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After studying this unit you should be able to
* Define momentum, force, inertia, friction, centripetal force.
b Solve_prablem 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, l
=~ Distinguish between mass and weight and solve problem using F=ma and w=
Y 4 Ca!cutate tension and acceleration in a string during motion of bodies co e
5 string and passing over frictionless pulley, using second law of mati et
7 o v atatehthe law of conservation of momentum, s
1~ Usethe principle of mom ion i i
E‘,"—&:z\ » Determine the velocity ale;:truc:[‘l:i:?:: ;T:;”J:;he Sl e
ok momentum.
* Explain the effect of friction on the motion of a vehi
. road conditions including skidding, braking force
# List various methods to reduce friction, l
« Explain that mation in a curved pathisduetoa
i changesdirection of motion but not speed.
| v Calculate centripetal force on a body moving in a circle ysj
« State what will happens to you while youare sitting :'nsrrjes nz s
A F flarls moving suddenly 2. stops moving sudden| ! l-l;when elps
v \-.Ifn:ea story about what may happen to youwhen o d:aam 4 turng acorner suddenty
disappeared. Why did your dream turn into night mare? atallfrictions Suddenly

ects using the law of conservation of

cle in the context of tyre surface

Perpendicular force on 3 body that

SRR g

deals with the study of motion of

bjects are accelerated and
ges its direction of
tend our discussion
n as Dynamics. In
friction and

) As discussed earlier mechanics
objects. But few questions like why some o
others are not? How and why a moving object chan
motion? These questions can be answered when we ex
of motion of objects to another branch of mechanics know
this unit we will learn about force, momentum, newton’s laws,

circular motion.

-] 2 u. 1] ":l”h ” of
Kinematics is the huy-." the Y

of motion and Dynamics is
motion.

Dynamics is derived fro
physics which deals with the study o
motion is called dynamics.

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

A foree is a kind of a pushor a pull on an object. 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 e :
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 i
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, v, think of other kinds of field
direction as they move. In other words, to | . -,
accelerate an object, a force is needed. But : : :

7 If you have ever experimented with
sometimes we apply force and object does magnets, you know that they exert
not move. For example when we apply force | forces without touchin a
on a wall— wall does not move. At times we

- SNy '

Figure 3.1




cannot even stop a moving body. For example, we fail tostop a moving truck even

if we apply force.

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

—

move a body, stops or tends tostopa movin_g_bo!iy._ _

In other words force is a physical guantity changes or tends to change the
velocity (both in magnitude and/or direction — acceleration) of a body. In System
International (S1) 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 one
meter per second square (a =1 m/s) ina body of mass one kilogram (1 kg).

IN=1kgx1m/s* or N=kgm/s*
NEWTON'SEAWSOEMOTION: =
lsaac Mewton (1642-1727) was’

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
Philosophiae 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 toas Newton's Principia.

'SFIRSTLAWOFEMOTIDN: =

!:,_P'I NLOSOIMIE
L THATORALLE
PRINCIPIA
it AMATICA

[} ! !

Statement:

..f,t the net (external) force ne ting on an object is zero, the object will
mameain its state of rest or of uniform motion {constant velocity). '

In other v?rords, if there is no net force acting on an object, its velocity will
not change. If it is at rest, it will remain at rest; if it is moving, it will continue to

move with constant velocity (zero acceleration; no change in speed or direction)
Mathematically, first law can be expressed as Mk

Frot =0 then  AV=0 or a=0

Unit - 3
tate
i indi rest (zero velocity)and as
Mewton's first law indicates that a stall'.; to:. 5 th[em G e

of constant velocity are equivalent, because AhH wo parts.
force to sustain it. The study of first law of motion can be divided into two p

Rodiss bt =ERERY) Bodies at Rest

The first part of the law sates thata
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 common
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 — Bodies o Mntidn
in a straight line with uniform speed if no net Figure 3.3 b
force acts on it. However our daily

observation is against this. For example if pe——
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. s :

This means that object would continue to move in a straight line for ever,:
with uniform speed if the forces opposing the motion 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.

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 | Alargerbody (inmass) has a greater resistance to a

greater tendency to remain at rest change in its motion than does a smaller one.
Therefore, we say that the truck has more inertia than a car.
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Unit ~ 3 % : »
metimes called the law of inertia:

A) Newton" w is S0 : i i

Usr'ngt:r;‘:;:f'; :'?rsl: |awi of motion help us to define inertia, therefore it 5
also called law of inertia. Inertia is the natural tendency of an Ob?ect &0 rer_nain 2
rest or in motion at a constant velocity. The mass of an object is a quantitative
measure of inertia. 5 Unit of IFeeling inertia
Inertia and Mass is kilogram (kg). o e
The larger the mass, the greater is
the inertia.
B)  Wecanfeelinertia:

When we are in a moving
car, we can feel the effects of our
own inertia. If the car accelerates
fomard, we feel as if our body is
being pushed back against the seat,
because our body resists the
increase in speed. If the car turns a
corner, we feel as if our body is being
pushed against the door, because

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

Inertia of motorist makes her f-'?é‘f like she is
being thrown forward.

oy

)
]

# 'y 2 '
Inertia of motorist makes her feel like she
wants to continue moving in a straight line.

Inertia of motorist makes her feel h‘ke she js
being pushed backward,

Using Newton's first law we ¢ : i
ould re i
or break:‘ng items placed on it . iw T s et tﬂﬂlﬂlﬂﬂ

® t E

—

The trick to ke.epjn 2 o
; g the dishes on the t ble i
any hem and ve i avleisto use a very sm e
directiog. Wa su'? ql-tnd'c:y Jerk the tablecloth backw:-d i:D:h tﬁblecfoth without
ggest that you practice with heavy objects ;r'lgﬁlll)‘ downward
plastic plates.

