Laws of Motion

TOPIC 1 g dM_1000x30 _ . v:ig—i(t—TPﬁT
Newton's Laws of Motion and dc 500 M ’ B
Conservation of Momentum 0 M_gokgss O v:%%T - Ts)g
dt
01 The initial mass of a rocket is — oo(-7m
1000 kg. Calculate at what rate the 02 A particle of mass M originally at Q 7 0
fuel should be burnt, so that the rest is subjected to a force whose LT
rocket is given an acceleration of direction is constant but ooovES

20ms~". The gases come out at a
relative speed of 500 ms ™" with
respect to the rocket [Use,

g=10m/s?] [2021, 26 Aug Shift-1]
(a)60x10°kgs™ (b)500kgs™
(c)10kgs™ (d)B0 kgs™

Ans. (d)

Given, M=1000kg,a =20 m/¢’
Voative =00 M/s,g =10m/s
The given situation is shown below
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d
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By Newton's second law of motion,
ad F. - Mg =Ma
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magnitude varies with time
according to the relation

Ut _TDZD

F:FO D]_ %7 D

g -7 EE
where, Fy andT are constants.
The force acts only for the time

interval 2T. The velocity v of the

particle after time 2T is
[2021, 27 July Shift-II]

@2 )l (4l (g)Fdl
M 2M 3M 3M
Ans. (¢)

Given, force on particle,
g -Tf0 .
F:F@—Qg o )
B - "6

--Acceleration of ball will given as

a=F i)
M

OFrom Egs. (i)and (ii), we get
1S

o al S

i

Integrate above equation, we get
2T

F e -Trfd

0 dv="0 g—%gmr

J M!@ T =g

[~ The force acts only for time interval 2T ]

A forceF =(40i +10j) N actsona

body of mass 5 kg. If the body
starts from rest its position vector

r at timet =10 s will be
[2021, 25 July Shift-Ii]

(a)(1007 +400j)m (b)(100i + 100j) m
(c)(4007 +100j)m (d)(4007 +400j)m
Ans. (¢)

Given, force, F =40i +10j

Mass, m=5kg

Initial speed, u =0

Time taken,t=10s

Let the distance travelled by the body
bes.

Since, F=ma O a 25
m
where, a is acceleration.
0 a=201H10] _ gt 93 mys?
Now, s=ut+ 1at2
2
0 s=0xm+%x(8i +2j)10?

:%M +2j)=50(81 +2j)

= (4007 +100j)m

Two billiard balls of equal mass 30 g
strike a rigid wall with same speed
of 108 km/h (as shown) but at
different angles. If the balls get
reflected with the same speed,



then the ratio of the magnitude of
impulses imparted to ball a and ball

b by the wall along, x. direction is
[2021, 25 July Shift-1]

y y
X 459 X
X,
Rall (a) £ Rall (o) £4
(@)1:1  (b)42:1 (c)2:1 (d)1:42
Ans. (b)

Given, mass of ball,
m=30g=30x10" kg
Speed of approach, u =180 kmph
=180x2 =50 ms”
18

and speed of approach (i, ) =speed of
separation(v,)

u
u=u, v,=-u UCosB 48
@ s
vcosd 45
v=u
Vv
Ball (a) Ball (b)

As we know that,
Impulse (I) =change in momentum (Ap)
Impulse for ball(a),
Iy =mlv, —u,)
l, =mlu+u)=2mu
=2x30 x107° x50 = 3kg-ms™’
and impulse for ball (b),
l, =m(ucosB +vcos6)

a

O I,=mlucosB+ ucos6) (ov=u)
=2mu cosB
=2x30 x107° x50 xcos45 °
=3/2kg-ms™

O g il =+2:1

A bullet of 4 g mass is fired from a
gun of mass 4 kqg. If the bullet
moves with the muzzle speed of
50ms™, the impulse imparted to
the gun and velocity of recoil of
gun are [2021, 22 July Shift-Il]
(a)0.4 kg-ms™", 0.1ms™
(b)0.2 kg-ms ™', 0.05 ms™
(c)0.2kg-ms™", 0.1ms™
(d)0.4 kg-ms™", 0.05ms™
Ans. (b)
Given, mass of bullet,

my =4g=4x10"kg
Mass of gun, m; =4 kg

Speed of bullet,v,=50ms™’
Let recoiling velocity of gun bev .

By using law of conservation of
momentum for recoiling of gun

MgVg = —MgVg
MgV _ _4x107° x50
mg 4
=-50x107° =-005ms™'
Impulse (/) =Change in momentum of gun
=m0 -V,) =4 x0.05 =02kgms™'

0 Vg =—

A bullet of mass 0.1kg is fired on a

wooden block to pierce through it,

but it stops after moving a distance

of 50 cm into it. If the velocity of

bullet before hitting the wood is

10 m/s and it slows down with

uniform deceleration, then the

magnitude of effective retarding

force on the bullet is x N. The value

of x to the nearest integer is ......... .
[2021, 18 March Shift-I]

Ans. (10)

Given,

The mass of the bullet, m=0.1kg

The initial velocity of the bullet before

hitting the wooden, u =10 m/s

The final velocity of the bullet after

hitting the wooden,v =0

The distance travelled by the bullet

before coming to the rest,s =50cm

Using the equation of the motion,

V2 —u? =2as
O 02 - (10> =2a(0.50)
O a=-100m/¢

The uniform retardation of the bullet is
100 m/s® . The magnitude of the
effective retarding force on the bullet,
F=ma
F =0.1(-100)
F=-10N
Hence, the value of x to the nearest
integeris 10.

A body of mass 2 kg moves under a
force of (2i +3] +5k)N. It starts from
rest and was at the origin initially.
After 4 s, its new coordinates are
(8,b,20). The value of bis ......... .

(Round off to the nearest integer)
[2021, 16 March Shift-11]

Ans. (12)

Given,

Force,F =(2i +3j + 5kN
Mass, m=2kg, Time, t=4s

We know that
Force =mass x acceleration

0 F:m><aEIa—E
m

_2i +3] + 5k
a=—___= =
2

From second equation of motion,

0 (1)

.. (i)

s=ut +lat2
2

From Egs. (i)and (ii), we get
s=ut +17(2' s 5k)[ﬂ2

=0 +%(zf +3] +5K)

[u=0andt=4¢]
=0+8i +12] +20k
=8 +12j +20k
Let s=xf+yj+z|2

O xi+yj+zk=8i +12j +20k  ...(iii)

According to question,new coordinates
are(8,b,20), it means
Xi+ yj +zk =8i +bj +20k  ...(iv)

Comparing Egs. (iii)and (iv), we get
b=12

Aboy pushes a box of mass 2 kg
with a force F =(20i +10j) Nona
frictionless surface. If the box was
initially at rest, then mis
displacement along the X-axis after
10s. [2021, 26 Feb Shift-1]
Ans. (500)

Given, mass of box, m=2 kg

Force, F =20i + 10j N

Initial speed of box, u =0 ms™"’
Time, t=10s
Let acceleration of box isa and
displacement along X-axis after 10sis s, .
As, F=ma 00 g=F/m
=201+ 10J _ 107 + 5j)ms™2
2
By second equation of motion along X-
axis,

s, =u,t +%axt2 =0 +% x10 x(10/’=500m

Hence, displacement along X-axis after
10 sis 500 m.

A small ball of mass mis thrown
upward with velocity u from the
groun(d) The ball experiences a
resistive force mkv?, where vis its



spee(d) The maximum height

attained by the ball is
[2020, 4 Sep Shift-II]

20 O 20
(a)ltan'%&ﬂ (b)LInD+kL[I
k 2k 0O

0290 g O
0 2 20
(c)lln[l+ki[l (d)itan"%&D
k O 2g 2k Og O
Ans. (b)
v=0 _ si ti
mQ ~ Sign conventions
TD +ve
lD -ve

H

[ mg+mkv? u
a=\—m—

= g+kv? m

.

Net force on ball = weight of ball +
resistive force
i.e. Fnet =w+ Fresist\ve
=(-mg) +(-mkv?)
=-m(g +kv?)
So, net acceleration of ball,
F -mlg + kv?)

q="_net = =—(g +kv2)
m m
0 vﬂ:—(g+kv2) 0 Vdvz =-dy
dy (g+kv?)
Integrating both sides,
0 v H .
i 4dv=—‘[ dy ()
u (g+kv2) 0
Let g+ kv’ =t O 0+2kvdv =dt
O vdv=_dt
2k
Lower limit
If v=u, theng+ku2 =t 0 t:g+ku2
Upper limit

If v=0,then g+KkOF =t O t=g
Putting these values in eq. (i), we get

—dt
g 2k __ M
Ifﬁkuz t - IOdy
1 9 1

_ 1 H

. il

O Ly, ==1H-0]
Zk g+ku

0 ﬁ[ln(g) —In(g +ku?)] = ~[H]

0 —Z—L[In(g)—ln(g+ku2)] =H
O szik[ln(g+ku2)—ln(g)]
1

O Og+ k2 00
L@Eu%

g 20
:im +kL
2k g

Hence, option(b)is correct.

