Chapter 4. Laws of Motion

Two blocks A and B ol masses
3m and m respectively are
connected by a massless and
inextensible string. The whole

system 1s suspended by a A |3m
massless spring as shown 1n
figure. The magnitudes of g

acceleration of 4 and B
immedhately after the string 1s cut, are

respectively
g ' g
(a) 313 (by &g (¢ 13 (d) &, :

(NEET 2017)
One end of string of length /18 connected to a
particle ol mass “m’ and the other end 18
connected to a small peg on a smi@bth
horizontal table. If the particle moves inwrelé
with speed V', the net force on the parficle
(directed towards centre) will be (I fepresents
the tension i the string)

2
(a) T“+£%—

@ 7
(NEET 2017)

A rigid ball ofanass m strikes a
rngid wall @ 60" and gets
reflected without 165s of speed
as shown w the hgure. The
value of impulse imparted by
the wall en the ball will be

(@) ml™  (b) 2ml’
R
¢) —  (d) —
(c) 5 (d) 5

(NEET-II 2016
A car 1s negotiating a curved road of radius R,
The road 1s banked at an angle 6. The coelficient
of [metion between the tyres of the car and the
road 1s W The maximum sale velocity on this

road 18
& M, +tanb
n

£ W, +tanb
@ \R1-p. tan® R> 1—p, tan®

th

6:

i, + tan B u, + tan®
' (d) J%RI
| — W, tan®

: R?
() J‘E | =, tan®
(NEET-I 2016)

Two stones of masses m amd 21 are whirled in
horizontal circles, the heawter one 1n a radius

r T ; . P i
— and the ighter one m radius r. The tangential

2

speed of lighter stone is n times that of the

valué ol heavier stone when they experience

same ecalnpetal forces. The value of m 1s

(@) 4 (by | (¢) 2 (dy 3
2015)

A plank with a box on 1t at one end 1s gradually
raised about the other end. As the angle of
inclination with the horizontal reaches 30°, the
box starts to ship and shides 4.0 m down the plank
m 4.0 s.

The coeflicients of static and kinetic friction
between the box and the plank will be,
respectively

(a) 0.5and 0.6
(¢) 0.6and 0.6

(by 0.4 and 0.3
(d) 0.6 and 0.5

(2015)
Three blocks A, B and C, of masses 4 kg, 2 kg
and | kg respectively, are in contact on a
frictionless surface, as shown. If a force of
14 N 1s applied on the 4 kg block, then the
contact force between A and B 1s

? ,-ﬁ %
(a) 8N (b) 18 N
(¢) 2N (d) 6N

(20135 Cancelled)



Laws of Motion

10,

11.

A block A ol mass m, rests on a horizontal table,
A light string connected to 1t passes over a
fnctionless pully at the edge of table and from
its other end another block B of mass m, 1s
suspended, The coefficient of kinetic [riction
between the block and the table 1s p,. When
the block A 1s shding on the table, the tension
in the string 1s

mm,(1+u,)g
(g +m-,)

mnts(1 -1, )g
(my +ms5)

(a)

(1 + peiny)8

() (1, =i )g
(1, +m,)

(1, +m,)
(2013 Cancelled)

A system consists ol three masses m, m, and
m, connected by a string passmg over a pulley
F.The mass m hangs freely and m, and i, are
on a rough horizontal table (the coefficient of
friction = ). The pulley 18 [rictionless and of
negligible mass. The downward acceleration of
mass m 1s (Assume m, =m,=m, = m)

(c)

(a) g(l;gu} p My mj._
r—
9
(b) a1
3
(c) gd-21) :
3 _m
(d) g“;?’“] (2014)

The force F acting om.a partiele 0f mass m 1s
mdicated by the force-lime graph shown below.
The change in mementum of the particle over
the time interval fomzero to 8 s 15

=

T M /
ER N

f(8) —P
(a) 24N (b) 20N s
(¢) 12Ns )6 Ns  (2014)

A balloon with mass m 15 descending down
with an acceleration a (where a < ¢). How much
mass should be removed Irom 1t so that 1t starts
moving up with an acceleration a’

- 2ma 2ma
@) T¥a ® =2
m _ me

(c) s ta (d) e—a (2014)

12.

13.

29

Three blocks with masses m. 2m and 3m are
connected by strings. as shown i the figure.
Alter an upward force /15 applied on block mi,
the masses move upward atl constant speed v.
What 1s the net force on the block of mass 2m?

