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Newton’s Laws of Motion

Newton’s laws of motion are of central importance in classical mechanics (physics). A large number of laws
and resu]{s may be derived by Newton s laws. These laws describe the relationship between a body and the
forces acting upon it and its motion in response to said forces. There are three laws of motion stated by Newton,

these laws are based on experimental observations.

Newton’s laws are not valid in the non-inertial frames, they have to be modified by introducing the

concept of pseudo force.

First Law

If the net force XF exerted on an object is zero, the object
continues in its original state of motion (or rest). That is, if
YF =0, an object at rest remains at rest and or object
moving with constant velocity. This is Newton’s first law.

Newton'’s first law of motion reveals inertia a fundamental
property of matter. As a result, Newton’s first law of
motion is also known as the law of inertia Inertia is that
property of the body by virtue of which the body preserves
its state of rest or of uniform motion in a straight line.

Newton’s first law is not true in all reference frames, but
we can always find reference frames in which it is true.
Such frames are called inertial reference frames or simply
inertial frames. Thus, an inertial reference frame is one in
which the Newton’s laws hold.

Linear Momentum

The linear momentum of a body is defined as a product of
mass and velocity of the body i.e.,

p=mv
Being the product of a scalar quantity (mass) and a vector
quantity (velocity), the momentum is a vector quantity.
A body at rest cannot possess linear momentum and a
moving body always possesses linear momentum.

+ When a force of large magnitude acts on an

impulsive force. In such cases, we measure

+ Impulse of a force is a measure of the total effect of force. Mathematically, impulse J = F,at =

. : i i As,F =
+ For aforce-time (F-t) graph, the area under the graph gives the value of the impulse. As ot

2L _d_.p_dt = jpidp

Hence, impulseJ=j:t Roticiis = .

Second Law

The acceleration of an object is directly proportional to the

net force acting on it and is inversely proportional to its
mass.

2F
a=——
m
This is the Newton’s second law.
The equation in vector form, XF = ma

F3
F4

oK

Concurrent Forces

where, a is the acceleration of the object, m is its mass and
F represents the vector sum of all the forces acting on the
object.

It also states that the time rate of change of momentum of

body is equal to the net external force exerted on that body
dP

dt
If ¥,,E,,F, ... are the concurrent forces acting at the same
point, then the point will be in equilibrium if

F,+E +E ..=0

ie, Fo=

object for a small time interval, the force is called

the total effect of force.

jﬁ’ Ft

dp

=pr —Pi

: o ; ' m.
This relation is known as the |mpu|se-momentum theore

« If for a given impulse, (ie., for a given ¢

hange in momentum) time At of action of the force is small,

then the force exerted, F.. is large. On the other hand, if time At is co_mparatively large, then the force
1 tav i

F,, has a smaller magnitude.

« I bullets each of mass mand velocity v are fired from a gun, then the average force acting on the gun

is mnyv.

..........
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Third Law

e : i a
If two objects interact, the force F,, which the object 1 exerts on object 2 is equ

the force F,

{ We make use of Newto

21 Which the object 2 exerts on object 1. This is Newton’s third law. 1, =

f Motion
---------------------- Problem Solving through Newton’s Laws 0 of bodies under the action of a
n's laws of motion to studly the motion of a single object or & systern

ays
JEE Main Physics inJust 40 Day

=l

| in magnitude but opposite in directi(;,
in j

=

i force or a set of forces. To solve such problems we proceed as follows

*

*

Consider each individual object as a point object. tion of a single object
; i iol

Draw a free body diagram. A free body diagram consists of a dlagrammanc reﬁrerz:?:cting on it The forces

as a sub-system of particles isolated from its surroundings and showing all the fol

may be contact forces or field forces. thentind tha
en .

Now, check whether under the effect of forces, the system can accelerate or not. If yes,

direction and magnitude of acceleration. '

In case of a composite problem of a number of objects connected together by strmgs/spr!ngstr?f

pulleys etc find the relationship of accelerations of different objects of the system by specifying the

constraint relationship, if any.

If various external forces are in different directions then resolve these forces in two or three, mutually
perpendicular directions as the case may be, and find the accelerations separately along these
directions. Then the resultant acceleration will be equal to the vector sum of these accelerations.

Connected Motion

-

450t

.l

i L

In Physics, motion is a change in position of an object with respect to time and jts Teference point. Motion is

observed by attaching a frame of reference to a body and measuring its chan
frame. Hence, the connected motion describes the relative motion between
two blocks and a plane or it is between a block and an inclined plane,

1. If two blocks of masses m; and m, are placed on a 3. If a block of mass m
perfectly smooth surface and are in contact, then wedge of magg M, wh

Surface, then a fo . 4
horizontally, e F is applied on

Acceleration of the blocks, a=
and the contact force (acting normally) between the
two blocks is f = m,a =

2. For a block of mass m placed on a fixed, perfectly
2 smooth inclined plane of angle 6, the forces acting on
the block are shown in the figure. Obviously, here

m; +m,

Fm,
(my + my)

is placed on g smooth mova
ich in turn jg placed on smoott

8¢ in position relative to that |
two objects whether jt s between

the wi
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Day 4 Laws of Motion 57

4. For a block system shown in the figure, acceleration
of the system Net acceleration
F .
G et _ Net accelerating force
my +m, +my i Total mass
) B ¢ )
<F' & “"»‘F" my § »—T—w(~—-v~ my - M_
14 1 | 2 ; (m, + m, + M)
Tension in the string
) . : M + 2m,)m, g
oo Tension T, = s AET
T, =(m, + my)a IS

(
~ Flmy + my)
(my + m, + my) and Tension T, = m,(g + a) = (M +2m,)m,g
and tension (M + my +m,)
8. For the system of block and pulley, with a smooth
inclined plane shown in the figure, we have

M + m, + m,)

T, = mya
Fmy

19k ) St

5. For a block system suspended freely
from a rigid support as shown in the T
figure, the acceleration of the system mi] A
a=0.
String tension i

T =(my + m, + m;)g
T, = (m, + my)g

Net acceleration
(m; — m, sin 6)g

,if m;g > m,g sin @
(my + my)
ands T = i) s
’ e and a= Me—lfl)—g if m;g < m,g sin 6
m, +m,
6. For a block system and a pulley

and tension in the string
mym, (1 + sin 6)
(my + my)
9. For a pulley and block system on a smooth double

shown in the figure, value of the
acceleration of the system
. (my + m, —my)g
(my + m, + my)

T=m(g~-a=

inclined plane as shown in the figure, we have
2
Tension T1 = _.__.%
(m; + m, + my) 3
2 o
Tension T2 = M

(my + m, + m;)

and tension T

a
‘(\‘\g Od,,/}
Mg cos 64 mpg cos 67 ‘,’;
T =7, TZ = w B e T T e T S e e
o G Net acceleration
G Pjor the pulley and block arrangement shown in - g
figure, we have 7 e . )
for8, >0,, m; >m,
and tension in the string
T = m,(gsin6, — a)
_ mymy(sin®, +sin6,)g
(my > my) (my + m,)
1
Print to PDE without {his me e Dv purch
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; . ving Lift
Apparent Weight of an Object in a Moving

: by the ea
Earth attracts every body towards its centre. The force of attraction exerted by

1
rth on the body is called '

ight of a body is
= mally, the weig.
gravity force. If m be the mass of the body then the gravity force on it is mg. Nor

equal to the gravity force w = mg.
But when the body is on an

hanged. The changed
accelerating platform, the weight of the body appears to be chang

ing i ing lift.
: : an standing in a movi
weight is termed qs apparent weight. Here, we consider the apparent weight of a m

Let a person or an object be situated in q lift, which is in a state of motion. Then

1. Apparent weight of an object is the same as its
actual weight on the ground, (i.e., mg) when either
the lift is at rest Or is in motion with a constant
velocity either in the upward or in the downward
direction,

2. Apparent weight of object is more than its actual
weight, when the 1lift is moving vertically upwards
with an acceleration a. Infact, apparent weight
=m(g + a).

Rotating Pullies

o If pulley is not massless and it is

rotating then tensions in either side

(or ( In string are not same even the string
is of the same material,

® )
’Tl =11 ] I8 = Il
Pulley . ;
where, I = moment of inertia of the
T pulley. and o = angular acceleration

T2 of the pulley.

If a pulley is massless, net force on it is zero even if it is
accelerated.

Principle of Conservation of
Linear Momentum

According to the Newton’s second law, the forces acting
on an isolated particle is equal to the rate of change of

5 d]
linear momentum i.e., F = d%’
It F=0, ap =0 or p = constant

dt
ie., if the force applied on a particle is zero, its linear
r;u;,mentum remains constant. This is the principle of
conservation of linear momentum of a particle.

-bullet system, the force exerted by the gun is an
Fc;r é; gjm;o};ge and so the total momentum of the system
inter

remains unchanged.

i principle of conservation of linear momentum.

* Upward thrust on the rocket, £ = Y.9m

3. The apparent weight is m(g — a)i.e., less than j
actual weight, when the lift is moving dOWHW&r&

with an acceleration a. £

: g
4. If the lift is moving downwards with an acceleratior
a =g, the object is in a state of weightlessness, Thus,

a freely falling body is always weightless.

Applications of Principle of

",

atug
and if effect of gravity js Neglected, then F = w

';7 =vr2f8§ 5 roi{(;:eerfct)cket at any time¢
Bt ot g OCity acquireq by the rocket
rocket wh npth i ffOkaet s
5 ue ;
wholren the ﬂlﬂ f :y ey . 'Ogﬁzzhas
ass (m, ) of ket hg N used s
container of e ¢ | S equal o,
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Day 4 Laws of Motion 5

Fictitious Force or Pseudo
Force

Earth is rotating about its axis and revolving around the
sun. Any rotating or revolving body is always accelerated,
therefore, earth is infact a non- inertial frame.

A force appears to act on a body due to acceleration of the
body in a non-inertial frame.

This apparent force is called the fictitious force or pseudo
force.

' 4

Non-inertial
frame
of reference

Inertial frame
of reference Z

Z

Suppose point A is an accelerating point then its
acceleration with respect to O’ is given as

Ads0" =440 — 300
= a=a,p —Aapyg
or ma = ma 4, — ma

Here, ma, is the pseudo force.

The direction of this force is opposite to the acceleration
of the non-inertial frame. where, m is the mass of the
body.

Equilibrium of Concurrent
Forces ' e

If a number of forces act at the same point, they are called
concurrent forces. ‘

Consider that a body is under the action of a number of
forces. Suppose that the body remains in equilibrium
under the action of these forces i.e., the body remains in its
state of rest or of uniform motion along a straight line,
when acted upon these forces.

The condition that body may be in equilibrium or the
number of forces acting on the body may be in equilibrium
is that these forces should produce a zero resulfant force.

Therefore, the resultant of three concurrent forces will be
zero and hence they will be in equilibrium , if they can be
represented completely by the three sides of any triangle.

In case, a number of forces act at a point, then they will be
in equilibrium, if they can be represented completely by
the sides of a closed polygon taken in order.

oo R Lami Theorem

i For three concurrent forces in equilibrium posision.

i If three forces acting at a point be in - p R
equilibrium, then each force is P

proportional to the sine of the angle
between the other. Thus, if the forces
are P, Q and R; a, B, vy be the angles
i between Q and R, R and P, P and Q r

i espectively, also the forces are in Q

equilibrium, we have :
B2 Q R

¥ sinae  sinf  siny

Friction

Whenever an object actually slides or rolls over the s
the relative motion starts acting between these two su
friction. Force of friction acts in a tangential direction

Types of Friction

The four types of friction are given below

1. Static Friction .

It is the opposing force that comes into play when one bo
another body.

If the applied force F is such that the body re

f, = F is static friction. It is a self adjusting force and is alway:

urface of another body or tends to do so, a force opposing
rfaces in contact. It is known as friction or the force due to

to the surfaces in contact.

dy is at rest and a force acts to move it over the surface of

mains at rest inspite of the action of the force on it, the frictional force

s equal and opposite to the applied force.
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It is the limiting (maximum
just on the ver

bo

The force of limiting friction fi
directly proportional to the no

Miting Friction

dy.

N

Applied

=N force F
<

Mathematically,

or

=

where, |1, is the coefficient of limitin,

freN
fi=wN

2B
129 N

in contact,

It

actually slides over the surface of an
friction f; is directly proportional to t

ratio

Kinetic Friction

) value of static friction when a bodt}}’l 18
ge of starting its motion over the surface of another

between the surfaces of two bodies is
rmal reaction at the point of contact.

g friction for the given surfaces

is the opposing force that comes into play when one body is

Ji

is called coefficient of kinetic friction W,
N

slightly less than p, (1, <p 1)

Whenever Iimiting friction is converted into

started motion with a lurch.

It

i 1l or cylinder or dis
symmetric shape (whee .
surface of another body. Force of rolling
proportional to the normal reaction N and in

th

or

The constant pi, is known as the coefficient of rollin

4Rolling Friction

is the opposing force that comes into

e radius(r) of the wheel. Thus,

N
fr“;‘
N
fr=p'l‘7

the unit and dimensions of length. Magnitudewise

Ky

w The value of rolling friction is much smaller than the value of

Ball bearings are used to reduce the wear and tear and ”enertgy/oss Sl
» Ba Qins;

ﬁiction.

8

other body. Force of kinetic
he normal reaction N and the

value of p, is

kinetic friction, body

play when a body of
C, etc.) rolls oyer the
friction f, js directly
versely PIoportional tq

friction I, has

e <<ppor |

ANWW. NOVADQ
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Angle of Friction

iction is defined as the anggnlt
friction is de ¢ ang

: A:igclﬁ t(r):e resultant R of the force of |in

w

friction f, and normal reaction N, su
il

with the normal reaction.

--------

Applied
force F

The, tangent of the angle of friction is ~of§1;
to the coefficient of friction.

= L =tan®

Angle of Repose

(2
Angle of repose is the least angle of the
inclined plane (of given surface) with
horizontal such that the given body plac
over the plane, just begins to slide down;
without getting accelerateq. 3

* The tangent
the coeffigig

Hence, we

of the angle of repose is eq
Nt of friction

SEaas e



http://www.novapdf.com/
http://www.novapdf.com/

Acceleration of a Block on Applying a
Force on a Rough Surface

1. Acceleration of a block on a horizontal surface is as
shown in the figure.
N

e

f=uN
—
mg
I = )& = 1
a= f: IJIng:——l‘[g
m m m

where, 1 = coefficient of kinetic friction between the
two surfaces in contact.

2. Acceleration of block sliding down a rough inclined
plane as shown in the figure, is given by

a= g(sin o — L cos o)

mg cos o

3. Retardation of a block sliding up a rough inclined
plane, as shown in the figure is a = g(sin o + 1L €0S o)

4. Motion of two bodies, one resting on the other

(i) Let a body A of mass M is placed on a smooth
surface and a block B of mass m be placed on A. Let
coefficient of friction between surfaces of A and B be
w . If a force F is applied on the lower body 51 €5
shown in figure, then

Day 4 Laws of Motion

Common acceleration of the two bodies
F
Qi
(M + m)

pseudo force acting on block B due to the accelerated
motion f” = ma. The pseudo force tends to produce a
relative motion between bodies A and B and
consequently a frictional force, f=pN =pmg is
developed. For equilibrium,

ma < |Lmg
or asug

If under the influence of force F the acceleration
produced exceeds pg, two bodies will not move
together and the block B will slide backwards and after
some time fall from body A.

(ii) Let friction is also present between the ground
surface and body A. Let p, = coefficient of friction
between the given surface and body A and
1, = coefficient of friction between the surfaces of
bodies A and B. If a force Fis applied on the lower body
A as shown in figure, then

f’=ma

fa=w(M+m)g

Net accelerating force = F — f,
=F-u, (M+mg
Net acceleration,
_F -y (M+m)g
(M + m)

=(M+m) - K48

Pseudo force acting on the block B,

f’=ma
The pseudo force tends to produce a relative motion
between the bodies A and B and consequently a
frictional force fp=p,mg is developed. For
equilibrium,

ma < [L,mg
or asu,g
If acceleration produced under the effect of force F is
more than p,g, then two bodies will not move
together.

JAWWW.Novapd O[]
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Practice 7one

1. An insect crawls Up a hemispherical surface very slowly.
The coefficient of friction between the insect and the surface
is 1/3. If the line joining the centre of the hemispherical
surface to the insect makes an angle e with the vertical, the
maximum possible value of ¢ is given by

o

(a) cotoe =3
(c) cosec o =3

(b) seca = 3
(d) None of these

2. The figure below shows a uniform rod of length 30 cm
having a mass of 3.0 kg. The strings shown in the figure are
pulled by constant forces of 20 N and 32 N. Find the force
exerted by the 20 cm part of the rod on the 10 cm part. All
the surfaces are smooth and the strings are light

F F
T
== I 3
20N | 10em | 20cm 32N
(@) 36N (b) 12N (c) 64N (d) 24 N

3. Two trains A and B are running in the same direction on
parallel tracks such that A is faster than B. If packets of
equal weight are exchanged between the two, then
(@) A will be retarded but B will be accelerated
(b) A will be accelerated but B will be retarded
(c) there will not be any change in the velocity of A but Bwill be

accelerated
(d) there will not be any change in the velocity of B, but A will be
accelerated ‘

4. A given object takes n times more _time to sliQe down a 45°
rough inclined plane in comparison to_ghdes doyvn a
perfectly smooth 45° incline. Thfa qoef_fncnent of kinetic
friction between the object and the incline is

1 =l e
@ =it &) e 2 n? <)

=
i i i ight pulley, connects
tring passing over a smooth lig ‘
> agghélgcksg gf masses my and m, (vertically). If the
acceleration of the system is (g/8), then the ratio of masses

IS

() 8:1 (b) 9:7 (©) 4:3 (d)F5:8

8. If Mis the mass of a rocket, r is the rate of ejection of gas’

)
7

i ' hose breaking strength g

5 an slides down a light rope wi i (
° rA|n:imes his weight. What should be his maximy ‘
acceleration so that the rope does not break? ‘

(@ g(1-n) (b) mg
-2 ) £
1+ 1 L=

7. Alift is moving down with an acceleration a. A man in the t
drops a ball inside the lift. The acceleration of the ball a
observed by the man in the lift and a man standing
stationary on the ground are respectively ]

@ g.9 (b) a a € @-a.9 (dag

with respect to the rocket, then acceleration of the rocket,
o is equal to E

at
(@) (mrijn‘) (b) (m—rt)
ru
il ru
2 (m + rt) @ i

¥

A against a rough vertical wall by &
pressing it with a finger, If the coefficient of friction between:

Mg [NCERT Exemplz
(@) = !
o by Mo
2M u
(e)=—=
g () 2Mg

w.r.t. each other
. e of magnjt origin of coordina
. Find t/[_ne resultant agceI:?aetiﬁ and one has 3 magnit

(@) 22l On of the particle.
m b
- M (b) Zerg :
m @ =47 3
T1. Ablock A is ap 7 3

and length /. kept insiq the frictionless incline
Veloeity v, Tj

of the incling, j
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)
a)\l(g+a)sin6 ) \g
2/ ; 2/
Pl o2
5 \]g sin® el \/sin®

12. Two bodies of equal masses are connected by a light
inextensible string passing over a smooth frictionless
pulley. The amount of mass that should be transferred from
one to another, so that both the masses move 50min5sis

(a) 30% (b) 40% (c) 70% (d) 50%

13. A wooden block of mass M resting on a rough horizontal
surface, is pulled Wwith a force F at an angle with the
horizontal. If  is the coefficient of kinetic friction between
the block and the surface, then acceleration of the block is

(b) %sin (0}
(d) wFsing

(@) 5(cos¢ + sing) - ug

(c) pFcosd

14. A spring balance is attached to the ceiling of a lift. A man
hangs his bag on the string and the balance reads 49 N,
when the lift is stationary. If the lift moves downwards with

an acceleration of 5 ms2, the reading of the spring palance

vwould be
(@) 24N

15. A person 40 kg is managing to be at rest between two
vertical walls by pressing one wall A by his hands and feet
and B with his back. The coefficient of friction: is 0.8
between his body and the wall. The force with which the
person pushes the wall is

(b) 74N (c) 15N (d) 49N

/
B A
(a) 100N (b) 50N (c) 150N (d) 200N
ss floor. A 10 kg block rests

16. A 40 kg slab rests on a frictionle

on the top of the slab. The static coefficients of fr. .
petween the block and the slab is 0.60, while the kinetic
block is acted upon by @

coefficient is 0.40. The 10 kg :
horizontal force of 100 N. If g =9.8 ms~2, the resultant
acceleration of the slab will be

jction

Day A Laws of Motion

10 kg —> 100 N

! 40 kg

(b) 1.47 ms ™
(d) 6.1 ms =

(@) 0.98 ms™>
() 1.52 ms™

17. Two masses Aand B of 10 kg and 5 kg are connected with
a string passing over a frictionless pulley, fixed at the corner
of a table (as shown in figure). The coefficient of friction
between the table and the block is 0:2. The minimum mMass
of C that may. be placed on A to prevent it from moving is
equal to

(@) 15kg (b) 10kg (c) 5kg (d) zero

18. A string 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 is given by

(a) v2Mg () (1M + mf + m*1g

(c) 2Mg (@) (M + m)+ mPg

19. A bullet is fired from a gun. The force on the bullet is given
by F =[600~2x 10°], where F is in newton and t is in
second. The force on the bullet becomes zero as soon as it
leaves the barrel. What is the average impulse imparted to
the bullet?

(@) 9N-s (b) Zero

20. A plane is inclined at an angle 6 with the horizontal. A body
of mass m rests on it. If the coefficient of friction is i, then
the minimum force that has to be applied parallel to the

inclined plane so as to make the body to just move up the
inclined plane, is

(a) mgsin®

(c) wmg c0sH — mgsind

(©) 09N-s  (d) 1.8N-s

(b) umgcose-
(d) pmgcose + mg sin®
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21. Aball of mass mis thrown ver:
v. If air exerts an avera
which the ball returns t

tically upwards with a velocity
ge resisting force F, the velocity with
0 the thrower is

foridlntand
R o) v |F
\mg + F mg + F
(C)Vm a) v Mg+ F
e ) v 19+ F
Q9 mg

22

A flexible uniform chain of mass m and length / suspended
vertically so that its lower end just touches the surface of a
table. When the upper end of the chain is released, it falls
with each link coming to rest the instant it strikes the table.
The force exerted by the chain on the table at the moment
when y part of the chain has already rested on the table is

3myg 3mg 2 mg 1 mg
(8) —== o) [Wastt R o=l Gy = L
; (b) i () o @ "

23. Two wooden blocks are moving on a smooth horizontal
surface, such that the mass m remains stationary with
respect to the block of mass M as shown in the figure. The
magnitude of force P is

P m
M
p
(a) gtanp (b) mgcos p
(©) (M + mjcosecB (d) (M + m)gtanB

24. A satellite in a force-free space sweeps out stationary
M -
interplanetary dustatarate Cclf_t =dv, where Mis the mass and

v is the velocity of the satellites and a is a constant. The
deceleration of the satellite is

2 2 2
@ 2‘;4” B -2 © G

and a car are moving on a horizontal road

B ait;nottt?écysci%e velocity. If they are bought to rest 'by

application of brakes, which provides them equal retarding

forces, then y .

(a) motorcycle will stop ata shorter distance

(b) car will stop at a shorter dlsFance

(c) both will stop at the same distance

(d) Nothing can be predicted

26. A block of mass 200 g is moving With a velocity of 5 rrgs:c
along the positive x-direction. At tlme't = O when tlhe ?m;/
is at x=0, a constant force 0.4 N is directed ao\r;vgr;] e
negative x-direction , is applied on the body for 10's. Wha
the position x of the body atit = 2587
(a) x=1.75m (b) xi 1.§5mm
(c)x=1.0m (d) x=1.

JEE Main Physics .+ 40 Days

; i velocity
uires @ Ve
el e ing the car
m starts from res suring
i gocnaé z;sTis—S vi (v> 0)in two seconds. AS i

: ion, th
moves with uniform acceleration,

caris

engine
() ™ eastward and is exerted DY the car eng
2

: rted
o the tyres €xe
(b) MV oastward and is due to the friction on
2

by the road

: ine and
m e to the engdin
(c) more than _2! castward exerted du

overcomes the friction of the road

(d) MY exerted by the engine
2

e from
t a distance of 5m
. he figure. The

d the surface
given an

28. A block of mass 10 kg is plac _
the rear end of a long trolley as shown in t
coefficient of friction between the “t:!octl:oigy "

is 0.2. Starting from rest, the
Eﬁgz)fmsa:celeration gf 3 m/s2. At what distance from the
starting point will the block fall off the trolley?
(Given g =10 m/s?)

5m
fee  1»F | Rear
- !_> end

a 2
E e m_f__ Tralley
(©) O]
(@ 15m (b) 25 m
() 20 m (d) 10 m

Directions (Q. Nos. 29 to 33) Each of these questions contains
two statements : Statement | (Assertion) and Statement Ii
(Reason). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below
« (a) Statement | is true, Statement Il is ture, State
correct explanation for Statement |
(b) Statement|istrue, Statement lis true, Stat
correct explanation for Statement |
(c) Statement |is true, Statement Il is false
(d) Statement | is false, Statement Il is true

ment |l is the

ement Il is not the

29. Statement | When the car accelerat

5 es horizo
straight road, the accelerating force ntally along a

. IS give
the rear axle on the wheels. given by the push of
Statement Il When the car accelerates, th
) e
with a greater frequency. rear axle rotates

30. Statement | The work done in by
the top to the base along a frictio

Inding a body down, from
same as the work done in bringin

nless inclined plane
: a
9 it down the veries; 1

€ vert i
Statement Il The gravitational force on the b cal side.
inclined plane is the same as that along the veorgy él\IOng the
Ical side.

NWW.N0VADJ O[]
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31. Statement | A bullet is fireq from a rifle
freely, the kinetic energy of th '
bullet.

Statemeqt I In the case of 5 rifle-bullet system, the law of
conservation of momentum is violated, .

e If the rifle recoils
e rifle is less than that of the

32. Statement | A cloth covers
on it. The cloth can be pull
dishes from the table.

Statement Il For every action
opposite reaction.

a table, Spme dishes are kept
ed out withoyt dislodging the

there is an equal and

33. Statement | It is easier to

! pull a heavy object than to push
it on a level ground.

Statement Il The magnitude of frictional force depends on
the nature of the two surfaces in contact.

Directions (Q. Nos. 34 to 36)

Two blocks of masses 10 kg and
5 kg are placed on a rough horizontal floor as shown in the figure.
The strings and pulley are light and pulley is frictionless. The
coefficient of friction between 10 kg block and surface is 0.3 while

that between 5 kg block and surface js 0.2, A time varying
horizontal force, F =5 t Newton ( is in sec) is applied on the 5 kg
block as known. [Take g = 10 ms™%]

10 kg 5kg —F
e e ——

34. The motion of the block starts at ¢ =to, thent, is
(@) 14s (b) 8s
(€ 9s (d) 12s

35. The frictional force between the 10 kg block and the stirface
ali— %" is in between

(@) zeroand 10N
(c) 125N and 17.5 N

(b) 10 N 'and 35 N
(d) 12.5 N .and 50 N

36. The acceleration of the 5 kg block att =2t is

{12 e
() 12ms=2 (0) -ms 3
() gms‘2 (d) 2ms™?

Day 4 Laws of Motion

Directions Q. Nos. 37 to 39) A block of mass 4 kg is pressed

against a rough wall by two perpendicular horizontal forces B
and F, as shown in the figure.

F1 — =

()

Coefficient of static friction between the block and the floor is 0.6
and that of kinetic friction is 0.5. Take g =10ms™>

37. For F=300N and F, =100N, find the direction and

magnitude of the frictional force acting on the block.
(@) 180N, vertically upwards
(b) 40N, vertically upwards

(¢) 107.7 N, making an angle of tan"(g) with the horizontal in
the upward direction 5

(d) 91.6 N, making an angle of tan“(g) with the horizontal in
the upward direction S
38. For f=150N and F, =100N, find the direction and
magnitude of the frictional force acting on the block.

(@) 90N, making an angle of tan"(%)with the horizontal in the

upward direction

(b) 75 N, making an angle of tan”(gj with the horizontal in the
upward direction <5

(¢) 107.7N, making an angle of tan™ (%) with the horizontal in
the upward direction 5

(d) zero

39

The velocity of a particle moving in the X-y plane is given by

dy

d_x = 8nsin2nt and —= = 51 cos 2 1t
at at

where,t =0, x =8 and y = 0. The path of particle is
(a) a straight line

(b) an ellipse
(c) acircle

(d) a parabola

8BS
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45. Consider a rubber ball freely fallin

m onto a horizontal ela
collision is negligible and the ¢
elastic. Then the velocity as a
function of time will be

40. A body starts from rest on a long inclined plane of slope 45°.
The coefficient of friction between the body and the plane
varies as p = 0.3 x, where x is distance travelled down the

plane. The body will have maximum speed (for
g =10m/s?) when x is equal to [JEE Main Online 2013]
(@ 9.8m (b) 27 m

(¢) 12m (d) 3.33m

41. Two blocks of mass M, =20 kg and M, = 12 kg
are connected by a metal rod of mass 8 kg. The
system is pulled vertically up by applying a force
of 480 N as shown. The tension at the mid-point

of the rod is [JEE Main Online 2013]
(a) 144N (b) 96 N
(c) 240N (d) 190N

42. Two blocks of masses m and M are
connected by means of a metal wire of
cross-sectional area A passing over a
frictionless fixed pulley as shown in the

figure. The system is then released. If i
M =2 m,then the stress produced in the wire M
is [JEE Main Online 2013] M
2m 4.gm m 3 mi
el e ) 2 ) =12
3A 3A A 4A

43. A boy of mass 20 kg is standing on a 80 kg free to move
long cart. There is negligible friction between cart and
ground. Initially, the boy is standing 25 m from a wall. If he
walks 10 m on the cart towards the wall, then the final
distance of the boy from the wall will be

[JEE Main Online 2013]
© 1565m  (d) 177m

(@) 15m (b) 125m

44. A particle of mass m s at rest at the origin at timet = 0. It is
subjected to a force F(t)=FRe™ in the x direction. Its

speed v(t)is depicted by which of the following curves?
[JEE Main 2013]

fiodled 2o 15020 e
mb mb
(@) (b) f
v(f) v(t)
= =
oAy it
bl mb
© f (d) T
v(t) v(t)
t—> t—

46.

47.

48.

49

g from a height 7 = 4.9

he duration of
ic plate. Assume that t .
e ollision with the plate IS totally

i i ight as
ction of time the heigh
e JAIEEE 2009]

A body of mass m = 3.513 kg is moving along the x-axis §
with a speed of 5.00ms~". The magnitude of its momentum §
is recorded as [AIEEE 2008] ,
(a) 17.6 kg ms™' (b) 17.565 kg ms ™
(c) 17.56 kg ms™" (d) 17.57 kg ms™"

A block of mass m is connected to another block of mass M
by a spring (massless) of spring constant k. The blocks are
kept on a smooth horizontal plane. Initially the blocks are at
rest and the spring is unstretched. Then a constant force F
starts acting on the block of mass M to pull it. Find the force
on the block of mass m. [AIEEE 2007]

{
MF ()%m ‘
(G LES, ) L ME ,
(m+ M) ()(m+M) 1

System shown in figure is in equilibrium and at
rest. The spring and string are massless, now
the string is cut. The acceleration of the masses
2mand m just after the string is cut, will be

[AIEEE 2006]

_—

% upwards, g downwards
g upwards, % downwards
©) g upwards, 2g downwards

d) 2g upwards, g downwards

- . Il goes F
find the magnitude of th allgoes upto 2 m .

& force. Conside -
(8) 4N fG9= ;
(c) 20N () 16N
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Day 4 Laws of Motion

50. A player catches a cricket ball of mass 150 g moving at a

rate of 20 ms™. If the catching process is completed in
0.1s, the for(;e of the blow exerted by the ball on the hand
of the player is equal to [AIEEE 2006]

16 0N (d) 300N
51. A block of mass m is at rest under the action of a force F

acting against a wall, as shown in the figure, Which of the
following statement is incorrect? [AIEEE 2005]

(@) f = mg (where, fis the frictional force)
(b) F = N (where, Nis the normal force)
(¢) F will not produce torque

(d) N will not produce torque

52. A block is kept on a frictionless inclined surface with an
angle of inclination e. The incline is given an acceleration a
to keep the block stationary. Then, ais equal to [AIEEE 2005]

54. Two masses m, = 5kg and m, =4.8 kg, tied to a string, are

hanging over a light frictionless pulley. What is the
acceleration of the masses produced when lift is free to
move? (g = 9.8 ms 2 3 [AIEEE 2004]

(@) 0.2ms™
() 5ms™

(b) 9.8 ms™
(d) 4.8ms™

55. What is the maximum value of the force F such that the block
shown in the arrangement, does not move? [AIEEE 2003]

F. m =3 kg
60°& ZilE
/“ 23

(@) 20N (d) 10N
(©) 12N (d) 15N

56. A horizontal force of 10 N is necessary to just hold a block
stationary against a wall. The coefficient of friction between
the block and the wall is 0.2. The weight of the block is

[AIEEE 2003]
& f
(a) s (b) gcoseco. ‘
tan o 10N
g (d) gtana L
53. The upper-half of an inclined plane with an inclination ¢, is dod
perfectly smooth, while th> lower half is rough. A body
starting from rest at the top wil again come to rest gt
the bottom, if the coefficient of friction for the lower half is @ 20N (0) 50N
given by [AIEEE 2005) () 100N (d) 2N
(@) 2sin¢ (b) 2 cos &
(c) 2tan ¢ (d) tan ¢
Answers
5. (b) 6. (a) 7. (© 8. (a) 9. (b) 10. (a)
=5 Fook ) 1:' EQ’; 15. (d)  16. (@) 17. (a) 18. ()  19. (0 20. (d)
i e o) i 26. (b) 27. (b) 28. (a) 29. (a) 30. (¢

21. (¢) 22. (2) 23. (d) 24. (b) 25. ()
21. (c) 32. (b) 33. (b) 34. (a) 35. (©)
oy Gyt s A ) 450
51. (d) 52. (d) 53. (c) 54. (a) pE

36. (c) 37. (¢) 38. (b) 39. (b) 40. (d)
46. (a) 47. (c) 48. (a) 49. (d) 50. (c)
56. (d)
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Hints & Solutions

L. As itis clear from the figure
F =mgsino
and R =mgcos o

F i
= —=tano |
R m'g mg sin o
g 1
ie., =tano = —
5 3
= cota=3
2. Net force on the rod f = 32 — 20 =12N

Acceleration of the rod = - = 12 _ 4ms™2
m 3
Equation of motion of the 10 cm part is
F-20=mxa=1x 4
F=4+20=24N
Similarly, equation of motion of 20 cm part is
32 -—F=mxa=2x4
F=82-8=24N
3. Initially, the momentum of the packet in train Ais more than in
train B. When packets are changed, the packet reaching train

Abeing of lower momentum will retard the train Abut packet
reaching train B, being of higher momentum will accelerate B.