ﬁ A spaceship in space sweeps

stationary interplanetary dust. As a

result, its mass increases at a rate

%:t) =bv?2(t), where v(t)is its

instantaneous velocity. The
instantaneous acceleration of the

satellite is [2020, 5 Sep Shift-I1]
bv®
(a) =bv3(t) (b) ———
M(t)
3 3
_2bv (d) - bv
M(t) 2M(t)
Ans. (b)
Given that, mass increases at the rate,
IO —py2 e
dt

Now, from Newton’'s second law,

Force =Rate of change of linear
momentum

% :i([\/]\/):/\/]ﬂ + \/ﬁ
dt dt dt dt

=M (1= MY + bui(0)
dt dt

ie., F=

Now, force acting on satellite is zero,
i.e., F=0

C'—V:—bv3 0

dv__bv
dt dt M(t)

oM

3
Acceleration of the satellite,a = —bL
M(t)

Hence, correct optionis(b).

ﬁ A ball is thrown upward with an

initial velocity v, from the surface
of the earth. The motion of the ball
is affected by a drag force equal to
myv2 (where, mis mass of the ball,
v is its instantaneous velocity and y
is a constant). Time taken by the

ball to rise to its zenith is
[2019, 10 April Shift-1]

O 0
(a) ——— tan”! HFVOD
2yg g O

g g

(b)— tan” Y0
Y9 g O

g |

(c) ——sin” Yy.0
Y9 g o

g g
(d——mng+|Yv,0
yo 0O Vg O

Ans. (b)
Given, drag force, F = my? (D)
As we know, general equation of force
=ma ... (i)
Comparing Egs. (i)and (ii), we get
a=yv

0 Net retardation of the ball when
thrown vertically upward is

dv
a. =—(g+ 2) ==Y
net g+y dt
O =gt ...l
(g+w)
By integrating both sides of Eq. (iii)in
known limits, i.e.
When the ball thrown upward with
velocity vy and then reaches to its

zenith, i.e. for maximum height at time
t=t,v=0

0 dv _ t_
. fowzag 17
or 110 ] dv-—fdt
v O 0
Y O%gg+vzi
yt H

o 0490

E A bullet of mass 20 g has an initial

speed of Ims™', just before it starts
penetrating a mud wall of thickness
20 cm. If the wall offers a mean
resistance of 2.5x1072N, the
speed of the bullet after emerging
from the other side of the wall is

close to [2019, 10 April Shift-II]

(a) 0.3ms™ (b) 04ms™!

(c) 01ms™! (d) 0.7ms™"

Ans. (d)

Given, resistance offered by the wall
=F=-25x107%N

So, deacceleration of bullet,
_F _-25%x10%2_ 5_
= -“ms

m  20x107° 4
(-m=20g=20 %107 kq)
Now, using the equation of motion,
V2 = u? =2as
2 _ b -
We have, v —1+2E|—7 20 x107)
4

(ru=1msands =20cm =20 x1072 m)



13 A man(mass =50kg)and his son
(mass =20kg) are standing on a
frictionless surface facing each
other. The man pushes his son, so
that he starts moving at a speed of
0.70 ms ™" with respect to the man.
The speed of the man with respect

to the surface is
[2019, 12 April Shift-1]

(a) 0.28 ms™ (b) 0.20ms™
(c) 0.47ms™ (d) 0.14 ms™
Ans. (b)

The given situation can be shown as
below
m1—50
U1—

% %K“O

Son
Before collision

my =50
V4 my=20
—
Vo
—_—
% % =0
Man Son

After collision
Using momentum conservation law,
(TOtal momentum)before collision

= (TOtaI momentum)aftercol\ision
(my x0) +(m, x0) =myv, +m, v,

0= mw(—vw)iA + mzva
u my; =myv,
O 50v, =20v,
a v, =2.5v, i)
Again, relative velocity =0.70 m/s
But from figure, relative velocity =v, +v,

0 vy+v, =0.7 i)
From Egs. (i) and (ii), we get
v, +2.5v, =07
0 v,(36)=0.7
0.7

v, =——=0.20m/s
35

ﬁ A ball is thrown vertically up (taken

as + Z-axis) from the groun(d) The
correct momentum-height (p-h)
diagram is

AP
(a) 5 / h (b) OP/ h
LU
(c) —5 / ho(d) OP/ h
[2019, 9 April Shift-I]
Ans. (d)

When a ball is thrown vertically upward,
then the acceleration of the ball,

a =acceleration due to gravity(g)(acting
in the downward direction).

Now, using the equation of motion,

vV =u? -2gh
2.2
or p="V*Uu )
29

As we know, momentum, p=mv or
v=p/m

So, substituting the value of vin Eq. (i),
we get

u? —(p/m)z
29
As we know that, at the maximum

height, velocity of the ball thrown would
be zero.

So, for the flight when the ball is thrown
till is reaches the maximum height (h).

v - changes fromuto 0
g p - changes frommuto 0

Similarly, when it reacher it's initial point,
then

h - changes fromh,, to O
Also, p - changes from 0 to some values.

Thus, these conditions are only satisfied
in the plot given in option(d).

h=

max

Two forces P and 0 of magnitude

2 F and 3F, respectively,are at an
angle O with each other. If the force
Ois doubled, then their resultant
also gets double(d) Then, the angle

Ois [2019, 10 Jan Shift-I]
(a)60° (b)120°

(c)30° (d)90°

Ans. (b)

Resultant forceF, of any two forcesF,
(i.e. PlandF, (i.e. 0)with anangle®
between them can be given by vector
addition as

Fi=P
F2=F2+F? +2FF,cos0  ..(J)
Infirst caseF, =2F andF, =3F
O F2=4F% +9F% +2 x2 x3F? cosh
0 F2 13F2 +12F2 cos® (i)
Insecond casefF, =2F andF, =6F
(Force 0 gets doubled)
and F =2F, (Given)
By putting these values in Eq. (i), we get
(2F, P =(2F ) + (BF)* +2 x2 x6F2 cos ©
O 4F2 =40F% +24F2 cos® ... (i)
From Eq.(ii)and Eq. (i), we get;
52F? + 48F2 cos® =40F? +24F2 cos
O 12+24cosB=0o0rcosB=-1/2
or 6=120° (-cos120°=-1/2)

16 A particle of mass mis at rest at

the origin at time t =0. It is subjected
to aforce F(t)=Fye ™ inthe
x-direction. Its speed v(t)is depicted
by which of the following curves?
[AIEEE 2012]

Ans. (¢)

As the force is exponentially decreasing,
soits acceleration, i.e., rate of increase
of velocity will decrease with time. Thus,
the graph of velocity will be an increasing
curl with decreasing slope with time.



O G:E:f—_ioe_bt ﬂ
M m dt
— IFO —bt
g IodV_J-oEe dt

F The figure shows the position-time

(x-t) graph of one-dimensional
motion of a body of mass 0.4 kg.

The magnitude of each impulse is
[AIEEE 2010]

0 2 4 6 8 10 12

14 16
t(s) —
(a) 0.4N-s (b) 0.8 N-s
(c) 1.6N-s (d) 0.2N-s
Ans. (b)

From the graph, it is a straight line, so
uniform motion. Because of impulse
direction of velocity changes as can be
seen from the slope of the graph.

Initial velocity, v, :% =1ms™

Final velocity, v, = —% =-1ms”
p; =mv, =04N-s

p; =mv, =—04N-s
-p; =-04 -04 =-0.8N-s
[J=impulse]

J=p

O |J=0.8N-s

E A ball of mass 0.2 kg is thrown

vertically upwards by applying a
force by han(d) If the hand moves
0.2 m while applying the force and
the ball goes upto 2 m height further,
find the magnitude of the force.
Considerg =10 m/s?.  [AIEEE 2006]
(@) 4N (b)1BN (c) 20N (d) 22N
Ans. (d)

The situation is shown in figure. At initial
time, the ballis at P, then under the
action of a force (exerted by hand) from P
to Aand then from Ato B let acceleration
of ball during PAbea ms ™~ (assumed to
be constant)in upward direction and
velocity of ball at be isvm/s.

Then, for PA,
Q E
[aV]
Q €
AN
Q O
2 +2ax0.2
For AB,
0=V -2xg x2
O V2 =29 %2

From above equations,

F
<I> Ta:mg
mg

a=10g =100ms™

Then, for PA, FBD of ball is

F-mg=ma
[F is the force exerted by hand on ball]
O F=mlg+a)

=0.2(1g)=22N

Alternate Solution Using work-energy
theorem

Wing + We =0
O - mg 22 K 02 0
or F=22N

E 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

[AIEEE 2006]

(a) 1I5ON (b) 3N
(c) 30N (d) 300N
Ans. (¢)

Thisis the question based on impulse-
momentum theorem.

|F CAt|=]Change in momentum|
a Fx0.1=lp —p!
As the ball will stop after catching
p; =mv; =0.15 x20 =3, p;, =0
O Fx01=30 F=30N

2_0 A particle of mass 0.3 kg is

subjected to a force F = — kx with
k =15Nm ™. What will be its initial
acceleration, if it is released from a

point 20 cm away from the origin?
[AIEEE 2005]

(a) 3ms™ (b) 15 ms™>
(c) 5ms™ (d) 10ms™
Ans. (d)
Given, m=03kg, x=20cm
and k=15N/m
given F=-kx ()
and F=ma (i)
0 ma = —kx

__15
O a=-—2x20 %1072

0.3

0O a= %5 x2 =-10ms™?

