Laws of Motion

Multiple Choice Questions (MCQS)

Q. 1 A ballis travelling with uniform translatory motion. This means that
(a) it is at rest
(b) the path can be a straight line or circular and the ball travels with uniform speed
(c) all parts of the ball have the same velocity (magnitude and direction) and the
velocity is constant
(d) the centre of the ball moves with constant velocity and the ball spins about its
centre uniformly

Ans. (¢) In a uniform translatory motion, all parts of the ball have the same velocity in

magnitude and direction and this velocity is constant. — y
The situation is shown in adjacent diagram where a body A ——>V
A'is in uniform translatory motion.  —

Q. 2 A metre scale is moving with uniform velocity. This implies
(a) the force acting on the scale is zero, but a torque about the centre of mass can
act on the scale
(b) the force acting on the scale is zero and the torque acting about centre of mass
of the scale is also zero
(c) the total force acting on it need not be zero but the torque on it is zero
(d) neither the force nor the torque need to be zero

Ans. (b) To solve this question we have to apply Newton’s second law of motion, in terms of
force and change in momentum.

We known that F= dp
at
given that meter scale is moving with uniform velocity, hence, dp = 0
Force=F =0

As all part of the scale is moving with uniform velocity and total force is zero, hence,
torque will also be zero.
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Q. 3 A cricket ball of mass 150 g has an initial velocity u = (3% +4j)ms‘1 and a
final velocity v=- (31¢ +4j) ms~?, after being hit. The change in
momentum (final momentum-initial momentum) is (in kgms™)

(a) zero (b) - (0.451 + 0.6j)

(@ =09} +1.2)) (d)—5(i+ )i
Ans. (c¢) Given, u= (3? + 4])m/s

and V=- (3? + 4])m/s

Mass of the ball =150 g =0.15 kg

Ap = Change in momentum
=Final momentum - Initial momentum
=MV —mu
= m(v —u) = (015) [~(3i + 4]) - (3i + 4j)
= (015)[-6i - 8]]
= —[015 x 6 + 015x8]]
=—[0.9i + 120j]

Hence, Ap =—[09i + 121

Q. 4 In the previous problem (3), the magnitude of the momentum transferred
during the hit is
(@) zero (b) 0.75kg-ms™" () 1.5 kg-m s d) 14 kg-m s
Ans. (¢) By previous solution Ap = — (0.9i + 1.2j)

Magnitude = | Ap| = +/(0.9)? + (1.2)?
= J081+ 1.44=15kg-ms™".

Q. 5 Conservation of momentum in a collision between particles can be
understood from
(a) conservation of energy (b) Newton’s first law only
(c) Newton'’s second law only (d) both Newton’s second and third law
® Thinking Process

For conservation of momentum we have to see whether net external force is acting
on a system or not.

Ans. (d) We know that for a system Fo = % (from Newton'’s second law)

If Fy = 0,dp = 0= p= constant

Hence, momentum of a system will remain conserve if external force on the system is
zero.

In case of collision’” between particles equal and opposite forces will act on individuel
particles by Newtons third law,

Hence total force on the system will be zero.

Note We should not confuse with system and individual particles. As total force on
the system of both particles is zero but force acts on individual particles.
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Q. 6 A hockey player is moving northward and suddenly turns westward with
the same speed to avoid an opponent. The force that acts on the player is
(a) frictional force along westward
(b) muscle force along southward
(c) frictional force along south-West
(d) muscle force along south-West

Ans. (c) Consider the adjacent diagram

N
B 1A
w 0 E

S

Let OA =p, B A
= Initial momentum of player northward
AB = p, = Final momentum of player towards west.

Clearly OB = OA+ AB
Change in momentum = p, — p, A 0

=AB-0OA=AB + (-0A)
= Clearly resultant AR will be along south-west.

Q. 7 A body of mass 2kg travels according to the law x (t) = pt +qt° +rt?
where, g=4ms™2, p=3ms™* and r = 5ms>. The force acting on the body

att =2sis
(@ 136 N (b) 134 N
(c) 158 N (d) 68 N

® Thinking Process

We have to apply differentiations to calculate acceleration and then Newton's
second law will be applied.

