NCERT solutions for class 11 physics chapter 5 laws of motion exercise
Q5.1 (a) Give the magnitude and direction of the net force acting on

(a) a drop of rain falling down with a constant speed

Answer:

Since the drop is falling with constant speed, so the net acceleration of the drop is zero. This

means net force on the drop is zero.

Q5.1 (b) Give the magnitude and direction of the net force acting on (b) a cork of mass 10 g

floating on water,
Answer:

Since the cork is floating on the water, that implies the gravitational force of cork is balanced by

the buoyant force. Thus net force acting on cork is zero.

Q5.1 (c) Give the magnitude and direction of the net force acting on (c) a kite skillfully held

stationary in the sky,
Answer:

Since the kite is stationary in the sky, thus according to Newton's law, the net force on the kite is

Z€10.

Q5.1 (d) Give the magnitude and direction of the net force acting on (d) a car moving with a

constant velocity of 30 km/h on a rough road,

Answer:



Since the car is moving with constant velocity thus the net acceleration of the car is zero. Thus

net force acting on the car is zero.

Q5.1 (e) Give the magnitude and direction of the net force acting on

(e) a high-speed electron in space far from all material objects, and free of electric and magnetic

fields.

Answer:

Since the electron is free from the electric and magnetic field so net force acting on the electron

1S zero.

Q5.2 (a) A pebble of mass 0.05 kg is thrown vertically upwards. Give the direction and

magnitude of the net force on the pebble,

(a) during its upward motion

Answer:

During upward motion, the force acting on the pebble is only the gravitational force which

is acting in a downward direction .

The gravitational force :



Q5.2 (b) A pebble of mass 0.05 kg is thrown vertically upwards. Give the direction and

magnitude of the net force on the pebble,

(b) during its downward motion,

Answer:

Since the pebble is moving in the downward direction the net force acting is also in

the downward direction .

The net force is the gravitational force.

Gravitational force:-

= mg

or = (0.05)10

= 0o N

Q5.2 (¢) A pebble of mass 0.05 kg is thrown vertically upwards. Give the direction and

magnitude of the net force on the pebble,

(c) at the highest point where it is momentarily at rest. Do your answers change if the pebble was

thrown at an angle of 45° with the horizontal direction? Ignore air resistance.

Answer:

At the highest point velocity becomes zero for a moment. At this point also, the net force acting

is the gravitational force which acts in the downward direction .

Gravitational force:-



When a pebble is thrown at 45 ° with the horizontal direction then also net force will be the same

gravitational force.
Q5.3 (a) Give the magnitude and direction of the net force acting on a stone of mass 0.1 kg,

(a) just after it is dropped from the window of a stationary train, Neglect air resistance

throughout.
Answer:

Since the train is stationary so the net force acting on the stone is the gravitational force which

acts in the downward direction .

Gravitational force :

F = ma = mg
or= (0.1)10
or= 1N

Q5.3 (b) Give the magnitude and direction of the net force acting on a stone of mass 0.1 kg

(b) just after it is dropped from the window of a train running at a constant velocity of 36 km/h,

Neglect air resistance throughout.



Answer:

Since the train is travelling with the constant speed so the acceleration of the train is zero. Thus

there is no force on stone due to train.

The net force acting on the stone will be the gravitational force which acts in a downward

direction.
Gravitational force:-
F = mg

or= (0.1)10 N
or= 1N

Q5.3 (¢) Give the magnitude and direction of the net force acting on a stone of mass 0.1 kg, (c)
just after it is dropped from the window of a train accelerating with lms 2 , Neglect air

resistance throughout.
Answer:

Just after the stone is dropped, the stone is free from the acceleration of the train. Thus the force

acting on the stone will be just the gravitational force which acts in the downward direction.
The gravitational force is given by:-

F = mg

or= (0.1)10

or= 1N



Q5.3 (d) Give the magnitude and direction of the net force acting on a stone of mass 0.1 kg,

(d) lying on the floor of a train which is accelerating with 1 m s -2 , the stone being at rest

relative to the train. Neglect air resistance throughout.

Answer:

As the stone is in contact with the train thus the acceleration of stone is the same as that of train

ie. 1m/s?.

Thus force acting on the stone is given by :

F = ma

or= 01x1 = 01N

This force is acting in the horizontal direction.

Q5.4 One end of a string of length 1 is connected to a particle of mass m and the other to a small
peg on a smooth horizontal table. If the particle moves in a circle with speed v the net force on

the particle (directed towards the centre) is :

()T
t 2
T —
(ii) !
Aisud
(iii) !
(iv) 0

1" is the tension in the string. [Choose the correct alternative].



