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Biomechanics and Sports

( Fastracl« Revision )

» Newton's Law of Motion

>

>

First Law of Motion/Law of Inertia: This law states
that a body at rest will remaln at rest and a body In
motion will continue to remain In motlon at a constant
speed and In the same direction untll any external
force Is applied on It to change Its state.

Second Law of Motion/Law of Acceleration: According to
second law of mation, the rate of change in acceleration
of an object is directly propartional to the force
producing it and inversely proportional to Its mass.
Third Law of Motlon/Law of Reactlon: This law
states that to every actlon, there is an equal and
opposlte reactlon.

» Application of Newton's Law of Motlon in Sports

>

Flrst Law: Tennis: A tennis ball will remain at rest in
the court untll the unbalanced farce of player's hand
pleks [E up and moves It. A tennls ball hit by the player
will stay In motlon until It hits the unbalanced Force of
opposing player's racquet.

Second Law: Baseball: A baseball hit with a swingling
bat will accelerate more than a baseball that Is bunted
because the swinglng bat has mare force.

It equal fForce s applied to the baseball (more mass)
and t-ball (less mass), then t-ball will accelerate more.
Third Law: Soccer: When a soccer ball hits a goalle’s
hand, the action is the ball hitting the goalle's hand
and the reaction force is the hand hitting the ball in
the opposite directlon,

» Lever
A lever Is a rigld bar used to ovarcome reslatonce whan a
force Is applied.
“Arlgld plece transmits and modIfles Force or motion when
Forcesare applied at two polnts, and It turns about a third."
All lever systems are made up of four components /e,
load, fulcrum, effort and lever.

>

>

Load/Reslstance Arm: It Is the point where the load
or reslstance Is located.
Fulcrum: It Is the polnt at which the lever rotates or
turns and Identifies the lever class by Its position In
relation to the other two parts. In human movement,
the Fulcrum Is the Joint that dictates the kind of actlon,
Effort/Force: It is the point at which the force is
applied.
Types of Levers:
There are three types/classes of levers:
(i) First-class Lever: A first class lever hag the Fulcrum
between the force and the resistance.
For example: When throwing a ball In thls
example, Fulerum Is elbow, effort Is triceps and
load Is arm/ball

>

(ii) Second-class Lever: A second-class lever has

the load resistance between the fulcrum and the
force.
For example: When doing V-slt-up during straight
push-ups. In this example Fulcrum is ball of the
foot, effort is arm muscle contraction and load is
the body welght.

(ll) Third-class Lever: A third-class lever has the
force between the Fulcrum and the resistonce.
For example: When throwing a ball.

In this example, fulcrum is elbow jolnt, effort is
bilceps and load is arm/welght,

Applications of Lever In Sports

A Few examples of lever application In sports are:

¢ Cricket Bat (2nd class): The fulcrum Is the top of
the handle, the load Is the bat’s body, and the force
is closer to the neck of the handle.

e Kicking-Lower limb (3rd class): The Fulcrum at the
knee joint, force at tiblal tuberosity, (attachment
of the quadriceps) load Is the Foot.

e Jumping-Plantar Flexion of the Foot (2nd class):
The load is at the toes, the Fulcrum Is at the heel,
and force is your welght which is anterior to your
heel.

e Looking up/down or slda-to-side (1st class): Your
head Is balanced on your atlanto-occlpltal jolnt,
which plvats, simllarly to 2 see-sow.

» Equilibrlum: Equilibrium refers to the state of any object
whan all forces acting upan It result In zero change of
motlon for the object. In other words, whan the sum of
all forces is zero, the object Is in a state of equilibrium.
Equilibrium provides us balance and stability.

>

Types of Equilibrium

S.No

Static Equilbrium

Dynamic Equilibrium

0]

When the sum of forces
acting upon the object
and sum of the movement
acting upon the body is
both equal to zero, then
the body Is sald to be In
statlc equilibrium,

When all the Fforces
acting on an object are
balanced, and the body
is in motlon, then the
body is sald to be in
dynamic equlilibrium,

(iN)

Statlc balance Is
malntalning equlllbrium
when statlonary.

Dynamlc balance s
malntalning equllibrium
when moving.

(1)

For eg, A gymnast
performing 1" posltion
on the balancing beam,
because the gymnastisnot
making any movement.

For e.g,, Agymnast doing
8 cartwheel during
performance.
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» Appllcation of Equilibrium in Sort

Two people balancing on a see-saw.

Dynamic equilibrium Is required by a tennls player to
change her/his position after hitting a shot.