Remembe
r that the more mass placed on the plates, the greater s the
einertia,

hysic IX DATE:5.3.2018 AJ COLOR SCAN SET 5-4

ACTIVITY DEMONSTRATION OF INERTIA

«Place a card on top of a glass. Then place a
coin on top of the card as in Fig (a).
Quickly fhick the card horizontally. The
inertia of the coin tends to keep it at rest
horizontally. The force that causes the -
coin to move is the vertical force of
gravity, which pulls it straight down into

the glass asin Fig. (b). *

13.2.2" NEWTON'S SECONDILAW.OF, MOTION

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

product of the body’s mass m and its acceleration i
1

| 'POINT TO/PONDER.
Kilogram of Cotton and Gold:

Which has more mass:asi
kilogram of cotton balls or a

a.
| kilogram of gold?

OR
Anet force (unbalanced force) applied on
the body produces 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.

axF —9
1 ;
a —
“m a
The acceleration is in the same direction
as that of the net force. Combining equation 1 and
2we get ]
F
Qo —

m o
lfm=1kganda=1m/s’, thenF=1HN.
Substituting in F = kma, we get k = 1 and so

we can write

a=k£
m

POINT TO PONDER

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
Lwhil:h the bus is moving. Why?

When two things are directly
proportional to each other,
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— or g=— therefore F=ma—m
m m

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
constant is used.
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’iffﬂmple 3.1 I

e i

What force is re u:'re it i : %
to produce an acceleration of 6.00 m/s’ in a cricket bal
ass rr:ri ﬂ' 16 kg and metal ball for women shot-put game with mass m; =4 kg . ot

b

&3 GIVEN:

iell Mass of cricket ball m, = 0.16 kg REQUIRED: _
Force on cricket ball F, = ?

i Mass of Metal Ball m, = 4.00 kg
‘-p Acceleration a = 6.00 m/s’ Fopce-onmetal balkF, =2
1 By Newton's second law

-. : Fc =mc(]
j putting values  F, =0.16kgx6.00m/s?

since  N=kem/s?

therefore F =0.96N —{TE7Ta SARENMONEXERCISED 1
By Newton’s second law : you appl ol
Fs= mea N 'Iﬂpp ¥ the same net force

=10 N on both cricket ball

Fs =4.00kgx6.00m/s2  2nd metal ball in t:a;lslj

o Fy=24kgm/s? exampe?

or FC =U-9ﬁkgmi52

.| putting values

since N=kgm/s?

L therefore F. =
_:_,-r_.' This exam le € ¢ =24N |
" required J;Er I :rhc;ws us that for same acceleration a la a0
' —_— g€ mass, and small force js rge force is
| Assignment 3.1 required for small mass

o B

—_—

Statement:

When one object exerts
;xerts a force of the same magn
g hen an olr.-ject Aexert force on object
orce on object Awritten as F,, but in opp

bject, the second object.

e;;ion on the first object.
iy w» Object B also ey
irection e

ﬁﬂ.a = -FM —___._m

Here the negative sign shows that force F

nd opposite dir,
B W!Ttten asF

& & 1S Opposite to force F
- Fo

\OT FOR SATE

- forceof Bon A.

o

when a football is kicked, the foot [ igure 3
exerts the force F,, on the footballandasa |~
reaction to that 2 foot ball exerts an equal B \ /
and opposite force F,, on thefoot. £ e

Frs = Fas ’
The force of A on B is equal in
magnitude and opposite in direction of thle

sir Isaac Newton descri bed these two
forces as action - reaction pair. To every
action there is an equal and opposite reaction
reaction. Action reaction cannot neutralize
each otherfbecause they act on different |

Figure 3.6 Action-Reaction

bod_iesi(at:tion on one body and reaction on A B tion o |
another body).
Pk e For example, the jet plane eject

We can feel reaction: : .gases at high speed as an action, and

When we push against the edge of a | air as reaction apply force on the
table (action). Our hand’s shape is changes, plane to make it move farward.
this shows that a force is being exerted on it e
(reaction). We can see the edge of the table pressing into our hand. The harder we
push against the desk, the harder the desk pushes back. (We only feel forces
exerted on us; when we exert a force on another object, what we feel is that
object pushing back on us.)

“BALLOON FORCING AIR O

. Tie one end of the stri-ng toa
chair. Thread the other end of
the string through the straw.

. Pull the string tight and tie it
to another support in the
room.

"+ Blowup the balloen, but don't
tie it. Pinch the end of the balloon and tape the balloon to the straw as shown in
figure.

You're ready for launch. Let go and watch your balloon rocket fly!

ACTIVITY

string

acton

reaction

P



: REQUIRED:
' h B ass m - 60 ke weight on Earth W, =7
You know it 2: Kinematics that g i ] =
B, (e e 1 ' ' Acceleration due to gravity on earth g = 9.8ms’  eight on moon Wi ?

= 1.6 ms’

Acceleration due to gravity on moon g,
(a) Weight of girl on Earth ~ wg =M3¢
putting values ~ wg = 60kg~ 9.8m/s’
or  wg=588kgm/s’

since N —kgm/s*

therefore ~ We = 588N —‘m

(b) Weight of girl on Moon  wy, =MEy
putting values  wy ~60kg»1.6m/s*
: or Wy =96kgm/s’

since  N=kgm/s’

therefore Wy = 96N —

GHT, OF ASTRONAUT
ace suit on the Maon is only 250 N. How

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
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 27"
‘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™, | Al the Sin pessing. For
or ‘a=g’. Substituting these into Newton's second | example wher g ek 4
| shopkeeper to give 5 kg of

| move, backward when the

| fireman directs @ powerful |

! stream of water towards fire?
R

3 P R e e

{term mass and weight in ! ;

; ;énm!e‘ilt__fi_._l WEI

mg = (1.0 kgn‘g_aa m!s’] =9.8N. !'weight and mass are two
different quantities. The

