e Chapter # 3 e
Dynamics
Student Learning Qutcomes
After completing this chapter, students will be able to:_

e [llustrate that mass is a measure of the quantity of matter in an object

e  Explain that the mass of an object resists change from its state of rest or motion
(inertia)

e  Describe universal grawtatmn and gravity. State Ncwton s Law of gravitation.
(Include problems related to gravitation.)

e Define and calculate weight [weight is the force exerted on an object havmg mass

" by a planet's gravity and use w = mg]

e Define and calculate gravitational field strength [Thts mcludcs being able to state
that a gravitaiional field is a region in which a mass experiences a force -due to
gravitational attraction. Students should be able to define gravitational field
strength (g) as forcé per unit mass use the equation gravitational field strength =
weight/mass g = w/m (and know that this is equivalent to the acceleration of free
fall)] :

e Justify and illustrate that use of mechanical and clectronic balances to measure
mass [understanding the internal workings of the clectronic balance is not required;
just how to practically use the instrument in appropriate situations]

e Justify and illustrate the use of a force meter (spring balance) to measure weight.

e Differentiate between contact and noncontact forces

° Differentiate between different types of forces [including welght (gravitational
force). friction, drag, air resistance, tension (clastic force), electrostatic force.
magnetic force, thrust (driving force), and contact force]

e  State that there are four fundamental forces and ‘describe them in terms of their
relates strengths [These are the gravitational, electromagnetic, strong and weak
nuclear forces Students should know that Pakistani scientist won the Noble Prize
for helping prove -that the weak force and the clectromagnetic force are actually
unified] -4

e Represent the forces acting on a body using free body diagrams

State and apply Newton's first law

Identify the effect of force on velocity [It may change the velocity of an object by

changing its direction of motion or its speed]

Determine the resultant of two or more forces acting in the same plane

State and apply. Newton's second law in terms of acceleration

State and apply Newton's third law.

Explain with examples how Newton's third law describes palrs of forces of the

same type acting on different objects
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State the limitations of Newton's laws of motion

Describe and identify states of equilibrium’

Analyse the dissipative effect of friction

Analyse the dynamics of an object reaching terminal velocity
Differentiate qualitatively between rolling and sliding fl’lCl!Ol‘I

Justify methods to reduce friction

Define and calculate momentum

Define and calculate impulse [Use the equation lmpulsc =FAt=mAYV]
Apply the principle of the conservation of momentum to solve simple problems in
one dimension

e Define resultant force in terms of momentum.

Subject Questions & Answers

Q. Whatis dynamics?
Ans. Dynamics:
Dynamics is concerned with the forces that produce change in the motion of bodies
ORIt is the branch of mechanics which dcals with forces and: then action on the motion
of bodies.
OR Dynamics deals with forces and their effects on the motion of objects.

3.1 Concept of Force _ '

Q.1. Define force. Give examples. Also write the types of forces.
Ans. Force: A force is a push or a pull that starts, stops or changcs the magnitude and
direction of velocity of a body.

OR The agency which moves or tends to move, stops or tends to Slop the motion of a
body is called force:

Examples:

. Introduction

.04

e When we are sitting in a car, we push against the scat as the car truns round a
corncr.
- Some forces we apply on other bodies and some are acting on us.
Force applying on objects: Force transfers energy to an object.

Examples: A man who moves a wheelbarrow- with its load. The
man first applies force to lift it and then applies force to push it He
applies a different amount of force on each handle when turning the

wheelbarrow around the corner in order to keep it from tipping over.
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Force acting on us:
e Some forces of gravity acting downward, :
e  The force of friction which helps us to walk on the ground and many others.
Types of forces: There are two major types of forces.
(1) Contact forces (2) Non-contact forces.

d2 Explaln contact force and its examples.

Ans. Contant force: _ _

e A contact force is a force that acts at the point of contact between two objects

e  Applied forces (push, pull and twist) are contact forces.

Examples: Some examples of contact forces are given below _

(i) Friction (ii) Drag " (iii) Thrust (iv) Normal force
(v} Air Resistance (vi) Tension Force (vii) Elastic Force

(i) Friction: It is the forcc that resists motion when the surface of one object comes in
contact with the surface of another..

(i) Drag: The drag force is the resistant force caused by the motion of a body through a
fluid. It acts ‘opposite to the relative motion of any object moving with respect to
surrounding fluid. - ;

(iii) Thrust: It is an upward force exerted by a liquid on an object immersed in it. When
we try to immerse an object in water, we feel an upward force exerted on the
object. This force increases as we push the object deeper into the water. A ship can
float in the sea due to this force which balances the weight of the ship.

(iv) Normal Force: It is the force of reaction exerted by the surface on an object lying on

~it. This force acts outward and perpendlcular to the surface. It is also called the
support force upon the object.
(v) Air Resistance: It is the resistance (opposition) offercd by air when an object falls

: through it. ,

(vi) Tension Force: 1t is the force experienced by a rope when a person or load pulls it.

(vii) Elastic Force: It is a force that brings certain materials back to.their original shapc
after being deformed. Examples are rubber bands, springs, trampoline etc.

u 3. Explain Non-contact forces and its examples.

Ans. Non-contact forces: A non-contact force is defined as the force between two objects

which are not in physical contact. .
Action-at-a-Distance: The non-contact forces can work from a distance. That is why.

these are sometimes called as actlon—at-a-dlstance
"Field Forces: There is always a ficld linked with a non- contact force. Due to this .
property, non-contact forces are also called field forces.
Examples: A few examples-of non contact forces are described below:
(i) Gravitational force  (ii) Electrostatic Force
(iii) Magnetic force (iv) strong and weak Nuclear forces
(i) Gravitational force: When we throw an object upward, it is the gra\'/itatidnal force
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of the Earth that brings it back to the Earth.
"OR The gravitational force is an attractlvc force that exists among all bodies which -
have mass.
Long Range force ;

- The graviational force is a long range force given by Ncwton s law of grawtatlon
Gm; m,

.r2

F=

Where m, and m, are two masses distant r apart and G is constant of gravitation.

Its value is 6.67x 107" Nm? kg~

Examples: '

e An apple falling down from a tree is one of the best examples of |
gravitational force. ; :

e The Sun's gravitational force keeps the Earth and all other planets of
our solar system in fixed orbits.

e  Similarly, the gravitational force of Earth keeps the Moon in its orbit.

Weight: An object resting on a surfacc exerts a downward force | |
called its weight.
(i) Electrostatic force: An clectrostatic force acts between two | force S
charged objects. The opposite charges attract each other arnd snmllar P e
charges repel each other. 77 0% £
Examples: Grawtatlonal force, electrostatic force is also a long - | . ! i
range force. : Fig.33 "~

(iliy Magnetic Force: It is a foree which a magnet exerts on othcr
magnets and magnetic materials like iron, nickel and cobalt.
Example: Iron pins attracted in the presence of a magnet without

\
any physncal contact. B _,/

Magnetic force between the poles: Magnetic force between the: poles, Fig. 3.4 J

of two magnets can be either attractive or repulsive This can be observed very casily by

bringing different poles of two magnets close to each other. Like poles repel and unlike
poles attract cach other.

(iv) Strong and Weak Nuclear Forces:
These are also non-contact forces acting between the subatomic partlclcs

| 3.2 - Fundamental Forces )

Q.4. Into which forces Fundamental forces divided? Explain.
Ans. There are four fundamental forces in nature. These are:

1. Gravitational force 2. Electromagnetic force
- 3. Strong nuclear force 4. Weak nuclear force

(1) Gravitational Force:
The gravitational force is a force that pulls two masses towards each other
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_Gm;m,
—.--—-—-?—-—
2
It is the weakest one among all four fundamental. forces.
e ltisalong-range force.

e [n a way this force extends to infinite distance.

(2) Electromagnetic force:

e [t is the force that causes the interaction between
clectrically charged particles. |

e  Electrostatic and magnetic forces come undcr this |

T

category. X
' Fig 3.5
e  These are long range forces. A moving magnet
Electromagnetic fields: : produces electric current

e  The arcas in which these forces act are called clectromagnetlc: fields.
e  Electromagnetic forces are stronger than gravitational and weak nuclear forces.

(3) -Strong nuclear forces: - _ ‘ |
It holds the atomic nuclei together by binding the protons :
and neutrons in the nucleus over coming repulsive electromagnetic

force between positively charged protons. It is also a short-range | | = " "™ }

force with the order of 107'* m. If the distance between nucleons 5

3 : : " & e binding f of

increases beyond this range, this force ceases to act. :%%;;ﬁ:r}z?m _

e . lectr

(4) Weak Nuclear Farce: b “‘T et
Weak nuclear force is rcsponsnblc for the dnsmtegratlon of a | Ve

nucleus.

Example: The weak nuclear force executes the - decay (beta |
decay) of a neutron, in which a neutron transforms into a proton.

: Fig. 3.7
Process: In the process, a B- particle (clectron) and an uncharged particle called
antineutrino are emitted. In other words, we can say that due to weak nuclear force

radioactive decay of atoms occurs. _
Weak nuclear force is stronger than thc gravitational force but weaker than the

electromagnetic force. It is a short-range force of the order 1077 'm
Q.5. What is weak nuclear torce? Explain the umhcatlon nf weak Nuclear and _

Electromagnetic forces.
Ans: Weak nuclear force: Weak nuclear force is rc5pon51ble for the disintegration of a

_nucleus.

Unification of weak Nuclear and Electromagnetic Forces:
‘A Pakistani Scientist Dr. Abdus Salam dlong with Sheldon Glashow and Steven
Weinberg were awarded in 1979 Nobel Prize in Physics.
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For their contributions to the unification of the weak nuclear force and
electromagnetic force as electroweak force. This is known as Weinberg-Salam Theory.
Electroweak Force: At a very high temperature, the electromagnetic force and wcak
nuclear force is unlf' cd as clectroweak force.

3.3 Forces in a Free - Body Diagram

0.6. Write a note on forces in a free-body diagram. Ko towoe

Ans. Free-body diagrams are used to show the relative magnitudes
and directions of all the forces actmg on an object in a given
situation.

