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ARISTOTLE’S FALLACY

According to Aristotelian law an external force is required to keep
a body in motion. However an external force is required to
overcome the frictional forces in case of solids and viscous forces
in fluids which are always present in nature.

LINEAR MOMENTUM (p)
Linear momentum of a body is the quantity of motion contained

in the body. Momentum p=mv

It is a vector quantity having the same direction as the direction
of the velocity. Its SI unit is kg ms™1.

NEWTON’S LAWS OF MOTION

Firstlaw : A body continues to be in a state of rest or of uniform
maotion, unless it is acted upon by some external force to change
its state.

Newton’s first law gives the qualitative definition of force according
to which force is that external cause which tends to change or
actually changes the state of rest or motion of a body.
Newton’s first law of motion is the same as law of inertia given by
Galileo.

Inertia is the inherent property of all bodies because of which
they cannot change their state of rest or of uniform motion unless
acted upon by an external force.

Second law : The rate of change of momentum of a body is directly
proportional to the external force applied on it and the change
takes place in the direction of force applied.

ie, F=—/=—=ma

This is the equation of motion of constant mass system. For
variable mass system such as rocket propulsion

If - d(m\7)
dt
= _m(dv) _dm
F= +V—
And, dt at

The Sl unit of force is newton. (One newton force is that much
force which produces an acceleration of 1ms=2 in a body of mass
1kg.
The CGS unit of force is dyne. (1IN = 10° dyne)
The gravitational unit of force is kg-wt (kg-f) or g-wt (g-f)

1 kg-wt (kg-f)=9.8 N, 1 g-wt (g-f) =980dyne

Third law : To every action there is an equal and opposite
reaction. For example —walking , swimming , a horse pulling a
cart etc.

Fag =—Fga
Action and reaction act on different bodies and hence cannot
balance each other. Action and reaction occur simultaneously.
Forces always occur in pairs.
EQUILIBRIUM OF A PARTICLE
A body is said to be in equilibrium when no net force acts on the
body.

ie, XF =0
Then IR =0, 2R, =0 and ZF, =0

Stable equilibrium : If a body is slightly displaced from equilbrium
position, it has the tendency to regain its original position, it is
said to be in stable equilibrium.

2
. . .. u
In this case, P.E. is minimum. [d—z = +vej
r

So, the centre of gravity is lowest.
Unstable equilibrium : If a body, after being displaced from the
equilibrium position, moves in the direction of displacement, it is
said to be in unstable equilibrium.

_ o d?
In this case, P.E. is maximum. [—:—vej

So, the centre of gravity is highest.
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Neutral equilibrium : If a body, after being slightly displaced
from the equilibrium position has no tendency to come back or to
move in the direction of displacement the equilibrium is known to
be neutral.

. . d?u
In this case, P.E. is constant [—2 = constantj

EXERCISE

Solve following problems with the help of above text and
examples :

1.

Swimming is possible on account of
(@ Newton’sfirst law of motion

(b) Newton’s second law of motion
(c) Newton’sthird law of motion
(d) Newton’s law of gravitation

dr

The centre of gravity remains at constant height.

5.1

(@) firstlaw (b) second law

(c) thirdlaw (d) All of the above
A cannon after firing recoils due to

(@ conservation of energy

(b) backward thrust of gases produced

(c) Newton’sthird law of motion

(d) Newton’s first law of motion

Newton’s second law measures the

2. Inertia is that property of a body by virtue of which the (a) acceleration (b) force
body is
(@ unable to change by itself the state of rest 8 f/?e Cg:]o(T;?meNe WEON's () e it
(b) unable to change by itself the state of uniform motion ' (@ second and third laws from the first law
(c) unable to change by itself the direction of motion (b) firstand second laws from the third law
3 ,(Sr)1 ol')o'\:zl:? {Ntirl]leciz?i\;eue moving uniformly when (P LG I AN el
' ) /ing ny . (d) All the three laws are independent of each other
(@) the resultant force on it is increasing continuously 9. A jet plane moves up in air because
(b) the resultant force is at right angles to its rotation ’ (@ the gravity does not act on bodies moving with high
(c) theresultant force on it is zero speeds
@ e re§ultant e &1 '.t GBS 1D CEAEEEE (b) the thrust of the jet compensates for the force of
4. A man getting down a running bus falls forward because gravity
(@) ofinertia of rest, road is left behind and man reaches (© the flow of air around the wings causes an upward
foryvard. . . force, which compensates for the force of gravity
() @ty eif EReen Vgger pert o ey CTnlaves 19 (d) theweight of air whose volume is equal to the volume
be in motion in forward direction while feet come to of the plane is more than the weiaht of the plane
rest as soon as they touch the road. 10. When a bog is stationar g P
(c) he leans forward as a matter of habit ' (@ there is)rlwo force actir¥ on it
(d) of the combined effect of all the three factors stated (b) the force acting on it ig not in contact with it
in (a), (b) and (c). S . .
5. Amanisatrest in the middle of a pond of perfectly smooth © g:re]é:rombmatlon SRS G B e
ice. He can get himself to the shore by making use of @ the body i in vacuum
Newton’s y
ANSWER KEY
1.(c) 2.(d) 3.(c) 4. (b) 5.(c) 6.(c) 7.(b) 8.(c) 9.(b) 10.(c)
COMMON FORCES IN MECHANICS
1.  Weight: Itisthe force with which the earth attracts a body Case 1 Case 2
and is called force of gravity, For a body of mass m, where -
acceleration due to gravity is g, the weight
W=mg T
2. Tension : The force exerted by the ends of a loaded/stretched

string (or chain) is called tension. The tension has a sense
of pull at its ends.




Case 3
- a
T T T. T, T — T,
T m
T,-T=ma
fm=0T,=T

i.e tension is same

Thetension in a string remains the same throughout the string if
(@ string is massless,

(b) pulley is massless or pulleyis frictionless

Case 4 : String having mass

LLLSL L L L L
AMNT
h
7B
n

m

Let the total mass of the string be M and length be L. Then mass

. .M
per unit length is T

Let x be the distance of the string from the mass m. Then the mass

M
of the shaded portion of string is (TX Xj

If the string is at rest then the tension T has to balance the wt of
shaded portion of string and weight of mass m.

M
ST=m+—X
( L jg

=> as X increases, the tension increases. Thus tension is non-
uniform ina string having mass.

3. Normal force : It measures how strongly one body presses
the other body in contact. It acts normal to the surface of

contact.
Case 1 I_' m9 | N =mg
N
Case 2
a N -mg=ma
T = N=m(g+a)

m ITng

Case 3

N
mg cos 6
mg

mg sin@

N =mg cos 6
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4. Springforce : If an object is connected by spring and spring
is stretched or compressed by a distance x, then restoring
force on the object F = — kx
where Kk is a spring contact on force constant.

5. Frictional force : Itis aforce which opposes relative motion
between the surfaces in contact. f= uN
This will be discussed in detail in later section.

6.  Pseudoforce : If a body of mass m is placed in a non-inertial
frame having aceleration 3 , then it experiences a Pseudo

force acting in a direction opposite to the direction of 3 .

Fpseudo =-ma

Negative sign shows that the pseudo force is always directed
in a direction opposite to the direction of the acceleration of

the frame.
y

Fpseudo

z

CONSTRAINT MOTION :

When the motion of one body is dependent on the other body, the
relationship of displacements, velocities and accelerations of
the two bodies are called constraint relationships.

Case 1 Pulley string system :

«—X—>

AANNNNNN

~X= \pJock

Step 1 : Find the distance of the two bodies from fixed points.
Step 2 : The length of the string remain constant. (We use of
this condition)
Therefore X + (X —X) = constant = 2X — X = constant
R OX _ o

dt dt

= 2V,=vg [ (ii_)t( =V, = velocity of pulley

(cji_)t( = vg = velocity of block}

Again differentiating we get, 2ap: ag
dvp dvg

a, =——and agp = —=

{ Pt Bt }

a,= acceleration of pulley, ag = acceleration of block
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Case2 Here vh? +x? +y =constt. On differentiating w.r.t ‘t’

[Negative sign with dy/dt shows that with increase in time, y
decreases]
dx dy

_bk2x dx _dy =005 0 (v; —V,) =0
oh2 4x2 dt  dt

{ cose=;}
\/h2 +x2

Case 3 Wedge block system : Thin lines represents the condition
of wedge block att = 0 and dotted linesatt =t

A, = acceleration of wedge towards left
a,, a, = acceleration of block as shown

a
tan@g=—2Y

From AABC,
ay + Ay

Frame of Reference :

Reference frames are co-ordinate systems in which an event is

described.

There are two types of reference frames

(@ Inertial frame of reference: These are frames of reference
in which Newton’s laws hold good. These frames are at rest
with each other or which are moving with uniform speed
with respect to each other.
All reference frames present on surface of Earth are
supposed to be inertial frame of reference.

() Non —inertial frame of reference: Newton’s law do not
hold good in non-inertial reference frame.
All accelerated and rotatory reference frames are non —
inertial frame of reference. Earth is a non-intertial frame.

Note . When the observer is in non-inertial reference frame
a pseudo force is applied on the body under observation.

Free Body Diagram (FBD) :

Free body diagram of a mass is a separate diagram of that mass.
All forces acting on the mass are sketched. A FBD is drawn to
visualise the direct forces acting on a body.

Case 1 : Masses M; and M, are tied to a string, which goes
over a frictionless pulley
(@ IfM,>M;, and they move with accelerationa

T
a T
| la
My9 M,
Mg
FBD of M, FBD of M,
T T

Ml[ B Msy |2

Mg M,g
T-Mg=Ma M,g—-T =Msa
where T is the tension in the string. It gives
M, —-M MM
:#g and T = LVIV2
M1+4M2 M1+'M2
(b) If the pulley begins to move with acceleration f,
downwards
a-Mp—My (g -T) and 7 - 2MiMp (g -1)
M1+M2 1+ M2

Case 2 : Three masses M;, M, and M, are connected with
strings as shown in the figure and lie on a frictionless surface.
They are pulled with a force F attached to M,.

M, |2 2™, |9t LM, SF

The forces on M, and M; are as follows
_ M24‘M3
Mlﬁ'Mzﬁ-M3

My
Mlﬁ'Mzﬁ'M3
N
M14-M2-+M3
Case 3 : Two blocks of masses M; and M, are suspended

vertically from a rigid support with the help of strings as shown
in the figure. The mass M, is pulled down with a force F.

1 F andT2=

Acceleration of the system is a =

LLLLLLLLLLLLLLLLLLLL
Tl
/

Tl

M 1g M 1
T,
\TZ

M,g
v
F



The tension between the masses M; and M, will be
T,=F+ My
Tension between the support and the mass M, will be
T,=F+(M;+M,)g
Case 4 : Two masses M, and M, are attached to a string which
passes over a pulley attached to the edge of a horizontal table.
The mass M, lies on the frictionless surface of the table.

T

Let the tension in the string be T and the acceleration of the
system be a. Then
T=M,a .(2)
M,g-T=M,a (2
Adding egns. (1) and (2), we get

M M;M
a= "2 g and T = 12 g
Ml + M2 Ml +M 2
Case 5 : Two masses M, and M, are attached to the ends of a

string, which passes over a frictionless pulley at the top of the
inclined plane of inclination 6. Let the tension in the string be T.

()  Whenthe mass M; movesupwards with accelerationa.
From the FBD of M, and M,,
T-M;gsin6=M;a (1)
M,g-T=M,a -2
Solving egns. (1) and (2) we get,

a:{MZ—Mlsme}g

M1+ M2
FBD of mass M,
R=N T y\/x
M.,g cos 6
Mgsind Mg
FBD of M,

T M2M11 g
M, +M, | (1+sin6)

9|

Mg
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() When the mass M; moves downwards with
acceleration a.
Equation of motion for M, and M,,
M,gsin 6-T=M,a (1)
T-M,g=M,a (2
Solving egns. (1) and (2) we get,

a{Mlsine—Mz}g; T { M, M, } g

My +M, M;+M, |(L+sin6)

(@ If(My/M, =sin6) then the system does not accelerate.

(b) Changing position of masses, does not affect the
tension. Also, the acceleration of the system remains
unchanged.

(©) 1fM; =M, =M (say), then

2 2
az[cosﬁ_smﬁj (&j; T {Cosasmﬁ) (mj
2 2 2 2 2 2

Case 6 : Two masses M, and M, are attached to the ends of a
string over a pulley attached to the top of a double inclined
plane of angle of inclination a.and f3.

Let M, move downwards with acceleration a and the tension in
the string be T then

o N M, gcosa
5\0 19
N2 M.g
Equation of motion for M,
T-M,gsina=M,a
or T=Mgsina+Ma (1)

FBD of M, » a
A
Y
M,gcosf BMzg 2‘%’}75
Equation of motion for M,,
M,g sin—T=M,a
or  T=Mygsinp —M,a (2
Using eqgn. (1) and (2) we get,
M,gsin o+ Mja=M,gsin f —M,a
Solving we get,

M, sinf—M;sina MM
a=(2[31 )gaTzlzg

[sinB+sina]
M1+M2 1+ WMy
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Case 7 : Aperson/monkey climbing a rope

e

(@ A personof mass M climbs up a rope with acceleration a.
The tension in the rope will be M(g+a).
T-Mg=Ma=T=M(g+a)
(b) Ifthe person climbs down along the rope with acceleration
a, the tension in the rope will be M(g-a).

#1

Mg-T=Ma=T=M(g-a)
(€)  When the person climbs up or down with uniform speed,
tension in the string will be Mg.
Case 8 : Abody starting from rest moves along a smooth inclined
plane of length I, height h and having angle of inclination 6.

]: FBD of body

mg coso

mg sin®

(where N=R is normal reaction applied by plane on the body
of mass m)

For downward motion, along the inclined plane,
mgsin6=ma—=a=gsino

By work-energy theorem loss in P.E. = gain in K.E.

= mgh :%mv2 =V =,/20h

Also, from the figure,h=/sin@. .. v=,/2gh = /2g/sin 6

(@ Acceleration down the planeis gsin ©.
(b) Its velocity at the bottom of the inclined plane will be

J2gh =/2g/sin 6

(c) Timetaken to reach the bottom will be

1/2
_( 20 ]1’2_[ 2h ] 11 [
“lgsin®) | gsin? - 12 " sing\ g
g gsin“o sine(%j g

(d) Ifanglesofindinationare6, and 6, for two inclined planes

1,

. t, (sin®, ’
Keeping the length constant then ——=| ———
t2 Sin 61

Case 9 : Weight of amanin alift:
@  When liftis accelerated upward : In this case the man also
moves in upward direction with an acceleration 3.

ol
mg

AN

Then from Newton’ second law
N-mg=maor N=m(g+a)

or Wy =m(g +a) =W, (1+a/g) (asW=mg)
Where W, 0 is apparent weight of the man in the lift, W, is
the real weight, N is the reaction of lift on the man. It is clear
that N =W, o

When the Iiﬁ moves upward and if we measure the weight
of the man by any means (such as spring balance) then we
observe more weight (i.e., W, . ) than the real weight (W)

Wapp >VVO

(i)  When lift is accelerated downward : In this case from
Newton’s second law

—>

app

<9

|

mg

AN

mg—-N=ma
or  N=m(g-a)=W,(1-alg)
o Wo,,= W(1-a/g) {+ W, =mg}
If we measure the weight of man by spring balance, we
observe deficiency because Wapp< W,

(i)  Whenllift is at rest or moving with constant velocity : From
Newton’s second law N-mg=0 or N=mg
In this case spring balance gives the true weight of the man.

Case 10 : Three masses M, M, and M, are placed on a smooth
surface in contact with each other as shown in the figure.
A force F pushes them as shown in the figure and the three
masses move with acceleration a,

M
3 M2 M
<—F, Fl
F,—> Fl—><_ 1 leE

S/

a€—



Ml

F1_>I:I6F =>F-F=mja (i)

M .

,:2_§|:|<_|:1 =F, -F,=m,a (i)

MS

D*ﬁ =F,=M;a (1))

Adding egns. (i), (ii) and (iii) we get a—;
T " Mp+My+ Mg
MjF

=k =— 3  and FlZM

M1+M2+M3 M1+M2+M3

Keep in Memory

When a man jumps with load on his head, the apparent

weight of the load and the man is zero.

() If a person sitting in a train moving with uniform
velocity throws a coin vertically up, then coin will fall
back in his hand.

(i) Ifthetrain is uniformly accelerated, the coin will fall
behind him.

(iii) Ifthetrain is retarded uniformly, then the coin will fall
in front of him.

Example 1.

A chain of length 7 is placed on a smooth spherical surface
of radius R with one of its ends fixed at the top of the
sphere. What will be the acceleration a of each element of
the chain when its upper end is released? It is assumed

that the length of chain ¢ <(n%).

Solution :

Let m be the mass of the chain of length ¢. Consider an
element of length d¢ of the chain at an angle 6 with vertical,
1

From figure,d/=Rd9;
Mass of the element,

dm= Mgy ;ordm= M Rde

/ l
Force responsible for acceleration, dF = (dm)g sino ;
dF = (%Rdej(g sin 0) :%sin 0d6

Net force on the chain can be obtained by integrating the
above relation between 0 to o, we have

a o
F= I%Rsin edezm(—cose) =M[l—cos o]
5 l 1 0 1

Laws of Motion Rk |

:&R 1_005£ :
L R

. Acceleration, a = E = ﬁ[l—cos£) .
m / R

Example 2.

Having gone through a plank of thickness h, a bullet
changed its velocity from u to v. Find the time of motion of
the bullet in the plank, assuming the resistance force to be
proportional to the square of the velocity.

Solution :

Given force F= —k v2, where k is a constant. Negative sign

shows that the force is retarding one. Now, force = rate of
change of momentum =mdv/dt;

mdv
dt
Integrating it within the conditions of motion i.e. as time
changes from o to t, the velocity changes from u to v, we
have

= —kv? or mdv/v? =—kdt :

t Vv
m d—‘2’=—kjdt, or—m(lj -kt
\% v u
u 0
m(u-v
or =—| — J
k( uv j 0
Also, Fem® oo _ 2
dt ds dt
v ko (,,dS_j. .
or —=——ds. ; - —=V | ; Integrating it,
v m dt
v h
dv k
weget [ =~ [as orflog, vl =~ X )]
u 0

or log, v—log, u :_—k(h—o):_@
m m
or k:%loge(u/v)

Putting this value in eq". (i), we get

~ omu-v)/uv  h(u-v)
~ (m/h) log,(u/v) uv log,(u/v)

Example 3.

A wire of mass 9.8 x 103 kg per metre passes over a
frictionless pulley fixed on the top of an inclined
frictionless plane which makes an angle of 30° with the
horizontal. Masses M, and M, are tied at the two ends of
the wire. The mass M, rests on the plane and mass M,
hangs freely vertically downwards. The whole systemis in
equilibrium. Now a transverse wave propagates along the
wire with a velocity of 100 ms™L. Find M, and M,.
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Solution :

Resolving M, g into rectangular components, we have M, g
sin 30° acting along the plane downwards, and M, g cos30°
acting perpendicular to the plane downwards. The situation
has been shown in fig.

Let T be the tension in the wire and R be the reaction of
plane on the mass M,. Since the system is in equilibrium,
therefore,

T=M,gsin30° (i)
and R = M, g cos30° (i)
T=Myg (i)
From eq". (i) and (iii) we have

T =M,gsin30°=M,g .(iv)

. / T
\elocity of transverse wave, V= oy
where m is the mass per unit length of the wire.

