2

3.

Chapter - Laws of Motion

Topic-1: Ist, lind & llird Laws of Motion

A block of mass 5 kg moves along the x-direction subject
to the force F =(—20x + 10) N, with the value of x in metre.

Attime ¢ =0 s, it is at rest at position x= | m. The position
and momentum of the block at 7 = (-}]9 are [Adv. 2024]
(a) 0.5m,5kgm/s (b) 0.5m,0kgm/'s

(c) 0.5m,—Skgm/s (d) -1 m, 5kgm/s

A particle of mass m is moving in the xy-plane such that
its velocity at a point (x, y) is given as v = o.(y& +2xy),
where o is a non-zero constant. What is the force F acting
on the particle? [Adv. 2023]
@ F=2ma’(xk+yy) ®) E= ma? (y& +2x5)
(@) F=ma?(xk+2yy)
A particle moves in the X-Y plane under the influence ofa
force such that its linear momentum is

© F=2ma’(yk+xy)

B(t) = A[i cos(kt)— jsin(kt)], where 4 and k are
constants. The angle between the force and the momentum
is [2007]
(b)

@) O 30° () 45° (d) %°

The magnitude of the force (in newtons) acting on a body
varies with time ¢ (in micro seconds) as shown in the fig
AB, BC and CD are straight line segments. The magnitude
of the total impulse of the force on the body from ¢ =4 pus

tot=16Usis......c........N8. [1994 - 2 Marks]
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5.  Arocket moves forward by pushing the surrounding air

backwards, [1980]
 MCQswith One or More than One Corct Ansver

A reference frame attached to the earth
[1986 - 2 Marks]

6.

(a) isan inertial frame by definition.
(b) cannot be an inertial frame because the earth is
revolving round the sun.
is an inertial frame because Newton’s laws are
applicable in this frame.
cannot be an inertial frame because the earth is
rotating about its own axis.
§) 9 Assertionand Reason Type Questions
7. Statement-1 : It is easier to pull a heavy object than to
push it on a level ground and
Statement-2 : The magnitude of frictional force depends
on the nature of the two surfaces in contact, [2008]
(a) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1
(b) Statement-1 is True, Statement-2 is True; Statement-
2 is NOT a correct explanation for Statement-1
(c) Statement-1 is True, Statement-2 is False
(d) Statement -1 is False, Statement-2 is True

()
)

8.  Statement-1: A cloth covers a table. Some dishes are kept

on it. The cloth can be pulled out without dislodging the
dishes from the table.

Statement-2 : For every action there is an equal and
opposite reaction. [2007]
(a) Statement-1 is True, Statement-2 is True; Statement-
2 is a correct explanation for Statement-1
Statement-1 is True, Statement-2 is True; Statement-
21s NOT a correct explanation for Statement- 1

(c) Statement-1 is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True.

(b)


H2O TECH LABS
Rectangle

H2O TECH LABS
Typewritten text
Chapter - Laws of Motion


Laws of Motion - Al5

o Topic-2: Motion of Connected Bodies, Pulley & Equilibrium of Forces
=]
o F
._ stk o ; @
1.  Two particles of mass m each are tied at the ends of a light
string of length 2a. The whole system iskept on a frictionless
horizontal surface with the string held tight so that each (b) 30°
mass is at a distance 'a’ from the centre P (as shown in the
figure). (c) 45°
Now, the mid-point of the string is pulled verticallyupwards
with a small but constant force F. As a result, the particles & 60°
move towards each other on the surface. The magnitude @
of acceleration, when the separation between them Bt .
becomes 2, is [2007] ) 5 True/False T
F o F The pulley arrangements of Figs. (2) and (b) are identical.
(a) P The mass of the rope is negligible. In (a) the mass m is lifted
™ Ja® —x up by attaching a mass 2m to the other end of the rope. In
®) F o : (b) , m is lifted up by pulling the other end of the rope with
ST m m a constant downward force F=2 mg. The acceleration of m
P g 0
Im Jg2 32 O ) is the same in both cases [1984 - 2 Marks]
—————{
{ ) F i a a
9 2ma
F Va® —x*
@ 2m X
2. The string between blocks of m F=2mg
mass m and 2m is massless and m. 2m
inextensible. The system is (a) (b)
suspended by a massless [@ 2 - e
spring as shown. If the string ! Ct Answer
is cut find the magnitudes of 6.  One end of a horizontal uniform beam of weight # and
accelerations of mass 2 and length L is hinged on a vertical wall at point O and its other
m (immediately after cutting) end is supported by a light inextensible rope. The other
[2006 - 3M,-1] 25 end ofthe rope is fixed at point Q, at a height L above the
hinge at point 0. A block of weight o is attached at the
@ g.g ®) g | Sy il point P of the beam, as shown in the figure (not to scale).
2 The rope can sustain a maximum tension of ( 22 )W
© 0 @ 5 Z Which of the following statement(s) is(are) correct ?
2e 31 0 [Adv. 2021]
3.  Astring of negligible mass going over a clamped pulley of
mass m supports a block of mass M as shown in the figure.
The force on the pulley by the clamp s given by [20018]
: L
@ V2 Mg
) V2mg
© J(M+m) +m* g
@ J(M+mf +M g : (a) The vertical component of reaction force at O does
not depend on o
4. The pulleys and strings shown in the figure are smooth (b) The horizontal component of reaction force at O is
and of negligible mass. For the system to remain in equal to Wfor a=0.5
equilibrium, the angle 6 should be [2001S] (¢) The tenston in the rope is 2W# for a.= 0.5