4. s=ut+1atg=0+lat2,t= /2_3
2 2 a

For the smooth plane a = g sin@
For the rough plane & = g(sin@ — | cos0)

= 2s S 2s
i g(sin® —cos 6 gsin®

ng(sin® — 1cos 8) = g sin®

When, 6 = 45°,sin6 =cos 6 =

ol =

NS

Solving it, we get m = [1 _iz
n
5. As, a=M-m2)g g
m+m; 8
AL L
my+m, 8
or 8m; ~8m, =m, + m,
or 7n71=9m2
m 9

i
6. As, mg —R =ma
mg —mmg =ma
mg(1-n)=ma
a=g(l—m)

7. When droppe

10. According to polygon law, resultant of foyr

' ' will be
ation of the ball is g as
i g stationary on the ground. The

il ing. i downward acceleration
inside the lift is having its own
rg,a;]hgsel%?ethrelative acceleration of the ball as observed by

the man in the lift will must be = (g = a).

observed by a man standin

8. Here, initial mass of the rocket = M

om _
at
Relative velocity of gases wrt rocket = v

then, acceleration of the rocket
IE u@midt) _ ur

m (M_@xt) M —rt
at

9. Given, mass of the block = M.

Coefficient of friction between the block and the wall = u
Let, aforce Fbe applied on the block to hold r
the block against the wall. The normal

reaction of mass be N and force of friction i
acting upward be f. In equilibrium, vertical LE
and horizontal forces should be balanced

separately.

f=Mg () |
and F=N ) Mg
But force of friction (f)=pN
=WF [using Eq. (ii)] .. (i)

From Egs. (i) and (iii), we get

WF=Mg or FMg
w

forces, each of
i along the fifth Side
order. As £, is acting
the net force on the

magnitude £ acting at an angle of 72°
of the polygon taken an in opposite

along this side of polygon, therefore
particle

= /:2 — F1
Acceleration — @

From equation of motion,

L i 2
ggSlnet =

= t:\[z
gsing

%
4
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12.

13.

14.

15.

Day 4 Laws of Motion

1 o
As, s:ut+—2~-aﬁ
50=O><5+'—|><a><5'2
azg(-):lwns*2
25

Let, mass of one become m; and that of other m,, where
m, >m,. As m, moves downwards with acceleration

a=4ms—
my —m
my + m,
So, e [Mjm
my + my
[m1 ‘m2]_i_i_§
m+m,) g 10 5
.. Percentage of mass transferred
4 [m1 i)

———) x 100 =gx100=40%
my + my 5

R=Mg — Fsin¢ F sin ¢
. R F
f=WR=nMg ~Fsing) 4 | &
Fcos ¢ —f =Ma t G

mg

Here,

azﬁ[Fcosq)—f]

azé[Fcosq)—u(Mg — Fsin )]

F s T '
=—CoSd—uUg +—sing =—(cos ¢ +usino)—
ey ¢M( o+ psin¢)—pug
When the lift is stationary
R =mg
49=mx 9.8
49

m=— kg = 5k
Sl

If, ais the downward acceleration of the ift.
then, R=m(g —a)= 5(98 — 5)=24N
Balanced horizontal force Ny = N,

Balanced vertical force 2uN, = mg

mg 400
=t = L = POOIN
pN 5 5

.. Man pushes the wall with 200 N

UN; 4 I A
mg
— ]
Ny N

16. Limiting force of friction of block on slab

pmg =06x 10 x 98 = 588N
Since, the applied force =100 N on block, which is greater
than the force of limiting friction, the block will accelerate on
the slab, due to which, the force acting on the slab will be that
due to the kinetic friction (u,/mg). Hence, acceleration of the
sl o = MG 0410 e R

my 40

17. Let, T =tension in the string,
f =frictional force between block A and the table,
m = minimum mass of C
For just the motion of block A on the table.
T=f=pR=pm+n7)g
=02 (10+m)g ()
For just the motion of block B
I'=5@
From Egs. (i) and (i), we get
5g=0.2(10+n7) g
5=2+02m
m =(5-2)/0.2=15kg

... (i)

18. Force on the pulley, by the clamp
= Resultant of forces (M + m)g acting along horizontally and
mg acting vertically downwards
= J(M +mg)? + (mg)® = \ﬁ(l\/l +m)? + m?]g

19. As, F=600-2 x 10%
At, t=0,F=600N

*  F=0,on leaving the barrel,

0 =600 —2 x 10°
- G
T 2% 105
This is the time spent by the bullet in the barrel

600 + 0 — 300N

3x 107%s

Average force =

Average impulse imparted = F x t
=300 x 3x 10°=0.9N-s

20. To move the body up the inclined plane; the force required,
=mgsin® + uk
=mgsin® + umg cos §
21. For an upward motion
Retarding force = mg + F

Retardation (a) = ok A
m
2. 2
v vlm .
Distance S=—= — Ll
istanc s (@)

For the downward motion, net force = mg — F



http://www.novapdf.com/
http://www.novapdf.com/

4 7]

mg - F
m
s v v'2m
Distance s’ = e
2a"  2(mg - F)
S=§
T Tl
mg + F

Acceleration (@") =

2

As

22. F = force on the table due to the weight of the chain on the
table + momentum of the chain transmitted on the table

F=R+F
A =?yg,dp=dm'«' =?dyw/2@

=?(2gy) [g%a/?g_y} ;
.-.F=?yg+2m#=-3ﬂ/)-/g AL

23. Different forces involved are shown in the figure

P

Acceleration of the system a=
v : M+ m

_ P
M+ m

Force on block of mass (m)

If, f is the reaction of m on M, then
Pm
f =
M+ m

As it is clear from the figure

fcosB =mgsinP
Pm

(M + m)

cos B =mgsinP

D sinB
P-g(M+m)CoSﬁ Cp

P=(M+m)gtanﬁ

or,

24. It is known that the thrust = v (%tM) = —v(ow)

A Thrust  ov?
‘ tardation produced =——— = — —
Hence, the re p e 5

JEE Main Physics inJust 40 Days

v2 —u?

2 —1
25. We know that, v2 =u? + 2as,s0'S =
Thus, we see that s i independent of size apd mass of the
body, and hence at both will stop the same distance, though
here we did not account for the air resistance.

26. Given, u = 5m/s, along positive x-direction
F =-0.4N, along negative x-direction
M =200g = 0.2 kg
0.4

. E
Thus, the acceleration a = M = EE

The negative sign showing the retardation.
The position of the object at timet is given by

=~ oliife?

i
=i Ul A5 = el
At,t = 0, the body is at x = 0, therefore x, = 0.

Hence, X =ut + % at?®

Since, the force acts during the time interval from ¢ =0 to
t =10 s, the motion is accelerated only within this time
interval. The position of the body att =25s is given by,

X=5Xx25+ % X (-2)x (2.5)2=1.25m

27. Here, mass of car=m
As it starts from rest, u = 0
Final velocity along east, v = vi
i =28,
From V=u+at

ui=0+ax2,a=1i
2
F e =205

2

i.e., force of car is % eastward.

This is due to friction on the tyres exerted by the road

31'20;. tt:(e block is placed on the trolley, the acceleration of
Ock equal to acceleration of the trolley = 5 — 2
Therefore, the force acting on the block is Y =a=3m/s*.

F=ma=10x 3
Th . = 30 N.
re:aect\igi'%hi\mg Gh s bocils balanced by the normal
o Sthe‘_"o“ey accelerates in the forward directi
S a reaction force, F=30 N i l1ref=c n:_;n,
ock in the

backward direction, T
- The force of friati
and acts o i : riction opposes thi '
: PROSite to this force, The force oﬁp =5 % R
given by, ot Imiting friction is

28.

R Mg
f=umg=0.2x10x10=20N

R/ WWW.Novapd

et S e e i
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29.

30.

31.

32.

33.

34.

Day 4. Laws of Motion

Thus, the block is acted upon by two forces, a force
F = 80 N towards right and a frictional force F = 20 N towards
left. The net force on the block is towards right and is given by
F=F=f=30-20=10N
Due to this force, the block experiences an acceleration
towards the rear end of the trolley and is given by
a':5=E=1m/32.
el 0]
Let, t be the time taken for the block to fall off from the rear
end for the trolley. Then the block has to travel a distance
8’ = 5m to fall off. Now, since the trolley starts from rest, so,

- 1
u =0andusings =ut + = at?, we can determinet as /10 s.

The distance covered by the trolley in this time,
t:\/ﬁs,s':ut+%at2:0+%x3x10=15m ,

When a car accelerates, the engine rotates the rear axle
which exerts a push on the wheels to move.

Work done in bringing the body against the gravitational
force, depends only on the initial and final positions, not
upon the path taken. But gravitational force on the body
along the inclined plane is not the same as that along the
vertical side.

If the bullet is fired from the rifle, the momentum of bullet-rifle

system is conserved.

It means, Mpvy, =M, v, oo (D)
s
— M,V

and Eiiont AACEERUY

Ex(r) lM V2 M,

2 TR

As, M, > M, (mass of rifle is greater than the mass of bullet).

Hence, Exb) > Exiry

So, the kinetic energy of bullet is greater than the kinetic

energy of rifle.

The cloth can be pulled out without dislodging the dishes

from the table due to law of inertia, which is Newton’s first

law. While, Statement Il is true, but it is Newton's third law.

Both Statements are correct. But Statement [I does not

explain correctly, Statement |.

Correct explanation is there is increase in normal reaction

when the object is pushed and there is decrease in normal

reaction when the object is pulled (but strictly, not

horizontally). -

From constraint theory, we can relate the acceleration of the

10 kg and 5 kg blocks.

35.

36.

37.

Limiting frictional force between 5 kg blocks and surface s,
fi, =0.2x5X 10 =10N

Limiting frictional force between 10 kg block and surface s,
f, =0.8x10x10 =30N

For the 5 kg block, P —2T — f, = 0 [In equilibrium, i.e., when
blocks are not moving]

For the 10 kg block, T — 1, = 0

For no motion of the blocks, f; </, and f, <1,

SO R =2 =y enciIR=1H

= RE< T2l

So, for motion to take place, P > i ar 2f,

= Sto =1, +2f, =10+2x 30

=> to=14s

At t = %’ =7s, the equation for 5 kg and 10 kg blocks are

35-2T7 —fi=0andT7 -1, =0
= 35 =1 +2f,
and we know that, t =7s, both the blocks are at rest. So,
f <fiyandf, =V
Solving the above equation, we get 0 <f, < 10N
125N < f, < 175N

and 12:5INS<NE< 175N
At t =2t, =28s, equation for the blocks are

140 -2T7 - 10 =5a

and T-30=10x 2a
a=1—4ms‘2
9

The forces acting on the block
are F,F,mg, normal contact
force and frictional force. Here
frictional force won't act along
the vertical direction as the
component of resultant force \
acting along the surface on the l
body and is not along the A
vertical direction and direction <

of the frictional force is either opposite to the motion of block
(direction of acceleration of block) if it is moving or not

ere. N; = 300N
So, fi =N, = 0.6 x 300 = 180 N
Resultan‘_[ of 4g and F, is 107.7 N, making an angle of

&l %) with the horizontal, ‘

F

tan

As the force applied along the surface is > f.» so the block
does not move the friction is static in nature.

f = 1077 N making an angle of tan™ (%) with the horizontal

in upward direction.
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38. For, A =150N,f, = 0.6x 150 = 90N

As component of resultant force along the surface is 107.7 N
and is greater than £, so kinetic friction comes into existence
i.e., frictional force acquires the value

f=wN;=05x 150 = 75 N.
Its direction is opposite to component of resultant force
along the surface.

39. y-x graph gives to the shape of path of particle

ax
— = 8msin2nt
T T Sin2mw

j;dx = ; 8 sin 2nt ot

= x—8=—@[cos2nz]g
21
= X —=8=4[1-cos 2nt]
= —cosop=X—12 ool
Also, d_y = 51 cos 2t
at

Jgdy =51 I; cos 2xt dt

y=§sin2nt (i)

This is equation of ellipse.

40. From Newton's lInd law

mg sin® —u mg cos 6 L

m
Now, distance covered by the particle
v2 =u? + 2as
o V=J2(mg sme—,: mgcosO)X

-

= /2 gxsin® - 06 x* gcos B

v should be maximum when Z—: =0

d+/2gx sin® — 0.6 x> g cos8)
ax "
By differentiating, we get x = 3.33m

41. For block of mass M, * 480 N T2

480-T,-20g _ .

_ 20 ;

Also, for block of mass M,

Fes oot T
T

42. Tension, T = (

. As the force is exponentia

i i on for the all t
Since, a Is i%rgnjﬁ o il
= A DO . R
After taking g =10 m/s? this gives

5T, + 3T, = 1440
Now. for the metal rod, tension at both
sl andy . el CO ey
Now, from Egs. (i) and (i) we get,
7, =230N
and T, =150 N
. Tension at mid-point =T, — 4g =190 N
2m, m, J
my + mo
2m x 2m
i ( m+2m

of its end are
=10 m/s?)

= f mg
3
Stoag Force (Tension)
Area
& - . S/

A 3A

43. As horizontal external force on the cart boy system is zero.

So, the position of CM for the system will not change
Therefore, 20 x 10 = 80 x n (backward)

200
N====25
80 =
So, the displacement of boy w.r.t. ground
= 10=25= 76
.. The distance of boy from the wall
=29=1.5=175m

l.e., rate of increase of vel
the graph of velocity
decreasing slope with time.

a=£=ie—bt =CLV

m um dt
= fvdv=fie—b[ _dV
0 Om "Ft

= R 1 : 0
=‘g[\)e‘bf S

with

he individuals of the system

)g where my = m and m, =2m

Iy 'decrleasing, SO it's acceleration, \ |
ocity will decrease with time. Thus,
will be an increasing curve with
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s
45. h = gt*, (parabolic)

v = - gt and after the collision, v = gt (straight line)

Collision is perfectly elastic, then ball reaches to same height
again and again with same velocity

h

46. As, p=mv =3513x 500 = 17.6kg-ms ™

47. Acceleration of the system,
k
| m ~www m —F
F

a=
m+ M

So, force acting on the mass is
mF
m+ M

F=ma=

48. Initially under the equilibrium of mass m
T =mg
Now, the string is cut. Therefore, T = mg force is decreased
on the mass m upwards and downwards on the mass 2m.
mg

=— = downwards
8= ==0 ( )

mg g
and a8, =—== upwards
2m om 2 ( p )

49, The situation is shown in the figure. At an 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
during PAis ams ™ [assumed to be constant] in an upward

direction and velocity of ball at Ais v ms™.

B

Q.
) |

2m

Then for PA v¢=0%+2ax0.2
For AB, P=yF -Oxgx2
= v =2g %2

50.

51.

52.

From above equations,

a=10g = 100 ms™

F
Ta =10g
mg
Then for PA,FBD of ball is
F-mg =ma
[F is the force exerted by hand on the ball]
= E=m(g+a)
=0.2(11g)
=22N
This is the question based on impulse-momentum theorem.

| FAt| =| Change in momentum|
= Fx01=|p; - pjl
As the ball will stop after catching,
pi=mv;=015x 20 =3 p; =0

= EoAQ=3
=> [ =3O
This is the equilibrium of coplanar forces.
Hence, 2F =0
[E =N
Zf, =0
f =mg
21, =0
ey e =0
Since, T #0
T 0

Thus, N will not produce torque.

In the frame attached to the wedge, the force diagram of
block is shown in the figure. From free body diagram of the
wedge,

For block to remain stationary,
macos o =mgsino or a=g tana

”,
Qoos

(Pseudo force)

masin o
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53. According to the work-energy theorem,
2W=AK=0
= Work done by friction + Work done by gravity =0

= —(u mg cos q))/E + mglsing =0

M

or —cos ¢ =sin
> 0 o
or = 2tan ¢
54. On releasing, the motion of the system will be according to
the figure
al £T TA
WAL
|
|
T
mig M2 ‘
atdia
‘F“
\
ma g
mg =T =ma s ()
and T —myg =mya o (1)
On solving,
my —m
a:[—‘—%)g .. (iii)
my + My
Here, m; =5 kg, m, = 48 kg
g=98ms™
a=(5_ 4‘B)x 9.8
5+ 4.8
0.2

=2 98- 02ms >

)
i

JEE Main Physics inJust

40 Days

55. Free Body Diagram (R e blocic (shownieY SR

shown in the figuré

N . Yedlcat

f F cos 60° Horizontal

mg+Fsin 60°

For vertical equilibrium of the block
N =mg + Fsin60°

= ) 1
_J3g+3 - () |
i
For no motion, force of friction ]
f > Fcos 60° !
or N > Fcos 60° |

1 NBE)_F

or —(8g+— 2=

243 ( e J 2

F

or 2

g5

or F<2g or 20N
Therefore, maximum value of F is 20 N. '
/3
56. Let, R be the normal contact force by wall on the block. ’ j
' 7
i
10 N—> -~ R i
+ { l,
‘ b
W z
R=10N i
and f=pR :
PR =w é‘
ot w=02x10=2N
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Day 5
Outlines ...

O Concept of Circular Motion

o Three Possible Types of
Circular Motion

o Forces in Circular Motion

Circular Motion

Concept of Circular Motion

The circular motion differs from the linear motion in one very
important aspect that in a circular motion particles move along
circular track such that direction of motion changes continuously
unlike in a linear motion. Therefore, circular motion is described in
terms of angular displacement ie., angle turned by the rotating body

in a unit time.

Terms Related to Circular Motion

The important terms used in circular motion are given as

1. Angular Displacement
It is defined as the angle turned by the particle from some reference line. Angular
displacement A@ is usually measured in radians. '
Finite angular displacement A6 is a scalar but an infinitesimally small
displacement is a vector. :
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The radial unit vector

2. Angular Velocity e, = icosO+ S
It is defined as the rate of change of the angular displacement of The tangential unit vector | N
the body. = —isin9+]'cqse 3
- Angular velocity @ = lim (%) = ? V2 velocity of the particle i

At—=0 t t T s s s E.
v =r(—-1sin6 + jgog
It is an axial vector whose direction is < tion of the particle Q"
given by the right hand rule. Its unit is Acceleratl )
\"/ o) dV
rad/s. ) ! a=—0'TC St dr G
3. Angular Acceleration A e rdo _d(ro) _dv
S0, == e
It is the rate of change of angular velocity. Auga dt dt dt

do d?*@
==

e » [fthe speed of the particle changes, the partice
dt  dt?

Thus,

-

il F( dv
experiences a tangential jorce F, =m~—) l
Its unit is rad/s*. ) il

along with the centripetal force (F.), the net
force then being given by |F|= m

4. Velocity

A particle in a circular motion has two types of velocities and » Angle made by F with the tangenti

corresponding two speeds. »
(i) Linear velocity (v) or speed (v) 6 =tan [EJ ]
v—gE andv—|v|=§ '
dt dt

Relation between Linear and

(ii) Angular velocity (@) or speed (w) An gIII ar Variables

_do oo _|de|_de
w=—-and 0= lo| = T * If areference line on a rigid body rotates by
: : angle 8, a point within the body at a posii
Relation between linear speed (v) and angular speed (o) is from the rotation axis moves a distance s along
o = acireular are, where s is given bys=80r
In vector form, v = @ x ¥, which is a relation between linear velocity The angle 6 must be measured in radian.
(v) and angular velocity (). * The Period of revolution (7) for the mot
Here, r is the position vector of particle with respect to the centre each pglnt and for the rigid body itself is
of the circle. fov/ie = 2
, ®
5. Acceleration | * When a partigle is

Acceleration of a particle in circular motion
has two components

S and angular veloc
=OXr, where r is the vector

th i - o

€ location of Particle and the point a00

i) Tangential acceleration (@), which is which
(i) the component of a in the direction of e ® has been computed.
0
velocity. compmiy' We can write, v = rp, whert
a, = component of a along v can say V”I_ of velogity perpendicular
dv d|v| % T S the tangenia| velocity.
= .a_t_ = _E— If We dlffErenu

(i) Radial acceleration (a), WhiCh.is the component of a
towards the centre of the circular motiop, This g

) responsible for a change in the direction of velocity, ie.,
1 V2 9 Where a4 s
' =l accelerai
e . eration wh
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Three Possible Types of Circular Motion

In circular motion, the direction of velocity definitely changes. Hence, a, can never be zero. But speed may
remain constant (a, = 0), may be increasing (a; = positive) or m ay be decreasing (a, = negative).

Accordingly, we can classify circular motion in the Jfollowing three types

1. Uniform Circular Motion
In which the speed of the?particle remains constant.

Vv 2
Therefore, @, =0 and g, = — or ro°.
-

Thus, net acceleration is equal to a,. Angle between v
and a is 90°.

In circular motion, the centripetal force

mv*

= #0

r

so the body is not in equilibrium and the linear
momentum of the body is not conserved, though the
magnitude of linear momentum in a uniform circular
motion is constant, but its direction changes
continuously.

2. Circular Motion with an Increasing Speed

In which speed of the particle increases. Therefore, g,
is positive or in the direction of the velocity.

Thus, net acceleration in this case will be

B 2
a=+a +a,

dv __d|v]|
a=—0r——

dt dt

where,

3. Circular Motion with Decreasing Speed

In which speed of the particle decreases. Therefore, a;
is negative or in an opposite direction to that of
velocity. Thus, net acceleration in this case is also

a=,/a’ + d*,but angle between v and a is obtuse.

where a el or v
i “ T Gl dt

VZ
and a =-— or re-

T
i

The radial acceleration (a,) is also sometimes called

normal acceleration (a,). v
Regarding circular motion, the following possibilities
exist
(@) If a, =0 and a, =0, then a=0 and the motion is
uniform and translatory.
(i) If a, =0 and @, #0, then a = g, and the motion is
accelerated and translatory.
(iii) If a, #0 but a, =0,then a= @, and the motion is
uniform and circular.
(iv) If a, #0 and a, #0, then a=\[a% +a? and the

motion is non-uniform and circular.

Forces in Circular Motion

In circular motion of an object two kinds of forces occur which are described below.

Centripetal Force

The centripetal force is the force required to move a body
along a circular path with a constant speed. Centripetal
force never acts by itself. It is to be provided by some
agency in order to maintain the uniform circular motion of
an object. The direction of the centripetal force is along the
radius, acting towards the centre of the circle, on which
the given body is moving.
2

: mv? 5 4
Centripetal force, F = —— = mra? = mr4n’v: = mr—,ljz—
r

Centrifugal Force

Centrifugal force is a virtual fofce due to incorporated
effects of inertia. The centrifugal force is a pseudo force
experienced by a non-inertial observer moving in a circular

path with a constant speed on account of its directional
inertia. Mathematically,

Centrifugal force = 27— = mra?

r
However, it is directed radially outwards, i.e., in a
direction opposite to that of the centripetal force.

e.g., If a tube, filled with an =
incompressible fluid of mass
m and closed at both the ends ()
is rotated with a constant T

angular velocity ® about an
axis passing through one end,
as shown in the figure,

then the force exerted by the liquid at the other end is

ol
2
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; ces
Applications of Centripetal and Centrifugal For

i ; : iven below.
Some of the most important applications of centripetal and centrifugal forces are gl

1. Motion of a Vehicle on a Level
Circular Road

When a vehicle negotiates a circular path, it requires a

centripetal force. In such cases the lateral force of friction
may provide the requisite centripetal force. Thus, for
maintaining its circular path required centripetal force
2
my

(~—] < frictional force (umg)= v, . = Jurg
r

where, i = coefficient of friction between road and
vehicle tyres and r = radius of circular path.

2. Banking of a Curved Road
For the safe journey of a vehicle on a
curved (circular) road, without any
risk of skidding, the road is slightly
raised towards its outer end. Let the
road be banked at an angle 6 from the
horizontal, as shown in the figure.

Vimax = /I8 - tan 6
Ifb = width of the road and h = height pen Sinack
of the outer edge of the road as

2

h

compared to the inner edge, then tan 6 = L =
Ig

In case of friction is present between road and tyre

T + tan 6
thenwv, = o)
1—p, tan6
where, |1, = coefficient of static friction.

3. Bending of a Cyclist

If a curved road is not banked, then a cyclist/scooterist

bends away from the vertical, while negotiating a turn on

a curved road. The angle 6 at which the cyclist bends from
2

. 5 Vv
the vertical, is given by tan® = E

4. Motion of a Cyclist in a Death Well

For equilibrium of cyclist in a death well, as shown in the
figure. the normal reaction N provides the centripetal force
needed and the force of friction balances his weight mg.

o2

Thus, N =m_r_

and f=uN =mg
b

= A e

i

5. Motion along a Vertical Circle

tion in whic

i -uniform circular mo
It is an example of non-unifo -

speed of object decreases due to vy
effect of gravity as the object goes VT
from its lowest position A to mgy
highest position B.
(i) At the lowest point A, the 4 /
tension 7, and the weight mg Tk
are in mutually opposite mg
directions and their resultant AJ
provides the necessary
centripetal force,

2
mvy

m
or T; =mg + =

(ii) At the highest point B, tension T}, and the weight mg
are in the same direction and hence,

mvy

H L
or TH—hr——mg

i@ 1y, = Jinm =

TH+mg=m

Moreover, v; and vy are correlated as v, = v2 — 2gr

(iii) In general, if the revolving particle, at any instant of

time, is at position C, inclined at an angle 6 from the
vertical, then

v =v2 —2gr(l —cos6) and T = mgcos@ + Liig

r
f just looping the vertical
just becomes zero at the
e following results

\[ﬁ and v, =\/}§

(iv) In the critical condition o
loop, (i.e., when the tension
highest point B), we obtain th

Ty =0T, = 6mg, v, =

In general, Ty, - Ty =6 mg
Whefx a vehicle s moy; g Over a convex bridge, th

maximum velocity v '8, Where r s the rc;diusgr i

road. h

the road, js N =

=
Ny
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Practice Zone " ‘ng*

1. A wheel of radius R is rolling on a straight line without
slipping on a plane surface, the plane of the wheel is
vertical. For the instant when the axis of the wheel is moving
with a speed v relative to the surface, the instantaneous
velogity of any point P on the rim of the wheel relative to the
surface is
(@) v (b) v (1 + cos6)

(c) v 2 (1+ cosB) (d) v(1 — cos8)

2. A mass of 2 kg is whirled in a horizontal circle with the help
of a string, at an initial speed of 5 rev/min. Keeping the
radius constant, the tension in the string is doubled. The
new speed is nearly
(@) 14 rpm (b) 10 rpm

(€) 225pm (d) 7 rpm

3. A cyclist starts from centre O of a circular park of radius

1 km and moves along the path OPRQO as shown in figure.

If he maintains constant speed of 10 m/s, what is his
accelearation at point R in magnitude and direction?

Q [NCERT Exemplar]

P

(b) 0.01 m/s® along OR
(d) 0.1 rad/s® along RO

(a) 0.1m/s? along RO
(c) 1 m/s® along RO

4. A weightless thread can bear a tension upto 3.7 kg-wt. A
stone of mass 500 g is tied to it and revolved in a circular
path of radius 4 m in a vertical plane. If g =10ms™, then

the maximum angular velocity of the stone will be

(@) 4rads™’ (b) 16rads™' (c) v2Trads™' (d) 2rads™

5. A frictionless track ABCD ends in a semicircular loop of
radius R. A body slides down the track from point A which is
at a height h =5 cm. Maximum value of R for the body to
successfully compiete the loop is

(@ 5cm ) %scm © 139cm (d) 2cm

6. The angular speed of a flywheel making 120 rev/min is
(@) mrads™  (b) 2nrads™' (o) 4nrads™ (d) 6mrads™

7. A ball of mass 0.25 kg attached to the end of a string of
length 1.96 m is moving in a horizontal circle. The string will
break if the tension is more than 25 N. What is the maximum
speed with which the ball can be moved?

@ 14 ms™ (o) 3ms™"
(©) 3.92ms™ (d) 5ms™

8. A stone of mass 1 kg tied to the end of a string of length
1m, is whirled in a horizontal circle with a uniform angular
velocity of 2 rad s~". The tension of the string is (in N)

1 1
a) 2 ) = c) 4 o)) =
(@) (o) . © (d) i

9. A small body of mass m slides down from the top of &
hemisphere of radius R. The surface of block and
hemisphere are frictionless. The height at which the body
lose contact with the surface of the sphere is

3 2 1 1
a) =R )= ©) =/ d) =R
(@) 5 (0) : ( )‘2 (d) 5

10. Two racing cars of masses my and m, are moving in circles

of radii , and r, respectively. Their speeds are such that each
makes a complete circle in the same time t. The ratio of the
angular speeds of the first to the second car is
(@) 1:1 (b) my :m,
©) nib (d) mm,

11. A wheel is rotating at 900 rpm about its axis. When the
power is cut off, it comes to rest in 1 min. The angular

retardation in rads 2 is

(@) m/2 (b) m/4 (c) m/6 (d) /8

The skate board negotiates the circular surface of radius
4.5 m. At = 45°, its speed of centre of mass is 6 m/s. The
combined mass of skate board and
the person is 70 kg and his centre of
mass is 0.75 m from the surface. The
normal reaction between the surface
and the skate board wheel is

(a) 500 N

(b) 2040 N

(c) 1045 N

(d) zero

12
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13. A heawy sphere of mass m s
suspended by a string of length /. The
sphere is made to revolve about a
vertical line passing through the point
of suspension, in a horizontal circle
such that the string always remains
inclined to the vertical making an angle
8. What is the period of revolution?

18. A cyclist is riding with a speed of ?iagméhéoAri 22
approaches a circular turn on the road o ) o r >
applies brakes and reduces his speed at the co R
of 05 m/s every second. What Is the magnitude an

i ' . |al'
ur| .; NJ( ERI Exemp ar

(a) 0.9 m/s at 75° to the velocity
b) 0.6 m/s at 54° to the velocity

, ( |
e Ll_ b) T =27 cos® (c) 0.3 m/s at 75° to the veloqty

2 g (d) 0.7 m/s at 68° to the velocity
Fill=an 20 tané i tions contains
e (IR Directions (Q. Nos. 18 to 23) Fach of these questi :
: s two statements : Statement | (Assertion) and Statement

: 5 ti
14. Acaris moving in a circular horizontal track of radius 10m (Reason). Each of these questions also has fourY au/tir:vael\t/s
with a constant speed of 10 m/s. A plump bob is choices, only one of which is the cor(ect answefi. o
Suspended from the roof of the car by a light rigid rod of select one of the codes (a), (b), (c), (d) given below :

length 1.00 m. The angle made by the rod with the track is (a) Statement | is true, Statement Il is true; Statement Il is the =5
() 60° (b) 30° (c) 45° (d) zero correct explanation for Statement |

15. Two small spherical balls are free to move on the inner (b) Statement | is true, Statement Il is true; Statement Il'is not the y
surface of the rotating spherical chamber of radius correct explanation for Statement | b
R=02m. If the balls reach a steady state at angular (c) Statement | is Yrue; Statement Il is false
position 8 = 45° the angular speed o of device is (d) Statement | is false; Statement Il is true

19. Statement | A car is moving in a horizontal circular plane
with varying speed, then the frictional force is neither
pointing towards the radial direction nor along the
tangential direction.

G i

Statement Il Components of the frictional force are
providing the necessary tangential and centripetal
acceleration, in the above situation.

20. Statement | A particle moving in a vertical circle, has a

(a) 8rad/s (b) 2 rad/s maximum  kinetic energy at the highest point of its
(c) 3.64 rad/s (d) 9.34 rad/s ; A %
16. A particle is moving along a circular path of radius 5m, Statement 1l The magnitude of the velocity remains j
moving with a uniform speed of 5 m/s. What will be the constant for a particle moving in a horizontal e ‘

average acceleration, when the particle completes half 21

. Statement | The centripetal forces a i
revolution? £ nd the centrifugal

forces never cancel out.
‘ 2 52 d) None
(a) zero (b) 10/mm/s”() 10m/ ( Statement Il They do not act at the same time.
It i Il sphere of mass 5 : ;
17. Two wires AC and BC are tied at C of small's , 22. Statement | Improper banking of roads causes we
kg, which revolves at a constant speelad \(/)fic itshe horizontal foarotiren ar and
‘ jus 1.6 m. The minimum vaiue
circle of radius i Statement Il The necessary centripetal force in that
event is provided by friction between the
iyl tyres and ,
B 23. Statement | When a particle moves in

a circle with a uniform Speed, there is a
‘change in both its velogi
acceleration, e e
Statement Il The
r : acceleration in circular
e : dependent on the an
the body.

centripetal
motion s
gular velocity of

@801ms ()16ms (@0 (d) 3.9 m/s

R/ WWW.Novapd O[]
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Day 5 Circular Motion

Directions (Q. Nos. 24 to 26) A cabin is falling freely and
inside the cabin a disc of mass M and radius R undergoes
uniferm and a pure rolling motion with the help of some
external agent. Inside the cabin, a wind is blowing in the
horizontal direction which imparts an acceleration a to all the
objects present in the cabin, in horizontal direction. [Disc still
performs uniform and a pure rolling motion]. A very small
particle gets separated from the disc from the point P and after
some time it passes through the centre of the disc O.

I
| —
b
f

24. The angular velocity of the disc is

1 7a 8a
S o) ===
= 3 6R ®) 15R
0 S |12 (d) 16 | 8a
9 6R 9\ 15R
25. The time taken by the particle to reach O from P is

4 f15R /6/-‘{ [6R 3 il
Sy P) 4 |— &) = Q) = |——
@ 3\ 8a ®) 7a ) 7a ) 4\ 8a

81

26. The revolution made by the disc in the time interval
computed in Q. No. 24 is

6

8 o

(@) (b) =
51 2

(©) = (d) o

Passage A thin circular loop of wire of radius R rotates about
its vertical diameter with an angular frequency . The small bead
on the wire remains at the lower most point. Assume that all
surfaces are frictionless. [NCERT Exemplar]

27. The value of w is
(@) equal to 9
R

(b) smaller than and equal to \/%
(c) greater than and equal to \/:g';

(d) greater than and equal to %

28. What is the angle made by the radius yector joining the
centre to lead with the vertical downward direction when

o= 2_g?

R
(@) 30° (b) 60°
() 75° (d) 45°

AIEEE & JEE Main Archive

29. Two cars of masses m; and m, are moving in circles of radii
1, and r,, respectively. Their speeds are such that they make
complete circles in the same time t. The ratio of their
centripetal acceleration is [AIEEE 2012]
(@ myp . myr, (b) my:im, (e)nir (d) 1:1

A particle moves in a circular path with decreasing speed.
Choose the correct statement. [AIEEE 2005]
(a) Angular momentum remains constant

(b) Accelerationa is acting towards the centre

(c) Particle moves in a spiral path with decreasing radius

(d) The direction of angular momentum remains constant

30.

31. Which of the following statements is false for a particle

moving in a circle with a constant angular speed? [AIEEE 2004]

(a) The velocity vector is tangent to the circle

(b) The acceleration vector is tangent to the circle

(c) The acceleration vector points towards the centre of the
circle

(d) The velocity and acceleration vectors are perpendicular to
each other :

_Print to PDFE without this message by purchasing novaPDE

32. A particle is acted upon by a force of constant magnitude
which is always perpendicular to the velocity of the particle
The motion of the particle takes place in a plane, it follows
that [AIEEE 2004]
(a) its velocity is constant '
(b) its acceleration is constant
(c) its kinetic energy is constant
(d) it moves in a straight line

33. A particle undergoes a uniform circular motion. About which
point on the plane of the circle, will the angular momentum
of the particle, remain conserved? - [AIEEE 2003]
(a) Centre of the circle
(b) On the circumference of the circle
(c) Inside the circle

(d) Outside the circle

34. The minimum velocity (in ms™) with which a car driver must
traverse a curve of radius 150 m and coefficient of friction

0.6 to avoid skidding is [AIEEE 2002]
(a) 60 (b) 30
() 15 (d) 25
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Answers )

1. (o) 2. (d) () 4. (a) 5. (d)
11. (@ 1201(c) 13. (b) 14. (c) 15. (c)
21. (o) 22. (a) 23. (b) 24. (b) 25. (a)
31. (b) 32. () 33. (a) 34. (b)

7. (@ 8. (©) b
12: EE)) 17. (d) 18. (a) 1:. Eg o Ec; !
26. (d) 27. (b) 28. (b) 29.

