Force callse’
acceleration

2 Define momentum, force, fnertia, friction, centripetal force.
L4 Sulve?rul:-lem using the equation Force= change inmomentum/change in time:
« Explain the concept of force by practical examples of daily life,
« State Newtan's laws of motion.
: rIcil.:tlng-.zish hel_ween mass and weight and solve problem using F=ma and w=mg
A a.CuEate tension and acceleration in astring during motion of bodies
A string and passing over fricti i ey
o 2 ictionless pulley, using secand law of motion
!._.?: ?E"[ State the l_awaf conservation of momentum, i
' #ﬁ:‘. + Use the_prmmpleormnmentum consefvation in the collision of two obi
'"“1:"1 ¥ Determine the velocity after collision of two objects using i
x mamentum. SRSt

raad conditions including skidding, braking force the context of tyre surface,

¢ List various methods to reduce friction,
{ « Explainthat motion in a curved pathisduetoa
changes directian of motion but not speed.
: # Calculate centripetalforceona body movingin a cirete usj ")
- ¥ State what will happens to you while you are sitting inside :g oy
' 1. starts moving suddenly 2. stops moving sudden)
s~ Write a story about what may happen to youwhen you d:
disappeared. Why did your dream turm into night mare? o

perpendicular force on 3 body that

bus when the bus
3. turns a corne.

T sudden|,
that all frictions s«.»ci:!enl:r

A i 5 ] o .
e £ i

tudy of motion of
objects are accelerated and
t changes its direction of

As discussed earlier mechanics deals with the s

objects. But few guestions like why some

others are not? How and why a moving objec oy discussion
motion? These questions can be answered when we exten

i mics. In
of motion of objects to another branch of mechanics kn-:::wn as D:rrl'n?tian T
this unit we will learn about force, mornentum, newton’s laws, 11

circular motion. ! .
"Wh'!p" of

Kinematics is the "huw" of motion and Dynamics is the
motion.

Dynamics is derived fro
physics which deals with the stu

motion is called dynamics.

m the Greek word for force. The branch of
dy of motion by analyzing the cause of

= A force is @ kind of a push or a pull on an gbject. When we push a stilled
car, hit the nail with hammer or drag a chair, we are exerting a force in each case.
We can think of different ways in which we can move this textbook. We can
push or pull it, or we can tie a string around it and pull on the string. We often call
these contact forces because the force is exerted when one object comes in
.contact with another object. As we are holding this physics textbook right now, our
hands are exerting a contact force on it, There are other ways in which we can
change the motion of the textbook. We can drop it, as we learned in Chapter 2
Kinematics, it would accelerate as it falls to e S -
the ground. This time the gravitational force ‘Non Cantact Forces
of Earth (which is not a contact force) is
acting on the book which is causing this .
acceleration. We call such forces as non-
contact forces, field forces or action-at-a-
distance forces.

Forces can cause objects to start
moving, speed up, slow down, or change | o, o think of other kinds of field
direction as they move. In other words, to | . -4

; n obj rce i d. But 3 .
accelteiﬁi;ia:w ]Eﬁt*f?:-:coe :::; r;?zst b\ If you have ever experimented with
UME e appy = J ik 085 | magnets, you know that they exert
not move. For example when we appf y force | gorces without touching.
on a wall— wall does not move. At times we

Figura 3.1




cannot even stop a moving bady. For exam
if we apply force.

ple, we fail tostop a moving truck even

e ——y

move a body, stops or tends to stop a moving br:-dy. |

In other werds force is a physical quantity Ehanges or tends to change th

velocity (both in magnitude and/or direction — acceleration) of a body. InSystem
International (51) the unit of force is newton (first letter small) and is represented
Bysymbol N. One newton is defined as the force that produces acceleration of ane

meter per second square (a =1 m/s’) ina body of mass one kilogram (1 kg).

IN=1kg=1m/s* or N=kam/s*®

lsaac Mewton (1642-1727) was’

I-—___..._._._

i -l’l LOSOIMHIE

e maTonALE
PRINCIPLA
" MATHEMATIO

born in England, he proposed a theory
of the causes of motion, Collectively
they are called “Newton's laws of
motion” and provide the basis for
understanding the effect that forces
have on an object. This book was
written in Latin with title
Philosephiae Naturalis Principia

Mathematica, as shown in figure. The English title of Newton's 1687 treatise
is The Mathematical Principles of Natural Philosophy, which is often

referred to as Newton's Principia.

'S FIRST LAWOFHOTION:

Statement:

It the net (external) force actine on an wbject is zero, the object will
e s state of rese or of uniformmotion {constant velocity).

In other words, if there is no net force acting on an object, its velocitf will

not change. If it is at rest, it will remain at rest; if it is moving, it will continue to

maove wftﬁ constant velocity (zero acceleration: no change in speed or direction)
Mathematically, first law can be expressed as '

Fret =0 then

#po physic IX DATE:S.3.2018 AJ COLOR SCAN SET 5-5
— —— —

DEFINITION OF FORCE ) Force is a physical quantity which moves or tends to

i

B,

Unit-3
i astate
Newton's first law indicates that a state of rest (zero velocity) and

uire a net
of constant velocity are equivalent, because both a thercl;_ d;ii;;g:;f&q parts.
force to sustain it. The study of first law of motion can be div

Bodies At Rest:

The first part of the law sates that a
body at rest will remain at rest if no net
force acts on it. This part of first law is easy
to understand and goes with our cormmon
observation. For example a chair lying in a
room will remain stationary and will not
start moving or flying around by itself unless
some one 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 — i i
in a straight line with uniform speed if no net AETCERR Bodiesin Motion
force acts on it. However our daily
observation is against this. For example if
we roll a ball it comes to rest after some
time. But careful study of the moving ball
shows that there are forces (like friction and
air resistance) which oppose the motion of
the ball.

This means that object would continue to move in a straight line for ever,
with uniform speed if the forces opposing the mation of the object are removed. In
space where there are negligible opposing forces, objects move in a straight line
and no applied force has to be maintained by an engine to keep them moving.

PR Bodies at Rest

Inertia:
Agreater net force is required to change the velocity of some objects than
of others. :

For instance, a net force
that is just enough to move a car
will cause only a small change in
motion of a truck. In comparison to
the car, the truck has a much
greater tendency to remain at rest.

Therefore, we say that the truck has more inertia than a car.

o e ey 63
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Alarger body (in mass) has a greater resistance toa
change in its motion than does a smaller one. !




Unit - 3
PYa sl DEMONSTRATION OF INERTIA :

WG otvovsToTon oFNERTA

ometimes called the law of inertia:

A Newton's first law is 5 . oo Bl
Using Newton's first law of motion help us t0 d”’"? ity E’f’e"‘” Bite
i the natural tendency of an object to remain at :
also called law of inertia. Inertia is The mass of an object is a quantitative *Place a card on top of a glass. Then place a
¥ . coin on top of the card as in Fig (a).
Quickly fiick the card horizontally. The o
inertia of the coin tends to keep it at rest .hr-

rest or in motion at a constant velocit

measure of inertia. S| Unit of IFegling inertia:
i gilnerta;

Inertia and Mass is kilogram (kg). m Sl

The larger the mass, the greater is

the inertia.