Negative sign indicates that acceleration
is always towards the mean position.

O Initial acceleration,a =10 ms™

A machine gun fires a bullet of mass
40 g with a velocity 1200 ms ™. The
man holding it, can exert a maximum
force of 144 N on the gun. How

many bullets can he fire per second

at the most? [AIEEE 2004]

(a) 1 (b) 4
(c) 2 (d) 3
Ans. (d)

Force exerted by machine gun on man’s
hand in firing a bullet = Change in
momentum per second on a bullet or
rate of change of momentum

- g‘kogx 1200=48N
000

Force exerted by man on machine gun
=Force exerted on man by machine gun
=144N

44

Hence, numberofbulletsflre(d)—148 =3

22 A rocket with a lift-off mass

3.5x10" kg is blasted upwards with
an initial acceleration of 10 ms ™
Then, the initial thrust of the blast
is [AIEEE 2003]

(a) 35 x10° N (b) 7.0x10° N
(c) 14.0 x10° N (d) 1.75 x10° N
Ans. (a)

Here, thrust force is responsible to
accelerate the rocket, so initial thrust of
the blast

=ma=3.5x10" x10=3.5x10° N



23 Two forces are such that the sum

of their magnitudes is 18 N and
their resultant which has
magnitude 12 N, is perpendicular to
the smaller force. Then, the

magnitudes of the forces are
[AIEEE 2002]

(a) 12N,BN (b) 13N,5N
(c) ION, 8N (d)16N, 2N
Ans. (b)
The sum of the two forces
A+ B=18 D)
12=/A? + B? +2AB cos@ ..(ii)
_ Bsin®
tand = ———
A+ BcosB
O tan90°:857me
A+ Bcos6
0 cosf="A (i)
B
Solving Egs. (i), (i) and (iii), we get
A=5N,B=13N
A

Since, A+ B =18 andcosb= _E

Squaring both sides in Eq. (i), we get
144 = A% + B* +2AB cosd

On putting cos@ =%9Ain above equation,

we get
_ A2 2 0 A0
144=A"+B +2ABH—EE
= A7+ B? A7
0 144 = B? - A2
0 144=(B=A) 0B + A)
On putting B + A =18, we have
B-a=14_g
18
Solving B-A=8
B+A=18

We have, B=13N,A=5N

TOPIC 2

Equilibrium of a Particle and
Common Forces in Mechanics

2_4 An object of mass mis being

moved with a constant velocity
under the action of an applied
force of 2 N along a frictionless
surface with following surface

profile. [2021, 1 Sep Shift-11]
‘%‘m
D

The correct applied force versus
distance graph will be
F

(a)

2N

(b) | X

(d) X

D

—>

Ans. (b)

Let'sdraw the free body diagram,
(During the upward direction)

F =2N =(+ ve) constant

(During the downward direction)
F=2N

\Constant

F =2N =(-ve) constant

During the upward motion, the force is
positive constant and during the
downward motion the force is negative
constant.

HencE, the correct graphis(b).

2N

2N

D

E A block of mass m slides on the

wooden wedge, which in turn slides
backward on the horizontal
surface. The acceleration of the
block with respect to the wedge is

[Given, m=8kg, M=16kg]
Assume all the surfaces shown in

the figure to be frictionless.
[2021, 1 Sep Shift-II]

m
«—iM
30°
4 6 3 2
i b)> 2 d)Z
(msg ()59 (m59 ()39
Ans. (d)

Here, both block and wedge are moving.

Consider the acceleration of the block
with respect to the wedge isa; and the
acceleration of the wedge isa,.

Given, mass of the wedge, M=16kg
and mass of block, m=8kg

Let'sdraw the free body diagram of the
wedge,

a
<2 M 600

N cos 60°

309

In the x-directions,
N cos60° = Ma,
N(0.5) =16x%a,
O N =32a,
Now, draw the free body diagram of the
block with respect to the wedge.



mgcos30°+maysin30°

F' cos 30°

Pseudo
force=may
mgsin30°
+ma,cos30°

Along the perpendicular to the inclined
plane,

N =8gcos30° - 8a, sin30°
320, =439 —4a,
36a, =439 O a, =§g
Along the inclined plane,
mg sin30° + ma, cos30° =ma,

II

8gx +8x = gxi—BQ]

Zﬁ
3
OThe acceleration of the block with

respect to the wedge is2g/3.

O a,=

A car is moving on a plane inclined
at 30° to the horizontal with an
acceleration of 10 ms ™ parallel to
the plane upward. A bob is
suspended by a string from the
roof of the car. The angle in
degrees which the string makes
with the vertical is .........
(Take,g=10ms2)

[2021, 31 Aug Shift-I]
Ans. (30)
Given, Angle of inclination,8=30°
Acceleration,a =10 ms™2
Acceleration due to gravity, g =10 ms™

According to the question the car and
bob is as shown below,

Tcosa

a=10 m/s?
o0 A o
Tsina

30°

M

F' sin 30°

30°

Here, F'is the pseudo force acting on
the bob when we considered it from car's
frame andT is the tension on the string.

In equilibrium,
2F, =0 and ZF, =0

ad F'cos30° =T sina
ma (?0330 =T )
sina
where, mis the mass of the bob.
F'sin30°+ mg =T cosa

0 masin30° + mg ZM(COSG)

sina

[-using Eq. (i)]

O asin30°+g = M(cosor)

sina

10 xl+10:mx\/§cota
2 2
g 1+ 1 :ﬁcota
2 2
g 32 £cotO(
2

or cota=\f
] a= 30

Statement | If three forcesF, [F,

and F; are represented by three
sides of a triangle and

F; +F, =—F;, then these three
forces are concurrent forces and
satisfy the condition for
equilibrium.

Statement Il A triangle made up of
three forcesFy, F, andF; asits
sides taken in the same order,
satisfy the condition for translatory
equilibrium.

In the light of the above statements,
choose the most appropriate
answer from the options given

below. [2021, 31 Aug Shift-II]

(a) Statement |is false but statement ||
is true.

(b) Statement|is true but statement |
is false.

(c) Both statement I and statement ||
are false.

(d) Both statement | and statement ||
are true.

Ans. (d)

Three forcesF,, F, andF; are actingon a
body and if this body is in equilibrium,
then resultant of these three forces
must be zeroi.e.F,, =F +F, +F; =0

0 F,+F, =-F;

This situation can be shown graphically

by three concurrent forces at 120° with
each others.

or, by three forces in the same order
along three sides of a triangle.

120°

120° 120°

Fa

Hence, both statement | and statement
[l'are true.

The boxes of masses 2 kg and 8 kg
are connected by a massless string
passing over smooth pulleys.
Calculate the time taken by box of
mass 8 kg to strike the ground
starting from rest.

(Use,g=10m/s?)
[2021, 27 Aug Shift-11]

o “
8kg
20cm %

2kg
(a)0.34s (b)0.2s
(c)0.25s (d)0.4s
Ans. (d)

According to the given figure, and free
body diagram

.
a/2 kzg Ta

20cm %ng

masses of two bodies m; =2kg m, =8 kg,
Acceleration of mass m; =a

Acceleration of mass m, :%

Tension=T

Distance between m, and ground =20 cm
=0.2m

Initial velocity u =0

Equation of motion of 2kg block,

0 T-2g9=2a i)



Equation of motion of 8 kg block,

and 8g—2T=8% 0 4g-T =20 ..{ii)

From Egs. (i)and (ii),
T-29=4g -T
0 2T=6g O T=3g
Substituting the value in Eq. (i) we get
3g—-2g=2a0q9g=2a
g a=9 =5ms™?
2

O 01:5ms'2 andaz:Ems'2
2

Since, s = ut +%at2

O £:0+1§xt2 O [’2: 20 x4
100 22 5x100
0 t=2=04s
5

2_9 A body of mass mis launched up on

a rough inclined plane making an
angle of 30° with the horizontal.
The coefficient of friction between

the body and plane is % if the

time of ascent is half of the time of

descent. The value of xis ...... .
[2021, 20 July Shift-I1]

Ans. (3)

Let us assume that,

T, be the time of ascent of body andT,

be the time of descent of body.

From second equation of motion, we

have

s =ut +lat2
2

During the time of ascent, the distance
covered by the body,

:§GAfi D)
and during the time of descent, the

distance covered by the body,

i)

_1. 0
s —EaDtD

OFrom Egs. (i) and (i), we get

2
0 aui=apth O TA:G—D
2 a,
0 i: gsin@—-pg cosO
t2 g sin@+ g cos®

0 b

_ | gsin—pgcosb

ty g sin@+ ug cosO

_ |gsin30° —pg cos30°
gsin30° + pg cos30°

O lz 1_ﬁu H.'ti:l(given)g
2 \1+Jupoty, 2 0

O 1+8u=4-4/3
0 3+ 430 =4 -1

0 p(V3+4J3)=3 0 p5v3) =3

O =— i)
H 5

According to question, the coefficient of

friction between the body and plane is

N

therefore, on comparing it with Eg.

(iii), we can write x = 3.

A steel block of 10 kg rests on a
horizontal floor as shown. When
three iron cylinders are placed on it
as shown, the block and cylinders go
down withanacceleration 0.2 m/s?.