Boxers can lose balance if they shift their weight on
heels because the centre of gravity must Fall within
the line of base of support for greater stability.

» Principles of Equilibrium
Some aof the princlples are as follows:

The lower the centre of gravity Is to the base of
support, the greater will be the stability.

The nearer the centre of gravity is to the centre of
base of suppart, the more will be the stability.
Broader Is the base of support, the greater will be the
stability.

» Centre of Gravity

Centre of gravity is a point at which a body balances
or the polnt at which the welght of body Is equally
distributed. The centre of gravity is the average
locatlon of the welght of an object. The position
of centre of gravity changes depending upon the
poslition of the body or object.

» Application in Sports

In sports like wrestling and the athletes maintain
stabllity by lowering the centre of gravity by bending
their knees.

A jumper's centre of gravity must lie on the base of
support for greater stablUty while take-off.

Frictlon and Sports

The force acting along two surfaces In contact, which
opposes the motlon of one body over the other Is
called the Force of Friction. Generally, there are two
causes of frictlon:

The irregularity or roughness of the surface.

The molecular forces of attraction between two
surfaces In contact.

» Types of Frictlon

There are following two types of frictlon in general:
Statle Frictlon: The Frictlonal force that comes Into
play when one body tends to move over the surface
of the other body, but the actual motlon has yet not
started, Is known as statle friction.

Dynamic Frictlon: The frictlonal Force that comes
into play when one object is actually moving (sliding
or rolling) over the surface of the other body, Is called
dynamic Friction.

Itls Further categorised as follows:

Rolling Frictlon: The Ffrictlonal force exerted on an
object when It Is rolling over some other surface or
object Is known as rolling friction.

Sliding Frictlon: The frictlonal force exerted on an
object when It is sllding over some other surface or
object Is knov/n as sliding Friction.

» Advantages of Frictlon

>

>

>

Athletes would not be able to walk on the surface of
earth, if there Is no necessary frictional farce present.
A \weightlifter rubs powder in the hands before
holding the rod to Increase the amount of friction
between the hands and the rod. This helps to have a
better grip on the rod.

Similarly, gymnasts use chalk power to ensure astrang
and rellable grip while performing on horlzantal bar,
uneven bar or roman rings.

In track events, athletes use splkes so that they can
get adequate Frictlon From the surface and run Fast.

» Disadvantages of Friction

>

>

>

In snow skiing, the skiis are designed to have minimum
frictlon for better performance.

In cycling, the sportsperson must not experlence any
Frictlonal force through the surface, otherwlse It may
result In wastage of energy.

In Football, cricket, hockey etc. , frictlon Is responsible
fFor decreased speed of playing ball on ground.

» Projectile

>

An object thrown Into the space elther horlzontally or
at an acute angle under the action of gravity Is called
a projactile,

» Factors Affecting Projectile Trajectory

>

Angle of Projection: A projectile when released at
an angle of 45° makes a parabolic path and covers
the maximum distance, as compared to when it is
released at any other angle (the initial veloclty having
been kept constant).

Initlal Velocity: The distance traversed by the
projectile also depends upon the velocity by which
it Is thrown. If the velocity Is more, it would cover
greater distance as compared to when thrown by a
lesser veloclty.

Gravity: The trajectory of the projectile Is also
affected by the gravitatlonal pull of the earth. It
directly depends upon the welght of the object
thrown. The greater the welght of the object, the
greater vould be the gravitational resistance or pull.
Alr Reslstance: When a projectile moves through the
alr, It 19 slowed down by alr resistonce, Alr reslstance
decreases the horlzontal component of a projectile
There are followling Factors which are related to the
amount of air resistance acting on a projectile:

e Surface of the Object

e Speed

* Mass

e Surface to Volume Ratlo

Spin: The spin also affects the flight of the projectile.
The amount and direction of spin acting on a projectile
directly affacts the distance covered or travelled by a
projectile.

& Practice Exercise

’ Multiple choice Questions N

first Law of motlon?

