Preface
|
This textbook is designed for the students at Upper Secondary Level (i.e. Grade 10) with

the foundation standards falling into the three broad strands mentioned below:
1. Mechanics

2. Energy
3. Modern Physics

The first two strands cover the elementary level of physics whilst the final ¢hapte
deals with Modern Physics, which is to be further dealt with in Grade 11. Despitééa gse
emphasis placed on introductory physics, it is gratifying to note that this updated editigm*is also
in a position to serve as a launch platform for the beginners who have the fut@e pétential to

become outstanding scholars of physics. \‘

Each chapter includes relevant graphical representations and phe %@s, not to mention
the learner-friendly applications. What’s more, the contents -@ only the learning
objectives and outcomes but also relate to the conceptual questionSyeoncept maps and links
to laboratory work, enabling the learners to acquire considerable knowledge of traditional
physics application problems and creative thinking skiMs. Better still, it may also help
the students switch from the typical rote learning tof the Soft skills practiced commonly
in the modern classrooms today. Accordingly, thi -ﬁﬁ meets the requirements for a

fundamental physics course both in terms of scope sequence.
e

In addition, this textbook is intended v-@ r
21* century skills for learning in t c@ oIS

e 5C’s, the key to success in developing
e Collaboration
o inlessons student?l] be working in groups, to share ideas with their classmates

and to find the soltition together

. Communication%,
o sl;i%EtQI develop verbal and non-verbal communication skills in group
al Thi

@ nking and Problem Solving
o Gsmudents will be given interesting problems to solve
% finding and explaining solutions, looking for correcting errors
reativity and Innovation
o thinking ‘outside the box’ is an important 21% century skill.
o students will be encouraged to explore new ideas and solve problems in new
ways.
¢ Citizenship

o students will join the school community and develop fairness and conflict
resolution skills.



Furthermore, it is organized in such a way that the topics are introduced conceptually
with the degree of intensity increased gradually. Besides, the developmental progression is
established with the help of the precise definitions and principles in addition to the problems
and their practical applications. Remarkably, the textbook also makes sure that the students’
problem-solving skills in one topic are consolidated with the key concepts before moving on
to another topic. Thoroughly reviewed and revised, this edition bears comparison with most
of the contemporary textbooks aimed at the same target audience.

It goes without saying that physics is the study of the world around us. Wi
textbook as the standard source of information on physics, the students are expect& ve
greater awareness of what is happening around them every day in the contex@p ysics.
Simultaneously, they are also expected to develop superior skills when,_ it (comes to their
concept formation, comprehension, analysis, synthesis, and evolution by making
themselves able to participate in all the lessons actively through the hich constitute

the integral part of 21 century skills for learning.
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CHAPTER 1

UNITS AND MEASUREMENTS

Physics, like any other branch of science, is based on systematic observations and precise
measurements. Experiments are an essential feature of science. Most experiments in Physics
require the observations made to be quantitative rather than qualitative. 2

Learning Outcomes \io

It is expected that students will
e work accurately with basic and derived units of measurement. @
e work accurately with standard measurements and conversions bet@ fferent system)

of units. &
e correctly use the symbols for physical quantities.
e develop skills in accurate measurement of length, mass and time.
e solve problems demonstrating proper use of units, quantities and scientific notation.

1.1 BASIC AND DERIVED UNITS ° %
L

Measurement essentially is a comparison prog uantitative measurements must be

agreed upon set of standards. A standard quantity
ished. Standard is something or a reference
it is a quantity or an amount used as a standard

of measurement.

There are many things in the world can be measured accurately. These things are known
as ‘physical quantities’. A phys'e}tf] quantity is the quantity that can be measured, and consists
of a numerical magnitude %d a unit. It can be expressed as

O=Nu

quantity, N is a dimensionless number and u is the unit. For example,
¢tis /=10 m, where ‘/"is physical quantity,”10’ is the numerical number

A dérived unit is a unit of measurement formed by combining the basic (or base) units of

a system.

distance
time
Therefore the unit of speed is “m s™'’. This is a derived unit.

