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( PREFACE

The century we have stepped in, is the century of Physics. The modern disciplines of
Physics are strongly influencing not only all the branches of science but each and every
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 multidirectional
development taking place in all the branches of Physics.

The recent book of Physics for Class-IX has been written in this preview and in
accordance with the revised curriculum prepared by Ministry of Education, Govt of
Pakistan, Islamabad reviewed by independent team of Directorate of Curriculum,
Assessment & Research, Jamshoro, Sindh. Keeping in view of the importance of Physics,
the topics have been revised and re-written according to the need of the time.

Since long Physics was taught only in Class-X, the text book was consists of 19 chapters
which was difficult to complete the syllabus in working hours. Now it has been decided
that the Physics syllabus will be divided into two portions, one should be taught in Class-
IX and other will be taught in Class-X. So, this book consists of 9 units which have been
thoroughly revised and re-written to meet the requirement of the curriculum.

Among the new editions are the introductory paragraphs, information boxes,
summaries and a variety of extensive exercises which I think will not only develop the
interest butalso add alot to the utility of the book.

The Sind Textbook Board has taken great pains and incurred expenditure in
publishing this book inspite of its limitations. A Textbook is indeed not the last word and
there is always room for improvement. While the authors have tried their level best to
make the most suitable presentation, both in terms of concept and treatment, there may
still have some deficiencies and omissions. Learned teachers and worthy students are,
therefore, requested to be kind enough to point out the short comings of the text or
diagrams and to communicate their suggestions and objections for the improvement of
the next edition of this book.

In the end, I am thankful to our learned authors, editors and specialist of Board for
their relentless 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 ? 7
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 j
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 help
scientist to describe ideas in a well-organized way.

L i e

Fig. (1.1)Mechanics

The main branches of Physics are as follows.

1. Mechanics
This branch of physics is mainly concerned with
the laws of motion and gravitation.

2. Thermodynamics
Thermodynamics deals with heat and
temperature and their relation to energy and work.

3. Electricity
Electricity is the study of properties of charges in
restand motion

4. Magnetism
Magnetism is the study of magnetic properties
of materials

5. Atomic Physics
Atomic physics deals with the composition

structure and properties of the atom

Fig (1.4) Magnetism
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and Measurement

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

o N o

Optics studies physical aspects of light and its

Sodium -- properties with the help of optical instruments.
Mercury -- 8. Sound

Sound is the study of production, properties
Fig. (15) Atomic Physics  and applications of sound waves.

9. Nuclear physics
Nuclear physics deals with the constituents,
structure, behavior and interactions of atomic nuclei.

10. Particle physics

Particle Physics studies the elementary
constituents of matter and radiation, and the
interactions between them.

11. Astrophysics

The study of celestial objects with the help of
laws of physicsis known as Astrophysics.

12. Plasma physics

It is concerned with the properties of highly ionized
atoms 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

o Vernier scale

0 Vernier scale

CHECKING FOR ZERO | OBSERVED READING CORRECTED
ERROR READING
o Mainscale 3  Main scale 4
lIlllllllr‘\ll
Y 3.14cm

(No zero error
No correction

R

o Vernier scale 1|0
zero mark on
vernier scale is
slightly to the right
Zero error is 0.03

muian
||||||‘|||
0 Vernier scale
1

Reading=3.17cm

Two zero marks required)
coincide Reading=3.14cm
No Zero error.
o Main scale ; 3 Main scale 4
llllfhllllllll

3.17cm-

(+0.03)=3.14cm

(The positive zero
error is
subtracted from
reading)

o Main scale ;

llllllr’r\llllll

il

Vernier scale
Zero mark on vernier
scale is slightly to the

0

left. zero error of -0.07

Main scale 4

winnn
PTTTTIT

Vernier scale

3
|

0

Reading=3.11cm

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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" 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

Fig 1.16 Screw Gauge Step 1 Step 2

Turn the thimble Take the main scale
until the anvil and reading at the edge of
the spindle gently the thimble.

grip the object. Then
turn the ratchet until
itstarts to click.

Sleeve

Thimble
Anvil  Spindle

Sleeve treading= 4.5mm
Thimble 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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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

Reading = 2.0+0.25
=2.25mm

Checking For Zero Error Observed reading Corrected Reading
— 35
020E_
0.00 {0
= 25 0.25
= 20
= 2.25mm

No zero error
No Correction
is required

b
I 0.07

Zero on datum line can be

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

0 20

[e8)
a1

.25

T

N
a1

Reading=2.0+0.32
=2.32mm

2.32 - (+0.07)
=2.25mm

Zero mark on datum
line cannot be seen
negative zero error
Reading= -0.02mm
(count down from 0)

(=]

0 20

NN W
(= §& |

I|””|'%‘I””|II

a1

(=

Reading=2.0+0.23
=2.23mm

2.23 - (-0.02)
=2.25mm

The Standard Of Mass

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).

&

The kilogram,
originally defined as:
The mass of one cubic
decimeter of water at
the temperature of
maximum density.It
was replaced after the
International Metric
Conventionin 1875 by
the International
Prototype Kilogram.

Fig (1.17) Kilogram
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@ Do You Know! The kilogram is a cylinder of special metallic alloy
: about 39 millimeters wide by 39 millimeters tall that serves as

1000g = Tkg the world's mass standard.
1g = 1000mg Each country that subscribed to the
1g=1000000ng International Metric Convention was assigned one or
1g=1000000000ng more copies of the international standards; these are
1g=0.0021b known as National Prototype Meter and Kilogram.

The Physical Balance

The Physical balance is an instrument used for
measurement of mass. It is mostly used in laboratory. It
works on the principle of moments. It consists of alight
and rigid beam of brass, a metallic pillar, a wooden
base, two pans, a metallic pointer and an ivory scale
(Fig1.18). The plumb line indicates whether the balance
is horizontal. In ideal condition the plumb line is

Fig (1.18) aligned with the end of the knob fixed with the pillar.
Physical Balance . . . ;
When the beam is horizontal the pointer remains on
zero mark on the ivory scale. The whole box has
leveling screws at the bottom to set it to horizontal. The
deviceis enclosed ina glass box to avoid wind effects.

Agate knife
and agate plate

Balancing
screw

Pillar
Pointer

Plumb

gy 1 '. Welghts

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.

Fig (1.19)
Electronic Balance

The Standard of Time

Before 1960, the standard of time was defined in
terms of the mean solar day for the year 1900. The
rotation of the Earth is now known to vary slightly with
time, this motion is not a good one to use for defining a
time standard.

In 1967, the second was redefined to take
advantage of the high precision attainable in a device
known as an atomic clock(Fig 1.20), which uses the
characteristic frequency of the cesium-133 atom as the
“reference clock”.

The second is now defined as 9192 631 770 times
the period of vibration of radiation from the cesium
atom.

Stop Watch

A stopwatch is used to measure the time interval
between two events. There are two types of stopwatch :
Mechanical stopwatch and Digital stopwatch.

Mechanical/ Analogue Stopwatch

A mechanical stop watch can measure a time
interval up to 0.1 second (Figl1.21). It has a knob thatis  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 press
brings the needle back to zero.

Digital Stopwatch

A digital stop watch can measure a time interval
up to 0.01 second (fig 1.22). It starts to indicate the time
lapsed as the start/stop button is pressed. As soon as
start/stop button is pressed again, it stops and indicates
the time interval recorded by it between start and stop
of an event. A reset button restores its initial zero

Fig. (1.22) setting. Now a days almost the mobile phones have a
Digital stop watch stopwatch function.
Human Reaction Time

As analogue or digital or watch is operated by
human manually i.e., they have to be started or stopped
by hand. This causes a random error in measurement
of timei.e called humanreaction time. For most people
human reaction time is about 0.3- 0.5 s. Therefore for
more accurate measurement of time intervals light
gates (Figl.23) can be used.

Light ¢at
M ight ga %
A
Timer 2 Timer 1
Fig (1.23) Light gates
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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=1000ms
mass? 1sec=1000000us

IE PREFIXES

The Physical quantities are described by the scientist in terms of
magnitudes and units. Units play a vital role in expressing a quantity either base
or derived. Prefixes are useful for expressing units of physical quantities that are
either very big or very small.

A unit prefix is a specifier. It indicates multiples or fractions of the units.

Units of various sizes are commonly formed by the use of such prefixes.
The prefixes of the metric system, such as kilo and milli, represent multiplication
by powers of ten. Historically, many prefixes have been used or proposed by various
sources, butonly anarrow sethas beenrecognized by standards organizations.

Human

Mosquito

Sy eemememeemes 1,000,0000000,000 . SN
oms
.......... System..............100,000,000,000,000 _____ .l (SN
-Nearest-----=======n===n== .10,000,000,000,000,000 __________ .. ... Nucleus \
_____ Star 1,000,000,000,000,000,000

100,000,000,000,000,000,000 Electron

Scale by 100’S

Table (1.3) SI pre fixes

&
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Scientific Notation

coefficient

base

Unit 1: Physical Quantities
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SI Prefixes
Prefix Symbol Meaning Multiplier Multiplier

Greater than 1 (Numerical) ~ (Exponential)
tera T trillion 1000 000 000 000 10"
giga G billion 1000 000 000 10’
mega M million 1000000 10°
kilo k thousand 1000 10°
hecto h hundred 100 10°
deka da ten 10 10'

Less than 1

Unit 1
*deci d tenth 0.1 10"
*centi c hundredth  0.01 10°
*milli m thousandth  0.001 10°
*micro n millionth 0.000 001 10°
*nano n billionth 0.000 000 001 107
pico p trillionth 0.000 000 000 001 10"
femto f quadrillionth 0.000 000 000 000 001 10™
atto a quintillionth 0.000 000 000 000 000 001 10"

SELF ASSESSMENT QUESTION:
Q4: Can you tell if the size of a nucleus is up to 10"m.
What prefix shall we use to describe its size?

I SCIENTIFIC NOTATION

Scientific notation or the standard form is a
simple method of writing verylarge numbers or very
small numbers. In this method numbers are written as
powers of ten. Thus calculation of very large or very
small numbers becomes easy.

Numbers in Scientific Notation are made up of three

parts: The coefficient, the base and the exponent.

® 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 @ 0
0 9909 L]

@2@
ol CONCEPT MAP

CPhysical Quantities)
| | |
Based on its types, Based on existing or has

is divided into not direction, divided into
| |

v v v v

Base Quantities erived Quantities) (Scalar Quantities Vector Quantities
There are For examples For examples

A. Length N [ Area - Distance Displacement
2. Mass Volume - Speed Velocity
3. Time Force - Energy Force
4. Temperature - Energy - Volume,

5. Electric current . Density etc.
6. Luminous intensity
7. Amount of substance

S )

(Physical Quantities)
|

/ Spring Balance/ Measuring cylinder/
Measuring—3Electronic balance / Jisprichdeds flask/ beaker/ pipette
Tape Beam balance
Multiple——Basic —— Sub multiple Multiple ——Basic—— Sub multiple
km €«—3» m «——3p» mm i) Min, hour<-Second (s) € ms
Multiple —— Basic —— Sub multiple v
Liter «>Milliliter

Metric «—> kg <—> mg 1 ml

Tone (t)

&



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

SIS L M PEY) Multiple Choice Questions (MCQs)

6 7 cm

— Ll I H-H 1. The Figure (1.26) shows part of a Vernier scale, what

0
Fig (1.26)

is thereading on the Vernier scale:
a) 6.50cm b) 6.55cm

c) 7.00cm d) 7.45cm

\ N ( 2. Ten identical steel balls each of mass 27g, are
R "1™ immersed in a measuring cylinder having 20cm’ of
90 — 90 —

80 — 80 — water. The reading of water level rises to 50cm’.
] ] Whatis the density of the steel?

T a) 0.90gm/cm’ b) 8lgm/cm’

¢ 9.0gm/cm’ d)  135gm/cm’

50 —

3. An object of mass 100g is immersed in water as
shown in the figure (1.27), what is the density of the

material from which objectis made?
Fig (1.27) a) 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

Fig (1.28)

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?
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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

7. All accurately known digits and first doubtful digit

inan expression are known as:
a) non-significantfigures
b) significant figures

c) estimated figures

d) crossed figures

8. If zero line of Vernier scale coincides with zero of

main scale, then zero erroris:
a)  positive b) Zero
c) negative d) one
9. zeroerror of the instrument is:
a) systematicerror b) human error
c¢) randomerror 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

<
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@ and Measurement

SIZda 0 03] Structured Questions

1. Fill in the blanks:

Column A Action Column B Branch

Cooking Bar B.Q Thermodynamics

Turning the Bulb on

Riding a bicycle

Looking for Giant Galaxies

Producing a loud sound

Describing an atom

Obtaining energy from Earth

2. Complete the table:

Physical Quantity | S.I Unit Type
Ampere
o
Sec Base
Temperature Base
N
Density Kg per m’
Acceleration

3. Convert the following values:

a)230cm= m
b)250g= kg
c)0.5s= ms
d)0.8m= mm
e)350ms = s
f)1.2kg= g
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4. An engineer measures the width of an aluminum (|

sheetusing Vernier caliper as showninfig (1.29): 2 4
a)What is the measurement of the width of A LLLLTALLLI e
aluminum sheet.
b)Which gives more precise measurement |_ J
Vernier caliper, Screw Gauge or meter rule? Fig (1.29)

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 s —
measuring time for one oscillation? with the k
help of a Stop Watch. AR

a) Record time for 10 oscillations and ' \
multiply by 10 ! v
b) Record time for 10 oscillation and divide / .
by 10 / \
c) Record time for one oscillation ' \
d) Record time from (X) to (Y) and doubleit O O

ii) Suggest an instrument for measuring time - -

period more accurately. X \!ﬁ Y

Prefixes Fig. (1.30)

6. write the correct prefix of notion:
a) 75000m =750
b) 1/1000sec=1
c) 1/1000000g=1
d) 1000000000 m =1

Scientific Notation

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 =




)

8

cm’
Measuring E E
cylinder | — — _‘ﬁitglr
= — |with solid
Water level| — =
without | — =
oid =1 | =
Water\ E ?
— Irregular
o solid
J )
|
Fig. (1.31)
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Density and Volume

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

a) Sphere b) Cube
c) Cylinder d) Pyramid

9. Find the density of wood as sphere and cube if the
mass of wood is 1kg. Is there any change
in density due to shape?

10. A measuring cylinder (fig 1.31) is filled with 500cc
water. A stone of mass 20g is immersed in to the
cylinder such that ,water level rises up to 800cc.
Which statement is correct?

a) The difference between the readings gives the
density of stone.

b) The difference between the readings gives
volume of the stone

c) Thefinalreading gives the density of stone
d) The final reading gives the volume of stone

Significant Figures

11. Write 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.




KINEMATICS
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Students Learning Outcomes (SLOs)
After learning this unit students should be 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 objects can be at rest
and inmotion simultaneously.