Q1. Which law amongst the glven ones Is known as the

(COSE SQP 2021 Torin-1)

a. Law of Inertla
c. Law of reaction

Or Newton's first law of motlon Is known as:

(CBSE SQP 2021 Tarm-1)
b. Law of acceleration
d. Gravitational pull
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Q 2. The law of acceleration is also known as: (CBSE 2020)
a. Law of inertia
b. Law of action and reaction
c. Law of momentum
d. Boyle's above

Q 3. Identify the given below: (CBSE SQP 2023-24)
With no outside forces  With no outside forces
a stationary object will  a moving object will not
not move stop

:>Oz>

a. Flrst Law of Motlon b. Second Law of Motlon
c. Third Law of Motlon d. Law of Effects
Q4. In law of acceleration, acceleration of an object is
inversely proportionate to its .......... ——
(CBSE SQP 2022-23)

a. Force b. Mass
c. Speed d. Slze

Q 5. Who gave laws of motion? (CBSE SQP 2021 Torm-1)
a. Galileo b. Pascal
c. Newton d. Darwin

Q 6. Starting a throwing event in athletics Is an example
of which law of motion? (CBSE SQP 2021 Termi+1)

a. First law of motlon

b. Second Law of motion

c. Third law of motlon

d. First and Third Law of motion

Q7. Physical education teacher of ABC school was
teaching the students about Newton's laws of
motion. While explaining he showed the students
this picture and tried to explain how there Is a
difference in the speed of an object due to their
weight. Can you name the law?

(CBSE 8QP 2021 Tarm:1)

a. Newton's first law of motlon

b. Newton's second law of motion
c. Newton's third law of motion

d. Actlon reactlon

Q 8. Rishiwhowas studying In class X!l |s a science stream
student. During his Physical Education class, he got
confused how Newton's lLaws of motion are useful in
sports and how they can be applied in sports. But his
teacher explained these Laws with help of examples
from sports which proved to be very helpful for him.

Swimming is the best example of which law of

motion? (CBSE SQP 2021 Tarm-1)
a. Law of Inertla b. Law aof acceleration
c. Law aof reactlon d. Batha.andc.

Q9. Application of Newton's Laws of motion Is very useful
in sports. In this context, acceleration Is related to:

(CBSE2021 Term-1)
a. Newton's first law of motion

b. Newton's third law of motion
¢. Newton's second law of motion
d. Bath a. and b.

Q 10. Newton's third Law of mation is known as:
(CBSE2021 Term-1)
a. Law of action and reaction
b. Law of inertia
c. Law of acceleration
d. Law of gravity.

Q 1. Which Newton's law of mation Is depicted through
this picture? (CBSE 2021 Term-1)

a. Newton's first law of motion
b. Newton's second law of motian
c. Newtan's third law of motlon
d. Bath a. and b.

Q 12. Which Newton's law of motion is deplicted through

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
the picture? (CBSE2021 Torm-1) l
0 ' l
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
-

a. Newton's third law

b. Newton's second law

¢. Newton's first law

d. Newton's first and second law

Q13. Identify the Law of motion, shown In the illustration:
(COSE2021 Term:+1)

a. Law of Inertla b. Law of actlon and rcaction
c. Law of acceleration d. Bath b. and c.
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Q 14. Physlical education teacher of XYZ school explained
how Newton's law of motion are used in sports. She
explained while dribbling in Basket-ball.

How the laws can be helpful?
Which law of motion is shown in picture:
(CBSE 2021 Torm-1)

a. Law of Inertla
b. Law of acceleration
c. Law of action and reaction
d. Batha. andb
Q15. The three basic components of a lever are:
a. Mass, Welght and veloclty
b. Force, Fulcrum and Load
c. Fulcrum, Reslstance and Effart
d. Bath b. and c.

Q16. What type of lever is deplcted in the picture?

b. 2nd Class lever
d. None of these

a. 1st Class lever
¢. 3rd Class lever

Q 17. Cartwheel In gymnastics Is an example of .........ceeee .
(CBSE SQP 2022-23)
a. Statlc Equilibrium
b. Dynamic Equllbrium
c. Active Equilibrium
d. Passlve Equilibrium

L
—
==}

. The position of centre of gravity changes depending
upon the :
a. posltion of farce
b. position of the body
c. position of Intersectlon of farce
d. position of stabllity

. Which type of frictlon Is applicable In sports lke
cricket, hockey, etc.
a. Statlc frictlon
¢. Rolling friction

£
'
=]

b. SldIng friction
d. None of these

r--"m----————————————-—-—r—-—-r—-—-—-—-—r-—-G-—r":-—-—————-—--

Get More Learning Materials Here : &

Q 20. Which of the following Is not an example of projectile
motion?
a. A stane thrown In any direction
b. A stane thrown horizontally from a bullding
c. A car moving In a stralght Une
d. A bullet fired from a gun.

Q 21. Which of the following is NOT the factor affecting
projectile trajectory? (CBSE 2023)
a. Gravity
b. Angle of Release
c. Buoyant Farce
d. Alr Reslistance

-¢) Assertion & Reason Type Questions N

Directions (Q. Nos. 22-25): There are two statements
marked as Assertlan (A) and Reason (R). Read the statements
and choose the appropriate option from the options given
below:

a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Agsertion (A).

b. Both Assertlon (A) and Reason (R) are true, but Reason
(R) is not the correct explanation of Assertion (A).

