SOAL

ODM ADVANCED LEARNING

STUDY MATERIAL: PHYSICS

NEWTON'S LAWS OF MOTION AND FRICTION

NEWTON’S FIRST LAW OF MOTION

(ORGALLEO’S LAW OF INERTIA)
Every body continues its state of rest or uniform motion in
a straight line unless compelled by an external force to
change its state. This fundamental property of body is
called inertia at rest.
This law defines the force and states that the force is a
factor which can change the state of object.
Definition of force from Newton’s first law of motion “Force
is the push or pull which changes or tends to change the
state of rest or of uniform motion”.

MOMENTUM

The total quantity of motion possessed by a moving body
is known as the momentum of the body. It is the product of
the mass and velocity of a body.

Momentum p =mv

SIunit: kgms~!

Dimensions : [MLT ]

Note : The concept of momentum was introduced by
Newton to measure the quantitative effect of force.

NEWTON’S SECOND LAW OF MOTION

INERTIA
Inertia is the property of a body due to which it opposes
the change in its state. Inertia of a body is measured by
mass of the body.  Inertia oc mass

Types of inertia :
1. Inertiaofrest:

It is the inability of a body to change by itself, its state of

rest. Examples :

*  When we shake a branch of a mango tree, the mangoes
fall down.

*  When a bus or train starts suddenly the passengers
sitting inside tends to fall backwards.

*  The dust particles in a blanket fall off when it is beaten
with a stick. *

*  When a stone hits a window pane, the glass is broken
into a number of pieces whereas if the high speed
bullet strikes the pane, it leaves a clean hole.

2.  Inertia of motion : It is the inability of a body to change by
itself its state of uniform motion. Examples :
*  When a bus or train stops suddenly, a passenger sitting

Rate of change in momentum of a body is always equal to
the unbalanced external force applied on it.

- dp d _ =~ dv _dm
F=—=—(m F=m—+v—
i a™) o dtdt
|
| I
If m = constant then If v = constant then
dm_, ¥_,
dt dt

= dv = dm
1 F = _— a 1 F =V—
1.€. m dt ma 1.€. \4 dt

(e.g. conveyor belt, rocket)
The change in momentum always takes place in the
direction of force.
This law gives the magnitude of force.
Definition of One newton (N) : If an object of mass one
kilogram has an acceleration of 1 m/s relative to an inertial
reference frame, then the net force exerted on the object is
one newton.

insider lean forward. CONSEQUENCE OF NEWTON’S Il LAW OF MOTION

* A person jumping out of a speeding train may fall
forward.

* A ball thrown upwards in a running train continues to
move along with the train.

3. Inertia of direction : It is the inability of a body to change

by itselfits direction of motion. Examples :

*  When a straight running car turns sharply, the person
sitting inside feels a force radially outwards

*  Rotating wheels of vehicle throw out mud, mudguard
over the wheels stop this mud.

* A body released from a balloon rising up, continues
to move in the direction of balloon.

Concept of inertial mass :
From Newton’s I law of motion

m=E

a

i.e., the magnitude of acceleration produced by a given
body is inversely proportional to mass i.e. greater the mass,
smaller is the acceleration produced in the body. Thus,
mass is the measure of inertia of the body. The mass given
by above equation is therefore called the inertial mass.
An accelerated motion is the result of application of the
force.
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There may be two types of accelerated motion :

(i) When only the magnitude of velocity of the body
changes: In this types of motion the force is applied
along the direction of motion or opposite to the
direction of motion.

(ii) When only the direction of motion of the body
changes: In this case the force is applied at right angles
to the direction of motion of the body, e.g. circular
motion.

Acceleration produced in the body depends only on
its mass and not on the final or initial velocity.

Example1:

A force F = (61— 83 +10k) N produces acceleration of
1 ms2 in a body. Calculate the mass of the body.

F
Sol. - Accelerationa= u
m
o [<2 2 2
. m:m: 6°+8 +10 :10\/Ekg
a 1
Example2:

A block of 5 kg is resting on a frictionless plane. It is struck
by a jet releasing water at a rate of 3 kg/s at a speed of
4 m/s. Calculate the initial acceleration of the block.

Sol. Force exerting on block

Fovd™ _4u3o12n
dt

So acceleration of the block

a=t =2 o4m)s?
m 5

IMPULSE
When a large force act for an extremely short duration,
neither the magnitude of the force nor the time for which it
acts is important. In such as case, the total effect of force
is measured.
The total effect of force is called impulse (measure of the
action of force).

AF

\ A=

Impulse = area under curve

This type of force is generally variable in magnitude and is
sometimes called impulsive force.

If a large force act on a body or particle for a smaller time :
then the impulse = product of force with time.

Suppose a force f acts for a short time dt then impulse

= F dt ty
For a finite internal of time t; to t, then the impulse = _[ Fdt
If constant force acts for an interval At then t

Impulse = F At

Applications of concept of impulse :
Bogies of a train are provided with buffers.
A cricket player draws his hands back while catching a
ball.
* A person jumping on hard cement floor receives more
injuries than a person jumping on muddy or sandy road.
* Cars, buses, trucks, bogies of the train, etc. are provided
with a spring system to avoid severe jerks.
* China wares are wrapped in straw or paper before packing.

Example3:

A hammer of mass 1 kg moving with a speed of 6 m/s
strikes a wall and comes to rest in 0.1s. Calculate.

(a) Impulse of the force

(b) Average retarding force that stops the hammer.

(c) Average retardation of the hammer.

(a) Impulse=F xt=m(v—-u)=1(0-6)=—6Ns

(b) Average retarding force that stops the hammer

Sol.

P ImPulse =i= 60N
time 0.1

F 60
(c) Average retardation = . = T =60m/s’

Example4:

Aball 0of 0.20 kg hits a wall at an angle of 45° with a velocity

of 25m/s. If the ball rebounds at 90° to the direction of

incidence, calculate the change in momentum of the ball.

Change in momentum = (— mv cos 45°) — (mv cos 45°)
=—2mv cos 45°

Sol.

mv cos 0

1
|AP| = 2mvcos45°=2x0.2x25x — =52 Ns

N
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w.r.t. a fixed point on a frame is called a frame of reference.

y

P(x.y.z.t)
[ J

V4

A Cartesian coordinate system is used as a simplest frame
of reference in which three mutually perpendicular axes
names as X-axis, y-axis and z-axis, intersect at a common
point known as origin O.

Reference frames are of two types

The first and second laws are statements about a single (i) Inertial frames of reference :
object, whereas the third law is a statement about two A reference frame which is easier at rest or in uniform motion
objects. along the straight line. A non-accelerating frame of
reference is called an inertial frame of reference.
®_F> (1) All the fundamental laws of physics have been
formulated in respect of inertial frame of reference.
(2) All the fundamental laws of physics can be expressed
F F as to have the same mathematical form in all the inertial
®_ frames of reference.
(3) The mechanical and optical experiments performed in
According to this law, every action has equal and opposite an inertial frame in any direction will always yield the
reaction. Action and reaction act on different bodies and same results. It is called isotropic property of the
they are simultaneous. There can be no reaction without inertial frame of reference.
action.
Ifan objectA exerts'a force F on an object B, then B exerts Examples of inertial frames of reference :
an equal and opposite force (-F) on A. (1) Aframe of reference remaining fixed w.r.t. distance stars
Newton’s III law contradicts theory of relativity, because is an inertial frame of reference.
it states that force signals can travel with infinite speed (2) A space-ship moving in outer space without spinning
while theory of relatively states that nothing can travel and with its engine cut-off is also inertial frame of
with a velocity greater than velocity of light. reference.
Action and reaction never balance each other. (3) For practical purposes, a frame of reference fixed to
Newton’s III law can be derived from IT law. (as given) the earth can be considered as an inertial frame. Strictly
If two particles of masses m; and m, are moving under speaking, such a frame of reference is not an inertial
action of their mutually interacting forces with each other, frame of reference, because the motion of earth around
such that no external forcde.acts on the system. the sun is accelerated motion due to its orbital and
Let force on 1% due to 2™ is rotational motion. However, due to negligibly small
- dp, ) effects of rotation and orbital motion, the motion of
Fy = T V) earth may be assumed to be uniform and hence a frame
~ of reference fixed to it may be regarded as inertial frame
and force on 2™ due to 15tis Fy; = d_t2 ........ (ii) of reference.
Adding the two equations, we have (i) Non-inertial frame of reference :
o &, dp, d A accelerating frame of reference is ca!led a non-1r}ert1al
Fp+F=—+—==—(p; +P2) frame of reference. Newton’s law of motion are not directly
dt dt - dt applicable in such frames, before application we must use
Since no external force F, +F,; =0 acts on the system, pseudo force. . o
Note : Arotating frame of references is a non-inertial frame
the total of momentum of the system must be constant. .
of reference, because it is also an accelerated one due to
FRAME OFREFERENCE its centripetal acceleration.
The position or location which defines a body or system PSEUDO FORCE

The force on a body due to acceleration of non-inertial
frame is called fictitious or apparent or pseudo force and is

given by F=-md, where &, is acceleration of non-

inertial frame with respect to an inertial frame and m is
mass of the particle or body.
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The direction of pseudo force must be opposite to the
direction of acceleration of the non-inertial frame.

When we draw the free body diagram of a mass, with respect
to an inertial frame of reference we apply only the real
forces (forces which are actually acting on the mass).
But when the free body diagram is drawn from a non-
inertial frame of reference a pseudo force (in addition to all

real forces) has to be applied to make the equation F =m a

to be valid in this frame also.

Example5:

Sol.

A pendulum of mass m is suspended from the ceiling of a
train moving with an acceleration ‘a’ as shown in figure.
Find the angle 6 in equilibrium position.

O|
—a —> a
4_
T T.cos 0
0
—ma ¢—— -ma <
F.B.D. of bob
v
mg

mg

Non-inertial frame of reference (Train)

F.B.D. of bob w.r.t. train (real forces + pseudo force) :
with respect to train, bob is in equilibrium

ZFy:O = Tcos 0=mg

and XF, =0 = Tsin0=ma

(a)

= tanezg = 0=tan"! Ly

FREEBODY DIAGRAM

A free body diagram is a diagram showing the chosen
body by itself, “free” of its surroundings, with vectors
drawn to show the magnitudes and directions of all the
forces applied to the body by the various other bodies
that interact with it.

Be careful to include all the forces acting on the body, but
the equally careful not to include any forces that the body
exerts on any other body. In particular, the two forces in an
action-reaction pair must never appear in the same free-
body diagram because they never act on the same body.
[Forces that a body exerts on itself are never included,
since these can’t affect the body’s motion.]

CONTACTFORCE

Contact forces arises when one body is in physical contact
with another.

Example : Forces exerted by ropes or springs, the force
involved in collisions, the force of friction between two
surfaces, and the force exerted by a fluid on its container.
Two bodies in contact :

Two blocks of masses m; and m, placed in contact with
each other on a frictionless horizontal surface.

Casel: Leta force F be applied on block of mass m;.
Acceleration of both the blocks,

m,

F
4= —
my + my

Let the force of contact = R a
By FBD of m; —

F-R=ma F R

m —
R=F-mja=F-m L
m; +m, FBD of m,;
_ sz
my + my
Case Il : If force F is applied on block
of mass m, m;
Common acceleration,
F
a= my + m,
By FBD ofm,, a
_ +—

F-R;=m,a

or R;=F-m,a R; F
)
F
or R;=F-m, m, +m,
FBD of m,

Three bodies in contact :

Three blocks of masses m, m, and m; placed in contact
on a smooth horizontal surface. Let a force F be applied on
block of mass m,. Let contact force between m; and m, is
R, and the contact force between m, and ms is R,.

Acceleration of all the blocks,

F
a=—— :
m+m, +my; 1)

=
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FBD ofm;:
Ry=mza ... (i1)

FBD of m, :

R1 —R2 =m,a

FBD of m,; :

m3F

From (ii)and (i), Ry = —————
my + my + ms

Fromeq. (iv), R =F-m,a
F } _(mptmy)F

my +m2 +m3

or Rl:F_ml -
my +m2 +m3

Example6:

Sol.

Two blocks of mass m=2 kg and M = 5 kg are in contact on
a frictionless table. A horizontal force F (=35N) is applied
to m. Find the force of contact between the block, will the
force of contact remain same if F is applied to M ?

F =

As the blocks are rigid under action of a force F, both will
move with same acceleration.

Force of contact Ry,=Ma=5x5=25N
If the force is applied to M then its action on m will be
R, ,=ma=2x5=10N

a

< <+— a
— fM

From this problem it is clear that acceleration does not
depends on the fact that whether the force is applied to m
or M, but force of contact does.

SYSTEM OF MASSES TIED BY STRINGS

Tension in a string :
It is an intermolecular force between the atoms of a string,
which acts or reacts when the string is stretched.

T T @ —F
g

Important points about the tension in a string :
(a) Force of tension act on a body in the direction away
from the point of contact or tied ends of the string.
(b) (1) String is assumed to be inextensible so that the
magnitude of acceleration of any number of
masses connected through strings is always same.

<+ a

«—a

M

(i) If the string is extensible the acceleration of
different masses connected through it will be
different until the string can stretch.

a

«

M

[ m

mg
(c) (1) String is massless and frictionless so that tension
throughout the string remains same.

T T

friction

Massless and ‘ T
less string

(i) If the string is massless but not frictionless, at
every contact tension changes.

T T

Massless string but
there is friction between
string and pulley

(ii)) If the string is light tension at each point will be
different depending on the acceleration of the
string.

T T»

There is friction between
string and pulley and string|
used in not light.

v
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(d) If aforce is directly applied on a string as say man is
pulling a tied string from the other end with some force
the tension will be equal to the applied force
irrespective of the motion of the pulling agent,
irrespective of whether the box will move or not, man
will move or not.

Em
o

Man

Box

(e) String is assumed to be massless unless stated, hence
tension in it every where remains the same and equal
to applied force. However, if a string has a mass, tension
at different points will be different being maximum
(= applied force) at the end through which force is
applied and minimum at the other end connected to a
body.

M oo F

(f) In order to produce tension in a string two equal and
opposite stretching forces must be applied. The
tension thus produced is equal in magnitude to either
applied force (i.e. T = F) and is directed inwards
opposite to F. Here it must be noted that a string can
never be compressed like a spring.

T T
Fe———m=p F
(g) Ifstring is cut so that element b is replaced by a string

scale (the rest of the string being undisturbed), the
scale reads the tension T.

T a

> T

J NN N N Y N N N A
Three small elements
of'a string, a, b, ¢

A

A

(h) Every string can bear a maximum tension, i.e. if the
tension in a string is continuously increased it will
break if the tension is increased beyond a certain limit.
The maximum tension which a string can bear without
breaking is called “breaking strength”. It is finite for a
string and depends on its material and dimension.

Example 7 :

Sol.

A uniform rope of length L is pulled by a constant force F.
What is the tension in the rope at a distance ¢ from the end
where it is applied ?

Let T be tension in the rope at point P, then

F
acceleration of rope, a = M

A P B F
| —Dje—— —
P B— () wmmnnnn >
Equation of motion of part PB is
P B
F-T=(m/)a T@F
R — y/— >
M F !
- mye () o E)[1-]
= T=F-(m/)a L ) v L
Example 8 :

The system shown in figure are in equilibrium. If the spring
balance is calibrated in newtons, what does it record in
each case ? (2= 10 m/s2)

L

) Ly

one weight acts as support
another acts as weight

Sol. sotension T=10g
10 kg = 100N 10 kg
(A)
O %
30°
©
R B T T=10x10 sin30°

(B)
T =2x10xg=2x10x10 = 200N

10 x 10 x %5 =50 N

MOTION OF BODIES CONNECTED BY STRINGS
Two bodies : Let us consider the case of two bodies of
masses m; and m, connected by a thread and placed on a
smooth horizontal surface as shown in figure. A force F is
applied on the body of mass m, in forward direction as
shown. Our aim is to consider the acceleration of the system
and the tension T in the thread. The force acting separately
on two bodies are also shown in figure :
—» a

T T
m| »>—<— my —>»F
From figure,
T=ma ... (1)
F-T=m,a ... (i)

= F=(m;+m,)a

=
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N N,
a a
[ [
T T
mj —» +«— Mmy——>F
rmlg rng
mlF
= a= da T=
a m1+m2 an 1'1'11+I’I12

Three bodies : In case of three bodies, the situation is
shown in figure

—>a
my >l my > T2e I m3 L —»F
. B F
Acceleration, my +m, +m;
mF
Tl = mla = 1
my + my + msj
RlT . Ry _ . RsT —»>a
mi—»T;  Te—mr—T  Te—fm F

- L |

mg myg m;g
For block of mass m;, F-T,=mja
1’1’13F (ml + m2) F

. T2:F_ _
o my +mj, +ms

my +m, +msj

Example9:
Three blocks are connected by string as shown in figure,
and are pulled by a force T; = 120N. Ifm; =5 kg, m, =10
kg and m; = 15 kg. Calculate the acceleration of the system
and T; and T,.

a,
a 2,
— 7 T T
mi ||||||||1|||n myp |||||||||2||||||| m3 :—’3
Sol. (i) Acceleration of the system
F 120
a= 4 m/s?

m+my+m; 5+10+15

(i) T,=m;a=5x4=20N
T,=(m, +mya=(5+10)4=60N

MOTIONIN ALIFT

The weight of a body is simply the force exerted by earth
on the body. If body is on an accelerated platform, the
body experiences fictitious force, so the weight of the body
appears changed and this new weight is called apparent
weight. Let a man of weight W = Mg be standing in a lift.
Case (a) : If the lift moving with constant velocity v
upwards or downwards.

e®eo Ta
° '.) a=0 & /

g’ ) W I

| !
W' =M(g-a)

W’ =Mg W' =M(g+a)
Case (a) Case (b) Case(¢)
In this case there is no accelerated motion hence no pseudo
force experienced by observer O' in side the lift.
So apparent weight, W' = Actual weight W
Case (b): Ifthe lift is accelerated (i.e., a= constant upward)
Then net forces acting on the man are
(1) Weight W = Mg downward
(i) Fictitious force F =Ma downward.
So apparent weight,
'=W-F,=Mg+Ma=M(g+a)

o~ *a<g

I

Case (c¢) : If the lift is accelerated downward with
acceleration a <g : The fictitious force F, =Ma acts upward
while weight of a man W = Mg always acts downward,
therefore, so apparent weight,
W'=W+F,=Mg-Ma=M(g-a)

Special case : If g = a then W ' = 0 condition of
weightlessness. Thus, in a freely falling lift the man will
experience weightlessness.

W =-M(a-g)
Case (d) : Iflift accelerated
downward with acc.a>g:
Then as in Case (¢)
Apparent weight W'=M (g—a)
is negative.
i.e., the man will be accelerated
upward and will stay at the
ceiling of the lift.

£
Y P,

AN

a>g

l:
Example 10 :
A spring weighing machine inside a stationary lift reads
50kg when a man stands on it. What would happen to the
scale reading if the lift is moving upward with (i) constant
velocity, and (ii) constant acceleration ?
Sol. (i) In the case of constant velocity of lift, there is no
fictitious force, therefore the apparent weight = actual
weight. Hence the reading of machine is 50 kg wt.

e
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(i) In this case the acceleration is upward, the fictitious
force R =ma acts downward, therefore apparent weight
is more than actual weighti.e. W'=W+R=m(g+a)
Hence scale shows a reading =m (g + a)

a
mg [1+]
g g

Example 11 :
Two objects of equal mass rest on the opposite pans of an
arm balance. Does the scale remain balanced when it is
accelerated up or down in a lift ?

Sol. Yes, since both mass experience equal fictitious forces in
magnitude as well as direction.

PULLEY

* Ideal pulley is considered weightless and frictionless.

* Ideal string is massless and inextensible.

* The pulley may change the direction of force in the string
but not the tension.
Some cases of pulley

R

Casel:m =m,=m
Tension in the string

T=mg
Acceleration ‘a’ = zero
Reaction at the suspension of the pulley.

R=2T=2mg

. T
) net pulling force T
Acceleration =7 o176 to be pulled T
Tensi 2 x Product of masses T B
ension =
Sum of two masses & A
mg
Casell :m; >m,
mg

Now for mass m;,
mg-T=ma ... @)

R
for mass m,

T-myg =mya ... (i1)

By (i) and (ii)

(m —m,)
"y vmy) ®
my + m,
T T
1 (Zmmy) g

and (m; +my) T T a

Reaction at the suspension of pulley al T B
R=oT— MM 8 A

(ml +my ) m,g
m,g

Caselll :

Formassm;: T=m;a

For mass m, : mg, - T=m,a
Acceleration,

T —>
B e e—>
m
- 28
(my +m;) Table T la
and T =—21M28 [ 1m>
(m; +mjy) me

CaselV:(m;>m,)

(mj—mjy) g

By (i), (i1) and (iii), a = (g + 1y + M)

Case V : Mass suspended over a pulley from another on
an inclined plane.