Example: Usually, the ObjCCl is represented by a box and the

Fig. 3.8 (a)
force arrows are drawn outward from the centre of the box in the :
directions of forces-as shown in Fig 3.8 (b). The length of a Nermal force
farce arrow (line) reflects the magnitude of the force and the
arrow head indicates the direction in which the force acts. Friction 'APD’ied_fOfC‘-‘
Each force is labelled to indicate the exact type of force.

External forces: External forces acting on an object may || I TPcige
include friction, gravity, normal force. drag, tension in a string || Weight  Fig. 3.8 (b)

or a human force due to pushing or pulling,

[ 3.4 Newton's Laws of Motion

Q.7. State Newton s fist law of motion. Also Explain it with example

Ans: Newton's first law of motion states that.

Statement: "A body continues its state of rest or of umform motion in a straight line
“unless acted upon by some cxternal force".

Examples No 1: A book placed on a table remains there unless a force is applied to
move it.

Examples No 2: A ball rolling on floor should continue to move with thc same velocity
in the absence of an applied force. But practically, we see that it is not true. The ball
stops after covering some distance. In fact, an opposing force (friction) causes the ball to
stop. '

Examples No 3: When a fast-moving bus stops suddenly, the passengers tend to bend
forward. It is because they want to continue their motion. On the other hand. when the
bus starts moving quickly .from rest, the passengers are pushed back against the scat.
This time, the tendency of passengers is to retain their state of rest. _
‘Examples No 4: A bus moving on the.road should continue its motion without any force
exerted by the engine. But practically. we see that if the engine stops working. the bus
comes to rest after covering some distance. It is because of the friction between the tyres
of the bus and-the road. All the bodies moving on the earth are stopped by the force of
friction,

I\ YOu Were in outer space and throw an ob]cct away where no forcc acted: upon it.
the object would continue to move forever with constant velocity.
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Force: Force is an agency which changes or tends to changc the state of rest or of
uniform motion of a body.
| In simple words, we can say that force causes acceleration,

Q.8. Write a note on Inetia. OR  Explain Inertia.

Ans. Inertia: The property of a body to maintain its state of rest or of umform motion in a -
straight line is called inertia.

Inertia Depends upon mass: The mass of an object is a measure of its inertia. The greater
the mass of an object, the greater is its inertia.

Example: A net force is required to change the velocity of ob_lccts For instance, a net
force may cause a bicycle to pick up speed quickly. But when the same force is applied
to a truck, any change in the motion may not be observed.. We say that the truck has more -
inertia than a bicycle.

Q.9. State Newton's second law ot motion. Also explain its derivation.

Ans. Newton's second law can be stated as: '

Statement: "If a net external force acts upon a body, it accelerates the body in the
direction of force. The magnitude of acceleration is directly proportional to the
magnitude of force and is inversely proportional to the mass of the body.

Explaination: If a net force of magnitude F acts on a body of mass m and produces an
acceleration of magnitude a, then the second law can be written mathematically as.

Derivation: accF

t 2]
and ao —

m
F
So. aoc —
" m
F
or a = (constant) -

The value of constant will be 1. therefore.

a=1]x—
m
or F =ma

Comparison with first law of motion: First law of motion provides the def nition of force
i.e. a force produces an acceleration in a body. By the second law of motion (F = ma), we

can calculate mathematically, the amount of force required to produce a certain.amount

of acceleration in a body of known mass.

Unit: The SI unit of force is Newton (N).
One Newton: One newton is the force which produces an accclcrauon of | ms™ in a body

‘of mass 1 kg. . : IN=1kg ms—2
Q.10. State Newton's third law u! motion. Also Explain forces acts in pairs \\llﬂl
examples.

Ans: Newton's third law is stated as. :
Statement: "For every action, there is always an equal and opposite rcactton
Explanation: Whenever there is an interaction between two bodies A and B, such that the
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body A exerts a force on body B, the force is known as action of A on B. In response to
~ this action, the body B exerts a force on the body A. This force is known as reaction of B
on A. : :
Example: When we press a spring, the force exerted by-our hand on the sf)ring is action.
Our hand also experiences a force exerted by the spring.

On two Ditferent bodies: Since, action and reaction do not act on theisame body but they
act on two different bodies, so they can never balance each other. Thus, Newton's law
can also be stated as:

Another statement: "If one body exerts a force on a second body. the second body also
exerts an equal and opposite force on the first body.

Forces act in Pairs: Forces act in pairs when two objects interact, i.c action and reaction
forces. We often notice a force that seems to make something happen bul usually we-do
not notice the other force involved.

Example No 1: Consider a block lying on a table as shown in Fig 3.11.

The force acting downward on the block is the weight. The block exerts a
downward force on the table equal to its weight w. The table also exerts a reaction force
F,, on the block. The two forces on the block balance each other.and the block remains at
rest. :

Example No. 2: When a bullet is fired from a gun, the bullet movcs in the forward
direction with a force F. This is the force of action. The gun recoils in the backward
direction with a reaction force R (Fig. 3.12).

A
3
B DRI s o ; F
| o ,ﬁ ; ol [
v
w
Fn
Fig. 3.11

3.9 Limitations of Newtons Laws of Motion

0.11. What are the limitations of Newton's laws of Motion? Explain its types.

Ans. Newton's laws of motion can be applied with very high degree of accuracy to the
motion of objects and velocities which we come across in everyday life.

Relaﬂ!risﬁc velocities: The problems arise when we deal with the motion of clementary
particles having velocities close to that of light. These velocitiés are known as relativistic
velocities.

Example: Then some astomshmg result come into play. For example, mass of objeets
starts increasing, length of objects appearing shorter and time duration of events
becomes longer. -

Types of Mechanics: The problems can be solved by two types of mechanics are
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following. X

(1) Relativistic Mechanics  (2) Quantum Mechanics
(1) Relativistic Mechanics: It is concerned with the motion of bodies having a speed
close to that of light so that the behaviour is described by the theory. of relativity rather

than Newtonian mechanics.

(2) Quantum Mechanics: It is the field of physics, that explains how extremely small
- objects simultancously have the characteristics of both partlcles (matter) and waves.
Physicists call this the wave - particle duality. :
Conclusion: The conclusion is that Newton's laws of motion are not exact for all types of
motion, but provide a good approximation, unless an object is small enough or moving
close to the speed of light.

- 3.6 Mass and Weight
Q.12. Explain Mass and weight? '

. Ans. Mass: The characteristic of a body which determines the magnitude of acceleration
‘produced when a certain force acts upon it is known as mass of the body.
Example: The weight of the object is 5kg, it is not true. Infact, 5kg is the mass of the

object. :
e  Mass is a scalar quantity. e [tis denoted by 'm'
e [t remains the same everywhere. e Mass is measured by an ordinary balance.

e  The SI unit of mass is kilogram (kg). .
Weight: The weight of an object is equal to the force with which the Earth attracts the
body towards its centre. :
Example: If | weight 24kg on earth, then my.mass on the moon will be 6 to the weight
on the earth i.e., 4kg on the moon. :

-  Weight is a vector quantity. e [tis denoted by 'W'

e The value of weight does not remains same every where.

e A spring balance is uscd to measure the weight.

e The Sl unit of weight is Newton (N).

3.7 BRUEMENIDEL ad Electromc Balances

Q.13..What is balances scales? Explain the following
(1) Mechanical Balances (2) Electronic Balances (3) Force Meter.
Ans. Balance scales: Balance scales are commonly used to compare masses of objects or
to weigh objects by balancing them with standard weights.
1. Mechanical Balances: Mcchanical balances are of two types.
Type I
-Construction and its use: :
. @ A mechanical balance consists of a rigid horizontal beam that oscillates on a central

~knife edge as a fulcrum.
e It has two end knife edges cqu1d|stant from the centre.
e  Two pans are hung from bearings on the end knife edges. .
e  The material to be weighed is put in one pan. Standard weights are put on the other
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pan. _ :
The deflection of the balance may be indicated by a pointer attaches to the beam.

[
e  The weights on the pan are adjusted to bring the beam:in equilibrium.
Type ll:

There is another type of mechhanical balances which are used to weigh heavy items
like flour bags. cement bags. steel bars etc. These are called mechanincal platform
balances.

Platform balances:
Construction and use:

e  Standard Weights arc not required to use this balance

e Its reason is that the fulcrum of the beam of such a balance is kept very near 10 its
one end. Therefore, much smaller weights have to be put at the other end of beam
to bring it to equilibrium. _ 8

e  These smaller weights have already been calibrated to the standard weights.

(2) Electronic Balances: . . T

Construction: No standard weights are required to use an clectronic %_ﬁ

balancc. Only it h_as to be conncc_tcd. to a power supply Th-crc .arc S /

some models which can operate by using dry cell batteries. An = .-'-'."'_...:_; /

electronic balance is more precise than mechanical balance. \m

Use: When an object is placed on it, its mass'is displayed on its screen. Now-a-days.
clectronic balances also display the total price of the material if the rate per kg is fed to
the balance.

(3)

measures force. It is also called as a newton meter or a spring
balance. | '

Force Meter: A force meter is a scientific instrument that

|

Now a days digital force meters are also available
Mechanical and electronic balances are measure mass of the
objects in kilogrammes or its multiples. On the other hand.
force meter measures force directly in newtons (N).

An ordinary force meter has a spring inside it. Upper end of -' S

the spring is attached 10 a handle. Hg.X19 T9-320
A hook is attached to the lower end the spring that holds the objcct.

A pointer is.also attached to the spring at its upper end.

A scale in newtons is provided along the spring such that the pointer coincides with
zero of the scale when nothing is hung with the hook.

The object to be weighed is hung with the hook. The mass of the object causcs the
spring to compress. : '

The pointer indicates the weight of the object.