¢. Assertion (A) is true. but Reason (R) Is false.
d. Assertion (A) Is false, but Reason (R) Is true.

Q 22. Assertion (A): “A change in the acceleration of an
object is directly proportional to the force producing
it and Inversely proportional to its mass.”

Reason (R): Lighter mass will travel at a faster speed.
(COSESQP 2021 Term-1)

Q 23. Assertion (A): A high jumper can jump higher off a
solid surface.

Reason (R): The solid surface opposes his/her body
with as much force as he/she is able to generate in
contrast to sand or any other unstable surface.

Q 24. Assertion (A): The magnitude of the force of friction
depends on the roughness of the surface.

Reason (R): When both the surfaces are smooth, the
force of friction reduces to almost zero.

Q 25. Assertion (A): The path followed by a projectile Is
called trajectory.

Reason (R): The distance covered by an object
does not depends on the initial velocity of the
projectile.

Answers ]
v

Law of Inertla
Law of momentum

a)
c)
b) Second Law of Motlon
b) Mass

c) Newton

. (@) First lav/ of motlon

(
(
-
(
(
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7. (b) Newton's secand law of mation Case Studv 2
8. (d)Botha.and c. Read the following passage and answer the following
9. (c) Newton's second law of mation questions.
10. (a) Law of action and reaction In Equestrian sport, when the horse suddenly stops,
1. (a) Newton's first law of motlon then the rider falls forward. Based on this, answer the
12. (b) Newton's second law following questions.
13. (c) Law of acceleration Q 1. Rider's falling forward can be related to which law
of Newton?
14. (c) Law of action and reaction oy ik b THI
15. (d) Both b.and c. Second d. None of these
16. (a) Ist Class lever Q 2. State the Law of Motion being discussed in the
17. (b) Dynamic Equilibrium above question.
2. Body at rest will remaln at rest unless acted upon
18. (b) position of the body
by an external unbalanced force.
19. (c) Rolling friction b. For every actlon, there Is opposite reaction.
20. (c) a car moving In a straight line c Less friction Is needed for better performance.
21. (c) Buoyant Force d. Acceler.fatlon bc|ieptends upon force applled and
mass of an ablect.
22. (b) Both Assertion (A) and Reason (R) are true. but Q 3. Abasketball taking a parabolic path Is an example
Reason (R) is not the correct explanation of afs
Assertion (A). a. third law of matian b. sliding friction
23. (a) Both Assertion (A) and Reason (R) are true c first law of motion d. flexion
I f
an‘d Reason (R) Ig the correct explanation of Answers } .
Assertion (A).
24, (b) Both Assertlon (A) and Reason (R) are true, but 1.(a) 2.(a) 3.(d)
Reason (R) Is not the correct explanation of Case Stl.ld\[ 3
Assertion (A).
, (A ; Read the following passage and answer the following
25. (c) Assertion (A) is true. but Reason (R) is false. questions

-' Case Study Based questions

Case Study 1

Read the following passage and answer the following
questions.

While talking about Newton's laws of motion and
their application in sports, a Physical Education
teacher gave examples from cycling, swimming and
cricket. He also told that while cycling, the cyclists
only move when they start to pedal and stop only
when they apply brakes. While swimming, the
swimmers use the wall of the pool to generate the
force needed to tuke off.

Q1. What Law is applied to cyclists?

a. Law of Inertla b. Law of acceleration

c. Law of reaction d. Law of momentum
Which law Is In force when the swimmer pushas off
the wall of the swimming pool to start the race?

a. Law of Ingrtla b. Law of accelaration

c. Law of reactlon d. Law of momentum
Which law is in play when the ball is hit by the
batsman?

a.Law of Inertla
c. Law of reactlon

Q2.

Qa.

b. Law of accelaration
d. law of momentum

[ ]

L ]

Answers
3. (c)

1. (a) 2. (c)

The teachers as well as coaches alwnys make their best
cfforts to improve the performance of their students
in various competitive games and sports. They can
help to improve the performance of students if they
have adequate knowledge of biomechanics.

(CBSE QP 2022-23)

The more force one exerts on the downward
bounce, the higher the ball bounces into the alr.
Which law Is this statement being referred to?
Among the above given picturas, Newton's 3rd law
Is depicted In ..ociveenees

Newton's second law Is also known as ...,
The study of human body and various forces acting
O Wi

Or A high Jumper can jump higher off a solid surface
because it opposes his or her body with as much
force as he or she Is able to generate. This example
refers to which law of motion?

| Answers | °

QL

Q2

Q3.
Q4.