Ans. (a) Given, mass =2 kg
x(t)=pt +qt? + rt3
dx >
v—a_p+2qt+3rt
a:d—V:O+2q+6rt
at
att =2s;,a=2q9 + 6 x2 xr
=2q +12r
=2x4+12 x5
=8+ 60=68m/s
Force = F=ma
=2 x68=136N
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Q. 8 A body with mass 5 kg is acted upon by a force F =(—3§ +4j) N. If its
initial velocity att =0isv = (61c - IZj)ms’l, the time at which it will just
have a velocity along the Y-axis is

(@) never (b) 10s (©2s (d)15s

Ans. (b) Given, mass =m = 5kg
Acting force =F = (-3i + 4j)N
Initial velocity att = O,u = (6i - 12])m/s
Retardation, a = F_[-3 L4 m/s
m 5 5

As final velocity is along Y-axis only, its x-component must be zero.

From v =u + at, for X-component only, 0 = 6i — S—SIZ

_5x6

t =10s

Q. 9 A car_of mass m starts from rest and acquires a velocity along east,
v=vi(v>0) in two seconds. Assuming the car moves with uniform

acceleration, the force exerted on the car is

(a) % eastward and is exerted by the car engine
(b) % eastward and is due to the friction on the tyres exerted by the road

mv . -
(c) more than — eastward exerted due to the engine and overcomes the friction of
2

the road

(d) % exerted by the engine

Ans. (b) Given, mass of the car=m
As car starts from rest,u = 0
Velocity acquired along east = vi
Duration =t =2s.

We know that v =u+at
= vi=0+ax2
"
= a=—i
2
mv »
Force, F=ma=—:Ii

Hence, force acting on the car is % towards east. As external force on the system is

only friction hence, the force % is by friction. Hence, force by engine is internal force.
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Multiple Choice Questions (More Than One Options)

Q. 10 The motion of a particle of mass m is given by x =0 for t<O0s,

x(t) =A sin 4nt for 0<t<(1/4)s (A>0), and x=0 for t>(1/4) s.
Which of the following statements is true?

(@) The force att =(1/8)s on the particle is —167*A-m

(b) The particle is acted upon by on impulse of magnitude 4t*A-m att =0 s and

t=>1/4s

(c) The particle is not acted upon by any force

(d) The particle is not acted upon by a constant force

(e) There is no impulse acting on the particle

® Thinking Process

Here, position of the particle is given for different time intervals. Hence, we have to
find velocity and acceleration corresponding to the intervals.

Ans. (a, b, d)
Given, x = 0fort <0s.

x(t)= Asin 4nt; for 0<t <%s

x:O;fort>1s
4

1
For,0<t <—s v(t):d—x:4n Acos 4nt
4 dt

a(t) =acceleration
= YO _ 16 x2Asin 4nt
at

Att =%s, a(t) = —16n? Asin 4n x% =—16r%A

F=ma(t)=—-1612 Axm=—-1612mA
Impulse = Change in linear momentum

=F xt = (- 16r° Am)x%

= —4n2 Am
The impulse (Change in linear momentum)
att =0 issame as, t =%S.

Clearly, force depends upon A which is not constant. Hence, force is also not constant.

Note We have to keep in mind that the force is varying for different time intervals.
Hence, we should apply differential formulae for each interval separately.
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Q. 11 In figure the coefficient of friction between the floor and the body B is
0.1. The coefficient of friction between the bodies B and Ais 0.2. A force
F is applied as shown on B. The mass of Ais m/2 and of B is m. Which of

the following statements are true?

]

B F—F

(@) The bodies will move together if F=0.25 mg

(b) The body A will slip with respect to B if F=0.5 mg

(c) The bodies will move together if F=0.5 mg

(d) The bodies will be at rest if F=0.1mg

() The maximum value of F for which the two bodies will move together is
0.45 mg

® Thinking Process
In this problem we have to find frictional forces on each surface and accordingly we
will decide maximum force.
Ans. (a, b, d, e)
Consider the adjacent diagram. Frictional force on B(f;) and frictional force on A (f,) will be
as shown.
F-t _ F-h _2F-F)
my + Mg T (m/2)+m 3m

Let A and B are moving together a g nmon =

Pseudo force on A = (M) % @gommon
2AF=R) _m 2(F-f)_(F-1)

AT T3 m T2 7 3am 3
A
£ f2
hel B —F

The force (F) will be maximum when
Pseudo force on A = Frictional force on A

Fax —
N max 1:“mAg
3
=O.2><g><g:0.1mg
= Frax = 03mg+ £,

=03mg + (01) g mg = 045 mg

= Hence, maximum force upto which bodies will move together is £, = 0.45mg
(@) Hence, for F = 0.25 mg <F,,,, bodies will move together.