Answer:
When the particle is moving in a circular path, the centripetal force will be :
2
mu

Fo= "%
-

This centripetal force will be balanced by the tension in the string.

So, the net force acting is :

2
mu

r

Q5.5 A constant retarding force of 50 N is applied to a body of mass 20 kg moving initially with

a speed of 1551 How long does the body take to stop?
Answer:
We are given the retarding force. So we can find the deacceleration this force is causing.

By Newton's second law of motion, we get :

F = ma

Or_:‘[] — [EU]JH

' 9 R 2
a = — = —25m/s

Now we will use the first equation of motion,
vo= u + at

The final velocity, in this case, will be zero (Since the vehicle stops).



Thus the time taken to stop the vehicle is 6 sec.

Q5.6 A constant force acting on a body of mass 3.0 kg changes its speed
from 2.0ms ! to 3.5ms ! in 25 s. The direction of the motion of the body remains unchanged.

What is the magnitude and direction of the force?
Answer:

Since the velocity of the body is increased by applying the force. This is possible only when the

force is applied in the direction of the motion.
For finding the magnitude of the force, we need to calculate acceleration.
By using first equation of the motion,

vo= u + ail

Thus force can be written as :

F = ma



Q5.7 A body of mass 5 kg is acted upon by two perpendicular forces 8 N and 6 N. Give the

magnitude and direction of the acceleration of the body.
Answer:

The magnitude of the resulting force can be found by :

R = \/F} + F}

or = X-Sz + 62
or= 10 N

Now force direction,

tan® =

or® = 37°

The acceleration of the body is given by :

10
a = — = 2 mf.qz
or D

: 2
2m/s

Hence acceleration of the body is and its direction is the same as of the resultant force.

Q5.8 The driver of a three-wheeler moving with a speed of 36 km/h sees a child standing in the
middle of the road and brings his vehicle to rest in 4.0 s just in time to save the child. What is the
average retarding force on the vehicle? The mass of the three-wheeler is 400 kg and the mass of

the driver is 65 kg.



Answer:
Total mass of the system =400 + 65 = 425 kg
Using first law of motion, we get
v o= u + at
Since the car comes to rest, thus final velocity will be zero.
0 = 10 + al4)
or
—10

a >
a = — = —25m/s

4
So the force required :

F = ma

or — -.I:ﬁ:l * |:—3:"].|
or ' = —1162.5 N
So the magnitude of the force is 1162.5 N and it is retarding force.

Q5.9 A rocket with a lift-off mass 20,000 kg is blasted upwards with an initial acceleration

of 5.0ms 2 . Calculate the initial thrust (force) of the blast.
Answer:

Let the initial thrust be F Newton.



Using Newton's second law of motion, we get
F — mg = ma

or ' = ma + mg

F = mla+g) N

Substituting values in this equation, we get :
F = 20000(5+ 10)

or ' = 3x10° N

Q5.10 A body of mass 0.40 kg moving initially with a constant speed of 10115~ ! to the north is

subject to a constant force of 8.0 N directed towards the south for 30 s. Take the instant the force

is applied to be t = [}, the position of the body at that time to be = = [J , and predict its position
att = —0s, 255, 100s
Answer:

The acceleration of force is given by :

F
hn = —
m
— 8
1 = — = — 20 mf.a-z
0.4
Att=-5s:

There is no force acting so accleration is zero and u = 10 m/s

5 = ut + —m‘.z
"J

“



or
or= — all m
Att=25s:

Acceleration is - 20 m/s 2and u = 10 m/s

5 = ut + —m‘.z
9
_ 1. 5
= 10(25) + —(—20)25°
or 2
or= — G000 m
Att=100s

We have acceleration for first 30 sec, and then it will move with constant speed.

Sofor0<t<30:

s = ut + —at?
l.j

“

1
— 10(30) + 3[—303302

or 2
or= — &700 m

Now fort>30s:



We need to calculate velocity at t = 30 sec which will be used as the initial velocity for 30 <t <

100.

o= u + at

or = 10 + (=20)30 = — 590 mf.w
5 = vt + —m‘.z

Now 2
P L 5

= (—390)70 + —.0.¢t°
or 2
or= — 41300 m

Hence total displacement is : - 8700 + (- 41300 ) = - 50000 m.

Q5.11 (a) A truck starts from rest and accelerates uniformly at 2.0ms ™2 . Att = 10s  a stone
is dropped by a person standing on the top of the truck (6 m high from the ground). What are the

(a) velocity of the stone at t = 115 ? (Neglect air resistance.)
Answer:
The initial velocity of the truck is given as zero.

We need to find the final velocity (at t = 10 s), so we will use the equation of motion :

o= u + at

— 0 + (2)10 = 20m/s

This is the velocity imparted to stone by the truck that's why it is a horizontal component of

velocity.