® Jdentify different types of motion i.e., translatory,
(linear, random, and circular); rotatory and vibratory

motions and distinguish among them.

® Define with examples distance, displacement, speed,
velocity and acceleration (with units).

® Differentiate with examples between distance and
displacement, speed and velocity.

4 ® Differentiate with examples between scalar and

vector quantities.

® Represent vector quantities by drawing.

® Plot and interpret distance-time graph and speed-
time graph.

® 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 (iij)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.

L

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

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

4@ Solve problems related to freely falling bodies using

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

/[ = T BERVA

S ¢ ] \f
;. & ,l d \| L ;‘

b 3



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 jet
fighter being catapulted down the deck of an air craft
carrier? These and some other similar questions you

_ willlearnto answer in this unit.

B8 The branch of physics which is related with the study of

* motion of objects is called Mechanics.

Itisdivided in two parts:

(D) Kinematics (i) Dynamics

The word kinematics is derived from Greek word

Fig (2.1') Car with ~ “Kinema” which means motion.

respect to tree at rest
position

Kinematics is the branch of Mechanics which
deals with motion of objects without reference of force
which causes motion.

yAl REST AND MOTION

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

s A train is stationed at the platform. A person can

Fig (2.2) Train at station  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:
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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:
@ Velocity of an object changes.
@ 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 to
time is called acceleration.

change in velocity

Acceleration = -
time taken
a= A_V AV = Vi~ Vi
t
a= % ............... (eq 2.3)

Acceleration is a vector quantity. Its SI unit is
metre per second per second (ms™).

When velocity of an object increases or decreases
with passage of time, it causes acceleration. The
increase in velocity gives rise to positive acceleration
Fig (2.12)(a). It means the acceleration is in the direction
of velocity. Whereas acceleration due to decrease in
velocity is negative and is called deceleration or
retardation Fig (2.12)(b).The direction of deceleration is
opposite 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.

Z 1 N

/—

®_ @
>

velocity

Acceleration
Fig (2.12) (a)

Velocity of this car is
increasing

velocity
Acceleration

Fig (2.12) (b)

Velocity of this car is
decreasing

>




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.

The uniform acceleration can be calculated by
using following formula:

AV v, —v,

1

a: f—
At t, -t

Where  v,=initial velocity (inms™);
v,=final velocity (inms™);
t,= time at which an object is at initial velocity
vi(ins);
t,=time at which an object is at final velocity v,
(ins);
Av=change in velocity (inms”)
At= time interval between (t,)and (t,)(in s)

A bus start from rest and travels along a straight path its
velocity become 15ms™ in 5 seconds. Calculate
acceleration of the bus.

Solution:

Step 1. Write the known quantities and point out

quantities to found.
v,=0ms" (Rest)

v,=15ms"
t = 5 second
a="7?



Step 2: Write the formula and rearrange if necessary
V-V,

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

_15-0 _ _15
a= 75 5

Acceleration of bus is 3ms”.

A motorcyclist moving along a straight path applies A
breakes to slow down from 10ms” to 3ms™ in 5 seconds.
Calculate its acceleration.
Solution
Step 1. Write the known quantities and point out
quantities to be found.
v,=10ms" v
v,=3ms"
t =5 second

=3ms”

SA
mY

a=?
Step 2. Write the formula and rearrange if necessary.
_MitV

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

Deceleration of motorcycleis-1.4 ms®.
The negative sign shows the retardation in opposite
direction of velocity.

Self Assessment Questions:
Q?7.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 can be
described through their magnitude and a suitable unit.
This information is enough to describe them, For
example the mass of a watermelon is 3kg, where 3 is
the magnitude and kg is a suitable unit such quantities
are called scalar quantities. Thus we can define scalar
quantities as:

The physical quantities that have magnitude
and a suitable unit are called scalar quantities.

The other examples of scalar quantities are
speed, temperature, mass, density etc.

Vectors

Some physical quantities need direction along
with their magnitude and unit for their complete
description. For example, a bus traveling with a
velocity of 50ms™ in the direction of North. The vector
quantities 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




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 of
30°North of East.

pAH GRAPHICAL ANALYSIS OFMOTION

Graph gives the complete information about the
motion of the object based on the measured physical
quantities such as distance, speed, time etc.

Distance - Time Graphs

Abus travels along a straight road from one bus
stop to another bus stop. The distance of the bus from
first bus stop is measured every second. The possible
motion of the bus is shown by three examples.

The vertical axis gives rise of the graph while
horizontal axis shows its run. The rise divided by run is
called gradient.

The gradient on the distance time graph is numerically
equal to the speed.

When bus travels with uniform speed, the
distance time graphis a straight line. Fig (2.15)(a) shows
graph of the motion of bus with steady speed, the line
rises 5 m on the distance scale for every 1 seconds on
the time scale.
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Thus speed=4ms".

when bus travels with non-uniform speed, the
distance time graph is a curve. Fig (2.15)(b) shows
motion of the bus, for this case the speed rises every
second. So the bus covers more distance each second
than the one before.

When the bus stops on the next bus stop to drop
or pick the passengers the time continues running but
the distance stays same. The graph line is now parallel
to the time axis which shows the bus does not change its
position Fig. (2.15)©.

Speed -Time Graph

Gradient=

Speed -time graph tells us that how much speed
isincreasing or decreasing in every second. Thus,

The gradient on speed - time graph gives the
acceleration of the moving object.

If the gradientis positive then accelerationis also
positive. On the other hand, if gradient is negative then
acceleration will be negative which is known as
deceleration 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 is
numerically equal to the distance travelled.

EQUATIONS OF MOTION

There are three basic equations of motion for
bodies moving with uniform acceleration. These
equations are used to calculate the displacement (s),
velocity, Time (t) and acceleration (a) of amoving body.

Suppose a body is moving with uniform
acceleration “a” during some time interval “t”
velocity “v” changes and denoted as final velocity “v,”.

‘“o_ 7

The covers a distance “s” in this duration of time.

its initial

First Equation of Motion

In First equation determine the final velocity of a
uniformly accelerated body.
where v, = Final Velocity
v, = Initial Velocity
a = acceleration
t = time
The 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.
v+ v,

2
Putting value of (v;)from equation (2.5) we get

Asweknow the average velocity =

(vi +at)+ v,
2

v, +tv, +at

——

_ 2v; +at

2

2v, at

1

2 2

Average velocity =

1
=v,+—al
2
As the s=vt or v:%

:vi+1at
2

-~ | W

S8= \,f.1t+1'dt2
2

This equation is known as second equation of motion

Third Equation of Motion

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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)
d)

Define acceleration.
Calculate the acceleration of a bus that speed up
from 20ms ™' to 40ms ™' in 8 seconds.

Scalars and vectors

a)
b)

Define scalar and vector quantities.
How represent vector quantities are represented
graphically?

Equation of motion

a)

b)

A bus is moving on a road with 15ms™ and it
accelerates at 5ms™. Find the final velocity of bus
after 6 seconds.

A car starts moving from rest with an
acceleration of 5ms”. Find out the time to travel
50m distance.

Motion due to gravity

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

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

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

A ball falls down from top of height of 70m. How
much time the ball will take to reach the ground?




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
laws govern the factors affecting
the motion of body and help
| understanding the dynamics.

DYNAMICS

Students Learning Outcomes (SLOs)
After learning this unit students should be able to:

4

Define momentum with ST unit.

Calculate momentum using equation p =mv

Define law of conservation of momentum.

Use the principle of conservation of momentum in the
case of collision of two objects.

Solve problem using the equation Force = change in
momentum / changein time (impulse).

Identify the safety devices (such as packaging of
fragile objects, the action of crumple zones and
seatbelts) utilized to reduce the effects of changing
momentum.

State Newton's laws of motion.

Distinguish between mass and weight

Solve problem using F = ma, and w =mg

Explain 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 | I

of a spring balance on different surfaces.
Demonstrate that rolling friction is much lesser than
sliding friction.

ETT vl




Do You Know!

» Force is required to
change the position,
state or shape of an
object.

» Force can act as pull
or push agent.

»Force produces
acceleration.

»It can produce
distortion.

» Force is a vector.

Fig (3.1)
Force moves or tends to
move a body from state of
rest.

Fig. (3.2)

What causes a body to change its speed?
What causes the cricket ball to change its
direction from wicket to boundary line? When you
stop paddling your bicycle it does not stop at once.
Why? After learning this unit you will be able to
answer these and some other similar questions.

Force

Force is the agent that changes the state of rest
or uniform motion of a body.

Its SI unit is Newton (N)

One Newton (1 N) is the amount of force that can
produce (1 ms™)acceleration in (1 kg) mass.

An object (Fig 3.1)at rest needs a force to get
moving; amoving object needs a force to come in rest or
change its velocity or direction. The magnitude of a
force can be measured using a spring balance.

Take a cardboard box (Fig 3.2). Connect it to a spring
balance through a string. Pull the string and note down
the reading of the spring balance. How much force is
required to make it moving? Put a few book on the
box. Now pull the string until the box starts moving.
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

Many books on box




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 mass
multiplied by the velocity of the object.

Momentum = mass x velocity
Symbolically, the momentum is represented by p.
Thus, the above equation can be written as
(3.1)
where (m) is the mass and (v) is the velocity. The
momentum is vector quantity.

_’
p=mv

SI Unit of Momentum

A mass unit is multiplied by a velocity unit to
provide a momentum unit. This is consistent with the
equation for momentum. The SI unit of momentum is
describe below,

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

or = Ns (Newton second)

: — koML
1N 8¢

Fig (3.4)
A man trying to stop a
truck by pulling it from
back

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)




Momentum is defined

as quantity of motion
contained in a body.
Momentum is product of
mass and velocity of a
moving object. Hence it is
mass times the velocity

(p=mv).

A car of mass 800 kg is moving with velocity of 2ms™. Its
momentum can be calculated as;
Solution
Step 1: Write the known quantities and point out
quantities to be found.
m= 800kg
v= 2ms’
p="?
Step 2: Write the formula and rearrange if
necessary.
p =mv
Step 3: Put the values in formula and calculate.
p=800kg x 2ms’
p=1600kgms"
Thus, momentum of the caris 1600kgms™.

A 60kg object is moving at a velocity of 5 meters
per second. What is its momentum?
Solution
Step 1: Write the known quantities and point out
quantities 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
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
the momentum of body.

p=my;
pmyv;
and p;-p,= (mv,-mv,) change in momentum
Ps-pi=m (v;-v,) divide both sides by t
Pi— B VeV
t Tt
Sincerate of change of velocity is acceleration
V-V, Pr— Db;

T Therefore n

=ma

according to Newton’s second law of motion F=ma

therefore,
Pi— B

— =F (Rate of change of linear momentum is called force)

Ap =Ft (Impulse)......cccccoeuuee. (3.2)
Safety devices:

The equation (3.2) is important when it comes
to consider a number of safety features in our lives. If
you are moving, you have momentum. To stop moving,
a force must be applied. According to the equation (3.2)
if you take 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.



Worker Helmet

Motorbike Helmet

)

Sports
n Helmet

Fig (3.6) Different safety
helmets

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 passenger
inside it. This means that force acting on the passenger
isless to prevents fromrisk of fatal injuries.

Fragile objects, glassware and sensitive
electronic components are packed in safety bags and
Styrofoam(Fig 3.5) packing to reduce the effect of
sudden shock.

The helmets protect from direct strike on head
and provide extra time to reduce speed before
something strikes toit.

Different safety helmets are used by workers, riders
and sportsmen (Fig 3.6).

Find the force that can stop a body to rest in 4 seconds
from its initial velocity of 16 ms”. The mass of body is

3kg.
Solution
Step 1: Write the known quantities and point out
quantities to be found.
m = 3kg
v, = Oms”
v, = 16ms”
t = 4second
Fo= 7
Step 2: Write the formula and rearrange if necessary.
p=mv,
pi=mv;
Pobs



Step 3: Put the values in formula and calculate
Now p, =3kgx16ms”

= 48Ns
p; =3kgx0ms”
= ONs
Since F =@
_ ONs - 48Ns
4s
F=-12N
Thus, 12 N force is required in opposite direction to stop

the body.
Law of Conservation of Momentum:

The concept of momentum is important
particularly in situations when two or more bodies are Before collision
interacting with each other. It is very useful quantity U, u,
when it comes to calculate what happens in collision or > >
explosion. It is always conserved when the colliding @ @
bodies are in an isolated system. This means that when

bodies collide no external forces act on the bodies.
Thus law of conservation of momentum states that

“The total momentum of an isolated system o\ Ve
always remains constant”

For simplicity consider a system of two billiard %
balls of mass (m,) and (m,) moving in straight line with JINe
velocities (u,) and (u,) respectively where (u,) is greater
than (u,)(Fig3.7).

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

After collision the velocities become (v,) and (v,) @ @
respectively, therefore
=
\Z

Total momentum after collision=m, v, + m, v,
According to law of conservation of momentum: Vi

Total momentum of the|_|Total momentum of the 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 1000 kg mass from its

velocity of 72km/h over a distance of 40 meters.
Solution
Step 1: Write the known quantities and point out
quantities to be found.
m = 1000kg
v,= 72km/h=72x1000/3600=20ms"
v,= Oms”  asthecarcomestorest
S=40m
a=7?
=%
Step 2: Write the formula and rearrange if necessary.
2aS= v/-v;]
25
and F=ma
Step 3: Put the values in formula and calculate
(Oms™)’- (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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m =mass of body movingin circle.
v =velocity of body.
r = radius of circle
The velocity of the object is constant and perpendicular
to a line running from the object to the center of the circle.

A cyclist is making a turn along a circle of radius 20 m,
at a speed of 5 m/s. If the combined mass of the cyclist
plus the cycle is 60 kg, calculate the static friction that

road exerts on the tyres?
Solution
Step 1: Write the known quantities and point out
quantities to be found.
r =20m
v=5ms"
m=60kg
F=?

Step 2: Write the formula and rearrange if necessary.

2
F - mv
r

Step 3: Put the values in formula and calculate
F.= 60kgx(5)° (m/s)’

20m
F.= 60x25kgm’/s’
20m
st F.= 75kgm/s’

F.= 75N
Thus road must exerta force of 75N on tyres.

Centrifugal Force

Centrifugal force is the tendency of an object to
leave the circular path and fly off in a straight line. Thus
" Horizontal surface itis defined as:
mg A force that acts outward on a body which moves
Fig (3.13) alonga curved path is called 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

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
laboratory. Cream separator is used to separate the
cream from skimmed milk. An ultracentrifuge is used
for separating small particle from large molecules. Gas
centrifuge is used for separation of isotopes.

Road Banking

The outer edge or bank of the road is raised to a
certain height at the curved part of roads. This provides
the centripetal force against the tyres of vehicle hence
prevents from skidding (Fig 3.13).