(b) For F =05mg >F,,, body A will slip with respect to B.

(c) For F =05mg >F,,, bodies slip.

3
(';)max =u mgg =(O-1) Xgmxg = O.15mg

(fz)max =R Mg = (0.2) (gj (g)=01mg
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Hence, minimum force required for movement of the system (A + B)
Fmin = (é)max + (f2)max
=015mg + 01mg= 025mg
(d) Given, force F = 01mg < F,.
Hence, the bodies will be at rest.
(e) Maximum force for combined movement £, = 0.45mg.

Q. 12 Mass m moves on a slope making an angle 6 with the horizontal and is
attached to mass m, by a string passing over a frictionless pulley as
shown in figure. The coefficient of friction between m, and the sloping
surface is . Which of the following statements are true?

a) If m, > m, sin 6 ,the body will move up the plane

b) If m, >m; (sin 6+ p cos 0), the body will move up the plane

) If my, <my (sin 6 + n cos 0), the body will move up the plane

d) If m, <my (sin 8 — p cos 0), the body will move down the plane

® Thinking Process
The friction force always have tendency to oppose the motion. Consider the
adjacent diagram.

Ans. (b’ d)
Let m;, moves up the plane. Different forces
involved are shown in the diagram.

(
(
(
(

N = Normal reaction

f =Frictional force

T = Tension in the string
f=uN=pmg cos 0

For the system (m, + m,) to move up
m,g — (mg sin®+ f)>0
= my,g — (mg sin®+pmgcos6)>0
= m, >my (Sin © + p cos 6)
Hence, option (b) is correct.
Let the body moves down the plane, in this case f acts up the plane.

Hence, mygsin®—-f>m, g

= m, g sin®—p mg cos 6>m, g
= m, (sin ® —u cos 8) >m,

= m, < my(sin 6 — u cos 6)

Hence, option (d) is correct.
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Q. 13 In figure a body A of mass m slides on plane inclined at angle 0, to the

horizontal and p is the coefficent of friction between A and the plane. A
is connected by a light string passing over a frictionless pulley to
another body B, also of mass m, sliding on a frictionless plane inclined
at an angle 6, to the horizontal. Which of the following statements are
true?

(@) A will never move up the plane
sin@, —sin 6,

(b) A will just start moving up the plane whenp =
cos 6,

(c) For A to move up the plane, 6, must always be greater than 6,
(d) B will always slide down with constant speed

Ans. (b, ¢)
Let A moves up the plane frictional force on A will be downward as shown.

When A just starts moving up
mg sin ©, + f =mg sin 6,

= mg sin 6, + u mg cos 8; = mg sin 6,
sin 0, —sin 6,
= =2 >
cos 0,

When A moves upwards
f=mg sin0, —mg sin @, >0
= sin B, >sin §; = 0, >6,

Q. 14 Two billiard balls A and B, each of mass 50g and moving in opposite
directions with speed of 5 ms™* each, collide and rebound with the
same speed. If the collision lasts for 107> s, which of the following
statements are true?

(a) The impulse imparted to each ball is 0.25 kg-ms™" and the force on each ball is
250 N

(b) The impulse imparted to each ball is 0.25 kg-ms~
each ball is 25 x107° N

(c) The impulse imparted to each ball is 0.5 N-s

(d) The impulse and the force on each ball are equal in magnitude and opposite in
directions

T and the force exerted on
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Ans. (¢, d) 5 |
Given, m, =m, =50(g)=——kg = — k
g > @) 1000 g 20 g
Initial velocity U) =u; =u, =5m/s
Final velocity (v) = v, =v, =-5m/s
Time duration of collision = 10~%s .
Change in linear momentum = m(v — u)
= il [-5-5]=-05N-s.
20 _
Force = Impulse :Change in momentum
Time 107%s
= O—i = 500N
10

Impulse and force are opposite in directions.