The normal reaction R by the floor,
if mass of the iron cylinders are
equal and of 20 kg each, is ...... N.

[Take,g=10m/s2andp, =02]
[2021, 20 July Shift-1]

3

1 2

a=02m/s?
(a)716 (d) 684
Ans. (b)
The force equation in vertical direction is
Mg —-R =Ma
R

(b)686  (c)714

ia

Mg
where, M =collective mass of block and
all three iron cylinders
=10+3x20 =70kg

a =acceleration of block =02 ms ™
g=10ms?andp, =02

and R =normal reaction

Force along verticle axis Mg — R = Ma
0 70g-R=70x0.2

O R=70x10 =14

=700 -14 =686N

1

Consider a frame that is made up
of two thin massless rods ABand
AC as shown in the figure. A vertical
force P of magnitude 100 N is
applied at point A of the frame.

70°

145°

Suppose the force isP resolved
parallel to the arms ABand AC of
the frame. The magnitude of the
resolved component along the
arm ACis xN. The value of x, to the
nearest integer, is..........

[Given, sin(35°)=0.573,
cos(35°)=0.819, sin(110°) =0.9389,
cos(110°)=-0.342]

[2021, 16 March Shift-I]
Ans. (82)
If the force Pof magnitude 100 N is
resolved parallel to the arms AB and AC

of the frame, the above figure will be
represented as follows

C
1450\;

Component of force along
AC =100 cos35°N

=100 x0.819N =819N=82N

This is the required magnitude of the
resolved component along the arm AC.

Compare with given in question, x = 82.



5 A mass of 10 kg is suspended by a

rope of length 4 m, from the
ceiling. A force F is applied
horizontally at the mid-point of the
rope such that the top half of the
rope makes an angle of 45° with
the vertical. Then, F equals (Take,
g =10ms 2 and the rope to be
massless) [2020, 7 Jan Shift-11]
(@) 75N (b) 70N (c) 100N (d) 90N
Ans. (¢)

Given situation is as shown below.

T cos 45°

10 kg

We resolve tensionT in string into
vertical and horizontal components.
For equilibrium,

F=Tsin4b® ... (i)
and Mg =T cos4b® ... (i)
Ondividing Eq. (i) by Eq. (ii), we get
i—tan45°orF =Mg =10 x10=100N
Mg

A mass of 10 kg is suspended
vertically by a rope from the roof.
When a horizontal force is applied on
the mass, the rope deviated at an
angle of 45° at the roof point. If the
suspended mass is at equilibrium,
the magnitude of the force applied is
(Take, g =10ms™2)

[2019, 9 Jan Shift-11]

(a)70N (b)200N
(c)1I00N (d)140N
Ans. (¢)

FBD of the given system is follow

A

| T cos 45°

T sin 45°

Mg =10 x 10N
LetT =tensionin the rope.
For equilibrium condition of the mass,
>F, =0(force in x-direction)
2F, =0(force iny-direction)
When XF, =0, then
F =T sin4b° ()

WhenZF, =0, then
Mg =T cos4b° (i)
Using Egs. (i) and (ii), we get

Diszm% 0 L
Mg T cos4b® Mg

SIEISIE

0 F=Mg=10x10 =100N

3_4 Two fixed frictionless inclined

plane making the angles 30° and
60° with the vertical are shown in
the figure. Two blocks Aand Bare
placed on the two planes. What is
the relative vertical acceleration of
A with respect to B? [AIEEE 2010]

60° 30°

) 4.9ms™ in horizontal direction
) 9.8ms ™2 in vertical direction
) zero
) 4.9ms™2 in vertical direction
Ans. (d)
Force applying on the block
F =mg sinB
or mg sin@ =ma
O a=gsin@
where, ais along the inclined plane.
0 Vertical component of acceleration is
gsin’.
[ Relative vertical acceleration of A with
respecttoBis

g(sin?60° - sin’ 30°] :% =49ms™?

(a
(b
(c
(d

[in vertical direction]

:E A block of mass mis connected to

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

mF M+m)F
mF (d) MF

C
(m+M) (m+M)

Ans. ()

Acceleration of system,a =
m+ M

m}—M—M]—»F

So, force acting on mass,
mF

m+ M

F=ma=

E A block is kept on a frictionless

inclined surface with angle of
inclinationa. The incline is given an
acceleration a to keep the block

stationary. Then, a is equal to
[AIEEE 2005]

a
o
9 (b) g cosec
tana
(c) g (d) g tana
Ans. (d)

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

ma Cos a

mg cos o
t
ma sin o

For block to remain stationary,
ma cosa = mg sind
or a=gtana

37 Two masses m; =5kg and

m, =4.8kg tied to a string are
hanging over a light frictionless
pulley. What is the acceleration of
the masses when lift is free to
move ? (g =9.8ms ) [AIEEE 2004]

E
el
)



(a) 0.2ms™ (b) 9.8 ms™?
(c) 5ms™? (d) 4.8 ms™
Ans. (d)

Onreleasing, the motion of the system
will be according to figure.

mg-T =mga ()|

and T-m,g=mya i)

Onsolving, a = DQWL — M l:lg
P+t m %

al T TFTa

mxg
Here, m;=5kg, m, =4.8kg,
g=9.8ms™
0= b-4.80,
BB+ A.SH

=02, 98=-02ms?
9.8

O 9.8

Iﬁ 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 5 ms 2, the reading
of the spring balance will be
[AIEEE 2003]

(a) 24N (d) 49N
Ans. (a)
In stationary position, spring balance
reading=mg =49

49

or m=——=5k
9.8 o

|
%

mg

(b) 74N (c) 16N

When lift moves downward,
mg-T =ma
Reading of balance,
T=mg-ma
=5(9.8-5)
=5x4.8=24.0N

39 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 A
ABC (as shown). The particle will now

move with velocity [AIEEE 2003]
C

oy}

A
(a) lessthanv
(b) greaterthanv
(c) Ivlin the direction of largest force BC
(d) v, remaining unchanged
Ans. (d)
Resultant force is zero, as three forces
acting on the particle can be
represented in magnitude and direction
by three sides of a triangle in same
order. Hence, by Newton's 2nd law

ﬁ = md—vﬁ the velocity (v) of particle
dt

will be same.

E A block of mass M is pulled along a

horizontal frictionless surface by a
rope of mass m. If aforce P is
applied at the free end of the rope,
the force exerted by the rope on
the block is [AIEEE 2003]

Pm (b) _Pm_
M+m M-m
PM
P d
(c) (d) Y
Ans. (d)

Let acceleration of system
(rope + block)be a along the direction of
applied force. Then,

_ P
a=
M+ m
—a
m

7 I
L Frictionless
surface

Draw the FBD of block and rope as
shownin figure.

—> a — a

m
M |—>T T{— "> °P

where, T is the required parameter.

For block, T =Ma
0 7=_MP
M+ m

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]

(a) Both the scales readMkg each

(b) The scale of the lower one reads Mkg
and of the upper one zero

(c) The reading of the two scales can be
anything but the sum of the readings
will beMkg

(d) Both the scales read M/2 kg

Ans. (a)
The arrangement is shown in figure.

Now, draw the free body diagram of the
spring balances and block.

Sy Light spring
balance

Light spring
S
2 balance

]

Forequilibrium of block, T, = Mg
where, T, =ReadingofS,
Forequilibriumof S, T, =T,

where, T, = Reading of S,
For equilibrium of S,

T, =T,
Ts T>
1"
Sy S Block
Mg
Hence, T,=T,=Mg

So, both scales read Mkg.



E Alift is moving down with

accelerationa. A man in the lift
drops a ball inside the lift. The
acceleration of the ball as observed
by the man in the lift and a man
standing stationary on the ground
are respectively [AIEEE 2002]

(@) g.g (b) g—a.g-a
(c)g-ag (d)ag
Ans. (¢)

Apparent weight of ball,
w'=w - R[where, R=normal reaction]
R=ma [acting upward]
w'=mg-ma=m(g —a)
Hence, apparent acceleration in the lift
isg —a. Now, if the man is standing
stationary on the ground, then the
apparent acceleration of the falling ball
isg.

43 When forces F1, F,. F5 are acting on

a particle of mass msuch that
F,and F; are mutually
perpendicular, then the particle
remains stationary. If the force F; is
now removed, then the acceleration
of the particle is [AIEEE 2002]

@h kB gk
m mF, m m
Ans. (@)

The particle remains stationary under
the acting of three forcesF;,F, and F;, it
means resultant force is zero,
F,+F,+F;=0
Since, in second casesF; is removed (in
terms of magnitude we are talking now),
the forces acting areF, and F5 the
resultant of which has the magnitude as
F,.so acceleration of particle is—Lin the
m
direction opposite to that of F,.

H A light string passing over a

smooth light pulley connects two
blocks of masses m,and m,
(vertically). If the acceleration of
the system is g/8, then the ratio of
the masses is [AIEEE 2002]

(a) 8:1 (b)9:7
(c) 4:3 (d)5:3
Ans. (b)

As the string is inextensible, both
masses have the same accelerationa.
Also, the pulley is massless and
frictionless, hence the tension at both
ends of the string is the same. Suppose,

the mass m, is greater than mass m;, so
the heavier mass m, is accelerating
downward and the lighter mass m, is
accelerating upwards.