Cream Separator
-
The milk plants in country are using high speed
spinners to separate cream from milk. The skimmed
milk is heavier whereas the cream is lighter. When the
milk is spun at high speed the heavy particles are
pushed towards the walls of the spinner. These
particles push the lighter particles of cream to the center
where 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



Fig. (3.16)
Projection of Roughness of
surfaces. A wooden block
and cemented floor

Table (3.2)
Value of coefficient of
friction for different

surfaces.

Tyre and Road 1.0
Iron and Iron 1.0
Glass and Glass 0.9
Wood and Cemented floor
0.6

Wood and Marble 0.4
Wood and Leather 0.4
Wood and Wood 0.3

Metal and Metal 0.3

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 turns
onacurvedroad?

Q9: Which force prevents a passenger from falling
down a roller coaster while it turns the riders into
upside-down position?

FRICTION

When you through a ball why does it come to
rest?When we kick a ball and a box with same force why
the ball covers more distance? Well! in previous grades

34

you came to know that friction helps us walk easily, it
prevents from sliding but sometimes it has
disadvantages as well.

Friction is a contact force caused by the
roughness or deformation of the materials in contact.
The frictional force between a wooden block and
cemented floor caused by the roughness of both the
surfaces is projected in Fig. (3.16). Frictional forces are
always parallel to the plane of contact between two
surfaces and opposite to the direction of the applied
force.

The force that resists relative motion between
two surfaces is called friction.
Friction is self adjusting. It can increase to a certain
value known as limiting force (F,). It is proportional to
normal force (R).

F R

The ratio between limiting force and normal reaction (R)
is constant thatis represented by coefficient of friction (j1)
Thus,




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
(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).

Let us experience difference of friction on different
surfaces.

Youneed a wooden block, a spring balance, connecting
strings and few weight slots (Fig 3.17).

Puta (1kg)sloton theblock.

Pull it across the wooden table, note down the reading
from spring balance.

Now put (3 kg) weight on the block, again pull it and
note the reading. Similarly put the (5 kg) weight on
block and note down the reading in the observation
table.

Now repeat the experiment with different surfaces.

Note down the reading for glass surface, cemented
floor and carpeted floor. Now put few piece of pipes
under the wooden block and repeat the activity.
Observe how rolling friction is lesser than sliding
friction.

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.

Fig (3.17)




Table (3.3)

Surface Reading for Load on Wooden
Block
1kg 3kg Skg

Cemented floor

Carpeted floor

Glass surface

Wooden Table

Rolling on pieces of pipes

Types of Friction

Static friction

: Itis force acting on an object at rest that resists its
<> Weblinks ability to start moving. The maximum static friction is
o . known as “limiting friction”

Supportive information

Web link about friction .
Kinetic friction
“ http://www.phy.n
’.cm'1.edu'.tv.v/ java/fr It is the force that resists the motion of a moving
ictio/friction.html

object. It is interesting to know that in almost all
situations, static friction is greater than kinetic friction.

IBLRTRGIMER  Sliding friction

Safety ramps are
constructed along
roadside where failure
of brakes is feared due
to sharp inclination of Rolling friction
road.

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

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
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

Friction enables us to walk on ground. Friction
protects from sliding, as sand is thrown to maintain
friction on inclined railway tracks during rain. The car
brakes slow down the car to stop safely. Threads and
grooves are designed on tyres to increase the friction
and improve grip between road and wheel (Fig3.18 a).
Now vehicles are equipped with Anti-lock Braking
System (ABS). ABS is designed to maintain steering
stability, improve vehicle control, avoid skidding and
decreases stopping distances on dry and slippery
surfaces. The ABS maintains the static friction as the

wheel starts slipping it releases the brake automatically ~Fig: (3.18) (a) Tyre Grooves
improve grip on road

for a fraction of a second then holds wheel again to
create static friction betweenroad and tyres (Fig 3.18 b).

Disadvantages of Friction

A large amount of energy is wasted in the
machines due to friction.
Friction leads to wear and tear of parts hence increases
the service cost.

Failure of oil pump in car engine results contact / k :
pump & Fig (3.18) (b) You might

between dry metals which yields high temperature  pave noticed a logo on
hence the car engine is seized. some cars



Fig (3.18) (c) Ball Bearings
reduce friction

Fig (3.18) (d) Lubricating
the bicycle chain

Ways toreduce Friction

Wheels, pullies, ball bearings, lubricants and
graphite are used to overcome the friction; Fig 3.18 (c).
Lubricating the motor axel, sewing machine and bicycle
chain reduces friction and prevents wear and tear; Fig
(3.18)(d). The shape (streamline structure) of vehicle is
also designed to reduceairresistance.

Self Assessment Questions:

Q10: Why it is easier to walk wearing flat slippers
than the high heel sandals?

Q11: Why leather sheet is used in brake drums of

motor bike?
E/ SUMMARY

¢ Dynamics is the study of cause of motion. In
common force, mass of the object and frictional
forces affect the motion of an object.

¢ TForce 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
laboratory as well as daily life processes.

The force that resists relative motion between two
surfacesis called friction.

Maximum static friction is called limiting friction.
The static friction is always greater than kinetic
friction.

The rolling friction is much lesser than the sliding
friction due to smaller contact area.

Safety devices are designed to decrease momentum
of a body and provide extended time to remain
safer.
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2. a) Whenafree falling object moves towards earth
due to pull of earth on it. Does earth also move
towards that object due toreaction? Explain.

b) 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.

3. a) Why a wire fence is designed in the helmet of
batsman?

b) How doesit prevent from injuries?

Laws of motion

4. a) StatetheNewton'sfirstlaw of motion. Give
some common examples.

b) Enlist some common observations that are
caused by the property of inertia.

5. a) Define Newton's second law of motion.

b) A force of 3400 N is applied on a body of mass
is 850 kg, find the acceleration produced by the
force.

c¢) How much force should be applied on a body
of mass 425kg to produce acceleration same as
calculated in partb?

6. a) Show the relationship between applied force
and the acceleration produced in the body.

b) Find the mass of abody whichis accelerated by
applying a force of 200 N, that change in velocity is
36ms™

c¢) What should be the acceleration of the same
body if the applied force changes to 280N?

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?



(YT AepAIaAd
ur uonporyy 3uror jo sasn  Inojy Aue jsiuy (q
¢Burprys Jo st
) syuanaxd wdlsAs Junyeiq ool-nue Mo (e IT
(8w =syq) 'uonoryy
JO JUaIOHJR0D Ay} pur ‘N ¢ 03 Tenba o107
smoys 31 ‘adueeq 3urids pue Surns e y3noanyp
pafnd ST 31 UWBYM "85 G ST 300[q  JO ssew
9y, 1007} Araddiys 3om e uo paoerd st yoo[q v (q
*9J1] Arep woay sojdurexa
oMl ynm urerdxg juonory jo 2010J st yeypy (8 0T

uondLI]
‘AepAraas Sunigauaq are uewny jey}
93nJ1nuad Jo sasn njasodind awros umop s (p
“Ted Jo uonerafadoe feadnua) (1)
‘Ted 9} Aq pajroxa adrojreyadinua) (1)

PpUr "quiy ¢/ STAJDO[RA ST pue 35009
SI IED JO Ssew 9 |, ‘snipel w(QQ[ Inoqe 3uraey
Aemy3ny jo jred remnoim e uo Suruunisrred y (0
yyed remoim e 3uofe 309[qo ue Jo £310070A
pue ad10J [e3nJrIjuad ‘od10j Jejadrriusd
jo uomnoairp ay} Jurmoys 2in3y e merq (q
‘uorjowr
TendIm ur 30alqo ue uo 3unoe sedrojayyaugeq (e 6

uonjour . remnoiIr))

_SW /'€ =SIBJA| UO pUB _SW 9 [=UOOJA UO
SW §'6 = Yreq uo A}aeid 0} anp UoryeIaadde
oy} awmsse srejy (1) uooly (1) yireg (1)
uo YoM sy pury ‘3 g9 sryalqouejossewrayy, (q

‘JYS1oM pUe SSew UsdM3aq
SODUDISJJIP Ied[D 29I} }SLd[ je djerawnug



*309[qo 191ABAY dWIOS 10 3 [00DS INOA UO
[md noA 1aasusym yoeqrnd e (995 skempe nox (2
"[[oMm yyeap ayy ur Surpprriayiqayy, (p
‘Burpped snonunuod spasu aAdIq e Sutpry (q
‘pases[a1SIuoo(Teq Py Ire ue uaypy (e
:SOTWRUAD Y3Im
uonear ur uouawouayd Zuimorjoy ayy azofdxg 7T




.

*s30alqo a3 Jo eare aseq a3 Sursearour pue

Sseur Jo a1)ua)) Ay} Surtamor £4q paaoxduur aq ued 30alqo ue jo Liqess
) jeyy “o3o 1ed Jumer ‘Aoy Gupueleq e YSnomy) sjensuowdd @

‘syoalqo orduurs
Jo AITIqess a3 uo ssew Jo a13ua)) 9y} Jo uonsod apy Jo oo uteldxgy @ B
‘sordurexa
q UOUIWOD LM WAL} AJISse[d pue wnLiqinba jo sajels ay) aquseq @
' d Ajuojoard auo £q pajroddns
I aIe sarpoq uaym surdlsAs paduereq siduirs uo sweqoid aajo5 @
Apoq e jowmuqimba 10y suonirpuod omyayiarels @
“oy1] AepArona
woxy saydurexa gunonb Aq sad £} syt Aj1ssep pue wnuqimbs sujog @
srepad :

9[24d1q pue s[PayMm 3urIaals ay} ur a[dnod Jo o[oI A} sjensuowdq @
syutod [Te Inoqe syuswow aures ay) sey aydnodo a1 ey ar0l] @
-‘uorejoradnpord oy urpusy saoroyjo med esesrdnoosuroq @

syoalqo padeys Afrengarir

pue ATre[n3az jo Ajiaerd /ssewr Jo 193uad Jo uonisod oy} sutuIaeg @
Apoq e Jo A31ae13 JO I91ULD pUE SSEW JO Ia1UD A1 U] @

98pome

uo padueleq pol rajaw e 3uisn Aq syuawrowr Jo aydrounid oy jue @ ffe
syuawow Jo o[dourid oy areys @

£ *DJa 9[purey smopurm /1oop “rouueds “rauado a[130q Jo Surjiom ayy —r S

| ur 90105 Jo Juswow jo uoryedrjdde reonoerd e Suiqudsap Aq ajensny|] @

"9J1] AepAToaa 0131 Sune[ar Aq 90103 Jo 10ayJ0 Suruany ayyurerdxy @ 20105 JO 5159430 JuILLIN} AU}

Jjo a3paymouy ay} saxmbar

*90I0J X 3DJ0F JO U0 JO SUI] 3]} 03 JoAld woxy 1 g g
aoueysip remorpuadiad = juswow se anbioy 10 90107 Jo JuswOW AUTO g @ ocod J'g B oo UIXIEEM
o1rym Zurouejeq o[dA40I
‘syuouodwod renorpuadiad ’sla.[litqa/\ J;) SUEAI(:[IC[ ['SBDJ;)C;
S} WOIJ 95I0] B JO UOTIODIIP pue apnjiudewr oy} surwialdq @ 0 s:,'aa;;a EUILI.II‘.IJ ';o ssneaq
syuauodurods renorpuadiad st 03uT PIAJOSIIST90I0] e MOYI]LIDS( @ s1qrssod o [OIyM $31qI0
"SI0}09A /S9DI0] JO UOTITPPE T0}0A JO I[NI [T} O} peal[dajelS @ AJBLIOI}E]SO.as o quea. e
sadI0j [d[[ered ¥IUN puedNI[AUY] @ punoIe aAoW jey} SajI[[d3es
0} a[qe 3q p[l‘lOl{S s;uapn;s ;gun S!l{} ﬁugu.wa[ JQ}JV [glggu_ng qgnoml anISSOd SL

SO1S) sswroon O 811]1'[.1?9 [ Sjuapnl}sS/ (uonestunuwruuod Aep WwIopo
- . P\L
‘ w

SADIOA 10
1DA443 ONINMN.L B - J1UN




a3 Suore o jJ0u Op $3d10§ ITun jo red e uaym “ng
"9010§ juejnsar a[3urs e 03 dn ppe os[e sadI0J ISAY],
"S9010§ Toqrered aXI[UN PI[[Ed dIB SIDI0J IS} ‘SN,
"aur[ awres oy} Suofe unoe pue 1oyjo Yyoea 03 aj1soddo
nq 1orrered ospe are sad10j oM} dsayl ‘spremdn
Areonyroa 1 3urnd pox Sunaoddns ayy ur uorsusy
pue spremumop A[esntoa 3umnoe uej ayj Jo 1y3om ore
31 uo 3umoe s2010§ Y, ‘poi Sunproddns y3noryy ooy e
ur papuadsns uej 3ur[rad e smoys (e) (¢'F) 213y

"s90105 [orrered ax1] parred
aIe UONISIIP dwes Y} 3uofe 0. ey} S90I0§ ],

*9010¥ 9[3UIs e Aq pade[daraq ued ‘10§19 ‘9010
juejmsard[3urs e 0} dn ppe ued sad10 [o[fered I duI|
awres 3uore 3unoe are 9saY} asnedaq sad10J [a[rered a1y
O[T 318 $3010§ 3S3} JO [[V ¢ UOTIOIIP dures Ul 13230}
11 ysnd way) jo e op AYM “(gF)31] 31 2A0W 03 IEd
e urysnd aydoad Auewr uaas aaey Y3 noA ‘ordurexs
I0J "UOTDAITP dwres ayj ur 3unde punoj are sadIoy
3} JO [[& IO SWOS ‘Sased }sow U] “3urjoe Ik S91I0J dUO
Uk} 2I0W YDTYM UO $303(q0 pulj om Sawnaumos

$3210J [3[[ered d[I[un pue (1] E

SHIAO9 NO SHO¥0d gy

‘suorysanb refruurs 1ayjo sawos

pue suorysanb asay} emsue 0y a[qe 3q [[IMm NOA “JTun sIy}
Sururea] 103y "odox Y31 oy uo Junjjem o[Iym duereq
daay] 03 wry sdjey ureaq yeyy mop] wreaq 3uoj e 3urdrred
ador 1y3n e uo Junjfem uew e UIS dALY Y3 NoA

AT (SNDID € PAjIsia NoA aAef] *(T'F) a8y urumoys E

se )3ua] a3 aseamur 0y ouueds a3 03 adid jo aoard
© Sppe 9 sawnawog ¢ Jouueds Suof e asn ay saop AYpM
([P9UM Surdueld JSALIP B Ud3S I9Ad NOA dABE]

(®) (%) 19

‘(N) U0IMaN

ur painseaur SI 3]
“UOT}ORIIP

oryroads e sey 31
‘21032194 ], *Ajyuenb

I0)}03A © ST }]
's323lqo ayy

03 adeys sadueyd Iy
's309[qo ayy sdoys g
*$309(q0 9} saAow T
Tind

10 ysnd e sr ao10g

iMmouwy nox o(q ‘

(%) 811




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
acouple. A couple can only be balanced by an equal and
opposite forces directed at the two different ends of the
rod.