Q. 15 A body of mass 10 kg is acted upon by two perpendicular forces, 6N and
8N. The resultant acceleration of the body is

(@ 1 ms2atan angle of tan™ ( j w.r.t. 6N force

4
3
(b) 0.2 m s~2 at an angle of tan™" [

[SSHINN

J w.r.t. 6N force
(© 1 ms2atan angle of tan™ (%j w.r.t. 8N force

(d) 0.2 m s~2at an angle of tan™" [%) w.r.t. 8N force

® Thinking Process
In this problem, we have to use the concept of resultant of two vectors, when they

are perpendicular.
Ans. (a, ¢)
Consider the adjacent diagram
Given, mass = m = 10Kkg.
F, =6N,F, =8N
Resultant force = F = \|F? + F2 = ,/36 + 64 Fo
=10N
_E:E:1m/32;along R. PN
m 10
Let 6, be angle between R and F,

tan 9, = 8_14
6 3
0, =tan"' (4/3)w.rt F, = 6N
Let 6, be angle between F and F,

tan62=g=

Nlw

0, = tan”' (%) w.rt F, =8N
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Very Short Answer Type Questions

1

Q. 16 A girl riding a bicycle along a straight road with a speed of 5 ms™
throws a stone of mass 0.5 kg which has a speed of 15 ms™" with respect
to the ground along her direction of motion. The mass of the girl and
bicycle is 50 kg. Does the speed of the bicycle change after the stone is
thrown? What is the change in speed, if so?

@ Thinking Process
In this problem, we have to apply conservation of linear momentum.
Ans. Given, total mass of girl, bicycle and stone = m, = (50 + 0.5) kg = 50.5kg.
Velocity of bicycleu, = 5m/s, Mass of stone m, = 0.5kg
Velocity of stoneu, =15m/s, Mass of girl and bicycle m = 50 kg
Yes, the speed of the bicycle changes after the stone is thrown.
Let after throwing the stone the speed of bicycle be v m/s.
According to law of conservation of linear momentum,
mu, = MyUy, + My
505x5=05%x15+ 50 xv
2525 -75=50v
2450
V=——
50
v =49m/s
Change in speed = 5 - 4.9 = 01m/s.

or

Q. 17 A person of mass 50 kg stands on a weighing scale on a lift. If the lift is
descending with a downward acceleration of 9 ms™2, what would be the
reading of the weighing scale? (g = 10 ms™?)

Ans. When a lift descends with a downward acceleration a the apparent weight of a body of

mass mis given by
w=R=m(g -a)
Mass of the person m = 50 kg
Descending acceleration a = 9 m/s?
Acceleration due to gravity g = 10 m/s?
Apparent weight of the person,
R=m(g - a)
=50(10-9)
=50N

Reading of the weighing scale = g = % =5Kkg.
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Q. 18 The position-time graph of a body of mass 2 kg is as given in figure.
What is the impulse on the body att =0sandt =4s.

x(m)

0 1 2 3 4 t(s)
Ans. Given, mass of the body (m) =2 kg
From the position-time graph, the body is at x = Owhen t =0, i.e., body is at rest.
~.Impulse att =0, s =0, is zero

Fromt =0s tot =4 s, the position-time graph is a straight line, which shows that body
moves with uniform velocity.

Beyondt = 4s, the graph is a straight line parallel to time axis, i.e., body is at rest (v = 0).
Velocity of the body = slope of position-time graph

:tane=§m/s
4

Impulse (att = 4 s) = change in momentum
=mv —mu
=m(v -u)

o

=- g kg-m/s = -1.5 kg-m/s

Q. 19 A person driving a car suddenly applies the brakes on seeing a child on
the road ahead. If he is not wearing seat belt, he falls forward and hits
his head against the steering wheel. Why?

Ans. When a person driving a car suddenly applies the brakes, the lower part of the body slower

down with the car while upper part of the body continues to move forward due to inertia of
motion.

If driver is not wearing seat belt, then he falls forward and his head hit against the steering
wheel.

Q. 20 The velocity of a body of mass 2 kg as a function of t is given by
v (t) =2t i+t j. Find the momentum and the force acting on it, at
time t = 2s.

Ans. Given, mass of the body m =2 kg. .

Velocity of the body v(t) =2t i +12 j
. Velocity of the body att =2s . A o
v=2x2i+ 27 ] =4+ 4
Momentum of the body (p) = mv . . . .
=2 (4i + 4j)=(8i + 8j)kg-m/s
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Acceleration of the body (a) = 3—\;
:%(Zt i+t2])
=QRi+2t])
Att =2s R
a=(i+2x2))
= @i + 4j)
Force acting on the body (F)= ma o
=2 2i + 4j)
= (4i + 8))N

Q. 21 A block placed on a rough horizontal surface is pulled by a horizontal
force F. Let f be the force applied by the rough surface on the block.
Plot a graph of f versus F.

Ans. The approximate graph is shown in the diagram

fs; max B

............