The stone is dropped at t = 10 sec. so it has travelled 1 sec in the air (11 - 10 =1 s). We need to

find the final vertical velocity.

o= u + at

= 0 + 10(1) = 10m/s

Thus resultant of both the component is the required velocity.

R = \fe'f + ol

Direction :

by 10
tan & = '] = —

Uh 20
or® = 26.57

Q5.11 (b) A truck starts from rest and accelerates uniformly at 2.0ms 2. Att = 10s | a stone
is dropped by a person standing on the top of the truck (6 m high from the ground). What are the

(b) acceleration of the stone at f = 115 ? (Neglect air resistance.)
Answer:
When the stone is dropped, the stone comes only in effect of gravity.

So the acceleration of stone is 10 m/s 2 and it acts in the downward direction.



Q5.12 (a) A bob of mass 0.1 kg hung from the ceiling of a room by a string 2 m long is set into
oscillation. The speed of the bob at its mean position is 17715 ~1 What is the trajectory of the bob

if the string is cut when the bob is (a) at one of its extreme positions
Answer:

At the extreme positions, the velocity of the bob will become zero for a moment. So if we cut the

string at this time, then Bob will fall vertically downward due to gravity.

Q5.12 (b) A bob of mass 0.1 kg hung from the ceiling of a room by a string 2 m long is set into
oscillation. The speed of the bob at its mean position is 17715 ~1 What is the trajectory of the bob

if the string is cut when the bob is (b) at its mean position.
Answer:

At the mean position, the bob will have velocity tangential to the circular path (it will be
completely horizontal). If the bob is cut at this place then it will follow a parabolic path having

only horizontal velocity.

Q5.13 (a) A man of mass 70 kg stands on a weighing scale in a lift which is moving
(a) upwards with a uniform speed of 10 m s °!

What would be the readings on the scale in each case?

Answer:

Since lift is moving with a constant speed or in this case constant velocity so the acceleration

provided to man by lift is zero.

The net force on the man will be zero. So a = 0.



Using Newton's law of motion, we can write :

R — mg = ma

ordt — mg = 0

Thus i = myg

= T0x10 = 700 N

So, reading on weighing scale will be :

70 Kg

Q5.13 (b) A man of mass 70 kg stands on a weighing scale in a lift which is moving
(b) downwards with a uniform acceleration of Hms 2.

What would be the readings on the scale in each case?

Answer:

(b) Using Newton&##39;s law of motion, we have :

R+ mg = ma
or 2 — TO(10) = T0(-5) (Since we took downward direction as negative and upward as
positive).

or i = T00 — 350 = 350 N



Thus the reading on the weighing scale will be :

R 350
_ L2 _ 35Ky
g 0 ‘

Q5.13 (¢) A man of mass 70 kg stands on a weighing scale in a lift which is moving

2

(¢) upwards with a uniform acceleration of 57125~ = . What would be the readings on the scale in

each case?
Answer:

(c) The acceleration of lift is given to be 5 m/s 2. Let us assume the upward direction to be

positive.

Using Newton's law of motion, we can write :
R — mg = ma

or it — TO(10) = 7T0(5)

or it = 350+ 700 = 1050 N

Thus the reading of the weighing scale will be :

R 105
_ 100 s Ky
q 10 '

Q5.13 (d) A man of mass 70 kg stands on a weighing scale in a lift which is moving

(d) What would be the reading if the lift mechanism failed and it hurtled down freely under

gravity?

Answer:



(d) If the lift falls freely then the acceleration of lift will be acceleration due to gravity.
Using Newton's law of motion we can write :

R — mg = ma

or 8 — mg = m(—g)

or i = ml—g) + mg = 0N

Thus the reading of weighing scale will also be zero since there is no normal force.
This state is called the state of weightlessness.

Q5.14 (a) Figure 5.16 shows the position-time graph of a particle of mass 4 kg. What is the (a)

force on the particle for t < 0,1 > 4s, 0 <1 < ds9

X (m‘.lh

Answer:

(1) Fort<0:

In this range the position of particle coincides with time, that implies no motion takes place.

Hence net force on the particle is zero.

(i) Fort>4:



In this range displacement of the particle is not changed so the net force is zero.

(i) For 0 <t<4:

In this range the slope of the position-time graph is constant that means the particle is moving

with constant speed. And hence net force, in this case, is zero.