For example, speed = , the base unit of distance is ‘m’ and that of time is ‘s’.
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Reviewed Exercise

* Explain each of the following terms in your own words:
physical quantity, basic unit, derived unit.
Key Words : physical quantity, standard, unit, basic unit, derived unit

1.2 SYSTEM OF UNITS

In this text book, we shall be using the following system of units. b
(1) the British system
(11 ) the metric system

(111 ) the SI units q
The British system is based on foot (ft), pound (Ib) and second (s) and is t a so called
the FPS system.
The metric system consists of (i) the CGS system and (ii) the MKS s
The CGS system is based on centimetre (cm), gram (g) and sec
The MKS system 1s based on metre (m), kilogram (kg) and seco%
These two systems are alike in the sense that units of length s of one system may be
converted to those of the other by using powers of 10. (e% 10°cm, 1 kg=10"g)

The SI unit is just the modified form of the MKS sygw%
Scientists all over the world like to work with a capsisten®and coherent system of units. In
1960, the Eleventh General Conference of Wei d Measures in France recommended

an International System of Units based on thespetfc system of units. This recommendation
was accepted as SI units ( full name, ‘S Infernational d’ Units”).

The SI unit has seven base units Gnd aJl other units are derived from these base units by
multiplying or dividing one unit by her without introducing numerical factors. Table 1.1
shows the seven base units of Sl/s‘izstem.

Table 1.1 Seven base unij%rfsl system

&

ical quantity Symbol | SIunit
[ L.d s, ete. ‘ metre (m)
@ m ‘ kilogram (kg)
Time [ 1 | second (s) .
Q Electric current I ‘ ampere  (A)
Temperature | T kelvin  (K)
- Amount of substance ‘ n ' mole  (mol) -

t~

Luminous intensity ‘ | candela (cd)




Textbook Physics Grade 10

Reviewed Exercise

1. Write down the value of (a) 1 564 mm in m, and (b) 1 750 g in kg.
2. In each of the following pairs, which quantity is larger?

(a) 2 km (or) 2 500 m, (b) 2 m (or) I 500 mm, (¢) 2 000 g (or) 3 kg
Key Words : SI units, metric system, British system
1.3 PREFIXES

Sometimes a physical quantity is too big (or) too small to be conveniently expressed i
SI units. Prefixes are needed to be used. Prefixes are multiples or sub-multiples of |
shows some prefixes used in SI units.

Table 1.2 Some prefixes for SI units

Prefix = Symbol Factor Prefix
femto f 10°% deca
pico p 102 hecto
nano n 107 kilo
micro u 10 '
| ATg2

centi c 10 A \, tera

V.

deci d 107 Q )

1.2

Scientific notation (or) s% ard form may be written as follows:

Place the decimal poj the first nonzero digit. Then determine the power of 10 by

counting the n Iaces we have moved the original decimal point to the marked
decimal point: oved the point to the left, then power is positive and if we moved
i L, it ISmégative.

Rev@?
Q rite the following numbers in scientific notation.

(a) 320 000 (b) 0.000 075
Key Words : scientific notation
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1.4 STANDARDS AND UNITS
(a) The Unit of Length

The standard of length is metre. The metre was originally defined as the length between two
marks on a platinum-iridium rod at 0 °C, kept at the International Bureau of Weights and
Measures at Sevres, near Paris. Copies of the standard were sent all over the world.

Nowadays the standard of length used is based on the wavelength of orange-red light ¢ &@
by a krypton 86 isotope. A metre is now defined as the length equivalent to 1 650 763,73 tilmes
the wavelength of this orange-red light.

By the 1970s, the speed of light has become one of the most precisely determined quantities.

of the path travelled by light in vacuum during a time interval of o of a second.
In the CGS system the unit of length is the centimetre (cm) and Q 4

lcm=ﬁm=10"2m \,

In the FPS system the unit of length is the foot (ft) and %?
1 ft=0.3048 m

The unit of length used by particle physicists is t %rmi’ or ‘femtometre’ (fim) given by

1 fm=10"m
In the field of optics, physicists use the u@%mm (A), where

1A=10"m s
In astronomy, the most suitable unit e astronomical unit (AU) and the light year unit (/y).
The light year is the distance whigh light travels in one year.