(d) Theropebreaksifa>1.5
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A block of mass m is on an inclined plane of angle 0. The

A block of mass 2M is attached to a massless spring with
spring-constant k. This block is connected to two other
blocks of masses M and 2M using two massless pulleys
and strings. The acceleration of the blocks are &, a, and
a, as shown in the figure. The system isreleased from rest
with the spring in its unstretched state, The maximum
extension of the spring is x,. Which of the following
option(s) is/are correct? [g is the acceleration due to
gravity. Neglect friction] [Adv. 2019]

2M

(@) Atan extension of 20 ofthe spring, the magnitude

4
of acceleration of the block connected to the spring
3
is 1o
4Mg
LINE S

X
(c) When spring achieves an extension of —22 for the
first time, the speed of the block connected to the

L M
spring is 3g Sk

(d a,-a,=a,-a, s

In the arrangement shown in the Fig, the ends P and O of
an unstretchable string move downwards with uniform
speed U. Pulleys 4 and B are fixed.  [1982 -3 Marks]

Mass M moves upwards with a speed
(@) 2Ucos 0 i

(b) U/ cos 6

(¢) 2U/cos®
(d) Ucosb

10

Two blocks of mass 2.9 kg and 1.9 kg are :
suspended from a rigid support S by two s
inextensible wires each of length 1 meter, st
see fig. The upper wire has negligible mass

and the lower wire has a uniform mass of 0.2

kg/m. The whole system of blocks wires and

support have an upward acceleration 0f 0.2 @ kg
m/s%. Acceleration due to gravity is 9.8 m/

57, [1989 - 6 Marks)
() Find the tension at the mid-point ofthe
lower wire. 19k
(i) Find the tension at the mid-point of the -
upper wire,

Topic-3: Friction

coefficient of friction between the block and the plane is
and tan 6 > . The block is held stationary by applying a
force P parallel to the plane. The direction of force pointing
up the plane is taken to be positive. As P is varied from
P, = mg(sin® — p cos6 ) to P, = mg(sind + p cosh), the
frictional force f'versus P grapl:; will look like [2010]

I /

(@)

Ablock of base 10 cm % 10 cm and height 15 em is kept on
an inclined plane. The coefficient of friction between them
is \/3. The inclination 8 of this inclined plane from the
horizontal plane is gradually increased from 0°. Then
[2009]
(a) at 8=30°, the block will start sliding down the plane
(b) theblock will remain at rest on the plane up to certain
6 and then it will topple
(¢) at0=60°, the block will start sliding down the plane
and continue to do so at higher angles
(d) at®=60°, the block will start sliding down the plane
and on further increasing 6, it will topple at certain 6.
What is the maximum value of the force F such that the
block shown in the arrangement, does not move? [2003S]

F
> BTy
600
m=J3kg 243
(@) 20N (b) 10N (c) 12N (d) 15N



Laws of Motion

4.  Aninsect crawls up a hemispherical surface very slowly  11.
(see fig.). The coefficient of friction between the insect
and the surface is 1/3. If the line joining the center of the
hemispherical surface to the insect makes an angle o with
the vertical, the maximum possible value of a is given by
[2001S]

(a) cota=3 (b) tana=3
(c) seca=3 (d) coseca=3

5. A block of mass 0.1 kg is held against a wall applying a
horizontal force of 5 N on the block. If the coefficient of
friction between the block and the wallis 0.5, the magnitude
of the frictional force acting on the block is :

[1994 - 1 Mark]

(a 25N (b) 098N (c) 49N (d) 049N

6.  Ablock of mass 2 kg rests on a rough inclined plane making
an angle of 30° with the horizontal. The coefficient of static
friction between the block and the plane is 0.7. The
frictional force on the block is [1980]
(a) 98N

(©) 9.8x+3N

12.

(B 0.7x9.8x3N
(d) 0.7x98N

7.  Ablock is moving on an inclined plane making an angle

45° with the horizontal and the coefficient of friction is L.

The force required to just push it up the inclined plane is 3

times the force required to just prevent it from sliding down.

If we define N =10 p, then N is [2011]

8.  Ablock of mass 1 kg lies on a horizontal surface in a truck.

The coefficient of static friction between the block and the

surface is 0.6. If the acceleration ofthe truck is 5 m/s?, the
frictional force acting on the block is ..... newtons.

[1984 - 2 Marks]

[ i

=T

When a person walks on a rough surface, the frictional
force exerted by the surface on the person is opposite to
the direction of his motion. [1981 - 2 Marks]

. A small block of mass of 0.1 kg lies on a
fixed inclined plane PQ which makes an Q
angle & with the horizontal. A horizontal
force of 1 N acts on the block through its
centre of mass as shown in the figure.
[2012] P
The block remains stationary if (take g = 10 m/s?)
(a) ©=45°
(b) ©>45°and africtional force acts on the block towards P.
(c) ©>45°anda frictional force acts on the block towards Q.
(d) ©<45°anda frictional force acts on the block towards Q.

