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PHYSICS - Newton Laws of Motion, Friction

. (B)

2. (B)
Action and Reaction are equal and oppo-
site

3. (C)
V = Constant a = 0
Fnet = 0

A

B

VA

VB

VA
VA VA

P - 300 = 0
P = 300N
2000-2S = 0
 S = 1000N

4. (A)
-vA -vA-vA + vB = 0
From constrained
– 5 – 5 – 5 + vB= 0
vB = 15 m/s 

5. (A)
From constrained
+2 – vB – vB + 1 = 0

 s/m2/3vB

6. (B)

CA DB

6 
m

/s
6m

/s

4 
m

/s

P1 P2

0
2

66–v
1p 




  0|v||v|
21 pp 

vD = – vC
 velocity of C is
= 4 m/s

7. (B)
From horizontal equilibirium

2
3T

2
T 12 

         

5Kg.
T cos60°2

50 N

T sin60°2 T sin30°1

T cos30°1

12 T3T 
From vertical equilibirium

50
2
T

2
3T 12      N25T1  , N325T2 

8. (A)

A

37°
B

10 m/s

20m/s

20m/s
v

10

v'0

10
2

0'v




Here Resultant vel. of block 'B' is v
So component of resultant in the direc-
tion of v' is
v cos 37° = v'     ,   v cos 37° = 20

s/m25
4

520v 




9. (D)

A

P

B

Q
 

M

u u

v

NEWTONS LAWS OF MOTION,
FRICTION

TOPIC

N.L.M,
FRICTION

SOLUTIONS

Exercise-I

JEE-MAIN
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PHYSICS - Newton Laws of Motion, Friction

From constrained
The resultant vel. of the Block M is v in
vertical direction.
So component of 'v' is direction of u is

v cos  = u  v = 
cos

u

10. (C)
A

B

u

90°–

V

From constrained Motion - (along the rod
vel of each particle is same so component
of the velocity in the direction rod is)
v cos  = u sin 
v = u tan 

11. (B)
Component of force
in y direction is NA sin 60° = 500

3
1000NA 

A
BNB

NA

60°
60°

30°30°

Component of force
in x direction is

NA cos 60° = NB  3
500NB 

12. (A)
Weighing Machine
always Measure
Normal froce

WM2kg WM
2kg

30º 30º

N = 20 cos30° = 310

13. (B)

M

B

A

F


Tcos

Tsin

T

T cos  = Mg ,  T = 
Mg

cos 

14. (C)

    T1 T2 T3 60Nm1
m2

m3

Take a system (m1 + m2 + m3)
T3 = (m1 + m2 + m3) a
60 = 60 a

2s/m1
60
60

a 

For body m3
T3-T2=m3a
60-T2=30
T2=30N

15. (B)

   

A CB

T
TT

T


m mM

T = mg ...(i)
2T cos  = Mg ...(ii)
From equation (i) and (ii)
 2mg cos  = Mg
 always > 0 so M < 2 m

16. (C)

 T T

(A) 2T = W, T = W/2
(B) W = 2T cos 

T = 
W

2cos 
In (C) option  is greater so
sec , T 
If tension is more then string may be break-

17. (B)
dP

F
dt

    PFdt 
  0Fdt

8

0


0P 

18. (C)

dt
Pd

F


 ,

d ˆ ˆF (2cos t i 2 sin tj)
dt

 


ˆ ˆF 2sin ti 2 cos tj  




3

www.aviral.ac.in www.aviral.co.in www.aviralstore.com

PHYSICS - Newton Laws of Motion, Friction

ĵtsin2îtcos2P 


 cosFPP.F


 cosFPtsintcos4tsintcos4

0cos 

 90

19. (A)
Relative acceleration Man and car is zero
during the journey
N = 0

20. (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

21. (B)

F
2m m

N1 N1

     
2m m

N2 N2

F

Acceleration = m3
F

contact force N1 = 
mF F
3m 3



F
3
2

m3
Fm2N2     N1 : N2 = 1 : 2

22. (C)
T2 – 80 = 8(2.2)  ...(1)
T1–T2–120 = 12(2.2) ...(2)
After solving (1) to (2)
[take g = 9.8 m/s2]

12kg

8kg

a 2 2m/s. 2

T2

T1

T2120 N

80 N

T1 = 240 N   T2 = 96 N

23. (B)

100

70+50

T5kg

   

100

T+25

M=2.5kg
4m/sec2

120 – 100 = 5a ....(i)

a = 5
20

   a = 4m/s2

T + 25 – 100 = 2.5 × 4 ....(ii)
T = 85 N

24. (C)
T – mg = ma ...(1)
Mg – T = Ma ...(2)
from (1) and (2)

g
mM
mMa 












Put M >> m  a = g
  T = 2 mg,
2T = 4mg M

m

2T

T T
a

a

M>>m

25. (C)

m

a T T a

Case (i)
T – mg = ma
2mg – T = 2ma
On solving
a = g/3
case (ii) here F = T

F=2mg

m

T – mg = ma
T = 2 mg , a = g
On comparing a of case of (i) < case of (ii)

26. (C)

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

M
2

M1

 
fixed

T

a

T

m g sin2 m g sin1 

Let M1 > M2
M1 g sin  – T = M1 a ...(i)
T – M2 g sin  = M2 a ...(ii)

On solving T = 
21

21

MM
g)sin(sinMM



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PHYSICS - Newton Laws of Motion, Friction

27. (C)

m1

T

a

m g1

m2

T

a

m g2

T – m1g = m1a ....(i)
m2g – T = m2a ....(ii)
On solving equation (i) and (ii)

2 1

1 2

m m
a g

m m
 

   

28. (B)
Acceleration of B and C is sance so they
can be treated as a system. a = (2m - m)

g =
3
g

mg - T = mg
T = 2mg/3 = 40/3   13N

29. (C)

m1 m2 m3

2T
2T

T T

a

2T = m1 g ...(1)
m2g – T = m2a...(2)
T – m3g = m3 a ...(3)
on solving

321 m
1

m
1

m
4



30. (A)

A

T1

a

m gA

B

T2

a

m gB

T2

amgmTT AA21 

amgmT BB2 

)mm(g)mm(T BABA1 

)ga(mT B2 

1 A B

2 B

T m m
T m




31. B

)mm(
gmm2

T
21

21


   