Hints & Solutions

s = m# cos 6

= v/ =v,/2(1+ cos8)
2 NS T =R = il =R

When T is doubled, n becomes /2 times, which is nearly
7 rpm,

3. Acceleration of the cyclist at point R

= centripetal acceleration (a,)
_v2 (102 100

a. = =
° r 1000 1000
= 0.1m/s?, along RO

4. As, T, = Mre?® + mg

37 x10=05x% 40° + 0.5% 10

82,

2

or o°=—=16
2

or o =4rads™

5. Velocity at the bottom is v2gh
For completing the loop,
J2gh = 53R
Hence, R=2h/5=@x 5)/5=2cm

= 4y rads™

_2mn _2m X 120 rad
#‘;’As’w—-t—_ 60s -
7. As, T =mv°/r
Hence, v = Trim p
=./25%1.96/0.25

=14ms™!

8. As, T=mre?=1x1x2)?=4N

9. Suppose body slips at point B

TR T T A T

R E
coe =2 =10 ﬁ
g J
U ) coso=2 i
R R TR
s ]
3

2n/ T, 3

0 2 Sl imnepraa e
0, 2n/T, il = ]

= 00, =11

11. Use (0:0)0+at (‘)‘

Here, @, = 900rpm = (21 x 900)/60 rad s~
®=0 and t =60

Then, Eq. (i) gives o = —g rad s

12.

From the diagram,

"
N‘mgcosez_mL
r

where, r=CO=45_ 075=375m
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Day 5

2
mv
N=— + mg cos@
"

From the figure, 8 = 45°, m =70 kg, g = 98 m/s2,

Vi=8m/s, r=45m

Putting these values in above equation, we get
N =1045N

2
m
13. Here, TV =Tsin® and mg =T cos®

Dividing these two, we get

2 2 2
tan6=v—=r—w-=4L2/sin9
HgE R gl
=5 T=2E/COSO
9

XD
14. Centrifugal force on the rod, F = 7Y along BF.
T

Let 8 be the angle, which the rod makes with the vertical

forces, acting on the rod, are shown in figure.
Resolving mg and F into two
rectangular components, we have ,
Forces parallel to the rod !
2 i

mg cos 6 + B cing=ir '

r |

I

Force perpendicular to the rod

c}-——-——-;, Iz
| ol
2 A==
: v l
mgsin® — m—cos )
7

The rod would be balanced if
2

mg sin® —ﬁancose =0

- 2
; mv
mgsin® = ——cos 6
r

u S0)
is gi tan® = —=——"_ =1 =tan 45°
This gives o 0
Here 0 = 45°
15. Given, R=02m

From the figure r = 3R + R sin 45°

N sin 45°
N .
/6 :
| 7 Ncos4s®

SR——>

R sin 45° —
7

<

Circular Motion

In the frame of rotating spherical chamber
Ncos 45° = mrw?

N'sin45° =mg
= taid5H = C LREOR
mro®  ro
= =

=3.64rad/s

18. The change in velocity, when the particle completes half the
revolution is given by

Av =5m/s —(-5m/s) = 10m/s
Now, the time taken to complete half the revolution is given

byt = Ll T
%
So, the average acceleration = % . m/s?
17. AT, cos 30°
‘ + Ty cos 45°
T, sin 30° \\_/
+ T sin 45°
J'mg
From the figure,
T, cos 30° + T, cos 45° = mg
2
T, Sin 30° + T, sin 45° = mTV
mv®
mg — T
= =l
)
: 2
But7, 20
mv?
#710] = '—’r—*
>0
V3 -1
2 :
2
= mg 2 mTv
= v<ig

Vinax =0 = [1.6% 9.8 = 3.96m/s

18. Speed of the cyclist (v) =27 km/h

5 ;
=27 X —
18 /

(-.-1km/'h =%m13_)

15
=—m/s
= /
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Radius of the circular turn (r)=80m
= Centripetal acceleration acting on the cyclist
_Ve_(5/2F i

et :

225 2
4% 80 i
=0.70m/s?
Tangential acceleration applied by brakes

ar = 0.5m/s?

CentripeFaI acceleration and tangential acceleration act
perpendicular to each other.

- Resultant acceleration a = /a2 + a2
=4/(0.7)? + (0.57
=+/0.49+ 0.25

=+/0.74 = 0.86m/s®
If resultant acceleration makes an angle 8 with the direction
of velocity, then
tang = 2
ar
= 07 =1.4=tan 54°28’
0.5

0 = 54°28’

_19. In the present case, the tangential component of frictional
force is responsible for changing the speed of car while
component along the radial direction is providing necessary
centripetal force, hence net friction force is neither towards
radial or along tangential direction.

20. As the kinetic energy at the highest point is zero.

21. We know that centripetal and centrifugal forces act at the
same time on two different bodies. Thus, they never cancel

out.
29, If the roads are not properly banked, the force of friction

between tyres and road provides the necessary centripetal

force, which causes the wear and tear of tyres.

28. A particle in a circular motion has the shown feature. The
velocity of particle in circular motion
V=106, ()

T e e

JEE Main Physics it 40 Days

particle is r ®along é, orin
as the particle rotates the

\

Thus, we see that velqcity of the
tangent direction. So, it changels
circle. Acceleration of the particle

2% (i)

2.4 ==a
S maLe s t
a () rT gt

n of a particle moving in @ circle has two -

(along tangent) and the other
along é, (or towards centre). Of these thg first one is called
the tangential a, and other is called centrlp.etal A=
From Eq. (ii), it is obvious that acceleration depends on
angular velocity (@) of the body.

24-26 Let us solve this situation w.r.t. cabin frame of reference,
Acceleration of detached particle w.r.t. cabin in horizontal
direction is a (towards right) and is zero in vertical direction.
Let angular velocity of disc be @ and velocity of its centre of
mass be v, then from pure rolling motion condition,

v—-Rw=0i.¢e.v=Ro

Thus, acceleratio
components one along €;

Initial velocity of the particle is,

For the. rquired situation, position vector of the final location
of particle is, r = (Rsin 87° + vt)i + (Rcos 37°)j, where t is
the time taken by particle to reach from P to O, |

Rcos 37° =@t
5
= ftil
3o’

and  Rsin87°+ vt = (R_C‘)J
5

1
¢+ 5812 where, v = Rey

= " 8a
Ty (answer question 24)
® 4 = 18R
3 S (answer question 2
Number of revolutions made in timet is
s &t = 2 ‘
e o (answer question

NWW.N0VADC O[]
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27-28. Different forces acting at point  P.

Weight of the bead mg, acting vertically downwards.
Normal reaction of the loop, acting towards the centre. It can
be revolved into horizontal component N cos 6 and vertical
component N sin 0.

In equilibrium, mg =Ncos6 sooll)

and mre? = Nsin® ... (ii)
But radius of the horizontal circle r = R sin®
m(Rsin®)®? =Nsin®
or mRw? =N ... (i
Substituting value of N from Eq. (i) in Eq. (i), we get

mg = mRw? cos 6

g ;

or cos8=—— N (\Y
Rw? )

But cos 8 < 1, therefore the bead will remain at its lower most
point for

9 =
Ra?
or o< % (answer question 27)
When o= 29
R

29

o

30.

31

32.

33

34.

1
From Eq.(iv) cos 6 = g =—

At Rx2g/R 2
or 6 =60° (answer question 28)

As their period of revolution is same, SO, their ar;gular speed
of cetripetal acceleration is circular path, a =®"7.

2
(Ve i
Thus, ﬁ=_2_1_=;
a o7 I

When a particle moves in a spiral path with decreasing
radius.

For a particle moving in a circle with constant angular speed,
velocity vector is always tangent to the circle and the
acceleration vector always points towards the centre of circle
or is always along radius of the circle. Since, tangential
vector is perpendicular to radial vector, therefore, velogcity
vector will be perpendicular to the acceleration vector. Butin
no case acceleration vector is tangent to the circle.

When a force of constant magnitude acts on the velocity of
particle perpendicularly, then there is no change in the
kinetic energy of particle. Hence, kinetic energy remains
constant.

In uniform circular motion, the only force acting on the
particle is centripetal (towards centre). Torque of this force
about the centre is zero. Hence, angular momentum about
centre remains conserved.

Using the relations
2
T =uR R=mg
2
mv 2
= pwmg or v= =Wg

SR
2_0.6x150 % 10

or v/=30msht
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Work

Energy
Work Energy Theorem

Power

- Collision

4

Work, Energy
and Power

*

displacement produced.
Sl unil of work is joule (J),

1J=1N-m 4 S
Work is a scalar quantity, Work can pe of three typ
es
0d (iii) Zer, work.
Ce or
y, wortlilisms):‘lg onent of forge js parallel to tt
ns of F ang o Positive, if value

S s either 5, o
€ro o gle.
at forge o e © or an acute angle

(i) Positive work (ii) Negative work a

(i) Positive work means that for
displacement. Mathematjcg])
angle 8 between the directig

(i) Negative work meang th
(or anti-parallel) to the di
negative, if value of angle
or an obtuse angle,

N //WWW.NoVADQO O[]
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(iii) As work doneW = F - s = F'scos6, hence work done can
be zero, if

(a) No force is being applied on the body, i.e.,F =0,

(b) Although the force is being applied on a body but it
is unable to cause any displacement in the body,
e P 0buts =0,

¢ Work done by a variable force is given by
W= j F-ds

Itis equal to the area under the force-displacement graph,
along with proper sign.

B
Force A

D %C

— Displacement

Work done = Area ABCDA

+ Work done by constant force and conservative force is
path independent /.e., it depends only on initial and final
position.

Wi =W, =W,
Suppose we consider the work due to force of gravity.

Day 6 Work, Energy and Power

(c) Both F and s are finite but the angle 8 between the
directions of force and displacement is 90°. In

such a case
W=F-s
=Fscos0=Fscos90° =0

Work Done in Different Conditions

+ Work done in displacing any body under the action of a

number of forces is equal to the work done by the
resultant force.

In" equilibrium (static or dynamic), the resultant force is
zero, therefore resultant work done is zero.

The force (or field) is said to be conservative, if the work
done by the force, also referred to as the line integral of
the force, i.e., fF-dl is independent of the path followed

between any two points. In such cases, the work done
simply depends upon the initial and the final positions.
Moreover, work done by a conservative force for a closed
path is always zero. Gravitational force, force of gravity,
electrostatic force, elastic force are some examples of
conservative forces (fields).

The force is said to be non-conservative, if the work
done by the force depends on the actual path followed by

the body for a displacement between any two points.

Friction, viscous force, damping force, etc., are some
examples of non-conservative forces.

Work done by the force of gravity on a particle of mass m
is given by W =mgh, where h is height through particle
one displaced. Work done by the couple for an angular
displacement 8 is given by W = 7 -6, where t s the torque
of the couple.

3

Energy

Energy is defined as the capacity or ability of a body to dg
are the same as that of work. Thus, SI unit of energy 15 Ik

potential, electrostatic, magnetic, geothermal, elastic,

Some other commonly used units of energy are
o S
1cal=4.186 J= 4.2 ],
1 kcal = 4186 ], 1 kWh= 3.6 x 10° ],

and 1 electron volt =1 eV=1.60x 107 J

1. Kinetic Energy

Kinetic Energy (KE) is the capacity of a body tf) do
work by virtue of its motion. Motion may be either
translational or rotational.

work. Energy is scalar and its units and dimensions
There are so many types of energy e.g., kinetic,
solar etc. Some of them are described below.

A body of mass m, moving with a velocity v, has a

kinetic energy

K= iy
2

K <m
K <v?

Thus,

Kinetic energy of a body is always positive irrespective
of the sign of velocity v. Negative kinetic energy 1s

impossible.
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Kinetic energy is correlated with momentum as

K=£Orp=,/2m1<

2m

Kinetic energy for a system of particle will be
T Bl
K= 5 E mv?
1

Kinetic energy depends on the frame of reference.
Kinetic energy of a passenger sitting in a running train
is zero in the frame of reference of the train but is finite
in the frame of reference of the earth.

2. Potential Energy

Potential energy is the energy stored in a body or a
system by virtue of its position in a field of force or due
to its configuration. Potential energy is also called
mutual energy or energy of the configuration.

It is measured by the amount of work that a body can
do in passing from its present position or configuration
to some standard position or configuration, called zero
position or the zero configuration.

Change in potential energy of a body between any two
points is equal to the negative of work done by the
conservative force in displacing the body between
these two points, without there being any change in
kinetic energy. Thus,
dU = —-dW = -F -dr
and U,-U,=-W
=—[®F.dr
i

Value of the potential energy in a given position can be
defined only by assigning some arbitrary value to the
reference point. Generally, reference point is taken at
infinity and potential energy at infinity is taken as
zero. In that case,

U=-W=-["F.dr
Potential energy is a scalar quantity but has a sign. It
may be positive as well as negative.

Like kinetic energy, the potential energy also depends
on the frame of reference.

‘ » The potential energy of a body, subjected to a conservative
force is uncertain, upto a certain limit. This is because the
point of zero potential energy is a matter of choice.

» Every mechanical force is not associated with a potential
energy. The work done by the force of friction over a closed
path is not zero because no potential energy cannot be
associated with friction.

JEE Main PhYSiCS in Just 40 Days

; es 4
Generally, potential energy 15 of two typ :
tional Potential Energy J
with the state of separatig .
i hich interact via the
two bodies ~WhiCH :
bet\‘:\g’faetrilona;vforce The gravitatlonal potentlatl gnsrgy%
ra 5
if two particles of masses I and m, separated by @
—Gmm, 1
e g
Generally, one of the two bodies is our earth of mabsS M
and radius R. If m is the mass of the otherf ody, ;
situated at a distance r(r = R) from the centre of earth, i

the potential energy of the body

GMm
L)) = = _—I‘__

(i) Gravita ‘
It is the energy associated

distance ris U =

{ » If a body of mass m is raised to a height h from the surface
of earth, the change in potential energy of the system

(earth+body) comes out to be 4‘
h
=

R {

or AU = mgh ifh << R

Thus, the potential energy of a body at height h,

le, mgh is really the change in potential energy of the
system for h << R

» For the gravitational potential energy, the zero of the
potential energy is chosen to be the ground,

S Ll

(i) Elastic Potential Energy

Whenever an elastic body (say a spring) is either

stretched or compressed, work is being done against
the elastic spring force. 3

-

The work done is W = L j2 ¢
2 i

where k is Spring constant and x j i
s the disp]
And elastic potential energy Pracemtes 3

Uzlsz
2

Elastic potentia] energy is always Positive

given by
U= S o7
411:80 r
Where, =9 g N —m?
ame, A1x10 ‘CZ\ = Constant
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Work-Energy Theorem

+ According to this theorem, work done by
all  the forces (conservative or
non-conservative, external or internal)
acting on a particle or an object is equal
1o the change in kinectic energy of it.

ie., va'l =
VVC +VV-'7C +W‘x{ :AK'E:Kf—K/

¢ If work is being done by the force on the
body, then its kinetic energy increases,
.e., AK =+ve On the other hand, if
work is being done by the body on the
force, then its kinetic energy decreases
l.e., AK = —ve. The theorem is true for all
type of forces.

() The work-energy theorem is not |

independent of the Newton's second law.
It may be viewed as scalar form of second
law.

(i) When a body moves along a circular
path, with uniform speed, there is no
change in its kinetic energy. By the
work-energy theorem, the work done by
the centripetal force is zero.

Law of Conservation of Energy

When both conservative as well as
non-conservative forces act on a system,
then the mechanical energy of the system,
may be transformed into other forms of
energy.

In such a scenario, we define a general law
of conservation of energy, according to
which “Energy can neither be created nor
destroyed and total energy of an isolated
system should remain conserved.” Of
course energy may be transformed from
one form to anocther form, such that energy
lost in one form exactly reappears in the
other form. The law is an universal law and
is true always.

We define the change in potential energy of
a system corresponding to a conservative
internal force as

Uy =Yy =W =~[F-of

where, W is work done by internal force on
the system as system passes from the
position / to f.

U =U; =W =~(K; =K;)
= Ui+ K =U; + K;

Day & Work, Energy and Power

Law of Conservation of Energy (Statement)

Total mechanical energy of a system remains constant if the internal forces
are conservative and external forces do not work.

If non-conservative internal forces operate within the system or external
forces do work on the system, then apply work-energy theorem.

it We + Wi + W = Ky = K; [0 = ==L
=5 ""Wnc+m/ext:Ef_Ei
Power

Power is defined as the rate of doing work. If an agent does work
W in time t, then its average power is given by

B, =¥

av. /

The shorter is the time taken by a person or a machine in performing a
particular task, the larger is the power of that person or machine.

Power is a scalar quantity and its ST unit is watt, where

1W=1]J/s
Instantaneous power,
_dW _F.ds
TR T

Some other commonly used units of power are
1kW =10° W, 1MW =10° W,

1 HP =746 W
The power of a system is defined as the rate of change of kinetic energy per
d dK
unit time. Mathematically, Power P = = (KE) = —

Potential Energy of a Spring

Elastic potential energy is potential energy stored as a result of deformation
of an elastic object such as stretching of a spring. It is equal to work done to
stretch the spring, which depends upon the spring constant k as well as the
distance stretched. From Hooke’s law, the force required to stretch the spring
will be directly proportional to the amount of stretch.

Unstretched

- PE =0
2] % Elastic
@gg potential
energy
PE = 1/2 ka2
x>
F=-—kx (Force by spring)

Then, the work done to stretch the spring by a distance x is
= PH= -;— kx> (work done by stretcher)

= R
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Since, the change in potential energy of an object between two
positions is equal to the work that must be done to move the ObJ'ef_Jt
from one point to the other, the calculation of potential energy 15
equivalent to calculating work., Since, the force required to stretch a
spring changes with distance, the calculation of the work involves
an integral.

»

2

2

Work can also be visualized as the area under the force curve. Here
object is displaced slowly.

W=J§kxdx=k

If the potential energy function U is

known, the force at any point can be
obtained by taking the derivative of S
the potential. i Gy o ’
= — g[‘_] = i (111 /)
¥/ dy dy = Distance X
dU al (1 5
Fo=——=—— | _ &*
= whe e (z ) i
F,=—mg, F, = kx i

Unstretched

spring PE = 0 Elastic
I I | potential
T PE = mgh i energy. i

Gravitational

40 Days j

ConserVative Force &
n-conservative Force

No
defined as
ve force may be 0
Conset‘Va’ﬂV(‘:]"one in moving between two POl

)Vghicg yizrrndependent of the path taken bety,
an

the two points .o
Now, consider the given example in whig
oW,

h different pa
ing from X to Y through !
grecgct)rl‘ré% work against gravity, will be g
mah. :

All paths between AandB require the
amount of work, if the force is
a conservative force.

Non-conservative force can
only arise in classical physics
due to neglected degrees of
freedom. Examples are friction
and non-elastic  material
SHESS. G0, ‘
If a body (say an automobile) is moving on a
surface, then a force of kinetic friction (f, =)
starts acting on the body.

X

To maintain the motion, a force| F| = f, =p,Nisto"
be continuously applied on the body. »

h potential energy PE = 1/2 kx?
F7 v=mgy » g% Hence, Work done W = Fs =, Ns :
. g where, s is the displacement in the direction of the:
x — ¥ force applied against friction. ]
L) ®
Collision

It is defined as an isolated event in which two or more collidin
for a relatively short time, as a result of which the kinetic energy and

Total linear momentum and total energy of the colliding bodies
the total kinetic energy of the colliding bodies may or may not
the view point of kinetic energy, collisions are classified as (a) elastic

The collision is in fact a redistribution of total momentum of the parti

1. Perfectly Elastic Collision in One Dimensjon

remains unchanged.

In above figure two bodies A and B of masses m, and M, and hayiy,

collide elastically and after collision move with velocities v, and y
2

NVWW. NOVAD(J

g bodies exert relatively strong forces on each other

momentum of the colliding particles
femain conserved jp ’
Temain conserye befor

change.

all sorts of collisions. However,
€ and after the collision. From

nd (b) inelastic collisions.
cles, g

collisions, q

Clties - ; ]
P We find thyr  * 048, in ong
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(i) Relative velocity of approach = Relative velocity
of separation, i.e.,uy — Uy =Vz ~ V1

(i) = LI_’EL‘_BIZ_)U] +( ZmZ_.)uZ We can solve these equations provided that either the

1 Tos o el
Hence, Emlu% + 5 ol = = myv; + Emzvg ... (ii1)

m, + m, m, + Iy value of  or ¢ is known to us.
8 2m, m, — My . . . . .
gy =] ——1— lu, + | —=—— W 3. Inelastic Collision in One Dimension
my + m, my + m,

In an inelastic collision, the total linear momentum as
well as total energy remain conserved but total kinetic
energy after collision is not equal to kinetic energy
before collision.

0. Perfectly Elastic Collision in a Plane

In a two dimensional (or oblique) collision between
two bodies, momentum remains conserved,

A Rebounding of a Ball on Collision
j & with the Floor
i E A 1. Speed of the ball after the nth rebound
& e U (‘:,—le —————————— > Vn = enVO = J Zgho
y 4 m\\ 7 2. Height covered by the ball after the nth rebound
Before collision 2 /0 T
N ,B b = hO
Qig 3. Total distance (vertical) covered by the ball before it
\Vz stops bouncing
= e
After collision H = hy +2h, +2h, +2hs + I -
Along the x-axis 1-e
myu, + My, =myVy cos 0 + m, v, Cos ¢ so0 (1) 4. Total time taken by the ball before it stops bouncing

and along the y-axis T =to &ty Lyttt

O=mjvlsin6-mzvzsin¢ ... (i) 2hy 2h, 2h, 2ho(1+e
As the total kinetic energy remains unchanged, i e t2 ¥ +2 = G ol— i S

e Coefficient of Restitution (¢) —
For a collision, it is defined as the ratio of relative velocity: of separation to the relative velocity of approach.
: Vols i (

i Thus, Coefficient of restitutione = 7<=
For a perfectly elastic collisione = !

If 0 <e <1 the collision is said to be [ artially elastic. But if,e =0, the collision is said to
_ be perfectly inelasti~

+ In a perfectly inelastic collision,e =0 which means that v, = V4 = 0or vV, =V

ollision the final velocities of the colliding bodies

i « It can be shown that for an inelastic ¢

are given by
= 1+e)m2
vy = w Uy =+ (—/"UZ !
my + My (rmy + M) :
1+e)m my =©/m
and v2=——————( ) 1U1+( m Uz :
(my + M) my + M .:

h velocity u, hits an identical stationary target

« If a particle of mass m, moving wit
target are correlated as

inelastically, then final velocities of projectile and

0: Y -l—_e_
e m1=m2=mandu2—- i

....................
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Practice Zone "}

1. A block of mass m is pushed against a spring of spring
constapt k, fixed to one end of the wall. The block can slide
on a_fnctionless table. The natural length of the spring is /
and it is compressed to half its natural length when the
block is released. The velocity of the block as a function of
its distance x from the wall is

k ==
m | mi—v
fe— 112 —»]
——x —
/2 2 Kk )
m(; )J (b) E(/-X)
k(I > m 2
(¢) —[_+(/+2x) ] (@) .|[—(+ x)
m k

2. A cyclist rides up a hill with a constant velocity. Determine
the power developed by the cyclist if the length of the
connecting rod of the pedal is r=25cm, the time of
revolution of the rod ist =2s and the mean force exerted by
his foot on the pedal is F =15 kgf.

(a) 115.6 W (b) 215.6 W

(c) 15.6 W (d) 11.56 W

3. An open water tight railway wagon of mass 5x 10°%kg
coasts with an initial velocity of 1.2 ms™" on a railway track

without friction. Rain falls vertically downwards on the
wagon.

What change occurs in the kinetic energy of the wagon,
after it has collected 10° kg of water?

(@) 900 J (b) 300 J

(c) 600 J (d) 1200 J

4. A spring gun having a spring of spring constant & is placed

at a height h. A ball of mass m is placed in its barrel and
compressed by a distance x. Where shall we place a box
on the ground so that the ball lands in the box?

2kh

@ x ) 200
mg mg
A Kh

(© 27n-§ X (d) %

%

5. A block of mass 0.5 kg has an initial velocity of 10 ms™" l

while moving down an inclined plane of angle 30",. the
coefficient of friction between the block and the inclined
surface is 0.2. The velocity of the block, after it covers a
distance of 10 m, is
(@) 17 ms™
(€) 24ms™

(b) 13ms™
(d)8ms™

. Two identical ball bearings in contact with each other and

resting on a frictionless table are hit head-on by another ball
bearing of the same mass moving initially with a speed v as
shown in

If the collision is elastic, which of the following is a possible
result after collision?

1 Vil V2 s

7. A body is moving unidirectionallly under the influence of a

source of constant power supplying energy. Which of the

diagrams ~shown in figure correcty shows the
displacement-time curve for its motion?
d d
t t
@) (b)
=> fas
d d
R t
(©) (d)

> t—-
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R . A 1.5 kg block is initial ; e
i 8 it ;ce?when A horizor:/ta?tféerzg Olrr: {’; honzgr_wtal frictionless 15. Power supplied to a particle of mass 2 kg varies with time as
x-axis, is applied to the block. Thz pf(;?gg/ eisd 'rQCﬁon of P =3 t2/2 watt, wheret is in second. If velocity of the particle
F=(4-x°)iN, where x is in metre and the initial pgls,vi'taign%; st = Ol v = 0jtie veioeliChiicRallEEER =2 Wil
the block is at x = 0. The maxim Imet (@ 1ms™ (b) 4ms™ (© 2ms™ (d)2v2ms™
block between x =0 and x =2.0 R enclay ot ;
> = X=2.0m i B
(@) 667 J (b) 5.3 J 08 ; g 16. A pendulum consists of a wooden bob of mass (m) and
Sy i . o (d)2.444 length (). A bullet of mass (my)is fired towards the
. N#;img 0 '5 EWEV'QQ ln2a reg;lon where the potential U is pendulum with a speed v;. The bullet emerges out of the
g g ‘.V =K(X" + y~ + z%). The force acting on the bob with a speed v;/3, and the bob just completes the
4 parhcje s vertical circle. The value of v; is
(&) k(ix + jy + k2) (b) —k(ix + jy + k m m
| Al y+ k) @ |/5gl ) 1 |9
23 (©) =2k (ix+ jy + kz) (d) zero my & my \
. 5 ; 2(m
3 10. The particle is released from a height h. At a certain height ©) 5(;1)1/591 (d) g(ﬂ] [5gl
its kinetic energy is two times its potential energy. Heighi 4
and See_eg of the particle at that instant are 17. Aforce F = —k(yi + xj), acts on a particle moving in the x-y
@ h 2gh b) h, [gh plane. Starting from the origin, the particle is taken along
d 3V 3 3\ 3 the positive x-axis to the point (a,0) and is then taken
2h [2gh o parallel to the y-axis to the point (a, a). The total work done
:’; () S (d) 5)\/2 gh by the force is
(a) —2ka? (b)2ka? (c) —ka*® (d) ka®
11. A uniform chain of length / and weight W is hanging from its e el of i N
ends Aand B which are close together. At a given instant . A body of mass 500 g is taken up an inclined plane of
end B is released. The tension at A when B has fallen a length 10 m and height 5m and then released (o siide cowi
: I, to the bottom. The coefficient of friction between the body.
gistance X < 215 and the plane is 0.1. What is the amount of work done in the
r W T3 1 W 5 round trip?
¥ <3)5{TX—2j = [*%J ()54 (b) 15 J
&
w I, W [SX ] (0) 5V3J @==4
c)—-|1+ — o)) = || = 4 4
@ -[1+3 } %2 e
12. Two balls of masses m; and m, are separated from each 19. Aball of mass mis dropped from a height h on a massless
; ol 155 them. The whole platform fixed at the top of a vertical spring as shown below.
other and a charge is placed DEeeH ' The platform is depressed by a distance x. What will be the
system is at rest on the ground. Suddenly, the charge value of the spring constant?
explodes and the masses are pushed apart. The mass !
travels a distance S; and then it stops. If the coefficient of
friction between the balls and the ground are the same, :
mass m, stops after covering the distance
m
@8, ="k, D)z ==t
) m2 1
2 m
G _ =208
: ©)S, _;2_231 d)S; 2 1
. : =
13. A shell is fired from a cannon with 2 velocity vms ?t Al
angle 6 with the horizontal direction. At the highest point in its (a) 2mg/x (b) 2mg hix
path, it explodes into 2 pieces of equal me\sses.dC_)ﬂ?n 2f'1th; ©)2mg (h+ X)/ X° (d)2mg (h)+ 2mg hxx®
pieces retraces its path to the cannon. The speedin :
the other piece immediately after the explosion 1S 20. A loaded trolley and an unloaded trolley are both moving
k with the same kinetic energy. The mass of the loaded trolley

is three times that of the unloaded trolley. Brakes are
applied to both of them so as to exert an equal retarding
force. If t; and t, be the time taken by the unloaded and
loaded trolleys respectively, before coming to a stop, then

3
(@) 3vcos®  (b)2vecosé () v cos® (d \E o=l
A ball of mass m and density p is immersed in a liquid of

i ight will
density 3p at a depth h and is released. To what heig
ol i rface of liquid? (Neglect the

14

the ball jump up above the su Gl = (0)t, = 3t,
! resistance of water and air) 5
(a) h (b) b_ (C) 3h (d) 2/7 (C) t2 F 3t1 (d) t1 = "‘t2
2
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21. Which of the diagrams g

: hown in fi
: 29 Giagren gure most closel
al:(e; J:cr;?rt:on in l.«n_etzc energy of the earth as it moev):asS Z%VCV:
€ sun in its elliptical orbit? [NCERT Exemplar]
KE 4 KE

@

Ke 1 t
Qv_ﬁ

22. Two inclined frictionless tracks, one gradual and the other
steep meet at A from where two stones are allowed to slide
down from rest, one on each track as shown in figure.

(d)

L

Which of the following statement is correct ?

(@) Both the stones reach the bottom at the same time but
not with the same speed.

(b) Both the stones reach the bottom with the same spped
and stone | reaches the bottom earlier than stone |I.

(e) Both the stones reach the bottom with the same speed

and and stone |l reaches the bottom earlier than stone |.

(d) Both the stones reach the bottom at different times and
with different speeds.

23. A particle of mass m moving with a velocity u makes an
elastic one dimensional collision with a stationary particle of

mass m. They are in contact for a very short interval of time
T.

FO ———
|
I
¢l .
I
1772
—» Time i

The force of interaction increases from zero to f linearly in a
time interval Ll and decreases linearly to zero in further time
2

interval 21 The magnitude of £, is

2mu
fof=—

(d) None of these

mu
(a) T

mu
(c) o7

Directions (Q. Nos. 24 to 31) Each of these questions contains
two statements : Statement | (Assertion) and Statement‘ 1l
(Reason). Fach of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below :
(a) Statement!is true, Statement Il is true; Staterment Il is the
correct explanation for Statement | ;
(b) Statement | is true, Statement Il is true; Statement Il is not
the correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is frue

24. Statement | Two bodies of different Masses have the
same momentum, and their kinetic energies are in the
inverse ratio of their masses.

Statement Il Kinetic energy of body is given by the
relation.
KE = Lmi?
2

25. Statement | When a machine-gun fires n bullets per

second with kinetic energy K, then the power of the
machine-gun is P = nK.

Work

nK

Statement Il Power =

ime il

26. Statement | A body cannot have energy without having

momentum but it can have momentum without having
energy.

Statement
dimensions.

Il Momentum and energy have different
27. Statement |

Kinetic energy is conserved in an elastic
collision.

Statement |l

Kinetic energy is conserved in an inelastic
collision.

28. Statement | An object is displaced from point

A@Rm,3m, 4 m) to a point B (1m,2m,3m) under a
constant force F =21+ 3] + 4 k)N. The work done by the
force in this process is -9 J.

Statement Il Work done by a force, an object can be given
by the relation,

W=J,2F-dr or W=F-s
r

29. Statement | A quick collision between two bodies is more

violent than a slow collision; even when the initial and the
final velocities are identical.

Statement Il The momentum is greater in the first case.

30. Statement | A man carrying a load on his head and walking

in a street, does not do any work against the force of gravity.

Statement Il When a body moves with an uniform velocity,
no work is done.

A
o

34, it

8
@
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31, Statemgnt I According to the law of conservation of
mechamcal energy, change in potential energy is equal and
opposite to the change in kinetic energy.

Statement |l Mechanical energy is not conserved.

Dlrecﬁlons (Q. Nos. 32 to 34) The figure shows the variation of
potentla.tl energy of a particle as a function of x, the x-coordinate of
the region. It has been assumed that potential energy depends
only on x. For all other values of x, U is zero, i.e., for x<—10 and
feeiihe U =0,

A U(X)
50 J
L |25 x(m)
=100 =5 6 10/15 .
G

32. If the total mechanical energy of the particle is 25 J, then it
can be found in the region

(@)—10< x<—-5and 6<x <15

(b) —10< x<0and 6 < x <10

(c)-5<x<6

(d)-10< x< 10

If the total mechanical energy of the particle is — 40 J, then it
can be found in the region

(@) x<—10and x > 15

(b)—10< x<—56and6< x<15

(c)10< x< 15

(d) It is not possible.

33.

If the particle is isolated and its total mechanical energy is

60 J, then

(a) the particle can be found anywhere from —eo < X <o

(b) the particle’s maximum kinetic energy. is 95 J

(c) the particle’s kinetic energy is not zero anywhere on the
x-axis.

(d) All of the above

34.

Directions (Q. Nos. 35 to 37) The block shown in the figure is
acted upon by a spring having a spring constant k and a weak
frictional force of constant magnitude f. The block is pulled a
distance x, from the equilibrium and is released. It then oscillates
many times and finally comes to rest. Friction here, causes the

damping of the oscillations.

35. Mark the correct statement.
(a) The decrease in amplitude is same for each cycle of

oscillation and is equal to—i—

(b) The decrease in amplitude is same for each cycle of

oscillation and is equal to%

(c) The decrease in amplitude is different for each cycle of
oscillation

(d) The decrease in amplitude is different for each cycle of
oscillation and for every subseguent cycle it decreases
by a factor of 2

36. The number of cycles (n) the mass oscillates, before
coming to rest is given by
(a) £%0 — 14 20 (b) kxo = f(1 + €72")
(C)k—;(‘l=4n+1 (d)ﬁ—1=n

37. The total distance travelled by the block from the instant of

time of its release to the instant of time when it finally comes

to rest, is
kX 2 e S
& (‘7 1)(X° 2k) kL( f 1) 1]
2
) -1}

o -5 3l
f

2
(c)m[xo—_)—éf{l(k_xgj _1]
f 2k k|4\ f
2
(d)ik_Xg[Xo _L]_&f[i(m) _1}
Al JF 2k k| 64\ f

AIEEE & JEE Main Archive

A 70 kg man leaps vertically into the air from a crouching
position. To take the leap the man pushes the ground with &

constant force F to raise himself.
rises by 0.5 m before he leaps. After

the leap the centre of gravity rises by another 1_ m. The
maximum Zpower delivered by the muscles is (T ake
g=10ms™) [JEE Main Online 2013]

(@) 626 10° Wat the start  (0) 6.26 10° W at take off
() 626x 10* Wat the start ~ (d) 626 10* W at take off

38.