O| < Static> Kinetic region —»
region

The frictional force f is shown on vertical axis and the applied force F is shown on the
horizontal axis. The portion OA of graph represents static friction which is self adjusting. In
this portion, f = F.

The point B corresponds to force of limiting friction which is the maximum value of static
friction. CD ||OX represents kinetic friction, when the body actually starts moving. The force
of kinetic friction does not increase with applied force, and is slightly less than limiting
friction.

Q. 22 Why are porcelain objects wrapped in paper or straw before packing for
transportation?
Ans. Porcelain object are wrapped in paper or straw before packing to reduce the chances of

damage during transportation. During transportation sudden jerks or even fall takes place,
the force takes longer time to reach the porcelain objects through paper or straw for same

change in momentum as F = Z—Af and therefore, a lesser force acts on object.

Q. 23 Why does a child feel more pain when she falls down on a hard cement
floor, than when she falls on the soft muddy ground in the garden?

Ans. When a child falls on a cement floor, her body comes to rest instantly. But F x At = change
in momentum = constant. As time of stopping At decreases, therefore F increases and
hence, child feel more pain.

When she falls on a soft muddy ground in the garden the time of stopping increases and
hence, F decreases and she feels lesser pain.
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Q. 24 A woman throws an object of mass 500 g with a speed of 25 ms™".

(a) What is the impulse imparted to the object?

(b) If the object hits a wall and rebounds with half the original speed,
what is the change in momentum of the object?
Ans. Mass of the object (m) = 500g = 0.5kg
Speed of the object (v) =25 m/s
(a) Impulse imparted to the object = change in momentum
=mv —mu
=m(v-u)
=05@5-0)=125N-s

(b) Velocity of the object after rebounding
25

=- ? m/s
v'=-125m/s
Change in momentum = m(v' — v)
=05(-125-25)=-18.75N-s

Q. 25 Why are mountain roads generally made winding upwards rather than
going straight up?

Ans. While going up a mountain, the force of friction acting on a vehicle of mass m is

f=pn R =pmgcosb, where 6 is the angle of slope of the road with the horizontal. To avoid

skidding force of friction (f) should be large and therefore, cos6 should be large and
hence, 6 should be small.

That's why mountain roads are generally made winding upwards rather than going straight
upto avoid skidding.

Q. 26 A mass of 2 kg is suspended with thread AB (figure). Thread CD of the
same type is attached to the other end of 2 kg mass. Lower thread is
pulled gradually, harder and harder in the downward direction, so as to
apply force on AB. Which of the threads will break and why?

LLLLLLI L1101
A

2 kg

C

D

Ans. The thread ABwill break earlier than the thread CD. This is because force acting on thread
CD = applied force and force acting on thread AB = (applied force + weight of 2 kg mass).
Hence, force acting on thread AB'is larger than the force acting on thread CD.

Q. 27 In the above given problem if the lower thread is pulled with a jerk,
what happens?

Ans. When the lower thread CD is pulled with a jerk, the thread CD itself break. Because pull on
thread CD is not transmitted to the thread AB instantly.
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Short Answer Type Questions

Q. 28 Two masses of 5 kg and 3 kg are suspended with help of massless
inextensible strings as shown in figure. Calculate 7, and T, when whole

system is going upwards with acceleration = 2m/52(use g=29.8 ms_z).

LLLLLILL L

@ Thinking Process
As the whole system is going upward with an acceleration we have to apply
Newton's laws.
Ans. Given, m, =5Kkg, m, = 3Kkg
g =98m/s?anda=2m/s?

100 7| 17 I

For the upper block
T,-T, -5g =b5a

= I -T,=5(g +a) 0]
For the lower block T, -39 =3a

= T, =3(g +a) =3(98+2)=354N

From Eq. (i) L =T,+5(9 +a)

=354+ 5(9.8+2)= 944N

Q. 29 Block A of weight 100 N rests on a frictionless inclined plane of slope
angle 30°. A flexible cord attached to A passes over a frictionless pulley
and is connected to block B of weight w. Find the weight w for which the

system is in equilibrium.
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Ans. In equilibrium, the force mg sin® acting on block A parallel to the plane should be
balanced by the tension in the string, i.e.,
mgsin®=T =F [~ T=Fgiven] ...(i)
and for block B, w=T=F (D)}
where, w is the weight of block B.
From Egs. (i) and (ii), we get,
w=mg sin®
=100 x sin 30° (-mg =100N)

=100><%N:5ON

Note While finding normal reaction in such cases, we should be careful it will be
N =mg cos 6, where 6 is angle of inclination.