For massm, :
mg-T=mpa .. @)
For mass m, :
T,-m,gsin@=m,a ...(i) N
Acceleration,

_ (m) —m,sin0) g
(ml +m2)

T2 mym,(1+sinf) g <
(m; +my)

Case VI : Masses m; and m, are connected by a string
passing over a pulley (m; > m,)

m,gcoso. o oc&)
0¥

(m; sina. —m, sinf3)
Acceleration, @ =

(my +my)

_ mymj,(sino +sin f)

Tension, (m; +m,)

B
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Case VII : For mass m;:

T -mg=ma ... (1)
For mass m, :
myg+T,~T;=m,a.....(i)
For mass m; :
myg-T,=mza .. (i) a T
Acceleration,

. (my +mj3 —my)
(my +m, +m3)
We can calculate tensions T, and T,
from above equations.

Case (VIID): 4
From case (I1I) T
Tension T = _mimy il
(ml + 1’1’12) mig
If x is the extension in the spring
then T =kx
T mymyg

X=—=
k k(m1+m2)

Example 12 :

In the adjacent figure, masses of A, B and C are 1 kg, 3 kg
& 2kg respectively. Find (a) the acceleration of the system.

(b) tensions in the string. Neglect friction (g = 10 m/s?)

Sol. (a) In this case net pulling force
m, g sin 60° + mpg sin 60° —mg sin 30°
= (my + mp) g sin 60° —m g sin 30°
3

1
=(1+3)x10x — -2x10%x —
( )>< X 5 X ><2

=204/3 10 =20x 1.732-10=24.64N
Total mass being pulled=1+3+2=6kg

24.64

Acceleration of the system, a = . 4.1m/s?

(b) For the tension in the string between A and B

FBD.ofA T

a T \ F.B.D. of C

a

meg sin30°
my g sin60°

m,gsin 60° T, =(m,) (a)

T, =m,gsin 6O°fmAa:mA(g sin 60° —a)

B

(1)(10><——4 1\ =456 N
T,= L ) .J— .

For the tension in the string between B and C
T, —mcgsin30°=m-A

1
T,=me (a+gsin30°) = 2[4.1+1O(EH =182N

CONSTRAINT EQUATIONS

The concept of constraint equations is used to understand
the problems using multistring pulleys. Basically, these
are the equations relating accelerations (or velocities) of
different blocks connected by string(s). The few examples
to understand the above method are :

Example 13 :

Find the relation between
acceleration of blocks m;
and m, using constraint
method.

my

. Method 1 : To get the constraint firstly we consider the

centre of pulley as reference and assume the displace-

ments of blocks m; and m, as x; and x, from reference as

shown.

Then, x; + x, = constant = ¢

By differentiating with respect to time
i(xl +Xy)= i(c) """
dx dt
vit+tv,=0

= Vi=-V,

Again differentiating w.r.t. time
a,ta,=0

= =5 =0 ]

i.e., acceleration of both the blocks

are equal in magnitude but opposite in directions.

1

Method 2 : Consider the present
situation as /| + £, = ¢ (constant) .... (i)
If m; displaces by x; down

and m, displaces by x, up,

then

(U Hxp)+H(ly—xy)=c= £+

£, (fromeq. (i) 0
= x;-x,=0
= Vv;—-v,=0
= a,-2,=0

a;=a,

X
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Example 14 :
In the given figure pulley and strings are massless and all
surfaces are smooth. Find the relation between accelera-
tion of the blocks.

mj
my

Sol. Consider the present situation as

£y +{y=c(constant) .. @)
4
€ m
ITh
—>

b

If m; displaces by x; and m, displaces by x,, then

X
«—>

() +xq) +(fy +x; —Xy) =costant (¢) = £, +{,

= 2x;-x,=0
= 2vi-v,=0 (by differentiating w.r.t. time)
= 2a;,-3,=0 (again differentiating w.r.t. time)
a;=a,/2
Example 15:

Find the constraint relation between the acceleration of Example16:

the blocks m;, m, and m; as shown (Assume ideal system).

Sol. Consider the present situation as
Ly + Ly + Ly + L3+ (,= constant (c)

Sol.

X

[P

X2I Lo} 1){3

Now, if we assume that the displacements of m, m,

and m, are m; (downward),

X, and x5 (upwards) respectively, then

(0 +x)) +(ly=X,) + (£ —X5) + (€3 —X5) + (£, —X5) = const.

=0, +20y+ 3+ [, (fromeq. (1))

= X;-2%,-2x3=0

Two times differentiating w.r.t. time, we have
a;—2a,-2a;=0

TRANSLATORY EQUILIBRIUM

When concurrent and coplanar forces act on body or on a
system then to be in equilibrium

SF=0or 2F,=0& ZF =0

If only three concurrent F;

forces are acting on the sys-

tem then we can use Lami’s o
theorem given as 8

K E B

sino.  sinf3  siny

In the given figure if all the
forces are in equilibrium then
calculate F| and F,. F
Resolving the forces as shown !
In x-direction :
2 F, =0 (for equilibrium)
F, +105sin 60°=F2 cos 60°

10N

= K +10(§} =5 (l]

2

= 2F-F =103

B
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In y-direction: X F_=0 A
F, sin60° + 10 cos 60° =10 A )
A F,sin 60°
(J3)

1 b 10 cos 60°
F +| — +10[—)=10 A
= sz 2 F, i

= F(/3)+10=20

= k= [%Nj

Now fromeq. (i)

10 sin 60°

10N

10
2F ~F, =103 = 2h —$=10\5

40
_10= F=—p
= 23F-10=30 = F 5

Example 17 :
Calculate the tension T |, T, and T; in the massless strings
shown in figure (g = 10 m/s?)

Sol. Consisting the adjoining figure
T; = wt. of the 5 kg block (mg)

Now applying Lami’s
theorem at point O. T
T _ T,
sin (90° + 60°) ~ sin (90°+30°)

T3
" sin (180°— 60° — 30°)
T, = 5052500 _ o5y 50N
sin 90°

and T, =502 o5 AN
sin 90°

TRY IT YOURSELF-1

A mixed martial artist kicks his opponent in the nose with

a force of 200 newtons. Identify the action-reaction force

pairs in this interchange.

(A) foot applies 200 newton force to nose; nose applies a
smaller force to foot because foot has a larger mass.

Q.1

Q2

Q3

Q4

Q5

Frictionless

Q.6

(B) foot applies 200 newton force to nose; nose applies a
smaller force to foot because it compresses.

(C) foot applies 200 newton force to nose; nose applies a
larger force to foot due to conservation of momentum.

(D) foot applies 200 newton force to nose; nose applies
an equal force to the foot.

Joanne exerts a force on a basketball as she throws the

basketball to the east. Which of the following is always true?

(A) Joanne accelerates to the west.

(B) Joanne feels no net force because she and the
basketball are initially the same object.

(C) The basketball pushes Joanne to the west.

(D) The magnitude of the force on the basketball is greater
than the magnitude of the force on Joanne.

A reference frame attached to the earth —

(A) is an inertial frame by definition.

(B) cannot be an inertial frame because the earth is
revolving around the sun.

(C) is an inertial frame because Newton's laws are
applicable in this frame.

(D) cannot be an inertial frame because the earth is rotating
about its axis.

A massive object is placed on a frictionless table. It takes

2 newtons of force to accelerate it at 0.5 m/s2. The object is

taken into space where it is weightless. The force required

to accelerate the object at 0.5 m/s? will be

(A) less than,

(B) equal to

(C) more than 2 newtons.

In the situation below, a person pulls a string attached to

block A, which is in turn attached to another, heavier block

B via a second string. Assume the strings are massless

and inextensible; and ignore friction. Is the magnitude of

the acceleration of block A.

B String 1 String 2

A » F

(A) greater than the magnitude of the acceleration of block
B?

(B) equal to the magnitude of the acceleration of block B?

(C)less than the magnitude of the acceleration of block B?

(D) Do not have enough information to decide.

Two blocks 1 and 2, on a frictionless table, are pushed

from the left by a horizontal force 151 , and on the right by
a horizontal force of magnitude Fz as shown. Magnitudes
of the pushing forces satisfy the inequality | 1_51 [ > Fz |

i N e

Which of the following statements is true about the
magnitude N of the contact force between the two blocks?

(A) N> |F |>|E | B) | |[>N>|E |

© |F|>N=|5| (D) |F |=N>|F |

—
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Q.7 Consider a person standing in an elevator that is
accelerating upward. The upward normal force N exerted
by the elevator floor on the person is —
(A) larger than the downward force of gravity on the person.
(B) identical to the downward force of gravity on the person.
(C) smaller than the downward force of gravity on the

person.
In the system shown in figure m, =4m, mg =3m and
m = 8m. Friction is absent everywhere. String is light and
inextensible. If the system is released from rest find the
acceleration of block B

5]

QS8

7

(A) g/8 (leftward) (B) g/2 (leftward)

(C) g/6 (rightward) (D) g/4 (rightward)

A body of mass m is suspended from a spring with spring
constant k in configuration (i) and the spring is stretched
a distance x . If two identical bodies of mass m/2 are
suspended from a spring with the same spring constant k
in configuration (ii), how much will the spring stretch?

Q.9

m m/2 m/2
® (i)
(A)x (B)2x
(C)x2 (D) x/4

Q.10 The value of angle 0 such that the acceleration of Ais g/6
downward along the incline plane. (All surfaces are

smooth)

(A)6=30° (B)6=60°

(C)06=45° (D)6=53°
ANSWERS

(1) (D) @© (3)(BD)

@ B 3 ®B) ©)(B)

(M (A) ®®B) ® ©

(10) (A)

FRICTI

INTRODUCTION

* Friction is the force acting between two surfaces in contact,
or the force of a medium acting on a moving object (i.e. air
on aircraft) to resist the relative motion.

* Frictional forces may also exist between surfaces when
there is no relative motion. Frictional forces arise due to
molecular interactions.

CAUSE OF FRICTION

Old View : When two bodies are in contact with each
other, the irregularities in the surface of one body set
interlocked in the irregularities of another surface. This
locking opposes the tendency of motion.

Modern View: Friction arises on account of strong atomic
or molecular forces of attraction between the two surfaces
at the point of actual contact.

TYPES OF FRICTION

Friction

! |

Static friction Dynamic friction
(No relative motion (There is relative motion
between objects) between objects)

Sliding friction Rolling friction
(Kinetic friction)

STATIC FRICTION

* It is the frictional force which is effective before motion
starts between two planes in contact with each other.
It’s nature is self adjusting.
Numerical value of static friction is equal to external force
which creates the tendency of motion of body.

* Maximum value of static friction is called limiting friction.

LAWS OF LIMITING FRICTION

* The magnitude of the force of limiting friction (f} ) between
any two bodies in contact is directly proportional to the
normal reaction (N) between them f; o« N

* The direction of the force of limiting friction is always
opposite to the direction in which one body is on the
verge of moving over the other.

* The force of limiting friction is independent of the apparent
contact area, so long as normal reaction between the two
bodies in contact remains the same.

* Limiting friction between any two bodies in contact
depends on the nature of material of the surfaces in contact
and their roughness and smoothness.

* Its value is more than the other types of frictional force.

B
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DYNAMIC FRICTION
If the body is in motion, the friction opposing its motion is
called dynamic friction.
This is always slightly less than the limiting friction.

COEFFICIENT OF FRICTION
The frictional coefficient is a dimensionless scalar value
which describes as the ratio of the force of friction between
two bodies and the normal force pressing them together.
fL

Coefficient of static friction pg = N

f]
Coefticient of sliding (kinetic) friction p, = Fk

The values of p  and py depend on the nature of both the
surfaces in contact.

Note:

Friction always opposes the tendency of relative motion.
The force of static friction exactly balances the applied
force during the stationary state of the body therefore it is
known as self adjusting.

* ug and py can exceed unity, although commonly they are
less than one.

* Static friction is a self-adjusting force, the kinetic friction
is not a self adjusting force.

* The frictional force is a contact force parallel to the surfaces
in contact and directed so as to oppose the
relative motion or attempted relative motion of the surfaces.

* When two highly polished surfaces are pressed hard, then
a situation similar to welding occurs. It is called cold
welding.

* When two copper plates are highly polished and placed in
contact with each other, then instead of decreasing, the
force of friction increases. This arises due to the fact that
for two highly polished surfaces in contact, the number of
molecules coming in contact increases and as a result the
cohesive/adhesive forces increases. This in turn, increases
the force of friction.

* Let f'is the force and N is the normal reaction, then the net
force applied by the surface on the object is

N2 2
Fourface = VN7 +1

Its minimum value (when f=0) is Mg and maximum value
(when f=uN)is Mgy/1+ p?

Graph between applied force and force of friction :

If we slowly increase the force with which we are pulling
the box, graph shows that the friction force increases with
our force upto a certain critical value, f| , the box suddenly
begins to move, and as soon as it starts moving, a smaller
force is required to maintain its motion as in motion friction
is reduced. The friction value from 0 to f; is known as
static friction, which balances the external force on the
body and prevent it from sliding. The value f| is the

maximum limit up to which the static friction acts is known
as limiting friction, after which body starts sliding and
friction reduces to kinetic friction.

Limiting friction

Y
A

[ s c
g o Kinetic friction
= %\
< Ny

5 @

3

5
S 9

o . — X

Applied force
Example 18 :

Ablock of mass 1 kg is at rest on a rough horizontal surface
having coefficient of static friction 0.2 and kinetic friction
0.15, find the frictional forces if a horizontal force,

(a) F=IN (b) F=2.5N, is applied on the block

F
my

Sol. Maximum force of friction or limiting friction

fi=02x1x98N=1.96N

(@ For F_,=1IN, F_ <f
So, body is in rest means static friction is present and
hence f,=F_,=IN

(b) ForF,,=25N soF_ >1
Now body is in moving condition
Frictional force
fi=F, =y N=p mg=0.15x1x9.8=147N

Example 19:

Length of a chain is L and coefficient of static friction is .
Calculate the maximum length of the chain which can be
hung from the table without sliding.

Let y be the maximum length of the chain can be hold
outside the table without sliding.

E\[ (L-y)

Sol.

£ —

Length of chain on the table = (L —y)
Weight of part of the chain on table

WMy
=1 L-y)¢g

v
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M
Weight of hanging part of the chain W = T yg

For equilibrium : Limiting force of friction= weight of
hanging part of the chain
UN=W = uW'=W

M M
= kT L-yg= e

ne

= pL-py=y = y= l+n

ANGLE OF FRICTION

The angle of friction

is the angle which the

resultant of limiting R

friction f; and normal _,\ A

reaction N makes with N

the normal reaction. It

is represented by A.

tanA = s = uN =
N N

For smooth surface A =0 v W=mg

AN

v

Fg F

ANGLE OF REPOSE (8)

If a body is placed on an inclined plane and if its angle of
inclination is gradually increased, then at some angle of
inclination 0 the body will just on the point to slide down.
The angle is called angle of repose (0).
F; =mgsind
and N = mg cos0

F
So. —=tan0
0, N

or p=tand

Relation between angle of friction (A) and angle of repose
(0) : We know that tan A = p andp = tan 6
hencetan A =tan 6 = 0 =2A

Thus, angle of repose = angle of friction

ACCELERATION OFABLOCK ONAROUGH INCLINE

Case 1: When a plane is inclined to the horizontal at an
angle 0, which is greater than the angle of repose, the
mass m placed on the inclined plane slides down with an
acceleration a.

f=uN=pmgcosd
From FBD of block

mg sin—f=ma

mg sinf — u mg cos6 =ma
= a=gsinb— pugcosd
herea<g

mgcos 6

Case 2 : When a plane is inclined to the horizontal at an
angle 6, which is less than the angle of repose, then the
minimum force required to move the body up the inclined
plane is N
F=mgsin0+f
=mg sinB + pmg cosO
where f=pN = p mgcos0
and its upwards acceleration

mgcos 6

t fi
azng(sin(fﬂucose)

Example 20 :

Sol.

A block of mass 2 kg slides down an inclined plane which

makes an angle of 30° with the horizontal. The coefficient

of friction between the block and the surface is \/3 /2.

(i) What force must be applied to the block so that the
block moves down the plane without acceleration?

(i) What force should be applied to the block so that it
can move up without any acceleration?

Make a 'free-body' diagram of the block. Take the force of

friction opposite to the direction of motion.

mg sin 6

(i) FromFBD
perpendicular to plane N =mgcos6
along the plane F+mgsin0—-f=0
(" there is no acceleration along the plane)

mg sin 0

F+mgsin®—uN=0
or F+mgsin®=pmgcos0
F=mg (i cos 6 —sin 0)

( )
=2 9.8Lgcos 30° —sin 30°J

(3 B 1) 301
_ 19.6L7x7—y _ 19.6(1—5):4.9N
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(i) This time the direction of F is reversed and that of Case of pushing :
the frictional force is also reversed. Force F is applied to push a block N )
N o Normal reaction 4 Pushingablock
'=W+Fsin0 F o
uR Force of kinetic reaction
‘ f'k =y N' . - Fcos6
mg sin 0 or f' = (W+Fsin6) -
meeos () Feing Yoo n
By (i) and (i) M F
N=mgcos6;F=mgsin6+f f'.>f,

31
F=mg(pncosO+sinB) =19.6 [Z+E] =24.5N

Example 21 :
A block of mass 1 kg sits on an incline as shown in figure.

(a) What must be the frictional force between block and
incline if the block is not to slide along the incline when

the incline is accelerating to the right at 3 m/s2 ?

(b) What is the least value p can have for this to happen?

Sol. N=m(gcos37°+asin37°)=1(9.8 x0.8+3 x0.6)
& mgsin37°=masin37°+f
(@) f=1(9.8x0.8—3x0.8)=3.48 |1 cos37°
(b) f=pN

N

PULLING ISEASIER THAN PUSHING
Case of pulling :
Force F is applied to pull a block of weight W.
F can be resolved into two rectangular components:
Fcos® and Fsin 6 N

________ F
F sing 4 H
fk o i | cos
Pulling a block
v
W

the normal reaction N=W —Fsin 0
Force of kinetic friction

fk - Hk N . o

fi = i (W —F sin 0) (1)

The frictional force is more in the case of push. Hence it is
easier to pull than to push a body.

Example 22 :

A block of mass m rests on a rough horizontal surface as
shown in figure (a) and (b). Coefficient of friction between
block and surface is p. A force F == mg acting at an angle
0 with the vertical side of the block. Find the condition for
which block will move along the surface.

(@) (b)

. For (a) : Vertical component of force will decrease the

weight as well as the normal reaction,

N mgcos0
4

uN

A

N =mg—mg cosf
frictional force = pN = p (mg — mg cos0)
Now block can be pulled when : Horizontal component of
force > frictional force
i.e. mgsin® > p (mg—mg cos 0)

7si 9 9> 1 0) or 2si 9 9>2 '29
or s1n20052_u( —cos0)or sm2cos2_ W sin 5

cote>
or =2
2 I

For (b) : Vertical component of the force increases the
normal reaction i.e.
N =mg+ mg cos® =mg (1 + cos 6)

2
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Hence, block can be pushed along the horizontal surface
when horizontal component of force ~ frictional force
ie. mgsind > pmg(1+cos0)

29 9> ><2 29 t 9>
or SlIlzCOSz_]J, COS 2:>an2 Z U

0
cot — >
= S 2K

Example 23 :
When force F applied on m, and there is no friction between
m,; and surface and the coefficient of friction between m,
and m, is u. What should be the minimum value of F, so
that there is no relative motion between m; and m,.

Sol. Form,,

— F

v v
mg mg

F

m; +m,

F )

Form,, f=m,a= pm,g= my| ———

For system acceleration, a =

= Foip=wn(m +my)g

Example 24 :
When force F applied on m,
and there is no friction between
m; and surface and the
coefficient of friction
between m, and m, is p.
What should be the minimum
value of F so that there is no
relative motion between m,
and m,.

n

i

u=0

Sol. Form, Form,
_’a a
4 = N
. 2 > LN, =p myg
N, <
. F
for system, acceleration, a = ———
my + my,
Form,, pm,g=m a:ml( F )
1> KMy 1 Lml +m2)
(Mng\
= Fpjp=(m;+m,) | m, )
PULLEY’S PROBLEMS WITH FRICTION
Case-1: For mass m;
T-pm;g=m;a
For mass m, N .
m,g—T=m,a T >
. um;g T
On solving, ] m >
! T
. (my —pmy)g m;g
(m; +my) la
1+
~ T= mmy(1+p) g e
(my +m,)
Case-I1 :

For mass m,

For mass m,

N=m,gcos0
uN=pm, g cos @ mygsin 6

T—m,gsin0
—um, gcos0=mya ... (i1)
On solving (i) & (ii),
{ml —m,(sin®+ pcosB) }
a= g
(m; +my)
ROLLING FRICTION g

When a body rolls on a
surface, the resistance
offered by the surface is
called rolling friction.