In some spring balances, the scale measures the mass which can be rcadily
converted into newtons by multiplying the mass in kg with the vatue of g = 10 ms—2

A digital force meter measures directly the weight of the object in-newtons.
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Q.14. Define friction and dissipative effect of friction with examples?
Ans. Friction: Friction is force that tends to prevent the bodies from sliding over each
other.
Dissipative Effect of Frlctmn Friction is a dlSSIpaIlVC force such as the 'l’l'lCIlOl'l force
between solids or the drag force in motions through fluid. : -
Role of energy: Energy is wasted in doing work against friction. The lost energy appears
in the forms of heat. _ ‘
"~ Example No 1: A very common example of energy dissipation is
‘the rubbing of hands, when we rub our hands, heat is generated
due to friction and our hands become warm. _
Example No 2: Tcmpcraturc of machmcs rises due to friction that
can cause many problems.
Example No 3: Tyres of vehicles wear out after being too hot due
to friction between tyres and road. =~ ‘
Example No '4; Shooting of stars seen in the sky at night-also happen due to friction of
air.

' These are actually asteroids that enter the Earth's atmosphere. As they are moving.
air resistance causes generation of heat. Their temperature becomes so high lhat they
start burning and ultimately disintegrate.

Q.15. Explain sliding friction and its categories.
Ans. Sliding fiction: j
The resistance created by any two objects when sliding against cach other.
Categaries: Sliding friction can _be'divi_d'ed into two categories.
(1)- Static friction (2) = kinetic friction |
(1)  Static friction: The static fiction is a force that keeps an object at rest.
Explanation: Let us consider the motion of a block on a . ' ]

horizontal suiface. The arrangement is shown in Fig. 3.22.1 = ET
When a weight is put in the.pan, a force F = T equal to the] -* : -—1

Fig. 3.21 Rubbing hands

e
T

sum of this weight and weight of the pan acts on the-block.|™ - '
Fig. 3.22

This force tends to pull the block. At the same time an
opposing force appears that does not let the block move. This
.oppsing force is the static friction Fs. _
Kinetic Friction: The force that acts on an objcct in motion, opposing its effects.
Explanation: If we go on adding more weights in the pan one by one in small steps. a
stage will come when the block-starts sliding on the horizontal surface. This is the limit
of static friction that is equal to the total weights including pan.
When the block is sliding, friction still exists. It is known as kinetic friction.

Q. 16. Define terminal velocity. Write its principle and explain it.
Ans. Terminal velocity: The'highest velocity attained by-an object falling through a fluid
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is called terminal velocity.
Explaination: When an object falls freely. it is accelerated by an amount g = 10 ms 2 But
practically the.acceleration may be different. Air resnstancc plays an. :mpoﬂant rolc m
determining how fast an object accelerates when it falls. ST SR, mm
Example: If we drop a cricket ball and a piece of Styrofoam of__‘ P '_"" PRI

the same weight from a certain height, they will hit the ground at|. . -

the same-time only if there were no air resistance. Both would fall | 3
with the same acceleration g = 10 ms-2. Practically the ball, in air.| = " AL
would drop faster. The Styrofoam having larger surface would | i /a3 fsdirs
face greater opposing force of the air. :
Principle: The faster an object falls the more air resistance will be

exerted. on it. A speed is finally attained at which the upward| Fig.3.23 s

b : . : A falling with
force of air resistance balances the downward force of gravity.| " larmealvelotty

When this happens, the object stops accelerating. It keeps falling at a constant velocity..

Even a heavy object like'a meteorite does not gain an infinite velocity as it falls to Earth.
Example: This principle applies to paratroopers. Air resistance acting against the large
surface area of a parachute allows for descent at a safer velocity.

Q.17. Write an explanatory note on rolling friction. _
Ans. Rolling friction: When an object rolls over a surface the frlctlon produced is called
rolling friction.

Concept of wheel: In our everyday life, we observe 1hat a body with wheels faces less

friction as compared to a body of the same size without wheels.

Concept of ball bearings: Ball bearings also play the same role as is played by the wheels.

Many machines in industry are designed with ball bearings so that the moving parts roll

on the ball bearing and friction is greatly reduced. The rolling friction is about on¢

hundred times smaller than the sliding friction.

Reason: The reason for the rolling friction to be less than the sliding friction is that there

is no relative motion between the wheel and the surface over which it rolls. Thc wheel

touches the surface only at a pognt It does not slide.. N

Q.18. Describe some methods to reduce friction.

Ans. The following methods are used to reduce friction.

(i) The parts which slide against each other are highly
polished.

(ii) Since, the friction of liquids is less than that of solid
surfaces, therefore, oil or grease is applied between the
moving parts of the machinery.

(i) As rolling friction is'much less than the sliding fnctlon
so sliding friction is converted into rolling friction by |
the use of ball bearings in the machines and wheels

lmdcl the heavy objects. lFlg- 3.25 Strem:l;r;:; :g\:lga\:v over

(iv) Frictional force does not act only among solids, high speed vehicles, acroplancs

studyplusplus.com



and ships also face friction while moving through air or water. If the front of a

vehicle is flat, it faces more resistance by air or water. Therefore, the bodies

moving.through air or water are streamlined to minimize air or water friction.
Streamline flow: The air passes smotthly over the slanting surface of vehicle. This type of
_flow of air is'known as streamline flow. '

3.9 Momentum and Impulse

Q. 19. What is momentum and impulse? Derive the relation betwean momentum and

impulse.
Ans. Momentum: Momentum of a body is the quantity of mouon it possess due to its mass
and velocity.
Formula: The momentum of a body is given by the product of its mass (m) and reloicty (v).
P=myv :
Unit: The unit of momentum is kg ms-!. It can also be written ‘as (Ns).
Vector quantity: Momentum is a vector quantity because it nceds magnitude. unit and
direction for its description.
Impulse: Impulse is defined as F x At or m Av cqual to the total change in momentum.
Therefore, Impulse = F x At=mAv
Dividing by at,

m(Av]
oA
Where m( Av) is the change in momentum Ap.
Above equation gives us the value of force in terms of momentum i.e. force acting

on an object per unit time. podp
_ : At

When a large force F acts on an object for a short interval of time, the impulse of
the force is defined as the total change in momentum of the object.

Explanation: It is very difficult to calculate the exact magnitude of the force. However.
initial velocity vi of the ball and final velocity vy after collision can be found casily.

Derivation: During a time intevral. the average acceleration is given by.
Av - Vi =Y

At At g

According to Newton's second law of motion the value of average force acting
during the interval At will be e RN,
"F=ma
m[Av}
P e v

or FxAt=m(Av)
FxAt=m(ve-vi) :
* Where F and At cannot be exactly known but their product which is equal to the
change of momentum (mvg— mv;) can be calculated.
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Newton's second law of motion in terms of momentum.
The rate of change of momentum of a body is qual to the force on it.
Ap
F=—
So . R <
The direction of change in momentum is that of the force.

BENIERTE Frinciple of Conservation of Momentum
Q. 20. State and explain the principle of conservation.of momentum.,

Ans: System: The collection.of objects is known as system. = ;-\

Isolated system: If no external force acts on any object of the (ﬁ‘) &

system, it is known as isolated system. ook

Consider a system of two balls of masses m, and m, ‘ C ) -

Before collision: Suppose that the balls are moving with velocities 5 mi. ¥,

vi and v along a straight line in the same direction. A CHit
Total momentum of the system before collision = m,v, + m,v, Fig. 3.26

After collision:

After sometime, they collide with each other and their velocities become v, and v,
Total momentum of the system after collision =m, v, + m, v,

The final momentum is equal to the initial momontum O— {w=0
Total momentum of the system before collision = Total F,F
momentum of the system after collision. _ (‘i )
SO, MVpFmV,=m, vy +m, vy L | ; L EET R
Explanation: To explain this principle, let us consider the &) =
collision of two identical balls in which the second ball is at rest. Fig. 3.27

The principle of conservation of momentum is applicable not only to-macro-objects
but also for micro-objects like atoms and molecules.

When there is collision of two balls, there is a transfer of momentum from one ball
o another. The ball at rest gains momentum and starts moving whereas the striking ball
slows -down. If the balls are identical, we will observe that there is a total transfer of
momentum. The striking ball comes to rest and the other ball starts moving with the same
speed. It means that second ball gains momentum equal to that lost by the first one. If the
first ball stops after collision, the second ball moves with the momentum of the first ball.
This suggests that the total momentum of the-two balls after collision remains the same
as total momentum before collision. '

© 50, MV, +m,; v =m vy +myy,

Conceptual Long Qaaé_tions

1. Explain the concept of centripetal force. Derive the expression for the force
required to keep an object moving in a circular path.

Ans. Centripetal force is the force that acts on an object moving in a circular path.
directed toward the center of the circle or the axis of rotation. This force is
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rcsponsnble for changlng the direction of the .object to keep: it movmg »along the
circular path rather than in s straight line. ., - = .0 ., a0 o .00
The ccntnpctal force F. can be denvcd from.the requnrement that an ObjECt movmg
in a circle with radms r and velocity v.

WY f" _.'

Y

: \
Centripetal acce'leration: 0g=
Centripetal force:
using Newton's second law.
Fo=fi=m— =2
r e
Key points: ' ,‘_-.-" ".-':'"‘ s’ 4 ® e i

The direction of centnpeta.r forces. towards the: centrc
» '-’é_"’;%thout this force, the object would-thove’ tangcntlally due to mertla
Explain the concept of work, energy and powcr. Derlve the work-energy
theorem?
Ans. Work is done when a force is applied to an objcct and the object moves in the
direction of the force.
W =F.d CosO
Energy: Energy is the capacity to do work.

e  Kinetic energy:- Energy of motion: K.E = 3 my?

e Potential energy: P.E= mgh

Power: Power is the rate at which work is done. P= —
Work-Energy theorem: t

The net work donc on.an Objccl is equal to its change in kinetic encrgy
1
Whet = AK.E = Em(vi s o

Proof: Using Newton's second law.

A s
F=ma and a= E-L,‘S—vi—
iy
V; -V,
We=FS = m-is
W=AKE.