6
10152

T


  = 
3
50

kg3.33
3

100
T2 

The spring balance reads
2T = 33.33kgwt < 60kgwt

32. (B)

A

B

TResistance 
force

T
F

mg

F

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

T = 
mg
2

33. (D)

T = 250 (max)

amax

20g

Tmax = mmaxg
= 25 × 10 = 250
250 – 200 = 20 amax
amax = 2.5 m/s2

34. (B)

2 kg3 kg 10N
2ms–2

10 – kx = 2 × 2
kx = 6 N
       

2kg

2 m/s2

10Nkx
 Acceleration of 3 kg = 3

6
 = 2 m/s2

35. (B)
18kg at rest => 180 = 2F
F = 90N

36. (C)

F
F F

18kg

(a) T = mg + ma
(b) T = mg – ma
T = mg
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PHYSICS - Newton Laws of Motion, Friction

37. (A)
 =   sin  
mg sin 

38. (A)

sinmg


mgsinmg

pseudo force

From trolley frame
mg sin  = mg sin 
 = 

39. (C)

A

B C

m




a

ma


sin

ma


sin

mg

mg
cos

mg





cos

ma

Mass m falls freely
N = 0
mg cos  = ma sin 
a = g cot 

40. (A)
F < fsmax                   F

ffriction=F
For F > fmax
friction constant

41. (A)

42. (D)
mAgsin 30 = mA gcos30
mB gsin40 = mBgcos40
Does not depend on mass so all three are
possible.

43. (C)
v = u +at  aA = -g
aB = -g  a = same  u =
same
Time taken to stop is also same
Does not depend on mass.

44. (A)
Monkey is moving up
due to friction force  

fr

mg

a
fr – mg = ma
fr = m(a+g)
towards up.

45. (B)
fmax > mg sin

sin
at this condition block remains rest when
mg sin > fmax
sliping slant

m

N FC
f



mg

For  < angle of repose
Fc = mg
For  > angle of repose
as   f = mg cos  

N = mg cos  

46. (C)



F

m

mgfr

N

a

Fcos

Fsin

F sin  + N = mg
or N = mg – F sin  ...(1)

fr = N ...(2)
F cos  – fr = ma ...(3)
on solving (1), (2) & (3)

m
)sinFmg(cosFa 



a = 
m
F

(cos + sin) – g

47. (B)

g
n
L

g
n
1

1L 






 

L/m

OOOOOOOOOO
O

O
O

O
O

O
O1n

1




48. (A)
move with a constant velocity
So ma = m g (in negative direction)

a =  g
 v2 – u2 = 2as   vf

2 = vi
2 + 2as

gs2v   here vf = 0, vi = v

49. B
fmax =  mg cos

2
3

8.927.0f
maxs   = 37

mg sin = 9.8
As  mgsin <fsmax so friction requird is
mgsin.
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PHYSICS - Newton Laws of Motion, Friction

50. (C)
Floor will provide the normal force and fric-
tion force  the net reaction is provide by
the floor is R.

A

N

Vfr  = A
R

V
floor

51. (A)

f

cosmgsinmg



N

N = mg cos 
fs   N
mg sin   m g cos 
 1

52. (A)

fr

cosmg sinmg



N

Let length is  of inclined plane, then
fr = N =  mg cos   (when friction is
present)
mg sin  – fr = ma
a = g(sin– cos)
mg sin  –  mg cos  = ma ...(1)
Now

2
1

1
at

2
   = 2

1
1

g(sin cos )t
2

   

Now 1 = 2 =
Without friction
ma = mg sin,  a = g sin

2 == 2
2

1
gsin t

2


t1 = 2t2 , t1
2 = t and t2 = t/2

 
          

 

2
21 1 tg(sin cos )t g(sin 0 cos )

2 2 4

4(sin  –  cos ) = sin     = 
4
3

 = 0.75

53. (D)
N=Mg-Mgcos, fmax = N

maxf Mg(1 cos )   
Mg sin   fmax

)cos1(MgsinMg 

M

Mg

  sin /(1–cos)

2
cos2

2
cos

2
sin2

2 





tan
2


 

54. (A)

losing2V2 
2

2

v
2 (gsin gcos )l

n
     

2

1
sin 1 cos

n
      
 








 
2n

1
1tan

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



7

www.aviral.ac.in www.aviral.co.in www.aviralstore.com

PHYSICS - Newton Laws of Motion, Friction

Exercise-II
1. (A)

A C

B

1
2 3

4

From constrained
a1 + a2 + a3 + a4 = 0
– a – aB – aB + f = 0








 
2
a

2
faB  =   af

2
1

2. (A)

A B

C

61
2

3 4

5

From constrained
a1+a2+a3+a4+a5+a6 = 0
–aC+2+2–1–1–aC = 0
aC =1 m/s2 

3. (A)

A

B

0.6 m/s

v
4

3
2

1

From constrained
v1 + v2 + v3 + v4 = 0
v – 0.6 – 0.6 – 0.6 = 0
V= 1.8 m/s

4. (B)

A B

v0
vA 12

3
4

5

From constrained
v1 + v2 + v3 + v4 + v5 = 0
V0 – VA – VA + V0 + V0 = 0

2
V3V 0

A  VAB = VA  – VB = 
2
V3 0  – V0

)Righttowards(
2
V0

5. (A)
Let

ĵcîcC yx 

Cx = a 

A BC

a b

7 3
21

6 5

4

From constrained
a1 + a2 + a3 + a4 + a5 + a6 + a7 = 0
–a – b + 0 + 0 – b – a + c = 0
cy = (2a+2b)   (By constrain Motion)
In ground frame

  ĵ)b2a2(–îaC 

6. (A)
b

1
1
2

a
In horizontal direction net acceleration is
zero.
So, b cos 2 = a cos 1

2

1

cos
cosab






7. (A)

mg
N1

N2

30°

45°

30°

N2

30°

30°

45°

45° N145°

30°

N2

N1

45°

mg
In vertical direction
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PHYSICS - Newton Laws of Motion, Friction

2
3N

2
N50 21  ...(1)

In horizontal direction

2
N

2
N 21  ...(2)

On solving eqn
 (1) and (2) we get

N1 and N2
N1 = 96.59 N, N2 = 136.6 N

8. (D) &
9. (A)

w

F3

45°
45°T=60N

F1

F1 = F3 = T cos 45° = 60 × 2
1

 = N
2

60

w = T cos45° = 
2

T
 = 

2

60

N
2

60W 

10. (B)

