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UNIT-3 Dynamics

3.1

Ans:

Ans:

FORCE, INERTIA AND MOMENTUM

3.1 SHORT QUESTIONSER =\ (C
Define dynamics. (K.B) i Ve T L GRwe5,2017)

YN

;_S

Definition:
¥ 1e hranch-6T meg nan .|c,- that ﬁféaio with e study of motlon of an object and the
cause 0&iis\mo: |o 1 iS (a.led 1yrwn|~ 22
Exampue:’, -
o 0\, / *he ioon effect the ocean.
) e Car on a banked road.
Define force? Write its formula and unit. (K.B+U.B+A.B) (GRW 2013, LHR 2017)
FORCE
Definition:
“A force that moves or tends to move, stops or tends to stop the motion of a body.
The force can also change the direction of motion of a body”.
Formula:
F=ma
Quantity:
A force is a vector quantity.
Unit:
S.1 unit of force is newton(N)
IN = 1kgx1ms™
Definition of newton:
“One newton is the force that produces an acceleration of 1ms? in a body of mass 1kg.”
Examples:
e We can open the door either by pushing or pulling the door.
e A man pushes the cart. The push may move the cart or change the direction of its
motion or may stop the moving cart.
e A batsman changes the direction of a movmg ball by pushlng it with his bat.

W 2 - E
) ::_.-'..
T ) i ;re' F-‘unct:-ﬁw' of [Foice - .
0 b M--'_ —— I
Defme}r:’f.elth -?pla n |t Mth t.X neies. (K.B+A.B) (LHR 2014, 2015, GRW 2017)
1 | \ ! - INERTIA

& inertla of a body is its property due to which it resists any change in its state of

rest or of motion”.

Introduction:
Galileo observed that it is easy to move or to stop light objects than heavier ones. Heavier
objects are difficult to move or if moving then difficult to stop. Later on Newton
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UNIT-3

Dynamics

Q.4

Ans:

concluded that everybody resists to the change in its state of rest or of uniform motion in

a straight line. He called this property of matter as inertia. He related the !r“rtla of a-hemios |

with its mass;
Dependence:

greater is the mass of a body greater is its |nert|a -, [ [~

| [} &

It depends on the mass of the badv Grezter, he raags, of the b(,dy gremer will be the
inertia. Therefore, we can ¢ a) thalna 's/is thﬁ direct mei« rac inestia.

Exampies;

o ToKe a gIm» cover i \mfh

/ (GRW 2017)
ni2ce of cardboard Place a coin on the cardboard.

Now: flick the card I drizontally with a jerk of your finger. The coin does not move

Vit h_t ¢ardioard due to inertia and falls in to the glass.

-

v

Figure:  The coin Falls into the
Glass Due To Inertia as

the Card Flicks Away

e Cut a strip of paper. Place it on the table. Stack a few coins at its on end. Pull out
the paper strip under the coins with a jerk. We will succeed in pulling out the
paper strip under the stacked coin without letting them to fall due to inertia.

When a bus
(K.B+U.B)

Figure:  Coins Stacked Over
Remain Undisturbed on

Pulling the Paper Strip

Quickly )
takes a sharp turn why do passengers fall in Ollf‘wer direci peA \{
) . (DO ycu |_§-:\JW F’TB p-g Sagi -
TAKING SHAFP Tureg | \\ ¥ [ (S
"'_— L [ L -J I T T T , _—
U, ] ] N ’, |
I ..'.I. k T ’.'-'/.I'_..' ““.-I-' V I-'-) f .
— —. '\"'H. \ A g .’-. ol
el N —

Figure:  Bus Taking Sharp Turn

When a bus takes a sharp turn passengers fall in outward direction. It is due to inertia that
they want to continue their motion in a straight line and thus fall outwards.
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UNIT-3 Dynamics

Q.5

Ans:

Q.6

Ans:

What is momentum? (K.B) (LHR 2014)
MOMENTUM : —
Definition: A
“Momentum of a body is the o 'antlty (,f n1ofmn I Pisesses Cl.to its nliass anc »ulocny”
Formula: Loy \
The momentum ‘P’ of a borly,is 01v=n ty Lhe ploduu afitsinass miand velocity v. Thus
P=mix\y}
Quantity. .
Morrentum sa /ebtes quantlty
"JI‘I’t
51 unit of momentum is kg ms™ or Ns.
Dependence:
Momentum or quantity of the motion of a body depends on two quantities.
e Mass of the body
e Velocity of the body
What are the effects of a force. (C.B)
Force do not only affect motion. If two or more forces acts on something, they will

change its shape or volume (or both). The effect is slight with hard objects, but can be very
noticeable with flexible bodies.

o=

3.1 MULTIPLE CHOICE QUESTIONS

The direct measure of inertia is: (K.B)

(A) Mass (B) Energy

(C) Momentum (D) All of above

The characteristic of a body due to which it tends to retain its state of rest or of
uniform motion is known as: (K.B)

(A) Weight (B) Force

(C) Inertia (D) Momentum

The agency which changes or tends to change the state of rest or of uniform motion
of a body: (K.B)

(A) Weight (B) Force
(C) Inertia (D) Momentum
Sl unit of force is: (K.B)
(A) Kilogram (B) Dynes W
(C) newton (D) Pound e N Y i T R e
1N=7?(UB) - o L A GRw 2014)
(A) kgms \ o (BB} kms ' Y
(C) kgm?s™ 700 (D) kgPrns?
Quantity, of 'notlnn Ja 'wod\, |°Qown asy (KiBy—""
(A) Mas=, | | v LA ._"*~ A ~(B) Momentum
(C) Velpcuty 1\ ™ R (D) Acceleration
_ Proguct,of ingss and-y elocny is known as: (K.B)
oA Rerel 2 (B) Speed
!l )'\/Iomentum (D) Acceleration
Kgms™=7? (U.B)
(AN (B)J
(C) Ns (D)W
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UNIT-3 Dynamics

3.2 NEWTON’S LAWS OF MOTION

LONG QUESTIONS L

3.2 Q.1 State and Explain Newton’s First law of mption.{ti.3+/ B, b)(hF W.2014, 20172014,
LHR 2021)

Ans: _Wl@\_ L FIR _QA_A"_O;“ 4’:.10&
Introductiorn:
First laacf motici deals with hodus wiich are either at rest or moving with uniform
speed ir, asiraight Ime I, merss no net force acts on them.
-).lfl._fﬁ’\t
Ney cnlsTirst Law of Motion states that:
“A body continues in its state of rest or of uniform motion in a straight line provided no
net force acts on it”.
Explanation For Rest:
Newton’s first law of motion deals with bodies which are either at rest or moving with
uniform speed in straight line. According to first law of motion, a body at rest remains at
rest provided no net force acts on it. This part of the law is true as we observe that objects
do not move by themselves unless someone moves them.
Example:
A book lying on a table remains at rest as long as no net force acts on it.
Explanation For Motion:
Similarly, a moving object does not stop moving by itself. A ball rolled on a rough
ground stops earlier than that rolled on smooth ground. It is because rough surface
offer greater friction. If there would be no force to oppose the motion of the body
would never stop.
Example:
When its engine of a car moving with uniform velocity is turned off it stops gradually
because a net force of friction is acting in the opposite direction causes to stop it.
Law of Inertia:
Since Newton’s first law of motion deals with the inertial property of matter, therefore,
Newton’s first law of motion is also known as law of inertia.
Example:
Passengers standing in a bus fall forward when its driver applies brakes suddenly. It is
because the upper parts of the bodies tend to continue their motion, lower parts si-stigi,
bodies are in contact with the bus stop with it. Hence, they fall £Gitwg rd Sirilerly, when'a
moving bus takes a sharp turn, passengers fal| in_the-ouiwaid df rectuor Jt 3 duRty riertia
that they want to continue *@ir mctign in a straight Iing and tnuy fall qutwards.

3.2 Q.2 State and Explain Newton’ ) Se(onu Ta\ 0f1 ntlc'-i (< RGB+A 3)
(GRW 2011, LHR 2012, 2013)

Ans: AR J\_Iw mm’ o\ OiJ LAW OF MOTION
Introduction:)
Newion” ; Set 01 d Lawof Motlon deals with the situation where a net force acts on the body.

. é Ll_:( r.“ hL

. J | Rewton’s Second Law of Motion states that:

“When a net force acts on a body, it produces acceleration in the body in the direction of
the net force. The magnitude of this acceleration is directly proportional to the net force
acting on the body and inversely proportional to its mass.”
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UNIT-3 Dynamics

Mathematical Form:
If the force “F” is acting on the body of mass ‘m’ then we can write thls in-tie-mathematica
form as, . ™

and aoc — ..0. | T =)

From rcmt on (1) and{Z);we iava
o
1o =
m
“F o« ma

\ J AN \. har givgne S|gn of proportionality into the sign of equality

F = (constant) ma
Putting k as proportionality constant, we get

F =kma

In above equation, according to international system of units k =1
F=(1)ma
F=ma

This is the mathematical form of Newton’s Second law of motion.
Unit of Force:
In the System International, the unit of force is newton, which is represented by the symbol N’.
Definition of newton:
“One newton (1N) is the force that produces an acceleration of 1ms™ in a body of
mass 1kg.”
Thus, a force of one newton can be expressed as
IN=1kgx1 ms
or I1N=1 Kgms

Same force small mass: large acceleration

large mass: small acceleration

> @imd

Force = mass x acceleration
Figure:  Newton’s Second Law

3.2 Q.3 Differentiate between Mass and Weight. (K.B) (GRW mm 2J_h-LHR 2“ 2015\:'
Ans: DIFFEREMTIATION ™ - "™ p e
Mass and weight can be differentidteql as:

Imllmlw_

| Defirlitipn_
o Mﬁ nf a bo 1y |sthe 1r|a| Ptx}“‘a‘ miatier o The weight of an object is the force
Do:se_.-eo. nyT ‘he Lodv - acting on the object due to gravity.
wIRY Quantity
AT SN It- aDase and scalar quantity. e It is a derived and vector quantity. It
- J RN AV is always directed toward the center
' of the earth.
Variations
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UNIT-3 Dynamics

e It remains same everywhere and does | ¢ It does not remain same at all places \
not change with change of place. and varies with the—value of g1\
acceleratlon d':JP'[J (m\ufy A

. |
: PNty (T 4
e Unit of mass is kilogram (Kg}, J |,w_-gm(f\,ve'ght 12 nr Wtu..’(N)
0\ [Formiia | |
e It.<an \be calediaiad By {using tne'[ ¢ “M-Can be calculated by using the
formula Fi=ma () 1) ™ ] formulaw =mg
A AV M AR AR A “Zero Value
__-____ﬂsin_ anady can never be zero | ¢ Weight of body can be zero
e RTINIANAN : Measurement
I JI 'l "o It is measured by comparison with | e It is measured by spring balance.

standard masses using a physical balance
(beam balance or electronic balance etc.
Measuring Instruments

——1 newton

— Spring balance

Figure: A Physical Balance

Figure: A Spring Balance

3.2 Q.4 State and Explain Newton’s Third law of motion. (K.B+A.B+U.B) (LHR 2011, GRW 2013)
Ans: EWTON’S THIRD LAW OF MOTION
Introduction:
Newton’s Third Law of Motion deals with the situation where action and reaction forces
act on the bodies.
Statement:
Newton’s Third Law of Motion states that:
“To every action there is always an equal but opposite reaction”.
Explanation: — | 1
According to this law, action is always accompanied by a reactic ..gorm “and [he’ Io'-
forces must always be equal and 0pp05|te Note that actioir ;md reaction fo (N eR~
different bodies due to this reason thay do 1\ot\carcel each ptiel. », * | | "
e Action Force: Therapplied fzrceq bval cd) i cal’ec ar,tmn
e Reaction Force: The espdrisiyi fnrco t action is.called reastion force
Newtoid ™y h1 ~d lawv-of motipn dg Is\ with tié. relaction of a body when a force acts on it.
Let a bizdv| Aléxerts a\ foree) or ‘anatner boay B, the body B reacts against this force and
exerts a\foree i Lody A\ The-Torce exerted by body A on B is the action force whereas
| . th2 ffree e, erteo by 5-0n A is called the reaction force.
o ) [N e
] AN R Consider a book lying on a table as shown in figure. The weight of the book is
' ' acting on the table in the downward direction. This is the action. The reaction of
the table acts on the book in the upward direction.
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Q.5

\ -|gure x A“tl(ﬂ md me“ct bnona
'?L ok Plateaat Table

e Mare an aw - f llnd banoon When the balloon is set free, the air inside it rushes
\ cut'and\{ns' batloon moves forward. In this example, the action is by the balloon

A || Chat pushes the air out of it when set free. The reaction of the air which escapes

out from the balloon acts on the balloon. It is due to this reaction of the escaping
air that moves the balloon forward.