1 AU = 1.496 x 10" m
1/ %1 x 10" m

The largest unit ngs the “parsec’(pc).
‘%c =3.084 x 10" m

fiMass

: ’u@ of mass is a cylinder of 1 kg mass made of platinum-iridium alloy. It serves as

idard of mass for international use. Figure 1.1 shows the standard metre and standard
ram which are kept at the International Bureau of Weights and Measures at Sevres, near
Paris. Prototypes of standard kilogram are distributed to research academies and laboratories
situated in all parts of the world.
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Figure 1.1 The standard kilogram and the standard metre kept at InternationaNBureau of
Weights and Measures

[https://www.bipm.org/en/measurement-units/history-si H'M'_ui\ ilo¥iml]

(¢) The Unit of Time

The SI base unit of time 1s the second. The second was ogﬁuﬁﬁy defined as m ofa
"R A 4 x X

day, one day being the time it takes the Earth to rotate gnee’But the Earth’s rotation is not quite
constant. So, for accuracy, the second is now defined(in terms of something that never changes:
the frequency of oscillation which can occur from & cesium atom. A particular frequency
9192 631 770 s! emitted or absorbed by a cesium afom is used to define 1 s.

Reviewed Exercise

= [f the density of ice is 920 l%‘m'3 } convert this value to g cm™.
Key Words: light-year, oscillation, fréquency

Symbols for Physical Quantities

It is said that ‘mathematics 1S the language of physics’. Physical laws and principles can be
fully and effectiyely répresented in mathematical forms. Since we have to express the relation
between physié'ﬁiigjﬁa‘”gﬁtities in mathematical equations it is necessary that the symbols for the
physical quﬁntitiesqﬁ'e short and precise.

@Only used symbols for physical quantities are:
* s Yfor displacement, ‘ v * for velocity, ¢ @ * for acceleration and * F * for force .
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1.5 MEASUREMENT OF LENGTH

To measure the length of objects some standard objects have to be used. For everyday use, the
standard may be a yard stick, ruler, metre stick and so on. Lengths are usually measured in
metre, centimetre or millimetre. Greater lengths are measured in kilometre.

In length measurement, we must choose an instrument that is suitable for the length to be
measured. Figure 1.2, 1.3 and 1.4 show some various instruments for measurement of len
Table 1.3 summarizes the commonly used instruments, their ranges and accuracies. @

Figure 1.2 Measuring tape, metre rule and half@le

Jaws (for measuring inner dimensions)

Screw Clamp Main

Tail for
measuring

depths
Vernier Scale

Jaws (for measuring oulter dimensions) Q

/igure 1.3 Vernier calipers

% t thimble

ratchet

anvil

main
scale

circular
scale

frame

Figure 1.4 Screw gauge (Micrometer)
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Table 1.3 Instruments used for length measurement and their accuracy

Length to be measured Suitable instrument Accuracy of instrument '

several metres (m) Measuring tape 1 mm (=0.1 cm) i

several centimetres (cm) to Metre rule or

I mm (=0.1 cm)
I'm half-metre rule

between 1 cm and 10 cm Vernier calipers 0.1 mm (=0.01 ¢

Screw gauge =
“ less than 2 cm | (Micrometer) i ({é i )_

The mass of an object is a measure of the amount of mat%

Mass is measured in laboratories using a sliding mass bal
in Figure 1.5 and 1.6, respectively. The mass of an og?&
I

The electronic balance is easier to use and also ccurate than sliding mass balance. The
unknown mass is placed on the top of the Qa its mass is read directly from a display

screen. Q

Key Words: accuracy, range

1.6 MEASUREMENT OF MASS

e electronic balance, as shown
¢ found using balance like this.

'@ re 1.5 A sliding balance Figure 1.6 An electronic balance

The balance really detects the gravitational pull on the object (weight), but the scale is marked
to show the mass.

The mass of purified drinking water of 1 litre bottle is 1 kg.
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1.7 MEASUREMENT OF TIME

Time is measured in years, months, days, hours, minutes and seconds, but the SI unit for time
is the second (s). Most common modern clocks and watches depend on the vibration of quartz
crystals to keep time accurately. The energy to keep these crystals vibrating comes from a
small battery. A stopwatch (or) a stop clock shown in Figure 1.7(a) and (b) can be chosen to
measure the time to an accuracy of a few tenths of a second. Digital stopwatches can meaure
up to 0.01 s as shown in Figure 1.7(c). %

(a) Stopwatch (b) Stop Clock
[https://renMgreWek.com/best-stopwatches-reviewed]|
Figure 1.7 Time measurin

SUMMARY 4%&

<
A physical quantity is the quantity that can b red, and consists of a numerical magnitude
51;

and a unit.