Al7

A particle P is sliding down a frictionless hemispherical
bowl. It passes the point 4 at = 0. At this instant of time,
the horizontal component of its velocity is v. A bead O of
the same mass as P is gjected from A at 7 = 0 along the
horizontal string 4B, with the speed v. Friction between
the bead and the string may be neglected. Let 7, and £, be
the respective times taken by Pand (Q to reach the point 5.

Then : [1993-2 Marks]
@ tp<ig

A p: B
® tp=1p
© tp>tg €

tp _ length of arc ACB

@ 1, length of arc 4B

A block of mass m,; = 1 kg another mass m, = 2 kg, are
placed together (see figure) on an inclined plane with angle
of inclination 6. Various values of 0 are given in List-I. The
coefficient of friction between the block m, and plane is
always zero. The coefficient of static and dynamic friction
between the block m, and the plane are equal to p=0.3. In
List-II expressions for the friction on block m, are given.
Match the correct expression of the friction in List-IT with
the angles given in List-1, and choose the correct option.
The acceleration due to gravity is denoted by g.

[Useful information: tan (5.5°) =~ 0.1;tan (11.5°) ~0.2; tan
(16.5°) = 0.3 [Adv. 2014]

List-T List-II
P. 6=5° 1. m,gsin®
Q. 6=10° 2. (m;+m,)gsind
R 6=15° 3. wm,g cosd
S. 6=20° 4. u(m,+m,)gcosd
Code:
(@ P-1,Q-1,R-1,8-3
(¢) P-2,Q-2,R-2,54

(b) P-2,Q-2,R-2,$3
(d P-2,Q-2,R-3,83

A circular disc with a groove
along its diameter is placed
horizontally on a rough surface.

A block of mass 1 kg is placed

25mis’
as shown. The co-efficient of 9

friction between the block and
all surfaces of groove and
horizontal surface in contact is

p=
5
The disc has an acceleration of 25 m/s” towards left. Find

the acceleration of the block with respect to disc. Given

cosﬁ:%,sinﬂ:%_ [2006 - 6M]
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14,

15,

16.

17.

Two block 4 and B of equal
masses are placed on rough
inclined plane as shown in figure.

When and where will the two
blocks come on the same line on
the inclined plane if they are
released simultaneously?

Initially the block 4 is /2 m behind the block B. Co-
efficient of kinetic friction for the blocks 4 and B are 0.2
and 0.3 respectively (g =10 m/s?). [2004 - Marks]
In the figure masses m , m,and M are 20 kg, 5 kg and 50 kg
respectively. The coefficient of friction between M and
ground is zero. The coefficient of friction between m, and
M and that between m, and ground is 0.3. The pulleys and
the strings are massless. The string is perfectly horizontal
between P, and m; and also between P, and m,. The string
is perfectly vertical between P, and P,. An external
horizontal force F is applied to the mass M. Take
g=10m/s%, {2000 - 10 Marks]

"

HTTRTrTTET T aeT

(a) Draw a free body diagram for mass M, clearly showing
all the forces.

Let the magnitude of the force of friction between m,
and M be £ and that between m, and ground be f,.
For a particular Fitis found that f, = 2f,. Find f, and 5
Write equations of motion of all the masses. Find F,
tension in the string and acceleration of the masses.

A particle of mass m rests on a horizontal floor with which
it has a coefficient of static friction . It is desired to make
the body move by applying the minimum possible force 7.
Find the maguitude of F and the direction in which it has
to be applied. [1987 - 7 Marks]

Masses M, M, and M, are connected by strings of
negligible mass which pass over massless and friction less
pulleys P, and P, as shown in fig The masses move such
that the portion of the string between P, and P, in parallel
to the inclined plane and the portion of the string between
P, and M, is horizontal. The masses M, and M, are 4.0 kg
each and the coefficient of kinetic friction between the

(b)

18.

19,

20.

masses and the surfaces is 0.25. The inclined plane makes
an angle of 37° with the horizontal. [1981- 6 Marks|

7y

Ifthe mass M, moves downwards with a uniform velocity,
find

(i) the massof M,

(ii) The tension in the horizontal portion of the string
(g=9.8 m/sec?, sin 37° ~ 3/5)

A horizontal uniform rope of length L, resting on a
frictionless horizontal surface, is pulled at one end by force
F. What is the tension in the rope at a distance / from the
[1978]

end where the force is applied?

Two cubes of masses m, and
m, be on two frictionless
slopes of block 4 which rests
on a horizontal table.

The cubes are connected by
a string which passes over a
pulley as shown in the figure.
To what horizontal
acceleration

J should the whole system (that is blocks and cubes) be
subjected so that the cubes do not slide down the planes.
What is the tension of the string in this situation? [1978]

In the diagram shown,

the blocks 4, B and C
weighs, 3 kg, 4 kg and
5 kg respectively. The
coefficient of sliding
friction between any

two surface is 0.25. 4 is held at rest by a massless rigid rod
fixed to the wall while B and C are connected by a light
flexible cord passing around a frictionless pulley. Find the
force F'necessary to drag C along the horizontal surface
to the lefi at constant speed. Assume that the arrangement
shown in the diagram, Bon Cand 4 on B, is maintained all
through. (g= 9.8 m/s?) [1978]
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Topic-4: Circular Motion & Banking of Road

[
.