(g 1s the acceleration due to gravity) r
(a) 3Imge I:TD
(b) 6Gmg [2m
(¢) zero 3
(d) 2mg (NEET 2013)

An explosion breaks agoek into three parts i a
horizontal plane. Two of (hem go off at night
angles to each other. The first part of mass 1 kg
moves wilh fspeed of 12 m s and the second
part of mass 2'Kg moves with 8 m s speed. If
the third parf 01€s off with 4 m s speed. then
its 1mass 1§
@) Tke

(b) 17kg

(d) Skg (NEET 2013)

14, The upper half of an inclined plane of

16.

inclination 0 1s perfectly smooth while lower
half 1s rough. A block starting {rom rest at the
top of the plane will again come to rest at the
bottom. 1f’ the coelticient of riction belween the

block and lower hall of the plane 1s given by

(a) u=2tan® (b) u=tanb

» e L:I
(c) M tan B tan ()

(NEET 2013)

. A car 1s moving 1n a cireular horizontal track of

radius 10 m with a constant speed of 10 m/s. A
bob 1s suspended from the roof of the car by a
light wire of length 1.0 m. The angle made by
the wire with the vertical 1s

= b) — L dy 0°
(a) 5 ( ]E. (c) 1 (d)
(Karnataka NEET 2013)
A person holding a nifle (mass of person and

rifle together 1s 100 kg) stands on a smooth
surface and fires 10 shots honizontally, in 5 s.
Each bullet has a mass of 10 g with a muzzle
velocity of 800 m s The final velocity acquired
by the person and the average force exerted
on the person are
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17.

18.

19.

20,

21.

22.

(a) —008ms™", 16N (b) —=08ms™". 8N
¢c) —16ms" 16 N (d) -16ms' 8N
(Karnataka NEET 2013)

A stone 1s dropped Irom a height /i, It nts the
ground with a certain momentum 7. If the same
stone 1s dropped from a height 100% more than
the previous height, the momentum when 1t hits
the ground will change by

(a) 68% (b) 41%

(¢) 200% (d) 100% (Mains 2012)

A person of mass 60 Kg 15 mnside a it of mass
940 kg and presses the button on control panel
The Lift starts moving upwards with an
acceleration 1.0 m/s* Ifg=10ms 7 the tension
i the supporting cable 15

(a) 8600N (b) 9680N

(¢) 11000N (d) 1200N (2011)

A body of mass M hits normally a rigad wall
with veloeity I"and bounces back with the same
velocity, The mmpulse expenenced by the body 1s
(a) MI” (by 1.3MI’

(¢) 2MT’ (d) zero (2011)

A conveyor belt 1s moving at a constant speed
of 2 m s'. A box is gently dropped ondt. The
coefficient of friction between them is U =075,
The distance that the box will move relative to
belt before coming to rest om af, taKing
g=10ms™ 13
(a) 04m

(¢} (6m

(b) I2m

(d) wero Afains 2011)

A block of mass m 1s i contact with the cart

as shown i the figure,
——>

The coelficient pl swtic
friction befween the block
and the caxt ¥s L. The

C EAm
O O)

acceleration o of the cart that will prevent the

block [rom falling satishies

m
(a) rl}l—f (b) l.‘-‘.}“—'?ﬂ-

& . 8
() *=) (d) R (2010)

The mass of a lift 15 2000 kg. When the tension
in the supporting cable 1s 28000 N, then its
acceleration 1s

(a) 4 m s~ upwards (b) 4 m s downwards
() 14 m s upwards (d) 30 m s * downwards

(2009)

23.

24.

25.

26.

27.

A bodyv., under the action of a [lorce

F=0i-8)+10k, acqures an acceleration

of 1 m/s*. The mass of this body must be
(a) l0kg (b) 20kg

(c) 102 kg (d) 2410 kg

A roller coaster 1s designed such that niders
experience “weightlessness™ as they go round
the top of a hill whose radius of curvature 1s
20 m. The speed of the car at the top of the hill
15 between

(a) 16 m/sand 17 m/s

(by 13 m/s and 14 mi/8

(¢) 14 m/sand 15 m/s

(d)y 15 méssamd 16 nv/'s

(2009)

(2008)

> Y

Three forces acting on a body are shown in
the figure. To have the resultant force only

along the y-direction, the magnitude of the
minimum additional force needed 1s

3
V3 (b)\/3 N

(a) 1 N
(¢) 05N (d) 1.5N (2008)
Sand 1s being dropped on a convever bell at
the rate of M kg/s. The force necessary o keep
the belt moving with a constant velocity of v
m/s will be

(a) % newton (b) zero

(d) 2 Mv newton

(2008)
A block B 15 pushed momentarily along a
horizontal surface with an initial velocity I’
I w18 the coelticient ol shding friction between
B and the surface. block B will come to rest
after a time

(¢) Mv newton

NNy

(a) gw/l’ Ve v
(b) g/T" TITITITIITT TI7777
(¢c) Ig

(d) I'(gu). (2007)
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28.

29.

30.

31.

32.