Physical quantities can be classified Q ype (length, mass, time, temperature,electric
current, amount of substance, Iumiensity) and the derived type (area, volume, velocity,
work, energy, etc.). Their units are a alled the basic units and the derived units.

A derived unit is a unit of meﬁxfremem formed by combining the basic (or base) units of a
system.

Standard is something (,%a'ceference used as a measure for length, mass and time.
Unit is a quantity (or @ ount used as a standard of measurement.

'EXERCISE

cs useful in the study of chemistry, biology and engineering subjects?
2. Deier e derived units of :

®d’ (= distance / time)

ptume (= length x width x height)

) density (= mass / volume)

he density of water is 1.0 g cm™. Convert this value to SI units.
4. Find the area of one page of a book whose dimensions are 20 cm % 25 ¢m in cm” and then
convert this value to m?.

5. Write down in powers of ten the values of the following quantities:
(a) 60 nF (b) 500 MW (c) 20 000 mm (d) 400 pC
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10.

11
12:

13

14.

15.

16.

. The shortest life-time of an elementary particle is 10 s an

The thickness of a ream of printing paper is 5.2 cm. It contains 500 sheets of paper. What
is the average thickness of one sheet of paper? Express your answer in SI unit.

The mass of 1 litre of water is 1 kg. Find the mass of 350 mL purified drinking water in a
small-sized bottle.

The sun is a medium-sized star. In the Milky Way galaxy which includes the sun, there are
one hundred billion stars. Write down this figure in the standard form.

(1 billion = 107)

The tissue of a cell is 70 A thick (A = angstrom unit). If 1 A = 10""m find the thick
tissue in terms of an inch. (1 m =39.4 in) \é
The size of elementary particles (which are also called the smallest particles) iﬁ
of ~10"® m and the size of the universe is of the order of ~10° m. Detern@
the size of universe to the size of an elementary particle.

One acre is equal to 43 560 ft*. How much is it in m*? (1 ft = 0.305
One litre is equivalent to 1 000 cm’. How many litres are theﬁ mn’? (lin = 2.54 c¢cm)

order
ratio of

¢ age of the universe is
10'® 5. Find the ratio of the two time intervals.

If the width of the Milky Way galaxy (which includes our Selar system) is 10° /y, how long
will a light signal take to travel that width? °

According to observations and measurements st galaxies are at a distance of
10** m from the earth. When space travel be ighly advanced do you think that man

will be able to visit those galaxies? (Li els 3x10% m in one second and there are
approximately 10* s in a year.)

The mass of an electron is m_ =§; @“ - The mass of a muon is about 207m_ and the
mental

mass of a proton is about 1 83 nd the masses of muon and proton in kg. (Electron,
muon and proton are the funda particles which are smaller than an atom.)
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CONCEPT MAP
9

Basic
physical

quantities b
Time Q

Temperature
Electric current
Amount of substance can be
Luminous intensity E'Leasured
y
Instruments such as . Watch/Clock
1. Measuring tape « measure longer time
« accuracy of 0.1 cm in?ervals in hours,
« suitable for lengths of minutes and seconds
several metres 2. Analogue stopwatch
2 Metre rule » measure short time
. accuracy of 0.1 cm - . intervals (in minutes
« suitable for lengths of’ 1) Skiding mass and seconds) to an
balance 10.1
several cm to 1 m. /|2 Electroni accuracy to+ 0.1 s
. . » ENORIANE 3. Digital stopwatch
3. V& 1 / g op
g balance « accuracy to + 0.01 s

« accuracy of 0.
« suitable for

Viigrometer (screw
'% y of 0.001cm
Suitable lengths of

less than 2 cm

10
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CHAPTER 2

MOTION

This chapter introduces scalar and vector quantities and the manipulations of vectors; that is
finding the sum and difference of two vectors and also resolving a vector into two perpendicular
components. As motion is a fundamental part of physics, basic quantities associated ayith
motion are also clearly defined and explained. The linear motion, the simplest type of motiofi, %

studied together with the equations of motion under constant velocity and constant accelefa
Motion graphs, their interpretation and analysis are also included.