Figure:  Action and Reaction
on Rocket Taking Off
Rockets and Jets: Interesting Information
Rockets use the action-reaction principle. A rocket engine gets thrust in one direction by
pushing out a huge mass of gas very quickly in the opposite direction. The gas is
produced by burning fuel and oxygen. These are either stored as cold liquids, or the fuel
may be stored in chemical compounds which have been compressed into solid pellets.
How can a rocket accelerate through space if there is nothing for it to push against? It
does have something to push against — the huge mass of gas from its burning fuel and
oxygen. Fuel and oxygen make up over 90% of the mass of a fully loaded rocket.
Jet engines also get thrust by pushing out a huge mas of gas. But the gas is mostly air that
has been dawn in at the front:
Mechanical
Shaft Turbine

Air Compressor

Fuel: liquid hydrogen

i~ C nnb nstjon chamber
b | ]

= Combustizc=., o \
0 _-Ghér’r‘rﬁeﬁ WL ENhamst_ ..J hd nozzle
Jet Endinie! | Vo4 -
A jeten Je enqme the, b g fam Lithe front pushes out a huge mass of air. However, some of the

" <| -hoe<1 t\coniestraight out. It is compressed and used to burn fuel in a combustion
“Charlber. As the hot exhaust gas expands, it rushes out of the engine pushing round a

turbine as it goes. The spinning turbine drives the fan and the compressor.

Rocket Engine:

A rocket engine. In the combustion chamber, a huge mas of hot has expand and rushes
out of the nozzle. The gas is produced by burning fuel and oxygen.
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Dynamics

Q.1
OR

Ans:

Q.2

Ans:

Q.3

Ans:

Q.4

Ans:
Q‘E

[Yiae:
b

Ans:

Q.7

Ans:

Q.8
Ans:

Q.9
Ans:

Q.10

OR
Ans:

Q.11

"|j'| 15

3.2 SHORT QUESTIONS

State Law of Inertia. (K.B) -
What is the Law of Inertia? ] ' (Exp2 A
Given on Page # 94 ' W ' C '

Why Newton’s First law 5% motlun is alsy caliea law)of il 1ertm" ( K B)

Given on Page # 94

State Newiton’s Secoriu iaw Cf riotior). (I\ e (LHR 2012, GRW 2013)
Given enPagei# 94
What ig tir¢ uhit of force?! Cefingit. (K B) (GRW 2013, LHR 2017)

Giveh on Pane'# 95

[Deiinettie-nvorking of jet engine. (Conceptual Base)
Cliven on Page # 97

Define the working of rocket engine. (Conceptual Base)
Given on Page # 97

Define net Force. (K.B)

NET FORCE
Definition:
“The resultant of all the forces acting on the body is called Net Force.”
B isd00N,up  Fy is 200N, down E, i5 20N, left
E_=1200N
tars Eg=600N Eum=50N
Fg=20N
Frue=800N Epuv =800N Fpay=30N
Figure:  Concept of Net Force

State Newton’s Third law of motion. (K.B) (LHR 2017)

Given on Page # 96

If a moving body has no acceleration; does it mean that no force is acting on it?
ACCEL ERATION AND NET FORCE

According to Newton’s second law of motion, we have

F=ma
When acceleration = a = 0, we get
F=mxO0
So, F=0

Action and reaction are always equal and 0pp0§1te then why they d01 ’1 mﬂa.el ‘eac] l otheu
(U.B) - .. 'y e s
Action and reaction are alyways eqda!, and-sppoy 1t« thel now docs @ b( dy ..mve" (Ex. 3.9)
ACTION AWL REALTIONDOND'Y CANCEL EACH OTHER
According1o this Iaw -action iv/alvays ‘accampaniad-5y-a reaction force and the two forces
must aiaays e eqc'al and (,Op'}ﬂl\'[é\ Nite-+hiat action and reaction forces act on different
bodies cie to t“lp reasoly tqe v'ds'not cancel each other due to which the body will move.

[$if possible fora uody to move without force?

OlfE cath, unpowered vehicles soon come to rest because of friction. But with on friction,

gravity, or other external force on it, a moving object will keep moving for ever — at a
steady speed in a straight line. It doesn’t need a force to keep it moving.

This idea is summed up a in a law first put forward by Sir Isaac Newton in 1687:
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Q.12 Stretch out your palm and hold a book on it. (K.B+U.B) (Quick Quiz PTB Pg. # 64)
1. How much force you need to prevent the book from falling? - :
Ans: PREVENTING BOOK FROM FALL ING— [
Force equal to the weight of the book is needtd tn prevent the boak srong faking!
2. Which is action? \ _
Ans: t\_fil__QN
WeightGf the bool-ie action ili' this ¢ase:
3. Is there-arly rieaction? if yes, [fienvehat is its direction?
Ans: REACTION

‘(L  there |s & reaciion offered by hand. The direction of reaction is opposite to the weight.

EXAMPLE 3.1 (U.B+A.B
Find the acceleration that is produced by a 20N force in a mass of 8kg.

Solution: F=ma
Given Data: a=F/m
Force acting on body = F = 20N Putting values
Mass of the body = m = 8kg a=20N /8 kg
To Find: a=25ms?
Acceleration=a=7? Result:
—CalCU|a\L/t\'/2nlfr']OW according to 2% Law of Il;IeeSCSe n::g acceleration produced will
Motion ' '

EXAMPLE 3.2 (U.B+A.B

A force acting on a body of mass 5 kg produces an acceleration of 10 ms®. What
acceleration the same force will produce in a body of mass 8 kg?

Solution: Calculations:
Given Data: As the same force is acting on both
Mass of First Body = m; = 5 kg | bodies so
Mass of Second Body = m, = 8 kg mia; = Mya,
Acceleration in First body = miai/m; = a,
a;=10ms™ ap = myay/m;
To Find: Putting values
Acceleration in Second body = a = (5)(10)/8
=" & =6.25ms7% [ [~ L
~ ([ Resultin (Tm AN (O N0
N \Felce, the'! acce]emt ion produced in
' ECO..d__b’)T!‘ will be-§.25ms™.

|_ KAWPLE 3. 3(u.

A A oy llet oi Insss 40 kg exerts a force of 200 N to move his bicycle with an acceleration

i "

2iny™. How much is the force of friction between the road and the tyres?

bolutlon Putting values

Given Data: F = (40)(3)
Mass of cyclist = m = 40 kg F = 120N
Force exerted = F = 200N We know
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10.

11.

Acceleration = a = 3ms™ Net force = Applied Force — Force of

To Find: friction ]
Force of friction=f=7? 120N = 200N —f <

Before finding force of fri¢tion we
have to find net force first
SO, F=r1ha,

f=BoN

Calculations: f =280N-1201!
]
|

izaws of motion were presented by: (K.B)

(A) Einstein (B) Newton

(C) Galileo (D) Archimedes

Isaac Newton described the laws of motion in his famous book: (K.B)

(A) Qanoon-ul-Masoodi (B) Principia Mathematica

(C) Kitab-ul-Astralab (D) Al-Manazir

The laws of motion established the relationship between motion and: (K.B)

(A) Force (B) Torque

(C) Acceleration (D) Momentum

First law of motion is also known as law of: (K.B)

(A) Torque (B) Acceleration

(C) Inertia (D) None of these

Law of inertia is actually the which law of motion? (K.B)

(A) First (B) Second

(C) Third (D) Fourth

When a net force is applied on the body, what is produced in the body? (K.B)

(A) Weight (B) Acceleration

(C) Energy (D) None of the above

EI'KheB)acceleration produced in a moving body is always in the direction of applied:
(A) Velocity (B) Force

(C) Speed (D) Momentum

If mass of the body is doubled while keeping the force constant, then acceleration
will be: (U.B)

(A) One half (B) Doubled

(C) One fourth (D) Four times : )
If force applied on the body is doubled while keeow~ wn(-, mcxss bbn tart thieii
acceleration will be: (U.B) LAl

(A) One half ._ (5 Loublnd | N, e’

(C) One fourth Wil Y (D; Four tm eg |

SI unit of Farce |s (KB WS

(A) Kilogram, —_ ™ 0\ W \ \ N ’\D)’ Dynes

(C) Newter \ (D) Pound
When & forice, of 3 he: weer i applled on a body of mass 2 kg, then the acceleration

- pmducedw Il H2:{AB)

A6 "L (B) 4 ms
\V) 0.4 ms? (D) 160 ms™
IN=7? (K B) (GRW 2014)
(A) kgms (B) kgms
(C) kgm?s™ (D) kg’ms™
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13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Action and reaction are equal in magnitude but opposite in direction is known as: (K. B)

(A) First law of motion
(C) Third law of motion

(B) Second law of motion
(D) Fourth law of motigiT}<

Walking on road is an example of which !sw of motion? (K.2)

(A) First
(C) Third

(B¥Cecora

- (D) Fourtt

When a block is lying on Q S"’mcdI su fc ce its\weiaht i=balanced-oy: (K.B)

(A) Mubb
(C) Inegtia

(B Nigmentum
~(D) Normal Reaction

The we! gi _t ol & bod! y )1 mials-10 Kg Em earth will: (U.B)

)10 N
11050

(B) 1N
(D) 1000 N

Always acting towards the center of the earth: (K.B)

(A) Mass of the body

(B) Force of the body

(C) Velocity of the body (D) Weight of the body

Quantity of matter in a body: (K.B)

(A) Mass (B) Force

(C) Velocity (D) Weight

The Force with which earth attracts a body towards its centre is known as: (K.B)
(A) Mass (B) Force

(C) Weight (D) Inertia

The characteristic of a body which determines the magnitude of acceleration
produced when a certain force acts upon it: (K.B)

(A) Mass

(C) Inertia

Mass of the body is measured by: (K.B)
(A) Free Fall Apparatus

(C) Spring balance

Weight of the body is measured by: (K.B)

(A) Free Fall Apparatus

(C) Spring balance

Unit of weight is: (K.B)

(A) kg

(C) Nm

Remains same everywhere: (K.B)
(A) Weight

(C) Velocity

Does not remain same everywhere: (K.B)
(A) Weight
(C) Mass

(B) Force
(D) Weight

(B) Physical balance
(D) All of above

(B) Physical balance
(D) All of above

(B) ms*
(DN

(B) Acceleration
(D) Mass

(B) Inertia

DLAlboT dbove \ N N [ (O N0

The value of weight of a bady of "rmst?. i Mass depenidsion: (K. ’B)

(A) Inertia _
(C) FOI’"° | l_... i .'. )
Mass {55 (uaitity: (I\ ’3) N
(A) Scalar\ { 1\ TR R
(C) oeriwverl’

-.)ﬂ lelght. 15 7 Wantlty (K B)

/M jScalar
(C) Unit less

\(E) quenurn \
'..-{Dﬁ -

(B) Vector

(D) Negative

(B) Vector
(D) Negative
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UNIT-3 Dynamics

TENSION AND ACCELERATION IN STRING .