Q5.14 (b) Figure 5.16 shows the position-time graph of a particle of mass 4 kg. What is the

(b) impulse at t =0 and t =4 s ? (Consider one-dimensional motion only).

x(m‘.lh
AT A
| -
0 4 t(s)
Fig. 5.16
Answer:
Impulse is defined by :
I = muv — mu (Change in momentum).
Att=0s:
3
uw = Dandv = 1 m/js

I = -lléi — 0
or 4

ord = 3 Kgm/s



Q5.15 (i) Two bodies of masses 10 kg and 20 kg respectively kept on a smooth, horizontal
surface are tied to the ends of a light string. A horizontal force F = 600 N is applied to (i) A

along the direction of the string. What is the tension in the string in each case?
Answer:
We will consider A and B in a system. So total mass in the system is = 10 + 20 = 30 Kg.

Thus acceleration of the system is given by :

F
a = —
m

600
= — = 20 mfsz
or al

When force is applied at block A :
Using Newton's law of motion :
F - T = mua

or 600 — T = 10 % 20

Thus T = 400 N



Q5.15 (ii) Two bodies of masses 10 kg and 20 kg respectively kept on a smooth, horizontal
surface are tied to the ends of a light string. A horizontal force F = 600 N is applied to (ii) B

along the direction of the string. What is the tension in the string in each case?
Answer:
We will consider A and B in a system. So total mass in the system is = 10 + 20 = 30 Kg.
Thus acceleration of the system is given by :
600

= — = 20 m;xz
or 30

When force is applied at block B :

Using Newton's law of motion, we can write
F — T = maa

or 600 — T = 20(20)

Thus T° = 200 N

Q5.16 Two masses 8 kg and 12 kg are connected at the two ends of a light inextensible string
that goes over a frictionless pulley. Find the acceleration of the masses, and the tension in the

string when the masses are released.

Answer:



Since both the masses are connected with string so they will have the same acceleration, let say

We will apply Newton's law for each block individually.

For smaller block (8 Kg) :

T — Mg = M, Q)

For larger block (12 Kg) :

The equation of motion is given by :

myg — 1T = mya
Adding both the equations we get :

The acceleration is given by :
(mr - m_.j)
a = )
my + Mg
) 10

i
[

(5
or I

i
.

— 9 i ol
or— < myjs



Now put the value of acceleration in any of the equations to get the value of T.

2
mp — msmy
T = (m — — q
ms + my
( 21,1y )
= (———— g
or mg + My

2w 12 %8 10
- 12 + &

= 96 N

Thus the tension in the string is 96 N.

Q5.17 A nucleus is at rest in the laboratory frame of reference. Show that if it disintegrates into

two smaller nuclei the products must move in opposite directions.

Answer:

Let the mass of parent nuclei be m.

And the mass of daughter nuclei be m jand m ».

Initial momentum is zero since the nuclei is at rest.

But after dissociation, the momentum becomes :

M = my1y + mavs

Using conservation of momentum,

0 = mq1vy + matn



—Iiata

or 1Ty
Thus both velocities have opposite direction.

Q5.18 Two billiard balls each of mass 0.05 kg moving in opposite directions with
speed 6m s~ collide and rebound with the same speed. What is the impulse imparted to each

ball due to the other?

Answer:

Impulse imparted can be calculated by knowing the change in momentum.
The initial momentum of each ball is :

p; = mu = (0.05)6 = 0.3 Kgm/s

The final momentum is given by :

pr = mv = (0.05)(—6) = — 03 Kgm/s
So the impulse is :

I = py — pi

or= —0.3 — 0.3

or= —0.6 Kgm/s

Q5.19 A shell of mass 0.020 kg is fired by a gun of mass 100 kg. If the muzzle speed of the shell

is 80ms~ !, what is the recoil speed of the gun?

Answer:



In this question, we will use the conservation of momentum.

Final momentum = Initial momentum

For initial momentum :

Both gun and shell are at rest initially so momentum is zero.

For final momentum :

The direction of the velocity of the shell is opposite to that of the gun.
So, Pj = Myl — mgVy

The recoil speed of the gun :

Mgl

vV, =
g
.i'.i'-r.-g

0.020 x 80
V, = —— = 0.016m/s
or ¢ 100 x 1000

Q5.20 A batsman deflects a ball by an angle of 45° without changing its initial speed which is

equal to 54 km/h. What is the impulse imparted to the ball? (Mass of the ball is 0.15 kg.)
Answer:

The situation is shown below :



The horizontal components of velocity are to be considered for imparting impulse as vertical

components are in the same direction thus impulse in the vertical direction is zero.
The impulse is given by a change in momentum.