33,

A 0.5 kg ball moving with a speed of 12 m/s
strikes a hard wall at an angle of 30° with the
wall. It 15 reflected with the same speed at the
same angle. If the ball 1s 1n contact with the
wall for 0,25 seconds, the average lorce acting
on the wall 1s

(a) 96N (b) 48N

(¢) 24N (d) 12 N.  (2006)
A block of mass m 15 placed on a smooth wedge
of mchnation 0. The whole system 1s
accelerated honzontally so that the block does
not ship on the wedge. The force exerted by the
wedge on the block will be (g 15 acceleration
due to gravity)

(a) mg cos 0 (b) mg sin O

(c) mg (d) mglcos O (2004)
The coefficient of static friction, p, between
block A of mass 2 kg and the table as shown 1n
the figure 18 0.2. What would be the maximum
mass value of block B so that the two blocks
do not move? The string and the pullev are
assumed to be smooth and massless

(g = 10 m/s?) sikg [ A

(a) 2.0 kg T77777 /7777777777,

b) 4.0 kg

(b) g i
(c) 0.2 kg

(d) 0.4 kg (2004)

A man weighs 80 kg He'Stands on a weighmg
scale mn a Iift which 1ssmoving upwards with a
uniform acceleration of Sum/s*. What would be
the reading on the seald™ (g = 10 m/s7)

(a) zero (b) 400 N

(c) BOON (d) 1200N  (2003)
A mionkey of mass 20 kg 1s holding a vertical
rope. The rope will not break when a mass of
25 kg 1s suspended from 1t but will break if the
mass exceeds 25 kg, What 15 the maximum
acceleration with which the monkey can climb
up along the rope (g = 10 m/s%)

(a) 5 m/s° (b) 10 m/s®

(¢) 25 m/s’ (d)2.5m/s*  (2003)
A it of mass 1000 kg which 18 moving with
acceleration of 1 m/s* in upward direction. then
the tension developed in string which 1s
connected to Il 1s
(a) 9800N

(c) 11LODON

(b) 10,800 N
(d) T0.000N, (2002)

34.

IS,

36.

37,

38.

39

40.

31

A block of mass 10 kg placed on rough
horizontal surface having coefficient of friction
m = (.5, 1f'a horizontal force of 100 N acting on
it then acceleration of the block will be

(a) 10m/s? (b) 5 m/s*

(¢) 15m/s” (d) 0.5 mfs®. (2002)
250 N force 1s required to raise 75 kg mass from
a pulley. If rope 1s pulled 12 m then the load 1s
lifted to 3 m, the efficiency of pulley system
will be

(a) 25% (b) 33.3%
(c) 75% (d) 90%. (2001)
On the horizontal surface afa ek a block of

mass 1 kg 1s placed (m =4 ) and truck 1s moving
with acceleration § m/seé® then the [rictional
force on the block will be

(a) SN (b) 6N
(¢) 588N (@8N, (2001)
A crnidKefér ¢itehes a ball of mass 150 gm in

0.1 see moving with speed 20 m/s, then he
oxpetienees force of

@y 300N (b) 30N

& IN (d)0.3 N.  (2001)
A1 kg stationary bomb 1s exploded 1n three
parts having mass 1 @ 1 : 3 respectively. Parts
having same mass move in perpendicular
direction with velocity 30 m/s, then the velocity
of bigger part will be

10
(a) 'IH\E m/sec (b) :.7_.2_ m/sec

15
(d) 775 m/sec

V2 (2001)
A body ol'mass 3 Kg hits a wall at an angle of
60% and returns at the same angle. The mmpact
time was 0.2 sec. The force exerted on the wall

(€) 15J2 m/sec

@) 15043 N o
(b) 5043 N

@) 100N B
@) 7543 N. (2000)

Two masses as shown in the hgure

are suspended lrom a massless
pullev. The acceleration of the system
when masses are left free 1s
. dE . ,
: = 3
(@) =3 (b) 3 ¢

y & , £
(©) 3 d = 0

(2000)
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41.

42,

43.

44.

45.

46.

47.

If the force on a rocket, moving with a veloeity
of 300 m/s 15 210 N, then the rate of combustion
ol the luel 15
(a) 0.07 kg/s (b) 1.4 kg/s
(c) 0.7 keg/s (d) 10.7 kg/s (1999)
A mass ol 1 kg 1s suspended by a thread. It 15
(1) hfted up with an acceleration 4.9 m/s”.
(1) lowered with an acceleration 4.9 m/s®
The ratio of the tensions 1s
(a) 1:3 (b} 1:2
(c) 3:1 (d) 21 (1998)
A bullet 1s fired from a gun. The force on the
bullet 15 given hy

F=600-2x 10%¢
where, /' 15 m newton and 7 in seconds. The
force on the bullet becomes zero as soon as 1t
leaves the barrel, What 1s the average impulse
imparted to the bullet?

(a) 9 N-s (b) zero
(¢) 1.8N-s (d)0.9 N-s (1998)
A mass M 1s placed on 2

a very smooth wedge
resting on a surface
without friction. Once B
the mass 1s released,

the acceleration to be given to the Wedge so™

that A remains at rest 1s a where

(a) a 1s applied to the left and @ = gtan 0

(b) a is applied to the right and & = gtan 0

(¢) a1s applied to the left and a= gsin 0

(d) a1s applied to thé left and a = gcos 0O
(1998)

A 5000 kg rockél is set for vertical firing. The

exhaust speed [s 80 m s To give an initial

upward aceeleration of 20 m s, the amount of

gas gjeefed persecond to supply the needed

thrust will be (g = 10 m s7)

(a) 185.5kgs™ (b) 187.5 kg s

() 1275kgs™ (d) 137.5 kg s7'(1998)

A lorce of 6 N acts on a body at rest and of

mass | kg. During this time, the body attains a

velocity of 30 m/s, The time for which the force

acts on the body 1s

(a) 7 seconds (b) 5 seconds

(¢) 10 seconds (d) 8 seconds, (/997)

A 10N force 1s applied on a body produce in it an

acceleration of | m/s* The mass of the body 1s

(a) 15kg (b) 20 kg

(¢) 10kg (d) 5 kg, (1996)

48.