B) We can feel inertia:

When we are in a moving
car, we can feel the effects of our
own inertia. If the car accelerates
forward, we feel as if our body is
being pushed back against the seat,

horizontally. The force that causes the
coin to move is the vertical force of
gravity, which pulls it straight down into
a

theglassasin F!g. {b). *

Inertia of motorist makes her fée:' like she is
13,212 NEWTON!S SECOND. LAW OF. MOTION

being thrown forward.
| POINT-TO PONDER
| Kilogram of Cotton and Gold:
Which has more mass:as

kilogram of cotton balls or a L

| Statement:
The net force'F'on a body is equal to the

product of the body’s mass m and its acceleration

because. our body resists the
increase in speed. If the car turns a L)
corner, we feel i A
y as if our body is being “' ! OR | kilogram of gold?
' : A net force (unbalanced force) applied on
POINT TO PONDER

pushed against the door, because
our body resists the change in the
direction of motion., If the car stops
suddenly, we feel as if our body is
being pushed forward, because our
body resists the decrease in speed.
'-'_'hese situations are shown in the
figure 3.4, where a motorist feel the
effects of changing accelerations.

In Pakistan the bus does not
halt completely for male
passengers on bus stop. They
momentarily reduce speed
and we are told to step down
the bus in the direction in
Lwhit:l'l the bus is moving. Why?

Inertia of motaorist makes her feel (ike she

wants to cantinue moving in a straight line. the body preduces an acceleration ‘a’ in the body.

This acceleration is directly proportional to the
magnitude of the net force and inversely

proportional to the mass of the object.
axfF —9
] _
go— —9
m
s The acceleration is in the same direction
as that of the net force. Combining equation 1 and

Inertia of motorist makes her feel like she is
being pushed backward,

Using Newton’s first law we could remove the cloth without topptinﬂ
When two things are directly

FeTE

i mm ]ﬁT

The trick to keeping the dishes on

Remembert
hat the more mass placed on the plates, the greateris the inerti
d.

’ the table js t, ;
any hem and ve i ; > 10 Use a very smooth i
direction. We su"}' qs:":t’;:y Jerk the tablecloth backyarg o :lﬁfb}l]ecloth without
ggest that you practice with heavy objects '8 1{2; downward
on plastic plates.

Ifm=1kganda=1m/s, thenF=1N.
Substituting in F = kma, we get k=1 and so
we can write

or breaking items placed on it . . .
2weget
ao f. or a= kf, proportional to each other,
m m as one increases, the other
increases also. However,

when two things are
inversely proportional to
each other, as one increases,
the other decreases.

F F
a=1x— oOr g=— therefore F=
“n o a= ma XD

Newton's second law tells us that acceleration ‘a’
will be largest when force ‘F" is large and mass ‘'m’

small.

To change proportionality
into equality usually a
lcunstantisused.
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What force is re 2 Facsay
quired to produce an acceleration of 6.00 m/s*ina cricket bal
ass m.0. 1 6 I-:_g and metal ball for women shot-put game with mass m, =4 kg e

REQUIRED:
Force on cricket ball F, = 7

5

-4 Acceleration a = 6.00 m/s’
* By Newton's second law
Fr=0.16kg=6.00m/s*  or

Fo=mea

Fe =0.96kgm/s?

[What will be acnelerans if

:0”13913[3- the same net f&:rce
=10 N on both cri

» : cket

Fs =4.00kgx6.00m/s?  2nd metal ball in t?aai“i

{ example? S

ol Fs =24kem/s®

2 putting values

since  N=kem/s*

therefore F. =0.96N — s

By Newton’s second law Fe=mqa
= Mg

i putting values

since N= 2
kgm/s* therefore

'Find th —?h
e acceleration pr ;
[ and truck of mass Z‘fﬂﬂigmucm In engine force

)

of 3500 N in‘car of mass UD g :

force on obj written
Ject Awritten as F,, but in opposite di. e;j-:"' object B also exert il
n -

F-'AE=—FM —— m

ere the
H ﬂegati\'e s’gﬂ shows that fOfCE F is oppos
l a [N ftﬂtﬂf{}rE‘Fl
— ~ d i

‘3_ (reactio

when a football is kicked, the foot

on the football and as a

s the force Fis
qual

on to that a foot ball exerts an e
e F,, on thefoot.

Fya= Fa :
The force of A on B is equal in
magnitude and opposite in direction of the
forceof BonA. £

sir Isaac Newton described these two
n - reaction pair. To every
an equal and opposite
tion cannot neutralize
they act on different
e body and reaction on y

exert

reacti
and opposite forc

forces as actio
action there is
reaction. Action reac
each other/because
bodies}Haction on on
another bodyl}.
We can feel reaction:
When we push against the edge of a
table (action). Our hand’s shape is changes,
this shows that a force is being exerted on it
n). We can see the edge of the table pressing in
push against the desk, the harder the desk
exerted on us; when we exert a force on ano
object pushing back on us.)
“BALLOON FORCING AIR OUT =

action

For example, the jet plane eject
.gases at high speed as an action, and
2ir as reaction apply force on the
plane to make it move forward.

to our hand. The harder we

pushes back. (We only feel forces
ther object, what we feel is that

ACTIVITY
Tie one end of the stri-ng tea ctrina
_ chair. Thread the other end of i
\ the string through the straw.

. Pull the string tightand tie it
to another support in the
room.

. Blowup the balloon, but don't
tie it. Pinch the end of the ba

action

reaction

\loon and tape the balloon to the straw as shown in

figure.
. You're ready for launch.

o

Let go and watch your balleon rocket fly!




You know from unit 2: Ki
when an object is dropped, it accelerates toward
the center of Earth. Newton’s second law states
that a net force on an object is responsible for its
acceleration. If air resistance is negligible, the
net force on a falling object is the gravitational

force, commonly called its weight w. Since weight For

is a force as have the same units as force newton
(N). Weight can be denoted as a vector w because
it has a direction.

Consider an object with mass ‘m’ falling
downward toward's Earth. It experiences only the

downward force of gravity, which has magnitude ¢

‘w'. Newton's second law states that the
magnitude of the net external force on an object
is ‘F = ma’. Since the object experiences only the
- downward force of gravity, ‘F = w'. We know that
the acceleration of an object due to gravity is ‘g",
ar‘a=g’. Substituting these into Newton's second

law gives
w=ms ——gE}

Since g = 9.80 m/s’ on Earth, the weight of | fact 5 kg is the mass of rice.

a 1.0 kg object on Earth is 9.8 N, as we see: w =
meg = (1.0 kg)(9.80 m/s’) = 9.8 N.

The acceleration due to gravity g varies

slightly over the surface of Earth (we will discuss it | the same, regardless of its
in detail in chapter 5; gravitation). So that the | location. However, because
weight of an object depends on location and is not a  weight depends on the

property of the object. Weight varies on large scale
if one leaves Earth's surface. On the Moon, for
example, the acceleration due to gravity is only
1.67 m/s’ . A.1.0-kg mass which has a weight of 9.8
Non Earthis only about 1.7 N on the Moon.

WP CERD  WEIGHT OF GIRL ON EARTH ANDMOON

' The mass of a girl is 60 kg. How much will she weigh on the (a) Earth? ( Mn?
[take acceleration due to gravity for earthas g, = 9.8 ms” and formoon as g, = 1.6

ms’]

nematics that s

| move, backward when the

| Massvs WeigTht: -

| different quantities. The

i

Why &oes a hose pipe tend to

fireman directs a powerful

stream of water towards fire?
.

