T – 40 = 4a

a = – ve

∴ this direction is not possible

40 – T = 4a

T – 90 = 5a

a = – ve ∴ this direction of not possible.

∴ a = 0

∴ f = 10 î

30. Do your self

31. 10kg 20

a = 2 m/s2

F = 15 × 2 = 30 N
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1. T – 0.2 g = 0.2 a ...(1)

mg – T = ma ...(2)

adding (1) and (2) mg – 2 = (m + 0.2) a

2.0m

2mg
a

+

−
= ...(3)

Particle B moves downwards with a acceleration so

          
T

Ta
a

0.25 m

A

0.2 g

0.2 kg B
m

mg

2at
2

1
25.0 =

( )25.0
2.0m

2mg

2

1
25.0 









+

−
= [Given   t =

0.2 sec ]

kg3.0m =⇒

Now put value m = 0.3 kg  is eq. (2) & (1)

We get a = 2m/sec2

T = 2.4 N

When B touch the ground at this time velocity of partical

A is

v = 2(0.5) = 1m/s2

It move upward untill the velocity of A is zero.

gt10 −=⇒

t = 0.1 sec

B remain at rest on ground for t2t =′

sec2.01.02t =×=′

TOUGH SUBJECTIVE PROBLEMSEXERCISE – IV

2.

30º

2R

2R 2R

T

x

φcosN

φN

φ
x

φsinN

2R

Rcosx =θ

3

R2
x =

3

1

R2

x
cos ==φ

Now mgsinN3 =φ

3

2
.3

62

sin3

62
N =

φ
=⇒

N = 2N

Now

Ncos)º30cosT(2 =φ

2
3

1

2

3
T2 =








××

130º T

x

N

N2T =
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3. First find out acceleration of A so for this

8220F220a 2 ×−=−=⇒

a
A
 = 4 m/s2

Now use pseudo concept (in which A is non

inertial frame)

⇒
F2

m aB A

       

A=1kg

B

F  = 8 N2

F  = 20 N1

50cm

2F2

1kg

2s/m448 =−⇒

Now
2t4

2

1

100

50
××=

sec5.0
2

1
t ==

4. for man of mass m
1 GRRmGm aaa

21
+=

)a2.1(a Gm1
+=

for man of mass m
2 GRRmGm aaa

22
+=

         = (2 – a)

So now

)a2.1(mmgT 1 +=− ...(1)

T

T

aa

m =60kg2

    m

=40kg
1

2
Rm s/m2a

2
=2

Rm s/m2.1a
1

=

)a2(mmgT 2 −=−

...(2)

Solve eq. (1) & (2) and put m
1
 = 40 kg   m

2
 = 60

kg

you get a = 2.72 m/s2

T = 556.8 N

5. Initial  m
1
 > 2m

2

T=m g1 m g2

m g1

m1

m2

T'

2

gm1
2

gm1

2

gm1

after cutting

m g2

m g1

m1

m2

2

gm1
2

gm1

2

gm1

a

gm2/gmam 212 −=⇒

g
m2

m2m
a

2

21







 −
=⇒ m/s2 ↑
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6 initial

After cutting

C.m

B.m

A.m

mg

mg

mg

2mg

3mg

3mg

mg

mg
      

B 

T

2mg

3g/2

2mg – T = 3mg/2 

T = 2mg – 3mg/2 

   = mg/2 

C

B

A

mg

mg

mg

T

mg

mg

g5.1
m2

mg3

aa BA

==

=

(b)

C

B

A

mg

mg

mg

mg

3mg

3mg

mg

      

0T,0a

g2
m

mg2
a

g2

m

mgmg3
a

C

B

A

==

↓==

↑=

−
=

(c)

C

B

A

mg

3mg

mg

  

ga

2/mg3T

2/mgmgT

2

g

m2

mg2mg3

aa

c

BA

=

=

=−

↑=
−

=

=
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7 1MaMaT =+⇒ ...(1)

1Ma2TMg2 =− ...(2)

{N = 2Ma} Ma5Ma2T =−

M
Ma

T

T

2M5M

a

2Ma
a1

Ma7T = ...(3)

Using eq. (1), (2), (3)

we get g
23

2
a =

8. dNsin dmgα =∫ ∫ ...(1)

α=θ∑ cosNdsin.T2

α=θ∑ cosNdT2

N

αsinN

αcosN

α

α=







∑ cosN

R

dx
T2

( ) α=π cosNR/RT2

α=π cosNT2 ...(2)

from (1) & (2)

π

α
=⇒

2

mgcos
T

T T

θd θd

θd

15 ________ 10 cm

⇒    T _______ cmT
15

10
×

cm1
2

mgcot

15

10
=

π

α
×

9

(a) Using pseudo concept

θ=+θ cosmgNsinma

mma

(pseudo)

N

M

amg
θ

θ

When N = 0

θ=⇒ cotga

(b)