Initial momentum = —si1' cos ©

Final momentum = v cos ©

Thus impulse is = MU cos© — (= mvcos®) = 2mvcos©

or= 2 x0.15 x 15 cos22.5°

or= 4.16 Kg m/s

Q5.21 A stone of mass 0.25 kg tied to the end of a string is whirled round in a circle of radius 1.5
m with a speed of 40 rev./min in a horizontal plane. What is the tension in the string? What is the
maximum speed with which the stone can be whirled around if the string can withstand a

maximum tension of 200 N?

Answer:



We are given, frequency :

40
n = — =

2
60 3
So, the angular velocity becomes :
w = 2lIn

By Newton's law of motion, we can write :

T = -F['rnh‘z'prrr:f
2
mu 2
= = murr
or r

Now, we are given maximum tension and we need to find maximum velocity for that :

2
e
LT
1r_;lr.!r:.r =
T
[ Tmaz -7
Umar = ‘V"—
Thus, m

or = o4.64 mf.a-



Q5.22 (a) If, in Exercise 5.21, the speed of the stone is increased beyond the maximum
permissible value, and the string breaks suddenly, which of the following correctly describes the

trajectory of the stone after the string breaks :

(a) the stone moves radially outwards,

Answer:

The stone should move in the direction of velocity at that instant. Since velocity is tangential at

that moment so the stone will not move radially outward.

Q5.22 (b) If, in Exercise 5.21, the speed of the stone is increased beyond the maximum
permissible value, and the string breaks suddenly, which of the following correctly describes the

trajectory of the stone after the string breaks :

(b) the stone flies off tangentially from the instant the string breaks,

Answer:

(b) This statement is correct as the direction of velocity at the instant of the breaking of the string

is tangential thus stone will move tangentially.

Q5.22 (¢) If, in Exercise 5.21, the speed of the stone is increased beyond the maximum
permissible value, and the string breaks suddenly, which of the following correctly describes the

trajectory of the stone after the string breaks :

(c) the stone flies off at an angle with the tangent whose magnitude depends on the speed of the

particle?

Answer:



The direction of velocity at the instant of breakage of the string is tangential so the stone will fly

tangentially. Hence given statement is false.

Q5.23 (a) Explain why

(a) a horse cannot pull a cart and run in empty space,

Answer:

The horse moves forward by pushing ground backwards. The ground will then give the normal
force to the horse (action-reaction pair), which is responsible for the movement of the horse. In
an empty space, no such force is present so the horse cannot get the push to run forward. Thus, a

horse cannot pull a cart and run in empty space.

Q5.23 (b) Explain why

(b) passengers are thrown forward from their seats when a speeding bus stops suddenly,

Answer:

This is because of inertia. When the bus is moving our body has the same speed. But when the
bus comes to rest, the inertia of our body opposes to stop and continues its motion. That's why

passengers are thrown forward from their seats when a speeding bus stops suddenly.

Q5.23 (¢) Explain why

(c) it is easier to pull a lawnmower than to push it,

Answer:

Because when you pull the lawnmower at some angle, one component of force is in the upward

direction and one in horizontal (to move). The vertical force reduces the effective weight of the



motor which makes it easier. But in case of a push, the vertical force is directed downward which

makes its effective weight even greater than before. That's why it is said 'pull is easier than push'.

Q5.23 (d) Explain why

(d) a cricketer moves his hands backwards while holding a catch.

Answer:

According to Newton's law, we can write :

F = ma
dv
F = m—
or dt
dv
o
Thus dt

It can be seen from the equation that if we increase the impact time then the experienced force

will be lesser.

So a cricketer increases the impact time by taking his hands backwards while holding a catch,

resulting in less force on their hand.

NCERT solutions for class 11 physics chapter 5 laws of motion

additional exercise

Q5.24. Figure 5.17 shows the position-time graph of a body of mass 0.04 kg. Suggest a suitable
physical context for this motion. What is the time between two consecutive impulses received by

the body? What is the magnitude of each impulse?



X (cm)

| 1 | -
2 4 6 & 10 12 14 16 t(s)

Fig. 5.17
Answer:

From the graph, it is clear that the direction of motion is changing after every 2 seconds. And has

the same magnitude after 2 seconds.

This can be understood from a situation that a ball collides with wall elastically in seconds and

returns to the original mean position after 4 seconds.

Since the slope of the graph is changing after every 2 s, so impulse is given after 2 sec. of

duration.

Velocity can be known by calculating the slope of the position-time curve.

= 1072 m/s

o 1n—2 e
or! = 107 m/s

Therefore, the magnitude of impulse is given by = | Change in momentum |
I = |mv — mu|
or= 0.04(— 1072 — 107%)

o= 0.08 x 1072 Kgm/s



Q5.25 Figure 5.18 shows a man standing stationary with respect to a horizontal conveyor belt
. . oy —2 : . :

that is accelerating with 177257~ . What is the net force on the man? If the coefficient of static

friction between the man’s shoes and the belt is 0.2, up to what acceleration of the belt can the

man continue to be stationary relative to the belt? (Mass of the man = 65 kg.)

