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Chapter # 3
Dynamics

Q.1: Whatisforce? What are its unit. Distinguish between contact and non-contact forces?
Ans: Forces:

Definition:

Force is a physical quantity which moves or tends to move a body, stops or tends to stop a
moving body or which tends to change the speed and directions of a moving body.
Mathematical Form:

When a force acts on a body of mass “m”, it produces acceleration “a” in the body in the
direction of force. Mathematically, it can be written as:

Force = mass x acceleration
x *%r F=mxa

F=ma

tity. Th?.GIT t of force.is“newton” and it(i?;ienoted by symbol
' _ALicifte %ﬁ&f{ﬂﬁhﬂ- (Hydtem:

reg.that produces acceleration of 1 m/s? in‘a bod ass 1 kg.

a place of fwpe

1 N = kg m/s? or kgms™

Types of Force:
There are two types of forces based on the interaction between objects.
1. Contact forces
2. Non - contact forces (Action at a distance forces)
Contact Forces:
Contact forces are those types of forces which result when the two bodies are physically
contact with each other.
Example:
Friction forces, push or pull forces etc. are examples of contact forces. e.g. push a cart or
drag a chair on floor etc.
Non-contact Forces:
Non- contact forces are those forces which result when the two bodies are not in physical
contact with each other. They are also known as “action-at-a-distance forces”.
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Examples:

Gravitational forces, electric forces and magnetic forces are examples of non-contact
forces. E.g. if we release a ball from certain height towards earth surface, then after releasing,
earth’s surface is not in contact with the ball, it falls down due to force of gravity, such force is
called non-contact force.

Q.2: State and explain Newton’s three laws of motion. Give one example of each.
Ans: Newton’s Laws of Motion:

Isaac Newton formulated three laws based on the observation about the motion of objects.
These laws express the relationship among force, mass and the motion of an object which are
described below:
Newton’s First Law of Motion:
Statement:

If the net (external) fﬁce acting on an object is zero, the object will maintain its state of
rest or of uniform motion with’'constant velocity.
: Or

orce acting-on-an object, a body at rest will remains at rest and a

its motigh wi

82?@ %%{ﬂ&bﬂ-- G_f?.;!rjl"fm

Explanation:
The first law of motion consists of two parts. The first part of the law is for the “Bodies at
rest” and the second part is for the “bodies in motion’.
Bodies at Rest:
The first part of the law states that a body at rest will remain at rest if no net force acts on
it.
Example:
A chair lying in a room will stationary and will not start moving by itself unless someone
moves it by applying a net force.

Bodies in Motion:

The second part of the law states that a body in motion will continue to move in a straight
line with uniform speed if no net force acts on it.
Example:

If we roll a ball on the surface of earth, it comes to rest after sometime due to friction and
air resistance. But if we remove all the forces acting on that ball, then it will move forever with
uniform velocity.
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Newton’s First law is also known as “Law of Inertia”. Inertia is the property of a body
which resists any change in its state of rest or of uniform motion. In other words, we can say that
all the bodies try to maintain its state of rest or continue its uniform motion due to inertia.
Example:

When a bus starts motion, suddenly the passengers experience a push in the backward
direction. It is because, when the bus starts motion suddenly, then the lower parts of the passengers
also comes into motion, while the upper parts are still at rest and wants to be at rest due to inertia.
So, they fall in the backward direction. Conversely, if a moving bus suddenly stops, the passenger
falls forward.

Newton’s Second Law of Motion:
Statement:
The net force “F’ on a body is equal to the product of the body’s mass “m” and its

acceleration “a” o
® 0]
r
When ¢ ‘on a body, it produces an acceleration “a” in the body in its own
L . &
direction. Th directly r.qp tional to }h;tnet force and in (e j;ely proportional to
. ' (ifte “Cduealtion (Hystem

gstablishes a relationship between.aets mass and
R p .

acceleratic » "--......_...... [ICes ion. Thus,
the accele ire ‘ fc Flﬂm '

Now if the same amount of force is applied to different masses it will produce different
acceleration. A heavier body will acquire lesser acceleration than a lighter body. This means that

the acceleration is inversely proportional to the mass of the body. i.e. a o i
Mathematical Form:

8 OC —=mmmmmmoooe (i)
combining eq (i) and (ii), we get
aoct
m
or
a = constant. F/m
a= k=
m
In Sl units, k =1 then,
F
a=1x—
m
F

a=—
m
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or

Eq(iii) represents the mathematical form of Newton’s second law of motion.

Thus, Newton’s second law tells us that acceleration “a” will be largest when force “F” is large
and mass “m” is small.

Example:

It is easier to push an empty shopping cart than a full one, because the full shopping cart
has more mass than the empty one. This means that more force is required to push the full shopping
cart.

Newton’s Third Law of Motion:
Statement:

“To every action there is always an equal and opposite reaction”.
Explanation:

According to Newton’s third law of motion, when one object exerts a force on a second
object, the second object exerts a force of the same magnitude and opposite direction on the first
object. So, when an object * exert force on object B written as Fas, object “B” also exert equal
force on object A written as Fga but in opposite direction. i.e.

Fap = —Fea
at;fotce Faa is opposite to the force.Fae.
So, this law deseribed the$e twosfc &gctfa‘i'paﬁ'm(mm JedetiofiZdiways occur
in pair because they.act on'different k is'on another
body. . -
Example:
1. For exa Il and as a

reaction to that, a football exerts an equal and opposite force Fsa on the foot. i.e. Fas = - Fsa

2. When a bullet is fired from a gun, it moves on forward direction due to the action of gases which
are produced due to the burning of chemicals while in reaction, the bullet pushes the gun in
backward direction.

3. The jet airplanes also work on the principle of action and reaction. In action, the fuel in airplane’s
engines burns and hot gases rush out of the rear end (backward direction) of the airplane with
very high speed. While in reaction the backward going gases exert equal and opposite force on
the airplane. So, the airplane moves forward with a great speed.

