D A VR Y
Sindh Textbook Board, Jamshoro
Published by: Universal Book Depot, Hyderabad.



All rights are reserved with the SINDH TEXTBOOK, BOARD, JAMSHORO.
Prepared by Association For Academic Quality (AFAQ) for Sindh Textbook Board
Reviewed by Directorate of Curriculum Assessment and Research Sindh, Jamshoro
Prescribed by the Board of Intermediate and Secondary Education Hyderabad, Sukkur,
Larkana, Mirpurkhas, Shaheed Benazirabad and Karachi for Secondary School Examing @
Approved by the Education and Literacy Department, Government of Sin
No.SED/HCW/181/2018 Dated 22" September, 2020 for the province of Sifidh.

Patron-in-Chief
Pervaiz Ahmed Baloch *
Chairman, Sindh Textbook Board.

Managing Director
Shahid Warsi K
Association for Academic Quality (AFAQ) Associati
Project Manager \ i
Rafi Mustafa ousuf Ahmed Shaikh

Association for Academic Quality (AFAQ) Q dh Textbook Board, Jamshoro

Patr
Abdul RefRoZpggihar
Sindh T, ok Board, Jamshoro

AUTHORS REVIEWERS
*  Dr. Barkat Ali Laghari *  Prof. Dr. Mazhar Ali Abbasi
*  Dr. Najam Shaikh *  Dr. Barkat Ali Laghari
*  Dr. Ghulam Rasool S * Mr. Riaz Zafar
*  Mr. Noor Ahmed Khoso *  Mr. Sarwaruddin Jamali
*  Mr. Sarwaruddi aliv *  Mr. M. Kashif Mubeen
*  Mr. M. Ish *  Mr. M. Ishaq Awan
*  Mr. Abdul *  Mr. M. Tariq Jawed
* Ms. Rozina Channar
* Pro * Mr. Asadullah Abro
* Technical Assistance
* Barkat Ali Laghari *  Mr. M. Arslan Shafaat Gaddi
*  Dr. Najam Shaikh T
COORDINATORS Composing Designing & Illustration
*  Mr. Abdul Rehman Indhar * Mr. M. Arslan Chauhan

*  Mr. Muhammad Usman Qureshi




CONTENTS O

UNIT NO. UNIT NAME PAC)
et PHYSICAL QUANTITIES AND
MEASUREMENT

Unit 2 KINEMATICS

Unit 3 DYNAMICS 58
Unit 4 TURNI T OF FORCES 87
Unit 5 $~ S AND MATTER 115
Unit 6 AVITATION 134
Un PROPERTIES OF MATTER 157
Units THERMAL PROPERTIES o

OF MATTER




( PREFACE )

The century we have stepped in, is the century of Physics. The modern disciplines o
Physics are strongly influencing not only all the branches of science but each and
aspect of human life.

To keep the students abreast with the recent knowledge, it is must that the curricula,
at all the levels, be updated regularly by introducing the rapid and multiéizegtional
development taking place in all the branches of Physics. .

iew and in
Rducation, Govt of
ate of Curriculum,
portance of Physics,
edfOf the time.

The recent book of Physics for Class-IX has been written ig
accordance with the revised curriculum prepared by Ministg§
Pakistan, Islamabad reviewed by independent team of JPiredo
Assessment & Research, Jamshoro, Sindh. Keeping in viev i
the topics have been revised and re-written according

Since long Physics was taught only in Class-X, the 00k was consists of 19 chapters
which was difficult to complete the syllabus i hours. Now it has been decided
that the Physics syllabus will be divided into r@io s, one should be taught in Class-
IX and other will be taught in Class-X. Squthis consists of 9 units which have been
thoroughly revised and re-written to meet irement of the curriculum.

=

Among the new editions a
summaries and a variety of extensi
interest butalsoadd alot to the

infroductory paragraphs, information boxes,
exercises which I think will not only develop the

The Sind Textboo ard Yhas taken great pains and incurred expenditure in
publishing this book insprfelof itS limitations. A Textbook is indeed not the last word and
there is always room¥or improvement. While the authors have tried their level best to
resentation, both in terms of concept and treatment, there may

therefore, o be kind enough to point out the short comings of the text or
ommunicate their suggestions and objections for the improvement of
thenex of this book.

end, I am thankful to our learned authors, editors and specialist of Board for
thel ntless service rendered for the cause of education.

Chairman
Sindh Textbook Board
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Unit 1: Physical Quantities
and Measurement

and missing information, present their theories with ' ‘
mathematical approach. They are known as theoretical &
physicist and other are more interested to test those \
theories with experiments are known as experimental
physicists.

Since from the beginning of the universe, the i
structure of universe is very straight forward, the
classification of physics was not that much easy but as
the physicist explained the universe, they classified
Physics into many branches. These branches show the
spectrum and scope of Physics around us and hel

scientist to describe ideas in a well-organized way.

The main branches of Physics are as follows.

1. Mechanics
This branch of physics is mainlygon with

the laws of motion and gravitation. )V

Fig (1.2) Thermodynamics

2. Thermodynamics
Thermodynamigs with heat and
temperature and their rgli|ion energy and work.
3. Electricity .
Electrigi

T

Fig (1.3) Electricity

tudy of properties of chargesin

netism is the study of magnetic properties
of mdterials

5. Atomic Physics
Atomic physics deals with the composition

structure and properties of the atom !
Fig (1.4) Magnetism



Unit 1: Physical Quantities
and Measurement

6. Bio-Physics
It is concerned with the application of Physical methods
and explanation to bio-physical system and structure.

7. Optics
Optics studies physical aspects of light
ties with the help of optical instruments
Mercury -- 8. Sound
Sound is the study of producgjon, erties
Fig. (L5) Atomic Physics  and applications of sound waves. 6 *
9. Nuclear physics

Nuclear physics deafs the constituents,
structure, behavior and i ioms of atomic nuclei.

10. Particle physics
Particle ics'studies the elementary
constituents ©f m r and radiation, and the
e

interactiongbet m.
11. As 1cS
dy of celestial objects with the help of

lagvs,of Physics is known as Astrophysics.

12¥Plasma physics

It is concerned with the properties of highly ionized
toms forming a mixture of bare nuclei (nuclei without
electrons) and electrons.

13. Geo physics
The study of internal structure of earth is known
as Geo physics.

Importance of Physics in Science Technology
and Society

Society’s reliance on technology represents the
Fig. (1.8) ) importance of physics in daily life. Many aspects of
Nuclear Physics modern society would not have been possible without

(2
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Unit 1: Physical Quantities
and Measurement

CHECKING FOR ZERO
ERROR

OBSERVED READING

CORRECTED
READING

o Mainscale

lIlllllllr‘\ll
Y

1]

o Vernier scale

Two zero marks
coincide
No Zero error.

3 Main scale 4

0 Vernier scale

Reading=3.14cm

o Main scale ;

llllmllllllll

T T

o Vernierscale

zero mark on

vernier scale is
slightly to the right
Zero error is 0.0

lef§. zero error of -0.07

3  Main scale

3.14¢
(No zer (©
No corréction
require

2

3.17cm-
(+0.03)=3.14cm

(The positive zero
error is

subtracted from
reading)

Main scale 4

I

(‘) Vernier scale

Reading=3.11cm

FTTTTT]

3.11cm -(-0.07)
=3.18cm

(Negative zero
error is added to
the reading)

Micrometer Screw Gauge

Screw gauge in extensively used in engineering
field for obtaining precision measurements.
Micrometer screw gauge is used for measuring
extremely small dimensions.

A screw gauge can even measure dimensions
smaller than those measured by a Vernier Caliper.
Micrometer Screw gauge works on the simple principle
of converting small distances into larger ones by

O
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and Measurement

" measuring the rotation of the screw. This “screw"
principle facilitates reading of smaller distances on a
scale after amplifying them (Fig1.16).

- Reading A Micrometer Screw Gauge O
Fig 1.16 Screw Gauge Step 1

Turn the thimble
until the anvil and
the spindle gently
grip the object. Then
turn the ratchet until
itstarts to click.

Anvil  Spindle

Sleeve treading= 4.5mm
imble reads twelve division=0.12mm
Total reading=4.62mm

Step 3 Step 4

Take the thimble scale Now add main
reading opposite the scale reading to
datum line of the thimble reading.
main scale. Multiply This will be the
this reading with least diameter of the
counti.e., 0.0lmm object.
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Checking For Zero Error

Observed reading

Corrected Reading

0.00

Zero mark on thimble scale
coincides with the datum line
on the main scale and reading
on the main scale is zero.
No zero error

020
I {

Reading = 2.0+0.25

[=RNE) |

0.25

NN W
[=Ne]

=2.25mm

2.25mm

No zero error
No Correction
is required

originally defined as:

The mass of one ¢ @

decimeter of
the tempernaturg of
denSity.It

| :
I 0.07

Zero on datum line can be

seen.
Positive Zero Error
Reading =+0.07 mm
(Count from Zero.)

2.0

I|IIII|IIII|IIII|I
wTw
Sl &

N
a1

=2.32mm

negative zero
Reading=-0.0

R&ding=2.0+0.23

=2.23mm

2.32 - (+040)
=225

?Q_

2.23 - (-0.02)
=2.25mm

maxim
After the
al Metric
tionin 1875 by
International
rototype Kilogram.

lac

was

The kilogram is the SI unit of mass and is equal
to the mass of the international prototype of the
kilogram, a platinum-iridium standard that is kept at
the International Bureau of Weights and Measures

(Figl.17).

&

Fig (1.17) Kilogram
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The. k'ilogram i's a cylindelT o.f special metallic alloy
about 39 millimeters wide by 39 millimeters tall that serves as

1000g = 1kg the world's mass standard.

1g =1000mg Each country that subscribed tgetl

1g=1000000ng International Metric Convention was assigned

1g=1000000000ng more copies of the international standardgf thesé=afte

1g=0.0021b known as National Prototype Meter and KilGgrana.

The Physical Balance ¢

The Physical balance i ent used for
measurement of mass. It is npbst d in laboratory. It
works on the principle o l@. It consists of alight
and rigid beam of brass, tallic pillar, a wooden
base, two pans, a pointer and an ivory scale
(Fig1.18). The pfumb indicates whether the balance
is horizontal. idfal condition the plumb line is
Fig (1.18) aligned wi nd of the knob fixed with the pillar.

Physical Balance ;
Y Whe bdam is horizontal the pointer remains on
Zero n the ivory scale. The whole box has

Agate knife
and agate plate

screw : ‘
Pillar
$ Pointer

Plumb

Weights

Leveling
Arrestment knob screw
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The Electronic Balance

The digital mass meter is an electronic

instrument configured with integrated circuits (IC) and it
works on the principal of balancing the forces.
The device is turned on and set to zero then object is
placed on the plate. The reading on the screen gives the
mass of object. The electronic balance (Fig 1.19) is
available in different ranges of measurement such as
micro gram, milligram and kilogram etc.

The Standard of Time

Before 1960, the standard of time was defin

rotation of the Earth is now known to vary sli
time, this motion is not a good one to use f
time standard.

In 1967, the second wa
advantage of the high precisio
known as an atomic clock(Kig,1.28), which uses the
characteristic frequency t}%m-l% atom as the
“reference clock”.

The second isinow defined as 9192 631 770 times

the period of vilRagdn 3f radiation from the cesium
atom.

ned to take
e in a device

Stop Watc

topwatch is used to measure the time interval
betw o events. There are two types of stopwatch :
Mechapical stopwatch and Digital stopwatch.

Mechanical/ Analogue Stopwatch

A mechanical stop watch can measure a time
interval up to 0.1 second (Fig1.21). It has a knob that is

&

Fig. (1.21) Stop Watch
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used to wind the spring that powers the watch. It can
also be used as a start stop and reset button. The watch
starts when the knob is pressed once. When pressed
second time, the watch stops while the third
brings the needle back to zero.

Digital Stopwatch

A digital stop watch can measur
up to 0.01 second (fig 1.22). It starts

tir%e Interval
indigate the time

lapsed as the start/stop buttog hessSed. As soon as
start/stop button is pressed éa ops and indicates
the time interval record tween start and stop
of an event. A reset \1 estores its initial zero

Fig. (1.22) setting. Now a da he mobile phones have a

Digital stop watch stopwatch funcgon.
Human Regeti e

@m ogue or digital or watch is operated by

nanually i.e., they have to be started or stopped

his causes a random error in measurement

of tinei.e called humanreaction time. For most people

an reaction time is about 0.3- 0.5 s. Therefore for

ore accurate measurement of time intervals light
gates (Figl.23) can be used.

Light ¢at
N ight ga %
A
Timer 2 Timer 1
Fig (1.23) Light gates




Unit 1: Physical Quantities
and Measurement

SELF ASSESSMENT QUESTIONS:
Do You Know!
Q1: What instrument will you choose to measure height
of your friend? 1 hour = 60 min

Q2: Can you describe how many seconds are thereina 1 hour =3600 sec
year? Imin=60sec

Q3: Which instrument will you choose to measure your = 1sec=1000m.
mass? 1sec=100000Qus

IE PREFIXES .

The Physical quantities are described by the
magnitudes and units. Units play a vital role in expres

or derived. Prefixes are useful for expressing units sical quantities that are

either very big or very small.

A unit prefix is a specifier. It indicates multiple ions of the units.
Units of various sizes are commo or by the use of such prefixes.

The prefixes of the metric system, such as Kilo milli, represent multiplication

by powers of ten. Historically, many pre ve been used or proposed by various

sources, butonly anarrow sethas cdgnized by standards organizations.

uman

Mosquito

1,000,000,000,000

plar-----======m=nnnmmmsmmmmgmas e s Y. X '3} ¢ 4 -1 B

ystem..............100.000,000,000,000 _____ . ol

Scale by 100’S

Table (1.3) SI pre fixes
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Unit 1: Physical Quantities
RO and Measurement

SI Prefixes
Prefix Symbol Meaning Multiplier Multiplier
Greater than 1 (Numerical)  (Exponential)
tera T trillion 1000 000 000 000 10"
giga G billion 1 000 000 000 0
mega M million 1000 000
kilo k thousand
hecto h hundred 100 0
deka da ten 10 HO'
Less than 1
Unit 1
*deci d tenth 01 * 0
*centi c hundredth 0.0 10°
*milli m thousandth 0,90 10°
*micro n millionth 10°
*nano n billionth 107
pico P trillion 10"
femto f qua 10"
atto a qui 00 000 000 000 000 001  10™
SELF ASSESS UESTION:

Q4: Can you tell if the size of a nucleus is up to 10"m.
e use to describe its size?

What pr?
% TIFIC NOTATION

lentific notation or the standard form is a
simple method of writing verylarge numbers or very

Scientific Notatio
mall numbers. In this method numbers are written as
Exponent o powers of ten. Thus calculation of very large or very
m small numbers becomes easy.

Numbers in Scientific Notation are made up of three
\] parts: The coefficient, the base and the exponent.
cOtiCTant base @ The coefficient must be equal to or (Not zero)
greater than one
¢ The base must be 10
# The exponent can be negative or positive.
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Unit 1: Physical Quantities
and Measurement

@2@
ol CONCEPT MAP

CPhysical Quantities)
| |
Based on its types, Based on existing or has
is divided into not direction, divided into

]
Base Quant1t1es erived Quantltles Scalar Quantities
There are For examples For examples

/1. Length Area Distance
2. Mass Volume
3. Time Force
4. Temperature - Energy
5. Electric current (
6. Luminous intensity
7. Amount of substance

k )

Displacement

Velocity
Force

Measuring cylinder/
flask/ beaker/pipette

Multiple ——Basic—— Sub multiple

Min, hour<-Second (s) € ms

\ 4
Multiple —— Basic —— Sub multiple v
Liter «>Milliliter
Metric «—> kg <—> mg 1 ml

Tone (t)

&



Unit 1: Physical Quantities
@ and Measurement
End of Unit Questions

IS4 (0 M PEY) Multiple Choice Questions (MC
6 7 cm
at

L1 I||I L1 I 1 |'|'|| 1. The Figure (1.26) shows part OfaVernie®,

lgig (1.26) is thereading on the Vernier scale:
a) 6.50cm b) 6.5 .
c) 7.00cm d)
\ N 2. Ten identical steel bal f mass 27g, are
cm® 100 — em® | 100 —( . . \ 3 3
immersed in a measu yliftder having 20cm” of
90 — 90 —
80 — 80 — water. The readin er level rises to 50cm’.
] ] Whatis the den: steel?
:: | a) b) 8.1gm/cm’
0— c) d)  135gm/cm’
2:: 3. A of mass 100g is immersed in water as
10— sh the figure (1.27), what is the density of the

al from which objectis made?

% 0.4gem’ b)  0.9gem’
c llgem’ d)  25gem’

4. What is the reading of this micrometer in figure
(1.28)?
a) 543mm b) 6.63mm
c) 7.30mm d) 8.13mm

5. A chips wrapper is 4.5 cm long and 5.9 cm wide. Its

area upto significant figures will be
a) 30cm? b) 28 cm?
c) 26.55cm? d) 32 cm?