L

@
4.

1 &

A ball of mass (m) 0.5 kg is attached
to the end of a string having length
(L) 0.5 m. The ball is rotated on a
horizontal circular path about
vertical axis. The maximum tension L
that the string can bear is 324 N.

The maximum possible value of

e o e e e S e e

anguar velocity of ball (in radian/s)
is [2011) ™
(@ 9 (b) 18 (c) 27 (dy 36

A small block is shot into each ofthe four tracks as shown
below. Each of the tracks rises to the same height. The
speed with which the block enters the track is the same in
all cases. At the highest point of the track, the normal
reaction is maximum in [2001S]

2

A thin circular coin of mass 5 g nd radius 4! . is
initially in a horizontal xy-plane. The coin is tossed
vertically up (+z direction) by applying an impulse of

J% x 1072 N ~s ata distance 2/3 ¢m from its center. The

coin spins about its diameter and moves along the +z
direction. By the time the coin reaches back to its initial
position, it completes n rotations. The value of n is
[Given: The acceleration due to gravity g= 10 m s~]
[Adv, 2023]

Impulse

A simple pendulum with a bob of mass m swings with an
angular amplitude of 40°. When its angular displacement

&l B

5. A wire, which passes through the hole in a small bead, is

1
x

is 20°, the tension in the string is greater than mg cos 20°.
[1984 - 2 Marks]

bent in the form of quarter of a circle. The wire is fixed
vertically on ground as shown in the figure. The bead is
released from near the top of the wire and it slides along
the wire without friction, As the bead moves from 4 to B,
the force it applies on the wire is [Adv.2014]
(a) alwaysradially outwards

)

(b) alwaysradially inwards

(c) radially outwards initially
and radially inwards later

(d) radially inwards initially
and radially outwards later L B

A simple pendulum of length L and mass (bob) M is
oscillating in a plane about a vertical line between angular
limit —¢ and +¢. For an angular displacement 6( [B] < ¢), the
tension in the string and the velocity of the bob are T'and
V respectively. The following relations hold good under
the above conditions : [1986 - 2 Marks]
(a) TcosB=Mg.

2
(by T—MgcosO= A_JE_

(c) The magnitude of the tangenial acceleration of the
bob |ar | =gsin 8
(d) T=Mgcosb

A smooth semicircular wire-track of radius R is fixed in a
vertical plane. One end of a massless spring of natural
length 3R/4 is attached to the lowest point O of the wire-
track. A small ring of mass m, which can slide on the track,
is attached to the other end of
the spring. The ring is held
stationary at point P such that
the spring makes an angle of
60° with the vertical. The
spring constant K= mg/R.
Consider the instant when the
ring is released, and (i) draw
the free body diagram of the P
ring, (i1) determine the
tangential acceleration of the
ring and the normal reaction.

[1996 - S Marks]

60°
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? Answer Key

. (©

(b)

(@)

. (@

(d)

2. (a)

Topic-1 : Ist, lind & Ilird Laws of Motion

3. (d 4, (0.005) 5. False 6. (b,d) 7. (b) 8. ()
Topic-2 : Motion of Connected Bodies, Pulley & Equilibrium of Forces
% G 3. @ 4. () 5 False 6. (abd) 7 (d 8. (b)
Topic-3 : Friction
2. (b) 3. (@) 4. (a) 5. b 6 (@ 7. () 8. 05
12. (d)

2. (@

Topic-4 : Circular Motion & Banking of Road

3. (30)

4, False 5. (d) 6. (b,c)

9, False10. (a,c)




Hints & Solutions

CS—:] Topic-1: Ist, lind & llird Laws of Motion
=]

1.

(¢) Given mass of block = 5 kg moving al ong the
x - direction subject to the force F = (-20x + 10)N with the

value of x in metre.
(=0,

: F  F=(=20x+10)N
Acceleration a = ;(-——————‘

v=0;x=1m
_—20x+10
B o

=—4x+2

vdx
Also, a=——=—4x+2
Iso '

X

2
vdv = | (—4x +2)dx = -Vz— =(2x?+ 2x);

S —
s Sy 3¢

o, v=-2,/y _ 42 [since particle starts moving in—ve
X - direction]

X=X
ﬂ{=_2 X-%2 = J' =

dt x=l \HX‘Kz

o, sin! [2x-1]f =‘-l;‘

i

4
=~2Id:

0 .

Position x =0.5m

And since v =-2vx-x2 = -2¢0.5-(0.5)% = —im/s

Momentum P=myv =5 (-1)=—5kgms™!