1. Newtaon's third Law of motlan
2. Ist plcture
3. Law of Acceleration
4, Kineslology
Or Newton's third Law of motlon

Ans.
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Case Study 4

Read the following passage and answer the following
questions.

During her gymnastics practice, Zoya was finding
it difficult to maintain her balance on the balancing
beam. Her coach tried to explain to her about basic

principles of equilibrium.

(CBSESQp 2023-24)

- 4 SPIETH

According to the principles of equilibrium centre of
gravity plays a very important role.

QL
Q2
Q3.
Q4.

Or

The nearer the center of gravity to the center of
the base of support the more will be the ...,
The position of the centre of gravity changes
depending upon the ....cccur.

The sum of all the vertical and horizontal forces
acting on the body must be ..........ccenes

Centre of gravity is the average location of an
object’s . :

When the sum of force acting upon the object and
sum of the movement acting upon the body is
both equal to zero then the body Is sald to be in

BrRReEENAn B

. Answers .
Ans. 1. Stability
2. position of the body
3. zero
4. Welght

Or Equilibrium

'/ Verv Short Answer Type Questions \)

QL

Ans.

Qa

Ans,

Q3.

Ans.

State the law of reactlon.
Law of reaction states that. for every actlon, there Is
an equal and oppasite reaction.
What do you understand by equilibrium? Name the
types of equilibrium.
Equilibrium refers to the state of any ob|ect when all
forces acting upon It result In zero charge of motion
far the object. The two types of equilbrium are:

(1) Static equilibrium

() Dynamic equilbrium
Define frictlon and name its types. (CBSE2017)
Friction Is the force resisting the relative motion of
two bodies slding or rolling agninst each other. The
two types of friction are:

(I) Statlc Frictlon

() Dynamilc Frictlon

Q4.

Ans.

Q5.

Ans.

Q6.

Ans.

Q7.

Ans.

What is ‘dynamic friction'? (CBSE2016)
The frictional force that comes into play when one
object Is actually moving (sUding or rolling) over the
surface of other body is called dynamic friction.
Define centre of gravity.

Centre of gravity is a point at which a body balances
or the point at which the weight of the bady Is
equally distributed.

An object is thrown into the space either
haorizontally or at an acute angle under the action
of gravity is called a projectile. Name the two
forces which act on a projectile. (CBSE2017)
Gravitational force and air resistance.

To cover the maximum distance at what angle
should a projectile be released?

Projectile should be released at an angle of 45° for
achleving maximum distance.

'f Short Answer type-i Questions N

QL

Ans.

Q2.

Ans.

Q3.

Ans.

Elucldate Newton's law of inertia.

According to Newton's law of Inertla, "A body at

rest will remain at rest and a body in motion will

remaln In motlan at the same speed and In the

same direction unless acted upon by an external

unbalanced force".

Law of Inertia essential makes two important point:

(I) An oblect that is not moving will not move until
a net force acts upon it. and

(Ii) An object that Is in motion will not change Its
velocity until a net force acts upan It.

Give two applications of centre of gravity in sports.
The two applcations of centre of gravity In sports
are as follows:

() In sports Uke wresting, the athletes malntain
stabllity by lowering the centre of gravity by
lending thelr knees.

() A Jumper's centre of gravity must lie on the
base of support for greater stabllity while take-
off.

Differentiate between rolling and sliding friction.

Difference between roling and slUding frictlon Is as
followss:

No.| Difference

Basls of

Rolling Friction Sliding Friction

() |Definition

The frictional force
exerted on an object
vzhen it Is sliding over
the surface of some
other ablect Is called
sUding friction.

The frictional
force exerted on
an object whan
it Is rolling over
S0ME ather

ob|ect is called

rollng friction.
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() [Example |A ball hit by|A water drop moving
a hockey or a|slowly over a wooden
cricket bat. surface or while lce-
skating,
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Q 4. List any two advantages of friction in games and

sports.

The two advantages of friction in games and sports

are as follows :

(i) In hockey. badmintan and tennis, grip tapes are
used by the player to Increase friction.

() In shot put. [aveln throw, gymnastics,
magnesium powder I used to Increase friction.

Q5. Explain any two factors that affect a projectile

trajectory.

Factors that affect projectile trajectory are as

follows:

(i) Angle of Projection: A projectile when released
at an angle of 45° makes a parabolic path and
covers the maximum distance. as compared to
when It [s released at any other angle (Initial
velocity kept constant).