) :h. g:._:

I our daily life we use the
| term mass and weight in
. almost the same meaning. For
lexample when we ask a
| shopkeeper to give 5 kg of
| rice, it is usually considered
as the weight of rice. But in

| From scientific point of view
weight and mass are two

mass of an object will remain

acceleration due to gravity,
the weight of an object can
change when the object
enters inte a region with
stronger or weaker gravity.

sl

L o e, e

Unit - 3

N REQUIRED: )

‘.'?'«l:si m 60 kg weight on Earth we ==

= ; : = ?
Acceleration due to gravity on earth g = 9.8 M5~ weight on moon W

1
Acceleration due to gravity on moon g, = 1.6 ms

(a) Weight of girl on Earth ~ wg = M2
we = 60kg»9.8m/s?

putting values
wg =588kgm/s’

or
since  N=kgm/ st

we =588N —IENa3

(b) Weight of girl on Moon  wy = Mgy

i
putting values  w, =60kg~1.6m/s
) or Wy =96kgm/s'

therefore

since N=kgm/ s’

therefore  Wu = 96N —

: Zsﬁ?_;nment PR WEIGHT. OF ASTRONAUT

The weight of an astronaut and his space suit on

much do they weigh on Earth? What is the mass I|:u1 ;
acceleration due togravity for earth asg,=9.8ms andmo

LW CHECKPOINT (NEWTON LAWS)
01: What is the acceleraticr!:pmduced by a force
sl : when a force of 700 N, produces an acceleration

Q2: Calculate the mass of a body
of 12.5ms". (Answer: 56 kg)

MENTUM:

the Moan is onty 250 M. How
he Moon? On Earth? [take

onasg.=1.6ms’]

of 12 N exerted on an object of

304 LINEAR MO
~ The linear mome!
¢m* and velocity ‘v’ Math

ect is the product of the ohject's mass

ntum ‘P’ of an obj
ematically
ﬁ =V = 34

quantity that poin
kilogram-me

ts in the same direction as

Linear momentum is a vector ter per second (kem/s or

the velocity. 5| Unit of Linear Momentum is

- d (Ns).
kgms'), of simply newton-secon {




Unit - 3

Momentum measure the quantity
observation that large force will be require

of mation in a body. It is, our common
d to stop a truck than a car moving at
than a car. Similarly it is easy tostop a

same speeds. Because truckhasa large mass asy to
rolling drum of coal tar of mass 50kg moving at aspeed of 0.1m/s but it is difficult

tostop it if it is moving at 5 m/s.

i_E-x-ﬂ;nprE 3.3 .‘.__;E_};-f;. Tk @U 2

!An jron shot of mass 6 g is fired withan airgur_L ;
j If the velocity of the shot is 62-ms ', what 1s . R

" | the m.agnitudeof momentum?

ﬂ‘i GIVEN:
2] Mass m =6 g =0.006 ke
'L velocity v = 62 ms™'
by definition of momentum
in magnitude
putting values
therefore

3.4.1 FORCEAND CHANGEINMOMENTUM'

When a force ‘F' produces acceleration ‘a’ in a body of mass ‘m’. By

REQUIRED:
magnitude of Momentum P =7

P=mv

P=mv
P=0.006kgx62m/s
P =0.372kem/s

Hence P =0.372Ns — NI

) FASTEST RECORDE

| The fastest recorded speed for a golf ball hit by a golfer is 75.8 m
| ma_ss of golf ball is 46 g, what is the magnitude of its momentum?

W e S e i T

Newton's second law of motion it is written as
F =ma h
_ 'I"!'her accgleration produced changes the velocity of the body from initial
velocity ‘v/" to final velocity v, during time interval ‘At’. Then by Definition of

acceleration
V-
At

&:

Putting equation 2 in equation 1

Vi

D

since AP =P -P I

therefore F=%’% —EER

near momentum ofa /
that for sudden change in'mo

body is equal to the net
mentum force is

The time rate of change of Ui
force acting on the body. This means
large and vice versa.

INTERESTING INFORMATION  F

pifferent safety techniques are used in the packaging ﬂrfr_gll e abjects.

To improve the safety of motorists, modern i e
cars are built so the front end crumples
kg car is traveling ata v = 15misiE]

ct. A, 1200

'igi:t':r\\fave\uciw of 15.0m

immovable wall and comes to a co

stopin0.255s.

a) What is the average net force
thecar?

b) What would be the

exerted on the car

/s [E]. It hits an
mplete

exerted on

average net force .
if it had a rigid o o

pumper and frame that stopped the car
.040s? e
E:’EN N REQUIRED: r
: Average net forc
Mass of car m = 1200 kg (a) i
initial velocity v, = 15-0 m/s (E] (defom-,ng]t 1; A
final velocity ¥, = 0.0m/s - (b) Average ne s
a) time interval (deforming) At=0.2 Fa
al (rigid) At = 0.040 s

b) time interv




B - . 1 2 Viow
} by Newton’s second {aw in terms of momentum F =m| £ Y1

At
putting values £ - 1200 kg[n - 15.ﬂm."s[EjJ

0.255 '
or F - ~18000kgm/s[E]
i 0.25s
or F =-72000kgm/s®[E]
or F = 72000 N[E]
or F =72000kem/s? (W]
therefore  F =72000N[w]

(1] b) by Newton’s second law in terms of momentum  F - i [ vy —.\7,]

) At
putting values F =1200kg(£2'_5*9ﬂ'_5£!J

. 0.040s
or  f._-18000kgmys[e]
0.0405s
or

F =-450000kg m /5% [£]

or F = 450000 N[E]

or ﬁ=450000kgmfs‘[wj

therefore  F = 450000 N[W]

]heaveragenEt fDrCEEXEI tEdb 2 W, “O tllEl:al 15 ?.23‘ 1 N!“"W“Eﬂ
it CIUIIIFI!ES, ar ld {b;. 4.5 = 10’ N [W] Wi 1en it is J Igld. ”IE Cllallge in :IZ'IDIIIEIII:UIII

* | isthesameinb i
I in both parts is - 18000 kem/ i
:f-j So the average net forece is i bl o are different.

ar of mass 1200 kg and a loa - |
| : : ded t
| mass 9,000 kg in E secm:nd. ifthey are moving with same velocity of 10 ms" e

—

i different ; : :
l'g force on the car with the rigi t in both situations. The magnitude of

ACTIVITY

Consider a falling egg. When the egg hits a
hard surface, like the plate in Figure (a), the
egg comes to rest in a very short interval of
time. The force the hard plate exerts on the
egg due to the collision is large. When the egg
hits a floor covered with a pillow, as in Figure
{b), the egg undergoes the same change in
momentum, but over a much longer time

interval, In this case, the force required to (a) {b) h
alu:celerate the egg to rest is much smaller. BY  gicaction direction h
applying a small force to the egg over a longer  of motion, of 'ﬂﬂliﬂ"l

time interval, the pillow causes the same
change in the egg’s momentum as the hard

- plate, which applies a large force over a short
time interval. Because the farce in the second
sftuation is smaller, the egg can withstand it
without breaking.

pilley

Spwm Foa ﬂt
(d)

ISOLATED SYSTEM

We are often interested in the behavior of
a collection of particles that interact only with
each other. We can draw an imaginary boundary
around the particles, but complications can arise, if
some of the particles experience net forces that
originate outside the “system” boundary. In order
to effectively study interactions between particles,
we must limit our focus to isolated systems of particles.

An isolated system fs 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.