Q.3:  What is weight? Differentiate between mass and weight.
Ans:  Weight:
The weight of a body is the force with which it is attracted towards the centre of the earth.
It is denoted by symbol “W”.
Mathematical Form:
Mathematically, weight of a body is the product of its mass and acceleration due to gravity.
Weight = mass x acceleration due to gravity
Or W=mxg
W =mg
Quantity and Unit:
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Difference Between Mass and Weight:

Mass Weight
The quantity of matter in a body is called | The force of attraction of the earth on a body is
mass. called its weight
Mass is denoted by “m”. Weight is denoted by “W”.
The S.1 unit of mass is kilogram (kg). The Sl unit of weight is newton (N).

Mass is a scalar quantity because it has no | Weight is a vector quantity because it has a
direction. direction(downward).

Mass is a constant quantity because its value | Weight is a variable quantity because it is
remains the same at differ@nt distances from | different at different distances from the centre

the centre of th/e{e_arth : w of the earth.
o
\Welght can be measured by sprmg balance .

Mass can B found by fofm | 'Nﬁgh{&ﬁfﬁaﬁafwwﬁmg

Weight can be zero.

Q.4: Define momentum. Relate force to change in momentum.

Ans:  Momentum:

The quantity of motion in a body is called momentum.

Or

The product of object’s mass and linear velocity is called momentum. It is denoted by
symbol “P”.
Mathematical Form:

Mathematically, it can be written as

Momentum = Mass X velocity

=

P=mxv
OrP=m?%
Quantity and Unit:
Momentum is a vector quantity where its direction is same as that of velocity of the body
and the SI unit of momentum is kilogram-meter per second (kgms™) or Newton-second(Ns).
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Relation of force with change in momentum:

Statement:
The time rate of change of linear momentum of a body is equal to the net force acting on
the body.
Mathematically, it can be written as:
AP

At
Derivation:

According to the Newton’s 2" law of motion, when a net force “F” is applied on body
having mass “m”, it produces acceleration “a” in the direction of net force which is directly
proportional to the force and inversely proportional to mass of the body. Mathematically, it can be
written as:

F=md ............ (i)
Where the acceleratiolr“a” is defined as the time rate of change of velocity.

AsAP=P - B
So eq (3) becomes

Eq (4) shows the relation between net force and change of momentum of a body. Thus, the time
rate of change of momentum of a body is equal to the net force acting on it.

Q.5: Define Isolated system. Explain the law of conservation of momentum.
Ans: Isolated System:

An isolated system is a collection of particles that can interact with each other but whose
interactions with the environment outside the collection have a negligible effect on their motions.
Example:

The gas molecules enclosed in a container can be considered as an isolated system of
interacting bodies in which the gas molecules collide with each other and with the walls of the
container. Other forces, such as gravitational force etc. are considered to have a negligible effect
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on the motions of the gas molecules and container. So, in isolated system, the bodies exert forces
on each other which are very large as compared with external forces.
Law of Conservation of Momentum:
Statement:
If there is no external force applied to a system of particles (Isolated system) then the total
momentum of that system remains constant.
ie. AP =0
Or
In the absence of an external force (isolated system), the initial momentum (P;) of the system must
be equal to the final momentum (Ps).
ie. P, =P;
Mathematical Derivation:
As we know that:

By cross

Eq (2) shows that the initial momentum of system is equal to the final momentum in the absence
of an external force which satisfies the law of conservation of momentum.
Examples:
1. Collision of objects
2. Firing of a gun
3. Explosion of bombs
4. Propulsion of rockets etc.
In all the above examples, the systems are initially at rest. Therefore, their initial momentum is

zeroi.e. E’ = 0. Let all these systems consist of two parts of masses “ma1” and “m2” with velocities
v1” and “v2” then their final momentum is given by

_
Pr=myvy + m,v,
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Now, by the law of conservation of momentum
P =P
0=myvy + m,v,
Or-m;v; = my,v,
So, both parts of the system will have an equal but opposite momentum. However, if we add up
the momentum of both parts, the sum of total momentum will be zero.

Q.6: Define collision and explosion. Explain change in momentum in terms of collision and
explosion.
Ans: Collision;

An event during which particles come close to each other and interact by means of forces
is called collision.

Change in momentum in term of collision:

The forces due to the collision are assumed to be much larger than any external forces
present. "l
Consider a system conswﬁng of two objects A and B of masses “m1” and “m2” moving with
velocities “ui” a ; tively as shown in figure. The total momentum of the system before

ﬂ% mg‘%es aéeﬁr/ I|S|fﬂqhw:tﬁé¥gﬁmomentum

P=Pp -mmmmmmmmooees )
Therefore, eq (1) becomes
Mmaui+mau2= Mvi+myva--------------- 2
OR

Initial momentum= final momentum
Before collision  after collision
Eq(2) shows that the total initial momentum of the system before collision is equal to
the total final momentum of the system after collision. Thus, the total momentum during the
collision will be conserved in an isolated system, by the law of conservation of momentum.

U1 U2 Vi V2
— — — —_—

Y <y 3
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Before Collision During Collision After Collision

Explosion:
The process in which the particles of the system move apart from each other after an intense

interaction is known as explosion.
Change in Momentum in terms of Explosion:

If the system is isolated, its total momentum during the explosion will be conserved, by the
law of conservation of momentum. Explosion is the opposite of collision.