If a body rolls over the
surface of another body,

AN _,
Y

Cause of rolling friction

B
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then both the rolling body and the surface on which it
rolls are compressed by a small amount. The rolling body
has to continuously climb a hill. as shown in figure.

The rolling body has to continuously detach itself from
the surface on which it rolls. This is opposed by the
adhesive force between the two surfaces in contact and
hence a force originates which retards the rolling motion.
This retarding force is called the rolling friction. It is denoted
by f;

Comparison: For the same magnitude of normal reaction,
the sliding friction is much greater than the rolling friction.
Ex. : The sliding friction of steel on steel is 100 times more
than the rolling friction of steel on steel.

Note : Friction has advantages as well as disadvantages.

In other words, friction is not desirable but without friction,

we cannot think of survival, so we can say that “friction is

a necessary evil”.

In some cases friction acts as a supporting force and in

some cases it acts as opposing force.

(@) Supporting: Walking process can only take place
because there is friction between the shoes and

ground.
You push
backward Stfs};lensd
on ground you forward
<—

(b) Opposing: When a block slides over a surface the
force' of friction acts as an opposing force in the
opposite direction of the motion

(¢) Both Supporting and Opposing :

(i) Pedaling: In the cycling, rear wheel move by the
force communicated to it by pedaling, while front
wheel moves by itself, therefore, like in walking
force of friction on rear wheel is in forward direction
and acts as a supporting force. As front wheel
moves by itself, force of friction on front wheel is
in the backward direction (nature opposing force).

* ¥ X ¥ ¥ x

(ii) Non-Pedaling : When pedaling is stopped, both
the wheels moves by themselves so the force of
friction on both the wheels is in backwards
direction.

Disadvantages :

(1) A significant amount of energy of a moving object is
wasted in the form of heat energy to overcome the
force of friction.

(i) The force of friction restricts the speed of moving
vehicles like buses, trains, aeroplanes, rockets etc.

(iii) The efficiency of machines decreases due to the
presence of force of friction.

(iv) The force of friction causes lot of wear and tear in the
moving parts of a machine.

(v) Sometimes, a machine gets burnt due to the force
friction between different moving parts.

Advantages :

(i) The force of friction helps us to move on the surface
of earth. In the absence of friction, we cannot think of
walking on the surface.

(i) The force of friction between the tip of a pen and the
surface of paper helps us to write on the paper.

It is not possible to write on the glazed paper as there
is not force of friction.

(iii) The force of friction between the tyres of a vehicle
and the road helps the vehicle to stop when brake is
applied. In the absence of friction, the vehicle skid off
the road. when brake is applied.

(iv) Moving belts remain on the rim of a wheel because of
friction.

(v) The force of friction between a chalk and the black
board helps us to write on the board.

Thus, we observe that inspect of various
disadvantages of the friction, it is very difficult to part
with it. So, friction is a necessary evil.

Methods of reducing friction :

By polishing the surface. (But extra polishing increase
friction)

By lubrication.

By proper selection of material.

By avoiding moisture.

By use of alloys.

By streamlining the shape.

By using ball bearing or roller bearings.

5
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Q.1

Q2

Q3

Q4

Q5

Q.6

TRY IT YOURSELF-2

You are pushing a wooden crate across the floor at constant

speed. You decide to turn the crate on end, reducing by

half the surface area in contact with the floor. In the new

orientation, to push the same crate across the same floor

with the same speed, the force that you apply must be

about

(A) four times as great as the force required before you
changed the crate's orientation.

(B) twice as great as the force required before you changed
the crate's orientation.

(C) equally great as the force required before you changed
the crate's orientation.

(D) half as great as the force required before you changed
the crate's orientation.

A mass m has a force F applied to it as shown

F
-
(A) The normal force on the block will be mg.
(B) The acceleration of the block will be a function of F
only.
(C) Ifthere was kinetic friction acting on the block, it would

be directed toward the left.
(D) None of the above.

An object is held in place by friction on an inclined surface.
The angle of inclination is increased until the object starts
moving. If the surface is kept at this angle, the object
(A) slows down (B) moves at uniform speed.

(C) speeds up. (D) none of the above

A mass m sits on a frictionless incline plane of angle ©.

m
(A) The acceleration of mass m will be g. 59

(B) The acceleration of mass m will be dependent upon
the size of the mass.

(C) The acceleration of mass m will be dependent upon 6.
(D) All of the above.

(1) From the figure shown, find out acceleration of 3 kg

block. .
A)7 /s - =05
EB; 10 ms/s2 A K
(C) 10/3 nvs? =03 kg |B

” 7
(D) zero

(i) Inthe above question if the external force is applied
on 3 kg block, then acceleration of the 3 kg block will be
(A) 40/3 m/s? (B)25/3 m/s?
(C) 35/3 m/s? (D) none of these
An arrangement of the masses and pulleys is shown in the
figure. Strings connecting masses A and B with pulleys
are horizontal and all pulleys and strings are light. Friction
coefficient between the surface and the block B is 0.2 and
between blocks A and B is 0.7. The system is released from
rest. (use g= 10 m/s?)

Q.7

QS8

Q.9

Block D

6kg

Block C

(A) The magnitude of acceleration of the system is 2 m/s2
and there is no slipping between block A and block B.

(B) The magnitude of friction force between block A and
block Bis42 N.

(C) Acceleration of block C is 1 m/s2 downwards.

(D) Tension in the string connecting block B and block D
is 12N.

A block of mass m,, constrained to move along a plane
inclined at angle ¢ to the horizontal, is connected via a
massless inextensible rope that passes over a massless
pulley to a bucket to which sand is slowly added. The
coefficient of static friction is u . Assume the gravitational
constant is g . What happens to the tension in the string
just after the block begins to slip upward?

(A) Increases
(C) Stays the same

(B) Decreases
(D) Oscillates

Given m, =30 kg, mp = 10 kg, m~=20 kg. Between A and
B friction coefficient p; = 0.3, between Band C friction
coefficient p, = 0.2 and between C and ground p; = 0.1.
The least horizontal force F to start the motion of any part
of the system of three blocks resting upon one another as
shown in figure is (g = 10 m/s?)
(A)60N

(B)9%ON

(C)80N

(D)150N

A mass m; sits on top of a second mass m, which sits on
a frictionless surface. The coefficient of static friction
between the two is 0.7. A force F is applied to the top mass

(m1)-
frictionless 7

=
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(A) The maximum force F that m; can experience without
slipping over m, is pm; g.

(B) The maximum force m, can experience without slipping
overm, is 2p m; g.

(C) The maximum force m, can experience without slipping
relative tom, is pm g.

(D) Both(B)and (C).

ANSWERS
®» © @ D) 3 ©
@ © () () (D), (i) (B) (6) (AD)
(M B) @A) ©) D)

ADDITIONAL EXAMPLES

Example1:
A 600 kg rocket is set for a vertical firing. If the exhaust
speed is 1000 m/s. Then calculate the mass of gas ejected
per second to supply the thrust needed to overcome the
weight of rocket.

Sol. Force required to overcome the weight of rocket

dm dm
F = mg and thrust needed= v— ,so Vv

—=m
dt a
d_m_%_600><9.87588k
at v 1000 8Bkes
Example2:

A force of 50N acts in the direction as shown in figure. The
block of mass 5 kg, resting on a smooth horizontal surface.
Find out the acceleration of the block.

Sol. Horizontal component of the force
=Fsin0O 50N ;
5043 5
=50 5in 60° = Tf |

Acceleration of the block

Fsin® 5043 1
a= =———X

m 2 m
:5\/§m/s2

Example3:
A cricket ball of mass 150g is moving with a velocity of

12m/s and is hit by a bat so that the ball is turned back with

a velocity of 20m/s. If the duration of contact between the

ball and bat is 0.01s, find their impulse and the average

force exerted on the ball by the bat.

Ap=pg—p;=m(v—u)=150 x 1073 20— (-12)]

So by time averaged definition of force in case of impulse
I Ap 480

=—= = 480N
& At At 0.01

Sol.

Example4:
Three blocks of masses m| =1 kg, m, = 1.5 kg and m; = 2kg
are in contact with each other on a frictionless surface as
shown in figure. Find (a) horizontal force F needed to push
the block as on unit with an acceleration of 4 m/s? (b) The
resultant force on each block and (c¢) The magnitude of
contact force between blocks.

Sol. (a) F=(m; +m,+m;)a
=(1+15+2)x4=45x4=18N

i;
R, R

F-R,=mja

(b)Form; F-R;=mla=1x4

= F-R/;=4 L. 1)
Form,, R -R, =m,a=1.5x4=6

= R-R,=6N .. (ii)
Form;, Ry=mja=2x4

= Ry=8N L (iit)

(c) Contact force between m, and m; = R, =8N
Contact force between m; and m,
R, =R,+6=8+6=14N

Example5:
Two masses 10 kg and 20 kg respectively are connected
by a massless spring as shown in figure force of 200N acts
on the 20 kg mass. At the instant shown in figure the 10 kg
mass has acceleration of 12 m/s2, what is the acceleration
of 20 kg mass
Force equation for m; (= 10 kg) mass is

F=mja; =10x12=120N
Force on 10 kg mass is 120 N to the right.

0Kg . 20Kg
- o«
BB B 1

Sol.

200N
—>

As action and reaction are equal and opposite, the
reaction force F on 20 kg mass F =120 N to the left.
Equation of motion of mass m, = 10 kg is

200 —F =20a,
= 200-120=20a,= 20a,=280
80 )
= a,= % =4 m/s

T
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Example6:
A bird with mass m perches at the middle of a stretched
string. Show that the tension in the string is given by

T* m!
 2sin®

. Assume that each half of the string is straight.

Sol. Initial position of wire = AOB.
Final position of wire = ACB.
Let 6 be the angle made by wire with horizontal, which is

very small.

Resolving tension T of string in horizontal and vertical

directions, we note that the horizontal components cancel

while vertical components add and balance the weight.

For equilibrium, 2T sin®=W =mg

W
2sin@

Example7:
A passenger on a large ship sailing in a quiet sea hangs a
ball from the ceiling of her cabin by means of a long thread.
Whenever the ship accelerates, he notes that the pendulum
ball lags behind the point of suspension and so the
pendulum no longer hangs vertically. How large is the
ship’s acceleration when the pendulum stands at an angle
of 5° to the vertical ?
See figure.

Sol.

ma ----» T sin@

FBD of ball

mg

mg

The ball is accelerated by the force T sin 5°.

Therefore T sin 5°=ma.

Vertically £ F=0, so T cos 5°=mg.

Solving for a =g tan 5° gives,
a=0.0875g=0.86 m/s2

Sol.

A T Sol.

Example 8 :

A 12 kg monkey climbs a lift rope as shown in figure. The
rope passes over a pulley and is attached to a 16 kg bunch
of bananas. Mass and friction in the pulley are negligible
so that the pulley’s only effect is to reverse the direction
of the rope. What is the maximum acceleration the monkey
can have without lifting the bananas ?
Effective weight of monkey
W, =M, (g+a)
As per given condition
W, =My
= M, (gta)=M,¢g
a4 Mp -My) g
M

m

9.8 \,(!'UD,/‘
j x9.8 = a=—"=326m/s*> g

(16—12

Example9:

A block of mass 25 kg is raised by a 50kg man in two
different ways as shown in figure. What is the action on
the floor by the man in the two cases ? If the yields to a
normal force of 700N, which modes should be the man
adopt to lift the block without the floor yielding ?

Fig. (b)

mg mg

Mass of block, m = 25 kg, mass of the man, M =50 kg

Force applied to lift the block, F=mg=25%x9.8=245N

Weight of the man, mg=50%9.8=490N

(a) When the block is raised by the man by applying force
F in upward direction, reaction equal and opposite to
F will act on the floor in addition to the weight of the
man.

", Action on the floor Mg+ F =490 +245=735N

(b) When the blocks is raised by the man applying force
F over the rope (passed over the pulley) in downward
direction, reaction equal and opposite to F will act on
the floor,
Action on the floor, Mg —F =490 -245=245N
Floor yields to a normal force of 700 N, the mode (b)
should be adopted by the man to lift block.

B
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Example 10 :
In the system shown in figure all surface are smooth, string
is massless and inextensible. Find :

1kg

(a) acceleration of the system. (b) tension in the string and

(c) extension in the string if force constant of spring is

k=50 N/m (Take g= 10 m/s?)

(@) In this case net pulling force is m g + mgg or SON
and total mass to be pulled is (1 +2 + 3) kg of 6 kg.

Sol.

: . 0 2
Acceleration of the system is a = ?m /s

(b) Free body diagram of 1 kg block gives
—> a

A—T

T:ma:(l)(@szﬁN
6 6

(c) Free body diagram of 3 kg block gives

50
30-kg=ma [ma:3x?:25N]

C la
=—=0.Im; x=10cm.
k50 3g=30N

Kx
30-25 5
X = =

Example 11:
Consider the situation shown in figure (A). Both the
pulleys and the strings are light and all the surfaces are
frictionless. Calculate (a) the acceleration of mass M, (b)
tension in the string PQ and (c) force exerted by the clamp
on the pulley P.

Sol. As pulley Q is not fixed so if it moves a distance d the
length of string between P and Q will changes by 2d (d

from above and d from below), i.e., M will move 2d.

a/2

B
|2M

Sol.

This in turn implies that if a (— 2d) is the acceleration of M

a
the acceleration of Q and of 2M will be 5(—> d).

Now if we consider the motion of mass M, it is accelerated

downward, so T=M(g-a) ... (1)
And for the motion of Q,
a

T-T=0x=0ke. T=2T .. (i)

And for the motion of 2M,
a
MM-T=2M - =0ie T=Ma . (i)
.. 1
(a) From eq®. (ii) and (iii)as T = EMa ,
. 1 2

so eq” (i) reduces to T = EMa =M(g—a) or a= Eg

2
(b) So the acceleration of mass M is Eg while tension in

the string PQ from eq™ (1) will be,

2 1
T:M( ——]:—M
g 3g 3 g

(c) Now from fig. (b), it is clear that force on pulley by the
clamp will be equal and opposite to the resultant of T and
T at 90° to each other, i.c.,

(R,)=vVT?+T? =2T :%Mg

Example 12 :

Consider the double Atwood’s
machine as shown in the fig.
(a) What is acceleration

of the masses ?
(b) What is the tension

in each string ?

(a) Here the system behaves as a
rigid system, therefore every \ l ol l“
part of the system will move
with same acceleration. e me
Thus applying newton’s law
mg—T=ma ... @)
2T-mg=ma ... (i1)
Doubling the first equation and adding, mg = 3ma
oraccelerationa=(1/3) g

(b) Tension in the string

T=m(g—a)=m (g—%}

2
T=—m
3 g
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Example 13 :

Sol.

Example 14 :

Sol.

Consider the system of masses and pulleys shown in figure
with massless string and frictionless pulleys.

TA T T
”
] m;g
mpg

(@) Give the necessary relation between m; and m, such
thatsystem is in equilibrium and does not move.
(b) Ifm; =6kgand m,=8kg. calculate the magnitude and
direction of the acceleration of m.
(@) Applying newton’s law, m,g—2T =0
(because there is no acceleration) and T —m ;g =0
(m,—-2m,)g=0=m,=2m,
(b) If the upwards acceleration of m, is a, then
acceleration of m, is a/2 downwards for mass m,.
m,g—2T=m,(a/2); 2m,g—4T =m,a
Formassm;:T-m;g=ma

(2my—4m;)  2(8-12) g
3424 © 4

= a= L m, + 41’1’11
—ve sign shows that acceleration is opposite to considered
direction i.e. it is downwards for m; and upwards for m,.

In the given figure if T =2T, = 50N

then find the value of T.

As given in figure,
T,=2T,=2(2T,)=4T,

and T4=2T2
T=T;+T,=4T,+2T,=6T,

= 6x%:150N

Example 15:

Sol.

A body of mass M is kept on a rough horizontal surface
(friction coefficient = u). A person is trying to pull the
body by applying a horizontal force F, but the body is not
moving. What is the force by the surface on A.

Let fis the force of friction and N is the normal reaction,
then the net force by the surface on the body is

Let the applied force is F ' (varying), applied horizontally
then f< p N (adjustable with f=F").

Now if F'is zero, f=0and F_; =N=Mg

and when F ' is increased to maximum value permissible for
no motion f=p N,

giving F .. = \/Nz + psNz = Mg\/l+ usz

therefore we can Mg < F < Mg, /1+ ug

Example 16 :

Sol.

A block rest on a rough inclined plane as shown in fig. A
horizontal force F is applied to it (a) Find out the force of
reaction, (b) Can the force of friction be zero if yes when?
and (c) Assuming that friction is not zero find its magnitude
and direction of its limiting value.

(a) N=mgcos0+Fsin0

(b) Yes,ifmgmgsin®=F cos 6

RHRHARRARARAAAAR

(c) f=pR=p (mgcos 6+ F sin 0); up the plane if the body
has tendency to slide down and down the plane if the
body has tendency to move up.

Example 17 :

Sol.

A body of mass 5 x 1073 kg is launched up on a rough
inclined plane making an angle of 30° with the horizontal.
Obtain the coefficient of friction between the body and
the plane if the time of ascent is half of the time of descent.
For upward motion.

length of plane =s
time of ascent =t;

a;=g(sin0+pcos0)

a; =g (sin30°+pcos 30°) =(1+ ﬁp)%

1 5 ¢ 2s 4s
s=—aity ;W= = =
2MT T e a+Bwg

For downward motion, downward acceleration

time of descent =t,

a, =g (sin0—p cos 0)

=
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a; =g(sin30°—pcos 30°) = (l—ﬁp)%

. F [ 4
= 7 \ay, \(a-Bwe

Now according to question, 2t; =t,

2\/ 45 :J 4s 1—J§p:l:> _JE
= Na+Bog V0—Bug ~1eB 40 s

Example 18 :

A block of mass 2 kg rests on a plane inclined at an angle
of 37° with the horizontal. The coefficient of friction be-
tween the block and the surface is 0.7. (i) What will be the
frictional force acting on the block? (ii) What is th, force
applied by inclined plane of block?

Since the block is at rest, the frictional force will be static.
Normal reaction of the surface R = mg cos 30°

.. limiting force of friction

Sol.

4
fi=puN=pmgcos37°=0.7 x2 x 10 x §=11.2N

mgsin37°=2x10%(3/5)=12N
force on friction=11.2 N

Example 19:
When force F applied on m; and the coefficient of friction
between m; and the coefficient of friction between m; and
m, is n,. What should be the minimum value of F so that
there is no relative motion between m, and m, .

m
15 2
m |—> F
M1 | .
Sol. For m, Form,
a
—
A
w | M2 N » 1oN
1 - F F
v
mg

F—py(my +my)

. a=
For system acceleration, m, +m,

(F—py(m;+m,) )

A -m
Form, : p, =(m,g) = mya= 2L my +m,

= Fon= (m1 + mz) (H1 + Hg) g

STUDY MATERIAL: PHYSICS
Example 20 :
When force F applied on m, and I —>F
the coefficient of friction between m
mt and surface is pu; and the 3l -

coefficient of friction between m;
and m, is 2. What should be the minimum value of F so
that there is no relative motion between m and. m,.

Sol. Form, Form,
a

—

i. A N1

A
N y N > LN,
N
1N, J N <
i g

F—p(m+my)g
m1+m2

For system acceleration, &=
Formy, pym,g=p,(m; +m,) g=m;a

(F—py(m;+m,) )

=m
2 my +m2
mp
= Fin= ;. (Mpmy — pymy —pymy) g+ pymy g
Example 21 :

A book of 1 kg is held against a wall by applying a
perpendicular force F. If pg = 0.2 then what is the minimum
value of F ?
Sol. The situation is shown in fig. Tfs
The forces acting on the book are

For book to be at rest it is essential

» N
that Mg = f —F
Butf, .. =ugNandN=F Wall l
Mg=pgF Mg
pMe_DOS oy
[T, 0.2
Example 22 :

For the block and surface shown in fig. p = 0.5, u, = 0.3,
mass M =50kgand F=600N Then what is its acceleration?