(ii) Initial Velocity: The distance traversed by the
projectile also depends upon the velodty by
which it is thrown. If the velocity is more, it
would cover greater distance as compared to
when thrown by a lesser velocity.

_@' Short Answer Tupe-Il Questions \)

Q 1. With suitable examples explain the application of

Newton's law in sports. (CBSE 2020)

Ans. Newton's law of motion are as follows:

(i) Newton's First Law of Motion (Law of Inertia):
According to the first law of motion. A body
at rest, remalns at rest and a body In uniform
mation, remalns In motion at a constant speed
and In the same direction, until and unless acted
upon by an external force. For example. If there
is no frictional farce. acting on a cricket ball hit
by a batsman. the ball may not stop forever. As
soon as the ball hits the ground. the frictional
force is initlated. Slowly, as the ball moves
ahead, Its speed slows down due to surface
friction and after some time. It stops.

(i) Newton's Second Law of Motion (Law of

Acceleration): According to the second law of
motlan, a change in acceleration of an object Is
directly propartional to the force produclng It
and Inversely proportional to Its mass.
For example, an athlete will require more
force and strength to throw a hommer weigh
5 kg.. as compared to when he/she will throw
a hammer welphing 3 kg, Also, the acceleration
produced In the hammer welghing 5 kg. will be
greater than that produced in the lighter one.
Similarly, a hackey ball hit by a greater force
wlill accelerate faster, as compared to the one
hit with a minimal force.

(i) Newton's Third Law of Motion (Law of
Reactlon): According to the third law of motion,
for every actlon, there Is an equal and an
opposite reaction. For Example. the force. with
which the bullet Is fired from a shotgun or a

Ans.

Ans,

The students must learn the correct statement of
Newton's law of motion along with their application.

rifle. Is always equal to the force by which the

gun or rifle jerks back.

TiP:

common] ERR(DR
Students are able to state the laws but are not able to
explain their application in sports.

A

Q 2. Differentiate

equilibrium.

between

static and dynamic

Ans. Difference between static and dynamic equilibrium

Is ag follaws:

S.No

Static Equilibrium

Dynamlc Equilibrium

U)

When the sum of forces
acting upon the object
and sum of the movement
acting upon the body is
both equal to zero, then
the body is said to be In
statlc equllibrium.

When all the Forces
acting on an object are
balanced, and the body Is
in mation, then the body
is said to be in dynamic
equilibrium.

(ii)

Static balance is
maintalning equillbrium
vhen stationary.

Dynamic  balance s
malntaining equillbrium
when moving.

(iii) | For eg, A gymnast|Faor eg., A gymnast
performing ‘T' position | dolng a cartwheel during
on the balancing beam, | performance.

because the gymnast is not
making any movement.

Q 3. What are the three principles of equilibrium? Also,
give application of equilibrium in sports.
Ans. The three principles of equilibrium are as follows:

(I) The lower the centre of gravity Is to the base of
support. the greater will be the stabllity.

(II) The nearer the centre of gravity is to the centre
of base of support. the more will be the stability.

(i) Broader Is the base of support. the greater will
be the stabillity.

Application of equilbrium In sport:

(I) Two people balancing on a see-saw.

(i) Dynamic equillbrium Is required by a tennis
player to change her/hls position after hitting a
shot.

(1) Boxery can lose balance if they shift thelr weight
on heels because the centre of gravity must fall
within the lne of base of support for greater
stabllty.

Q 4. Friction Is categorised Into how many types?

Explain them in brief with example.

Ang. There are generally two types of friction:

(1) Static Friction: The actual frictlonal force that
comes Into play when one boady tends to move
ovar the surface of the other body. but the
actual matlon has yet not started. Is known as
static friction.

For example. pushing a wall

L e e e e e e e e e e e e e e e e e e e e e e
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(1)) Dynamic Friction: The actual frictional force
that comes Into play when one object Is actually
moving (sUding or ralling) over the surface of the

other body. is called dynamic friction.
For example. riding a motorcycle. a child sliding
down a slide in a park.
Q 5. Explain any three factors which are related to the
amount of air resistance acting on a projectile.
Ans. Following factors are related to the amount of air
resistance acting on a projectile:

(I) The amount of alr resistance depends on the
surface of the object. If the surface of abject Is
rough. the alr reslstance will be greater.

(i) Air resistance depends on the mass of the
object. If the mass of the object Is smaller then
there will be more alr resistance.