Unit 1: Physical Quantities
and Measurement @ 0
0 9900 L)

6. A worldwide system of measurements in which the

units of base quantities were introduced is called:
a)  prefixes

b) international system of units ‘

c¢) hexadecimal system

d) noneofabove O
7. All accurately known digits and first @.\l digit

inan expression are known as:

a) non-significant figures Q

b) significant figures @

c) estimated figures®

d) crossed figur
8. If zero line of Vermnier 8cale coincides with zero of

mainscale, the rroris:
a) p b) Zero
C) t d) one
9. zero (Y;of the instrument is:
a)§, systematicerror b) human error
c)’ random error d) classified error

10. Length, mass, electric current, time, intensity of light

and amount of substance are examples of:
a) basequantities b) derived quantities

c) prefixes d) fundamental quantities

<



Unit 1: Physical Quantities
@ and Measurement

SIZda 0 03] Structured Questions

1. Fill in the blanks:

Column A Action Column B Branch

Cooking Bar B.Q Thermodynamics O
Turning the Bulb on < '

Riding a bicycle
L 2
Looking for Giant Galaxies 0

Producing a loud sound

Describing an atom

Obtaining energy from Earth

2. Complete the table:

Physical Quantity | S.I Unit Qe
Amper

m
C Base
Temperature Base
* N
Kg per m
rt the following values:
a)230cm= m
b)250g= kg
c)0.5s= ms
d)08m=___ = mm
e)350ms = s
f)1.2kg= g




Unit 1: Physical Quantities
and Measurement @ 0

4. An engineer measures the width of an aluminum (|

sheet using Vernier caliper as showninfig (1.29): 2 4 i
a)What is the measurement of the width of A LLLLTALLLI e
aluminum sheet.
b)Which gives more precise measurement |_ J ()

5. A pendulum swings as shown if figure (1.30) from
(X) to (Y) and back to (X) again:

i) What would be the most accurate way of
measuring time for one oscillation? with the
AY

Vernier caliper, Screw Gauge or meter rule? Fig (1_290

help of a Stop Watch. \
a) Record time for 10 oscillations and \\
multiply by 10 \
b) Record time for 10 oscillation and

by 10 I
c) Record time for one oscillat1

d) Record time from (X) to (Y) a do ble it O
ii) Suggest an instrument for g time

period more accurately. X i -\!@;é ]
Prefixes Fig. (1.30)

7. Write values in standard and scientific notation:
a) Theradius of 1" orbit of Hydrogen atomisr=

0.53A"=
b) 1light yearis 9460800000000000 m =
c) Vacuum pressure 2.7 x 10 torr =




Unit 1: Physical Quantities
@ and Measurement
© 0660 ° 0

Density and Volume

8. A wooden piece is made in different shapes take
length (I) =radius (r) = 2m Calculate its volume as

a) Sphere b) Cube
c) Cylinder d) PyramO
Water

\%_ level 9 Find the density of wood as sphere and%gubefif the

8

)

Measuring
cylinder

? with solid

= mass of wood is 1kg. Is th any change
Water level| — . .

without | — in density due to shape?

ol = d with 500cc

10. A measuring cylinder (fig 148
water. A stone of ma 2 ersed in to the
rregular cylinder such that leVel rises up to 800cc.

solid

Water\\

Which stateme txe ?
J ) a) The difference bgtWieen the readings gives the

density e.
Fig. (1.31) b) The differ between the readings gives

vekum estone
c)_Th reading gives the density of stone
@ I'hefinal reading gives the volume of stone

Si tFigures

rite significant numbers in the following values:
. a) 980 has Significant numbers.
b) 91.60 has Significant numbers.
¢)10010.100 has Significant numbers.
d) 0.0086 has Significant numbers.




Students Learning Outcomes (SLOs)

After learning this unit students shouldfe able to:

The word Kinematics is derived
from Greek Word kinema.

How an object changes its position
in space in a certain time interval
without considering the causes of
motion it is the study of motion of
bodies without any reference of
force.

® Describe using examples how akjects r’be at rest

istance, displacement, speed,
(with units).

examples between distance and
nt, speed and velocity.

iate with examples between scalar and

nt vector quantities by drawing.
t and interpret distance-time graph and speed-

egraph.
Determine and interpret the slope of distance-time
and speed-time graph.
® Determine from the shape of the graph, the state of a| =
= body (i) at rest (ii)moving with constant speed ’
(iif) moving with variable speed.
® Calculate the area under speed-time graph to
determine the distance traveled by the moving body.

® Solve problems related to uniformly accelerated
motion using appropriate equations.

® To rearrange the equation according to the
requirement of the problem.

I ® Solve problems related to freely falling bodies using

g =10m/ s’ as the acceleration due to gravity. Y.

TR

i
e Ty




When you throw a ball straight up in the air, how
high does it go? When a glass slips from your hand, how
much time do you have to catch it before it hits the
ground? How will you describe the motion of a
fighter being catapulted down the deck of an aj
carrier? These and some other similar que

_ willlearnto answer in this unit.

B8 The branch of physics which is related wgth th&sfudy of

= motion of objects is called Mechanic

% Itis divided in two parts:

(1) Kinematics

Fig (2.1) Car with ~ “Kinema” which mea

respect to tree at rest
position

Kinematics_1 e Branch of Mechanics which
deals with motion of ©Bjects without reference of force

which caus i’
%ﬁn MOTION

e a look around in your classroom, You can
observe various things like, table, chairs, books etc all
arcin state of rest. A car isin the state of rest with respect

o to trees and bushes around it Fig (2.1). Thus rest can be
& defined as:

Abody is said to be in rest if it does not change its
position with respect toits surroundings.

A train is stationed at the platform. A person can
notice that the train does not changes its position with
respect toits surroundings, hence the train is in the state
of rest Fig (2.2). Butas soon as the train starts moving its
position continuously changing with respect to its
surroundings. Now we can say that the train is in
motion. Thus motion can be defined as:

rain at station
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Acceleration

An object accelerates when its velocity changes.
Since velocity is a vector quantity so it has both
magnitude and direction. Thus acceleration is
produced when ever: Accelerati
@ Velocity of an object changes. Fig (2‘@
@ Direction of motion of the object changes.
@ Speed and direction of motion of the object change.
Thus acceleration can be defined as:
Rate of change of velocity of an object with respect t

time is called acceleration.

. h 1 \
Acceleration =8¢ in velocity
time taken

velocity

Velocigy of t Tis
inckgasipg

Av
a=
Toci >
v, velocity
I Acceleration
Accelerat1on is a Ve ntlty Its SI unit is Fig (2.12) (b)
metre per Second per sec nd Velocity of this car is
When velocity ect increases or decreases decreasing
with passage of me,’ causes acceleration. The
increase in velo ives rise to positive acceleration
Fig (2.12)(a). s the acceleration is in the direction
of velocity ereas acceleration due to decrease in
veloc egative and is called deceleration or
ret n Fig (2.12)(b).The direction of deceleration is

0 ite to that of change velocity.

Uniform Acceleration

A body has uniform acceleration, if the velocity
of body changes by an equal amount in every equal

time period.



When the change i.e., increase or decrease in the
velocity of an object is same for every second then its
acceleration is uniform. when velocity of an object is
increasing by 10 ms” every second ,the acceleration is
10ms™.When the velocity of the object is decreasing by

10ms™ every second, the deceleration is 10 ms”. Thus,

uniform acceleration can be defined as: < ,

A constant rate of change of velocity is called
uniform acceleration. 0 .

The uniform acceleration can be calculated b,
using following formula:

AV v, —v,

ad—

Where  v,=initial velocity (inms™); Q
W

v,=final velocity (inms™);

t,= time at which an obje¢i ial velocity
Vi(ins);
t,=time at which ayg ct 16 at final velocity v,

(ins);

v,=0ms" (Rest)
v,=15ms"

t =5 second
a=?



Step 2: Write the formula and rearrange if necessary
_

t
Step 3: Put the value in formula and calculate.

~15-0__15 _ 2
a 5 5 3ms
Acceleration of bus is 3ms™. O

A motorcyclist moving along a straight path applies Q RI
breakes to slow down from 10ms” to 3ms™ in 5 second€.
Calculate its acceleration.
Solution \ < 7 >
Step 1. Write the known quantities an it out W E
quantities to be found.
y

92)

v,=10ms" Y
v, =3ms" v
=5 seco@
a=?
Step 2. Write the formul a%range if necessary.
VY

t
Step 3: Put the informula and calculate.
=3-10 _ -7 __ 2
a="% 5 1.4 ms

Deceldgatfod) of motorcycleis-1.4 ms”.
h tive sign shows the retardation in opposite
dir@egion of velocity.

Self Assessment Questions:

Q7. Define Speed.

Q8. Whatis velocity?

Q9. Define retardation (deceleration).




X% SCALARS AND VECTORS

All physical quantities are divided into two
types on the bases of information required to describe
them completely.

@ Scalars
€ Vectors

Scalars

There are certain physical quantities that ca l@
described through their magnitude and a suitabl€upit.

This information is enough to describe

example the mass of a watermelon is 3kg, w; is
the magnitude and kg is a suitable un@ uantities

are called scalar quantities. Thus we dan define scalar
quantities as:

The physical quantiti
and a suitable unit are called antities.

The other examp
speed, temperature, mass,

Vectors
L 4
So 1 quantities need direction along
with thei tude and unit for their complete

NFor example, a bus traveling with a
Oms” in the direction of North. The vector
uarntities can be defined as:

The physical quantities which are completely
specified by magnitude with suitable unit and
particular direction are called as “Vector” quantities.

Force ,acceleration , momentum, torque and
magnetic field are the examples of vector quantities




(1),

o0

SELF ASSESSMENT QUESTIONS:
Q10. Define Vector.
Q11. Differentiate between vector and scalar quantities.

Representation of vector:

Vector diagram is an easy way to represent a
vector quantity. The directed line segment can be used
to represent a vector. The length of the line segment
gives the magnitude of the vector and arrow head gives

its direction. For example, Fig (2.14) represents

velocity of a car travelling at 50ms” in the direction S

30° North of East. Fig. (2.14)
pAE GRAPHICAL ANALYSIS OFMQT

Graph gives the complete informatfon a the >
motion of the object based on the ysical 20

u
quantities such as distance, speed, ti "‘?

Distance - Time Graphs

distance/m
-
o

Abus travels along a sthaight road from one bus T 5 3 4 5

stop to another bus sto distance of the bus from time/s
first bus stop is meadsured every second. The possible Fig. (2.15) (a)
motion of the hus wn by three examples. Uniform speed
xis gives rise of the graph while s
ows its run. The rise divided by run is 0 T

15
nt on the distance time graph is numerically /

equal¥o the speed. 10 /
When bus travels with uniform speed, the 5 /T

distance time graphis a straight line. Fig (2.15)(a) shows

distance/m

0 1 2 3 4 5

graph of the motion of bus with steady speed, the line time/s
rises 5 m on the distance scale for every 1 seconds on Fig.(2.15) (b)
the time scale. Non-uniform speed

&



1

speed ms

distance/Km

speed ms

20

15
10,

01 2 3 4 5
time/minutes
Fig.(2.15) (c)

Objective at rest

25
20

15
10

5

C—=C——0—C—0
01 2 3 4 5
time s

Fig. (2.16) (a)

0 1 2 3 4 5
time s

Fig (2.16) (c)
g =10m/sec’

=4

20
5
Thus speed=4ms".

when bus travels with non-uniform speed, t

distance time graph is a curve. Fig (2.15)(b) shews
motion of the bus, for this case the speed rises
second. So the bus covers more distance ea¢h seConé
than the one before.

When the bus stops on the ne@c:g o drop
or pick the passengers the time continues ing but
the distance stays same. The grapitigedssiow parallel
to the time axis which shows t ees not change its
position Fig. (2.15)©.

Speed -Time Graph \

Speed -ti ragh tells us that how much speed
isincreasing or %ﬁ ginevery second. Thus,
The ief0n speed - time graph gives the

acceler e moving object.

Gradient=

adientis positive then accelerationis also
n the other hand, if gradient is negative then
ration will be negative which is known as
ration or retardation.
In graph Fig.(2.16)(a), the bus is at rest for an

®interval of 5 seconds. Therefore, speed of bus remains

zero for entire interval of time.

Fig.(2.16)(b), the bus moves at steady speed 20
ms" for 5 second, so the distance covered is 100 m. The
distance is always product of speed and time, therefore
two magnitudes on speed-time graph (20 x 5 = 100)
determine the distance represented through shaded
rectangle on the graph Fig (2.16) (b).

Now suppose that once again bus is accelerated
as the speed of bus increases at the rate of 5 m every
second, the distance covered in next 5 seconds is
determined by shaded triangle on the graph Fig (2.16)




(c). The area of shaded triangle,% (basexheight). So the
distancetravelledis 125 meters.

On a speed -time graph, the area under the line i
numerically equal to the distance travelled.

EQUATIONS OF MOTION ;

There are three basic equations of m or
bodies moving with uniform acceleratigne These
equations are used to calculate the diSglacément (s),
velocity, Time (t) and acceleration t@ oving body.

Suppose a body is imgswith uniform
acceleration “a” during somet1 erval “t” its initial

velocity “v;” changes and as final velocity “v,”.
The covers a distance “s"§f thiduration of time.
First Equation of Mptio
In First eq n\fdetermine the final velocity of a
uniforml ated body.

v, = Final Velocity

v, = Initial Velocity

a = acceleration

t = time

<
e average acceleration is the change in velocity

over a time interval

change in velocity
a=

time
g = V-V,
t
at=v,-v,
vf=v1+at ............... (2 5)

This is known as the first equation of motion.



Second Equation of Motion

The second equation of motion determines the

distance covered during some time internal “t”, while a

body is accelerating from a known initial velocity. O
, v+ v,

As weknow the average velocity = —* 5 ' < ,

Putting value of (v;)from equation (2.5) we get

*
Average velocity = % 0
_vitv,tat Q
2
_2v,+at \
2
2v, at
= —+ —
2 2
—v +
Qia
?— v, + 1a’[
2

As the s = vt or v:%

Third equation of motion determines
relationship among the velocity and the distance
covered by a uniformly accelerated body, where time
intervalisnot mentioned.

Let us take the first equation of motion.
v, =v, +at
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c) Define acceleration.
d) Calculate the acceleration of a bus that speed up
from 20ms ™ to40ms™ in 8 seconds.

Scalars and vectors
a) Definescalar and vector quantities. C)
b) How represent vector quantities @egented
graphically?

Equation of motion @:

a) A bus is moving d with 15ms™ and it
accelerates at §fiis {ind the final velocity of bus
after 6 second

b) A car st oving from rest with an

acce @ o§of 5ms . Find out the time to travel
50m diStance.

tion dye to gravity

a)e Define motion under gravity.
) Why gravity is taken negative for an object
moving in upward direction?

c) A ball is dropped from a height of 50m. What
will be its velocity before touching ground?

d) If a body is thrown up ward with vertical
velocity 50ms™. Calculate maximum height
which body canreach.

e) Aballfallsdown from top of height of 70m. How

much time the ball will take to reach the ground?




DYNAMICS

i3
Students Learning Outcomes (SLOs)

Afterlearning this unit students should be at@
® Define momentum with Sl unit.

Calculate momentum using equation p

Dynamics is the study of cause of
motion. In common force is cause
of motion. Several other factors
like mass of the object and
frictional force also affect the

motion of an object. These factors
are also studied under dynamics.
Newton's laws of motion has good
deal with such factors, hence these 1

[
@ Definelaw of conservation of men
® Use the principle of conservi of momentum in the |

case of collision of two

Solve problem usi ion Force = change in

laws govern the factors affecting v momentum / chafyge (impulse).
the motion of body and help | ® Identify the safe ces (such as packaging of

- | understanding the dynamics. fragile objé€ts, t¢he action of crumple zones and
' seatbelts)lutiliz8d to reduce the effects of changing

U

'slaws of motion.

xplain the forces acting on a body moving on a

curved path.

Calculate the centripetal force on a body moving

alongacircular path using F = %

® Define friction.

® Explain the effect of friction on the motion of a
vehicle in the context of tyre surface, road conditions
including skidding, braking force.

® Identify the relationship between load and friction by |
sliding a trolley carrying different load with the help [
of a spring balance on different surfaces.

® Demonstrate that rolling friction is much lesser than |
sliding friction. '

il
;o



What causes a body to change its speed?
What causes the cricket ball to change its
direction fI:Ol’l’l wicke‘F to bqundary line? When you
stop paddling your bicycle it does not stop at oncegw
> Force is required to Why? After learning this unit you will be ablg
change the position, answer these and some other similar questio

state or shape of an
object. Force
> Force can act as pull Force is the agent that changes thg stat@®f rest
or push agent. . . .
»Force produces or uniform motion of a body.
acceleration. Its SI unit is Newton (N)
>I'§ can produce One Newton (1 N)ist of force that can
distortion. 2 .
» Force is a vector. produce (1 ms™)accelerati ) mass.

An object (Fig 34)a
moving; amoving o saforce to come inrest or
change its velocify or_Qirection. The magnitude of a
force can be meastgeddising a spring balance.

needs a force to get

e ough a string. Pull the string and note down

fiction ~wwel dading of the spring balance. How much force is

Force mﬁ;‘iﬁ?ten 4 quired to make it moving? Put a few book on the

move a body from *box. Now pull the string until the box starts moving.

res Note down the reading on spring balance.

Again put many books on the box and pull it.

Fill your observations in the table (3.1) below and
discuss with your colleagues.

Table (3.1)
Case Force required Discussion

Empty box

Few books on box
Fig. (3.2) Many books on box




3.1

LINEAR MOMENTUM

If a cricket ball(Fig3.3) and a car are moving with
same speed, which one is easier to stop it with hands?
Why it is not possible for a person to stop even a slow
moving truck(Fig 3.4) by pulling from backside?

The momentum depends upon the quantity of mass
and velocity of the object. Greater the mass greater will
be momentum. Similarly faster the speed greater will
be momentum.

In terms of an equation,

The momentum of an object is equal to the
multiplied by the velocity of the object.

Momentum = mass x velocity,

Symbolically, the momentum is repr@ y p-

Thus, the above equation can be writt
_ﬁ =My --------m--mo 3!

where (m) is the mass and %
momentum is vector quanti
SI Unit of Momentu
is maltiplied by a velocity unit to

u’nit. This is consistent with the
ntum. The SI unit of momentum is

=mass x velocity
= kgms’ (by multiplying and during
- kgms'z xg with time (second)

or = Ns (Newton second)
" 1N= kg%-

A man trying to stop a
truck by pulling it from
back

elocity. The
Do You Know!

The pull of gravity on:
afly=0.001N
an apple= 1N
The frictional force
slowing a rolling
football =2N
The force required to
squash an egg =50N
The tension in a rope
towing a car = 1000N
(1kN)
The fractional force
exerted by the brakes
of a car = S000N (SkN)
The push from the
engines of a space
rocket =1000000N
(1MN)



A car of mass 800 kg is moving with velocity of 2ms™. Its
momentum can be calculated as; N

Solution
Step 1: Write the known quantities and poj @
quantities to be found.

m= 800 kg c 1)

v=2ms" .
Y p= ?