49

S1.

52,

-

. Physical

A force vector applied on a mass 1s represented
as F =6i —8]+10k and accelerates with 1 m/s*,

What will be the mass ol the body?

(a) 10k (b) 20 kg
(€) 10§2kg (d) 210 kg. (1996)

A man fires a bullet of mass 200 gm at a speed
of 5 m/s. The gun 1s of one kg mass. By what
velocity the gun rebounds backward?

(a) 1 m/s (b) 0.01 m/s

(¢) 0.1 m/fs (d) 10 m/s.  (1996)

. In a rocket, fuel burns at thewat@ol 1 kg/s. Ths

fuel 1s ejected from the roeket avith a velocity
of 60 km/s. This exeris a fowee on the rocket
equal to

(a) GOOON (b) 60000 N

(¢) GON (d) 600 N.  (1994)
A block bas been placed on a inclined plane
with fhe slope gngle 0. block slides down the
plane at eomstant speed. The coefficient of
kietie friction 1s equal to

(@) smo (b) cos O
@) g (dytan©  (1993)
A monkey 1s decending from the branch of a

tree with constant acceleration. If the breaking
strength 1s 73% of the weight of the monkey,
the mimimum acceleration with which monkey
can shide down without branch 1s

(a) g (b) ST‘E
- ) &
© 3 (d) 3 (1993)

. Consider a car moving along a straight

horizontal road with a speed of 72 kimvh. If the
coelficient of static friction between the tyres
and the road 15 0.5, the shortest distance i which
the car can be stopped 1s (taking g = 10 m/s?)
(a) 30m (b) 40 m
(¢) 72m (d) 20 m
imdependence ol
consequence of

(a) third law of motion

(b} second law of motion

(¢) first law of motion

(d) all of these laws (1991)
A heavy umiform chain lies on horizontal table
top, I the coefficient of friction between the
chamm and the table surface 1s (.23, then the
maximum fraction of the length of the chain
that can hang over one edge of the table 1s
(a) 20% (b) 25%
(¢) 35% (d) 15%

(1992)
force 1s a

(1991)
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56.

When milk 1s churned, cream gets separated
due to

(a) centripetal force
(¢) fricitional force

(b) centrifugal force
(d) gravitational force

(1991)
A particle ol mass m 1s moving with a umiform
veloeity v It 1s given an impulse such that
its velocity becomes v, The impulse 1s equal
Lo

(@) mflv,| = vl

(¢) mlv, +v]

(= e
(b) Em[ V=¥ |
(d) m|v, = v ] (1990}

A 600 kg rocket 1s set for a vertical nng. If the
exhaust speed 1s 1000 ms', the mass of the gas
ejected per second to supply the thrust needed
to overcome the weight of rocket 1s

60.

33

(a) 1176kgs!
(¢) 6kps'!

(b) 586 kg s
(d) 76.4 kg s (1990)

. A body ol mass 3 kg explodes at rest into three

fragments with masses m the ratio 1 : | © 3. The
fragments with equal masses fly in mutually
perpendicular directions with speeds of 21 m/s.
The velocity of heaviest fragment i m/s will be

(@) 742 (b) 52
(€) 32 d) 2 (1989)

Starting from rest, a body shdes down a 45"
inclined plane in twice the tame il takes to shde
down the same distance an the absence of
friction. The coellicien! of Fieutn between the
body and the inclined plane 15

(Answer Key )

1. (@ 2. (d 3. @@ 4. (@ §8 (¢
11. (a) 12. (¢) 13. (d) 14. (a) 15. (¢
21. (¢) 22. (a) 23. (¢) 24. (¢©) 258. (v
31. (d) 32. (d) 33. (b) 34. (b) 35 (¢)
41. (¢) 42. (c) 43. (d) 44. (a) 45. (b)
51. (d) 52. (¢) S§3. (b) §4. (¢) S§5. (a)

6.

16.
26.
36.
46.
56.

(a) (.80 (b) 0.75

(c) 0.25 (d) 0.33 (1988)
(dy 7. (d) 8. (a0 9. (e} 10. (¢)
(by 17. (b) 18. (¢) 19. (¢) 20. (a)
(¢) 27. (d) 28. (¢ 29. (d) 30. (d)
(a) 37. (b) 38. (a) 39. (a) 40. (b)
(by 47. (¢) 48. (¢) 49. (a) §50. (b)
(by §57. (d) 58. (¢) 5§59. (a) 60. (b)
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HCEREE R RN EATEERE EXPLANATIONS ‘IIIIIIIIIIIIIIIIIII||IIIIIIIIIII[IIIIII||