The acceleration due to gravity g varles mass of an object will remain

law gives s Ht 4 it derad '
a2 PR | rice, it is usually conside 5 el £
s m ' as the weight of rice. But in } The weight of an astronaut a‘;d L the mass on the Moon? On Earth? [take
Since g = 9.80 m/s® on Earth, the weight of | fact 5 kg is the mass of rice. | g much do they weigh on Earth? What is F:; gms'andmoonasg.=1.6ms 7
a 1.0 kg object on Earth is 9.8 N, as we see: w = | From scientific point of view i acceleration due to gravity for earthasg,=9.8ms 24
{
k

 CHECKPOINT (NEWTON LAWS)
. cceleraticn produced by a force of 12 N

q‘

Qi: What is the a

exerted on an object of

slightly over the surface of Earth (we will discuss it | the same, regardiess of its
in :::Ietall in chapter 5; gravitation). So that the | location. However, because mass 3 kg? (Answer: 4ms’) ' i
weight of an object depends on locationand isnota | weight depends on the | 02: Calculate the mass of a body when a force of 700 N, produces an a

of 12.5 ms®. (Answer: 56 kg)

property of the object. Weight varies on large scale ' acceleration due to gravity,

if one leaves Earth’s surface. On the Moon, for | tl;le weight of an object can R
example, the acceleration due to gravity is only Cchange when the dbject 3741 LINEAR MO : s T a3
1.67 m/s’ . A.1.0-kg mass which has a weight of 9.8 enters into a region with " The linear momentum ‘P’ of an object is the product of the obj

Non Earthis only about 1.7 N on the Moon. - 5""_"'5” or weaker gravity. m and velocity ‘v Mathematically

| e pamy —EEB

points in the same direction as
_meter per second (kgm/s or

N

CExample 3.2 B R e e that
- T i tor quantity

. inear momentum isavec ity
the vel:city. 51 Unit of Linear Momentum is kilogram

kgms'), or simply newton-second (NS}

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

imsq I, e




Unit - 3

Momentum measure the quantity

observation that large force will be requ
same speeds. Because truck hasa large m
rolling drum of coal tar of mass 50kg m

tostopit if it {s movingat 5 m/s.

Example 3.3 &5 _ﬂf,j:@@i&,

| An iron shot of mass 6 g is fired with an airgun.
'If the velocity of the shot is $2-ms”, what is

A te njllagnitudenf momentum?

b GIvEN:
-p Mass m = 6 g = 0.006 kg
15 velocity v = 62 ms™
by definition of momentum
in magnitude
putting values

therefore

Hence

3.4.1 FORCE AND CHANGE IN MOMENTUA

REQUIRED:
magnitude of Momentum P =7

=i

ﬁ':m
P =mv

P =0.006kgx62m/s
P=0.372kgm/s
P =0.372Ns — YR

SRBED AL

jred to stop @

oving at a spe

tby agolferis 75.8m/s (273

of mation in a body. It is our common
truck than a car moving at

ass thanacar. similarly it is easy tostop a
ed of 0.1 m/s but it is difficult

-

F- = ma - @
Th % -
e acceleration produced changes the velocity of the body from initial

ve!ocity ‘v’ to final velocity *v,’ ing time interv
L v, duri i Y
: ; ¥ vy gt interval ‘At’. Then

by Definition of

 km/h). If

since AP =P
therefore F = %’% nf m .
body is equal to the net

near momentum of a bo
that for sudden change inmo

mentum force is

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

INTERESTING INFORMATION i

|

ng of fragile objecr_s.__J

ty techniques are used in the packagi

pifferent safe

To improve the safety of motorists, modern e
cars are built so the front end crumples m=1200kg vy =0m/s
upon impact. A. 1200-kg car is traveling ata v, =15m/s[E]

/s [E]. It hits an

constant velocity of 15.0m
mplete o

immovable wall and comes ta & €0
stopin0.25s.

a) What s the average net force exerted on

thecar ?
b) What would be the average net force :
" exerted on the car if it had a rigid b
burmper and frame that stopped the car -3
in0.04087 e e it
GIVEN: REQUIRED:
Massofcarm=1100kg (@) Average net forc
initial velocity v, = 1.0 m/s [E] (deforming) F =2
final velocity v, = 0.0 m/s (o) Average net force (rig
)At=0.255 Fa?

a) time interval (deforming
b) time interval (rigid) At =0.040s




putting values F =12mkg(ﬂgﬂfﬂj

or

or
or
or

therefore

. _The average net force exerted b
It crumples, and (b) 4.5 = 10°
is the same in both i
parts is -1 but the ti
50 the av e TR ut the time intervals are differe
for =rage net force is different in both situations. The magnit o
ce on the car with the rigid frame is m ek i

the car crumples. ore than 6 times greater than when

] l:nqss ?,lﬂﬂﬂ kgin2 Sec_c.lnd, if'they are moving with same velocity of 10 ms™*

a 8 . - = Ve 7
) by Newton’s second (aw in terms of momentum £ =m |7 WJ

putting values F - 1200 kg [ 0- 15.ﬂm."s[E]J

5
§

At

0.25s
0.25s5
F =-72000 kgm/ s [E]

i F = -72000N[E]

or F =72000kgm/s? [w)
_ therefore £ =72000N[w] —ES T
| b) by New

ton's second law in terms of momentum Fo i Vi -V
At
0.0405

£ _ ~18000kgm/s[E]

—_— 2 7L

0.040s
F = -450000 kgm /s? []
F = 450000 N[E]
F = 450000 kgm/ s? [w]
F = 450000 N[W]

[W] when it is rigid. The ch i
. an
Sﬂﬂﬂkg s, ge in momentum

HEQUIRED 10 STOP ATTRUCK'AND'CAR -
stop a car of mass 1200 kg and a loaded truck of