V2 =T/m orT=v’m =(100)2 x (9.8 x 103) = 98N
Fromeq". (iii), M, = T/g = 98/9.8 = 10kg.
Fromeq". (iv), M; =2M, =2 x 10 = 20kg.

Example 4.

A block slides down a smooth inclined plane to the ground
when released at the top, in time t second. Another block
is dropped vertically from the same point, in the absence
of the inclined plane and reaches the ground in t/2 second.
Then find the angle of inclination of the plane with the
vertical.

Solution :

If © is the angle which the inclined plane makes with the
vertical direction, then the acceleration of the block sliding
down the plane of length ¢ will be g cosé.

A
7l

Using the formula, s = Ut+%at2 ,wehaves=/,u=0,t=
tand a =g cos 0.

1 2 1 2 .
SO €=0><t+Egcoset =E(gcose)t (i)

Taking vertical downward motion of the block, we get

h:0+%mu32:%mﬁ4 ..(ii)
Dividing eq". (ii) by (i), we get
h
7 Tcose [-cosb=h//]
or cosf = ;or coszezl;or cosez1
4cos 0 4 2
or 6=60°

Example 5.

A large mass M and a small mass
m hang at the two ends of a string
that passes through a smooth
tube as shown in fig. The mass m = —
moves around a circular path in %\
a horizontal plane. The length of '
the string from mass mto thetop - r ‘\m
of the tubeisl, and fisthe angle ~ - v
the string makes with the
vertical. What should be the
frequency (v) of rotation of mass
m so that mass T

M remains stationary? Y

f
|

Solution :

Tension in the string T = Mg.

Centripetal force on the body = mre? =mr (2rv )2. Thisis
provided by the component of tension acting horizontally
i.e. T sin6 (= Mg sino).

1 M
. mr (2nv)2=Mgsin® = Mgr/l.or v=— Mg
2\ ml

Example 6.

A string of negligible mass going over a clamped pulley of
mass m supports a block of mass M as shown in fig. The
force on the pulley by the clamp is given by

@ +2Mg
(b) 2 mg

© [M+m)?+m?]9
@ [/(M+m)?+M?]9

Solution : (c)

Force on the pulley by the clamp = resultant of
T = (M + m)g and mg acting along horizontal and vertical
respectively

F:\/[(l\/ler)g]er(mg)2 :[\/(M+m)2 +m2]g

Example 7.

The masses of 10 kg and 20 kg respectively are connected
by a massless spring in fig. A force of 200 newton acts on the
20 kg mass. At the instant shown, the 10 kg mass has
acceleration 12 m/sec2. What is the acceleration of 20 kg
mass?



kg bggge-

200 newton

Solution :
Forceon 10kgmass=10x12=120N
The mass of 10 kg will pull the mass of 20 kg in the backward
direction with a force of 120 N.
.. Net force on mass 20 kg =200-120=80N

. force 80N
Its acceleration a = —— =———

= —4m/s?
mass  20kg

Example 8.

Two masses each equal to m are lying on X-axis at (-a, 0)
and (+ a, 0) respectively as shown in fig. They are connected
by a light string. A force F is applied at the origin and
along the Y-axis. As a result, the masses move towards each
other. What is the acceleration of each mass? Assume the
instantaneous position of the masses as (- x, 0) and (x, 0)
respectively

Solution :

(-, 0) 0 (x, 0)

From figure F=2T cos 6 or T =F/(2 cos 6)
The force responsible for motion of masses on X-axisis T

sin 6
. F .
s.ma=Tsinb= xSin 0
2c0s0
:Etan@:Exﬁ:Ex;
2 2 OA 2 (az_xz)
F X
so, a=_—
2m (a2 X2)
Example 9.

Find the mass M of the hanging block in figure which will
prevent smaller block from slipping over the triangular
block. All surfaces are frictionless and the string and the
pulley are light.

Laws of Motion 137 I

m
M
0
/7
M
Solution :

ST ST
Since m does not slip on M’ (relative velocity of m w.r.t. M'
is zero)
.. M', m will move with same acceleration as that of M.
Since surfaces are smooth
... frictional force is zero
Net force=Mg=(M +M'+m)a

a= Mg
M+M'+m
Now let us see m, w.r.t. M'

D)

ma<

mg
0

Downward acceleration of m on slope =0

.. N-masin®6+mgcos6=0 )]

(net L force =0)

andmgsin®—-macos6=0 (3)
[-.- net force along slope = 0]

Fromeq". (3)gsin6=acosO or a=gtan®  ...(4)

Fromeg". (4) and (1),

we have tan= =McotO=M+M +m

M+M'+m
M — M’ +m
coto-1
Example 10.

Find the acceleration of block A and B. Assume pulley is
massless.

2kg

L

777777777777 77



BEL Pivsics|

Solution :
If acceleration of B is a, then acceleration of Ais 2a, since A
moves twice the distance moved by B
T'— (T +T) =0 (since pulley is massless)

AT T N
T T
—>T
B A
777777 N7 777777
29
TI
v 5kg
=T'=2T ()
5g-T'=ba (for 5 kg block)
=50-2T=5a (2
T=2x(2a)=4a .(3) (for 2 kg block)
From equations (2) and (3),
59— (2 % 4a)
a=9
13
10g 59
ap=2a=—>: ag=a=—
A 13 °° 13
Example 11.

A block of mass M is pulled along horizontal frictionless

surface by a rope of mass m. Force P is applied at one end

of rope. Find the force which the rope exerts on the block.
Solution :

The situation is shown in fig

MO b
m

Let a be the common acceleration of the system. Here
T =M a for block
P-T=ma forrope

P-Ma=maor P=a(M+m) or a=

(M+m)

_ MP
(M+m)
Example 12.

In the system shown below, friction and mass of the pulley
are negligible. Find the acceleration of m, if
m; =300g, m,=500gand F=1.50 N

Solution :

When the pulley moves a distance d, m; will move a distance
2d. Hence m; will have twice as large an acceleration asm,,
has.

For massm,, T, =m, (2a)
For mass m,, F—T,=m,(a)

Q)
Q)

Putting T, = T_22 ineq". (1) gives T, =4m,a

T, . F
2 m2
m, T1
Substituting value of T, in equation (2),
F=4m,a+m,a=(4m; +m,)a
Hence a=—=— 0 _gggm/s?
4m;+m, 4(0.3)+0.5
Example 13.

A mass of 15 kg and another of mass 6 kg are attached to a
pulley system as shown in fig. A is a fixed pulley while B is
amovable one. Both are considered light and frictionless.
Find the acceleration of 6 kg mass.

15kg

Solution :

Tension is the same throughout the string. It is clear that
M, will descend downwards while M, rises up. If the
acceleration of M, is a downwards, M, will have an
acceleration “2a’ upward.

M.g
Now, M;g-2T=M,a
T-Myg=M,.2a
or M,g-2M,g = a(M, +4M,)
M, -2M, 15-12 3
= a = =

M aM, 0 15-247 7 39

1
8713

_ 29

.-, acceleration of 6 kg mass =2a = 13
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EXERCISE

5.2

Solve following problems with the help of above text and

examples :

1. Tension in the cable supporting an elevator, is equal to the
weight of the elevator. From this, we can conclude that the
elevator is going up or down with a
(@ uniform velocity (b) uniform acceleration
(c) variable acceleration (d) either (b) or (c)

2. The force exerted by the floor of an elevator on the foot of
a person standing there, is more than his weight, if the
elevator is
(@ going down and slowing down
(b) going up and speeding up
(c) going up and slowing down
(d) -either (a) or (b)

3. Areference frame attached to earth cannot be an inertial
frame because
(@) earth is revolving around the sun
(b) earth is rotating about its axis
(c) Newton’s laws are applicable in this frame
(d) both (a) and (b)

4. When an elevator cabin falls down, the cabin and all the
bodies fixed in the cabin are accelerated with respect to
(@) ceiling of elevator (b) floor of elevator
(c) man standing on earth
(d) man standing in the cabin

5. Anparticle is found to be at rest when seen from frame S; and
moving with a constant velocity when seen from ancther frame
S,. Mark out the possible option.

(@ S, isinertial and S, is non-inertial frame
(b) both the frames are non-inertial

(c) both the frames are inertial

(d) either (b) or (c).

6. Thetension in the cable of 1000 kg elevator is 1000 kg wt,
the elevator

(@ is ascending upwards
(b) is descending downwards
(c) may be at rest or accelerating
(d) maybe at rest or in uniform motion
7. Consider an elevator moving downwards with an

acceleration a. The force exerted by a passenger of mass m
on the floor of the elevator is

@ ma (b) ma-mg
() mg-ma (d) mg+ma

8. Ifan elevator is moving vertically up with an acceleration
a, the force exerted on the floor by a passenger of mass M

IS
@ Ma(b) Mg
© M(g-a) (d M(g+a)

9. You are on a frictionless horizontal plane. How can you
get off if no horizontal force is exerted by pushing against
the surface?

(@ Byjumping

(b) By spitting or sneezing

(c) by rolling your body on the surface
(d) By running on the plane

10. Pulling a roller is easier than pushing because

(@ when we pull a roller, the vertical component of the
pulling force acts in the direction of weight

(b) the vertical component of the pulling force acts in the
opposite direction of weight

(c) force of friction is in opposite direction

(d) itis possible in the case of roller only

ANSWER KEY

1.(a) 2.(b) 3.(d) 4.(c) 5(d 6.(d 7.c0 8() 9.() 10.(b)
LAW OF CONSERVATION OF LINEAR MOMENTUM ¢ d - -
A system is said to be isolated, when no external force acts on it. T Fo. =0= a(P) =0 orP=constant .. ®)

For such isolated system, the linear momentum (P =mv)is
constant i.e., conserved.

The linear momentum is defined as
P=mv . @
where v is the velocity of the body, whose mass is m. The direction

of P is same as the direction of the velocity of the body. It is a
vector quantity. From Newton’s second law,

- d .. d=
Fot =—(MV)=—P . 2
ext. dt( ) o @)
i.e., time rate of change in momentum of the body is equal to total

external force applied on the body.

This is called law of conservation of momentum.

Now let us consider a rigid body consisting of a large number of
particles moving with different velocities, then total linear
momentum of the rigid body is equal to the summation of individual
linear momentum of all particles

n

ie, Z p; = [31 + [32 + 53 Fonn Py

i=1
_ no )
o  Potal :'Zl Pi =P+ Pr+P3+.ns + B
i=

where Py, P P, are individual linear momentum of first,
second and n'" particle respectively.
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If this rigid body is isolated i.e., no external force is applied on it,

then Py = constant (from Newton’s second law).

Further we know that internal forces (such as intermolecular forces
etc.) alsoact inside the body, but these can only change individual
linear momentum of the particles (i.e., py, Py......... ), but their total

momentum I5tota| remains constant.

Gun Firing aBullet

If a gun of mass M fires a bullet of mass m with velocity v. Then
from law of conservation of momentum, as initially bullet & gun
are at rest position i.e., initial momentum is zero, so final momentum
(gun + bullet) must also be zero.

Since on firing, the bullet moves with velocity vy, in forward
direction, then from Newton’s third law; the gun moves in backward

direction Vg . So,
Initial momentum = final momentum

0= m\7b + M\7 _—
g — —mv
Momentum  Momentum ..V, = b
of bullet of gun Y M
(—ve sign shows that the vel. of gun will have the opposite
direction to that of bullet)

IMPULSE
According to Newton’s second law the rate of change of
momentum of a particle is equal to the total external force applied
on it (particle) i.e.,

P -

_ = F .

q et (i)

I, ~ = = tf = -
or dP =Fuy.dt or AP=P; —P = L_f Fext-dt (i)
1

Where P; is momentum of the particle at initial time t; and when
we apply some external force F,,; its final momentum is P; at

time t; . The quantity F.yt - dt on R.H.S in equation (ii) is called

the impulse.
We can write equation (ii) as

te - ~
= jt: Foxt-dt = AP (i)

So, the impulse of the force F, is equal to the change in

momentum of the particle. It is known as impulse momentum
theorem.

ext.

>

Area
impulse

>1

—~
&
-

Force vary with time and impulse is area under force versus
time curve

Area:F At

ext.

Fav

b ()

Force constant with time i.e., R, constant with time (shown

by horizontal line) and it would give same impulse to particle
in time At = t. —t, as time varying force described.

Itis a vector quantity having a magnitude equal to the area under
the force-time curve as shown in fig. (a). In this figure, it is assumed
that force varies with time and is non-zero in time interval At =t

t;. Fig.(b) shows the time averaged force F,; i.e., itisconstant
in time interval At, then equation (iii) can be written as

= b - = .
I=Fo [, dt =B (tr—t)) 1= FoxAt (V)

The direction of impulsive vector | is same as the direction of
change in momentum. Impulse | has same dimensions as that of
momentum i.e, [MLT1]

Rocket propulsion (A case of system of variable mass) : It is
based on principle of conservation of linear momentum.

In rocket, the fuel burns and produces gases at high temperature.
These gases are ejected out of the rocket from nozzle at the
backside of rocket and the ejecting gas exerts a forward force on
the rocket which accelerates it.

Let the gas ejectsat arate r = —%—I\:I and at constant velocity u

w.r.t. rocket then from the conservation of linear momentum

W
dt M Mo—rt

where M = M, - rt and M, is mass of rocket

with fuel and solving this equation, we get v =u Ioge( MMO t]
o—r

where v = velocity of rocket w.r.t. ground.

Example 14.
Two skaters A and B approach each other at right angles.
Skater A has a mass 30 kg and velocity 1 m/s and skater
B has a mass 20 kg and velocity 2 m/s. They meet and
cling together. Find the final velocity of the couple.
Solution :
Applying principle of conservation of linear momentum,

p=+/p? +p§;(m1+m2)v:\/(mlv1)2 +(Myvy)?

(30+20)v = |/(30x1)? +(20x2)% =50

v:ﬂzlm/s
50



Example 15.
A bullet of mass M is fired with a velocity of 50 m/sec at
an angle @with the horizontal. At the highest point of its
trajectory, it collides head on with a bob of mass 3M
suspended by a massless string of length 10/3 m and gets
embedded in the bob. After the collision, the string moves
to an angle of 120°. What is the angle 67?

Solution :

Vel. of bullet at highest point of path = 50 cos 6
From law of conservation of linear momentum,

) . VcosO6 50cos6
MVcosO=BM+M)V or V= 2 2

Again, %(M +3M)V'2= (M +3M)g/(1—cos 120°)

VI2 1 .
ngf 1+§ or V'=,3g¢;

50 cos 6 _ 3><10><E ~10
4 V 3

0= cos‘li
5

= cosezﬂ
5

Example 16.
A body of mass 5 kg which is at rest explodes into three
fragments with masses in the ratio 1 : 1 : 3. The fragments
with equal masses fly in mutually perpendicular directions
with speeds of 21 m/sec. What will be the velocity of the
heaviest fragment?

Solution :
Momentum of first body
Py =1x21=21Kkgxm/sec.
Momentum of second body, p, =1 x 21 = 21 kg x m/sec.
Momentum of third body p; = 3V kg x m/sec

45°

450

1350 P1
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According to law of conservation of liner momentum, Initial
momentum = zero .. final momentum =0

p1+p2+p3=0

1P |==1(21)2 +(21)? =212
3V=21/2 or V=742=98m/sec.

And it is at an angle of 135° with the direction of 5; .

Example 17.
A hammer of mass M strikes a nail of mass m with velocity
of um/s and drives it ‘s’ meters in to fixed block of wood.
Find the average resistance of wood to the penetration of
nail.

Solution :
Applying the law of conservation of momentum,

M
= Vo = u
mu=(M+m)vy;="Vo [m+Mj

There acceleration a can be obtained using the formula
(V2 = u2 + 2as).

Here wehave — 0-v,2=2as or a=v,?/2s

M 2u2
a= —_—
m+M) 2s

2 \,2
Resistance= (M+m)a = | —M__ |4~
m+M |2s

Example 18.
A ball of mass 0.5 kg is thrown towards a wall so that it
strikes the wall normally with a speed of 10 ms~L. Ifthe ball
bounces at right angles away from the wall with a speed of
8ms~1, what impulse does the wall exert on the ball ?
Solution :

Approaching wall

u=-10ms
10

8 Leaving wall
v=+8ms™
Taking the direction of the impulse J as positive and using
J=mv-mu
1 1
we have J= EXS_E(_lO) =9 N-s

Therefore the wall exerts an impulse of 9 N-s on the ball.

Example 19.
Two particles, each of mass m, collide head on when their
speeds are 2u and u. If they stick together on impact, find
their combined speed in terms of u.
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Solution :
m m
Before impact .—>2u Ue———8
. 2m
After impact o—  »v

Using conservation of linear momentum (in the direction of
the velocity 2u) we have

EXERCISE

Solve following problems with the help of above text and
examples :

1. A machine gun of mass M fires n bullets per second. The
mass and speed of each bullet is m and v respectively. The
force exerted on the machine gun is

(@ zero (o) mvn
(©) Mvn (d) Mvn/m

2. A bodywhose momentum is constant must have constant
(@) velocity (b) force

(c) acceleration (d) All of the above

ANSWER KEY

1
(mQu)-mu=2mxV — VZEU

The combined mass will travel at speed u/2.

(Note that the momentum of the second particle before impact
is negative because its sense is opposite to that specified
as positive.)

5.3

Rocket works on the principle of

(@ conservation of mass

(b) conservation of linear momentum

(c) conservation of energy

(d) conservation of angular momentum

A bullet of mass 10 gm is fired from a gun of mass 1 kg. If
the recoil velocity is 5 ms1, the velocity of muzzle is

(@ 0.05ms? (b) 5ms?

() 50ms? (d) 500ms

1.(b)
FRICTION

When a body is in motion on a rough surface, or when an object

moves through water (i.e., viscous medium), then velocity of the

body decreases constantly even if no external force is applied on

the body. This is due to friction.

So “an opposing force which comes into existence, when two

surfaces are in contact with each other and try to move relative

to one another, is called friction”.

Frictional force acts along the common surface between the two

bodies in such a direction so as to oppose the relative movement

of the two bodies.

(a) The force of static friction f, between book and rough
surface is opposite to the applied external force F_,, The

2.(a) 3. (b) 4. (d)

ext.
force of static friction f, = Fe .
R=N
)

|
f&t Book > F,

|
VPPN VI

@

(b) When F.,;. exceeds the certain maximum value of static

friction, the book starts accelerating and during motion
Kinetic frictional force is present.

R;N Body just starts moving
Bdok |

fk<_' I > Fext.
7777777/
(b)

©

A graph Fuy . versus | f | shown in figure. It is clear that

fs, ,max > fk
If
N
f :
( S:)rTwa)l(\l - Body is_«{ Body starts with
s at rest acceleration
ff:mkN
0= static ﬁ kinetic
region (Ic) region

Fig.(a) shows a book on a horizontal rough surface. Now if

we apply external force Fuy , on the book, then the book

will remain stationary if F,,; isnottoo large. If we increase

Fext. then frictional force f also increase up to (fg)max
(called maximum force of static friction or limiting friction)

and (fg)max = UgN. At any instant when Foxt. is slightly

greater than (fg)nax then the book moves and accelerates to

theright.
Fig.(b) when the book is in motion, the retarding frictional

force become less than, (fg)max



Fig.(c) (f5)max i equal to p, N. When the book is in motion,
we call the retarding frictional force as the force of kinetic
friction f,.

Since f < (fs) max » SO it is clear that, we require more force to
start motion than to maintain it against friction.

By experiment one can find that (fy),, and f, are

proportional to normal force N acting on the book (by rough
surface) and depends on the roughness of the two surfaces
in contact.