1. (a) : Before the string 15 cut

kx =1+ 3mg A1) Jox T
I'=mg (1)
From eqns. (1) and (11) Im m
fx = dmg
Just after the string 15 cut iT i -
I'=0 3 mg .
kx — 3mg Before the string is cut
R I 7 A oy
. 5 dmg — Imyg a‘,;T m l”ﬁ
A 3”’1 i
Mg X g
3m 3 g

After the string is cut
and alsoa, =g

2
m

2.  (d) : Centripetal force [ ] is provided by

tension so net force on the particle will be equal to
tension 7'

3. (a):Given, p =p =ml’
Change mm momentum of the ball

—

= 'E].F =Pi
_ {_F_ﬁ} ~Pg ,h = v”a'.r;_ Piy }‘]

== P v + P = ) P~ P'.-"f)

AR RRVVR RNV

- -me.? = —mVi L o 0]
mv

Here, p,_ = pga=p, cos 60° = 5

v Impulse imparted by the wall = change in the
momentum pf the ball = ml’

4. (d) :

For vertical equilibrium on the road,
Neost = mg + fsmb
mg = Ncosb — fsinf) A1)

Centripetal force for safe turning,

2
ny ()

NsinO+ fcosO=

From egns. (1) and (1), we get
p? _ NsinB+ fcost
Rg Ncost— fsin0

2 "ll. " "l
- V i =Nhlnﬂ+!.15NLﬂhH

Rg  NcosO—u, Nsinf

,+tan®
Vimax = JRE[ ]H_- u m@]

5. (c): Let v be tangential speed of heavier stone.
Then, centripefal forge experienced by lighter stone 1s

J'Hfm-f};'

(F.)lightat = and that ol heavier stone 1s

. 2 v’
LF;. }Iieuvicr - m

Elll fﬁ‘rj]lyjltm = ”r

4‘}|u:::w1 e {g[‘w}n )
¥ 3
minvy~  2myv”

r _[rfl)

2 PE r2
n- [ nn ]= 4[ nn ]
r r

=4 or n=2

6. (d): Let pu and p, N
be the coeflicients of
static and kinetic
friction between the
box and the plank
respectively.

When the angle ol mehnation 0 reaches 30°. the
block just slides,

mgcostl  mg

u, =tan=tan3 "27%:[].'5

If @ 15 the acceleration produced in the block, then
ma = mgsinb - f,
(where £ is force of Kinetic [riction)
=mgsinB — W N (as f, = W N)
= mgsin) — W mgeosd  (as N = mgcost)
a = g(smb — W, cosd)
As g=10ms= and 0= 30°
Loa= (10 ms)(sin30° — W cos30°) (1)
IT s 15 the distance travelled by the block mn time 7,
then
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|
y=—al”  (asu=10)
25
Or A=—7
P
Buts=40mandr=4.0s (given)
240m) 1
q=———=—mS§
(4.0s)" 2

Substituting this value of @ in eqn. (1). we get

1 -2 2,1 Jﬁ]
— *=0ms “H — <. 2"
> ms (10 ms ][ Wy >

2

7. (d):F=14N—>—

Here, M, =4kg. M,=2kg, M.=1kg F=14 N
Netmass, M=M +M,+M.=4+2+1=Tkg
Let a be the acceleration of the system.
Using Newton’s second law of motion.

r=Ma

14=7a . a=2ms™
Let I be the force apphied on block A by bloek B
i.e, the contact force between 4 and B, Free body
diagram for block 4
Again using Newton's second law af motion,

F-F=4a
4-F=4x2 = 14=8=F" F FF=6N
8. (a) 2
9, (¢): Force of . i ny
ren — =
T1CL1on N > .
on mass m, =g S Wiag g

Force of fretion on
mass m, = jirg

)
comimon i :

i
Let a be * |
acceleration of the
g
system,

_ g —Wmp g — a8
ny +my + g
Here, m, =m,=m,=m

o

q= M8 —mg—jimg _ mg -~ 2umg  g(1-2u)
- m-+m+m ol Im - 3
Hence. the downward acceleration of mass m, 15
g(1-2u)
3 .
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10. (¢):

nos)—P

"3.“1' Z‘_-I If:'l

b E

Change in momentum = Area under /-t graph
in that interval
= Area of AABC — Area of rectangle CDEF
| + Area of rectangle FGHI
=Ex2x6—3x2+4x3=f 2INs

11. (a): Let / be the upfhwnst of the air As the
balloon 15 descending devwn with an acceleration a,
meg - F = ma (1)

F F
/I‘*-

msg (m—mylg

Let mass m, be removed from the balloon so that 1t
starts moving up with an acceleraton a. Then.
F—(m—mgyg={m—mgya
| - mgl+ meg = ma—mya
Adding eqn. (1) and eqn. (1), we get
m.g = 2ma—m,a
m.g + m.a=2ma
my(g + a)=2ma

- (1)

2ma
a+g

My =

12. (c): Let 7', be tension mn string connecting m and
2m and 7', be tension 1n string connecting 2m and 3m.
Let @ be common acceleration ol the system.