(Take g= 10 m/s)
| | F
M

Sol. The forces acting on the block are shown in fig. Since
F=pN=05x50x10=250N

Since, F>f, . so the block is in motion.
Acceleration of block
Net force  600—0.3(50x10) )
= = =9m/s
total mass 50

5
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Example 23 :

Sol.

Aisal00kgblockandBisa
200 kg block. As shown in
fig., the block A is attached
to a string tied to a wall. The
coefficient of friction
between A and B is 0.2 and
the coefficient of friction
between B and floor is 0.3.
Then calculate the minimum
force required to move the
block B. (take g =10 m/s?).
When B is tied to move, by applying a force F, then the
frictional forces acting on the block Bare ] and f, with
limiting values, ¢

fi = () Amag “ A
and f, = (ug)g (M, +mp)g

i ad

. . Bym,g — F
Thep minimum value of F shouldbe L
(for just tending to move), f, +
F=f +f, Mpg

=0.2x100g+0.3x300g=110g=1100N

Example 24 :

Sol.

Consider the figure shown here of a moving cart C. If the
coefficient of friction between the block A and the cart is
L, then calculate the minimum acceleration a of the cart C
so that the block A does not fall.

a A
—>
A
c ]
|®)) ®)

The forces acting on the block A (in block A’s frame
(i.e. non inertial frame)) are:

f;=uN
For A to be at rest in block A’s frame T Ly
i.e. no fall, we require
W=f, = mg=p(ma) ma A N

Thus, a= E

i)

b
Example 25 :

A block of mass 1kg lies on a horizontal surface in a truck,
the coefficient of static friction between the block and the
surface is 0.6, What is the force of friction on the block. If
the acceleration of the truck is 5 m/s2.

Sol. Fictitious force on the block opposite to the acceleration of

the block F=ma=1 x 5=5N

While the limiting friction force AN

F=puN=pmg " | | a
~0.6%1x98 1 0]~
= 5.88 newton yme

As applied force Flesserthan _© © (@)
limiting friction force.

The block will remain at rest in the truck and the force of
friction will be equal to 5N and in the direction of
acceleration of the truck.

Example 26 :

Sol.

The force F | that is necessary to move a body up an
inclined plane is double the force F, that is necessary to
just prevent it from sliding down, then choose the correct
options —

Where ¢ = angle of friction; 8 = angle of inclined plane;
w = weight of the body.
(1) Fy =wsin (0 — ¢) sec ¢
(2) F{ =wsin (0 - ¢) sec ¢
(3)tandp=3tan O
(4)tan6=3tan ¢

(A 1,4

O 13,4

(A). F, =mgsinq+mmgcosq

(B)1,2
(D)all

F, =mgsinq- mmgcosq

But, mg=w
m= tanf
F —ersin +Sinfcos 0
- & q cosf qE R

= F =wsin (q+f)secf
. Now, F,; =2F,

mgsinq+mmgcosq

=2 (mgsinq- mmgcosq)
sinq+mcosq = 2sinq- 2mcosq
= 3mcosq =sinq

=tanq=3m = tanq=3tanf

Example 27 : 0

Sol.

A small block of mass 0f 0.1

kg lies on a fixed inclined N

plane PQ which makes an

angle 0 with the horizontal. 0

A horizontal force of I N 0 P
actson the block through its center of mass as shown in
the fig. The block remains stationary if (take g=10 m/s2)
(A)6=45°

(B) 6>45° & a frictional force acts on the block towards P
(C) 6>45° & africtional force acts on the block towards Q
(D) 8 <45° & a frictional force acts on the block towards Q

(1) If sin © =cos 6 = 0 =45° = no friction will act and
the block will remain at rest.

(2) If sin © > cos 6 = 6 > 45° = friction will act towards Q

(3) If sin 0 <cos 6 = 6 <45° = friction will act towards P

=
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QUESTION BANK

STUDY MATERIAL: PHYSICS

QUESTION BANK

CHAPTER 5 : NEWTON'S LAWS OF MOTION AND FRICTION

EXERCISE -1 [LEVEL-1]

Choose one correct response for each question.

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

QS8

PART -1 : NEWTON’S FIRST LA

Choose the correct options —

(A) A reference frame in which Newton’s first law is
valid is called an inertial reference frame.

(B) Frame moving at constant velocity relative to a
known inertial frame is also an inertial frame.

(C) Ideally, no inertial frame exists in the universe for
practical purpose, a frame of reference may be
considered as inertial if its acceleration is negligible
with respect to the acceleration of the object to be
observed.

(D) All of these

Newton’s first law of motion describes the following

(A) Energy (B) Work

(C) Inertia (D) Moment of inertia

A particle is moving with a constant speed along a

straight line path. A force is not required to

(A) Increase its speed

(B) Decrease the momentum

(C) Change the direction

(D) Keep it moving with uniform velocity

A body is imparted motion from rest to move in a straight

line. If it is then obstructed by an opposite force, then —

(A) The body may necessarily change direction.

(B) The body is sure to slow down

(C) The body will necessarily continue to move in the
same direction at the same speed.

(D) None of these

A car is moving with uniform velocity on a rough

horizontal road. Therefore, according to Newton’s first

law of motion

(A) No force is being applied by its engine

(B) A force is surely being applied by its engine

(©) An acceleration is being produced in the car

(D) The kinetic energy of the car is increasing.

PART -2 : NEWTON’S SECOND LA

The linear momentum p of a body moving in one
dimension varies with time according to the equation
p=a+ bt where a and b are positive constants. The net
force acting on the body is —

(A) A constant

(B) Proportional to t

(C) Inversely proportional to t

(D) Proportional to t

A force of 100 dynes acts on a mass of 5 gram for 10 sec.

The velocity produced is —
(A) 2000 cm/sec (B) 200 cm/sec
(C) 20 cm/sec (D) 2 cm/sec

A player kicks a football of mass 0.5 kg and the football
begins to move with a velocity of 10 m/s. If the contact

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

between the leg and the football lasts for 1/50 sec, then
the force acted on the football should be

(A)2500N (B)1250N

(C)250N (D)625N

A body whose mass 6 kg is acted upon by two forces

(8i+10j) N and (41 +8]) N. The acceleration produced
will be - (in m/s?)

(A) (3i+2j) (B) 12i +18]

| oA
©) §(1+J) (D) 2i+3j
A force of 2 N is applied on a particle for 2 sec, the
change in momentum will be —
(A)2Ns (B)4Ns
(C)6Ns (D)3 Ns
A massive object is placed on a frictionless table. It takes
2 newtons of force to accelerate it at 0.5 m/s2. The object
is taken into space where it is weightless. The force
required to accelerate the object at 0.5 m/s2 will be

(A) less than 2N (B) equal to 2N

(C) more than 2 N (D) None of these
PART -3 : NEWT ’S THIRD LA

When we jump out of a boat standing in water it moves
(A) Forward (B) Backward

(C) Sideways (D) None of the above

Joanne exerts a force on a basketball as she throws the

basketball to the east. Which of the following is always

true?

(A) Joanne accelerates to the west.

(B) Joanne feels no net force because she and the
basketball are initially the same object.

(C) The basketball pushes Joanne to the west.

(D) The magnitude of the force on the basketball is
greater than the magnitude of the force on Joanne.

PART -4 : IMPULSE

A rocket-driven sled speeds up from 40 meters per
second to 55 meters per second in 5.0seconds, using an
engine that produces 3500newtons of thrust. How much
thrust would be needed to get the same increase in speed
in 2.0 seconds —

(A) 8550 (B) 8750

(C)8700 (D) 8500

A body of mass m collides against a wall with a velocity
v and rebounds with the same speed. Its change of
momentum
(A)2mv
(C)—mv

(B)mv
(D) Zero

e
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Q.16

Q.17

Q.18

Q.19

Q.20

Raindrops of radius 1mm and mass 4 mg are falling with
a speed of 30 m/s on the head of a bald person. The
drops splash on the head and come to rest. Assuming
equivalently that the drops cover a distance equal to
their radii on the head, estimate the force exerted by
each drop on the head.

(A) 1.8N (B)18N

(C)180N (D)3.6N

The magnitude of the force (in Newtons) acting on a
body varies with time t (in microseconds) as shown in
fig. AB, BC, and CD are straight line segments. The
magnitude of the total impulse of the force on the body
fromt=4 psto

&~ o ®
(===
S o O

200

Force F (N) —

6 8101214 16

Time (ps)

(B)5x 103 N.s
(D)5 x102N.s

(A)5x 104 N.s
(C)5%x10°N.s

PART -5 : EQUILIBRIUM

The pulleys and strings shown

in the figure are smooth and

of negligible mass. For the system
to remain in equilibrium, the angle

0 should be:

(A)0° B)30°
(C)45° (D) 60°
In the figure (i) as extensible string is fixed at one end
and the other end is pulled by a tension T. In figure (ii)
another identical string is pulled by tension T at both
the ends. The ratio of elongation in equilibrium of string
in (i) to the elongation of string in (ii) is —

—

T
ZzzZzZZZE (i)

L7777 > G
A)1:1 (B)1:2
©2:1 D)o
In the following figure, the length A% B

ofthe rod AB is L.

A weight of 1000 kg is suspended
from its two ends with the help of
two strings of length L. The
tension in the rod AB will be (g =10 m/s2)

(A)5x103N  (B)5x103x AN
3
© 5>i/1§0 N (D) zero

Q.21

Find the magnitude of

the horizontal force F F
required to keep the block

of mass m stationary on the

smooth inclined plane 9

as shown in the figure.

(A) mg sin 6 (B) mgcos 6
(C) mgtan 6 (D)mgcot 6

PART - 6 : MOTION OF BODIES IN CONTACT

Q.22

Q.23

Q.24

Q.25

OR CONNECTED BY STRINGS
The maximum tension a rope can withstand is 60 kg-wt.
The ratio of maximum acceleration with which two boys
of masses 20 kg and 30 kg can climb up the rope at the
same time is
(A)1:2 B)2:1
(©)4:3 (D)3:2
Two blocks of mass m =1 kg and M =2 kg are in contact
on a frictionless table. A horizontal force F(= 3N) is
applied to m. The force of contact between the blocks,
will be-
(A)2N (B)IN
(C)4N (D)5SN
In the situation below, a person pulls a string attached
to block A, which is in turn attached to another, heavier
block B via a second string. Assume the strings are
massless and inextensible; and ignore friction. Is the
magnitude of the acceleration of block A.

Frictionless

B String 1 [T‘ String 2 R

| [ ~

(A) greater than the magnitude of the acceleration of
block B?

(B) equal to the magnitude of the acceleration of block
B?

(C) less than the magnitude of the acceleration of block
B?

(D) Do not have enough information to decide.

Two blocks 1 and 2, on a frictionless table, are pushed

from the left by a horizontal force E , and on the right

by a horizontal force of magnitude E, as shown. The
magnitudes of the pushing forces satisfy the inequality

1B >F .

e I e

Which of the following statements is true about the
magnitude N of the contact force between the two
blocks?

(A) N>|F|>|F|

(B) |F [>N>|F |

© |F|>N=|E| D) | |=N>|E |
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Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

PART -7 : MOTION INA LIFT

A body of mass 2 kg is hung on a spring balance mounted
vertically in a lift. If the lift descends with an acceleration
equal to the acceleration due to gravity ‘g’, the reading
on the spring balance will be
(A)2kg (B) (4> g)kg
(€) (2 g)kg (D) Zero
The mass of a body measured by a physical balance in a
lift at rest is found to be m. If the lift is going up with an
acceleration a, its mass will be measured as —

(. a) ( a)
@ m{1-) @ m(iry
©)m (D) Zero
Consider a person standing in an elevator that is
accelerating upward. The upward normal force N exerted
by the elevator floor on the person is
(A) larger than the downward force of gravity on the

person.
(B) identical to the downward force of gravity on the
person.

(C) smaller than the downward force of gravity on the

person.
(D) None of these

PART -8: PULLEY SYSTEM
Two masses M| = 5 kg and M, = 10 kg
are connected at the ends of  an
inextensible string passing over a
frictionless pulley as shown.

When the masses are released, then the
acceleration of the masses will be
(A)g (B) g2
© g3 (D) g4
Three weight A, B and C

are connected by string as

shown in the figure.

The system moves over a
frictionless pulley. The

tension in the string

connecting A and B is

(where g is acceleration due to gravity)

Ag (B) g9

(©)8gH (D) 10g/9

In the following figure, the pulley P, is fixed and the
pulley P, is movable. If W, = W, = 100 N, what is the
angle AP,P, ? The pulleys are frictionless —

(A)30°
(C)90°

(B) 60°
(D) 120°

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Two bodies of mass 3 kg and 4 kg are suspended at the
ends of massless string passing over a frictionless
pulley. The acceleration of the system is (g = 9.8 m/s2)

(A) 4.9 m/s? (B) 2.45 m/s?
(C) 1.4 m/s? (D) 9.5 m/s?
PART -9 : FRICTI

A mass m has a force F applied to it as shown

(A) The normal force on the block will be mg.

(B) The acceleration of the block will be a function of F
only.

(C) If there was kinetic friction acting on the block, it
would be directed toward the left.

(D) None of the above.

An object is held in place by friction on an inclined

surface. The angle of inclination is increased until the

object starts moving. If the surface is kept at this angle,

the object

(A) slows down

(B) moves at uniform speed.

(C) speeds up.

(D) none of the above

A mass m sits on a frictionless incline

plane of angle 6.

(A) The acceleration of mass m will be g.

(B) The acceleration of mass m will be dependent upon
the size of the mass.

(C) The acceleration of mass m will be dependent upon
0.

(D) All of the above.

Mark the INCORRECT statements about the friction

between two bodies -

(A) static friction is always greater than the kinetic
friction.

(B) coefficient of static friction is always greater than
the coefficient of kinetic friction.

(C) limiting friction is always greater than the kinetic
friction.

(D) limiting friction is never less than static friction.

If the normal force is doubled, the coefficient of friction

is

(A) Not changed (B) Halved

(C) Doubled (D) Tripled

A stone weighing 1 kg and sliding on ice with a velocity

of 2 m/s is stopped by friction in 10sec. The force of

friction (assuming it to be constant) will be

(A)—20N (B)-02N

(C)0.2N (D)20N

Ablock of mass 5 kg lies on a rough horizontal table. A

force of 19.6 N is enough to keep the body sliding at

uniform velocity. The coefficient of sliding friction is

(A)0.5 (B)0.2

€04 (D)0.8

m

0

¢
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Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

A block B is pushed momentarily along a horizontal
surface with an initial velocity v. If u is the coefficient of
sliding friction between B and the surface, block B will
come to rest after a time —

B —> V
/1]
(A) vig (B)vi(gp)
(©) gulv (D) g/v

A body of mass 400g slides on a rough horizontal surface

if the frictional force is 3.0 N. Find the angle made by the

contact force on the body with the vertical.

(A)37° (B)53°

(C)63° (D)27°

The coefficient of static friction between a block of mass
= 0.3 What can be the maximum

angle 0 of the incline with the horizontal so that the

block does not slip on the plane?

(A)tan!(0.1) (B)tan! (0.2)

(C)tan1(0.3) (D) tan"! (0.4)

The coefficient of static friction between the two blocks

shown in figure is p and the table is smooth. What

maximum horizontal force F can be applied to the block

of mass M so that the blocks move together?

=]

M |——F

/ /] /
(A) pg (M+m) (B) ug (M—m)
(©)2ug (M+m) (D) g (M+2m)

Block A weights 4 N and block B weight 8 N. The
coefficient of kinetic friction is 0.25 for all surfaces. Find
the force F to slide B at a constant speed when A rests
on B and moves with it.

(A)2N (B)3N

(O)IN (D)5SN

Two cars of unequal masses use similar tyres. If they are
moving at the same initial speed, the minimum stopping
distance

(A) is smaller for the heavier car

(B) is smaller for the lighter car

(C) is same for both cars

(D) depends on the volume of the car

A body of mass M is kept on a rough horizontal surface
(friction coefficient = ). A person is trying to pull the
body by applying a horizontal force but the body is not
moving. The force by the surface on A is F where —
(A) F=Mg (B) F=pMg

©) Mg<F<Mgyl+p? (D) Mg > F > Mgy/1- i

A block is placed on a rough floor and a horizontal force
F is applied on it. The force of friction f by the floor on
the block is measured for different values of F and a
graph is plotted between them —

(a) The graph is a straight line of slope 45°.

(b) The graph is straight line parallel to the F axis.

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

(c) The graph is a straight line of slope 45° for small F
and a straight line parallel to the F-axis for large F.
(d) There is small kink on the graph.
Correct statements are —
(A)c,d (B)a,d
(©)a,b (D)a,c
The contact force exerted by a body A on another body
B is equal to the normal force between the bodies. We
conclude that -
(a) the surfaces must be smooth.
(b) force of friction between two bodies may be equal

to zero.

(c) magnitude of normal reaction is equal to that of
friction.

(d) bodies may be rough.

(A) b, d (B)a,b

©) c,d (D)a,d

It is easier to pull a body than to push, because

(A) the coefficient of friction is more in pushing than
that in pulling.

(B) the friction force is more in pushing than that in
pulling.

(C) the body does not move forward when pushed.

(D) None of these.

A block of metal is lying on the floor of a bus. The

maximum acceleration which can be given to the bus so

that the block may remain at rest, will be -

(A) pg B) /g

(C)u’g (D) ng?

A car of mass m starts from rest and acquires a velocity

along east V=Vvi (v > 0) in two seconds. Assuming

the car moves with uniform acceleration, the force exerted

on the car is —

(A) (mv/2) eastward and is exerted by the car engine.

(B) (mv/2) eastward and is due to the friction on the
tyres exerted by the road.

(C) more than (mv/2) eastward exerted due to the engine
and overcomes the friction of the road.

(D) (mv/2) exerted by the engine.

A block of mass m is placed on floor of a lift which is

rough. The coefficient of friction between the block and

the floor is . When the lift falls freely, the block is pulled

horizontally on the lift floor. The force of friction

(A) zero (B)2umg

(©)(1/2) pmg (D) pmg

A 3 kg block is placed over a 10kg block and both are

placed on a smooth horizontal surface. The coefficient

of friction between the blocks is 0.2. If a horizontal force

of 20N is applied to 3kg block, accelerations of the two

blocks in m/s2 are (g = 10 m/s2)

u=0.2 20N
10 kg
TIT

(B) 14/4,3
(D) 14/3,0.6

(A) 13/4,0.6
(©) 13/4,3

e
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PART -10 : MISCELLANE (A) mn/vn (B)mnv
Q.54 Ifthetension in the cable of 1000 kg elevator is 1000 kg (C)mv/n (D) vivm
weight, the elevator Q.64  Abodyofmass 50 kg is pulled by a rope of length 8§ m
(A) Is accelerating upwards on a surface by a force of 108N applied at the other
(B) Is accelerating downwards end. The force that is acting on 50 kg mass, if the linear
(C) May be at rest or accelerating density of rope is 0.5 kg/m will be -
(D) May be at rest or in uniform motion (A) 108N (B) 100N
Q.55 Abody of mass 2 kg is moving with a velocity 8m/s on (O116N (D)92N
a smooth surface. If it is to be brought to rest in 4 Q.65 A hockey player is moving northward and suddenly
seconds, then the force to be applied is — turns westward with the same speed to avoid an
(A)8N (B)4N opponent. The force that acts on the player is —
(C)2N (D)IN (A) frictional force along westward.
Q.56 A 30 gmbullet initially travelling at 120 m/s penetrates (B) muscle force along southward.
12cm into a wooden block. The average resistance (C) frictional force along south-west.
exerted by the wooden block is — (D) muscle force along south-west.
(A)2850N (B)2200N Q.66  An object is resting at the bottom of two strings which
(C)2000N (D)1800N are inclined at an angle of 120° with each other. Each
Q.57 Ifrope of lift breaks suddenly, the normal force exerted string can withstand a tension of 20N. The maximum
by the surface of lift (a = acceleration of lift) weight of the object that can be sustained without
(A)mg (B)m(g+a) breaking the string is —
(C)m(g—a) D)o (A)ION (B)20N
Q.58 Two forces of magnitude F have a resultant of the same (©)202 N (D)40N
magnitude F. The angle between the two forces is - Q.67  Maximum acceleration of the train in which a 50 kg box
(A)45° (B) 120° lying on its floor will remain stationary (Given :
(©)150° (D)60° Coefficient of static friction between the box and the
Q.59 A man of weight mg is moving up in a rocket with train’s floor is 0.3 and g = 10 ms2)
acceleration 4 g. The apparent weight of the man in the (A) 15 ms2 (B) 1.5 ms2
rocket is (C)3.0ms2 (D) 5.0 ms 2
(A) Zero (B)4mg Q.68 A 2 kg mass starts from rest on an inclined smooth
(©)5mg (D) mg surface with inclination 30° and length 2m. How much
Q.60 A boy standing on a weighing machine observes his will it travel before coming to rest on a frictional
weight as 200 N. When he suddenly jumps upwards, horizontal surface with frictional coefficient of 0.25 —
his friend notices that the reading increased to 400 N. (A)4m (B)6m
The acceleration by which the boy jumped will be- (€)8m (D)2m
(A)9.8 m/s> (B)29.4 m/s? Q.69 A bob is hanging over a pulley inside a car through, a
(©)49m/s? (D) 14.7 m/s? string . The second end of the string is in the hand of a
Q.61 A force of (6i+8])N acted on a body of mass 10 kg. person standing in the car. The car is moving with
The displacement after 10 sec, ifit starts from rest, will constant acceleration 'a' directed horizontally as shown
be - in figure. Other end of the string is pulled with constant
(A) 50 malong tan—! 4/3 with x axis acceleration ‘a’ vertically. The tension in the string is
(B) 70 m along tan~! 3/4 with x axis equal to —
(C) 10 m along tan~! 4/3 with x axis car
(D) None I a
Q.62 A carof 1000 kg moving with a velocity of B la -
18 km/hr is stopped by the brake force of 1000N. The mtﬁﬁi
distance covered by it before coming to rest is - (@) )
(A) I'm (B)162m g
(C)12.5m (D)144m
Q.63 A man fires the bullets of mass m each with the velocity (A) m g2 +a’ (B) my/g* +a*> —ma

v with the help of machine gun, if he fires n bullets
every sec, the reaction force per second on the man
will be -

(C) my/g? +a® +ma (D)m(g+a)

ey
I 182




@ NEwTON'S LAWS OF MOTION AND FRICTION J) (O1U0SH NTONE NS

SOAL

ODM ADVANCED LEARNING

Q.70

Q.71

Q.72

Q.73

Q.74

Q.75

In the figure given, what is the reading of the balance —
(g=10Nkg™)

(A) 10N
(C)5N

(B)20N

D)o

A fire man has to carry an injured person of mass 40 kg
from the top of a building with the help of the rope
which can withstand a load of 100 kg. The acceleration
of the fireman if his mass is 80kg, will be-

(A) 8.17 m/s? (B) 9.8 m/s?