The forces that act along opposite directions are
called unlike parallel forces.

Self Assessment Questions:
Q1: what is meant by like and unlike forces?
Q2: Differentiate like and unlike forces using examples.

%8 ADDITION OF FORCES

Force is a vector quantity. It has both magnitude
(size) and direction. In diagrams it is represented by a
line segment with an arrow-head at one end to show its
direction of action. Length of line segment gives the
magnitude of the force on suitable scale. Wherever
more than one force act on an object we need to add
them to geta single resultant force:

single force that has the same effect as the
combined effect of the forces to be added is called
resultant force.

Ordinary arithmetic rules cannot be used to add
the forces. Two different methods are used for the
addition of forces (i.e., in general addition of vectors):
¢ Graphical Method
¢ Analytical 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.

Fig (4.3) (b)



Fig (4.4)

v

Scale
lem = 2N
5cm = 10N

Head-to-Tail Rule

Figure (4.4) shows head-to-tail rule of vector addition.

Step 1

Choose a suitable scale
Step 3

Now take any vector as
first vector and draw
next vector in such a way
that its tail coincides with
head of the previous. If
number of vectors is
more than two then
continue the process till
last vectorisreached.

Step 2

Draw all the force vectors
according to scale. Vectors
A and Bin this case.

Step 4

Use a straight line with
arrow pointed towards
last vector to join the tail
of first vector with the
head of last vector. This
is the resultant vector.

Self Assessment Questions:
Q3: Defineresultant of a forces.
Q4: Which rule is used to find the resultant of more than

two forces?

Find 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 = lcm.



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,).
According to head-to-tail rule, Force F represents the
resultant force.

Step 5: Measure the length of F with a ruler and
multiply it with 2Ncm™ that is the magnitude of
resultant. Measure the angle with protector that F
makes with (F,). This gives the direction of resultant

Force.

Trigonometric Ratios

The ratio between any two sides of a right-
angled triangle are given specific names. There are six
ratios in total out of which three are main ratios and
other three are their reciprocals. Three main ratios
mostly used in physics are sine, cosine and tangent.
Consider a right-angled triangle (AACB) having angle
(©)at(C).
Perpendicular _ AB

B in 0=
= 4 s Hypotenuse  BC
g L0,
g o
% ’?(,Se Cos 0 = Base _ AC
& Hypotenuse =~ BC
& 0

A B C

e Tan 0 = Perpendicular_ AB

Base AC




RESOLUTION OF FORCES

4.3

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

The process of splitting of a vector into mutually
perpendicular components is called resolution of
vectors.

Figure (4.6) shows a force (F) represented by a
line segment OA which makes an angle with x-axis.
B Draw a perpendicular (AB) on x-axis from (A). The

apmoipuadiadaad

components OB= F, and BA = F, are perpendicular to
each other. They are called the perpendicular
components of OA =F. Therefore,

The trigonometric ratios can be used to find the
magnitudes (Fx) and (Fy) . In right angled triangle

Table: (4.1) (AOBA). o
Trigonometric ratios Base OB F,
s =———=—==—
Ratiod|0’| 30 | 45 | 60° |90 Hypotenuse  OA F
Sin |0] 05 [07070 [0.8660] 1
o6 11T osec L | o5 10 F.,=Fcos0.................. 4.2)
Tan0[0] 0577 | 1 | 12| 6] Also,
_ 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
Step 1: Write the known quantities and point out the
quantities to be found.
F=300N
0= 60" with horizontal.
£ =7
If =
Step 2: Write the formula and rearrange if necessary.
F.=FcosO
F,=Fsin0

Step 3: Put the values in the formula and calculate.
F, =300Nx cos60°

=300Nx0.5
=150N

Fy = Fsinb

F, = 300Nxsin60°

= 300Nx0.8660

=259.8N
Therefor, horizontal and vertical components of
pushing force are 150 N and 259.8N respectively.

Determination of Force from its Perpendicular
Components

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 F, Applying the head to tail rule:

OR=0P+PR
Here OR represents the force F whose (x) and (y) -

¢ F. p componentsare (F,)and (F,) respectively.

Fig (4.8) Thus,
F=F,+F,

In order to find the magnitude of F apply Pythagorean

jl theorem torightangled triangle (OPR) i.e.,
(OR)’=(OP)’+(PR)* or F=F’+F’

Therefore, F= VE +E' s (4.4)
The direction of F with x-axisis given by

; PR _F

Fig. (4.9 = =2
ig. (4.9) tan6 =57 = )
F
0= tan'l P (45)
_Longer moment arm_ F X

Q5: What is meant by resolution of forces?
. <; Q6: How the direction of a vector is obtained from its
——— components?

Self Assessment Questions:
Same force

)

~ "®""* ¥ 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
— C 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).

Moment arm




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

It depends upon:

¢ Themagnitude of force. é :

¢ The perpendicular distance of the point of RS
application of force from the Pivot or fulcrum. Web links for moment of

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

distance from point T = Tao .com/ physics/ chapters
or /0018 html

E= T X P (4.6)  hitp:/ /www walter fen
dt.de/phlle/lever.htm
depending on their direction, SI unit of the torque or *® http://www.lovephysi

moment of force is newton -metre (Nm). GaEey 7T

Moments are described as clockwise or anticlockwise.

A cardriver tightens the nut of wheel using 20 cmlong
spanner by exerting a force of 300N. Find the torque.
Solution
Step 1: Write the known quantities and point out the
quantity to be found.
F=300N
L=20cm=0.20m
=7
Step 2: Write the formula and rearrange if necessary.
T=LxF
Step 3: Put the values in formula and calculate
1=300Nx0.20m = 60Nm
Thus, 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.



Fig. (4.11)

“% 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 Fatima is
equal to the anticlockwise turning effect of Faheem,
then see-saw balances. In this case they cannot swing.

When the sum of all the clockwise moments on a
body is balanced by the sum of all the anticlockwise
moments, this is known as principle of moments.
According to the principle of moments:

The sum of the clockwise moments about a point is
equal to the sum of the anticlockwise moments about
that point.

Self Assessment Questions:

Q9: How is the see- saw balanced?

Q10: Give three examples in which principle of
moment is observed.

Consider a meter rod supported at mid-point (O) as
shown in figure (4.12). The block of 20N is suspended at
point A 30cm from (O). Find the weight of the block that
balances it at point B, 20cm from (O).

Solution
Step 1: Write known quantities and point out unknown quantities.
W, =20N

Momentarm of W, =OA =30cm =0.30m
Momentarm of W,=OB =20cm=0.20m
l O B

I;IIAIILIII

Fig (4.12)

Step 2: Write formula and re arrange if necessary.
Clockwise moments = anticlockwise moments
W, xOA=W,=xOB



_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.

The centre of mass of a uniform metre rod is at
its centre and when supported at that point, it can be
balanced as shown in figure (4.13)a. If it is supported at
any other point it topples because the moment of its
weight W about the point of support is not zero as

shownin figure (4.13) b.

Center of Gravity of Some Regular Shaped objects
The Center of gravity of regular shaped uniform
objects is their geometrical Center.
¢ The Center of gravity of uniform rod is its mid-
pointas shownin figure (4.14 )a.

¢ The Center of gravity of uniform square or a
rectangular sheet is the point of intersection of its
diagonals as showninfigure(4.14)b and(4.14)c.

® The Center of gravity of solid or hollow sphere is
the Center of the sphere as shown in figure (4.14)d.

@ The Center of gravity of uniform circular disc is its

Center asshownin figure (4.14)d.

Fig (4.13) (a)

0 50

Y
Fig (4.13) (b)

Center of Gravity

Fig (4.14) (a)

G

2, -
5 o
.G

o7 o
o
-,

Fig (4.14) (b)

Fig (4.14) (d)

Fig (4.14) (c)



Fig (4.14) ()

Fig (4.14) (g)

[cM K

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 in
figure (4.14)f.

@ The Center of gravity of a uniform triangular sheet
is the point of intersection of its medians as shown
infigure (4.14)g.

Center of Gravity of Irregular Shaped Thin Lamina

Step 1: Make three small holes near the edges of the

lamina farther apart from each other.

Step 2: Suspend the lamina freely from one whole on

retortstand through a pin as shown in figure (4.15)a.

Step 3: Hang a plumb line or weight from the pin in

front of the lamina as shownin figure (4.15)b.

Step 4: When the plumb line is steady, trace the line on

the lamina.

Step 5: Repeat steps (2) to (4) for second and third hole.

The point of intersection of three lines is the position of

Center of gravity.

Pin

. 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?

%) 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 original
position due to torque on it. But if it is tilted more
(Fig.4.26c), it will fall down. The critical pointis reached
when the centre of gravity shifts from one side of the
pivot point to the other. When the centre of gravity is on
the one side of the pivot point, the torque pulls the
refrigerator back onto its original base of support (Fig.
4.26b). If the refrigerator is tilted further, the centre of
gravity crosses onto the other side of the pivot pointand
the torque causes the refrigerator to topple (Fig.4.26c).
In general,

A body whose center of gravity is above its base
of support will be stable if a vertical line projected
downward from the center of gravity falls within base of
support.

A sewing needle fixed in a cork is shown in
tigure (4.27). The forks are hanged on the cork to
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 large?




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

Parallel forces with same direction are called like
parallel forces.

Parallel forces with opposite directions are called
unlike parallel forces.

The sum of the two or more forces is called the
resultant of forces.

The graphical method for addition of forces is called
head-to-tail rule.

Splitting of a force into two perpendicular
components is called resolution of force. The
components areF, =Fcos0, F =Fsin0
Perpendicular components can be used to
determine aforceas

_ F
F‘W f = ’cam'lF—y

Turning effect of force is called ‘moment of force or
torque.

The product of the force and the moment arm of the
forceis equal to the torque.

The 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.
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2 CONCEPT MAP

(Turning effect of a force)

known as
Y

Moment of a force)

is defined as

F= force
d= perpendicular
distance from the

Moment = Fxd

which is of force to the pivot
two types
Y
A\ 4 \4
< Clockwise > /Anticlockwise >
momﬂ which is went
equal
Principle of
e e = «—
moments
related to
A\
whose
Equilibrium Centre of mass\ stability (. Jow centre of gravity
of bodies gravity and stabilities can be - broad base

increased by




End of Unit Questions

SIds (01 0PN Multiple Choice Questions (MCQs)

1. A pair of unlike parallel forces having different lines

force produce---------- .
a) equilibrium b) torque
c) acouple d) unstableequilibrium
2. Head-to-tail rule can be used to add------------ forces.
a) two b) three
c) five d) anynumber of

3. A force of 15 N makes an angle of 60° with
horizontal. Its vertical component will be:

a) 15N b) 10N
c) 13N d) 7N
4. Abody isinequilibrium whenithas
a) uniformspeed b) uniformacceleration
c¢) both(a)and (b) d) zeroacceleration
5. A body is in stable equilibrium after slight tilt if its
Centre of gravity
a) remainsabove the pointof contact
b) remainsononeside of point of contact
c) passesover the point of contact
d) isatlowestposition
6. Abody isin 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) Isatthelowestposition
b) Remainsatsame height
c) Isathighestposition
d) Isatitsbase
8. Bunsenburneris made stable by
a) Increasingitslength
b) Increasingits mass
c) Decreasingits base area
d) Increasingitsbasearea
9. Atightrope walker carries along pole to
a) Increasehisweight
b) Raisehis Centre of gravity
c) LowerhisCentre of gravity
d) Keep his Centre of gravity in fixed position
10.Stability of aracing car is increased by
a) Increasingits height
b) Raisingits Centre of gravity
c)  Decreasingits width
d)

Lowering its Centre of gravity




IS4 0N (3] Structured Questions

Forces on bodies

1. a)
b)

Define like and unlike forces.
A pair of like parallel forces 15N each are acting

ona body. Find their resultant.

c) Twounlike parallel forces 10 N each acting along
same line. Find their resultant.
Addition of forces
2. a) Describe the head-to-tail rule of vector

b)

addition of forces.
Three forces 12 N along x-axis, 8 N making an

angle of 45" with x-axis and 8 N along y-axis.
i) Find their resultant
ii) Find the direction of resultant

Resolution of forces

3. a)

b)

How a force can be resolved into its

perpendicular components?
A gardener is driving a lawnmower with a force

of 80 N that makes an angle of 40" with the

ground.
i) Find its horizontal component
ii) Find its vertical component

4. a) How can you determine a force from its

b)

rectangular components?

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 of
objects. Force can make the object
speed up, slow down, start moving,
stop or change direction. But force
has another effect. A force can also

change the shape or size of an object.

- J

-

(- .
Students Learning Outcomes (SLOs)
After learning this unit students should be able to:

Use forces to change the shape and size
of the body.

Carry out experiment to produce
extension againstload graph.

Interpret extension againstload graph
Define Hooke's law.

Calculate extension in spring and
spring constant using formula (F =—kx).
Define and explain pressure.
Understand the factors that affects the
pressure.

Calculate the pressure using formula
P=F/A.

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
thumb; Fig (5.7). It is because the force we apply on the
drawing pin is confined just at a very small area under
its sharp tip. A drawing pin with a blunt tip would be
very difficult to push into the board due to the large
area of its tip.

In these examples, we find that the effectiveness
of a small force is increased if the effective area of the
forceisreduced.

The area of the tip of pencil or that of the nail is
very small and hence increases the effectiveness of the
force. The quantity that depends upon the force and
increases with decrease in the area on which force is
acting is called pressure. Thus, pressure is defined as

The force acting normally per unit area on the
surface of abody is called pressure.

Thus, Pressure = LOTCe
Area
F
oo 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:

Fig (5.6)

Spread area
= Low pressure

Small area  ©
= High pressure

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 :
1atmosphere =
1.013 x 10° Pascal
& latm=1.013x10°Pa



P=F/A

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

Why an acrobat does not
hurt when he lied down

on the bed of nails? pressure is newton per square meter (Nm™). It is also
Thereisnomiracleinthis knownasPascal (Pa):
trick. We know that 1Pa=1Nm”

pressure is defined as
force per unit area. If you
step up on a nail, the The pressure under the studs on the soles of
entirebody weightexerts  football shoes is high enough to sink into the ground,
more Pressu_re_b‘?cause which gives extra grip. Ice skates have blades in the
the aﬂeaff nail tip lfs ‘;erg part that is in contact with ice. Therefore the skater's
small. th case of be weight is concentrated on a small area. The effect of this
nails, the pressure _ .. .
. high pressure melts ice just below the blades. This gives
exerted by weight of o ) ) o
the thin film of water, which provide lubrication for the

body is distributed on
the hundreds or Skatetoskim over the ice. As the skate moves on, the

High pressure, low pressure

thousands of nails lying water re-freezes. On very cold days, the pressure may
close to each other. Thus, notbe enough to melttheice, and skatingis impossible.
net pressure on a nail is An elephant has broad soles to reduce the pressure
very small. Hence, an exerted on the ground. Wide shoulder pads of school

acrobat does not hurt pagreduce pressure on the student's shoulder.
when he lied down on

the bed of nails. 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.