Q.1

Ans:

LONG QUESTIONS ~ [ [

Find Acceleration in bodies and tensionn 11 the stifing whers. be tr 1he“Bodies-Niove
vertically using Atwood mzching, (K.B+£.B+lJ.Bj (IlHR2013, GRW 2015)
TENSIDN-GN STRING CASIE#1 :

Suppose.t:we, bodies A-and|B hayiny raasses my andiii, respectively are attached to two
ends of.an|inextensible string whicl, passss over a frictionless pulley. Let m; is greater
than mz. thanitne hedy A will'move downward and the body B will move upward. The
bady| A\ beéing! heevier must be moving downwards with some acceleration. Let this
a¢celeratior e a. Since the string is inextensible therefore the body B attached to the
ather end of the string moves up with the same acceleration a. as the pulley is frictionless,
hence tension will be the same throughout the string. Let the tension in the string be T.

m,g

-§
o

18

Figure:  Atwood Machine Arrangements

Forces Acting on Body A:
There are two forces acting on body A
e Weight of the body w;=m;g vertically downward
e Tension in the string T vertically upward
As the body A is moving downward, It means wi=msg is greater in magnitude so the
resultant force acting on body A is downward due to which acceleration a is produced in it.
Net force acting on body A = mig-T

F = mig — T
According to Newton’s second law of motion: B

m;a =mlg—_T feeenenns ey LAY I -
Forces acting on body B: ‘'mi i '_ AR A

There are two forces acting cn bodw=2 |
._ Weight of the body wz=inaq vertivaily: duwn\vu.d
|\ Tensisn In the it |nr1 Tvérticelly J,.:v\/ard
As the oucy B i ‘méving upware; it means T force is greater in magnitude so the
resutany féree asting oh Ludy B is upward due to which acceleration a is produced in it.
' ~et force acting on body B =T - myg
Fo=T- myg
According to Newton’s second law of motion:
mea =T-mag ............... (2)
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Calculation of Acceleration:

In order to find acceleration in bodies we will add equation (1) and equaf'u.. \2)

mia+mea=mig—T+T—myg
mia + mpya =.m;g —'m,d
(m]_ s "’nz)a '-'{ml —_"ill_?)g'_ Vol

Calculdtic; of Tension:
|5+.0f ler to 'fina, Tetisisil in bodies we will divide equation (2) by equation (1)
IN oV T-m,g _ma
: mg-T ma

T-myg _m,
mlg_T m,
m,(T—-m,g)=m,(mg-T)

m,T-mm,g=mm,g—m,T
mlT + sz =mm.g+mm,g

(m,+m,)T=2mm,g
2m,m,

m, +m,

T=

Atwood Machine:

The above arrangements are also known as Atwood machine. Atwood machine is an
arrangement of two objects of unequal masses. Both the objects are attached to the ends
of a string. The string passes over frictionless pulley. This arrangement is sometimes used

to find the acceleration due to gravity by equation as
— ml + m2
m, -m,

a

Result:

=

- i Wl
:ml_mz ! e

m, + £ —

.'. 1 (R A § .-_
AR .-TW'—*—'?—Q
== oy ‘“\ '
."m'ill.
. 2 4
m,—-m,

By using Atwood machine we can find following expressiu.aé,_'-'.. 5

L 3 [
= ] % i e
| b L1 i 1 1 1 1) e

I_- :___ A

PHYSICS-9

103



UNIT-3 Dynamics

Q.2

OR

Ans:

Find Acceleration in bodies and tension in the string, when one body moves
vertically and other moves horizontally. (K.B+A.B+U.B) — - —
Describe motion of two bodies attached to the ends of a_sii nr| H".ar Dasses ove’ a
frictionless pulley such that one. body m’)veq et ca' Y e th ot?mr radves on
smooth horizontal surface:, LR

. |_(;M ‘TR‘N CASER 7

Consicer trvc hodies A ang B hd“ll’ g "rasser rhy and m; respectrvely are attached to an
inextensitle sting Which Fasses avei-ine puIIey as shown in figure. The body A moves
vertizally d,ewm_varo_wrtr an acceleration a since the string is inextensible therefore the

~hedy R 'moves on the horizontal smooth surface towards the pulley with the same

' | ‘aiceieration a. As the pulley is frictionless, hence tension T will be the same throughout

the string.

R

m,g

Figure:  Tension in string When One Body Moves Vertically and
Other Moves Horizontally

Forces Acting on Body A:
There are two forces acting on body A
e Weight of the body w;=m;g vertically downward
e Tension in the string T vertically upward
As the body A is moving downward, It means wi;=m;g is greater in magnitude so the
resultant force acting on body A is downward due to which acceleration a is produced in it.
Net force acting on body A=myg-T

F= mig — T
According to Newton’s second law of motion: =
ma=myg-T e - :;(1)_ O\ I- .'IH_,;: > s
—_ |1 .. = — .. .-_ '-\.__ . B ._. [+ .-.-__._:_ —
Forces Acting on body B;- ) VAAMVAR NN T
There are three forces actrrg nn booyB ! '. W /

V\relg!:vr oF the tcdy \4/2 el ‘verur :lny downward
_ .\Iormd |ea*tror‘r Gf the-sdrface vertically upward
Ten ror in-che” string T along the string pulling the body in the horizontal

L o irection over the smooth surface.

As the body B is not moving vertically, therefore, vertical forces cancel each other and
their resultant is zero. The only remaining force T due to which the body B is moving in
the horizontal direction with acceleration ‘a’.

Hence according to Newton’s second law of motion,
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Q.1

Ans:

Calculation of Acceleration: -
In order to find acceleration in bodies we will add equation (1) arid equaiiosi (2)
mia + mea =19 — 1 +T (o \ ¢
MG Mpa <Al 0
. (mq * razja~='mic
We getequation(Gyas—, "\ |

0 e __.mi
m, +m,
el 1iAhsi of Tension:
in order to find the value of T, put the value of a in equation (2), we have

mig
mi+meo

poumeg @

mi+meo

T=meax

Result:

By using above arrangements we can find following expressions:

m

a=—"9

m, +m,
m,m,g

m, +m,

T=

SHORT QUESTIONS

Define Tension in the string. (K.B)
TENSION IN THE STRIN

Definition:

“The force which is exerted by the string on the body
when it is subjected to a pull is called the tension in the string.”
Formula:

It is a reaction force of the weight and it is usually denoted
by T. .

T=—W=—mg LA L A \
TenS|on is-2 force S0 its S. I uritis n=wt‘m (l\) § ol

Quant !t\g e
Tensior! 1€ 4 d =i |vod ar d ve" or qwnuty
.D_'E’_ nticn:|

a6 Wweid hf aels downwards while tension T in the string is acting upwards at the block.
Jf tiie object is at rest, the magnitude of tension is equal to weight as shown in the figure:
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Q.2
Ans:

Q.3

ANS:

Q.4

IN I-:_ d |~ Tension in the string is 40 N.

What is Atwood Machine? (K.B+A.B) (Do you know PTB Pg. # 65)
ATWOOD MACHINE - —

14,

%
;g

Figure:  Atwood Machine Arrangements

Atwood Machine:

The above arrangements are known as Atwood machine. Atwood machine is an
arrangement of two objects of unequal masses. Both the objects are attached to the ends
of a string. The string passes over frictionless pulley. This arrangement is sometimes used
to find the acceleration due to gravity by equation as:

— m, +m, a
m, —m,
What will be the tension in a rope that is pulled from its ends by two opposite forces
100 N each? (U.B) (Ex. 3.8)

TENSION IN THE STRING
The tension in a rope that is pulled from its ends by two opposite forces 100 N each will
be 100 N.
A body of mass 4kg has been hanged vertically with a string what w1ll be tensmn in
the string? (U.B+A.B) f

i~ | -

Solution: \Calculatlons —n ;. 2 Q_ ST
Given Data: ~ | Vleknoi, IR N /S LS

Mass of the body == 4kg | WL == mj) . '

Grawtatlonal Acce‘erctlr,n 7 ‘ 3u1*ng 'alues /

“1me? YAl T 9)0)
ToFirg: | W () ‘“ T=40N

Tt rcsmﬂ in' Ih p SL"IH“ Result:
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Two masses 5.2 kg and 4.8 kg are attached to the ends of an-i; xfon ible stiing
which passes over a frictionless pulley. Find the acceleiatian’ir t! e system_and ke
tension in the string when both the mas&s AEEMOVin[ Ve tn a.ly (JBTAE)

Solution: =7 Al eedalbrat: or: Cf-the budies = 0.4 ms
Given-Date: Vo | —

AN Y u/ e -'v'v'nen the two bodies are moving vertically
Mass ¢t Fi:sticoay =111, ='5,2 Kg- o o

RBARIRR! then tension in the string is as,
ivlags o7 seecoriaihedy = m, = 4.8 kg
A J KU i5igvitational acceleration = g = 10 ms™
' To Find: T=

Acceleration of the bodies=a ="?

2m;m,g
m1+m2

o ) By putting the values in above equation,
Tension in the string=T = ?

) we have,
Calculations:
When the two bodies are moving
) _ _ 2x5.2x4.8
vertically then acceleration of the bodies T= NTIVTE x10=T=>50N

Is as, — :
Tension in the string = 50 N

.o (m, —m,)g Result:
m, +m, Hence, the acceleratlon of the bodies

: : : will be 0.4 ms? and tension in the
By putting the values in above equation, | | string will be 50 N.

we have,
,_(52-48)
(5.2+4.8) .
a= (%j x10 - ‘ : I . =
10 ) ) |

il . _J |

a :O4m872 1 ! | # !

- e o WO .
&k ._I""'-\. \ ] |
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Two masses 4 ka and 6 ka are attached to the ends of_an inexterinible, serine wiith
passes over a frictionless pullev such that mass 6 ko is-rigvinh pveiia drictienizes
horizontal surface and the mass. 4ka ‘is '\mevina "eruoahly govsrward. Find the

acceleration in the systersend thetension irt the string. (U, B FA B‘

Solution:
Given oaia: \
Mass ofthe block movi 1g|veri |LaI| f='my |
= 4 kg |\ \

Mags of tha b gsk moving along table =
|r2 = .\g

Gravitational acceleration = g = 10 ms™
To Find:

Acceleration of the bodies = a =?

Tension in the string =T =?

Calculations:

When one body is moving vertically and
other body is moving horizontally then
acceleration of the bodies is as,

m,g
m, +m,
By putting the values in above equation,
we have

a=

d

s a o Se— —)(_I_O

4+6
a=4ms™

Acceleration of the bodies = 4 ms™

When the two bodies are moving vertically
then tension in the string is as,
T= m,m,
m, +m,
By putting the values in above equation, we
have

746 10 T-2nN
446
Tension in the string = 24N

Result:

Hence, the acceleratlon in bodies
will be 4 ms? and tension in the
string will be 24 N.