(@ v= u.(y;+2x§)
x+2d—x§)
dt dt
= a[v},;+2vx ;rJ = a(2x3£+2ay§) =20’ [x;w yﬂ

=S

(d) Given : momentum ;(t )=A [E cos (kt)— }'sin (kt)]
And, force, F= i‘:f = Ak [~isin(kt) - jcos (kt)]

Here, F.P=0 But F.p= Fpcosf
cosB =0 = §=90°.
Hence, angle between the force momentum, 6 = 90°
(0.005) Area under the F — ¢ graph gives the impulse
imparted to the body.
The magnitude of total impulse of force on the body from
t=4pustor=16 us
= area (BCDFERB)
= area of BCFEB + area CDFC

F

(in N}

800

600

400

200 B
D

0 2 4 6 8% 01214 16T

(in 1)

< ;(200+800}x2 x107° + éxwxaoc)xw‘s
= (.001+0.004 =0.005 Ns Reaction
False : The forward motion of rocket
is due to the exhaust gases, thrown
backward not due to surrounding air
pushing backwards.

Rocket
Here exhaust gases thrown
backwards is action and rocket
moving forward is reaction.
xhaust gases

This phenomenon takes place in the
absence of air as well.

(b, d) Earth is an accelerated frame and hence, cannot be
an inertial frame.

Earth is revolving round the sun and is rotating about its
own axis.

(b) It is easier to pull a heavy object than to push it on a
level ground. This is because the normal reaction in the case
of pulling is less as compared by pushing. (f= u N). Therefore
the frictional force is small in case of pulling.

The magnitude of frictional force depends on the nature of
the two surfaces in contact. But is not the currect
explanation of statement-1.

(b) Cloth can be pulled out without dislodging the dishes
from the table because of inertia.

Law of inertia is the Newton's first law of motion.

For every action there is an equal and opposite reaction.
This is Newton's third law of motion.

L,_:TJ Topic-2: Motion of Connected Bodies, Pulley
=)

1.

& Equilibrium of Forces

(b) From figure, acceleration
of mass m is due to the force T

cos @

TcosB=ma

Mide— x —pe—x—3 M
- (1)

a T cos©
m

= 4
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also,F=2Tsm#@
Putting this value of T in eqn. (i)

a=[ F }cosﬂ
2sin®) m

Tl

F F x a’ -x?

=2mtan8:51;,/02_x2 ) x

(c) Before the string is cut the tension T has to hold
both the masses 2m and m therefore,

T=3mg

When the string is cut, the mass m is a freely falling body and
its acceleration = acceleration due to gravity = g.

For mass 2m, just after the string is cut, 3mg
T remains 3mg because of the extension 5
of string. %1 Sdiy
3 =) =2m x e —'g— =a
mg—2mg=2m*xa 5 mg 2mg

(d) At equilibrium T'= Mg
E.B.D. of pulley

i

T=Mg

o}

T

mg P

Mg Fi=(m+tM)g
Fy=(m+ M)g

The resultant force on pulley

F=FR2+T% =[J(m+ M) +M* 1g

As pulley is on rest. So force applied by clamp should be

equal to 'F' and opposite to it.
(c) The tension in both strings will be same due to
symmetry.

From figure.
T=mg

mg mg

For equilibrium
JZ_mg =TcosO+Tcos®=2Tcos0
\(Emg = 2(mg)cosO
cosf=— = g =45°
V2

False : From FBD, shown in case (a) for mass m

T—mg=ma A1)
For mass 2m
Case (a) b7
a T
2mg—T=2ma .. (i) t e
From (i) and (i1) mg

2mg

a=gl3 .. (iii)
Case (b) T—mg=ma'
= 2mg-—mg=ma
[~ T=2mg]
Lod=g o S
Hence, from eq (iii) & (iv)a < a' t

T=2mg

mg  F=2mg
(a,b,d)

Since OQ = OP
L LP=£0=45°
At equilibrium, about point 'O’

T ;
R, +—==W+aW cailL)

V2

and Rx=% ... (i)

Torque about point '0' is zero

So, W£+QWL=_£L -‘-T:JE(—T—&-U.W) . ... (iii)
2 J2 2

T
Ri=—==|—+aW
R (2 ]
Therefore for o = 0.5

W
R=Yraw-Eiosw
2 2
or R=W
i.e., the horizontal component of reaction force at, 0, R, =
Wfora=0.5

Now torque about point P

7
TL=W—
; 2
W
= Ry = ?
The vertical component of reaction force at O does not
depend on a

As per question, rope can sustain a maximum tension of

22w
22w =~/5[f2£+uW]



Laws of Motion

= 2=l+a
2

3
o==
2

(d) According to
constraint relation
from figure,

a5 taj
=a,ta,= 2a,

= a,ta;=a; +a;
et At oy
= Option (d) is correct
Let ‘x’ be the extension of the spring at a certain instant
2T -Kx=2Ma, N
2Mg - T = 2Ma, =>4
Mg - T=Ma, Kx 2T
On solving we get,
2

g dx _-3K( Smg 2Mg .

%= 14M 14M\" =4

Comparing it with a = — 0*(x — X,

e A _/i
7T R T Y

4Mg 2kx

and T= —_’,'—+',?— (1)
For a, = 0 (Maximum extension of spring) we have from (i)
A 5:ike
7 14M
2T
PO ISP
87 M T3k . o
16Mg
s & ton 11
6Mg 4Mg
Forx=

4g 3k 4Mg 2g

Fromeat @2, 7~ Tages apiie 7

X, A :
Atx= ?0 particle is at mean position and its velocity = Aw

_x |3k _8Mg | 3k
T 2VaM o 3k V14M
(b) Here from figure, AN = x (= constant as pulley 4 and

£ Al
P e

B are fixed), NO = z. Then velocity of mass m =

df
let 04 =Ff then —=U
dt

From AANO

24z2= 42 ()
Differentiating

=)
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equation (i) w.r.t to
dz df
il s =
0+2z 0 ot = zvy, = LU

. Uy [ ZJ
e el s cosB=—
YT g z/f cos@ .