J// Examples 4

A 10 kg block moves on a frictionless horizontal surface with an

acceleratmn of 2ms-2. What is the force acting on the block?
Solution:

‘Mass of ablock = m = 10kg

Acceleration = a = 2ms—2
Force =F = ?
By Newton's second law of motion

-4}
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F = ma
So. F = 10kg x 2 ms2
F = 20N
Thus, the force acting on the block is 20N.

EEITIEIERZ A force of 7500N is used to move a truck of mass 3000kg. Find the
accelration produced in the truck. How long will it take to accelerate the truck
from 36kmh-2 to 72kmh-2 speed?

Solution:

Mass of truck = m = 3000kg
Force applied = F = 7500N
Acceleration = a = 7 -
[nitial speed = v; = 36kmh-!
M, = 36X10001n ::loms_!
60x 60s
Final spced = vy = 72kmh-!
s 7‘2)(_100_0Im — 20ms™"
60x 60s
By Newton's second'Law,
F = ma
or a= —
m
7500m =
I3 =2.5ms™>
'SO, 2 = 3000ke =2.5ms
By, first equation of motion
Ve = v; +at or
X=X
t = —=
. . _a_‘ ¥ '
' : -1 -1
S 1.5 e -20ms. . lG:ms =k
2.5ms -

Thus Time takcn to accelerate the truck is 4s.

k] A bullet of mass 15g is fired-by a gun.: It the velocity of the bullet is
150ms-1 what is its momentum?

Solution: .
Mass of' bullet = m

= 15g = 0.015kg
Velocity of bullet= v = 150ms-!
Momentum = p = ?
as p = mv
. So, p = 0.015kg x 150 ms—2
p =2.25kgms™! '

Thus the:momentum of bullet is 2:2 kgms*‘
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FEITICIEN A cricket ball of mass 160g is hit by a bat. The ball leaves the bat with
a velocity of 52ms-'. If the ball strikes the bat with a velocity of —28ms-'
(opposite direction) before hitting, find the average force exerted on the ball by

the bat. The ball remains in contact with the bat for 4><10‘33
Solution:

Mass ofball- =ms= 160g=.0.16kg
Initial velocity = v, = -28ms-
Final velocity = v¢ = 52ms-!

' Time of contact =t = 4x103s
Average force=F =2?
Using formula:

Fo 0.16kg[52ms ™’ —(~28ms™! )] |
o 4x107%
F = 3200N

Thus, the force exerted on the ball is 3200N by the bat..

SEINTCEIERR A bullet of mass m, is fired by a gun of mass m,. Find the velocity of
~ the gun in terms of velocity of bullet v, just after firing.
Solution: Before firing, the velocity of bullet as well as that of gun was zero. Therefore,
total momentum of bullet and gun was also zero. After firing, the bullet moves forward
with velocity v whereas the gun moves with velocity v,.
According to law of conservation of momentum.

Total momentum before firing = - Total momentum after firing
So, 0 = mv, + myvy :
or, myvy = —myv,
- -mv
i = 1Y)
My

: ‘Thus, the negative sign in this equation, indicates that the gun moves backward. i.c.
opposite to the bullet. It is because of the backward motion of the gun that the shooter
gets a jerk on his shoulder.

3 A ball of mass 3kg moving with the velocity of 5ms™ collides with 2

stathnary bail of mass 2kg and then both of them move together. If the friction
is negligible, find out the velocity with which both the balls will mave after

collision.
Solution: . . _
Mass of first ball = m, = 3kg
Velocity of first ball = v; = Sms-1
before collision
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Mass of second ball = m, = 2kg
Velocity of second ball = v, = 0
Velocity of both the balls after collision =v =?
Total mass of balls after collision = m; + m;
By law of conservation of momentum,
Total momentum before collision = Total momentum after collision
mv; + myvy; = (m; + my)v
-3kg % Sms-1I'+ 0 = (3kg + 2kg)v
15kgms-1 = Skg x v
v = 3ms-!
Thus, The velocity with which both the balls will move after collision is 3ms-1.

UulZ
1. Newton's was born in:
(a) January4,1643  (b) January 5, 1643  (c) January 6, 1643  (d) January 7. 1643
2. The weight of 100g mass is: : ;
(a) IN (b) 15N (c) 2N - (d) 3N

INSUWERS:

(a) 2. (a)

. Whatis the name of Newton's famous book?

Ans. The name of Newton's famous book is "Principia Mathematica".

2.  Where and when Newton was born?

Aas. Sir [ssac Newton was born in Lincolnshire on January 4, 1643,

3. Inspace, an astronatut throws a wrench, as a reaction he moves in opposite direction.

Ans. Yes, duc to the conservation of momentum. When the astronatut throws the wrench, the force
exerted on the wrench pushes it forward, and an equal and opposite force pushes the astronaut
backward.

4.  Why tread on the types reduce the chances of skidding?

Ans. On a wet road, the spaces in the tread pattern provide places for water to collect. Therefore, water
does not form a wet layer between the tyre surface and the road surface, where it would reduce
friction and allow the tyre to slip. Thus. tread on the tyres reduce the chances of skidding.

5. Why some frogs can cling to a vertical surface?

“Ans. Some frogs can cling to a vertical surface, such as this leaf, because of the static friction between
their feet and the surface.

6. What happen when a shuttle re-enters the earth atmosphere?

Ans. When a shuttle re<enters the Earth's atmosphere, the friction caused by the atmosphere raises the
surface temperature of the shuttle to over 950°C.

1. Why friction in human joints is very low?

Ans. Friction in human joints is very low because our bodies contain a natural lubricating system.
Conseugqently. though our bones rub against each other at the points as we move. yet bones do not
normally wear out, even after many years of use.

8. Write a note on hovercraft.

Ans. A hovercraft is a kind of ship that can move over the surface of water and ground bmh Air iy
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ejected”underneath by powerful fans forming a cushion of air. The hovercraft moves over the
cushion of air which offers very small resistance.
- 9.  How the momentum of the arrow changes?
Ans. The arrow penetrates into the apple, and in response, the momentum of the apple changes.
. Conversely, the apples applies an oppasing force to the arrow, and in response the momentum of
the arrow changes. . :

10. Why fragile break easily? ;

Ans. Fragile objects such as glassware may break easily due to jerks or by the direct impact with hard
objects during their transportation.

Il.  How to protect fragile? :

Ans. To protect them soft. packing materials are used for these objects. These materials rcducc the
effect of quick change in momentum.

2. How to pack fragile object?

Ans. Special materials like styrofoam, corrugatcd cardboard sheets, bubble wrap are used for the
packing of such objects.

13. What is crumple zone?

Ans. A crumple zone of an automobile is a structural feature designed to compress during an accndcm to
absorb deformation encrgy from the impact. :

4. Where is crumple zone are located?

Ans. Crumple zones are located in front and behind ot‘ the main body of the vehicle.

IS. What is the working of crumple zone?

Ans. Crumplc zone work by managing crash energy absorbing within the outer parts of the vehicle.
rather. than being direcly trasmitted to the occupants. This is achieved by controlled weakling of
outer parts (plastic bumpers etc) of the vehicle, while strengthening of the passenger cabin.

16. How seat belt reduced the chances of hitting the passengers against the windshield of steering
wheel?

Ans. When a moving car stops suddenly. the, passengers move forward toward the Wlndshlcfd scatbelt
prevent the passengers from-moving:. TJuxs s:hances of hlttmg thc passcngcrs agamst thc
windshicld or steering wheel are. rcduccd “ R I I L TR e PR MO F R R

Additional MCQs

T = g v o g -'_"-"' v y ‘ L '-'I".'-' i

1. How-many types forces have; "_Lu;,‘ it *. o . 3 Q‘ wﬁ}‘ :
(a) Four (b) Two , (©) Thrcc . (d) ch
2.  Which force is not a contact fox_-ce'_ 3 __ : .
(a)-Drag"™ (b) Thrust - (¢) Elastic () Gravita_tiongl.‘-.?-‘
3. Force exerted by a liquid on an object is:
. (a) Friction =" " (b) Drag - ,(©). Thrust O, Ela§t1c i
4. Force experlenced by a rope iss ol i &) o
(a). Tension (b):Elastic - (c) Normal (d) Air rcsmtance
5. : The, force bctween two objects wlm:h are not is phys:cal contact in: ‘_‘3;_-;;\';;...; -j_j _ _';:
(a). Contact i (b): Friction (c). Non'contact: . (d) Drag :™ w4
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6. An apple falling down from a tree is an example of:

(a) Gravitational force (b) Magnetic force °

(c¢) Elastic force m,m (d) Weak and strong force
7. Whatis the value of Gif F=G—-2%?

(a) 6.67x10'"Nm? kg2 ' (b) 6.67%107" Nm? kg

() 6.67x10'Nm? kg? (d) 6.67%10°Nm?kg?

8. A Pakistani Scientist Dr. Abdus Salam along with sheldon Glashow and steven
- weinberg were awarded in:

(a) 1980 (b) 1981 (c) 1970 (d) 1979
9.  Which force is responsible for the disintegration of nucleus?

(a) Strong nuclear force (b) Electromagnetic force

‘(¢) Gravitational force (d) Weak nuclear force

10. Newton was born in:
(a) January 5. 1643 (b)=.lanuary6 1643 (c) January 4, 1643 (d) January 3, 1643
11. The property of a body to maintain its state of rest or in a straight linc is

called: P

(a) Force (b) Inertia (¢) Momentum (d) Impulse
12. Inertia deponds upon: .

(a) Mass - (b) Velocity (c) Displacement (d) Time
13. 1 Newton="? - :

(a) 1 kgms? _.(b) 1 kgms (c¢) lkgm sl “(d) Lkg!misl
14. The unit of force is: '

(a) Meter . (b) Newton (¢) Newton meter (d) Kilogram
1S. Which;of the following relation is correct? .