: Step 2: Write the formula and reagrange if
Momentum is defined necessary.

as quantity of motion p =mv
contained in a body. Step 3: Put the values4 \ a and calculate.
Momentum is product of p=80 %1

mass and velocity of a p= O%kems

moving object. Henceitis Thysg, moment@he caris 1600kgms ™.
mass times the velocity

(p=mv).

ject is moving at a velocity of 5 meters
. What is its momentum?

ion

1: Write the known quantities and point out
Juantities to be found.

Mass of object m =60 kg

Velocity ofobject v =5ms"

Momentum p="?
Step 2: Write the formula and rearrange if
necessary.
p=mv

Step 3: Put the values in formula and calculate.
p=(60kg) x 5ms™
p=300kgms”

Thus, the momentum of object is 300kgms ™.



Momentum in terms of force:

We can also say that the change in momentum is
equal to the force multiplied by the time interval for
which it was applied. Consider a body of mass m,
moving with initial velocity vi. A force F acts on the O

body to produce acceleration a, therefore the final
velocity after time t will become v:. Note that if p = mv < ’

and m is constant, then the change in velocity changes 0

the momentum of body.
pi=mvi

p=mv; Q
and p;-p,= (mv,-mv,) change in momentum
Ps-pi=m (v;-v,) divide both sides by t \@
pf_pi=m Vi~ Vi %
t t
&)

Sincerate of change of velocity is accelera

Pr a2
T Therefore n a

according to Newton’s second tion F=ma

therefore,
pf; B _ E tRat of change of linear momentum is called force)
=Ft (Im
*

pulse).....covevvnnee. (3.2)

Safety devices:

The (3.2) is important when it comes

to consi umber of safety features in our lives. If

ing, you have momentum. To stop moving,

ust be applied. According to the equation (3.2)

e longer time to stop, smaller force will be
used to slow down you.

Observe a car to identify the safety measures
taken to reduce the risk of injuries in case of road
accident. The car bumpers and grills are designed to
provide extra time to reduce speed before any collision.




You can find some crumple zones or bumpers on
front and backside. Seat belts are provided to hold the
passengers from moving suddenly. There are extra
cushions and air bags as well. These measures provide
extra time to change momentum of the passe
ger

inside it. This means that force acting on the p
isless to prevents fromrisk of fatal injuries. ‘ ,
efrstti

Fig (3.5) Styrofoam Fragile objects, glassware amd s ive
electronic components are packed inqgafet§y blgs and
e Styrofoam(Fig 3.5) packing to effect of
- sudden shock.

a3y The helmets protect fforp?direct strike on head
_m and provide extra timge uce speed before

something strikes to i
Worker Helmet Different safety et§,are used by workers, riders

and sportsmen (Fig 3.6)

at can stop a body to rest in 4 seconds
ial velocity of 16 ms”. The mass of body is

on
p 1: Write the known quantities and point out

quantities to be found.
m = 3kg
v, = Oms”
v, = 16ms"
t = 4second
Fo= 7
x Sports  Step2:Write the formula and rearrange if necessary.
. Helmet pi=mv,
. ' pi=mv;
Fig (3.6) Different safety P- P,

helmets F=




Step 3: Put the values in formula and calculate
Now p, =3kgx16ms’
= 48Ns

p; =3kgx0ms”
= 0ONs
Since F =@ O
==
F=-12N 0 ¢
Thus, 12 N force is required in opposite direction to stop
the body. Q
Law of Conservation of Momentum: @
The concept of momentum is imp %
sare

particularly in situations when two or more Before collision

interacting with each other. It is very usétu tity U, u,

when it comes to calculate what happens g collision or > >
explosion. It is always conserved w Q- Qe colliding @ @
bodies are in an isolated syste pans that when
bodies collide no external force orthe bodies.
Thuslaw of conservation of um states that

“The total momeéntuq of an isolated system o\ Ve

alwaysremains consta
implicity cogsider a system of two billiard

balls of mas (m,) moving in straight line with JINe
,) respectively where (u,) is greater

m of the system before collision = m,u,+m,u,

lision the velocities become (v,) and (v,) @ @
tively, therefore

Total momentum after collision=m, v, + m, v, —>> —>>

According to law of conservation of momentum: Vi \£
Total momentum of the|_ ITotal momentum of thel After collision
system before collision | |system after collision Fig (3.7)

thus, mu, + m,u, = myv, + m,v, ------ (3.3)
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Step 2: Write the formula and rearrange if necessary.
F = ma

Step 3: Put the values in formula and calculate
F = 50kg x 5ms”
F = 250 N

Thus the force is 250N.

Find the force that stops a car of 100
velocity of 72km/h over a distan ers.

Solution
Step 1: Write the knowx@ s and point out
v, = m¥%h =72x1000/3600=20ms"
v, =ms, as the car comes torest

= ?
=2

quantities to be found.

Ste e the formula and rearrange if necessary.
2aS= vi-v;}
. 25
and F=ma
Step 3: Put the values in formula and calculate
_ (0Oms™)* (20ms™)’
- 2x40m
a =-5ms”

a

Now
F=ma
F=1000kg x-5ms”
F=-5000N

Thus an opposing force of 5000N acts on the car.
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o0

Where m =mass of body movingin circle.
v =velocity of body.
r = radius of circle
The velocity of the object is constant and perpendiculaf§
to a line running from the object to the center of the &

A cyclist is making a turn along a circle of radjus 20 m,
at a speed of 5 m/s. If the combined mas$§of theCyclist
plus the cycle is 60 kg, calculate the @tt?on that
road exerts on the tyres? Q
Solution
Step 1: Write the known@l s and point out
quantities to be found. \

r =20

v = fs
m RH0k
Step Z@E formula and rearrange if necessary.

F -mv’
r
te the values in formula and calculate
E Fo= 60kgx (5) (m/s)
20 m
* F. = 60x25kgm’/s’
20 m
F.= 75kgm/s’
B F.= 75N

Thus road must exerta force of 75N on tyres.

W\ 1
: 3 \ " Centrifugal Force
e <7 p 355 :A Road surface Centrifugal force is the tendency of an object to
leave the circular path and fly off in a straight line. Thus
. itis defined as:

Horizontal surface N
mg A force that acts outward on a body which moves

Fig (3.13) alongacurved path iscalled centrifugal force.

®



® [tisalways directed away from center of curvature.
® The magnitude of centrifugal force is equal but
opposite in direction to centripetal force.

Application of Centrifuge O
Centrifuge appliances are used to separate

heavier particles from lighter particles in liquids e.g. < ’
Sugar crystals are separated from molasses. Blood

analysis is carried out through a centrifuge process in 0 ¢
laboratory. Cream separator is used to separate the

cream from skimmed milk. An ultracentrifuge is use Q

for separating small particle from large molecules. (4&s

centrifuge is used for separation of isotopes.

Road Banking :%

The outer edge or bank of the sedtoa
certain height at the curved part of roaflgf THis provides
the centripetal force against t vehicle hence
prevents from skidding (Figg,13)*

Cream Separator o l
The mil

spinners to
milk is heav

ts im country are using high speed
ream from milk. The skimmed
reas the cream is lighter. When the
t high speed the heavy particles are
ards the walls of the spinner. These
ush the lighter particles of cream to the center
fromitis collected through a tube (Fig 3.14).

Fig (3.14)
Dryer Cream separator

Now a days built-in dryer is available in most of
washing machines. It spins the wet clothes hence the



water droplets are thrown away from the perforated
walls of the dryer and clothes get dry instantly Fig 3.15.

Self Assessment Questions:
Q8: Why do we feel pushed outward while a car

onacurved road?

Q9: Which force prevents a passenger frgfn falling
down a roller coaster while it turns the rfdgrsfinto
upside-down position? TS

XN FRICTION
When you through does it come to

rest?When we kick a ball
the ball covers more dis
you came to know

prevents fronf slidifg but sometimes it has

disadvantaggsas
Fricﬁ%a contact force caused by the
roug r deformation of the materials in contact.

The,frictional force between a wooden block and
e

Fig. (3.16
Projection Ef(I{ou:ghness of floor caused by the roughness of both the
surfaces. A wooden blocke, Iurfa s is projected in Fig. (3.16). Frictional forces are

and cemented floo

ways parallel to the plane of contact between two
surfaces and opposite to the direction of the applied
force.

friction The force that resists relative motion between
two surfaces is called friction.

;I;yrne . N 1o Friction is self adjusting. It can increase to a certain
Gl Cllaes 09 value known as limiting force (F,). It is proportional to
Wood and Cemented floor  normal force (R).

0.6 F,«R

Wood and Marble 0.4

Wood and Leather 04 . .. ..
Wood and Wood 03 isconstantthatisrepresented by coefficient of friction (u)

Metal and Metal 03 Thus, @ FE=pR.....

The ratio between limiting force and normal reaction (R)




when a body is placed on a surface its weight w acts
downward then according to Newton's third law of
motion (R=W), here (w=mg) by putting the value O
(R=mg)ineq. (3.6) we get

F=pmg ....... (3.7)

The coefficient of friction has different values for
different surfaces as shown in the table (3.2). ¢

<</Q

Let us experience difference of friction on di
surfaces.

Youneed a wooden block, a spring balanc cting
strings and few weight slots (Fig 3.17). { ’

from spring balance.

Puta (1kg)sloton theblock.
Pull it across the wooden table@ n the reading

Now put (3 kg) weight on
note the reading. Simildrly
block and note dow.
table.

Now repeat the iment with different surfaces.

, again pull it and
t the (5 kg) weight on
ding in the observation

Note down ading for glass surface, cemented
floor an ted floor. Now put few piece of pipes
unde ooden block and repeat the activity.
O how rolling friction is lesser than sliding

Fig (3.17)

Fill the table3.3 below with observations then discuss
the difference of force of friction in each case.
Also discuss the use of ball bearings in vehicles.



200

Table (3.3)
Surface Reading for Load on Wooden
Block
1kg 3kg 5k

Cemented floor

O

Carpeted floor

Glass surface

Wooden Table

Rolling on pieces of pipes

Types of Friction

Staticfriction %\
: Itis force dcting of¥an object at rest that resists its
Weblinks ability to stagt mOying’ The maximum static friction is

. . knownas “li riction”
Supportive information

Web link about friction Kineti
“ http://www.phy.n ~\

tnu.edu.tw/java/fr

e e It is the force that resists the motion of a moving
ictio/friction.html

. It is interesting to know that in almost all
’s uations, static friction is greater than kinetic friction.

A

:?: IBLRTNNLNIIR  Sliding friction

When one body slides over the other body the
friction between two surfaces is said to be sliding
friction.

to sharp inclination of Rolling friction
road.

When a body moves on wheels the friction is
said to be rolling friction. Rolling friction is much lesser
than the sliding friction.

@



In case of rolling friction the contact area
between two surfaces is lesser than the contact area in
case of sliding bodies. Therefore ball bearings are used
in vehicles that they reduce the contact area as
compared to the contact area of axel and bush. A O

pedestal fan with ball bearing saves a lot of electricity
therefore the customers always select a fan with ball
bearing rather than one with bush and axel.

<
Advantages of Friction 0

Friction enables us to walk on ground. Frictig
protects from sliding, as sand is thrown to mai
e egr

friction on inclined railway tracks during rain.
brakes slow down the car to stop safely. Thrga

grooves are designed on tyres to increa e fgicti

and improve grip between road and whe@S.lS a).
Now vehicles are equipped with i Braking
System (ABS). ABS is designed %n steering
stability, improve vehicle con skidding and
decreases stopping dista dry and slippery
surfaces. The ABS mai ai‘%static friction as the
wheel starts slipping igréleasd the brake automatically ~Fig: (3.18) (a) Tyre Grooves
for a fraction of agsec then holds wheel again to ~ ""ProvesHpPon road

n leads to wear and tear of parts hence increases
the service cost.

l“' /
r /

Fig (3.18) (b) You might
between dry metals which yields high temperature h;gv(e no)ti(ce)d alogo %n

Failure of oil pump in car engine results contact

hence the car engine is seized. some cars



(1),

o0

Ways toreduce Friction

Wheels, pullies, ball bearings, lubricants and
graphite are used to overcome the friction; Fig 3.18
Lubricating the motor axel, sewing machineand b
chain reduces friction and prevents wear a ar,wHig
(3.18)(d). The shape (streamline structure) ofyvehigle is
also designed to reduceairresistance.

<
Fig (3.18) (c) Ball Bearings Self Assessment Questions:
reduce friction Q10: Why it is easier to walk @ flat slippers
than the high heel sandals?
Q11: Why leather sheet4 d jfbrake drums of
motor bike? \

E/ SUMMARY

Fig (3.18) (d) Lubricating YN
the bicycle chain * i is the study of cause of motion. In
C on force, mass of the object and frictional
WS affect the motion of an object.
@ VForce is the agent that changes the state of rest or

motion of abody. It can accelerate abody.

¢ & Momentum is defined as quantity of motion
contained in a body. Momentum is product of mass
and velocity of a moving object.

¢ Newton's first law of motion explains that the
objects resist to change their state of rest or motion.
Itisalso called law of Inertia.

¢ Inertia is the property of an object due to which it
maintainsits state of rest or motion.

¢ Newton's second law of motion states that a net
force produces acceleration in the direction of force
(F=ma).

©



Newton's third law of motion states that for every
action, there is an equal and opposite reaction.

Centripetal force is required to move a body along a

circular path.
Centrifugal force is tendency of an object to move
away from circular path. It is always opposite and < ’

equal to centrifugal force.
Centrifuge equipments are helpful in many 0 ¢
laboratory as well as daily life processes.

The force that resists relative motion betwee
surfacesis called friction.

Maximum static friction is called limitin
The static friction is always greater

friction. ‘ '
The rolling friction is much le the sliding

friction due to smaller contact a

rease momentum
ded time to remain

Safety devices are desi

of a body and provi
safer.
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2.

a)

b)

a)
b)

When a free falling object moves towards earth
due to pull of earth on it. Does earth also move
towards that object due toreaction? Explain.

A body of mass 10 kg is moving with velocity
of 10 ms™. A force acts for 5 seconds to reduce
its velocity to 2 ms” . Find the momentum of
body before and after application of the force
onit.

Why a wire fence is designed in the helmet of

batsman?
How does it prevent frominjuries? Q

Laws of motion \

4.

a)
b)

a)
b)

<)

State the Newton's first law of . ive
some common examples. <] !

Enlist some common observatiohs that are
caused by the property o ie.
Define Newton's se law of motion.

A force of 3400 N is
is 850 kg, find th
force.
How muc ould be applied on a body
of mass¥¢25kg¥o produce acceleration same as
calc in’part b?
S e relationship between applied force
the acceleration produced in the body.
ind the mass of a body which is accelerated by
plying a force of 200 N, that change in velocity is
36ms™
What should be the acceleration of the same
body if the applied force changes to 280N?

on a body of mass
ation produced by the

7. An empty car has 1200 kg mass. Its engine can

produce acceleration of 4 ms”. If 300 kg load is added
to mass by passengers and luggage. What
acceleration the same engine will produce?
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same line as shown in figure (4.3)(b), can be responsible
for rotation of objects. Such unlike parallel forces #
cannot be replaced by a single resultant forceand form F,

acouple. A couple can only be balanced by an equal and Fig (4.3) (b)
opposite forces directed at the two different ends of the

rod.

The forces that act along opposite directions are C)
called unlike parallel forces. .
Self Assessment Questions:

Q1: what is meant by like and unlike forces?

Q2: Differentiate like and unlike forces using example Q
“WA ADDITION OF FORCES \
Force is a vector quantity. It has both magniftige
(size) and direction. In diagrams it is repr
line segment with an arrow-head at one erig to show its
direction of action. Length of line s
magnitude of the force on sui s@ale. Wherever
more than one force act on an Qﬁve need to add

them to geta single resultant :

single force thatj has§\the same effect as the
combined effect of th to be added is called

resultant force.

the forces ferent methods are used for the
additiopo (i.e.,in general addition of vectors):
¢ Gr

* tical Method

Graphical Method

This method is used for addition of one-
dimensional vector quantities. In this method head-to-
tail rule of vector addition is used for the addition of
forces.



Head-to-Tail Rule
Figure (4.4) shows head-to-tail rule of vector addition.
Step 1 Step 2

Choose a suitable scale Draw all the force vecte
B .
\ according to scale. V
Step 3

A and B in this ca¢€"
Now take any vector as
Step 4

first vector and draw
R B next vectorinsuchaway  Use a @ fine with
- thatits tail coincides with ~ arr@® g d towards
A ~ head of the previous. If r to join the tail
Fig (4.4) number of vectors is firSt vector with the
more than two th of last vector. This

Scale continue the proc i s the resultant vector.
lem = 2N last vector is rea@
Sem = 10N Self Assess t stions:

Q3: Defj n%-\t of aforces.

Q4: is used to find the resultant of more than

es?

ind the resultant of three forces 15N along x-axis,
¢ 10N making an angle of 30° with x- axis and 10N
along y-axis .
Solution
Step 1: Write the Known quantities and choose a

suitable scale.

Here, F, =15N along x-axis
F,=10N 30° with x-axis
F, =10N along Y-axis.

Scale 2N =1lcm.




Step 2: Draw the representative vectors for the forces
F, F,, F,according to the scale in the given directions as
shownin figure (4.5).

Step 3: Take (F)) as first vector and draw (F,) and (F,) in

such a way that the tail of next vector coincides with the

head of the previous vector as shown in figure (4.5).
Step 4: Join the tail of the (F,) with the head of (F,) witha ¢
straight-line F with an arrow pointing towards (F,). F,

According to head-to-tail rule, Force F represents the

resultant force. y

Step 5: Measure the length of F with a ruler
multiply it with 2Nem™ that is the magRitudg of
resultant. Measure the angle with prote at F
makes with (F,). This gives the dj c%resultant
Trigonometric Ratios

The ratio betweer] any{ two sides of a right-
angled triangle are gi ic names. There are six
ratios in total out ofywhiclY three are main ratios and
other three are eciprocals. Three main ratios
ics are sine, cosine and tangent.
Consider a angled triangle (AACB) having angle

Force.