I = Mass of unit length of wire — 0.2 kg/m.

=

=19kg
=29
myg +hlg o ke
(1) Tension T at midpoint of lower wire :
I=Half-length = 0.5 m
T—(m; +AN)g=(m, +Al)a
T=(m,+M)a+g)
=[1.9+4(0.2x0.5)](0.2+9.8)=2%10=20N.
(ijy Tension T ' at mid-point of upper wire :
=[m, + (A % 20} + myJa+ [m,g+4 % 2Ig + m,g]
orI'=[m+(Ax2)+m,) (atg
=[1.94(0.2%1)+2.9][0.2+9.8]=5 % 10= 50N,

Topic-3: Friction

(a) According to question, tan 8 > p, so block has a
tendency to move down the incline. Force P is applied
upwards along the incline to keep the block stationary.
Here, at equilibrium P+ f=mgsin6 = f=mgsin0-P

Now as P increases, f decreases linearly with respect to P.

When P=mgsin 0, f=0.
When force P is increased further, the block has a tendency

to move upwards along the incline and hence frictional
force acts downwards along the incline.

Here, at equilibrium P = f'+ mg sin 8

= [=P—mg sinf

Now as P increases, [ increases linearly w.r.t P.
Hence graph (a) correctly depicts the situation.
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2,

4.

(b) Maximum angle not to
slide the block, angle of
inclination = angle of repose,

ie., tan™! = tan~! /3 = 60°.
For the block to topple, the
condition of the block has

been shown in the figure. y
e PM _10/2 _ Sem _2
o oM 15/2 75cm 3

So, 8 < 60°. From this we can conclude that the block will
topple at lesser angle of inclination. Clearly the block will
remain at rest on the plane up to a certain anlgle © and then
it will topple.

(a) Since the block is not moving forward for the maximum
force F applied, therefore

Fcos 60° =f=pN TN
(Horizontal direction)
For vertical equilibrium b
of the block, T e
N=mg + Fsin60° ) B Bl
T rres 77277
Fcos60°=pN=p JL N\F
[F sin 60° + mg] Fsin60”
L 10
= F= e + 2*‘rx LN
cos60° — i sin 60° l__l_x_@ 1
2 5 2.t

(a) The two forces acting on the insect are mg and N.
Two components of mg are
mg cos o balances N.

mg sin o is balanced p=1/3 &Z':‘
by the fiictional force. i
N = mg cos o, ':
f=mgsina - E

I

But /= pN =y mg cos a

mg mgsing

j mg cos 0. = mg sin o :»cota=;:>cota=3

(b) Limiting frictional force, =05

Jﬂ=y.gN=i}.5><S=2.5N. b

For vertical equilibrium = _anN s

of the block, 5N

Frictional force, f=mg=0.98 N. (o
A =09N=W

(a) The block is at rest.
For equilibrium, frictional force,
f= mg sin 6 = mg sin 30°

=2x9.8x%=9.8N

7.

10.

11,

. Physics]

5)

Block moving upward Block just remains stationary

S=pN

mg sin 6

For upward moving of block, pushing force F,= mg sin 6 +f
o Fy=mgsin®+umgcos b = mg (sin © + w cos )

The force required to just prevent it from sliding down or

block just remains stationary.

F,=mg sin 8 — uN = mg (sin 6 — pcos 0)

Given, F,=3F,
s.1n9+pc039 3(sin®—pcos O )
1+pu=3(1-p) [ sin6=cos 6]
4u=2 = p=05

N=10p=10x05=5N
(5) The frictional force is responsible to move

N=mg
the block of mass 1 kg with an acceleration
of 5m/s2. ¥
Therefore, frictional force,
f=mxa=1%x5=5N.
mg

False : Friction force opposes the relative motion of the
surface of contact.

As the feet pushes the surface in backward direction, so
frictional force exerted by the surface on the person is in
the direction of his motion.

(a, ¢) The various forces acting
on the block are as shown in
the figure.

When 8 = 45° sinf = cos®
The block will remain
stationary and the frictional
force is zero.

When 6 > 45°, sinf > cos@
Therefore a frictional force acts
towards Q.

When 8 < 45°, cosf > sin®
Therefore a frictional force acts towards P.

(a) According to question,
at A the horizontal speeds of
both the masses is the same. - 0 .§{ ;
As no force is acting in the ;
horizontal direction the
velocity of O remains the
same in horizontal.

mg

In case of P as shown in figure at any intermediate
position, the horizontal velocity first increases due to N
sin 0, reaches a max value at O and then decreases.

But, it always remains greater than v. So, Ip <t
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13.