45°

mg

45°
mg

A

B

mg

mg

T
T

C

Force along the rod is same

= mg cos 45° = 2
mg

11. (A)

m

MT T

T’

45°45°
Mg

mg

45°

mg
2
T2
   T = 2

mg
....(i)

2
Tcos'T  ....(ii)

 Mg
2

Tsin'T  ....(iii)

from eqn (ii) and (iii)

Mg)1(tan
2

T
 ....(iv)

from eqn (i) and (iv) we get

 
m
M21tan 

12. (C)

A B

W

 

   

T

W/2



T’

Tsin

Tcos

T cos = T ....(i)

T sin  = 
2
W

....(ii)

From equation (i) and (ii) we get

 T = cot
2
W

13. (A)

A
a=F/m

+ve

Em x

A = 2at
2
1

   A
a
2t      Here a = 

m
F

So

  
F
mA2t   F = ma

Total time T = 4t
(for one oscillation/ period of motion)

 2mA
T 4

F

 
   

 
14. (A)

t

v

t

v = u + at
(initial velocity u = 0)

v = at   )(

t
m
Fv 
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PHYSICS - Newton Laws of Motion, Friction

15. (B)
t1   to reach (– A) to 0

t2

t1

E(–A)
(–A/2)

V = 0

F
mA2t1   t2  to

reach (–A) to –A/2

2
A

 = 
2
1

 at2
2

F
mAt2 

So time to reach 







2
A

 to '0' is

 )12(
F

mAtt 21 

16. (B)

M
m

M’N1
N2

F
N1

N2

(i)(i)
(ii)

(iii)

F – N1 = Ma ....(i)
N1 – N2 = ma ....(ii)
N2 = Ma ....(iii)
From eqn (i), (ii) and (iii) we get
F = (M + m + M') a
Put in eqn (i)
N1 = (M + m) a
 M > M  N1 > N2

17 (A)

1 kg

1 m

C

B

A

Tension at A
TA = mg = 10 N

18. (B)
Tension at B

(mass of length AB = 
2
1

 Kg)

TB = 1 g + 0.5 g = 15 N

19. C
(mass of length AC = 1 Kg)
Force exertd by support = TC
= 1 g + 1 g = 20 N

20. (C)
Mg sin  – T = Ma ...(1)
T = Ma       ...(2)
Now eq. (1) – eq. (2)

M
Mfixed


sin

Mg

a T

T
a

Mg sin  – 2T = 0

T = 
2
sinMg 

21. (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
F3b 

22. (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

23. (A)

60°

M

60°

P1

m

P2

T T

T

From Constrain equation
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PHYSICS - Newton Laws of Motion, Friction

– b + 0 + 0 – b/2  + 
2
3b  + a – 

2
3b  = 0

a = 
2
b3

..(1)

T/2 T/2

T
2/3N

F.B.D of 8 kg block

b8
2

3NT  ....(2)

F.B.D of 2 kg block

2/3mbN1 

mb

mg/22/3
mg

2/
mb



60° mg

a

T

       

2/3mbN1 

2/3mg2/mb 

T

mg/2

3 mb
mg T ma

2 2
   ...(3)

2
mg

2
3mbN  ...(4)

On solving above four equation, we get

30 3
b

23
  m/s2

24. (A)
Before cutting After cutting

3 kg

A B 3kg

3g

kx kx

2kx = 3g
kx = 15

after cut the spring A.

3kg

3g

kx

a

2s/m5
3

15
3

kxg3a 




25. (B)

200 N
20kg10kg

12 m/s2

kx kx

Force on 10 kg block Kx = ma
= 12 × 10 = 120 N
So

Kx = 20kg 200 N120N

2s/m4
20
80a 

26. (B)

2m

m

kx

kx
2mg

mg

T

2m

T=0

kx2mg

T = Kx + 2 mg ....(i)
Kx = mg ....(ii)
T = 3 mg
After cutting T = 0
downwards net force

  
m2

mg3a   = 
2
g3

27. (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.

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

M = 10 kg

a v
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PHYSICS - Newton Laws of Motion, Friction

(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

29. (A)
S1 is accelerating frame so psuedo force
act opposite to frame acceleration
FPseudo = mass of analyzing body × accel-
eration of frame

)ĵ10–î5(–2  = ĵ20î10– 

30. (B)
S2  is inertial frame
F = ma

So ĵ20î10F 

31. (A)
With respect to S1 frame
Net force = zero.

32. (C)

5kg

30° 

10kg

2m/s2

T
T

B

10 pseudo
50

20 pseudo
100sin

30°

10

Tension in the string is 60N.
So spring balance reading
= 6 kg or 60 N

33. (D)





a0

mg
ma

T


T cos = mg cos () ....(i)
T sin  = ma0 + mg sin () ....(ii)
(ii) / (i)





cosg

singa
tan 0

34. (C)
Pulley is fixed from the ceiling
If pulley is fricitonless then there is no
effect of mass of pulley.

35. (B)
u

mg + bv

In upward motion
as v 
Force 
acceleration 
and takes less time to reach at top.

36. (A, B, D)

T

m g1

T

m g2

(A) T = m1g < m2g
 Acceleration of m2 is 
(B) T = m2 g > m1g
 acceleation of m1 is 
(C) Masses is different
 Not possible
(D) T – m1g = m1a

m2g – T = m2a

on solving Possible
)mm(
g)mm(a

21

12






37. (C)

(A) 40 cos 30° = 320  N

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

38. (B)
If v = 0 or v = constant then frame is
inertial.

39. (A, C)

A

B m2spring 
    k

m1

C

m1

m g1

kx

m2

m g2

kx
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PHYSICS - Newton Laws of Motion, Friction

m1g = kx a = 
2

2

m
gmkx 

a = 0
Before Burnt
T = kx = m1g
Just after burning just at 1 sec
(A) m2 will be upwards.
(B) m1 will be = 0

40. (A, B, C)
F =  t
ma = t

m
ta 

   a  t ....(1) St.

line

m
t

dt
dv 

   v = 
2
t

m

2

 v  t2 ...(2) Pa-
rabola
on solving (1) & (2)
v  a2 Parabola.