Perpendicular_ AB

0=
s Hypotenuse =~ BC
Cos 0 = Base _ AC

Hypotenuse  BC
Tan 0 = Perpendicular_ AB

Base AC

<




X8 RESOLUTION OF FORCES

A force (vector) may be split into components
usually perpendicular to each other; the componen
are called perpendicular components and the prg .
known as resolution of Vectors. ﬁ

The process of splitting of a vector intigmufually

perpendicular components is calledNgesqlution of
vectors.

Figure (4.6) shows a fo epresented by a
line segment OA which ngle with x-axis.

B Draw a perpendicular Xo -axis from (A). The

Apoipuadiadaad

F, are perpendicular to

components OB=F,a
each other. T@ e called the perpendicular
A

components of QA =F. Therefore,

Trigonometric ratios

Base OB F,
s =————=—=—
Hypotenuse 0A F
4

Table: (4.1) . l 4 ;A)

F.,=Fcos0.................. (4.2)
_ Perperpendicular BA F,
sin@ = =—=—=
Hypotenuse 0 F
F,=Fsin0............ (4.3)

Equations (4.2) and (4.3) give the perpendicular
components respectively.



A man is pushing a wheelbarrow on a horizontal
ground with a force of 300N making an angle of 60°

with ground (Fig4.7). Find the horizontal and vertical :
components of the force. "
Solution v
Step 1: Write the known quantities and point out the
quantities to be found.

F=300N

0= 60° with horizontal. Q
F =7
F =? \

y
Step 2: Write the formula and rearrange if necessar
F.=FcosO

F,=Fsin0
Step 3: Put the values in the formula al< ca .

F, =300Nx cos60°

=300Nx0.5 Q
=150N

Fy = Fsinb

8N
Therefor, hotizoftal and vertical components of
pushing fo 150 N and 259.8N respectively.
Det ation of Force from its Perpendicular

Co nents

This is opposite to the process of resolution. If
the perpendicular components of a force are known
then the process of determining the force itself from the
perpendicular componentsis called composition.



R Suppose (F,) and (F,) are the perpendicular components
of the force (F) and are represented by line segments OP
and PR with arrowhead respectively as shown in
figure (4.8).

F E, Applying the head to tail rule: O
OR=0P+PR

Here OR represents the force F whose (xXh\and/(y) -

@) F. p componentsare (F,)and (F,) respectively N, o
Fig (4.8) Thus,
F=F +F,
In order to find the magni of F'apply Pythagorean
(OPR)i.e.,

or F'=F’+F’

theorem torightangle
(OR)’=(OP

Therefore, o TEFY R oo (4.4)

F y
The di 'o%f F with x-axisis given by
Fig. (4.9) aN =55 = F

t PT
=tan'1 i ................................. (45)

F,
. elf Assessment Questions:
)  Q5:Whatis meant by resolution of forces?
: C Q6: How the direction of a vector is obtained from its
components?

Longer moment arm

m TORQUE OR MOMENT OF FORCE

A door handle is fixed at the outer edge of the
door so that it opens and closes easily (Figure 4.9). A
larger force would be required if handle were fixed near
the inner edge close to the hinge. Similarly, it is easier to
tighten or loosen a nut with a long spanner as compared
Fig (4.10) toshortone (fig4.10).

\\\\\ Torque



The turning effect of force is called moment of
force or Torque.

It depends upon:
¢ Themagnitude of force.

¢ The perpendicular distance of the point of

application of force from the Pivot or fulcrum. Web links for m

force.
Moment of force about a point = Force x Perpendicular Jgrcittpz e

distance from point 7= Tao
or /

B
depending on their direction, SI unit of the torque op* '\
moment of force is newton -metre (Nm). :

Moments are described as clockwise or anticlockWs

A cardriver tightens the nut of wheel usi
spanner by exerting a force of 300N. Fi orque.

Solution
Step 1: Write the known quan%fd point out the
quantity to be found.

F=300N . I

300N*0.20m =60Nm
torque of 60Nm is used to tighten the nut.

Self Assessment Questions:
Q7: List the factors on which moment of force depends.

Q8: What will be moment of force? When 500N force is
applied on a40cm long spanner to tighten a nut.

©



“% 8 PRINCIPLE OF MOMENT

Two children playing on the see-saw (Fig.4.11).
Fatima is sitting on right side and Faheem on the left
side of the pivot.

When the clockwise turning effect of Fa
equal to the anticlockwise turning effect o ,
then see-saw balances. In this case they cannpt swing.

When the sum of all the clockwise m ona
body is balanced by the sum of all the\gnticlockwise
moments, this is known as principle moments.

Fig. (4.11)

equal to the sum of the anti ise moments about
that point.

Self Assessment

Q9: How is the - say balanced?
Q10: Give thre@ exaniples in which principle of
e

d.

eter rod supported at mid-point (O) as
igure (4.12). The block of 20N is suspended at

s

p‘%Ocm from (O). Find the weight of the block that
lahces it at point B, 20cm from (O).

S

olution
o Step1: Writeknown quantities and point out unknown quantities.

W, =20N
Momentarm of W, = OA =30cm =0.30m
Moment arm of W, = OB =20cm=0.20m

O B
I —

A
I | I I I I
Fig (4.12)
Step 2: Write formula and re arrange if necessary.
Clockwise moments = anticlockwise moments
W, xOA=W,=xOB



A

o

_l Step 3: Put the values and calculate.

w,= 20N x0.3m _q
0.20m

Thus, the weight of the block suspended at point (B) is 30N.

CENTRE OF MASS AND CENTRE OF GRAVITY

The point at which the distribution of mass is equal in all
directions and is independent of the gravitational field is
known as the Centre of mass.

The Centre of gravity is the point where the weight distribution

is equal in all directions and is affected by the gravitational field. gA4.13) (b)

Center of Gravity
The centre of mass of a uniform metre rod isgt

its centre and when supported at that point, it X
a

Fig (4.14) (@
balanced as shown in figure (4.13)a. If it is suppo i g1 ).

any other point it topples because the enyof its c
weight W about the point of support iS\notjzero as
shownin figure (4.13) b. Fig (4.14) (b)

Center of Gravity of Some Re
The Center of gravit

ed objects

ar shaped uniform Fig (4.14) (9

Fig (4.14) (d)

r of the sphere as shown in figure (4.14)d.
enter of gravity of uniform circular disc is its
ter as showninfigure (4.14)d.

<



The Center of gravity of uniform circular ring is the
Center of ring as showninfigure (4.14)e.

@ The Center of gravity of a uniform solid or hollow
cylinder is the mid-point on its axis as shown

figure (4.14)f

@ The Center of gravity of a uniform triangu @
is the point of intersection of its mediang’as shown
infigure (4.14)g.

' Center of Gravity of Irregular Shaped T mina
e Step 1: Make three small holes nearthe gdges of the
............... > lamina farther apartfromeacha ,%

Step 2: Suspend the lamina jfee gm one whole on
retortstand through a pina figure (4.15)a.
Step 3: Hang a plumb Ji ight from the pin in
front of the lamina as sho igure (4.15)b.

e ) Step 4: When the is steady, trace the line on

the lamina.

Fig (4.14) (f) Step 5: Repeat s to (4) for second and third hole.
The point o ction of three lines is the position of
Center

/

Fig (4.14) (g) . Lamina

Plumb line

Center of
Gravity

Fig (4.15) (a) Fig (4.15) (b)
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Self Assessment Questions:
Q13: List three states of equilibrium.

Q14: Why a body in unstable equilibrium does not
return back to its original position when given a
small tilt?

X)) sTABILITY

In most situation we are interested in
maintaining stable equilibrium, or balance for example
design of structures, racing cars and in working with
human body. Consider a refrigerator (Fig. 4.26a) if it is
tilted slightly (fig.4.26b) it will return back to its origina

&
the

position due to torque on it. But if it is tilted
(Fig.4.26c¢), it will fall down. The critical point is

when the centre of gravity shifts from ongfSide

pivot point to the other. When the centre of@r ison

the one side of the pivot point, the pulls the

refrigerator back onto its origina support (Fig.
4.26b). If the refrigerator is tilte , the centre of
gravity crosses onto the other e pivot pointand

r to topple (Fig.4.26c).

the torque causes the refriger
In general,

A body w enter of gravity is above its base
of support wj le if a vertical line projected

balance it on the tip of the needle. The forks lower the
centre of mass of the system. If it is disturbed will
return back to original position. A perched parrot is
shown in figure (4.28). it is made heavy at tail which
lowers its centre of gravity. it can keep itself upright

&

<

(c)
Fig (4.26)

Bull-dog clip

Fig (4.28)




The sports cars are made
heavy at bottom which
lowers the Center of mass
and hence increases the
stability.

when tilted. In general, larger the base and lower the
centre of gravity, more stable the body will be.

Self Assessment Questions:

Q15: Why racing cars are made heavy at bottom?
Q16: Why the base area of Bunsen burner is made @




# Lines of action of parallel forces are parallel to each N
other.

& Parallel forces with same direction are call
parallel forces.

& Parallel forces with opposite directions a
unlike parallel forces. .

@ The sum of the two or more forc@s is galled the

resultant of forces.
# The graphical method for additi orces is called

head-to-tail rule.

& Splitting of a force i& perpendicular
components is called ution of force. The
components are F _gFegs0, “F =Fsin0

® Perpendicula nents can be used to
determinea

d

¢ k= b =tan —

¢ Turnin of force is called Xrnomen’c of force or
tor

* oduct of the force and the moment arm of the

equal to the torque.

e principle of moment states that a body is in
‘equilibrium, if sum of the clockwise moments
acting on a body is equal to the sum of the
anticlockwise moments acting on the body.

# The Center of mass or Center of gravity is a point
where whole weight of the body acts vertically
downward.

& Two equal and opposite forces acting along
different lines of action form a couple.

& First condition for equilibrium is satisfied if net
force acting ona body is zero.

# Second condition for equilibrium is satisfied if sum

of clockwise torques acting on a body is equal to the



sum of the anticlockwise torques.

Abody is said to be in stable equilibrium if it returns
back to previous position after slight tilt.

A body is said to be in unstable equilibrium if it does
not return to previous position on releasing after a
slight tilt.

A body is to be in neutral equilibrium if it does not
return back to previous position but remains in
equilibrium at new position after disturbance.




O)
p

(Turning effect of a force) C)

known as

A *

A
(Moment of a force)
A

is defined as

distance from the
force to the pivot

which is of
two &

\ 4

[ Anticlockwise
\_ moment

rinciple of
moments

related to

A\

* whose
Centre of mass)\ stability (. Jow centre of gravity
gravity and stabilities can be * broad base

increased by




End of Unit Questions

SIds (01 0PN Multiple Choice Questions (MCQs) O

1. A pair of unlike parallel forces having different lines
force produce---------- . C)
a) equilibrium b) torque .
c) acouple d) unstableequilibriu
2. Head-to-tail rule can be used to add------------ fo Q
a) two b) three
c) five d) anynumb
3. A force of 15 N makes an angl ° with
horizontal. Its vertical componengivill b
a) 15N b) 0\\@
c) 13N d) ?
4. Abody isinequilibriu ithas
a) uniformspeed b\, uniformacceleration

c¢) both(a)and ()
5. A body is in st
Centreof g vity’

d zero acceleration
ilibrium after slight tilt if its

a) r ove the point of contact

b)

on one side of point of contact
es over the point of contact
atlowest position
ody is in unstable equilibrium after slight tilt if its
center of gravity
a) remainsononeside of the point of contact
b) remainsabove the pointof contact
c)  passesover the point of contact

d) ispositioned atits bottom



7. A body is in neutral equilibrium when its Centre of
gravity
a) Isatthelowest position
b) Remainsatsame height
c) Isathighestposition
d) Isatitsbase
8. Bunsenburneris made stable by 0 .
a) Increasingitslength
b) Increasingits mass

c) Decreasingitsbase are@Q

d) Increasingitsbasear

9. Atightrope walker carrie gpoleto

a) Increasehis h

b) Raisehis Ce@g;avity

c) Lowerht e of gravity

d) Ke ntre of gravity in fixed position
10.Stabiljt racing car isincreased by

sing its height
ising its Centre of gravity

0

Decreasingits width
dx Lowering its Centre of gravity



IS4 0N (3] Structured Questions

Forces on bodies
1. a) Definelike and unlike forces.
b) A pair of like parallel forces 15N each are acting

ona body. Find their resultant.

c) Twounlike parallel forces 10 N each acting along 0
*

same line. Find their resultant.

Addition of forces Q

2. a) Describe the head-to-tail rule o\ t

addition of forces.
b) Three forces 12 N along x-axis, aKing an
angle of 45" with x-axis and 8 Nfalongjy-axis.
i) Find their resultant
ii) Find the direction of ?l%

Resolution of forces
3. a) How a fogc cg be resolved into its

perpendiculaif¢omponents?
iselriving alawnmower with a force

b)

t makes an angle of 40" with the

ind its horizontal component
ind its vertical component
ow can you determine a force from its

i1

rectangular components?
b) Horizontal and vertical components of a force
are4 N and 3 N respectively. Find
i) Resultant force
ii) Direction of resultant
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Unit-5

FORCES AND MATTER

You can not see force, but you can see
what it does. You have learnt that

how force can change the motion g
objects. Force can make the a «r@ :

speed up, slow down, start paQVving
stop or change directio B%e

has another effect. A can also

gtudents Learning Outcomes (SLOs)
Afterlearning this unit students should beable
® Use forces to change the shap@ze
of the body.
® Carry out experiment

produce
extension againstload $ka

® Interpretextensi @

® Define Hooke’s1
® Calculat ngdon in spring and
spring ¢ Nt sing formula (F =—kx).

® Defi plain pressure.

° @ d the factors that affects the
ssure.

culate the pressure using formula
P=F/A.

change the shape orgize ofan object.

Understand hydraulic machines.
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Self Assessment Questions:

Q3: How much force is needed to pull a spring to a
distance of 30cm, the spring constantis 15 Nm™'?

Q4: Write two properties of spring.

XM Pressure

Press a pencil from its ends between the palms;
Fig (5.6).

The palm pressing the tip feels much more pain
than the palm pressing its blunt end. We can push a

drawing pin into a wooden board by pressing it by our Q
thumb; Fig (5.7). It is because the force we apply on t{ :

arge = High pressure .

drawing pin is confined just at a very small area
its sharp tip. A drawing pin with a blunt tip wo

very difficult to push into the board due gevt
area of its tip. < ’

In these examples, we find tha
of a small force is increased if th, e
forceisreduced.

The area of the tip of
very small and hence incfeas
force. The quantity th
increases with decfease 1

iveness
ve area of the

r that of the nail is
the effectiveness of the
ds upon the force and
the area on which force is

i

actingis called p e. Thus, pressureis defined as
The fotce agting normally per unit area on the
surfaceof iscalled pressure.
Th Pressure = Force
Area
F
e T T— 5.2
A (5.2)

How to calculate pressure

If F is the magnitude of a force exerted
perpendicular to a given surface of area (A), then the
pressure (P) equals to the force divided by the area:

©

soa

N\
Fig (56
0 )
Spread area
= Low pressure

R |

Small area

Fig (5.7)
A drawing pin with
a sharp tip enters
easily when pressed.

The pressure exerted by
the air molecule at sea

level is measured in
atmosphere; where :
1 atmosphere =
1.013 x 10° Pascal
& latm=1.013x10Pa



P=F/A

As the force is measured in newtons (N) and area
in square meters (m’). Therefore in SI system unit

Why an acrobat does not
hurt when he lied down

s thenmel e el e pressure is newton per square meter (Nm™). It i
Thereisnomiracleinthis knownasPascal (Pa): @
trick. We know that 1Pa=1Nm~ < ,
pressure is defined as _ .

force per unit area. If you High pressure, low pressure R

step up on a nail, the The pressure under the e soles of
entire body weightexerts  football shoes is high enoug nto the ground,

more pressure because
the area of nail tip is very
small. In case of bed

which gives extra grip. Igg’skateSMiave blades in the
part that is in contact X Aherefore the skater's
. weight is concentrated o all area. The effect of this
nails, the pressure .

st below the blades. This gives

exerted by weight of high pressure m ¢ ) ) o
ich provide lubrication for the

body is distributed on the thin film of Water,
the hundreds or Skateto ski e ice. As the skate moves on, the

thousands of nails lying Water rg=fgee3€s. On very cold days, the pressure may
close to each other. Thus, notb omelt theice, and skating is impossible.
net pressure on a nail is A nt has broad soles to reduce the pressure

very small. Hence, an fexe
acrobat does not hu

educe pressure on the student's shoulder.

®Self Assessment Questions:

Use the idea of pressure to explain the following.

Q5: Sharks and crocodiles have sharp teeth.

Q6: Camelshave wide, flated feet.

Q7: If you walk on wooden floor wearing shoes with
| verynarrow heels, you will damage the floor.

An acrobat laying . .
on bed of nails Pressure in fluids

A fluid is a collection of molecules that are
randomly arranged and held together by weak



cohesive forces and by forces exerted by the walls of a
container. Both liquids and gases are fluids. The
pressure exerted by fluids is known as fluid pressure. It
acts in all directions. This is because the molecules of \ ”
fluids move around in all directions, causing pressure
on every surface they collide with. A swimmer in
swimming pool experience the pressure by water
which pushes the swimmer from all sides Fig (5.8). The
arrows represent the direction and magnitude of the

forces exerted at various points on the swimmer. No

depth, giving a net upward or buoyant force t

P oc P(rho)
balanced by the weight of the swimmer. Q
Factors affecting pressure
Pressure P is proportia e depth, the
deeper one dives into wite cater will be the seuting

can

pressure. Twice the depth

(Fig5.9).
Similarly, p ssur also depends upon the

fans twice the pressure

pressure

of water

increases|
with
depth

density of thegna If a material is five times denser

than wateg, th

ure will be five times greater.