' gl
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

Fig (5.8)
) . . Swimmer feels fluid
swimming pool experience the pressure by water pressure in swimming pool

on every surface they collide with. A swimmer in

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. Note

that the net underneath force is larger due to greater
P oc depth

depth, giving a net upward or buoyant force that is P p(rho)

balanced by the weight of the swimmer.

Factors affecting pressure

Pressure P is proportional to the depth, the

deeper one dives into water, greater will be the spouting
can

pressure. Twice the depth means twice the pressure
(Fig5.9).
Similarly, pressure also depends upon the pressure

of water low pressure
jet

nozzle

density of the material. If a material is five times denser

increases|

than water, the pressure will be five times greater. with high pressure

depth

At a depth (d) in a fluid of density (p), the pressure (p)
can be written as:

Pressure = depth x density x acceleration due to gravity Fig (5.9)

Pressure increases with depth



What is Density?
¢ Density tells us

how tightly matter
is packed together.

¢ If something is
packed very tightly
together it is
considered to be
“dense”.

-.J:

More dense sinks and
pushes up less dense.

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

(density of water =1000kgm™).
Step 1: Write down known quantities and quantities to
be found.
d=3m
p=1000kgm
g=10ms”
P=??
Step 2: Write down formula and rearrange if necessary
P=dpg
Step 3: Put the values in formula and calculate
P=3mx1000kgm "x10ms™
P=30000pa=3.0xx10"pa
Hence 3.0 x 10'pa pressure will be observed at a depth

of 3m in the 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=??

m 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

100N
“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 dimensions 0.5mx0.6mx1.0m
kept on the ground has a mass of 200kg. Calculate the
maximum pressure acting on the ground.

Q9: If the density of sea water is 1150 kgm”, calculate
the pressure on a body of 50m below the surface of
sea?

Q10: Dam holds water at high altitude. The walls of the
dam are made wider at the base. Explain why?

Hydraulic Machine

The machine in which force is transmitted by
liquids under pressure is known as hydraulic machine.
By the application of relatively small force they produce
a greater force.

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 the
water rushes out of the holes with the same pressure.
The force applied on the piston exerts pressure on
water. This pressure is transmitted equally throughout

the liquid in all directions. In general, this law holds

good for fluids both for liquids as well as gases.
A hydraulic machine works on this principle.

Fig 5.10
Demonstrating Hydraulic brakes, car lifts, hydraulic jacks, forklifts,

pascal's law

and other machines make use of this principle.
A hydraulic press is made of two pistons connected by
aliquid-filled pipe as shownin Fig (5.11).

A force of magnitude (F)) is applied to a small

Force increases with
hydraulics piston of surface area (A,). The pressure is transmitted
E=F, x (A,/A)

through an incompressible liquid to a larger piston of

surface area (A,). Because the pressure must be the

same on both sides,
P= B R o (5.4)
P, AL A
A=400cm’ 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

Piston of Piston of
area (A,)=20cm’ area (A,)

Fig (5.11)
A Hydraulic machine Thus, the work done by (F,) on the input piston equals

means of a small input force.

Each side of this equation is the work done by the force.

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 an
upward force of 2000 N'?

Solution

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

P=300kPa =300x1000Pa = 300000Pa = 300000Nm*

F=2000N

/AT

Step:2 Write down formula and rearrange if necessary
P=F/A
A=F/P

Step:3 Put the values in formula and calculate
A=2000N/ 300000Nm = 0.00667m’

Hence the surface area of piston is 0.00667m”.

Self Assessment Questions:

Q11. In a 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
its original shape and size after theload is removed.
An extension against load graph shows how a body
stretches when aload is applied toit.
Hooke’s Law: The extension in spring is
proportional to the load applied to it, provided the
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 force acts on small

area.
Force

Area

Pressure =

The pressure in a fluid is greater with large depth,
and high density.
Pressure = depth x density x acceleration due to
gravity

P=dpg
Liquids transmit pressure equally in all directions.
Thisis called Pascal’s law.
The machine in which force is transmitted by
liquids under pressure is known as hydraulic
machine.
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“G” is also known as
Newtonian constant of

gravitation or the
Cavendish gravitational
constant.

Key points

Gravitational force has following characteristics:

i) It is always present between every two objects

because of their masses.

ii) Itexistseverywhereinthe universe.

iif) Itformsanaction-reaction pair.

iv) It is independent of the medium between the
objects.

v) It is directly proportional to the product of the
masses of objects.

vi) It is inversely proportional to the square of the
distance between the centres of the objects.

vii) Henceitfollows the “Inverse Square Law”.

Determine the gravitational force of attraction between
two spherical bodies of masses 500kg and 800kg.
Distance between their centers is 2 meters.

Solution

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

m, =500kg

m, =800kg

r =2m

G =6.673x10"Nm’kg”
F =

Step:2 Write down formula and rearrange if necessary
F G mlmZ

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 equal in
magnitude but opposite in direction. Now, if F, is

Force”. Then by using above equation, it is concluded
that “Action equals to reaction but in opposite
direction”.

Recall that, above statement is in accordance
with the Newton's third law of motion which states that
“To every action there is always an equal and opposite
reaction”.

Hence, Newton's law of gravitation is consistent
with Newton's third law of motion.

Universal gravitation the Earth pulls the Moon with its
gravity and the Moon pulls the Earth with its gravity.
Therefore they form an action-reaction pair, which is in
accordance with Newton's third law of motion.

Gravitational 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

considered as “Action Force” and F,, as “Reaction /

Do You Know!

Henry Cavendish in
1798 completed the 1"
experiment that
demonstrated the
Newton's Law of
universal gravitation.
This happens more than
a century after Newton
had announced law of
universal gravitation.

Fig (6.2)
For example, according to Newton's law of 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 dire
toward center of

cted
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 10
Moon 1.62
Venus 8.87
Mars 3.77
Jupiter 25.95
Sun 274
Mercury 3.59
Saturn 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).

This field is strongest near the surface of the
Earth and gets weaker as we move farther and farther
away from the Earth. This force is called the “Field
Force” because it acts on all objects whether they are in
contact with Earth's surface or not. So, itis a non-contact
force. For example, it acts on an aeroplane either it is
standing on Earth's surface or flying in the sky.

A body of mass one kilogram (1kg) on Earth
experiences a force of about ten newton (10N) due to
Earth's gravitational field. This force determines the
gravitational field strength which is defined as:

Gravitational field strength ‘g’ is the
gravitational force acting per unit mass.

£ 4

The gravitational field strength “g” is
approximately 10 Newton per kilogram (10Nkg™).

The gravitational field strength “g” is different at
different planets. For example, the gravitational field
strength “g” on the surface of Moon is approximately
1.6 Newton per Kilogram (Nkg™'). Acceleration due to

gravity “g” at different planets is shown in the
table (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 9.8N near
the surface of Earth. Though 10N is accurate enough for
many calculations. Therefore we use 10N in this book.
The objects with larger masses may have larger
weights. Your weight vary slightly from place to place,
because Earth's gravitational field strength varies at
different places. The weight of the object changes as it
moves away from the Earth. The weight of the object is
different at different planets. For example: you will
have less weight at Moon because Moon's gravitational
field is weaker than Earth.

Calculate the weight of Rumaisa, who has a mass of
65kg standing at the ground? The strength of
gravitational field on Rumaisa is 10 Newton per
kilogram.
Solution
Step:1 Write down known quantities and quantities to
be found.

m 65kg
g = 10Nkg™
W ??

Weight

Fig (6.4)

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

The teacher should
encourage and facilitate
the students in the class
to measure their masses
and then calculate their
weights on Earth, Moon
and Mars.



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 different
planets?

Q4: What is the actual value of 'g' near the surface of
Earth?

Q5: The strength of gravity on the Moon is 1.6 Nkg™. If
anastronaut’s massis 80kg on Earth, what would it
be on the Moon?

Q6: If you go on a diet and lose weight, will you also
lose mass? Explain.

[(JW Mass of Earth

Mass of Earth can not be measured directly by
placing it on any weighing scale. But it can be measured
by an indirect method. This method utilizes the
Newton's law of universal gravitation. Let us consider;
Fig (6.5), in which a small ball is placed on the surface of
Earth.

M, — 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 ..ccooovoruruunns (6.4) by the gravity of Moon.

mg =G mh:[E
RE
Re-arrangment of above equation gives
R2
M, gGE .................... (6.5)

Numerical values of the constants at right hand side
of equation (6.5) are:
g =10Nkg"
R, = 6.38 x 10°'m
G =6.673 x 10"Nm’kg™
Substituting these values in equation (6.5), we get:
10Nkg ™ x (6.38 x 10°m)’
6.673 x 10""Nm’kg

6.0 x 10*kg.

M, =

The Earth has (9.3)

times more mass
Thus, mass of Earth is 6.0 x 10kg. than Mars

S
Il

Calculate the acceleration due to gravity on a planet
that has mass two times to the mass of Earth and radius
1.5 times to the radius of Earth. If the acceleration due to
gravity on the surface of Earth is 10ms™. Calculate
acceleration due to gravity on the planet.

Solution

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, =1.5 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; =10ms"
98ms™. Acceleration due to gravity on the planet = g = ??

Step 2: Write down formula and rearrange if

necessary
_GM,
gE - Ré
For the planet:
Mass and Radius of GM
different planets. 8p = R .

Step 3: Put the values in formula and calculate:

 6.673x10 "Nm’kg *x2x6.0x10* kg

Be (1.5x6.38x10°m )>
g, = 8.74ms™
Hence, acceleration due to gravity on the planet is
Fig (6.6) (a) 8.74ms™.
A natural satellite
Moon revolving Self Assessment Questions:

around the Earth Q7: What 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

A satellite is an object that revolves around a
: planet. Satellites are of two types:
revolving around 1. Naturalsatellites Fig (6.6) (a).
the Earth 2. Artificial satellites Fig (6.6) (b).

Fig (6.6) (b)
An artificial satellite



Natural Satellites Artificial Satellites Interesting Information

Mass and radius of different objects

The object which revolves (The object which are sent o
around the planet |into space by scientists to| | andmoon | Mass | Radius

naturally is called|revolve around the Earth| |“seen | om)
“Natural Satellite”. or other planets are called| |Sun 199x 10%| 6.96 x 108
“ Artificial Satellite”. Moon 7.35x 102 1.74x 10°

- - Mercury |3.30x 10%| 2.44 x 106
E.g Moon is a naturallE.g. Sputnik-1, Explorer-1| [yoiws  |487x10%] 605x 10°

satellite because it revolvesjare amongst the artificial| [Earth  |5.97x102] 638 100

around the Earth naturally. |satellites. Mars 642 10%| 340x 10°

cpe . . . Jupiter 1.90x 1027| 6.91 x 107
Artificial satellites are used for different o = 15wl smxio

purposes like Uranus | 8.68x 10| 2.56x 107
For communication. Neptune |1.02x 10%| 2.48 x 107
For making star maps.

For making maps of planetary surfaces.

For collecting information about weather.

For taking pictures of planets, etc.

L 2R 2K 2K 2R 2

Artificial satellites carry instruments,
passengers or both to perform different experiments in
space.

Artificial satellites have been launched into
different orbits around the Earth. There are different
types of orbits like:

For communication.
Low- Earth orbit.
Medium- Earth orbit.
Geostationary orbit.
Elliptical orbit.

L 2R 2R 2K 2R 2

These orbits are characterized on the basis of
different parameters like, their distance from the Earth,
their time period around the Earth etc. First artificial satellite

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

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



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 satellite

The curved path along which a natural or
artificial satellite revolves around a planet is called an
“orbit”; (Fig 6.7). Rockets are used to put satellites into
orbits in space. The Newton's law of gravitation has an
important role in the motion of satellite in its orbit,
because the gravitational pull of Earth on the satellite
provides the centripetal force needed to keep a satellite
in orbitaround some planet.

Let us consider the motion of a satellite which is
revolving around the Earth; Fig (6.8). In the figure:

Mass of the satellite.

Mass of Earth.

Radius of Earth

Height(altitude) of satellite from the surface
of Earth.

r=R+h — Radius of orbit.

The height of a Then, as we already discussed:

geostationary satellite Centripetal force = Gravitational force
isabout 42,300 km from
the surface of the Earth.

(Fig 6.7)
Motion of satellites in
different orbits

= ® 23
Ll

or F.=F, ——(i)

R 1\ : d
Its velocity with respect =73 an
to Earthis zero. _GmM

F
e
2

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

mv? _ GmM
x bl
=M LRan]
r

v =
R+h
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10.

11.

12.

13.

14.

15.

16.

17.

Numerical value of

every where.
a) 8
c) F

Gravitation force is

between the objects.

a) Dependent
c¢) Both'a'and 'b'

Near Earth's surface (g) = ------------- .

a) 10ms®

c) Both (a) and (b)

b) G
d W

............. of the medium
b) Independent
d) None of these
b) 1.6ms”
d) None of these

Newton's law of gravitation is consistent with

Newton's --------—----
a) 1st
C) 3rd

Spring balance is used to measure

a) Mass
c) Elasticity

Your weight as measured on Earth will be

on Moon.

a) Increased

¢) Remains same
Mass of Earth is
a) 6.0x10%kg

c) 6.0x10"kg c) 6.0x10"kg
------------- is a natural satellite.

a) Earth b) Jupiter

c¢) Moon d) Mars

A communication satellite completes its one
revolution around the Earth in --------------- hours
a) 6 b) 12

c) 18 d) 24

The velocity of a satellite is ------------- of its mass.
a) Independent b) Dependent

c¢) Equal d) Double

law of motion.
b) 2™

d) All of them
b) Weight

d) Density

b) Decreased
d) None of these

b) 6.0x10"kg

remains constant



. e are used to put satellites into orbits.

a) Helicopter b) Aeroplane

c¢) Rocket d) None of these
19. The critical velocity (v() = -------------- .

a) R b o

0 JgR d) %

SITds o 3] Structured Questions

Newton’s Law of Gravitation

1. a) Why we do not feel the gravitational force of
attraction from the objects around us?
b) Define Gravitational field with an example.

2. a) Write down any three characteristics of
Gravitational force.
b) Define gravitational field strength.
3. a) Stateand explain Newton'slaw of gravitation.

b) Define 'field force'.

4. Determine the gravitational force of attraction
between Urwa and Ayesha standing at a distance of
50m apart. The mass of Urwa is 60kg and that of
Ayeshais 70kg.