(C) 1.63 m/s? (D) 17.97 m/s?

A cricket ball of mass 250 gm moving with velocity of
24 m/s is hit by a bat so that it acquires a velocity of 28
m/s in the opposite direction. The force acting on the
ball, if the contact time is 1/100 of a second, will be -
(A) 1300 N in the final direction of ball

(B) 13 N in the initial direction of ball

(C) 130 N in the final direction of ball

(D) 1.3 N in the initial direction of ball

A block of mass 2 kg is placed on the floor. The
coefficient of static friction is 0.4.A force F of 2.5 N is
applied on the block. Calculate the force of friction
between the block and the floor. (g = 9.8 ms2)
(A)2.5N (B)25N

(C)7.84N (D) zero

A 600 kg rocket is set for a vertical firing. If the exhaust
speed is 1000 m/s. Then calculate the mass of gas
ejected per second to supply the thrust needed to over-
come the weight of rocket.

(A) 5.88 kg/s (B)4.88 kg/s
(C)2.88kg/s (D) 3.88 kg/s

Two masses 10 kg and 20 kg respectively are connected
by a massless spring as shown in figure force of 200N
acts on the 20 kg mass. At the instant shown in figure
the 10 kg mass has acceleration of 12 m/s2, what is the
acceleration of 20 kg mass.

10Kg 20Kg
200N
M —wwwew—| 12—
(A) 2 m/s? (B) 6 m/s>
(C) 3 m/s2 (D) 4 m/s?

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

A ball rests upon a flat piece of paper on a table top.
The paper is pulled horizontally but quickly towards
right as shown. Relative to its initial position with
respect to the table, the ball —

(H—

(a) remains stationary if there is no friction between
the paper and the ball.

(b) moves to the left and starts rolling backwards,
i.e. to the left if there is a friction between the

paper and the ball.

(¢) moves forward, i.e. in the direction in which the
paper is pulled.

Here, the correct statement/s is/are —

(A) both (a) and (b) (B) only (c)

(C) only (a) (D) only (b)

The resultant of two forces acting at an angle of 120° is
10kg wt and is perpendicular to one of the forces. That
force is —

(A) 10//3 kg wt (B) 10 kg wt

(C)20 3 kgwt (D) 10 /3 kgwt

A block slides down on an incline of angle 30° with an
acceleration g/4. Find the coefficient of kinetic friction

(A) 1/2\2 (B)0.6
© 1/243 (D) 1/2

A block kept on a rough surface starts sliding when
the inclination of the surface is ‘0’ with respect to the
horizontal. The coefficient of static friction between
the block and the surface is —

(A)tan 6 (B)cos 0

(C)secH (D)sin 6

The X and Y components of a force F acting at 30° to
x-axis are respectively —

F 3 3_F
F L
(C) F,E (D) \/5’

A stone of mass 0.05 kg is thrown vertically upwards.
What is the direction and magnitude of net force on
the stone during its upward motion?

(A) 0.98 N vertically downwards

(B) 0.49 N vertically upwards

(C) 9.8 N vertically downwards

(D) 0.49 N vertically downwards

B
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EXERCISE -2 [LEVEL-2]

Q.1

Q2

Q3

Q4

Q5

Ablock A of mass 2 kg rests on another block B of mass
8 kg. Block B rests on a horizontal floor. The coefficient
of friction between A and B is 0.2 while that between B
and floor is 0.5. When a horizontal force of 25N is applied

ontheblock B, then..................... N is the force of friction
betweenAandBand ............... N is the force between B
and ground.

(A)0,25 B)1,18

(0)2,25 (D)0, 12

A light rope hangs over a smooth pulley. A monkey of
mass 5 kg climbs down the portion of the rope on one
side with an acceleration of 1 m/s2. Find with what
acceleration another monkey of mass 4 kg will climb up
the portion of the rope on the other side so that the rope
may remain at rest.

(A) 1.2 m/s? (B) 2.4 m/s?

(C)0.2m/s? (D) 5.4 nv/s?

A particle of mass 5 kg. is moving on rough fixed inclined
plane with constant velocity of 3 m/s as shown in the
figure. Find the friction force acting on a body by plane.

T

(A) 253N (B)20N

(C)30N (D) None of these

A plank is held at an angle ex to the horizontal (Fig.) on
two fixed supports A and B. The plank can slide against
the supports (without friction) because of its weight
Mg. Acceleration and direction in which a man of mass
m should move so that the plank does not move.

A) gsina @ +=2 down the incli
(A) § Mo down the incline

+

8

. Mg
(B) gsmna me down the incline

(C) gsina ey up the incline
& Mo
M
g &4 MO .
(D) gsina gl ¥~ up the incline

A small mass slides down an fixed inclined plane of
inclination 0 with the horizontal. The coefficient of
friction is u = pyx where x is the distance through which

Q.6

Q.7

Q8

Q.9

um/s e——

the mass slides down and p is a constant. Then the
speed is maximum after the mass covers a distance of —

cos0 sin 6 tan 2tan©0
(A) Ko

Ko (B) Ko © Ko (D)

A balloon of gross weight W newton descends with an
acceleration f m/s2. The weight that must be thrown out
in order to give balloon an equal upward acceleration
will be —

(A) Wi/g (B)2 Wf/(g+1)

(©)2 Wtlg D)W (g+1)/f

In the figure, the block of mass M
is at rest on the floor. The accel-
eration with which a monkey of
mass m should climb up along the
rope of negligible mass so as to
lift the block from the floor is —

M ..
(A) equal to §m 15g (B) >%- 1%g

(D) >%g

A block of mass m; lies on top of fixed wedge as shown
in figure 1 and another block of mass m, lies on top of
wedge which is free to move as shown in figure 2. At
time t = 0, both the blocks are released from rest from a
vertical height h above the respective horizontal surface
on which the wedge is placed as shown. There is no
friction between block and wedge in both the figures.
Let T, and T, be the time taken by block in figure 1 and
block in figure 2 respectively to just reach the horizontal
surface, then —

AT, >T,

(B)T,<T,

(C) Magnitude of normal reaction on block of mass m,
is less than that on the block of mass m;.

(D) After falling through same height (less than h) from
top of wedge, the speed of block of mass m, is less than
that of block of mass m,.

System is shown in the figure. Assume that cylinder
remains in contact with the two wedges. The velocity of
cylinder is —

C 1t M
(C) equal to mg

Cylinder

30¢
Ve

2u m/s

30°
77T /T TTTTT T TTTTTTTT7]

W19- 43 Tmis (@) Bu e

3
2

(©) Bum/s (D) \/Tum/s

rys
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Q.10

Q.11

Q.12

In the arrangement shown in fig the masses m of the bar
and M of the wedge, as well as the wedge angle o are
known. The masses of the pulley and the thread are
negligible. The friction is absent. Find the acceleration
of the wedge M.

M
o 1

TTT T TTTTTTTTTTTTTTTI

TITTITTTTTITTITITITT

mg cosa
(A) Zm(l —cos OL) +M

mgsina
(B) m(l+ cosa) +M

mgsina
© 2m(1-cosa)+M

2mgsin o
(D) m(1+cosa)+M

Two blocks of masses m; = lkg, and m, = 2kg are
connected with a massless unstretched spring and
placed over a plank moving with an acceleration ‘a’ as
shown in figure. The coefficient of friction between the
blocks and platform is p.

m, m2

a

1 1111111
(A) spring will be stretched ifa > ug
(B) spring will be compressed ifa < pug.
(C) spring will neither be compressed nor be stretched

fora<pg.

(D) spring will be in its natural length under all conditions
if the initial velocity of both blocks and platform is zero
The block of mass m; = 20kg lies on top of block of mass
m, = 12 kg. Alight inextensible string AB connects mass
m; with vertical wall as shown. The coefficient of friction
is p=0.25 for all surfaces in contact. A horizontal force P
is applied to block of mass m, such that it just slides
under block of mass m;. Then the tension in the string
AB is ( Take g =10 m/s?)

P! f

\ \ \ \ \ \ \\ g

(A) 4042 N (B)24N
(C)40N (D) 242 N

Q.13

Q.14

Q.15

Q.16

A man of mass m = 60 kg. is standing on weighing
machine fixed on a triangular wedge of angle 6 = 60° as
shown in the figure. The wedge is moving up with an
upward acceleration a = 2 m/s2. The weight registered
by the machine is —

(A)600N (B)1440N

(C)360N (D)240N

A block of mass m is attached with massless spring of
force constant k. The block is placed over a fixed rough
inclined surface for which the coefficient of friction is
p =3/4. The block of mass m is initially at rest. The block
of mass M is released from rest with spring in
unstretched state. The minimum value of M required to
move the block up the plane is (neglect mass of string
and pulley and friction in pulley.)

T T

(A)(3/5)m B)(@/5)m
(C)(6/5)m (D)(32)m
A uniform rope of length L and mass M is placed on a
smooth fixed wedge as shown. Both ends of rope are at
same horizontal level. The rope is initially released from
rest, then the magnitude of initial acceleration of rope is

B
T

(A)M (cosa—cosB) g (B) zero

(COM (tano—tanB) g (D) None of these

An ideal spring, wtih a pointer attached to its end, hangs
next to a vertical scale. With a 100N weight attached and
in equilibrium, the pointer indicates 40 on the scale as
shown. Using a 20N weight instead results in 60 on the
scale. Using an unknown weight X instead results in 30
on the scale. The value of X is —

0

40
(A) SON (B)SON
(C)60N (D) 40N

B
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Q.17

Q.18

Q.19

Q.20

Q.21

A uniform disc of radius R and mass m is connected to a
wall by string of length 2R. The normal reaction of wall
s —

(A) mg (B) mg/2

(C) mg/ NG (D) 2mg

In the figure shown all blocks are of equal mass 'm'. All
surfaces are smooth. The acceleration of the block A
with respect ground—

4gsinq 4gsin’ q
A) e B)
1+3sin” q 1+3sin" q
4gsin’ q
(D) None of these

o) ——
© \1+3sin’q

Determine the maximum acceleration of the train in which
a box lying on its floor will remain stationary, given that
the co-efficient of static friction between the box and
the train’s floor is 0.15.

(A) 3.2 m/s? (B) 2.4 m/s?

(C) 0.2 m/s? (D) 1.5 m/s?

A block of mass 2 kg is given a push horizontally and
then the block starts sliding over a horizontal plane. The
figure shows the velocity-time graph of the motion. Find
the coefficient of sliding friction between the plane and
the block. (Take g =10 m/s2)

0

<

(velocity in m/s)
—_—

0 —>t 4
(time in sec.)
(A)2.2m (B)0.5m
(©)0.30m (D)0.20m

A bead of mass m is located on a parabolic wire with its
axis vertical and vertex directed towards downward and
whose equation is x% = ay. If the coefficient of friction is
u, find the highest distance above the x-axis at which
the particle will be in equilibrium.

2 2

a’ a’
L ®)

2

(© ay? (D) -

Q.22

Q.23

Q.24

Q.25

Two masses A and B are connected with two an

inextensible string to write constraint relation between
A and vg. Student A : v, cos 0 = vg.

Student B : v cos 0 = v.

(A) Ais correct, B is wrong (B) B is correct, A is wrong
(C) Both are correct (D) Both are wrong

The coefficient of friction between 4 kg and 5 kg blocks
is 0.2 and between 5 kg block and ground is 0.1
respectively. Choose the correct statement —

P | 4kg

Q Skg
L1777 7777 7777777777 /777777

(A) Minimum force needed to cause system to move is
17N

(B) When force is 4N static friction at all surfaces is 4N
to keep system at rest

(C) Maximum acceleration of 4 kg block is 2m/s?

(D) Slipping between 4 kg and 5 kg blocks start when F
is 17N

Two blocks A and B each of mass are placed on a smooth

horizontal surface. Two horizontal forces F and 2F are

applied on the blocks A and B respectively as shown in

figure. The block A does not slide on block B. Then the

vertical component of normal reaction exerted by block

B on block Ais —

A B
F 2F
— m m fe—
300
T I
33
(A) TF BF
(C)F2 (D) 3F

A weightless string thrown over a stationary pulley is
passed through a slit (fig.). As the string moves it is
acted upon by a constant friction force F on the side of
the slit. The ends of the string carry two weights with
masses m; and m,, respectively. Find the acceleration a
of the weights.

[#
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Q.26

Q.27

Q.28

( (m; +m,)g—F ®) (m; —m,)g—F
m; —mjp m; +m,
© (my —my)g+F (D) None of these

An iron nail is dropped from a height h from the level of
a sand bed. If it penetrates through a distance x in the
sand before coming to rest, the average force exerted by
the sand on the nail is —

(A) mg 8;+1% (B) mg g%+1%

me &8 me &8
© Mgl 5 (D) Mg~ 5
A solid sphere of mass 2 kg is resting inside a cube as
shown in the figure. The cube is moving with a velocity,

V= (5t§+2tj) m/s. Here t is the time in seconds. All

surfaces are smooth. The sphere is at rest with respect
to the cube. What is the total force exerted by the sphere

%)
y
A B
Do
ol g
(A)26N (B)30N
(O I5N (D) 10N

A dog with mass M with its string attached to one end
of a spring which runs without friction along a horizontal
overhead rod. The other end of the spring is fixed to a

Q.29

Q.30

wall. The spring constant is k. The string is massless
and inextensible and it maintains a constant angle 6 with
the overhead rod, even when the dog moves. There is
friction with coefficient p between the dog and the
ground. What is the maximum distance (in m) that the
dog can stretch the spring beyond its natural length ?
[UseM=30kg, 6=37°,k=400 N/mand p=1/3]
(A)0.5m (B) 1.0m

(©)0.7m (D)0.2m

The force required to stretch a spring varies with the
distance as shown in the figure. If the experiment is
performed with the above spring of half length, the line
OA will—

X
(6]

(A) Shift towards F-axis
(C) Remains as it is
length

Two small masses m; and m, are at rest on a frictionless,
fixed triangular wedge angles are 30° and 60° as shown.
They are connected by a light inextensible string. The
side BC of wedge is horizontal and both the masses are
1 metre vertically above the horizontal side BC of wedge.
There is no friction between the wedge and both the
masses. If the string is cut, which mass reaches the bot-
tom of the wedge first ? (Take g = 10m/s?)

(B) Shift towards X-axis
(D) Become double in

TNy

(A) Mass m| reaches the bottom of the wedge first.

(B) Mass m, reaches the bottom of the wedge first.

(C) Both reach the bottom of the wedge at the same time

(D) It’s impossible to determine from the given
informatioin

B
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EXERCISE -3 (NUMERICAL VALUE BASED QUESTIONS)

NOTE : The answer to each question isa NUMERICAL VALUE.

Q.1

Q2

Q3

A pulley is attached to one arm of a balance and a string
passed around it carries two masses m; and m,. The
pulley is provided with a clamp due to which m| and m,
do not move. On removing the clamp m; and m, start
moving.

The counterweight reduced or increased to restore bal-

(m;-my)* g
anceis — . Find the value of x.
m] + m2
my
my

Two rods moving perpendicular to each other along the
axis one on the other with velocities v and 2v, as shown
in the figure. The unit vector along which the friction
force on the rod moving with velocity v by the rod

1 2an
moving with velocity 2v will act is ﬁ (-1-2)) . Find

the value of A.

The maximum value of (M/m) in the situation shown in
figure so that the system remains at rest is

XU e -
———— . Friction coefficient of both the
ysin0—pcos0

contacts is 1, string is massless and pulley is frictionless.

Q4

Q5

Q.6

Q.7

Q8

Q.9

p=0

Find the value of x +y.

In figure force applied by man is 100 N. If both man and
plank move together, force of friction acting on man is

100

YN . Find the value of X.
50kg
p=1/6 K
100kg
A variable force F = 25t acts on a body of mass 10 kg
kept on a rough horizontal surface (u = 0.6, p, = 0.4).
The velocity of the body at t = 4s is (A + 0.4) m/s. Find
the value of A.
Two particles of masses m; and m, (m; >m,) are tied to
the ends of a light inextensible string passing over a
light smooth fixed pulley. The acceleration of m, is g/4
downwards. Then m; : m, is 5 : X. Find the value of X.
A block is moving on an inclined planemaking an angle
45° with the horizontal and the coefficient of friction is
. The force required to just push it up the inclined plane
is 3 times the force required to just prevent it from slid-
ing down. If we define N =10 p, then N is —
A spring of force constant k is cut into two pieces such
that one piece such that one piece is double the length
of the other. Then the long piece will have a force con-
stant of  (X/2) k. Find the value of X.
The maximum value of the force F such that the block
shown in the arrangement, does not move is

m=3 k. =—
60° ¢ M5B

777777777, 117777777777

2
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EXERCISE -4 [PREVIOUS YEARS AIEEE / JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Three point masses A, B and C are 66 gram each are
connected as shown. The acceleration of system is
5 m/s2. Tension between B and C is approximately-

[AIEEE-2002]
(A) 0.33 Newton (B) 4 Newton
(C) 5 Newton (D) 6 Newton

A person in an aeroplane which is coming, down at
acceleration a releases a coin. After release, the
accleration of coin with respect to observer on ground
and in acroplane both will be respectively-[AIEEE-2002]
(A) gand (g —a) (B)(g—a). g

©)(gta),g (D) g, (g+a)

A light string passing over a smooth light pulley
connects two blocks of masses m; and m, (vertically). If
the acceleration of the system is g/8, then the ratio of
the masses is — [AIEEE-2002]
(A)8:1 B)9:7

(©)4:3 (D)5:3

One end of massless rope, which passes over a massless
and frictionless pulley P is tied to a hook C while the
other end is free. Maximum tension that the rope can
bear is 360N. With what value of minimum safe
acceleration (in ms~2) can a man of 60 kg slide down the

rope ? [AIEEE-2002]
(A)16 B)6
©4 D)8

A spring balance is attached to the ceiling of a lift. Aman
hangs his bag on the spring and the spring reads 49 N,
when the lift is stationary. If the lift moves downward
with an acceleration of 5 m/s2, the reading of the spring
balance will be — [AIEEE-2003]
(A)74N
(C)49N

(B) 15N
(D)24N

Let F be the force acting on a particle having position

vector T, and T be the torque of this force about the
origin. Then — [AIEEE-2003]

(A) T #0and FT =0  (B) T #0and ET #0

(C) iT =0and ET =0 (D) +T =0and ET #0

A block of mass M is pulled along a horizontal frictionless
surface by a rope of mass m. If a force P is applied at the
free end of the rope, the force exerted by the rope on the

block is — [AIEEE-2003]
A P_m B)P

O\ Sy ®)

C PM b Pm

( )M+m ( )M+m

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

One end of a light spring balance hangs from the hook

of the other light spring balance attached to roof and a

block of mass M kg hangs from the other end. Then the

true statement about the scale reading is — [AIEEE-2003]

(A) The scale of the lower one reads M kg and of the
upper one zero.