s F—(m+2m+3m)g F-6mg
im+2m+3m G

As the system moves with constant speed,

therefore, a=10

r
F—-b6bmg=0 or F=06mg T
The free body diagram of block m 1s as i

Tiyw mg

The equation of motion of block of mass m 1s
F=T -mg=0
6mg—-T1T —-mg=0
1, =5mg A1)

shown 1n the figure.
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.
The free body diagram of block Tl F

of mass 2m 1s as shown in the [5,, I f“
figure. I, ¢ * - + ;

The equation of motion of block of mass [2m
2m 18 +T2
I'=15-2mg=10 3m

(Using (1))

Smg—T,— 2mg=10
1,=3mg ;

The free body diagram of block of mass 4

3m 18 as shown m the figure. 3m

¢ 3myg

The equation of motion of block of mass
3m s
I, =3mg=0
I',= 3mg
Net force on the block of mass 2m 1s
F =1 —1T,-2mg=5mg—3mg-2mg=10
Alternate solution: As all blocks are moving with
constant speed, therefore, acceleration 1s zero. So

net force on each block 18 zero.

13. (d) : The situation 1s as shown in the figure.

o
8 ms-]
2 kg
12 ms™!
O——»
V 1kg

4 ms~t

According to law ol conservatiornal linear momentum
PrtPatPs=U Py=~(Py + )
Here, p, =(1kg)(12ms™)i=12i kgm s™
By = (2 Kg)@m & =16j kgm s~
py =(121.316]) kg m s~
The magnitude of p, is
ps =\(12P +(16)* =20 kg m 5™

Py 20kgms™
B -1

=5 kg

My = —=
Ty 4dms

14. (a) :

Let m be mass of the block and L be length of the
meclined plane,
According to work-energy theorem

W=AK=0 ( Imtial and hnal speeds are zero)
.. Work done by Inction + Work done by gravity = 0

— g COS El%+ megsintl, = ()

LL ]
—cos0 =sinf
2

_2sin0
cost

2tan®

Alternate solution

For upper hall smooth plane
Acceleration of the block, a = gsint
Here, 1 = 0 ( bleek starts from rest)

. L
a=-gsinl); s= E
Using, v* —u*= RZas. we have

L
Ve () = Exgsinﬂxé—

y= \/gf,ﬁin () (1)

For Tower hall rough plane

“Acceleration of the block, ¢’ = gsin0 — pgeosd
| where W 1s the coefficient of friction between the

block and lower hall of the plane

Here, w= v=,[glLsin® .

v =10 ( block comes to rest)

I

a = = gsmb — uegcoso, s =E'

Again, using v* — 1~ = 2as, we have

0-(/gL E.inE!)2 =2x(gsinf —pgcusﬂ)x%
— glLsinb = (gsinf — pecosH)L
— s1in0 = 510 — peoso
W cos O = 2sin O
U= 2tant)
15. (¢): Let 015 the angle made by the wire with
the vertical

-
tanb = —
rg
Here, v=10m/s, r=10m, g = 10 m/s-
tanf) = (1[] mXE) ~ =]
10m (10 m /)

O=tan' (1) = :

4
16. (b)
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17. (b) : When a stone 1s dropped rom a height /,
it hits the ground with a momentum

P=m2¢h ()
where m 1s the mass ol the stone.

When the same stone 1s dropped from a height 24
(i.e. 100% of imtial), then 1ts momentum with which
it hits the ground becomes

P’ = m\[2g(2h) =~2P

% change 1 momentum =

. ‘E’;" D o 100% = 41%
18. (¢): Here, Mass ol a person, m = 60 kg
Mass of hift, A/ =940 kg,
a=1m/s* g=10 m/s*
Let 7" be the tension in the ﬂ
supporting cable.
I'—(M+nm)g=M+ma
I'=(M+m)(a+g)=940+060)1+10)= 11000 N
19. (¢) : Impulse = Change i linear momentum
=MV - (-MIN=2MV
20. (a) : Force of friction, /= wmg

(Using (1)) ...(ii)

2 x 100%

=—p

. el BT e Bl =B area

n m
Using v- — u= = 2aS
02=22=2(-5)%S= S=04m

21. (¢) : Pseudo force or fictitious. (orce, Ko =mu
Force of friction, f= uN =func

The block of mass m
will not fall as long

(t #—==——sPseudo acceleration
-y

as
f2mg e N M
W 2 () y g
o3
" F= 28000 N
22, (a) : ¥~ Mg = Ma
8000 = 20004 3
Acceleration 1s 4 m s~ I
Uittt Mg=2000% 10N

23. (¢} F=6i-8]+10k
|F'| =36 +64+100 =200 N= 1042 N.

Acceleration. a= 1l m s -

1072

Mass, M = = 1042 ke.