Note :

(i) The force of static friction between any two surfaces
in contact is opposite to IEext_ and given by fs <pgN
and (fg)nax = N (when the body just moves in the
right direction).
where N = W = weight of book and g is called
coefficient of static friction, f is called force of static
friction and (fy)nhax IS called limiting friction or
maximum value of static friction.

(i) Theforce of kinetic friction is opposite to the direction
of motion and is given by f, = N
where p, is coefficient of kinetic friction.

(iii) The value of y, and pg depends on the nature of
surfaces and p, is always less then p.

Friction on an inclined plane : Now we consider a book on an
inclined plane & it just moves or slips, then by definition

(fs)max = 1sR
Now from figure, fs nax =Mgsin® and R = mg cos6

= p=tand or O=tan"(n)
where angle 0 is called the angle of friction or angle of repose

Some facts about friction :

(1) The force of kinetic friction is less than the force of static
friction and the force of rolling friction is less than force of
kinetic friction i.e.,

fr < fk < fs or ”rolling < Winetic < Mstatic
hence it is easy to roll the drum in comparison to sliding it.

(@) Frictional force does not oppose the motion in all cases,
infact in some cases the body moves due to it.

B

—_

A |—F

ext

In the figure, book B moves to the right due to friction
between A and B. If book Ais totally smooth (i.e., frictionless)
then book B does not move to the right. This is because of
no force applies on the book B in the right direction.
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Laws of limiting friction :

(i) Theforce of friction is independent of area of surfaces
in contact and relative velocity between them (if it is
not too high).

(i) The force of friction depends on the nature of material
of surfaces in contact (i.e., force of adhesion).

p depends upon nature of the surface. It is
independent of the normal reaction.

(iiiy The force of friction is directly proportional to normal
reactioni.e., Foc Nor F=mn.

While solving a problem having friction involved, follow

the given methodology

IfFypp <y

Body does not move and
Fapp = frictional force

Check IfFopp =i

(@) Fapp s_|s| Body is on the verge of movement

(b) Limiting if the body is initially at rest
friction (f) Body moves with constant velocity

IfF,,>f
L5 Body moves with an acceleration

Fop — §; =m.a in the line of action of
frictional force

Rolling Friction :
Thename rolling friction is a misnomer. Rolling friction has nothing
to do with rolling. Rolling friction occurs during rolling as well as
sliding operation.

Cause of rolling friction : When a body is kept on a surface of
another body it causes a depression (an exaggerated view shown
in the figure). When the body moves, it has to overcome the
depression. Thisis the cause of rolling friction.

Note i Rolling friction will be zero only when both the bodies

incontact are rigid. Rolling friction is very small as compared to
sliding friction. Work done by rolling friction is zero

CONSERVATIVE AND NON-CONSERVATIVE FORCES

If work done on a particle is zero in complete round trip, the
force is said to be conservative. The gravitational force,
electrostatics force, elastic force etc., are conservative forces.
On the other hand if the work done on a body is not zero during
a complete round trip, the force is said to be non-conservative.
The frictional force, viscous force etc. are non-conservative
forces.

Final,
@, position
f

i
Initial
position
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Figure shows three processes A, B and C by which we can reach
from an initial position to final position. If force is conservative,
then work done is same in all the three processes i.e., independent
of the path followed between initial and final position.

If force is non conservative then work done from i to f is different
inall three paths A,B and C.

Hence it is clear that work done in conservative force depends
only on initial & final position irrespective of the path followed
between initial & final position. In case of non-conservative
forces the work done depends on the path followed between
initial and final position.

We can say also that there is no change in kinetic energy of the
body in complete round trip in case of conservative force. While
in case of non conservative forces, when a body return to its
initial position after completing the round trip, the kinetic energy
of the body may be more or less than the kinetic energy with
which it starts.

Example 20.

Pushing force making an angle 0 to the horizontal is
applied on a block of weight W placed on a horizontal
table. If the angle of friction is ¢, then determine the
magnitude of force required to move the body.

Solution :

The various forces acting on the block are shown in fig.

N
f cosO
f U
N .
Mg F sind
Here,
f .
u =tan¢:ﬁ; or f=Ntan¢ (i)

The condition for the block just to move is
Fcos6 =f=Ntand

andFsind+W=N

From (ii) and (iii),

F cos6 = (W + Fsind)tan ¢ = Wtan¢ + Fsin 6tano;
or F cos 6 — F sind sing/cosd = W sind/cosd

or F (cosb cosd — sind sing) = W sing ;

or Fcos (0 +¢)=Wsing or F=Wsing/cos (0 + ¢)

(i)
..(ii)

Example 21.

An object of weight W is resting on an inclined plane at an
angle dto the horizontal. The coefficient of static friction
is u. Find the horizontal force needed to just push the object
up the plane.

Solution :

The situation is shown in fig.

&

0 F sind
W cosh

A

Let F be the horizontal force needed to just push the object
up the plane. From figure R=Wcos6 +Fsin 0

Now f=pR = p [W cos 6 + Fsin 6] (1)
Further, Fcos 6 =Wsin 6 +f (2
Fcos0=Wsin 0+ pu[Wcos6 +Fsin 0]
Fcos®—pFsin®=Wsin 6+ pWcos 0

F_ W (sin 6 +cos 0)
(cos©—psinB)

Example 22.
Ablock A of mass m, rests on a block B of mass m,. B rests
on fixed surface. The coefficient of friction between any
two surfaces is u. A and B are connected by a massless
string passing around a frictionless pulley fixed to the wall
as shown in fig. With what force should A be dragged so as
to keep both A and B moving with uniform speed?

AANANNNNNNNNNNNNNNNNNNNNNN\N

Solution :
The situation is shown in fig.
Let F be the horizontal force applied on A.
ForblockA, F=T+f =T+umg .. @
(- Block A moves towards left, frictional force f; acts
towards right)
For block B, fg="1,+f;
(- Block B moves towards right, frictional forces f, and f,
acts towards left).

T=pm@g+pu(my+my)g =pg@my+my) ..(2)
From egns. (1) and (2), we get
F=pg(@my+my)+pmyg or F=pg@Bmg+my)



Example 23.

Figure shows a small block of mass m kept at the left hand
of a larger block of mass M and length 7. The system can
slide on a horizontal road. The system is started towards
right with an initial velocity v. The friction coefficient
between road and bigger block is ¢ and between the block
is w/2. Find the time elapsed before the smaller block
separates from the bigger block.

m |
M
S7777777777777777777

Solution :

Make free body diagram of m
Take right as the positive direction. Let a,;, be the
acceleration of m wi.r.t. ground.

/\N
N7
N
m 1 1
M
f < |
! % \l/Mg
Yy mg
—f PR
al/g:ﬁ [ fl—zmg}
= ay :‘—gg D)
N'=N+Mg and N'=(m+ M)g ..(2)
f,=uN'=p(m+M)g -(3)
—(f, —f
821 = ( 2M 1)

[- 2yq is acceleration of M w.r.t. ground]

_ Au(m+M)g—p/2mg} _ —ug[hi}
M 2M
ay, = acceleration of mw.r.t. toM =a;,, -2y

Hg m 1 m [m+M]
S NP LIS BTN D UL
2+“g[+2|v|} “g[ 2" +2M} Ty

1
Now fzaallztz >t=
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Example 24.

Find the acceleration of the block of mass M in the situation
of figure. The coefficient of friction between the two blocks
is 1, and between the bigger block and the ground is .

I

Solution :

=

28

&,

o/

e

Solve following problems with the help of above text and
examples :
1. Which of the following statements about friction is true?

(@) Friction can be reduced to zero

(b) Frictional force cannot accelerate a body

(c) Frictional force is proportional to the area of contact
between the two surfaces

(d) Kineticfriction is always greater than rolling friction

2.

We make free body diagram of mass M and m separately,
Let acceleration of M be a, then acceleration of mw.r.t. M
will be 2a since m moves twice the distance moved by m

T N
M fT

N

N Y f,+N T

11 Lot
f WNig Mg+, +T
Now see m w.r.t. M

fp AT
ma N
.. N=ma (D)
fy=wN=p,ma /Mg -
mg-f,-T=m(2a) =>mg=p,ma+T +2ma
=mg-T=(2+p,)ma (3
orT=mg-(2+p,)ma (4
forM, N'=Mg+f, + T=Mg+uma+T ..(5)
and 2T —(f, + N) =Ma
= 2T —-p,(N)-N=Ma ...(6)
= 2T —py(Mg + py ma+ T)-ma=Ma
[Using eg".(5) and (6)]

= (2-py)T=m,Mg + py i, ma+ (M +m)a (7

Solving equation (4) and (7), we get

a—_[2m-—p,(M+m)lg
M+m[5+2(pg — )]

5.4

Which of the following is a self adjusting force?

(@) Staticfriction (b) Limiting friction

(c) Dynamicfriction (d) Sliding friction

The force required to just move a body up the inclined plane
is double the force required to just prevent the body from
sliding down the plane. The coefficient of friction is p.. The
inclination 6 of the plane is

(@ tanlp (b) tan1(w?2)

(c) tan12p (d) tan~13p
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4. If pg, w and p, are coefficients of static friction, sliding
friction and rolling friction, then
@ He<Hy <Kt (b) e <m < pg
© B<p<pg @) B= =

5. A30 kg block rests on a rough horizontal surface. A force of
200 N isapplied on the body. The block acquires a speed of
4 m/sec, starting from rest, in 2 seconds. What is the value of
coefficient of friction?

@ 10/43 () 3710
(c) 047 (d) 0185

6. Ablockisatrest on an inclined plane making an angle a.
with the horizontal. As the angle a of the inclination is
increased, the block just starts slipping when the angle of
inclination becomes 6. Then the coefficient of static
friction between the block and the surface of the inclined

(@ sin6 (b) cos 6
(c) tan6 (d) independent of 6
7. Which of the following statements is correct, when a
person walks on a rough surface?
(@ The frictional force exerted by the surface keeps him
moving
(b) The force which the man exerts on the floor keeps
him moving
(c) The reaction of the force which the man exerts on
floor keeps him moving
(d) None of these
8. Itis difficult to move a cycle with brakes on because
(@) rolling friction opposes motion on road
(b) sliding friction opposes motion on road
(c) rolling friction is more than sliding friction
(d) sliding friction is more than rolling friction

planeis
ANSWER KEY
1.(d) 2.8) 3.(d) 4@ 5 60 7.0 8(@)
CASES OF CIRCULAR MOTIONS
2 2
Motion in a Vertical Circle : or, via —Vvg = 49R ~(4)

Let us consider a particle of mass m attached toa string of length
R let the particle be rotated about its centre O.

At t =0 the particle start with velocity u from the point A (lowest
point of vertical circle) and at time t its position is P. Then the
tension at point P is given by

Tp —mgcose=% or Tp =mgcoso +

mvp
- (1)

So tension at point A (lowest point of vertical circle) is

2
Ty -mg= mgA (-0 =09) 2)
and tension at point B (highest point of vertical circle) is

2
Tg+mg=""E (. 0=180°) -(3)

2
mv- . . . .
Where —— is centripetal force required for the particle to move
r
ina vertical circle.
Now from law of conservation of energy

1 -, 1 5
—mva ——mvg =2mgR
> MVA~—5MVB g

(change in kinetic energy of particle)
= (change in potential energy of particle)
or
(loss in kinetic energy of the particle) = (gain in potential energy)

In conservative force system (such as gravity force) the mechanical
energy (i.e., kinetic energy + potential energy) must be constant.

Total energy will be constant
Now from eq"™.(2) and (3), we get

B
Vg B
mg
R D
.
B - D T,
A | Va=Vc
A mg
Ta-Tg :ng+g(vf\ ~V2) :2mg+g(4gR)
= Tao-Tg=6mg ..(5)
or  T,=Tg+6mg ...(6)

So it is clear from eg". (6) that tension in string at lowest point
of vertical circle is greater then the tension at highest point of
vertical circle by 6mg.

Condition to complete a vertical circle :

Ifwe reduce the velocity v, in equation (2), then T , will be reduce
and at some critical velocity v, Tg will be zero, then put Tg =0
and vg = V. in equation (3) and we obtain

VC =VB =\/97R (7)



In this condition the necessary centripetal force at point B is
provided by the weight of the particle [see again equation (3)]
then from equation (4), we get

Vi —0R =4gR = v, = /50R .(8)
then the tension at the point A will be

Tp =mg +@=6mg (9)

Hence if we rotate a particle in a vertical circle and tension in
string at highest point is zero, then the tension at lowest point of
vertical circle is 6 times of the weight of the particle.

Some Facts of Vertical Motion :
(i) The body will complete the vertical circle if its velocity at

lowest point is equal to or greater then ,/5gR
(i)  Thebody will oscillate about the lowest point if its velocity

at lowest pointiis less then /2gR . This will happen when
the velocity at the halfway mark; i.e.

vp =0 [-.-%mvi = ng}

(i) The string become slack and fails to describe the circle
when its velocity at lowest point lies between

+20R to 4/5gR

Example 25.

A mass m is revolving in a vertical circle at the end of a
string of length 20 cm. By how much does the tension of
the string at the lowest point exceed the tension at the
topmost point?

Solution :
The tension T, at the topmost point is given by,

2
mvy
T = -m
1 20 g
Centrifugal force acting outward while weight acting
downward
. . I’nVZ2
The tension T, at the lowest point, T, = +mg

Centrifugal force and weight (both) acting downward

m V22 —-m V:|_2
20

v,2 —v,% =2g(40) =80g

T,-Ty = +2mg; v, =v,2—2gh or

T2__r1:80mg

+2mg=6 mg

Example 26.

A stone of mass 1 kg tied to a light inextensible string of
length L = (10/3) mis whirling in a circular path of radius
L in a vertical plane. If the ratio of the maximum to the
minimum tension in the string is 4 and g = 10 m/s?, then find
the speed of the stone at the highest point of the circle.
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Solution :

mg cos g
Vol d
mg
The tension T in the string is given by

VQ2 Vv 2
Tmax =M 9+—— and T, =m _g+%

Q

According to the given problem

g+(vg®/L) vo? ;2

———5——=4 or g+ — _4g+4 P

—g+(vp? /L) LT AT
2 2

or Ve Jr|_49|'_—4g+4—P

L=(10/3)m and g= 10 m/s?(given)
Solving we get v, =10 m/s.

Negotiating a Curve :
Case of cyclist
To safely negotiate a curve of radius r, a cyclist should bend at
an angle 6 with the vertical.
N Ncos6

Nsin0

2
v
Which is given by tan 6 = E .Angle 8 isalso called as angle of

banking.
. mv?2
Nsin®=—— and Ncos6=mg
r

Case of car on a levelled road
A vehicle can safely negotiate a curve of radius r on a rough
level road when coefficient of sliding friction is related to the

V2
velocity as >—,
yas Yg g

Now consider a case when a vehicle is moving in a circle, the



N v I

2
. . mv . . .
centrifugal force is —— whereas m is mass of vehicle, r = radius
r

of circle and v is its velocity.

&

f

S

The frictional force is static since wheels are in rolling motion
because point of contact with the surface is at rest

2
mv
s = o fs <frax =psmg
v v?
<ugmg or Hs = G
Case of banking of road (frictionless)
A vehicle can safely negotiate a curve of radius r on a smooth

(frictionless) road, when the angle 6 of banking of the road is

2
given by tan6 = v,
rg

Vertical

0 mg
Horizontal

v

When the banked surface is smooth, the force acting will be gravity
and normal force only.

Balancing forces

N cos6=mg (1)
2

Nsing="_ -2
r

2

v

—=tan®

g ..(3)

Case of banking of road (with friction)
The maximum velocity with which a vehicle can safely negotiate
a curve of radius r on a rough inclined road is given by

r tan . - -
V2= rg(u+tan6) ; where p is the coefficient of friction of the
1-ptan®
rough surface on which the vehicle is moving, and 6 is the angle
of inclined road with the horizontal.

Suppose a vehicle is moving in a circle of radius r on a rough

inclined road whose coefficient of friction is % and angle of
banking is 6.

mv?

Let velocity of object (vehicle) be V.

. _ mv?
If we apply pseudo force on body, centrifugal force is -
when v is max. and friction force will be acting down the slope.

. . mv? .

Balancing the force horizontally, - = fscosO+Nsin6 ...(1)
Balancing the force vertically,
N cos 0 =fsin0+mg «(2)
whenv =maximum, f=f_ =f.=uN «(3)
Fromeq". (2),
Ncos0 = puNsin®+mg = N(cos 6 —psin 8) =mg

or N =L_
cos6—psin®
) .
mv<  umg cos 0+ mgsin 0
ns =
From eq™ (1) and (3), — cosO—psin 0
2
mv :mg(p+tan9) :Vr?naxzr M
r 1-putan® 1-ptan®

Now in the case of minimum velocity with which body could
move in a circular motion, the direction of friction will be opposite
tothat one in maximum velocity case.

p—tano
1+utan®

and Vrznin = rg(



Keep in Memory

Whenever a particle is moving on the circular path then

there must be some external force which will provide the

necessary centripetal acceleration to the particle.

For examples:

() Motion of satellite around a planet : Here the centripetal
force is provided by the gravitational force.

v
GMm  mv? (> Satellite
e —5 - =—— (m)
r

(i) Motion of electron around the nucleus : Here the
required centripetal force is provided by the
Coulombian force

1 (ze)(e) _ mv?

Cdne, 2 r

Electron
(e)

(iii) Motion of a body in horizontal and vertical circle:
Here the centripetal force is provided by the tension.
Horizontal circle

\Y,
2
mv
T=— (m)

Vertical circle

i.e

2
At pointA, Ta = MVA ;
r Vg B
\Y%
Yy Mg
T
R msz B‘ A
AtpointB, Tg +mg= . T
TC Mo
\e
mVC2 C mg

And atpointC, To —mg =
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CONICAL PENDULUM

@)

®)

©

@

\V/
mg  Vertical section

Consider an inextensible string of length ¢ which is fixed at
one end, A. At the other end is attached a particle P of mass
m describing a circle with constant angular velocity o in a
horizontal plane.

[V

P

Horizontal Plane

As P rotates, the string AP traces out the surface of a cone.
Consequently the system is known as a conical pendulum.

Vertically, Tcos6=mg .. (1)
Horizontally, Tsin® = mro? ..(2)
Intriangle AOP,  r = /sin© -3
and h =¢cos6 .. (4)

Several interesting facts can be deduced from these
equations :

Itis impossible for the string to be horizontal.

m
This is seen from eg". (1) in which cos0 = ?g cannot be

zero. Hence 6 cannot be 90°.
The tension is always greater than mg.

This also follows from eg". (1) as cos 6 < 1 (0 is acute but
not zero). Hence, T >mg

The tension can be calculated without knowing the
inclination of the string since, from eg". (2) and (3)

Tsinf=m’sind 0> = T = mln?

The vertical depth h of P below A is independent of the
length of the string since from eq". (1) and (4)

h /m
Tz=mg:>T=Tg but T =miw?
m/
Therefore mlw? =9 — h= %
h ®

which is independent of /.

Example 27.

A table with smooth horizontal surface is fixed in a cabin
that rotates with a uniform angular velocity w in acircular
path of radius R. A smooth groove AB of length L (<<R) is
made on the surface of the table. The groove makes an
angle Owith the radius OA of the circle in which a particle
is kept at the point A in the groove and is released to move
along AB. Find the time taken by the particle to reach the
point B.
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Solution :

Now let us take the cabin as reference frame. Since it is
accelerated we have to use pseudo force to apply Newton’s
second law.