Tt
[OEO]
Answer:

The net force on the man is given by :

F = ma

or= bGox1 = 65N

The maximum force can be exerted is given by :
F, = pmg

or= 0.20(650) = 130 N

So the maximum acceleration is :

Mgy = MG

or Ymar = HYJ

i E F a
or tmar = 0.2x10 = 2 m [ s



Q5.26 A stone of mass m tied to the end of a string revolves in a vertical circle of radius R. The
net forces at the lowest and highest points of the circle directed vertically downwards are :

[Choose the correct alternative]

Lowest Point Highest Point

(@) mg — Iy mg+ 1

(bymg + Ty mg — 15

(c) g + 1 — [me'%jjfﬁ mg — T + ':”“'%Hfﬁ

@mg—T1 — (mv?))/Rmg+ Ty + (mv?))/R

T3 and V1 denote the tension and speed at the lowest point. T2 and V"2 denote corresponding

values at the highest point.
Answer:

The FBD of stone at the lowest point is shown below :

MIED

Using Newton's law of motion,

mu?
I — mg = —
-



The FBD of stone at the highest point is given below :

"Ja-"‘-
s -
F LFe
s %

Yr

":.l.ll_g_

Using Newton's law of motion we have :

2

mu”

I + mg = —
-

Thus option (a) is correct.

Q5.27 (a) A helicopter of mass 1000 kg rises with a vertical acceleration of 15ms 2 . The crew

and the passengers weigh 300 kg. Give the magnitude and direction of the

(a) force on the floor by the crew and passengers,

Answer:

(a) The normal force on the floor will be the reaction force due to crew and passengers.
Using Newton's laws of motion we can write :

N — mug = m.a

Thus N = m.a + m.g

or= 300(15 + 10)



The direction of normal force on the floor will be vertically upward.

Q5.27 (b) A helicopter of mass 1000 kg rises with a vertical acceleration of 15 m s . The crew

and the passengers weigh 300 kg. Give the magnitude and direction of the

(b) action of the rotor of the helicopter on the surrounding air,

Answer:

(b) In this case, we need to consider helicopter and passengers in a system because we need to

determine the action of the rotor.

So by Newton's laws motion, we have :

R — mg = ma

or It = ma + mg

or= 1300(15 + 10)

or= 32500 N

The direction of the force of rotor on the surrounding will be in the downward direction.

Q5.27 (¢) A helicopter of mass 1000 kg rises with a vertical acceleration of 15 m s 2. The crew

and the passengers weigh 300 kg. Give the magnitude and direction of the

(c) force on the helicopter due to the surrounding air.

Answer:

R — mg = ma



or It = ma + mg

or= 1300{15+ 10)

or= 32500 N

The direction of the force of the rotor on the surrounding will be in the downward direction.

By action-reaction pair, the force on helicopter due to the surrounding is 32500 N and it is

directed vertically upward.

Q5.28 A stream of water flowing horizontally with a speed of 15 m s ! gushes out of a tube of
cross-sectional area 10 2m 2, and hits a vertical wall nearby. What is the force exerted on the

wall by the impact of water, assuming it does not rebound?

Answer:

Firstly we will calculate the mass of water passing through per second :
m = pV

or= pAv

= 10 x 15 x 1072 = 150 Kg/s

or

Force is defined as the rate of change of momentum.

AP
At



Q5.29 (a) Ten one-rupee coins are put on top of each other on a table. Each coin has a mass m.
Give the magnitude and direction of

(a) the force on the 7 th coin (counted from the bottom) due to all the coins on its top.
Answer:

The weight on the 7th coin is due to the top 3 coins.

So required force is equal to the weight of 3 coins =3 mg

This force is acting vertically downward.

Q5.29 (b) Ten one-rupee coins are put on top of each other on a table. Each coin has a mass m.

Give the magnitude and direction of
(b) the force on the 7 " coin by the eighth coin,
Answer:

The eighth coin is placed directly above the 7th coin. Thus the net force experienced by 7th coin
is due to 8th coin (as the 7th coin is in contact with 8th coin only from the top). Hence the force

on the 7 ® coin by the eighth coin is 3 mg.

Q5.29 (¢) Ten one-rupee coins are put on top of each other on a table. Each coin has a mass m.

Give the magnitude and direction of
(c) the reaction of the 6 ™ coin on the 7 ™ coin.

Answer:



Since the 6th coin will experience a force due to 4 coins that are present above i.e., 4 mg.
According to Newton's law of action-reaction pair, the 6th coin will have a reaction force on 7th

coin of magnitude4 mg in the upward direction.