El
mxg
Therefore, by Newton’'s 2nd law
T-mg=mga i)
and m,g =T =m,a . (ih)
After solving Egs. (i)and (ii), we get
Q:M@ :g [g]\/en]
(m, +m,) 8
s,  9-m0-m/m)
8 my(1+ m/m,)
Let ﬂ:><

m
Thus, Eq. (iii)becomes
T-x _1 7 m 9

=_—or x=- or ===
T+x 8 9 m,

i)

So, the ratio of the massesis9:7.

Three identical blocks of masses
m=2kg are drawn by a force

F =10.2 N with an acceleration of
0.6 ms™2 on a frictionless surface,
then what is the tension (in N)in the

string between the blocks Band C?
[AIEEE 2002]

© B A F
(a) 9.2 (b) 7.8
(c) &4 (d) 9.8
Ans. (b)
The system of masses is shown below.
© B A F

From the figure,

F-T,=ma i)
and T,-T, =ma . (ih)
Eqg.(i)gives,

10.2 =T, =2 x06

O 7,=102-1.2=9N
Again, from Eq. (ii), we get

9-T, =208
0 T,=9-12=7.8N

E 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 %) can a man of 60 kg climb
on the rope? [AIEEE 2002]

(a) 16
Ans. (¢)

The free body diagram of the person can
be drawn as

(b) & (c) 4 (d) 80

60 g

Let the person move up with an
acceleration a, then

T —-60g =60a
T —60
O 0 max = maxBO g
or =M —-ve value
max 80

That means, it is not possible to climb up
on the rope.

Evenin this problem, it is not possible to
remain at rest on rope.

Hence, no option is correct.

But, if they will ask for the acceleration
of climbing down, then

°
1 la

| Person

60 g
60g —-T =60a

O 609 =T ax =600,
_60g-360 _
60

or 4ms™

min



TOPIC 3
Friction

47 When a body slides down from rest

along a smooth inclined plane
making an angle of 30° with the
horizontal, it takes time T. When
the same body slides down from
the rest along a rough inclined
plane making the same angle and
through the same distance, it takes
timeaT, wherea is a constant
greater than 1. The coefficient of
friction between the body and the

rough plane is — where x
Jx Ha? %

[ .
Ans. (3)

Let'sdraw the free body diagram when
body slides down on smooth surface

o’

mg sin 30°

[2021, 1 Sep Shift-II]

30°

For smooth surface,
ma = mg sin30?
a=gsin302=g/2
Distance covered by the block on the

smooth surface in timeT,

s=ut+at?
2

r
0 s= %@2 0

Now, let's draw the free body diagram
when body slides down on rough surface

S

N, pumg cos 30°

mg cos 30°

Forrough surface,
ma =mg sin302 —p mg cos302
a =gsin30? —u g cos302
Distance covered by the block on the
rough surface in timea T,

s=ut+ ot
2
s=0+ %(g Sin302 —p1 g sin309) t?

s=%(1—ﬁpxar)2 . (00)

Distance covered by the block is same
for both the case,

0 I-VEwar? =972
4 4

[from Eq. (i) & Eq. (ii)]

1 210

0O 1-Yu=— 0 ng s

o’ o’ %\/3
Comparingwithu-?ﬁD 1
o’ %«&

The value of the x =3.

E The coefficient of static friction

between two blocks is 0.5 and the
table is smooth. The maximum
horizontal force that can be applied
to move the blocks together is

....... N. (Take,g =10ms~2)
[2021, 26 Aug Shift-II]

2kg [—F

Ans. (15)
Given, coefficient of static friction,
pn =05
Value of acceleration due to gravity,
g=10 ms™?
For complete system to move together,
F=ma
Here, mis total mass.
F=(1+2)a=3a 1)
From free b%dy diagram of 1kg block,

a
—

m'=1kg

fs=HR
m'g
Balance forces in horizontal direction,
Fs =pR =m'a i)
Balance forces in vertical direction,
R=m'g
Put value of Rin Eq. (ii),
pum'g =m'a
O 05x1x10=1xg O a=5ms?
Put the value of ain Eq. (i), we get
F=3x5=15N
Thus, the maximum horizontal force
required to move block togetheris 15 N.

E Two blocks A and B of masses

m, =1kgand mg =3 kg are kept on
the table as shown in figure. The
coefficient of friction between A

AandBis 0.2 and between Band
the surface of the table is also 0.2.
The maximum force F that can be
applied on B horizontally, so that
the block A does not slide over the

block Bis [Take,g=10m/s?]
[2019, 10 April Shift-11]

B F

J L

(@) 12N (b) 16N (c) 8N (d) 40N
Ans. (b)

Accelerationa of system of blocks Aand
Bis

Totalmass  my + my

_ Netforce _ F-f
a

where, f, =friction between B and the
surface
=H(my +mglg
_Foulmy + mglg
(my + mp)

So,

Here,u =02, m, =1kg, mg =3 kg,
g=10ms™?
Substituting the above values in Eq. (i),
we have

g _F-0201+3) x10

1+3
F-8
4

Due to acceleration of block B, a pseudo
forceF'actson A.

This force F'is given by

F'=mya
where, a is acceleration of Aand B
caused by net force acting on B.

For Ato slide over B; pseudo force on A,
i.e.F"must be greater than friction
between Aand B.

O mua=f,
We consider limiting case,

mya =6 0 mua=plmylg
| a=pg=0.2 x10=2 ms™2 _.{iii)
Putting the value of a from Eq. (iii) into
Eq. (i), we get
— =2

i)

a=

O F=16N

50 A solid cylinder of mass mis

wrapped with an inextensible light
string and, is placed on a rough
inclined plane as shown in the
figure. The frictional force acting



between the cylinder and the
inclined plane is

iw
(The coefficient of static friction,

M. is0.4)  [2021,18 March Shift-II]
(@) 2mg (B)Smg ()2 (a0

Ans. (¢)

Let'sdraw the free body diagram of the
solid cylinder.

Using the condition of the equilibrium of
the cylinder;

In the direction of inclined plane,
T+f-mgsin60°=0
In the perpendicular direction of inclined
plane,
N —mgcos60°=0
0 N=mgcosb0°®
The frictional force between the rough
surface and cylinder is

f=uN
g f=04mg cos60° 0 f=02mg
or f=m9
5

5_1 A body of mass 1kg restson a

horizontal floor with which it has a
coefficient of static friction1/+/3. It
is desired to make the body move
by applying the minimum po ssible
force F newton. The value of F will
01T .

(Round off to the nearest integer)

(Take, g =10ms ?)
[2021, 17 March Shift-I11]

Ans. (5)
Given, mass of the body, m=1kg
Coefficient of static friction,p = 173

Let's draw the free body diagram of the
block
) F
Fsin®

)

F cos 6

f
mg

Using the condition of the equilibrium

In x-direction,
Fcos® =f =@ =pN . (i)
In y-direction,
Fsin@+N =mg .. (i)
0 N =mg —F sin®

Substituting the value of N in Eq. (i),
we get
F= Hmg
cosB+ usin®

pmg
A1+ p?

Substituting the values in the above
equation, we get

OF=

01 d

HBEH

Hence, the body move by applying
minimum possible force of 5 N. So, the
value of F will be 5.

A boy of mass 4 kg is standing on a
piece of wood having mass 5 kg . If
the coefficient of friction between
the wood and the floor is 0.5, the
maximum force that the boy can
exert on the rope, so that the piece
of wood does not move from its
place s .....ccceeeee N. (Round off to
the nearest integer)
(Take, g =10ms %)

[2021, 17 March Shift-II]

Ans. (30)

The free body diagram for the wooden
block is shown below
TR

1

kg ——— 7

90 N

Using the condition of the equilibrium,
In the x-direction, the summation of all
the forces s to be zero.
f-T=0
MR =T =0
T=05R L)
In the y-direction, , the summation of all
the forces is to be zero.
T+R-90=0
0 05R+R-90=0 O R=60N
Hence, the normal force on the wooden
blockis 60 N.
Using the Eq. (i),
T =0.5(60) =30N
Hence, the maximum value of the
tension in the rope, so that wooden
block will not move is 30N.

3 Two blocks(m=0.5kgandM =4.5kg)

are arranged on a horizontal
frictionless table as shown in
figure. The coefficient of static
friction between the two blocks is
3/7. Then, the maximum horizontal
force that can be applied on the
larger block so that the blocks
move togetheris ...... N.

(Round off to the nearest integer.
Take, g =9.8ms™2)

M

/i
[2021, 17 March Shift-I]

Ans. (21)
When both the blocks move together as
a system, then acceleration of this

system will be given as
F

m+ M

i)

a=

Frictional force on mass,
f=ma ..(i)

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



Forno slipping, f<umg [-p being the
coefficient of static friction]

g mELEEumg g
Om+ MO
F<u(m+ Mg

U Frax :%(0.5 +45)x98 0 F . =2IN

5_4 A block of mass m slides along a

floor, while a force of magnitude F
is applied to it at an angle B as
shown in figure. The coefficient of
kinetic friction isp, . Then, the
block's acceleration a is given by

(g is acceleration due to gravity)
[2021, 16 March Shift-1]

(a)——cose—uk@ ——smeg
(b)fcose—pkglg —fsmeg
| 0
(C)Ecose (= +fsm65
F ] - aH
(d)ECOSG“LHKEU ——smeg
Ans. (b)

The diagram and the required components
of force on given block are shown below

Fsin®
N F
3 a
F cos 6
T
mg

From the above diagram,

N =mg —F sin® ()
where, N =normal force
and  Fcos®-f, =ma
0 FcosB-puN =ma
where, f, =kinetic friction force.
From Eq.(i)and Eq. (i), we get

F cos® —p,(mg —F sin6) =ma

. [if)

0 -— e_ - e
a Ccos ukg Sl H

Thisis the required acceleration of the
block.