(@) F‘ ="ma_ (b)) F=m-a (c) F ma e '-('d)"-.F = m/a

16. Layv 0f|ncrtia is'also know as:
(a) Flrst Iaw cxfmot-lom Ry

(b) Spoond law of Inotlpn b

). Thirdlat oEmotion % {22,
17. rThc SI unit‘ahyeight. i W % ‘ , AL Lk e “ Yo
i .-(a) N? wm‘” __:_.. c(b) N{s‘,. g -"g") : ‘_f}‘-' gy **(d)“!(& ~;”"1

'18. SBrln&bahnce is nse tgmsure ‘h \‘:‘-}xf i"‘k: W, J.L- J -rlfut*nn E 'n"\..‘ in
W .(ﬂ*) JTcmpm‘aturc e s,b meﬁfr jt la(cg Mml'i(m 1;}-!’1!“ ,(d,); z‘?ﬂgﬂi“

A massnbekg is nimhp In:atpnn,‘n m‘%wcmc,ungon itiss

2 (3 Prasnd (b)ulﬂN‘mnrw Tl m'&(q& SN’s & rimjy.* ‘*.'\‘(.,s(dﬁ.iﬁlN\, ifr

: ZQ‘ W’élght lsa., := g HAHRRTTIR & )

AL «\(a)e‘-VectpH (b) Scalar (c) Vectoc and scalan (d)Nonc eﬂtl{esg y,

21- 'SI un‘ﬁ"ol‘ mass is: 9%

@)l il ORN T gt ee) msl ‘.ﬁ (d) msﬁ"l‘n.'.g"»'.""-

22 Ozdinary halance ls used to,ufeasnrc.l e “-.a' ' i od e

S5 ;(a}\"l‘empwatu;e. (b) Ma -:--',{.' L (O Wnghtj. 257, (q) Lcngth

.123 "Foﬂz* im*ﬂp'_' ogion, of th enwvmg objectis caﬂcd.- T

) oo, qu Frvton” (o) et P (@) VA
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24.
25,

26.

27.
28.

29.

30.

3l.

Rubbing hands is an example of:

(a) Inertia (b) Momentum (c) lmpu’lsé (d) Friction
How many types friction have?
(a) two (b) three (c) four (d) five
According to law of conservation of momentum recoil velocity of gun:
8). ¥ s W v=v @ VDt @ v
. M ‘m M : o
In isolated system, the momentum after collision of two bodies:
(a) Increase (b) Constant. (¢) Decrease (d) Zero
The product of mass and acceleration is: .
(a) Momentum - (b) Force (¢) Inertia (d) Torque
Which relation is correct? L i "

=m X Pieic P= .y = )
(a) P=mXxy (b) —TV-"_ (c) —-;]- T () P-—v‘xm
SI unit of momentumis: ol :
(a) Ns (b) 1 kgms™! (c) Newton (d) botha.b
Total change in momentum of the object is called: _ _
(a) Impulses (b) Force (c) Inertia - (d) Displacement

cnwers: |

» 2 @ 3 o Y@ 5-E 6 @ 7 ®

- '(d) 9. () 10. (¢) 1T %b) 12. (@)  13. (a) 14. (b)

(c) 16. (a) 17. (c) 18. WSy 19. (a) 20. (a) 21. (a)
. (b) 23. (b) 24, (d) 25. (a)"_26. (a) 7 A {1 28. (b)
. (a) 30. (d) 31.. (a) :

Conceptual MCQs

Newton's first law state that:

(a) Every action has an equal and opposite reaction.

(b) Force equals mass times acceleration.

(c) An object at rest stays at rest unless acted upon by an external force.

(d) The rate of change of momentum is proportional to the appl:ed force.
What is the net force acting on an object moving at constant velocity?
(a) Zero (b) Equal to the mass of the objects

(c) Proportional to its acceleration

(d) Equal to the gravitational force acting on the object

When a car suddenly stops, passenger punch forward due to:

(a) Gravitational force (b) Inertia

(c) Centripetal force (d) Friction

A ball is dropped from a height. Neglecting air resistance, its acceleration is:
(a) Increasing (b) Decreasing (¢) Constant (d) Zero
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10.

11.

12.

13.

14.

15,

- 16.

17.

Two objects of different masses are dropped:from the same: helght in a
vaccuum. They will:

(a) Hit the ground at the same time
(b) Hit the ground at the times due to different masses

(¢) Acceleration differéntly (d) None of‘these above
If the net force acting on an object is doubled, its acceleration will:
(a) Remain constant(b) Be halved =~ (¢) Doubled :

(d) Depend on its velocity

A person standing in an clevator feels lighter when the elevator is:
(a) Accclerating downward (b) Accelerating upward
(c) Moving at constant seed upward (d) Atrest

The force that keeps an object moving in a circular path is callcd

* (a) Centrifugal force(b) Gravitational force(c) Normal force (d) Centripctal force

Which of the following quantitics is a measure of incrtia?

(a) Weight (b) Mass (¢) Velocity (d) Acceleration
A book resting on a table does not fall because:

(a) Gravity acts upward

(b) The table events a downward force equal to the book's weight

(¢) The net force on the book is zero (d) There is no force acting on the book
What is the direction of the net force on an object moving in a circular path?
(a) In the direction of the motion. (b) Tangential to the circle.

(c) Radically inward. (d) Radically outward.

A ball is thrown vertically upward. At the . maximum height, what is the
velocity of the ball?

(a) Zero - - ~(b) Maximum upward -

(c) Maximum downward ' (d) Zero acceleration

Which of the following quantities is not a vector?

(a) Force (b) Velocity =~ (c¢) Displacement (d) Work

If two objects of different masses are dropped from the same height in a
vaccum? What will be their acceleration due to gravity?

(@) The heavier object will accelerate faster.

(b) The lighter object will accelerate faster.

(c) Both objects will have the same acceleration.

(d) Both objects will not accelerate. ' !
A car of mass 1000kg IS moving with a velocity of 20m/s. What is the car's
Kinetic energy?

(a) 10,0001 (b) 200,000J (c) 400.000J (d) 300,000J

A body of mass Skg is acted upon by a constant force of 10N. What will be the

" body's acceleration?

(a) 2m/s?  *  (b) Sm/s? (¢) 10m/s? (d) 50m/s?
The work done by a force is maximum when the angle between the force and
displacement is:

(a) 0° () 45° (©) 9° (d) 180°
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1. (c) . 30y . €& 8 B & s 7. (a)
8. (d 9. (b) 0. ¢)° 1. (¢ 12 @ 13 (@ 14. (c)
15. (b) 16. (a) 17. (a) : -

Additional Short Questions

1. Define Dynamics.

Ans. It is branch of mechanics which deals with forces and their action on the motion ol
bodies:

2. Define force. Give an example.

Ans. Force: The agency which moves or tends to move, stops or tends to stop lhc motion
of a body is called force.
The force can also change the direction of motion of a body.
Example: A door can be opened or closed by applying a force in the form of
pushing and pulling.

3. Give the example of force acting on us.

Ans. The example of forces acting on us are the force of gravity. acting downward, thc
force of friction which helps us to walk on the ground and many others.

4 Give types of forces, Write two examples.

Ans..There are two major lypcs of forccs

Q],, Comacr Eorces 2. Non-'contacl, Forcés',.
"1, Contagtforees: s A s, Ty -
ok A ,contact.forfi: |s.a th:Cﬁ'LPﬁt. acts at. the pomt of contact chwccn two Qb_lecls‘. |
-7“??“??“-»’3"** s “f‘w N S
; dgroe 'SrEF" iped s hf“fomé“hc:_ws?n.two qutzst%ﬂxbwg«arﬁ\? tm
18k A ﬂ'}?}*i??. s'i*m}i’,‘i“.’."i.;"’fl',,"':"-‘-:-* AT A
‘ Mfﬁg@ e :wm. ,a~,Electggst::ﬁlcf«F'on;;:,t,i -:%‘1'_, .

Deﬁné coniact and nonrcontact forcps. AR AT
np..Contacﬁ‘ .’A cgnlact, forcc; is a. forcc' acts at thq pomt of contapt, bctwccn tWO
""""-"objet:ts Apphcd prccs (push pull and twust) are contact’ forces B TR ;
- Non-¢ontact: A non-contact’ force is dcfmcd as the force bctwecn two objects-
whichare not in physncal ccntdcl
6. What is friction?: , " b
Ans. It is the force that rcsnsts motion whcn the surface of' one object comes in contact
¢ WILh,lhil‘.‘.‘Sl_ll‘fHCC qfap.other St S b ey R e
7' _,,Whafus»d}}ag lbrce" T e e gt T o g :I.-::- :
Ans. Drag-*’{‘hc d,rag f‘omc is: lhc rcs:stancc Qrce.cau_spd bqumotﬂﬁsﬁﬁé@JWugh
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. a fluid. It.acts opposite to the relative motion of any object moving with respect to

surroundmg fluid. ;

8.  ‘Whichi lS force of thrust?

Ans t.is :!m upward force exerted by a l:qu1d on an object immersed in it. When we try
1o immerse.an object in water, we feel an upward force exerted on the object. This
‘force increases as we push the object deeper .into the watér. A ship can float in the
"Iséa due to this force which balances the weight of the ship.

9. Define normal force. S

Ans. It is the force exerted by the surface on an object lying on it. This force acts
outward and’ perpendicular to the surface. It is also called the support force upon
the object.

10. What is air resistance?

Ans. [t is the resistance (opposition) offered by air when an object falls through it.

11. What is tension force?

Ans. It is the force experienced by a rope when a person or load pulls it.

12. Define clastic force with example.

Ans. It is a force that brings certain materials back to their original shape aﬂcr being
deformed. Examples are rubber bands, springs, trampoline etc.

13. Define action-at-a-distance.

Ans. The non-contact forces can work from a distance. That is why these are sometimes
called as action-at-a-distance.

14. Define field force.

Ans. There is always a field linked with a non-contact force. Due to this property,
non-contact forces are also called field forces.

15. Define gravitational forces.

Ans. When we throw an object upward, it is the graviational force of carth that brings it
back to the Earth.

16. Define weight.

Ans. An object resting on a surface exerts a downward force called its weight.

17. Define elcctrostatic force.

Ans. An electrostatic force acts betwen two charged objects. The opposite charges attract
each other and similar charges repel each other.