Learning Outcomes @
It is expected that students will \'

e distinguish between a scalar quantity and a vector quantit
e demonstrate correct use of vector symbols.

e find the sum and difference of two vectors and res e a vector into two or more
components.

e explain distance, displacement, speed, velocjty % eleration.

e study the equations of motion to analyze n under constant velocity and
constant acceleration.

e illustrate and interpret motion graphs y, distance-time, speed-time graphs.
e solve problems demonstrating proE of units, quantities and scientific notation

for describing motion. C
2.1 VECTORS

Scalar and Vector /

Some physical quant:t' sics are completely described by a single number (or magnitude)

w20 N upwards and the displacement of the ship is 150 km northeast from the port. These
quantities, that have both magnitude and direction, are called vectors. Since we have to come
across vector quantities in most areas of physics, we need to study the addition, subtraction and

resolution of vectors.

11
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Vector Symbols

In printing, vectors are represented by boldface type, such as 4, K, v, s. In handwriting, vectors

are indicated by placmg arrows on the top of their symbols. e.g. A F 7,5 The magnitude
of F is written as |F| = F. We would use handwriting format to express vectors later in this
chapter; that is, by placing arrows on top of their symbols.

Vector relations and their meanings b

(i) A = B : A4 and B are equal in magnitude and have the same direction.

(i) A = —B : 4 and B are equal in magnitude but have opposite directions.

(iii) 4 = 2B : The magnitude of 4 is two times the magnitude of B and he@ ion of 4
is the same as that of B. K’

(iv) 4 = -3B

: The magnitude of A is three times the magnitude of B @le direction of A4
is opposite to that of B.

Graphical Representation of Vectors

Using graphical method a vector may be represented by The length of the arrow is
proportional to the magnitude of the vector and the dir f the arrow gives the direction
of the vector.

A= 5 units (east) 0
B = 10 units (south) Qﬁ N

C =15 units (west)

D =20 units (north-east) ‘ ’
/ d

Addition of Two Vec¢ k' y
A r

aw A.Then draw B in such a way that the tail of Bis at the tip of 4.

To add 4 and
Then dra’\thjd Ctor R from the tail of A to the tip of B. R is the vector sum A4 + Band it

is called thedeshltant vector. It is to be noted that we can also draw B first, and then A.

Figure 2.1 Diagram to illustrate vector addition
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Subtraction of Two Vectors

In algebraic notation, A —B = A4 + (- B). Hence, vector subtraction is, in effect, vector
addition. To subtract B from 4 (i.e.tofind 4 — B ), we add A and (— B ). Note that (- B ) has
the same magnitude as B but its direction is opposite to that of B.

; O
A‘_B’:/A"'*"E‘ ~B

A4-B \g)
Figure 2.2 Diagram to illustrate vector subtraction C)

I

3

ey
+
oo
Il
(>t
+
e

.4
. Vector addition is commutative. @

— (B — A4 ). Hence, vector subtraction is not commulq

Example (1) \;

A boat travels east at 10 mi h™' in a river that flows sou mi h''. Find the boat’s velocity
relative to the river bank (the earth).

To find the boat’s velocity relative to the riv;%& (the earth) we have to add the boat’s

velocity to the velocity of the river current. Q
To find the magnitude of v,

Sy
|

e}
Il

o

Vboat
Vo= (e )+ (Ve ) > N
= (10)*+(3)=109 -
v = 104 mih'!
To find the directien, Q S
tané = Vetver _ N 3 Voo
v 10 0

<

9@‘ 3)=17" v o

agnitude of the boat’s velocity relative to the river bank = 10.4 mi h”!

The direction = east 17° south (or 17" south of east).

Draw a scaled vector diagram and check your answer.
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Resolution of a Vector into Two Perpendicular Components

Just as a number of vectors can be added to obtain a resultant vector, it is also possible to
sub-divide a given vector into a number of different vectors. The process of sub-dividing a
vector into two (or) more vectors is called resolution of a vector, and the new vectors obtained
are called vector components of the original vector.

A useful application of vector resolution is sub-dividing a vector into two perpendictlar
components, namely, horizontal component and vertical component.
= original vector \io

A ;
y-axis
Ax

= component of A4 along x-axis, i
x-component (or) horizontal component "
A
}iy = component of 4 along y-axis, ¢
y-component (or) vertical component
A, =Acos @ , 4,=Asinf X-axis
Figure 2.3 Components of a vector

Example (2) v
A force of magnitude 5 N is inclined at an angle 37° &%}rizomal. Find its horizontal and

vertical components. (sin 37 =0.6, cos 37" =0.