Consider an isolated system of bullet of mass “ma1” and gun of mass “m2”. Before firing, the
velocity of the bullet as well as that of gun is zero. Therefore, the total momentum of both objects
before firing is zero. So, we have,

Pi=0
After f|r|ng the bullet moves with velocity “vi1” in one direction and the gun recoils with velocity
in the other direction. T*érefore the total momentum of the system after firing is given by

= 1v1+m2v2
rvamon li omentum

ur;g (i feﬂi’f{ﬂ’ﬁ'ﬂﬂ (e _}}f_ﬂ"fm

> ual but opposite momentum g.add up the

Now, by law of

Hence, bo
momentu

M S 3 place of Aope

affects friction.
Friction:
The force which always opposes the motion of one body over another body in contact with
it is called force of friction.
It is denoted by “f”.
Examples:
Friction exists between,
1. The ground and the wheels of a car
2. Water and fish swimming through it.
3. Aflying cricket ball and air etc.
Quantity and unit:
Friction is a vector quantity and its SI unit is newton(N).

orce, how it

Microscopic description of friction:
Every object has a rough surface, even surfaces that appear to be very smooth to the naked
eye can actually look quite rough when examined under a microscope. Thus, if different surfaces
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are observed under microscope, it can be seen that there are ups and downs (irregularities) on these
surfaces. Whenever the surfaces are rolled or slide over one another, their ups and downs are
interlocked with each other that opposes the relative motion of each surface and gives rise to
friction force. So, the main cause of friction is the roughness of the surface. The more rough and
uneven surface, the more will be the cause of friction.
Normal force (Fn)

A contact force perpendicular to the contact surface that prevents two objects from passing
through one another is called normal force (Fn).

Consider a book is placed on a horizontal table’s surface. By

i . - \ Forc
Newton’s third law, the book exerts the force on the table due to its e &

weight that is acting downward and as a reaction, table also exerts a
force on the book in upward direction i.e. a normal force (Fn) of
table. If no other vertical forces act, then the normal force on the
book by table is equal in ma*ltude to the book’s weight i.e. FNn=W '

But if the surfacesof the table is not horizontal, then the Weight
is not equal in magnitude of the '

e
normal force is certical
book. In this nz) i mov n-nclined plane of the
table and be cdverlng M (st?t}pﬁejdu?éﬁ{?r& f?}f{

Normal Forde

friction.

Evi — "
are other —
then the l .
magnitud -
case, normal force on the book increases 'Fsi‘
that further increases the frictional force. —————— ———

As we know that, f=pFn............ 0]

According to equation(i), friction is .. a0
directly proportional to the normal force. .. ak sest ot watisn
Greater is the normal force, Fx greater will _ No_ mgtion L uele
be the force of friction “f”. i.e. E)&l ii‘& \,@_[c,“ﬂ

fo Fnand vice versa.

Q8. Differentiate between static and kinetic friction by giving an example. Find the
expression for the coefficient of kinetic and static friction.
Static friction:

The maximum force of friction that is opposite to the applied force and prevents the body
from moving is called static friction. It is denoted by “fs”.

'3 Dove_edu_sys % gasim_dove@yahoo.com
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Mathematical form:

fs=},LsFN
Kinetic friction:
The force of friction that acts against during motion of an object in a direction opposite to
the direction of motion is called kinetic friction. It is denoted by “f«”.
Mathematical form:

fk=pFn

Example:

When we slide a wooden block placed on a table, then the following four forces acts on the
block at the same time. i.e.

1. The weight “W” of the body is acting downward.

2. The normal force “Fn” which is acting upward.

3. The applied force “F”.

4. The force of statle.inﬁ-lon “fs” which is acting in opposite direction to the applied force as

shown in figure A%

The weight “ al force “Fn” balance each other. Now when the applied force “F”
acts on the bl does ?y»n \e. Such force of friction at this stage is called static
friction “fs”. ) IEI f&'ﬂﬂ' ff_}f

If we i.nc ase tt the static rlctlon also.i reases and finally

a stage co * ati to |ts maximum value. Such maxifium value of
static frictionki ' F AH"“ imiting ' ,-—-/

_ move due
to maximum-applie s 0 prese le the block 0 e to applied
force. Such force of frlctlon during the motion of the body is called kinetic friction “fk”. Usually,
kinetic friction is always less than static friction (fk < fs).

Coefficient of static friction (us):
As we know that, the static friction “fs” is directly proportional to the normal force “Fn”
acting on the body i.e.,

fsa Fn
Or
fs= llsFN
Where “ps” is a constant of proportionality known as the coefficient of static friction and
depends on the nature of surfaces in contact before sliding.

Thus, the coefficient of static friction “us” can be written as

lls_fs

Coefficient of Kinetic friction(u):
Similarly, the kinetic friction “f” is directly proportional to the “Fn”. i.e.,
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fka Fn
or
fic = pFn
Where “uk’” is known as coefficient of kinetic friction and depends on the nature of surfaces
in contact during sliding.

Thus, the coefficient of kinetic friction “uk” can be written as:

=tk
l‘l'k_FN

As “n” is the ratio of forces (two similar quantities), therefore it has no unit.

Q9: What are the advantages and disadvantages of friction? Also give methods to reduce
and improve friction.
Ans: Advantages of friction:

Some advantages of friction are given below:

1. We can walk on the ground with the help of friction between the soles of our shoes and the
ground.
The nalls remaln '

in the walls and wood due to friction.

stick is another useful application of friction.

n be stopped by applying brakes due to friction.
write 0 pap

ok wd

ﬂﬂf’ (r Jéf{w&ﬂﬂ @}}rj’em

2

3. The various parts of machines become useless due to friction.

4. Cars, buses, trains, machines etc lose a part of their energy in overcoming friction due to
which their efficiency decreases.