55

56

As shown in the figure, a block of
mass +/3 kg is kept on a horizontal
rough surface of coefficient of
friction1/3+/3. The critical force to
be applied on the vertical surface
as shown at an angle 60° with
horizontal such that it does not
move, will be 3x. The value of x will

be ......... [g =10 ms™2; sin60° =‘f;

[2021, 26 Feb Shift-I]

60°

u=1/3v3

Ans. (3.33)
Given, mass of block, m=~/3 kg

Coefficient of friction, g = 1/3+/3
According to diagram,

LetF be the force applied on the body,
w be the weight (=mg),

N be the normal reaction.

Friction forcef =uN

For no movement of body along X-axis,
net force along X-axis should be zero.

If, F, be the net force along y-axis then it
will also be zero because body is not
accelerating at all.

d N =F sin60° + mg
0 N:?PHU«B i)

Similarly, F, =F cos60° —pN =0
From Eq. (i), we get

d

0 E-L%Fﬂoﬁgzo

2 3382
0 F_E,0 5 F_F_T0

2 6 3 2 6 3
] F=10N
Given, F=3x
O X:E=3.33

3

Aninclined plane is bent in such a
way that the vertical cross-section
2

isgivenbyy :XT where, yisin

vertical and x in horizontal
direction. If the upper surface of
this curved plane is rough with
coefficient of frictionpu =0.5, the

maximum height in cm at which a
stationary block will not slip

downward is .......... cm.
[2021, 24 Feb Shift-1]

Ans. (25)

The graph for given equation is shown
below

At maximum height, the slope of tangent
drawn,

O 20
tane-dy X _X W LD
X 4 2 0 4D
O 0.5=§ (o1 =tand)
0 x=1m
X _1
g y="=-=025m=25cm
4 4

5_7 The coefficient of static friction

between a wooden block of mass
0.5 kg and a vertical rough wall is
0.2. The magnitude of horizontal
force that should be applied on the
block to keep it adhere to the wall
will be ........ N.
[Take,g=10ms~?]

[2021, 24 Feb Shift-1]
Ans. (25)

Given, coefficient of static friction,
Hs =02

Force [05
kg

us=0.2

Various forces acting on block are shown

below
f

mg=>5N
Frictional force <mg
O Nx02<b
g N <25

[ Magnitude of horizontal force,
F=N=25N



Consider a uniform cubical box of
side a on arough floor that is to be
moved by applying minimum
possible force F at a pointbabove
its centre of mass (see figure). If
the coefficient of frictionisp =0.4,
the maximum possible value of
100 ngor box not to topple

before movingis ..........
[2020, 7 Jan Shift-Il]

Ans. (75)
According to the given situation;

When the minimum force F capable to
topple the block is applied, then the
block will be on the verge of toppling.

As the block is not moving, we have
frictionf such that

f=F . (0)
Also, note that reactionN acts from
point Aas block is at the verge of
toppling.
To maintain the equilibrium, net torque
about centre of massC is zero.

O F[ﬂ+f%§=N%§

Using result of Eq. (i), we get

Now, f =pmg andN =mg
ad pmg%ﬂ)%z mg%%

o O_a
0 +pH=2
M " PH
As, u=0402=3
a 4
Hence, 100 x2 =100 x3=75
a 4
ey
C
5]

A
A

A small block starts slipping down
from a pointBon aninclined plane
AB, which is making an angle 8
with the horizontal sectionBCis
smooth and the remaining section

CAis rough with a coefficient of
friction . It is found that the block
comes to rest asit reaches the
bottom (point A) of the inclined
plane. If BC=2AC, the coefficient
of frictionis given by =k tan®.
Then, the value of k is.........

[2020, 2 Sep Shift-1]
Ans. (3)
Different forces acting on the inclined
plane are shown below,

F=pmgcos 6

mg sin 6

Smooth

As block stops at point Athis means
work done by component of weight down
the plane is dissipated in doing work
against friction.

O  mgsinB(AB) =umg cosB(AC)

O  mgsinB3AC) =umg cosB(AC)

O dtan@=p
Given, U =ktanB
Comparing both, we get
0 k=3

60 A block starts moving up an

inclined plane of inclination 30°
with an initial velocity of v. It
comes back to its initial position

with velocity %. The value of the

coefficient of kinetic friction
between the block and the inclined

plane is close to ; the nearest
1000

integertolis .......... .
[2020, 3 Sep Shift-I1]

Ans. (346)
Letp be the coefficient of kinetic

friction between the block and the
inclined plane.

The free-body diagram of the given
situation is shown below,

s

While going from A to B, the acceleration
of the block is

a,=gsin30°+ ug cos30°
0 g=04H9Y3
2 2
0 a,=5+5V3p ..(i)(g=10ms™?)
Let s be the distance between A and (b)
From third equation of motion,
vi-0=2a;s
2 2
s=Yo=__ Yo i)
20, 25+5J3p)
[Using Eq. (i)]
When the block comes back to its initial
position(i.e., from B to A), its velocity is V?O.

So, the acceleration of the block while
coming fromBto Ais

a, =gsin30°-ug cos30°
o =0 _H9V3
, =2 -22Y
2 2
O  qg,=5-5J3p (i)
Again, using third equation of motion, we
get

O

o v
EEOH -0=2a,s O 70:2023

2

O S :ViO
8a,
2
v :
O s=— 0 _(iv)
8(5—-53p)
[Using Eq. (iii)]
Equating Egs. (ii)and (iv), we get
2 2
Vo Vo

2(5+5ﬁu):8(5—5ﬁu)

O  45-5J3u) =5+5V3p
O 20-20/3p=5+5J3p
0 25\3u =15
15 3 3
O W= = u:£
25V3 53 5
So, L o8 _ous
1000 5
0 1 =0.346 x 1000 =346
An insect is at the bottom of a

hemispherical ditch of radius Tm. It
crawls up the ditch but starts
slipping after it is at height hfrom
the bottom. If the coefficient of
friction between the ground and
the insect is 0.75, then his (Take,

g=10ms~2) [2020, 6 Sep Shift-1]
(a) 0.20m (b) 0.45m
(c) 0.60m (d) 0.80m



Ans. (a)

Lethbe maximum height up to which
insect crawls up the ditch. The free body
diagram is shown,

Resolving the components of force
along tangential and radial direction

N
f

mg sin@ mg cosd

For balancing, mgcos =N
mgsin® =f_,, =uN
O mg sin@ =pumg coso
sin® _Hmg
cos®  mg

tan@=p=0.75 =3 O cosB =4
4 5

(From Pythagoras'theorem)
Fromdiagram,h=R —R cos8

:R—R%Qzﬁ or h='=020m
5 5

62 A block of mass 5 kg is (i) pushed in

case (A) and (ii) pulled in case (B),
by a force F =20N, making an
angle of 30° with the horizontal, as
shown in the figures. The
coefficient of friction between the
block, the floorisp =0.2. The
difference between the
accelerations of the block, in case
(B) and case (A) will be
(Take, g =10ms™?)

[2019, 12 April Shift-11]

®)

(a)0.4ms™ (b)3.2ms™
(c)0.8ms™? (d)oms™
Ans. (c)

Case | Block is pushed over surface

F
Free body diagram of block is
N
F cos 30°
F
mg
F sin 30°

In this case, normal reaction,
N =mg + F sin30°
=5x10 +20 X%:BUN
[Given,m=5kg,F =20N]
Force of function, f =N
=0.2x60 ['v u=0.2]

=12N
So, net force causing acceleration(a,) is
Fret =ma; =F cos30° —f
g ma,; =20 xﬁ =12
0 01:710\/3—12:””3-2
5
Case Il Block is pulled over the surface
F
30°
Free body diagram of block is,
F sin 30°
N
F
301 F cos 30°
f=pN
mg

Net force causing acceleration is

Fret =F cos30° —f
=F cos30° —uN
O Fet =F c0s30° —p(mg —F sin30°)
If accelerationis nowa,, then
g, = et
m
_Fcos30° —p(mg —F sin30°)

m

20xﬁ—o.2% x10 =20 xla
T 2
5
_10\3-8
5

Oa,= 1.8ms

So, difference =a, —a,
=18-1=08ms™

6 A block of mass 10 kg is kept on a

rough inclined plane as shown in
the figure. A force of 3 N is applied
on the block. The coefficient of
static friction between the plane
and the block is 0.6. What should
be the minimum value of force F,
such that the block does not move

downward ? (Take, g =10 ms™2)
[2019, 9 Jan Shift-I]

F
‘iﬁ 45°
(a) 32N (b) 25N
(c) 23N (d) 18N
Ans. (a)

Free body diagram, for the given figure is
as follows,

For the block to be in equilibriumi.e., so
that it does not move downward, then

>f, =0
ad 3+ Mg sin®—-F —f =0
or 3+ Mgsin@=F +f
As, frictional force, f=pR
d 3+ Mg sin@=F +pR ()
Similarly, zf, =0
- MgcosB+ R =0
or Mg cos® =R ..(ii)

Substituting the value of 'R from Eq.(ii)to
Eq. (i) we get

3+ Mg sin@=F + (Mg cos@).(iii)
Here, M=10kg,0=45° g =10m/s’
and n=0.6



Substituting these values is Eq. (iii),
we get
3+ (10 x 10 sin45°)

- (0.6x10x 10 cos 45°)=F

0 Fo34100 _60_, 40

=54+
N/ RN
=3+204/2=31.8N or F=32N

6_4 A block kept on a rough inclined

plane, as shown in the figure,
remains at rest upto a maximum
force 2 N down the inclined plane.
The maximum external force up
the inclined plane that does not
move the block is 10 N. The
coefficient of static friction
between the block and the plane is

(Take, g =10m/s?)
[2019, 12 Jan Shift-11]

’!'\Q$
2 V3
3 1
Ans. (b)

Block does not move upto a maximum
applied force of 2N down the inclined
plane.