HereR>>L‘ mo? (R + X cos 0)  mw?R

Mo’ (R+x cos 0) » mo’ R

0

Since groove is smooth (friction is zero)
. Component of mw?R in the direction of groove is the net
force (rest is balanced by normal force)

Leta’ isacceleration in the direction of groove

s a'=w?Rcos 0
2L
S
2 »“RcosO
Example 28.

A particle of mass mismoving in a circular path of constant
radius r such that its centripetal acceleration a, is varying
with time t as a, = k?rt?, where k is a constant. Determine
the power delivered to the particle by the forces acting on
it.

Solution :

Here tangential acceleration also exists which requires power.
Given that centripetal acceleration
a, = krt? also, a, = v2/r;
SVRr=kr2orv2 = k2rit2orv=krt;
Tangential acceleration, g = (;_V =kr
t
Now, force F=ma=mkr;

So, power, P=Fv=mkrxkrt =mk? rt.

Example 29.
The string of a pendulum is horizontal. The mass of the bob
is m. Now the string is released. What is the tension in the
string in the lowest position?

Solution :

vy mg

Let v be the velocity of the bob at the lowest position. In
this position, The P.E. of bob is converted into K.E. Hence,

2

1
mgfzamv or vZ=2g¢ (1)

If T be the tension in the string, then

2
T—mg{mgv ] (2

From eg". (1) and (2).
T-mg=2mg or

T=3mg

Example 30.

A light rod of length Zis free to rotate in vertical plane
about one end. A particle of mass m is attached to the other
end.

When the rod is hanging at rest vertically downward, an
impulse is applied to the particle so that it travels in
complete vertical circles. Find the range of possible values
of the impulse and the tangential acceleration when the
rod is inclined at 60° to the downward vertical.

J

Solution :
First, using impulse = change in momentum we have
J=pp0. L. ()
Using conservation of mechanical energy gives
1 1
Emuz—mgK:Emv2 -mglcos® ... ()
Applying Newton's law tangentially gives
—mgsinB=m av 3
g =M e 3)

If the particle is to describe complete circles,
v>0; 0=180°
When 0 =180°, eq". (2) gives

vZ =u?-29¢+29¢cos180° = v? = u? —4g/
But v>0 therefore, u?>4gl= u>2,/g¢

(u cannot be negative)
Hence, fromeg". (1) J> 2m\/g7

J3 o dv

When 6 =60°, equation (3) becomes mg7 = ma

So the tangential acceleration is g\/§/ 2



Solve following problems with the help of above text and
examples :

1.

On a railway curve the outside rail is laid higher than the
inside one so that resultant force exerted on the wheels of
the rail car by the tops of the rails will

(@ havea horizontal inward component

(b) be vertical

(c) equilibriate the centripetal force

(d) be decreased

A car moving on a horizontal road may be thrown out of
the road in taking a turn

(@) by the gravitational force
(b) due to the lack of proper centripetal force

(c) due to the rolling frictional force between the tyre
and road

(d) due to the reaction of the ground

A cyclist taking turn bends inwards while a car passenger
taking the same turn is thrown outwards. The reason is
(@) car is heavier than cycle

(b) car has four wheels while cycle has only two

(c) difference in the speed of the two

(d) cyclist has to counteract the centrifugal force while

in the case of car only the passenger is thrown by
this force

A car sometimes overturns while taking a turn. When it
overturns, it is

(@) the inner wheel which leaves the ground first

(b) the outer wheel which leaves the ground first

(c) both the wheel leave the ground simultaneously
(d) either wheel will leave the ground first

A tachometer is a device to measure

(@) gravitational pull (b) speed of rotation

(c) surface tension (d) tension in aspring

A particle moves in a circle with a uniform speed. When it
goes from a point A to a diametrically opposite point B,

the momentum of the particle changes by p, —pg =2
kg m/s (j) and the centripetal force acting on it changes

by Fa — Fg =8N (i) where i,j are unit vectors along X
and Y axes respectively. The angular velocity of the particle
is

(@) dependent on its mass

(b) 4 rad/sec

2
(c) - rad/sec (d) 167 rad/sec

10.

11.

12.

13.
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5.9

A car takes a circular turn with a uniform speed u. If the
reaction at inner and outer wheels be denoted by R; and
R,, then

@ R;=R, (b) R <R,

(© R >R, (d) None of these

A piece of stone is thrown from the top of a tower with a

horizontal speed of 10~/3 m/s. Itis found that at a point
P along the path, the velocity vector of the stone makes
an angle of 30° with the horizontal. The point P is reached
in time t which is given by (g = 10 m/s?)

(b) «/5 Sec

(c) 2sec (d) 243 sec

A block of mass mat the end of a string is whirled round in
avertical circle of radius R. The critical speed of the block
at the top of its swing below which the string would slacken
before the block reaches the top is

(@ 1sec

@ Rg (b) (Rg)?
(© Rig d Rg

A sphere is suspended by a thread of length ¢. What
minimum horizontal velocity has to be imparted to the
sphere for it to reach the height of the suspension?

@ g/ (b) 2g¢

© +or @ 290

A particle rests on the top of a hemisphere of radius R.
Find the smallest horizontal velocity that must be imparted
tothe particle if it is to leave the hemisphere without sliding

down is
(b) 2gR

@ JoR
(© 3R d) +59R

Abody of mass m is rotated in a vertical circle of radius .
The minimum velocity of the body at the topmost position
for the string to remain just stretched is

@ 297 (0) Jor
© 397 @ +Bgr

A small body of mass m slides down from the top of a
hemisphere of radius r. The surface of block and
hemisphere are frictionless.
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The height at which the body lose contact with the surface
of the sphere is
@ @2)r

(© @2)gr?

(b) @3)r
(d) vZ/2g

14. A particle of mass m is describing a circular path of radius

15.

16.

17.

18.

r with uniform speed. If L is the angular momentum of the
particle about the axis of the circle, the kinetic energy of
the particle is given by

(@ L2%mr2 (b) LZ2mr?

(©) 2L2%mr? (d mr2L

A car is travelling with linear velocity v on a circular road
of radius r. If it is increasing its speed at the rate of ‘@’
metre/sec?, then the resultant acceleration will be

V2 V4
SR SR
V4 V2
o SR

An automobile of mass m is crossing over a convex
upwards over bridge with a speed v. If the radius of the
bridge isr, the thrust on the bridge at the highest point will
be

2 2
@ mg+ (b) mg—%
2.2 2
© Y9 (@ V—rg

The coefficient of friction between the rubber tyres and
the road way is 0.25. The maximum speed with which a car

can be driven round a curve of radius
20 m without skidding is (g = 9.8 m/s?)
(@ 5mis (b) 7mis
(c) 10mis (d) 14m/s

A bucket tied at the end of a 1.6 m long string is whirled in
a vertical circle with constant speed. What should be the
minimum speed so that the water from the bucket does not
spill when the bucket is at the highest position?

(@ 4m/sec (b) 6.25m/sec

(c) 16m/sec (d) None of these

19.

20.

21.

22.

23.

24.

25.

A can filled with water is revolved in a vertical circle of
radius 4 metre and the water just does not fall down. The
time period of revolution will be

(@ 1sec (b) 10sec
(c) 8sec (d) 4sec
A motor cyclist moving with a velocity of 72 km per hour

on a flat road takes a turn on the road at a point where the
radius of curvature of the road is 20 metres. the acceleration
due to gravity is 10m/sec?. In order to avoid skidding, he
must not bend with respect to the vertical plane by an
angle greater than

(@ 6=tan"16 (b) 6=tan"12

() 6=tan"125.92 (d) 6=tan"14

The kinetic energy K of a particle moving along a circle of
radius R depends on the distance covered s as K = a s2.
The force acting on the particle is

(@) 2as?R (b) 2as[l+ (s?/R?)]1/2
(© 2as (d) 2aR?s
Atrain is moving with a speed of 36 km/hour on a curved

path of radius 200 m. Ifthe distance between the rails is 1.5
m, the height of the outer rail over the inner rail is

@ 1m (b) 0.5m
() 0.75m (d) 0.075m
A mass m is revolving in a vertical circle at the end of a

string of length 20 cm. By how much does the tension of
the string at the lowest point exceed the tension at the
topmost point?

@ 2mg (b) 4mg
() 6mg (d) 8mg
The string of a pendulum of length £ is displaced through

90° from the vertical and released. Then the minimum
strength of the string in order to withstand the tension as
the pendulum passes through the mean position is

@ 3mg (b) 4mg
(© 5mg (d) 6mg
A particle is moving along a circular path with a uniform

speed. Through what angle does its angular velocity
change when it completes half of the circular path?

@ (b) 45°

(c) 180° (d) 360°

ANSWER KEY

1.(a) 2.(b) 3.(d) 4.(a) 5. (b) 6. (b)
12.(b) 13.(b) 14.(b) 15.(b) 16.(b) 17.(b)
24. (@) 25. (@)

18. ()

7.(b)
19. (d)

8.(a)
20. (b)

9.(d)
21.(a)

10. (d)
22.(d)

11.(a)
23.(c)



Very Short / Short Answer Questions

o M~ wbd

o

10.

11.

12.

Two objects having different masses have same momentum.
Which one of them will move faster?

Atwhich place on earth, the centripetal force is maximum?
Can a body in linear motion be in equilibrium?
Why are curved roads generally banked?

The two ends of a spring-balance are pulled each by a force
of 10 kg-wt. What will be the reading of the balance?

Why is it easier to maintain the motion than to start it?

What is the angle of friction between two surfaces in contact,
if coefficient of friction is 1/v3?

Explain how proper inflation of tyres saves fuel?

Ina circus in the game of swing, the man falls on a net after
leaving the swing but he is not injured, why?

State the laws of limiting friction. Hence define coefficient
of friction.

Derive a relation between angle of friction and angle of
repose.

Derive the maximum angle by which a cyclist can bend while
negotiating a curved path.

Long Answer Questions

13.

14.

15.

16.

17.

State Newton’s second law of motion. How does it help to
measure force. Also state the units of force.
A uniform rod is made to lean between a rough vertical wall
and the ground. Show that the least angle at which the rod
can be leaned without slipping is given by
0= tanl{l_ P—l“Zj

21,
where p, and , stand for the coefficient of friction between
(i) the rod and the wall and (ii) the rod and the ground.
Name a varying mass system. Derive an expression for
velocity of propulsion of a rocket at any instant.
A force produces an acceleration of 16 m/s? in a body of mass
0.5 kg, and an acceleration of 4 m/s2in another body. If both the
bodies are fastened together, then what is the acceleration
produced by that force?
A gun weighing 10 kg fires a bullet of 30 g with a velocity of
330 m/s. With what velcotiy does the gun recoil? What is
the resultant momentum of the gun and the bullet before
and after firing?

Multiple Choice Questions

18.

A rectangular block is placed on a rough horizontal surface
in two different ways as shown, then

Exercise-ll NCERT Based Questions 5

19.

20.
21.
22.

23.
24,

25.
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(@) friction will be more in case ()

(b) friction will be more in case (b)

(c) friction will be equal in both the cases

(d) friction depends on the relations among its dimensions.

A block of mass m is placed on a smooth

horizontal surface as shown. The weight

(mg) of the block and normal reaction m

(N) exerted by the surface on the block  7rrrrrrrrrrrrizrrr

(@) form action-reaction pair

(b) balance each other

(c) actin samedirection

(d) both (a) and (b)

Centripetal force:

(@ can change speed of the body.

(b) isalways perpendicular to direction of motion

(c) isconstant for uniform circular motion.

(d) all of these

When a horse pulls a cart, the horse moves down to

(@ horse on the cart.

(b) cart on the horse.

(c) horse on the earth.

(d) earth on the horse.

The force of action and reaction

(@ must be of same nature

(b) must be of different nature

(c) may be of different nature

(d) may not have equal magnitude

A body is moving with uniform velocity, then

(@ no force must be acting on the body.

(b) exactly two forces must be acting on the body

(c) body is not acted upon by a single force.

(d) the number of forces acting on the body must be even.

The direction of impulse is

(@) same as that of the net force

(b) opposite to that of the net force

(c) same as that of the final velocity

(d) same as that of the initial velocity

A monkey is climbing up a rope, then the tension in the rope

(@ must be equal to the force applied by the monkey on
the rope

(b) must be less than the force applied by the monkey on
the rope.

(c) must be greater than the force applied by the monkey
on the rope.

(d) may be equal to, less than or greater the force applied
by the monkey on the rope.
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Exercise-2 ‘ Past Competition MCOQs

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

player is equal to [CBSE PMT 2001]
(@ 150N (b) 3N
(c) 30N (d) 300N

A block of mass m is placed on a smooth wedge of
inclination 6. The whole system is accelerated horizontally
so that the block does not slip on the wedge. The force
exerted by the wedge on the block (g is acceleration due to
gravity) will be [CBSE PMT 2004]
(@ mg/cos6 (b) mgcos 6
() mgsin6 (d) mg
The coefficient of static friction, p, between block A of
mass 2 kg and the table as shown in the figure is 0.2. What
would be the maximum mass value of block B so that the
two blocks do not move? The string and the pulley are
assumed to be smooth and massless. (g = 10 m/s?)
[CBSE PMT 2004]

(@ 0.4kg
(c) 4.0kg

(b) 2.0kg
(d) 0.2kg
A body under the action of a force

F=6 i—8]+10|2, acquires an acceleration of 1 m/s2. The
mass of this body must be [CBSE-PMT 2009]

@) 10kg (b) 20kg
(© 10+2kg (d) 210 kg

A conveyor belt is moving at a constant speed of 2m/s. Abox
is gently dropped on it. The coefficient of friction between
them is = 0.5. The distance that the box will move relative to
belt before coming to rest on it taking g = 10 ms2, is
[CBSE-PMT 2011 M]
@ 12m (b) 06m (c) zero (d) 04m
A body of mass M hits normally a rigid wall with velocity V
and bounces back with the same velocity. The impulse
experienced by the body is [CBSE-PMT 2011 S]
@ MV (b 15MV () 2MV (d) zero
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 ms~2, the
tension in the supporting cable is [CBSE-PMT 2011 M]
(@ 8600N (b) 9680N
(c) 11000N (d) 1200N

10.

11.

12.

The upper half of an inclined plane of inclination 0 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, if the coefficient of friction between the
block and lower half of the plane is given by

[NEET 2013]
_L b =2tano
@ h=Tne (b) p=2ta
() p=tan @ w=tno

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

(g is the acceleration due to gravity) [NEET 2013]

@ 2mg
(b) 3mg
(c) 6mg
(d) zero

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 12 ms™1
and the second part of mass 2 kg moves with speed 8 ms.,
If the third part flies off with speed 4 ms1 then its mass is

[NEET 2013]
@ 5kg (b) 7kg
() 17kg (d) 3kg
If a body looses half of its velocity on penetrating 3cm in a
wooden block, then how much will it penetrate more before

coming to rest? [AIEEE 2002]
@ 1lcm (b) 2cm
(c) 3cm (d) 4cm.

Speeds of two identical cars are uand 4u at a specific instant.
The ratio of the respective distances in which the two cars

are stopped from that instant is [AIEEE 2002]
@ 1:1 (b) 1:4
(c) 1:8 (d) 1:16.



13.

14.

15.

16.

17.

18.

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]
@ 8:1 (o) 9:7
© 4:3 (d) 5:3.

A spring balance is attached to the ceiling of a lift. A man
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 5m /s? |, the reading of the spring balance

will be [AIEEE 2003]
@ 24N (b) 74N
(c 15N (d) 49N

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]

(@ lessthan y

(b) greaterthan y
(©) |v] inthe direction of the largest force BC

(d) v ,remaining unchanged

A marble block of mass 2 kg lying on ice when given a
velocity of 6 m/s is stopped by friction in 10 s. Then the
coefficient of friction is (Takeg=10ms2)  [AIEEE 2003]
(@) 0.06 (b) 0.03

(c) 004 (d) 001

Acrocket with a lift-off mass 3.5x10* kg is blasted upwards
with an initial acceleration of 10m/s2. Then the initial thrust
of the blast is [AIEEE 2003]
(@ 35x10°N (b) 70x10°N

(c) 14.0x10°N (d) 1.75x10°N

A light spring balance hangs from the hook of the other
light spring balance and a block of mass M kg hangs from
the former one. Then the true statement about the scale

reading is [AIEEE 2003]
(@) thescale 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

19.

20.

21.

22.

23.
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A horizontal force of 10 N is necessary to just hold a block

stationary against a wall. The coefficient of friction between

the block and the wall is 0.2. The weight of the block is
[AIEEE 2003]

@ 2N

(b) 100N
(c) 50N
(d) 20N

Two masses m, =5kg and m, =4.8kg tied toastringare

hanging over a light frictionless pulley. What is the
acceleration of the masses when left free to move ?

(g=9.8m/s?) [AIEEE 2004]
@ 5m/s?

(b) 9.8m/s?

© 02m/s?
my
(d) 4.8m/s?
m,
A block rests on a rough inclined plane making an angle of
30° with the horizontal. The coefficient of static friction
between the block and the plane is 0.8. If the frictional force
on the block is 10 N, the mass of the block (in kg) is

(takeg =10 m/s?) [AIEEE 2004]
(@ 16 (b) 40
© 20 (d) 25

A given object takes n times as much time to slide down a
45°rough incline as it takes to slide down a perfectly smooth
45° incline. The coefficient of kinetic friction between the
object and incline is given by [AIEEE 2005]

@ [-3] 0 —

1-n2
o 3

@ =)

Two fixed frictionless inclined planes making an angle 30°
and 60° with the vertical are shown in the figure. Two blocks
A and B are placed on the two planes. What is the relative
vertical acceleration of A with respect to B ? [AIEEE 2010]

&

60° 30°
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24,

25.

26.

217.

(@ 4.9 ms2inhorizontal direction

(b) 9.8 ms2in vertical direction

(c) Zero

(d) 4.9 ms2in vertical direction

Two cars of masses m, and m, are moving in circles of radii

r, andr,, respectively. Their speeds are such that they make

complete circles in the same time t. The ratio of their

centripetal acceleration is [AIEEE 2012]

@ myryimyr, (b) my:m,

© ryiry d 1:1

A string of negligible mass going over a clamped pulley of

mass m supports a block of mass M as shown in the figure.

The force on the pulley by the clamp is given by
[NTJEE2001 9]

AANNANNNNNNNNNNNNNNNNAN

@ +2Mmg (b) v2mg

© \/[(M +m)®+m?Jg (@) \/[(M +m)? +M?]g

The pulleys and strings shown in the figure are smooth and
of negligible mass. For the system to remain in equilibrium.
The angle 6 should be [IT JEE 2001]

@ 0 (b) 30°

© 4° (d) 60°

An insect crawls up a hemispherical surface very slowly,

(fig). The coefficient of friction between the insect and the

surface is 1/3. If the line joining the center of the

hemispherical surface to the insect makes an angle o with

the vertical, the max. possible value of o is given by
[NTJEE2001S]

(@ cota=3
() coseco=3

(b) seca=3
(d) None

28. Aforce Fisapplied toablock of mass 2,/3 kgas shown in

the diagram. What should be the maximum value of force so
that the block does not move ? [T JEE 2003]

(@ 10N (b) 20N

(c) 30N (d) 40N

Two particles of mass m each are tied at the ends of a light
string of length 2a. The whole system is kept on a frictionless
horizontal surface with the string held tight so that each
mass is at a distance 'a’' from the center P (as shown in the
figure). Now, the mid-point of the string is pulled vertically
upwards with a small but constant force F. As a result, the
particles move towards each other on the surface. The
magnitude of acceleration, when the separation between
them becomes 2x, is [T JEE 2004]

F
m p m
O e O
IS a 21< a 21
F a F X
) —— by ———
@ 2m /az_xz ® 2m 42 _ 2
F x F Va2 —x?
= d) ———M
© 2m a @ 2m X

The string between blocks of mass m and 2m is massless
and inextensible. The system is suspended by a massless
spring as shown. If the string is cut, find the magnitudes of
accelerations of mass 2m and m (immediately after cutting).