Methods of reducing friction:

Some methods of reducing friction are given below:

1. If we polish the rough surfaces, they become smooth and friction is reduced.

2. Friction can be reduced by applying lubricants (oils or grease) between the parts of
machinery or any rough surface.

3. Friction can be reduced by converting sliding friction into rolling friction by using ball
bearings

4. To reduce air friction, the front portions of cars and airplanes are made oblong in shape.
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Q10: What is tension? If two connected bodies of masses m; and m; are
hanging from the ends of a string which is passing over a pulley, find the
values of tension and acceleration in it. :
Ans: Tension: * T

The pulling force exerted by a stretched rope, string or cable on an object
to which it is attached is called a tension force. It is denoted by “T”.
Explanation: m

Tension is always a pull force. Hence, the direction of a tension force is
always the direction in which one would pull the object with a string or rope. W
Suppose a person is holding an object of mass “m” at rest with the help of a
string as shown in figure. The object exerts a force on the hand through the string in downward
direction due to its weight “W”. By Newton’s third law, the force which is exerted by the string
on hand is called the tension in the string. As the object is at rest, the magnitude of tension is equal
to that of weight of the object i.e., T=W

Acceleration and Tension in Atwood’s machine:

Consider, motion of two bodies “A” and “B” having masses m1 and mz (with ma is greater
than m2) are suspendedlﬁ* extensible string which passes over a frictionless pulley. Such
arrangement is kn as Sim [ified Atwood’s machine. In such an arrangement (m1>mz), ma will
1 ve upward. Slnce tension “T” and acceleration “a” will be same

(— (&ﬂ’f’ “fﬁ'afszf{w&'ﬂﬂ ff);,c«j"fm

Y LA A A

2. Tension in the string acting upward =T

So, the net force acting on “ma1” is given by:
Fret= mia
Wi+ (-T) =ma $
W1 -T=ma ~ Wi=mag ;
mig-T=ma ......... (i)

Similarly, two forces acting on mass “m2” are:
1. Weight acting downward = W2 = mzg
2. Tension in the string (upward) = T

Now, the net force acting on “m3” is given by,

s

Fret= m2a ‘l,
T+ (-W2) = mza W
T- W2 =mza ~ W2 =mzg

T- mzg =mza (i) B
'l

ten3|0n in the string, be proceed as foIIowsi i

:3 Dove.edu.sys

% qasim_dove@yahoo.com

Page 14 of 36

Contact: 0344-9788808,0345-4446445, 0346-4446445


https://web.facebook.com/TehkalsDotCom/

50
M Like a few things in life, you can surely
e trust on, “ Swe (Growp”

For finding acceleration:
Adding eq(i) and eq (ii)

mig — T + T- m2g = mia + mea

mig- M2g = mia + mea
(m1-m2)g = (M1+ m2)a

Divide (m1+ m2) on both sides

(my—m;) — (my+m;)
(my+my) (mqy+my)
(m;—m;) _
(mqy+my) —a
Or
— (m;—my) iii
—(m1+m2) -

For finding tension in string: .

mimzg - m2T = maT - mimzg

mimzg + mimzg = m1T + m2T
2mimzg = (M1 + m2)T

Divide (m1 +m2) on both sides

2mimy,g _ (mq+my)T
mq +m2 mq +m2
2Zmim,g T
mq +m2
Or

2mym .
T="1R29 ()

mq +m2

Equation (iv) represents the Tension “T” in the string.
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Q11: What is uniform circular motion? What are the factors on which magnitude of
acceleration (centripetal acceleration) in uniform circular motion depends.
Ans: Uniform circular motion:

“If a body moves in a circular path with a uniform speed, its motion is called uniform
circular motion.”

Or

“When the speed of a moving object does not change as it travels in the circular path, it is

called uniform circular motion.

Examples:
1. Motion of earth around the sun.
2. Motion of electrons around the nucleus.
3. Motion of fan etc.

Centripetal acceleration:

The acceleration which is produced by changing the direction of motion of a body moving
in a circular path with consiamﬁuniform) speed is called centripetal acceleration. It is denoted by
ac”. o
Explanation: :

the circle.

‘circular n-the direction of velocity of the body changes at
Fni 6 %i ?%lsﬁi?d )} ich js % entripetal
| ﬁ\yenter Of

Mathemati
2
ac = ”7 (i)
Unit:
The SI unit of centripetal acceleration is meter per second square (m/s? or ms).
Factors:

According to eq (i) the centripetal acceleration “ac” depends on the following two factors
in uniform circular motion.

1. Velocity of the body (v)

2. Radius of circle (r)

Eq (i) shows that the centripetal acceleration is directly proportional to the square of velocity
of the body which means greater is the speed of the body, greater will be the centripetal
acceleration. Also, centripetal acceleration is inversely proportional to the radius of the circle (r)
which means smaller is the radius of circular path, greater will be the centripetal acceleration.
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Q12: What is centripetal force? Explain how centripetal force is used in banking of roads
and centrifugation.
Centripetal force:
The force which compels a body to move in a circular path is called centripetal force.
It is denoted by “F¢”.
Mathematical form:

[

Fo="" v
Where “m” is the mass of the body, “v” is the velocity of
the body and “r” is the radius of the circle.
Explanation
We know that in circular motion, the direction of velocity
of the body changes at every point continuously. Thus,
acceleration is produced during such motion and the force i
required for the production of centripetal acceleration is known
as centripetal force whlcm; rected forwards the centre of the

circle.

Applications offcemtri | l

The centripetal forceBIaYs an mpc@p—t— rdﬁé”l e. Some of t ?}é ﬂppllcatlons
. ; . [ AL aT
3 oo gveplo. ﬁéa"é‘ Yjale

as banking of'roz

When a car takes a turn along a round track, sufficient centripetal force is required. In the
absence of this force, the car will skid off the road to the outward direction due to inertia. The force
of friction between tyres and the road provides this centripetal force and keeps the car moving on
the curved path. However, if the road is slippery due to rain or snow, this reduces the friction which
in turn reduces centripetal force of taking turn.

In this case, we use a technique “banking of road curves” in order to provide sufficient
centripetal force to the turning vehicles by making the outer edge of a round track is slightly higher
than that of the inner edge. In this case the normal force ‘Fn’ of the road is resolved into two
components i.e. “Fnx” and ‘Fny’.