MULTIPLE CHOICE QUESTIONS

How much is the tension produced when one body moves vertically and the other
moves horizontally as compared to the tension produced when both bodies move

vertically: (U.B)
(A) Half
(C) Double

(B) One fourth
(D) Four times

A block of 4 kg is supported by a string. The tension in the strlnq is, \/-\ b\

(A) 20N
(C)4N -~

(B) 40 N

TN T BN [ (o o

When a block is hanging \xith the halp ofa rope the_n weighy Ol thn l:ody IS balanced by:

(K.B)

(A) Aceelération

© Disz'acernni. Y ,
There are how, maay| CAsEs.S

_ texthook? (K. 3)
% AN

“)3

(B I&er tla
(D) Tension

=7 motion of the body hanging with the help of rope in

(B) 2
(D)4

Atwood machine is used to find value of? (A.B)

(A) Density
(C) Gravitational acceleration

(B) Stress
(D) Gravitational constant
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Q.1
OR

Ans:

FORCE AND MOMENTUM
LAW OF CONSERVATION OF MOMENT G

LONG QUESTIONS

How you can prove that-rate ¢f charge i\ moinentuin 01 a Ihcdy 1S equal to the

applied force? (K.B+U.B-A B 1

Derive thgTelation betwseen momentum'and ioree: (LHR 2015)
FORCE AND MOMENTUM

Relation:
“Rat> o1 changel ol Momuuum is equal to applied Force”
Iv"(, thematically.
. P-P_
t
Proof:

Suppose a force ‘F’ acts on a body of mass ‘m’> moving with initial velocity ‘v;> which
produces an acceleration a in it. This changes the velocity of body to ‘vy after time t. If
P; and Ps be the initial momentum and final momentum of the body related to initial and
final velocities, then,
Momentum of the body having velocity v; = P; = mv;
Momentum of the body having velocity vs = Ps = mv;
Change in momentum = final momentum — initial momentum
P: — Pi = mvs—my;
Pi—Pi=m (Vf )
Dividing both sides by “t”

. P.-P _mv, —mv,
Rate of change in momentum = ——t=_—-F '

t t
_mYiVi
m
: Vi - Vi
Since a= V)
t
P-P
Hence, ! . L =ma
We know, F=ma
Pf t_Pl =F |
SI unit of momentum defined by above pr*uanon IS newion: "emnd ('.\-u\\ W"]If‘r"' Ngothe
same as kgms™, . " e
Conclusion: \ AREAERIERR'

~Fdie of change-0f momieritury of 4 body.i 'o equal to the applled force on it
and tha dirsgtion of Lha ripe @f\lnmt niientum is in the direction of the force.

Folr aliO\e C)WCI'Js.Un we can state Newton’s Second law of motion in terms of

e eniiim-as

Siaatement:
“When a force acts on a body, it produces acceleration in the body and will be equal to
the rate of change of momentum of the body.”
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Q.2
Ans:

State and explain Law of conservation of Momentum. (U.B+A.B+K.B) §
GRW 2013, LHR 202~ |

LAW OF CONSERVATION OF MOMENTUM __
Introduction: YNy
Momentum of a system depends upen masy and"nl\ncu y As A I

= P =1y B A

System
A SyStP.-P (s ¢ grour-of iniizlacting bodizs v»-*fn in certain boundarles

Isolated-systern: |
An isoljtedsys em Ls ¢ urcun of mteractlng bodies on which no external force is acting.

I£.nojunnaianced of nst force acts on a system then its momentum remains constant thus,
ramentumician |solated system remains constant.
Slatement:

According to Law of Conservation of Momentum:

“The momentum of an isolated system of two or more than two interacting bodies
remains constant”
Example:
Consider the example of an air-filled balloon. In this case, balloon and the air inside it
form a system. Before releasing the balloon, the system was at rest and hence the initial
momentum of the system was zero. As soon as the balloon is set free, air escapes out of it
with some velocity. The air coming out of it possesses momentum. To conserve
momentum, balloon moves in the direction opposite to the air coming out of it.
Mathematical Explanation:
Consider an isolated system of two spheres of masses m; and m;, as shown figure. They
are moving in a straight line with initial velocities u; and u, respectively. As shown in the

figure:

Before collision

Figure:  Total Momentum of the System mu; + myu,

Momentum Before Collision:
Initial momentum of mass m; = myu;
Initial momentum of mass m; = mju,
Total momentum of the system before collision = MyUedolzy =)
Suppose uj is greater than u,. Sphere of mass m; approachﬂs e ‘pherP of navsk_nr* 5.
they move. After sometimes mass_m; hite| n', with-spine forcesAvc: )rju:g o NMewion’s
third law of motion, m, exerts & Lqua' and | oppcsuc rea(,tlcn Forée Gt mil. Let their

velocities become vy and Vb rnsru iive |\ a [U’ co'lll mn 1o\ | )

After collision

At Collision

Figure:  Total Momentum of the System m;v; + myv,
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Q.3
Ans:

Momentum After Collision:
Final momentum of mass m; = myv;
Final momentum of mass m, = myVv; e [T
Total momentum of the systznh after callisior, = m.1,vl'+'m2\?q i
According to law of conservation of faomentun,:
[ Total initial incmeirum 'of f Ttal fmol moneritu/n of the}

. [ithe Syb em tiefore cellisidr: | ystem after collision
LorngeT Moy = m1v1 + MyVs
Resg |t

A The above equation that the momentum of the isolated system before and
|' after collision remains same which is the law of conservation of momentum.

Write a note on applications of Law of Conservation of Momentum. (A.B)
APPLICATIONS OF LAW OF NSERVATION OF MOMENTUM
Law of Conservation of Momentum is an important law and has vast applications. This
law is applicable universally i.e. true not only for bigger bodies but also for atoms and
molecules.
Some applications are given below
e To Find Velocity of The Gun:
Consider a system of gun and a bullet. Before firing, the velocity of the bullet as well as
that of gun was zero. Therefore, the total momentum of both the objects was also zero.
We can write it as,
Total momentum of gun and bullet before firing =0
When the gun is fired, bullet shoots out of the gun and acquire momentum. To conserve
momentum the gun recoils backward. Now according to the law of conservation of
momentum, the total momentum of the gun and bullet will also be zero after the gun is
fired. Let m be the mass of the bullet and v be its velocity on firing the gun; M be the
mass of the gun and V be the velocity with which it recoils. Thus the total momentum of
the gun is fired will be:
Total momentum of the gun and bullet after the gun is fired=M V + mv
According to the law of conservation of momentum:

Total momentum of the gun and the | | Total momentum of the gun and the
bullet after the gun is fired

| bullet before the gun is flred

MV+mv=0 'y
OR MV=-mv__ , -
Hence _ :-:_'.'E:]—v ' )

The above. ﬂquatlon gives th= «/e10"|u \/ of the gu‘r‘ —iv.e negat ve sign indicates that
velocity un’is ﬂppws-m G th@ Incnfy 01 “aullet e, the gun recoils. That is why the
shouldei prasted iard A, rlm frr| a0 Sirice mass of the gun is much larger than the bullet,

thernfor 2, ihie reroil 5 vk Smaller than the velocity of the bullet.

To0 bnc ereiaiid Workmq of Rockets or Jet Engines:

' ..I?DCL ecor Jet engine also works on this same principle. In both of them, hot gases are

produced due to the burning of fuel. These gases rush out with large momentum.
Therefore the rockets or jet engines gain an equal and opposite momentum. This enables
them to move with very high velocities.
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Q.1
Ans:
Q.2
Ans:
Q.3
Ans:

Q4
Ans:

Q.5
Ans:

Q.6
Ans:

Q.7
Ans:

Q.8
Ans:

SHORT QUESTIONS

Momentum of a body depends on which factors? (K. B) ) ¢
Given on Page # 93 - [ |
Define an isolated system? (K.B)~
Given on Page # 110 \
State Law.cf Conservation ¢f l\/lome .tu mn. (k 3)
Given pniF: ‘age #4110
Why isiirie Ia/\ o7 coriservation af: somentum important? (K.B)

IMPDRTANGE CEL AW OF CONSERVATION OF MOMENTUM
Iz | of ‘conserviation of momentum is very important in our daily life. It has vast
dppiicétions and is applicable universally on bigger bodies as well as on atoms and
molecules. It helps us to understand:

e Working of a system of gun and bullet,

e Working of rockets and jet engines etc.
When a gun is fired, it recoils. Why? (K.B)

GUN RECOILS
Total momentum of the gun and the bullet is zero before the firing. When gun is fired,
bullet moves in forward direction and attains momentum as a result the gun recoils to
conserve momentum according to Law of Conservation of Momentum.
Write relation between Force and Momentum. (K.B)
FORCE AND MOMENTUM
Relation:
“Rate of change of Momentum is equal to applied Force”
Mathematically:
I:)f t_Pl =F
State Newton’s Second Law of Motion in terms of Momentum. (K.B)
EWTON’S SECOND LAW OF MOTION IN TERM FMOMENTUM

We can state Newton’s Second law of motion in terms of momentum as
Statement:
“When a net force acts on a body, it produces acceleration in the body and the net force
will be equal to the rate of change of momentum of the body.”
Mathematically:

Pf t_Pl =F .
Prove that kgms™ =Ns (K.B) [ I* §
_CQE - - )

As we know that \ _J '
“Rate of change of Momer tu n S -nual to appi ed & n-rce g

T Pl P £ 'I.-\.- 1 = A I- 1

2\ \ et oF\\ o L

o |-f I--,j = F )\T .

AN ~ mAv=Fxt

Rutiing units, kgms™ = Ns
Hence Proved
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Q.9
Ans:

Q.11
AnNs:

Q.12

Ans:

Q.13
Ans:

Why are fragile objects packed in Styrofoam rings or polythene sheets with air .
cavities in it? (K.B) (Useful I=fozmation Pg. #58) " |
IMPACT TIME [ AT

Fragile objects such as glass wares etc.;aie packed with ,uta'ﬂle r“na-;c'lak S as
Styrofoam rings, balls, polythene sheets with air sacks gtc Afr enclos2d'in-tie cavities of
these materials makes thent flexiie, @nd—solt) Duting any! niishlag, they increase the
impact time-on fragile-chjects/ An fn¢reaie in impaci-ime lowers” the rate of change of
momentLtT, ang ience 1°3t5’13 +he |r1pcc~.nf ioice. This lowers the possible damage due
to an accident.

What isircle of Srir m‘e Zones in front and rare part of vehicles? (K.B)

[} (Useful Information Pg. # 68)

ROLE OF CRUMPLE ZONE

Figure:  Crumple Zones Save Life

In an accident at high speed, the impact force is very large due to the extremely short
stopping time. For safety purposes, vehicles have rigid cages for passengers with crumple
zones at their front and rear ends. During an accident, crumple zones collapse. This
increases the impact time by providing extra time for crumpling. Impact of force is highly
reduced and saves the passengers from severe injuries.
Write role of seat belts. (K.B) (Useful Information Pg. # 69, Ex. 3.18)
ROLE OF SEATBELTS

In case of an accident, a person not wearing seatbelt will continue moving until stopped
suddenly by something before him. This something may be a windscreen, another
passenger or back of the seat in front of him/her. Seatbelts are useful in two ways:

e They provide an external force to a person wearing seatbelt.

e The additional time is required for stretching seat belts. This prolongs the

stopping time for momentum to change and reduces the effect of collision.

What observation of Newton led to the concept of momentum ﬂm seLond qan (i

motion? (C.B) R e
Newton noted that, when the same-force dcto d_for e sar.u tm.n c,n d ffuem,. .asses a
large mass would gain lgsy Veloc',?v than_a) cmﬂ[,:r «(ne, buy the change in ‘mass X
velocity’” was the same in leviry uase [t NaS lh1S f)se'w*,on that.led to the concept of
momeriita and the aLcond lav. &

What i iptle? \ “\

the auaritity|‘force| t11 1c i valled impulses.

—, [Resultant foricel>time = change in momentum
1 REcultesitorce x time = impulse
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A body of mass 5 kg is moving with a velocity of 10ms’

stop it in 2 seconds. (U.B+A.B)

Solution:

Given Data: \

Mass of the body = m; = 519

Initial weiccity of thedody, - v.

Final veiceity|cf the baaly =

Tlme to\stop the boov = 4 5
7.6 =ind!

Foice r,qwred tostop=F=?

Calculations:

We know that,

Fzm[vf_vi)
t

=40 =

iOng’

1. Find the fgrce requirein io

‘ Pu'rf'nc valiesin hi*nule
g --l

- 5[0 1))

2
Fz(—_f’oj
2
F=-25N

Result:

Hence, the force required to stop
the body will be 25 N.