[1IT JEE 2006]

® 9.9
® g5
© 3.9
C l2m
9 9
(d) E,E __Im

Ablock of base 10 cm x 10 cm and height 15 cm is kept on an
inclined plane. The coefficient of friction between them is
J3. The inclination 6 of this inclined plane from the

horizontal plane is gradually increased from 0°. Then
[IT-JEE 2009]



32.

(@ at6=230° the block will start sliding down the plane

(b) theblock will remain at rest on the plane up to certain 6
and then it will topple

(c) at6=260°, the block will start sliding down the plane
and continue to do so at higher angles

(d) at 6=60°, the block will start sliding down the plane
and on further increasing 0, it will topple at certain ©

A block of mass m is on an inclined plane of angle 6. The
coefficient of friction between the block and the plane is p
and tan 6 > . The block is held stationary by applying a
force P parallel to the plane. The direction of force pointing
up the plane is taken to be positive. As P is varied from
P, =mg (sin © —p cos 0 ) to P, = mg(sin 0 + u cos 0), the
frictional force f versus P graph will look like

[NT-JEE 2010]

f
fa ‘ ;
P ! N

P, P, P

oF----
I
e}
A
~—~
RS

@)

© ()

fy f
P, M ‘ P, P,

Paragraphs for Questions 33 and 34

A small block of mass 1 kg is released from rest at the top of a
rough track. The track is a circular arc of radius 40 m. The block
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slides along the track without toppling and a frictional force acts
on it in the direction opposite to the instantaneous velocity. The
work done in overcoming the friction up to the point Q, as shown
in the figure below, is 150 J.

(Take the acceleration due to gravity, g = 10 ms)

33.

34.

35.

.
.
.
-

\ Ao

The magnitude of the normal reaction that acts on the block
at the point Q is [JEE Adv. 2013]
@ 75N (b) 86N

(c) 115N (d) 225N

The speed of the block when it reaches the point Q is

[JEE Adv. 2013]
(@ 5ms?t (b) 10mst

(© 1043 ms™ (d) 20mst

A bob of mass m, suspended by a string of length I, is
given a minimum velocity required to complete a full circle in
the vertical plane. At the highest paint, it collides elastically
with another bob of mass m suspended by a string of length
I,, which is initially at rest. Both the strings are mass-less
and inextensible. If the second bob, after collision acquires
the minimum speed required to complete a full circle in the
vertical plane, the ratio Ili is [JEE Adv. 2013]
2
@ 3
(c 6

() 5
) 8

Exercise-3 ‘ Conceprual & Applied MCQs

An object of mass 10 kg moves at a constant speed of
10 msL. A constant force, that acts for 4 sec on the object,
gives it a speed of 2 ms~! in opposite direction. The force
acting on the object is
@ -3N

(c) 3N

(b) —30N
(d) 30N

2.

A solid sphere of 2 kg is suspended from a horizontal beam
by two supporting wires as shown in fig. Tension in each
wire is approximately (g = 10 ms2)

(@ 30N 30° 300
(b) 20N T T
(c) 10N

d 5N mg
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A body of mass 4 kg moving on a horizontal surface with an
initial velocity of 6 ms™ comes to rest after 3 seconds. If
one wants to keep the body moving on the same surface
with the velocity of 6 ms™1, the force required is

(@ Zero (b) 4N

(©0 8N (d) 16N

A toy gun consists of a spring and a rubber dart of mass 16
g. When compressed by 4 cm and released, it projects the
dart to a height of 2 m. If compressed by 6 cm, the height
achieved is

(@ 3m (b) 4m

() 45m (d) 6m

A player stops a football weighting 0.5 kg which comes
flying towards him with a velocity of 10m/s. If the impact
lasts for 1/50th sec. and the ball bounces back with a
velocity of 15 m/s, then the average force involved is

(@ 250N (b) 1250N

(c) 500N (d) 625N

A car travelling at a speed of 30 km/h is brought to a halt in
4 m by applying brakes. Ifthe same car istravelling at 60 km/h,
it can be brought to halt with the same braking power in

@ 8m (b) 16m

() 24m (d) 32Zm

Auniform rope of length L resting on a frictionless horizontal
surface is pulled at one end by a force F. What is the tension
in the rope at a distance ¢ from the end where the force is
applied.

@ F () F@A+/L)

(© F2 (d) F(1-14L)

A machine gun has a mass 5 kg. It fires 50 gram bullets at
the rate of 30 bullets per minute at a speed of 400 ms—1

What force is required to keep the gun in position?

(@ 10N (b) 5N

(c) 15N (d) 30N

A force time graph for the motion of a body is shown in Fig.
Change in linear momentum between 0 and 8s is

F(N)

T
l_-
0 2 4 6 |7 8 X
2

(@ zero (b) 4N-s

() 8Ns (d) None of these

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

— %ron —20 CM—

(b) 24N
(d) 52N

11.

12.

13.

14,

15.

A constant force F = m,g/2 is applied on the block of mass
m, as shown in fig. The string and the pulley are light and
the surface of the table is smooth. The acceleration of m, is

mag
@ 2(my +my)

towards right

m»g
——<= towards left
®) 2 -m,)
m»og .
——== towards right
© 2(my —my)
m2g
@ 2(my —my)
Consider the system shown in fig. The pulley and the string
are light and all the surfaces are frictionless. The tension in
the string is (take g = 10 m/s?)

towards left

1 kg

1 kg
(@ ON (o) 1N
() 2N (d) 5N
The elevator shown in fig. is descending with an

acceleration of 2 m/s2. The mass of the block A = 0.5 kg.
The force exerted by the block A on block B is

@ 2N

(b) 4N ' lz m/s’
© 6N A

d 8N %&3

Two blocks of masses 2 kg and 1 kg are placed on a smooth
horizontal table in contact with each other. A horizontal
force of 3 newton is applied on the first so that the block
moves with a constant acceleration. The force between the
blocks would be
(@ 3newton (b) 2 newton
(¢) 1newton (d) zero
A cart of mass M has a block of mass m attached to it as
shown in fig. The coefficient of friction between the block
and the cart is p. What is the minimum acceleration of the
cart so that the block m does not fall?

[

@ g
(b) g/u
© wg
(d) Mug/m
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17.

18.

19.

20.

21.

22.

23.

24,

A rocket has a mass of 100 kg. Ninety percent of this is fuel.
It ejects fuel vapors at the rate of 1 kg/sec with a velocity of
500 m/sec relative to the rocket. It is supposed that the rocket
is outside the gravitational field. The initial upthrust on the
rocket when it just starts moving upwards is

(@ zero (b) 500 newton

() 1000 newton (d) 2000 newton

A particle of mass m moving eastward with a speed v
collides with another particle of the same mass moving
northward with the same speed v. The two particles
coalesce on collision. The new particle of mass 2m will move
in the north-external direction with a velocity :

(@ w2 (b) 2v

© v/y2 (d) None of these

A spring is compressed between two toy carts of mass m;
and m,. When the toy carts are released, the springs exert
equal and opposite average forces for the same time on
each toy cart. If v, and v, are the velocities of the toy carts
and there is no friction between the toy carts and the
ground, then :

@ v4/v,=m,/m, (b) vy/v, =m,/my

(€) vy/vy=-my/m, (d) vy/v,=-m;/m,

A man weighing 80 kg is standing on a trolley weighing 320
kg. Thetrolley s resting on frictionless horizontal rails. If
the man starts walking on the trolley along the rails at a
speed of one metre per second, then after 4 seconds, his
displacement relative to the ground will be :

(@ 5metres (b) 4.8 metres

(c) 3.2metres (d) 3.0 metres

Starting from rest, a body slides down a 45° inclined plane
in twice the time it takes to slide down the same distance in
the absence of friction. The coefficient of friction between
the body and the inclined plane is:

(@ 033 (b) 0.25

(c) 075 (d) 0.80

A ball of mass 0.5 kg moving with a velocity of 2 m/sec
strikes a wall normally and bounces back with the same
speed. If the time of contact between the ball and the wall is
one millisecond, the average force exerted by the wall on
theball is :

(@ 2000 newton (b) 1000 newton

(c) 5000 newton (d) 125 newton

The mass of the lift is 100 kg which is hanging on the string.
The tension in the string, when the lift is moving with
constant velocity, is (g =9.8 m/sec?)

(@ 100 newton (b) 980 newton

(c) 1000 newton (d) None of these

In the question , the tension in the strings, when the lift is
accelerating up with an acceleration 1 m/sec?, is

(@ 100 newton (b) 980 newton

(c) 1080 newton (d) 880 newton

A block of mass 5 kg resting on a horizontal surface is
connected bya cord, passing over a light frictionless pulley
to a hanging block of mass 5 kg. The coefficient of kinetic
friction between the block and the surface is 0.5. Tension in
the cord is : (g = 9.8 m/sec?)

25.

26.

217.

28.

29.

30.
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A
5 kg ﬂ
5kg|B
(@ 49N (b) Zero
() 36.75N (d) 245N

A40 kg slabrests on frictionless floor as shown in fig. A10
kg block rests on the top of the slab. The static coefficient
of friction between the block and slab is 0.60 while the
kinetic friction is 0.40. The 10 kg block is acted upon by a
horizontal force of 100 N. If g = 9.8 m/s2, the resulting
acceleration of the slab will be:

100N
o fri 40kg 7,
O Triction
N W
(@ 0.98m/s? (b) 1.47 m/s?
(©) 1.52m/s? (d) 6.1m/s?

Two blocks are connected over a massless pulley as shown in
fig. The mass of block Ais 10 kg and the coefficient of kinetic
friction is 0.2. Block A slides down the incline at constant
speed. The mass of block B in kg is:

@ 35
(c) 30

() 33

(d) 25

Two trolleys of mass m and 3m are connected by a spring.
Theywere compressed and released at once, they move off
in opposite direction and come to rest after covering a
distance S,, S, respectively. Assuming the coefficient of
friction to be uniform, ratio of distances S, : S, is :

@ 1:9 (b) 1:3

() 3:1 (d) 9:1

A particle of mass 10 kg is moving in a straight line. If its
displacement, x with time t is given by x = (t3 -2t —10) m,
then the force acting on it at the end of 4 seconds is

(@ 24N (b) 240N

(c) 300N (d) 1200N

A particle of mass m is moving with velocity v, , it is given
an impulse such that the velocity becomes v,. Then
magnitude of impulse is equal to

@ m(vy-vy) (b) m(vy-Vy)

(© mx(Vy—vy) (d) 0.5m(vy—Vy)

Aforce of 10 N acts on a body of mass 20 kg for 10 seconds.
Changein its momentum is
(@ 5kgmis

(c) 200kgm/s

(b) 100 kg m/s
(d) 1000kgm/s
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31.

32.

33.

34.

35.

36.

37.

When forces F;, F,, F5 are acting on a particle of mass m
such that F, and F5 are mutually perpendicular, then the
particle remains stationary. If the force F; is now removed
then the acceleration of the particle is

(@ Fy/m (b) FyFg/mF;

() (F,—F3)/m (d) Fy/m

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 360 N. With what value of maximum safe
acceleration (in ms=2) can a man of 60 kg moves
downwards on the rope? [Take g = 10 ms—2]

[}

@ 16 () 6

(c 4 (d) 8

Two mass m and 2m are attached with each other by a rope
passing over a frictionless and massless pulley. If the pulley
is accelerated upwards with an acceleration ‘a’, what is the
value of T?

g+a g-a

@ 5 (0) =5-
dm(g+a) m(g-a)

© —5— @ —5—

A uniform chain of length 2 m is kept on a table such thata
length of 60 cm hangs freely from the edge of the table. The
total mass of the chain is 4 kg. What is the work done in
pulling the entire chain on the table ?

@ 123 (b) 3.6J

() 721 (d) 12007

A mass is hanging on a spring balance which is kept in a
lift. The lift ascends. The spring balance will show in its
readings

(@ anincrease

(b) a decrease

() no change

(d) achange depending on its velocity

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

(@ 25N (b) 0.98N

(c) 49N (d) 0.49N

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

38.

39.

40.

41.

42.

@) v )(b) . >
© v ) o D ;)

A particle starts sliding down a frictionless inclined plane.
If S, isthe distance traveled by it from timet=n -1 secto

t=nsec, theratio S /S, is

2n-1 2n+1
a b
@ 2n+1 ®) 2n
2n 2n+1
( d
© 2n+1 @ 2n-1

Ablock iskept on ainclined plane of inclination 6 of length ¢.
The velocity of particle at the bottom of inclined is (the
coefficient of friction is )

(@) [2g¢(ucos®—sin®)1'2 (b) +/2g9/(sin 6—pcos6)
(€) +2g¢(sin0+pcos6) (d) m

Blocks Aand B of masses 15 kg and 10 kg, respectively, are
connected by a light cable passing over a frictionless pulley
as shown below. Approximately what is the acceleration
experienced by the system?

(8 2.0m/s?
(b) 3.3m/s? “
(©) 4.9m/s?

| B
(d) 9.8m/s?

A50kg ice skater, initially at rest, throws a 0.15 kg snowhball
with a speed of 35 m/s. What is the approximate recoil speed
of the skater?

(@ 0.10m/s (b) 0.20m/s

(c) 0.70m/s (d) 1.4m/s

Block A is moving with acceleration A along a frictionless
horizontal surface. When a second block, B is placed on
top of Block A the acceleration of the combined blocks
drops to 1/5 the original value. What is the ratio of the mass
of Ato the mass of B?
@ 5:1

() 3:1

(b) 1:4
) 2:1
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44,

45,

46.

47,

48.

Aforce Fis used to raise a 4-kg mass M from the ground to
aheightof 5m.

What is the work done by the force F? (Note : sin 60° = 0.87;
cos 60° = 0.50. Ignore friction and the weights of the pulleys)
(@ 507 (b) 100J

() 1743 (d) 200J

A 5000 kg rocket is set for vertical firing. The exhaust speed
is 800 m/s. To give an initial upward acceleration of 20 m/s2,
the amount of gas ejected per second to supply the needed
thrust will be (Take g = 10 m/s?)

(@ 127.5kgls (b) 137.5kg/s

(c) 155.5kgls (d) 187.5kgls

Abulletis fired from a gun. The force on the bullet is given
by F=600-2x 10°t

Where, F is in newtons and t in seconds. The force on the
bullet becomes zero as soon as it leaves the barrel. What is
the average impulse imparted to the bullet?

(@ 1.8N-s (b) Zero

(€) 9N-s (d) 0.9N-s

A 4000 kg lift is accelerating upwards. The tension in the
supporting cable is 48000 N. If g=10m s then the
acceleration of the lift is

2 2

(@ 1ms (b) 2 ms™

(© 4ms? (@ 6ms?
A 0.1 kg block suspended from a massless string is moved
first vertically up with an acceleration of 5ms~2 and then

moved vertically down with an acceleration of 5ms=2. If

T, and T, are the respective tensions in the two cases,
then

@ T>T

() T,-T,=1N,if g=10ms™

(C) Tl - T2 = lkg f

@ T,-T,=98N, if g=9.8ms™

Avrifle man, who together with his rifle has a mass of 100 kg,
stands on a smooth surface and fires 10 shots horizontally.
Each bullet has a mass 10 g and a muzzle velocity of 800

ms~L. The velocity which the rifle man attains after firing
10 shots is

@ 8mst (b) 0.8ms”
(¢ 008mst (d)-0.8 mst

1

49,

50.
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52.

53.

54.

55.

56.
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The coefficient of friction between two surfacesis 0.2. The
angle of friction is

@ sin1(0.2) (b) cos(0.2)

© tan71(0.0) @) cot™(5)

Aforce F=8i— 6] —~10K newton produces an acceleration
of 1 ms~2 in a body. The mass of the body is

@ 10kg (b) 102 kg

© 1043kg (d) 200kg

A block of mass 4 kg rests on an inclined plane. The
inclination to the plane is gradually increased. It is found
that when the inclination is 3 in 5, the block just begins to
slidedown the plane. The coefficient of friction between
the block and the plane is

@ o4 (b) 06

(c) 08 (d) 0.75.

A bird is in a wire cage which is hanging from a spring
balance. In the first case, the bird sits in the cage and in the
second case, the bird flies about inside the cage. The
reading in the spring balance is

(@ moreinthe first case

(b) lessin first case

(c) unchanged

(d) zeroin second case.

A rider on a horse back falls forward when the horse
suddenly stops. This is due to

(@ inertiaof horse

(b) inertiaof rider

(c) large weight of the horse

(d) losing of the balance

A ball of mass m is thrown vertically upwards. What is the
rate at which the momentum of the ball changes?

(@ Zero

(b) mg

(c) Infinity

(d) Dataisnot sufficient.

A body of mass 1 kg moving with a uniform velocity of

1ms~t. Ifthe value ofgis 5ms 2 , then the force acting on
the frictionless horizontal surface on which the body is
moving is

(@ 5N (o 1IN

() ON (d) 10N

A body of mass 2 kg is placed on a horizontal surface
having kinetic friction 0.4 and static friction 0.5. If the force
applied on the body is 2.5 N, then the frictional force acting
on the body will be [g = 10 ms™2]

@ 8N (b) 10N

() 20N (d) 25N
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57.

58.

59.

60.

61.

A bag of sand of mass m is suspended by a rope. A bullet
of mass % is fired at it with a velocity v and gets

embedded into it. The velocity of the bag finally is

\Y; 20v
@ S5x2 ®) S

Vv \Y
© 5 (d) Z

For the arrangement shown in the Figure the tension in

thestring is [Given : tan~2(0.8) =39°]

(@ 6N
(©) 04N

(b) 64N
(d) zero.

A 1 kg block and a 0.5 kg block move together on a
horizontal frictionless surface . Each block exerts a force of
6 N on the other. The block move with a uniform

acceleration of

F—>[1 kg|0.5 ke—"—>

/7777777 7777777777777

(b) 6ms™>

© 9 ms? d) 12 ms2

A body of mass 32 kg is suspended by a spring balance

from the roof of a vertically operating lift and going

downward from rest. At the instant the lift has covered 20

m and 50 m, the spring balance showed 30 kg and 36 kg

respectively. Then the velocity of the lift is

(@ decreasingat 20 m, and increasing at 50 m

(b) increasing at 20m and decreasing at 50 m

(c) continuously decreasing at a steady rate throughout
the journey

(d) constantly increasing at constant rate throughout the
journey.

An object at rest in space suddenly explodes into three

parts of same mass. The momentum of the two parts are

@ 3 ms 2

2pi and pj. The momentum of the third part
(@ will have a magnitude p\/§

(b) will have a magnitude p\/g

(c) will have a magnitude p
(d) will have a magnitude 2p.

62.

63.

64.

65.

66.

67.