For example, the molecules of a gas
enclosed in a vessel can be considered as an | system
jsolated system of interacting bodies. Gas boundary
molecules interact with each other and with the
walls of their container. Other forces, such as those |
of the table holding up the container and the
gravitational force, are considered to have a
negligible effect on the motions of the molecules

{{POINT TO PONDER:
How rockets move and
accelerate in space where

there is no air for them to.
push against.

and coptainer.
e s




For an isolated system there is no net force acting F = 0, therefore

Newton’s secand law in terms of momentum (equation 3.5) can be written as

o=l
At o
— L r'-‘-_‘-\
or 0= Fr-A by cross multiplication 0 =p, _,q
At
therefore ﬁr -8 —m

In the absence of an external force (isolated system) the final momentum p,
of the system must be equal to initial momentum P.. If no net external force acts

on asystem of particles, the total momentum of the system cannot change.
3,43 CHANGE QR OENFUMANDGOLISIONS IR

means of forces is called collision. The forces due to the collision are assumed to
be much larger than any external forces presenit.

_ Consider a system consisting two objects A and B of masses m, and m, ‘
moving with velacities u, and u, respectively, such that after collisions their -

}-'elocll:ies change to v, and v,. The total momentum of the system before callision
is i

A= lm1f-'1 + Mty
The total momentum of the system after collision changes to
ﬁ_r = MV + My vy
By law of conservation of momentum
P =P
therefore  myv, + myv; =myu; +myu, —m '

TSR coion

— S
®
Before collision During collision After collision

FH O G T Dl

An event during which particles come close to each other and interact by

Fhln RS BALLS COLLISION

Ball A having mass 0.05 kg moving to the right at velocity of 0.50 m/s makes an
head-on collision with ball B having mass 0.20 kg that is initially at rest. After the
collision, ball Amoves to the left at 0.30 m/s. Find the final velocity of the ball B.

GIVEN: ) . REQUIRED:
Mass of ball Am, =0.05 kg Veloeity of ball B after
Mass of ball B m, =0.20 ke . collision v,=?
- Velocity of ball A before collision u,= 0.50 m/s
Velocity of ball B befare collision u,= 0 m/s u=0.50m/s u=0m/s

By change of momentum and collision between

two bodies m,=0.05kg m,=0.20ke
: Before collision

v=-0.30m/s v,=Im/s

Velocity of ball A after collision v,= - 0.30 m/s @ Q

_m|v1 +MpV¥g =My + Myl

rearranging  mavs = Myl +Myly =My

 dividing by m, on both sides - @ O
. _ Myl + Mgl — MYy m,=0.05kg m,=0.20 kg
W

putting values

_ 0.05kg=0.50m/s+0.20kgx0m/s -0.05kg=x-0.30m/s
2= 0.20kg

_ 0.025kgm/s+0kgm/s + 0.015kem/s

or V3 0.20kg
0.04kem/s
or 21T Tga01

therefore vz =0.2m/s S nswen

Velocity of ball B after collision is0.2m/s
“Assignment 3.5 CARROMBOARD COLLISION |
rrom i i 0.015 kg sliding to the right
rd same the striker of mass having mass s
[ar:;cv?elacit:gfa D.fg m/s makes head-on collision with a disk having mass tl}. 005 ﬁ
that s initially at rest. After the collision, striker Tﬁdﬁkthe right along
direction of diskat 0.20m/s, Find the final velocityof the dist.
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3374 CHANGE OF MOMENTUM AND EXPLOSIVE FORCES -

g LN L

An explosion, where the particles of thE'_ system move apart from each.
other after a brief, intense interaction. Explosion is the opposite of a collision. The
explosive forces, which could be from an expanding spring or from expanding hot

gases, are internal forces. If the system

is fsolated, its total momentum during
the explosion will be conserved, by the
law of conservation of momentum
Firing of rifle:

Consider an isolated system of
bullet of mass m and rifle of mass M.
Such that before firing the total
momentum of the system is zero.

JEXPIOSIVA Forces!

Bullet

Isolated S.ystem

P=0

" After firing the bullet moves with velocity v, in one direction and the rifle

recoils with velocity v, in the other direction such that the total momentum is

again zero.

mvy 'I-J'r‘ll.r‘g =0

Due to the large mass of the rifle it recoils with much lower velocity as

compared to the bullet,

Example 3.6 1% RECG

Abullet of mass 0,008 kg is fired from Ak47

of the bullet is 715 ms™, what would be the recoil velocity of the gun?

g. If the velocity

o) Mass of bullet m =0.008 kg

18 Mass of rifle M =4 ke

U Velocity of bullet after fire v,= 715 m/s

REQUIRED:

Recoil velocity of gun after
firev,=?

By change of momentum and in terms of rifle and bullet

_,---'___'—-.1
mvy +Mv, =0  or

Dividing both sides by M

M'v‘g =—mv;
vy =—m
M

the cannon ball leaves the cannon

. the rocket pushes on the gases in one direction, t{w.-

s _D.Uﬁﬂkg'xﬁf:mfs
ptimgvRIaEs Y= 4kg Will you want tofire with arifle
| H having bullet
5.72k6m/ s of mass 0.008 kg
or “3=‘—4'%  of 4 kg, ejecting with a muzzle
speed of 715m/s?

therefore vy =—1.43m/s = Answor|

The minus sign indicates that the Ak47 rifle’s recoil is to the left. The recoil
speedis A43m/s. |
s Wl ANNON RECOIL

tains a
200-kg cannon at rest con
:‘ﬂ-kg cannon ball. When fired,

with a speed of 90 m/s. What is
] the recoil speed of the cannon?

ROCKET PROPULSION AND THRUST

A phenomenon similar to rnuzzl!a velocity
occurs in rocket propulsion. The rocket e:_ec.ts _u:ases }
from its tail at a high velocity, just as a rifle elect:s -
bullets or cannon fires a shell from ttsbarrel.hmu:‘ket_s B 3
mass isn’t constant because the fuel it ccfntams;hls )
constantly decreasing. Thus giving a!coe!eratmn to eg 1
rocket called thrust. Any space vehucl? is maneuver a8
in empty space by firing its rockets in the I:nre‘;:‘tq:aen =
opposite to that in which it needs to accelerate. e

' before firing

gases push back-on the rocket in the opposite ﬂ‘ .
direction.

3.5 FRICTION : 50 S
- Eriction is a force that opposes reiative motion aF a“.ﬁ:’::: i 5 faite

in contact. Friction is denoted by letter f, ;‘ ctional force is
SALyERs 5)'5‘: b uantity and has unit as newton (N). Fn ot Bl 1t
therefore it is 2 ve&‘:tor ?hat opposes motion of one body over anu:. B
ik g nm: (slide) our hand on a table top, \_Ne can f:e A)
cnntati:t. m::n;?o:\um: need it to bothstart and stop a bicycleand acat.
opposing .
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Every surface is rough, even surfaces that
appear to be highly polished can actually look quite
rough when examined under a microscope. Some
surfaces are more rough than others. Therefore
when one surface slide over another, these
l’l_'regularities bump into one another which gives
rise to frictional force. Secondly at these contact
points the molecules of the different bodies are
close enough to exert strong attractive
intermolecular forces on each other, thus opposing

mation and result in friction.

NORMAL FORCE

A contact force perpendicular to the
contact surface that prevents two objects from
passing through one another is called the normal
force F,. (In geometry, normal means
perpendicular.)