F=5N, 6 =37'%ﬁ
horizontal component F = F'cos C@ =5%x0.8 =4N

vertical component F =Fsin§ =3sin37" =5x0.6 =3N

Reviewed Exercise

I. Given that 4 = 2 upits (west) and B = 4 units (south), draw vector diagrams to carry
out the followin; v%mc r operations. (i) A+ B (ii) 24+ B (iii) B— 4

2. A force 0‘
magnitud&ia

ted east, and a force 6 N, directed west, act on a particle. Find the
'direction of the resultant force.

Key Words{ scalar, vector, addition of vectors, resolution of a vector
2,2:D IBING MOTION
ce and Displacement

Consider that a particle moves from a starting point A to an end point B along a curved path as
shown in Figure 2.4.

14
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distance = length of the path taken by the body

-
- -~ ————
. ~S o - -

Hid ~— - ~
,l -~ —- ' 7 \
¢ ~
y ~
S A b
o 5 o
[ -

starting displacement ’egd
point A point B

Figure 2.4 Distance and displacement of a body

Distance (or) distance travelled by the body is the length of the path along which thesbody
moves. However, the displacement of the body is a vector directed from the sta
to the end point, as described in the diagram. Displacement is the distance travelled
particular direction. Distance has no specific direction. It has only magnitude; dnd {itrefore, it
is a scalar. On the other hand, displacement has a specific direction. It is always directed from
the starting point to the end point. It has both magnitude and directio therefore, it is a

vector.
Speed and Velocity

We can define speed and velocity from distance and displaeg t respectively, as follows.
Let us assume that, in Figure 2.4, the body moves fro é actifig point A to end point B in a

time interval 7.

The average speed,V,, (or) V, is the ratio of tolal o time taken .

V= = (or) Vv= (2.1)
!
The average velocity, V,, (or) 5 @@ offotal displacement § to time taken 7.
- E (2.2)

Vay = (or) /’

If the starting point and th¢ end point are the same, the total displacement is zero. Therefore,
average velocity is ze

Now we wou 0 introduce the concept of instantaneous speed and instantaneous

velocity.

The spee d velscity which represent a motion for a certain period of time interval
are called ‘average speed and average velocity, whereas, the speed (or) velocity ata particular
insta f@ time are referred to as instantaneous speed and instantaneous velocity. Note that the

s ¢r of a car indicates the instantaneous speed of the car.

Figure 2.5 A small variation in distance and displacement

15
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In Figure 2.5, a body moves from P to Q in a small interval of time Ar. The corresponding
distance travelled is As (arc PQ) and the displacement is A §. Then, the instantancous speed

and instantaneous velocity are defined as the limiting values of ﬁ and L as time Ar

approaches zero. It is the limiting case when P and Q coincides. At
As ds
Instant d v=lm —=— (2.3)
nstantaneous spee g g
- 5 ds E >
Instantaneous velocity V = lim Lo (2.4)
A—0 At dr

X<

These limiting values are known as the time rate of change of correspondin? agtities

(sands ).

The instantaneous speed is defined as the time rate of change of distanc he instantaneous
velocity is defined as the time rate of change of displacement. ‘Q

Example (3)

(a) A body travels from A to B along a straight line and e mm——
another body travels from A to B along a curve (shown s
by the dotted line). If the straight-line distance between %

A and B is 3 km, find the displacement of each bod

(b) The first body moves along the straight linc™f
along the curved-path back to the same staffing paint A. What are the displacements of two
bodies now? If the first body takes 2 h.t from A to B, what will be its velocity?

(a) Since the starting point is A and the end point is B for both bodies, the displacement of each
body is 3 km, directed from A to B. However, the distance travelled by each body is different.

(b) When both bodies get back to A, the displacement of each body is zero as the starting point
as well as the end point i both bodies.

2h
sage velocity) of first body 1s

S
? = 32 1.5 km h'!

% :
b BB, i stdiesed Botak B
== 2)(3600 =ik ms Irecte Tom 0 b.