Atriangular block of mass M with angles 30°, 60°, and 90°
rests with its 30°-90° side on a horizontal table. A cubical
block of mass m rests on the 60°-30° side. The acceleration
which M must have relative to the table to keep m stationary
relative to the triangular block assuming frictionless
contact is

@ 9 (b)

Sl Sl

© L (d)
V3
A block of mass m on a rough horizontal surface is acted
upon by two forces as shown in figure. For equilibrium of
block the coefficient of friction between block and surface
is

F

7
—

177777777 1r7rrrrrirrrrr7

FL+F,sin® F cos0+F,
Q) mg+F, cos 0 mg—F, sin®

F +F,cos6 R sin6-F,
© mg +F,sin® mgTzcose

Aweight W rests on arough horizontal plane. If the angle
of friction be @, the least force that will move the body
along the plane will be

(@ Wcos6 (b) Wecoto

(© Wwtane d) wsine

A trailer of mass 1000 kg is towed by means of a rope
attached to a car moving at a steady speed along a level
road. The tension in the rope is 400 N. The car starts to
accelerate steadily. If the tension in the rope is now 1650 N,
with what acceleration is the trailer moving ?

(@ 1.75ms? (b) 0.75ms>2

(c) 2.5ms2 (d) 1.25ms>

A rocket of mass 5000 kg is to be projected vertically upward.
The gases are exhausted vertically downwards with
velocity 1000 ms~2 with respect to the rocket. What is the
minimum rate of burning the fuel so as to just lift the rocket
upwards against gravitational attraction ?

(@ 49kgst (b) 147kgs?

(c) 98kgst (d) 196kgs?

In the figure a smooth pulley of negligible weight is
suspended by a spring balance. Weight of 1 kg f and
5 kg f are attached to the opposite ends of a string passing
over the pulley and move with acceleration because of
gravity, During their motion, the spring balance reads a

weight of uﬁcuaaTm&aﬂaﬂaﬂz

(@ 6kgf
(b) lessthen 6 kg f
(¢) morethan6 kg f

(d) may be more or less then 6 kg f 1kg

5 kg



68.

69.

70.

71.

72.

73.

A particle moves so that its acceleration is always twice its
velocity. Ifits initial velocity is 0.1 ms™1, its velocity after it
hasgone0.1 mis

(@ 0.3mst (b) 0.7ms?

(c 12mst (d) 36mst

An object is resting at the bottom of two strings which are
inclined at an angle of 120° with each other. Each string
can withstand a tension of 20N. The maximum weight of
the object that can be supported without breaking the
string is

(@ 5N (b) 10N

() 20N (d) 40N

On a smooth plane surface (figure) two block Aand B are
accelerated up by applying a force 15 N on A. If mass of B
is twice that of A, the force on B is

(@ 30N (b) 15N

(c) 10N (d) 5N

15 N 7 /<§§’

A 10Kkg stone is suspended with a rope of breaking strength
30 kg-wt. The minimum time in which the stone can be
raised through a height 10 m starting from rest is (Take

g =10N/kg)

@ 05s (b) 1.0s
© +2/3s d 2s

A ball of mass 0.4 kg thrown up in air with velocity 30 ms
reaches the highest point in 2.5 second . The air resistance
encountered by the ball during upward motion is

(@) 088N (b) 8B00N

(c) 300dyne (d) 300N.

A plate of mass M is placed on a horizontal of frictionless
surface (see figure), and a body of mass m is placed on this
plate. The coefficient of dynamic friction between this body
and the plateis p . Ifaforce2u mg is applied to the body
of mass m along the horizontal, the acceleration of the

plate will be
m 2umg
M {:k

T77777777T777777T77777

am b um
@ A O g
(@ 2um, @ —2Mm .

M (M+m)

74.

75.

76.

77.

78.

79.

Laws of Motion 163

In the system shown in figure, the pulley is smooth and
massless, the string has a total mass 5g, and the two
suspended blocks have masses 25 g and 15 g. The system
isreleased from state ¢ = 0 and isstudied upto stage ¢'=0
During the process, the acceleration of block A will be

© @

(@) constant at

(b) constant at i

|
N
a1
«

(c) increasing by factor of 3 159

(d) increasing by factor of 2

A horizontal force F is applied on back of mass m placed on
arough inclined plane of inclination g . The normal reaction
N is

(@ mgcoso (b) mgsin®

() mgcos6—FcosO® (d) mgcosO+Fsind

The coefficient of friction between the rubber tyres and the
road way is 0.25. The maximum speed with which a car can
be driven round a curve of radius 20 m without skidding is
(9=9.8m/s?)

@ 5m/s (b) 7mls

() 10mis (d) 14m/s

A bucket tied at the end of a 1.6 m long string is whirled in
a vertical circle with constant speed. What should be the
minimum speed so that the water from the bucket does not
spill when the bucket is at the highest position?

(@ 4m/lsec (b) 6.25m/sec

(c) 16m/sec (d) None of the above

A cane filled with water is revolved in a vertical circle of
radius 4 meter and the water just does not fall down. The
time period of revolution will be

(@ 1sec (b) 10sec
(c) 8sec (d) 4 sec
Acircular road of radius r in which maximum velocity is v,

has angle of banking
2

@ tan (b) tan 1{%}
rg v

_1( rg

tan % =

(d) [ Y J

© tan—l(lj
rg
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80.

81.

82.

83.

84.

A small sphere is attached to a cord and rotates in a vertical
circle about a point O. If the average speed of the sphere is
increased, the cord is most likely to break at the orientation
when the mass is at

(@ bottom point B (b) the point C

(c) the point D (d) top point A

A person with hishand in his pocket is skating on ice at the
rate of 10m/s and describes a circle of radius 50 m. What is
hisinclination to vertical : (g = 10 m/sec?)

@ tan1(%) (b) tan~1(1/5)

(c) tan~1(3/5) (d) tan~1(1/10)

When the road is dry and the coefficient of the friction is p,
the maximum speed of a car in a circular path is 10 ms~1, If

the road becomes wet and u'=% , what is the maximum

speed permitted?
(@ 5ms? (b) 10ms

© 1042 ms?t (d) 5v2 ms™t

The minimum velocity (in ms™1) with which a car driver
must traverse a flat curve of radius 150 m and coefficient of
friction 0.6 to avoid skidding is

(@ 60 (b) 0

© 15 d) 2

Two pulley arrangements of figure given are identical. The
mass of the rope is negligible. In fig (a), the mass ms lifted
by attaching a mass 2m to the other end of the rope. In fig
(b), m is lifted up by pulling the other end of the rope with
a constant downward force F = 2mg. The acceleration of m
in the two cases are respectively

(b) 9/3.9

(d) g,9/3

@ 39,9

() g/3,29

85.

86.

87.

88.

89.

90.

91.

The linear momentum p of a body moving in one dimension
varies with time according to the equating P = a + bt2 where
a and b are positive constants. The net force acting on the
body is

(@ proportional to t2

(b) a constant

(c) proportional tot

(d) inversely proportional to t

Three blocks of masses m;, m, and m5 are connected by
massless strings, as shown, on a frictionless table. They
are pulled with a force T; =40 N. If m; =10 kg, m, =6 kg and
m, = 4kg, the tension T, will be

Tl T2 T3
M, M, —>—{ M, |s=
S S
@ 20N (b) 40N
© 10N (d) 32N

In an explosion, a body breaks up into two pieces of unequal
masses. In this

(@) both parts will have numerically equal momentum

(b) lighter part will have more momentum

(c) heavier part will have more momentum

(d) both parts will have equal kinetic energy

A bodzy of mass 1.0 kg is falling with an acceleration of 10
m/sec?. Its apparent weight will be (g = 10 m/sec?)

(@ 1.0kgwt (b) 2.0 kg wt

(c) 0.5kgwt (d) zero

Aball of mass 400 gm is dropped from a height of 5m. A
boy on the ground hits the ball vertically upwards with a
bat with an average force of 100 newton so that it attains a
vertical height of 20 m. The time for which the ball remains
in contact with the bat is (g = 10 m/s?)

(@ 0.12s (b) 0.08s

(c) 0.04s (d) 12s

Block Aofweight 100 kg rests on a block B and is tied with
horizontal string to the wall at C. Block B is of
200 kg. The coefficient of friction between Aand B is 0.25

1
and that between B and surface is 5 . The horizontal force

F necessary to move the block B should be (g = 10 m/s?)

A
A
C
| B JF
@ 1050N (b) 1450N
() 1050N (d) 1250N

An open topped rail road car of mass M has an initial
velocity v, along a straight horizontal frictionless track. It
suddenly starts raising at time t = 0. The rain drops fall
vertically with velocity u and add a mass m kg/sec of water.
The velocity of car after t second will be (assuming that it is
not completely filled with water)

mvg
M +mt

Mvg + ut Q) Vo mut
© M +ut (@ Vo M + ut

@ vorm )




92.

93.

94.

95.

96.

97.

98.

A ball mass m falls vertically to the ground from a height h,
and rebounds to a height h,. The change in momentum of
the ball of striking the ground is

(@ my2g(hy +hy) (b) ny2g9(my +mjy)
(© mg(h; —hy) (d) m(y2gh; —/2gh;)

In the given figure, the pulley is assumed massless and
frictionless. Ifthe friction force on the object of massm is f,
then its acceleration in terms of the force F will be equal to

O

@ (F-f)im © (5-t)m

() F/m (d) None of these

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

1
@ Hkﬂ/l—n—z
© Mszw/l—niz @ ws=1-—

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 half is given
by

(@ 2cos ¢ (b) 2sin ¢

(c) tan ¢ (d) 2tan ¢

A particle of mass 0.3 kg subject 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 ?

@@ 15 m/s? (b) 3 m/s?

(c) 10 m/s? (d) 5 m/s?

Ablock is kept on a frictionless inclined surface with angle
ofiinclination “ o.” . The incline is given an acceleration ‘a’ to
keep the block stationary. Then a is equal to

1
® we=1-—
n

a
(04

(@ g coseca (b) g/tana

(c) gtano d g

Consider a car moving on a straight road with a speed of 100
m/s . The distance at which car can be stopped is [, = 0.5]
(@ 1000 m (b) 800 m
() 400 m (d) 100 m
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99. Around uniform body of radius R, mass M and moment of
inertia | rolls down (without slipping) an inclined plane
making an angle 6 with the horizontal. Then its acceleration

is

@ gsing (b) gsing
1-MR2/I 1+1/MR?

@ —>i (@ —9sind_
1+MR“/1 1—1/MR?

100. Ablock of mass m is connected to another block of mass M
by a spring (massless) of spring constant k. The block 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

of the block of mass m.

MF mF
@ (m+M) ®)

(M+m)F mF
© — (d) e

101. Abody of mass m=3.513 kg is moving along the x-axis with
aspeed of 5.00 ms™L. The magnitude of its momentum is
recorded as
(@ 17.6kgms™ (b) 17.565kgms
() 1756kgms (d) 17.57kgms

Directions for Qs. (102 to 109) : Read the following passage(s)
carefully and answer the questions that follows:

PASSAGE |

A student performs a series of experiments to determine the
coefficient of static friction and the coefficient of kinetic friction
between a large crate and the floor. The magnitude of the force of
static friction is always less than or equal to uN. where p  denotes
the coefficient of static friction, and N denotes the normal force
exerted by the floor on the crate:

fs <pugN
Static friction exists only when the crate is not sliding across the
floor.

The force of kinetic friction is given by f, = p (N

where , denotes the coefficient of kinetic friction. Kinetic friction
exists only when the crate is sliding across the floor.

The create has mass 100 kg. In this situation, the normal force
points upward.

Experiment 1

The student pushes horizontally (rightward) on the crate. and
gradually increases the strength of this push force. The create
does not begin to move until the push force reaches 400 N.
Experiment 2

The student applies a constant horizontal (rightward) push force
for 1.0 seconds and measures how far the crate moves during
that time interval. In each trial. the crate starts at rest, and the
student stops pushing after the 1.0-second interval. The following
table summarizes the results.
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Trial Push force (N) Distance (m)
1 500 15
2 600 15
3 700 20

102. The coefficient of static friction between the crate and
floor is approximately:
(@ 025 (o) 040
(c) 040 (d)y 40
103. Inexperiment 1. when the rightward push force was 50 N.
the crate didn’t move. Why didn’t it move?
(@) The push force was weaker than the frictional force
on the crate.
(b) The push force had the same strength as the
gravitational force on the crate.
(c) The push force was weaker than the frictional force
on the crate.
(d) The push force had the same strength as the
frictional force on the crate.
104. The coefficient of kinetic friction between the crate and
the floor isapproximately:
(@ 020 (o) 030
(c) 040 (d) 050
105. In trial 3, what is the crate’s speed at the moment the
student stops pushing it?
@ 1.0m/s (o) 2.0m/s
(c) 3.0m/s (d) 4.0m/s
106. For trial 3, which of the following graphs best shows the
positions of the crate as a function of time? The student
first starts pushing the crateat timet=0.

¢ ¢
5 S
@ £ b &
0 1 time(s)—> 0 1 time(s)—>
4 ¢
s| —— S
© £ @ &
0 1 time(s)—> I1 time(s)—=>
PASSAGE 2

On the ride "spindletop™ at the amusement park Six Flags Over
Texas, people stood against the inner wall of a hallow vertical
cylinder with radius 2.5 m. The cylinder started to rotate, and
when it reached a constant rotation rate of 0.60 rev/s, the floor on
which people were standing dropped about 0.5 m. The people
remained pinned against the wall.
107. Point out the best possible force diagram for a person on
thissideafter thefloor hasdropped (f, is force of friction
and R is Reaction)

R Y
AN
@ X———=
VY mg

Y
@
arad fs
() X
R mg
Y
P a—
arad fs
(© X >R
mg
Y
@
arad fs
@ x— ¢

mg

108. What minimum coefficient of static friction is required if
the person on theride is not to slide downward to the new
position of the floor?

(@ 028
(c) 039
109. Mark the correct statement/s
(@ Under same conditions a heavy man will fall down
(b) Answer of the above question will depend upon mass
of the passenger

(c) Answer of the above question is independent of
mass of passenger

(d) Forsmaller g larger v must be kept to maintain the
man in equilibrium

Directions for Qs. (110 to 112) : Each question contains

STATEMENT-1and STATEMENT-2. Choose the correct answer

(ONLY ONE option is correct ) from the following-

(@ Statement -1 isfalse, Statement-2 istrue

(b) Statement -1 istrue, Statement-2 is true; Statement -2 is a

correct explanation for Statement-1

(c) Statement-1istrue, Statement-2 is true; Statement-2 isnot

acorrect explanation for Statement-1

(d) Statement -1 istrue, Statement-2 is false

(b) 050
(d) 001

110. Statement-1 : Thework donein bringing a body down
from the top to the base along a
frictionless incline plane is the same as
the work done in bringing it down the
vartical side.

: The gravitational force on the body
along the inclined plane is the same as

that along the vertical side.

Statement -2
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111. Statement-1 : Onarainy day, it is difficult to drive a height if the air resistance for each be
car or bus at high speed. the same then both the bodies will reach
Statement-2 : The value of coefficient of friction is the earth simultaneously.
lowered due to wetting of the surface. Statement-2 : For same air resistance, acceleration of
112. Statement-1 : The two bodies of masses M and m (M both the bodies will be same.
>m) are allowed to fall from the same
Hints & Solution &
/=
[:] Exercise 5.1 2. (b) When elevator goes up, then equation of motion is
_ _ R-mg=ma = R=m(g+a)i.e,
1 (o) V\_/hen_ the swimmer push some water in backward apparent weight > real weight
direction, then he get some momentum in forward . Lo
o . .. . When elevator goes down, then equation of motion is
direction from water & starts to swim. This isaccording R= R= )
to Newton third Law. (action-reaction force) mg-R= ma- =T m(g—z.i) L€,
2. (d) Newton’first law of motion is also called law of inertia as apparent weight < real weight
it defines inertia. 3. (d) An inertial frame of reference is one in which law of
3. (c) The body will continue accelerating until the resultant inertia holds good i.e. Newton’s laws of motion are
force acting on the body becomes zero. applicable equally. If earth is revolving around the sun
4. (b) See Newton’s first law of motion according to which or earth is rotating about its axis, then forces are acting
“the tendency of a body to continue in its state of rest or on the earth and hence there will be acceleration of earth
of uniform motion in astraightline, iscalled law of inertia”. due to these forces. That is Why earth can not be an
5 (c) He can come at shore by making use of Newton’s third inertial frame of reference.
law. In this case man push the ice backward & icereacts 4 ¢y \when an elevator cabin falls down, it is accelerated down
Ea;:k to the 8anan |nI ff?rr_vxigrd direction (illus io fr'cﬂf)n with respect to earth i.e. man standing on earth.
etween ice & man. Iffriction is very small between him . . . —
. ysm 5 (d) Theobservations will be true if both the frames are inertial
& the ice, then he come out from this pond only by o
; or non inertial.
taking very small steps. ]
6. (c) The gun applied a force F,, on the bullet in forward 6. (d) In this case
direction & according to Newton’s third law bullet applies R=mg =a=0
a reaction force on gun F,, in backward direction. But So elevator may at rest or in uniform motion (either up or
the recoil speed of gun is very low in comparison to down)
bullet due to large mass. 7. () R=apparentweight=m(g-a)
dp . (d) R=apparentweight=m(g+a)
7. (0 F= dat 9. (b) Byspitting or sneezing we get a momentum in opposite
9. (b) When jetplane flies, it ejects gases in back ward direction direction which will help us in getting offthe plane. In all
at very high velocity. From Newton’s third law, these other cases we will slip on ice as there is no friction.
gases provides the momentum to jet plane in forward
direction plus compensates the force of gravit 10. (b) R Rp Foin i
p p gravity. pushing— Block F pulling
10. (c) From Newton’s second law if F, = 0 then the body is f ¥ Block Fcosh
. . _ W :
in translational equilibrium. Here f = uR=pW f
Q Exercise 5.2 pushing Here f :Y‘%W'Fsme)
’ Pulling
1 (&) When tension in the cable is equal to the weight of Since we required less force in pulling in comparison of

cable, the system is in equilibrium. It means the system
is at rest or moving with uniform velocity.

pushing it. Hence pulling is easier then pushing.
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[:] Exercise 5.3

(b) From Newton’s second law, the total external applied
force on the body is equal to the time rate change of
momentum of the body.

_dp_m(vp-vy)

F herev, =0,v, =V
dt t 1 2
so F= (mv) =mvn
1/n
(b) It works on the principle of conservation of linear
momentum.

(@ For agiven mass P oc V. If the momentum is constant
then its velocity must be constant.

mGVG _ 1><5
mg  10x107°

(d) mgvg=mgvg—>Vpe =

=500 ms!
[:] Exercise 5.4

(d) Hstatic = Hkinetic ~ MroIIing

(@) Staticfriction is a self adjusting force in magnitude and
direction.
(d) Incase (a)

In case (b)

mgsin 6=F; —uN

N =mg cos 6

. mgsin®+pumgcosO=F,;

In second case (b)

uN +F, =mgsin 0

pumg cos 6 —F,=mgsin 0

or F,=mgsin 6 —pumg cos 0

but F, = 2F,

therefore mg sin 6 + umg cos 6

=2(mgsin 6 —p mg cos )

mg sin 6 =3 umg cos 6

or tan 6 =3u or 6 =tan~1 (3p)
© Bg> > py

© - —>F

So equation of motion is F -f=ma

where f= puR=puMg = p x 30x9.8 =294

Since initial velocity of the body is zero & its velocity
increases from zero to 4 m/sec in 2 seconds, so
acceleration of the body is

v=u+at

= 4= 0+ax2o0ra=2m/sec?
So F—f=30x2

= 200-px294 =60

-, 140
T

=0.476

(c) 6=Angleofrepose .. p=tan®.