37

mv R

my-

24. (¢): mg = = v=./Rg

p=420x10 = +/200 = 14.1 m/s

e . Between 14 and 15 m/s

N

Taking x-compements. the total should be zero.
| » cos BE¥ +2eos 60° + x — 4cos 60° =0
x=03N

. i dM dv
26. (&)} F=—(Mv)=v—+M —
d dr{ HE=y dt dt
A8 ¥ i1s 8 constant.
F=rd—M. But dﬂ:M ke/s
dt dt

lo keep the conveyer belt moving at v m/s.
lorce necded = vAf newton
27, (d) : Given u = 1", nal velocity = 0.
Usmg v = + at
0-vV Vv

—a = =——

I [
f= Uk = wmg (f1s the force of friction)
Retardation. a = ug

v_W¥
= a g

28. (¢) : Components ol momentum parallel to the

wall add each other and components ol momentum

in the perpendicular to the wall are opposite to each

other. Therefore change of momentum 1s final

momentum — initial momentum

D=F—at or

i.e.. (mvsinB after collision
— (=mvsinB) before collision)
[ > = change in momentum

= 2mvsin0 30|
P 2mvsint
[
_ 2x%0.5%12xsin30 =48xi=24 N
(.25 2

29. (d) : The wedge 15 given an acceleration to the
left.



38

The block has a
pseudo acceleration to

the night, pressing £
against  the wedge
because ol which the (mgcosl) + masind)
block 15 not moving. A
. mgsinf = macost ne

sin0)
g % insﬂ

Total reaction of the wedge on the block 1s
N = mgcos + masin0.

o INEHEeeRE mg sintksinO
cosl
i mg(cos O+sin~0) _ mg
cost) cost)
30. (d) :

A
PP AR AL ﬂ

B
v

Free body diagram of two masses 1s

TN—F} ma 4 AT
& A T B J;Jmﬂ.

l

mg e

We get equations
T+ma= f,orT =N, (fora #0)
and T=ma+mg or T=mpg (fora =0)
UN =mpg = g =mj =02 = 2=04kg.

31. (d) : When the Jifbas accelerating upwards with
acceleration @, then reading on the scale
R =m(g+a=80110+5)N=1200N.

32. (d) : kel ¥ be the tension in the rope when
monkey chmbs up with an acceleration a. Then,
I'—mg=ma
5x10
20

33. (b): Fora hft which 1s moving in upward direction
with an acceleration a, the tension I developed n
the string connected to the lift 1s given by

25g-20g=20a = a-= =2.5 m/s*,

T'=m(g+a)
Here m = 1000 kg, ¢ = 1 m/s~, g =
T7=1000(98+ 1)=10.800 N.

-3

9.8 m/s-

34. (b) : m = 10 kg, R
R=mg .

s Frictional force = f; 4 WXEZAL= JON
= W = png /
=05 x 10x 10 =035 Wy

=50 N |g = 10 m/sec”|
Net force acting on the body = F =P - f,
= 100 — 50 =50 N,
Acceleration of the block = a = Fim
= 50/10 = 5 m/sec?,
(©):load W=Mg=75=xN=00N
Effort (F)= 230 N
Mechanical advantgge
_ load _ W =_.'?5[]'=3
eifem P 250
Velocity ratit
» distanee travelled by effort 2
disramce travelled by load 3

35.

=4

Mechanical advantage
Velocity ratio

Efficieney, T =

= (3/4) x 100 = 75%.

OION
[e= W N=Uxmg=06%x1x%x 10=6N,

where f; 1s the force of hmiting friction,
Pseudo force=ma=1x5; F=5N

If F < f; block does not move. So static friction 1s
present.

. 36. (a):
1 kg

F=ma

s =5m/s

Static friction = applied force . 5 N.

" =

37. (b) : Impulse = Change in momentum

F-M=m-v, p=mMmV =15ﬂ:-=:lﬂ'3x2[]i
F P 0.1 30 N.
38. (a) : Apply conservation of linear momentum.

Total momentum before explosion
= fotal momentum alter explosion
m. .5 .M. 5, 3m=

_=_._.pf'+_p '.|._..._|_r ;
5 | 5 Ej 5 3,

v = v, = 30 m/sec.

Vo= 107 =107 vy= 1042 m/sec
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myssin 0
N

39, (a) : e

myvycos O + X myy
mvacos B :
sk ]
R ;
©oranisin B
i v

nvasin B = (=mysin 0) = 2mvsin O
Change in momentum = 2 » 3 % 10 x sin60°

V3
=6 x —
2
Force = Change in momentum/Impact time

303 53 N

40. (b) : The force equations are

1= 3¢ = Sa,
10g —T = 10a
Adding, 10g — 5¢ = 15a
-28_¢ “Tics
oL, 4= Te= 7 !
5
41. (¢) : Ft}rcez—g-(mnmﬂntum) . ru_g-
il ,(dm) (r:.ﬁﬂ)
o (mv) =1 ) = 210=300 P
dm 210
e of combustion *Tﬁﬁ_u'? kg/s
42. (¢) : Upward acceleration, ma = 1, — nig
I'y=mig + a)
Downward acceleration, ma —~ mg ¥4
or, Is=mig a
5 _gt+a _ 9.8+44 _ B
, g-a 98—49

43. (d) : When F=0.600 <2 = 10°r =0

_ 600 _ 4 ig
2x10°

, .
Now, impulse; I's f}“dr'=j{ﬁﬂ{}—2xl[ﬁ}dr
i
. f2

6007 =210 5 =600 % 3% 103 =107 % (3 x 107
or, I=18-=09=09N-s.
44. (a) : The pseudo acceleration for 2
the body a" = a
[l the pseudo [force

Macost) = Mgsint), then
the body will be at rest,
a = glan0,

This horizontal acceleration should be apphied to
the wedge to the left.