41. (B, D)

A

B
fixed

30°

a

TT
T

mg
T + mg sin  = ma ....(1)
mg – T = ma ....(2)

on solving (1) & (2) a = 
4
g3

T = 
4
g3

42. (A, B, C)
Slope of x – t curve gives velocity
In region AB, BC, CD have constant
slope.
 a = 0  net force = 0

43. (B)
F1 may be equal to F2

44. (B)

m m mF =2mg1
2mB C F =mg2A

2mg T T
T

mg mg

a1 = g 2mg – T = 2 ma  a3 = 0
T – mg = ma a2 = g/3
 a1 > a2 > a3

45. (B)

TT

T=100N

m=250 kg

2m

= 500 kg

A

B

M = 250 kg

aA = 
m
F

 = 250
100

 = 5
2

  and aB = 
100
500

 = 5
1

Now

aA

aB

100m
a  + a1 2

aAB = a1 + a2 = 
2 1 3
5 5 5
 

100 = 2
21 t)aa(

2
1

  
2t

5
3

2
1100 








t2 = 333.33
t = 18.25 = 18.3 sec

46. (B)

W

d

 22





l
Rd

element of 
dm mass

dm=

/2

/2– /r

F rgcos d




   
l





 

r
cos1rgF 





 

r
cos1

m
rg.ma 

l
rga 1 cos

r
    




47. (C)
Given

î3edcba 
 ...(1)

î–edcb 


...(2)

ĵ24edca 


...(3)

(1) – (2)   î4a 


(1) – (3)   ĵ24î3b 


Now ĵ24î7ba 


25)24(49|ba| 2 

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PHYSICS - Newton Laws of Motion, Friction

FRICTION

48.   

E

C

A

D

B

2m/s

3m/s

fBA

2m/s

5m/s

fED

fDC

fED

fCB

fDC

fBAfCB

fAg

5m/s
fAg

49. Direction of kinetic friction depends on
relative velocity, not on the force

A B
fKAB fKAB

fKAB

fKAG

50. (A)
N = 10 – 4 = 6 N
fmax = 0.3 × 6 = 1.8 N
But required =  1 N  

Force of friction = î–

N
4

1

1051. (C)

        

1.0

3.0

5.0F

1

2
3

3

2kg

1 kg

F

f1

f2

f1

f2

f3
f1 max = 15 N, f2 max = 15 N, f3 max = 6 N

52. (C)

A

N

Nma

mg
a

If A and B are moving without slipping
mcg – T = mc a ...(1)
T = 3ma ...(2)
w.r.t. B

mcg = (3m+mc)a,  = g/a

So 










 c
c

mm3
m ;   1

m3
mc 



N = ma
mcg = ma  a = g/a

mcg – c
3mg m g /

u
   mc = 

3m
1 

53. (A)
System is at rest contract
So,

C

A
T = 50f

2.0
   

5kg

T

mg=50
At rest
f = T = N
N = 50/0.2 = 250 newton
mAg + mcg = 250
10×10 + mc × 10 = 250
so mc = 15 kg

54. (B)

cosr

mg



 cosmgf


cos

mg

sinmg

h


r

h = r – r cos 
 mg cos = mg sin 
tan  = u

cos =  
21

1



h = r(1 – cos) = r 















21

11

55. (B)

2
0

1mv mgL
2

  ;     0v 2 gL 

56. (A)

     

Q

P



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

mg

N

m
 

N

)sinQP( 

fr
)mgcosQ( 

fr =  N =  (mg + Q cos )
fr = P + Q sin 
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PHYSICS - Newton Laws of Motion, Friction

 = )cosQmg(
)sinQP(



57. (A)

fr a

cosmg sinmg

 mg sin  – fr = m  mg sin  –  mg cos  = m

g[sin –  cos ] = a

a = dx
vdv

 0
vdv g[sin xcos ]
dx

     [  = 0x]

 
[Here v = 0]
[Here initial & final velocity is zero]

 0]cos
2
xx[sing

2

0    x = 


tan2

0

58. (A)
x /2 v

0

0 0

g(sin xcos )dx vdv     
2 2

0x x vg[sin . – cos ]
2 2 2 2

     
 

Keeping the value

x = 


tan2

0
 

0

sintangv





59. (D)
a = g sin -  g cos
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 20x 2.5m

3 8 8
  



60. (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° =  N

T cos 37° = (100 g – 5
T3

)

on solving T = 3
1000

( = 3
1

)

T – Mg = mamax

maxa25250
3

1000


2
max s/m

3
10

3
ga 

61. (D)
m1 m2

a

m1
m a1 m2

m a2

    anet = a – g     anet = a –
g

 fr static and  fr kinetic
both provide same acceleration
to m1 and m2.
So no relative motion between them
 x = 0 (Always)

62. (C)

F

f =30°

   F
=60°

f

F = mg sin 30° +  mg cos 30°

]31[
2

mg
 ...(1)

F + f = mg sin 60°

F = 
mg[ 3 – ]
2

 ...(2)

Now (1) = (2)

1 3 3       
( 3 1)
( 3 1)


 



63. (a) B, (b) D, (c) A
(a) T – mg sin 45° = ma

T – 2
mg

 = 25
mg

   Given

25
ga 

2
mg

5
6T 

(b) 3 mg sin 45° – T – N = 3ma
3mg 6mg 3mg

2 5 2 5 2
    (3mg cos 45°)
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PHYSICS - Newton Laws of Motion, Friction

1 2 13mg 3mg
2 5 2 5 2 2

  
    

 

 = 5
2

(c) 45°

Tsin45°
Tsin45°

T T
2Tcos45°

So 2T cos 45° = F

F
2
1

25
mg62 

  F = 5
mg6

  downward

64. (A)

  FfrA

T = 0

m m

B A

F

 s k  s k

T

mgs
Initially

0fF
Ar
   t – s mg = 0   t = s mg

[till or frB = smg t – smg = s mg
t = 2 s mg ]

rBrA ffFT 

rBs fmgtT 
t = smg   block be will not move
smg < t smg block be will not move,
static friction will work
after t > smg kinetic friction will work

m
mgmgFa ks 



So T = F – s mg – ma after t = 2s mg

f

t

65. (A)

      

10kg

5kg

F
f1

f2
f1

f1 max = 10 N  f2 max = 45 N

66. (A)
If F = 2 N
there will be no motion
the required frictional force is 2 N

67. (A)
There will be no motion of 5 kg because
(f2>f1)
The maximum F which will not cause mo-
tion
F = 10 N

68. (C)
Acceleration is zero
(For any value of F 5kg block will not move)

69. (A)

10N
30N

10N

10kg

5kg

a10kg = 10
1030 

= 2s/m2
10
20



70. (C)

0.2×mg

5m/s

2.5 sec
For t < 1 sec  aB = 2 m/s2

and velocity of truck is 5 m/s
 Friction will act after 1 sec due to rela-
tive motion between block and truck
5 = 2 × t , t = 2.5 sec.