Consider a boak resting on a horizontal
table’s surface, By Newton’s third law the book
exert the force on the table due to its weight and as
a feaction table exert force on the book, which in
this case is a normal force. The normal force due to
the table must have just the right magnitude to
keep the book fram falling through the table. (f no
other_ vertical forces act, the normal force a.n the
book is equal in magnitude to the book’s weight,

If the surface of the table is not horizental
the normal force is not vertical and is not equal ir;
magnitude to the weight of the book. Remembe
that the normal force is perpendicular to ti-uer
contact surface. Even on a horizontal surface if
there are other vertical forces acting on the bn:ak

.then the normal force is not equal in magnitude te;:

e - Microscapic
contact points

——— e

Normal Force

the book's weight as shown in figure.

3.5, 28TV PES OR FRICTIONAL FORCES:
Thereare two types of frictional force, :

1 phwsic IX DATE:5.3.2018 AJ COLOR SCAN SFT 6-B
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A) static friction:
The frictional force that tends to prevent a stationary object from
starting to move is called static friction denoted by f,. For example, when we
push horizontally on a heavy crate. The crate does not move. It means that a
second force act on the crate to oppose our force, and this force must be directed
opposite to our applied force and have the same magnitude to balance our push.
That second force is a frictional force. When we push even harder. The crate still
does not mave. It means that the frictional force can change in magnitude so that
the two forces still balance. Now if we push with more strength, the crate begins
to slide. So we can say that, there is a maximum magnitude of the frictional force.

When we exceeded that maximum magnitude, the crate started to move.

B) Kinetic friction:
The frictional force that acts against during motion of an object in a
direction opposite to the direction of motion denoted by f.. .
For example, when heavy crate starts motion, kinetic friction f.i nI::w
replaces static friction f,. If we are applying same force t!!e hEﬂ\:}' crate after it ta;
started moving it accelerates, means that klne_tic friction is less than staw
friction (f, < f,). In order to drag the heavy cr_ate w‘nth constant velocity we hi?ve_la
reduce the force to make it equal to kinetic friction. Table 3.2 shows a similar

situation. = = —
S 5 TABIES2/DESCRIETION OF FRICTION

Ablock rests on a tabletop, with the weig::\tw g
balanced by a normal force F, There is no|
attempt of sliding. Thus, no friction and na]

motion.

We exert a force F on the block, attem?tir_\g to
pull it to the left. In response, a frictional
force f, is directed to the right, exactly
balancing our force. The force is called the |
static frictional force. The block does not

move.

As we increase the magnitude of uur'ap_plief
force, the magnitude of the static I‘nr:l::cunia:Is
force f, also increases and the block rema

at rest.
-




When the applied force reaches a certain
level, the block “breaks away"” from its
contact with the tabletop and accelerates
leftward. The frictional force that opposes the

motion is now called the kinetic frictional
force fk.

—
0]

Acceleration

Usually, the magnitude of the kinetic
frictional force is less than the maximum
magnitude of the static frictional force. Thus,
if we wish the block to move across the
surface with a constant speed, we usually
decrease the magnitude of the applied force
once the block begins to move.

3.5.3 COEFFICIENTOEERIGTION. = e

The maximum static frictional force f t TS
. een a pair of surfa
two main characten'gtics. M # ces has

* Itisindependent of the area of contact between th i
e objects, provided that th
surfaces are hard or non-deformable. : 2

Its magnitude is proportional to the magnitude of the normal force F,
.fs_,max = Fy or

fs.ma:: =psFy

e Where y, is a constant of proportionality known as the coefficient of static
I'ICtIGF! and depends on the nature of surfaces in contact before sliding.
Coefficient of static friction p,is

P_\' L -st..ma:r. m
N

The magnitude of the force of kinetic friction f. is assumed
] to b
proportional to the normal force and independent of speed ; =2
fexEy  or fe = e Fy

o Where p, is a constant of proportionality known as the coefficient of kinetic
friction and depends on the nature of surfaces in contact during sliding
Coefficient of static friction ,is .

=i
m=f —gED
As | is the ratio of forces, therefore, it has no units, Coefficient of

[ WorkoRsmE g s
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friction is constant for a given pair of surfaces. For a different pair itsr:.:ii;::
different value. Values for friction of some pair of surfaces (both
friction and kinetic friction) are given in table 3.3.

TABLE 3.3 APPROXIMATE VALUES OF COEFFICIENTS OF FRICTION
' Coefficient of Static Coefficient of Kinetic
SR Friction, |, Friction, P

Glass on glass 0.94 0.4
Ice on ice 0.1 0.02
Rubber on dry concrete 1.0 i 0.8 b}
steel on ice ' 0.1 0.05 ]
Steel on steel 0.78 0.42
wood on leather 0.6 0.3 _]
|imd on wood 0.35 0.3 _l

Friction is not restricted to solids sliding or tendifng to slide overfzne
another. Friction occurs also in liquids and gases (both of which are called fluids).

Fluid friction occurs as an object pushes aside the fluid it is moving through.
Graphical interpretation of Friction:

rncmnat
force
The graph is drawn between applied force F

and friction f it shows that by increasing the |fire
applied force static friction f also increases
until it reaches a certain maximum value

called limiting friction f, e,

At this point the object starts
moving and frictional force rapidly
decreases to a smaller kinetic friction f,
value, which nearly remains constant.
Advantages of friction:

Friction is desirable in many case?,
i) Our ability to walk depends on friction
{or feet) and the ground.
if) Friction holds the screw and n

for example
between the soles of our shoes

ails in wood.

ther useful application of friction.

Lo e e
iii)  The lighting of a match stick is a —




Disadvantages of friction:
Friction can sometime be a hindrance. for example

N It slows down moving objects and causes heating of moving parts in
machinery. .

ii) Energy is wasted to overcome friction in machinery.

iii)

y the joints,
have very small coefficients of friction. A joint is
formed by the ends of two bones, which are
connected by thick tissues. The knee joint is
formed by the lower leg bone (the tibia) and the
thighbone (the femur). The ends of the bones in
the joint are covered by cartilage, which
provides a smooth, almost glassy surface. The
joints also produce a fluid (synovial fluid) that
reduces friction and wear, A damaged or
arthritic joint can be replaced by an artificial
joint (shown in lower image). These
replacements can be made of metals (stainless
steel or titanium) or plastic {polyethylene), also F
with very small coefficients of friction.

ROLLING REDUCE FRICTION
' Take the book and slide it on the table now place book on few pencils and roll it
you will see that less effort is required.

3.5.4 ROLLING FRICTION:

If we set a heavy spherical ball rolling, it
experiences an opposing force called rolling
friction. When a body rolls over a surface, the
force of friction is called rolling friction.

ACTIMITY

It is a matter of common observation that
a body with wheels move easily as compared to a
body of the same size without wheels. This is due
to the fact that rolling friction overcome the
problem of fr

et A

e

I

METHODS OF REDUCING FRICTION
Some nfethods of reducing friction are given below
(i) By polishing;
If we polish the rough surfaces, they become smooth and friction is
reduced.
{ii) By applying Lubricants (oil or Grease) Lo surfaces:
Friction of certain liquids is less than that of solid
surfaces, therefore, oil or grease is applied between the parts
of machinery.
{iii) By using Ball Bearing:
This method converts the sliding friction is converted
into rolling friction by use of ball bearings.

“FUTURELUBRICANTS: -
Research into lubricants continues to try to find ways to reduce the 4
coefficient of kinetic friction, p,, to a value as close to zero as “

possible, Modern lubricants include buckyballs — molecules

consisting of 60 carbon atoms arranged in the shape of a soccer ball,
which were discovered in 1985. These molecules act like

microscopic ball bearings.