EXAMPLE 3.7

A bullet of mass 20 g is fired from a gun with a muzzle velocity 100 ms™

. Find the

recoil of the gun if its mass is 5 kg. (U.B+A.B)

Solution:

Given Data:

Mass of the bullet = m = 20g =0.02kg
Velocity of the bullet = v = 100ms™
Mass of the Gun = 5kg

To Find:

Recoil of the Gun=V =?
Calculations:

As we know that

MULTIPLE CHOI

e

V=—mv
M

By putting the values, we have
0.2kg(100)ms™
5kg
V =-0.4ms™

Result:

Hence, negative sign shows that gun

recoils with velocity of 4ms™.

-

Qu

fB) \/euo"*y
(D) Impulse

(B) Momentum
(D) Force

1. Rate of change of momentym |s onual te: (K 3)
(A) Force — SR TFAR
(C) Accz sel atcn RIS \ ~
2. Dirggticn of the ratu of mange of momentum is in the direction of: (K.B)
_ J,' \ I "_QA) /\(cereration
" (C) Velocity
3. Which of the following is the unit of momentum? (K.B)
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3.3

(A) Nm (B) kgms™

(C) Ns (D) Bothband c 1¢
Momentum of a moving body depends ubon its: (%E) '

(A) Mass ' - —. (B} Velocity

(C) Weighil _ L wADieotia &b

Motiori0i ihe, sotkat is'an exanipte or: (A'.B)

(A) [Fiirst law oj‘ .nr.,tion (B) Law of conservation of Momentum
f(,‘)ll-_aw of conservation of Energy (D) Weigh

Crumple zones save us from injuries during accidents by: (K.B)

(A) Decreasing impact time (B) Increasing impact time
(C) Keeping impact time constant (D) None
FRICTION

LONG QUESTIONS

3.3 Q.1 Define and explain friction? Write cause of friction and derive its mathematical formula.

Ans:

(K.B+U.B+A.B)
FRICTION

Definition:

“The force which opposes the motion of moving objects is called friction.”
Factors Effecting the Friction:
Friction is a force that comes into action as soon as a body is pushed or pulled over a
surface. In case of solids, the force of friction between two bodies depends upon many
factors such as nature of the two surfaces in contact and the pressing force between them.
Example:
Rub your palm over different surfaces such as table, carpet, polished marble surface,
brick, etc. You will find smoother is the surface, easier it is to move over the surface.

move. — [
Cause of Friction: 1\ AT N -

No surface is perfectly smooth. A ':s;rlrfarn thay éip)pu_aars._srqoptl[ fas Dits-ard bumps that
can be seen under microscppe. Az agnifist view ‘o a syrface-in gontact shows the gaps
and contacts|betweep-iirem Thelcontact Eoints, betwieen the two surfaces form a sort of
cold weids, Thesg cold _W?..ds._?qa‘s}. the sarfaces from sliding over each other. Adding
weight Dvii tne Lpjer tilotk-increases the force pressing the surfaces together which
intreasey, the,_rasisiance. Thus greater is the pressing force greater will be the friction

Ltaeq siiding surfaces.
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3.3
Ans:

Mathema ical Derivarign:
Fricijon is'| équa’ {h th applled force that tends to move a body at rest. This friction
Dt e seifaces at rest is called the static friction. It increases with the applied force.
Friction can also be increased to a certain maximum value. It does not increase beyond
this. This maximum value of friction is known as force of limiting friction (Fs). It
depends on the normal reaction (pressing force) between the two surfaces in contact.
The ratio between the force of limiting friction Fs and the normal reaction R is
constant. This constant is called the coefficient of friction and is represented by .

_k
H R
F =uR
If m is the mass of the block, then for horizontal surface;
R=mg
Hence Fs=

Here “W” is constant of proportionality and it is called coefficient of Limiting Friction.
Coefficient of Friction:

As we know,
F=mnR
F
And ==
H=R

Hence we can define coefficient of friction as:
“The ratio between Limiting Friction (Fs) and Normal Reaction (R) of the surface is
constant, this constant is called coefficient of Friction”.

Unit:

As it is ratio between two similar quantities so it has no unit. .

Value: e

Its value depends upon nature of the material, Y I —
Q.2 Define two kinds of a friction~{(ConceptuatBase)| 7 | * [ L ™ T

When the block below is pited getty, fiiction stcps, it moWrg As the force is increased,
the friction rises until the block/is/ahoul] td siip) This'is she-starting‘ei’ static friction. With
a greater pownweaid force'on tne lock, ' he szatic Triction is higher. Once the block starts
to slider e, fri (.tl(.n dmp i _0\,_|r. sy-aynamic friction is less than static friction.

Dyrgmie frictign heats meiterials up. When something is moved against the force of

Aoy, it eiiergy of motion (called kinetic energy) is changed into thermal energy

feat). Brakes and other machinery must be designed so that they get rid of this thermal
energy. Otherwise their moving parts may become so hot that they seize up.
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—::l = 5@.@4‘!&
F'!ﬂﬁ“llm‘iz

Static friction is greater than|... | =\ [ | LY [ ...dynamic friction

3.3 Q.3 Explain’ t1e rn'.':.ug rr'r‘tr')'w. 1K.B) A
Ans: L BOLLAERNG FRICTION
D_efLmtnn Viy

. “Crct icn'between surfaces being rolled on each other by using wheel, tyre or ball
~ B ,umnn ¢ 15 called rolling friction.”

[ J RN A" wheel as Greatest Invention:
il The most important invention in the history of mankind was a wheel. By using wheel we
can reduce friction because wheel converts sliding friction into rolling friction.

-/

Figure:  Friction May Cause the Body to Roll

Less Friction in Rolling Bodies:

When axle of a wheel is pushed, the force of friction between the wheel and the ground at
the point of contact provides the reaction force. The reaction force acts at the contact
points of the wheel in a direction opposite to the direction to the applied force. Rolling
friction is extremely less than sliding friction due to less in contact surface area and less
cold-weld regions between surfaces. The wheel rolls without rupturing the cold welds.
The fact that rolling friction is less than sliding friction is applied in ball bearing to
reduce losses due to friction.

Necessary Road Grip:

The wheel would not roll on pushing it if there would be no friction between the wheel
and the ground that is provided by threads of the tyres. Thus, friction is desirable for
wheels to roll over a surface. It is dangerous to drive on a wet road because the friction
between the road and the tyres is very small. This increases the chance of slipping tho

tyres from the road. The threading of tyres is designed to increase. frutlor’ '*.‘an";"'
threading improves road grip and make it safnr to drlve even2 .th .ro:uL (R, ety

Sliding Friction in Brakes: N } -
A cyclist applies brakes tc; at"ap hisitr mcwle A< suor] ‘as brakns qrel applled the wheels
stop rolling.and begin to siiaz, ver, tt el ruad 'ul"]Ct, ’clu*rg friction-is much greater than
rolling; Tr‘ic on, the (,)/(‘ln stips ve uLckIy

3.3Q4 Explam t €. L II )1 friction\in, Bra Kivig and explaln the Skidding. (K.B)

Ans \ Vi BRAKING AND SKIDDING
. J AY '-] whpols cf: movmg vehicle have velocity components:
\| SO U e Motion of wheel along the road

e Rotation of wheels about their axis
To move a vehicle on the road as well as to stop a moving vehicle requires friction
between its tyres and the road.
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Dynamics

Q.1

Ans:

Q.2

Ans:

Q.3
OR

Ans:

Q4
An‘r

Example:

If the road is slippery or the tyres are worn out then the tyres instead of reiling, slic-owier ™ | '

the road. The vehicle will not move if the wheels start slipping-at tne ‘sama pO|rt lon'tne
slippery road. Thus for the wheels to roll,itrz force-fririction{grioy/ing dnreeetween
the tyres and the road must_he enoligf. that rreyvents the: fiord slipping.

Similarly, to stop a car quickly,aiérge force of frictior! belwee the Lyres and the road is
needed. -Rut there ica Hiiit o hie foree 'Jf Flru,tl bittkdt tyres can provide.

Skiddiisg

If the bi ak= are, app |e1 joC L*'ongly, the wheels of the car will lock up (stop turning) and
tiia clar wil! skid due'io its large momentum. It will lose its directional control that may
.‘-e's';I_: I arraccident. In order to reduce the chance of skidding, it is advisable not to apply
brakes too hard that lock up their rolling motion especially at high speeds. Moreover, it is
unsafe to drive a vehicle with worn out tyres.

-

-

\

Flgure A Car Skidding

3.3 SHORT QUESTIONS

Define friction? Write cause of friction its formula, unit and direction. (K.B+U.B)
Given on Page # 115
Define coefficient of friction. Write its formula and unit (if any)? (K.B)
Given on Page # 116
Write some situations where friction is desirable (A.B)
Describe two situations in which force of friction is needed. (Ex. 3.14)
FRICTION IS DESIRABLE
Friction plays very important role in our daily life. It is desirable in following situations:
e Friction is needed to walk on the ground. It is risky to run on wet floor with shoe; -

that have smooth soles. Athletes use special shoes that have-s; aranromar\* 3 1d'-. 1

grip. Such shoes prevent them from slipping while .mr.q .fa“,t VoA 'u.

e Friction is desirable for s npplng b.c.\.'c.e ol +hai pumcwe we '-lDul" Uraxes. The
rubber pads press¢d agai@st the rnms oravide) ffIC*ICrn It | t1e friction that stops
the bicycle. | '\ [/ A\ -

o) -.IFIJC*"-"{’I is‘desiralile’ w ‘NH['OQ

> | Frig >don 15 Higf aly, desjrg re while cllmbmg a hill.

Write sume i Uan 1siwere friction is undesirable. (K.B)
L FRICTION | NDESIRABLE

!— OIS undeswable in following situations:

e Where we have to move with high speed e.g. while skating we do not need friction.

e Friction is not desirable in those situations, where we have to conserve energy.
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Q.5

Ans:

Q.6
OR

Ans:

Q.7

Ans:

Write down the advantages and disadvantages of friction. (A.B)
(LHR 2011, 2017, GRW 2011,.2012, GRW. 2023

ADVANTAGES AND DISADVANTAGES.- L
Friction has both advantages and disadvantagas. Some c£-tiensare gIvanoeiw;

Disadvantages:

T | e

o LFrigtion-is Hnd::!rome Ahen rnowm athigh speed because it opposes the motion
and thug, limits the spzed of ine moving objects.
3 Mo 31 of pur wseful energy is lost as heat and sound due to the friction between
| | Avtridus moving parts of machines.
e In machines, friction also causes wear and tear of their moving parts.

Advantages:
We write due to presence of friction between paper and pencils.

Friction enables us to walk on the ground.
We can tie a knot due to friction
A nail stays in the wood due to friction.
Birds can fly, due to air resistance. The reaction of pushed air enables the birds to fly.
Write down the methods to reduce friction. (K.B)
Describe ways to reduce friction. (Ex. 3.16, LHR 2013)
METHODS TO REDUCE FRICTION
The friction can be reduced by:
e Making the sliding friction smooth
e Making the fast moving objects a streamline shape (fish shape) such as car, aero-
planes, etc. this causes the smooth flow of air and thus minimizes air resistance at
high speeds.
e Lubricating the sliding surfaces.
e Using ball bearings or roller bearings. Because the rolling friction is lesser than
the sliding friction.
Define Sliding and rolling friction? (K.B)
SLIDING FRICTION

Definition: ‘ \
“The frictional force opposing the sliding or drag‘:J rn ef one 3O1Id boi,z FET
another solid body is called sliding-fiction.” | — _ \ W
Rogf._i“@izglgu. | 1]
Definition:-

“Iricticr bety cen ereaeé\lgun ) '0l'du on each other by using wheel, tyre or ball
bearings i «ai*ed Lollir g1 \friction™;

- \“hy Ralling fric ctloiris always less than sliding friction why? (K.B)
W BT £4R72013, 2014)

REASON FOR BEING LESS
Rolling friction is always less than sliding friction due to less in contact surface area
and less cold-weld regions between surfaces. The wheel rolls without rupturing the cold
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Q.9

Ans:

Q.10

Ans:

Ans:
Q.11
1.