45. (b) : Thrust = M(g + a) = H%:’

39

dm _M(g+a)  S000010+20) o
dt ~— o N 800 = 187.0 ke/s
46. (b) : Force (F) = 6 N, Imtal veloeity (u) = 0,

Mass (m) = 1 kg and final veloeity (v) = 30 m/s.

F 6 n
—=—= 6 m/s- and
m

final velocity (v) =30 =u+at=0+06x1{
or { = 5 seconds.

Therefore acceleration (a) =

47. (¢) : Forece (/) = 10 N and
acceleration (@) = 1 m/s-.
F 10 _
Mass (m) = —=—= 10 Kg
a |
48. (c) : Vorce(F ):6?-&2}«&-’1&33 and

acceleration (a) = | m/s”,

Bl 16i-87+10k
Mass (m) = }ftf—'l ':; |
= J36+ 64 +100 =200 = 1042 kg
49. (a) : Mass ol bullet (m,) = 200 gm = (0.2 kg!

Speed of I‘ﬂﬂlﬂl (vj) = 5 m/sec. and mass of gun
) = 1 Kg. Belore firing, total momentum 1s zero,
Acfter firing total momentum is myv; + mavs
Ftom the law of conservation of momentum
mvy + miavs = 0
_ —0.2%5
n, D

=, '|r'|

or W= = -1 m/sec

dm

h ] = | kg/s and

velocity of ejected fuel (v) = 60 km/s = 60 = 10 m/s.
Force = Rate of change of momentum

50. (b) : Rate of burning of fuel [

_dp _ d (mv) — dm (60
dt dt t
51. (d) : The acceleration 1s nullified by lorce of
kinetic Iriction/mass
mesinl 15 force downwards,
U, 1s the coelhicient of kinetic friction.
wmgeost) 1s force acting upwards.
mgsit — W mgeost) = mass * acceleration.
acceleration = 0 as v 1s constant
W, = tanb.
‘iI (¢) : Let 7" be the tension in the branch of a tree
when monkey 15 decending with acceleration a
Thus, mg—-T=ma
also, 7'=75% of weight of monkey

fii 3
T'= ( ) H—Z””:.

10%) x 1 =60000N.

100

- =)} - g
ma =mg — E mg = ng Oor =«-£-!‘--
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53. (b)

34, (e) : Newton's first law ol motion 15 related to
physical mdependence of force.

55. (a) : Let M 15 the mass of the chain of length L.
If v 1s the maximum length of chain which can hang
outside the table without sliding. then for equilibrium
of the chain, the weight of hanging part must be
balanced by the force ol friction on the portion on
the table.

=T

=y @
But from figure

W =%}‘g and R=W'=%[L - V)g

So that /=R = H%IL - Vg
Substituting these values of 1" and f, in eqmi).

M VoM
we get uW7-(L - y)g ==F)¢
_ _uh, 0250 L
or WL-y)=p or YIS DE 5
l—l:_l [} = .
Ol 7°3 SK]m fu-.m}r_’b
§6. (b) : When milk gs €hurned, cream gets

separated due fo gentufigal force.

57. (d) : Impulse 1sa vector quantity and 1s equal to
change mmomentuin of the body thus, (same as
F % t where [ 18 short)

Immulse = mv, — mv, = miv. —v,)
|

|

58. (¢) : Thrust 1s the force with which the rocket
moves upward given by
dm
F=u—
dr

Thus mass of the gas ¢jected per second to supply
the thrust needed to overcome the weight ol the
rocket 1s

cdm _F_ mXa dim s 600 x 110

duw w U Tdr 1000
59. (a) : Since 5 kg body explodes into three
fragments with masses in the ratio 1.1 : 3 thus,
masses of fragments wall be 1 kg, 1 kg and 3 kg
respectively. The magnitude of resultant momentum
of two fragments each ol mass LKkg, moving with
velocity 21 m/s, in perpendientlay directions 1s

J(m'p J +[m v, ]’
my' = \fl.'ZlJ" + (21 =217 kg m/s

According to law ol censervation of linear
momentum

mﬁvg-—‘umfﬁfué 2['\/‘5 or 3w, = 2142

or W= '}\E m's

60. (B) ; Thewanous forces acting on the body have
béen Shown 1n the hgure. The force on the body
dowvn the inclined plane in presence of friction W is

=6kgs '

mg
F=mgsin0 — /= mesin® — uN = ma

or a = gsinb — pgcosh),
Since block 1s at rest thus mital velocity = ()
Time taken to slide down the plane

; :JES e 28
l a gsinb - g cost

In absence ol Inction time taken will be 1 = 213
2\ gsint
Given:t, =21,
2 a2 25 o 28 x4
o= or g(sin0—pecosO)  g(sin0)

4ucostl or U= 1tan 0=0.75

or sinf = 4smb - )
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