Examples: Like gravitational force, clectrostatic force is also a long-range force.
18. What is magnetic force?

Ans. It is a force which a magnet exerts on other magnets and magnetic materials.
Example: like iron, nickle and cobalt.

19. ‘What is strong and weak nuclear force?

Ans. These are also non-contact forces acting between the subatomic particles.

20. How_many fundamental forces are there in nature? Into which forces
fundamental force are divided?

Ans. There are four fundamental forces 1s nature. These are:
i.  Gravitational force ii. Electromagnetic force
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21.
-Ans.

iii. Strong nuclear force iv. Weak nuclear force

Every force comes under any of these forces. :

What is electromagnetic force?

It is the force that causes the interaction between electrically ‘charged particles.
These are long range forces. Electro-static. and magnetic force come under this

“category. Electromagnetic forces are stronger than gravitational and weak nuclear

22.
Ans.

3
- Ans.

24.
Ans.
25,
Ans.

26.
Ans.

27,
Ans.

28.

Ans.

29.

Ans.

30.
Ans.

forces.

What is strong nuclear force?

e A strong nuclear force is a short-range force.

The strong nuclear force is responsible to keep protons and ncutrons together inside
the nucleus.

Range of this force is of the order of 10-14m.

"What is weak nuclear force?

Weak nuclear force is responsible for the disintegration of a nucleus. For example.
the weak nuclear force executes the B—decay (beta decay) of a neutron, in which a

neutron transforms into a proton. In the process, a B—particle (electron) and an
uncharged particle called antineutrino are emitted. In other words, we can say that

due to weak nuclear force radioactive decay of atoms occurs. However weak
nuclear force is stronger than the gravitational force but weak than the
electromagnetic force. It is a short-range force of the order 10-!7m.

Define neutrino.

In the process, a B—particle (cle‘ctrc'm) and an uncharged particle called a neutrino.
Define electro weak force.

At a very high tempertaure. the electromagnetic force and weak nucler force is
unified as electro weak force. '

State Newton's first law of motion.

A body. continues its state of rest or of uniform motion in a slratght lmc unless acted
upon by some external force.

Define inertia.

The property of a body to maintain its state of rest or uniform motion in a straight
line is called inertia.

What is mass?

The characteristic of a body which determines the magnitude of acceleration
produced when a certain force act upon it is known as mass of the body.

State second law of motion.

If a net external force acts upon a body, it accelerates the body in the direction of
force. The magnitude of acceleration is directly proportional to the magmtudc of
force and is inversely proportional to the mass of the body.

Define one Newton. -

One newton is the force which produces an acceleration of Ims—2 in a body of mass
Ikg. IN = | kgm—2
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31. State Newton's third law of motion.
Ans. For every action there is always an equal and epposite reaction.
-32. Define relativistics velocities.

Ans, The problems arise when we deal with the motion of elementary particles having
velocities close to that of light. These velocities are known as relatives velocities.
For example. mass of objects starts increasing, length of object appearing shorter
and time duration of events becomes longer.

33. Differentiate between mass and weight.

Ans. Mass: The characteristic of a body: which determines the magnitude of‘ acceleration

produced when a certain force acts upon it is known as mass of the body. Mass is a
scalar quantity denoted by 'm'. It reamins the same everywhere. Practically, mass is
measured by an ordinary balance. The SI unit of mass is kilogram (kg).
Weight: The weight of an object is equal to the force with which the Earth attracts
the body towards its centre. By Newton's law, F = ma, the weight of a body"'w' will
be given by w = mg, where g is the gravitational acceleration. As the value of g
varies from place to placc and also with altitude, therefore, the value of weight
“does not remain the same everywhere.

34. What is balances scales? Writc its types.

Ans. Balance scales are commonly used to compare masses of objects or to weigh
objects by balancing them with standard weights.

35. Define mechanical platform balances.

Ans. There is type of mechanical balances which are used to weigh heavy items like

. flour bags., cement bags, steel bars, ete. ‘These are called mechanical plateform
balances.

36. - Define friction. _

Ans. The force that opposes the motion of the moving object is called friction.

37. What is long range force and short range force?

Ans. Long range force act over large distances without physical contact while short
range force act only at very small'distances typically w:th in atomic or subatomic

~ scales.
38. . Write the names of types of friction.
Ans. i.  Static friction. ii.  Kinetic friction

39. Define sliding friction and write its types.
Ans. Sliding friction: The resistance created by any two objects when sliding against

each other. : i
Sliding friction can be divided into two categories.
i,  Static friction ii. Kinetic friction

40. Define rolling friction.

Ans. When an object rolls over a surface, the fl‘lCthl‘l produced is called rolling friction.
" 41. Define terminal velocity.

Ans. The highest velocity attained by an object falling through 2 m\-;x s called \ermina). -

velocity.
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42. Write two methods to reduce friction.

Ans. The following methods are used to reduce friction:

i.  The parts which slide against each other are highly polished.

ii. ~ Since, the friction of liquids is less than that of solid surfaces, therefore oil or gases
is applied between the moving part of machinery.

iii. . As rolling friction is much less than the sliding ‘friction. so sliding friction is
converted into rolling friction by the use of ball bearing in thc machmcs and wheels
under the heavy objects.

iv. Frictional force does not act only among solids, hlgh speed vehicles, aeroplanes and
ships also face friction while moving through air or water. If the front of a vehicle
is flat, it faces more resistance by air or water. Therefore, the bodies moving
through air or water are streamlined to minimize air or water friction. The air
passes smoothly over the slanting surface of vehicle. This type of flow of air is
know as streamline flow. The VCthICS demgned from the front are said to be
streamline.

43. Define momentum write. Its formula and its unit.

Ans. The momentum of a moving body is the product of its mass and velocity. Like
velocity momentum is also a vector quantity. The Sl unit of momentum is kg ms'.
It can-also be written as Ns. Formula: p=mxv

44. Define impulse.

Ans. When a large force F acts on an object for a short interval of time, the impulse of
the force is defined as the total change in momentum of the object.

4S5. State Newtons law of motion in terms of momentum.

Ans. The rate of change of momentum of a body is equal to the force acting on it. The
direction of change in momentum is that of the force.

46. State law of conservation of momentum.

Ans. If no external force acts on an ioslated system; the final total momentum of the
system is equal to the initial total momemtum of the system.

47. Write four examples of contact and non-contact forces. . .

OR Differentiate between contact and non-contaét forees. =~

Ans. Contact: A contact force is a force that acts at the point ‘of contact between two
objects. Applied forces (push a pull and twist) are contact forces. Some other
examples of contact forces are the following. | :
Examples: i. Friction ii. Drag iii. Thrust iv. Normal force
Non-Contact: A non-contact force is defined as the force between two objects
which are not is physical contact. The non-contact forces can work from a distance.
That is why these are sometimes called as action-at-a-distance. There is always a
field linked with a non-contact force. Due to this property, non-contact forces arc
also called field forces. A few examples of non-contact forces are describe bclow

.Example: i.  Gravitational force ii.  Electrostatic force

iii. Magnetic force iv. Strong and weak nuclear forces
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48. What is long range and short range force?

Ans. Long range: Long range act over large distances without phys:cal contact, such as
gravitational, electromagnetic and nuclear weak forces. Example: gravity between
Earth and Moon.

Short range: Short range force act only at very small distance typically within
atomic or subatomic scales, such a strong nuclear force. Example: force holding
protons and neutrons in‘a nucleus.

49, Write the value of G.

Ans. It is a long-range force given by Ncwtons law of graviation F=G—5= m‘rzn where m,
and m> are two masses distance r apart and G is constant of gravitation. Its value is
6.67x10"" Nm3kg2. |

50. State Newton's law of Gravitation.

Ans. Staement: "Every particles in the universe attracts every other panicleé with a.
force that is directly proportional to the product of their masses and inversely
proportional to the square of the distance between their center.

Im”‘

" Mathematically: F=G

§1. State law of inertia.

Ans. "An object will remain at rest, or continue to move in a straight linc at a constant
speed, unless acted upon by an external force."

52. Prove F=ma? |

Ans. Statement: If a net force of magnitude 'F' facts on a body of mass ‘m’ and produce

an acceleration of magnitude 'a', then second law can be ‘written mathematically as:
Derviation: and

So BV e a (constant) —
m m

the value of constant will be I:
a=1x— or F=ma
m

Conceptual Short Questions

1. Why there is link between non-contact force with field?
Ans. Non-contact force are linked to field because field describe how these force arc
transmitted through space. A field represents the region where an object can exert a

force on another object without direct contact such as gravitational clectric or
magnetic fields.
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Ans.

Ans.

Ans.

An_s.

Ans.

Ans.

10.

Ans.

Which forces come under the category of electro-magnetic force?

Force under the category of electro-magnetic force include:- : '
e [EClectric force e  Magnetic force @«  Coulomb force -

These forces arises from electric charges and their motion.

How strong nuclear force make proton does not let them more apart?

The strong nuclear force binds protons and neutrons together in the nuélcus by
overcoming the repulsive electromagnetic force between positively charged
protons. It only at every short ranges (about 10-14 meter) but II. is extremely strong.
ensuring protons remain tightly bound.

Why Newton first law is some time called law of inertia?

Newton's first law is also called law of inertia because it describes an objcct
tendency to resist changes to its states of motion or rest. This property of resisting
change is known as incrtia.

 What is the role of the normal force in maintaining cquilibrium?
. The normal. force is the force exerted by a surface that is perpendicular to the

surface. It supports an object against gravity and prevents it from falling through
the surface. In equilibrium, the normal force balances the gravitational force acting
on an object. -

How docs gravitational force vary with distance from the Earth?

Gravitational force decreases with the square of the distance from the center of the
Earth. The force is inversely proportional to the square of the distance between the
two masses involved. as described by Newton's law of universal Gravitation.

What is the difference between clastic and inclastic collisions?

In an elastic collision. both momentum and kinetic energy are conscrvcd In an
inelastic collision, momentum is conserved but kinetic energy is not.