14.
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(d) Block will not be slip or will be at rest if
(my +m,)g sin B < pm, g cos 6

(o, ¥ m,)e cos (m, + ) sin 6

+m
(m| z}g o

1+2 5
= tan0<02ie,0<11.5°
i.e., If the angle 6 < 11.5° the frictional force is less than
UN, = myg=03%2xg=06g
and is equal to (m| + m,)g sin 8
Blocks will not slip on the inclined plane and friction is
static.
At B > 11.5° the bodies start moving on the inclined plane
and friction is kinetic and equal to pwm,g cos 6
Normal reaction, N, = ma sin 6 and N, = mg
Applying pseudo force ma and resolving it.
J % net =4,
ma cos 0 — (f] + 1) = ma,
ma cos 0 — pN, —-uN, = ma,
ma cos @ — pma sin® — pumg=ma,
= a,=acos® —pasinb-pg

LRt Ze - 2 R AR
5 5 5 s

N,

ma sinf

Acceleration of block down the plane

mg sin® - pmg cos B W =Ty N> micosd

a
m

a;=gsin®-p, , gcosd N2

mgeosf mgsing

= g sin 45° — | cos 45°

mg
1 1
= 10( JE) (0.2)(10)[ Jz') =42
Andag=gsin® -y, , g cosf
=gsin 45° pp g cos 45°

1 1 5
= 10(‘5] (0.3}{10)(\5) =3.5v2m/s
Let a,p is relative acceleration of 4 w.r.t. B. Then

Gp=a Gy

The relative distance between 4 and B, L.

=—(IA_31‘2
a2k A - 2D
oF > a4 "ag—ag [4\/5}-—(3.5'\/5)

= =4ort=2s.
Distance moved by 4 during that time is given by

1 1

Sai: 3641‘2 = 5x4‘5\5x4=8ﬁm

Similarly for B= 72 m.

Hence both the blocks will come in line afier 4 has travelled
a distance 8/2m down the plane

15.

16.

(a) Free body diagram of mass M
i
M

f
{Me

T

?;;ggi 7????7T7?777!7T
n‘f

(b) The maximum value of force of friction between m,

and M

(Dmax = (0.3) (20) (10)=60N  ..(I)
The maximum value of force of friction between m,
and M

(F)max =(0.3)(5) (10)=15 N i)
Forces on m, and m, in horizontal direction are as follows:

— T

Ii"mlflfzm2

>

There are only two possibilities.

Case I Either both m, and m- will remain stationary (w.r.t.
ground)
Case II both /m; and m, will move (w.r.t. ground).
First case is possible when
of T<(f})ya Of T<60N and T<(fy)pax O T<ISN
These conditions will be satisfied when T'< 15 N'say T'= 14
then f, =/, = 14 N.
There}‘ore the condition f; = 2f, will not be satisfied.
Thus m; and m, both can't remain stationary.
In the second case, when m; and m, both move
fo=(f)max =15 N
fi=2f,=30N
Since f; < (f) e there is no relative motion between m,
and M, i.e., all the masses move with same acceleration,
say 'a'.
Free body diagrams and equations of motion are as follows:

—a i=0N e
T b
my my M =
Drmsn T F
JS=30N  fi=15N
For mass, m:30-7T=20q .. (i)
For mass,m,:T—15=5a . (1v)
For mass, M: F- 30=50a o (V)

Adding eq. (iii) & (iv), we get.

3
acceleration g = gm;‘ &,

s 5%x3
Fromeq.(1v)T—15=T = T=18N

3
meeq.(v)F—30=50><§ = F=60N

Let force F be applied to move the body at an angle 9 to
the horizontal.

: FsinB
The body will move when Jt F
Fcos =u N Al
from figure, normal reaction pN il Fooso
N=mg — F sin@ T T arar
F cosb = p{mg — F sin@)
pmg
T LalE) mg

cosO+ usin®
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17.

18.

Differentiating the above equation w.r.t.6 , we get
i umg
d9  (cos@+usin6)?
9=tan'p
This is the angle for minimum force.
To find the minimum force substituting these values in
equation (i)

[-sin®+pcosB]=0

; [ !
smn@= , cosf= -
p2+l po+1
mn
Fe : umg
p

——t U

u2+1 p2+1

umg( 'S +1)_ pmg

s
P +1 \{|.12+l

= F=mgsinf

According to qucshon, mass M, moves downwards with
a uniform velocity i.e., net acceleration of the system is
zero. Or net pulling force on the system is zero.

For equilibrium,

(a) Mg = M,g sin37° + pM,g cos37° + phMyg 20.

or M, =M,sin37°+ uM,cos 37° + p,

e 4
=(4) (3-] +(0.25)(4) [-g) +(0.25)(4)=4.2kg

(b) Since, M, is moving with uniform velocity
T=pmg=(025)x4x9.8=98N

Let T be the tension in the rope at point P and a be the

acceleration produced in the rope.