So, equating forces, we have

2+ mgsinB =f
or 2+ mgsin@=pumgcosd  ..(i)
Similarly, block also does not move upto
amaximum applied force of 10 N up the

plane.
10N

mg cos 6

Now, equating forces, we have
mgsin@+f =10N

or mgsin® +umgcosd =10 (i)

Now, solving Egs. (i) and (ii), we get

mgsin® =4 i)
and U mgcosf=6 . (iv)
Dividing, Egs. (i) and (iv) we get

3
cotB==
H 2

0 u:3tar16:3tar130° 0 H=§

2 2

65 Two masses m;=5kgandm, =10

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

of m, to stop the motion is
[JEE Main 2018]

(a)18.3 kg (b)27.3 kg
(c)43.3kg (d)10.3kg
Ans. (b)

Motion stops when pull due to m, < force
of friction between mand m, and surface.

d m,g<u(m, + mlg

ad 5x10<0.75(10 + m) x 10
ad m=23.33kg

Here, nearest value is 27.3 kg

So, Myin =27.3Kg

66 A point particle of mass m, moves

along the uniformly rough track
POR as shown in the figure. The
coefficient of friction between the
particle and the rough track equals
K. The particle is released, from
rest, from the point P and it comes
to rest at a point R. The energies,
lost by the ball, over the parts, PO
and OR, of the track, are equal to
each other, and no energy is lost
when particle changes direction
from PQ to OR. The values of the
coefficient of friction u and the
distance x(= OR), are respectively
close to [JEE Main 2016]

T P
h=2m
l 30° R

(0]
Horizontal ——Q
surface

(a)0.2andB8.5m (b)0.2and3.5m
(c)0.29and 3.5m (d)0.29and6.5m

Ans. (¢)
Energy lost over path PO =pmg cosB x4

T

h=2m| \IM
J 309
O 2[3mQ«—x—R
Energy lost over path QR =pumgx
i.e. umg cos30°x4=pumgx (.-6=30°)
x=2:/3 =346m

From 0 to R energy loss is half of the
total energy loss.

ie. pmgx=%xmgh Ou= 0.29

The values of the coefficient of frictionp
and the distance x(= OR)are 0.29 and 3.5.

6_7 Given in the figure are two blocks A

and B of weight 20 Nand 100 N
respectively. These are being
pressed against a wall by a force F
as shown in figure. If the coefficient
of friction between the blocks is 0.1
and between block B and the wall is
0.15, the frictional force applied by
the wall in block B is [JEE Main 2015]

L/

L} B

/

20N 100N

(a)100N (b)8ON (c)120N (d)150N
Ans. (¢)

Key Idea In vertical direction, weights
are balanced by frictional forces.

Consider FBD of block A and B as shown
in diagram below.
A 3

F— —N
| |

20N 7, 100N

As the blocks are in equilibrium, balance
forces are in horizontal and vertical
direction.



For the system of blocks (A + B).
F=N
Forblock A, f, =20Nand for block B,
fg=f, +100=120N

6_8 A block of mass mis placed on a

surface with a vertical
cross-section given byy=><3 /6. If
the coefficient of friction is 0.5, the
maximum height above the ground
at which the block can be placed
without slipping is  [JEE Main 2014]

T'm  (d)dm
2

@tm  ©Zm  (©lm
6 3 3

Ans. (a)

Ablock of mass mis placed on a surface
with a vertical cross-section, then

y

B
6
tan =d—y =

dx ax
At limiting equilibrium, we get

p=tanB, 0.5=x>/2

0 =10 x=#1
Now, putting the value of xin y = x°/6,
we get

X
2

When x=1

(M°_1
0 =1 =_ =\ ' =
/ 6 6 6 6

So, the maximum height above the
ground at which the block can be placed

without slipping is% m.

(5 The minimum force required to

start pushing a body up a rough
(frictional coefficient ) inclined
plane is F; while the minimum
force needed to prevent it from
sliding down is F,. If the inclined
plane makes an angle 8 from the
horizontal such that tan8 =2y, then
the ratio F; / F, is [AIEEE 2011]
(a)4 (b)1 (c)2 (d)3
Ans. (d)

F, =mg (sinB + p cosB)[as body just in
position to move up, friction force
downward]

70

71

F, =mg(sin® - cos6)
[as body just in position
to slide down, friction upward]

Fi _sinB+pcosH

O 1
F, sin@—-pcosb
_tan@+p _2p+p =3
tan@-p  2u-p
Consider a car moving on a straight

road with a speed of 100 ms ™. The
distance at which car can be
stopped, is[[1, =0.5] [AIEEE 2005]
(a) 800 m (b) 1000 m
(c) 100m (d) 400m
Ans. (b)
From Newton's equations, we have
vV =u® -2as

Given, v=0 [carisstopped]
As friction provide the retardation

a=pg,v=100 ms”!

0 (1007 =2p gs
¢ = 100x100 _100*100 _1550m
2x0.5x%10 5x2
A smooth block is released at rest

on a 45° incline and then slides a
distance d. The time taken to slide
is ntimes as much to slide on
rough incline than on a smooth

incline. The coefficient of friction is
[AIEEE 2005]

1 / 1
(a) Uk:]‘nT (b) py = ]_nT
1 1
(d) Ms = 1_7
n n
Ans. (a)

When friction is absent
ma,; =mg sinB
a =gsin@

1 )
0 s1:§o]t% A0

When friction is present, friction is in
opposite to the direction of motion

a, =gsin@—p, g cosO

1 "

a S, =§ozt§ i)
From Egs. (i)and (ii), we get

1T 21 2
—aq.t7 ==a,t
211 222

] a,t? =a,(nt,)? [t =nt)]
or a, =n‘a,
0 G, _gsinB-p,gcosb_ 1
a, gsin® n’
o g sin45° —p,gcos4b® _ 1
g sin4b° "
or T=H, :niz
or My :1—i2
n

7_2 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 [AIEEE 2005]
(a) 2sing (b) 2cos @

(c) 2tan@ (d) tan@

Ans. (¢)

According to work-energy theorem,
Work done = Change in kinetic energy
W=AK =0
[0 Work done by friction + Work done by
gravity =0
O —(umg cosqjil +mglsin @=0

or %cos@=sin ®

or M =2tan@

7_3 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 (g =10m/s?)
[AIEEE 2004]

(a) 2.0 (b) 4.0
(c) 1.6 (d) 2.5
Ans. (a)

Let mass of the block be m.



mg sin 30°
mg cos 30°

Frictional force in rest position
F =mg sin30°
[thisis static frictional force and may be
less than the limiting frictional force]

0 10=mx10 x
2

2x10
10

or m= =2kg

74 A horizontal force of 10 N is
necessary to just hold a block
stationary against a wall. The
coefficient of friction between the
block and the wall is 0.2. The
weight of the block is  [AIEEE 2003]

F

10N

(a) 20N
Ans. (d)

(b) 50N (c) 100N (d) 2N

Let R be the normal contact force by wall
on the block.

R=10N
f,=w and f =pR
Ou R=w or w=02x10=2N

75 A marble block of mass 2 kg lying
on ice when given a velocity of 6
ms ! is stopped by friction in 10 s.
Then, the coefficient of friction is

[AIEEE 2003]

(a) 0.02
Ans. (¢)
Let coefficient of friction bey, then

retardation will bep g. From equation of
motion,v=u +at

O 0=6-pgx10

6
or = =006
H 100

(b) 0.03 (c) 0.06 (d) 0.01

TOPIC 4

Dynamics of Circular Motion

76 A particle of mass mis suspended
from a ceiling through a string of
length L. The particle movesin a
horizontal circle of radius r such

L .
that r =—. The speed of particle
V2

will be [2021, 26 Aug Shift-1I]
(a)rg (b)2rg

(c)2yrg (d) %

Ans. (a)

Given, radius of horizontal circle,
r=L/2

Figure illustrating the particle of massm
moving in a horizontal circle, while
suspended from a ceiling is shown

L Tcos B

;
Tsin® N
m A
(77
L2

mg
In equilibrium condition at point 4,
TcosB=mg ()
2
(i)

Tsing="""_
r

Divide Eq. (ii) by Eq. (i),
tan®=v’ /rg
0 v=Jrgtand
Now, from figure, we can write
L2 =i[9: 4%
L 2

Substituting the value of 8in Eq. (iii),

we get
v=rgtan45° =./rg
Thus, the value of speed of particle is

v=4rg.