———— e

y the wall on the caris (a) 7.2 x 10°'N [W]when -

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

L
interval. In this case, the force required to (a) ()] n
accelerate the egg to rest is lnL_lch smaller. By direction direction }\
applying a small force to the egg over alonger  of muliunl of Mﬂlionl

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 force in the second EREEEm SRl

situation is smaller, the egg can withstand it tp = F . ot ap=F. O

pill

without breaking. ¥ (<) (d)
ISOLATED SYSTEM

We are often interested in the LEEICEEE POINT TO PONDER:
a collection of particles that interact only with 'S k 3
each other. We can draw an imaginary boundary | How rockets move :“
around the particles, but complications can arise, if accelerate in space where

‘some of the particles experience net forces that | there is no air for them to,

originate outside the “system” boundary. In order push against.
to effectively study interactions between particles,
we must limit our focus to isolated systems of particles.

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

For example, the molecules of a gas
enclosed in a vessel can be considered as an [_SlfStem
isolated 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 aru_ﬂ the
gravitational force, are considered to have a
nesligible effect on the motions of the molecules

and coptainer.
e s ane A




ORERTUN. .
For an isolated system there is no net force acting F = 0, therefore
Newton's second law in terms of momentum (equation 3.5) can be written as

0= E
at .
L) ,.r"-__“‘\.
or P by cross multiplication 0 =#, -5

therefore ﬁr =B

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 a system of particles, the total momentum of the system cannot change.

3:4.3 CHANGE OFMOMENTUMARDGOLLISIONS Sz

An event during which particles come close to each other and interact by
means of forces is called collision. The forces due to the collision are assumed to
be much larger than any external forces present.

Consider a system consisting two objects A and B of masses m, and m, :

moving with velocities u, and u, respectively, such that after collisions their
is =
By = myuy + mauy
The total momentum of the system after collision changes to
fff =MV + MgV,
By law of conservation of momentum
therefore  myv; +myvy =myuy +mu, —ERE

|Figure 3.7 IS

u, u,
—>
Before collision During collision After collision

}-felocities change to v, and v,. The total momentum of the system before collision

;

!

[FhT 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 Velocity of ball B after
Mass of ball B m, =0.20 kg collision v,=7?

- Velocity of ball A before collision u,= 0.50 m/s
Velocity of ball B before collision u,= 0 m/s
Velocity of ball A after collision v,= - 0.30 m/s

By change of momentum and collision between
two bodies

u,=0.50 m/s u,=0m/s

@,
| m, =0.05kg m,; =0.20 kg

v,=-0.30m/s v,=2m/s

-

_ MUy + MUy — My m,=0.05kg m,=0.20kg
iy m, After collision
putting values

~ 0.05kg «0.50m/5+0.20kg=x0m/s-0.05kg=—0.30m/s
s 0.20kg

Zio;=4ic = olu

— T ——
_mﬂl‘i + mz\"-i = Myl + Myl
rearranging mpVy = My + Moty —MyVy

- dividing by m, on both sides

_ 0.025kgm/s+0kgm/s + 0.015kgm/s
3 0.20ke

ar Vi
© 0.04kem/s
or ST

therefore vy =0.2m/s . Answer

* Velocity of ball B after collision is0.2m/s
ARROM BOARD COLLISION

‘Assignment 3.5 J8 O |
i 0.015 kg sliding to
rrom board game the striker of mass ha_mng mass s 1
g‘tiaelociw of D.fg m/s makes head-on collision with a disk having mass ?.uus ull-:g l
that is initially at rest. After the collision, striker moves to the right along eJ
direction of disk at 0.20m/s. Find the finat velocityofthedisk. ____

e —




3.7.4 CHANGE OF MOMENTUMAN
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 isolated, 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.

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-MIr‘g =0

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

: h mass of 4 kg. If the velocity
of the bullet is 715 ms”, what would be the recoil velocity of the gun? :

5 GIVEN: REQUIRED: _
\e} Mass of bullet m =0.008 kg Recoil velocity of gun after
' Mass of rifle M =4 kg firev,=?

By change of momentum and in terms of rifle and bullet

S :
mvy+Mv, =0 or Mvy=-mv,
Dividing both sidesby M« vy = _5}:_:,,

the cannon ball leaves the cannon

. the rocket pushes on the gases in one direction, the

J
P

_ 0.00Bkg=715m/s
puttiﬂg Wi _4—kg | Will you want to fire with a rifle
5.72kbm/ s of mass 0.008 kg having bullet
or Vg =0 _%4 = of 4 kg, ejecting with a muzzle
| speed of T15m/s?
therefore vg =—1.43m/s - LRI I

| The minus sign indicates that the Ak47 rifle’s recoil is to the left. The recoil
it speedis1.43m/s.

pesignment 3.6 JRGGICHIE

' tainsa
200-kg cannon at rest contai
’:c.. kg cannon ball. When fired,

coiL

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

ROCKE—T-'_PROPULSION AND THRUST

A phenomenon similar to rnuzzl!e velocity
occurs in rocket propulsion. ‘I'he_ rocket e:_er.ts gase; )
from its tail at a high velocity, just as a rifle EJEI’., o
bullets or cannon firesa shell from its barrel. Aroc_ket_s _
mass isn’t constant because the fuel it ocf-ntami hlS ]
constantly decreasing. Thus giving a_ncce!eratmn to Eg |
rocket called thrust. Any space vehu:lg is maneuvered |
in empty space by firing its rockets in the l;’nre;tq:;:: :
opposite to thatin which it needs to accelerate.

gases push back-on the rol

cket in the opposite all
direction.