The centre of gravity

39. This question has statement | and statement II. Of the four
choices given after the statements, choose the one that
best describes the two statements.

If two springs S; and S, of force constants k; and Ka,
respectively are stretched by the same force, it is found that
more work is done on spring S, than on spring S,.
Statement | |f stretched by the same amount, work done
on S, will be more than that on S,. ;

Statement Il k; <k» [AIEEE 2012]
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(a) Statement | is false, Statement || is true

(b) Statement | is true, Statement || js false

() Statement| IS true, Statement [l is true, Statement Il is the
correct explanation for Statement |

(d) Statement | IS true, Statement || js true, Statement || is
not the correct explanation of Statement |

kmgt;c engrgy inCreases uniformly with time ¢, the net force
acting on it must be Proportional to [AIEEE 2011]
@t (b) c1onstant
(c)t ) L
kg

41. Statement | Two particles moving in the same direction
do Not lose all theijr energy in a completely inelastic
collision.

Statement |j Principle of conservation of momentum

holds true for a]f kinds of collisions. [AIEEE 2010]

(a) Statement | s true, Statement || is true; Statement Il is the
correct explanation of Staterment |

(b) Statement | is true, Statement Il js true; Statement Il is not
the correct explanation of Statement |

(c) Statement | js false, Statement Il is true

(d) Statement | is true, Statement Il is false

42. The potential energy function for the force between two

atoms in a diatomic molecule is approximately given by

Uipg)= . —%» Where a and b are constants and X is the
X2 46

distance between the atoms. If the dissociation energy of
the molecule is D = Ux = o) — Uat equihbnum]' D iS[AIEEE 2010]

1o o
e 27
b2 b?

43. An athlete in the olympic games covers a distance of 100 m
in 10 s. His kinetic energy can be estimated to be in the
range [AIEEE 2008]

(a) 200 J - 500 J (b)2x10° J-3x10° J
(c) 20000 J — 50000 J (d) 2000 J - 5000 J

44. A block of mass 0.50 kg is moving with a speed of 2.00 m/s
on a smooth surface. It strikes another mass of 1.00 kg and

then they move together as a single body. The energy loss
during the collision is [AIEEE 2008]

(@) 0.16 J
(©) 0.67J
45. A block B is attached to two unstretched springs S, and S
with spring constants k and 4k, respectively. The other ends

(b) 1.00J
(d) 0.34 J

hich are not
are attached to two supports M and M,, w

attached to the walls. The springs and supports have
negligible mass. There is no friction anywhgre. The block .B
is displaced towards the wall 1 by a small distance x and is

JEE Main Physics

in Just 40 DayS

ooy

then released. The block returns and covers a maximuym
distance y, towards the wall 2. Displacements x and {&re ’
measured with respect to the equilibrium position of the |

block B. The ratio % is

[AIEEE 2005] |
2 . |
M, i

S, - v
AW BB W

1
X M,
S l Sy

2
MZ
2 aid
w2 WA
e x—,l

(@4
©4 (d)
2

46. A 2 kg block slides on a horizontal floor with a speed
4ms~". It strikes an uncompressed spring, and com g

it till the block comes to rest. The kinetic frictional force 115

N and spring constant is 10000 Nm™' The spring g;e:-ts
compressed by [AIEEE 2007)
(@) 5.5 cm (b) 2.5cm
(¢) 11.0cm (d) 8.5 cm

47. The potential energy of a 1 kg particle free to move along

) x* x® ]

the x-axis is given by V(x) :( R !J
The total mechanical energy of the particle is 2 J. Then. the
maximum speed (in ms yis AIEEE 2006)

I
L
felf e d)2

vV

r()]’ w

(@) (b) v2

/

v

48. Abullet fired into a fixed target losses half of its ve
penetrating distance of 3 cm. How much

n

penetrate before coming to rest assuming that it faces
constant resistance to its motion? [AIEEE 2005]
(@ 3.0 cm (b) 2.0 cm
(@)5155 em (d) 1.0cm

49. A body of mass m is accelerated uniformly from rest to a
speed v in a time interval T The instantaneous power
delivered to the body as a function of time, is given by

[AIEEE 2005, 04]

2 2 ‘)
my mv< o 1 mv*® 1 mv*
(@) ——t (b) —-t (€) ——t o) ML
7.2 T2 2 72 () > T: L

50. A block of mass M moving on a frictionless horizontal
surface, collides with a Spring of Spring constant & and
compresses it by length L. The maximum momentum of the
block, after collision is [AIEEE 2005]

] ‘M‘V‘WWME |

2 P i
(@ LMk (o) K (c) zero (@) ME ‘
2M P
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B2.

53.

51.

Day & Work, Energy and Power

A particle is placed at the origin and a force F = kx acts on it
(where k is a positive constant). If U(0) = 0, the

‘ : ; =0 graph of U(x)
versus x will be (where U is the potential energy function)
[AIEEE 2004]

U(x) A U(X)w

@ 7T>x (6) AT x
U(x) A U(x)

(© LA X (d) gy

A particle moves in a straight line with retardation

proportional to its displacement. The loss in kinetic energy

of the particle, for any displacement x, is proportional to
[AIEEE 2004]

(a) x* (b)e”
(€)% (d) logg x
A uniform chain of length 2 m is kept on a table such that a

length of 60 cm hangs freely from the edge of the table. The
total mass of the chain is 4 kg. What is the work done in
pulling the entire chain on the table? [AIEEE 2004]

54.

55.

56.

A force F = (5i + 3 +2k) N is applied over a particle which
displaces it from its origin to the points r = i —j) m. The
work done on the particle in Joules is [AIEEE 2004]

(a) =7 (b) +7
(c) +10 (d) +13
A body is moved along a straight line by a machine

delivering a constant power. The distance moved by the

body in timet is proportional to [AIEEE 2003]
(a)t3/4 (b)t3/2
(0)11/4 (d) t1/2

A simple pendulum is oscillating without damping. When
the displacement of the bob is less than maximum, its
acceleration vector a is correctly shown in [AIEEE 2002]

(@) 7.2 (b) 3.6 J
() 120 J (d) 1200 J
Answers
1. (a) 2. (a) 3. (0 4. (b) 5. (b) 6. (b) 7. (b) 8. (b) 9. (c) 10. (b)
H1. (c) 12:0(c) 13. (a) 14. (d) 15. (c) 16. (d) 178 18. (c) 19. (c) 20. (a)
21. (d) 22. (c) 23. (b) 24. (a) 25. (a) 26. (d) 27:() 28. (a) 29. (a) 30. (b)
21. (o) 32. (a) 33. (d) 34. (d) 35. (b) 36. (c) 37. (a) 38. (b) 39. (b) 40. (d)
41. (a) 42. (c) 43, (d) 44, (c) 45, (c) 46. (a) 47. (a) 48. (d) 49. (a) 50. (a)
51. (a) 52. (a) 53, (b) 54. (b) 55, (b) 56. (C)
Hints & Solutions
1. Let at any instant block is at a place x, then applying the law =(15>< 9.8) % %

of conservation of energy
S o b
=kl =t =Kl =) +—2—mv

22D 2
ke of 2 2
= |—|—=(=-x
fr < m(4( )]
27 2n W =
_ —f—==X—=—MS
V=r® rt e
=i

=115.6 W

3. If v/ is the final velocity of the wagon, then applying the

principle of conservation of linear momentum, we get
5x10°x 1.2 = (5x 10° + 10%)x v’

ya—lmSHl

Change in KE=%(6x 10%) x 12 —%(SX 10%)(1.22

=- 600 J (minus sign for the loss in kinetic energy)


http://www.novapdf.com/
http://www.novapdf.com/

iy - -
98 JEE Main Physics inu.sr 40 Days

4. From law of Conservation of energy, we have

Time taken to fall, t = %

g

So, horizontal distance travelled is

d:vf:\/zx &X
m Yg
[2kh
= =X
mg

8. Here, m= 0.5 kg,u= 10 ms™" g = 30°
H=02,s=10m
Acceleration down the plane,
a=g(sin® —pcos )
=10 (sin30°- 0.2c0s30°) = 3.268ms 2
From, v? =u? + 2as
=10%+ 2 (3.268) x 10= 165.36
v=+165.36~ 13 ms™

6. As the ball bearings are identical, their masses are equal. In
elastic collision, their velocities are interchanged. In collision
between 1 and 2; velocity of 1 becomes zero and velocity of
2 becomes v. In collision between 2 and 3, velocity of 2

becomes zero and velocity of 3 becomes v.
7. Here, P = [ML?T %] = constant

As mass M of body is fixed
[L2T~%] = constant
iz

£ —— =constant = [L]e< [T*/?]

g

= displacement o<t %/*

8. From the work-energy theorem, kinetic energy of the block at
a distance x is

3
X X 2 o _2(__
K=foFdX=fo(4"X)dx'4x 3

[ iy aK
For kinetic energy to be maximum, - =0

ax 3
il = = (0) (O S = e i

2
At x =+2m, % = negative
ax

3

l.e.,kinetic energy is maximum.

3 3
X 4(2)_%=5.33J

Kmax=4x—?=
9. U= lsl6E 237 22 ) =1
=_ﬂ=i(k,2)
ar ar

—2kr=—kr=—2k(ix+]jy+kz)

10. Total mechanical energy = mgh
KE 2
PE 1
2 1
KE= - mehrandiPE= B magh

As,

: h
Height from the ground at this instant, h* = 3 and speed of
the particle at this instant,

v=y2g9h-h)= /2g (%J :2@

11. Mass per unit length & = ? :lw
g

Velocity v2 =2¢ (gj orv =./gx
Change in momentum when an element dx falls is

W Jax o
lg

dp W ax W adx
= e G Jax e
ot gV T (“5“ ij

B A

el

b
o
: ;

Tension at A = Weight of half the chajn + Weight of X f
2

length + F
g W
2/

1+§]
ol

]

A RIRS

L3
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12. From the conservation of momentum, we get

" m1V‘ :m2V2 _(])
2 _
also, Emw1 =£S; =umigS, i)
and Lt
5 MaVa =S5 =1,S, (i)

where, i = coefficient of friction
Dividing Eq. (ii) by Eq. (iii), we get

2
myy _ mS, o

2 e from Eq. (i

MyVs  MySy Vo my [ q. 0]
Vil 2

Thus, we get M R e SNl
e B

13. Velocity at the highest point = v.cos @

Applying the principle of conservation of linear momentum,
we get 2m(vcos8)=m(-vcos8)+ mv’

v =3Vvcos o
14. Volume of ball = m/p,

Acceleration of the ball inside the liquid,
el Dpthiitistawelght
m m

[mj(Sp)g —mg
i) i iy

m

a= =2g, upwards

Velocity of the ball on reaching the surface,
v =.2ah =./4gh

2
h
The ball will jump to a height, H = é% 29 op

29

15. From the work-energy theorem, AKE =W,

Ki —K;=[Pat
1 2 o 2 §2 t
e 0= (21 )d
2
i anm B
= (@) =_{__ =4
2 28
y=2ms"
16. v =54l il

Using the principle of conservation of linear momentum,
2
mv =my(v; —V4/ 3)= m1(3v1)

. (i)

2 my
V=——V
3m
From Egs. (i) and (i), we get
2m, _ Bg £ AL T
3mv1-- o gl =, 2

19. Here, mg(h + X)=—

17. Wy = [ Fax= j:—k(yi + xhiok = [*~k(0F + xj)ic =zero

& a ~ e
W, =J'O F-dy = fo—k(yl + xj)jdy
Ax a_ 2 sy N a SN
—JO k(@i + aj)jay = kajody— ka
Total work done, W =W, + W, = 0 — ka® =— ka®

18. Work done in the round trip = total work done against friction

while moving up and down the plane =2 (i mg cos 0)x s

(o1><05x10x§x1o =5/3 J

2 o kx® =2mg(h + X)

?mg(h + X)

X2

= k =

20. Let mass of the unloaded trolley =M

Time taken by the unloaded trolley (t;)

Then, —
Time taken by the loaded trolley (ts)
_ | mass of loaded trolley
mass of unloaded trolley
o L M e e e
ts M

21. As the earth moves ones around the sun in its elliptical orbit,

its KE, is maxium when it is closest to the sun and minimum
when it is farthest from the sun. As KE of earth is never zero
during its motion choice (d) is correct.

292. As both surfaces | and Il are frictionless and two stones slide

from rest from the same height, therefore, both the stones

reach the bottom with same speed (% mv® =mgh) . As
accelaration down plane li is larger (a, = gsin®, is greater
than a =g sin®,) therefore, stone Il reaches the bottom
earlier than stone |.

23. The collision will cause an exchange of velogcities. The

change in momentum of any particle = mu, which is equal to
the impulse = area under the force-time graph

e U S,
2 T

24. According to the principle of conservation of momentum

myVy = MyV. = L
V4 Vo Vo m
o
5 MV &
Again, K—EL:% =ﬂx(ﬂ) =i
KE2 5,,),72\/2 m2 m1 m1
KEoc—1—
m
Power—M=M— K
time 1



http://www.novapdf.com/
http://www.novapdf.com/

JEE Main Physics

Mmomentum ig also zerg.
Dimensions of momentum (my) = [MLT-)

Dimensions of energy (1 mvz) =[ML2T-2]
2

They are not the same,

27. Inan elastic Collision, the Kinetic energy and momentum are
Conserved. |n an inelastic collision, the momentum s
conserved but the Kinetic energy is not conserved,

28, W=f'2 F-dr
5

(momgm) . - .
f(2m3rn4m) Gl + 3] + 4)- @1 + 0y + ik

2m 3m) -
==

=[x+ 3y + 42]((;"'.:’1
Alternate
Since, F =constant, we can also yse
W=F.s
Here, s=p == (i 3k) - @1 + 3] + 4k)
=(-i-j-k)
W=@i+3j+ 412)(-?-}-12):-2-3—4:-9J

29. Momentum P=mvorp ey

momentum, quicker collision between two bodies will be
more violent even if the initial and the final velocities are

identical.,

30. Ifaman walking on a road carries a load on his head, then no
work is done against gravity.
When a body moves in an uniform velocity, then its
acceleration will be zero, Hence, no work will be done,

31. According to the conservation of mechanical energy, as for
the conservative forces, the sum of kinetic energy and
potential energy remains constant and throughout the
motion, it is independent of time. This is the law of
conservation of mechanical energy.

ie., KE+ PE=TE =constant.

32. Kinetic energy can never be negative. Total mechanical
energy =K + U
Here, if £=25 J,thenK =25-U '
For K to be non-negative, U <25 J, which is the case for
—eo<x<—-5and 6<x <o,

33. Concept used is the same as above,
IfE=-40J, K=-40-U

inJust 40 DayS

S e

It means U <-40 for K to be positive but ‘from given
variations. It is clear that the minimum value of U is — 35 J, so

this is not possible,

34. Here, £=60 J and as the system s isolated, the total

mechanical energy remains conserved. It is clear from the
given variation that U varies from —35J to 50 J.
S0, K = E —U will be from 10 J to 95 J.

85. Let x, x, represent the right extreme and the left extreme

A t
Positions of the block after the completion of the .hah‘ and
the * complete oscillations, respectively. These filstances
are measured from the natural positions of the spring.
I

I
I
I

l=— Xp —»:
1
Similarly, x;, x, represent the same for the | half and the||"™
complete oscillations and after completion of the 7 cycle of
oscillation, the position is described as Xop.

2 2.
From the work-energy theorem, kzﬂ - k% =1(xy + x;)

[For the left and the right extreme positions of the I’ half and
of the ' cycle]

= Mo =% = 2

Now, applying the work-energy theorem for the right and the
left extreme positions of the I half of the [t cycle, we get

kx?  kx2
71 —Tz=f(x1 t X)) = X - x, =2f/k
Similarly, for other Subsequent cycles, we get
Xp = X3 =2f/k

.X3 £ X4 =2f/k

Xop11 = Xop, = 21/K

where, x,, is the elongation in the Spring from its natural
length, after n cycles.
Decrease in amplitude after the pt cycle is,

AA2 =X0 ~)(2 =4f/k
Decrease in amplitude after the (| cycle is,

AA, =Xo = X, = df/k
and this continues, so the decrease in amplitude is same |
after each cycle and is equal to 4f/k. »

36. At static equilibrium, & x = f = X =flk i

Let the block stops after cycles, then Xop = X
Now, from the equations above, Xo ~Xo =2 5 2F
k

4 f
= x2n=X0‘T=F=n=%[%_J
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37. Distance travelled before coming to rest
S=(Xg + 2% + Xa) + (X5 +2X3 + X4) +

+ (Xon-2 +2Xo 4 + Xo,)
=Xo +2X; +2Xp + 2X5 + ... + CXon o+ 2Xon i £ X0,
=Xo +2[X; + X, + gt oot Xop il Xop

=Xo+2[Xo><(2n-1)]—‘2>;2f(4n2—1)+ x0—4n7f

kg ][ f1 2|1 (kx -
=| — — 1 X —_——_— = | — _0 (= —
[ f e Zk] k 4( f 1] 1
88, As, P=F.y = _p &
at at
: : fo/= : :
To deliver the maximum power o = 0, which gives

Py =6.26x 10° W

39. As no relation between k; and Ko is given in the question, that

is why, nothing can be predicted about statement |. But as in
statement Il, k; < k,

Then, for same force

2
W:Fx:Ff:F—
s I
=} Wo<l re., W, >W,
k

But for same displacement.

W == bl
D

= W e k,ie., W, <W,
Thus, in the light of statement II, statement | is false.

40. Given gd—/;— = constant

= K o<t => Vet
Also, p:Fv=% = constant
at
1 1
Floc— = [Fes—
= v \/f—

41, Ifit is a completely inelastic collision then
My + MyVp = MYV + MV
mq mp
D=t 0
Vi V2
W il myVs
my + m

2 2
Pz

P

ineti gy =——=+ =
Kinetic energy 2m * 2m,

As p, and p, both simultaneously cannot be zero therefore,
total kinetic energy cannot be lost.

Day 6 Work, Energy and Power

b
42- U(x =i__
(x) SR
Ux=)=0
au 12a Gb]
A ) === — + —
S = — [xm 7
At equilibrium, F =0
6 2a
X =—
b
a b —p?
UatEquiIibrium=?—(%j=E
b b

b2
D =[U (x =) = Uy equilibrium] = Za:
43. Approximate = 60 kg

Approximate velocity = 10 ms ™"

Approximate kinetic energy = % x 60 x 100 = 3000 J

kinetic energy range = 2000 to 5000 J

44. myu, + myy = (M +myv = v=2/3ms™

1 o il 2N ‘
E | =—(05x @) —=@5x|=| =067J
nergy loss 2( )X (2) 2( )X(Sj
45. From energy conservation,
Lpm 2
— kx® = — (4K
> 2( W
Vel
%o 2
46. a B8 e ®
me 2
Now, ma:%kx2
= 2x7.5=%x10000><x2
or x2=3x107°
or %= 0055 i = 5.5 @i
X e
T VX)=|———
ATkl (4 >
3
For minimum vaiue ofV,d—V =10 =>4L - @S =
ax 4 2
= =0 e=ar il
o
So, Vmin(x=i1)=z_§=—4‘4
NoW, Kiax + Vinin = total mechanical energy
1
= Kmax=(z)+20f Kmax=%
2
mve 9 8 i
or —— == or V=-——ms
2 4 2
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48. According to the work-energy theorem,
W =AK

Casel -Fx 3=lm(ZQ ¥ ~ L2
2 o
where F is the resistive force and Vo is the initial speed,

Case Il Let, the further distance travelled
coming to rest is s,

—H3+$=Kr—&=_%mﬁ

by the bullet before

0

= ——Bmv0(3+s)=—§mv§
1 8. 8
or =@Frg)=1 @ 2w
4 ) 4
or S=1cm
49. F:ma:ﬂ (..'a=v_o)
i T
2
Instantaneous power = Fv = may = e at = L Kt = _r_an
T T
50. According to the conservation of energy,
2
L e WG
2 2 M
or MKL? = p? (o p=Mv)
= p = LMk
51. From F=-Y
ax

[7 0 =~ [ “Fox=— [ ‘o

U(X)=—kx7zas U©)=0
52. a=—kx id—vz—kx = vav = —kxax
ax
y Let, the velocity change from v, to v.
= v: dv:—J'oXk xax
vP-vE kX

- 22

& —vE mk x*
- m( 2 ]=_ 2
— AK oc X2 [AK is loss in kinetic energy]

M 4 i
53. Mass per unit length = i 2kgm™

el

JEE Main Physics

in Just 40 DayS

The mass of 0.6 m of chain = 0.6 x 2 =12kg. .
The height of the centre of mass of the hanging P
S 0.62+ 0_03m
% = work
Hence, work done in pulling the chain on the table =W

done against gravity the force of gravity
0.@ W =mgh = 12 x 10 X 03=36J

54. Work done in displacing the particle A
w=F-r=(51+ 3] +2k)-@2—1)
— 5% 24 3(-1)+2x 0=10-3=7J

55. P =constant .
= [Ar=[P [ P =forcex velocity]
P
= Maxv=P = va= i
VX V_ij]zf_ [':a:ﬂ}
- ds M ds
Voo i sB
=7 Jo VaaVi= _[ 5 Mds

[Assuming att = 0 it starts from rest, i.e.,froms =01

1/3
v P (BPJ 113
—=—8 = V=|—| S
< 3 M M
13
= as _ o1 k=(£)
at M
s ds t
= Io 73 Okdt
2/3 2
S 2/3
—— =kt = &V ==[k0
= 2/3 3
3/2
2 3/2
s=|=k S
o (3 )
or Sect¥?

56. Net acceleration a of the bob in positon B has two
components.

(a)a, =radial acceleration (towards BA)

(b) a, =tangential acceleration (perpendicular to BA)
Therefore, direction of a is correctly shown in option (c).
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Centre of Mass
Rigid Bodies

Concepts of Rotational
Motion

Torque
Angular Momentum

BT 2 T S
P A Ry

Rotational Motion

Centre of Mass

The centre of mass of a body is a point where the whole mass of the
body is supposed to be concentrated for describing its translatory
motion. In a uniform gravitational field, the centre of mass and the
centre of gravity of a system are coincident.

If all the external forces acting on the body /system of bodies, were to be applied

at the centre of mass is zero, then state of rest/motion of the body/system of

bodies, shall remain unaffected. Centre of mass of a two particles system

consisting of two particles of masses m,, m, and respective position vectors .5
L ILTy

e m; + m,

_Intr

is given by

If m; = m, = m (say),then r

CM

Thus, the centre of mass of two equal masses lies exactly at the centre of the line
joining the two masses.
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(x,,,) and (x;,, y,) are the coordinates of the location of the
two particles, the coordinates of their centre of mass are
Bty + 7, MYy + 07y

: %
given by xqy = 2 vl g =
m, + m, m, + m,

Centre of mass of n-particles system which consists
n-particles of masses m,;m, ..., m, with 1,,%,.,..., T, as their

JEE Main Physics inJus?

40 Days

tre O
oordinates of the cen

Then, the C s j xdm
mass M will be Kem =
1 m
Yom = MJ 4

- =%J'zdm

£ mass of a bods

entation for the centre of masg

osition vectors at a gi i ime. 1oy of the
p a given instant of time. The rcy _ lent veotor repres

system at that instant is given by The equiva 1 jrdm
n p r = —
X ill be M
p = Tul t L A s ar L i>=:1m,r, e L §
CM e s .
my +m, +...+m M < of n-particles syStenSiEEH by
n A » Velocity of centre of mans f n-p -4
.Zlmixi > mVi
e = g
SeM = Vgl = = M
vel f o
. jven b
S El 105 ¥ Similarly, acceleradon of centre of Mass IS & )%
urt e g n 1
el Yem M (1) > ma; \
n =
a —
Elmizl or cM M
ZeMm = T » |n accordance with Newton's second law of motion
FCM=F|+F2+---+Fn
. . . . . n N
In case of a body with a continuous mass distribution, we O Fou=XF :

can replace the summations in above Eg. (i) by the
following integrals
Dk —> fxdm; ¥ my — Jydm; ¥ mz — Izdm

» This is called as equation of motion of centre of mass.
» In pure translation, every porticle of the body moves with the
same velocity at any instant of time. .

-

Rigid Bodies
A rigid body is defined as that body which does not undergo any change in shape (or) volume when external .

forces are applied on it. When a force is applied on a rigid body, the distance between an 1 E
LY, t :
body will remain unchanged, however, larger the forces may be. y two particlesiality 3

Centre of Mass of Some Rigid Bodies

1. Centre of mass of a uniform rectangular, square or circular plate lies at its centre

2. Centre of mass of a uniform semicircular I‘ing lies at a diStaIlCe of zn .
=— fro i
m its Centl‘e, on the axi

where R is the radius of the ring. s of s
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3. Centre of mass of a uniform semicircular disc of Centre of mass of a solid hemisphere of radius R lies

. S 4R
R e R D e from the centre at a distance of h = L from its centre on the axis of
8

on the axis of symmetry as shown in figure. symmetry

-

7
z

Ok---0~---

If some mass or area is removed from a rigid body, then the
position of centre of mass of the remaining portion is
obtained from the following formula

Centre of mass of a hemispherical shell of radius R

; ; R
lies at a distance of h = 5 from its centre on the axis

of symmetry as shown in figure. m) — I, 1) Ay - 4
T e e T G O
cM m, — m, CM A

In rotation about a fixed axis, every particle of the rigid body
moves in a circle which is in a plane perpendicular to the
axis and has its centre on the axis.

Concept of Rotational Motion

In rotation of a rigid body about a fixed axis, every particle of the body moves in a circle, which lies in a plane
perpendicular to the axis and has its centre on the axis.

(i) Rotational motion is characterised by angular displacement df and angular

dt
If angular velocity is not uniform, then rate of change of angular velocity is called
the angular acceleration.

velocity ® =

(i)
: do

Thus, angular acceleration o = i

SI unit of angular acceleration is rad/s*.
(iii] Angular acceleration o and linear tangential acceleration a, are correlated as
a=oxtr
If angular acceleration o is uniform, then equations of rotational motion may be written as
1) ©=0,+ot (i) 9=®ot+§0¢t2

3 (04
(iii) o —wj=200 (iv) 8, = @g + — (20 = 1)

Torgque

Torgue (or moment of a force) is the turning effect of a force applied at a point on a rigid body about the axis of

rotation.

Mathematically, torque t=rxF=|rxF[f =rFsinfn
t

f rotation. Torque is an axial vector and its SI unit is newton-metre (N-m).

where f1 is a unit vector along the axis 6
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(@) tI‘he torque about axis of rotation is
independent of chojce of origin O

so long as it is chosen on the axis of
Totation AB.

(i1) Only normal component of force
contributes towards the torque.
Radial component of force does not
contribute towards the torque.

(iii) g‘x gorque produces angular acceleration in a rotating
ody.

Torque t = Jo

D JEE Main Physics inJust 40 Days

(iv) Moment of a couple (or torque) is given by producc;
of position vector r between the two forces am
either force F. Thus,

=Y

(v) If under the influence of an external torque T the
given body rotates by d#, then work done

dwW =t-db

(vi) In rotational motion, power may be deﬁneq as .the
scalar product of torque and angular velocity, 1.€.,
power P=x-0

Angular Momentum

The moment of linear momentum of a given body about an axis of rotation is called as its angular momentum.
If p be the linear momentum of a particle and r is its position vector from the point of rotation, then

Angular momentum L=rXp=rpsin6n .

where, n is a unit vector in the direction of rotation. Angular momentum is an axial vector and its SI unit is kg-

m?s~ or J-s.

(i) For rotational motion of a rigid P

body angular momentum is equal to

the product of angular velocity and

moment of inertia of the body about

the axis of rotation. Mathematically,

L=Io

(ii) According to the second law of rotational
motion, the rate of change of angular momentum of
a body is equal to the external torque applied on it
and takes place in the direction of torque. Thus,

dL d o
=—=—1 =]—=Io
B sl

(dii) Total effect of a torque applied on a rotating
body in a given time is called angular impulse.
Angular impulse is equal to total change in angular
momentum of the system in given time. Thus,
angular impulse

= e

(iv) The angular momentum of a system of particles
about the origin is

1l
L=2Tixpi

Law of Conservation of Angular Momentum

According to the law of conservation of angular momentum, if no external torque is acting on a

i system, then total vector sum of angular momentum of different particles of the system remains

! constant.
i G
We know that o e
dL

Hence, if Ty =0,then

—t = (0= L = constant

therefore. in the absence of any external torque, total angular momentum of a system must remain

conserved. | .
[ / - tem results in the transfer
Conservation of angular momentum in earth moon sys | :
of angular momentum from earth to moon. This in turn re_sults in slovt/mg down
the rotation rate of earth and in gradual increase of the radjus of moon's orbit.
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Practice

1. Angular momentum is

(@) moment of momentum

b) product of mass and angular velocity

¢) product of moment of inertia and velogcity
d) moment in angular motion

(
(
(

2. The centre of a wheel rolling on a plane surface moves with

a speed v,. A particle on the rim of the wheel at the same
level as the centre will be moving at speed

(a) zero (b) v, (©) v2v, (d)2v,

3. Friction coefficient is (;) g sin6 and the sphere is released

from rest on the incline

(a) it will stay at rest

(b) it will make pure translation motion

(c) it will translate and rotate about the centre
(

d) the angular momentum of the sphere about its centre will
remain constant

4. The motor of an engine is rotating about its axis with an

angular velocity of 100 rev/m. It comes to rest in 15 s, after
being switched off. Assuming constant angular
deceleration. What are the numbers of revolutions made by
it before coming to rest?
() 125 (b) 40

(c) 32.6 (d) 15.6

5. If the radius of earth contracts i of its present day value
n

length of the day will be approximately

@ 2*n (o) 22 (d)24nh

n n

(c)24 nh

6. A string of negligible thickness is wrapped several times

around a cylinder kept on a rough horizontal surface. A man
standing at a distance A, from the cylinder holds one end
of the string and pulls the cylinder towards him. There is no
slipping anywhere. The length in (m) of the string passgd
through the hand of the man while the cylinder reached his

hands is

one

7

5

=

e

4 \\'-\
DAY |
< o)

A particle of mass 5 g is moving with a uniform speed of
8J2cm s~ is in the xy-plane along the line y =2+5cm.
The magnitude of its angular momentum about the origin in

gcm? s 'is

(a) zero (b) 30 (c) 302 (d) 3010

A string of negligible thickness is wrapped several times
around a cylinder kept on a rough horizontal surface. A boy
standing at a distance / from the cylinder holds one end of
the string and pulls the cylinder toward him. Assuming no
slipping the length of the thread passed through the hands
of the man is

A uniform disc of radius a and mass m, is rotating freely with
angular speed w in a horizontal plane, about a smooth fixed
vertical axis through its centre. A particle, also of mass m, is
suddenly attached to the rim of the disc and rotates with it.
The new angular speed is

® ® ®
(@) = (0) . © 5 (d 5

10. The door of an almirah is 6it high, 1.5 ft wide and weigh 8

kg. The door is supported by two hinges situated at a
distance of 1ft from the ends. Assuming forces exerted on
the hinges are equal then the magnitude of force is

(@ 15N (b) 10N (©) 28N (d) 43N

11. When a body is projected at an angle with the horizontal in

the uniform gravitational field of the earth, the angular
momentum of the body about the point of projection, as it
proceeds along the path

(@) remains constant

(b) increases

(c) decreases

(d) initially decreases and after its highest point increases
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125 qu boys of masses 10 kg and 8 kg are moving along a
vert|2ca| rope, the former climbing up with acceleration of 2
m/s? while later coming down with uniform velocity of 2 m/s.
Then, tension in rope at fixed support will be (g =10 m/s?)
(a) 200 N (b) 120N
(c) 180N (d) 160N

13. A solid eylinder of mass 20 kg rotates about its axis with
angular speed 100 rad/s. The radius of the cylinder is
0.25m. What is the kinetic energy associated with the
rotation of the eylinder? What is the magnitude of angular
momentum of the cylinder about its axis? [NCERT Exemplar]
(a) 3200 J, 62.5 J-s (b) 83125 J, 62.5 J-s
(c) 3500 J, 68 J-s (d) 3400 J, 68.5 J-s

14. A uniform rod AB of mass m and length / at rest on a
smooth horizontal surface. An impulse P is applied to the
end B. The time taken by the rod to turn through at right

angle is
ml TP
a)2m— o)) 22
(@) P, (b) ,':"’
T m T
B)==2— @) =
()12P ()m/

15. A particle of mass m moves along line PC with velocity v as
shown. What is the angular momentum of the particle about
0?

A

7 (a) mvL (B) mv!

(c) mvr

(d) zero

16. A ring and a disc having the same mass, roll without
slipping with the same linear velacity. If the kinetic energy of
the ring is 8 J, that of the disc must be

(@)2J (b) 4 J ()6J (d)16J

JEE Main Physics i+ 40 Days

of I e
» \,@loo"vewc‘t‘é{ e’
; N
i tains it joo!
. : ¢ these questions coll Ve
. Nos. 17 to 20) Each 01 ent Il :

Rtge(s:tt;g:zrgg :OSStatement l. (Asse?i,gn)ha?n?oufta:l?tr:mative 109

[Reasoi Exchioitiese GUETOT 2 s en MCHIRSIES it

choices, only one of which is the €0 e i
select one of the codes (@), (b), ) (CIR:L . el 07 ‘
(a) Statement | is true, Statement | is true; \hﬁs aﬂgo

correct explanation for Statement ¢d

: : is notthe
(b) Statement!istrue, Statement 1S true: statemnent 1SN

gl il
correct explanation for Statemerftl o 4
(c) Statement|is true; Statement Il IS' false (a)ﬁ
(d) Statement!is talse; Statement || is true ‘ o ) !
. tal) and the ! o
17. Statement | Two cylinders, one hollow (me d) S ‘ Angu\ m T
other solid (wood) with the same mass an Hl e l 25 folc? i 00" [(
dimensions are simultaneously allowed fO ra Toyay \ S stﬂnﬁoe
slipping down an inclined plane from the same helg . ; (b) Constamlln
hollow: cylinder will reach the bottom of the inclined plane | ((c) - oL
first. \ ) consiant 1ol
Statement Il By the principle of consenvation of energy, the w‘ 7 1
total kinetic energies of both the cylinders are equal when they 1 26, Gor;ges i
reach the bottom of the incline. ; ma
; : | ’
18. When a disc rotates with uniform angular velocity, which of 1l It the flhfS; (Fj)is
the following is not true’ [NCERT Exemplar] | th;?t\_llge o
(@) The sense of rotation remains same. | Zame pOSiIiC
(b) The orientation of the axis of rotation remains same. { 4
(c) The speed of rotation is non-zero and remains same. | @ 2
(d) The angular acceleration is NoN-zero and remains same. m
; ] ‘ My
19. Assertion The centre of mass of a body will change with the | (o) E;d
change in shape and size of the body. |
i=n {
Y, mii; 1 27, A force of
Reason I = ’T_‘n | system. Th
X {
m;

i=

20. Statement | Total torque on a system is independent of the |
origin if the total external force is zero.

Stg’gement 1l Torgue due to couples is independent of the
origin.