The horizontal component ‘Fnx’ balances the weight of a car whereas the vertical
component ‘Fny’ of normal force increases the friction which provides sufficient centripetal force
due to which the vehicles take a safe turn.
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Centrifuge:
Centrifuge is a device which is used for the separation of liquids of unequal densities. Its

operation depends upon centripetal force.
Construction and working:

A simplest type of centrifuge consists of a wheel which rotates horizontally and some
buckets are attached to the wheel vertically. Now, if a mixture of unequal densities are introduced
into the buckets and the wheel is allowed to rotate rapidly, the liquid becomes separate that is the
heavy liquid remains farther from the axis of rotation while the lighter liquids remains nearer to it.
This means that the heavier liquids are at the bottom of the buckets when the centrifuge is stopped.
Examples:

The same centrifuge principle can be used in some commonly used devices in our daily
life i.e. cream separator and washing machine dryer are the examples of centrifuge.

TOPIC WICE QUESTION
Q1. Describe various type of friction.
Ans. Types of friction:
There are two types of

fktional forces which are given below
2. Rolling friction

tﬂ‘@ ofrone solldpq_dy over the sur(c f another solid
ictiotyts calisad oy thiErong e;jk's'mfaces in

body is called slidi
contact. ‘

a nlam il fam..

a. Static friction:

The minimum force of friction that is opposite to the applied force and prevents the body
from moving is called static friction. It is denoted by fs.
b. Kinetic friction:

The frictional force that acts against during motion of an object in a direction opposite to
the direction of motion is called kinetic friction. It is denoted by fx.
Example:

Whenever a wooden cart is dragged over a road then the friction produced is called sliding
friction.

2. Rolling friction:

When a body rolls over a surface, the force of friction is called rolling friction.
Explanation:

It is commonly observed that a body with wheels move easily as compared to a body of
same size without wheels. Thus, rolling friction is much less than a sliding friction because the
contact surface area is much less in rolling than in sliding friction.

Example:

Whenever a ball is rolled over the ground the friction produced is called rolling friction
because small surface area of both ball and ground are in contact with each other that offer less
resistance. Page 18 of 36
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frictional
force

Q2. Discuss the graphical interpretation of
friction.
Ans. Graphical interpretation of friction:

F applied
The graph between applied force ‘F’ and =% force
frictional force ‘f* shows that when the applied ; e Immm— force
increases the static frictional force ‘fc’ also ovls Gl
increases until it reaches a certain maximum valee called

limiting friction “fs max’.

At this point the object starts moving and frictional force rapidly decreases to a smaller
kinetic friction “fk’ value, which nearly remains constant.
Q3. Define and explain centripetal force.
Ans. Centripetal force:

The force which eﬂm#ls a body to move in a circle is called centripetal force. It is denoted
by ‘Fe. t
Explanation: "

We kn in i motion direction of velocity v
of body cha y # on isip Eff{d;
durlng sugp &'&3% g 'g%od fion of
1 N ” il . a
: : etal force and it is
W

direction of moving object, forcing it to move in a C|rcle.
Mathematical form:

Let ‘m’ be the mass of an object which is compelled to move in a circle of radius ‘r’ with
the constant speed ‘v’. Centripetal force ‘F¢’ produces centripetal acceleration ‘ac’ in the body
which can be written as:

v2
dc== —

m
Now, according to the Newton second law of motion:
Fc= mac (i)

Putting value of acin eq (i):

muv2 .-
Fc = T (II)
Quantity and Unit:
The centripetal force is a vector quantity and its SI unit is Newton (N).
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Factors on which it depends:

According to eq (ii), the centripetal force depends upon the following three factors:

1. Mass of the body

2. Velocity of the body

3. Radius of the circle

Greater the mass and velocity of the body, greater will be the centripetal force. Also, smaller
is the radius of circular path, greater will be the centripetal force.
Example:

The moon revolves around the earth because of centripetal force which is provided by the

gravitational force between moon and the earth.

Q4. Write a note on cream separator.
Ans. Cream separator:
A cream separator is a centrifugal device which is used to separate cream from milk. It
works on the principle of centrifuge.
Construction: ¥
It consists of a set ofbl

es connected to an axis by means of a metallic rod which is driven

Working:

As i rmn blade r}wf@dewce spins the
milk due to i e separ eﬁ lfhe af?rcles (cream)
gather nea the-h vy partlcles of milk go away from the.axisof rotation.

Ans. Washing machine dryer:

A washing machine dryer is a device which is used to dry the wet clothes quickly. It works
on the principle of centrifuge.
Construction:

It consists of a cylinder having small holes on its wall and a rotor which is driven by an
electric motor.
Working:

When wet clothes are placed in this cylinder and it is rotated rapidly. Due to this, water
moves outward to the wall of cylinder and is drained out through the holes. In this way, the clothes
become dry quickly.
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CONCEPTUAL QUESTIONS
Q1. Why does dust fly off, when a hanging carpet is beaten with a stick?
Ans. When we beat a carpet with a stick, the carpet is set into motion while the dust particles inside
the carpet are at rest and tends to remain at rest due to inertia. As the dust particles do not move
with the carpet, so they get removed from the carpet.

Q2. If your hands are wet and no towel is handy, you can remove some of the excess water
by shaking them, why does this work?

Ans. We can remove some of the excess water from our wet hands by shaking them due to inertia.
When we shake our hands, the hands come into state of motion while the drops of water are at rest
and tend to remain at rest due to inertia. As a result, these drops are removed from our hands.

Q3. Why a balloon filled with air move forward when its air is released?

Ans. When air is released from balloon, the balloon exerts an action force on the air and pushes it
out in the backward dire;ti . While the rushing out air exerts an equal reaction force on the
balloon in forward directio_g. 5 a result, the balloon moves forward.