It Gl PHYSICS OF CARTYRES

A) The friction between the car tyres and the road
is static friction, because the bottom of the tyre

is deformed and comes in static contact with the Q

P At contact point tyre
B) Static friction is more than kinetic friction,  js deformed and is

‘therefore we need the tyres of the car to be  momentarily at rest
rolling than sliding to have grip on the road:

The friction during sliding is less than the friction
that builds up before sliding takes place. When we slam on breaks the tyres lock,

they stide, providing less friction than if they are made to roll :‘n af :i'f;.?c.l : r:iixgmzzz
does not slide along the road surface, and the friction li ;:a ::l.e mmu,m oth sy
grab than sliding friction. But once the tyres start o s ; ol e
reduced. Modern cars have an antilock brake system keeps

threshold of breaking loose into adslide.

K i ot depend upon speed: :

¥ ?rliril:telt; Lﬁxti:se:d uﬁ?epeed. Acar skidding at low speedr _h;s ;ﬁ?ﬂ:ﬁf&gﬁ

i kidding at high speed. If the fric! _ .
syt a: g::'::rssa;:ueedme a:: a clns% approximation it s 100 newmnst:t ::ag;xz:

1mwT;1n:riition force rr:aybe greater when the tyre s at rest and on the verg
5 v
83




Unit - 3°

sliding, but, once slidin ;
! ¥ g, the friction force i -
remains approximately the same. {-f':l_FORMﬂT [ON : .

D) Friction does not depend an the area of contact. b
For a narrower tyre the same weight is
cancentrated on a smaller area with no change in
the amount of friction. So those extra wide tyres
you see on some cars provide no more friction
than narrower tyres. The wider tyre simply
spreads the weijght of the car over more surface
area to reduce heating and wear. Similarly, the
friction between a truck and the ground is the
same whether the truck has four tyres or
eighteen! More tyres spread the load over more
ground area and reduce the pressure per tyre. The stopping distance when brakes
are applied is not affected by the number of tyres. g

E) Tyres have treads not to increase friction but to displace and redirect water from

between the road surface and the underside of the tyre: Many racing cars use tires

without treads because they race on dry days.

Example 3.7 JEETCT: KAGEION:WOQD S
Ayesha pushes a newly bought deep-freezer of mass 120 kg packed in wood
across a wooden floor. (a) She applies a 400 N force to set it moving, what is the
coefficient of static friction? (b) Then she makes it move with constant speed
by applying force of 350 N, what is the coefficient of kinetic friction?

The brakes of a bicycle use
friction to enable the cyclist
to control the speed.

5| GIVEN: REQUIRED:
o] Mass =120 ke (a) coefficient of static
Normal force F, = W = mg frictiony, =2 '
: =120 kg x 9.8 ms” (b) coefficient of kinetic
Ui ¥ : frictionp, =7
T Normal force F, = 1176 N _ i
1| (a) Applied force to set the package moving is equal static frjctiqna_l force,
13.' therefore f, ... = 400 N, by the relation for coefficient of static friction y,
.-fs.ma.x - 400N
ﬁ: He = —-HN— pﬂtt*ﬂg values [is 1176 N

or  p, =0.340 — (T

e to keep it moving at constant speed is equal to kinetic

b) Applied forc i
il therefore f, = 350 N, by equation for coefficient of kinetic

frictional force,

friction p, f, ) : - 350N
j.l.k :-F: puttmg vailues Mg = 1176 N

or we =029 —{FHET

These values are close to the approximate values given in the table for the
coefficient of friction between wood and wood.

A5 kg heavy leather bag is placed on a horizontal wooden plank. How
is required to set it in motion if the coefficient of friction phetween th;n :l:arl!l;oar::
bagis0.1.

LA worke
= Investigate the relationship between force of limiting fri
F g friction and norm
reaction to find the co-efficient of sliding friction between a woaden bIO:I:
and horizontal surface.

. MiEESUI‘E" the farce of limiting friction by rolling a roller on a horizontal
plane.

“TENSION®

The pulling force exerted by a stretched rope, string, cable or cord

on an object to which it's attached is called a tension force. Tension

is always a pull force. Hence, the direction of a tension force i

:lr"::fe the direction in which one would pull the abject with a string
-9

Suppose a person is holding an object of mass ‘m’ at rest with the TJi

help of a string, the object exerts a force on the hand through the

string in the downward direction due its weight. By Newton's third

taw the force which is exerted by the string on the hand is called the ]

tension in the string and it is usually denoted by T. As the object is at

rest the magnitude of tension is equal to that of weight of t j
asshown in figure., 3 R

ATWOOD MACHINE
Pulleys are often used to redirect a force exerted by a string, as
indicated in the figure. In the ideal case, a pulley has no mass and no
friction in its bearings. Thus, an ideal pulley simply changes the
direction of the tension.in a string, without changing its magnitude.
When two objects of unequal mass are hung vertically over a

. frictionless pulley of negligible mass, the arrangement is called an
| Atwood’s machine.

ST —
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3.6 CONNECTEDBODIES

When two objects are connected by a string, applying a force on one of the
objects will cause both objects to accelerate at the same rate. :

3.6.1/ACCELERATION ANDTENSIONINATWOOD s MACHINE
Consider motion of two objects having masses m, and m, (with m, greater

than m,) suspended by an inextensible string which passes over a frictionless
pulley forming an Atwood's machine. In such an

arrangement m, will move downward under the action of | Figure 3.10 -
gravity and m, will move upward. Tension T and
acceleration a will be same for both bodies.

Two forces are acting on mass m,:

i) Its weight W, = m, g, acting downward
ii) Tension of string T, acting upward.
As m, is moving downward, the net force F,,,

acting on it is downward due to which acceleration ‘a’
is produced in it. Hence,

Free1 =Wy =T
Ay

or ma=mg-T

m,
rearranging T=meg-ma —&p %

Similarly two forces are acting on mass m;: L W, = mg

. Its weight W, = m, g, acting downward
. Tension of string T, acting upward.

As m, is moving upward, the net force F,,, acting on it is upward due to
which acceleration ‘a’ is produced in it. Hence,

-

Fretz=T-Wa
or mpa=T-mg
rearranging T=ma+m;g —-@

Since both equation 1 and equation 2 equal to T, therefore we can write

- -~ “a

-~
m;a+m;g=mg-ma

rearranging ma+ma=mg-m,g

taking common (my+my)a=(m-m,)g

dividing both sides by m, + m, (mrh)a _ (my-my)g
Ime—713) {my + mm3)

therefore a={M=m;) —m
(my +m;) %
This is the value of acceleration at which bath masses are moving.

ELEVATORS AND ATWOOD's MACHINE m

The supporting cable in elevatars passes up over
a pulley and then back down to a heavy, movable Elg;;gw E‘*‘
counterweight, as shown in Figure 3.11. Gravitational | — :_’E'..
forces acting downward on the counterweight create |
tension in the cable. The cable then exerts an upward |
force on the elevator cage. Most of the weight of the |
elevator and passengers is balanced by the counter. I
weight. Only small additional forces from the elevator | 'l
motors are needed to raise and lower the elevator and its |
counterweight. Although the elevator and counter- counter
weight move in different di rections, they are connected welgk
by a cefble, .50 they accelerate at the same rate, S
Elevators are only one of many examples of machines
that have large masses connected by a cable that runs
overa pulley.