@0-

g'"
AK H”IH

F

Fig (
Swimmer fe

pressure in

QO

that the net underneath force is larger due to grete
P o depth

\

a fluid of density (p), the pressure (p)

water

[0)

l\

\3

imgning pool

nozzle

low pressure
jet
high pressure

Pressure increases with depth

Fig (5.9)



Calculate the pressure at a depth of 3m in a swimming
pool.

What is Density?
¢ Density tells us

. _ -3
how tightly matter (density of water =1000kgm™). @
Step 1: Write down known quantities and quaat \

is packed together.
o be found.

® If S(;(m;thmg tls i d=3m s

packed very tightly _ B

together it is P~ 1000123m

considered to be g=10ms Q

“dense”. p=??

Step 2: Write down formk arrange if necessary
L ]
. P=dpg
. o J ° Step 3: Put the vatfles iy formula and calculate
P=3mx10800kg "x10ms™
. P=3 =3.0xx10'pa

More dense sinks and 19'pa pressure will be observed at a depth

pushes up less dense. 3 9
e swimming pool.

A boy is digging a hole with spade of edge 0.1 cm”.
Calculate the pressure when he is exerting the force of
1000N onto the spade.

Step 1: Write down known quantities and quantities
tobe found.
F=1000N
A=0.1cm’=
p=?

0. 2_ 52
100x100 M =1.0x10"m
Step 2: Write down formula and rearrange if

necessary
P=F/A



Step 3: Put the values in formula and calculate

_ 1000N
~1.0x10°m’
P=1.0x10°Nm™
Hence, there will be 1.0 x 10°Nm pressure. < )
Self Assessment Questions: .

Q8: A wooden block of dimensio BmxP.6mx1.0m

kept on the ground has a mass€f 200kg. Calculate the
maximum pressure actin egpoéund.

is #150 kgm®*, calculate

below the surface of
sea?

Q10: Dam holds Water gthigh altitude. The walls of the
damare e Widef at the base. Explain why?

HydraulieWlaghine
The, machine in which force is transmitted by

iqu er pressure is known as hydraulic machine.
th@application of relatively small force they produce
r

Q9: If the density of sea
the pressure on a l@)

eater force.

2
Pascal's law

The liquid pressure at the surface of the liquid
increases when an external force is applied on the
surface of the liquid. The increase in the liquid’s
pressure is transmitted equally in all directions, in
similar way it is transmitted equally to the walls of the
container in which it is filled. This result leads to a law
known as Pascal'slaw. This law may be stated as:

The pressure applied externally at any point of a
liquid enclosed in a container is transmitted equally to
all parts of theliquid in container.



It can be demonstrated with the help of a water

- filled glass vessel having holes around its surface; Fig
. ' (5.10). When you apply force through the piston

~ water rushes out of the holes with the same pr@
~ The force applied on the piston exerts p

_ water. This pressure is transmitted equally @hout

the liquid in all directions. In general, %Qis law holds

" . good for fluids both for liquids as es.
Fig 5.10 A hydraulic machine n this principle.
Demonstrating Hydraulic brakes, car lif ic jacks, forklifts,

pascal's law and other machines m s is principle.

A hydraulic press is made ofs two pistons connected by

aliquid-filled pipe®asSRownin Fig (5.11).
A force @mtude (F,) is applied to a small

Force increases with

hydraulics piston of s*?@rea (A,). The pressure is transmitted
F.=F, < (A/A) thro ifcompressible liquid to a larger piston of
- s ;% (A,). Because the pressure must be the
s%ﬁoth sides,
% P= B R o (5.4)
Al AZ

408’ Therefore, the force (F,) is greater than the force
(F,) by afactor (A,/A)).
By designing a hydraulic press with appropriate areas
(A)) and (A,), a large output force can be applied by
means of a small input force.
Fig (5.11) Each side of this equation is the work done by the force.
A Hydraulic machine Thus, the work done by (F,) on the input piston equals
to the work done by (F,) on the output piston. Thus the
principle of conservation of energy applies in the

hydraulic press.




In a hydrauliclift system, what must be the surface area
of a piston. If a pressure of 300 kpa is used to provide angs

upward force of 2000 N'? ‘

Solution
Step:1 Write down known quantities and qu@ to

be found.

P=300kPa =300x1000Pa =300000Pa =®\!¥1{2

F=2000N

O

Step:2 Write down formula \e angeif necessary
P=F

P

Step:3 Put the valudg in fgrmula and calculate
A=2000N/ 300?{2= 0.00667m’
Hence th cdarea of piston is 0.00667m”.

Sel A%ent Questions:
hydraulic press, a force of 100 N is applied on

the pump of cross-sectional area 0.01m” . Find the

¢ force that compresses a cotton bale placed on
larger piston of cross-sectional area 1m’.

Q12. Write down the names of four machines that you

have seen working on the principle of pascal’s law.




Forces on an object can cause tensile deformation

(stretching) and compressive deformation
(squashing).
An elastic change occurs when an object returns to ‘ ,

An extension against load graph shows how a body
stretches when aload is applied toit.
Hooke’s Law: The extension in spring
proportional to the load applied to it, provided't
limit of elasticity isnot exceeded.

F =-kx \
An extension against load graph is a straight line up
to the limit of proportionality.
Pressure is greater when a large folge agts on small
area.

its original shape and size after theload is removed. 0

Pressure = Larce

The pressure in a ﬂui gréater with large depth,

and high density.
Pressure = dept derisity x acceleration due to

gravity

*P=dpg

pressure equally in all directions.
ed Pascal’slaw.
ine in which force is transmitted by
under pressure is known as hydraulic
ine.

Liquid
Thi
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Key points

Gravitational force has following characteristics:
i) It is always present between every two objects

m@ Weblink because of their masses.
S o ii) Itexists everywhereinthe universe.

 https://www.youty 1) Itformsanaction-reaction pair.
be.com/watch?v=Y iv) It is independent of the medium betfveen

m6nlwvQZnE objects.
6 https://www.youtu v) It is directly proportional to the pfedugt of the
be.com/watch?v=2P masses of Objects'
SJARmmL7M vi) It is inversely proportiona are of the
distance between the cen bjects.

vii) Hence it follows the “In are Law”.

Determine the gravitit
two spherical hbdies
Distance betweerighei

al¥orce of attraction between
masses 500kg and 800kg.
entersis 2 meters.

Solution
Step:1 wn known quantities and quantities to
be foun
=500kg
m, =800kg
r =2m
S G =6.673x10"Nm’kg”
F =2

Step:2 Write down formula and rearrange if necessary
F=Goge

Step:3 Put the values in formula and calculate

. _6.673 x 10""Nm’kg ™ x 500kg x 800kg
) (2m)’

F=6.67x10"N
Hence, the gravitational force of attraction between the
bodiesis 6.67x10N.



Law of Gravitation and Newton’s Third law of
Motion

According to Newton's law of gravitation,
every two objects attract each other with equal force
but in opposite direction. As shown in fig (6.2).

From the figure:
m, - Mass of body (A)
m,— Mass of body (B)
F,,— Force with which body (A) attracts body (B)
F,, = Force with which body (B) attracts body (A)
Then according to this law

F12 = _F21

This shows that, the two forces are eq
magnitude but opposite in direction. Now, 1f
considered as “Action Force” and F, as n
Force”. Then by using above equation, ded
that “Action equals to reaction but@posne
direction”.

Recall that, above statermey
with the Newton's third law of @ ;

“To every action there is al equal and opposite
reaction”. ‘?

Hence, Newton! gravitation is consistent
with Newton's third la motion.
aacording to Newton's law of
he Earth pulls the Moon with its

on pulls the Earth with its gravity.
orm an action-reaction pair, which is in

avitattonal Field

Gravitational field can be described as:
“ A gravitational field is a region in which a mass
experiences a force due to gravitational attraction”.

The earth has an attractive gravitational field
around it. Any object near the Earth experience this

Do You Know!

Henry Cavendish in
1798 completed the

experiment
demonstrate
Newton's

universal g v1t

This ha e than

a ce te? Newton
ced law of

@al gravitation.

Moon

o’

# Earth

Fig (6.2)
Demonstration of Newton’s
law of universal gravitation

in accordance with
Newton'’s third law of
motion.

Measure the masses of
your copy and pen and
then calculate the
gravitational force of
attraction between them.



Fig (6.3)
Gravitational field around
the Earth is directed
toward center of earth

from all direction

@Point to Ponder

# Does the whole solar
system works ina push
and pull network?

Solar  |value of g
System ms”

Earth
Moon
Venus
Mars
Jupiter

10

274

3.59
11.08
Uranus 10.67
Neptune 14.07
Table (6.1)

Acceleration due to gravity
“g” at different planets.

force which is due to Earth's gravity. This field is

directed towards the centre of the Earth as shown in fig
(6.3).

Earth and gets weaker as we move farther and fa
away from the Earth. This force is called thes"¥

Force” because it acts on all objects whether @5 n
contact with Earth's surface or not. So, itis a no tact
force. For example, it acts on an aeroplafg eigher it is

experiences a force of about€n on (10N) due to
Earth's gravitational field. “§hi€ force determines the
gravitational field stren s defined as:

Gravitational#ti strength ‘g’ is the
gravitational forg€ actip@yper unit mass.

The v onal field strength “g” is
approxi te%ewton per kilogram (10Nkg ™).
aWvitational field strength “g” is different at
differentplanets. For example, the gravitational field
»¢” on the surface of Moon is approximately
.6 Ngwton per Kilogram (Nkg™'). Acceleration due to

ravity “g” at different planets is shown in the

Jable (6.1).

Self Assessment Questions:

Q1: What will be the effect on gravitational pull
between two objects if medium between them is
changed?

Q2: Which force causes the moon to move in orbit
around earth?

(WA WEIGHT

We know that all the objects which are thrown
upward in the air, fall back to the ground. Have you
noticed why thisisso?




The force applied by the Earth's gravitational
field, pulls the objects downward. Weight is another
name for the Earth's gravitational force on the objects.
Therefore weight can be defined as:

The weight of an object is the measurement of
gravitational force acting on the object.

Weight 'W' of an object of mass 'm', in a
gravitational field of strength 'g'is given by the relation:

Like other forces weight is also measured in
Newton's (N). Spring balance is used to measure
weight of an object; Fig 6.4.

An object of mass 1kg has a weight of 9.8Nqe
the surface of Earth. Though 10N is accurate eno X
many calculations. Therefore we use 10N in
The objects with larger masses may rger
weights. Your weight vary slightly from place fo place,
because Earth's gravitational field varies at

different places. The weight of bj€Ct changes as it Fig (6.4)
moves away from the Earth. T ight of the object is
different at different plan example: you will

have less weight at Moo b%\doon‘s gravitational
field is weaker than E

f Rumaisa, who has a mass of
the ground? The strength of

ield on Rumaisa is 10 Newton per , &
Activity

The teacher should
encourage and facilitate
be found. the students in the class

Weight

‘Gravity’ is taken from
Latin word ‘gravitas’
means ‘weight’.

rite down known quantities and quantities to

m = 651<g to measure their masses
g = 10Nkg™" and then calculate their
W =7?? weights on Earth, Moon

and Mars.




Do You Know?

British scientist George
Atwood (1746-1807)
used two masses
suspended from a fixed
pulley, to study the
motion and measure
the value of ‘g’. This is
named as “Atwood
Machine”.

Fig (6.5)

Weight of a ball is equal to
the gravitational force
between the ball and the
Earth.

Step:2 Write down formula and rearrange if necessary
W=mg

Step:3 Put the values in formula and calculate
W= 65kg x 10Nkg™

Hence, the weight of Rumaisa is 650 Newton.

Self Assessment Questions: < ’
Q3: Why weight of an object is different at eliff€rent
planets? .
Q4: What is the actual value of 'g; surface of
Earth?
Q5: The strength of gravity @Qﬂ is 1.6 Nkg™. If
0

an astronaut’s massi arth, what would it
be on the Moon?
Q6: If you go on a

ose weight, will you also

’Mb — Mass of the ball.

M, —» Mass of Earth.

G — Universal gravitational constant.

R, — Radius of Earth; which is also the distance

between the ball and centre of Earth.
Then according to Newton's law of universal
gravitation, the gravitational force (F) of the Earth acts
ontheballis:




Whereas the force with which Earth attracts
the ball towards its centre is equal to the weight of the
ball. Therefore Ocean tides are caused
F=W=mg ..ccooovruerunns (6.4) by the gravity of Moo

Numerical values of the constants at right hand side z; Do You Know!
of equation (6.5) are: -

g =10Nkg" \
R, = 6.38 x 10°'m
G =6.673 x 10’11Nm21<g'2

Substituting these values in equation (6.5), we get:
M, = 10Nkg ™ x (6.38 x 1

6673 X 10_11 g
M. = 6.0 x 10%k The Earth has (9.3)
X . times more mass

than Mars

s to the mass of Earth and radius
s of Earth. If the acceleration due to

Step 1:Write down known quantities and quantities to
be found.

Mass of the planet =M =2M,

Mass of the Earth = M, = 6.0 x 10*kg




Radius of the planet =R =15 R,

Activity
Radius of the Earth = R, = 6.38 x 10°’m

Calculate the mass of Universal gravitational constant

the Earth if acceleration =G =6.673 x 10"'Nm’kg™
due to gravity; g = Acceleration due to gravity on the Earth = g, =10g
98ms™. Acceleration due to gravity on the planet = g =2

Step 2: Write down formula and rearrange 1
necessary

gE:

For the planet:
Mass and Radius of GM
different planets. g, = &l

Step 3: Put the valu la and calculate:

~ 6.67@ ’kg *x2x6.0x10* kg
- 5%6.38%x10°m )’

74ms™
Henc ion due to gravity on the planet is

Fig (6.6) (a) 8.74ms .
A natural satellite
Moon revolving elf }ssessment Questions:

around the Earth at will be the value of acceleration due to
¢ gravity on the surface of earth if its radius
reduces to half?

Q8: What will be acceleration due to gravity on the
surface of earth f its mass reduces by 25%?

Q9: What will be the mass of a planet whose radius is
20% of the radius of earth?

m Artificial Satellites
Fig (6.6) (b)

5 ¥ ) A satellite is an object that revolves around a
An artificial satellite

: planet. Satellites are of two types:
revolving around 1. Naturalsatellites Fig (6.6) (a).
the Earth 2. Artificial satellites Fig (6.6) (b).



Natural Satellites Artificial Satellites

The object which revolves (The object which are sent
around the planet |into space by scientists to
naturally is calledjrevolve around the Earth|
“Natural Satellite”. or other planets are called
“ Artificial Satellite”.

E.g Moon is a naturallE.g. Sputnik-1, Explorer-1
satellite because it revolvesjare amongst the artificial
around the Earth naturally.|satellites.

Artificial satellites are used for different

purposes like

4 Forcommunication.

¢ Formakingstar maps. \
¢ Formaking maps of planetary surfaces.

¢ For collecting information about weather.

¢ Fortaking pictures of planets, etc.

Artificial satellites carr ruments,
passengers or both to perform djiffégerifexperiments in
space.

Artificial satellites en launched into
different orbits around he% There are different
types of orbits like:

For communigatio

L 2R 2R 2K 2R 2

orbits are characterized on the basis of
ehbparameters like, their distance from the Earth,
theffime period around the Earth etc.

An artificial satellite which completes its one
revolution around the Earth in 24 hours is used for
communication purpose. As Earth also completes its
one rotation about its axis in 24 hours, therefore the
above satellite appears to be stationary with respect to

Interesting Information

Mass and radius of different objects

Sun planet

and moon Mass Radius
of oursolar |  (Kg) (m)

system

Sun 1.99x 10% | 686
Moon 7.35x 10221 1'%
Mercury | 3.30 xf
Venus

Earth

3.40 x 100
: 6.91 x 107
5.68 x 1026 | 6.03 x 107
8.68 x 10%5| 2.56 x 107
1.02x 10%| 2.48 x 107

First artificial satellite
was Sputnik-1 which
was sent into space by
Soviet Union (Russia)
on 4th October 1957.




(Fig 6.7)
Motion of satellites in
different orbits

The height of a
geostationary satellit
isabout 42,300 km fgom

@0

Earth. Its orbit is therefore called “Geostationary orbit”.
As it is used for communication purpose, therefore it is
known as “Communication Satellite”.

Newton’s Law of Gravitation in the motion of satellité§

The curved path along which a na @
artificial satellite revolves around a planet igfcalled an
“orbit”; (Fig 6.7). Rockets are used to put satellites’into

orbits in space. The Newton's law of t1<m has an
important role in the motion of sat its orbit,
because the gravitational pull the satellite
provides the centripetal forc O keep a satellite
in orbitaround some planet:

Let us cons1der t of a satellite which is
revolving around th (6.8). Inthe figure:
m — Massof lite.
M — Mass ofart
R — Ra
h - altltude) of satellite from the surface

Radlus of orbit.
hefyfas we already discussed:

Centrlpetal force = Gravitational force
or F. =F; —>(1)
E. = my” and
r
GmM

r2

F. =

Substituting the values of (F.) and (F;)in equation (i):

miv? _ GmM
x P
vi-SM L Ren]
T

" R+h

S
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Numerical value of --------------——-

every where.
a) g by G
c) F d W
9. Gravitation force is ------------- of the medium

between the objects.
a) Dependent b) Independent
e

c) Both'a'and'b' d) None of thes
10. Near Earth's surface (g) = ----------- 0 ¢
a) 10ms” b) 1.65msy
c) Both (a) and (b) d)
11. Newton's law of gravitatig

Newton's ----------------—- le
a) 1st d
c) 3¢ All of them
12. Spring balance s us measure --------------- .
a) Mass b) Weight
c) Elastici d) Density
13. Your t @s measured on Earth will be ---------
on Mooy
a) sed b) Decreased
) Remains same d) None of these
1 of Earth is --------------—- .
6.0 x 10°kg b) 6.0x10"kg
%) 6.0x 107kg 0 6.0x10"kg
5.~ is a natural satellite.
a) Earth b) Jupiter
c¢) Moon d) Mars
16. A communication satellite completes its one
revolution around the Earth in --------------- hours.
a) 6 b) 12
c) 18 d) 24
17. The velocity of a satellite is ------------- of its mass.
a) Independent b) Dependent

c¢) Equal d) Double



. e are used to put satellites into orbits.
a) Helicopter b) Aeroplane
c¢) Rocket d) None of these
19. The critical velocity (v() = -------------- .