(B) The reading of the two scales can be anything but
the sum of the reading will be M kg.

(C) Both the scales read M/2 kg each.

(D) both the scales read M kg each.

Three forces start acting simultaneously on a particle

moving with velocity v . these forces are represented in
magnitude and direction by the three sides of a triangle
ABC (as shown). The particle will now move with
velocity— [AIEEE-2003]
(A) Greater than v

(B) |v| in the direction

of the largest force BC

(C) v, remaining unchanged

(D) Less than ¥ A B
A horizontal force of 10 Newton 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 block is — [AIEEE-2003]
uN
—
10N
mg
(A)SON (B) 100N
(O)2N (D)20N

A marble block of mass 2 kg lying on ice when given a
velocity of 6 m/s is stopped by friction is 10 s. Then the

coefficient of friction is — [AIEEE-2003]
(A)0.03 (B)0.04
(©)0.06 (D)0.02

A machine gun fires a bullet of mass 40 g with a velocity
1200 ms~!. The man holding it can exert a maximum force
of 144 N on the gun. How many bullets can he fire per
second at the most ? [AIEEE-2004]
(A) One (B) Four

(C) Two (D) Three

A block rests on a rough indined plane making an angle
of'30° with the horizontal. The coefficient of static friction
between the block and the plane is 0.8. If the frictional
force on the block is 10 N, the mass of block (in kg) is
(Take g= 10 m/s?) [AIEEE-2004]
(A)2.0
©1.6

(B)4.0
(D)2.5

B
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Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

Two masses m; =5 kg and m, =4.8 kg tied to a string are
hanging over a light fricitionless pulley. What is the
acceleration of the masses when left free to move ?

(2=9.8 m/s?) [AIEEE-2004]
(A) 0.2 m/s? (B) 9.8 m/s?
(C) 5 m/s? (D) 4.8 m/s?

A parachutist after bailing out falls 50 m without friction.
When parachute opens, it decelerates at 2 m/s2. He
reaches the ground with a speed of 3 m/s. At what

height, did he bail out ? [AIEEE-2005]
(A)91m (B)182m
(©)293m (D)111m

A block is kept on a frictionless inclined surface with
angle of inclination 'a'. The incline is given an
acceleration 'a' to keep the block stationary. Then 'a'is

equal to [AIEEE-2005]
(A)g/tan a (B) g cosec a
©)g (D) g tan

A particle of mass 0.3 kg is subjected to a force F =—kx

with k=15 N/m. What will be its initial acceleration if it

is released from a point 20 cm away from the origin ?
[AIEEE-2005]

(A) 3 m/s? (B) 15 m/s?

(C) 5 m/s? (D) 10 m/s?

A smooth block is released at rest on a 45° incline and

then slides a distance 'd'. The time taken to slide is 'n'

times as much to slide on rough incline than on a smooth

incline. The coefficient of friction is [AIEEE-2005]
Apg=1- 1 B ,/1—L
(A) pg = g Bm= 472
C ! D -
©Ops=1-— D)us=y'" 73

The upper half of an inclined plane with inclination ¢ is
perfectly smooth while the lower half is rough. A body
starting from rest at the top will again come to rest at the
bottom if the coefficient of friction for the lower halfis

given by [AIEEE-2005]
(A)2sin¢ (B)2cos ¢
(©)2tand (D) tan ¢

A player caught a cricket ball of mass 150 g moving ata
rate of 20 m/s. If the catching process is completed in 0.1
s, the force of the blow exerted by the ball on the hand of

the player is equal to — [ATIEEE 2006]
(A)30N (B)300N
(C)150N (D)3N

Q.21

Q.22

Q.23

Q.24

Q.25

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+mF] mF MF
(A) V (B) M © (m+ M) (D) (m+ M)

The figure shows the position — time (x — t) graph of
one-dimensional motion of a body of mass 0.4 kg. The

magnitude of each impulse is — [AIEEE 2010]
2A
x(m)
0 2 4 6 8 10 12 14 16
t(s)—»
(A)0.4 Ns (B)0.8Ns
(C)1.6Ns (D)0.2Ns

A particle of mass m is at rest at the origin at time t=10. It
is subjected to a force F (t) = Foe’bt in the x-direction. Its
speed v (t) is depicted by which of the following curves

[AIEEE 2012]
Fo ... Fo [.........
mb mb
(A) vy B) vt
t—> t—>
s i
©) vt D) v t

t—>

t—>

A uniform cylinder of length L and mass M having cross-
sectional area A is suspended, with its length vertical,
from a fixed point by a massless spring such that it is
half submerged in a liquid of density ¢ at equilibrium
position. The extension x, of the spring when it is in

equilibrium is— [JEE MAIN 2013]
Mg Mg ( LAG)
= o ==
(A) = B) % M
Mg ( LAG) Mg ( Lch
—= 1= |1+
© U oM D) 7 M

A block of mass m is placed on a surface with a vertical
cross section given by y = x3/6. If the coefficient of
friction is 0.5, the maximum height above the ground at
which the block can be placed without slipping is —

[JEE MAIN 2014]
(A)(1/3)m (B)(1/2)m
(€)(1/6)m (D)(2/3)m

¢
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Q.26

Q.27

Q.28

Q.29

Given in the figure are two
blocks A and B of weight 20 N
and 100N, respectively. These
are being pressed against a
wall by a force

F as shown. If the coefficient of
friction between the blocks is 0.1 and between block B
and the wall is 0.15, the frictional force applied by the

L>

wall on block B is [JEE MAIN 2015]
(A)8ON (B)120N
(O)150N (D) 100N

A body of mass m = 102 kg is moving in a medium and
experiences a frictional force F =—kvZ. Its initial speed is

1
vo = 10 ms~L. If, after 10 s, its energy is ng%, the

value of k will be:

(A) 103 kg s

(C) 10 kgm 157!

Two masses m| = 5 kg and
m, = 10 kg, connected by an
inextensible string over a
frictionless pulley, are moving as
shown in the figure. The
coefficient of friction of
horizontal surface is 0.15. The g
minimum weight m that should be put on top of m, to

[JEE MAIN 2017]
(B) 10*kgm!
(D) 103 kgm™!

stop the motion is : [JEE MAIN 2018]
(A)433kg (B)10.3kg
(O)18.3kg (D)27.3kg

A block of mass 10 kg is kept on a rough inclined plane
as shown in the figure. A force of 3 N is applied on the
block. The coefficient of static friction between the plane
and the block is 0.6. What should be the minimum value
of force P, such that the block does not move downward?
(Take g=10 ms2) [JEE MAIN 2019 (JAN)]

10kg

Q.30

Q.31

Q.32

(A)32N (B)25N

(C)23N (D) 18N

Two blocks A and B of masses m, = 1 kg and

mp = 3 kg are kept on the table as shown in figure. The
coefficient of friction between A and B is 0.2 and between
B and the surface of the table is also 0.2. The maximum
force F that can be applied on B horizontally, so that the
block A does not slide over the block B is

(Take g=10 m/s?)

B F
[JEE MAIN 2019 (APRIL)]
(A) 16N (B)40N
(©)12N (D)8N

A block of mass 5 kg is (i) pushed in case a and (ii) pulled
in case b, by a force F =20 N, making an angle of 30° with
the horizontal, as shown in the figures. The coefficient
of friction between the block and floor is m = 0.2. The
difference between the accelerations of the block, in case
b and case a will be : (g=10 ms2)

[JEE MAIN 2019 (APRIL)]
F=20N
B 30°
30°
@ PN ®)
(A) 0 ms2 (B) 0.8 ms 2
(C)0.4 ms2 (D)3.2ms 2

A block of mass 10 kg is suspended from string of length
4m. When pulled by a force F along horizontal from
midpoint. Upper half of string makes 45° with vertical,

value of F is [JEE MAIN 2020 (JAN)]
(A) 100N (B)9ON
(C)75N (D)70N

B
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EXERCISE -5 (PREVIOUS YEARS AIPMT/NEET EXAM QUESTIONS)

Choose one correct response for each question.

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

A 0.5 kg ball moving with speed of
12m/s strikes a hard wall at an angle of 0°
30° with the wall. It is reflected with the
same speed and at the same angle. If the
ball is in contact with the wall for 0.25

seconds, the average force acting on the .

wall is — [AIPMT 2006]
(A) 24N (B) I2N

(C)96N (D)48N

A block B is pushed momentarily along a horizontal
surface with an initial velocity V. If u is the coefficient of
sliding friction between B and the surface, block B will

come to rest after a time — [ATPMT 2007]
: \]i\ —V
[T
(A) gw/V B gV
©Vig (D) Vi(gw)

Sand is being dropped on a conveyor belt at the rate of
M kg/s. The force necessary to keep the belt moving
with a constant velocity of vm /s will be[AIPMT 2008]
(A) Zero (B) Mv newton

(C) 2Mv newton (D) Mv/2 newton

Three forces acting on a body are 4N *7
shown in the figure. To have the ;
resultant force only along the y-

direction, the magnitude of the -t > X
minimum additional force needed

is [AIPMT 2008]
(A) 3N (B)0.5N

(C)1.5N (D) g N

A body, under the action of a force F= 6f—8j+1012,
acquires an acceleration of 1 m/s2. The mass of this

body must be: [AIPMT 2009]
(A)10kg (B)20kg
(C) 102 kg (D) 2410 ke

The mass of a lift is 2000 kg. When the tension in the

supporting cable is 28000 N, then its acceleration is:
[AIPMT 2009]

(B) 4 ms 2 downwards.

(D) 30 ms—2 downwards.
— 0

C m

(A) 4 ms2 upwards
(C) 14 ms2 upwards
A block of mass m is in contact
with the cart C as shown in the
figure. The coefficient of static
friction between the block and the
cart is . The acceleration o of the cart that will prevent

the block from falling satisfies [AIPMT (PRE) 2010]
(A) o> mg/p (B) a>g/um
(Cazgn D)a<gp

Q8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

A gramophone record is revolving with an angular
velocity @. A coin is placed at a distance r from the
centre of the record. The static coefficient of friction is
. The coin will revolve with the record if —

[AIPMT (PRE) 2010]
2
(A)r=pgo? B)r="-
ng
©r<te ) r=5
(D 0)

A person of mass 60 kg is inside a lift of mass 940 kg and
presses the button on control panel. The lift starts
moving upwards with an acceleration 1.0 m/s2.

If g = 10 m/s2, the tension in the supporting cable is —

[AIPMT (PRE)2011]
(A) 1200N (B)8600N
(C)9680N (D) 11000N

A conveyor belt is moving at a constant speed of 2m/s.
A box is gently dropped on it. The coefficient of friction
between them is p = 0.5. The distance that the box will
move relative to belt before coming to rest on it

[AIPMT (MAINS) 2011]
(A)1.2m (B)0.6m
(C) zero (D)0.4m

A car of mass 1000 kg negotiates a banked curve of
radius 90 m on a frictionless road. If the banking angle is

45°, the speed of the car is : [AIPMT (PRE) 2012]
(A)20 ms™! (B)30ms™!
(C)5ms™ (D) 10 ms™

A car of mass m is moving on a level circular track of
radius R. If p  represents the static friction between the
road and tyres of the car, the maximum speed of the car
in circular motion is given by [AIPMT (MAINS) 2012]

(A) \ugmRg (B) yRg/ g
(C) ymRg/ g (D) \/usRg

Three blocks with masses m, 2m and F
3m are connected by strings, as shown

4y

in the figure. After an upward force F

is applied on block m, the masses move
upward at constant speed v. What is

the net force on the block of mass 2m

(A) 6 mg (B)zero [NEET 2013]
(C)2mg (D)3mg

The upper half of an inclined plane of inclination 6 is
perfectly smooth while lower half is rough. A block
starting from rest at the top of the plane will again come
to rest at the bottom. The coefficient of friction between
the block and lower half of the plane is given by

[NEET 2013]
(A)p=tan® (B)p=1/tan6
(C)u=2/tan 6 (D)p=2tan6

Pyv
I 192
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Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

An explosion breaks a rock into three parts in a horizontal
plane. Two of them go off at right angles to each other.
The first part of mass 1 kg moves with a speed of 12m/s
and the second part of mass 2 kg moves with 8 m/s
speed. If the third part files off with 4 m/s speed, then its

mass is — [INEET 2013]
(A)17kg (B)3kg

(C)5kg (D) 7kg

A system consists of three masses ~ p mp - my

mj, m, and m, connected by a

string passing over a pulley P.

The mass m; hangs freely and m,

and m; are on a rough horizontal m

table (the coefficient of friction = p). The pulley is
frictionless and of negligible mass. The downward
acceleration of mass m is (Assume m;=m,=m; =m)

1- 2

(A) % B) % [AIPMT 2014]

g(1-2p) g(1-2p)
©) — 3 D) 5
The force F acting on o7
a particle of mass mis z 37
indicated by the force-time = ° 2 4| ¢ &
graph shown. The change I

t(s)—»

in momentum of the particle
over the time interval from zero to 8sis [AIPMT 2014]
(A)24Ns (B)20Ns

(C)12Ns (D)6 Ns

A balloon with mass m is descending down with an
acceleration a (where a<g). How much mass should be
removed from it so that it starts moving up with an

acceleration a? [ATPMT 2014]
2ma 2ma ma ma
®gra ®e, O, O,

Ablock A of mass m, rests on a horizontal table. A light
string connected to it passes over a frictionless pulley
at the edge of table and from its other end another block
B of mass m, is suspended. The coefficient of kinetic
friction between the block and the table is . When the
block Ais sliding on the table, the tension in the string is

[AIPMT 2015]

(mp —pymy) g
my +m2

mymy (I+p) g
m] +m2

mymy (1-p) g

m; +m,
Three blocks A, B and C of masses 4 kg, 2 kg and 1 kg
respectively, are in contact on a frictionless surface, as
shown. If a force of 14N is applied on the 4 kg block then
the contact force betweenAand Bis: [AIPMT 2015]

(my +pmy) g
rnl +m2

Q.21

Q.22

Q.23

Q.24

Q.25

7
=

(A)6N (B)SN

(C) 18N (D)2N

A plank with a box on it at one end is gradually raised
about the other end. As the angle of inclination with the
horizontal reaches 30°, the box starts to slip and slides
4.0m down the plank in 4.0s. The coefficients of static
and kinetic friction between the box and the plank will

be, respectively : [RE-AIPMT 2015]
mg
0
(A)0.4and 0.3 (B)0.6and 0.6
(©)0.6and 0.5 (D)0.5and 0.6

Two stones of masses m and 2 m are whirled in horizontal
circles, the heavier one in a radius /2 and the lighter one
in radius r. The tangential speed of lighter stone is n
times that of the value of heavier stone when they
experience same centripetal forces. The value ofnis :
A1 (B)2 [RE-AIPMT 2015]
©)3 (D)4

A car is negotiating a curved road of radius R. The road
is banked at an angle 0. The coefficient of friction
between the tyres of the car and the road is p . The
maximum safe velocity on this road is —

[NEET 2016 PHASE 1]
) K +tanB U +tan®
(&) (BR T B) [R5
— U tan® 1-pg tan®
g Mg +tand g Hg+tan®
© 4R 1-p tan® (D) R2 1-pg tan®

A rigid ball of mass m strikes a rigid
wall at 60° and gets reflected without
loss of speed as shown in the figure.
The value of impulse imparted by the
wall on the ball will be

[NEET 2016 PHASE 2]
(A)ymV (B)2mV
(C)mV/2 (D)mV/3

In the given figure, a = 15 m/s?
represents the total acceleration of a
particle moving in the clockwise

direction in a circle of radius R=2.5m o @
at a given instant of time. The speed
of the particle is
[NEET 2016 PHASE 2]
(A)4.5m/s (B)5.0m/s
(©)5.7m/s (D)6.2 /s
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Q.26

Q.27

Q.28

Two blocks A and B of masses 3 m and m
respectively are connected by a massless

and inextensible string. The whole system
is suspended by a massless spring as shown
in figure. The magnitudes of acceleration of
A and B immediately after the string is cut,

are respectively [NEET 2017]
(A)gf3. g B)g.g
(©) g3, ¢3 (D) g, ¢/3 Q.29
Which one of the following statements is incorrect?
[NEET 2018]

(A) Frictional force opposes the relative motion.

(B) Limiting value of static friction is directly
proportional to normal reaction.

(©) Rolling friction is smaller than sliding friction.

(D) Coefficient of sliding friction has dimensions of
length.

A block of mass mis placed on a smooth inclined wedge

ABC of inclination 0 as shown in the figure. The wedge

is given an acceleration 'a' towards the right. The relation

QUESTION BANK STUDY MATERIAL: PHYSICS
between a and 0 for the block to remain stationary on
the wedge is # . [NEET 2018]
—0
C B
(A)a=gcosH (B)a=g/sin6
(C) a=g/cosecH (D)a=gtan 6

A particle moving with velocity V is acted by three

forces shown by the vector triangle PQR. The velocity
ofthe particle will : |, [NEET 2019]

(A) Increase

(B) Decrease R Q

(C) Remain constant

(D) Change according to the smallest force
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NEWTON'S LAWS OF MOTION AND FRICTION
TRY IT YOURSELF-1

(1) (D). Basic application of Newton’s 3rd Law.

(2) (O). Newton’s 3rd Law of Motion states that if Joanne applies
a force on the basketball to the east, the basketball must
apply a force back on Joanne in opposite direction, to the ©®)
west.

(3 (BD).

A non-accelerated frame is defined as inertial frame.

Due to revolution of earth around sun it is accelerated
towards the sun. Hence frame of option (B) is not an inertial
frame.

Again due to rotation of earth about its axis a frame of option
(D) is also an accelerated frame that is why it cannot be
considered an inertial frame.

(4) (B). On a frictionless table, all your force is doing as it
accelerates the object is overcoming the object's inertia. In
gravitationless space, the same is the case. The two forces
should, therefore, be the same.

(5) (B). Because the rope is does not stretch (inextensible) block
A and block B move together, so they have the same
acceleration.

(6) (B).Considered as a whole the blocks are pushed to the
right by a force greater than that pushing to the left. Thus
both blocks accelerate to the right. Block 1 is pushed to the

right by 151 and to the left by N. It accelerates to the right
thus | F | > N . Block 2 is pushed to the right by N and to

the left by F,. It accelerates to the right, thus N >|E, | .

(7) (A). The normal force on the person is greater than the
gravitational force on the person because the normal force
must also accelerate the person, as well as oppose the
gravitational force. Thus N — mg = ma implies that
N=m(a+g).So the magnitude of upward normal force is
larger than the magnitude of the downward gravitational
force.

(8) (B).a=b + c [string constrained]

TT,
%

T

1
i C

a8

N@}

—
C
T =mgb [Newtons Il law for B in horizontal direction]
T=[m, +mg]c [Newton's II law for Aand C
in horizontal direction]

[Newton's II law for A in
vertical direction].

myg-T=mya

mag-T_T T
ma a mpg ma + mgc
dmg-T T T _ p_3me_,_8
4m 3m 12m 2 2
(C). In part (a), assume that the spring is directly connected
to the body. There are two forces acting on the body: the

gravitational force between the body and the earth,

Fb,e =-mg k, and the force between the body and the

spring, Fb,s =F k. (The spring is actually connected to

the rope, but since the rope is massless, the tension in the
rope is uniform and the spring force transmits through the
rope so the tension in the rope is equal to the magnitude of
the spring force). The interaction between the body and the
spring stretches the spring a distance x from its equilibrium
length. By Hooke’s Law the magnitude of this force is F = kx

and so the force acting on the spring is Fb,s =kxk

The force diagram on the body is shown below

Fb,s
]
k
I A m
J +
A
! v
Fb,e —mg

These two forces on the body balance since the body is
in equilibrium, and so

ig :ﬁb.e+ﬁb,s :—mglz+kX12:() ......... (1)
Therefore the spring stretches a distance
x=mg/k. L. )

In configuration (b), the forces acting on the body are
the gravitational force between the body and the earth, and
the force between the rope and the body. The force diagram
is shown in the figure below.

Fb,r

vt
H

Fye = (m/2)g

Since the body is in static equilibrium,

B =Fy +F, =—(mg/2)k+F k=0 ...(3)

Therefore the magnitudes of the force of the rope (tension
in the rope) and the gravitational force on the body are equal;

mg/2= Fy,
Suppose the spring stretches by an amount x,. Just as in
part (a), the tension in the rope is uniform, so the tension in

T
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the rope is equal to the magnitude of the spring force.