Ans:

welds. The fact that rolling friction is less than sliding friction is applied in ball bearing to
reduce losses due to friction. : -
Example: \
It is easy to roll a cylindrical eraser on a paner Gieet tha"l 0shidd 1t cecanse rolling
friction is less than sliding:iriction. \

Suppose youl are runnlng and vxawt th <top cl olie. .ely you will have to produce
negative cccelera'ucn in‘your er)eed f‘an AU tell from where does the necessary
force co ne’)\k E) '

"\-\.

|—ORCE NEEDED TO STOP
Wml 2 n,nr.mq ien we want to stop at once, we press the ground firmly with our feet.
s fricdon comes into play due to relative motion of our feet and ground which acts
Opposite direction to our motion and it reduces our speed and ultimately we come to stop.
Have a look on the figure and answer given Questions. (K.B) (Quick Quiz Pg. # 74)

Threated Vs Plain Shoe

Figure:

Which shoe offer less friction?
LESS FRICTION
Shoe with flat sole will offer less friction
Which shoe is better for walking on dry track?
BETTER FOR WALKING
On dry track, shoe with flat sole is batter for walking.
Which shoe is better for jogging?
BETTER FOR JOGGING
Shoe which has not flat sole is batter for jogging.
Which sole will wear out early?
WEARING OUT
Shoe with flat sole will wear out early.

(Quick Quiz PTB Pg. # 75)
Why is it easy to roll a cylindrical eraser on a paper sheet than to sllde |t’>(K B)
ROLLING CYLINDER
It is easy to roll a cylindrical eraser on a paper sheet than ellde ‘:t heceuse olhni
friction is less than sliding friction. !
Do we roll or slide the eraser to aemove the Derr"l vmrk fl org Gur noLeuook’?(K B)
SIATING FI’(AQ[ R )

We slide t'e _eraser__to. rermove the pene veork rl’ m.¢ai notebook pecause we need more
frictior:.ts femaVe the work mu«sl\rd@q friction’is greater than rolling friction.
In which qese it iy eaS/ for the tyre to roll over? (K.B)

_ (3. ncugh gr)uml \.I) smooth ground

L RQuAb-Cireuind: In case of rough ground it is difficult for the tyre to roll over because

r.ugi surface offer more friction.
Smooth Ground: In case of smooth ground it is easier for the tyre to roll over because
smooth surface offer less friction.
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Q.13

Q.14

Ans:

Q.15
Ans:

Q.16
Ans:

Q.17
Ans:

In which case do you need smaller force and why? (K.B)
(i) rolling (i) sliding .
Rolling: 1

In case of rolling friction we need smalle" inrce because theie, istohtsct ’\II h-gatin’ or
only a single point.

Sliding: AT Fal \ L |

In case of clicing frictionae rieedd/gr2acer 'Fnrm birce use altthe Gody is in‘contact with the earth.
Many ‘peanle, weileves-that relliizg \wiridowgown  of their car can decrease the fuel
consunpticn s icamnared to'drivewith window up and use Ac? (C.B)

Yes theiil pereptior: i€ righi:-but not always. In summer temperature is high generally, so people
\ait ko.save taeir iuel because fuel consumption increase in summer. When you are driving with
iow-speed you can roll your car window down because dynamic friction of air is law at low speed
and do not use Ac. But when you drive fast than roll window up because dynamic friction of air
at that time is maximum and consume more fuel as compared to Ac.

Why the body of car make smooth? (C.B)

Air resistance is a form of dynamic friction. When a car is travelling fast, it is the largest of all the
frictional forces opposing motion. Air resistance waste energy, so less air resistance means better
fuel consumption. Car bodies are specially shaped to smooth the air flow past them and reduce air
resistance. A low frontal area also helps.

Why the top of surfboard is rough and down side of the surfboard is smooth? (C.B)

the top of a surfboard is often given a wax coating. Tiny bumps of wax increase friction by
sticking to the surfer’s fedet. However, the underside of a surfboard has a smooth, glassy surface
so that it can slide across the water with as little friction as possible.

Why do meteoroids (shooting star) burn up in the mesosphere?

Meteoroids burn up in the mesosphere because of the presence of atmosphere. Due do presence
of gases, friction is created and heat is generated causing meteoroids to burn in mesosphere.

3.3 MULTIPLE CHOICE QUESTIONS

The force which resists the motion of one surface on another surface is known as: (K.B)

(A) Gravity (B) Friction

(C) Weight (D) Repulsion

When object is at rest, the force of friction is known as: (K.B)

(A) Static friction (B) Limiting friction

(C) Kinetic friction (D) Dynamics friction

The maximum value of static friction is known as: (K.B)

(A) Static friction (B) Limiting friction

(C) Kinetic friction (D) Dynamics frictien [ "2

When an object is in motion then the forgelof frictian 1s knoyen ‘as: ('\ &) A A=
(A) Static friction L(3) Linviting triction ™ '

.__.-"

(©) Kinetic friction '_ S0 (D Dyriamits friction

Static frictitn is: . TEARIERYRLS '

(A) Lessthan kirietic fmtl M) ) —(B) Quartered to kinetic friction
(C) Gréatérithan kjn=t| iriction (D) Equal to kinetic friction
Roljing friction|is) (-3)

{4 lless tharesiiding friction (B) Quartered to sliding friction
{(>)-Greater than sliding friction (D) Equal to sliding friction
The unit of coefficient of friction is: (K.B)

(A) Newton (B) Dynes

(C) No unit (D) Kilogram
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8.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

Friction of liquids is: (K.B)

(A) Less than friction of solids (B) Quartered to friction of setids

(C) Greater than friction of solids (D) Equal to friction.of Scitds

In rolling friction surfaces have Iess (K.B} Lo N

(A) Area of contact _ 1 (B ™Moimay Rzastion

(C) Weight =\ [ (D R'Jugh'fPS‘

The rollingfriction is:(K.33), 1Y

(A) 10'tites less+inan stiding frictior | *.__{Bj 50 tlmes less than sliding friction
(C) 10C triyizs yssi thiar, sliairg fricton (D) 1000 times less than sliding friction
Frictior. ir, the, aumanijcints is much reduced due to the presence of: (K.B)
(AjBones | - (B) Muscles

(¢ luid (D) Gas

Value of coefficient of friction (ux) depends upon: (K.B)

(A) Nature of the surfaces (B) Area of contact

(C) Weight (D) All of above

Frictional forces follow which law of motion? (K.B)

(A) First (B) Second

(C) Third (D) Fourth

A spider web remains intact due to: (K.B)

(A) Weight (B) Momentum

(C) Tension (D) None of these

Value of coefficient of static friction (ps) is usually: (K.B)

(A) Less than py (B) Quartered to

(C) Greater than py (D) Equal to pk

Sliding friction is commonly converted into rolling friction by the use of: (K.B)
(A) Ball bearing (B) Qil

(C) Grease (D) Polish

The front sides of high speed vehicles, aero planes and ships are shaped wedge like
to reduce: (K.B)

(A) Weight (B) Pressure
(C) Speed (D) Friction
The value of coefficient of friction between iron and iron is: (K.B)
A1 (B) 0.6
(©)0.2 (D) 0.62
The value of coefficient of friction between tyre and wet road is: (K. B)
A1 (B) 0.6
(©)0.2 (D) 0.62 — [ [~= 1\ [ A\
The value of coefficient of friction betweznityre and ity road |s (P '?3) ~—’
A1 _ ) L (B G6 \
(©)0.2 ' o (D062 \
The value-sf coefficient.of fric tmn betweer woad and wood is: (r\ B)
(A1 N~ - x\ 8506
(C)0.27 1} VL L L (D)062
The-value\cf cmfﬂc ‘erit :‘ friction between wood and concrete is: (K.B)
_(A\ ] ' A (B) 0.6
[0y (D) 0.62

V\/hICh of the following material lowers friction when pushed between metal plates?
(K.B)(LHR 2014, 2015)

(A) Water (B) Fine marble powder

(C) Air (D) Oil
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3.4

UNIFORM CIRCULAR MOTION

LONG QUESTIONS . K

3.4 Q.1 Define Centripetal force Derive its formzia. (K.B+U2+ARGRW! 2(‘15. HQ 2015 2017)

Ans:

CENl_“IPET AL _'_LR_-L
Definition:
“Centripetal force is a force thet | ,<e~ps & od y 0 iriovein diiele
Formyia;

Formul=<f centr |p—\1.1| 1S .uven be.f)w
_mv?

r

L'n..

Unit of centripetal force is newton (N)

Quantity:

It is a vector and derived quantity

Direction:

It is directed towards centre of the circle
perpendicular to the direction of the motion of the L
body at any point. G o
Derivation of Formula: 3

Let a body of mass m moves with uniform speed v
in a circle of radius r as shown in the figure:

velocity direction

Path of motion

The acceleration a; produced by the centripetal
force F. is given by
2

Centripetal acceleration a, = —
;

According to Newton’s second law of motion,
the centripetal force F. is given by,

. o
. .
N o
N .
..........

Figure:  Motion Under Centripetal Force

F. =ma,
mv?

F, .
Factors:
Centripetal force depends upon following factors
Mass of the Object: 4 -
If we double the mass of the body, required cpntrlpetal force ts mm 1e |* to .llf)V“ in. c-sr.c..'m:
path will become double. _ - , A
Radius of the Circular: \ e W 'R ' -

If we double the radius of the|ciicle; rec, unea Ctl’tl‘l *@I_ forze 10 compel the body to move
in circyia path wilt-bscomi fali. . | '

Speed ¢ ke bady A \ -
If we doi bl thz'spaed Of the Ludy required centripetal force to compel the body to move in
( 1'chfar patn viil ecome four times greater.

. ._ur E'd

e The moon revolves around the Earth in circular path, the required centripetal force is
provided by the gravitational pull of the Earth.

e A stone tied with string, whirled in circular path is compelled to move in circular path
by centripetal force provided by our muscles via string.
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34 Q.Z Define and explain Centrifugal force. Is it a reaction of centripetal force? (U.B+K.B)

Ans:

Q.1
Ans:

e While the coaster cars move around the loop, the track provides centripetal force
preventing them to move away from the circle. - -

1%,

_ i LR |ert/‘ 7 Ce lnpf. al |
14 , 5 / ‘

1 (A ; h, Ny

1 ! 1 L - : ~ <t Ay

? . b \ A by
Figure:  Coaster Cars Working Under
Centripetal Force

(GRW 2014)
CENTRIFUGAL FORCE

Definition:

“A force which compels the body to move away from circular path is known as
centrifugal force”.
Formula:
It is reaction of centripetal force.
Formula of centripetal is given below:

2
F = mv
r

Unit:
Unit of centrifugal force is newton (N)
Quantity:
It is a vector and derived quantity
Direction:

It is directed away from the centre of the circle perpendicular to the direction of the motion of
the body at any point.

Example:

Consider a stone tied with a string moving in a circle. The necessary centripetal force acts
on the stone through the string that keeps it in the move in a circle. According tn

Newton’s third law of motion, there exists a reaction to centripet2! Jforeer, Cenu", e“ar-. W !

reaction that pulls the string outward is sometimes the centr-f-lcpu folce. P VoA

m‘&mﬁ' CALa

Define circular motion. (. B) .

||:U
.'JIZ '

AL
I\l

==
|

H”_
@R,
IJL_ %,

L
Defmmwf. | ' \

=Motiph cithe, bvd / mn\ 1\1\ :n ;he‘ Clrcular path is known as circular motion.”
Exam_p_es

o The rant iGm of the moon around the Earth is nearly in circular orbit.