We can also expl } s of the law of conservation of momentum. The air and balloon
forms an isol total momentum is initially zero. Now, when air is released, it

rushes out wi um in thy ba ard direction=Now to conserr,v e momentum, the
balloon mov forwardwi hessame] Gite " Criealion —-“""""ff'-'

Q4. Why
stream of
Ans. It is 0 entum. By
Newton’s third law of motion, when the fire man directs a hose pipe towards fire, the water shoots
out from the pipe in forward direction which is an action on water. While as a reaction, the water
also exerts the same force on the pipe in backward direction. As a result, the house pipe moves
backward.

Similarly, it can be explained by the law of conservation of momentum, the water and pipe forms
an isolated system whose total momentum is zero. Now, when the water is released from the pipe
it comes out with great momentum in the forward direction. Now, to conserve the momentum, the
pipe moves in backward direction.

powerful

Q5. Your car is stuck in wet mud. Some students on their way to class see your predicament
and help out by sitting on the trunk of your car to increase its traction. Why does it help?
Ans. When a car stuck in wet mud, the friction between tyres and mud decreases. As a result, the
car cannot move. Now, when the students sit on the trunk of the car, the weight of car increases
due to which the normal force ‘Fn’ on the car also increases.

As we know that:

Pro— Page 21 of 36
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According to eq (i), force of friction (f) is directly proportional to the normal force (Fn) which
means that greater the normal force, greater will be the force of friction. Thus, the increase in
friction helps the car to come out of the mud easily.

Q6. How does friction help you walk? Is it Kinetic friction or static friction?

Ans. A frictional force exists between the ground and sole of our shoes. When we walk forward,
we push the ground with feet in the backward direction while in reaction, the ground also exerts a
force (friction) in forward direction which moves us forward. Because of this frictional force, we
are able to walk on the ground. Without friction, it is not possible for us to walk on the ground.
This is static friction because when we walk on the ground, our feet are at rest for a moment
which provides the static friction between our feet and ground. Hence, we walk due to static
friction instead of kinetic friction.

Q7. The parking brake on a car causes the air wheels to lockup. What would be the likely
consequence of applyin%th arking brake in a car that is in rapid motion?
Ans. While driving fast ong road, if the parking brake (hand brake) is applied, the rear wheels of

ion. As a result the car will skid in such S|tuat|on

Q8. Why is _ ade rough?--
Ans. The surface,of J;_mﬁ us@‘fé&’r@ﬁé&' ﬂﬁéffocefMJ(bn between

the belt afid ‘the"obje Blace aced on the surface of belt. Because h surface,
‘ . ietion"As a result, the

Q9. Why does a boatman tie his boat to a pillar before allowing the passengers to step on the
river bank?

Ans. When the passengers jump from the boat on the river bank, they actually push the boat with
their feet in the backward direction. In this way, the boat would move away from the bank and the
passengers may fall in water. So, to avoid the backward push of the boat, it is first tied to the pillar
before allowing the passengers to step on the river bank.

Q10. In uniform circular motion, is the velocity constant? Is the acceleration constant?
Explain.

Ans. In uniform circular motion, the velocity does not remain constant because the direction of
velocity of the body changes continuously from point to point and this direction of velocity is
always tangent to circle at each point. Whereas, the centripetal acceleration is directed towards the
centre of circular path and its direction remain unchanged. Due to uniform circular motion, the
centripetal acceleration remains constant throughout the motion.
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Q11. You tie a brick to the end of the rope and whirl the brick around you in a horizontal
circle. Describe the path of the brick after you suddenly let go of the rope.

Ans. According to Newton’s third law of motion, for every action there is an equal and opposite
reaction. When we tie a brick to the end of a rope and whirl it in a circle of radius ‘r’, we provide
centripetal force to the brick through the rope. Whereas the brick also exerts centrifugal force on
our hands through the rope in a direction away from the centre of the circle. So, the reaction of the
centripetal force is centrifugal force. Now, if we let go the rope suddenly then the brick will move
in a straight line away from the centre of the circle due to centrifugal force.

Q12. Why the posted speed for a turn is lower than the speed limit on most highways?
Ans. When a car takes a turn, the necessary centripetal force v is provided by the force of friction
between the road and tyres. We know that the centripetal force ‘Fc’ is given by:

Fee= ™2 eq (i)

eq (i) shows that higher the speed of the car, greater amount of centripetal force is required to move
along a circular path. At H!} speed, it is not possible for the frictional force to provide necessary
centripetal force for the ca e a safe turn. As a result, the car will skid away due to insufficient

centripetal forcg#5o,t0 avoid such risky situation the driver should keep the speed of the car lower
while taking aftufl. % 4 (/—
= 1‘{;? l{fg’ (}_{.(j’f{ffﬁ'ﬂﬂ f’)}xj"’em
‘ S UESTIONS =

Q1. 1580Kgicakis travelling with dSpegtkef 15.0 m/s. what is the magnltu c-of orizontal
net force i i ri distanc

Data:
Mass = m = 1580kg

Initial velocity = vi = 15m/s

Final velocity = vf = 0m/s

Distance covered = s = 50m

Find:

Force required to stop the car = F =?
Solution:

As we know that

F=ma................ eq (i)
First, we find ‘a’ by using 3™ equation of motion
2as = Vi - Vi
Or
_vi-vf
2s
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By putting values:
_ (0-(15)2

2X50
_0-225

100
_ 225

100
a=—2.25m/s?
The negative sign shows deceleration.
Now, putting value of ‘a’ in eq(i)
F=ma
F =1580 x -2.25
F =-3555N
F=-3.555x10°N
Or
F=-3.55x10°N

Q2. A bullet of mass 10g I %ﬁd with a rlfle The bullet takes 0.003s to move through barrel
and leaves with a v