Q. 30 A block of mass M is held against a rough vertical wall by pressing it
with a finger. If the coefficient of friction between the block and the
wall is p and the acceleration due to gravity is g, calculate the minimum
force required to be applied by the finger to hold the block against the
wall.

Ans. Given, mass of the block = M

Coefficient of friction between the block and the wall = p

Let a force F be applied on the block to hold the block against the wall. The normal reaction

of mass be N and force of friction acting upward be f. In equilibrium, vertical and horizontal

forces should be balanced separately.

f=Mg (i)
and F=N ...(ii)

Mg
But force of friction (f) = pN
=uF [using Eq. (ii)] ...(iii)
From Egs. (i) and (iii), we get uF=Mg
or F= Mg
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Q. 31 A 100 kg gun fires a ball of 1 kg horizontally from a cliff of height 500 m.
It falls on the ground at a distance of 400 m from the bottom of the
cliff. Find the recoil velocity of the gun.

(acceleration due to gravity =10 ms?)

Ans. Given, mass of the gun (m;) = 100 kg

h =500m

B 400 m c

Mass of the ball (m,) = kg
Height of the cliff (h) = 500 m
Horizontal distance travelled by the ball (x) = 400 m

From h= Y gt? (.- Initial velocity in downward direction is
zero)
500 = - x 1012
2

t =+/100 =10s
From x:ut,u:E:@:Mm/s
t 10
If v is recoil velocity of gun, then according to principle of conservation of linear momentum,
myv=m,u
=@=ix40=0.4m/s
m, 100

Q. 32 Figure shows (x, t), (v, t) diagram of a particle moving in 2-dimensions.

x y(m)
4
2m-+ 3T
ot
Tm+ 1
1
1 i 1 t 0 1 1 t
1s 2s 3s 1s 2s 3s

(@) (b)
If the particle has a mass of 500 g, find the force (direction and
magnitude) acting on the particle.

@ Thinking Process
To solve this question, we have to find the relation for x and time(t), y and time (t)
from the given diagram.

Ans. Clearly from diagram (a), the variation can be related as
dx
x=t=> —=1m/s
at

=0
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From diagram (b) y=t?
y a?y 2
= — =2t or g, =—3=2m/s
dt Yoa?
Hence, I, =ma,=500x10° x2 =1N (- m=500Q)
F,=ma, =0
Hence, net force, F=\FZ+F =F =1N (along y-axis)

Q. 33 A person in an elevator accelerating upwards with an acceleration of
2 ms™2, tosses a coin vertically upwards with a speed of 20 ms™". After
how much time will the coin fall back into his hand? (g =10 ms?)

Ans. Here, initial speed of the coin (u)=20m/s

Acceleration of the elevator (a) =2 m/s? (upwards)
Acceleration due to gravity () = 10 m/s?
. Effective accelerationa’=g + a=10+2 =12 m/s? (here, acceleration is w.r.t. the lift)
If the time of ascent of the coin ist, then
vV=u+ at
0=20+ (-12) xt
20 5
or t="="g
12 3

Time of ascent = Time of desent

.. Total time after which the coin fall back into hand = (g + g) S = % s=333s

Note While calculating net acceleration we should be aware that if lift is going
upward net acceleration is (g + a) and for downward net acceleration is (g — a).

Long Answer Type Questions

Q. 34 There are three forces F,, F, and F; acting on a body, all acting on a

point P on the body. The body is found to move with uniform speed.
(a) Show that the forces are coplanar.
(b) Show that the torque acting on the body about any point due to these
three forces is zero.

@ Thinking Process
As the body is found to move with uniform velocity hence, we can say that total
force acting will be zero.

Ans. As the body is moving with uniform speed (velocity) its acceleration a = 0.
. The sum of the forces is zero, F;+ F, + F; =0

Fy

F
0 5

Fs
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(a) LetF, F,, F; be the three forces passing through a point. Let F; and F, be in the plane A
(one can always draw a plane having two intersecting lines such that the two lines lie on
the plane). Then F, + F, must be in the plane A.

Since,F; =- (F + F,), F; is also in the plane A.

(b) Consider the torque of the forces about P Since, all the forces pass through P, the
torque is zero. Now, consider torque about another point O. Then torque about O is

Torque =0OPx (F, + F, + F)
Since,F+ F, + F; = 0, torque = 0

Q. 35 When a body slides down from rest along a smooth inclined plane
making an angle of 45° with the horizontal, it takes time 7. When the
same body slides down from rest along a rough inclined plane making
the same angle and through the same distance, it is seen to take time
pT, where p is some number greater than 1. Calculate the coefficient of
friction between the body and the rough plane.