Foo=kxy ®)
Combining Equations (4) and (5) yields

kx;=(m2)g ... ©6)
Thus the spring stretches by half the amount as in part (a),
as given by Equation (2),

X, =(m2)g/k=x/2 .. ™

2mgsin30° - mgsin0

(10) (A). Acceleration =

2m+m

()

Givena=g/6
g2 (2sin30°—sin0) g

o 3 6
= sin0=1/2 =6=30°
@)
TRY IT YOURSELF-2
(1) (O). The force is proportional to the coefficient of kinetic
friction and the weight of the crate. Neither depends on the
size of the surface in contact with the floor.
@ ).
(A) There is acomponent of F in the normal direction. N.S.L.  (8)
yields N—mg + Fsin 6 = ma, = 0.
This statement is false.
(B) The component of F that accelerates the block is a
function of the angle 6. This statement is false.
(C) Because F is to the right, one might assume that the
motion was to the right. If that were the case, this statement  (9)
would be true. Unfortunately, nothing was said about the
direction of motion (just because F is to the right doesn't
mean the body is moving to the right--it could be slowing
down while moving to the left). Because the statement could
be false, it can-not be true.
(3) (O). Once the object starts moving it is accelerating because
the force on the object is non-zero pointing in the direction
down the inclined plane. Therefore the object speeds up.
@ (©.
(A) It isn't gravity that accelerates the body, it's the
component of gravity along the line of the incline that
accelerates the body. This statement is false.
(B) If you do the math, the mass terms cancel out. If you
simply think about the interplay between inertial mass and
gravitational mass, it should be obvious that the amount of
mass will have no effect on the outcome. This statement is
false.
(C) The component of gravity that accelerates the mass will
be a function of the incline's angle. This statement is true.

fiza=0.5x10x2=10N

3kg
5) (i) (D).
GO D) fgg = 0.3x5x10=15N

fga<fpg
Hence, B will remain at rest, so ag =0
. 50-25 25
(i) @®). a= =3

3 3

A
2k
mL,,
10
y F-50N

(AD). Suppose blocks A and B move together.

ApplyingNLM on C,A+ B, and D

60-T=6a=T-18-T'=9%a=T'-10=1a

Solving a =2 m/s?

To check slipping between A and B, we have to find
friction force in this case. If it is less than limiting static
friction, then there will be no slipping between A & B.

Applying NLM on A.

T-f=6(12)=>asT=48N=f=36N

and f, =42 N hence A and B move together.

andT'=12N
(B). Before bucket starts to accelerate, the tension in the
string satisfies mg—T =0 so T =mg, where m s the combined
mass of the bucket and sand. Once the bucket starts
accelerating downward ,

mg—-T=maorT=m(g—a).

Thus the tension in the string decreases.

(A). Limiting friction between A& B=90 N

Limiting friction between B & C=80N

Limiting friction between C & ground =60 N

Since limiting friction is least between C and ground,
slipping will occur at first between C and ground. This will
occur when F =60 N.

(D). The normal force acting on m; is m,g, so the static
frictional force will be pm, g.

This means that if m, had been fixed to the ground (i.e., held
stationary), the largest non-slip value F could attain would
be pm,; g, Unfortunately, that's not the situation--m, isn't
fixed to the ground, it resides on a frictionless surface.
Therefore, this statement is false.

(B) Summing the forces on m, yields

F-pumg=mja,orF=mja+pm,eg.

To get a, noting that "no slippage" means that m,'s
acceleration equals m,'s acceleration, we can use N.S.L. on
m,.

Doing so yields the following:

pgm; g =mya, ora = (um;g)/m,.

Substituting a into our first equations yields:

F=m, [usm,g)/m,]+pgm,g=2um,g.

This statement is true . . . but are there other correct
responses?

(C) The only force acting on m, is friction. The maximum
static frictional force between m; and m, is, indeed,

pgm, g . This response is true.

v
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CHAPTER-S: (15)
NEWTON'S LAWS OF MOTION AND FRICTION
EXERCISE-1 (16)

@» O
(1) Areference frame in which Newton’s first law is valid
is called an inertial reference frame.
(2) Frame moving at constant velocity relative to a known
inertial frame is also an inertial frame. a7
(3) Ideally, no inertial frame exists in the universe for
practical purpose, a frame of reference may be
considered as Inertial if its acceleration is negligible
with respect to the acceleration of the object to be
observed.
?2) (C). Newton’s first law of motion defines the inertia of
body. It states that every body has a tendency to  (18)
remain in its state (either rest or motion) due to its
inertia.
A3 (D). Particle will move with uniform velocity due to inertia.
4 (B). Opposite force causes retardation.
5) (B). Since, force needed to overcome frictional force.

d
© O).F="7=2bt - Foy
F 100
= t=0 (—]tzt—) 10=200 /
() (B). V=urat=0+|— s ) cm/sec

dv
(8)  (C).Force on the football F= m

_ m(vy—vy) _ 0.5%x(10-0)

F =
dt 1/50 250N.
.. A . 19)
9 (D). Giventhat F; =8i+10j and F, =4i+8]j
Then the total force F=12i+18]
_F 120418 . .
So acceleration a = — = e . 2i+3]) m/sec?
m
(20)

(10)  (B). We know F=‘i—f = Fdt=dp
= 2x2=dp = 4=dp
Therefore change in momentum =4 Ns

(11)  (B). On a frictionless table, all your force is doing as it
accelerates the object is overcoming the object's
inertia. In gravitation less space, the same is the case.
The two forces should be same.

(12) (B).Because for every action there is an equal and
opposite reaction takes place.

(13) (O).Newton’s 3rd Law of Motion states that if Joanne 21
applies a force on the basketball to the east, the
basketball must apply a force back on Joanne in
opposite direction, to the west.

(14) (B). The same impulse is needed in both cases, so

FlAtl = FzAtz and

o (ay) [S.Osj
E, =K LA—tzJ—GSOON) >0 =8750N

(A). Ap=p; —pf =mv—(—mv) =2mv

mAv u-+ V)
F= . §= At
(A)- At ( 2

10-3:[2] At po4x107°x30x30
2/ 2x107

(B). Impulse =F . t= Areaunder F-t curve from4 psto 16
us =Areaunder BCDFB
= Area of trapezium BCEF + area of ACDE

=18N

1 1
= (200+800) (2x1076) + 5 *10x 1076 x 800

=10x1044+40x 10*N-s=5.0x 103 N-s
(©). FBDofmis: FBD ofmass /2 is

T T T
T me VZm
mg \/Emg

1
2T cos 0= \/Emg ; COS@:E or 0 =45°

(A). Tension in both string shall be same which can be
observed by making FBD of string in figure (i)

T —
P ) - < s (i)
FBD of string in figure (i)
(C). The given situation F F
is shown as '60° T 60°
F=Tsin30° &
2T cos 30° =mg gl
= T
T ~
4 joq EN
CANCRUTIIN L ’
2 V3 Tsin30® Tsin30°
4 3
10 1 5x10
and F=—F%=x—-= [me]
G323

(C). The forces on the block are shown in the free body
diagram.
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N F cosb
F sinf
mg sinf mg cosb

F.B.D. of the block
ZF,=0 ; FcosO-mgsin0=0

_mesin® e tan0

or

cos0

(22) (D). 60kg-wt=20(g+a;)+30(g+a,)
=20kg-wt+ 30 kg-wt +20a, +30a,
20a, +30a, = 10 kg-wt
2a;+3a,=1
a =(1/4)g,a,=(1/6) g
aj:a,=6:4=3:2

(A). All the forces acting on the two blocks are shown in
fig. As the blocks are rigid under the action of a force

F, both will move together with same acceleration.
R,

R, 1
T M

— S A

M

mg Mg
a=F/(m+M)=3/(1+2) = 1 m/s?
MF  2x3
M+m 241
(B). Because the rope is does not stretch (inextensible)
block A and block B move together, so they have the
same acceleration.

(B). Considered as a whole the blocks are pushed to the
right by a force greater than that pushing to the left.
Thus both blocks accelerate to the right. Block 1 is

131
ta,

23

Force of contact, R=Ma= 2N

249

25

pushed to the right by Fl and to the left by N,
It accelerates to the right thus |F |> N . Block 2 is
pushed to the right by N and to the left by Fz.

It accelerates to the right, thus N >|FE, | .

(26) (D). Reading on the spring balance =m (g—a)
and sincea=g .. Force=0

(C). Mass measured by physical balance remains
unaffected due to variation in acceleration due to
gravity.

(A). The normal force on the person is greater than the
gravitational force on the person because the normal
force must also accelerate the person, as well as
oppose the gravitational force. Thus N — mg = ma
implies that N = m (a + g) . So the magnitude of
upward normal force is larger than the magnitude of

@n

2%

29

30

31

(32

(33)

34

35

the downward gravitational force.

M, -Mpeg _(10-5g g
M, +M; 10+5) 3

(©).a=

5-4
D). a:(5+—4j g=% ; Forblock B, T—mg=ma

T=1 ( g+ §] = 10g
9 9

(D). Let the tension in the string AP, and P,P, be T.
Considering the force on pulley P, we get
T=v . 1
Further, let Z AP,P, =20
Resolving tensions in horizontal and vertical
directions and considering the forces on pulley P,,
weget 2TcosO=W ... )
2Wcos0=W or cos0=1/2 or6=60°
Z AP,P =20=120°

(C). Acceleration = (my ~my)
(my +my)
= 4-3 ><9.8:%:1.4m/sec2
4+3 7
D).

(A) There is a component of F in the normal direction.
N.S.L.yields N—mg+Fsin 6 = ma, = 0.

This statement is false.

(B) The component of F that accelerates the block is a
function of the angle 0. This statement is false.

(C) Because F is to the right, one might assume that the
motion was to the right. If that were the case, this
statement would be true. Unfortunately, nothing was
said about the direction of motion (just because F is
to the right doesn't mean the body is moving to the
right--it could be slowing down while moving to the
left). Because the statement could be false, it can-not
be true.

(O). Once the object starts moving it is accelerating
because the force on the object is non-zero pointing
in the direction down the inclined plane. Therefore
the object speeds up.

©.

(A) It isn't gravity that accelerates the body, it's the
component of gravity along the line of the incline
that accelerates the body. This statement is false.

(B) Ifyou do the math, the mass terms cancel out. If you
simply think about the interplay between inertial mass
and gravitational mass, it should be obvious that the
amount of mass will have no effect on the outcome.
This statement is false.

(C) The component of gravity that accelerates the mass
will be a function of the incline's angle. This statement
is true.

v
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(36) (A).

(1) Coefficient of static friction is always greater than
the coefficient of kinetic friction

(i) Limiting friction is always greater than the kinetic
friction.

(iii) Limiting friction is never less than static friction.

(A). Coefficient of friction is constant for two given
surface in contact. It does not depend upon the

weight or normal reaction.
(B).u=2m/s,v=0,t=10sec
v-u 0-2 2 1 )
t 10 10 5 -"02m/s

Friction force =ma =1x(-0.2) =-0.2 N

37

(3%

a=

F 19.6 2
(©) i = =55 = =04

(39) 5%x98 5

(40) (B).Byusing,v=u-+at,0=v—pgt= t=2

ng
(A). Let the contact force on the block by the surface be
F which makes an angle 6 with the vertical. The
component of F perpendicular to the contact surface
is the normal force N and the component F parallel to
the surface is the friction f. As the surface is horizontal,
N is vertically upward. For vertical equilibrium.

F N

(1)

f —>

N=Mg=(0.400)(10)=4.0N
The frictional force is f=3.0 N

3 -1 0
tan 0= N3 = 0=tan"" (3/4) =37 N
(C).N=mgcos 6 . (D)
f-mgsin0=0=f=mgsinb ....(2)
ugN =mg sin O
Dividing (2) by (1) p = tan0
Oztan‘lus =tan"! (0.3)

(42)

(43)  (A). f=puN+—]

Mg

F=uN=Ma; F-pmg=Mug; F=pg(M+m)
(B). When A moves with B the force opposing the motion

is the only force of friction between B and S the

horizontal and velocity of the system is constant.

(44

CS))
(46)

“7)

48)

49)

(30)
(1)

(32)

(33)

(54

(35)

(56)

(57

(38)
(9

Ry

R]
F s
S )

F=1f =pR;=0.25(4+8)=3N
(C). Stopping distance is independent on mass.
(C). Applied force < pMg; f<pMg

Contact force F =% + N?
2 2
< y(uMg)” +(Mg)* < Mgy1+p?

A).

(1) In the force applied v/s friction graph :
The graph is a straight line of slope 45° for small F
and a straight line parallel to the F-axis for large F.

(i) There is small kink on the graph

A).

(1) Force of friction between two bodies may be equal to
Zero

(i) Bodies may be rough

(B). It is easier to pull a body than to push, because the
friction force is more in pushing than that in pulling

(A)ma=pmg; a=pg

(B). Here, mass of the car =m
Initial velocity, u= 0 (As the car starts from rest)

Final velocity v = vi along east

—x (East) . ;_—
fve ( ) ; t=2s

A

Using, v=u-+at; vi=0+ax2 or a=—i

Force exerted on the car is F=md= %f = %
eastward
(A). When the lift falls freely, R=0
The force of friction, F=puR=0
(D). We know that, F — f=ma
20-0.2x3x10 14 2
Here for small body, 8y = ——————=—m/s

3 3

. 6
Similarly a; =7~=0.6m/ $?
(D). Since T =mg, it implies that elevator may be at rest or
in uniform motion.

m(u-v) 2x(8-0)
t 4

= 4N

(B). F=ma-=

m(u? —v?)  30x107° x(120)
28 2x12x1072

(D). If rope of lift breaks suddenly, acceleration becomes
equal to g so that tension, T=m (g—g)=0

(D). F= = 1800N

(B). F=/(F)2 + (F)? + 2FFcos® = 0=120°
(C).R=m(g+a)=m(g+4g)=5mg
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(60) (A). Force causing the acceleration =400 —200 = 200N 2000560°420c0s60°
Mass of the boy = 200/9.8
Acceleration = F/m = — x9.8=9.8 m/s? A 4 X
cceleration=F/m= 200 < 9-8=9.8m/s 20 o TN
60°
L F B 61+ 83 . N . R
(61) (A). Acceleration= P in the direction of force Pt S Oeme0s
and displacement
T 1(6i+83\ ) mg
it —at? =0+—| —3 | x1 a0
S=ut+ 2 at” =0+ ZL 10 J <100 = 30i + 40j From figure, 20cos 60° + 20 cos 60° = mg
. . 1 . mg= 20N
So the displacement is 50 m along tan™" (4/3) with (67) (C). Box s stationary, f=ma
X-axis.
uN=ma ; pmg=ma
F 1000 —g - q= 2
©62) (O.F=ma =a=—=290_ /2 0.3x10=a ; a=3m/s
1000
As the force is brake force, acceleration is — 1 m/s2
using relation v2 = u2 + 2as, V=0
68) (A).
o @ W) [y
2 [1 8 x ﬁ]
) _u _ friction p = 0.25
2as=u"=s a - 12.5m . 'e—leoxl—loN .
et — Mgsing = )= (1)
63 F= d Fdt=dp=
63) B).F=_ = P=P,— Py oo 10 0
= Fxl=mnv-0 = F=mnv m 2
(Total mass of the bullets fired in 1 sec = mn) vi=u?+2as =0+2x5x2=20
(64) (B). Mass of the rope = 8 x (1/2) = 4 kg vZ=v2-2(ng) S
Total mass = 50+ 4= 54 kg 0=v>-2ugS ; S=4m
(69) (O). (Force diagram in the
F 108
a= —=—— =2 m/s2 frame of the car)
m 54 Applying Newton’s law
Force utilised in pulling the rope =4 x 2 =8 N perpendicular to string
Force applied onmass =108 —8 =100 N oo
o N mgsin 6 = macos0
(65) (O).Infigure, OA =p,; A tanf=a/g
= initial momentum Applying Newton’s law along string
=10
of player northward.
—p 4 sw* T-m g2+a2:ma;T=m g2+a2+ma
OB = p, = final S (70)  (A).One of the weights gives a reading and the other
momentum of player westward. prevents the acceleration of the system. Therefore,
According to triangle law of vectors, OA + AB = OB the reading is not zero but 10N.
(71) (C). Total mass=80+40=120kg
AB = OB -0A =p, —p; = change in momentum The rope cannot with stand this load so the fire man
The change in momentum of player is along south should slide down the rope with some acceleration
west. As motion is due to frictional force of reaction The maximum ténsion =100<9.8N
of the ground, therefore, force that acts on the player m (g —a) = tension, 5
is frictional force along south west. 120(9-8 a):' 100> 9.8=a .:1 63m/s o
(66) (B). The situation before breaking the string is (72)  (A). The change in momentum in the final direction is

equal to the impulse

250 g [ 250 24] 13N
= — X _ | —— X =
1000 1000 s
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impulse 13 — 1300N
time  1/100

in the direction of the ball.

(73)  (A). The limiting (maximum) force of static friction is
f=pR=pmg =04 x2kgx9.8ms>=7.84N
The applied force F is 2.5 N, that is less than the
limiting frictional force. Hence under the force F, the
block does not move. So long the block does not
move, the (adjustable) frictional force is always equal
to the applied force. Thus the frictional force is 2.5 N.

(74)  (A). Force required to overcome the weight of rocket

and force=

dm
F = mg and thrust needed = VE

dm dm mg  600x9.8 @1

vV— m
i BT T T v T 1000

(75) (D). Force equation for m; (= 10 kg) mass is
F=mja,=10x12=120N @
Force on 10 kg mass is 120 N to the right.

=5.88 kg/s

10 Kg

— <«

my my [200N

As action and reaction are equal and opposite, the
reaction force F on 20 kg mass F = 120 N to the left.
Equation of motion of mass m, = 10 kg is

200-F =20a, Q?)

80
= 200-120=20a,=> 202, =80 = a, = - =4 m)s’

(76) (A).(a) From Newton first law.
(b) Friction will support rolling motion.

X

A
77 A). -
a7 @ g F=10
| FE—
N 10
tan30°=—==—=>x=—F4 3
NI

(78) (O). Let the mass of block be m.
The equation of forces

“@
. mg mg 30°
oO_f— = . f —_—_° A
mg sin 30° —f 1 4
Also, N=mg cos 30°=mg ?
As the block is slipping on the incline, friction is
(©))

(79)

(80)

TN B 2B

4mg——
)

Friction

(A). When the body just
start sliding. “
_ in O
F= fl . mg sin g

mg sin 6 = p mg cos 0

p=tan 0
Y
3
B). K :Fcoseng F
. F
Fy:Fsme:E 0 X

D). F=mxg=0.05%x9.8=0.49N, downwards.

EXERCISE-2

(A). {5 iy = 50. Hence B will not move, thus A cannot
move. So, friction between Aand B=0

0. A

B |—=25N

0.5

f=0.

Friction between B and ground = applied force =25N
(A). Let TN be the tension of the string and let a m/s2 be

the acceleration of the monkey which is rising up.

The total force acting on this monkey (T — 4g) N.

T-4g=4a ... 0))

Similarly, the equation of motion of the other monkey

which is climbing down the rope with acceleration of

1m/s?is 5g-T=5x1=5 .. )

Adding (1) and (2), we get

9.8-5 4.8
g:5+4a:—4 2327233 a=12

Hence, the required acceleration of the other monkey
is 1.2 m/s%.

()
(A). f, = N=p, mgcos30°=mgsin 60°=5 (10) LT

= f, =253 N

(B). F.B.D. of man plank are
For plank to be at rest, applying Newton’s second
law to plank along the incline
Mgsinoa=f . )
and applying Newton’s second law to man along the

incline mgsina +f=ma ... )

—osina 8 Mo o
a=gsina ¢ +E3 down the incline.