What is the difference between impulse and momentum?

Momentum is the product of an object's mass and its velocity (p = mv). Impulse, on
the other hand. is the change in.momentum caused by a force applied over a perioid
of time (J =F At). i

What is the difference between static friction and Kinctic friction?

Static friction is the frictional force: that resists the motion between two surfaces in
contact. Kinetic friction, on the other land. is the frictional force that acts when two
surfaces are sliding over cach other. Kinctic friction is usually less than static
friction.

Action and reaction arc always equal and opposntc m dircction. Then- how
does a body move?

According to Newton's third law of motion. action and reaction arc always cqual
and opposite’in direction. But action and reaction always act on.different bodics so
they do not cancel the effect of each other and under this condition of forces the
body-moves irrespective to this, that action and reaction are equal but oppositc in
direction.
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What is power in the context of dynamics?

Ans. Power is the rate at which work is done or energy is transferred. given by:

3.1

3.2

33

3.4

35

3.6

. 3 &

3.8.

39

Q Multiple Choice Q

W
P= T
Where*W' is wark and.:it' is time.

Exercise Questions

-------------------

uestions

Tick (') the correct answer:

When we kick a stone, we get hurt. This is due to:

(a) inertia (b) velocity - (c) momentum (d) reaction

An object will continue its motion with constant acceleration until:

(a) the resultant force on it begins to decrease.

(b) the resultant force on it is zero. :

(¢) the resultant foce on it begins to increase.

(d) the resultant force is at right angle to its tangential velocity.

Which of the following is a non-contact force?

(a) Friction ' (b) Air resistance

(¢) Electrostatic force _ . (d) Tension in the string

A ball with initial momentum p hits a solid wall and bounces back with the
same velocity. Its momentum p’ after vollision will be: .

(@ p'=p - b)p'=—p o8 p'=2p (d) p'=~2p

A particle of mass m is moving with velocity v collides with another priticle of
the same mas at rest. The velocity of the first particle after collision is:

(@) v (b) —v () 0 (d) —1/72
Conservation of linear momentum is equivalent to:

(a) Newton's first law of motion (b) Newton's second law of motion
(¢) Newton's third law of motion (d) None of these

An object with a mass of Skg moves at constant velocity of 10ms~!. A constant
force then acts for 5 scconds on the object and givis it a velocity of 2ms=! in
the opposite direction. The force acting on the objcct"is:

(a) SN . (b) =10N (c¢) -12N s (d) =ISN

A large force acts on an object for a very short interval of tim:c. In this case, it
is easy to determine:

(a) magnitude of force (b) time interval

(c) product of force and time (d) none of these

A lubricant is usually introduced between two surfaces to decrease friction.
The lubricant: :

(@) decreases temperature | (b) acts as ball bearings
(c) prevents direct contact of the surfaces (d) provides rplling friction
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(3) short Answer Questions

3.1.

What kind of changes in motion maybe produced by a force?

Ans: A force can produce the following changes in motion.

3.2

Ans:

3.3

Ans:

3.4.

Ans:

35

Ans,

3.6

Ans.

3.7

Ans.

3.8

Ans.

3.9

Ans.

e Change in speed e Change in direction e Change in shape
These changes depend on the magnitude, direction and point of apphcat:on of the
force.
Give 5 examples of contact forces.
Examples of contant forces are following:
e Friction e  Air resistance e Drag e Tension force .
e Thrust © Electric force e  Normal force
An object moves with constant velocity in free space. How long will the object
continue to move with this velocity?
The object will continue to.move with constant velocity mdcf nitely, as long as no
external force acts on it.
Define impulse of force.
Impulse of Force: Impulse of force is the product of a force and time interval over
which it acts. It equals to the change in momentum of an object. '
Why has not Newton's first law been proved on Earth?
Newton's first law has not been fully proved on Earth because external force like .
friction and air resistance arc always present. It is impossible to completely
eliminate all external forces acting on an object on Earth.
When sitting in a car which suddenly accelerates from rest, you are pushed
back into the seat, why?
You are pushed back into the seat due to inertia, as your body rcs:sts the change in
motion and tends to remain at rest while the car accelerates forward.
The force expressed in Newton's second law is a net force. Why is it s0?
The force in Newton's second law is a net force because it représents the vector sum
of all forces acting on an objects, determining its acceleration according to

Fret = ma - .

How can you show that rolling friction is lesser than the sliding friction?
Rolling friction is less than sliding friction because less surface area is in contact
during rolling, reducing resistance. .
This can be shown by comparing the effort needed to slide an object verses rolling it.
Define terminal velocity of an objcct.
Terminal velocity is the constant maXimum velocity of an object reaches, whcn the
force of air re51stance equals the grawtanonal force acting on it, resultmg IS zero net

accclcratlon
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3.10 An astronaut walking in space wants to rcturn to his spaceship by firing a
hand rocket. In what direction does he fire the rocket? :

Ans. The astronaut fires the rocket in the direction opposite to the spaccshlp to propel
himself toward it, according to Newton's third law of motion.

(® Constructed Response Questions

3.1 Two ice skaters weighing 60kg and 80 kg push off against cach other on a
- frictionless ice track. The 60 kg skater gains a velocity of 4ms-1. Considering
all the relevant calculations involved, explain how Newton's third law applies

to this situation. '

Ans. Newton's third law states that for every action, there is an cqual and opposite
reaction. When the staker of mass 60kg applies a force on the skater of mass 80kg.
the 80kg skater applies an equal and opposite force on the 60kg skater.
Calcualtion: since there are no external force, momentum is conserved.

mvy +myva=0
Mass of the first skater = m; = 60kg
Mass of the sccond skater = m; = 80kg
Velcityof the first skater = v, = 4ms!

"Required:
Velocity of the sccond skater = v, = ?
Formula: m;v; + mpv, =0
Solution: By using m;v; + myv, =0

60kg x 4ms~! + 80kg x v, = 0
240kgms~! + 80v, = 0
240kgms™'
80kg
\2) = —3ms-!
Result: The velocity of the 80kg skater is 3ms-! (The ncgati\}c sign indicates that
the second skater moves in the opposite direction to the first skater)

3.2 Inflatable air bags are installed in the vehicles as safety equipment. In terms of
momentum, what is the advantagc of air bags over scat belts?

Ans. Airbags, compared to scatbelts, offer a significant advantage by increasing the time
over. which the occupant's momentum changes during a collision. This result in a
smaller force exerted on the occupant, reducing the risk of injury.

3.3 A horse refuses to pull a cart. The horse argues, "according to Newton's third
law, whatever force I exert on the cart, the cart will exert an equal and
opposite force on me. Since the net force will be zero, therefore I have no
chance of accelerating (pulling) the cart." What is wrong with this reasoning?

Ans. The horse's reasoning is flawed because Newton's third law involved
action-reaction acting on different objects, not cancelling cach out. The horse
exerts a force on the cart (action) is matched by the cart's force on the horsc

Vi =
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(reaction), but thesc forces act on separate objects.

e To pull the cart, the horse applies a force on the ground. The ground exerts an
equal and opposite reaction force on the horse, allowing it to accelerate forward.

e Simultaneously, the horse pulls the cart, causing the cart to accelerate. The net
force on the system depends on the interation between the horse. cart and ground.

3.4 When a cricket ball hits high, a ficlder tries to catch it. While holding the ball
he/she draws hands backward. Why? ,

Ans. By drawing their hands backward, the ficlder increase the time over which the
ball's momentum changes. reducing the force exerted on their hands and preventing
injury. ‘

3.5 When someone jumps from a small boat onto the river bank, why does the
jumper often fall into the water? Explain.

Ans. When someone jumps from.a small boat, they push the boat backward duc to
Newton's third law. :

-Since the boat is small and light, it moves in the opposite direction as the opposite
direction as the person jumps. This backward motion of the boat can reduce the
jumper's forward momentum. causing them to misjudge their landing and fall into
the water instead of reaching the river bank.

3.6 Imagine that if friction vanishes suddenly from everythmg, then what could be
the scenario of daily life activities.

Ans. If friction vanishes suddenly, most daily activities would become impossible.
People would be unable to walk. as there would be no grip between their feet and
the ground. Vehicles would lose friction and be unable to accelerate, steer, or
brake. Objects would slide indefinitely on surfaces, making tasks like writing.
holding itcms on operating machinery unfeasible. Buildings and structures relaying
on-friction for stabtllty could collapse, leading to wide spread chaos.

(3 Comprehensive Ouestlom

-~ 3.1. Explain the concept of force by practical examples.
Ans. For answer see Q.No. 1,2.3.4.5,6
3.2. Describe Newton's laws of motion.

Ans. Foranswer see Q. No. 7.9, 10
3.3. Define momentum and cxpress Newton's 2nd law of motion in terms of

change in momentum,
Ans. For answer see Q. No. 19
3.4. State and explain the principle of conservation of momentum.
Ans. For answer see Q. No. 20 |
3.5. Describe the motion of a block on a table taking into account the friction
between the two surfaces. What is the static friction and kinetic friction?
Ans. For answer sce Q. No. 15 ‘
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3.6. Explain the cffect of friction on the motion of vehicle in context of tyre surface
and braking force.

Ans. Friction between the tyres and the road surface is essential for vehicle motion. The
tyre tread pattern and rubber compound are designed to maximize this friction.
providing grip for acceleration and braking. The braking force is directly
proportional to the tyre road friction: low friction (c.g. on wet or icy roads) reduces
braking force and increascs stopping distance. Exceeding the maximum static
friction leads to tyre skidding and reduced braking effectivencss. Friction is a force
that opposes motion between two surfaces in contact. In vehicles. friction between
the tyres and the road surface is crucial for both acceleration and braking.

The tyre surface is designed to maximize. friction. The tread pattern (the
grooves and ridges on the tyre) increases the contact area between the tyre and the
road, providing more grip. The rubber compound itself is formulated to have a high
coefficient of friction with various road surfaces (asphalt. concrete. ctc.) A-worn
tyre has less tread, has less tread, reducing the contact arca and thus the friction.
Wet or icy roads also reduce friction because a layer of watcr or ice reduces the
direct contact between the tyre and the road surface.