ERr O

R
o JgR d) %
*
SITds o 3] Structured Questions
Newton’s Law of Gravitation Q

1. a) Why we do not feel the gravitati N of

attraction from the objects arougd
b) Define Gravitational field wj ample.
2. a) Write down any three @teristics of
Gravitational force.
b) Define gravitationa 'e%gth
3. a) Stateand explain @ ors law of gravitation.
b) Define 'field foxgce'.

4. Determine the gra nal force of attraction
between Urwa an@l Ayesha standing at a distance of
50m apart. The Mass of Urwa is 60kg and that of
AyeshaisZ0Kg. o

Weight
5. y weight of an object does not remain same
every where on Earth?
) Why the unit of weightis Newton? Explain.
6. a) Define weightand write downits equation.
b) Weight of Rani is 450N at the surface of Earth.
Find her mass?

7. Weight of Naveera is 700N on the Earth's surface.
What will be Naveera's weight at the surface of
Moon?



a) Your weight decreases as you go up at high
altitudes, without dieting. Explain.

b) If you step on a scale and it gives reading

55kg, is that a measure of N

your weight. If not then which physi

quantity it shows?
Mass of Earth Q
*
9. Calculate the mass of Earth by using®WJewfon's law

of gravitation.
10. If “M,.” is the mass of Earth R} ius of Earth,
“G” is universal gravitati copstant, then find

acceleration due to gravi

i) Onthesurfacepof
ii) Atthecent .

11. A planet has ma@ imes of Earth and radius

two times th . If the value of “g” on the

surface of a%ms’z. Calculate acceleration due
to gra tRe planet.

ivegsal gravitational constant “G”:
Atadistance, twice the Earth'sradius.
. ii) Atadistance, one half the Earth'sradius.

Artificial Satellite

13. a) Calculate the speed of a satellite which orbits
the Earth at an altitude of 400 kilometers
above Earth's surface.

b) Write the name of any one natural satellite.

14.  a) Write down the names of four different types
of orbit.

b) Define the terms
i) Critical Velocity.
ii) Communication Satellite.



15. Derive the expression for the motion of a satellite.

| GM
V=, —F
R+h

16. a) Differentiate between the natural satellite
and artificial satellite.

b) Name the parameters on the basis of which
orbits are characterized?




Unit -7 -
: PROPERTIES OF MATTER

oty R 12 Pkt LSRR e,

Matter is made up of tiny particles called Students Learning Outcomes (SL#
atoms. Afterlearning this unit students should @ to:

Matter exists in different states. three basic
.| states of matter are solid liquid and gas.
The properties of matter in these states can
o be described on the basis of the forces and 8
distances between their molecules and §

® Describe States of matter.

® State kinetic molecular model o T.

® Explain the kinetic modeN
between particles.

terms of forces

energy of the molecules..

The temperature and pressure of a gas
depends upon the motion of its molecules.

A change in volume of a fixed mass of a gas
at constant temperature is caused by a
changein pressure applied to the gas.

This fact is used in many fields of daily life.
For example, in using syringe, in pumping
air to the tyre through a bicycle pump, i
spraying color etc.
Matter can change its state and water 1S¢the
bestexample of it. ‘

(o




A balloon kept under sunlight shattered, why? Why
a hot coffee or tea in a cup became cold as the time
passes? Clothes dry up quickly under sunlight? Hone

- is thicker than water, why?

o Why do water and milk or other liquids %
~ different temperatures? Why do water and i :
the shapes of the container in which they ﬁe pogred?
Have you ever think that when you sit at y ir or

bed, their foams compresses but their wogdeg frame do
not?

After studying this unit if1e able to find
the answers of such ques#i d other similar
questions and develop the €leafconCepts.

yal STATES OF
There areghre®states of matter. These states are
solid, liquid and gas.pAll the material objects around us

belong to f these states. Water is the best
exampl f%ates of matter.
d

o T ate of water isice figure. (7.1)(a). Ice exists

in Many forms like, ice cubes, snow, glaciers and
rgs.

¢ Theliquid state is water itself figure. (7.1)(b). Water is
found in oceans, rivers and underground deposits.

¢ ® The gaseous state of water is steam. The “white
smoke” that you see in figure. (7.1)( c) is, in fact, a
small cloud formed by water vapours in air above
the cup.

These states have different properties which are listed in

the following table.

fig (7.1) (b)

Table (7.1) Properties of Matter
States of Matter | Shape Volume | Density | Compressibility

Solid Fixed Fixed High Incompressible

Fig (7.1) (c
(71 (9 Liquid Not fixed | Fixed High Incompressible

Gas Not fixed | Not fixed |Low Compressible




Addition or removal of a certain amount of
energy can change the state of a matter. The terms for
these changes in the state are:

Melting: conversion fromsolid to liquid.
Boiling: conversion from liquid to gas.
Condensing: conversion from gas toliquid.
Freezing: conversion from liquid to solid.
Evaporation: conversionfromliquid to gas.

Evaporationis different from boiling.

Evaporation is a process by which a liquid
becomesa gasat temperatures below its boiling point

wet floor etc. Conversion of matter between three
involves physical changes and not chemical ch.
Why liquids and gases take the sh.
containers while solids have definite sha y do
different substances boil and m ferent

temperatures? Why can gases b %ed easily
o; and such other

while solids and liquids cannot?
considering the

The answers of th
questions can be obtaine
arrangements of the pagticles i these states and how
these particles are alle toWove about. This is explained
by the kinetic molecullar theory of matter.

Kinetic Mol

For example, drying of wet clothes, dryinx@
t

o eir

s?

odel of Matter

The kineti cular model of matter is,
attedis made up of tiny particles called atoms,
o f atoms called molecules. These molecules

are ysin continuous random motion.

According to this model particles are in
continuous motion. Thus an alternative name for
model is 'The particle model of matter'.

The evidence of molecular motion is Brownian motion.

Do You Know

Water is different from

because it is less d
in its solid s
than its liq@te
(water).

N}




Web link of Brownian
motion.
4 http:/ /www.phynt
au.edu

Liquid
Fig (7.2) (b)

Brownian Motion

The evidence of molecular motion first
discovered by the botanist Robert Brown in 1827. He

observed the irregular motion of pollen grain
suspended in water and deduced that the
molecules were in constant, random m n.NIh

irregular motion caused by water molecu@alled

“Brownian motion” named after the sciéntist.

The particles in solids€Fi¢7.23) have following

features \
¢ The molecules arefloSely packed together and
occupy minidmuispace.
¢ The mole@lsually arranged in a regular
patter e ice
¢ Th y‘%arge number of particles per unit
hat is why solids have the highest

deRsities.
T%ement of particles in solids have following
featwires:

¢ The forces of attraction between particles are very
strong.

¢ Theparticlesarenotable to change positions.

¢ The particles vibrate about fixed positions thus are
notentirely stationary.

¢ This explains why solids have fixed shapes and
volumes.

The movement of particles in liquids (Fig 7.2b), have

following features:

# The molecules are slightly further apart compared
to that of solids.

& Themoleculesoccurin clusters.




*S9[Ndd[OW
Y} usamjiaq Zureds oY) Jo swId) Ul jId)jewl

JO S9Je)S JAIY]) USIMII] DUIRJIP 3} SI JeypL €0

¢3urqroq

pue uonerodeAd Usamiaq DUIDIJIP Y} SI 1

*$9Z1s pue sadeys JuaIaJJIp Jo SI9pUI[Ad Surmses

Aq panseaws s1 31 Yy3noyjpe swes sureurar I

() (z°2) 811 UDAIS € JO 9WIN[OA JO JUSWIDINSEIW A} AUM 10

sen 'SNOILSINO ILNH SV ATHS

o -ooeds s[qe[reae Aue A @ apnreday] o
‘spoad oA Je suondaIIp

o wopuel Ul AJoa1j dAowW e ghe sopnred sy ¢
o \ -9[qId13au
are sopnred usom ®oenje Jo sadIoj 9yl @

o ‘ :S9INyedy

Suimorpoy sey sesedfur sapnaed jo juswosowr oy

- "WINJOA JIU orred jo oqunu [[ewS SIdIOY L, ¢
‘spaads Y3y A10A ypim aaow 0}

B 991 a%wopum paduelre ore so[ndajow Y] ¢

qrede ey A1oa aresonosjowray], ¢

‘uorjeridsar :sa1njeay
HL ARG fMo[[oJ aAey “(07 £ S1g) saseS ur saporpred ay

pue ual4xQ jo *Taurejuod ay} Jo adeys sy} e} Jng ‘sswInjoa
UORIRY) SR W paxiy aaey spmbip Aym urejdxe soimjesy asoy] ¢

P "pmbry
ULIOJ oYI\tH nbﬂ C U} UIyiM jnoge 2A0W O} 29I aIe sapp,.wd Uyl o
310 Jo ‘Buons
w ) ur prjog ‘T orIe sapnted usamiaq uorere jo sadioj Y] ¢
"Ioj3ewa :Sarnjeay

JO saje}s 231y} [e JO Surmoroy aaey spmbiy ur sapnred Jo juswarow YT,
S}S1SU0D Apoq uewing] “SHISUIP Y3y A[oAnerar aaey spmbif Aym st sy o

) ‘sp1jos 03 paredurod awnjoa
MOUM MOA o yun 1ad sopnred jo raquunu ssof A[IYSI[S SI 210 @




@

© SOWI009( [ELIDJEW, J[NSII B Sy “YLIM dW0dd] SIDIO0]
Te[NDI[OW JOJUl pue A[JUS[OIA dIOW d)LI]IA SI[NII[OW
oy} ‘A[renjuaay "A[SUOI}S 2I0W pue 2I0W dJeI]IA
0} }1B}S S9[NdI[OW Y} “pajeay st (¢ /3L]) 9oueysqns pIjos
e Uaym puey I9y3jo oy} uo ‘31 3urjood Aq 10 3unesay AqeN
I3 padueld aq ued dURISANS B JO 9)e)S AL,

0319 HND), SeS 8 @
passaxdwod ojur seg [einjeu ‘weard 01 Oifil WY.L
‘901 OJUI I9JEM JISAUOD O} I[(E dIe dM J NS B S§

Y31y 194 21 spIf@s J© syutod
Surroq pue 3unow ‘sanIsusp A T "dwIn[oA
pue adeys poxij e prjos soA13 Qomsod ueaw
Jnoqge SUoneIqIA [[eWsS dALY n§yA1ea1y aaow jou

ued pue SadI0j dAnOeIE arradxa aroja1ay)
SOI3IOUD  }SOMO] A[OWIRNXYSARY SPI[OS JO SI[Nd[oW
s® y3ry osye are spmbry

dUL ‘sesed 03 pare
jo syurod Zurroq pue 3ynjowr oy dWIN[OA PaxIy ng
adeys paxiy oABgIO pnbi a1030193 “Or0wW 03 991§
[[1s Inq 19y q‘%sop A13A axe spmbiy Jo sanoajowr
gy Aym @ erd ojur awod 90103 TE[NOS[OULISIUL
DU L3130 d1jouDy SS9 aAey sased ayj jo jeys
0} poI se spmbi[ Jo sa[nosjow Y] ‘UOSeLaI S}
neddq Mo A12A os[e a1e sased jo syutod Sunyow pue
Sumgog "Afrsea passardwoo aq ued pue aoeds a[qe[reae
ue Adnodo ued sased Aym sr syl -yrede Ioyre;
3 pue A[oa1y QAow Ued Sased JO SI[NII[OW J[NSAI
© Sk WY} U99M}9q UOTIORIE JO S9DI0J OU 1. I3 J NS
e se A310us drjouny] 931e] 9ALY S9sE3 JO SA[NII[OW [POoW
Ie[nda[oW d13AUTY 9y} 03 3urprodoy ‘sanpredoad eorsAyd
9y} I0J Se [[oM Se JIojjewl JO S9)e)s JUSISJIP Y} I0J

a[qrsuodsar are ss[nda[OW J) U99MI3q SIDIO,]
{SUOTTPUOD WOOI Je S9se3 dIe SIS0

a[rym pinbi[ pue prjos are s[erLyew awos AYAL

AJOFHL OLLANI ANV SHOY04d

CL




0099 | 0T6E | umsung,

(uoqreD)
00¥S| O00L¥ | puowerq

04s9¢| 080C uod]

00T 0 19}

wnRH

aduejsqng

saouejsqns aind awos jo
sjurod Sunow pue Jurrog
(T2) 21981

-arnjeradwa) WooI e PIjos jou sTjey)
Te3owr ATuo a3 st AINdIdJ "passarduiod pue pajood st
1T UaYM AJUO SIIIPI[OS }] "S9dUL)SANS I3Y30 03 pareduwrod
se syurod unjjowr pue 3uI[I0q }S9MO] SeY WNI[OF]

:saoueysans aand awos jo syurod 8
pue 3urroq 9y} smoys Y31 9y} uo (g°/) dqe

drios

ONIZHAHY

“PI[OS e ULIO]
03 1932303 Yo1{} SINdajou 3y [[e asned [[im Surjood
W10} 0} I9Y3a80} oIS sa[nos[ouwr
uaAa pue sed oy Surjood deay ‘sasearour
M}9( UOT)ORI})E JO 9DI0] pUe Iay330) JO1S
Ue 9UO JIM JPI[[0d pue A[MO[S 9I0W dA0W
saforow ay) “(F'/ SL]) poa[ood st sed e UaYM

(€°2) 311
S aros
ONITIOH ONILTEN ONILVAH
S anori

"

" se3 e Sau0daq IdUL)SqNS, J[NSIT € Sk SIOI0] dAT}ORI}IEe
3} JO [[e SW0DIDA0 0} A3I9Ud JUSIdYJNS ALY SN[
Uay]} “IOYINJ panunuod st 3uneay jo ssadoid Ji‘prnbry




I9qUINU dY]} J] 'S9[NII[OW JO Iaquunu aty} 03 feuonzodoxd
ST SUOISI[0D JO J2qUINU Y], ‘S[[eM 3} YIIM dPI[[0d LY}
uaym A[uo amssaid 319xa sanosowr sed ay ], "UoISI[[0d
Burmp sanosjowr sed oy} £q eare jun 1ad pajIoxd
30107 Te30} Y} st aanssaxd smyJ, “Iaurejuod I1ay) Jo s[rem
ay} uo anssaid 319x0 sased oy [y eare Jiun 1od 9010§

Ay} se paungep st axnssaid yey) mouy Apeaife op < ,

2InssaIy
<
-armjeraduwre) pue swnjoa ‘@imssaid syt Aq A[93edwod 0

paquIdsap aq ued sed e jo IolAeyaq 9YJ,

“wopuel pue Q
JUBISUOD ST SA[NII[OW JO UOTIOW Y} 3I0JII [, ‘PUOD

oea sawiny Auew 9pI[[0d SI[NII[OW SeF 9DUIG" UOTIR9
M3U e UT AeMe S9IAOW I UOISI[[0D 19}Jy "IOUTeIUOD S
s[rem oy} yim (Ir) 1o a[nda[owr sed Iayjoue
31 (1) uayM AJUO UOTIORIIP S Ssadueyd I -

e ur saaow d[ndajowr sed y "Appmb Agga
sased oy} Ul Sa[NI9[OW Y], WY} U due)sIp
DaTQuI 9

a3xe] AJoanerar aaey sased oy} u @ Ul
S9Sg3 Jo 101ARYD(q YL
MO[oq
UDAIS UOTSSNISTP 93 JO SOk de reonoerd ayy axe(gy
317) suooqreq ire Jori\ sasedjo Jo1aeyaq pue sanzadoid
Ay} SaqLIdSApP A] .Io’aqn, TRTNI[OW JT}AULY
Ad0d LI HHL ANV SASVD g4
¢ pI[os e ojur sadueyd
pm UM Je a1njeradurs) Jo awreu ayj St 1eym 90
(prjos e ojur sadueyd
pmbi] & yorym ur ssedoid jo aureu oy sI jeyp SO
Juorrueyyy

arnjeradurs) 1oySry yonur e je sypuwr uais3uny, AYmM F0
:1SUOSINQ) JUSIWISSISSY J[9S



(£'2) 811

-_l =

awnpoa Y3
amssaxd mo

_l
awnoA Mo
aanssaxd y3rpy

@

(p) (9°2)"S11

BN
L

() (9°2) 811

"pa[qnop aq [[1m 21nssaid sj1awn[0A [eur3LIo
Syt JTey 03 passardwod st sed ayy jp aanssard aiowr
S91LaID pUue IDUTEJUOD JO S|TeM A} 3IM Appuanbaiy ax

IPI[OD T[IM A3} OS SWINJOA IS[EWS B OJUI PISSIL
u9aq aAeY sa[nodowr sed ayJ, (£ £31]) Ioure;

3y} Jo az1s a3 Sumnpair Aq auop st sty T, ‘31 Siissardiioo

Aq poseardur aq os[e ued sed e jo aIn
“pareryur s393 31 90UsY UOoOJTeq
a3 uo oamnssaxd Ajdde sano

S[[eM I2qqnI
asneddg ‘dIouw

arour 1
Pale[Jul 3q [[IM T UOoo[[eq A} on SI JTe 9I0W J]

-aanssaid jo spdurexs ue st

oy adusH “(p pu

[[IM SUOISI[[OD JO I
aissaxd qﬁé

) (9°2)