To find tension T, we can put the value of a in either equation 1 or 2

for equation 1 T=mg-m, ::Mg

(my+my)
taking m, +masLCM 7 = 08X+ M) =M, g x (m, -~ my)
l_l'l"lu|+.l"ﬂ:}
or TSRS rmmyg-mig mymg
(m; +my)

__2mym,
therefore T-{mt"_mﬂg _m

N —— T




Example 3.8 J8IF [EVATO ATW
| Let the elevator is going up with mas

mass of the elevator when carrying passengers is 1000 kg. Calculate a. the

acceleration of the elevator and b. the tension in the cable.

GIVEN: REQUIRED:

mass of counter weight m, = 1200 kg accelerationa=1
mass of elevator m, = 1000 kg
acceleration due to gravity g = 9.8 ms”

a)  From Atwood's machine equation for acceleration

tension T =7

g={M=—m)
{m1+m2j
g (1200 ke —1000 kg) -3
== 2 9 8ms
putting values 0= 0kg+ 1000kg) ~
Elevator weight
200 k6 22 m, = 1200 kg
or = e———— .8
a szﬁé %9.8ms i

therefore a=0.89ms™>

The elevator accelerates downward (and the
counterweight upward) at an acceleration of 0.89 m/s’

b)  From Atwood’s machine equation for tension

Frae ETHDE
(my +my)
3 ioht
putting values T = 2 %1200k x 1000kg «9.8ms-2 counter weig

(1200kg + 1000kg) m, = 1000 ke

_ 2400000kg” o o

or = If both mass of elevator
2200% cabin and counter
= -2 < -2 | weight are equal as 1000

r = as N=k
o T =10691 kgms gms i'kg' What is the
therefore T =10691N —{E0ad acceleration and

tension in the cable.

|EXTENSION EXERCISE 3.3

The tension in the elevator cable is 10691 N
SIMPLE ATWOOD MACHINE:

]_Assignmerlt 3.8

Two bodies of mass 3.5 kg and 1.5 kg are tied to ends of string which passes over a

pulley. Find a. the acceleration of bodies and b. the tension in string.

LAB\WORK

To determine the value of “g” by the Atwood’s.machine.

When a body moves in a circle we call it
circular motion, for example, a famous
amusement ride is Ferris wheel (shown in
picture) which makes us move in a circle.
Circular motion is of two types - uniform circular
motion and non-uniform circular motion, When
the speed of the moving object does not
change as it travels in the circular path, it is
called uniform circular motion. However when
there are variations in speed, for an object
moving in circular path we call it non-uniform Lo
circular motion.

3-7.1:CENTRIPETAL AGCELERATION L Bl

Acceleration can be produced in a body either by increasing or decreasing
its magnitude of velocity (known as speed) or by changing direction of velocity.
When an object movesinaci rcle, it continuously changes its direction. This means
that, the object moves ata tangent to the circular path in which it travels. The
velocity vector is also directed along the tangent. We can demonstrate this witha
simple experiment.

Tie a ball to a string, and rotate it around head by holding one end of the
string so that the stope travels in a circle.

If you let go of the string, the ball will
travel in a straight line. This shows that velocity
vector is directed along tangent. The same 7
phenomena is used in hammer throw game, &
when athlete whirl and let the hammer go it
travels a straight distance. '

However, as there is a continucus change
in the direction, an object moving in a circle is
always accelerating. This acceleration is
directed inwards, towards the center of the circular path, and is known as
Centripetal acceleration. For an object of mass m moving with velocity v, in the

e T




ﬂ':z——- -
r % v

The negative sign shows that acceleration is ;

directed towards the center.

3.7.2 CENTRIPETAL'FORCE =~
To produce an acceleration, a net force GV
has to act on the system. The net force is directed v
perpendicular to the velocity vector, towards the |, particle moves in
center of the circular path. This force is called |\ icorm circular mation its
the centripetal force. In the absence of the |yc(ocity vector changes
centripetal force, the object will travel in a |direction at every point
straight line. Hence, the effect of the centripetal |resulting in centripetal
force is to continuously change the direction of |accelerationa,.

the moving object, forcing it to move in a circle.
The centripetal forceF, by Newton's second law of motion can be written as

F. =ma,
putting value from equation 3.14 , we get
2 —
F.= L

The following are some daily life application of centripetal force.
A) Banking of Road:

When a car moves along a curve, centripetal force is required. In the
absence of this force, the car will skid off the road. The force of friction between

the tyre and the road provides this centripetal force and keeps the car maving on
the curved path. However if the tyres are
worn out or the road is slippery due to some
rain, snow or oil spill, the friction will be not
be enough to provide necessary centripetal

force.

For extra protection level of the |
outer edge of a round track is kept slightly
higher than that of the inner edge known as
banking of road. In this case the normal

component of the vehicle TID-BITS

increase friction to
Race car coming towards a

provide necessary e A
centripetal force for safe | ... %, ;‘E n‘:en:;r:r "::g

z;lrz::lial: fr: ; ound the | experienced friction force.to |
ck. give them the needed
That is, roads | S®Ntripetal acceleration for

rounding th e
must be steeply banked dig w”gm :‘E::_;:i ;ﬁf;!;} B

for high speeds and sharp | cors on which there was not
curves. Since the race | sufficient force—and which
car tracks are designed unfortunately followed more
for high speeds, every | nearlystraighe-line paths,
turn has its own limiting

speeds to pass, dependingu pon banking provided,

B) Centrifuge:

A centrifuge is a device that separates
substances suspended in a liquid by spinning a sample
of liquid very quickly around an axle. Any small denser k“
particles found in the liquid travel in a straight line g5

i?side the test tube, obeying Newton's first law. The -
liquid in the test tube applies a centripetal force on
these particles to keep them moving in a circle. After
running the centrifuge at high speed for a period of
time, the particles become clumped together at the
bottom of the test tube, which can be collected and
the sample is analyzed.

The same centrifuge principle can be used in
these commonly used devices.

(i) Separator:

A separator is a Centrifugal device that
Separates milk into cream and skimmed milk. In this
machine milk is whirled rapidly. Since milk is a mixture
‘ff light and heavy particles, when it is rotated the
light particles gather near the axis of rotation whereas
the heavy particles go away and hence cream can
easily be separated from milk.




(iiy  Washing Machine dryer: . !//
Washing machine dryer is a kind of centrifuge. '/
The dryer consists of a long cylinder with small _holes |
on its walls. Wet clothes are placed in this cylinder,
and then rotated rapidly. Water moves outward tothe §
wall of the cylinder and is drained out through the “¢
holes. In thisway clothes become dry quickly.
BUGIONIDISK. " & a
Suppose this bug has a mass m = 5.0 g and sits on the edge of a compact disc of

radius 6.0 cm that is spinning such that the bug velocity is 1.2 m/s. Find a. the
centripetal acceleration of the bug and b. the total force on the bug.

Given

mass m=5g =0.005ke

velocity v=1.2m/s
radiusr=6cm=0.06m
REQUIRED:

(a) centripetal acceleration a, =7
(b) centripetal force F. = ?