MgcosNN1 +θ=⇒

1Nf µ=⇒

)MgcosN( +θµ=

θ= cosmgN∵

m

θ
N1NθcosN

θsinN

µ

)Mgcosmg(f 2 +θµ=⇒
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Wedge not move when   θθ=θ= sincosmgsinNf

θθ=+θµ⇒ sincosMg)Mgcosmg( 2

MgcosMg

sincosMg
2 +θ

θθ
=µ

10 at t = 1 sec it start slipping so.

at this moment acceleration of block = µ
s
g

t = 1 sec a = 4(t) = 4(1) = 4 m/s2

⇒ 4 = µ
s
g     ⇒ µ

s
 = 0.4

v = 2t
2

after that at t = 1 sec v = 2m/sec.

at t = 2sec v = 8 m/sec

after wards a = 0 so at t = 3 sec v =

8 m/sec

ga kµ=µ  (sliding)

v = u + at

)2(1028 kµ+=⇒

k
210

6
µ=

×
⇒

sec3.0k =µ

11 1kg

2kg

3kg

F

5.0=µ

2.0=µ

force on 1kg block

1kg
f = 5N

2kg F
f  = 5N1

f  = 6N2

force on 3 kg block

3kg 6N = f2

maximum acceleration of block of mass 1 kg = 5/1 =

5 m/s2

maximum acceleration of block of mass 3 kg = 6/3 =

2 m/s2

So block move together only when acceleration of all

the block is not greater than 2 m/s2

3kg

3kg

F

6

6

F – 6 = 3 × 2    ⇒   F = 12 N

Now sliding starts in both block when acceleration is

greater than equal to 5 m/s2

3kg

3kg

F6

F – 6 = 3 × 5    ⇒   F = 21 N

When F = 18 N  block 1 kg & 2 kg move together.

1kg

2kg

3kg
6N

A

B

C

f N2

f1

F=18N

6N = f2

So

3kg

3kg

F = 18 N6N

6N

a
c
 = 6/3 = 2 m/s2 f = 6 N

common acceleration = 18 – 6 = 3 ×  a ⇒

a = 4m/s2

⇒ 1kg f  = ?1
f
i
 = 4N

12 2
b

2
mr VVV += tgV0 r µ−=⇒

g

VV
t

2
b

2
m

µ

+
=⇒

after time t particle starts slide

Vr

Vb

Vm

gµ
θ

θ

m

b

V

V
tan =θ∵

2
2
b

2
m2

x
g

VV
sing

2

1
ta

2

1
x















µ

+
θµ==

2
b

2
m

b VV
g2

V
x +

µ
=

In this way
2
b

2
m

m VV
g2

V
y +

µ
=
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1. B

l,k

k1

l/3

k2

2l/3

⇒ K.� = K
1
 

3

�
 = K

2
 

( )
3

2�
 = const.

⇒ K
2
 = K

2

3

2.

T

T
2f

N1

N

F

Mg

T

T

f
1 max

 = 60 N
f
2 max

 = 15 N

20T 2f

5kgf T F – 2f  = 5

It means friction at m
1
 is static and m

2
 is kinetic means

f = 15 N

20T 30
F30

F – 3= = 50.a ...(i)
30 – T = 20. a ....(2)
T – 15 = 5a ...(3)
On solving F =  60 N T= 18 N; a = 3/5 m/s2

3. C

2mg cos θ = 2  mg

θ = 45°

4. D

2 2((M m)g) M g+ +

Mg
mg

Mg

5. A

Fcos60°
60°

Fsin60°

N
F

3

g3

2

3
Fg3N +=

f = µN = 
2

F

⇒ 2 × 
32

1
 × F)2/Fg(3 =+

⇒ F = 2g = 20 N

6.
A

0.1×10×cos45°

w.r.t B

a
AB

 = 
2s/m

2

1

2t
2

1

2

1
2 ×=

t = 2 sec

7. B

2m

m

A

B

2mg T
T

2m m

3mg r

2mg mgT

a

when string cut T = 0
⇒ ma

2
 = mg

a
2
 = g

3mg – 2 mg = 2ma
⊥

a
⊥
 = g/2

JEE QUESTIONSEXERCISE – V
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8.

37°

15×2/5=6

20

15

1 × 25
37°

m
g

4
µ=

20 – 6 – 4 = 1 × a
a = 10 m/s2

9. B

a

θ
x

T
θ
T

F

T

T cos θ = ma F = 2T sin θ

θ=
θ

θ
= cot

m2

F

m

cos
.

sin2

F
a

22 xa

x
.

m2

F
a

−
=

10. B

Due to inertia particles left at their places when we

pull the clock suddenly.

11. B

m

N

mg 

θ
θcosF

θsinF

[N = mg + F sin θ ]

m

N’

mg 

F

θ

θsinF

θcosF

[N′ = mg – F sin θ ]

f = µN

12. B
13. A

14. mg sinθ + µmg cosθ = 3
(mg sinθ – µmg cosθ)
sinθ = cosθ at 45°
1 + µ = 3 (1 – µ)
4µ = 2 ⇒ µ = 0.5
N = 10
µ = 5