Irem

opedeAdn Surmorg

U3} Pa[qnop SI s9[ndd[ow Jo

‘paiqnop osye stainssaxd
e o ?\v.a 31g) pajqnop aq ospe
u

amssaixd mo
(®) (9°2) 314

"palqnop osfe stainssaid

ayy dusy (p pue > ‘q ‘e 94 Sig) paiqnop aq osfe

[[IM SUOISI[[0D JO I3qUINU U} PI[QNOP SI SI[NI[OW JO




d
T ® A0 % ©d
:MO[_q
umoys are juswrradxs so[fog e Jo symsar YL,
“(6°£31) sed ejoawnjoa
pue amssard usamiaq diysuonear ay} parpmis ‘g991
ur jsruuayd pue 3sisAyd ysijduy ue ‘o[Aog 319qoy]
sased ur diysuone[ar awn[oA - 3INsSsaAIJ

"s[1ey sed a3 jo aanjeradursy
pue saseaIdap sa[ndsjowr s} jo AZI1ous omaury Y
[euone[sues} a3 IaAL 3} UMOP P[00I ST SeJ © J[ "SISLL ‘i
sed a3 Jo ammjeraduIa) pue SISLAIDUT SIA[NII[OW S P
A319ua drouny [euone[sues) 93eIdAER 33 PajeaY SI s\ ga—
31 'So[NO[OW S} JO ASI9US dAU [euonesuer) 99
oy} Aq pauruejep st sed e jo arnjeradurd) 9

aqm) sse[9

are paddery,

mjergdiua ],
WRo[qnopoq
ITIm 2anssaxd sj1 awmjoa Teurdrio 01 passaxdwod (8°2) S11
SI se3 oY} J[ "S9SLaIdUl SWNJOA aoeds ajoym
=
3y} s10A00 AppPmb Aoy (g Ijow wopuer ur 1

aTe S9[nodowW sed Ay s urejlioo sed a3 jo uoysid oy x
uo peoy a2y} Sudnpar 9q p[nod siyJ, -ainssaxd
s31 Surseardap Aq po SI0UI'dq OS[e UEd sed e Jo awnjoA \
“WOO0IaY} N0 3 spaads y3ry ye Awopuer pue
A[oa13 2a0wW W 9} ‘Osnedaq 'SaYyjo[d 10 Apoq
INoA je 31 04 uoos se woo1 a3y} y3noiy} speaids
Apom ad e jo [pPws ayy ‘edurexa 104
19 ds31j0 awnjoa pue adeys ayj dn saye; shempe
se 219y [, ‘spaads y31y ye A[9a1j saow ued pue 19jo
oea wo1jy Aeme rej axe sed 9} JO S9[NIS[OW S} IsNedaq
WIN[OA JIULAP Ou sey sed dYJ ‘dWN[OA SB UMOUY
staoueisqns Aq pardnooo aoeds ayy yey) mouyap
awmnjoA




214393 ojut meT s 914og jo suonyeorjddy
[pao10g stare pue ‘dn sa03 o

binssaxd s31 ‘padnpaix () (r1'2) 814
st dund ayy ur padden A86C=L N 86T=1
[ITe 91} JO SWIN[OA 3} S o
“me[ s a1hog jo ajdurexa
pooS st dumnd apAorq v .
4 ™

(q) (1T°2) 814

N86T=1

Ul MO[9q UAL3 axe Me[ s,9[A0g "9'T sed
(A-d) awnjoa-ainssaid jo suorjeo:

Me] s 9140g,, seS e jo drysuonje suonyedriddy

JULSU0D SUTeWI
amyeradurd) s)1 papraocidyondss sy1 03 Teuonzodoxd

AJeszaAurl st sed e jo sse € JO QWIN[OA Y],
" "YU} S91e)S UPIYM Me
‘wisTueyIW SUnIOM IIdY) Ul YEU} So3ES PIUM P
IERRPRRIININ < o[ (0g, se umO] mejsit apn[OUOD d[40g }1qoy SNy

‘syured fKexds se yons ‘sjoso1dy ( gl e A d = A d

awrnjoA Teury x aanssaid
AJT (@) [eurg OR Tenur x arnssaxd renuy 9j1Im ued
< ! ampé@inTezodwa) Jueisuod je 4 nsar aaoqe Juis 9
([L) ........................ J,UB]SUOD — Ad

"9°'1 "JUB)SUOD SIWN[OA pUL
nssaid jo jonpoid oy arnjeradws) jueisuod 3y ‘g

¢ ‘ur3rio ay) ySnoayy Surssed aury jy3rens
e smoys ,A/1, pue ,d, usamisq ydeid ayyp ¥

"9 T BSI9A-IDIA

puUe SISE2IddP SWIN[OA USY} Saseardul arnssaid
J1 yey3 smoys A, pue ,d, usamiaq ydeid ayy ¢

:mofaqumoysare A /Tpue ,d usamiaq pue

" 4

IIAII pue nd/l uaaMlaq (O[LgIﬂ) ‘-{delg 31{_1, Z
"UO 0S pUe PII}-aUO S9W0Iq SWN[OA

(d) amssaxd

uay) sowr} daIy) Aq saseardour amssaid JT “Jrey

FHRSHOS L S9WI009q AWIN[0A S} d[qnop stsed ayyjoamssaidj| |




A cylinder contains 60cm’ of air at a pressure of 140kPa.
What will its volume be if the pressure on it is increased

to420kPa?
Solution

Step 1: Write down the known quantities and < ,
quantities to be found.
P =140kPa .
V,=60cm’

P, =420kPa

V,=? Q
Step 2: Write down the formula and rearra @
necessary. ‘\
I)lvl = I)ZVZ or Q

P xV,

12

The new volume 16,20 ¢

re of 1.0 x 10’ Pa is contained in a cylinder
a piston. The air is now compressed by
the piston, so that the same mass of air now
ies one-fifth the original volume without any
change in temperature. Calculate the pressure of the air.

P

Solution

Step 1: Write down known quantities and quantities to
be found.




P,=1.0x10°Pa
V,=V,cm’
V,= %Vl cm’
Step 2: Write down the formula and re arrange if
necessary.
P, V,=PV,or
p.= P,x V1
: (1/5)V,
Step 3: Put the values in formula and calculate.
1.0 x 10° Pa x V, cm’

7=

=5.0 x 10°P
1/5)V,ed % a\
So, the final pressure isnow 5.0 x 10°Pa. :%

Self Assessment Questions:

Q7: Draw diagrams of the molecules i to explain
the effect of pressure chan olume.

Q8: What is the meant by the st¥Scripts (1) and (2) in
the equation, P,V,=PB,V,?

Q9: What is the effectfof t@mperature on average
translational kigetic@gergy of molecules?

*

An important feature q N
the equation p,V, = p
is that it does not
what units wgfuse {6
and V, aslon use
itg,for both
r example
or atmosphere

the same
values

d the same units
oth values of V ( for
xample m’, dm’ or cm’
etc)

C
O,

when gas is compressed,
volume decreases and
the pressure increases.
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Matter exists in three states: solid, liquid and gas.

The state of a matter can be changed by adding or O
removing acertainamount of energy . C)

The kinetic molecular theory is based upon the

arrangement and movement of molecules in a

&

substance.

The kinetic molecular theory suggests thapfth
molecules in a substance are always in congti
random motion.

%

When molecules close to each othe attractive
forces between them become stron

The change in force between mo ay be causes
change of state.

Boyle's law describes pressure - volume

relationshipofag
The pressure a e of a gas are inversely
proportional%p eaclhother.

<
Mathemat P.V,=P,V,”.
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22 CONCEPT MAP
@

| Matter )

\ 4 Y

<States of matter) Properties
\ Brownian Motion

!
2 | e
E"‘
Q.

Y Y Y

/ Solid Liguid f Gas \
o Fixed shape No fi e o No fixed shape
o Fixed Volume D d Volume o No fixed
o High Density nsity Volume
o Incompressible ot easy to o Low Density
e Minimum mpress e Easyto
Kinetic Ene Medium compress l .
L - v behaviour
Kinetic energy e  Maximum of a gas
Can be poured Kinetic energy
j k Can be pourey
A 4

Boyle’s Law
Pressure and volume of a gas are
inversely proportional to each other
Pocl or
PV = constant or
PV,=P\V,




End of Unit Questions

SIZds (010 PEY) Multiple Choice Questions (MCQs) O

1. Anobject with particles close together and vibrating
describes a

state of matter.
a) Gas b)  Liquid
c) Solid d)  Allthree 9§

3. During which process a gas becorr% id
a) Melting

Free 1ng

a) Gas b) Liquid
c) Solid d)  Allthree
2. A burning candle is an example of Q

c¢) Condensing

4. Asolid can
a) haveafixedshape
b) Dbeeasily Compre

c) takeashape offcontaine
d) havefreely lecules (KMT).
5. According tokineti@molecular theory, the pressure

isfausedbythe

afge distances between gas molecules.
random motion of the gas molecules.

a gas is heated in a sealed cylinder, then
increases.

a) pressureinside the container

b) averagekineticenergy of the particles
c) temperature of the gas

d) Allofthem



7. A gasina container of fixed volume is heated. What
happens to the molecules of the gas?
a) Theycollideless frequently.
b) Theyexpand.
c) Theymovefaster.
d) Theymove furtherapart.

8. In a liquid, some energetic molecules br ak f e

from the surface even when the liquid is t
for bubbles to form. What is the, namge of thls

process?
a) Dboiling cé @ sation
c) convection <eia ofation

9. What happens to the m a gas when the

gas changesintoa 11qu1
a) Theymoveclos dYeseenergy.
b) They move gJOser afd gain energy.
c They move dloseenergy.
Theym rt and gainenergy
10. A subs s a melting point of -17 °C and a
boiling f 117 °C. In which state does the
sub istat-10°Cand at110°C?

\b

*




Sltust) 03] Structured Questions

Kinetic molecular model of matter

a) “The particles are free to move within the
material, has a fixed volume but takes up the
shape of its container”, which state of matter is
being described here?

b) Write a similar description of the particles that
make up asolid.

OO

0.

c) Writedownany two properties of a solid. Q
a) Why the kinetic model of matter is @

kinetic? \
b) In which state of matter the molechleSvare

widely separated?
c) Inwhich state of matter the m@s are most

closely packed?

d) In which state of mat ectiles can move
freely athigh speed?

a) By using kinetic maglec@lar theory explain why
we can walk %r, swim through water
but can notgdlk thgough a solid wall.

tat&@f matter do the molecules have

inetic energy?
f matter is highly incompressible?

mple of a gas is in a sealed test tube is cooled.
escribe what happens to:

a) Thesize of themolecules.

b) Thespeed at which molecules move.

c¢) Thenumber of the molecules.

d) The pressureinside the tube.

e) Thestate of the gas.




Aninflated car tyre is considered to have a constant
volume, regardless of any changes in temperature
or pressure. Use the kinetic molecular

theory of gases to answer the following:

a) How does air in the tyre exert a pressure oy
walls of the tyre?

b) Why is the pressure the sameatall poil@he
inside wall of the tyre?

c) More air is pumped into the@wﬁile the
temperature is kept co there are
twice as many molecu e@fore Explain
why you would ex ressure to be
doubled.

6. Describe the following

a) Whathappe e niotion of the molecules of
agas wheu@s own?

b) What hagpe the motion of a liquid when it
coo d%‘

Gasesagd Rynetic theory

essure on 9cm’ of oxygen gas is doubled at a
ixed temperature. What will its volume become?

. ®A container holds 30m’ of air at a pressure of
150000Pa. If the volume changed to 10m’ by
decreasing load on the piston. What will the
pressure of the gas become? Assume that its
temperature remains constant.

9. Air at atmospheric pressure of 760 mm of Hg is
trapped inside a container available with a
moveable piston. When the piston is pulled out
slowly so that the volume is increased from 100dm’
to 150dm’, the temperature remaining constant.
What will be the pressure of the air becomes?



ENERGY SOURCES AND

TRANSFER OF ENERGY
/4 M.

Students Learning Outcomes (SLOs) )
Afterlearning this unit students should be able to: h

® Defineworkand its Sl unit. X
® Calculate work done using equation (Wrks force |}

x distance). . 1
® Define kineticenergy and potenigial ehergy.
® Use Kinetic Energy (E, v') and potential

ms. [

energy (E, = mgh); to sélv

® Describe the prqc sy which energy isf -«
: LA

o another with reference |

Energy is the most important
physical concept which is

studied in all sciences. work

is closely related with energy
which provides a link
between force and energy.

Work, energy and power
have special meaning in
physics.

converted from

to fossil fue

solar eneg€y, n

wind ene

® Diffe

o 1n efficiency of a working system and

‘ salCulate the efficiency of engine. p—
/ conversion using the formula efficiency = energy -

% converted into the required form / total energy il

. input. i |

® Explain why a system cannot have an efficiency of

rdy, hydroelectric generation,
ar energy, geothermal energy,
mass energy and tidal energy.

energy sources as nonrenewable and
le energy sources with examples of each.

I
/ 100%.
X ® Define power and calculate power from the { [
S

formula Power = work done / time taken.

Define the unit of power “watt” in SI and its

conversion with horse power.

7] - il
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¢ ltisbeing used by wind mills to grind grain.
¢ It is used to turn wind turbines to produce

electricity.
A ii. Biomass Energy
Fig (8.13)(a)
Biomass energy (Wood) Biomass is the organic material that c
-.”_":' - plants and animals. Biomass consists of sto

Fig (8.13)(b)
Biomass energy

(Organic materials)
It is a form of @p wer that converts the energy
3 obtained frem t to useful form of power; mainly
e ici %arth uses the gravitational forces of
ogn and the sun every day to move vast
ies of water around the oceans and seas

i < Sy sing tides and in this way energy is produced
Fig (8.13)© called tidal energy; (Fig 8.14).

viii. Tidal Energy,

Self Assessment Questions:
Q7: Whatis biomass?
Q8: Write down the name of fossil fuel.
Q9: Which type of energy is stored deep in the Earth?

E¥) RENEWABLE AND NON-RENEWABLE

Tidal energy ENERGY SOURCE

Renewable Energy Source

The renewable sources can be consumed and
used again and again. Solar energy, wind energy, tidal

energy and geothermal energy are renewable sources.



Since very earlier age, people have tried to consume
renewable sources of energy for their survival. Such as
wind and water for milling grain and solar for lighting.

Non-Renewable Sources O

Non-renewable resources are limited and will C)
finish once used. Coal, petroleum and natural gases are

nonrenewable sources. About 150 years ago scientists ¢
invented new technology to extract energy from the

ancient fossilized remains of plants and animals. Thes

super-rich but limited sources of energy (coal, oil

natural gas) replaced wood, wind and water as t
sources of fuel. They are being used at a faste
they can be restored again and, therefgfe canfet be
renewed.

Self Assessment Questions:
Q10: Write down the names ee renewable

energy sources.
Q11: Write down thg na@€s of any three non- & Wind energy is clean
renewable ener s. fuel source.
Q12: What is the {differ@gce between renewable and ¢ 1t does not pollute the
non-rene effergy sources? air.
€ Wind turbines does not
E ENCY produce atmospheric
emission that causes
machine needs some energy to perform greenhouse gasses.
0 atever energy given to a machine is called

inptt®and the work done by the machine is called

output.

The costal belt of Pakistan is

For example: We give electric energy as input to the )
about 1045 km long with

best resources for utilizing
machines. and producing tidal energy.

electric motor in washing machines and in drilling




Do You Know! the form of heat, sound or light et

We get

4

Chemical energy
from fuel, gas and
battery.

Thermal energy
from hot object.
Nuclear energy
from nuclear
Fission and fusion.
Electrical energ
from movement o
charges.

Mechanj

oy

energy

g

¢ ~N

A system in which some energy ‘E,” is supplied
toitas ‘input’ and the system returns back some energy
‘E, as output has some efficiency. This efficiency i
defined as

The ratio of output to the input is called Efficig

“"_n

Efficiency is denoted by “n” called eta.

ratio of two energies therefore it has no unigNo ne is
100% efficient because some energy isglwalts Wasted in

s it i;the

Energga t(E,)
En asinput(E,)

1
. output
Efficlency s —=——x100......................... (8.5)
input
System
rocess E - output
inplut p ou’qgut —> Efficiency— put

Efficiency =

Loss

£ rowEr

When you run up and cover distance in 5 seconds
or take slow walk up the same distance in 20 seconds.
You are doing the same amount of work, However, you
are doing it at different rate. When you run up, you are
working much faster and you have a higher power then
when you walk up.

This quantity that tells us the rate of doing work.
Thus, power is defined as:



The rate of doing work. or
The amount of energy transferred per unit time.

Mathematically,
work done

Power =P = time taken

Since work and time are scalar quantities. Therefore,
power is also a scalar quantity.

Unit of Power

In SI system unit of power is

The power of a body is said to be ongw
does work at the rate of one Joule per seCO\C
Worked Example

Calculate the power of a ma

the machine

performs 900 joules of work in s.
Solution
Step 1: Write down known q#fantities and quantities to

be found.

0]
=30min=30x60s=1800s

P=??

wn formula and rearrange if necessary

L
t
:Put values in formula and calculate
P 900]
1800s
P=05W

Hence, power of the machine is 0.5 Watt.

1kg of 4% enriched fu,

grade uranium rel
energy equival@
the comb 0

nearly 100 tags o
or

Joule W Q
sec - att
Thus SI unit of power is watt which is defined a :\

Larger units of power are
Kilo watt (kW),

Mega watt (MW),

Horse Power (hp) etc.

1kW =1000W =10’ watt
1MW=1000000W=10"Watt
1hp =746 Watt

Do You Know!

P=W
t
P=F.d
t
p=rF.d .d_y
t t



Self Assessment Questions:

Q13: A man pushes a car 18m with a force of 2N in 4
second. Calculate the power of the man.

Q14: Why power is a scalar quantity?

Q15: Name the physical quantity which gives the ra

doing work.

E/ SUMMARY

¢ Work is the product of the distance

ce and i
(W=E-S)
¢ The ability to do w% d energy. SI unit of

n object due to its motion is
rgy (KE=1/2mv’)

energy is Joule (J

¢ Energy possessgd b
called as Kif\®ti

¢ Energ e\to position of an ob]ect is called
Poten gy (P-E=mgh).
¢ En ists in many different forms such as

ucl@ar energy, heat energy, electrical energy,
emical energy, lightenergy, etc.