F

Mass per unit length of the rope is = T
A 'z B

E D —

— ]| —Pie— | —>
— [ —————»

For the part AP;
Fepil=Da s T o e (i)
For the part PB;
e e S SIS S (ii)
F-T=ul s i :
K W(L-1) [Using eq. (i)]
F- r-i"’—zr[_’—u] F;
L-1 L-1

i gl g i F[L f]
= L
0r.T=F{l—i]
€L

As cubes do not slide down
the planes hence they have
same acceleration.
Consider the FBD of the
cubes along incline

‘. -
(Pseudc force)
myg sin o

T+mfcose=mgsina — (i) mg
myfcos P
‘\

T + m,g sinf = m, f'cos B — (ii)
Eq (i) - Eq (ii)
(m, coso + m, cosg)f

= (m,sinc + m,sinf})g

AL 3 (m,sin o+ m, sin )

(m, cos oL+ m, cosP)

fiom eq () T= (m, g sinc) - (mm{wﬂﬁ}
cosoL+ 1, cosﬁ

m? cos o sin o+ mym, cospsina —m;

ino— i
o T=g cos@.§in o — m;m, coso.sin B

(m,cos ot + m,cosP)

m, | cosfsin o —sin o
- mms[cospsina - sinp cosalg
(m,cos o +m,cosf)

When force F is applied on block C will move towards left
and the block 'B' will move towards right due to reaction of
C on B, while block 4 always remains at rest.

The EB.D. for mass C is

So=nlmy+mp)g
N

fi=ulmy+mg+me)g
As C is moving with constant speed F=f, +f, + T ... (i)
F.B.D. for mass B is

B }——)T
pimy+mg)g=fa
As B is moving with constant speed f, + ;=T ... (i1)
Subtracting eq. (ii) from (i)
F-(htf=fth*tT-T=fit/
= F= f|+2f:,_-rf3 pm,+mg+mo)g+
2u(mytmg)gtumg

or,

F= p{4mﬁ+3m3+mc}g
(Given: m, =3kg, mg = 4kg, M = Skg and p=0.25)
=025[4x3+3x4+5]1%9.8=T1.05N
Hence, force necessary to drag, F = 71.05 N

Cg Topic-4: Circular Motion & Banking of Road

(d) T sin 6 = mRw? (1)
T cos 8 =mg (it)
Dividing (ii) by (1), we get

2 E};&b\-\lﬁ
1an9'=—§——:>m=,,’Rgtan9
g2

mm
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Clearly, @ is maximum, when tan 0 is maximum 4,
i.e. 8=90°

So, T sin 90° = mRe?
T=mLw? [Here, R=1]

PSS ds
=o=4-7 Vo05%05

8
£ CID—S =36radls

2. (a) According to question, the speed with which the
block enters the track is the same in all the tracks and the
block rises to the same height so from law of conservation
of energy, speed of the block at highest point will be same
mn all four cases.

Let the velocity at the highest point be v 3
Vo
N +mg
mv?

(N + mg) provides the centripetal force —R— to the body

N+mg= ﬂ"ﬁ

R
2

or N= E;— —mg

R (the radius of curvature) in first case is minimum.
Hence, normal reaction N will be maximum in first case.
3.  (30) From impulse — momentum theorem,

J N2

J=MVg, 2 V= =——"—=\2rm/s

v
Total time taken, t = —

g
i 2x\2n _2x~2n  2n .
g 10 5
By angular impulse -~ momentum theorem,

JXE
1 R—I = Al o= 2=£
X-2—— o= ZMR w MRZ MR
—4— 6.
ANT/2
100 22
=75 4 1 =2x75\2nradss
i L A
1000 3 100
s @=2m=at sh=
2n
zx?s\/ﬁxm
s —— e S

2n

False : The angular amplitude of the pendulum is 40° given,
when its angular displacement is 20° then

- 2
For equilibrium of the bob, T - mg cos 20° = ftTv- , Where
[ is the length of the pendulum and v is the velocity of the '
bob.

2
T'=mgcos 20° + _m_:_

2
mv© . o ;
= 3 is always a positive quantity.

Hence, clearly T > mg cos 20°.

(d) Suppose N' is acting radially outward

mvz

Then, mgcosf— N = =

2
= N= mgcosﬂ——m; )

And by energy conservation,

%mv2 =mg[R - Rcos6]

v2
e 2g(1-cosO)

2
Putting this value of v}_ in eqn. (i)
N =mgcos®-m|2g —2gcosb]
= N=mgcosO-2mg+2mgcosh
= N=3mgcosb-2mg = N=mg(3cos0-2)

Clearly when cos0 > % N is positive acts radially outwards

So, force on wire is inward and if cosf < % N acts radially

inwards.
So, force on wire is outward.
(b, ¢) A long radius net force = centripetal force

g ‘

And along tangent net force
= ma, as the motion of a pendulum is
the part of circular motion.

2
T— Mg cosb = ﬂ:—
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gsind g geosh

And, ma,= mg sin@ = a,= gsinB
7.  Radius of circle=R
In AOCP, OC=CP=R
ZCOP= ZCPO=60° = £LOCP=60°
AOCP is an equilateral triangle = OP =R

Extension of string = R——=—=1x

The forces acting are shown in the figure (i)
From FBD of the ring
Force in the tangential direction

= F cos 30° + mg cos 30

= [kx + mg] cos 30°

Tangential

Smg 53
; =T\/§ L F=ma, = a,=—8—g

Also, when the ring is just released
N+ Fsin 30° = mg sin 30°

m 1
= N=(mg-F)sin30° = (mg———) x;=“s_
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