When brakes are applicd. the braking system acts on the whcclq creating a
torque that tyre to slow the wheels' rotation. This action. however, depends on the
friction between the tyres and the road. The braking force is the force that slows the
vchicle down. This force is directly proportional to the friction force between the
tyres and the road. If the friction is low (e.g on ice). the braking force will be
reduced, leading to a longer stopping distance. The maximum breaking force is
limited by the maximum static friction force between the tyres and the road. If the
braking force exceeds the maximum static friction force, the tyres will skid (kinetic
friction takes over. which is less than static friction). and the braking force will
decrease.

(3 .Numerical Problems 2

3.1. A 10 kg block is placed on a smooth horizontal surlace A harizontal force of
SN is applied to the block. Find:
(a) the acceleration produced in the block.

(b) the velocity of block after 5 seconds.

Sol. Mass of the block = m = 10kg,. Initial velocity = vi = (,
Force applied = F = 5N

time = t = S5
Required: Acccleration = a = ?

Final velocity = v= 7
Formula:  F = ma
' V!' - \"i"'al
Solution:
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(a) By Newton's second law of motion  (b) By first equaiton of motion.

F = ma ' Vi =v;t+at
F v =0+ (0.5ms™2) (5s)
85 v¢ = 2.5ms"!
- ﬁ. =(0.5ms?
a = T0kg a=0.5ms

Thus, a) The acceleration produced in the block is 0.5ms2.
b) The velocity of block after 5 seconds is 2.5ms-1.

3.2. The mass of a person is 80kg. What will be his weight on the Earth? What will _
be his weight on the Moon? The value of acceleration due to gravity of Moon is

: 1.6m s
Sol. Mass =m = 80kg
- Acceleration due to gravity on moon = [.6ms2
Acceleration due to gravity on carth = 10ms—2
Required: |

Weight on Earth = 2
Weighton Moon = ? :
Formula: Weight = Mass x Acceleration due to gravity

Solution:
(a) On Earth (b) On Moon
as w = m X g (Earth) as w =mxg(Moon)
So, w = 80kg x 10ms-2 So, w = 80kg x I.6ms"2
w = 800N w = 128N

Result: a) The weight of a person on the Earth is 800N.
b) The weight of a person on the Moon is 128N.
3.3. What Iorce is required to increase the velocity of 800 kg car from 10 ms~ "o
30ms™ in10 seconds?
Sol. "Mass = m= 800kg
Initial velocity = v;= 10ms-!

Final velocity = vp= 30ms-!
Time = t = 10s
Required:
. Force = ?
Formula: F = ma
Solution:
To find force, first we find acceleration
V.-V,
as a=
So g 30ms™' —10ms™’ .
i 10s
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o5 20ms™"
a - —

10s
a = 2ms=2
Now we find force. )
As we know, F = ma
F = 800kg % 2ms2
F = 1600N

Result: Thus, The force to increase the velocity is 1600N.
3.4. A 5g bullet is fired by a gun. The bullet moves with a velacity of 300 ms™. If
the mass of the gun is 10 kg, find the recoil speed of the gun.

Sol.  Mass of the bullet = my, = 5g =0.005kg
Mass of the gun = my = 10kg

Velocity of the bullet = v, = 300ms™!
Required: _

Velocity of the gun = v, = ?
Formula:

: MpVp+ MgV, = 0
Solution: F _
Total Initiai momentum before fired = Total Final momentum after fired

0= mpVy + Mgy

' my v,
v, = ——2-H
g m,
0.005x 300
vg — S ——
10
1.5
Vs W, -IF
vg = —0.15ms™!

Result: The speed of the gun is 0.15ms~! (the negative sign indicates the gun
moves in the oppsite direction to the bullet). :

3.5. An astronaut weighs 70 kg. He throws a wrench of mass 300g at a speed of
3.5 m s7'. Determine:
(a) the speed of astronaut as he recoils away from the wrench,
(b) the distance covered by the astronaut in 30 minutes.
Sol. Mass of the wrench =m,, = 300g=0.3kg
Mass of the Astronaut =m, = 70kg

Speed of the wrench =v,, = 3.5ms!
Required:

Speed of the astronaut = v =7
Distance covered by the astronaut in 30min-=d =?

|
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Formula:

(a) MyVy - MeVy =72
(b) d =7
-Solution: '

According to law of conscrvation of momentum. the total momentum before the
wrench is thrown is zero, as both astronaut and wrench are initially at rest. -

So, :
a. Initial momentum = Final momentum
as, ’0 = My Vi - MyVa ‘
then. MgV = My
. m“v“'
Vo = m,
0.3%3.5
Mg o o
. 70
- U109
Vs = ——7-—0—
vg = -0.015ms™!
b. Distance = Speed x Time
¢ =20 {t = 30min =230 x 60sec
0 d =0.015 %1800 1= 1800s
d =27m

Result: a. The astronaut recoils with a speed of 0.015ms '. The negative sign
indicates that the astronaut moves in the direction opposite to the wrench.
b. The astronaut covers a distance of 27 meters in 30 mintucs.

3.6. A 6.5 x 10° kg bogie of a goods train is moving with a velocity of 0.8 m s~'.
Another bogie of mass 9.2 x 103 kg coming from behind with a velocity of
1.2ms™" collides with the first one and couples to it. Find the common velocity
of the two bogies after they become coupled.

Sol. Mass of the first bogie =m, = 6.5%103 kg

Mass of the Astronaut = m, = 9.2x10% kg

Velocity of the first bogic = v;=0.8ms !. velocity of the second bogic = v-,—l 2ms'
Required:
Common veloclt) of both bo;,:c-; after they become couplcd =y =
Formula: - -
By law of conservation of momentum.
; myv, + myva = (my +my) vy )
Solution: ' ‘ _
a. Initial momentum = Final momentum

mv,+mpvy; = (ITl| mH)vy
Solution:
(6.5%10%kg) * (0.8ms ')+(9">‘10‘|\L) *(1.2ms 1) = (6. 5*l0‘+92><10‘)v,‘
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3.7.

Sol.

5200 + 11040 = (15.7 x 103)v;
16240 = (15.7 % 10%)v;

16240 -
= V¢ = --—---——-;ms
L 1SRG
vi. = 1.034ms™!

Result: The common ve|ocity of the two bogies after they become coupled is
1.03ms"!.

A cyclist weighing 55 kg rides a blcycle of mass 5 kg. He starts from rest and
applies a force of 90 N for 8 seconds. Then he continues at a constant speed
for another 8 seconds. Calculate the total distance travelled by the cvcllst

Cyclist mass =m; = 55kg
Bicycle's mass =my = 5Skg
Total mass = m, + mg
=55+ 5=60kg
Initial velocity =v;=0ms"!
gsec =F = 90N
Required: TimeAsy p2=8s
Total distance =d =2
Formula. ;
d; = vjti¥gat?
d, =vxt
Solution: First. we calculate the acceleration using Newton's second law
F =ma - :
l'?
g
m
90
S0, a 60

|

a =1.5ms2
Now. we calculate distance d,.

1
dy = viL+ St

di =0+ E (1.5) (8)2 = 48m

For the calculation of d,. we need to calculate the speed.

ve =V tat
ve =0+(1.5)(8)
Vp = 12ms!

Now. we calculate d,
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3.8.

Sol.

d2 =v Xt
d; =12ms1 x 8s

dz =96m
Now, we calculate the total_ distance.
, diotal = C_ll +d;
=48 + 96 = 144m

Result: The total distance travelled by the cyclist is 144 meter.
A ball of mass 0.4 kg is dropped on the floor from a height of 1.8 m. The ball
rebounds straight upward to a height of 0.8 m. What is the magnitude and
direction of the impuise applied to the ball by the floor?
- Mass ofthe ball =m = 0.4kg
ol Initial height =h, = 1.8m
Final height aftér.rebound=h; = 0.8m

Gravitational acceleration=g = 10ms™
Required: Impulse” =?
Formula: I =Ap = m(va—-Vy)
Solution:
The potential energy at the initial height is converted to kinetic energy i.e
: |
mgh = 3"“'-'2
ek I
or -1;)'{ Vlz = pigh
vi =2gh
i P -\fzgh
vi = V2x10x1.8
SO, L J \/3—6
vy = 6ms*!

Since the ball is falling, this velocity is directed downward, so we take it as
negative.

v =—6ms"!
The Kinetic energy just after impact is converted to potential energy. i.e. .
%x{ v; = sgh
v% =2gh
v; = V2x10x0.8
V) = V16 ‘

T
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v2 =4ms!
Now, we calculate impulse
I =Ap = m(va—-v))

I = 0.4(4+-6))
I =0.4(4+6)

I =0.4(10)

| =4Ns

Impulse =4Ns
Since the impulse is positive, the direction of the impulse i ls quard

3.9. Two balls of masses 0.2 kg and 0.4 kg are moving towards each other with
- velocities 20ms™" and 5 ms' respectively. After collision, the velocity of 0.2kg

ball becomes 6 ms~'. What will be the velocity of 0.4 kg ball?
Sol. Mass of IStball = m;= 0.2kg '

Velocity of 15tball before collision = v, = 20ms~!

Mass of 2" ball = m;= 0.4kg
Velocity of 2nd pall before collision = v, = —Sms™!
(Since it is moving toward ball 1, we take the veloity as ncgative)

Velocity of 15t ball after collision = v, = 6ms-!
Required: -

Velocity of 20d ball after collision = v,=7?
Formula: :

By conservation of momentum

mvy+tmav; =mpy, +maV,
Solution: : s

mpvy+tmavy = my v', +m; v;
so, (0.2)(20) + (0.4)(=5) = (0.2)(6) +(0.4) V.
4-2 =12+04V;
2 = 12+04v,

2-12 = 04v,
0.8 = 04v,
v, = &8 =2ms™!
5 0.4

Result: The vélocity of the 0.4ng ball after the collision is 2ms™',
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