)
Ly
2, (b)

AIEEE & JEE Main Archive \

21. Aring of mass M and radius R is rotating about its axis with
angular velocity @ Two identical bodies each pf mass m are
now gently attached at the two ends of a dle}meter of the
ring. Because of this, the kinetic energy loss will be

[JEE Main Online 2013]
mM + 2m) 2p2 Mm__2p?
@ 2R B 2m)
Mm  2p2 o M+ m)Mmsz
O G-m © prrem

22. A particle of mass 2 kg is moving such that at time , its i

position, in metre, is given by r(t)=51 —2t2 j. The angular
momentum of the particle at t =2s about the origin in

B =l
S i e [JEE Main Online 2013]
(a) —80k
(b) (107 - 167)
(c) —40k
(d) 40k
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24,

25,

26.

23.

Day T Rotational Motion

A hoop of radius r and mass m rotaing with an angular
velocity , is placed on a rough horizontal surface gTh

initial velocity of the centre of the hoop is zero, What will be
the velocity of the centre of the hoop when it céases to slip’§a

E 3
@ re, o % [JEE Main 2013]
(k.) ?‘ (d) rmO

A wheel has angular acceleration of 3.0 rad/s® and an initial
angular speed of 2 rad/s®. In a time of » s, it has rotated
through an angle (in radian) of [AIEEE 2008]
(@) 6 (b) 10

(c) 12 (@) 4

Angular momentum of the particle rotating with a central
force is constant due to [AIEEE 2007]
(a) constant force

(b) constant linear momentum

(c) zero torque

(d) constant torque

Consider a two particles system with particles having
masses m; and m,.

X

@FI-7) O-FG+T) ©FG+7) (@=FG-7

28. Athin circular ring of mass m and radius R is rotating about

29.

its axis with a constant angular velocity @. Two objects each
of mass M are attached gently to the opposite ends of a
diameter of the ring. The ring now rotates with an angular

velocity @’ = [AIEEE 2006]
@ o(m+ 2M) 5 o(m—2M) @m ) m

m (m+ 2M) (m+ M) (m+ 2M)
AT shaped object with dimensions shown in the figure, is

lying on a smooth floor. A force is applied at the point P
parallel to AB, such that the object has only the translational
motion without rotation. Find the location of P with respect

©C. [AIEEE 2005]
If the first particle is pushed towards the centre of mass I
through a distance d, by what distance should the second AE oo )
particle be moved, so as to keep the centre of mass at the
same position? [AIEEE 2006] |
(@) T2q )" g P
m; my + m, T 21
© Mg A d ,
ms,
, : - L
27. A force of —Fk acts on O, the origin of the coordinate C
system. The torque about the point (1, —1)is [AIEEE 2006] @ 2 i ) 3 / © f/ Q@
3 2 3
Answers
€@ 2. 0 3. (0) 4. (a) 5. (b) 6. (b) 7. (d) 8. () 9. (b) 10. (d)
1'1. by 12. (a) 13. (b) 14. (c) 15. (b) 16. (c) 17. (d) 18. (d) T9R(G) 20. (a)
29, (b) 29, (a) 23. (C) 24. (b) 25. (C) 26. (a) 27. (C) 28. (d) 29. (C)
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Hints & Solutions

8. If velocity of centre of mass is V. t
and that of the top is 2 Vv, hencg Wi =
a distance /, thread covers a distance 2.

Lk=rxp

i.e., angular momentum is a moment of momentum.
2. v, =ro=(2R)n =2y,

s

Vo=Rw
% H <Hmin
But w0
Therefore, sphere will roll with forward slipping.
4- O = (DO = (XI
_ o _ (100 x 27)/ 60 = 0.7 rads~2
t 15
Now, angle rotated before coming to rest,
( 100 2n)2
: e
g=tn L B0 e
20, 25 0.7
Number of rotations
n zi = 1255
21
5. [ = constant
2 1
or R~ - constant (As I« R?and o < —J
T "
T o« R?
R=1R
As e

T 24

T’ = —E- —i—t h
gt/

6. In case of pure rolling velocity of topmost point is 2 times the
velocity of centre of mass.

7 L=mvr,

= (5)(3V2)(2V5)

- 30410 g-cm?s™"

hen velocity of contactis 0
hen centre of mass covers

2v
v
9. lo =/,
ma®
i 2 m_m
Qp=r isr ey =
l2 Em—a—] + ma®
2
2 _ 0
10. tan6—~§ = — cose—\/ﬁ
4
4
0
F cos 6
(0]
Taking torque about O,
3 3
8g (—j=4Fcose = 0§ =4F(——)
4 L e
or F=5+73=43 N
11. To=mg X,

As r, is continuously increasing or torque is continuously

increasing on the particle. Hence, angular momentum is
continuously increasing.

12. Since, m, moves with constant velocity

a=2m/s? m1=10kg, my=8kg
m
Afy sy ﬂx f
myq : my
Ymg Y2 s Y mag
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n‘ fo =m,g

f,=8x10=80N
) Since, mass of boy m, moves with g = 2 m/s? in upward
S direction

fi—mg =ma
f=mg + ma
=10x10+10x2=120 N
For equilibrium of rope,

T=f+f, =120 + 80 =200 N

13. Moment of inertia of the solid cylinder about
symmetry,

its axis of

1 1
|==MR?=_ 2
5 5% 20 (0.25)

=10 x 0.0625= 0.625 kg-m?

Kinetic energy associated with the rotation of the cylinder is

given by

1

2
=0.3125% 10000 = 3125J

Angular momentum, L = /o = 0.625x 100 = 62.5J-s

2

K=—lo :%x 0.625x (100)?

14. Angular impulse = P x é = change in angular moment

P
v
(0]
2L lo = ﬂ/i ®
Dl 12
o)
ml
) w2  mml
Now, t =—= =——
® 6P/ml 12P
sly 15. Angular momentum of particle about O,
 i8 L=m{xV)

|L|=mrvsin® = mv(r sin®) = mv/

16. For ring, ) =
Kr

Kzl
Kooz

For ring, total kinetic energy =2 (K7)=8J
Hence, Kr=4J

B,
For disc, total kinetic energy = . Ky

- =§X 4=6J
) 2

For disc,

(given)

17. In case of pure rolling on inclined plane,

_ gsin®
1+ l/mR?

Isolia < Holiow

Asolid = AHollow

... Solid eylinder will reach the bottom first. Further, in case pure

18.

19.

20.

21.

223

238

rolling on stationary ground, work done by friction is zero.
Therefore, mechanical energy of both the cylinders will
remain constant.

(KE) hotiow = (KE) go1iq = decrease in PE = mgh

When a disc rotates with uniform angular velocity, angular
acceleration of the disc is zero.

Position vector of centre of mass depends on masses of
particles and their location. Therefore change, in shape size
of body do change the centre of mass.

If net force on the system is zero, it can be resolved into two
equal and opposite forces which can be considered to form
a couple.

By conservation of angular momentum, /m; = /50, )
where, L= mR2 (i)
and I, =2mR? + MR? ...

Now, change in
[P | 2 :
KE=—Llf—=L,/ (v
211 2%2 (]
Substituting the values from Egs. (i), (ii) and
(iii) into Eq. (iv), we get,

Change in KE = ( g szRz
M +2m

Given, m=2kg, rt)=5i-2t°j
Angular momentum (L)=r X p

5 el 2 24 2
~.Velocity, v=—==—(51-2t2j)=—8 2
ol e =peniSl j)=-8j  (att =2s)

p=myv=2x(-8j)=-16]
Therefore, L=rxp=(5i=2t])x -16] (att =2s)
=-80k

A -

From conservation of angular momentum

v
mrwq = mvr + mr? x <
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24. Angular accele(atipn Is time derivative of angular speed and 20 57=rxF :
angular speed is time derivative of angular displacement.
By definition = dw
] at
ie., do = ot |
So, if in timet the angular speed of a body changes from ‘
o, tow ‘

25.

26.

j;"odm =_[:)oodr .

If o is constant

-0y = ot ()
Now, as by definition
ae do v
N=— = [==— ’
at at
Eq. (i) becomes 28. As no external torque is acting on the system, angular
ae momentum of system remains conserved.
— = o
at
Le., de = (@, +at)at

So, if in time t angular displacement is 6
e t
jode = jo (@q + ot )alt

0 =m0t+l(xt2
2

Given, o = 8.0 rads ™2, w, =2.0 rads ", t =2s

1 % jen Lo = Lo
Hence, 9:2x2+§x3><(2) = mRZm:(mR2+2/\/IR2)w'
or 6 =4+6=10rad . m,:[ m ]m
Egs. (i) and (ii) are similar to first and second equations of m +2M
linear motion. :
29. For pure translatory motion, net torque about centre of mass '.,
Torgue due to central force is zero should be zero.
oy ol L)=0 Thus, Fis applied at centre of mass of system.
adt
/ :
L = constant [ ) = ﬁ
| ©,0) “
To keep the centre of mass at the same position, velocity of
centre of mass is zero, so 2| P (0, 2//3)
M+ ma¥s _ g 1 #
my + My 5
where v, and v, are velocities of particles 1 and 2 L0, 21
respectively. ’ i s ©
dn 2 & vy = and v =—2] m
=, = iy Ale o o) S
5 my + m,
= G e, = where m, and : '
= ) J M, are masses of horizontal and vertical section
dr, anddfr, represent the change in dxspla;;ement cipaiices of the object. Assuming object is uniform
i n displaced by distance X. :
Let 2nd particle has bee p y i 2/
= myld)+my(x)=0 3
__md - PC=(/—a+/) =(2,_§)=4_/
3 S ]

or m,
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Day 8
| Outlines ...

O Moment of Inertia

RIS e 4

© Radius of Gyration

O Theorems for Moment of
Inertia

©  Moment of Inertia for
Simple Geometrical Objects

o Rigid

‘Body Rotation

2§

Rigid Body

Moment of Inertia

Moment of inertia of a rotating body is its property to oppose any
change in its state of uniform rotation.

If in a given rotational system particles of masses my,m,,my,... be situated at
normal distances r, 5, 5,... from the axis of rotation, then moment of inertia of
the system about the axis of rotation is given by

I= m + mif +myz? +...=% mr
For a rigid body having continuous mass distribution
= Idm i

SI unit of moment of inertia is kg-m?. It is neither a scalar nor a vector e, itisa
tensor.

» Moment of inertia of a body about a given axis is equal to twice the KE of rotation of
the body rotating with unit angular velocity about the given axis.

ie, [=2x KE of rotation

» Moment of inertia of a part of a rigid body (symmetrically cut from the whole mass) is
the same as that of the whole body.
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Radius of Gyration
Radius of gyration of a giy
rotation is the normg]

where if whole mass of
of inerti

en body about a given axis of
distance of a point from the axis,
the body is placed, then its moment

a will be exactly same as it has with its actual

distribution of mass,

Radius of gyration d
rotation and also on

JEE Main PhySiCS in Jus+t 40 Days

Thus, radius of gyration
k=L
M
1/2
e Kz{rf +5+I +...+r§]

n

ST unit of radius of gyration is metre. Axia ofroktion

eI_’e"fiS upon shape and size of the body, position and configuration of the axis of
distribution of mass of body w.r.t. axis of rotation.

Theorems on Moment of Inertia

There are two theorems in moment of inertia i.e.,
Both the theorems are described below.

1. Theorem of Parallel Axes

Moment of inertia of a body about a given axis I is equal to
the sum of moment of inertia of the body about a parallel
axis passing through its centre of mass Icy and the product
of mass of body (M) and square of normal distance d

theorem of parallel axis and theorem of perpendicular axis.

2. Theorem of Perpendicular Axes

The sum of moment of inertia of a plane laminar bod.y
about two mutually perpendicular axes lying in its plane is
equal to its moment of inertia about an axis passing

through the point of intersection of these two axes and
perpendicular to the plane of A
laminar body. If I,and I, be
moment of inertia of the body
about two perpendicular axes in
its own plane and I, be the
moment of inertia about an axis
passing through point O and
perpendicular to the plane of
lamina, then L= el

between the two axes.

Planar Body
/ Hem
1

e e

Theorem of parallel axes is applicable for any type of rigid
body whether it is a two-dimensional or three-dimensional
while the theorem of perpendicular axes is applicable for
Jaminar type or two-dimensional bodies only.

I =Igy +Md*

In theorem of perpendicular axes, the point of intersection
of the three axes (x, y and z) may be any point on the plane
of body (it may even lie outside the body). This point may

S cidbically, or may not be the centre of mass of the body.

Moment of Inertia for Simple Geometrical Objects

+ Uniform Ring of Mass M an¢1:l Radius R About an axis passi‘ng through the centre and perpendicular to plane of ring
~ | = MA?. About a diameter /=2 MR?
# I:Jniform Circular Disc of Mass M and Radius R About an axis passing through the centre and perpendicular to BlEhe oicise
f= -21 MR?. About a diameter | =~ MR

i ssing through its centre and perpendicul L a2
Thin Uniform Rod of Mass M and Length / About an axis passing 9 i perp ar to the rod, / i Mi

B Uniform Solid Cylinder of Mass M, Length / and Radius R About its own axis, | =— MR? About an axis passing through its
¢ Uni ¢

2 2 &
centre and perpendicular to its length / =M [ﬁ ; 74_}

its di | = 2 MR About its tangent | = 7 vR?
+ Uniform Solid Sphere About its diameter | = . g -
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Day 8 Rigid Body

(i) Expression for moment of inertia of
an axis passing through orj
with x-axisis I = I cos? 6 + |

: a lamina about
8N making an angle §
v $in® 8 — 2 Fsin 0cos 6
where, F = Zmxy = product of inertia,
(ii) Calculation for moment of inertia by digits
Moment of inertia about an axis of symmetry =
Mass x the sum of squares of perpendicular semi-axis
3 or (4 or 5)

where denominator to be 3 or 4
or 5 according as the body is ‘
rectangular, elliptical (including X' X
circular) on ellipsoidal ‘P
(including spherical) e.g., for %

ellipse, i, = %(a2 +b?%)

Rigid Body Rotation

If a rigid body of moment of inertia I about a given axis is rotating with an angular speed , then its rotational

kinetic energy is given by, K n= - Io® Rotational kinetic energy is a scalar having SI unit joule (j).

2

Rotational kinetic energy is related to angular momentum as per relation, K R= L @ =R
21

Pure Rolling Motion

Let a rigid body, having symmetric surface about its centre
of mass, is being spined at a certain angular speed and
placed on a surface so that plane of rotation is
perpendicular to the surface. If now the body is
simultaneously given a translational motion too, then the
net motion is called rolling motion. If the given body rolls
over a surface such that there is no relative motion
between the body and the surface at the point of contact,
then the motion is called rolling without slipping.

—
N\,
CM v
R Vv
(a)

(b)

1. In pure rolling motion without slipping, there is no
relative motion between the rolling body and the
surface over which rolling motion takes p'lace at th‘e
point of contact. As shown in previous figure, it is
possible when v = R, where v = translational velocity
of the centre of mass of rolling body.

2. Friction is responsible for rolling motion without
slipping.

3. Rolling motiomn.of a body may
be considered as a pure
rotation about an axis
through point of contact with
aconslanl angular velocity w.

{ = s

4. Let a symmetric body starts rolling from the top point A
of an inclined plane (u = 0) of length s and height h, then

(i) Acceleration in motion. g = gl

(iii) Time of descent

2 2
o ot R LR (PR
sin@ g Re gsin@ R?

Impure Rolling Motion

In impure rolling motion, the point of contact of the body
with the platform is not relatively at rest w.r.t..platform on
which it is performing rolling motion, as a result sliding
occurs at point of contact.

1. For impure rolling motion, v, #0 i.e., v - R # V.
If platform is stationary i.e., v, = 0, then v # R

m‘ﬁ—»«/ —

_’VO

v=Ro

[ e

2. As in impure rolling motion, velocity of point of
contact is not zero relative to the platform. Kinetic
friction comes into the existence i.e., p g N.
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Practice

1. Awheel has mass of the rim 1 kg, having 50 spokes each of
masg 5g. The radius of the wheel is 40 cm. The moment of
Inertia
(@) 0.273 kg-m?

2
(¢) 0.173 kg-m? ey

(d) 2.78 kg-m?®

2. The moment of inertia of a system of four rods each of
length / and mass m about the axis shown is

I

I
I

@ 2ms? by 2m?  (©3mP @ gm/2
3. The surface density of a circular disc of radius a depends
on the distance as p(r)= A+ Br. The moment of inertia

about the line perpendicular to the plane of the disc is
(&) na* (Zé " %a 5) (o) ma* (ﬂ + 35)

2 5
(c) 2ma® (2 + %) (d) None of these

4. A hoop of radius 2 m, weight 100 kg. It rolls along horizontal
floor so that its centre of mass has a speed of 20 cm/s. How
much work has to be done to stop it? [NCERT Exemplar]
(a)4.84J (b) 4.0J (c)6.24J (@ 72J

5. Mass of bigger disc having radius 2R is M. A dise pf rgdius
R is cut from bigger disc as shown. Moment .of inertia of
disc about an axis passing through periphery and
perpendicular to plane is

e 29 MR?
(a) E%V’R_ (b) -

6. Three thin rods each of length L and mass M are plgogd
along x, y and z-axis such that one of each rod. is at origin.
The moment of inertia of this system about z-axis |§
2 2 ML

4MIL © 5 ML e

3 3 3

(©)35MR  (d) 2MR?

22
ZML b)
(@ - (

Zone ®

< /
/
/
ST g

i
8 '// ‘
4 * 2

7. The ratio of the radii of gyration of a circular disg and a
circular ring of the same radii about a tangential axis

perpendicular to plane of disc or ring is

@1:2 (b)J\/Ei«/6
(€)2:3 (d)?3

8. A uniform square plate has a small piece Q of an irregglar
shape removed and glued to the centre of the plate leaving

a hole behind. The moment of inertia about the z-axis, then
(NCERT Exemplar)

V7 e
E | o—> Hole
Q > X X
(a) increased
(b) decreased
(c) same

(d) changed in unpredicted manner

9. A uniform rod AB of mass m and length / at rest on a
smooth horizontal surface. An impulse P is applied to the
end B. The time taken by the rod to turn through at right

angle is

(a)or ()2 ™
b1 nl?l/ g/

©—— @
12 P =

Directions (Q. Nos. 10 and 11) Each of these questions
contains two statements : Statement | (Assertion) and Statement Il
(Reason). Each of these questions also has four alternative

choices, only one of which is the correct answer. You have to

select one of the codes (a), (b), (c), (d) given here

(a) Statement |is true, Statement || is true; Statement Il is the
correct explanation for Statement |

(b) Statement [is true, Statement || is true; Statement Il is not |

the correct explanation for Statement |
(c) Statement |is true; Statement || is false
(d) Statement | s false; Statement || is true

10

11

Dir
mas.
ofa

12,

175

o s o (R L

—

13,

ol o Ay 9

A

3
t
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Day 8 Rigid Body

10. Statement | A disc A moves on a
smooth horizontal plane ang
rebounds elastically  from a
smooth vertical wall (Top view js X
shown in figure) in this case
about any point on line xy. The
angular momentum of the disc
remains conserved.

A

Statement Il  About any point in the plane, the torque

experienced by disc is zero as gravity force and normal
contact force balance each other.

11. Statement | A block is kept on a
rough horizontal surface, under g [pe—
action of a force F as shown in the
figure. The torque of normal
contact force about centre of mass is having zero value.

Statement Il The point of application of normal contact
force may pass through centre of mass.

Directions (Q. Nos. 12 and 13) Four solid spheres each of
massm and radius r are located with their centres on four corners
of a squares ABCD of side a as shown in the figure.

& &

| e

a

i 47
{2 B

o g

12. The moment of inertia of the system of four spheres about
diagonal AB is

(a) %(&2 i+ B ) (b) %(W2 + 4a°)

(©) %(Sr2 + 82%) @ %(STZ Hoat)

13. Four spheres of diameter 2a and mass M are placed with
their centres on the four corners of a square of side b. Then
the moment of Inertia of the system about an axis along one
of the sides the square is

(@) 2Ma? + 2Mp? (b) ESMaZ +2Mb?

(©) gMaz

(@ g/waz2 + 4Mb?
Directions Q. Nos. 14 to 16) A solid cylinder of mass M and
radius R is mounted on a frictionless horizontal axis so that it can
freely rotate about this axis, A string of negligible mass is wrapped
round the cylinder and a body of mass m is hung from the string
as shown in figure. The mass is released from rest.

P

14. The acceleration with which the mass falls is

(a)g (b) %
(c) M9 (o) 22mgas
M+ m) M + 2m)

15. The tension in the string is

Mmg
(@) mg (b) Wi
©) 2 Mmg (d) Mmg
(M + 2m) (M + 2m)

16. The angular speed of the oylinder is proportional to A”,
where h is the height through which the mass falls. The

value of n is
(a) zero (b) 1
(c) 1/2 (@2

AIEEE & JEE Main Archive

17. A thin horizontal circular disc is rotating about a vertical axis
passing through its centre. An insect is at rest at a point near
the rim of the disc. The insect now moves along a diameter
of the disc to reach its other end. During the journey of the
insect, the angular speed of the disc [AIEEE 2011]
(a) continuously decreases
(b) continuously increases
(c) first increases and then decreases
(d) remains unchanged . '

18. A pulley of radius 2 m is rotated abou't its axis by a force
F = (20t — 5t2) N (where t is measured in seconds) appln_ad
tangentially. If the moment of inertia of the pglley about its
axis of rotation is 10 kg-m? the number of rotations made by

' its direction of motion if reserved, is
the pulley before it e

(@) more than 3 but less than 6
(b) more than 6 but less than 9
(c) more than 9

() less than 3

19. A thin uniform rod of length / and mass m is swinging freely
about a horizontal axis passing through its end. Its
maximum angular speed is @, Its centre of mass rises to a

maximum height of [AIEEE 2009]
1 I2 2
L o)L le
& @ 6 g
/2 2 1 2D
© 1l (d) = Fo”
2 g 6 g
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20.

24.

22,

23.

A thin rod of length L is lying along the x-axis with ends at
X=0and x =L Its linear density [ Mass
length

n
2
[L) » Where n can be zero or any positive number. If the

position x.\, of the centre of ma i
. ¢ ss of the rod is plotted
?hgamst n, which of the following graphs best appro?(imate
e S;pﬁendence of Xopm On nN? [AIEEE 2008]

varies with x as

Consider a uniform square plate of side a and mass m. The
moment of inertia of this plate about an axis perpendicular
to its plane and passing through one of its corners is
[AIEEE 2008]
5 ma? b) - ma®  (© Lma® ()2 ma
6 2 12 3
A small object of uniform density rolls up a curved surface

with an initial velocity v. It reached up to a maximum height
2

of g with respect to the initial position. The object is

4g [AIEEE 2007]

(b) solid sphere
(d) disc

(a) ring
(c) hollow sphere

i i tre is
iven uniform square lamina ABCD, whose cen
gor i ; [AIEEE 2007]

@

@) V2 lsc =ler
(©) lInc =er

24,

254

26.

27

°

28.

JEE Main PhySiCS in Just 40 Days

M and moment of
an inclined plgne
en, its acceleration

[AIEEE 2007]

: s
A round uniform body of radius R f::’]a;)
inertia /, rolls down (without .shpfl Th
making an angle @ with the horizontal.

is ; gsin@
gsin® b) /’éﬁ

1+ IMR? a L
gsin® d)———=5y
) mR? TR

inerti bout its
A solid sphere of radius R has moment of In?r'::d/ijs he
geometrical axis. It is melted into a disc © Al
thicknesst. If its moment of inertia @bout the‘tanlgo sl
(which is perpendicular to plane of the disc), is a[AIEEE it 8
/, then the value of r is equal to

cIE>

2 2
(@) = R () NG
3 V3 R
©) TSR (d) =

Four point masses, each of value m, are placed at the
comers of a square ABCD of side /. The moment of inertia
of this system about an axis passing through A and parallel

to BD is [AIEEE 2006]
() 2ml?

)
(b) V8m/?
(c) 3m/?
(d) mf?

A particle moves in a circular path with decr
Choose the correct statement.

() Angular momentum remains constant
(b) Acceleration () is towards the centre

(c) Particle moves in a spiral path with decreasing radius
(d) The direction of angular momentum remains constant

easing speed.

A body A of mass M while falling vertically downwards

under gravity breaks into two parts: a bo B o 1 i d

and, a body C of mass = m, The centre of mag

S of bodies B
and C taken together shifts com r
pared to that of bod :
towards v
; [AIEEE 2005]

(@) depends on height of breaking
(b) does not shift
(c) body C
(d) body B

MWW, N0VADJ
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Answers

1 (© 2. d

1. (@ 12, Ea; 13, Ea i Ezi 5 EZ; 2 7. (@ 8. (b) 9.()  10.(9)
. ] : : 16. (c) 17. 18. 19. (d 20.

e ) 218y 23. (o) 24. (a) ©  25.(a) 26. (c) 7 E?) 28. 8 & &

Hints & Solutions

mi?

7 | =mr2 + 50 —— 5. Surface density of motional disc is
3

: B L

=1x (042 + 50(6x 107%) (0.4 n@Rf  4nR®

3

A 0 = 0T R Mass of cutting portion is
= i = 0173 kg-m

m1=cr><1t,‘~?2=M
4

2 2
2. Consider a square lamina, then 4m il + it about
22 =11,
2 where,
Centre of Mass = 2! L ; . i
I, = Moment of inertia of disc about given axis without
! cutting portion and
E I, = Moment of inertia due to cutting portion.
1 2 2
. 1= MR | moRy? - [’—”1”— | m1(3R)2}
2 2
I
2
i —6MR? — 19MR
)
i _ 29MR?
Apply perpendicular axis theorem 8
omi? 1e 8 6. Moment of inertia of the rod lying along z-axis will be zero. Of
= 4m (_._j = lf? vt M2
3 B the rods along x and y axis will be = each.
3. dm =2mr dr (p)=(A+ Br)@wr ar) Hence, total moment of inertia is %MLZ.
i Tdmrz T Aa i enBa’ _ e (é § 20 B) 7. Radius of gyration
i 2 5 o5 i
0 K = =
4. Given, R=2m
M =100 kg %mﬁ'2+mR2 3
Speed of centre of mass (v) =20 cm/s = 0.20 m/s Kaise = SR At —2—R
Work done to stop the hoop —Total kinetic energy of the hoop
1 2 2
g el mR< + mR=
W_—Z-MV +2/(O Kring= — =.2R

v

But moment of inertia/ = Mr? and angular velocity ® = —

3
1 2 4 (Mr2)x 4. e =—§‘=§
W=_2' 2 RZ

8. According to the theorem of perpendicular axes, I, = Itly

o il A
=5 MV 45 W= _ with the hole, /, and I, both decreases gluing the removed

— 100 (0.20f
= (100 % 0.04)J = 4.0 J

piece at the centre of square plate does not affect /.

Hence, |, decreases overall.
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9.

10.

11.

12.

/ |
Angular impulse = P x 5 = change in angular moment
P
-V
@
P! mi®
—=lo=— o
2 12
6P
0=—
ml
oW, p_8_ m2 _mml

"o 6P/ml 12p

The forces experienced by disc are gravity and normal
contact force. In addition to these, impact force (during
collision) will act on the disc along line xy. Gravity and normal
contact force balance each other (in terms of force and
forque both), but impact force causes non-zero torque
acting on disc about all points except the points lying on its
line of action i.e., Xy. S0, angular momentum remains
conserved about any point on xy.

Here, as the block is kept in equilibrium, the net torque
experienced by the body about any point has to be zero.
Here, due to F and Mg about C, the torque is zero but friction
is providing non-zero torque in clockwise direction, now
other force is N only which can produce non-zero force in
anti-clockwise direction to make net torque zero and it is
possible only when N does not pass through C.

The moment of inertia of the system of four spheres about
diagonal AB is

I, = Ml of Aabout AB + Ml of B about AB + MI of C about
AB + Ml of D about AB

2 2 2 2 2 2 1 2 2 2 o 2
= = ~ [T SSIE T AP AR e =l 52 = 0E]
A . * 5 2 5 2

mr? + ma®

2
-8’—+a2J

8
5
iy e

1l

L
5

JEE Main Physics inJust 40 Days

13. We calculate moment of inertia of the system about

14.

15,

a b
B
A

N e

D a b

Moment of inertia of each of the spheres Aand D about
AD =2 Me?
5
Moment of inertia of each of the spheres B and C about AD

= (% Ma? + sz)

Using theorem of parallel axis, we get

Total moment of inertia,
=/[3Ma2}x2+FMa2 + Mb2}><2
5 5
8 2 2
= 5 Ma*® + 2Mb

Refering to figure, the acceleration a of the falling body is
governed by the equation

G
!

4
A\
mg

ma=mg —T
where T s the tension in the String.
Torque on eylinder is

TR =
lo 1
=X Tiapice (61 2 a 1
From Egs. (i) and (in), we get
e 2
M+ 2m) ... (i)
From Egs. (ii) ang (iii), we get
- T~ _MMg
M+2m)

MWW, N0VADJ O[]
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16.

17.

18.

19.

R e

Day & Rigid Body

From conservation of energy, we have
1

mgh = = mv2 + 1Im2

2 2

mR2w2+lx[l 2 2
> 2MR ®

@m + M)R%w?

1
2
1
4
e 4mgh }1/2
(M + 2m)R?

Thus, @« A2,

Hence, value of n is %

Moment of inertia = %MRQ + mx?®

where, m = mass of insect

and x = distance of insect from centre

Clearly, as the insect moves along the diameter of the disc,
Ml first decreases, then increases.

By conservation of angular momentum, angular speed first
increases, then decreases.

F =20t — 5t2
VB
/
dw 2
= S At
at
W g s B
= jo om_jo(zlt t?)at
o
®=2t——
g 3

When direction is reversed m =0, i.e.,t =0, 6s

Now, de =wmat
R el o
jode_jo [2t 3Jdt
9 AR
bs | A o | A= e
3 2 5
f rotati nsn——e——§§<6
. Number of rotatio e

If centre of mass rises to @ maximum height, then Loss in KE
= Gain in PE, we get

Tarz
— Jo® =mgh
2
1 3 mi2e? = mgh
2508 :
1 /P0?
=t
= =g

20 xam
£ v = - =
CM J'dm x=0 X=L[
U n=OL le— X—> dX
Then, Xgu ==

Ji

As n increases, the centre of mass shift away from x =—

: - : A 2
which only option (a) is satisfying.

Alternately, you can use basic concept.

— [:n 3 1]
n+2
ma®
21. Moment of inertia of square plate about xy is T Moment of

inertia about zz' can be computed using parallel axes
theorem

'

z Y

~-—ag—>
X

a )2 _ma® . ma® _2me’
6 2 3

/E,=/Xy+m($ ==

1 2 1 (V)Z 3‘\/2
= — il = FeE=—
22 2/77V aF g

=L
2

Therefore, the body is a disc.

23. Let the each side of square lamina isd.

So, lee = oy (due to symmetry)
and Iy =lgp (due to symmetry)
Now, according to theorem of perpendicular axes,
D —
: ’// i
b
______ SR THENEN
G pate ‘H
g
L \ f
I 1g
<“—gd—>
Inc +lsp=1lo
= 2l =ly ()
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B

and /EF ar IGH = IO
= 2 /EF = /0
From Egs. (i) and (if), we get

Inc = lge

24, Assuming that no energy is used up against friction. the loss
In potential energy is equal to the total gain in the kinetic

energy.
h

ie.,
or va(
or

_ o

1+ I/MR?

If s be the distance covered along the plane, then

h=s sin®

> _ 2gssin®

1+ I/IMR?

Now, v =2as

()

JEE Main Physics inust 440 Days

_ 2gssin®
Zas—1+ 1IMR?

_ gsin®
or a—1+//MF"2

e 2 VIR? = X2 + mr?

or ZMR? =

7

s ~ ’
7 ¥ N 74

7/
P, 3
g SN
N
N 5 i S
1)
X 35 Z S
"B
S

S E~2 MY

D P e el S C
L =M x DP? + m x BQ? + m x CA?

2
:mx2x(@) +mx (2/)2

=3m/?

27.L=m( x v)

Direction of (rxv), hence the direction of angular
momentum remains the same.

28. The ppsition of centre of mass remains unaffected because
breaking of mass into two parts is due to internal forces.
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Day 9
Outlines ...

O Concept of Gravitation

o Universal Law of
Gravitation

SN

(0]

Kepler’s Laws of Planetary
Motion

Gravitational Field
Gravitational Potential
Escape Velocity
Artificial Satellite
Geostationary Satellite

O O )

Gravitation

Concept of Gravitation

Gravitation (s the name given to the force of attraction between any
two massive bodies of the universe. It was discovered by Newton in the
year 1665, when he saw an apple falling down the tree. Gravitational
force is the weakest force among the four fundamental forces of
nature, but is the most important force because it played an important
role in initiating the birth of stars, and controlling the e tire structure
of universe. The gravitational force has significant applications in the
present advancement of physics.

Universal Law of Gravitation

Every body in the universe attracts every other body. Force of gravitational
attraction between two bodies of mass m, and m, is given as

7

The proportionality constant G is called universal gravitational constant. In SI
system, value of gravitational constant G is 6.67 x 10""Nm®kg~2. Dimensional

formula of G is M2 T 2],
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Acceleration due to Gravity

The acceleration produced in the motion of a
body under the effect of gravity (earth’s
gravitation) is called acceleration due to gravity
(8).

If we consider a body of mass m placed at the

surface of the earth, then force of gravity acting
on it is,

Fo GMm
RZ
and acceleration due to gravity
F GM a4
g=—=—=_"nGpR
e e P

where, p = mean density of the earth.

For the earth, mean value of g on the earth’s
surface is 9.8 ms2.

‘Variation with Altitude and Depth
« Value of acceleration due to gravity at a height A
from the surface of the earth is given by
o ORE
(R + h)?

If h<<Rtheng :g[1—%ﬂ

’ 2h
or 9= =Ag=(§JQ

+ Value of acceleration due to gravity g at a depth
d from the surface of the earth is given by

d d
/= - —-qQ' =Ag =| =
2 g(1 R) ZRei el (R)g

At the centre of the earthd = R and hence, g’ = 0.
As earth rotates about its own axis with a period of
24 h (or angular velocity @ =7.275 x 10 rad s1),
all bodies situated on the earth’s surface move
along the circular path and need centripetal force
for that. A part of weight of body is used to provide
centripetal force and consequently effective value
of g changes to g’ =g —~ Rw? cos?

where, A = latitude angle of given place

At poles; A =90°and hence g,qe =9

At equator; A =0°and hence

2
Gequator =9 — Rw

2
= Gpole — Jequator = RO

The value of g also varies due to the non
sphericity and non homogeneity of the earth.

124 JEE Main Physics inust 40 Days

Kepler's Laws of Planetary Motion

i iled data
Based on trial and error, observation and using aIlIrleairdi}; aCiOi;l‘[l)vs o
by earlier physicists, Kepler discovered three emp

. ws are
accurately describe the motion of planets. These a

Minor axis
1}
1
1

1
1

el

J
|
1
I
1
1
1
!

Swept area

- Major axis

Apehelion

Perihelion ! or Apogee

or Perigee !
e ]

1. Law of Orbits .
Every planet moves in an elliptical orbit around the sun, with sun

situated at one of the foci of the ellipse.