Jiid . g . for :
] P re ative @ otion Of atter DlEd IIIG[IDII.

ince it is a force
between systems in contact. Friction s o 3&:‘3{;{ l?rr‘:nr:ticmaul force is
e : _
it ity and has unit & ther body in
therefore it is a vector quant <o of one body over ano
o u;.-?:l theet:r:: [tsrl:i?ie} I::-I:: hand on a table top, we can feel the
contact. When w




3-5. 1 MICROSGOPIGDESCRIPTION.OF FRICTION
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
irregularities 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.

T _Microscopic

contact points

—_—

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 book 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 reaction 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 from falling through the table. |f no
other vertical forces act, the normal force on the
book is equal in magnitude to the book’s weight,

If the surface of the table is not horizontal,
the normal force is not vertical and is not equal in
magnitude to the weight of the book. Remember
that the normal force is perpendicular to the
contact surface. Even on a horizontal surface, if
there are other vertical forces acting on the book,

_then the normal force is not equal in magnitude to

Normal Force

Normal Force
Y
N -,

vl
o
" Ty

the book’s weight as shown in figure.

3.5, 2T YPES OR FRICTIONAL FORCES 1
There are two types of fri ctional force,

» physic IX DATE:5.3.2018 AJ COLOR SCAN SFT 6-B
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static friction:
& The frictional force that tends to prevent a stationary object from
rting to move is called static friction denoted by f,. For example, when we
i horizontally on a heavy crate. The crate does not move. It means that a
ok d force act on the crate to oppose our force, and this force must be directed
i jte to our applied force and have the same magnitude to balance our push.
i ond force is a frictional force. When we push even harder. TI_1e crate still
s sei move. It means that the frictional force can change in magnitude so l:h_at
b fi C&S'.Sti Il balance. Now if we push with more strength, the c.rate begins
o t-go ;or we can say that, there is a maximum magnitude of the frictional force.
:E:En Ee exceeded that maximum magnitude, the crate started to move.
Kinetic friction:
: The frictional force that acts against during motion of an object in a
direction opposite to the direction of motion denote'd hyft.. PRI
' le, when heavy crate starts motion, kinetic fric i v
b If we are applying same force the heavy crate after it has
means that kinetic friction is les_s than static
te with constant velocity we h?ve_ to
Table 3.2 shows a similar

replaces static friction f,l. :

T s
started moving it accelerates,
friction (f, < f,). In order to drag the heav‘y cra cdidhad
reduce the force to make it equal to kinetic i

situation.

Ablock rests on a tabletop, with the weig_htw e
balanced by a normal force F,.; Ti“:ere is I'Iﬂ!]
attempt of sliding. Thus, no friction and no!

motion. : ]

We exert a force F on the block, attem?t?gnt;
pull it to the left. In respcnse_, a fric x::—. tlyl
force f, is directed to the nght. lfd i
balancing our force. The force is c:l e5 e |
static frictional force. The block doe:

move.

: lied

agnitude of our aP‘P
se the magl i fricr.mn_at
d the block remains

As we increa y
force, the magnitude of
force f, also increases an

at rest.

L ' 79
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Coefficient of static friction ,is

When the applied force reaches a certai .

in
level, the block “breaks away” from fti—n,a.cmgratianF
contact with the tabletop and accelerates i
left\j.rard. The frictional force that opposes the
motion is now called the kinetic frictional

force fk. ’ = $“'“
Us_'.ugny, the magnitude of the kinetic h L
frictional force is less than the maximum F.

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.

e

i o e Pt L e —

|l

3.5.3 COEFFICIENTORERICTIONS == 5

:rhe maximum static frictional force f,, between a pair of
two main characteristics,

surfaces has

Itis independent of the area of contact between

the objects, provided that th
surfaces are hard or non-deformable. i s

* Itsmagnitude is praportional to the magnitude of the normal force F,
Fomax = Fy  or Fomnax = ks Fy

Where y, is a constant of proportionality known as the coefficient of static

friction and depends on the nature i i
; of surfaces in contact befo
Coefficient of static friction p,is R

£,
M = }:“ —EED

The magnitude of the force of kinetic friction f, is assumed to be
proportional to the normal force and independent of speed
fe = Fy, or fe=m Fy

4. 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.

el
“*-FN

As p is the ratio of forces, therefore, it has no units. Coefficient of

e R

10 physic IX DATF;5,3.2018 AJ COLOR SCAN SET 6-A
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friction is constant for a given pair of surfaces. For a different pair itsha:i?:
different value. Values for friction of some pair of surfaces (both 5ta
friction and kinetic friction) are given in table 3.3.

CIENTS.OF FRICTION

TABLE 3.3 APPROXIMATE VALUES OF COEEE
' Coefficient of Static Coefficient of Kinetic
Suracest Friction, y, Friction, M.
Glass on glass 0.94 0.4
|ce on ice 0.1 0.02
Rubber on dry concrete 1.0 0.8

oA 0.05 -9
0.78 0.42 J
0.6 0.3 =l
0.35 0.3 |

snlids. sliding or tending to slide over one
{both of which are called fluids).
it is moving through.

Steel on ice

steel on steel
Wood on leather
limd on wood

Friction is not restricted to
another. Friction occurs also in liquids and gases (bot
Fluid friction occurs as an object pushes aside the fluid

frictional
force

Graphical interpretation of Friction:
The graph is drawn between applied force F

" and friction f it shows that by increasing the
applied force static friction f.also increases
until it reaches a certain maximum value
called limiting friction f, m..

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

Advantages of friction:
Friction is desirable in many cases, for example
i) Our ability to walk depends on friction between
(or feet) and the ground. _
ii) Friction holds the screw and nai

The lighting of a match stick is ano

£ 1
3|

s

the soles of our shoes

s in wood. o
ther useful application of friction.

81
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Disadvantages of friction:

Friction can sometime be a hindrance. for example

h It slows down moving objects and causes heating of moving parts in
machinery. .
i) Energy is wasted to overcome friction in machinery.

iii) Produce wear and tear.