Q5.30 An aircraft executes a horizontal loop at a speed of 720 km/h with its wings banked at

15°. What is the radius of the loop?
Answer:

Convert speed of aircraft in SI units :

V = T20 Km/h = T20 x — = 200 m/s

We are familiar with the following relation :

b

]
tan® = —
rq

or gtan ©

2002
or 10 % tan 15°

or= 1492537 m = 149 Km

Q5.31 A train runs along an unbanked circular track of radius 30 m at a speed of 54 km/h. The
mass of the train is 10 ¢ kg. What provides the centripetal force required for this purpose — The

engine or the rails? What is the angle of banking required to prevent wearing out of the rail?

Answer:



The required centripetal force is provided by the rails , as by Newton's third law of motion,

wheels apply force on the rails and thus rails provides a force on the wheels (action-reaction

pair).

We know that the angle of banking is given by :

tan® = v
rg
1y
or 30 % 10
or= 0.7h

Thus & = 36.87°

Q5.32 A block of mass 25 kg is raised by a 50 kg man in two different ways as shown in Fig.
5.19. What is the action on the floor by the man in the two cases? If the floor yields to a normal

force of 700 N, which mode should the man adopt to lift the block without the floor yielding?

25 kg 25 ke .

(a) (b)

Fig. 5.19



Answer:

Using Newton's law force applied on the block:- F* = ma

or ' = 20 x 10 = 250 N

Weight of man =500 N

Case 1:- When a man is lifting block directly, man is applying force in the upward direction
directly.
The net force on floor : - 250 + 500 = 750 N

Case 2:- When a man is lifting block through pulley :

The net force on floor :- 500 - 250 =250 N

Now it is given that the floor can yield 700 N of the normal force. Thus the man should adopt

case 2.

Q5.33 A monkey of mass 40 kg climbs on a rope (Fig. 5.20) which can stand a maximum

tension of 600 N. In which of the following cases will the rope break: the monkey

(a) climbs up with an acceleration of 6 m s 2

(b) climbs down with an acceleration of 4 m s 2

(¢) climbs up with a uniform speed of 5m s ™!
(d) falls down the rope nearly freely under gravity?

(Ignore the mass of the rope).



Fig. 5.20
Answer:
Given that T max= 600 N.
(a) Acceleration of 6 m s in the upward direction:-
Using Newton's law of motion we can write :
I' — mg = ma
ord = 40(6+10) = 640 N
Thus rope will break.

2in a downward direction:-

(b) Acceleration of 4 m s -
Using Newton's law of motion we can write :
I — mg = ma

orl = 40(10 —4) = 240 N

Thus the rope will not break.

(¢) Upward with a constant speed of 5 m/s:-



Since speed is constant thus acceleration is 0.

I' — mg = ma

or L = 40(0+10) = 400 N

Thus the rope will not break.

(d) Acceleration is due to gravity (in a downward direction):-

Using Newton's law :

I' — mg = ma

or T = 40(—10+10) = O N

Thus the rope will not break.

Q5.34 (a) Two bodies A and B of masses 5 kg and 10 kg in contact with each other rest on a
table against a rigid wall (Fig. 5.21). The coefficient of friction between the bodies and the table
is 0.15. A force of 200 N is applied horizontally to A. What are (a) the reaction of the partition?

What happens when the wall is removed? Ignore the difference between /s and Hk .

2 N—

Fig. 5.21

Answer:

The applied force is 200 N.



The maximum friction force on the system is given by :

F = plmy + mglg

or= 0.15(6 + 10)g—= 225 N

So the net force on partition is 200 - 22.5 =177.5 N.

This will be equal to the reaction of the partition (action-reaction pair). The direction will be

leftward.

Q5.34 (b) Two bodies A and B of masses 5 kg and 10 kg in contact with each other rest on a
table against a rigid wall (Fig. 5.21). The coefficient of friction between the bodies and the table
is 0.15. A force of 200 N is applied horizontally to A. What are (b) the action-reaction forces
between A and B ? What happens when the wall is removed? Does the answer to (b) change,

when the bodies are in motion? Ignore the difference between /s and FHk .

20} H—

Fig. 5.21

Answer:

Consider block A.

The frictional force on block A will be :

fa = pmag

or= 015 xHx 10 = 7.5 N



Thus net force on B due to block A is=200-7.5=192.5 N.

The net force on the partition is 177.5 N.

Using Newton's law of motion we have,

Force
i = —
maq + mgpg
177.5
1@ = —— = 11.83 mfn-z
or o+ 10
For block A :
Fi, = mja

or= 2% 11.85 = 59.10 N

So the required normal force is = 192.15 - 59.15 = 133.35 N.