(C). Acceleration of mass at distance x

ETem
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a=g(sin 6 — pyx cos 0)
Speed is maximum, when a=0

. tan 0
g(sin@—pyxcos0)=0 ; x=
Ho R
w
© (B.W-R=-—f . (1) &
g
(Here R is upthrust on the balloon) R w
R - (W - ) (Wg ) ..... Tf
Adding the equation
WL WExf W
g g g
L fy_awr o 2wE
= L gJ - - g+f
@) (B). Equation of motion for M :
Since M is stationary, therefore
T-Mg=0 = T=Mg ... )
Since the monkey moves up with an acceleration ‘a’,
therefore
T-mg=ma =T=(g+ta) ... 2)
Equating eq. (1) and eq. (2), we get
&M 6
- =1
Mg=m(gta) =a=¢g - l-g
T T
]
T T Mg
mg

ie., 1fa>ad\—/[—1 g,
m

the block M can be lifted from the floor.
®) (A). We draw axes for each block along the incline and
normal to incline.

asin® gSiIlU

fig.-1 fig.-2

The component of acceleration for each block are as
shown, where a is acceleration of wedge is figure 2.
It is obvious that vertical component of acceleration
is larger for block in figure 2.
T,>T,

9 (D) As cyhnder will remain in contact with wedge A

V,=2u
As it also remain in contact with wedge B

usin 30°:Vycos 3>0°7VX sin 30°
V.=V, sin30° wusin30
Y cos30° cos30°

u

T T 7T T T T T T 77T 7T 77777 7777 /777777777

V, =V, tan30°+utan30°

v, =3utan30°=«/§u; V:JVXZJrVy2 =7u

(C). Here, the arrangement of the masses and string is
such that when mass M goes back by small amount
the mass m goes down the incline by the same amount
. Since the mass m remains in contact with M, so m
has two accelerations each of value a one-down the
incline and other horizontal - left to right.

(10)

=]
TTTTTTTTITTITTITITIOT

M
a 1
TTTTTTTTTTTTTTTTTTTT
N T
a.cos o
DN
acos o Z a
asin o
a mg cos o
mg sin a asino

FETTTTTTTTTTTTTITTTT

a.cos o W

IIIIIIIIIIIIIIIIIIII

From fig .1 for the downward motion of body 2'
mgsina—T=m(a—acosa)
Here (a—a cos a) is resultant acceleration of body 2
in down the incline direction.

Since, on the system of "2' and '1' only one horizontal
force T is acting as in fig. 2 and body 'l' is moving
with a horizontal acceleration and body 2' is moving
with (a —a cos o ) horizontal acceleration as shown
in figure 1. So, for horizontal motion of
T=m(a—acosa)+Ma

From equation (1) and (2)

mg sin oo =2ma (1 —cos a) + Ma

ey
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e mgsin o
2m (I-cosa)+M

(D). Let the value of ‘a’be increased from zero. As long as
a[I< ug, there shall be no relative motion between m,
or m, and platform, that is, m; and m, shall move
with acceleration a. As a> g the acceleration of m
and m, shall become pg each. Hence at all instants
the velocity of m; and m, shall be same.

.. The spring shall always remain in natural length.

(A).Form,: Ny Tgin 45°
N, +Tsin45°=200
T cos 45°=0.25 N, W, 145;}005 450

= T= 40\/5 N 0.25N, ll

(11)

(12)

(13) W,

(C). N—-mgcos0 =macos0
N=m(g+a)cosq =60(10+2)cos 60°=360N

(A). As long as the block of mass m remains stationary,
the block of mass M released from rest comes down

(14

2M
by Tg (before coming it rest momentarily again).

Thus the maximum extension in the spring is

2M
X = ZYe

K
For block of mass m to just move up the incline
kx =mgsin 6 + pu mg cos 0

3

3 3 4
2Mg =mg X —+—mg X — M=—m
grmexgT meny o 5

(15) (B). Let L, and L, be the portions (of length) of rope on
left and right surface of wedge as shown.

Magnitude of acceleration of rope

M . .
f(Ll sino. —L, sinf)g
=0

a=
M

(- L;sina =L, sinP)

200

100
(16) (A). 40=L+?:>60=L+? ~K=5andL=20

Now, 30=20+§:>x=50

17) (C).mg=T cos30°
N=Tsin30°= N= "8

NE)

(18) (B).
a : acceleration of the block A downwards w.r.t. ground
b :acceleration of the block B w.r.t. inclined plane.

¢ : acceleration of the block C w.r.t. ground right side

b+¢ :acceleration of B w.r.t. ground

A /
P
b 5 2 C
[T 77
Applying Newton’s law on system along horizontal

direction mc+m(c- bcosq)=0

2c=bcosq
Applying Newton’s law on (A + B) along the inclined

plane 2mgsinq =m(b- ccosq)+masinq

2gsinq=b- ccosqtasing ... )
From wedge constraints between A and B
a=bsinq .. 3)
From (1), (2)and (3)
4 . . 2
—gs1'n? ; a=bsing =—4g51r.1 2q
1+3sin” q 1+3sin”q
(19) (D). Since the acceleration of the box is due to the static
friction, ma=f <p N=p mg ie. asp.g
Sooap =ueg=0.15x 10ms2=15ms2
20) (D). Att=0, v=8andatt=4, v=0
vZ=u?+ 2as
On putting the value
0=64-2xaxs .. (1
But s is area of v-t graph
s=(12)x4x8=16 ... )
By equation (1) and (2),
0=64-2xax16 =>a=2
But a=pg=2. So,p=2/10=0.20
(21)  (A). For the sliding not to occur when tanq £ m
22)
(23) (C). Soblock Q is moving due to force while block P due

to friction.
Friction direction on both +Q blocks as shown

ETew
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b ZFy:R—mg:ma = R=m(g+a) ... 2)

-3 [where a = deceleration of the nail ]
Since the nail penetrates a distance X, therefore

max

fn=8 «——

f ol ° TF 0-vi=-2ax e 3)
First block ‘Q’ will move and P will move with ‘Q’ so Putting v, fromeq. (1) and “a’ from eq. (2) ineq. (3),
by FBD taking P and Q as system we get
F-9=0 = F=9N . aR-mgp ~mg(h+x) & b
When applied force is 4N then FBD 2gh =2 & 5*= R= X meg * 1,:3
4 kg block is moving due to friction and maximum o
friction force is 8N. 27)  (A). v =(5ti+2t) $

So acceleration=8/4=2m/s*>=a__ .

Q NX:5X2:10N < » N,
>0 N, =2x10+2x2=24N *° K/
0‘ .'.

Total force =

P —F 2x2
4+ \/Ni +N3 =\/(10)2+(24)2 =26N
Slipping will start at when Q has +ve acceleration . .
equal to maximum. (28) (D).Forthedog, N+ Tsin0—Mg = 0 (vertical)
Acceleration of P i.e., 2 m/s? F-Tcos0 =0 (horizontal)
F-17=5%x2 =F=27N For maximum extension, f=puN

F
(24) (A). Acceleration of two mass system is a = m leftward
m

FBD ofblock A

A\ A\ 7 ,§I\
mF . i
N cos 60°—F=ma= E ; Soving N=3F (friction coeff.)

Forspring, Tcos®-kx =0 (horizontal)

Vertical component of Nis Nsin60° = —— = TF We have four unknown (N, T, F, x) and four equations
(25) (B). Letus consider the string element in the slit . Assume SolveforT: Tcosb=kx=T= kx
that the string moves downward. . cos®
Then the string element will be acted upon by the Substitute for F and solve for N :
force of string tension on both sides and the force of TcosO kx
friction. Since the mass of this string element is MN-Tcos§=0=N= =—
neglected, T-F-T,=0. K H
m;g—T=ma kx kxsine_M
m,g—T,=m,a ?‘F cos0 8 = kx(1+ptan0)=uMg
m;—m,)g—F
Hence, a = (my —my)g—F R uMg . .
m; +m, X = —————— maximum stretch of spring
o ) k (1+ptan®)
(26) (A). The nail hits the sand with
a speed v, after falling a height h. (1/3)x30x10
, = x=——7F——=02m
. v2=2gh = v, =.[2gh e (1) X 400 [1+1x§]
The nail stops after sometime (say t) mg 3 4
penetrating through a distance, x into the sand. (29) (A).K'=2K = F=2Kx
Since its Velocfity decreases gradually the sand (30) (A). The vertical component of acceleration of mass 1
exerts a retarding upward force, R (say). and mass 2 are a; =g sin® 60°, =g sin® 30°

Net force acting on the nail
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Since vertical displacement for both masses is 1m,
the block with larger acceleration will reach the base
of wedge first. Hence block of mass m; shall reach
base of wedge first.

)
EXERCISE-
(1) 2. When the clamp is removed, the pull on the left arm is
4m;myg
— . When m, and m, do not move, the pull is F :%_’_M_mg . F _mg umg
my +m, 1 2 > 1 , 12
22 22 e
2 F,=3F “
Aw 2 L —My)7g 1738
. = — _
(m;+my)g ; m, +m, ‘1‘+H2 3-3p
(2) 5. Velocity of vertical rod with respect to horizontal rod is uH: 1/2;N=10u ; N=5
R A . Vi+2vj i+2] Alt. : For faster calculation,
Vel =Vi—(=2v))  Vrel = = mg (sin 0 + p cos ) = 3mg (sin 6 — p cos O
re Ziav? 5 g ( u cos 6) = 3mg ( u cos 6)
2
. Unit vector along friction force =— ¥ ® 3. 4=2 o 4= 54
(3) 2. The system is at rest' (F_ng = 0? ' . . ) o .
For maximum M/m ; Limiting friction will be acting on
both blocks (at contact surfaces). , W& -y (=173
Ny
t Ny '
C—
m
f) «— 4 1
v Force constant ¢ ———
mg f mg sin 8 length of spring
Mg cosd Mg 3

k] = —k
F, +FL, = Net pulling force on the whole system 2
&) 20. Free body diagram (FBD) of the block (shown by a

mg + 1 Mg cos 6 =Mg sin 0
pma sy e & dot) is shown in figure

Mg (sin 6 — p cos ) = p mg

M u Vertical
;_(sine—ucose) I
4 3. For man and plank 150 —2T ke l F co; 60° ) { Hortzontal
2T 4 P
=E=§m/s mg+F sin 60°
200 100 For vertical equilibrium of the block
NowformanT—f=ma ; f=100-——=—N F
3 3 N:mg+Fsin6O°:x/§g+\/§5 ....... 0))

(5) 6. The body starts moving when 25t=0.6 x 100 = t=2.4s
For no motion, force of friction
. 25t—40=10><g f>F cos 60° or uN=F cos 60°
' dt

( ) F
4 oriﬁg+@ 2E or g=—
[ 25t —40 23 2 )72 2
= Jdv=j dt =6.4m/s . )
0 >4 or F<2g or 20N. Maximum value of F is 20N.

(6)  3.Equation on (m; +m,) system :

(m, — my) g = (m, ) e/4 EXERCISE-4

(1)  (A). Telsion between B and C
T=m.a=(66x1073)(5)=330x 103 N=0.33N
(2) (A). With respect to ground = g
with respect to aeroplane, a_, = a

=m;:my=5:3

cm2,=g-a

4
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)

©)
(©)

™

®

(C)
(10

(11)

(12)

(13)

(14

15

(16)

(O). T=m(g—a)
360=60(10—a)
6=10—a; a=4m/s?

D). T=m(g—a); T=49(10-5); T=15%x4.9;T=24N

(C).7=FxF ; TLT and 7 | F

m]
m,

So T.f=0 and T.F =0
\\ m
P

M+m
Force exerted by rope on block

—>P

(©).

Acceleration a =

=
M+m
(D). Both will have same reading.

F=Ma= M[

(C).Insame order F, +E, + F; = 0.

(C). Normal reaction N= 10 Newton
Maximum friction=uN=0.2 x 10=2N
For equilibium f=weight
Weight =2N.

(C).v=u+at

6
=6+(— Cp=——=0.06
0=6+(-px10)10; =10

(D). Force applied on person
If person fires n bullets/sec
nm

u
F == 3 144=n(40x 1073)(1200) ;n=3

(A). In equilibrium F =mg sin 6
10=mx 10 xsin 30°; m=2kg

mg—m,g

a=
(A)- m, +m,

(5-4.8)(9.8) 5
2T TS 4 02mbs
(C).v2=u?+2as
v2=0+2(g) (50)
vZ=u?+2as
100g=(3)? +2(-2)s
S0,5=293m
(D). Ifparticle is in equilibrium
macoso=mgsina ;a=gtan o

an

(18)

19

20

@1

22

ma cos o
N
ma<—| o
mg sin o
o
b
F —kx
D). F=—kx; a=—=—
m m
. -2
2o 24D QOXI07) o

0.3

1
(A). On rough surface s = ut + 5 at?

1
s=0+ 5 [gsin @—pugcos 6] (nt)2 .. @)
| I .
On plane surface, s =0 + 3 (gsin0)t2 .. (i1)
1
From (i) and (i), #=1-—
n
‘\\\\\\\\\
©.
By work energy theorem, W et W,=AK=0
—mg (2s sin ¢) — (L mg cos ¢p)s=0
2singp—pcosp=0; u=2tan¢
m(v-u 1501072 (0—2
(A). F= ( ); po150x107(0-20) _ o oo
t 0.1
C). Acceleration of th tem = d d
(C). Acceleration of the system = Mim an
mF
Force on the blockm=Kx=ma =
+M

(B). From the graph, it is a straight line so, uniform mo-
tion. Because of impulse direction of velocity changes
as can be seen from the slope of the graph.

2
Initial velocity = 5" 1m/s

2
Final velocity =— 3= Im/s

P. =0.4N-s; Pj =—0.4N-s

i

=P —P, =—-04-04=-9.8N-s (J =impulse)
|J]=0.8 N-s

4




@ NEwTON's LAWS OF MOTION AND FRICTION ) (O ERT0T BOHV (O]

SOAL

ODM ADVANCED LEARNING

23

249

25

(26)

@n

(C). F=ma=F ™

\
F
& _Fo bt fdy=-L[edt
’ m
dt m 0 V(t)\
e (28)
_K {e bt} L
V=—| —— —
m| -b mb
0
30 bt >t
v=—-(-¢
mb( )
Tkxo
e, 29)
©.
kx,+Fgz=mg
kx0+G%Ag:Mg
cLAg
Mg - ) Mg[ GLA) (30)
XO == = 1__
k k M
(C).mgsinB=umgcosO; tanB=p
dy x2 1 1
—=tanf=p=—; —=—x=+1; y=—-m
dX H 2 b} 2 2,X ’ y 6
I
A
T | BT
20N 100N 31
Clearly f,= 120 N (for vertical equilibrium of the system) @D
(B). F=—kv? ; ma=—kv?
k
a=-Kyo Ko
m dt m
v Kk & nY k
oMo ()
oV my V710 m
(32)
:l—OI+E = V= ! = !
v m 0.1+ Kt 0.1+1000k
m
_Xm)(V2 :—V% ; V:V70:5
| (1)
——=5= 1=0.5+5000k
0.1+1000k

0.5 )
k=22 s k=10%ke/
= *75000 gm

(D).

Form, to be atrest, T =5¢g

Form & m, to be atrest, =T =5g
f<p(N)=f<0.15(m+m,) g= m>23.33kg
Amongst the options minimum mass that can be kept
for no motionis 27.3 kg.

100
(A). mgsin45°= ﬁ = 50\/5 p mg cosd

1
mgcosO=0.6xmgx—
Hing g \/573.7=3+mgsin6

=0.6x 5032
P=3128=32N
n=20.2
u=0.2 1kg| V4
(A). Ske P aAmaX:ug:2m/s2
0.2e | >F; F-8=4x2; F=16N
=8N
10
N,
N2
50
10 20 50
N, =60, N, =40
o _10V3-02x60  _10V3-02x40
1 5 B 2 5
a;—a,=0.8
T T o
—==100 ; ==F NS
A2 2 ¥
F=100N 100N
100N
[[0ke]
EXERCISE-5

(A). Resolving the velocities in vertical and horizontal
directions, resolved parts of first velocity v sin 0
perpendicular to the wall and v cos 0 parallel to the
wall.

B
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@

€)
)

©)

(6

™

®

12m/!
s vsing

30°

30° vcosh v

In the second case, it is — v sin 0 & v cos 6.

Here, —ve sign is because direction is opposite to the
earlier ones. So we see a net change in velocity.
=vsin 0O —(—vsin 0) =2vsin 6

This change has occurred in 0.25 sec, so, rate of
change of velocity

2vsin® 2x12xsin30°
S 025 025
Acceleration a = 48 m/sec?
Forceapplied=m.a.=0.5 x48=24 N
(D). Friction is the retarding force for the block
F=ma=pR=pmg
From the first equation of motion

24x1
- 48
= 2x025 -

v=u-at; 0=V-pgxt = l:t

ng
P d (mv) _V[d_m]
B). = o Uq) & V =constant .. F=Myv
(B). Frequired = [~ x component of res. force]

Fios = (4—2) (cos30j—sin30i) +1 (cos 60i + sin 60)
~ i 1 I 1 I
Fegda =—|-1+=1|==1

reqd |: B } 5

(©). F=6i-8j+10k,

|F|=+/36+64+100 =10v2N

a=1ms?; Mz%leﬁkg

>

(A). 2000a=28000—20000 = 8000

a= 8000 =4ms2 7
2000

Pseudo
o < acceleration
—>aa 4 f
C
(C), N— m

OO
Pseudo force or fictitious force, F = mo
Force of friction, f=uN = pmao
The block of mass m will not fall as long as f > mg
pmo > mg ; o >g/u
(C). The coin will revolve with the record, if Force of
friction > Centrifugal force

2 or rS“—%

(O]

pumg = mroy

(C)
10

11)

(12)

(13)

(14

15

(16)

)

(18)

D). T=(M+m)(g+a)=(940+60)(10+1)=11000 N
D).a=pg=5
vZ=u2+2as ; 0=22+2x(5)s
s=-2/5 w.r.t. belt or distance =0.4 m
V2

. v?
(B). For banking, tan 6 = R_g; tan45° =

90x10

V=30m/s
(D). For smooth driving maximum speed of car v then
2

mv
RO Hsmes v=4KRg

(B). As block of mass 2m moves with constant velocity.
So net force on it is zero.

(D). Method 1: v'? = 2¢5in0 s

0=v?-2 (ngcosB—gsinB) s

2gsin® =2 (ugcosO—gsinO)
2sin@=pcosH; p=2tan 0O
Method 2 : From work energy theorem (W =AKE)
(mgsin 0) (2s) —(umgcos 0) (s)=0-0=>p=2tan O
(C). From conservation of momentum
12m/s

lkgl 2 kg
O——> 8 m/s
m

8 m/s

m(4)= \/(1 x12)* +(2x8)?; m=5kg
©. G <

_mg—p(my+ms)g
my +m, +ms

a pmyg  HM3g
m(g—-2 a
_m(g-2ug) _g (1-2p) v
3m 3
(C). Change in momentum mg

= Area between F and t graph

1
:(EX2X6]—(2X3)+(4X3)—66+12—12Ns

B B
a_¢ aT
(A).
mg

(m-mg)g

ey
I 208
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ODM ADVANCED LEARNING

mg—-B=ma ....... (1) B—(m-myg=(m-my)a :
_______ 2) V:\/Rgsm9+uscos9_\/Rg tan 6 + g

Equation (1) + equation (2) cos® - sin® 1-pg tan®
2ma (24) (A). J=|P, -P;|=2mVcos®=mV
_ — _ mp = . 2 1
= mg-mg+myg=ma+ma—my =0 gta
2 2
3
Myg— Mg wyme 25) (C). acos30°=— = 15§=% =v=57m/s
— m T .
19 @®).2 m, +m, TR T ) )
Hk (26) (A). Before cutting the strip :
m,g—T=(m;) (a) K
(ng - ukmlg\ e A B T=mg
myg—T = (m;) Tmrm
3mg T mg
Solving get, T = mmy (i) 8 After cutting the strip :
my + m,
(20) (A).a = 14/7 = 2m/sec? 4mg
¢ 4mg-3mg g
Contact force betweenAand B=3 x2=6N apy=—>1—-==
(21) (O). Coefficient of static friction, A B 3m 3
_mg _
1 J/ \L ag = m g
p =tan30°=—==0.6
NE) 3mg mg
a=gsin30° - g cos30 (27) (D). Coefficient of sliding friction has no dimension.
1
— 202 f
S—ut+2at f:HSND “SZE
1 3
- 4=— E_M X16:>uk:0-5 N cos 0
2|2 2
N
22) ®). (FC)heaVier = (FC)lighter Y
) ) ma N sin 6
2mV _ m (nV) - 1’12 —4—n=2 (28) (D). (pseudo) 9
(r/2) r
mgy_oN >a
(23)  (B). Vertical equilibrium : Ncos 6 =mg + f; sin 0
= mg=Ncos 01 sin® ...(I)
In non-inertial frame,
NsinO=ma ..(I)
NcosO=mg ..(i)
tanb=a/g
a=gtan 0
(29) (C). As forces are forming closed loop in same
order. So, F, =0
Horizontal equilibrium mﬂ =0 = V = constant
Nsin O +f; cos 0= mvZ/R ...Q2) dt

Eqn (2) v2 _ sin®+pg cosO

Eqn (1) 'Rg " cosO- g sin @

B
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