T

the body, especially 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
with very small coefficients of friction.

XS0 ROLLING EFRICTION V- S
' Take the book and slide it on the table now place book on few
you will see that less effort is required.

e
il

Y o e A T
0 i g
= - i Sk ]

If we set a heavy spherical ball rolling, it | Figure 3.9 )
experiences an opposing force called rolling

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

‘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

pencils and roll it

P S SR S

-

M_ETHODS OF REDUCING FRICTION

Some rfethods 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) to surfaces:

Friction of certain liquids is less than that of solid

surfaces, therefore, oil or grease is applied between the parts
of machinery.

(iti) By using Ball Bearing:
This method converts the sliding friction is converted
into rolling friction by use of ball bearings.

_FUTURE LUBRICANTS:

Research into lubricants continues to try to find ways to reduce the
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.

e

PCTIR TNt Gl PHYSICS OF CAR TYRES

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 ﬁ
road. .

: - At contact point tyre
B) Static friction is more than kinetic friction, s deformed and is

‘therefore we need the tyres of the car to be  momentarily at rest
rolling than sliding to hawle 1;r‘it|;u1 unt;l;ef nr;ﬁa:n
The friction during sliding is less than .
that builds up before sliding takes place. When we slam on break:uth: z{::;::.e
they slide, providing less friction than if they are made to roll toa stop. g i
does not ;lide along the road surface, and the friction lf_ :tat;:. ;r:ﬁ}é:ir;. n:;.] e
ing friction. But once the tyres start Lo stde,
E;Z?lctg;“ :'Ll;:i!::lr?'l :ars have an antilock brake system keeps the tyres helow the
; i de.
iy Ay . . |v's also interesting that the force of
K i oes not depend upon speed: It’s 3 g it
9 :":ltelt;cn L::S::tt:!epend on speed. A-:arsmddmgea:dlml-; thspeedm::iso:;;zrrzzl:;a:egr: =
i ing at high s . If the Y :
BRI e sa;::dca::i-:d:::g appfoximaticn it is 100 newtons at a hqghe:
1memn:ﬁiii?:f:me n':aybe greater when the tyre is at rest and on the verge of
s L
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sliding, but, once slidin i
L ¥ g, the friction force ‘—j
’emai"sappm"imalﬂythesame_ _]HFURMA-T|0N =
D) Friction does not depend on the area of contact.
b /N

For a narrower tyre the same weight is
concentrated on a smaller area with no change in
the amount of friction. So those extra wide tyres
The brakes of a bicycle use
friction to enable the cyclist
to control the speed.

ar w =0.29 —-m

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

PN LEATHER AND'WOODFRICTION
A5 kg heavy leather bag is placed on a horizontal woaden plank. How much farce

is required to set it in motion if the coefficient of friction bet
bagis0.1. etween the plank and

¥ou see on some cars provide no more friction
than narrower tyres. The wider tyre simply
spreads the weight 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. .

_aBwork: - I
= Investigate the relationship between force of limiting frict
R g friction and norm
reaction to find the co-efficient of sliding friction between awoodenb aI:

E) Tyres have treads not to increase friction but to displace and redirect water from and horizontal surface.
between the road surface and the underside of the tyre: Many racing cars use tires «  Measure the force of limi £ -
oiitficu triads bacaizss they Tace o vy diys: s imiting friction by rolling a roller on a horizontal

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

ETENSIONY .
The pulli_ng force exerted by a stretched rope, string, cable or cord
onan object to which it's attached is called a tension force. Tension
is always a pull force. Hence, the direction of a tension force is
always the direction in which one would pull the abject with a string

by applying force of 350 N, what is the coefficient of kinetic friction?
] T e or rope,
GIVEN: REQUIRED: SUPPZ; s R 4

= coefficient of static 3 of mass ‘m’ at rest with the T
mass = 120 kg (a) kgl help of a string, the object exerts a force on the hand thebisgh the
Mormal force F, = W = mg i 5 b AR string in the downward direction due its weight. By Newton's third

=120 kg x 9.8 ms”® (b} gr‘?:tio;c;:,eg’ o law the force which is exerted by the string on the hand is called the ‘
f tension in the string and it is usually denoted by T. As the object is at W=mg

Normal force F, = 1176 N

(a) Applied force to set the package moving is equal static frictiqna_l force,
therefore f, ... = 400 N, by the relation for coefficient of static friction ,

rest the magnitude of tension is equal to that of weight of the object
asshown in figure, ! b

"ATWOOD MACHINE

Pulley

' Z 0 - —H4C ~Own

fsma : L
Bs==C putting values Mg 176N Pulleys are often used to redirect a force exerted by a string, as

N

or ns = 0.340 — N

e to keep it moving at constant speed is equal to kinetic .
therefore f, = 350 N, by equation for coefficient of kinetic | |

i n:ﬂil:ated in the figure. In the ideal case, a pulley has no mass and na
fl‘?l(lliﬁn in its bearings. Thus, an ideal pulley simply changes the
iesisltos direction of the tension.in a string, without changing its magnitude.
L :fhen two objects of unequal mass are hung vertically over a
i rictionless pulley of negligible mass, the arrangement is called T
fifeshn : . F gement is called an
T 350N I | Atwood’s machine. |

_ K i =
ny = -F—N- pu[tlﬂg values Hi 1176 N R




Unit - 3

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. y

3.6. 1 ACCELERATION AND.TENSION INATWOOD!s MAGHINE
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,

Fret1 =Wy =T
/;r_-:_-—_-_‘—:__“* & =
or ma=mg-T |
rearranging T=mg-ma —&p % M
Similarly two forces are acting on mass m,: L W, = mig
. 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,

Freez =T-W;
or mya=T-m; 8§
rearranging T=mya+mg ——9
Since both equation 1 and equation 2 equal to T, therefore we can write

- P 2

mpa+myg=mg-ma

rearranging Mya+m,a=mg-m,g

taking common (my+my)a=(m—m,)g

dividing both sides by m, +m,  (BrFmR)a _ (m—my)g
imeemm) o+ my)

therefore a= M=)
My +my) 3.12

This is the value of acceleration at which both masses are moving.