Data
Mas=m =
10
m=——
1000
m = 0.01kg
Time =t =(
Initial veloc
Final velocity = vi = 300m/s
Find:
Force = F =?
Solution:
We know that
F=ma............ eq (i)
1%t we find ‘a’ by using formula
_VfVi
a =
t
By putting values
300-0
a=
0.003
300
a=——
0.003

a = 100,000 m/s?
Now, putting value of ‘a’ in eq (i)

F=ma

F =0.01 x100,000

F = 1000N

Page 24 of 36
n Dove.edu.sys %qasim_dove@yahoo.com Contact: 0344-9788808,0345-4446445,0346-4446445


https://web.facebook.com/TehkalsDotCom/

trust on, “ e (Grewp” ="  .pccecliom

A Project of Dove Group

| )
M Like a few things in life, you can surely .i‘ﬁ_. lsne Ewation

Q3. A 2200 kg vehicle travelling at 94km/h(26m/s) can be stopped in 21s by gently applying
the barkers. It can be stopped in 3.8s. if the driver slams on the brakes. What average force
is exerted on the vehicle in both of these stops.

Data: -

Mass = m =2200kg

Initial velocity = vi= 94km/hr
_ 94 x1000
' 3600
Vi=26m/s

Time taken in 1% case = t1 = 21s
Time taken in 2" case = t> = 3.8s
Final velocity = vi= 0m/s

Find:

Force required in 1% case = F1=?
Force required in 2" case = F2=?

Solution; - » *
* 1

As we know that

1% we find “a »

by puttingiva

a1 =-1.23m/s?

Now, putting value of a1in eq (i)
Fi=ma
F1=2200 x (—1.23)
F1=-2706N
F1=-2.706 X 103N

OR

F1=-2.7 X 103N

For finding F2, we know that

Fo=maz ... (i)

1%t we find “a2” by using formula

_ Vi
az=
t
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By putting values

_0-26
a=—-
3.8
_—26
ar=——
3.8

a, = -6.84m/s?

Now, putting value of a2 in eq (ii)
F2=maz
F2=2200 x (—6.84)
F2=-15048N
F2=-1.5x 10*N

For finding average force “F”:

F = FutF
2
(-2.7 x 103 )+ (-1.5 x 10%)

2
—2.7x10% —1.5 x 10*

F=

o

|—2.7 x10%® -0.15 x 103

a ﬁg;g “Cdication @}:ﬁ’ﬁm

a plar;aa of hope

Q4. You want to move a 500N crate across a level floor. To start the crate moving, you have
to pull with a 230N horizontal force. Once the crate “breaks loose” and starts to move, you
can keep it moving at constant velocity with only 200N. What are the co-efficient of static
and kinetic friction?

Data: -

Normal force = weight of crate
Fn=W
Fn=500N

Static friction = fs= 230N

Kinetic friction = f« = 200N

Find

Co-efficient of static friction = us=?
Co-efficient of kinetic friction = uk=?
Solution

For finding ps, using formula
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_fs
Hs = Fu
230

Hs=300

HUs = 0.46
For finding pk, using formula
_
TPy
200
Hk=c00

u=04

Uk

Q5. Two bodies of masses 3kg and 5kg are tied to string which is passed over a pulley. If the
pulley has no friction, find the acceleration of the bodies and tension in the string.

Data:

Mass of 1% body = m1 = 5kg

Mass of 2" body = m2 = 3kg

Acceleration due to gravi‘t}.‘r h =0.8m/s?

Find
Acceleration #
Tension in the
Solution:
15t we finc

a=0.25x 9.8
a= 2.45m/s?

For finding T, using formula

_¢ 2mpmy
T=(1m, )9

T=22x98

+3

T=3x98
8

T=3.75x9.8
T=36.75N
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Q6. Determine the magnitude of the centripetal force exerted by the rim of a car’s wheel on
a 45.0 kg tire. The tire has 0.408 meter radius and is rotating at a speed of 30.0 m/s.

Data:

Mass = m =45 kg

Radius=r = 0.480m

Speed=v =30 m/s

Find:
Centripetal force = Fc = ?
Solution:
We know that
2
By putting values
45x302
Foz—
0.480
# g 45x900

EC :l

Q7. A motorcyclist is moving along a circular wooden track of a circus (death well) of radius
5m at a speed of 10m/s. If the total mass of motorcycle and the rider is 150 kg, find the
magnitude of centripetal force acting on him?

Data:

Mass = m = 150 kg

Radius=r =5m

Speed=v =10 m/s

Find:
Centripetal force = Fc =?
Solution:
We know that
2
By putting values
2
Fc - 150:10
Fe= 150:100
Fe= 15000

5

F:. =3000 N Page 28 of 36
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Q8: A car of mass 1000kg is running on a circular motorway interchange near swabi with a
velocity of 80m/s, the radius of circular motorway interchange is 800m. How much
centripetal force is required?

Data:

Mass = m = 1000 kg

Radius=r = 800m

Velocity=v = 80 m/s

Find:

Centripetal force = Fc =?
Solution:

We know that

By putting values

a place of Awpe
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Assignment
Assignment 3.1
Find the acceleration produce in engine force of 3500N in car of mass 600 Kg and truck of
mass 2400 kg.
Data:
Force = F = 3500 N
Mass of car = m1 =600 kg
Mass of truck = mz = 2400 kg
Find:
Acceleration produced in car =a1 = ?
Acceleration produced in truck =az = ?
Solution:
For finding a1, using formula

By putting‘v u | ;OZ;?{!& {éf;fﬁﬂm?ﬂﬂ {;ﬂﬁ}j{m

For findin ng.formula ' a pIEDB 'Dfﬁﬂ'

or a=—

By putting values
_ 3500

2 = 3200
a2 = 1.458 m/s?

Or
a> = 1.46 m/s?