71. (A)

(M+m)g

N


 cosg)mM(

 sing)mM(

For equilibrium condition
(M+m)g sin  =  ( M + m) g cos
tan  = 
Here   coefficient of friction between
board & log.

72. (A)

{a = g = 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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73. (A, B)

N15f sstaticmax


6.0
25
15

mg
15

N
15

s 

Now let k then
15 – fr = ma  15 – k 25 = 2.5 a

5.2
a5.215

k


 ...(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 




74. (C)

5 kg

4 kgP
Q F

2.0

1.0
f1 = 0.2 × 40 = 8 N
f2 = 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

75. (B)
N

mg
Nf 

T

Friction force will more then man will not
slip.
N is More

76. (A, B, C)

M
T

N

T – N = ma
As T  man
Can have tendency
to move

77. (C)

Rough

Smooth
m

M

mg >  M g
m > M

78. (A, C)
(A)  m < M
system is at rest T = mg
mg – T = ma  T = mg – ma
& T –  Mg  = Ma {m > M}
 T = Ma +  M g
on analysing   Mg < T < mg

79. (A, D)

Rough

Smooth

m

M

F Mo

T

T

(A) When F = 0
No frictin b/w m & M0 so system move.
(B) When F is applied then friction devel-
ope a range for which M and m are sta-
tionary w.r.t M0, such that

m m

T T

f mg mg

or

(C) Limiting friction between M0 & m is 
ma
  Dependent on a

         (D) When Pseudo acts on M is equal to T
then f = 0

80. (B, C)

m

M

F Mo

T

T

mg

f

a

f
Ma

Use Pseudo concept
T = Ma ...(1)
T = f + mg   T =  ma  ma ...(2)
On using (1) & (2)
Ma =  ma + mg

mM
Mga




(B) then umM
mg)mMM(F 0





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PHYSICS - Newton Laws of Motion, Friction

(A) Net Possible becouse T > 0
(only Possible when T = 0 at m block)
 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 = (M0 + 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
M0.

81. (A, B)
(A) If F = 0, the block connot remains
stationary
(B) For one unique value of F, the blocks
M and m remain stationary with respect
to block M0.

82. (B, C)

100

37°

m

a
T

T

mg
fmg sin37°

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

mg s
in3

7°
f

100

T T

m

mg

T + f = ma
T + 235.2 = 588
T = 588 – 235.2 = 352.8
m = 35.28 kg

83. (B, D)
fc = N (Given)
 fc = 22 fN 
Acceleration to condition f = 0  fc = N

84. (A, B, C, D)

10 kg

6.0

20 m/s2

(A) Acceleration of box = 20 m/s2

(when consider as system)
Force on Box
F = 200 N
N = 200 N
fmax = N = 0.6 × 200 = 120 N

(B) frequired = mg = 10×10 = 100 N

(C) N5100)200()100(Nff 2222
c 
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PHYSICS - Newton Laws of Motion, Friction

1.

B

A

4 kg

a2

a1

T

T

2T

40

a3

2 Kg

1 Kg

T = 2 a2

T = a1

40 – 2T = 4. a3 ...(1)
T = a1 = 2a2 a1 = 2a2 ...(2)

a3 = 
2

aa 21  ...(3)

a3 = 
2
3

 a2 ....(4)

Solving eqn (1) (2) (3) and (4) We get
T = 8 N, a1 = 8 m/s2

a2 = 4 m/s2

a3 = 6 m/s2

2. amR = am – aR

m/2
A

g/6
m

a

a

am = (g/6 – a)

a
2
mg

2
mT  ...(1)

T – mg = m(g/6 – a) ...(2)
Eq. (2) – (1)

9
g4a    & T = 18

Mg13

3. (i) M + m = 20 kg
(M + m)g = 200 N
2T = 200 N
TA = 100 N
(ii) 2T – (M + m)      

T
T

Mg

M

mg

a = 2m/s2

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

T = 
2

)210(20 
   TA = 120 N

TB = 2TA = 240 N

4.

30°cylinder

30°
O

A

x

60°

g
2

g
2

g
2
cos 6

0° =
 g 4

length of oA = 5, a = 
4
g

s = 
2
1

 at2  5 = 2t.
4
g

2
1
   t = 2 sec

5. (a) T1 = 20 N = kx1
(b) T – 20 = 2a  30 – T = 3a
On solving a = 2m/s2

   T = 24 N = kx2
(c) T – 10 = a
     20 – T = 2a

On solving a = 10/3 m/s2 & T = 3
40

 N = kx3

So x1 = 
K
20

, x2 = 
K
24

, x3 = 
K

3.13

x2 > x1 > x3 x1 : x2 : x3 = 15 : 18 : 10

6.

F
N

N = mg cos = 2.5 g cos 37°
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 – m1g = m1 × 2

m1 = kg
3

10

8. Net force diagram

2T

T

40kg

man
50kg

3T = 900 N,          T = 300 N

Exercise-III Level - I
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PHYSICS - Newton Laws of Motion, Friction

9.  