-LE H Yo §

The supporting cable in elevators passes up over
a pulley and then back down to a heavy, movable Elg;;gor F‘
counterweight, as shown in Figure 3.11. Gravitational | ~— ig'"
forces acting downward on the counterweight create | N
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 | "
motors are needed to raise and lower the elevatorandits |
counterweight. Although the elevator and counter- counter
weight move in different directions, they are connected weipnt
by a cable, so they accelerate at the same rate. =
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 =myg—m,» M=) o

(my+my)
taking m, + m, as LCM T = M8 x(my +my)—m, g% (my - my)
Sl (my +my)
cor T8 +Mmyg-migs mmyg
(my +m,)

2mym,

therefore g Ll L
m+myS — €A

T e e w



LAB/WORK:

IETETIIEX) | cLEVATOR (ASATWOOD MACHINEY. =
| Let the elevator is going up with mass of counter weight as 1200 kg Assu
mass of the elevator when carrying passengers is 1000 kg. Calculate a. the

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

me the

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

GIVEN: REGUIRED: |1 3.70 'UNIEORM/CIRCULAR MOTION'
mass of counter weight m, = 1200 kg accelerationa =1 o . . ;
mass of elevator m, = 1000 kg When a body moves in a circle we call it

oz b -
tension T =7 circular motion, for example, a famous

amusement ride is Ferris wheel (shown in
picture) which makes us move in a circle.

acceleration due to gravity g = 9.8 ms”
a)  From Atwood's machine equation for acceleration

_ (my—my) Circular motion is of two types - uniform circular

(my+m,) motion and non-uniform circular motion. When

. (1200 kg — 1000 kg) = | the speed of the moving object does not

putting values a= m" 9.8ms : change as it travels in the circular path, it is

Elevator weight . called uniform circular motion. However when

20044 e m,=1200kg | there are variations in speed, for an object

or a= W:«Q.S ms™ moving in circular path we call it nen-uniform
circular motion.

therefore a=0.89ms™

371, GENTRIPETAL AGCELERATION L0 =
i 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 movesin acircle, it continuously changes its direction. This means
that, the object moves at a tangent to the circular path in which it travels. The

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

b)  From Atwood’s machine equation for tension

2m,m = %
T = +1m2 2 | velocity vector is also directed along the tangent. We can demonstrate this with a
17T i simple experiment. §
plittingwalues T = 2 x120Dkg x 1000ke «9.8ms~2 Cffuﬂ:t?lf;}'g;.fff:i | Tie a ball to a string, and rotate it around head by holding one end of the
(1200kg + 1000kg) m, & ; string so that the stone travelsin acircle.

|EXTENSION EXERCISE 3.3 | If you let go of the string, the ball will

_ 2400000kg” o o

or T= II If both mass of elevator travel in a straight line. This shows that velocity
22004% 'cabin and counter vector is directed along tangent. The same 1
or T =10691 kgms ™2 as N =kgms2 Weight areequalas 1000 | phenomena is used in hammer throw game,

ikg. What is the
therefore T =10691 N —utuag acceleration and

f tension in the cable.

| when athlete whirl and let the hammer go it i
f travels a straight distance. ¥

However, as there is a continuous change
in the direction, an object moving in a circle is
always accelerating. This acceleration is

The tension in the elevator cable is 10691 N
{ Assignment 3.8 TR A olo Ve TN et
‘Two bodies of mass 3.5 kg and 1.5 kg are tied to ends of string which passes over a directed inwards, towards the center of the circular path, and is known as
pultey. Find a. the acceleration of bodies and b. the tensionin str‘ing, Centﬁpetal acceleration. For an object of mass m moving with VeEoc‘ty v, in the

L ..




circle of radiusr, the centripetal accelerationa. is | Figure 3.12

ALy
) = \\;fh
™

A}
{L\,
Yy r
v\
Ay v
v

When a particle moves in
uniform circular motion its
velocity vector changes
direction at every point
resulting in centripetal
accelerationa,.

L ]
a, ='-T

The negative sign shows that acceleration is
directed towards the center.

3.7.2 CENTRIPETAL/FORCE!

To produce an acceleration, a net force
has to act on the system. The net force is directed
perpendicular to the velocity vector, towards the
center of the circular path. This force is called
the centripetal force. In the absence of the
centripetal force, the object will travel in a
straight line. Hence, the effect of the centripetal
force is to continuously change the direction of

the moving object, forcing it to move in a circle.

The centripetal forceF, by Newton’s second law of motion can be written as

FC = ﬂ".'ﬂ'c

putting value from equation 3.14 , we get

3.7.3 APPLICATIONSIOE CENTRIPETALEORC
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 moving 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 3 .
banking of road. In this case the normal B&iiai, .

s,
5 :
AL

- e r—y

component of the vehicle
increase friction to
provide necessary
centripetal force for safe
turning around the
circular track.

That is, roads
must be steeply banked
for high speeds and sharp
curves. Since the race
car tracks are designed
for high speeds, every

TID-BITS

Race car coming towards a
curve. From the tire marks
we see that most cars *
experienced friction force.to
give them the needed |
centripetal acceleration for

cars on which there was not
sufficient force—and which
unfortunately followed more
nearly straight-line paths.

rounding the curve safely. ~
But, we also see tire tracks of L

turn has its own limiting
speeds to pass, depending upon banking provided,
B) Centrifuge: 3

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
particles found.in the liquid travel in a straight line
inside the test tube, obeying Newtan’s first law. The
liquid in the test tube applies a centripetal force on
these particles to keep them moving in a circle, After
r‘unning 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
o‘f 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.

b

B8 .