2. Law of Areas
The line joining a planet to the sun sweeps equal areas in equal
intervals of time, howsoever small these time intervals may be.
Mathematically,
dA

il /b
S = LV —constani—r——=
el 2 2m

where, L =angular momentum of planet and
m = mass of planet.
3. Law of Periods

The square of the time period of revolution of a planet is
proportional to the cube of the semi-major axis of the ellipse
traced out by the planet. Thus,

2 3
T? 13 or[ﬁ =i 5
T, L,

Gravitationa] Field

Gravitational field of a given body is the sp

e ace it withi .
gravitational effect due to that body may b around it, within which

€ experienced.
Gravitational Field Intensity
Gravitational field intensity at any point in

Mathematically, it mass placed at that point. ‘_~ f‘

Gravitational field intensity I= iy, i

—_
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Gravitational intensity at a point
due to the combined effect of
different point masses is given by
the vector sum of individual
intensities.

Thus, I=I +1I, + L +..
Gravitational field intensity due to a solid sphere
(e-g., earth) of mass M and radius R at a point distant r
from its centre (r > R) is I = G%IZVI

JF

and at the surface of solid sphere I = 91\21
R

However, for a point r < R, we find that

Due to a body in the form of uniform shell gravitational
field intensity at a point outside the shell (r > R) is giyen by
[ GM

I,Z

But at any point inside the shell, gravitational intensity is
Zero.

Gravitational Potential

Gravitational potential at any point in a gravitational field is defined as the work done in bringing a unit mass

Jrom infinity to that point. Thus, gravitational potential V = lim Y Hence, gravitational potential is always

negative.

Gravitational potential is a scalar term and its SI unit is
Jikgt

T : _ : : GM
Gravitational potential due to a point mass is V = — ——

g
For solid sphere
1. At a point outside the solid sphere, (e.g., earth), i.e.,

PR V=—G—M—

i
2. At a point on the surface of spherical, V = — %
3. At a point inside the sphere, (r < R)
V== G—A’Sl(sﬁz =)
2R
GM i
e e (T
2R RZ
: 3GM 3
4, At the centre of solid sphere, V = — o = EVsu,face

mp—0 my,

For spherical shell

1. At a point outside the shell, V = — GM, where, r > R.
n

2. At a point on the surface of spherical shell,
GM
g
R

3. At any point inside the surface of spherical shell

GM
V== T =V

The energy possessed by a body due to interaction forces acting
inside the body is the self energy. For particles self energy is not
defined. [t is defined as the negative of work done by gravitational
force in assembling the body from some reference position to make
the desired shape of the body.
GM*

2R
3. GM?

» For solid sphere, self energy U, = - X T

» for hollow sphere, self energy U, = —

and

Relation between Gravitational Field and Gravitational Potential
If r, and r, are position of two points in the gravitation field (I) then change in gravitational potential

V(rz)—V(q)=—L:2|-df = dV =-Ldr=/i+/]j+/kthen,

ar =dx?+dxi+dzl§=lelyi+lzﬁ, dV =—Lar =~/,0x ~ 0y -1, dz

=
Thus, , o 3y

Remember that partial differentiation indicates that variation of gravitational potential in counter along the
variation of x coordinate then other coordinates (i.e., y and z) are assumed to be constant.
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Gravitational Potential Energy

ervative gravitational

, ; the cons
Gravitational potential energy of a body or system is negative of work done by
forces, F in bringing it from infinity to the present position. ]
. L gty - & f mass m at a height h from

: : ial energy O .
Difference in potentia i th’s surface is

the earth’s surface and at the ear
P =mghif h << R
h

Mathematically, gravitational potential energy

U=-W=-["F. dr

Uwg+ny—Ur =
The gravitational potential energy of two particles of il 4 R
masses m, and m, separated by a distance r is given by
U=~ m » For three particles system,
! Lo NGOV, TN & G_mzﬂJ
The gravitational potential energy of mass m at the surface U i fi3 53

of the earth is n(n=1)

2
potential energy of the system is sum of potential energies g
of all such pairs i

pairs form and total

GMm » For n-particles system,

R

U =

Motion of a Satellite of Mass (m) around the Earth (M) i )

Consider a satellite of mass m revolving in a circle aroundthe earth. If the satellite is at a height
h above the earth’s surface, the radius of its orbit is 7 = R + h, where R is the radius of the earth.
The gravitational force between m and M provides the centripetal force necessary for a circular
motion.

7
N P
‘M—’O{o

Escape Velocity

Escape velocity is the minimum velocity with which q body should be Projected from q

enable it to just overcome the gravitational pull of that surface (e. g.earth). The valye O}g;‘;iz ;:Ifalce st:c;, (f]: to
veloci om
2GM

T= 28R y

the surface of a planet of mass M, radius R and acceleration due to gravity g is v =
53—

Escape velocity does not depend upon the mass or shape or size

of the body as we], ; ; 4
the body. For earth value of escape velocity is 11.2 kms™, - ell as the dir ection of projection of &

Some Important Escape Velocities

Heavenly Body Escape Velocity F ]
Moon 2.3 kms™!
Mercury 4.28kms™! )
Earth 11.2 kms =1 4
Jupiter 60 kms™! 4
: Sun 618 kmg™
Neutron star 2x10° kmg~"
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A planet will have atmosphere if the root mean square velocity of its atmospheric molecules is less
thal.l tI.le escape velocity for the given planet. That is, why moon has no atmosphere (v, = 2.3 kms ™)
while jupiter has a thick atmosphere (v, =60 kms™). Even the lightest hydrogen cannot escape from its

surface.

Artificial Satellites

Ar?ﬁcial satellites are man made satellites launched from the earth. The path of these satellites are
elliptical with the centre of earth at a foci of the ellipse. However, as a first approximation we may

consider the orbit of satellite as circular.

Orbital Velocity of Satellite

When a satellite rotates around the earth, the
gravitational force due to earth provides the
necessary centripetal force for its orbital motion.
The orbital velocity of satellite

[eMm /gBZ gR?
Uy S =
7 It (R + h)
If h << R or r = R, then,
v — —GBM = JgR =7.9kms™*

Period of Revolution

It is the time taken by a satellite to complete one
revolution around the earth.

3 3
Revolution period, T = 2 Zn,f L —op iz—
Yy GM gR

If r = R, then T=2n\/E=84.6 min
&

Height of Satellite in Terms of

Period

The height of the satellite (from the earth planet)
can be determined by its time period and
vice-versa.

As the height of the satellite in terms of time

2o /3
period, h=r—R= gi L -R
4n?

Energy of Satellite

Kinetic energy of satellite,
K= }. mvg = _G_ME
2 2r

Potential energy of satellite, U = — G
r

and total energy of satellite

Fe Kl MOl

21

=%

Binding Energy of Satellite

It is the energy required to remove the satellite
from its orbit and take it to infinity.

GMm
2m

Binding energy = — E = +

Angular Momeiitum of Satellite
Angular momentum of a satellite,

L = mvyr = Vm*GMr

During the motion of planet and satellite, the
angular momentum will remain conserved.

Geostationary Satellite

A geosynchronous or geostationary satellite is a satellite in geosynchronous orbit with an
orbital period the same as the earth’s rotation period. Such a satellite returns to the same
position in the sky after each sidereal day, and over the course of a day traces out a path in
the sky. A special case of geosynchronous satellite is the geostationary satellite, which has a
geostationary orbit (a circular geosynchronous orbit directly above the earth’s equator).
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Practice Zone "y

6. A mass m is placed at P at a distance h along the r/]\;)r;rrl%l
through the centre O of a thin cireular ring of mass

radius r as shown in figure.

1. At the surface of a certain planet acceleration due to gravity
Is one-quarter of that on the earth. If a brass ball is
transported on this planet, then which one of the following
statements is not correct?

(&) The brass ball has the some mass on the other planet as on
the earth

(b) The mass of the brass ball on this planet is a quarter of its
mass as measured on the earth

(c) The weight of the brass ball on this planet is a quarter of the
weight as measured on the earth

(d) The brass ball has the same volume on the other planet as on
the earth

2. If both the mass and radius of the earth, each decreases by
50%, the acceleration due to gravity would
(a) remain same
(b) decrease by 50%
(c) decrease by 100%
(d) increase by 100%

3. A body is suspended on a spring balance in a ship sailing
along the equator with a speed v”, If w is the angular speed
of the earth and w, is the scale reading when the ship is at
rest, the scale reading when the ship is sailing is

(a) o, (b) zero
20V’ _ 9
() (1iT) (@ @, (1 20))

4. The maximum vertical distance through which a full dressed
astronaut can jump on the earth is 0.5 m. Estimate the
maximum vertical distance through which he can jump on
the moon, which has a mean density 2/3rd that of the earth
and radius one quarter that of the earth.

(a) 1.5 m () 8m
(c)6m (d)7.5m

A uniform ring of mass M and radius R is placed directly
above a uniform sphere of mass 8 and of same radius R,
The centre of the ring is at a distance of d =+/3 R from the
centre of the sphere. The gravitational attraction between
the sphere and the ring is

4

2 2
2GM? o) V3GM?
(© o (@ 2

10. A straight roqg of leng

If the mass is removed further away such that OP beoomeg
2h, by what factor, the force of gravitation will decrease, if

=57

32 b 52
@ 4J3 2 «{/—3_
4/3 4v2
TN o)) 2=
© 5 ( )5J§
7. The gravitational field in a region is given by

I'=(47 + J)Nkg~". Work done by this field is zero when a
particle is moved along the line

(@ x+y=6 B) x+ 4y =6

) y+ 4x=6 @ x-y=6

8. Asatellite of mass Ms revolving in a circular orbit of radius ry

et Mot e st

around the earth of mass M, has g total energy E. Then its

angular momentum will be
(8) REm,)/2

(©) REm2)/2 R

(@) REm 2y

9. A mass M is split into two parts m angd
sepgrated by a certaj
(@)t

The gravitational forge
; €, it exerts o ;
if the mass per unit length is A + gxazp?lsnt mass Mgk

(@) Gml:A[L .

§]+BL] (b)Gm[A(l_L]ihBL]j
: o

a+ [

a+ [

©Gmlal 1 1
[ ((a+L) EJ‘BLJ (d)Gm[A[l_i_)—BL
s gt

th L extends from x=gto x=L+a.


http://www.novapdf.com/
http://www.novapdf.com/
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11. The earth moves around the sun in an elliptical orbit as

shown in the figure. The ratio g-g = X. The ratio of the

speeds of the earth at B and at Ais

B : Earth
> A
@
(b)

fare
{©) X

X

(d) xv/x

12. The curves for potential energy (Ep) and kinetic energy (Ex)

of _two particles system are shown in the figure. At what
points the system will be bound energy?

Energy
‘}!'
Ek
A B
O| D If
(6}
Ep

(a) Only at point A
(c) At points A and D

(b) Only at point D
(d) At points A, B and C

13. A projectile is fired vertically upwards from the surface of

the earth with a velocity kv, , where v, is the escape velocity
and k < 1. If R is the radius of the earth, the maximum height
to which it will rise measured from the centre of earth will be

= R
5)
(a) = ()1_k2
5 R

_ 2 d
(C) Rl= k) ()Hkg

14. Two metallic spheres each of mass M are suspended by

two strings each of length L. The distance between th}%
upper ends of strings is L. The angle which the strings will
make with the vertical due to mutual attraction of the

spheres is
alicly b t[%}
(a) tan IZQL} (b) 2l
-1 aM d) tar~'| 25M
(c) tan [gLQ} (d) tan {g[_g

15. A body is released from a point distance r from the centre of

earth. If A is the radius of the earth and r >R, thgn the
velocity of the body at the time of striking the earth will be

(a) J/gR (b) y29R
©) 29gRr (d) 20

r-R r

16.

17

°

18.

19

20.

21.

22.

A research satellite of mass 200 kg circles the earth in an

orbit of average radius ? where R is the radius of earth.

Assuming the gravitational pull on a mass of 1 kg on the
earth’s surface to be 10 N, the pull on the satellite will be
(a) 880 N (b) 889 N '

(c) 885 N (d) 892 N

If earth of radius R, while rotating with angular velocity ®
becomes stand still, what will be the effect on the weight of
a body of mass m at a lattitude of 45°?

(@) Remains unchanged

(b) Decreases by Rw?

(c) Increases by Rw?

(d) Increases by Rw?/2

If one moves from the surface of the earth to the moon,

what will be the effect on its weight?

(a) Weight of a person decreases continuously with height from
the surface of the earth

(b) Weight of a person increases with height from the surface of
the earth

(c) Weight of a person first decreases with height and then
increases with height from the surface of the earth

(d) Weight of a person first increases with height and then
decreases with height from the surface of the earth

A satellite goes along an elliptical path around earth. The
rate of change of area swept by the line joining earth and
the satellite is proportional to

(a) 2 (o) r

(C) f3/2

A solid sphere is of density p and radius R. The gravitational

field at a distance r from the centre of the sphere, when
r<R,is

pnGR® 4nGpr?

G === o)) =4
(@) i (b) 3
4nGpR 4nG

© ’TG-‘; (e 2l
8 3

The co-lattitude (angle at which direct reception is possible)
angle of a geostationary satellite as observed from the
ground is 3

(a) tan™'(015) (b) sin™'(015)

(c) cos™'(015) (d) cot™!(0.05)

Two small satellites move in circular orbits around the earth,
at distances r and r + Ar from the centre of the earth. This
time periods of rotation are T and T + AT, (Ar << 1, AT << T).
Then, AT is equal to

ST 2 Ar
SISl o
i @7

2 W i
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23. There is a crater of depth % on the surface of the moon

of radius R. A projectile is fired vertically upwards from the
crater with a velocity equal to the escape velocity v from the
surface of the moon. Maximum height attained by projectile is
(@) 995 R b) R

(©) = (d) 662 R

24. Aring having non-uniform distribution of mass having mass
M and radius R is being considered. A point mass m, is
taken slowly from Ato B along the axis of the ring. In doing
SO, work done by the external force against the gravitational
force exerted by ring is

M
R
A B
R><—R —|
GMm, GMm,[ 1 4
@ S &) & [—fz— EJ
(C)GMmo[i_iJ
BAE B

(d) Itis not possible to find the required work as the nature of
distribution of mass is not known

25. The gravitational force exerted by the sun on the moon is
about twice as great as the gravitational force exerted by
the earth on the moon, but still the moon is not escaping
from gravitational influence of the earth, Mark the option
which correctly explains the above system.

(&) At some point of time the moon will escape from earth j.e.,
above statement is false

(b) Separation between the moon and sun is larger than the
separation between the earth and moon

(¢) The moon-earth system is bounded one and a minimum
amount of energy is required to escape the moon from the
earth

(d) None of the above

26. An artificial satellite of the earth is launched in circular orbit in
equatorial plane of the earth and satellite is moving from west
to east. With respect to a person on the equator, the satellite is
completing one round trip in 24 h. Mass of the earth s,
M = 6 x 10 ?*kg. For this situation, orbital radius of the sateliite is

() 2.66x 10*km (b) 6400 km
(c) 36,000 km (d) 29,600 km
27. What is the direction of areal velocity of the earth around the

sun? (NCERT Exemplar)

(a) Perpendicular to positon of the earth w.r.t. the sun at the
focus o

(b) Perpendicular to velocity of the earth revolving in the
elliptical path. :

(c) Parallel to angular displacement.

(d) Both (a) and (b) -

stions contains
irecti 4) Each of these que

ions (Q. Nos. 28 to 3 !

t[)v:;ezitements . Statement | (Assertion) an;i Statzzvr:giiv!
(Reason). Each of these questions also has ourY Oa:l i
choices, only one of which is the correct answer.

select one of the codes (a), (b), (c), (d) given below 1
(a) Statement | is true, Statement Il is true; Statement Il is the

i tl
correct explanation for Statemen :
(b) Statement | is true, Statement Il is true; Statement Il is not the

correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

28. Statement | An astronaut in an orbiting space station above
the earth experiences weightlessness.

Statement Il An object moving around the earth under the
influence of the earth's gravitational force is in a state of
‘free-fall’,

29. Statement | Kepler's laws for planetary motion are
consequence of Newton'’s laws.
Statement Il Kepler's laws can be derived by using
Newton’s laws.

30. Statement | Three orbits are marked as 1, 2 and 3. These
three orbits have same semi-major axis although their
shapes (eccentricities) are different.

The three identical satellites are orbiting in these three

orbits, respectively. These three satellites have the same
binding energy.

Statement Il Total ener.
Semi-major axis of orbit according to the expression

£-=GMm
2r

31

Statemgnt I Two satellites are following one another in the
same circular orbit, If one satellite tries to catch another

(leading one) satellite, then it gg i ing i
Speed without changing the orbi?. ¥ o 2 "eEasgly

Statement Il The energy of th

circular orbits ig iven - —GM
. 9 by E = "5, Where 7 is the rad
of the circular orbit,
32. Statement IIf the earth Wi

ere a hollow Sphere, gravit
Inside the earth WQ,iull'dgf el

Net force on 4 body inside the sphe

field intensity at any point
Statement ||

gy of a satellite depends on the

40


http://www.novapdf.com/
http://www.novapdf.com/

Day 9 Gravitation

33. Statement I The length of the day is slowly increasing.

Statement Il The dominant effect causing a slowdown in

the rotation of the earth is the gravitational pull of other
planets in the solar system,

34. Statement | The weight of a s

pace craft varies as it goes
from the earth to the moon.

Statement Il Space craft is designed in such a way that it

shows the variation in its weight when it goes from earth to
sun.

Dlrectlons (Q. Nos. 35 to 37) The satellites when launched
from the earth are not given the orbital velocity initially, in
practice, a multi-stage rocket propeller carries the spacecraft up
to its orbit and during each stage rocket has been fired to increase
the velocity to acquire the desired velocity for a particular orbit.
The last stage of the rocket brings the satellite in circular/elliptical
(desired) orbit. Consider a satellite of mass 150 kg in low circular
orbit, in this orbit, we cannot neglect the effect of air drag. This
air drag opposes the motion of satellite and hence total
mechanical energy of earth-satellite system decreases means total
energy becomes more negative and hence orbital radius
decreases which causes the increase in kinetic energy. When the
satellite comes in enough low orbit, the excessive thermal energy
generation due to air friction may cause the satellite to burn up.

35. It has been mentioned in passage that as r decreases, £
decreases but K increases. The increase in K is [E = Total
mechanical energy, r = Orbital radius, K =Kinetic energy] is
(a) due to increase in gravitational PE

e

(b) due to decrease in gravitational PE
(c) due to work done by air friction force
(d) Both (b) and (c)

36. If due to air drag, the orbital radius of the earth decreases
from R to R — AR, AR << R, then the expression for increase
in orbital velocity Av is

AR [GM AR [GM GM GM
il A / e
i o P o e O C R

37. For information given in question no. 36, the change in
kinetic energy, AK is

@) —Gggm x AR (6) ST AR
© MM AR (@SS
2R 2R

Directions Q. Nos. 38 and 39) A satellite of mass m is
revolving in a circular orbit of radius r around the earth of mass M.
The speed of the satellite in its orbit is one-fourth the escape
velocity from the surface of the earth.

38. The height of the satellite above the surface of the earth is
(R =radius of earth)

(@) 2R (b) 3R () 5R (d) 7R
39. The magnitude of angular momentum of the satellite is

(@) mJGMR () 527—7«/GMR

© %«/GMR (d) 2mJGMR

AIEEE & JEE Main Archive

40. The gravitational field, due to the ‘left over part’ of a uniform
sphere (from which a part as shown has been ‘removed
out’) at a very far off point, P located as shown, would be

(nearly)
Removed Mass of complete
part sphere = M
_________ <P
X
5GM 8GM 7GM 6GM
ikl b) ——- ©) =——— d) ——
(a)eFf2 ()9/?2 ()SR2 ()7,?2

41. The gravitational field in a region is given by
E=(6N/kg) i + (12 N/kg)j
If the potential at the origin is taken to be zero, then the ratio
of the potential at the points (12 m, 0) and (0, 5m) is

(0) 1 i .

(a) zero o5 144

42. What is the minimum energy required to launch a satellite of
mass m from the surface of a planet of mass M and radius R
in a circular orbit at an altitude of 2R? [JEE Main 2013]

m 2GmM
() 5GmM () G
6R 3R
GmM GmM
=l i
© 2R i) 3R

43. The mass of a spaceship is 1000 kg. It is to be launched
from the earth’s surface out into free space. The value of g
and R (radius of earth) are 10 m/s® and 6400 km
respectively. The required energy for this work will be

i X [AIEEE 2012]
(@ 6.4x 10" J (b) 6.4x 108 J
(©) 6.4x 10° J (d) 6.4x 10'° y

44. Two bodies of masses m and 4 m are placed at a distance
r. The gravitational potential at a point on the line joining
them where the gravitational field is zero is

6G %G [AIEEE 2011]
s BOIT ¢y B oS O
if i r
e NWW. I Ol
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of g at a height h above the surface

: ; ; g i lue
45. The height at which the acceleration due to gravity 48. The change in the va s at a depthd below the surface of

becomes g (where g =the acceleration due to gravity on of the earth is the same a i
er than the

’Fhe surface of the earth) in terms of R, the radius of the earth the earth. When both d apd h ar ef trf?g?gllc?vryiig is correct?
is y [AIEEE 2009] radius of the earth, then which one o TAIEEE 2005]
@2R 5y At e

% @d=h OEEE

R 2

(C)E : d~2 R ()dl=2h dd=h

ot ies i as the nth
46. This question contains Statement | and Staterment I1. Of the ~ 49. Suppose the gravitational force varies inversely

: : : in circular
four choices given after the statements, choose the one that power of distance. Then the time period of a planet

| ' i sun will be proportional to
best describes the two statements. [AIEEE 2008] orbit of radius R around the p ey

5
Statement | For a mass M kept at the centre of a cube of [”2* 1] R(ﬁz—J
side a, the flux of gravitational field passing through its sides (@i = (o) (n— 2)
is 47 GM.
g © A" @R *

Statement Il If the direction of a field due to a point source

: . : i fradius R at
Is radial and its dependence on the distance r from the 0. Asatellite of mass m revolves around the earth o

= i, a height x from its surface. If g is the acceleration due to
SORBE IS TQIVEN as -, its fiux through & closed surface gravity on the surface of the earth, the orbital speed of the
depends only on the strength of the source enclosed by the satellite is R {AIEEE 200
surface and not on the size or shape of the surface. (@) g x (b) i ‘
(a) Statement | is true, Statement Il is true Statement Il is the > > Nl
correct explanation for Statement | ©) 9R d) gR
(b) Statementis true, Statement Il is true; Statement Il is not the R+ x R+ x
correct explanation for Statement | ' : _
(c) Statement Il is true: Staternent Il is false 51. The tme period of a satellite of earth is 5 h. If the
(d) Statement | is false: Statertent Il is true separa}tion between the earth and the satellite is increased
to 4 times the previous value, the new time period will
47. Average density of the earth [AIEEE 2006] i)e))i%n;e [AIEEE 2003]
a (b) 80 h
(a) does not depend Qn g (©) 40 h Ghok
(b) is a complex function of g
(c) is directly proportional to g 52. The escape velocity of body depends upon mass as
isi i AIEEE
(d) is inversely proportional to g (@) m° (o) Ol @ /En \ 2002]
Answers
1. (b) 2. (d) 3. () 4. (b) 3. (d) 6. (d) 7. (c) 8. (¢
11. (b) 12. (d) 13. (b) 14. (c) 15. (d) 16. (b) 17. (d) 18. (b)
21. (b) 22. (a) 23. (a) 24. (b) 25. (0 26. (a) 27. (d) 28, (a).
31. (d) 32. (a) 33. (d) 34. (c) 35. (b) 36. (a) 37. (¢) 38. (d)
41. (b) 42. (a) 43. (d) 44. (c) 45. (a) 46. (c) 47. (c) 48, ()

51. (c) 52. (a)
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Hints & Solutions

1. The mass of a bodly is always constant and does not change

with position.
2. Here, g =GM/R? and
b G(M/2) ” 2GM
(RRY — R?

. % increase in g = (i;—g) x 100

oq —
:(g—gj % 100 = 100%
g
2.

3. At the equator, g, = 9{1 - /jm_} =g - R’
g

2
®o =mg; =m(g — Ro?)= m[g - H
Speed of ship relative to the velocity of centre of the earth will
be v + v’. The weight recorded by the spring balance in the
sailing ship will be

Vv’ )y
=17 -
o

(. v=Rw)

g
4 1(4 1
4. On the moon, gm=§1rC1‘(/‘?/4)(2p/3)=f—3 gﬂGRP =—ég

Work done in jumping =m x g x 0.5=mx (g/6)h 1
hi =055 6=80'm

5. Gravitational intensity due to the ring at a distance d = J3R

on its axis is
_ GMd _ GMx<3R
(d2 4 R2)3/2 (3R2 - R2)3/2
_~3GM
e
Force on sphere = (8M)/ = (8M) x J3 :;M
_/3GM?

R2

6. Gravitational force acting on an object of mass m, placed at
point P at a distance h along the normal through the centre of
a circular ring of mass M and radius r is given by

_ GMmh
_ (f2 i h2)3/2

When mass is displaced upto distance 2h, then
, _ GMmx2h

P+ ehp)®

_ 2GMmh
- (r2 i 4/72)3/2

When h = r, then

GMmxr _ GMm
Zx 22~ 2422

. P 2GMmr _ 2GMm
(AT Bl
F_42
F 5J5
42
or F=——=F
55

7. Work done by the gravitational field is zero, when
displacement is perpendicular to gravitational field. Here,
gravitational field,

l=4i+]
It is the angle which the line y + 4x = 6makes with positive
x-axis, then

=

tan®; =

0, =tan™ [1) —lidel
4

If8, is the angle which the line y + 4x = 6makes with positive
x-axis, then

0, = tan~'(~4) = 75°56'

0, +6, =90°
The line y + 4x = 6is perpendicular to |,
GMm
rs

Orbital velocity of satellite, v, = GM

ls

0

8. Total energy of satellite, £ = —
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Angular momentum of satellite is given by

1/2
L=myg, = ms(Gﬂ)

Is
Is

= @M mzr,)/2

=(2Emyg)la [from Eq. (i)]
9. As, F= %;m)
%
For maximum,
G E
% = X—2 M-2m)=0
i m_1
M 2

10. Mass of the element of length ax at 4 distance x from the
origin = (A + Bx2) g

oF = GM (A + Bx®)ax
X2

2
g i [T 020 o
£ X

L
=Gm_[:+ (Xi;+ B)dx

=Gm[A[l E LJ + BLJ

a a+lL

110 According to law of conservation of angular momentum;
MV X OA=mvg x OB

Ui O
Vs OB

12. The system will be bound at all these points where the total
energy = (Ep + E4) is negative. In the given curve, at points
ABandC, the £, > Ex.

13. From law of conservation of energy,

lmvzzLQZ
2 1+ —
Here, v=ky, =k 2gR
—1mk2-2gR=mL(rr:T§)
2 1+
=R
KR[1+—Z|=r_R
<]
k% =r-R
P R
= 1-K2

JEE Main Physics st 40 Days

iti hown in the
14. The metallic spheres will be at positions as s he
figure.

From the figure

2
GMx M GM
TSi”9=F:_L2—=L—2
and T cos 6 =Mg
GM.
= taﬂ9=g?
1 GM
or 0 = tan 1(9?)
15. Using law of conservation of energy,
GMm 1, GMm
L =S - =
r 2
V2 GM GMm
= —— = —
2 R I
=GM(r_R)
R
r—-R GM
—gR[ = o S
/ ( r ) (",q? -g)

V=y2gR(r - R)/r

16. Here, mg =10 or LS =08 =8 G

2 2
Now, g’=gR\2=10x\R =0
(BR2)2 ~ g

Pull on satellite = m’ g’ =200 x Y = 889N
9

17. We have
When A = 450 !
=9~ RoP(UBR = g _ Rw?/2
When earth stops rotating,
Increase in weight of body
90— 0Rep L Rw?/2
18. The gravitationg| attraction on a p

9'=9 -Rwcos? ).

(l)=0,sog'=g

the moon at 5
. zero ; ;
height the Sravitationg, e and wvt:: further INcrease in

more than that of e carth, " °f the moon becomes
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Day 9
19. Areal velocity =24 _ L st Vi
2m 2m 2
I |GM _1
) r -5 GMf
dA
So, e e
at vr

: GM
20. Intensity, | = = ! (gn Rap) _ 4w ;Spr

21. Co-lattitute angle is the one up to which AT is tangent

3600 km

a5 3
36000 + R

Sin@ =

6400
36000 + 6400

= 8 =sin~' (0.15)

22. According to Kepler's law 72 o r®
i =i
Differentiating it, we have
2T AT = 3kr2Ar
Dividing it by Eq. (i), we get
OT AT _ 3kr°Ar
i kr®

e St
25l

23. Let particle be projected from A which reaches B at a
height h.

2GM

R

It is projected with v, =

Gravitation

KE + PE (at A) = PE (at B)

. (2 g

A m( GM) L Gmy 3R2 g (ﬂ) R2 X GMm

2 R 2R 100 R+ h
2R

h=———= h=995R
0.0199

=

24. Even though the distribution of mass is unknown we can find

thg potential due to ring on any axial point because from any
axial point the entire mass is at same distance (whatever
would be the nature of distribution),

Potential at A due to ring is, V4 =~ %
Potential at B due to ring is, Vg = —%

U =U;-U; =Ug —=Up =mo(Vg —Va)
:GMmO[ 1 1]

R LB 2
Wgr ==L
= Wgr ===,
GMmg | 1 1
W =l = 2 [— - ——}
ext R \/5 \/g
25. Option (c) is correct, a minimum amount of energy equal to

| TE| of the moon-earth system has to be given to break
(unbound) the system, the sun is exerting force on the moon
but not providing any energy.

26. Here time period of satellite w.r.t. observer on equator is 24 h
and the satellite is moving from west to east, so angular
velocity of satellite w.rt. the earth’'s axis of rotation

(considered as fixed) is, ® = o + gE where Ts and T, are

S e
time periods of satellite and the earth, respectively

® =%(h") =1.45x 10™rads
{GM
From, = Y
= rco=1/% e
r ®
= r=2.66x10'm =2.66 x 10* km
27. Areal velocity of the earth around the sun is given by
oA_L
at  2m

where, L is the angular momentum and m is the mass of
the earth. But angular momentumL =rxp =rxmv

Areal velocity (9’(%) = # (rxmv)= -;—(r X V)

Therefore, the direction of areal velocity (gd—':‘—) is the

direction of (r x v), /.., perpendicular to the p]ane =
containing r and v and directed as given by right hand rule.
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28. Force acting on astronaut s utilised in providirig necessary
centripetal force, thug he feels weightlessness, as he is ina
state of free fall.

29, Kepler's laws are based on observations, hit and trial

method and already recorded data but later on Newton
proved their correctness using his laws,

Total energy of earth (planet)-sateliite system is independent
of eccentricity of orbitand it depends on semi-major axis and
masses of the planet and satellite,

30.

31. Here, Statement | is Wrong because as speed of one satellite

ﬁncreases. its kinetic energy and hence total
INCreases /.e., totg) energy becomes less negative and
hence r increases i.e., orbit changes.

It is clear that the net
sphere is zero hence,

&

Length of the day depends upon the angular speed of earth
about it's own axis, the earth is not slowing down due to
conservation of angular momentum,

As the spacecraft Moves away from the surface of the earth
towards the moon, then i i

32, force on the body inside the hollow

then net gravitational field intensity

at any point inside the earth must also be zero.

33.

34.

described below
(@ It's weight will decrease in the beginning

(b) It will become zero at some point, where the force of
altraction on the spacecraft due to the earth and that due
to the moon becomes just equal and opposite.

(©) It will again start increasing as the Spacecraft further
moves towards the moon

35. From, work-energy theorem, dK = —gUJ + Wi trction

W, tictioniS negative, sodk = —dlJ + (a negative quantity)

As K increases, it means U decreases by an amount greater
than magnitude of Wiir sriction:

1GM
From, v = i

Take log on both sides and then differentiate

36.

%=_‘1XdR2>A—V=A_R [asA/-'f:_dR]
v 2R v 2R
AR |GM
Y2 E
2
V
37. As, =%_
% =M = -q/i =@ [-dv=Avasvis increasing]
K v K 7
_2AR AR
" BR TR
K /?RAH_GMmXﬁ
= i vons g R
GMm o _
o AR [EKETE lncregsmg]

38.

39.

40.

41.

42,

43.

44.

JEE Main PhySiCS in Just 40 Days

GM _ [ GM_ -0
As, V=F= R+ h) {

v, 1 [2GM
S TAV R
Egs. (i) and (i) give h=7R

Angular mementum,

M r="_JGMR  (:h=7R)
LszRzm\/S:RXR 22
M 4 (R _M
Wehave,M’=4 5 o)
— 7R
3
M
8
ot at = S €M
- Gravitational field at P = 72 T gr?
M 1) _7GM
o 1=l
As, E:Exi+Eyj
(0, 5m)
Now, V, =E,-d, =5x 12 =60V
and \/},=Ey><dy=12><5=60V
So, .. Ratio of potential at = %8 =) (12m, 0)

From conservation of planets
Total energy at the planet = Tota
—GMm =GMm 1
+ (KE +—my2 i
B (KE) R oMV ()

In'its orbit, the Necessary centripeta| force is provided by
gravitational force )

energy at the altitude

Surface =

mvz
(R+2R)
> Gm

GMm

" Rt2Rp
= Va=—0 ii
A= .. (i)
From Egs. (i) and (ii), we get
5IG
(KE)surface A/gm

Potential energy on the earth Surface jg —

Space it is zero. So, to free the s i
energy is oole

MgR while in free
Minimum required

K =mgR =103 X 10 x 6400 x 13 J=

Let gravitationa field is zerq at P as shown in figure

e
Em _ Gam)
X2 (r = xp

AWW.NOVADQ

]

o
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435.

46.

47.

48.

49.

Day 9 Gravitation

= 4><2=(r—)<)2
= 2X=r-X
&5 X:L
&
pes T Gl
X =10
_9Gm

; (x =r/3)

As g’ = i acceleration due t ity at height h
B+ h)2’ ue to gravity at heig

) 2
= 2 S el
9 R? (R+h)? R+h
i B T R 1
e, = =
9 LR+/7' R+h 3
= BR=RThE = 2R=1
Correct option is (c), you can make an analogy with Gauss

law in electrostatics.

GM 4 3
.= =(55A°)o
J_ 46 R
3 R?
o 9= [4G3“R)p (p = average density)
2h ;
— 1—- "'I
9h Q( Rj @)
d o
o e [l e (11)
an o Q( R)

As per statement of the problem, g, = Jo

: 2h d
[ ey g 1"“5 =g 1—E

= 2 = (0!

The necessary centripetal force required for a plgnet to move
around the sun = gravitational force exerted on it

> GMm am )’
R Lol oy =( e)

= —n;’j

o
: R R

50.

51.

52.

brp - 1/2
0
= PR
Now, T % (GMe ]
R x A
o (_,
Gm,
R(n +1)/2
=l =
Gme)
or T = R(n +1)/2
The gravitational force exerted on satellite at a height x is
_ GM.m
TR+ X2
where, M, =mass of the earth.