(iii) The larger the surface to volume ratio. the more
air resistance will affect the object

_/ |-0I'Ig Answer Type Questions N

QL With the help of sultable examples, dlscuss
the application of Newton's Laws of Motion in
sports. (CBSESQP 2023-24)

Ans. Application of Newton's Law of Motion in Sports:
(i) First Law: Tennis: A tennis ball will remain at
rest In the court until the unbalanced force of
player's hand plcks it up and maves It. A tennls
ball hit by the player will stay In motion untll It
hits the unbalanced force of opposing player’s
racquet.

(li) Second Law: Baseball A baseball hit with
a swinging bat will accelerate more than a
baseball that is bunted because the swinging
bat has mare force.

It equal force Is appled to the baseball (more
mass) and t-ball (less mass), then t-ball will
accelerate more.

(ifi) Third Law: Soccer: When a soccer ball hits a
goalie's hand. the actlon Is the ball hitting the
goalie's hand and the reaction force is the hand
hitting the ball In the opposite direction.

Q 2. Describe the types of lever with the help of their
dlagrams.

Ans. Types of lever are as follovss:

(i) First-class Lever: A first-class lever has the
fulcrum between the force and the resistance.
This class fulcrum may be moved about along
the lever, thereby changing the relative lengths
of the force arm and the reslstance arm. IF the
fulcrum is placed close to the resistonce. the
force arm is length, and hand and less force
need to be applled to move the resistance, but
force must be applled through a long distance to
lIft the resistance a short distance. Canversely.
a shortened force arm requires mare excellent
force application, but there Is a galn in speed
and range of motion at the reslstance end.

Fulcrum

(1)) Second-class Lever: A second-class lever has
the load resistance between the fulcrum and
the farce. In this class of levers, movement of
the fulcrum will Increase or decrease both the
force arm and the reslstance arm. The force arm
Is always the longer of the two, and therefore
the force needed to lft resisting welght will
always be less than the welght

[ |

Fulcrum

(lii) Third-class Lever: A third-class lever has the
force between the fulcrum and the resistance.
In this class aof lever, the force arm is always
shorter than the reslstance arm, and so a
large amount of force must be applied, but the
resistance Is moved through a much longer
range of motian than the force appUcation. In
the human body, the most common class of
lever Is the thread. His Is particularly Important
In the movements of the Umps becauge the
desired regults are often those of speed or
range of motion, albelt at the expense of force.

Fulerum

-

Q 3. What are the various types of frictlon? 'Friction is a
necessary evil’ Justify your answer.

Ans. There are followlng two types of friction In general

(i) Static Friction: The frictional force that comes

Into play when one body tends to move over

the surface of the other body, but the actual
motion has yet not started. Is known as statlc
friction.

() Dynamic Friction: The frictional force that
comes Into play when one oblect Is actually
moving (sliding or rolling) over the surface of
the other body. Is called dynamic friction.

Frictlon Is Necessary: It roduces the efficlency
of work done. For Example, athletes use splkes
and footballers use studs, so that they can get
appropriate friction from the surface and run fast.

A welghtlifter rubs Ume powder on his hands before
holding the rod and performing |erk and snatch.

@ www.studentbro.in
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In the same way. even the gymnasts do the same
before performing on horizantal bar. uneven bar, or
roman rings. in arder to get friction.

Frictlon Is an Evil It is an evil because It results In

wastage of energy. Also, we have to spend a lot of
money to maove things due to frictlon. For example.
in cycling there should be minimum friction between
road and types of cycles. If there is more friction.

it will result in low performance and wastage of

energy of the cyclist. Swimmers. also use goggles.
cap and swimsuit to reduce the force of friction
caused by water.

TiP:

Many students are not able to understand the question

and explain only the evil effects of friction.

Q4. What is Friction? Write the advantages and
disadvantages of friction by giving suitable
examples from sports. (CBSE 2023)
Friction: The force acting along two surfaces In
contact, which opposes the matlon of one body over
the ather Is called the force of friction.

Ang,

Advantages of Friction:

(I) Athletes would not be able to walk an the
surface of earth, if there is no necessary
frictlonal force present.

(i) A welghtlifter rubs powder In the hands before
holding the rod to Increase the amount of
friction between the hands and the rod. This
helps to have a better grip on the rod.

Q5.

Ans,

(1) Similarly, gymnasts use chalk power to ensure
a strong and rellable grip while perfarming on
horlzantal bar, uneven bar or roman rings.

(lv) In track events, athletes use splkes so that they
can get adequate frictlon from the surface and
run fast

Disadvantages of Friction:

(i) In snow skiing, the skiis are designed to have
minimum frictlon for better performance.