50

5×5

N

x

y

37°

N = 50 cos 37° + 25 sin 37° = 55

10.
37°

3 m/s2

N
 

Ncos37°

37°

N

3
a

37°
3sin37° = acos37°

 a = 4m/s  2

a = 
4
9

m/s2

N sin 37° = 1 × 3

N × 5
3

 = 1 × 3 , N = 5 N

mg – 5 cos 37° = m × 
4
9

m = Kg
31
16

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 = 4F1 – F2

so anet = 40
FF4 21 

at t = 2 sec F2= 10 ; F1 = 30; anet= 4
11

m/

sec2

t = 4 sec F2=20; F1 = 30; anet = 
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

yA = 
4
t2

,
2
t

VA 

So aA = 2s/m
2
1

, aB = 4 m/s2
 

14.

m



   x = /2

mg

T Kx

T = mg – kx = mg – 
2
k

If K > 2 mg/ , Kx > mg
T = 0

15. T – mT g = mT acm = [mAaA + mBaB + mcac]
T = mTg + mA aA + mBaB+ mCaC
= 330 + 10 × (–2) + 15 × 1.5 + 8 × 0
= 330 + 22.5 – 20
= 332.5 N
Where mT  Total mass = 10 + 15 + 18=33
Kg.
ac = 0 m/s2

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
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PHYSICS - Newton Laws of Motion, Friction

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

mgT 

17. (A)   
5kg 40N

5.0s 
4.0k 

f = 25 Nstatic 

f = 20 Nkinetic 

So 2s/m4
5

2040a 




(B)

50N=70 30
37°

10
40

s = 0.5 , k = 0.4
fstatic = 35 N,  fkinetic = 28 N

a = 2s/m2.1
10

2840




(C) 10kg s k  0 6.

5kg

Tf
T

fmax = 0.6 × 10 × 10 = 60
T = 5g  T = 50
fmax > T
a = 0 m/s2

18. g
3
m

N      f = m

If friction coefficient is

 then mg
3
2g

3
m

    

m/3

2/3mg
 = 2

19.    F
A
B

When F  smg
Then block B is move
F - kmg = ma
Block a does not move for any value of F

20.
3/4mg

mg/4

25%
4/mgmg

4
3



 = 3
1

 = 0.33

21.  = angle of Repose

volume of cone = hr
3
1 2

h = r tan 
and for just sliding
mg sin = mg cos

tan  =  = 
r
h

v = 3r
3
1
   

r

R

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

22.

15kg

2/150

T45°

2/T

2/T

150 2/150
45°

T = 50 N
Component of force (in y direction)

N = 
2

150

2

T
     N = 200 / 2

2
200f 

Component of force in x direction

rf
2

T

2

150


2
200

2
50

2
150 

   = 
2
1

23.
1 kg

T

gsin37º

T = g sin 37° +  g cos 37°, T = mg
m = sin37° + cos37° = 1 Kg
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PHYSICS - Newton Laws of Motion, Friction

24. 2kg
1kg

10m/s
f

f

f = 5 N
Acc. of block 1 Kg = 5

Acc. of block 2 Kg = 
2
5

final velocities block

Here 1 Kg is v1 and 2 Kg is v2 and v2 = t
2
5

and t510v1 

v2 = v1    t510t
2
5

 ,   t = .sec
3
4

25.
m

gsin
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

 = – . N. 5
4

N. 5
3

 = – .N. 5
4

  = 
4
3

26.

2kg

2kg T

fmax1

fmax1

fmax2
fmax 1 = 20 × 0.6 = 12 N
fmax 2  = 40 × 0.4 = 16 N
T – 12 – 16 = 2 × a  T – 28 = 2a
fmax1 = 2amax
[12 = 2a, a = 6m/s2]
T = 40 N

27. W.r.t train
mg - ma = ma0

  






 
2
1

,4a 

maf 

mg
ma a0

a0= g– x 4 = 10–2 = 8 m/s2

S = ut + 
2
1

 at2  1 = 
2
1

 × 8 ×

t2

t = 2 sec

28. Condition for move the body

2t = m g = 
2
1

 × 2 × 10

t0 = 5 sec 2

2

dt
xda 

5 sec < t < 10 sec

a

2

10

2t

2t = 10 + 2a

a = (t – 5)   5t
dt
dv



2
25

t5
2
t

v
2

     t
2
25

2
t5

6
t

x
23



at t = 5 sec.

x = 
6

125
m

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 is not pos-
sible.

 a = 0   f = 10 î

30.
f1 F = 25N

A
B = 8kg

2kg

f1

f2

f1max = 0.2 × 2 × 10 = 4
f2max = 0.5 × 10 × 10 = 50
firstly applied f2 then f1
Here f2max > 25  So f1 =0

31. 10kg 20

amax = 2 m/s2

F = ms × amax (block moves together)
F = 15 × 2 = 30 N
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PHYSICS - Newton Laws of Motion, Friction

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
2mga




 ...(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
125.0 

 25.0
2.0m
2mg

2
125.0 











 [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) = 1 m/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 

2.

30º
2R

2R 2R

T

x cosN
N


x

sinN

2R

Rcosx 

3
R2x 

3
1

R2
xcos 

Now mgsinN3 

3
2.3

62
sin3

62N 




N = 2N

130º T

x

N

Now Ncos)º30cosT(2 

2
3
1

2
3T2 








  N2T 

3. First find out acceleration of A so for this

8220F220a 2 
aA = 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
1t 

4. for man of mass m1 GRRmGm aaa
21



)a2.1(a Gm1


for man of mass m2 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



Exercise-III Level - II
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PHYSICS - Newton Laws of Motion, Friction

)a2(mmgT 2  ...(2)
Solve eq. (1) & (2) and put m1 = 40 kg
  m2 = 60 kg
you get a = 2.72 m/s2

T = 556.8 N

5. Initial  m1 > 2m2

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

2 1 2m a m g /2 m g   1 2

2

m 2m
a g

2m
 

   
 

m/

s2

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
mg2a

g2
m

mgmg3a

C

B

A










(c)

C

B

A

mg

3mg

mg

  

ga
2/mg3T

2/mgmgT
2
g

m2
mg2mg3

aa

c

BA













7 1MaMaT  ...(1)

1Ma2TMg2  ...(2)

{N = 2Ma} Ma5Ma2T 

M
Ma

T

T

2M5M

a

2Ma
a1

m

Ma7T  ...(3)
Using eq. (1), (2), (3)

we get g
23
2a 

8. dNsin dmg   ...(1)

 cosNdsin.T2

 cosNdT2







 cosN

R
dxT2

   cosNR/RT2
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PHYSICS - Newton Laws of Motion, Friction

N
sinN

cosN



 cosNT2 ...(2)
from (1) & (2)

cos mg
T

2


 