Weight

5. a) Why weight of an object does not remain same
every where on Earth?
b) 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

your weight. If not then which physical

quantity it shows?

Mass of Earth

9.

10.

11.

12.

Calculate the mass of Earth by using Newton's law
of gravitation.
If “M,” is the mass of Earth, “R.” radius of Earth,
“G” is universal gravitational constant, then find
acceleration due to gravity “g”;

i) Onthesurface of Earth.

ii) Atthecentre of Earth.
A planet has mass four times of Earth and radius
two times that of Earth. If the value of “g” on the
surface of Earth is 10ms”. Calculate acceleration due
to gravity onthe planet.
Evaluate the acceleration due to gravity in terms of
mass of Earth “M.”, radius of Earth “R.,” and
universal gravitational constant “G”:

i) Atadistance, twice the Earth'sradius.

ii) Atadistance, one half the Earth'sradius.

Artificial Satellite

13.

14.

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.

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 (SLOs)
atoms. Afterlearning this unit students should be able to:

Matter exists in different states. three basic
.| states of matter are solid liquid and gas.
The properties of matter in these states can

™ be described on the basis of the forces and &
distances between their molecules and §
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.

® Describe States of matter.

State kinetic molecular model of matter.
® Explain the kinetic model in terms of forces
between particles.

® Explain the behavior of gases.

® Calculate changes in pressure and volume:

P V,=LbV,

For example, in using syringe, in pumping
air to the tyre through a bicycle pump, in

spraying color etc.

Matter can change its state and water is the
bestexample of it.

iy




Fig (7.1) (c)

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? Honey
is thicker than water, why?

Why do water and milk or other liquids boil at
different temperatures? Why do water and milk take
the shapes of the container in which they are poured?
Have you ever think that when you sit at your chair or
bed, their foams compresses but their wooden frame do
not?

After studying this unit you will be able to find
the answers of such questions and other similar
questions and develop the clear concepts.

/a8 STATES OF MATTER

There are three states of matter. These states are
solid, liquid and gas. All the material objects around us
belong to any one of these states. Water is the best
example of three states of matter.
¢ Thesolid state of water isice figure. (7.1)(a). Ice exists
in many forms like, ice cubes, snow, glaciers and
icebergs.

¢ 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.

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

Solid Fixed Fixed High Incompressible

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 changesin the state are: Water is different from
Melting: conversion from solid to liquid. other substances
Boiling: conversion from liquid to gas. because it is less dense
Condensing: conversion from gas to liquid. in its solid state (ice),
Freezing: conversion from liquid to solid. than its liquid state

Evaporation: conversionfromliquid to gas. (water).
Evaporationis different from boiling.

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

For example, drying of wet clothes, drying of
wet floor etc. Conversion of matter between three states
involves physical changes and not chemical changes.

Why liquids and gases take the shapes of their
containers while solids have definite shapes? Why do
different substances boil and melt at different
temperatures? Why can gases be compressed easily
while solids and liquids cannot?

The answers of the above and such other
questions can be obtained by considering the
arrangements of the particles in these states and how
these particles are able to move about. This is explained
by the kinetic molecular theory of matter.

Kinetic Molecular Model of Matter
The kinetic molecular model of matter is,

Matter is made up of tiny particles called atoms,
or group of atoms called molecules. These molecules
are always in 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.



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

Solid
Fig (7.2) (a)

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 grains
suspended in water and deduced that the water
molecules were in constant, random motion. This
irregular motion caused by water molecules is called
“Brownian motion” named after the scientist.

The kinetic molecular theory explains the
physical properties of solids, liquids and gases by
considering the position and motion of molecules.

The particles in solids (Fig7.2a) have following

features:

¢ The molecules are closely packed together and
occupy minimum space.

¢ The molecules usually arranged in a regular
pattern called lattice.

¢ There is a large number of particles per unit
volume. That is why solids have the highest
densities.

The movement of particles in solids have following

features:

¢ 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.

¢ Themolecules occurin clusters.



() (z°2) 814
sen)

o
|
-
‘uonyerrdsar
JI0J 9PIXOIPUOQIEd
pue uadAxQ jo
WIoy 9yj Ul sen) ¢
TP
wioy ay} ur pmbry g
"sued1o Jo
WLIOY SU3 ur prjos ‘L
‘I9)eW

Jo sajels 221y} e jo
S)SISU0D ApOq uewnyy

jMmoudy nox o

"S9[ndajow

9y} usamjaq SJumeds oy} JO SuLId) Ul [I9}eW

JO SIS 93T} UMD DURISJIP Y} SI JeyM €0
¢3urqroq

pue uorjerodess UsaMIaq DURISJIP Y} SI JeUM O
*S9Z1s pue sadeys JuaIaJJIp Jo SI9PUI[Ad Surmseawr
Aq pamseaw s1 j1 y3noyje awes surewar pbiy

UDAIS € JO 9WN[OA JO JuaWdInseaw ayy Aym ure[dxq : 10

‘SNOILLSANO INANSSASSV 4T4S

-ooeds a[qereae Aue Adnodo soppnredayy o
‘spaads Y31y A19A e sUOOIIP
wopuel Ul AJoa1j aAow 0} d[qe are sopnied ay] &
d[qIadau
are sopnred usamiaq uomnodene jo sadIOy Y] @
:S2IN)EL9J

Suimorpoy sey sosed ur sapnted jo juswoAow dYJ,

‘awn[oA jiun 1od sapnaed jo equinu [ews so1dYy], ¢
‘spaads Y31y A10A ypim aa0w 0}

991 oIe pue A[wopuel paduelre o1e SO[NdI[OW Y], ¢

rede ey A19A a1€ SAMNDS[OW A, @

:$9INn3edJ

Suimorroj aaey “(97°Z S1q) sased ur sappnpred ay L,
*IauTeIU0d ) Jo adeys oy} 93e} Ing ‘sawn[oA

paxy aaey spmbi] Aym urefdxe sainjesy osoyl ¢
“pmbry

AU} UIY}IM Jnoqe dA0wW 0} 991F a1e sopnied oyl ¢
‘Buons

are sopnted usamiaq uUoIORIPE JO SADIO] Y] @

:S9INjeay

Suimoroy aaey spmbiy ur sapnred Jo juswarow YT,

*SanISUdp YS1y A[oAne[ar aaey spmbif Aym st sy o

‘sprjos 0} paredurod awnjoa
yun 1ad sopnred jo raquunu ssof A[IYSI[S SI 219 @




© SOUI0Daq [ELI9JEW, }[NSII B Sy LM dUW003(q SIDI0J
Te[ndI[OW I9JUI pue A[JUSJOIA SIOW JLI]IA SI[NII[OW
oy} ‘A[renjuaay "A[SU0I}S 2I0W pue DI0W dJeI]IA
0} }1e3S S9[nNdajow Y3 “pajeay si (¢'/3L]) aoueisqns pIjos
e Uaym puey I9y3jo oy} uo 31 3urjood Aq 10 3uneay Aq
I93IIe padueld oq Ued adULISqNS e JO 9)e)s AL,
039 DN, SES [eanjeu
passaxdwiod ojur sed [einjeu “WeaId 91T OJUl WEedId
‘31 OJUT J9JEM }IDAUOD 0} d[qE oI 9M JNSII e Sy
Y31y L1924 21 Spr[OS jo syurod
Surroq pue 3unow ‘SanIsUSp AYym SI Jey] dWN[oA
pue odeys poxiy e prjos soaid siy] ‘suonisod ueaw
Jnoge SUoTjeIqIA [[EWS dABY AJUO JNg A[9aIJ SAOW JOU
ued pue Sa0I10§ dA1OeIE JUuoxs dduLLRdXa a10jRI9Y)}
SOI3IOUD  }SOMO] A[OWIAIIXD dABY SPI[OS JO SI[NII[OW
oy ‘seseld 03 paredwod se y3ry ospe are spmbry
jo syurod Zurroq pue 3unEw Sy, ‘dWN[OA PaXIy ng
adeys paxiy aaey jou op spmbiy 21050193 ‘@A0W 0} 931§
[[13S INq T30 Yoes 03 3S0[d AI2A axe spImbij Jo sa[nosjowr
oy} Aym st jey], "Aerd ojur sw0d S90I0§ ITL[NIS[OWLIDIUT
90Uy AZIdUd dHPUDY SSI] 9AeY sased a3} jo eyl
0} paredwoo se spmbiy jo samosowr ayJ, "uUoseas s}
JO 9snedaq MoJ A12A os[e axe sased jo syurod Sunjow pue
Suirrog “Afsea passardwoo aq ued pue aoeds a[qe[reae
Aue Adnodo ued sased Aym st syl -3rede 1ayjrej
03 pue A[ea1y 2AOW UED S3SE3 JO SI[NII[OW I NSII
© Sk WY} U99M}9q UOTIOIE JO S9DI0J OU Ik I3 J[NSII
e se A310us drjouny] 931e] 9AL S9sE3 JO SA[NII[OW [PPOoW
Ie[noa[oW d13AUTY 9} 03 3urprodoy ‘sanpredoad eorsAyd
9y} I0J Se [[oM Se JIojjewl JO S9)e)s JUSISJIP oY} I10J

a[qrsuodsar are ss[nda[OW J) U99MIIq SIDIO]
{SUONTPUOD WOOI Je S9se3 dIe SIS0

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

AJOFHL OLLANI ANV SHOYO04

CL



-arnjeradwa) WooI e PIjos Jou STjey)
Te3owr ATuo a3 st AINdIdJN "passarduiod pue pajood st
1 UaYM AJUO SITIPI[OS }] "S9dUL)SANS 1330 03 pareduwrod
se syurod unjjow pue 3ur[I0q }S9MO] SEY WNI[OF]

:saoueysgns aand awos jo syurod Sunyowr
pue Sur[roq ay} smoys 1YSLr ayy uo (g'z) d[qer.

(¥2) 814
K

arios SV
ONIZHHYA DNISNAANOD ONITO0D e
uabn
“PI[OS e ULIO]

00S9 | 0T6E | umsSuny | 03 1932303 OIS 03 SA[NII[OW A} [[€ dsNed [[IM SUI[00d
Pypmy pmbi e wioy 03 1930803 Mo1IS sandsjow

(uoqre)) :

00%S| 00TF | puowreiq | PHIOTIE Arenyuaas pue sed a3 3urjood dooy ‘sasearour

S9[NOJ[OW U9 M} UOTIORI)IE JO 9DI0] pUue Ia}a30) ons

0s€| 0802 uozy| AeW “IdYjoue SUO UM JPI[[0d pue A[MO[S SIOW dAOW

sa[noafowr 3y} “(§'Z 3L]) pajood st sed e UIYM

001 0 191 M (€7) 311
yASr4 6S-| Amomp
AR arnos
LLT-|  T61-| usSomN
€81-| 8IT-| uweShxo ONITIOg e ONILTHIN @ ONLLVAH e
69C-| CLC-| umipy| \ QUor

() (Do)
Jurod jurod aduelsqng
Suiprog | SunpW

" se3 e saw0daq adUr)SqNS, JNSII € S S90I0] dAT}ORI}Ie
3} JO [[e SW0DIDA0 0} A3I19Ud JUSIdYJNS ALY SI[NII[OUWT
uay]} “IdYHNJ panunuod st 3uneay jo ssadoid Ji‘prnbry

saouejsqns aind sawos jo
sjurod Sunow pue Surrog
(T2) 21981




I9qUINU dY]} J] 'S9[NII[OW JO Iaquunu aiy} 03 feuonzodord
ST SUOISI[0D JO J2qUINU Y], ‘S[[eM 3} YIIM dPI[[0d LY}
uaym ATuo amssaid 319xa sanosowr sed ay ], "UoISI[[0d
Buump sanosjowr sed oy} £q eare jun 1ad pajIoxd
30107 Te30} Y} st aanssaxd syJ, “Iaurejuod I1ay) Jo s[rem
ay} uo anssaid 319xa sased oy [y eare Jiun 1od 9010§
ay se paumgap st ainssaxd jelyy mouy] Apeare ap

2INSSALJ

-arjeradure) pue swnjoa ‘@imssaid syt Aq A[93ordwod
paqridsap 9q ued sed e jo IOIAEYdq IYL
‘wopuelI pue
JUBISUOD ST SI[NII[OW JO UOTJOUT Y} I0JOIDY [, 'PUOIIS
[oea sowr) Auew 9PI[[0d SI[NI[OW SEF 90UIG" UOTIOITP
M3U e UT AeME SIAOW T UOISI[[0D 19}JY "IOUTEUOD SIT JO
S[TeMm a3 Ym (1) 1o 9[nod[ow sed I9yjoue [3IM SaPI[[0d
31 (1) uayMm AJUo uondaIIp S sadueyd 3| dul JYITens
e ur saAow dndajowr sed y "Apomb Aroa noqe saow
Sosed oy} Ul Sa[NII[OW Y], WY} UIMIdq dOUe)SIp
a3re] AJoAnyear aAeY sased a3 Ur Sa[Nda[OW A ],

saseg jJo 1o1ARYd(q YL,
:MO[q
UuaAI3 uorssnastp a3 jo suoryedridde reonoerd oy axe(g

31,]) suoof[eq Ire J0}] "sased jo 1o1aeyaq pue santadord
Ay} SOqLIDSIP AIes[d AIOdY} Ie[NOS[OW JIdUTY|

AYOHHL OILANDI HHL ANV SASVD gy4

¢ pI[os e ojur sadueyd

pmbiy e yorym je arnjeradway jo sureu ay st YA (90
(prjos e ojur sadueyd

pmbi] e yorym ur ssedoxd jo aureu oy sI Jeyp SO
JuoIrueyy

arnjeradure) 1oy3ry yonur e je sypwr usis3uny AYmM F0

:1SUOSINQ) JUSWISSISSY J[9S




(£2) 811
)

awnpoa Y3

[ 1
amssaxd mo e
l @

awnoA Mo
aanssaxd y3rpy

(p) (9°2)"S11

P T

() (9°2) 813

P NN

|
41\.2
Sk
N\ .