(Il) Incycling, the spartsperson must not experience
any frictlonal force through the surface,
otherwlse It may result In wastage of energy.

(I In football cricket. hockey. etc., friction Is
responslble for decreased speed of playing ball
on ground.

What is projectile? Explain any two factors

affecting projectile with the help of examples from

sports. (CBSESQp 2022-23)

Any abject thrown Into the space elther horlzontally

or at an acute angle under the action of gravity is

called a projectile.

Factors affecting Projectile Traectary:

(1) Angle of Projection: A projectile when released
at an angle of 45° makes a parabolic path and
covers the maximum distance, as compared to
when it Is released at any other angle (the Initlal
veloclty having been kept constant).

(1) Inttlal Velocity: The distance traversed by the
projectile also depends upan the velaclty by
which it I thrown. If the velocity Is more. It
would cover greater distance as compared to
when thrown by a lesser veloclty.

& Chapter Test

Multiple Choice Questions

Q1. Centre of gravity is the average location of the

wennes Of @0 Objact (CBSE 2023)
a. welght b. force
¢. balance d. veloclty

Q2. Frictlonisa:
a. magnetic force
c. cantact force

b. non-contact force
d. None of these

Q 3. Physical education teacher of BP School was teaching
the students about Newton's Law of Motion. While
explaining he showed students this picture and tried
to explain how basketball comes up with different
forces from the floor due to different forces exerted
on the ball. Can you name the law?

Q4.

a. Newtaon's first law of motion

b. Newton's second law of motion
c. Newton's third law of motion
d. Law of acceleratlon

Dyvebas of
DOXIIBDON

Tout oo ol

During the physical education class, Newton's Laws
of Motlon and their practical application in sport
events was discussed. While discussing, the teacher
showed this picture to the students and tried to
explain how a swimmer exerts a farce on the wall
and accelerates in the opposite direction. Can you
name the law?

a. Newtan's third law of maotion

b. Newton's first law of motlon

c. Newtan's second law of motion

d. Law of Inertla
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Q 5. If the horizontal range of a projectile is maximum

then the angle of the projectile must be .............
with horizontal.

a. 90° b. 60°

C. 45° d. 30°

Assertion and Reason Type Questions

Directions (Q. Nos. 6-7): There are two statements marked
as Assertion (A) and Reason (R). Read the statements and
choose the appropriate option from the options given below:
a. Both Assertion (A) and Reason (R) are true and
Reason (R) Is the correct explanation of Asgertion (A).
b. Both Assertion (A) and Reason (R) are true. but Reason
(R) is not the carrect explanation of Assertion (A).
c. Assertion (A) is true, but Reason (R) Is false.
d. Assertion (A) is false, but Reason (R) Is true.

Q 6. Assertion (A): Friction resists the sliding or rolling of
one solid object over another.

Reason (R): Friction acts in the direction of the object
in motion.

Q7. Assertion (A): In dynamic equilibrium, all forces
acting on an object are balanced and body Is at rest.
Reason (R): A fan rotating with uniform speed is an
example of dynamic equilibrium.,

Case Study Based Question

Q8. Read the following passage and answer the
following questions.
During the physical education class Newton's
laws of motion were discussed und their practical
application in sports events was explained (o
students. These laws are most relevant in sports as
most of the actions in sports ure reluted to these
laws,

(i) Newton's first law of motion Is also known as:

a. Law of Inertia
b. Law of momentum
c. Law of reactlon
d. Law of acceleration

(ii) What is the relationship between mass and force?
a. Directly proportional
b. No relationship
c. Inversely proportional
d. Both a. and C
(iii) Newton's second law is also known as:
a. Law of reactlon b. Law of inertla
c. Law of acceleration d. None of these

Very Short Answer Type Questions

Q 9. Define static equilibrium.

Q 10. Discuss how does initial velocity affect projectile
trajectory?

() Blood flow
(ii) Blood volume

Short Answer Type-I Questions

Q11. How Newton's first and second law of motion be
applied In sports?

Q 12. Define the following terms:
(i) Centre of gravity
(ii) Projectile

Q 13. What Is sliding friction? Explain by giving suitable
example.

Short Answer Type-II Questions

Q 14. Enumerate the laws of motion.

Q15. Define equilibrium. What are the applications of
equilibrium in games/sports?

Discuss any three factors affecting projectile
trajectory.

Q16.

Long Answer Type Questions

Q17. What is frictlon? Explain its types. How is friction
advantageous or disadvantageous in the field of
sports? Explain with suitable examples.

Q18. Explain the application of law of reactlon in different

sports.
°
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