Assignment 3.2

The weight of an astronaut and his space suit on the moon is only 250N. How much do they
weigh on earth? What is the mass on the moon? On earth? (Take acceleration due to gravity
for earth as ge = 9.8m/s? and moon as gm = 1.6m/s?)

Data:

Weight of astronaut on moon = W = 250 N

Acceleration due to gravity on earth = ge = 9.8 m/s?

Acceleration due to gravity on moon = gm = 1.6 m/s?
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Find:
a) Mass on moon = mm="?
b) b. Mass onearth=me="?
c) c. Weight on earth = We=?
Solution
For finding mm , using formula
W =mg
W = mmgm

Oor Mmm=—
gm

_ 250
m=
1.6

Mm = 156 kg
(b) As mass is constant everywhere, so mass of astronaut on earth will be also 156kg. i.e.,

me = 156kg
(c) For finding WE, W#e_ know that

of golf ball is 46g, what is the magnltude of its momentum?

Data
Velocity =V = 75.8m/s
Mass = m = 46g
=26 g
1000
m=0.046kg
Find
Momentum =P =?
Solution
We know that
P=mv
By putting values
P =0.046 x 75.8
P = 3.4868Ns
Or

P =3.49 Ns

nDove.edu.sys %qasim_dove@yahoo.com
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Assignment 3.4
Calculate the force required to stop a car of mass 1200 kg and a loaded truck of mass
9000kg in 2 second, if they are moving with same velocity of 10ms™.
Data
Mass of car = m1 = 1200 kg
Mass of truck = m2=9000kg
Time =t=2s
Initial velocity = vi =10 ms™
Final velocity = vi= 0 ms
Find
Force required to stopacar=F1="?
Force required to stop atruck = F2=?
Solution
As we know that

Fi1=mia Q)
1%t we find “a”, by usih formula

a

=\

F1=1200 x -5

F1=-6000N
For finding F2, we know that

Fo=moa

By putting values
F2=9000 x -5
F2 = - 45000N
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Assignment 3.5

In carrom board game the stricker of mass having mass 0.015kg sliding to the right at
velocity of 0.40m/s makes head on collision with a disk having mass 0.005kg that is
initially at rest. After the collision, stricker moves to the right along the direction of disk
at 0.20m/s. Find the final velocity of the disk.

Data

Mass of stricker = m1 = 0.015kg

Mass of disk = m2 = 0.005kg

Initial velocity of stricker = u1 = 0.40m/s

Final velocity of stricker = v1 = 0.20m/s

Initial velocity of disk = uz2 = 0m/s

Find
Final velocity of disk =v2=?
Solution
By using law of consqrv*on of momentum
MUz +i2Uz = M1vi + Mav2
) = JATV1 - TATVI + MoV

= mav; —
Divide “ | 2L O : J

, ~LIfe éﬁéﬁw&ﬂﬂf ( g ffm

a place of hope

my
b, — 0.015X040+0.005x0-0.015x0.20
L 0.005
_ 0.006+0-0.003
2~ 0.005
0.003
VZ =
0.005
v, = 0.6 m/s

Assignment 3.6

A 200kg cannon at rest contains a 10kg cannon ball. When fired, the cannon ball leaves the
cannon with a speed of 90m/s. what is the recoil speed of cannon?

Data:

Mass of a cannon ball = m1= 10kg

Mass of a cannon = m2 = 200kg

Velocity of cannon ball after fire = v1 = 90m/s
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Find:
Velocity of cannon after fire = v2="?
Solution:
We know that
Pt=Pi ~P=0
Pr=0

mwvi + mav2=0
M1 - ML + M2v2 = 0 — mavs
mavz = —maivi
Divide “m2” on both sides

>N\2V2 — —-—mqvq
?"-2 ms
-mqv
Vo = L S §
my
—(10 %90
Vz:#-%—)
0
A0,

@r}% og%/sy dlregﬁgiofce fc;_? baII

S required
tosetiti
Data:
Mass of bag = m = 5kg

Acceleration due to gravity = g = 9.8m/s?
Coefficient of friction = pk= 0.1

Find:

Normal force = Fn=?

Force = fk="?

Solution:

As we know that

First we find Fn, we know that
Fn = Weight of the bag
Fn=W ~W=mg
Fn=mg
FN=5x%x0.8
Fn=49N

Now, putting value of ‘Fn’in eq (i)
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fik = pFn
fk=10.1 x 49
fk=4.9N
Or
fu="5N

Assignment 3.8
Two bodies of mass 3.5kg and 1.5kg are tied to ends of string which passes over a pulley.
Find
a. The acceleration of bodies
b. The tension in the string
Data:
Mass of 1% body = m1 = 3.5kg
Mass of 2" body = m2 = 1.5Kg

Acceleration due to grawt# = 9.8m/s?

Find: L

Acceleration =fa ‘

Tension in s @ o AT 63.;( .
Solutlon;__ = L C% L

For finding 3 - :

a place of &ope

2)0.8

3.5+1.5
a=()98

a=04x938
a=3.92 m/s?
Or
a=4m/s?
For finding T, using formula

(Zmlmz

mq+my
2%x3.5x1.5
T 35+15 x9.8
T= 55x93
T=21x98
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T =20.58N

T =20.6N
Or

T=2IN

Assignment 3.9

A pilot is flying a small plane at 56.6m/s in a circular path with a radius of 188.5m. The
centripetal force needed to maintain the plane’s circular motion is 1.89x10*N. What is the
plane’s mass?

Data:

Velocity = v = 56.6m/s

Radius = r = 188.5m

Centripetal force = Fc= 1.89x10°N

Find: ¥ *

Mass =m = ? L g

Solution:

We know thaty

Or

_356.265x10%*

3203.56
m=0.11120 x 10*

m=01112.0 x 10™* x 10*
m=1112.0 10*™*

Or
m = 1112kg
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