& —

o _—

"pajqnop aq [[1m 21nssaid sj1awn[0A [eur3LIo
syt Jrey 03 passaxdwod st sed oy Jp aanssard azowr
S9JLaID pUE IQUTLIUOD JO S[[eM U} UM Appuanbaiy azow
IPIIOD T[IM A3} OS SWNJOA IS[[EWS © 0JuI passardurod
uaaq aAey sa[ndofow sed ayJ ‘(£ £81]) Ioureyuod sed
3y} Jo az1s a9y} Sumnpair Aq suop st sty ‘31 Surssaxduwod
Aq poseardur aq os[e ued sed e JO AINSSAL]

"PaYe[FulI $393 31 90USY UOO[eq JO S[[eM IaqqnI
a3 uo amnssard Ajdde ssnoajowr iIre asnedag -aIowr
P3IeJUI 3] [IM 1 UOO[[eq 9} ojur paysnd st Ire a1our J
-arnssaid jo spdurexs ue st uoojreq e dn Suimorg

“pajqnop osye stainssaxd
ay} dusH (p pue d ‘q ‘e 92 S1) paqnop aq os[e
[[IM SUOISI[[0D JO IoqUINU U} PI[qNOP SI SA[NII[OW JO

amssaxd ySryg
(@) (92) 311

amssaxd mo
(®) (9°2) 314

Irem

"paIqnop osfe stainssaid

Ay} 20Ul ‘(P pue > ‘q ‘e 94 31f) Pa[qnop dq os[e
[[IM SUOISI[[0D JO I3qUINU U} PA[NOP SI SI[NI[OW JO



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

"s[1ey sed ay3 jo arnjeraduusy
pue saseaIdap Ssa[nddow sjr Jo AZIdud drjoury
[euone[suer) 93eIdAL 9} UMOP PI[00D ST sed e JT "SISLI
sed oy jJo armjeraduwia) pue SaSLLIOUT SIA[NIS[OW SH JO
A31oua drouny [euonesuer) 93eIdAE 9 pajyeay sIsed e
J1 'So[NO[OW S} JO ASI9UL DU [euone[sue) 9geIaAe
Ay} Aq paururejep st sed e jo arnjeradursy ayyJ,

amjeraduwa |,

‘PaIqnopoq
[TIm aanssaid syt awnjoa eur3rio sy jyey 03 passardurod
SI sed aly} J[ "S9SeaIdUl awn[oA 3y} pue adeds ajoym
ay} s10A00 Appmb Aoy (g4 1) uonow wopuer ur
aTe S9[NddJOW Sed A} Sy "Iaurejuod sesd a3 jo uojsid oy
uo peoy a9y} Sudnpar £q auop aq prnod siyJ, -ainssard
s31 Surseardap Aq paseardur aq os[e ued sed e Jo aWn[oA
“wooI1ay} no y3noayy spaads y31y ye Ajwopuer pue
A[9313 dA0W SI[NII[OW JY} ‘@snedag ‘SAYo[d 10 Apoq
1moA je 31 Aexds no& uoos se woor ay} y3noayy speaxds
Apomb swmnjrad e jo [pws oy ‘oydurexs 104
*IUTEIUOD S31 Jo dwn[oA pue adeys oy dn saxey sfempe
se3 a103019 [, 'spaads Y31y je A[oa1j 2A0W ULD pue Ia}0
oea wo1y Aeme Iej axe sed 9} JO S9[NIS[OW S} IsNEdaq
WIN[OA JIULP Ou sey sed JYJ ‘dWN[OA SB UMOUY
sraoueisqns Aq pardnooo aoeds ayy yey) mouyap
awmnjoA

MmeT s 3[Log

I10A3SIY

dwund
wouy,
ny

aqm) sse[9

a8en8g amssarg

are paddery,

a[edg
awmjop




(q) (rT2) 814

(@

(a) owmpoa

(e)

A

JURJSUOD J,

“wsTueydIW SUD[IOM IIdY3 U
meJ s,a140g ay} asn
‘syured Kexds se yons ‘sjoso1dy

jueysuod (1) V¥

(d) amssaxd

2143 2 ojur
[paoa10g stare pue ‘dn sa03
panssard syt ‘paonparx
st dund ayy ur padden
rre 93 JO QWIN[OA AU} SY o

“me[ s a1hog jo ajdurexa
pooS st dumnd apAorq v«
; ™

meT s a14og jo suonyeorddy
() (rr2) 314

A86C=1
15T0=A

A867=1
T050=A

N86T=1
TI=A

we =g we=d

:0'q"e)(1T°2) S11
Ur MO[9q UAI3 axe meJ s,9[40og "9'T seS e Jo drysuoneyar
(A-d) awnjoa-aimssaid jo suoneordde swog

Me] s 3[4og,, seS e Jo dysuonerar (A-d) jo suoneorddy

* JUBISUOD SUTRWDI
amyeraduway s31 papraoid ‘emssaid syt 03 Teuonrodord
ATosIoAULl ST Se3 © JO SSeul PaxIy e JO SWNJOA 9],

‘Jeys saje3s yorym , mej
§,9[40g, Se UMOUY ME[ ST 9pN[OU0d d[A0g 3190y SN[,
(Z.L) ............................. Wi ="A'd
awnjoA [eury x arnssaxd
[eur] = SWN[OA [enIur X a1nssaid [enTuy 9jIIM ued
am ‘armjeradwia) JueisuOd je ‘4 nsal aaoqe Juis 9
([Z) ........................ juepsuod = Ad
"9'T "JULISUOD STOWN]OA pue
amssaid jo jonpoid oy arnjeradwa) jueisuod 3y °g
‘ur3rio ayj ySnoayy Surssed aury jydrens
e smoys ,A/1, pue ,d, useamisq ydeid ayyp ¥
"9 T BSI9A-IDIA
puUe S9SE2IddP SWIN[OA USY} Saseardul ainssaid
J1 yey3 smoys A, pue ,d, usamiaq ydeid ayy ¢

£“w

:moPqumoysare A /Tpue d, useamisq pue
WA, pue d, usamiaq (or'£8r) ydeid ayy g
“UO 0S pue PIIY}-9U0 SOWO0I3J SWN[OA
U9y} sown daIy) Aq sasearour anssard I ey
S9WI0D9q SWIN[OA S}II[qnop stsed ayjjoamssaxdj '



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,=?
Step 2: Write down the formula and rearrange if
necessary.
PV,=PV,or
V, = P xV,
P,
Step 3: Putthevaluesand calculate.
140kP4 x 60cm’ \
V,= 120KPA = 20cm

The new volumeis20cm’.

Air ata pressure of 1.0 x 10° Pa is contained in a cylinder
titted with a piston. The air is now compressed by
pushing the piston, so that the same mass of air now
occupies one-fifth the original volume without any
change in temperature. Calculate the pressure of the air.

Solution

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



P,=1.0x10’Pa
V,=V,cm’

V,= %Vl cm’

An important feature of

the equation p,V,=p, V,
Step 2: Write down the formula and re arrange if igthat it does not matter

necessary. what units we use for p

P, V,=P,V,or and V, as long as we use

PxV, the same units for both

P, = (1/5)V, values of p (for example

Step 3: Put the values in formula and calculate. Pa, kPa or atmosphere

1.0x10° Pax V. cm’ etc), and the same units
P,= — A5V cm; =5.0x 10°Pa for both values of V ( for
! example m’, dm’ or cm’
So, the final pressure isnow 5.0 x 10°Pa. etc)

Self Assessment Questions:

Q7: Draw diagrams of the molecules in a gas to explain
the effectof pressurechange onits volume.

Q8: What is the meant by the subscripts (1) and (2) in

when gas is compressed,

volume decreases and
theequation, P,V,=P,V,? the pressure increases.
Q9: What is the effect of temperature on average

translational kinetic energy of molecules?



L R 4

Matter exists in three states: solid, liquid and gas.
The state of a matter can be changed by adding or
removing acertainamount of energy .

The kinetic molecular theory is based upon the
arrangement and movement of molecules in a
substance.

The kinetic molecular theory suggests that the
molecules in a substance are always in continuous
random motion.

When molecules close to each other, the attractive
forces between them become strong .

The change in force between molecules may be causes
change of state.

Boyle's law describes the pressure - volume
relationship of a gas.

The pressure and volume of a gas are inversely
proportional to each other.
Mathematically “P,V,=P,V,”.
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/ Solid \ / Liquid \ f Gas \
o Fixed shape o No fixed shape o No fixed shape
o Fixed Volume o Fixed Volume o No fixed
o High Density o High Density Volume
o Incompressible o Not easy to o Low Density
e Minimum compress e Easyto
Kinetic Energy e Medium compress l .
- - v behaviour
o Cannot be Kinetic energy e  Maximum of a gas
poured o Can be poured Kinetic energy
K j K j k Can be pourey
A 4

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




End of Unit Questions

SIZds (01 M PRY) Multiple Choice Questions (MCQs)
1.

An object with particles close together and vibrating

describes a .

a) Gas b)  Liquid
c¢) Solid d)  Allthree
A burning candle is an example of
state of matter.

a) Gas b)  Liquid
c) Solid d)  Allthree

During which process a gas becomes a liquid

a) Melting b)  Freezing

c¢) Condensing d)  Boiling
A solid can

a) haveafixedshape

b) Dbeeasily compressed

c) takeashape of container

d) havefreely moving molecules (KMT).
According to kinetic molecular theory, the pressure
exerted by a gas is caused by the .

a) bombardment of the gas molecules on the walls
of the container.

b) collision between gas molecules.

c) largedistances between gas molecules.

d) random motion of the gas molecules.

If 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.

10.

A gasin a container of fixed volume is heated. What
happens to the molecules of the gas?

a) Theycollideless frequently.

b) Theyexpand.

c) Theymovefaster.

d) Theymove furtherapart.

In a liquid, some energetic molecules break free
from the surface even when the liquid is too cold
for bubbles to form. What is the name of this

process?
a) Dboiling b)  condensation
c) convection d)  evaporation

What happens to the molecules of a gas when the
gas changesintoaliquid?

a) Theymovecloserandloseenergy.

b) Theymovecloserand gainenergy.

c¢) Theymoveapartandloseenergy.

d) Theymoveapartand gainenergy

A substance has a melting point of -17 °C and a
boiling point of 117 °C. In which state does the
substance existat-10°Cand at110°C?

at-10°C at 110°C

a |Solid liquid
b |solid gas
¢ |liquid liquid

liquid gas




SItus ) 03] Structured Questions

Kinetic molecular model of matter

1. 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?

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

Write down any two properties of a solid.

Why the kinetic model of matter is called
kinetic?

In which state of matter the molecules are
widely separated?

In which state of matter the molecules are most
closely packed?

In which state of matter molecules can move
freely athigh speed?

By using kinetic molecular theory explain why
we can walk through air, swim through water
but cannot walk through a solid wall.

In which state of matter do the molecules have
minimum kineticenergy?

Which state of matter is highly incompressible?

Forces and Kinetic Theory

4. A sample of a gas is in a sealed test tube is cooled.
Describe what happens to:

a)
b)
<)
d)
e)

The size of the molecules.

The speed at which molecules move.
The number of the molecules.

The pressure inside the tube.

The state of the gas.




5. 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 on the
walls of the tyre?

b) Why is the pressure the same atall points on the
inside wall of the tyre?

c) More air is pumped into the tyre while the
temperature is kept constant until there are
twice as many molecules as before. Explain
why you would expect the pressure to be
doubled.

6. Describe the following:

a) Whathappens to the motion of the molecules of
agaswhenitcools down?

b) What happens to the motion of a liquid when it
cools down?

Gases and Kinetic theory

7. The pressure on 9cm’ of oxygen gas is doubled at a
fixed temperature. What will its volume become?

8. 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)
After learning this unit students should be able to:

® Define work and its SI unit.

Energy is the most important
physical concept which is

studied in all sciences. work

is closely related with energy|| ® Calculate work done using equation (Work = force |

which provides a link x distance).

® Define kinetic energy and potential energy.
® Use Kinetic Energy (E, = %2 mv’) and potential|
energy (E, =mgh); tosolve problems. S
a\"
X

g

between force and energy.
Work, energy and power
have special meaning in
physics.

® Describe the processes by which energy is
converted from one form to another with reference

to fossil fuel energy, hydroelectric generation,
solar energy, nuclear energy, geothermal energy,
wind energy, biomass energy and tidal energy.

® Differentiate energy sources as non renewable and

renewable energy sources with examples of each.

® Define efficiency of a working system and

calculate the efficiency of engine.

/ ® conversion using the formula efficiency = energy
converted into the required form / total energy e
input. i |
\ ® Explain why a system cannot have an efficiency of

/ 100%.
\ ® Define power and calculate power from the

r
LK | 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.

& 2 ii. Biomass Energy
Fig (8.13)(a)
Biomass energy (Wood) Biomass is the organic material that comes from
T - plants and animals. Biomass consists of stored energy
& from Sun, garbage, wastes, sugarcane etc. Solid biomass,
. such as wood, organic material and garbage, can be
burned directly to produce heat; Fig (8.13) (a, b, c).
Biomass can also converted into gas called biogas and

intoliquid biofuels such as ethanol and biodiesel.

Fig (8.13)(b)
Biomass energy
(Organic materials)

viii. Tidal Energy

It is a form of hydro power that converts the energy
obtained from tides into useful form of power; mainly
i clectricity as the Earth uses the gravitational forces of
# both the moon and the sun every day to move vast
¥ quantities of water around the oceans and seas
« producing tides and in this way energy is produced
called tidal energy; (Fig 8.14).

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

Fig (8.14) ENERGY SOURCE

Tidal energy
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

Non-renewable resources are limited and will
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. These
super-rich but limited sources of energy (coal, oil and
natural gas) replaced wood, wind and water as the main
sources of fuel. They are being used at a faster rate than
they can be restored again and, therefore cannot be
renewed.

Self Assessment Questions:
Q10: Write down the names of any three renewable

energy sources.
Q11: Write down the names of any three non- ® Wind energy is clean
renewable energy sources. fuel source.
Q12: What is the difference between renewable and ¢ 1t does not pollute the
non-renewable energy sources? air.
€ Wind turbines does not
I8l EFFICIENCY produce atmospheric
emission that causes
Every machine needs some energy to perform greenhouse gasses.

work. Whatever energy given to a machine is called
input 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!

We get

4

Chemical energy
from fuel, gas and
battery.

Thermal energy
from hot object.
Nuclear energy
from nuclear
Fission and fusion.
Electrical energy
from movement of
charges.
Mechanical energy
from walking,
running.

Sound energy
from sound waves.

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 is
defined as

The ratio of output to the input is called Efficiency.

Efficiency is denoted by “n” called eta. As it is the
ratio of two energies therefore it has no unit. No machine is
100% efficient because some energy is always wasted in
the form of heat, sound or light etc.

Bificiency — LNe'8y asoutput (E,)
Energy asinput(E,)
n= E>< 100
El
Efficiency = O_utput X100 ..o, (8.5)
input
System
El Ez .. Output
>inP11f process output —» Efficiency—» et
Loss

~N

£ 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,

Power = P = work done

time taken

Since work and time are scalar quantities. Therefore,
power is also a scalar quantity.

Unit of Power
Joule

sec
Thus SI unit of power is watt which is defined as:

= Watt

In SI system unit of power is

The power of a body is said to be one watt if it
does work at the rate of one Joule per second.

Worked Example 5

Calculate the power of a machine. If the machine
performs 900 joules of work in 30 minutes.

Solution

Step 1: Write down known quantities and quantities to

be found.
W =900]
t=30min=30x60s =1800s
P=??
Step 2: Write down formula and rearrange if necessary
W
P=—
t
Step 3: Put values in formula and calculate
5 _ 900]
1800s
P=05W

Hence, power of the machine is 0.5 Watt.