(L1)] Washing Machine dryer:
e dryer is a kind of centrifuge.

The dryer consists of a long cylinder with small _hnles |
on its walls. Wet clothes are placed in this cylinder, F&5 :
and then rotated rapidly. Water moves outward to the § :

wall of the cylinder and is drained out through the :
In this way clothes become dry quickly. -

Example 3.9 }7 BUGIONIDISK™ AEERIRNEY
Suppose this bug has a mass m = 5.0 g and sits on the f.'-dge of a compact disc of
radius 6.0 cm that is spinning such that the bug velocity is 1.2 m/s. Find a. t_he
centripetal acceleration of the bug and b. the total force on the bug.

Washing machin

holes.

Given
mass m = 5 g = 0.005 kg
velocity v = 1.2 m/s
radius r =6 cm=0.06 m
REQUIRED:

!

(a) centripetal acceleration a, =? : ; bk
W—_’J&
(b) centripetal force F. = 7 side vie l-
W

The centripetal acceleration of bug is

v? : ~.2ms™)
ac=——r— putting values 4. = ______.D. o6m
__‘l.-44m15‘2

BF S0

therefore a. =-24ms” _w

The centripetal force on bug is F.=ma,
or F.=0.2N — (S

EPUANER G o i
/s in a circular path with a radius of 188.5
ntain the plane's circular motion is 1.89 %

putting values F, =0.005kgx 24ms

MASS O

! Apilot is flying a small plane at 56.6 m
' m. The centripetal force needed to mai

'10*N. What is the plane’s mass?
o :

Unit - 3

Dynamics: The branch of mechanics in which we discuss the motion of
/3] bodies along with causes of motion of bodies.
i 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.
Newton 1st Law of Motion: This law states that every body continues in its
=4 stateofrestor uniform motion in a straight line unless an external net force
(1Yl actsuponit.
8 Newton Second Law of Motion: This law states that whenever a net force
| 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.
Itass: The quantity of matter in a body is called its mass.
Weight: The downward force with which the earth pulls a body towards its
center is called weight of the body.
Momentum: The product of mass and velocity 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.
Force of Friction: The force which opposes the motion of an object while in
contact with its surroundings is called the force of friction.
: Uniform Circular Motion: If a body moves in a circular path with a uniform
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.

ROL 3
ROLLER COASTER: Many amusement-park rides utilize centripetal
acceleration tocreate thrills for the park’s customers. Choose two rides that
invelve circular motion and to explain the physics of circular motion creates
the sensations for the riders. Prepare a presentation to be presented in

physics class.
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4 TYRES IN 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
i gather information whether they know the advantages and disadvantages of
(®| wide tyresandtreadsontyre.

Photograph different types of tyre treads found on cars in your school
3 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
9 results to your predictions. Make a cataloguepf your research and place itin
school library for reference. %

| 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
o tothe cart as it crashes into the barrier? If your teacher approves your plan,
g perform the experiment. Write how your research will prove to produce
more effective highway barriers.

CONVEYER BELTS What are conveyer belts. Research dIfferent conveyer
belts and their uses. In terms of static and kinetic friction analyze the fabric

8 and models for conveyer belt.

GUN TEST: An inventor is testmg his new rifles during the target-shooting
segment of an event. The new 0.75 kg guns shoot 25.0 g 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.

of different conveyer belts, used in industry. Prepare a presentation, charts |. -
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@» A 30 kg object is supported from rope, such that tension in the rope is
equal to its weight. the weight gf the object is

A. 30 kg B.30N T294 N D?BN!kg
; 9 Force needed to produce an acceleration of 10 ms? in a ball of mass

0.5ke is b/
.5N

A. 20N B.10.5N  C.9.5N

=1 & Ball A collide with ball B which is at rest, after the collision which of
7 the following condition is not possible

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

I;}aﬁh balls move in opposite directions
bath balls are at rest

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

A. 440000 kg B.21980ke C.22020kg D. 1100 kg
o @ An object at earth and taken to moon should have
{al] A Jéss mass/less weight B. same mass/more weight
: _“s{:e mass/less weight  D. less mass/same ei’ght
§ The unit of coefficient of friction is /
AN - B. kg C.j- D. it has no units
& The centripetal \a;e;?atinn for an object of mass 1 kg moving with 6

m/s in a circle of radius 3 m is.
A 18ms?  BY2ms® C.10ms® D.2ms’

How many times the centripetal force will increase if the mass of a
body moving myﬁ/i‘funn speed in a circle is doubled?

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

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

- All of these

B. friction  C. gravitational force

95




@ﬁm empty suitcase jsplaced in the middle of bus on its ﬂonr traveling
at high speed. \\":I/Jlftie bus brake suddenly, the suitcase slide
A. backwards " forward C.jumpsup  D. remains in place
other, because they

A. act on same body
C. act on third body

@ In Newton's third law the acf:?t!action pair does not neutralize each

. act on different bodies
D. produce friction

S 'CONCEPTUAL QUESTIONS. 1) 4
Give a brief response to the following questians.

@ Why does dust fly off, when a hanging carpet is beaten with a stick?

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

& 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, is 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.

@ Why is the ﬁosted speed for a turn lower than the speed limit on most

IPREHENSIVERQUESTIONS
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 is normal
force, how it affects friction. a

@ 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 acceleration (centripetal acceleration) in uniform circular
motion depends. :

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

highways?

» physic X DATE:S.3.201# * "7 OR SCAN SET 7-A
»physic |

@ 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 s to
move through barrel and leaves with a velocity of 300 ms”. What is the

force exerted on the bullet by the rifle?