Consider a binary star system of
star A and star B with masses m
and mg revolving in a circular orbit
of radiir, andrg, respectively. If T,
and Ty are the time period of star A
and star Brespectively, then

[2021, 20 July Shift-II]

(iii)

sin@ =

3

7. OO
(a)izgi

TB Bg
(b)T, =T,

()T, >T,(if my>mpg)
(d)T,>T,(if ry>rp)
Ans. (b)
As per question, a binary star system of
two stars Aand B with masses m, and m,
arerevolving in a circular orbit of radiir,
and r,, respectively.
It means both stars Aand B will have
same angular velocity because to
remain perfectly align w.r.t. each other
they need to cover equal angular
displacement in equal time intervals.
Also, we know that
Time period, T =2m

W
T, andT, are the time periods of stars A
and B respectively, therefore, we can
write

21 )

Ty="— i)
W

and Tg =2m i)
W
OFrom Egs. (i)and (ii), we can say

Ty=Tg

The normal reaction N for a vehicle
of 800 kg mass, negotiating a turn
on a 30° banked road at maximum
possible speed without skidding is
...... x10° kg-m/s?.
[Take, ug =0.2]

[2021, 20 July Shift-I]
(a)10.2 (c)12.4  (d)6.96
Ans. (a)

The given situation can be represented
as

(b)7.2

2
Mg mg cos30°+ "7?‘/

Equating forces perpendicular to the
inclined plane,

2
N =mg cosSU°+%sin30°

2
O N - mg cosSO°=%sin30° .(0)



Equating forces along the inclined plane,
' mv? .
mg sin30° + PN :? cos30° ...(ii)

On dividing Eq. (i) by Eq. (i), we get
N —mgcos30° = tan30°
mg sin30° + p N

['.'00330°=ﬁand sin30°:l]
2 2

_N-mgV3/2) _ 1

mg(1/2) + (0.2)N /3

Nﬁ-mggaﬁz% +02N
2mg _2x800x10
D N = =
J3-0.2 1.532
=10.44x10° V

Therefore, N =10.2 x 10% kg-m/s?

A modern grand-prix v
racing car of mass mis
travelling on a flat

track in a circular arc

of radius R with a
speedyv. If the
coefficient of static
friction between the
tyres and the track is
M. then the

magnitude of negative lift f_ acting
downwards on the car is

(Assume forces on the four tyres
are identical and g =acceleration
due to gravity)[2021, 17 March Shift-I]

()DVZ+D (b) 02 O
alm g m -g
B %8 PHRTE

O 2 0 g 2 0
(c)m%-LE (d)—m% +

Mo R HsR

Ans. (b)
We know that, static friction force,
£ =HN
where, ¢ is the coefficient of static
frictionandN is the normal force acting
on the body. As the caris travelling on a

circular track, so centripetal force is also
actingonit.
_mv

R
In limiting condition,

0 fs

2
mv_ )

MR

The magnitude of negative liftf, acting
downwards on the car is given by

£

S

2
=f, O psNz% ON=

2
mv
ff=mg-N=mg -——
L R
02

of=m-Fof=-m _gH
L L RE YT T LR O
02 0
0 Ilezmﬁﬁ—g%
S

Statement | A cyclist is moving on
an unbanked road with a speed of
7kmh™" and takes a sharp circular
turn along a path of radius of 2 m
without reducing the spee(d) The
static friction coefficient is 0.2.
The cyclist will not slip and pass
the curve (g =9.8 m/s?)
Statement Il If the road is banked
at an angle of 45°, cyclist can
cross the curve of 2 m radius with
the speed of 18.5kmh ™" without
slipping.

In the light of the above
statements, choose the correct
answer from the options given

=

below. [2021, 16 March Shift-II]

(a) Statement |is false and statement ||
istrue.

(b) Statement lis true and statement II
is false.

(c) Both statement I and statement ||
are false.

(d) Both statement | and statement ||
are true.

Ans. (d)

The maximum speed of cyclist on turn of
unbanked road without slipping is given
as

Vinax = JUGR =402 x10 x2 =2ms”™"
[ =0.2(given)]

Given, speed=7km/h
_7000 __-1_70 _
-—_—_—_—_—"ms =—=

3600 36
As given speed is lesser thanv,,,,, so the

cyclist will not slip. Therefore,
Statement | is true.

1.94ms™!

As per Statement Il, angle of banking,

0=45°

We know that, for banked road,

gR(u + tano)
(1-ptand)

_ |gR(tan®—p)
and v .= |[Z— —
™y T+ ptan®

10 x2(0.2 + tan4b?)
1-02tan4b°

Vimax =

0 Vi =

max

and Vo, = ]U);-Z:][J_ZUZ)

O v, =547ms"'

max
and v, =365ms”’

+v=185km/h=189%1000 _ g o

[ given speed =18.5 kmh™']

As,v
slip.
OStatement Il is also true.

<V <V, SO the cyclist will not

min

Hence, option(d)is the correct.

A block of 200 g mass moves with a
uniform speed in a horizontal
circular groove, with vertical side
walls of radius 20 cm. If the block
takes 40 s to complete one round,
the normal force by the side walls of
the groove is [2021,16 March Shift-1]

(a)0.0314 N (b)9.859% 1072 N
(c)6.28x107°N  (d)9.859%107* N
Ans. (d)

The normal force by the side walls of the
groove will be equal to the centripetal
force acting on it.
2
ie. N=I i)
r
where, r=20cm=02m
m=200g =200 x10 kg
_ o _21mr _21x0.2
Varw="——="""""m/s
T 40

Substituting the given values in Eq. (i),

we get
(zooxm*)xgﬂo-zg
40

02
=9.859% 107N

and

N =

A particle is moving with uniform
speed along the circumference of a
circle of radius R under the action
of a central fictitious force F which
is inversely proportional to R3.Its
time period of revolution will be

given by [26 Feb 2021 Shift-I]
(a)T OR? (b)T OR*?

(c)T ORS? (d)T ORY3

Ans. (a)

Given, radius of circle=R

Central fictitious force is, F I]jgl
R



Let T be the time period of revolution,
m, wbe the mass and angular velocity of
Earth.

F=me?R O
R3

Jot 0w=2Tgl
R* T R?

O T OR?

O

A smooth wire of (503
length 211 is bent
into a circle and A
kept in a vertical r
plane. A bead can o)
slide smoothly on
the wire. When the 7/2 > (3
circle is rotating 3
with angular speed
wabout the vertical diameter AB,
as shown in figure, the bead is at
rest with respect to the circular
ring at position P as shown. Then,

the value of w? is equal to
[2019, 12 April Shift-11]

(a)% (b)2g/(r/3)
) (g/3)/r (d)2g/r
Ans. (b)

Key Idea For revolution in a circular path,
there should be a force which balances
the necessary centripetal force.

LetN =normal reaction of wire loop
acting towards centre.

D12 —>

Then, componentN cosBbalances
weight of bead,

d N cos®=mg i)
and component N sinBprovides
necessary centripetal pull on the bead,

o N sin® :m%@} i)

From Egs. (i)and (ii), we have

i)

1
NG

N | =

tan@ = iv)

[N}

_
z_ElrIfT ZD[D
Jr B8 “H2F

Put this value in Eq. (iii), we get

of =29
J3r

8_4 A particle is moving with a uniform

speed in a circular orbit of radius R
in a central force inversely
proportional to the nth power of R.
If the period of rotation of the
particleisT, then :
(a) TOR¥?foranyn
n
(b)TOR?
(C) T0O R(n+1)/2
(d)TOR™
Ans. (¢)

-+ Force =Mass x Acceleration = maf R

and given, FDRL 0 F_i

So, we have — = m%-rgl?

lmzm

n+1

0 T2=0M Mg+t g 1R 2

8_5 An annular ring with inner and

outer radii Ry and R, is rolling
without slipping with a uniform
angular spee(d) The ratio of the
forces experienced by the two

[JEE Main 2018]

particles situated on the inner and

outer parts of the ring, F; / F, is
[AIEEE 2005]

R R If[
(a) 2 (b) g
1 o,
(0) 1 (o) R
RZ
Ans. (d)

Since, wis constant, so no net force or
torque is acting on ring.

The force experienced by any particle is
only along radial direction or we can say
the centripetal force.

The force experienced by inner part,
F,=mu'R,
and the force experienced by outer part,

F=mar, 0 H=F
FZ RZ

8_6 The minimum velocity (in ms ™)

with which a car driver must
traverse a flat curve of radius 150 m
and coefficient of friction 0.6 to
avoid skidding is [AIEEE 2002]

(a) 60 (b) 30
(c) 15 (d) 25
Ans. (b)

As centrifugal force is balanced by the
centripetal force i.e., frictional force.

Using the relation

mV2

——=uR, R=mg
;
va 2
| ——=HJmg or VS =urg
r
O V2 =06 %150 x10
or v=30ms™
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