Ans. Consider the diagram where a body slides down from along an inclined plane of inclination

0(= 45°).
On smooth inclined plane Acceleration of a body sliding down a smooth inclined plane
a=gsind
Here, 0 = 45°
. g
a=gsin4s°=—
g NG

Let the travelled distance be s.

Using equation of motion, s =ut + %atz, we get

19
s=0t+ > T
_ar
T2
On rough inclined plane Acceleration of the body a = g(sin 6 — p cos 0)
=g (sin45°— p cos 45°)
- 9(};”) (As, sin 45° = cos 45° = f)

. . . . 1
Again using equation of motion, s =ut + > at?, we get

or S

s=0(pn+ 1901 7y

"
g(l-wpT?
242

N

.. (i)

or S =

From Egs. (i) and (ii), we get
97 _g(-p)p’T?

2V2 242
or (1-pp® =1
1
or T-p=—

o)
1
[ p°
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Q. 36 Figure shows (v, t), and (v, t) diagrams for a body of unit mass. Find
the force as a function of time.

Ans. Consider figure (a) v, =2t for0<t <1s
=2 @2 -t)for1<t <2s
=0fort >2s.
From figure (b) v, =t for0<t <1s
=1fort >1s
av
Fe=ma,=m d;‘
=1x2 forO<t <1s
=1(-2) for1<t <2s
for2 <t
v v
(ms™) (ms™)
2+ 2+
1T 1T
t 1 1 t
1s 2s 1s 2s 3s
(@ (b)
F av,
=ma, =m—=
y Y at
=1x1for 0<t <1s=0Ofor 1<t
Hence, F=F,i+F]j
=2i+] for0<t <1s
=-2i for1<t <2s
=0 fort >2s.

Q. 37 A racing car travels on a track (without banking) ABCDEFA. ABC is a
circular arc of radius 2 R. (D and FA are straight paths of length R and
DEF is a circular arc of radius R =100 m. The coefficient of friction on
the road is u =0.1. The maximum speed of the car is 50 ms™". Find the
minimum time for completing one round.
A_F

® Thinking Process
The necessary centripetal force required for the circular motion will be provided by
the frictional force.
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2
) - . m
Ans. Balancing frictional force for centripetal force m_f- ulN=umg
r

where, N is normal reaction.

81

v =urg (where, ris radius of the circular track)
For path ABC Path length = % (2m2R)=3n R =3 x100
= 300mm
v, = Ju2Rg = /01 x2 x100 x 10
=1414m/s
- 300m _ 6665
1414
For path DEF Path length = % @emR) =" X21 0 _ 5or
V, = JuRg =,/01x100 x 10 = 10m/s
t, =ﬁ=5ns=15.7s
10

For paths, CD and FA

Path length =R+ R =2R =200m

200
ty="—-=40s.
50
.. Total time for completing one round
t=t,+t, +t; =666+ 157 + 40=2863s

Q. 38 The displacement vector of a particle of mass m is given
r(t)=1i Acoswt +j B sin ot.
(a) Show that the trajectory is an ellipse.
(b) Show that F = - mo’r.

® Thinking Process
To find trajectory, we will relate x and y in terms of constants A and B.

Ans. (a) Displacement vector of the particle of mass mis given by
r(t)=iAcoswt + jBsin ot

Displacement along x-axis is,

x = Acosot
X
or — =C0S o!
A
Displacement along y-axis is,
and y =Bsin ot
or Y sin ot
B
Squaring and then adding Egs. (i) and (i), we get
2
%+ gzcoszmt +sin ot =1

This is an equation of ellipse.
Therefore, trajectory of the particle is an ellipse.

by
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(b) Velocity of the particle
ar

V= :ig(ACOSmZ)+ig(Bsinmt)

at dt at
=i[A(sinwt). o]+ j[B(cos wt). o]
=i Aosinet + } Bwcos ot

Acceleration of the particle (@)= v

or a=-iAoL (sinet)+ j Bo(cos of)
d dt

=—i Ao[cos ot]. ® + | Bo [ sin ot]. o
=-i Aw? cos of - ] Bw?sin ot
= - o?[i Acos et + j Bsin wt]
=-o’r
..Force acting on the particle,
F=ma=-m o, Hence proved.