() When the men push the rough surface on walking, then
surface (from Newton’ third Law) applies reaction force
in forward direction. It occurs because there is friction
between men & surface. If surface is frictionless (such
as ice), then it is very difficult to move on it.

(d) When brakes are on, the wheels of the cycle will slide on
the road instead of rolling there. It means the sliding
friction will come into play instead of rolling friction.
The value of sliding friction is more than that of rolling
friction.

[:] Exercise 5.5

(@) Iftheoutside rail is h units higher than inside of rail track
as shown in figure then
NcosO=mg.......c.ccoruurne. (1)

inside
X
Q?é" outside
2
. v
NSINO=—— .. (i)
r
2
v
&anb=— (iii)



(b)

@

Where 6 is angle of banking of rail track, N is normal
reaction exerted by rail track on rail.

Itis clear from the equation (i) & (ii) that N cos6 balance
the weight of the train & N sin6 provide the necessary
centripetal force to turn.

Ifwidth oftrack is ¢ (OB) & h (AB) be height of outside

of track from the inside, then

Soitis clear from the above analysis that if we increase
the height of track from inside by h metre then resultant
force on rail is provided by railway track & whose
direction is inwards.

It means that car which is moving on a horizontal road &
the necessary centripetal force, which is provided by
friction (between car & road) is not sufficient.

If pis friction between car and road, then max speed of
safely turn on horizontal road is determined from figure.

car of
mass m

—

mg

N=mg (i)

mv
f=V
.

..{ii)

Where fis frictional force between road & car, N is the
normal reaction exerted by road on the car. We know
that

f=usN=psmg
where p is static friction
sofrom eq (ii) & (iii) we have

2
mv
——<umg = vZ <pgrg or v< .\ fugrg
;

& Viax = /K9

If the speed of car is greater than v, at that road, then
it will be thrown out from road i.e., skidding.

The car over turn, when reaction on inner wheel of car is
zero, i.e., first the inner wheel of car leaves the ground
(where G is C.G of car, h is height of C.G from the ground,
f, & f, arefrictional force exerted by ground on inner &
outer wheel respectively). The max. speed for no over
turning is

6 (b)

7. (b)

8 (@

9 (d)

10. (d)

Laws of Motion  JREeN |

outer wheel
of car

gra
max h

VvV =

wherer is radius of the path followed by car for turn & 2a
is distance between two wheels of car (i.e., AB)

Pg —Pa =M(VE —VA) =mv(j+])

= 2mv]:2 kgm/s  ...>I)

= = mV2 2 mV2 2

Fo —Fa = o (Do (D)
2

:Z”F‘{" () =8N ....(ii)

Divide (ii) by (i), %= o =4 rad/s.

Due to centrifugal force, the inner wheel will be left up
when car is taking a circular turn. Dueto this, the reaction
on outer wheel is more than that on inner wheel.

Here, u =10+/3 m/s, t=?;0=30°

Att =0, the vertical component of velocity is zero,
hence horizontal component of velocityat t = 0 is 10V3 m/
sec

Attimet, vsin 30°=0 +gt & v cos 30° =103

t
or tanezg—
\"

<. gt=utan 0 =10+/3 tan 30°=10
t=10/g=10/10 = 1 sec.

tower =0 sec

10V3
%oo
\"

Centripetal acceleration = acceleration due to gravity

2
VE=g or v=./Rg

%mv2 =mg/ or v=,/(2g/)
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1. (@

12. (b)

13. (b)

14. (b)

15. (b)

16. (b)
17. (b)

The velocity should be such that the centripetal
acceleration is equal to the acceleration due to gravity

2
\
?:g or v=,/gR

2
mv
——=mgor v=,/gr
r

See fig. The body will lose contact when centripetal
acceleration becomes equal to the component of
acceleration due to gravity along the radius.

r

:
|
I
I
]
(0] vg

\elocityat P, v=42g(r-h) (. vi-u?= 20X)
Centripetal acceleration will be v2/r. It should be equal
to the component of g along PO. Hence

2
V—:g cos6 or M:gxE
r r

Solving we get, h = (%)

Let particle of mass m move in circle of radius r with
uniform speed v. Then L is defined as

. 1.2 L2
=mvror - =
2 2mr?

Centripetal acceleration = v2/r. It is perpendicular to the
increase in speed a which is tangential.

.. Resultant acceleration =

Thrust = weight — centripetal force
pumg=mv?/r or v=,/ugr

or v=,(0.25x9.8x20) =7 m/s

18. (a)

19. (d)

20, (b)

2. (a)

2. (d)

23. (0

24. (@)

Since water does not fall down, therefore the velocity of
revolution should be just sufficient to provide centripetal
acceleration at the top of vertical circle. So,

v=4/(gr) = {10x (1.6)} = /(16) =4 m/sec.

The speed at the highest point must be v > \/rg

Now Vv =re=r(2r/T)

2nr (1)

L K(2r/T)> Jrg or T <

T=2n [i] — 4sec
9.8

2 2
tang = = 72x20001 /55,102
rg 3600
. — R R
Since kinetic energy K —Emv =as” (given)
. mv?  2as®
so centripetal force Fc =R " R

tan0=v2/rg, tan®@=H/1.5 r=200m,b=15m
v =36 km/hour = 36 x (5/18) = 10 m/s.

Putting these values, we get H=0.075m.

The tension T, at the topmost point is given by

2
T, = mv;j
20
Centrifugal force acting outward while weight acting
downward.

2
2

. . mv
The tension T, at the lowest point T, = 20 M9

Centrifugal force and weight (both) acting downward

2 2
mvs —mv
T,-Tj=—2% 1L

+2mg
vZ=v3-2gh or v3-v?=29g(40) =80g

LT, =Ty =

80n(:g+2mg=6mg

The velocity at the lowest point is given by v =,/(2gr)

m

v2 .
; (at lowest point)

Further, T-mg =

2

T:mg+ﬁ:mg+w
r r

=mg+2mg=3mg



25. (a) Thereisnochange in the angular velocity, when speed

B~ w DN

[o2Be)

16.
17.
18.
21
24,

is constant.
Exercise 1 : NCERT Based Questions

Object with smaller mass.
At the pole
Yes

To help in providing centripetal force needed for motion of

vehicles on the curved road.

10 kg-wt.

As the dynamic friction is less than the force of limiting
friction.

30°.

3.2m/s?

—0.99 m/s zero

(c) 19. (b) 2. (O

(d) 22. @ 23 (0

@ 25. @

Exercise 2 : PAST Competition MCQs

_ m(v—u) _ 0.15(0-20)

© F n o1

=30N

(@ N=masin6+mgcos6 ... @
alsomgsin6=macos6 ... @
from(2)a=gtan©0

2
S N= mgMJr mgcos 0,
cos o

@ mgg=pmag {-- Myg=pmug}
= Mg = UsMp
ormg=0.2x2=0.4Kkg
© F=6i-8j+10k,
|F|=+/36+64+100 =102 N ("'F:\/F>%+F5+Fzz

a=1ms>2
- F=ma

. m:%:loﬁkg

©)

©

©

(b)

Laws of Motion 171 I

Frictional forceon thebox f = umg
.. Acceleration in the box
a=pg=5ms>2
V2 = U2 + 2as

= 0=22+2x%(5)s
2
= s=-— 5 W.I.t. belt

= distance=0.4m

Impulse experienced by the body
= change in momentum

=MV -(=MV)

=2MV.

11
[EEN

-_’QJ

m = 1000 kg

Total mass = (60 + 940) kg = 1000 kg

Let T be the tension in the supporting cable, then
T-1000g=1000x 1

=T=1000x11=11000N

v

S %!
o I8i2sinG
Pl — J
/VE
1S/2sin6

For upper half of inclined plane
vZ=u2+2aS/2=2(gsin0)S/2=gSsin O
For lower half of inclined plane
0=u2+2g(sin0—pcosO)S/2

= —@gSsin6=gS(sin6—pcos )

= 2sin0=pncos6

_ 2sin0® —otan o
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10.

1.

@

@

F T T
N
Ed
i T T T
i y
mg 2mg 3mg
v
6 mg
From figure
F=6mg,

As speed is constant, accelerationa =0
s.6mg=6ma=0,F=6mg

- T=5mg,T=3mg

T'=0

F et ON block of mass 2 m
=T-T'-2mg=0

ALTERNATE:

-+ vV = constant

so,a=0, Hence, F,=ma=0

P

resultant

12 m/sec
m

Presultant = \/122 +162
= 144+ 256 =20

m,V, = 20 (momentum of third part)

or,m, = 2 _ 5k

’ 3~ 4 - g
Let the initial velocity of the body be v. Hence the final
velocity = v/2

v 2
Applying v2=u2 - 2as = 3 =v2-2a3

= a=V2/8

12.

13.

14,

15,

16.

17.

18.

19.

(d)

(b)

@

(@)

@

@

©

@

In 11" case when the body comes to rest, final velocity

v
=0, initial velocity = 2

. v?  v?
Again, (0)%2= 5 —2.?.5; ors=1cm

Sothe extra penetration will be 1 cm.

Use u? = 2as. a is same for both cases.
s;=U%/2a;s,=16uU%/2a =165, = s, :5,=1:16.

Mass = 49 =5kg
9.8

When lift is moving downward

Apparent weight =5(9.8-5)=5x4.8=24N
According totriangle law of forces, the resultant force
is zero.

In presence of zero external force, there is no change in
velocity.

a= g—i [using v=u +at]
AT
6 6
= M= 10xg 10x10 >0

Thrust = Mass x Acceleration
=35x104x10=3.5x10°N

Since both springs are very light i.e., mass less. Hence
tension T is same in both spring & it is equal to Mg.

[
T srping 1

e .
srping 2

Mg

mg=puF=02x10=2N
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26. (c) IfTisthetension inthestring, Then

A (ml - mz\
20. (c) Acceleration= L J g T=mg (For outer masses)
my +m,
2Tcosf =~/2mg (For inner mass)
(5-4.8)x9.8 2 _ 2 S
= 7" /s =0.2m/s
(5+4.8) Eliminating T, we get
2(mg) cos6 = x/Emg
fS
N or cosf=1/+2 = 0=45°
27. (@ FromF.B.D ofinsect
2L © mg f=mgsina <pR

For max, value of o

frax= LR =mgsin o & R=mg cos a
mg sin® = fg ( for body to be at rest)

1
= mx10xsin 30° =10 Zeota="m=3 (u=1l3)
=m=2.0kg
2s o L2 R :
2. (a) Wehave g(sin®—pcos0) gsin® :
mg mgsino.
cosa mg
25 _ 2sxn®
g(sin@—pcos0) gsind Alternatively :
1 Asisclear from Fig.
here0=45° =~ —n?or =(1-1/n?) F=mgsina, R=mgcos a
23. (a) mgsin6=ma F : 1
: E:tana le.p=tana ==
— i 3
s.a=gsino
where a is along the inclined plane - cota=3
. vertical component of acceleration is g sin? 0 28 (d) Balancing vertical forces, we have
. relative vertical acceleration of A with respect to B is N = Fsin 60°+mg
0(sin? 60 —sin? 30] = % =4.9 m/s2 For the block not to move, we must have
in vertical direction Fcos60° =pN

24. (c) As their period of revolution is same, so it their angualr
speed. Centripetal acceleration is circular path,

_(1)2 .
et F(EJ 1 {F[£]+(2J§)(10)N}

N (Dzrl_i 2) 243 2

i.e.,, Fcos60° = u(Fsin 60°+ mg)

ThUS, g - (Dzrz r2
11
25. (d) The force on the pulley by the clamp will balance the or F(———j =10N
. X 2 4
resultant of the tension forces acting on the pulley
(= mg) and the weight of the pulley and block or F=4x10N = 40N

[= (M +m)g]. Hence force on the pulleyby theclamp 59 () The acceleration of mass m is due to the force T cos 0

:\/[{(M+m)g}2+|\/|292] - Tcos®=ma

> a_Tcose
={[(M+m)* +M-]g = m
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Also, F=2Tsino

F

T:
= 2sin6
From (i) and (ii)
A F Jcos6  F ~F X
2sin6) m  2mtan® 2m /az_xz

2 2
{ tan o = u]
X
(c) Byequilibrium of mass m,
T'=mg (i)
By equilibrium of mass 2m,
T=2mg-T
From (i) & (ii),
T=2mg-mg=mg

..(ii)
...(iii)

T T
2m 2m
Y 2mg
IT. 2
SB mg

Fm I?Im
mg mg

Situation 1 Situation 2

When the string is cut :
For massm:

Fret=Ma, @>mg=ma, =>ay,=¢
For mass 2m :
Fret = 2May, = 2mg—T =2mayp,

=2mg-mg =2mayy, = aon :%

(b) For the block to slide, the angle of inclination should
be equal to the angle of repose, i.e.,

tan~t 1 =tan"1+/3 = 60°. Therefore, option (a) is
wrong.

For the block to topple, the condition of the block will
be as shown in the figure.

32

i~

In APOM,

e:tanezmz >om =E
OM 75cm 3

For this, 8 < 60°. From this we can conclude that the

block will topple at lesser angle of inclination. Thus

the block will remain at rest on the plane up to a certain

anlgle 6 and then it will topple.

As tan 0 > p, the block has a tendency to move down

the incline. Therfore a force P is applied upwards along

theincline.

Here, at equilibrium P + f=mgsin 6

= f=mgsin6-P

P 0

mg sin 6 mg cos 0

mg

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

When P=mgsin 6, f=0.

When P is increased further, the block has a
tendency to move upwards along the incline.

N

Therefore the frictional force acts downwards along
theincline.
Here, at equilibrium P=f+mgsin 6
f=P-mgsin6
Now as P increases, fincreases linearly w.r.t P.
This is represented by graph (a) .



35.

@

(b)

140 sin 30‘;/
: 740m
/
|
|

mg cos 60° mg

mv2

N —-mg cos 60° = —
r

2
N =mgcos60° + o @)
r

Lossin P.E. =mg x 40 sin 30°=200J
Work done in over coming friction = 150 J
K.E. possessed by the particle =50 J

L V2 =503
2
mv2=100J (2

1 100
From (1) and(2),N=1x10 x EJFE =5+25=75N

(a) is the correct option.

From (2), mv2 =100

sv=10mst

(b) is the correct option.

\elocity at the highest point of bob tied to string /; is
acquired by the bob tied to string /, due to elastic
head-on collision of equal masses

Therefore \/g¢; = /597,
2hs
%)

Exercise 3 : Conceptual & Applied MCQs

(b)

(b)

©)

©

Hereu=10ms1, v=-2ms71,
t=4s,a="?
Using a = Y _ _2;10 =-3m/s?

.. Force, F=ma=10x(-3)=-30N
2T cos60°=mg
or T=mg=2x10=20N.
Acceleration, 3 - Y~Y _0-6_ , -2
t 3
Force=mxa=4x2=8N
If k is the spring factor, then P.E. of the spring

compressed by distance x [: %kx 2) will equal to gain

10.

11.

(@)

(b)

()

@)

@)

(b)

@)
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1
in PE. of the dart (= mgh) i.e. Ekx2 = mgh

. %k(4)2=16xgx200 ..(i)

and %k(6)2:16><g><h (i)

Onsolving, (i) and (ii), wegeth=450cm =4.5m.
Herem =0.5kg;u=-10m/s;
t=1/50s;v=+15ms!

Force=m (v—u)t=0.5(10+15)x50=625N
As, (1/2)m v2 =Fs

So %m(BO)2 =Fx4 and %m(GO)2 =Fxs

. s/4=(60)%2/(30)2=40r s=4x4=16m.
Let n be the mass per unit length of rope. Therefore,
mass of rope = nL.
Acceleration in the rope due to force F will be
a=F/nL.
Mass of rope of length (L — ¢) will be n (L - ¢).
Therefore, tension in the rope of length (L — ¢), is equal
to pulling force on it
=n(L-¢a=n(L-0)xFnL=F(1-//L)

change in momentum
time taken

Force required =

_ (50x107% x 30) x 400 — (5 x 0)
N 60
Change in momentum = Force x time = Area which the
force-time curve encloses with time axis.

=10 N

10cm 20cm
20N(F) F F 32N(F,)
Iy l,
} L< {

Itis clear F, > F,, sorod movesin right direction with
an acceleration a, whereas a is given by
(Fy—Fp)=mLxa................ ()

where m is mass of rod per unit length.

Now consider the motion of length 1, from first end,
then

F-F=mla.............. (i)
Dividing eq (ii) by (i), we get

= — —_ Il
R-F L or F_(FZ—F1)><I+Fl

herel; =10cm, L=30cm.,F; =20 N, F,=32N
SOF=24N

Let a be the acceleration of mass m,, in the downward
direction. Then

T-m,(@/2)=m;a ...(>i)
andm,g-T=m,a ...(ii)
Adding egs. (1) and (2), we get
(my +m,)a=m,g-m,(9/2) =m, g/2
_ m,9
2(my +mjy)
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12. (d) Seefig. 18. (c) Applying law of conservation of linear momentum
T m, V, Vg m,
i mv, +m,v,=0, —=—-——"=o0or —=-——-
C ) T 17107t m, ViV, m,;
1kg T 19. (c) Displacement of the man on the trolley
1 1kg =1x4=4m

Fromfigure, 1g-T=1a ..(i) Now applying conservation of linear momentum

andT=1a (i) 80x1+400v=0o0r v:—l m/sec.
From egs. (i) and (ii), we get 5
lg-la=1aor2a=g The distance travelled by the trolley
. a=(g/2) = (10/2) = 5 m/s? =-02%x4=-08m.
So,T=ma=1x5=5N (In opposite direction to the man.)
13 (b)) R=mg-ma=05%x10-05%x2=5-1=4N Thus, the relative displacement of the man with the
14. (c) Seefig. Let F bethe force between the blocks and a their ground=(4-0.8)=3.2m.
common acceleration. Then for 2 kg block, 20. (c) Inpresence of friction a = (g sin® — g cos 6)
.. Time taken to slide down the plane
3N
— 2kg 1kg _[2s _ 2s
FeTF "Va g (sin 0 — 1 cos )
3-F=2a (1) oS
for 1 kgblock, F=1xa=a (2 In absence of friction t, = Sino
..3—F=2For 3F=3o0rF=1newton g
15. (b) Seefig. Given: t; = 2t,
2s 2s5x4
uN St =4td or — =—
g(sin6—pcosO) gsind
ma ..... . N sin 0 =4sin0—-4ucos0
_3 0= 3 _ 0.75 (si °
mg u—ztan =50 S (since 6=45°)
If a = acceleration of the cart, then N = ma 0 @ FoMV —(-mv) _2mv _2x05x2 _,, 103N
- uN=mg or pma=mg or a=g/p t t 1073

22. (b) T=m(g+a)=100(9.8+0)=980N

Am
16. (b) Initial thrust on the rocket = —— Vg
At 23, (¢) T=m(g+a)=100(9.8+1)=1080N

=500x1=500N
A 24. (c) Forblock A, T—uN=>5a and N=>5¢g
m L
where N = rate of ejection of fuel. N
A
17. () p;=mv northwards, p, =mv eastwards
N A ?a
v 5kg
m
uN< a
w E T
%
v
S m 5Kkg 5kg [ B
Let p = momentum after collision. Then, l

=P +P or [p=4/(mv)? +(mv)? for block B, 59T =5a

Vv = T=36.75N, a=2.45m/sec?
" N or v'=— m/sec '
2mv' =mv+/2 B



25,

26.

27.

28.

29,
30.