Since, gravitational force provides the necessary centripetal

‘ GM,m _ mv2
oree, so =
R+x7F (R+x)

(where v, is orbital speed of satellite)

GM,m >
= =mv;
R+ x)
2 o G
or GRM _ e ( g= Me)
R+ x)
> 2 /2
or W = gk = LU, y
R+ x) R+ x)
According to Kepler's law, T2 o< r®
= 52 o 2
and (") < (4’
From Egs. (i) and (ii), we have
85y,
@y G
or T" =~/1600
or T"=40h

Escape velocity does not depend on mass and angle of
projection.
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Unit Test

(Mechanics)

: =
8. An electron has a constant acceleration of 3.2 ms™. At a

i 9 Taking into account the significant figures, what should be
the value of 9.99+ 0.0099 ?
(@) 9.9999
(¢) 10.0

(b) 10.00
(d) 10

2. The maximum error in the measurement of mass and length
of the cube are 3% and 2% respectively. The maximum
error in the measurement of density will be
(a) 5% (b) 6%

(€) 7% (d) 9%

3. IfCand L denote the capacitance and inductance, then the
dimensional formula for C-Lis same as that for
(a) frequency

b) ti iod
() (frequency)? e

(d) (time period)?
4. The dimensions of (velocity)? + radius are the same as that
of

(a) Planck’s constant
(c) Dielectric constant

(b) Gravitational constant
(d) None of these

5. A soap bubble oscillates with time period T, which in turn

depends on the pressure (p), density (p) and Surface
tension (o). Which of the following correctly represents the
expression for 722

62 pp’

()RS (b) -
,030 d P

(c) e (d) P

6. An automobile travels on a straight road for 40 km at 30 km h=".
It then continues in the same direction for another 40 km at
60 kmh™". What is the average velocity of the car during its
80 km trip?
(a) 30kmh™
(c) 40 kmh™'

7. A particle had a speed of 18 ms™ at a certain time 2.4 s
later its speed was 30 ms~' in the opposite direction. What
were the magnitude and direction of the average
acceleration of the particle during this 2.4 s interval?
@10ms™  (b)15ms? (c)20ms2  (d) 25 ms=2

(b) 50 km h™
(d) 60 kmh™

12. A bullet js fired in a hor

13

S e
Esaawer™

AR

certain instant its velocity is 9.6 ms™'. What is its velocity
2.5 s earlier?

(@) 1.4 ms™
) 2.4 ms™'

(b) 1.6 ms™
(d)32ms™

9. Arock is dropped from a 100 m high cliff. How long does it

take to fall first 50 m and the second 50 m?

@2s,3s (b)1.5s,2.55
©1.2s,32s (d)3.2s,1.3s

10. Two bodies of masses M, and M, are dropped from heights

H, and H, respectively. They reach the ground after time T
and T, respectively. Which of the following relation is
correct?

/2 1/2
(a)ﬂz[ij by L=y (0| M @M
7-.2 H2 2 HZ T2 7-2

11. As a rocket is accelerating vertically upwards at 9.8 m

=) ) s
S © near the earth’s surface, it releases a projectile with
Z€r0 speed relative to rocket. Immediately after release

the acceleration (in ms™2) of the Projectile is [Take
9=9.8 ms?] ,

>
=4
X
1)
Q
=]
=
®
£
5
(%)
)
oF
o
=
o

horizonta] with g muzz
advancing directly towards t
constant speed of 5ms-1

instant mortar ig fired) betw,
9 =10ms-2

(b) 614.4 m
(d) None of these

(@) 678.4 m
()64 m

NWW.N0VAD(J

aast e Bt e s 2L

- o

y ST

A

L e

S S

-

- The initig Separation (at the
the tank would pe hit is [Takeee N the mortar and tank, so that

¥


http://www.novapdf.com/
http://www.novapdf.com/

Day 10 Unit Test 1

14. Thg sum of the magnitudes of the two forces acting at a
point is 1§ and the magnitude of their resultant is 12. If the
resultant is at 90° with the force of smaller magnitude, what
are the magnitude of the forces?

@ 12,5 (b) 14, 4 (©) 5,13 (d) 10, 8

15. A vectora is turned without a change in its length through a
small angle d8. The value of | Aa | and Aa are respectively

(@) 0,ad6 (b) ad6,0
(€00 (d) None of these
16. A particle moves towards east with a velocity of 5 ms™.

After 10 s, its direction changes towards north with the

same velocity. The average acceleration of the particle
is
1 -
b) —ms =, N-W
2y

1 =
o)) ——mis=, S =W/
e

(@) zero

(©) l,_ms‘Q, N-E
N2
17. The vectors from origin to the points A and B are
A =3i - 6] + 2k and B =2i + j — 2k respectively. The area
of the triangle OAB be

(@) gﬁ sq units (b) %m sq units

(©) g\fﬁ s units (d) gﬁ Q| units

18. A metal sphere is hung by a string fixed to a wall. The
sphere is pushed away from the wall by a stick. The forces
acting on the sphere are shown in the second diagram.
Which of the following statements is wrong?

w
(a) P =W tan® L) T+P+W=0
©T2 =P +W? A@T=P+W

19. Three blocks A B and C of masses 5 kg, 3 kg and 2 kg

respectively are placed on a horizontal surface. The
coefficient of friction between C and surface is 0.2 while
between Aand surface is zero and between B and surface
is zero. If a force F=10N is first applied on A as shown
and then in 2nd case on C (shown dotted), then the ratio of
normal contact force between B and C in first with respect
to the second case is [Take, g =10ms ]

13
() T

183

20. A 20 kg block is placed on top of a 50 kg block as shown. A

2118

272

23

24

horizontal force F acting on A causes an acceleration of
3ms=2 to A and 2ms2 to B as shown. For this situation
mark out the correct statement.

.1—‘» 2ms 2

Rough B
I —>-3ms

A :
Smooth f— [
~ e

(a) The friction force between A and Bis 40 N
(b) The net force acting on Ais 150 N
(c) The value of Fis 190 N

(d) All of the above

The figure below shows a man standing stationary w.r.t. a
horizontal conveyor belt which is accelerating at e
What is the net force on the man in this situation?

i
3
Take mass of the person to be as 70 kg. If the maximum
acceleration of the belt, for which the man remains
stationary w.r.t. the belt, is 3 ms~ then the coefficient of
static friction between the man's shoes and the belt would

be
(@ 70N, 0.2

(b) 70N, 0.3 (c) 700N, 0.1 (d) 700N, 0.3

A parachutist is in free fall before opening her parachute.
The net force on her has a magnitude F and is directed
downwards. This net force is somewhat less than, her
weight w because of air resistance. Then, she opens her
parachute. At the instant after her parachute fully inflates,
the net force on her would be

(a) greater than F and still directed downwards

(b) less than F and still directed downwards

(c) zero

(d) directed upwards, but could be mare or less than £

The drive shaft of an automobile rotates at 3600 rpm and
transmits 80 HP up from the engine to the rear wheels. The
torque developed by the engine is

(a) 16.58 N-m (b) 0.022 N-m

(c) 158.31 N-m (d) 141.6 N-m

A disk starts rotating from rest about its axis with an angular
acceleration equal to oo =10 rads 2, where t is time in

seconds. Att =0, the disk is at rest. The time taken by the
disk to make its, first complete revolution is

" [6_: ]1/3 ) [?_’; ]1/3 " [ESE ]1/2 . [%]1,3
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25. A rectangular block of mass M and height a is resting on a
Smooth level surface. A force F is applied to one corner as

1
I a/s2 ]
,J LY

a !
(@) o vertically above centre of gravity

(b) g, vertically above centre of gravity

(¢) No such point exists
(d) It is not possible

26. A helicopter takes off along the vertical with 3 ms=2 with
zero initial velocity. In a certain time, then pilot switches off
the engine. The sound dies away at the point of take off in
30 s. When engine is switched off, velocity of the

helicopter is
(@) 80 ms™ (b) 80 ms™"
(¢) 25 ms™' (d)100 ms™

27. To maintain a rotor at an uniform angular speed of
200 rads™, an engine needs to transmit a torque of
180 N-m. What is the power required by the engine?
(Assume efficiency of the engine to be 80%)
(a) 36 kW
(b) 18 kW
(c) 45 kW
(d) 54 kW
28. When a ball is whirled in a circle and the string supporting
the ball is released, the ball flies off tangentially. This is due
to
(a) the action of centrifugal force
(b) inertia for linear motion
(c) centripetal force
(d) some unknown cause

29. When a particle is moving in a vertical circle,
(a) its radial and tangential acceleration both are constant
(b) its radial and tangential acceleration both are varying :
(c) its radial acceleration is constant but tangential acceleration
is varying '
(d) its radial acceleration is varying but tangential acceleration
is constant :

30. A particle of mass m slides on a

31.

32

33.

34.

quarter part of a smooth sphere of
radius R as shown in the figure. It
is released from rest at A the
normal contact force exerted by
surface on the particle, when it
reaches P.is

/3

mg S ) mg x =+ mg
@2 (0) = © 5

@8
2 |

If an object weighs 270 N at the earth’s surface, what. will be -
the weight of the object at an altitude equal to twice the

radius of the earth?
(a) 270N (b) 90 N (©) 30N C)

60 N

At its aphelion, the planet mercury is 6.99x 10'° m from the
sun, and at its perihelion it is 4.6 x 10'® m from the sun. If its

orbital speed at aphelion is 3.88x 10* ms™!, then its

perihelion orbital speed would be
(@) 3.88x 10 ms™" (b) 5.90x 10* ms™"

(c) 5.00x 10* ms™! (d) 5.5x 10* ms™!

If R'is the radius of the orbit of a geosynchronous satellite !
in a circular

and another satellite is orbiting around the earth
orbit of radius g,then its time period would be

(@) 6v2 h (b) 6h
()12 h (d) Cannot be dete;

A cylinder of mass Mand radius r is mounted on a
frictionless axle over a well. A rope of neyligible mass is

NWW. N0oVAD(Q

rmined
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40. A car (treat it as particle) of mass m is al

Day 10 Unit Test 1 141

36. A circular ring having an uniformly distributed mass m and

radius R is as shown in the figure. If a point

—"—-Z\——-r——E—_
l«—\2R —b<—+5R —>|

mass m is taken slowly from A to B, then work done by the
external agent will be

) GMm[ 1 1 GMm _ 1

@ ——| — -

= 5 [& JE] W) ==
GMm| 1 1 GMm[ 1

oEw oW
BN B (@ R [10}

37. A rocket of initial mass (including fuel) 15000 kg ejects

mass at a constant rate of 25 kgs™' with a constant relative
speed of 15 kms~!. The acceleration of the rocket, 5 min
after the blast is [Neglect gravity effect]

@ 40ms?  (b)50ms?  (0)60 ms2  (d)45ms?

38. An elevator of total mass (elevator + passenger) 1800 kg is

moving up with a constant speed of 2 ms~". Frictional force
of 2000 N is opposing its motion. The minimum power
delivered by the motor to the elevator is [Take g =10ms™]

(a) 36 kW (b) 4 KW (c) 40 KW (d) —40 KW

39. A bead of mass % kg starts from rest from a point Ato B

move in a vertical plane along a smooth fixed quarter ring of
radius 5 m, under the action of a constant horizontal force
F — 5N as shown. The speed of the bead as it reaches the

point Bis [Take g = 10ms 2]

B

(@ 14.14ms™" (b) 7.07 ms~! (c)5ms™" (d)25ms™

ccelerating on a

level smooth road under the action of a single force F. The
power delivered to the car is constant and equal to P- If the
velocity of the car at an instant is v, then after travelling how
much distance, it becomes double?

Directions (Q. Nos. 41 to 46) Each of these questions contains
two statements Statement | (Assertion) and Statement Il (Reason).
Each of these questions also has four alternative choices, only one
of which is the correct answer. You have to select one of the
codes (a), (b), (©), (d) given below
(a) Statement | is true, Statement 1l is true; Statem
correct explanation for Statement |
(b) Statement | is true, Statement Il is true; Statement Il is not the
correct explanation for Statement I
(©) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

41. By considering the earth to be non spherical
Statement | As, one moves from equator to the pole of the
earth, the value of accelaration due to gravity increases.

Statement Il If the earth stops rotating about its own axis,
the value of accelaration due to gravity will be same at pole
and at equator.

ent Il is the

42. Statement | Total torque on a system is independent of the
origin if the total external force is zero.
Statement Il Torque due to a couple is independent of the
origin.

43. Statement | For a continuously moving particle, the
average speed of the particle can never decrease as the
time elapsed increases.

Statement Il Average speed

= W and total distance travelled by a
Time elapsed
continuously moving particle can never decrease as time

passes.

44. Statement | Acceleration of a moving particle can change
its direction without any change in the direction of velocity.

Statement Il If the change in velocity vector changes
direction, the direction of acceleration vector also changes.

45. Statement | In the diagram shown, all the surfaces are
frictionless. If the system is released from rest, the block of

mass M moves towards left.

7, T
| Ei\v

Statement 1l For the described situation normal force
between M, and M (acting on M in left direction) is greater
than the horizontal component of reaction force exerted by

the hinge on M (towards right).
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46. Statement | A person moves his hand on the top surface
of a perfectly rigid block, which is rigidly fixed to the ground.

In this case, work done by person’s hand on the block is
Zero.

Statement Il Work done by a force F in any time interval is
the QOt product of F with the displacement of point of
application of F in same time interval in frame S.

Directions (Q. Nos. 47 to 50) A pan of mass m=15 kg and a
I?Iock of mass M =3 kg are connected to each other by a light
l(rextensible string, passing over a light pulley as shown in the
figure. Initially the block is resting on a horizontal floor. A ball
of mass m, =0.5 kg collides with the pan at a speedv, =20 ms .
Consider this instant of collision ast =0. Assume @llision to be
perfectly inelastic. [Take, g =10 ms™]

Answer with Solutions

1. (d) 9.99+ 0.0099= 9.9999= 10

2. (d) Here, % — 3% —+ 0.03and #:2%:1 0.02
Hence, A_V = ﬁ —+ 0.06
V /
Now Ap _AM AV ( Dy = EES )
paME Y Volume
=+ 0.09= 9%

3. (d) Time period of C-L oscillations is given by 2m+/LC.
Hence, [LC] = [time period]®

4. (d) Dimensional formula of (velocity) *+radius
O 192
= IMLTT _ (moLT2] = [acceleration]

MOLTO]

2
Note that in circular motion, centripetal acceleration is KR_

a.b _c

5. (a) Here, T2 = pp’c )
Putting the dimensions of the quantities RHS, we get
= MLUT2F MY [MT2P
= [Ma *+ b+cL—a —3b-|-2a ~ Qe

47.

48.

49,

50.

- () Average velocity (v, ) = &X

40 pays

for this situation. o

ent(s) .
SR system moves downwarg

correct
Mark the o ball)

(a) After the collision,thed |

ith decreasing spee ] ) o wirio

Wflt the collision, the block is moving upwatrd i' sam@

e erd as with which the (ball + pan) system IS Moviig
spee

downwards _ =T .

(c) The block will jerk for a number of times during its motion 1

(d) Allof the above E
ch the block strikes the floor for the first

Find the timet at whi
time.
(@1s (b)2s (c)5s (d)1.5s

Find the velocity of (pan + ball) at t =2.6s? ASSIUTrle
that the block comes to rest instantaneously after striking

the floor. o
(a) 4 ms~', downward (b) 4 ms ,_1upward

(c) 0.6 ms~', upward (d) 0.4 ms~', downward

Find the maximum height reached by the block after the
2nd jerk.

(@ 0.2m (b) 0.64 m
() 0.16 m (d) No jerk for the 2nd time

Hence, a+b+c=0
=cl= 89 =0
and =Z2e1—2@ =2
On solving, we geta=— 3 b, b =landc =2
So, after putting the values of 8 bandcin Eq. (
R

o3

i), we get

where, Ax is the displacem

ent in a gj ime i . [
part of the journey, car's ti a given time interval, For first:

40me interval is
Afop= Al
1 30 1.33 h

] y

Ao SO
e ST

Hence, the tota] displacement

AX= A + Ax
=¥ _
and the total time interyg At 2 =40 + 40 -

The average Velocity is

80 km
S At, =133+ 0.67=2h

8 9
Vav =?0' =40 kmh~!

MWW, N0VADC O[]
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7. (c) The average acceleration in the given interval is

Gy = _(V_2 ‘_‘V‘L)
t, -ty
Take  vi=18ms™,v,=—30ms™, t, = 0
and t,=24s
-30- 18
aa S~
T
=-20 ms™

Th‘e‘— Ve sign indicates that the acceleration is opposite to the
original direction of travel.

8. (b) Here, we calculate the velocity for a time interval beforet = 0,
the value we use fort is negative, t = —2.55s.

Thus,
v =(9.6)+ (32)(-2.5) [V =\ 2= 6]
v=16ms"
9. (d) Take the y-axis to be upward, atv, = 0
and solve  y=v,t —%gt2 fort
So, t =.-2ylg
Here, for y=-50m
So, o LECBY g
9.8
Here, y=-100 m
. | 2E109) 45s
9.8
Hence, the difference is the time taken to fall the second 50 m.
=4 5= 2= 188
10. (a) Distance of fall is independent of the mass of the bodies
1
Hy = 597;2
1 -2
and H, = EQTZ
1/2
Hence, -Tl = i
T, |H;

11. (d) As nothing has been mentioned that w.r.t. which frame of
reference is to be found, it means we have to compute W~f-t'
frame of reference of earth. As the object is released, its

acceleration w.r.t. ground is only due to the influence of gravity

of the 2 *. ~~ hence, is equal to 9.8 ms™? in the downward
_dlirztion. :
AG. eraion of orojes uh -t rocket is

a=ap —84;
2P . (-28)
=19.6 me *, downv-ard

Print to PDE without this messaage by purchasing novaPD

12. () Let the bullet, dropped by y metre while covering a horizoral
distance of 150 m.

300 ms "
e
fe—— 150 m —>
D‘"‘==:::: “““ !}

Lett be the time taken by the bullet to cover a horizontal distance
of 150 m, then

150 = 300t
= = ls
1y 1
= S == 0y == 1125
/ 2 J 2 4
13. (a) The situation is shown clearly in figure. Time of flight of bomb
e o 2usin®
Br=—=—
g
80 ms!
Los s ~< 50 ms~!
53° S -—
Qe
= =
Mortar Tank
fe—— 51 ——>}= 5, >
_2x80x4 —128s
103215

Distance travelled by the tank in T seconds is
S, =5T=5x128=64m

The horizontal distance travelled by bomb in T seconds is

_ u®sin2e
S rslies
g
e
A 5 5
2
10
=614.4m

(- sin 26 = 2sin 8.cos 6)
So, required separation :
sS=8+S, =6784 m

14. (c) Let P be the smaller force and Q be the greater force, then
according to the problem

P+Q=18 ()
R =P? +Q? + 2PQcosB = 12 A
tan¢ = L OSR0T age o
P + Qcos®
. P+Qcos®=0 ()
ByA solving Egs. (i), (ii) and (iii), we get,
=0
and ()= 143

R.//AWWW.Novabpd O[]

143
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15. (b) From the figure |OA| = 4 ang |OB| =4a
Also from the triangle rule
B
Aa

O a

OB -0A = AB=Aa

= [Aa| = AB
: Arc
Using, Angle = _21¢
. Radius
= AB = a.de
So, |Aa| = a.de

Aa means a change in magnitude of the vector, ie.,
OB -|OA=a-a=0

So, Aa =0
16. (b) Au =2usin(9) =2x 5xsin4se = 10
2 V2

a=£=10/'\/§= 1

s o

17. (@) GivenOA =a =31 - 6] + 2k andOB =b =21 . =

ms~2 in N-W direction

~ ~ A

i j k ~ A
axib) =18 5 > =(12 - 2)i + (4 + 6)j+(3-g12)k
2 1 -2

=10i + 10]j + 15k
= |axb| =10 + 10? + 152 = /425 = 5,77

Séﬁ $q. units.

Area of AOAB = 211a xbl =

T T cos 6

18. ()

6

7 sin 9<——Ir—-;
wh

Casel (5+3+2)a=F—f

=

Eor@!

=

Case

=

JEE Main Physics s+ 440 Days -

N, —-f=2a,

6 26
=2x—+4=—N
bl =

i =B S 2)k)
_lg=4 6

T 1o

: —>»f

Required ratio is,

20. (d) As the acceleration of A and Bare dijff
relative motion between A and B. The fre
Bcan be drawn as

N, 24 12

erent, it means there js e
€ body diagram of A anc
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22. (d) As the parachute inflates fully, the force of air friction increases
by alarge amount and the parachutist starts decelerating, i.e., net

force acting on her is in upward direction but the magnitude of
the net force cannot be determined from given information.

23. (€) From P=1m
= E
®
It is given, P =80 HP = 80x 746 W = 53680 N-ms™ '
®= 3600 rpm =02 o rads™!
60
=120m rads™!
So, T =15831N-m
24. (c) As 0=0, ot
= W, =10t
or, d—e = 10
at

On integrating, (for one complete revolution)

jj’&e = j;mtdt

2
= 2n=10T
or g1t=T

5

1
g o ]
5
25. (b) The free body diagram of the block can be drawn as shown. As

body has to move in a pure translational motion, the torque about
the centre of gravity must be zero.

T —— T

: |
‘ N :—> 3F
XI

a
l | Mg

3Fxx=Fx—Z— = K=

o

26. (a) The altitude of the helicopter when engme is switched off

h= aly . Sound is not heard aftert, =t + _z.tl— wherec = speed
2 C :

of sound.
at? + 2cty —2¢ct, =0

o \Jac? + 8cat?
=

2a

v =at, =—320 + /(320 + 2x 320x 3% 30

1600 (10)° — 320= 400 — 320 = 80ms™

2. (c) Power required for rotor, P = t-@= 36 kW

Power of engine, P, = e 45 kW (as efficiency is 80%)
° 08

28. (b) This is due to moment of Intertia for linear motion of string.

29. (b) In a vertical circle, both radial and tangential components of
the acceleration change direction at every instant.

30. (b) Apply Work-Energy theorem at A and P,

Use dynamical equations at P,

N — mgcos60° =
= N=mg + —= ) = S
2 2

31. (¢) Let, mbe the mass of the object and g is the acceleration due
to gravity at the earth’s surface then, mg =270 N.

The acceleration due to gravity at an altitude of 2R, is,

Bl e
(B, +2R. 2

So, required weight = mg” = %9_7 = 30N

32. (b) From the conservation of angular momentum,
N
3.88x 10* x 6.99x 10'°

Vo = =5.90x 10* ms™
¥ 7 4.6x 10'°
33. (a) From the Kelper's law, TR
3/2

Ty
= g S

T (’2)
o gL ol psle

T2 RE
e i 24 _ 24 6v3h v
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- : GMm[ 1 _ _1_] i
34. ({1) er»ght of bucket acts downwards while tension 7 in opposite = T[ VB2 j
direction
mg - T =ma " From work-energy theorem, W
Also, T=lo=rT aK = 0=Wgray + Wext
= l MrZQ i Wext = —Y¥grav
& 5 GMm[_L " _L]
or, - Ma "R L2 5
2 .
o i) S 87. (b) Thrust force acting on the rocket is,
T m ) am
A==
mg Ma at
= L F =15 1000% 25N
m
= 2mg ~ Ma
2m Ta
— 2ma + Ma = 2mg ;
= 5. 2
2m+ M F
35. (d) Let, v be the velocity with which projectile is projected, then Mass of rocket at ¢ = 5min after the blasting starts, is
1 T I m=15000 - 25 5x 60
iy EIH-««V:@ = 7500
/ e 100
i Pe | : So, F =ma
\ /‘1 », 22 F _15x25000
\. y m 7500
\\"‘&,_.,;M;// _ -
=50ms
=25 ,
R Note : If gravity is not neglected, then F — mg =

check whether acceleration i
where, M is the mass of the moon. el

From energy conservation. 38. (c) The net downward force on the elevator is,

I " F=mg + f
GMm| 3R —2|R — ——
oo [ ( 100) :l = 18000 + 2000
> PY-E =20000N
T gM,Z So, the motor has to work against this force
! :
To move the elevator With a const ;
: : ‘ ants ini 6
where, m is the mass of the projectile and h is the maximum delivered by the motor to the e|eVat0rpn?Le1(sjt' ;)hee i 1
height to which the projectile reaches. P=F.v = 20000 x 2 = 40kw , ‘ '
Solving above equations, we get h=99.5R i 7
g q e ‘ . 39. (a) Applying the work-energy theorem,
36. (c) Potential energy of the system when point mass is at A, is —Xmye e b
__GMm Ty s
(s =2 v
2R Ex§xvz=5><5+%x10x5=50
Potential energy of systerr(;Awdhen peinfinase s aliiis ; Y =v200 = 14,14 mg-t

y = -GMm 40.(a) As, Pl e i
1/5/? —mva;x\, G

Work done by the force of gravity on the point mass, as it moves = | * vy = | “Pds

from Ato B, is v S

‘ = L m

‘gravitational —

W =—dU=- ~U) L
3P
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41. ‘(C) As one go from equator to pole of the earth the value of g
increase dug tp dgcrease in latitude (A). Also the earth is non
spherical, this implies the value of g, at the poles and equitorial

pqm on the earth's surface are unequal due to its different
distances from earth’s centre.

42. (a) If net force on the system is zero, it can be resolved into two

equal and opposite forces which can be considered to form a
couple.

43. (b) Here, both the statements are correct but Il is not the correct
e’}Dlanation of /. As a particle is continuously moving, the total
distance travelled is increasing with time but the particle can
move slowly in some later time span as compared to earlier time
span, resulting in decrease in average speed.

44.(a) o= e Vi GV

At at
i.e., direction of acceleration is same as that of the change in
velocity vector so if direction of Av, changes, direction of a
changes and hence, Statement | is explained by Statement II.

45. (c) If we draw the free body diagram of all the three blocks, they
would be as shown in the figure.

|4
Vo

Mg N4

Now, the forces responsible for the motion of M towards left are
N and T (acting on M due to hinge).

So, it is clear that Statement | is correct and Statement Il is
wrong.

46. (b) Here, statement Il is the standard definition of work done by a
force. But work is done by a force on body w.r.t. some observer
only when the particles of the body at which force acts get
displaced from its position w.r.t. observer, this is because work is
nothing but a way to transform or to transport energy and without the
displacement of material particles, energy cannot be transported.
But in Statement | the block is rigid. So there is no movement of
particles even at microscopic level so work done by hand on the

block is zero.
47. (d) 48. () 49.d) 50.(c)
Due to collision, an impulsive tension ocours in the string.
For (ball + pan) system Just after collision

—J = (m+ mgy)V = MgVo

Forblock, J=Mv = v=2ms"

As the string is taut and the mass of block is greater than mass of
(ball + pan), so the blocks and (ball + pan) are under
deceleration.

Deceleration, a= 3_9—_5—2£ =i

System Just after Collision

So, block will again come to ground after time ¢, given by
O=2t—%xﬂ2ﬁt=28

At this instant, the (pan + ball) system is moving up withv =2ms
= and the string becomes slack, so the system moves under
gravity.
To determine the speed of the system att = 2.6, firstfind the time
after which string is again jerked. That will happen when system of
pan + ball crosses the timet =2s instant during its downward
journey if i.e., after its time of flight of motion under gravity.

=252 g

10

i.e., string will again jerk att =2.4 s

For t > 2.4s,the system is again starts retarding with a retardation
of2 ms™2.

Before this, we have to find the velocity of various components of
the system just after jerk,

As, —J/ =2V —2x2andJ =3V
= Bvi=4

= i 0.8ms™'
5

With this velocity, the (ball + pan) moves down for 0.2 s under a
retardation of 2 ms™2.

So, the required velogity,
v=08-2x02
= 0.4 ms™* downwards
The maximum height attained by the block after 2nd jerk,
0=(08)% —2x2H
= H=016m
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Day 11
Qutlines ...

O Periodic Motion

O Simple Harmonic
Motion

© Composition of Two
SHMs

O Oscillations of a Spring
o Simple Pendulum

o Free, Damped, Forced
and Resonant
Vibrations

Oscillations

Periodic Motion

A motion which repeats itself over and over again after a regular
interval of time is called a periodic motion. A periodic motion in
which a body moves back and forth repeatedly about a fixed point
(called mean position) is called oscillatory or vibratory motion.

Period The regular interval of time after which
called period of the motion.

periodic motion repeats itself is :

Frequency The number of times of motion 1
frequency of the periodic motion., Every oscill
periodic motion is not an oscillatory motion,

epeated in one second is called
atory motion is periodic but every.

Displacement as a Function of Time

In a periodic motion each displacement va

! lue is i
of time, displacement can be represented e regalar interg

as a function of time ¥ = f(t).
Periodic Function

A function which repeats its valye

L : afte ix i . = |
periodic function. T 8 fix interval of time g called a

V() = y(t + T)
where T is the period of the function,

Trignometric functions sin 6 and cosg ; :
are g S
period of 2. tmplest periodic functions ha

Comil Ao\t o e 5

In SHM
a straig
slope. T

A sim
eXpress
of time
if the

The d
expre
where

whe

How
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Simple Harmonic Motion

Simple Harmonic 1 i
el aboIZIItC IC\I/IOéI;)I; (SHM} is that type of oscillatory motion in which the particle moves to and fro or back
] JIXed point under a restoring force whose magnitude is directly proportional to its

displacement i.e.. F o
SN, X or F=— . O
and x is displacement. kx where, k is a positive constant called the force constant or spring factor

In SHM, F == kxord= — 22 : ; 5
T a ©°X,1.e., F-x graph or a-x graph is position to one extreme, then to other extreme and finally

& Sltaighl lime passing through the origin with a negative back to its mean position. Time taken by the particle in

slope. The corresponding graphs are shown below completing one oscillation (or vibration) s called time
F . . .
a period (T). Time period T = —2—73, here o is referred as the
®
F=—kx \[ == angular frequency of SHM.
% b
» Differential  equations of SHM For linear SHM,
4y + 0%y = 0, For angular SHM &6 +@°0=0
(a) (b) dt? : S @t
Slope =—k Slope =— ®?2 W All sine and cosine functions of t are simple harmonic in
‘ nature i.e,, for the function
A simple harmonic motion may be mathematically » y=Asin (ot £ 0)ory=A cos (0t + $)
expressed by a single sinusoidal (sine or cosine) function b d’y e Y ;
of time. One oscillation (or vibration) is said to be complete e s directly probordcielito - e S Ry
if the particle executing SHM moves from its mean harmonic in nature,
Terms Related to SHM
The few important terms related to simple harmonic motion are given as
! The acceleration is also a variable. At the mean position
Displacement (y=0), acceleration a=0 and at the extreme position
. . . . . 2
The displacement of a particle executing SHM is, in general, (y =+ A), the acceleration is &, = —A®".
expressed as y = Asin (ot + ¢) - Acceleration amplitude g,,, = Aw®

where A is the amplitude of SHM, o the angular frequency

(wherem = %,E = 27th and ¢ the initial phase of SHM. Phase and Phase Relationship

Phase is that physical quantity which tells about the position
and direction of motion of any particle at any moment. It is
denoted by o. In SHM, the velocity is ahead of the

displacement by a phase g and the acceleration is further

However, displacement may also be expressed as
x = Acos (ot + ¢)
Velocity

i i i HM at an instant is
The velocity of a particle executmg'S :
defined as the time rate of change of its displacement at that

’ 2
instant. Velocity, v =0y A> =y

during its motion v = A® = Vrmax
(y==x Av=0.

ahead of the velocity by a phase of g

Time Period

The time taken by a particle to complete one oscillation is
L (}'/'= % called time period. It is denoted by T.

ons
and at the extreme posii Sl o <K N
Velocity amplitude = Vmax = A® 2

2 a
: al=0 = 0= [—
Acceleration ' 4| 1yl Iyl
The acceleration of a particlr:e execs;ficgoscli-tlyM;ihirtl ::sS:::: is e ARl el
; i of change g ;
defined as the time rate g : ad 2n i TRE o5 Displacement
Acceleration, gy T \I Acceleration

N/ /WWW. NOVADQO O[]
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Composition of Two SHMs

ol - .monic motion. The
If a particle is acted upon two separate forces each of which can produce a simple har

resultant motion of the particle would be a combination of .wo SHMS. A, sin ¢ ¥
For which F1+F2=md_zr A=A +2A,A, cosd + A and tanﬁ:_ﬁA1+A2cos¢ 3
dt E
andr, +p, =r= resultant position of the particle For any value of ¢ other than 0 01'1(117‘l n resultant
where m = mass of the particle. amplitude is between | A; — Ay|and A, + 4z )
f1.% = positions of the particle under two forces, (ii) When two SHM are mutually perpendicular to each
There are two cases Sthon
(i) When two SHM are In same direction the resultant 9 (o b D 4 cH
is given by d The resultant SHM is given by ¥ : |
i_'_y_z_ 2xy cos & — 26 2}_Az- ---jyz--x |
4 4 A4 A ’ B
(ellipse) e—— 2A; —>
where, x= A, sin ot
= -+ & .
oIS Mgt and ¥ = A, sin{wt + ¢)
= Asin(wt + B) : | .
where, X, = A, sin of Here x is always between —A, to +A, and y is always |
ra R el - A
X, = A, sin(ot + ¢) baticen —A, to +, ;
i Special Cases in Composition of Two SHMs
1 Sl A e e 3. Wheno=n/2 If A=A, = Athen
; = —2 X = — i X y = D :
4 A A A_$+T§—1 X"+ y% = A2 (circle)
Ve
D .y D 'y c D E C
- ’I X = I! -X
© E js X
A - B A H B

................................

Oscillations of a Spring

A spring pendulum consists of a point (small sized) mass m either suspended from ;
or placed on a smooth horizontal plane attached with a spring, e Rt light) Spring

——>
X1

[«—————{Natural position

2y

blerox = =]
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If the m i

ol ;sto:: gzgfspullt.ed S0 as to stretch the spring and is then released, then a

restoring force F = —OI? i e continuously tries to restore its mean position,
, where k is force constant and / is the change in length of

the spring under the restorin fi i
harmonically having time periog ar?crlcfe;*et;le A

uency given by
T = ZRJE and v = 1k
k 21 V' m

wher.e k is t%le force constant of the spring and it is numerically equal to the force
required to increase the length of the spring by unity.

If the spring is not light but has a mass m,, then

T=zﬂ\/@
k

If tho masses m; and m,, connected by a spring, are made to oscillate on a
horizontal surface, then its period will be

T=21t\/E
k

m;m
1=2 _ reduced mass of the system.

my + m,

where, L =

Series Combination of Springs

If two springs of spring constants k; and k, are joined in series muuu
(horizontally and vertically), then their equivalent spring constant k is
given by

il 1l il
_=ﬂ+__
ks kl kz
k k k
k = 12 2
= : ki +k, iz
(a)
m
=2 =
k

m(k, + k;)
o —— 2
i

Parallel Combination of Springs

f spring constants k, and k, are joined in

If the two springs O :
their equivalent spring constant

parallel as shown, then
kp =k, + k, hence,

L & 7
L )] O

Day 11 Oscillations

Force and Energy
in SHM

We know that, the acceleration of body
in SHM is a = — 2.

Applying the equation of motion
F=ma,

_Wehave, F=2mo’x=—kx

where, o= L3
s m
and k = ma?

is a constant and sometimes it is
called the elastic constant.

In SHM, the force is proportional and
opposite to the displacement.

If a particle of mass m is executing
SHM, then at a displacement x from
the mean position, the particle
possesses potential and  kinetic
energy.