N ¢ '““The paths of electrons moving around the nucleus in an atom are also nearly circular.

e Motion of the stone tied with the string
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Q.4

Ans:

Q5

Ans:

Can a sad y move.witi G, form velodity in'a Gire'e? it | not, why? (K.B)
| INDD ¢ J_\A_’)L’\LL\; Ei-SCITY IN CIRCLE
When ¢ body iS tnaviny In'eircie It may have uniform speed but its velocity is non-
unifgrmbecaude directiori of the body is changing at every instant
Daiine-seniripetal acceleration. (K.B)

CENTRIPETAL ACCELERATION

Deflnltlon:
“The acceleration produced by the centripetal force in a body moving in circular
path is known as centripetal acceleration.”
Formula:
It is represented by a.. and its formula can be derived as:

We know,

mv?

;
According to Newton’s 2" Law of Motion F= ma
So, F. =mac

So,  Centripetal Force is given by,

_mv?

Unit:
Its unit is ms™

Why centripetal acceleration acts towards the centre? (Conceptual Base)

The centripetal acceleration acts towards the centre because velocity is speed in a
particular direction so a change in velocity can mean either a change in speed or a change
in direction. If something has a changing velocity, then it has acceleration-in the same

direction as the force. So, with circular motion, the acceleration is towards_the centre of ™A
the circle. It may be difficult to imagine something acceleratmg towsajas.a, paint it (clut)

getting closer to it, but the object is alwave movmg inwerus vom .the t-ooc ition 1t would
have had if traveling in a straight live, s

Why outer edge of the rcad IS - \apt hi qhn 1hcn innkr, edge (Janklng of road)?
Explain. (V B+A B) Y (LHR 2013)
= | RAKI OF T'-“.E RQADs

When ¢ ca& tckes a tl,rnﬂ centupc ai Torce is needed to keep it in its curved track. The
friction 'behwebr; the tures~and road provides the necessary centripetal force. The car

h \WRdld ekid aviay if the force of friction between the tyres and the road is not sufficient

alioayh particularly when the roads are wet. This problem is solved by banking of curved roads.
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Q.7
Ans:

Q.8
Ans:

Q.9
Ans:

Q.10

Ans:

‘_ 1%,
| | | p
I

Fighire: [/ Cutel =dgp of) the Curvedi2sad is
L Y% Elbvaledt to Prec: o=t Skidding

Banking 01 a lOGd mians| tha! the outer edge of a road is raised. Banking causes a
cenjponent uf thitle’s weight to provide the necessary Centripetal force while taking a
dLrn. Thusoanking of road prevents skidding of vehicle and thus makes the driving safe.

Why cyclists bend himself toward the inner side of the curved path while taking
turn with high speed? (U.B+A.B)
BENDIN FCYCLIST
A cyclist bend himself toward the inner side of the curved path while taking turn with
high speed to provide necessary centripetal force with his weight to take turn in circular
path to avoid slipping.
Can a body move along a circle without the centripetal force? (K.B)
CIRCULAR MOTION AND CENTRIPETAL FORCE
When a body moves in a circular path, it does so under the action of centripetal force.
This force is directed towards the center along the radius of the circle. As the radius is
perpendicular to the tangent of the circle, the centripetal force keeps the body in circular
path. Thus, in absence of centripetal force, the body cannot move in a circular path.
Moon revolves around the earth, from where it gets necessary centripetal force? (K.B)
CENTRIPETAL FORCE ON MOON
The gravitational force between the earth and the moon provides the necessary centripetal
force to moon for revolving around the earth.
Define centrifuge? (K.B)

CENTRIFUGE
Definition:
“All devices that work on the principle of centrifugal force is called centrifuge.”
Examples:

Following are important centrifuge machines:

e Washing machine dryer B

e Cream separator NN

Explain the function of washing Tiachine, (c.r/e o ‘3) VN N

Why the spmner of washinit macksire is mrace) tc spir! at verv hlrh speed’? (Ex. 3.20)
WA‘HrNQ I\HA; HI'\IE I:F\YI:F‘

Constt; ugt on:—"_ " :

The dryer, of a| V\.achmg m achvnc iS oasket spinner. They have perforated wall having

large numkiers ¢ f ne_holes in the cylindrical rotor. The lid of the cylindrical container is

' xlh led afier' puiting wet clothes in it.
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Q.11
Ans:

= 1 L NS ‘S> innir
1 o = -\.\\, ~ Shaft

Figiire: ™ \//ashing-*-tachine Dryer

)
1

Workirig:' | '

¢ bl works erthe principle of centrifuge Machine.

= When it spins at high speed, the water from wet clothes is forced out through these
holes due to lack of centripetal force.

Explain the function of cream separator. (A.B)
CREAM SEPARATOR
Construction:
Most modern plants use a separator to control the fat contents of various products. A
separator is a high — speed spinner. It consists of a bowl.

Working:

e It acts on the same principle of centrifuge machine.

e The bowl spins at very high speed causing the
heavier contents of the milk to move outwards in the
bowl pushing the lighter contents inwards towards
the spinning axis. Cream or butterfat is lighter than
other components in the milk. Therefore, skimmed
milk, which is denser than cream is collected at outer
wall of the bowl. The lighter part (cream) is pushed ~——
towards the center from where it is collected through Figure: A Cream Separator

a pipe.

EXAMPLE 3.8

A stone of mass 100 g is attached to a string 1m long. The stone is rotating in a circle
with a speed of 5ms™. Find the tension in the string.(U.B+A.B)

Solution: ToF - mv?2 ..
Given Data: S |
Mass of the body =m =100g=0.1kg | | _ B" phtting e va u 's i hc\ =
Radius of the circle =r =3 'm - T_: i) ](5) -
Speed NFtwe body =y =5 st/ SRt ) N 1
To Fin( Flnu ' | % , A \ \ all T=F=25N
_ensonm*lelmg—l' Fc:’> Result:
' EIM Hence, the tension in the String will

be 2.5 N.

In this case tension in the string will
provide necessary centripetal force.
As we know that,
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MULTIPLE CHOICE QUESTIONS

1. In circular motion, the motion of every particle of body is: (K.B)
(A) Different {B) Opposite [ |
(C) Same (PyTlone'of these
2. The force which compelsia Hody. &5 mave-in sircle §s: (K.3)
(A) Centripetal force (B) Centsifugal force
(C) PeipendiGuia: Torce (D) Tension
3. If the valccity of 2 mcving hodly-iva circle is doubled, then its centripetal force is
(A.B
(A pDoutle (B) Half
| {LC)Four times (D) Remain
4. The centripetal acceleration is always along: (K.B)
(A) Normal forces (B) Centripetal force
(C) Mass (D) Horizontal force
5. If centripetal force acting on a body is doubled then its velocity will become: (A.B)
(A) Double (B) Opposite
(C) Half (D) Four times

MCQ’S ANSWER KEY (TOPIC WISE)
3.1 FORCE, INTERTIA AND MOMENTUM

J
T EEE 4 | 5 6 7 8
A C B C A B C C
3.2 NEWTON’S LAWS OF MOTION
2 3 4 5 6 7 8 ) 11

B B A C | A | B | B A B | C | B | A

1

A B

TENSION AND ACCELERATION IN STRING

o .
R Y

A B [ D B _
Force AnmomkN1uiRN

12
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3.4 UNIFORM CIRCULAR MOTION
C | A C B D

mmam\wnw_

Vi.

Vil.

viil.

MULTIPLE CHAICE QUESHONS

Encirclehe tariest ariswer fronthelgiveri choices.
Newtor.’s\firsf 1aw af mptioa is vaiid only in the absence of. (K.B)(LHR 2014, GRW 2015)

(2) fqree, ! (b) net force

(A “ncticn (d) momentum

Liieitia depends upon: (K.B) (LHR 2017)
(a) force (b) net force

(c) mass (d) velocity

A boy jumps out of a moving bus. There is a danger for him to fall: (K.B) (LHR 2017)
(a) towards the moving bus (b) away from the bus

(c) in the direction of motion (d) opposite to the direction of motion

A string is stretched by two equal and opposite forces of 10 N each. The tension in
the string is: (A.B+U.B)

(a) Zero (b) 5N

(c) 10N (d)20N

The mass of a body: (K.B)

(a) decreases when accelerated (b) increases when accelerated

(c) decreases when moving with high velocity ~ (d) none of the above

Two bodies of masses m; and m; attached to the ends of an inextensible string
passing over a frictionless pulling such that both move vertically. The acceleration
of the bodies is: (K.B)

(@) a= (my—m,)g (b) a=—"9

m, +m, m, +m,
(C)a:(m1+m2)g (d)a= m,g

m, —m, m, +m,
Which of the following is the unit of momentum? (K B) (GRW 2013, LHR 2015)
(@ Nm (b) kgms
(c) Ns (d) Ns* - _ \
When horse pulls a cart, the action is on the: (K.B) | MR 20
(@) cart L) earti i | Ty (=B \"
(c) horse (Ujeartn anid cart | -
Which of the following n at=r alf«oviers ﬂ 1cuon \mne1 puisized kletiveen metal plates?
(K.B) - - ¥ ! (LHR 2014, 2015)
@) wate=, | |1 y B \ A (b) flne marble powder
(©air |\ 10 00 ™ (d) oil

NN (BB ANSWER KEY|
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3.1

3.2

Ans:

3.4

Ans:
25T
N\

3.6

Ans:

3.7

Ans:

3.8

Ans:

3.9

Ans:

3.10

Ans:

3.11

Ans:

3.12

Ans:

Define the following terms: (K.B)
i) Inertia i) Momentum iii) Force
iv) Force of friction v) Centripetal force e
What is difference between: (K.B) Yo | |
(1) Mass and weight
(ii) Action and reaction :
(iii) Sliding-friction ar<t.rqlling frictipn |
Given n tne Nrevious pagsey
What i$ tne Icw ¢f inertia?’
Given on the previgus rages #94
Wny is.i7 dagerous to travel on the roof of a bus? (K.B)
TRAVELLING ON THE ROOF
It is dangerous to travel on the roof of a bus because when brakes are applied suddenly,
the lower part of body of passenger sitting on its roof comes to rest immediately but due
to inertia upper part of his body continues its motion in a straight line and he may fall
forward and gets injured if there is no support.
Why does a passenger move outward when a bus takes a turn? (K.B)
OuUT WARD MOTION
When a moving bus takes a sharp turn, passengers fall in the outward direction. It is due
to inertia that they want to continue their motion in a straight line and thus fall outwards.
How can you relate a force with the change of momentum of a body? (K.B)
See Q.no0.6 Long Question
What will be the tension in a rope that is pulled from its ends by two opposite forces
100 N each? (U.B)
TENSION IN THE ROPE
The tension in a rope that is pulled from its ends by two opposite forces 100 N each will be 100 N.
Action and reaction are always equal and opposite then how does a body move? (K.B)
ACTION AND REACTION
Action and reaction are equal in magnitude but opposite in direction. Action and reaction
do not act on the same body. Action is applied on one body due to which an equal and
opposite reaction is acting on another body. Both of these do not neutralize each other
due to which the body will move.
A horse pushes the cart. If the action and reaction are equal and opposite then how
does the cart move? (U.B)
MOTION OF THE CART

Yes, Action and reaction are equal in magnitude but are opp03|te in gij vctlor. but Lr‘,, do‘- \!

not cancel each other because they act on twa different bodicz.~, * | | -
The horse apply action on the road-hy his| fesat. the Teactipn is given b»/ {ie- raud on the
horse, due to which horse riigves. The caTwhich |s fied with! the hgree will also move.
What is the law of conser /aflfn o. nic m=n*u T ? B} /
Given gy Lage #1387
Why s |d\l‘. of cor! suvafloﬁ r)}\m nentum |mportant7 (K.B+A.B)

P l AW GE CONSERVATION OF MOMENTUM

- _[nﬂn(»rtancﬂ
“ 41 ot _tGriservation of momentum has vast applications and is applicable universally on

vigger bodies as well as on atoms and molecules. A system of gun and bullet, rocket and
jet engines etc. work on the Principle of law of conservation of momentum. This law
helps us to understand variations in quantity of motion of different bodies.
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3.13

Ans:

3.14

Ans:

3.15

Ans:

QiSO > w
e e B

o <h o

3.19

Ans:

3.20

Ans:

3.1

When a gun is fired, it recoils. Why? (K.B)

Given on the previous pages # 111 .