1kg of 4% enriched fuel
grade uranium releases
energy equivalent to
the combustion of
nearly 100 tons of high
grade coal or 60 tons of
oil.

Do You Know!

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




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 rate of

doing work.

¢ Work is the product of force and the distance
(W=F-5)

¢ The ability to do work is called energy. SI unit of
energy is Joule (J).

¢ Energy possessed by an object due to its motion is
called as Kinetic Energy (K-E=1/2mv").

¢ Energy due to position of an object is called
Potential Energy (P-E=mgh).

¢ Energy exists in many different forms such as
nuclear energy, heat energy, electrical energy,
chemical 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.

4 The work done in unit time is called power. SI unit

of work is (Watt).
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gg CONCEPT MAP

Energy

Ener

8y

Kinetic energy -
KE=1/2mv’
Potential energy
<—
P.E =mgh

<Fossil Fuel energy><—

@Iydroelectric energy,<—

< Nuclear energy )4—

<Geothermal energy><—

< Wind energy )4—

< Biomass energy )4—
C Tidal energy )4—

< Heat energy )4—

< Electrical energy ><—

( Chemical energy )4—

( Solar energy ><—

A
I

v

Of Energy

aw Of Conservation

C

Renewable
energy

Biomass
energy

Hydroelectric
energy

Solar
energy

Wind
energy

Tidal
energy

Geothermal
energy

Non-renewable

v

Transfer Of
Energy

energy

I

Useto 7\
perform Work
"W=F-d
- J
Rate at which
energy (" power
transfers _ w
> P =
N
Ability to m
transform E
ZIn= =100
N,

(

ossil fuel

energy energy

Nuclear

R
e

A\ 4

Uranium




LIZGs (0 PN ] Multiple Choice Questions (MCQs)

1.

End of Unit Questions

If force of 6N displaces an object 2m in the direction
of force, then work done will be

a) OJoule b) 12]Joule
c) 3]Joule d) 12N.

If a body of mass 1 kg is moving with velocity of
1m/sec then K.E of the body will be
a) 10Joules b) 0.5 Joules

c) 2]Joules d) 1Joule

If a machine performs 20J of work in 10sec then its
poweris .

a) 200watt b) 20watt

c. 2watt d) 0.2watt

. A body of mass 1kg is lifted through a height of 1m .

The energy possessed in the body will be .
(consider g=10ms?)

a) 1J b) 10Joule
c) 100]Joule d) 1000Joule
The energy released during fission or fusion reaction
is called .
a) Solarenergy b) Geothermalenergy
c) Tidalenergy d) Nuclearenergy
. Whichis the renewable source of energy
a) Solarand wind b) Coal
c¢) Natural gas d) Petroleum

The ratio of output toinputis called
a) Energy b) Work

c) Power d) 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 energy
Structured Questions
Work

1. a) Definework.

b) Derive the equation; (Work =Fd cosb).

2. How much work is needed to move horizontally a
body 20m by a force of 30N, the angle between the
body and the horizontal surface is 60°?

3. How much work is done, if a crate is moved at a
distance of 50m, when a force of 30N is applied
along the surface.

4. Whatis the work done by Usman? If a bar of weight
100 N is brought by him from (A) to (B), then
broughtback to (A).

Energy Forms

5. a) DefineKineticenergy
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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temperature of a large
cup of tea, but the large
cup of tea has more
amount of heat because
it has more amount of
tea thus more total
thermal energy.

Boiling point
of water

Human body
temperature

Room
temperature

Freezing point
of water

Absolute zero

Do You Know!

Specific heat of water
is4200Jkg K.

Boiling point of water
is100°C

small cup of tea might follows:
be the same as the Conversionoftemperature from Celsius scale to Kelvin

scale

™ 100

%’;

37

r 25

®273.15

The three scales of thermometer

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

K=°"C+273

°F =1.8"C+ 32

Fig (9.3)

) K
1% 373.15

310.15

1 r 298.15
i r 27315

-459.67

Conversion of temperature from Celsius scale to
Fahrenheitscale

) F
% 212
98.6
32
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Worked Example 2

Do You Know!

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 heat
capacity of 810Jkg ' K,
which is about 5 times

Step 1: Write down known gquantities and quantities to
P 9 9 less than that of water.

be found.
T,=40°C
T,=70°C
AT=T,-T,=70°C-40°C=30°C=30K
AQ=6300]
m=50g=0.05kg
c=?

Step 2: Write down formula and rearrange if necessary

Cc= ﬂ
mAT
Step 3: Put values in formula and calculate
o 6300]
0.05kg x 30K

¢ = 4200]kg 'K *
Hence, specific heat of wateris c=4200]kg 'K

Self Assessment Questions:

Q4: Define specific heat capacity.

Q5: Write down the factors on which specific heat
capacity depends.

Q6: Write examples of specific heat capacity from daily

life experience.




Do You Know!

The heat of fusion
for water at 0°C is
approximately 334
Joules per gram.

The heat of
vaporization for
water at 100°C is
about 2230 Joules

per gram.

Latent heat of fusion and latent heat of vaporization
Latent Heat of fusion

The heat absorbed by a unit mass of a solid at its
melting point in order to convert solid into liquid
without change of temperature is called “heat of
fusion”.

Latent Heat of vaporization

When a beaker filled with water placed on a
burner to boil, the temperature of water gradually
raises until it reaches 100°C. At this temperature it starts
to boil, that is to say that bubbles of vapor formed at the
bottom and start to raise to the surface and then escape
in the form of steam. At this stage the temperature of
water (liquid) and of water vapors (gas) is same. Thus
the heat energy which is required to convert water from
liquid to vapor state is know as “heat of vaporization”.
Therefore heat of vaporization is defined as:

The amount of heat energy required to change
the state of a substance from liquid to vapor form,
without changing its temperature is called “heat of
vaporization”.

Q
%

Liquid =

Heat ——~ ——~ ——~ /—/ﬁ:ff

: Solid = == == %
Supplies = === == ,—ffff

|—> Heat of fusion <—| |—> Heat of
vaporization
‘ . .
Activity

Encourage students to take solid ice pieces in a
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 upper |

Take a container and place it on a stand as shown in; Fig fixed point
(9.4). Put small pieces of ice in the container. Suspend a
thermometer in the container to measure the
temperature. Take a stop watch to measure accurate ,
time at different stages. Now place the container on the .. lower
burner. The ice will start melting after absorbing heat. '
The temperature will remain same up to 0°C until all the
ice melts. Note the time (t,) and (t,), which the ice takes
to melt completely into water at 0°C. Supply heat Fig (9.4)
continuously to water at 0°C, again note the time, Its  Heating ice experiment
temperature will start to increase. Note the time, which

water in container takes to reach its boiling point at

100°C from 0°C. Draw a temperature-time graph as

shown in graph (9.1). Calculate the heat of fusion of ice

from the data using the graph.

Soged 74 H
iy oees:

o=

120
. Water boils /

80
60

Water and steam

Ice melts

Temperature (°C)
)
=)

I Water and ice
I B

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
steam. Note the time during which water in container
completely changed into steam at its boiling point,
using the temperature-time graph no 9.1 calculate the
heat of vaporization of water.
Table (9.2) shows heat of fusion and vaporization of
different elements.

Self Assessment Questions:

Q7: Why does the temperature not increase when ice is
heated at0°C?

Q8: Why does the temperature not increase when water
isheated at 100 °C? Explain.

EX) EVAPORATION PROCESS

Itis our common observation that wet clothes dry
in sun due to the evaporation. The water in the wet cloth
takes heat energy from sun and get evaporated.
Similarly the water taken from the sea is kept under the
sun for a long period of time leading to the evaporation
of the water molecules and as a result the common salt is
formed, which is left as remnants in this whole process.
We mostly notice that water placed in a pot, disappear
slowly. It is because of evaporation process

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”.
3:-1t 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 liquid.
6- No formation of | 6- Bubblesareformed.
bubbles. Evaporation Boiling
Figure (9.5) demonstrates the difference between 7?_ B ?_SE"jo\
ﬂ A o .

evaporation and boiling. The table (9.3); shows the

freezing and boiling points of some important solvents.

Solvent |Freezing point (°C) Boiling Point C) Calas,
Water 0.0 100 . Fig (9.5)
Acetic acid 17.0 118.1 cvamoation and baling
Benzene 55 80.2
Chloroform -63.5 61.2
Ethanol -114.7 78.4

Table (9.3) Freezing and boiling points of different solvents

Evaporation causes cooling

When evaporation occurs, the molecules of
water with 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

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 boiling
point. If little amount of methylated spirit is taken on
our hand it evaporates rapidly and our hand feel
instantly cold. To change spirit from liquid to vapor it
requires latent heat which is obtained from our hand
thus our hand losses heatand we feel cool.

Water also causes the hand to become cold but it
is not felt as spirit. The water has high boiling point then
spirit so it evaporates slowly at the temperature of our
hand and hence it does not cause the cooling effect.

Factors which Influencing Surface Evaporation

a. Temperature: With the increase in temperature the
rate of evaporationalso increases.

b. Wind Speed: Rate of evaporation also increases with
the increase in wind speed.

c. Surface area of liquid: Rate of evaporation increases
with the increase in surface area of liquid.

d. Humidity: The rate of evaporation decreases with
increase in humidity.

e. Nature 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 changes
take place in shape, area and volume of the substances
with the change in temperature. This is called “thermal !

Y

expansion”, defined as: H Fi (.7) (a)
The expansion of substance on heating is called Thermal expansion
thermal expansion.

Examples of thermal expansion
@ Expansion in railway tracks in summer; Fig (9.7)(a).
@ Expansion in electric wires in summer; Fig (9.7)(b).
@ Expansion in bridges in summer; Fig (9.7)( c) , etc.

Expansion of Solid o Fig (9.7) (b)

The molecules of solid materials vibrate at their Thermal expansion

mean positions. So, when a solid is heated, its molecules
vibrate with greater amplitudes due to increase in their
kinetic energy. As a result the solid expands its length
and volume.

Expansion

Fig (9.7) (c)
Thermal expansion

Linear expansion Volumetric expansion




Fig (9.8)
Linear expansion

The co-efficient of
volume expansion of
liquids greater than

solids.

VU/ PU
t, m - t, m

Fig (9.9)
Volumetric expansion

Linear Expansion

The expansion in length of a solid object on
heatingis called linear expansion.
It is one dimensional expansion as it occurs only along
the length of the object; Fig (9.8).
Suppose a rod of some material with original length L,
at initial temperature T, is heated through a certain
temperature T’, thenits length increase and becomes L'.

Therefore
T = New temperature

L" = New length
L, = Original Length
T, = Initial temperature
Change in temperature = AT =T" - T,------- (i)
Changeinlength=AL=L'-L, -------------- (if)
It has been experimentally proved that change inlength
is directly proportional to the original length and
changein temperature. Therefore
AL oc AT
AL o Lo
AL = (constant) LAT
This 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

(ii)

9.2)
Volumetric Expansion

he expansion in volume of a solid object on
heatingis called volume expansion.

It is three dimensional expansion as it occurs
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; Fig
(9.13). This allows the tracks to expand safely. If these
gaps are not left between the tracks, the tracks buckled
and train would be de-tracked (derailed).

Real and Apparent expansion of liquids

Consider a flask, filled with water up to level

“a”. The flask is placed on a burner, as shown below in;
Fig (9.14).
Heat start to flow through the flask to water. So, the
flask expand first. Due to expansion of flask, the level of
water falls from point “a”, level L, to point “b”, level L, .
So, when water get heated, it start to expand from a
point “b” beyond its original level.

Thus expansion of water appear from level “L,”
point “a” to level “L,” point “c” is called “apparent
expansion 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”.
Real expansion =L, to L, i.e from point “b” to “c”, as
shownin;Fig (9.14).

Fig (9.13)
Gaps between Rail Tracks

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 copperis17x10°°C".

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

L=15m
T=30"C
T'=85°C
AT=T'-T=85°C-30°C=55C
a=17x10°"C"
AL=?
Step 2: Write down formula and rearrange if necessary
AL =al, AT
Step 3: Put values in formula and calculate
AL =17 x10°°C 'x 15m x 55°C
AL =0.014m
Hence, the change in length of the copper rod is
0.014m.

Self Assessment Questions:

Q12: What is the reason for expansion of solids on
heating?

Q13: Explain two types of thermal expansion.

Q14: Whatis therelation between a.and 3?
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. Thermal energy transfer required to change a solid

into liquid without changing its temperature is
called

a) Latentheatof fusion

b) latentheatof vaporization

c) latentheatof boiling

d) specific heat capacity

Thermal energy transfer required to change a liquid
into gas without changing its temperatureis called

a) latentheatof freezing

b) latentheatof vaporization

c) latentheatof boiling

d) latentheatof melting
Vaporationcan occur at

a) freezingpoint b) meltingpoint

c) Dboiling point d) alltemperatures

10. Rate of evaporation of a liquid can be increased

11.

by
a) increasing humidity
b) decreasingtemperature
c) increasingitsboiling point
d) decreasingatmospheric pressure
Linear thermal expansion of a solid depends

upon

a) changeintemperature
b) originallength

c) properties of material
d) allofthese




SIus o1 (3] Structured Questions

Heatand Temperature

1.

a)

Define heat and write its SI unit.

Why does heat flows from hot body to cold
body?

Convert 30° C into Kelvin and Fahrenheit Scale.
Explain three different scales of temperature
along with their main uses.

Differentiate between heat and temperature.
Convert 212°F into Celsius and Kelvin.

Specific Heat Capacity

3.

4.

a)
b)

)
a)

b)

Explain specific heat capacity.

How would you find the specific heat of a
solid?

How much heat is required to boil 3 kg water
which is initially 10° C ?

Explain the effects of large specific heat of
water with examples from our daily life.

2kg of copper requires 2050] of heat to raise its
temperature through 10°C. Calculate the heat
capacity of the sample.

Heat of fusion and Heat of vaporization

Define heat of fusion with the help of an experiment.

Differentiate between heat of fusion and heat of
vaporization

Demonstrate heat of fusion and heat of vaporization

by the help of heatingice graph.



Evaporation Process

8. Explainindetail, why evaporation causes cooling?
9. Differentiate between evaporation and boiling.

10. Write any four factors that influence the surface
evaporation.

Thermal Expansion

11. Why solids increases in size on heating ? Explain.

12. An iron block of volume 3m’ is heated, so that its
temperature changes from 25°C to 100°C. If the
coefficient of linear expansion of iron is 11x10° °C".
What will be the new volume of the iron block after
heating ?

13.a) Draw the diagram, showing real and apparent
expansion of liquid. Label the diagram
properly.

b) Why small gaps are left at the joints of sections of
railway tracks? Explain the phenomenon
involved init.
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