(@ Force on the slab (m = 40 kg) = reaction of frictional
force on the upper block

100 N 10 kg

>, x10xg
40 kg

. 40a =, x 10 x g or a=0.98 m/sec?
(b) Considering the equilibrium of B
-Mgg+ T =mga
Since the block A slides down with constant speed.
a=0.
Therefore T=mgg

Considering the equilibrium of A, we get
10a=10gsin 30°—T —uN
where N = 10g cos 30°

- 10a= %g —T —px10gcos 30°

buta=0, T =mgg

0.24/3
2
— mg=3.268~33kg

0=59-mgg - x 10 xg

(d) mv, +3mv,=0or \\//—1 =-3
2

1
Now Emvl2 =F.S, =p.mg.S,;
1 2
E(Sm)v2 =F.S, =pn.3mg.S,

S 2
oror_ Vi 9
S, v% 1
(b) m=10kg, x=(t3-2t-10)m
2
&gy IX_ g
dt dt?
At the end of 4 seconds, a = 6 x 4 = 24 m/s?
F=ma=10x24=240N
(@ Impulse =changein momentum= mv, —mv,
(b) Changeinmomentum=F x t
=10 % 10=100 Nsor 100 kg. m/s

Laws of Motion 177 I

3L (@
The formula for force is given by F; =ma
F
Acceleration of the particle a = Hl
because F, is equal to the vector sum of F, & F.
32 (0
P
C T
|-
mg
mg—-T=ma
60x10-360 a
60
a=4ms?
33. (¢) The equations of motion are
2mg-T=2ma
T-mg=ma = T=4ma &a=9/3s0 T =4mg/3
If pulley is accelerated upwards with an accleration a,
then tension in string is
4m
T=—-> (g+a
3 (9+a)
) . 4
34.  (b) Mass of over hanging chain m’ = EX (0.6)kg
Let at the surfacePE =0
C.M. of hanging part = 0.3 m below the table
U;=-mgx = —%x 0.6x10x0.30
AU =m'gx =3.6J =Work done in putting the entire
chain on the table
35. (@) Letacceleration of lift=a and
let reaction at spring balance =R
AR
v mg

Applying Newton’s law
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36.

37.

39.

(0)

@

@

(b)

R-mg=ma=R=m(g+a)

thus net weight increases,

So reading of spring balance increases.

The magnitude of the frictional force f has to balance
the weight 0.98 N acting downwards.

0.5

<« 5N

5N 4— 5N

v
0.1x9.8
=0.98 N

\\\\\\\i\\ NANANT

Therefore the frictional force =0.98 N

At the highest point of the track, N + mg = mv

mg

N
where r is the radius of curvature at that point and v’ is
the speed of the block at that point.

mv 2

Now N =

N will be maximum when r is minimum (V' is the same for
all cases). Ofthe given tracks, (a) has the smallest radius
of curvature at the highest point.

a
Sn=5(@n-D)

Sna =5 (20+1)

Sy 2n-1
Spa 20+l
Fromthe F.B.D.
N =mg cos o
F=ma=mgsing — uN

= a=g(sin6—pcos0)

Now using, v2 —u? = 2as

or, v2 = 2xg(sin6—pcosB)/

41,

42.

@)

@

(b)

()

@

(d)

(¢ =length of incline)

or, v = 4/29¢ (sin 0 — p.cos 0)

Two external forces, F, and Fg, act on the system and
move in opposite direction. Let’s arbitrarily assume that
the downward direction is positive and that F , provides
downward motion while Fg provides upward motion.

Fa=(+15kg) (9.8 m/s?)=147N

and Fg = (-10 kg)(9.8 m/s?) =—98 N

Fiotat = Fa+ Fg =147 N+(-98N) =49 N
The total mass that must be set in motion is
15Kkg + 10 kg = 25kg

SInCG Ftotal = mtota|a, a= FtOtaI / mtotal

=49N/25kg =~ 2m/s?
Momentum is always conserved. Since the skater and
snowhball are initially at rest, the initial momentum is
zero. Therefore, the final momentum after the toss must
also be zero.

Pskater * Psnowball =0
Or MgyaterVskater T MsnowballVsnowball = 0

Vskater = ~Msnowball Vsnowball /mskater

= —(0.15kg)(35m/s) =
(50kg)

The negative sign indicates that the momenta of the
skater and the snowball are in opposite directions.
Apply Newton’s second law

Fa=Fag, therefore :
Mpan=(My+mglajgandasg=a,/5
Therefore: m, a, = (M4 + mg)a,/5which reduces to
4my=mgorl:4
Work is the product of force and distance. The easiest
way to calculate the work in this pulley problem is to
multiply the net force or the weight mg by the distance
it is raised: 4 kg x 10 m/s2 x 5m = 200 J.
Given : Mass of rocket (m) =5000 Kg
Exhaust speed (v) =800 m/s
Acceleration of rocket (a) = 20 m/s?
Gravitational acceleration (g) = 10 m/s?
We know that upward force
F=m(g+a)=5000 (10 +20)

=5000 x 30 = 150000 N.
We also know that amount of gas ejected

dm)_ F _ 150000
dt ) v 800

—0.10m/s

=187.5kg/s

Given F = 600-2x10°t
The force is zero at time t, given by
0=600-2x10°t

(600

= 7108 =3x10~% seconds
X




47.

49,

51

57.

I YR A Y

(b)

(b)

(b)

(d)

(b)

(@)

@)
(b)
(b)
@)
(d)

(@)

(d)

3x1073

. (600-2 x10°t) dt

. Impulse = L; Fdt = J

3x1073
2x105t2} §

= |:600t -
0

=600x3x10~° -10%(3x107%)?
=1.8-0.9 =0.9Ns
T=m(g+a)
48000 = 4000(10+ a)

-2
= a=2ms

T, =m(g+a) = 0.1(10+5)=1.5N
T, =m(g—a) =0.1(10-5) = 0.5N
= T,-T, =(15-05)N=IN

According to law of conservation of momentum,

x10 %800

100v = — 10
1000
ie,v=0.8ms™L.

Angle of friction = tan~p

V& +(6°+(10° 0
- -

sinezE
5

0

4
-, tan 9:3 = u=tane=§=0.75
4 4

Based on Newton’s third law of motion.
Inertia is resistance to change.

The time rate of change of momentum is force.
Weight of body=mg=5N
Limiting friction = 0.5x2x10 =10N

The applied force is less than force of friction, therefore
the force of friction is equal to the applied force.

Applying law of conservation of momentum

Momentum of bullet = Momentum of sand-bullet
system

mv= m+m Vzémv
20 20 20

Here tan6=0.8
where @ isangle of repose

Laws of Motion 179 |

0 =tan"1(0.8) =39°
The given angle of inclination is equal to the angle of
repose. So the 1 kg block has no tendency to move.
-, mgsin® = force of friction
= T=0
For0.5kgblock,6=0.5a

While moving down, when the lift is accelerating the
weight will be less and when the lift is decelerating the
weight will be more.

5. (d)
60. (b)

6L (b) Total momentum = 2pi+ pj

Magnitude of total momentum

= J(2p)? +p? = 5p? =B

This must be equal to the momentum of the third part.

62. (c)

ma cos 30° = mgsin 30°

asl

3

63. (a) Here,onresolving force F, and applying the concept
of equilibrium

F,Cos 0

F,sin 6

F——nss

T7777777777\T N7 71777777

N
vmg

N=mg+F, cos6,andf=pN
o F=p[mg+F cos0] ...(0)
Also f =F +F,sin6 ... (ii)
From (i) and (ii)

u[mg+F, cos6] =F; +F,sin 6

_ F1+F23ine

= =
mg+F, cos 6
f=puW

f=Wtano [.. n=tano]
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65.

66.

67.

69.

70.

71

72,

73.

74.

©)

@
(b)

@

©

©

(b)

@)

@

©

Here, the force of friction is 400N.
Fret = (1650-400) =1250N

1250

=——=1.25m
-2 1000
dm _mg _ M:wkgs‘1
dt v, 1000
Reading of spring balance
4mqmy _ 4x5x1 _10
2T= my +mjp 6 kgf
a=2v (given)
dv
=2V
= ds
or dv=2ds

\"
Idv:Z@ﬁiz
0.1

v-0.1=02

= v=03ms

If W is the maximum weight, then

W =2T cos 60°

orW=T=20N

The acceleration of both the blocks = 5 =;

- Force on Bzéxzx =10 N
X

The maximum acceleration that can be given isa
..30g=10g+10a

= a=2¢0= 20ms 2
1
We know that s =ut +— at
= 2x10
) V V 20
Let the air resistance be F. Then
mg+F=ma = F=mla—-g]

30 )
a=—n~=12ms
Here 25

The frictional force acting on M is umg

. pmg
- Acceleration = ——
o M

Considering the two masses and the rope a system,

then
Initial net force = [25-(15+5)]g =59

75.

76.

7.

78.

79.

©)

(b)

@

@

@)

Final net force = [ (25+5)-15]g =15g

= (acceleration), ., = 3 (acceleration); i

Q
©
(’0

From figure N =mgcos 6+ Fsin 6

pmg=mv?/r or v=,/ugr

(0.25x9.8x20) =7 m/s

Since water does not fall down, therefore the velocity
of revolution should be just sufficient to provide
centripetal acceleration at the top of vertical circle. So,

v=1/(gn) =[10x(1.6)} =/16)

The speed at the highest point must be v > \/rg

H

orvs=

=4 m/sec.

Now v =ro=r(2n/T)

L r(2n/T) > Jrg or T2 o

Jro
T=2n (ij — 4sec
9.8

From figure,
2
% .
Nsing = — ... 0]
Ncos® =mg .. (i)
Dividing, we get
2 2

tan@ = v or o= tan‘lv—

rg rg
In the case of a body describing a vertical circle,

A

Jovn ——
- H ~~.

Mgsin6 g

2 2
m m
T—mgcose:TV T=mgcose+|—V
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82.

(0)

©)
(b)

(b)

Tension is maximum when cos 6 = +1 and velocity is
maximum

Both conditions are satisfied at 6 = 0° (i.e. at lowest
point B)

Since surface (ice) is frictionless, so the centripetal
force required for skating will be provided by inclination
of boy with the vertical and that angle is given as

2
v
tan0 = E where Vv is speed of skating & r is radius

of circle in which he moves.

Vimax =/ HI"
The condition to avoid skidding, v = ,/urg

=,0.6x150x10 =30m/s.

Let a and a' be the accelerations in both cases
respectively. Then for fig (a),

T-mg=ma ..
and 2mg-T=2ma ...(2)
Adding (1) and (2), we get

mg = 3ma
Ca2d
3
For fig (b),
aT_VT' IT’ lar
F=2mg
mg
(b)
T'-mg=ma’ ...(3)

86.

87.

Laws of Motion 181 I

and 2mg-T'=0 .. @
Solving (3) and (4)
a'=g
a :% and a'=g

(¢) Linear momentum, P = a + bt?

©)

@

dP
i 2bt (on differentiation)

dP
.. Rate of change of momentum, ot oct

By 2nd law of motion, i—i’ o F

“ Foct
For equilibrium of all 3 masses,
T3=(m;+m,+mg)aor
T.

q=— 3

my +my +my
For equilibriumof m; &m,
T, =(mg+my)a
(m1+m2)T3
m; +my +Mg

Givenm,; =10kg, m,=6 kg, m;=4kg, T;=40N

o, T, =

_ (10+6).40
10+6+4

If m;, m, are masses and uj, u, are velocity then by
conservation of momentum m,u; + myu, = 0 or

| myuy [ =] mayus, |

) 32N

Apparent weight when mass is falling down is given
by W'=m(g-a)

W'=1x(10-10)=0
Velocity of ball after dropping it from a height of

5m
10 m/sec{ }20 m/sec

(using v2 = u2 + 2gh)

V2=0+2x10x5 =v=10m/s

Velocity gained by ball by force exerted by bat
0=u2-2gh

u2=2x10x200r u=20m/s

Change in momentum =m(u + V)
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oL

92.

93.

©)

(b)

(d)

(b)

=0.4 (20 +10) = 12 kg m/s

AP AP
F=— or At=—
X F
At = £ =0.12sec
100
F, = Force of friction between B and A
=M mg

=0.25 x 100 x g = 25 g newton
F, = Force of friction between (A + B) and surface

=u,M,g = u, (Mass of Aand B) g

= %(100 +200)g = ?g =100g newton

L F=R+HK

=25g+100g=25g=125% 10N

- F=1250N

The rain drops falling vertically with velocity u do not
affect the momentum along the horizontal track. A
vector has no component in a perpendicular direction
Rain drops add to the mass of the car

Mass added in t sec = (mt) kg

Momentum is conserved along horizontal track.
Initial mass of car=M

Initial velocity of car = v,

Final velocity of (car + water) = v

Mass of (car + water) after timet= (M + mt)

.~. final momentum = initial momentum

(M+mt)v=My,

v Mvg
(M+mt)
Let v, = velocity when height of free fall ish,
v, = velocity when height of free rise is h,
. vZ =u? + 2gh, for free fall

or
For free rise after impact on ground

0= v% —2gh, or v% =2gh,

Initial momentum = mv,

Final momentum = mv,

- Change in momentum = m(v, —V,)

=m(y2gh; —/gh3)
T =tension is the string

.. Applied force F=2T
T=F/2

For block of mass m, force of friction due to surface f.

% (b

When surface is
smooth

%, (d)

For sliding the block
T —f =force on the block = mass x acceleration

or acceleration of block = o Put T from (i)

——f
Acceleration = 2
m
/ gsin® —pugcoso

320 =
<k

45° 45°

smooth rough

When surface is
rough

1 . 2 1
= — t =—
d 2(gsme) , d 2

2d 2d
gsin® gsin®—pgcos o

According to question, t, =nt;

N 2d
gsin®  \ gsin0—pugcos 0

1, applicable here, is coefficient of kinetic friction as
the block moves over the inclined plane.

(gsin6—pg cose)t%

1
n= [ cos 45° =sin 45°=ij
1-py J2
1 1
n? = or l-py=—
1-py n
1
n2

Acceleration of block while sliding down upper half =
gsing;
retardation of block while sliding down lower half = -
(9sin¢—pgcos¢)
For the block to come to rest at the bottom, acceleration
in | half = retardation in Il half.
gsin¢ =—(gsin ¢—pgcos )
= u=2tan¢
Alternative method : According to work-energy
theorem, W=AK =0

(Since initial and final speeds are zero)

.. Work done by friction + Work done by gravity
=0



%. (c)

97. (o)

9% @

9. (b)

100. (d)

ie, —(Lmg cos¢)§+ mg/sin¢ =0

or %cosq):sind) or p=2tan¢

Mass(m)=0.3kg = F=m.a=-15x

a:_Exzﬂx:—SOx
0.3 3

a=-50x0.2=10m/s?
From free body diagram,

macoso

a ~a
mg cosa
+masina MY «

For block to remain stationary,

mgsina. =macoso =a= gtana

vZ-u?=2as or 0%-u?=2(-uQ)s
2 1

-100° = 2><—§><10><S
$=1000 m
This is a standard formula and should be memorized.

_gsin®

h |

1+
MR?

Writing free body-diagrams for m & M,

CLLLIIIR —F
CoT
[} e
mg Mg
we get,

T=ma and F-T=Ma
where T is force due to spring
= F-ma=Ma
o, F=Ma+ma

F
a= .
M+m

Now, force acting on the block of mass m is

]_mF
M+m m+M’

ma= m(

101. (a)

102. (b)

103. (d)

104. (b)

Laws of Motion  JREel |

Momentum, p=m xv
=(3.513) x (5.00) = 17.565 kg m/s
= 17.6 (Rounding off to get three significant figures)
PASSAGE 1
Since f; is always less than or equal to p N, its maximum
possible value is
fs max ”sN = Kymg.
(The normal force must equal the crate’s weight,
because the vertical forces cancel.)

/\N
Fpush p, 7
Y
W =mg
v

The crate starts to move when the push force barely
exceeds.fs max. This happens when

Foush ~ 400N. So, 400N ~ T Max = KM

= ug(100 kg)(10 m /s?) = p(1OOON).

Therefore, p ~ 0.40.

If f were bigger than Foush: the crate would accelerate
leftward, because it would feel a net leftward force.
Therefore (c) iswrong.

Many students choose C because they calculate f, =
ugmg =400 N. But that’s the maximum possible force
of static friction. Static friction “adjusts” itself,
becoming bigger or smaller as needed in order to
cancel the push force. When the push force is only 50
N, static friction reduces itself to 50 N. That’s why we
writeis fg < pugN instead of fg = ugN

First, use a kinematic equation to find the crate’s
acceleration during a particular trial. Then, apply
Newton’s 2nd law, F_ . = ma. Thisreasoning works no

net —
matter which trial you consider. Here, we’ll use trial

1
1.Since X = vt + Eat2 , and since the crate begins

2

. . 1
with no velocity, we get X=§at or

1.0m = %a(l.Os)z

and hence, a = 2.0 m/s2. That’s the horizontal
acceleration.

Since the crate only moves horizontally, the vertical
forces cancel, and therefore N = mg (as above).

Therefore, the frictional force has magnitude
fic = N = pemg = py (100kg)(10m /%)
= 1 (1000N)

Newton’s 2nd law, applied to the horizontal component
of the forces, gives us
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105. (d)

106. (c)

107. (d)

F ma

net =

prSh —fk =Mma

500N — (3.0)(L000N) = (100kg)(2.0m/s%) =200N
Solve for u, toget0.30.

Given p, , We can use Newton’s 2nd law to figure out
the create’s acceleration during trial 3. Then we can
use v =vy+at to find the velocity at timet=1.0s,
the moment the student stops pushing.
From Newton’s 2nd law applied to trial 3,

Fret =Ma

Fpush— f,=ma

700N - (0.3)(1000N) = (100kg)a,
and hence, a = 4.0 m/s?
Since the crate speeds up by 4.0 m/s each second, its
speed after 1 second is simply

V=vg+at=0+(4.0m /52)(1.05) =4.0m/s

Graph B would correctly show the crate’s velocity vs.
time. The crate speeds up while the student pushes it,
and then slows down while sliding freely across the
floor. Crucially, after the student stops pushing, the
crate does not move backwards, as represented in graph
D. It continues moving forward, but at a slower and
slower rate. Therefore, after t = 1 s, the position vs time
graph continues upward, but with a smaller and smaller
slope. when the crate stops, the graph levels off.

PASSAGE 2
g = F
Earad |
IVS .
VSN U (VR
)
| 7
Wing |

1

108

109

110

111

112.

- (@)

Person is held up against gravity by static friction force
exerted on him by the wall.

Acceleration of person is a
center.

To find minimum pg we will take fs to have maximum
value.

raq directed in towards the

fs: MSR; ny:may; fs—mg:O; usR=mg;

=fy =may

2
R=TV
R

Combining the equations

. (c,d) Mass of the person is cancelled as explained in above

- (d)

(b)

@

solution also smaller p is larger should be the velocity
to maintain in equilibrium

u=Rg/ V2,
Work done in moving an object against gravitational
force depends only on the initial and final position of
the object, not upon the path taken. But gravitational
force on the body along the inclined plane is not same
as that along the vertical and it varies with angle of
inclination.
On a rainy day, the roads are wet. Wetting of roads
lowers the coefficient of friction between the types
and the road. Therefore, grip on a road of car reduces
and thus chances of skidding increases.
The force acting on the body of mass M are its weight
Mg acting vertically downward and air resistance F
acting vertically upward.

F
.. Acceration of the body , a =9 — IVl

Now M > m, therefore, the body with larger mass will
have great acceleration and it will reach the ground
first.