T T

d d

d

15 _____ 10 cm

 T ____ cmT
15
10



cm1
2

mgcot
15
10







9 (a) Using pseudo concept
 cosmgNsinma

mma
(pseudo)

N

M

amg




When N = 0

 cotga
(b)

MgcosNN1   1Nf 

)MgcosN(   cosmgN

m


N1NcosN

sinN



)Mgcosmg(f 2 
Wedge not move when

 sincosmgsinNf

 sincosMg)Mgcosmg( 2

MgcosMg
sincosMg

2 




10 at t = 1 sec it start slipping so.
at this moment accelerat ion of block =  sg
t = 1 sec a = 4(t) = 4(1) = 4 m/s2

  = sg      s = 0.4

v = 2t2

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 k  (sliding), v = u + at

)2(1028 k k210
6




 ,

sec3.0k  =

11 1kg
2kg

3kg

F

5.0

2.0

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
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PHYSICS - Newton Laws of Motion, Friction

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

ac = 6/3 = 2 m/s2 f = 6 N
common acceleration = 18 – 6 = 3 ×  a

    a = 4m/s2

 1kg f  = ?1
fi = 4N
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1. (C)
The free body diagram of the person can be
drawn as
Let the person move down with an accelera-
tion a then

T

60g

Person

a

60g-T = 60 max min60g T 60 a  

or 2
min ms4

60
360g60

a 




2. (B)
The system of masses is shown below. From
the figure.

C B A F
T2 T1

F - T1 = ma ...(i)
and T1-T2=ma ...(ii)
Eq. (i) gives,
10.2 - T1 = 2 × 0.6
 T1 = 10.2 - 1.2 = 9 N

3. (C)
As the string is
inextensible, both
masses have the same
acceleration a. Also,
the pulley is massless
and frictionless, hence
the tension at both
ends of the string is the
same. Suppose the
mass m2 is greater than
mass m1, so the heavier
mass m2 is accelerat-
ing downward and the
lighter mass m1 is ac-
celerating upwards.

                                        
Therefore, by Newton's 2nd law
T - m1g =m1a ...(i)
m2g - T = m2a ...(ii)
After solving Eqs. (i) and (ii)

8
g

g.
)mm(
)mm(

a
12

12 



 (given)

So, g.
)m/m1(m
)m/m1(m

8
g

212

212




 ...(iii)

Let, x
m
m

2

1 

Thus, Eq. (iii) becomes

8
1

x1
x1





or  
9
7

x  or 7
9

m
m

2

1 

So, the ratio of the masses is 9:7.

4. (B)
Using the relation

mgR,R
r

mv2



rgvormg
r

mv 2
2



101506.0v2 
or  v = 30ms-1

Again from Eq. (ii), we get
9 - T2 = 2 × 0.6
  T2 = 9- 1.2 = 7.8N

5. (A)
The particle remains stationary under the

acting of three forces 21 F,F


 and 3F


, it means
resultant force is zero,

)FF(F 321




Since, in second case F1 is removed (in terms
of magnitude we are talking now), the forces
acting are F2 and F3 the resultant of which
has the magnitude as F1, so acceleration of

particle is 
m
F1  in the direction opposite to

that of 1F


.

6. (B)
A + B =18 ....(i)

 cosAB2BA12 22 ...(ii)





cosBA

sinB
tan





cosBA

sinB
90tan 0

B
A

cos


 ...(iii)

Solving Eqs. (i), (ii) and (iii), A = 5N, B = 13N

7. (C)
Apparent weight of ball
w' = w -R
R = ma (acting upward)
w' = mg-ma
= m(g-a)

Exercise-IV Level - I
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PHYSICS - Newton Laws of Motion, Friction

Hence, apparent acceleration in the lift is g-
a. Now, if the man is standing stationary on
the ground, then the apparent acceleration
of the falling ball is g.

8. (A)
Here, thrust force is responsible to acceler-
ate the rocket, so initial thrust of the blast
= ma
= 3.5 × 104 × 10
= 3.5 × 105 N

9. (A)
The arrangement
is shown in figure.
Now, draw the
free body diagram
of the spring
balances and block.
for equilibrium of block,
T1 = Mg
where T1 = Reading of
S2 For equilibrium of S2.
T2 = T1

M

S1

S2

Light 
spring
balance

Light 
spring
balanceWhere, T2 = Reading of

S1 For equilibrium of S1,
T2 = T3

      

T3
T2

T2 T1

S1 S2

T1

mg

Block

Hence T1 = T2 = Mg
So, both scales read M kg.

10. (D)
Let acceleration of system (rope + block)
along the direction of applied force. Then

mM
P

a




a
m PM
Frictionless
surface

Draw the FBD of block and rope as shown in

figure
a a

m
TM T P

Where, T is the required parameter.
For block,
T = Ma

mM
MP

T




11. (C)
Here B is implying A but A is not implying B,
as kinetic energy of a system of particles is
zero means speed of each and every Particle
is zero. which says that momentum of every
particle is zero.

But statement A means linear momentum of
a system of particles is zero, which may be
true even if particles have equal and oppo-
site momentums and hence, having non-zero
kinetic energy.

12. (C)
Let coefficient of friction be , then retarda-
tion will be g.
From equation of motion.
v = u +at
  0 = 6-g × 10

or 06.0
100
6



13. (D)
Let R be the normal contact force by wall on
the block.

       

10N R

f

w

R = 10N
fL= w and f = R
 R = w
or  w = 0.2 × 10 = 2N

14. (D)
Resultant force is zero, as three forces on
the particle can be represented in magnitude
and direction by three sides of a       triangle
in same order. Hence, by Newton's 2nd law











dt
vd

mF


, Particle velocity (v
 ) will be same.

15. (A)
In stationary position, spring balance read-
ing => mg = 49

or  kg5
8.9

49
m 

When lift moves
downward.
mg - T = ma T

a

mg

Reading of balance
T = mg - ma
= 5(9.8-5)
= 5 × 4.8
= 24.0 N
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PHYSICS - Newton Laws of Motion, Friction

16. (A)
Let mass of the block be m.