Z Or= i Ol

The centripetal acceleration of bug is W
v2 __(ams™y
G == putting values a = ——-———-D. o6m
1.44m*s™
0.06m

-2
therefore a, =-24ms __m

The centripetal force on bug is F.=.ma,
or F,=0.2N —EE®

or @ =-

putting values F, =0.005kg x24ms™

BXD) MASSOFPLANE
ne at56.6m/sina circular path with a radius of 188.5

! Apilot is flying a small pla _ .
l mpThe centripetal force needed to maintain the plane's circular motionis 1.89 %
ass?

| 10'N. What is the plane’sm v
I s e ————

| Assignment

e

Unit - 3

Dynamics: The branch of mechanics in which we discuss the motion of
(5| bodiesalong with causes of motion of bodies.
\V4 Force: 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 direction of a moving body,
41 Newton 1st Law of Motion: This law states that every body continues in its
> state of rest or uniform motionina straight line unless an external net force
1 actsuponit.
1Ll pewton Second Law of Motion: This law states that whenever a net farce

| acts on a body, it produces acceleration in the direction of the net force.
The acceleration is directly proportional to the net force and inversely
proportional to the mass of the body.
Mewton Third Law of Motion: This law states that to every action there is
an equal and opposite reaction.
thass: The quantity of matter in a body is called its mass.
Weight: The downward force with which the earth pulls 2 body towards its
| center is called weight of the body.
Momentum: The product of mass and velacity is called momentum. Itis a
vector quantity. :
Law of Conservation of Momentum: This law states that if there is no
external force applied to a system, the momentum of that system remains
|| constant.
Feree of Friction: The force which opposes the motion of an object whilein
contact with its surroundings is called the force of friction.

! Uniform Circular Motion: If a body moves in a circular path with a uniform
o speed, it is said to be in a uniform circular motion.

Centripetal Force: The force which compels a body to move in a circular
pathis called centripetal force.

K

(o]E] :
ROLLER COASTER: Many amusement-park rides utilize centripetal
acceleration to create thrills for the park’s customers. Choose two rides that
involve circular motion and to explain the physics of circular motion creates
! the sensations for the riders. Prepare a presentation to be presented in



TYRES IM PAKISTAN, ARE PEOPLE AWARE?: Research tyre types used in
Pakistan. What type of tyres are better in hot and dry conditions, cold ang
snowy regions and in wet weather? Interview few people who drive ang
gather information whether they know the advantages and disadvantages of
wide tyres and treads on tyre .

Photograph different types of tyre treads found on cars in your school
parking or a local tyre store. Think, to which of the tyres you
photographed provides the shortest stopping distance on dry roads, snow,
| and ice. Use Internet ., electronic and print resources to collect data
on the stopping distances for the %8 you have chosen. Compare these
results to your predictions. Make a cataloguenf your research and place itin
school library for reference.

o me O 20

| ROAD BARRIERS: Design an experiment that uses a dynamics cart with other
easily found equipment to test whether it is safer to crash into a steel railing
or into a container filled with sand. How can you measure- the forces applied
to the cart as it crashes into the barrier? If your teacher approves your plan,
&) perform the experiment. Write how your research will prove to produce
more effective highway barriers.

GROUPR:- D

CONVEYER BELTS: What are conveyer belts. Research dlffEI“Eﬂt conveyer
belts and their uses. In terms of static and kinetic friction analyze the fabric
of different conveyer belts, used in industry. Prepare a presentation, charts
3 and models for conveyer belt.

GUN TEST: An inventor is testing his new rifles during the target-shooting
segment of an event. The new 0.75 kg guns shoot 25.0 bullets at 615 m/s.
The shooting team coach has hired you to advise him about how these.guns
' could affect the accuracy. Prepare figures to justify your answer, display
them on chart. Be ready to defend your position.

Y DATE:S.3.7018 AJ COLOR SCAN SET 7-B

@» A 30 kg object is supported from rope, such that tension in the rope is
l[. equal to its weight. the weight gf'the object is

G A 30k B. 30N 294 N D.9. BN!kg
; é @ Force needed to produce an acceleration of 10 ms” in a ball of mass
o 0.5kg is }/
A. 20N B.10.5N  C9.5N 5N

@ Ball A collide with ball B which is at rest, after the collision which of
“t the following condition is not possible

Hi 5
el A. ball A comes to rest and ball B start moving
B. both balls move in same direction

Vafh balls move in opposite directions
both balls are at rest

@ What is the mass of a car that is traveling with velocity of 20 m/s[W]
= and a momentum of 22000 kg m/s[W]

5| A 440000 kg B.21980kg C.22020kg D. 1100 kg
}“ @ An object at earth and taken to moon should have
foll A less mass/less weight B. same mass/more weight
] L/::; mass/less weight  D. less mass/same ei’ght
{& The unit of coefficient of friction is /
AN - B. ke Cy- D. it has no units
& The centripetal j;l:l?atinn for an object of mass 1 kg moving with 6

m/sin a circle of radius 3 m is.
A. 18 ms? B¥12 ms® C.10ms*  D.2ms?

@ How many times the centripetal force will increase if the mass of a
{  body moving mpué‘fnnn speed in a circle is doubled?

A, Six time " Two times C. Four times  D. Eight times

1 € Which of the following forces can act as a centripetal for
A. tension

. All of these

B. friction  C. gravitational force

95




@ An empty suitcase jsplaced in the middle of bus on its floor traveling
at high speed. When the bus brake suddenly, the suitcase slide

A. backwards "B’ forward C.jumpsup  D. remains in place

@ In Newton's third law the action reaction pair does not neutralize each
other, because they

A. act on same body . act on different bodies
C. act on third body D. produce friction

S CONGEPTUAL QUESTIONS 11
Give a brief response to the following questions,
@ Why does dust fly off, when a hanging carpet is beaten with a stick?

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

€ Why a balloon filled with air move forward, when its air is released?

€ Why does a hose pipe tend to move, backward when the fireman directs
a powerful stream of water towards fire?

@ 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 this help?

@ How does friction help you walk? Is it kinetic friction or static friction?

& The parking brake on a car causes the rear wheels to lock up. What
would be the likely consequence of applying the parking brake in a car
that is in rapid rgotion?

@ Why is the surface of a conveyor belt made rough?

€ Why does a boatman tie his boat to a pillar before allowing the

passengers to step on the river bank?

In uniform circular motion, fs the velocity constant? Is the acceleration

constant? Explain.

() You tie a brick to the end of a 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. .
(B Why is the posted speed for a turn lower than the speed limit on most

Give an extended response to the following questions.

.@)- What is force? What are its unit. Distinguish between contact and non-
contact forces?

@ State and Explain Newton's three laws of motion. Give one example of
each. »

& What is weight? Differentiate between mass and weight.

@ Define momentum. Relate force to change in momentum.

@ Define isolated system. Explain the law of conservation of momentum.

@ Define collision and explosion, Explain change in momentum in terms of
collision and explosion.

€ What is friction. What are microscopic basis of friction? What i l'.i nurmal
force, how it affects friction.

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

¢ What are advantages and disadvantages of friction. Also give methods to

reduce and improve friction.
@ 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.

@ What is uniform circular motion. What are the factors on which
magnitude of acceleratmn (centripetal acceleration) in uniform circula
motion depends.

B What is centripetal force? Explain how centripetal force is used in
banking of roads and centrifugation.

r

0

highways?

@ 1580-kg car is traveling with a speed of 15.0 m/s. What is the

magnitude of the horizontal net force that is required to bring the car

to a halt in a distance’of 50.0 m?

@ Abullet of mass 10 g is fired with a rifle. The bullet takes 0.003 5 to
move through barrel and leaves with a velocity of 300 ms'. What is th
force exerted on the bullet by the rifle?

V|
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