*Solar energy, wind energy, tidal energy,
geothermal energy, biomass energy and
hydroelectric energy are the examples of renewable
sources of energy.

¢ Wood, coal, petroleum, natural gas and Uranium
are examples of nonrenewable sources of energy.

¢ Theratio of output to the inputis called efficiency.

@ The work done in unit time is called power. SI unit

of work is (Watt).



@g@
«*+ CONCEPT MAP
( Energy

<Forms Of Energy>
I—
Kinetic energy
KE=1/2mv> /<]
Potential energy
<—
P.E =mgh

<Fossil Fuel energy><—

@Iydroelectric energy)<—

< Nuclear energy )4—

<Geothermal energy><—

N

<\

Biomass e

( Chemical energy )4—

( Solar energy )4—

' O
Law Of Conservatlon ¢
Energy Sources Of Energy 0

o )
Renewable Non-renewa h ‘ W=F-d
energy energ \ J
Rate at which/ﬁ
B energy
Biomass transfers POW‘%
energy > P=
N
1li . .
Ability to - [Efficiency
transform E
> M= "2 x100

I S

Fossil fuel Nuclear
energy energy
Y

N Uranium
Tidal
energy
e

Geothermal
energy
e




End of Unit Questions

LIZGs (0 PN ] Multiple Choice Questions (MCQs)

of force, then work done will be

1. If force of 6N displaces an object 2m in the d

a) OJoule b) 12]Joule R
c) 3]Joule d) 12N.
2. If a body of mass 1 kg is movi velocity of
1m/sec then K.E of the body .
a) 10Joules .5 goules
c) 2]Joules \ oule

3. If a machine perfor, of work in 10sec then its
power is < ,
a) 200watt b)  20watt
c. 2watt v d) 0.2watt

4. A body % kg is lifted through a height of 1m .

ossessed in the body will be

The
(consigér g =10ms”)
%&L b) 10Joule
c) $100]Joule d) 1000Joule

The energy released during fission or fusion reaction

iscalled .
a) Solarenergy b) Geothermalenergy
c) Tidalenergy d) Nuclearenergy

6. Which is the renewable source of energy

a) Solarand wind b) Coal

c¢) Natural gas d) Petroleum
7. Theratio of output to inputis called

a) Energy b) Work
d)

c) Power Efficiency




8. Work done per unit time is called
a) Efficiency b)  Energy
c) Power d) Force

9. Coal, gas and oil are all examples of
a) Tidal energy b) Nuclear energy
c) Fossil fuelenergy  d) Biomass energy

10. is not a renewable source of energy.

a) Solar energy b) Coal
c¢) Wind energy d) Geothermal ener@
Structured Questions \@

Work %
1.

a) Definework.
b) Derive the equation; (Wo

2. How much work is needed,toWfove horizontally a
body 20m by a force of. @ angle between the
body and the horiz 1 strfaceis 60°?

3. How much wor iz%if a crate is moved at a
distance of 5 wheén a force of 30N is applied
along the syrfac

4. Whatist rkedone by Usman? If a bar of weight

i ght by him from (A) to (B), then

brou k to (A).

En ms

a) Define Kinetic energy
b) Derive the equation (K-E=1/2mv").
6. What will be the Kinetic energy of a boy of mass
50kg driving a bike with velocity of 2ms™?
7. a) DefinePotential Energy.
b) Derive the equation (P-E=mgh)-
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These three scales of temperature are interconvertible.
Therefore temperature measured in Celsius scale can
The temperature of a be converted into Kelvin and Fahrenheit scales as

small cup of tea might follows:

be the same as the Conversionoftemperature from Celsius scale to

temperature of a large scale 0

cup of tea, but the large K="C+273

cup of tea has more Conversion of temperature from sius le to
*

amount of heat because Fahrenheitscale

it has more amount of

tea thus more total
D K v
thermal energy.
Boiling point ——ZET 100 - 373.15 —E 212
of water Q
Human bddy
98.6

temp e 37 31015 .
oom - 25 -+ 298.15 —— 77
mperatiire
Freezing point i Lo | - i .
of water
Absolute zero @ 27315 @ -459.67 @ 0

Specific heat of water Fig (9.3)
is4200 ]kgfl K. The three scales of thermometer

°F=1.8"C+

)

Boiling point of water
is100°C
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Worked Example 2

The thermal energy required to raise the temperature
of 50g of water from 40°C to 70°C is 6300 Joules.
Calculate the specific heat capacity of water.

Soil has specific hea
capacity of 810Jkg’,
which is about 5 ti

Step 1: Write down known gquantities and quantities to
P 9 9 less than thatof w

be found.
T,=40°C
T,=70°C
AT=T,-T,=70°C-40°C=30°C=30K

CO'
AQ=6300]
m=50g=0.05kg \

c=?
Step 2: Write down formula and rearrange j
c= AQ
~ mAT
Step 3: Put values in formula and 1
o 6300]
~ 005k
c = 42007k ¥ K *
Hence, specific heatof wigris c =4200]kg 'K
*

Self Asses estions:
Q4: Defi icheat capacity.
Q5: n the factors on which specific heat

ty depends.
te examples of specific heat capacity from daily
life experience.




Latent heat of fusion and latent heat of vaporization
Latent Heat of fusion

The heat absorbed by a unit mass of a solid at
melting point in order to convert solid into @
without change of temperature is calledswhegt g
fusion”.

Latent Heat of vaporization R

When a beaker filled with Waterjplaced on a
burner to boil, the temperat Q water gradually
raises until it reaches 100°CgAt perature it starts
to boil, that is to say that esBf vapor formed at the
bottom and start to rai & surface and then escape
in the form of st t this stage the temperature of
water (liquid) @l ter vapors (gas) is same. Thus
theheate i¢h is required to convert water from

liquid tova teis know as “heat of vaporization”.
The @ heat of vaporization is defined as:

he amount of heat energy required to change
tate of a substance from liquid to vapor form,
out changing its temperature is called “heat of
vaporization”.

L Gas
Liquid s
Heat ——~ ——~ ——~ /—/ﬁ:ff
: Solid = == == %
Supplies = = = =

heat of

|—>Heat of fusion <—| |—> Heat of
vaporization

porization for Activity
water at 100°C is

about 2230 Joules Encourage students to take solid ice pieces in a
per gram. container and supply heat through burner, and
observe the process of heat of fusion in class/lab.




Experiments given below determine latent heat of
fusion and latent heat of vaporization of ice and water
respectively by sketching temperature-time graph of
heatingice. This experiment has two parts:

(i) Conversion of ice into water.

(ii) Conversion of water into steam.

(i) Convert Ice (Solid) into Water liquid

Experiment i
Take a container and place it on a stand as shown in; Fig oift
(9.4). Put small pieces of ice in the container. Suspend a

thermometer in the container to measure the

The temperature will remain same up to 0°C
ice melts. Note the time (t,) and (t,), which ghe ic

to melt completely into water at 0°C. heat Fig (9.4)
continuously to water at 0°C, again n time, Its  Heating ice experiment
temperature will start to increase e the time, which

water in container takes to rea iling point at
100°C from 0°C. Draw a te re-time graph as

shown in graph (9.1). Caldulat&the heat of fusion of ice
from the data using the

2
Water boils /

Water and steam

Temperggure (°C) ———

-30

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34
t, t, t, Time ( minutes ) —

Graph (9.1). Temperature-time graph of heating ice



Experiment
(ii)Convert Water (Liquid) into steam (Gas)

It is continuity of previous experiment; Fig 9.5.
The container now contains boiling water we continue
to supply heat to water, till all the water convert into O
steam. Note the time during which water in container { ,

completely changed into steam at its boiling point, 0

using the temperature-time graph no 9.1 calculate the

heat of vaporization of water.

Table (9.2) shows heat of fusion and vaporizatio Q

different elements. %

Self Assessment Questions: \

Q7: Why does the temperature not increas etdice is
heated at0°C?

Q8: Why does the temperature not § rghen water

isheated at 100 °C? Explain.

B EvAPORATIONPNOCESS

Itis our commorjobs& vation that wet clothes dry
in sun due to the gvapdgation. The water in the wet cloth
fs’om sun and get evaporated.
ken from the sea is kept under the
petiod of time leading to the evaporation
lecules and as a result the common salt is
eq, which is left as remnants in this whole process.
ly notice that water placed in a pot, disappear
.Itis because of evaporation process

takes heat e

Similarly t
sun for
of th
fo

The process in which the water changes from
liquid to gas or vapor formis known as “evaporation”.



Difference between boiling point and evaporation

Evaporation Boiling

1- It takes place without | 1- It only takes place
supply having| without on supply
external heat source. external heat source.

2- It occurs at any |2-It occurs only at
temperature below |  certain temperature
boiling point. called “Boiling point”.

31t do not causes

3 Itcausescooling. cooling.

4- ltisrelativelyslow. | 4- Itisrelatively fast.

5- It takes place only at |5-1t takes place
the liquid surface. throughout the liqui

6- No formation of | 6- Bubblesareforme
bubbles.

Figure (9.5) demonstrates the differen
evaporation and boiling. The table (9.3)jshows the

olvents.

Solvent Freezing point ("
Water 0.0 . Fig (9.5)
Aceticacd | . it between
Benzene 5. 80.2
Chloroform *ﬁ% 61.2
Ethanol -114.7 78.4

n evaporation occurs, the molecules of
ith greater Kinetic energy escape from its (
surface. So the molecules of water with lower Kinetic
energy are left behind. This results in a decrease in the
temperature of water. Hence, evaporation causes
cooling.

You feel cold when come out directly under a

wa

Fig (9.6)
heavy wind after taking bath. This is due to the reason Evaporation causes cooling



that water molecules with greater Kinetic energy
escape from your skin surface, while the molecules
with lower Kinetic energy are left behind. This lowers
the temperature of water at your skin and you feel cold.

Some liquids have low boiling point due to
which they change from liquid to vapor very easily at
ordinary temperature, these liquids are called ‘volatile
liquids’.

For Example methylated ether has low boilin
point. If little amount of methylated spirit is take @
our hand it evaporates rapidly and our ha

instantly cold. To change spirit from liquid to

requires latent heat which is obtained from Qur nd
thus our hand losses heat and we feel co

Water also causes the hand to come cold but it
isnotfeltas spirit. The water has h point then
spirit so it evaporates slowly erature of our
hand and hence it doesnotc oling effect.
Factors which Influenc1 e Evaporation
a. Temperature: Wit the crease in temperature the

rate of evaporatio increases.

b. Wind Speed: Rate of'evaporation also increases with

the increas ind speed
c. Surface liquid: Rate of evaporation increases
with rease in surface area of liquid

ity: The rate of evaporation decreases with
ase in humidity.
ture of liquid: Nature of liquid also effect the rate
of evaporation. Liquid with lower boiling point have
grater vapor pressure and evaporate more rapidly.
f. Solute Concentration: Salty water evaporates more
slowly than pure water.




Self Assessment Questions:

Q9: Define evaporation and factors influencing
evaporation process.

Q10: Differentiate between boiling and evaporation.

Q11: What is the freezing point of ethanol in Celsius

scale?

PN THERMAL EXPANSION

Most solid materials expand on heating and
squeeze on cooling because on heating the kinetic
energy of their molecules increases. Therefore change
take place in shape, area and volume of the substan “
with the change in temperature. This is called “t
expansion”, defined as:

The expansion of substance on he is\galled
thermal expansion.

Examples of thermal expansion
@ Expansion in railway tracks in 9.7)(a).
@ Expansion in electric wires g sumiger; Fig (9.7)(b).
@ Expansion in bridges in su "Eig (9.7)(¢), etc.

Fig (9.7)(a)
Thermal expansion

Fig (9.7) (b)
Thermal expansion

Expansion of Solid

The molecules of solid materials vibrate at their

.. * C g .
mean positions. SOMylen a solid is heated, its molecules
vibrate with amplitudes due to increase in their
kinetic en s a result the solid expands its length

Expansion

Fig (9.7) (c)
Thermal expansion

Linear expansion Volumetric expansion



Linear Expansion

The expansion in length of a solid object on
heatingis called linear expansion.

[ ™+ Itis one dimensional expansion as it occurs only alo
the length of the object; Fig (9.8).
Fig (9.8) Suppose a rod of some material with origin. /
Linear expansion

at initial temperature T, is heated through a cgrtain

temperature T’, thenits length increase and be esL'.
Therefore 0 *

T = New temperatur
L" = New length
L, = Original Le

T, = Initial te
Change in temperatur % = To-mmmmr (i)
Changein =L'-L, - (ii)

It has been expefimentally proved that change inlength
is directly ppropgortidnal to the original length and

changeinte ture. Therefore
The co-efficient of ¥ AT
volume expansion of AlecL
.. P AL = (constant) LAT (iii)
liquids greater than \ ) ) 7
solids Thi§constant is denoted by (o), and is called coefficient
' of linear expansion. It depends upon the nature of the material.
+ Therefore equation (iii) can be written as
AL= aLAT 9.2)
Volumetric Expansion
Vo, Vi Ps
t, m t, m he expansion in volume of a solid object on
heating is called volume expansion.
Fig (9.9) It is three dimensional expansion as it occurs

Volumetric expansion

along the length, width and height of the object (Fig 9.9).
Consider a solid body having volume V, at some initial
temperature T. When the body is heated its temperature
changes from T to T" and its volume becomes V'.
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ii. Mercury in Thermometer

Mercury expands on heating and contracts on
cooling. It do not stick to the walls of thermometer. Therefore
Mercury is placed in long sealed capillary tube in
thermometer. Change in the temperature is measured
by the position of mercury in capillary tube which has
calibrated marks with °F, °C or K scale.

iv.Rail Tracks

The rail tracks are made up of metals and hence
they expand in summer due to hot weather. Hence, |
small gaps are left at the joints of sections of tracks; Fi
(9.13). This allows the tracks to expand safely. If t& /

gaps are not left between the tracks, the tracks bu
and train would be de-tracked (derailed).

S,

Fig (9.13)
Gaps between Rail Tracks

Real and Apparent expansion of liqu§'
L =level
Consider a flask, filled up to level ~ a=L,
“a”. The flask is placed on a pyrné§, as shown below in; b=L,
Fig (9.14). ?\ ~ c=L,
f

Heat start to flow threugh the flask to water. So, the
flask expand first. [Que tO®xpansion of flask, the level of
ing “a#, level L, to point “b”, level L, .
t Reated, it start to expand from a

water falls from

original level.

xpansion of water appear from level “L,”
A to level “L,” point “c” is called “apparent
ion of water”. But in real sense, the water on
heating has expanded from level “L,” point “b” to level

“L,” point “c” which is the “real expansion of water”.

“" _r

Real expansion =L, to L, i.e from point “b” to “c”, as Fig (9.14)

shownin;Fig (9.14). Real and Apparent
expansion of liquids



A copper rod 15m long is heated, so that its

temperature changes from 30°C to 85°C. Find the

change in the length of the rod. The coefficient of linear

expansion of copperis 17 x10°°C". O

Step 1: Write down known quantities and quantities to

be found.
L=15m

O°
T=30°C
T’ =85°C @

AT=T'-T=85"C-30°C=55°C \

a=17x10°°C"
AL=7?
-

Step 2: Write down formula and rearrafjge ifhecessary

AL =al, AT
Step 3: Put values in formula al@ulate
AL =17 x1Q2° 15m x 55°C
AL =0.04m
Hence, the change i of the copper rod is
0.014m.
L 2
Self Assessge stions:
Q12: What\is reason for expansion of solids on
eal
Q13: two types of thermal expansion.

atis the relation between a.and f3?
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into liquid without changing its temperature is

called
a) Latentheatof fusion
b) latentheatof vaporization
c) latentheatof boiling C)
d) specific heat capacity

8. Thermal energy transfer required j&"el
into gas without changing its Q reiscalled

a)
b)
c)
d)

a)

C) ili
10. :i!te @ evaporation of a liquid can be increased

a), increasing humidity
b) decreasingtemperature
c) increasingitsboiling point
d) decreasingatmospheric pressure
11.Linear thermal expansion of a solid depends
upon
a) changeintemperature
b) originallength
c) properties of material

7. Thermal energy transfer required to change a solid

9. Vaporationc?r at
fre@ t b)

*
aliquid

latent heat of freezing
latent heat of vaporiZati
latent heat of beili
latent heat of@neltifg

melting point

oint d) alltemperatures

all of these



SIus o1 (3] Structured Questions

Heatand Temperature
1. a) Define heat and write its SI unit.
b) Why does heat flows from hot body to cold
body?

2. a) Explain three different scales of temperature

along with their main uses.
b) Differentiate between heat and temperatugé.

c) Convert 212°F into Celsius and Kelvin.

Specific Heat Capacity ®

3. a) Explain specific heat capacity.
b) How would you find the s i¢ heat of a

solid?
¢) How much heat iggreq®ired to boil 3 kg water

which is initiadly

c) Convert 30° C into Kelvin and Fahrenheit Scale. 0
<

examples from our daily life.
er’requires 2050] of heat to raise its

ity of the sample.
fusion and Heat of vaporization

5. Define heat of fusion with the help of an experiment.

6. Differentiate between heat of fusion and heat of
vaporization

7. Demonstrate heat of fusion and heat of vaporization

by the help of heatingice graph.



Evaporation Process

8. Explainin detail, why evaporation causes cooling?
9. Differentiate between evaporation and boiling.
10. Write any four factors that influence the surfa

evaporation. C

Thermal Expansion .

11. Why solids increases in size on ¢Explain.
12. An iron block of volume is heated, so that its
temperature changes to 100°C. If the

coefficient of linear exp of iron is 11x10° °C".
What will be the olumme of the iron block after

heating ?

13.a) Draw theydia , showing real and apparent
expansi liquid. Label the diagram
properly. %

b) Why¥mall gaps are left at the joints of sections of

y tracks? Explain the phenomenon

A l involved init.

*
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