Q. 39 A cricket bowler releases the ball in two different ways
(a) giving it only horizontal velocity, and
(b) giving it horizontal velocity and a small downward velocity.
The speed v, at the time of release is the same. Both are released at a

height H from the ground. Which one will have greater speed when the
ball hits the ground ? Neglect air resistance.

® Thinking Process
The horizontal component of velocity will remain unaffected by gravity.

Ans. (@) When ball is given only horizontal velocity Horizontal velocity at the time of release

(ux) = VS
During projectile motion, horizontal velocity remains unchanged,
Therefore, V, =U, =V
. - : 2 2
In vertical direction, vy =uy + 2gH
v, = 2gH (ruy, =0
T .
H
J i Vs
I
1
i
_____ \
vy v

~.Resultant speed of the ball at bottom,

v= Vi)
= V2 + 2gH .0
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(b) When ball is given horizontal velocity and a small downward velocity

Vs
u l
1
I
i
1
Hi
1
I
1
I
1 : Vs
1
I
1
1
Ty
Vy
Let the ball be given a small downward velocity u.
In horizontal direction Vi =U, =V
In vertical direction v =u® + 2gH
or v, =\u” +2gH
~.Resultant speed of the ball at the bottom
V= \/V'i + v')% = \/vi +u? +2gH ()]

From Egs. (i) and (ii), we get V'>v

Q. 40 There are four forces acting at a point P produced by strings as shown in
figure. Which is at rest? Find the forces F, and F,.

2N480145° 71N
45°

90° Fo

Fy

® Thinking Process
To balance the forces, we have to resolve them along two mutually perpendicular

directions.
Ans. Consider the adjacent diagram, in which forces are A2
resolved. . ' . y L 1AB
On resolving forces into rectangular components, in
equilibrium forces (F1 + % J N are equal to +/2 N and o NT45°Cl45° A1 N
. 1 2 D"
F, is equal to [\E + ﬁj N. > 5 Fi 145
1 F X
F+-—==+2 2
2
1 2-1 1
F=v2-—=5"—=——=0707N
! 222
and F,=2+ =23 1N- 3 No2a2in
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Q. 41 A rectangular box lies on a rough inclined surface. The coefficient of
friction between the surface and the box is p. Let the mass of the box be m.
(a) At what angle of inclination 0 of the plane to the horizontal will the
box just start to slide down the plane?
(b) What is the force acting on the box down the plane, if the angle of
inclination of the plane is increased to a > 6?
(c) What is the force needed to be applied upwards along the plane to make
the box either remain stationary or just move up with uniform speed?
(d) What is the force needed to be applied upwards along the plane to
make the box move up the plane with acceleration a?
Ans. (a) Consider the adjacent diagram, force of friction on the box will act up the plane.
For the box to just starts sliding down mg
sin®=f=pN=pn mgcos6
or tanO=p = 0 =tan '(u)

(b) When angle of inclination is increased to a >6, then
net force acting on the box, down the plane is
F=mgsina—f=mgsina-uN
=mg (sino — 1 Cos a).
(c) To keep the box either stationary or just move it up with uniform speed, upward force
needed, F, =mg sina +f=mg (sina + p cos a) (In this case, friction would act down
the plane).

(d) If the box is to be moved with an upward acceleration a, then upward force needed,
Fy =mg (sina + pcosa) + ma.

9

Q. 42 A helicopter of mass 2000 kg rises with a vertical acceleration of
15 ms 2. The total mass of the crew and passengers is 500 kg. Give the
magnitude and direction of the (g = 10 ms™?)

(a) force on the floor of the helicopter by the crew and passengers.
(b) action of the rotor of the helicopter on the surrounding air.
(c) force on the helicopter due to the surrounding air.
Ans. Given, mass of helicopter (m,) = 2000 kg
Mass of the crew and passengeres m, = 500 kg
Acceleration in vertical directiona =15m/s? (T)and g = 10m/s? (¥)
(a) Force on the floor of the helicopter by the crew and passengers
m,(g +a)=500(10+15)N
500x25N =12500N
(b) Action of the rotor of the helicopter on the surrounding air = (m, + m,)(g + a)
= (2000 + 500) x (10+ 15) = 2500 x25
= 62500 N (downward)
(c) Force on the helicopter due to the surrounding air
=reaction of force applied by helicopter.

=62500 N (upward)
Note We should be very clear when we are balancing action and reaction forces. We
must know that which part is action and which part is reaction due to the
action.