R F

mg

Frictional force in rest position
F = mg sin 300

[This is static frictional force and may be
less than the limiting frictional force]

2
1

10m10   or  kg2
10

102
m 




17. (A)
On releasing, the motion of the system will
be according to figure.
m1g - T = m1a ...(i)
and T-m2g=m2a ...(ii)
On solving

g
mm
mm

a
21

21











 ...(iii)

a a

m g1

m g2

T T
Here
m1 = 5kg, m2 =4.8kg,
g = 9.8 ms-2

8.9
8.45
8.45

a 












2ms2.08.9
8.9
2.0 

18. (D)
The force exerted by machine gun on man's
hand in firing a bullet.
= change in momentum per second on a bul-
let or rate of change of momentum

N481200
1000
40










The force exerted by man on machine gun
= force exerted on man by machine gun
= 144 N

19. (C)
According to work - energy theorem,
W = K = 0
=> work done by friction
+ work done by gravity = 0

0sinmg
2

)cosmg(  ll

or 


sincos
2

or  tan2

20. (A)
When friction is absent

a1 = gsin 

 2
111 ta

2
1

s  ...(i)

When friction is present
a2 = g sin  - kgcos

 2
222 ta

2
1

s  ...(ii)

From Eqs. (i) and (ii)

2
22

2
11 ta

2
1

ta
2
1



)ntt()nt(ata 12
2

12
2
11 

or a1 = n2a2

2 k
2

1

a gsin gcos 1
a gsin n

   
  



0 0
k

0 2

gsin45 gcos45 1
gsin45 n

 


or   2k n
1

1     or   2k n
1

1 

21. (D)
Since  is constant, v would also be con-
stant. So, no net force or torque is acting on
ring. The force experienced by any particle is
only along radial direction, or we can say the
centripetal force.
The force experienced by
inner part, F1 = m2R1
and the force
experienced by
outer part,
F2 = m2R2

2

1

2

1

R
R

F
F



22. (D)
Given,  m = 0.3 kg, x = 20 cm
and k = 15 N/m

F = - kx ...(i)
and F = ma ...(ii)
 ma = - kx

21020
3.0

15
a 

2ms102
3
15

a 

 Initial acceleration, a = 10 ms-2
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23. (B)

105.02
100100

g2
v

s
k

2









m1000
25
100100







24. (D)
In the frame of wedge, the force diagram of
block is shown in figure. From free body dia-
gram of wedge.

ma

mg+

N

a

For block to remain stationary.
ma cos  = mg sin 
or a = g tan 

25. (C)
This is the question based on impulse mo-
mentum theorem.

momentuminchanget.F 

if PP1.0F 

As the ball will stop after catching ;
Pi = mvi = 0.15 × 20 = 3, Pf=0
     F × 0.1 = 3      F = 30N

26. (D)
The situation is shown
in figure. At initial time,
the ball is at P, then
under the action of a
force (exerted by
hand) from P to A and
then from A to B let
acceleration of ball dur-
ing PA is a ms-2 [as-
sumed to be constant]
in upward direction and
velocity of ball at A is
v m/s.
Then for PA,
v2 = 02 +2a × 0.2

                                   
P

A

B

2 m

0.2m

For AB, 0 = v2 - 2×g×2
=> v2 = 2g × 2
From above equations,
a = 10g = 100ms-2

Then for PA, FBD of

mg

F

a=10gball is  F - mg = ma
[F is the force
exted by hand on ball]
=> F = m(g+a)

= 0.2(11g)
= 22 N
Alternate using work energy theorem
Wmg +WF = 0
=> -mg × 2.2 +F × 0.2 = 0
or F = 22N

27. (D)
Here, the constant horizontal force required
to take the body from position 1 to position 2
can be calculated by using work-energy theo-
rem. Let us assume that body is taken slowly
so that its speed does not change, then
K = 0
=WF + WMg + Wtension

[symbols have
their usual meanings]

WF= F × l sin 450 = 
2

Fl

WMg = Mg (l-l cos 450),
Wtension = 0

 F = )12(Mg          
M

m

450 l

F

Mg

1

28. (C)
Acceleration of system,

Mm
F

a




m M F
k

So, force acting on mass,
F = ma

Mm
mF




29. (D)
mg sin = ma
 a = g sin 
where a is along the inclined plane
 Vertical component of acceleration is gsin2
 Relative vertical acceleration of A with re-
spect to B is
g (sin2600-sin2300)

2ms9.4
2
g   (In vertical direction)

30. (B)
From the graph, it is a straight line so, uni-
form motion, Because of impulse direction of
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velocity changes as can be seen from the
slope of the graph

Initial velocity 1
1 ms1

2
2

v 

Final velocity 1
2 ms1

2
2

v 

sN4.0mvP 1i 


sN4.0mvP 2f 


f iJ P P 0.4 0.4 0.8N s       
  

( J

= impulse)

sN8.0J 


31. (D)
F1 = mg(sin  + cos)
F2 = mg(sin -  cos)

                     

m





cossin
cossin

F
F

2

1

3
2
2

tan
tan










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1.

A

0.1×10×cos45°

w.r.t B

aAB = 
2s/m

2
1

2t
2
1

2
12 

t = 2 sec

2. (B)

2m

m

A

B
2mg T

T

2m m

3mg r

2mg mgT

a

when string cut T = 0
 ma2 = mg
a2 = g
3mg – 2 mg = 2ma

a = g/2

3. 20 – 6 – 4 = 1 × a

37°

15×2/5=6

20

15

1 × 25
37°

mg

4


a = 10 m/s2

4. (B)

a


x

T

T

F

T

T cos  = ma F = 2T sin 





 cot

m2
F

m
cos.

sin2
Fa

22 xa

x.
m2
Fa




5. (B)
Due to inertia particles left at their places
when we pull the clock suddenly.

6. (B)

m

N

mg 


cosF

sinF

[N = mg + F sin  ]

m

N’

mg 

F



sinF

cosF

[N = mg – F sin  ]

f = N

7. (B)

8. (A)

9. mg sin+ mg cos = 3
(mg sin – mg cos)
sin = cos at 45°
1 +  = 3 (1 – )
4 = 2 = 0.5
N = 10
= 5

10. (A, C)
Components of 1N force : 1cos   along

the incline opposite to mgsin   and 1sin 
perpendicular to the incline.
If =45 the cos =sin  .

If >45 then cos<sin  so frictional force

acts towards Q.
If <45 then cos>sin  so frictional force
acts towards P.

Exercise-IV Level - II