Q5.35 (a) A block of mass 15 kg is placed on a long trolley. The coefficient of static friction
between the block and the trolley is 0.18. The trolley accelerates from rest with 0.5 m s % for 20 s
and then moves with uniform velocity. Discuss the motion of the block as viewed by (a) a

stationary observer on the ground.

Answer:

(a) Using Newton's second law of motion we can write :

F = ma

or= 15 x 0.5 = 7.5 N Its direction is in the direction of motion of trolley.

The frictional force is [ = H1mMg



or= 018 = 15 =10 = 2T N

Since the frictional force is greater than the applied force so the block will appear to be at rest

when seen by any stationary person.

Q5.35(b) A block of mass 15 kg is placed on a long trolley. The coefficient of static friction
between the block and the trolley is 0.18. The trolley accelerates from rest with 0.5 m s  for 20 s
and then moves with uniform velocity. Discuss the motion of the block as viewed by (b) an

observer moving with the trolley.

Answer:

(b) With reference to the observer moving with trolley, the trolley will be at rest as a pseudo
force will act to balance out the frictional force. In relative motion both are moving together, thus

are rest with respect to each other.

Q5.36 The rear side of a truck is open and a box of 40 kg mass is placed 5 m away from the open
end as shown in Fig. 5.22. The coefficient of friction between the box and the surface below it is
0.15. On a straight road, the truck starts from rest and accelerates with 2 m s 2. At what distance

from the starting point does the box fall off the truck? (Ignore the size of the box).

Answer:

Using Newton's second law of motion we can write :

F = ma

= 40x2 = 80N

Also, the frictional force is given by :



f = pmg

or= 0.15 x40 x 10 = 60 N

Thus net force acting is : 80 - 60 =20 N.

The backward acceleration is :

[

0 _ o
iy = = 0. /5=
b [] 3] }}t’.- 5

s

Now using the equation of motion we can write :

1
5 = ut+ —m‘.z
9

i

1
5 =0+ —(0.5)#

or 2

b
Q5.37 A disc revolves with a speed of 3 rev/min, and has a radius of 15 cm. Two coins are
placed at 4 cm and 14 cm away from the centre of the record. If the coefficient of friction

between the coins and the record is 0.15, which of the coins will revolve with the record?

Answer:



Frequency of revolution is :

J"‘E:E'llr'r-‘ﬁ't:f-'

S|

o

E
o

(1) Case 1 :- When coin is placed at 4 cm :
Radius =0.04 m

Angular frequency :

The frictional force is given by :

f = pmg

or= D15 xmx 10 = 1.om N
Thus the centripetal force will be :

F. = mrw?

or= m % 0.04(0.39)° = 0.49m N

Since frictional force is greater than the centripetal force so coin will revolve around the record.

(i1) Case 2:- When the coin is placed at 14 cm :

Radius =0.14 m



The centripetal force will be :

2
F. = mrw*

or= m x 0.14(0.39)> = 1.Tm N
Since frictional force is lesser than the centripetal force so the coin will slip from the record.

Q5.38 You may have seen in a circus a motorcyclist driving in vertical loops inside a ‘death-
well’ (a hollow spherical chamber with holes, so the spectators can watch from outside). Explain
clearly why the motorcyclist does not drop down when he is at the uppermost point, with no
support from below. What is the minimum speed required at the uppermost position to perform a

vertical loop if the radius of the chamber is 25 m?
Answer:

The motorcyclist does not drop down when he is at the uppermost point because of their weight

and the normal force is balanced by the centripetal force .

Fy + “Ft‘? = Mdcentripetal

&

s

Fy + mg = —
r

(0) r

At minimum velocity, the normal reaction is zero.

So the equation becomes :

2
mg = MUmin
r

Vg

or Ymin



= V20 x 10 = 158 m/s

or

Q5.39 A 70 kg man stands in contact against the inner wall of a hollow cylindrical drum of
radius 3 m rotating about its vertical axis with 200 rev/min. The coefficient of friction between
the wall and his clothing is 0.15. What is the minimum rotational speed of the cylinder to enable

the man to remain stuck to the wall (without falling) when the floor is suddenly removed?
Answer:

Frequency of rotation is :

200 10 ;
= —_— = — J"‘I!:l!'ll.'-‘ﬁ't:f-'

60 3
The required condition so that man will not fall :
mg < f
ormg < pFy

. 2
or My < pmrw

[y
w = I.' —
or \, T
And thus :
10
W omin Illl = 4.71 rad .'w'_l

V05 x3

Thus the required minimum rotational speed is 4.71 rad/s.
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