At any displacement X,

' POteﬂi'al energy,
U=%mo)2x2=:;_-kx2

Kinetic energy,

K ‘=—;—ma)2(A2 —%%)

;
_ =§k (=)
Total energy,
K CE=U+K
=%mmzA2
s - =2m’mveA®

1f ihere is no friction, the total
mechanical energy, E =K + U, of the
systam -always remains constant even

though K and U change.
b
¥ § :.-_ b

155
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(i)

(iii)

(iv)

i dulum
Simple Pen o epetor PO

A simple pendulum, in ' ' Il sized me

{ ) practice, consists of a heavy but sma , small angular
Inextensible and flexible string, The motion of a simple pendulum is simple harmonic for very

displacement (o) whose time period and frequency are given by

T:'Zn\ﬁ
g

and Vzi 2
21\ 1

where ] is the effective length of the string and g is acceleration due to gravity.

I‘f a pendulum of length / at temperature 6°C has a
time period T, then on increasing the temperature by
AB°C its time period changes to T x AT,

where, =
- = field E acting horizontally, then

where o is the temperature coefficient of expansion
of the string.

A second’s pendulum is a pendulum whose time
period is 2 s. At a place where g= 9.8 ms™?, the
length of a second’s pendulum is 0.9929 m (or 1 m
approx).

If the bob of a pendulum (having density p) is made R .
to oscillate in a non-viscous fluid of density o, then it I=% E =Sronn
can be shown that the new period is

I

g ( 129 ] % The graphs I-T and I-T% intersect at T =| s,
p

If a pendulum is in a lift or in some other carriage
moving vertically with an acceleration @, then the
effective value of the acceleration due to gravity
becomes (g * @) and hence,

where, R =radius of the earth.

" = Zis

1
T =2m
(g £ a) » The graph bet\;/een T2 and | Igis a straight line,
Here, positive sign is taken for an upward
accelerated motion and negative sign for a o

downward accelerated motion.
If a pendulum is made to oscillate in a fregly T
falling lift or an orbiting satellite then the effective

value of g is zero and hence, the time period of the o
pendulum will be infinity and therefore pendulum Th 7 x

il i » The graph b 2 _
will not oscillate at all. grap em;le e e Gl

If the pendulum bob of mass m has a Charge q alnd is
oscillating in an electrical field E acting vertically 5

downwards, then

(vii) The positive sign is to be used if the elect‘rical .forc.
is acting vertically downwards and negative sign if
the electrical force is acting vertically upwards.

gl (viii) If pendulum of charge g is oscillating in an electric

f
1]
¢

(ix) If the length of a simple pendulum is increased to
such an extent that / — <o, then its time period is
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Free, Damped, Forced and
Resonant Vibrations

ASH‘”; ]\'NUI’V. a periodic motion in which a body moves black and forth repeatedly about a mean position is
e 1( ?bmnmf’f,\’ motion. The term vibration is sometimes used more narrowly to mean a mechanical
oscillation but it is sometimes used as a synonym of oscillation. Some of the vibrations are described below.

Free Vibrations

If a body, capable of oscillating, is slightly displaced from its position of equilibrium and then released, it starts oscillating

with a frequency of its own. Such oscillations are called free vibrations.The frequency with which a body oscillates is
called the natural frequency and is given by

ok gl S
027tm

Here, a body continues to oscillate with a constant amplitude and a fixed frequency.

Damped Vibrations

The oscillations in which the amplitude decreases gradually with the passage of time are called damped vibrations.
Damping force, E; =-bv

where v is the velocity of the oscillator and b is a damping constant. The displacement of the oscillator is given by

A1) = Ae ™2™ cos('t + 0)

2

/ ; Kb
where, o’ = the angular frequency o’ = | — - —
m- 4m

: 1 .
The mechanical energy E of the oscillator is given by E(t) = EkAze i

damping
(O w

(b)

Forced Vibrations

The vibrations in which a body oscillates ander the effect of an external periodic force, whose frequency is different from
the natural frequency of the oscillating body, are called forced vibrations. In forced vibrations the oscillating body vibrates
with the frequency of the external force and amplitude of oscillations is generally small.

Resonant Vibrations

It is a special case of forced vibrations in which the frequency of external force is exactly same as the natural frequency
fltsh OI;cillalOT As a result, the oscillating body begins to vibrate with a large amplitude leading to the phenomenon of
Sesoxfance o oécur Resonant vibrations play a very important role in music and in tuning of station/channel in a

radio/TV etc.
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5. A block rests on @ horizon

Practice Zone "y )

1. The displacement of a particle is represented by the

. T

equation y = 3 cos (— —2mtj. The motion of the particle is

: 4 [NCERT Exemplar]
(@ sn_mple harmonic with period 2w / ®
(b) simple harmonic with period  /®
(c) periodic but not simple harmonic
(d) non-periodic
2. A body is executing SHM when its displacement from the
mean position are 4 cm and 5 cm and it has velocity 10

cms ™' and 8 cms ™' respectively. Its periodic time ¢

(@ 22—” s (b) s
(© % S (d)2rs

3. Two particles execute simple harmonic motion on same
straight line with same mean position, same time period 6 s
and same amplitude 5 cm. Both the particles start SHM
from their mean position (in same direction) with a time gap
of 1 s. Find the maximum separation between-the two
particles during their motion

(a) 2cm (b) 3cm (c)4cm (d)5em

4. A coin is placed on a horizontal platform, which undergoes
horizontal SHM about a mean position O. The coin placed
on the platform does not slip, when angular frequency of
the SHM is . The coefficient of frequency between the coin
and platform is p. The amplitude of oscillation is gradually
increased. The coin will be begin to slip on the platform for

the first time
(a) at the mean position i
(b) at the extreme position of the oscillation

(c) for an amplitude of glo®
(d) for an amplitude of g/pe’

tal table, which is executing SHM
n with an amplitude a. If the

in the horizontal directio : )
hen the block just starts to slip

coefficient of friction is K, t .
when the frequency of oscillation is

1 @ L (T
(a)é——“—‘/% (b)z’”\/ﬁg—? (c)z,”]; @ g

Print to PDF withoy
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il

ed to three springs A, Band C
having equal force constant k. If the particle is pqshed a
little towards any one of the springs and then left on its own,
find the time period of its oscillation. 3

6. A particle of mass M is attach

(@) 27 [(M/K)
(c) 2m./(M/2k)
7. A body performs SHM. Its kinetic energy K varies with time

T as indicated in the graph
K 1 K

<
/i>

© (@

8. Two particles Aand B are oscillating about a point O along

a common line such that equation of Ais given as
x,=acosot and equaton of B s given as

. 3n
%= DS (o)t + ?) Then, the motion of Aw.r.t. Bis
(a) asimple harmonic motion with amplitude (a —b)
b) asimple harmonic motion with amplitude (a + b)
)

(
(c) asimple harmonic motion with amplitude Jaz + b
(d) not a simple harmonic motion but oscillatory motion
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Day 11 o0scillations

9. A pendulum of length / =1m is released from 0, = 60°, The

rate of change of speed of the bob at 0 =30° is

(@ =10m/s?).
160°
1
I
i
1 ,/
d)___’/
(@) 5v/3 m/s? (b) 5m/s?
(c) 10m/s? (d) 2.5 m/s?

10. The value of g decrease by 0.1% on a mountain as

compared to sea level. If a simple pendulum is used to
record the time, then the length must be

(@) increased by 0.1% (b) decreased by 0.1%

(c) increased by 0.2% (d) decreased by 0.2%

11. Two pendulums have time periods T and % They start

SHM at the same time from the mean position. What will be
the phase difference between them after the bigger
pendulum completes one oscillation?

(@) 45° (b) 90°

(c) 80° (d) 30°

12. A piece of wood has dimension axbxc. It is floating in a
liquid of density p such that side a is vertical. It is now
pushed down gently and released. The time period is

(@) 2m.fpalg (b)2m./abc/g
(c)2m./g/pa (d)2m./bc/pg

13. A simple pendulum of length / is suspended from the roof of
2 train which is moving in a horizontal direction with an
acceleration a. Then, the time period T is given by

(@) 2m.[T/g (b) 27+l/(& + g?)
) 2n.fl/@+ g) (d)2myl/(g - a)

14. The length of a spring is o when a force of 4N is applied on

it. The length of a spring is B when a force of 5N is applied
on it. Then find the length of the spring when a force of 9N
is applied on the spring.

(@)5p-40 (D)f-o ) 5a—4p (@) 9B -o)

A simple pendulum of length / has a bob of mass /m with a
charge g on it. A vertical sheet of charge having sudgce,
charge density ¢ passes through the point Qf suspen§|on.
At equilibrium, the spring makes an angle 6 with the vertical.
If the tension in the string, then,

15

el (o) tan@ = 22
e___—_
(a) tan 550 g, mg

/
(C)T>2n\/g (d)T"'Z"\/g

nt to PDE without this messaae by purchasing novaPD

16.

17.

18.

19. Two springs of force constant k and 2k are connected to a

MWW, N0VADC O[]

Four pendulums A,B,C and D are
hung from the same elastic
support as shown alongside. A
and C are of the same length
while B is smaller than A and D is =
larger than A. A is given a D
displacement then in steady

state

=

(a) D will vibrate with maximum amplitude
(b) C will vibrate with maximum amplitude
(c) B will vibrate with maximum amplitude
(d) All'the four will oscillate with equal amplitude

A simple pendulum performs simple harmonic motion
about x =0 with an amplitude a, and time period 7. The
speed of the pendulum at x = a/ 2 will be

mwa/3 na3
(@) Z (b) —

3nca Ta
(© - (d)T

A mass m is suspended from a massless pulley which itself
is suspended with the help of a massless extensible spring
as shown below.

What will be the time period of oscillation of the mass? The
force constant of the spring is k.

I

a(b) 2nm/k

() my/m/k
() 2nm72k

(c) 4mJm/k

mass as shown below. The frequency of oscillation of the
mass is

1 [k 1 [2k
el 10, el ==ll=
2n\'m 2w\ m
18K d—1— )
(C)Et_ e ()21; k
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20. Figure shows the circular motion of a
parlticleA The radius of the circle, the
pgr(od, sense of revolution and the
|put1al position are indicated on the
figure. The simple harmonic motion
of the Xx-projection of the radius
vector of the rotating particle P is

@x0=pan(g)

[NCERT Exemplar]

(b) x (¢)= Bcos ("_t]

1li5)
(c)x(t)=Bsin(%+_27E) (d)X(t)=B(%+g)

g;ets:ttltons Q. Nos. 21 to 24) Each of t.hese questions contains
atements : Statement | (Assertion) and Statement I
(Re;son). Each of these questions also has four alternative
choices, only one of which is the correct answer. You have to
select one of the codes (a), (b), (c), (d) given below

(a) Statement | is true, Statement Il is true; Statement Il is
the correct explanation for Statement |

(b) Statement I is true, Statement Il is true; Statement Il is
not the correct explanation for Statement |

(c) Statement | is true; Statement Il is false

(d) Statement | is false; Statement Il is true

21. Statement | A particle performing SHM at certain instant
is having velocity v. It again acquires a velogity v for the first
time after a time interval of T second, then the time period of
oscillation is T second.

Statement Il A particle performing SHM can have the
same velogity at two instants in one cycle.

22. Statement| A particle performing SHM while crossing the
mean position is having a minimum potential energy, this
minimum potential energy could be non-zero.

Statement Il In the equilibrium position, the net force
experienced by the particle is zero, hence potential energy
would be zero at the mean position.

23. Statement | A circular metal hoop is suspended on the
edge by a hook. The hoop can oscillate from one side to the
other in the plane of the hoop, or it can oscillate back and
forth in a direction perpendicular to the plane of the hoop.
The time period of oscillation would be more when
oscillations are carried out in the plane of the hoop.

Time period of physical pendulum is more if
inertia of the rigid body about the
assing through the pivoted point is

Statement Il
the moment of
corresponding axis, p
more.

eriod of a pendulum, in a satellite

24. Statement | The time periocd O
orbiting around the earth, is infinity.

Statement Il Time period
proportional to the square roo

of a pendulum is inversely
t of acceleration due to gravity.

JEE Main Physics i .+ 40 Days

Directions (Q. Nos. 25 to 27) A platform is execdutir}geSHM in

a vertical direction, with an amplitude of 5 cm an a frequency

of ik vib/s. A block is placed on the platform at the lowest point

T ‘ 3

of its path. [Take g =10 ms Il

the platform?

hen acceleration is acting

locity is in an upward

25. At what point will the block leave

(@) 2.5cem from the mean position W
in a downward direction and Ve
direction :

(b) 2.5 cm from the mean position when the platform is
moving in an upward direction

(c) 2.5 cm above mean position when
in a downward direction

(d) 2.5 cm below the mean position

the platform is moving

26. Mark the correct statement(s).
(a) Normal contact force between the
is constant
(o) As platform approaches the mean position from bottom,
the normal contact force between the block and the

platform increases

(¢) As the platform moves up and away from the mean
position, the normal contact force between the block and

the platform, decreases
(d) Both (b) and (c) are correct

platform and the block

27. At what point, the block returns to the platform?
(a) 1.3 cm above the equilibrium position
(b) 1.3 cm below the equilibrium position
(c) 4.3 cm above the equilibrium position
(d) 4.8 cm below the equilibrium position

Directions (Q. Nos. 28 to 30) A particle is executing SHM
on a straight line. A and B are two points at which its velocity
is zero. The particle is crossing a certain point X(AX < XB) at

successive intervals of 1.2 s and3.6 s with a speed of 4ms™ .

28. Determine the amplitude of oscillation.

(8) 96 m ¥R
1
(o ;’ﬁ m (d) 4m
29. The maximum speed of the particle is
(a) 442 ms™ (b) 4w ms~! ,
8*/5 7'52 =1 T = K
(© i ms (d) I ms
30. The ratio 2 is |
o 3 ‘
@) oyl ’
2 41 V2 + 1
(©) g :L :/[___22_ (d) Information is insufficient
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31. Bob of a simple pendulum of length / is made of iron. The

pendulum is oscillating over 4 horizo i i
: ntal coil carrying di
current. If the time period of the pendulum is i tl‘?(;ng B

- JEE Main Online 2013]
@rT<2n \/a and damping is Smaller than in ajr alone

/ i oy
B)7 = Zn\/a and damping is larger than in air alone

(i o
©T>2 \/a and damping is smaller than in air alone
[T
dT<2n \/5 and damping is larger than in air alone

32. If the time period ¢t of the oscillating of a drop of liquid of
density d, radius r, vibrating under surface tension s is given

by the formula t = r®® . s° .d?%/2. It is observed that the

time period is directly proportional to \/E The value of b
s

should therefore be [JEE Main Online 2013]
3 3 2

a) — b) v3 = =

( : (b) s (d) :

33. Two simple pendulums of length 1m and 4 m respectively
are both given small displacement in the same direction at
shorter pendulum has completed number of oscillations
equal to [JEE Main Online 2013]
(@) 2 (b) 7 ©5 d) 3

34. The amplitude of a damped oscillator decreases to 0.9
times its original magnitude is 5s. In another 10 s it will
decreases to o times its original magnitude, where o equals

[JEE Main 2013]
(a) 0.7 (b) 0.81 (c) 0.729 d) 0.6

35. If a simple pendulum has significant amplitude (up to a
factor of 1/e of original) only in the period betweent =0 s to
t=1 s, then © may be called the average life of the
pendulum. When the spherical bob of the pendulum suffgrs
a retardation (due to viscous drag) proportjona! to its
velocity with b as the constant of proppmonallty_, the
average life time of the pendulum is (assuming damping is

small) in seconds [AIEEE 2012]
0.693 i &) 2
(a)T (b) b (© 5 5

36. This question has Statement | and Statement II. Of the four
choices given after the statements, choose the one that
best describes the two statements.

If two springs S;and S, of force constants k'1 .and Ko,
respectively are stretched by the same force,‘ it is found
that more work is done on spring S; than on spring S,.

AIEEE & JEE Main Archive

Statement | If stretched by the same amount, work done on
Sy, will be more than that on Ss. [AIEEE 2012]

Statement Il &, < k,

(@) Statement | is false, Statement Il is true

(b) Statement I'is true, Statement Il is false

(c) Statement | is true, Staternent Il is true, Statement Il is the
correct explanation for Statement |

Statement | is true, Statement Il is true, Statement Il is not
the correct explanation of Statement |

=

d

=

37. Two particles are executing simple harmonic motion of the
same amplitude A and frequency o along the x-axis. Their
mean position is separated by distance Xo(Xo > A). If the
maximum separation between them is (Xy + A), the phase
difference between their motion is [AIEEE 2011]

z o)) & o z
(@) . (o) : (©) : (@) 5

38. If a spring of stiffness k is cut into two parts Aand B of
length/, /g =2: 3 then the stiffness of spring Ais given by
[AIEEE 2011]

5 3k
(@) gk (®) =
© o~ () &

39. A wooden cube (density of wood d) of side / floats in a
liquid of density p with its upper and lower surfaces
horizontal. If the cube is pushed slightly down and released,
it performs simple harmonic motion of period T. Then, T is
equal to

[AIEEE 2011]

40. If x, v and a dendte the displacement, the velocity and the
acceleration of a particle executing simple harmonic motion
of time period T, then which of the following does not

change with time? [AIEEE 2009]
(@) a°T? + 4n2v? ) ar

X
(c) aT + 2xv @&l
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41. A wave travelling along the x-axis is described by the
equation y(x,t)=0.005 cos (@x =Bt). If the wavelength
and the time period of the wave are 0.08 m and 2.0 s,
respectively, then o and B in appropriate units are

[AIEEE 2008]

(@) o= 25007, B = 1t (b) a:O.OBY B=2'0
0.04 10 ¢ &

(Qlior=tee-a il o T
= - (d) o 12.50n,ﬁ_ﬁ

42. A point mass oscillates along the x-axis according to the
law x = Xo COS (0t — 1/4). If the acceleration of the particle is

written as a = Acos (@t + ), then - [AIEEE 2007]
(@) A=x,6=—T b) A=x0286="
4 V7 (7
(© A=x0?5=-L () A s S
4 4

43. Two springs of force constants ky and k,, are connected to
a mass m as shown. The frequency of -oscillation of the
mass is . If both k; and k, are made four times their original
values, the frequency of oscillation becomes [AIEEE 2007]

f
(@) 5

44. The maximum velocity of a particle executing simple
harmonic motion with an amplitude 7 mm, is 4.4 ms~". The
period of oscillation is [AIEEE 2006]
(@) 0.01 s (b) 10 s () 0.1s (d)100's

45. A simple pendulum has time period 7. The point of

suspension is now moved upward according to the relation

y =kt? (k =1ms™2) where y is the vertical displacement.
2

The time period now becomes T,. The ratio of % is (Take
2

g 10lms =) [AIEEE 2005]
6 ) 4
= (6)) = c)1 (d) =

(@) : ( )6 (©) -

46. Two simple harmonic motions are represented by the
equations y; = 0.1 sin (100nt + %J and y, = 0.1cos nt. The

phase difference of the velocity of particle 1, with respect to

the velocity of particle 2 is i [AIEEE 2005]
= 13 o) =2 (Bl
(a) = (b) 3 () 2 5

47. The bob of a simple pendulum is a spherical hollow ball
filled with water. A plugged hole near the bottom of the
oscillating bob gets suddenly unplugged. During
observation, till the water is coming out, the time period of

oscillation would

[AIEEE 2005]

»»»»» JEE Main Physics inJust 40 pays

first increase and then decrease to the original value

o first decrease and then increase to the original value

(@)
(b)
(c) remain unchanged

(d) increase towards a saturation value

48. A block P of mass m is placed on a horizoqtal frictionless
plane. A second block of the same Mass Arls placed on it
and is connected to a spring of spring constgnt %, thg two
blocks are pulled by a distance A BlockQ osqllaftes Without

t is the maximum value of frictional force

slipping. Whai

between the two blocks? [AIEEE 2004
A

(@) kA/2 (b) KA () —mg (d) Zero

49. A particle at the end of a spring executes simple harlmonic
motion with a period t;, while the correspondlng.penod for
another spring is t,. If the period of oscillation with the two

springs in series is T, Then, [AIEEE 2004]
@7T=t;+t, (b) T2 =tf +15
@7 =t iy @72 =t;% +15°

50. The total energy of a particle, executing simple harmonic
motion is [AIEEE 2004]
(@) o x (b) e X2
(c) independent of x (d) o< x/?

where x is the displacement from the mean position.

51. In forced oscillation of a particle, the amplitude is maximum
for a frequency o, of the force, while the energy is maximum
for a frequency @, of the force, then [AIEEE 2004]
(@) o =,
B) oy > w,
(6) o < ®,, when damping is small
®; > 0,, when damping is large
(d) o, <o,

52. For a particle executing SHM. the displacement x is given
by‘x.=Aoosmt. Identify the graph which represents the
variation of potential energy (PE) as a function of time ¢ and

displacement x. [AIEEE 2003]
PE PE
1)
1]
| P
(@) Iand IlI (b) lland v
() Il and Il (d) land IV
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Answers

1 . ' v 5 (©) 7. (a) 8

r;?i ;: (2) 12. (a) 13. (b) 14. (a) 15. (a) 16. (b) 7, ) 18. E:)) 1:. (b) 10. (b)
a% 31- (d) 22, (c) 23. (a) 24, (a) 25. (a) 26. (c) 27. (d) 28. it 29. (c) 20. (a)
oy a1 Ea)) zz © 8@ ME© B 6@  WE ame s EZ; i ét;;
, i - (d) 43. (d 44, 45, 46, ; . '
i:: 51. (a) 52. (a) (d) () () (2) 47. (a) 48, (a) 49. (b) 5

Hints & Solutions

1. Given,y = A ; i
n, y=3cos = 20t 0 4., fLet O be the mgan posmon and x be the distance of the coin
: by - rom O. The coin will slip if centrifugal force on the coin just
Velocity, v = - =S onn [_ > 20)1.) becomes equal to the force of friction e
y 4 mxe® =umg
Acceleration‘A:CT\[/=—4u)2><3cos [%—2031):—40)2)/ R
onip (¢}
3 for As A e y and negative sign shows that it is directed towards Commmee L 5 fij:ff?.
 twg equilibrium (or mean position), hence particle will execute SHM. Mean position .
064 Comparing Eq. (i) with equation R ]|
y =rcos(¢p — w't) Erominela
e b R 5 m the diagram,
, = — =4 mA®® =umg or A =pug/e®
i 7T 5. Force of friction = wmg = mo®a=m @nv)ia
: (0]
onic _ 1 _ 1 |ng
o0 2. Using v22 = 0°(@® — y°), we have e
L G 2
10° = mf(a =4 6. When the mass mis pushed in a downward direction through a
8% = »? fae=5e ) distance x, the effective restoring force, in magnitude is
So, 10 - 8 = (52 — 42) = (30)? F = kx+ kxcos60° + kxcos60° =2k x
T ah g .. Spring factor, k” = 2k
Inertia factor = M
w or w=2 i
e T=2n/o0 As time period, T:2n\/§
=2mn/2 = wsecond
BN iaroncs 7. The frgquency of kinetic energy is twice that of a particle
5 executive SHM.
b b
o=0t = -5 x 1= E rad 8. The displacement of Arelative to Bis X =X = X,
X =acosot —bsin (u)t + :—325)
Ritsaes B = acos ot + b cosat = (a+ b)cosat
vel s J s Which is an simple harmonic motion with amplitude (a + b).
ma:
::; 7/ 6 9.

The maximum separation between the two particles is
4T
Smax =2A smg

Siax =2 % 5x21=5cm
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Rate of change of speed
av :
ey = tangential acceleration

_ tangential force mg sin30°
el L P e g SOV
mass m

=g sin30° = 10(%)m/32 = 5m/s?
10. As, T =2x.[I7g

Taking log and differentiating the expression, keeping T constant

we have
dl _dg o1
7 g 100
(d@1/1)x 100 = — 01 /100 x 100
=-01%

11. When bigger pendulum of time period (57/4) completes one
oscillation, the smaller pendulum will complete (5/4)oscillation. It
means, the smaller pendulum will be leading the bigger
pendulum by a phase of 7/4s = /2 rad = 90°,

12. Force of buoyancy = b x ¢ x xx pya

=be xg
Copy =1)
and mass of piece of wood = abc p
So, acceleration = — be xg /abep = — (9/ap)x

Hence, time period, T =2 P
g

13. Effective acceleration = \/a® + g2
: : /

TimelperedT =2k [— "
(& +g?)

14.

or 4B —4/=50—5/

/=50 - 4
90 - 9/ =4y - 4/
4y =90 — 5/ =90 — 5(501 — 4B)
= 90, — 250, + 20P
=20p - 16a
vy=5PB - 4a
15. In the figure we represent the electric intensity at B due to the
sheet of charge,
(6]

Now,

—» Sheet of charge

JEE Main Physics

inJust 40 Days

16.

17

18.

19.

20.

21

22.

23.

e
2 g g7 1ﬂ
Force on bob due to the sheet of charge 5
mg G =_7;_
As the bob is in equilibrium, SO oC =05 B0
cB F _1/20qleg _ 9 - tan®

or —OE = ;g— mg 2(—:0 mg

Hence, pendulum A and C will be in resonance, hence, C will

vibrate with the maximum amplitude-

Sincev:m\/arz—lyz-aiso here y =a/2
2 at 332—2nx———\/§a=ﬂ§—a
= v=ma——4—=€0—4“T 2 i

If mass mmoves down a distance y; then the spring is pullgd by
2y and the force with which the spring is pulled will be
F=R=mg /2. Hence, mg /2= k(2y)

= y/9=m/ 4k

= 7'=21r\/—y/—9=21t\/m=1t m/k

The effective spring constantis K = k + 2k = 3k. The time period

m
of oscillation is given by T = 215\/%

d =gl SO we etv——1— 3—k
anetvi=e 5 2n \'m
Given, T =30

projection of the radius vector in the
diameter of the circle when a
particle is moving with uniform
angular velocity (o) on a circle of
reference is SHM. Let the particle
go from Pto Q in time ¢.

Then, £POQ =t = ZOQP. The
projection of radius OQ on x-axis
Wwill be OR = x (t) say.

s, 0Q=B. The v
A

In AOQR, sin wt = %

or x(t)= Bsinat = Bsin?% = gin 2% 4
T 30

Considiar the situation as shown in the adjeint figure. Let us say

at any instant t,, the particle Crosses A as shown, the particle

again acquires the same velocity,

when it crosses B let us say ap e X1—mte— X1 —>|
instant t,5. According to statement g |
L (2 ~t) is the time periog of
SHM which is wrong.

Equilibrium A
position

At the mean position, F = g= - 9Y =0 3

ax i

= U = constant which can be zero or non-zero

When the hoop oscillates in its plane, moment of inertia is
l=mR2 4 mR2
ie.,

/1 = 2mR2
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$ While when the hoop oscillates in g direction

erpendi
the plane of the hoop, moment of inertia is b

l,‘ = E‘Iﬁ_z, + mRz = SmRZ
2 2 T

Time period of physical pendulum is. T = T ot i
both the cases. el de’dls g

24

Vg

When the satellite is orbiting around the earth. the value of g
inside it is zero. Hence, the time period of pendulum in a satellite
will be infinity and it is also clear that time period of pendulum is
inversely proportional to square root of acceleration due to
gravity g.

25-217. L et the mass of block be m, the situation is as shown in
the figure below

From the relation of the time period. T =2nF = 7 L
g

Mean position s il
mw2x
i T i w2x
{i el
S [l (R 5 o
mgy |N
T =
! |
i
Bottom extreme [____________________ it
position

The free body diagram of the block (including inertial forces due
to non-inertial nature of platform) when it is at a displacement x
from the mean position on other side is shown. -
When block is on the down side of the mean position,
mg + me’x = Nie., N> mg always.
As the platform moves from the pottom exireme to the mean
position, the value of xdecreases and hence N alsc? Fiecreases.
When the block is on the upside of the mean position,
mg =N+ ma’x ie, N=mgd- maex
As the platform moves away form the mean position in a vertically
upward direction, the value of N decreases and may become zetarr]o
at some position. When N becomes Zero, the. block [eal/%S te
contact of the platform and moves under gravity. Let N =\0te
distance x from the mean position when thg pla_lffOfm is moving
away from the mean position in an upward direction,
0=mg — mw’x
10 _ 10 _qggpsm =25cm
em)?  @O°
At this instant the velocity of the block is the sa
platform, and is given by

= X=_g§_=
W

me as that of the

Day 11 Oscillations 16

V=0 A2 - X2 =20,(005)2 — (0025) = 0866m/s

The point at which be block hits the platform again, can be found
out by carrying out the calculation or solving graphically.

The circular motion representation of the given SHM is shown in
the figure. Below, we have shown the motion of particle a along
straight line. Let o be the angular frequency of SHM, then
ox1.2=90

From the given information,

T=i.2+ 86 = 48

So, 6=2F (oD ’ 9
4.8

2 Al X' ¥/o B

A

Let OX = Xq,

Then, cosg =20}
2 A

= Xo = i (as©=90°)

A

where, Alis the amplitude of
oscillation.

From V=04 A% = X2

= I = (0T = (g =

Xo——-q——)B

P A?

= v = 0A = 4/2m/s, the maximum speed

A2 _ A2 g 962
1%

0] 21

31, T<2n |1

As, current passed through in the coil which attracts the
molecules of air to closer it, thus density of air increases which
posses larger, damping that of air at above because due to
gravity density at lower position is more than that of upper

position.
Q0), A= P2 6° @2 )
and given t e \ﬁ @y b ce]l R8s ..(ii)
S
A T
From Eq. (), weget t =’ s 2 s"2d 4 d"®
Sl
=P e @ & gl ....(iii

Now from Egs. (ii) and (iii), we get b =3/2
33. Let T, and T, be the time period of shorter length and larger
length pendulums respectively. According to question, |

= (a0
1 4
So, n27t\/:=n~12n\/:
0 5 (n="1) 5
or n=(n-NH2=2n-2=n=2

Lkt
34. Amplitude of damped oscillator, A = Aye 2m

o)
After &'s, 09A = Aye <@
o)
= 09=e 27 ()
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(15) &b \3
After 10 more second, A Age‘b?m = Ao(e 2’”] (i)
From Egs. (i) and (i), we get A = 07294,
Hence, = Q?;%Q '
35. For damped harmonic mc’uon fna =—KX—mbv lf
or ma+ mbv+ kx=0 |
Solution to above equation is .
bt 2 |
X=Aje D sinot withe? = K _ 0~ |
. “m 4m Ve
Wwhere amplitude drops exponentially with time. i [ i
niially Comparing Egs. (i) and (i),

k=pl°g

Ay Eilget
Average time 7 is that duration when amplitude drops by 63%, . = 2n\/: =21 /—d— =27
.., becomes A, /e o plg

_br
Thus, A, = A 0 Al 2 o 2‘—»1 Gl 40. As, al _of XT_4L><T_4L_constant
e 2 b X % 72 T
36. As no relation between k; and ks is given in the question, that is 41. Given, y = 0,005 cos(ox—Bt)
why, nothing can be predicted about Statement |. But as in Comparing the equation with the standard form,
Statement I, k; < k, x _t
F g2 y = Acos (——#jZn
Then, for same force W =Fx=F__ ='_ AT
: S we have, 2n/A=aand2n/T =B
= We— ie, W >W, = o=2m/008 = 2500 andB =7

42. Given, x = X, cos(mt —%)

2
= Wk ie, W, <W, Acceleration, a= Zt—j = —®°X,C0S ((ut 3:)

But for same displacement, W = F. x = %kx.x = %kx2

Thus, in the light of Statement il, Statement | is false. 31
= xocos(mt i 7)

37. Let x, = Asin (ot + ¢,)and x, = Asin(t + ¢,)
X, — X = Alsin(@t + §,)—=sin(t + ¢,)]

=2ACOS(2mt+%+¢2)5m(¢2—¢1) 43. We know that, f=i Kl
2 2 21 m

When k; and k, are made four times their original value. Then,

So, A=w’xgand &= §4£

The resultant motion can be treated as a simple harmonic

AU : 3 &,
motion with amplitude 2A sin ( [
i ; and f’=2l.2 fﬁ;kz —of
Given, maximum distance between the particles = X, + A T m

- Amplitude of resultant SHM = Xy + A- X, = A 44. Maximum velocity v = Aw, (Where Ais the amplitude and wis the

angular frequency of oscillation).

in(92-% e
2Asin ( ) A = 432 & 4= (7 x 10 x 20/
D Forspringkoc7 ol or T:LX;L?:XQXZZ =001s
. i
LIPS A,__B;kA i :
ke s 7 ¢ 45. Given, e A o d_g’ e
39. Let at any instant, cube is aﬁmh x from the equilibrium at
position, then net foroemﬁﬁm ﬂwe cube = upthrust on the or aF=2miss (as k =1 m/s?)
portion of lengthx '
F--p/zxg=»g{3g A g (0 T =2n\/g and T,=2n - +' 5
Negative sign shows i | @g,tox. / : . ;
. T _9+ & 10 +2 6

—_—— = =

Hence, equation cﬁm
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n,

the

46. Given, y, = 041sin(100nt = E)
3

d
o By - 01100 pcos[mo rt + E)
ot 3

of v, =10msin (1oom e B 0
3 >

or v, =107 sin(100nt 3 Eg) and y, =0.1cos nt

—01sin
ot ol

or Vv, = O01sin (nt + )
Hence, the phase difference
Ad =0, -0,

= (mom + 5_;:) —(nt + m)

=%‘—n=—% (at t =0)
47.
..
I I+ Al
1€ | €
“!‘w._«G

3 &
\:‘,G

Spherical hollow ball
filled with water

Spherical hollow ball
half filled with water
T =2m [+ Al

T=21t\/z
g g

I ‘
Y
Spherical
hollow ball

T2=2n\/zandT1 >T,
g

Hence, time period first increases and then decreases to the
original value.

K
48. Angular frequency of the system, ® = }m —‘,Zm s

RARTE
Maximum acceleration of the system will be, @A or = This

acceleration of the lower block, is provided by friction.
2
Hence, frox = Mmay = MO A

2 (Qm 2

Oscillations jLB_L~

49. Time period of the spring,

T=2n\/(_%.)

Here, k be the force constant of spring.
For the first spring,

t,=2m [k_”j )

For the second spring

t,=2m [g) 0

The effective force constant in the series combination is
k1k2
Ky + Ky

=

Time period of combination

7o [ Mt ko)
kik

_ 4nfm (K + k)
Kiky

= 2

.. (i)

From Egs. (i) and (ii), we obtain

12 +t§=4n2[m+ﬂj

1 k2
or t2 pits =tansm g L
1 KZ
o t12 tg_41|: m(k1+k2)
k1k2
= s = [from Eq. (iii)]

50. In a simple harmonic motion, when a particle is displaced to a
position from its mean position, its kinetic energy is converted
into potential energy. Hence, total energy of a particle remains
constant or the total energy in simple harmonic motion does

not depend on the displacement x.

°

51. For amplitude of oscillation and energy to be maximum,
frequency of the force must be equal to the initial frequency and
this is only possible in case of resonance. In resonance state,
®; = 0,.

52. Potential energy is minimum (in this-case zero) at the mean
position (x = 0)and maximum at the extreme positions (x =+ A).
At time t = 0,x = A, the potential energy should be maximum..
Therefore, graph | is correct. Further in graph lll, potential energy
is minimum at x = 0. Hence, this is also correct.
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