Describe two situations in which force of friction is needed? K, E) I

Given on the previous pages # 118 q ¢ —

How does oiling the moving parts 6f a mechiineilower fr iCi ion7 (K. 3) “{GRW 2017)
OILING ! SWERSERICTIQN

As the friction of liquids i< less than irictior| of 's0nds.5e viling the movmg parts of the
machities, lower-.tie friction. “Oit. raal €S (,o"‘ weld loose by making pits and bumps
slippeny=iizace 2iling loviers friziorn: —

Describiz ways to reduce friction. (K.B) (LHR 2014)
G2 orl page #1129
"M'u I'0ifivig friction is less than sliding friction? (K.B) (LHR 2013, 2014)

Given on page # 119
What you know about the following: (K.B)
(i) Tension in the string
(TOPIC TENSION AND ACCELERATION IN THE STRING SHORT QUESTION#1)

(i) Limiting force of friction (TOPIC 3.3 FRICTION LONG QUESTION#1)
(iii) Braking force (TOPIC 3.3 FRICTION LONG QUESTION#3)
(iv) Skidding of vehicles (TOPIC 3.3 FRICTION LONG QUESTION#3)
(v) Seatbelts (TOPIC FORCE AND MOMENTUM SHORT QUESTION#11)

(vi) Banking of roads (TOPIC 3.4 UNIFORM CIRCULAR MOTION SHORT QUESTION#4)
(vii) Cream separator (TOPIC 3.4 UNIFORM CIRCULAR MOTION SHORT QUESTION#10)
What would happen if all friction suddenly disappears? (K.B)
FRICTION SUDDENLY DISAPPEAR
If all friction suddenly disappears the movement will become uncontrollable. The balance
of natural forces will be disturbed and the whole system will collapse.
Why the spinner of washing machine is made to spin at very high speed? (K.B)
SPINNER OF WASHING MACHINE
Spinner of washing machine is made to spin at high speed because water is to be thrown
out of wet clothes through perforated walls. Water moves out due to lack of centripetal force.

As we know,
2

This formula indicates that when speed will be high more centripetal force will be
required to make the water particles to move in circles hence due to lack of centripetal
force water moves out through perforated walls.

NUMERICAL PROBLEMS (U.B + A )

A force of 20 N moves a body with an aci eEﬂratlor\-nf Zms™ !\/i ht i it ils m: s

. ) “(LHR 2013)
Solution: R ’Sy o Jtun'; the vqlue< we nave
Given Data | TRLY m 20
Force actiiig )n“ae cody = & :g =
Acceleraticn i thie 30'iy a= 20\{?‘ : m = 1% kg
ToEind: 4 4y 4 L Result:
- [ a5 of the, no-!} e ] :
) Q[_c_u 2tons: Hence, mass of the body will be
rrom Newton’s second law of motion 10 kg.
F=ma
So m= F
a
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3.2

3.3

3.4

The weight of a body is 147 N. What is its mass?

Solution:

Given Data:

Weight of the body =w = 147 N _
Gravitational acceleration= q =105
To Find: YA,
Mass GE££hi bﬂy mi= ') o
Calculetidrs:' )

fsune kirow th,u

How much force is needed to prevent a
Solution:

Given Data:

Mass of the body = 10 kg

Gravitation acceleration = g = 10 ms™
To Find:

Force required to prevent the body from
falling=R =7

Calculations:

As we know that in stable position,

Find the acceleration produced by a force of 100 N in a mass of 50 kg.

Solution:

Given Data:

Force acting on the body =F =20 N
Mass of the body = m = 50 kg

To Find:

Acceleration of the body =a="?
Calculations:

! -

From NeWt0n’s second la\;' OFI‘IO.‘I'.)H. [

Fma

(LHR 2013, 2015)

w=mg
S0 m:.V\L- "H e
Bv pJ itir| g the Vu|L€S we have
g 147
10
m =147 kg
Result:

Hence, the mass of the body will be
14.7 kq.

body of mass 10 kg from falling?
R=w=mg

By putting the values, we have
R=w=10x 10
R=100N

Result:

Hence, the force required to prevent
the body from falling will be 100 N.

f l Hahco, }he acuei“atmn-produced will

(GRW 2013)
So a= il
m
By putting the values, we have
_ 100
50
azzms_z - 1 “". a ....“
Résult: ' ' ) D

____ —l—————

L -'Je

\2vms™,
L
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3.5

3.6

A body has weight 20 N. How much force is required to move it vertically upwards

with an acceleration of 2 ms™.
Solution:
Given Data:
Weight of the body =20 N _ ,
Acceleration of the body =\a'= 2.m5
Gravitationd! acceleraticn = g\ JJ Inst
Norma! raecticii = R e ‘0 l
To Fing Flnd | -
Farci actlrig Lon! the
w';rti*:e: uvweard = F =7
Calculations:
As we know that
w=mg

So

Dody moving

w
g

m=

By putting the values,we [.lf_h’p
V20 o NN [
M= =5 =2k

VARG TN Y

Frorm|Newton's teceiid lavs of motion

£k rha—"

By putting the values, we have
F=2x2=F=4N

Now net force required to move the body
upward = normal reaction + force producing
acceleration

=20N+4N=24N

Result:

Hence, the force acting on the body
moving vertical upward will be 24 N.

Two masses 52 kg and 48 kg are attached to the ends of a string that passes over a
frictionless pulley. Find the tension in the string and acceleration in the bodies.

Solution:
Given Data:
Mass of first body = m; = 52 kg
Mass of second body = m, = 48 kg
Gravitational acceleration = g = 10 ms™
To Find:
Acceleration of the bodies=a="?
Tension in the string =T =?
Calculations:
When the two bodies are moving
vertically then acceleration of the bodies
IS as,
a= (ml — mz)g
m, +m,
By putting the values in above
equation, we have
_ (52-48)%10
52 +48 \ ~F
_ 40
'a"-'-‘—-— — 0 4" 'rs

e | *«\

Acceleration of the bodies = 0.4 ms™

When the two bodies are moving vertically
then tension in the string is as,
T = 2mlng
m, +m,
By putting the values in above equation, we
have

_ 2x52x48x10
52+48
T=499.2 N=500N

_ 49920

100

Tension in the string = 500 N

Result:

Hence, the accelera“on |rw-2=x.|rn tensmr
Iand tension Wwill g 0 mj anyl & Of‘ N
r'—wmct'vcly _ \ e |
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3.7

3.8

NN

Two masses 26 kg and 24 kg are attached to the ends of a string which passes over a
frictionless pulley. 26 kg is lying over a smooth horizontal table z4kg a3y s
moving vertically downward. Find the tension in the string ol"l(l the owceierat'rn Lo
the bodies. AR T u #
Solution: =y M\ L) 40 2

iy a:.——ﬂ:a—z“ms
Given Baja! ~750

Mass ¢Ete hiock m')\,mn veruca!l 1= 'rAcceIeration in bodies = 4.8 ms™
m; =24'Kg |
IViass of the Biock movmg along table =

When the two bodies are moving vertically
then tension in the string is as,

mip = 26 k
"2 . . g . -2 T= mlng
Gravitational acceleration = g = 10 ms =
. rnl + m2
To Find: B ttina th | in ab i
Acceleration of the bodies=a="? hy putting the values In above equation, we
Tension in the string=T =? ave
C _24%x26x10
Calculations: =
When one body is moving vertically and 24+26
other body is moving horizontally then
acceleration of the bodies is as, T= % T=1248N=125N
- Mg
a=—19 - P
m, +m, Tension in the string = 125 N
By putting the values in above equation, Result:
we have Hence, acceleration in bodies will be 4.8
ms? and tension in the string will be 125
_24x10 N,
24+ 26
How much time is required to change 22 Ns momentum by a force of 20 N?
(LHR 2014)
Solution: By putting the values, we have
Given Data _
Change in momentum = AP = 22 Ns .22 S R T L N
) dAr==t7dds oo —
Force applied=F =20 N B RIE! W
To Find: AP aVdcE LS RI\RR=N D
Time r’bq I rei = t = 2 \\ A\ ‘ FIHe 1-ce, the time required to change the
Calculc [IOHS \ . N | momentum of the body will be 1.1 s.
[T 3 Aswekrowﬂut '__up = t:&
Y |

W t F
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3.9

3.10

How much is the force of friction between a wood block of mass 5 kg and the .
horizontal marble floor? The coefficient of friction between wood ans-warble is-c- |

Solution:

Given Data:

Mass of the block = m = 5TK¢
Coefficiaricf friction=. 7 5 /
Forea of fricticri='Fe = 2

As we know that

Fo=psma — [ [*
(BY nuttingithe valugs;we hale™ .
.Fs.':C'G-"( H5x10 |
| Eg=30N '
Result:

Hence, the force of friction between a
wooden block and horizontal marble
floor will be 30 N.

How much centripetal force is needed to make a body of 0.5 kg to move in a circle of

radius 50 cm with a speed of 3 ms™? (LHR 2012)
Solution: E - mv’
Given Data: “r
Mass of the body = m = 0.5 kg By putting the values, we have
Radius of the circle=r=50cm =0.5m 0.5 (3)?
Speed of the body = v = 3 ms™ Fe = 0.5
To Find: Fe=9N
Centripetal force = F, =? Result:
Calculations: Hence, the centripetal force
As we know that needed, will be 9 N.
. | I. |4, _'.. s \‘“
~ - Al
. ViV y .
_.-: & e _.‘w-.\. \\ . 1 s
-'\.._ '.| | * I |..'
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SELF TEST N
Time: 40 min. ] 'Y Maike| o
Q.1  Four possible answers (A), (B), (C) &£{D) to each-guestian®arg gi\_,lén, mark e
correct answer. . PR RIEN u 7 (6x1=6)
1. Newton’s first law of motior: is \‘aiid nnIy.f.‘,n Te s.;sem'e of : '
(A) Force | VS By Net force
(C) Fricticry 1 1! VL VL (D) Momentum
2. triertia depe nUs 11GiT:
_ U\ Force (B) Net force
' ('C) Velocity (D) Mass
3. A block of 4 kg is supported by a string. The tension in the string is:
(A) 20N (B)40 N
(C)4N (D)ON
4. Rate of change of momentum is equal to:
(A) Force (B) Velocity
(C) Acceleration (D) Impulse
5. When object is at rest, the force of friction is known as:
(A) Static friction (B) Limiting friction
(C) Kinetic friction (D) Dynamics friction
6. In circular motion, the motion of every particle of body is:
(A) Different (B) Opposite
(C) Same (D) None of these
Q.2  Give short answers to following questions. (5x2-10)
i. A lead shot of mass 5q is fired with an air gun. If the velocity of the shot is 60 ms™
What is its Momentum?
ii. An inflated balloon shoots off when its air is released. Why?
iii. Why is it hard to stop fast moving and heavy vehicles’) o _
iv. A body of mass 5 kg is moving with a veIOC|ty of 10 ms . ! i fhel'fc.-ffge':@ stop it in S
v. What is centripetal force? Writz-its depom‘e'.cn \ _' \ T
Q.3 Answer the following quést! onsir Foetdily, L L W VL (4+5=9)

UNIT-3 Dynamics

A

a) State-s no Explmn 1aw-0f cjncq\;atrc,n efimd, meqtum
a) A STETIE, OF ma $1100'g Is! ,_atcaLh @45 a string 1m long. The stone is rotating in a circle
with\a speediof, 5.rs™ Find the tension in the string.

INoee:

Parents or guardians can conduct this test in their supervision in order to check the skill
of students.
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