Acceleration

When a body is moving along a straight line with a constant speed, the velocity of the body is
also constant because its magnitude and direction remain constant. For a motion with constant
velocity equal displacements take place in equal intervals of time. Motion with constant
velocity is known as uniform motion.

16
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If either magnitude (or) direction (or) both magnitude and direction of the velocity changes, the
body is said to have an acceleration a. Motion with changing velocity is called non-uniform
motion (or) accelerated motion.

Ifthe velocity of a body changes from initial velocity 1'50 ,to final velocity v, in a time interval 7,

the average acceleration @, is defined by the equation, @, = e
t
It is the ratio of the change in velocity to the time taken. As in the cases of instantaneou
and instantaneous velocity, instantancous acceleration can also be defined as \’
. AV dv
a=lim —=—
At=0 Af dt
; S z&
Instantaneous acceleration d@= lim — =— :5)
A0 Af dt Q

Instantaneous acceleration is the time rate of change of velocity. ‘g&'

is increasing and negative if
is*usually called deceleration

Acceleration is said to be positive if the magnitude of veloci
the magnitude of velocity is decreasing. Negative accel
or retardation.

Reviewed Exercise

L. Define average velocity and instantanQ)ve city.

2. Define speed and velocity such,th may be distinguished.

Key Words : average speed, instanitaneouis velocity, average velocity, constant velocity
2.3 EQUATIONS OF MOTIO
(i) Linear Motion with anstant Velocity

1

Motion along a straight is called linear motion. It is the simplest type of motion which

ivarany cases. In a linear motion, the magnitude of the displacement
ce moved. The magnitude of the velocity is also equal to the speed.
The most/simplest” type of motion is the linear motion with constant velocity (uniform
e the velocity is constant, the acceleration is zero. As the body is moving with a
elocity, the instantaneous velocity and average velocity are the same.

the’equations of motion we shall not use the vector notation, i.e., we will omit the arrows
on the symbols as the direction of motion is already fixed. However, we will use positive
(+) and negative (—) signs to describe the two opposite directions along a straight line.

The equation of motion for a linear motion with constant velocity is v = — , where v = constant

velocity, s = displacement and 7 = time taken.

17
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(ii) Linear Motion with Constant Acceleration

If the rate of change of velocity is constant, i.e., the velocity of a body changes at a constant
rate, then the acceleration is said to be constant. For example, if a body is moving with a
constant acceleration of 5 m s, the velocity of the body changes by 5 m s in every second.
Since the acceleration is constant, the instantaneous acceleration and average acceleration are
the same.

Suppose that a body moving along a straight line with a constant acceleration @ changes %
velocity from ¥, to ¥ in a time interval 7 and traverses a displacement s .

We are now going to express the equations of motion for this case. As described pr , We
are not going to use the vector notation. These equations are: a)

v =v + at (2.6) where v, = initial velocity, a] velocity
v v, + 2as 2.7) v = average vel @
s =V t+ at 2 (2.8) a = accel &
5 =01 (2.9) s = displacgment
VgtV ,
v = (2.10) 1 ken
2
Note that except Eq.(2.7), the rest equations can be e in vector form.

In the above equations, Eq.(2.6), Eq.(2.9) and Eq. &z their own physical significance,
where as Eq.(2.7) and Eq.(2.8) are derived fro 6), (2.9) and (2.10) as shown below.

Vv, +V o Vv, +Vv V-V,
A0k b ot QQ g = )
a
= (Qutvtaty, C) i
2 / 2a
=y t+Y%at? ‘ v = v+ 2as
Table 2.1 Unitso%lacemem, velocity and acceleration
)
uantity MKS /Sl CGS FPS
splacement /distance m cm ft
| velocity/speed ms’ cm s fis!
acceleration m s~ cm s~ fts*

m = metre, ms'=metre per second, m s*= metre per second square

18
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Example (4)

A car is travelling with a constant velocity of 6 m s™'. The driver applies the brakes as he sees a
cow which is at a distance of 24 m from the car. Find the acceleration of the car if it stops just
in front of the cow.

initial velocity v =6 m s”, final velocity v = 0, displacement (or distance moved) s = 24 m,
acceleration a=7?

Vv =y +2as
0 =(6)P+2xax?24 \g)
g =—0.75m§? C)

Acceleration is negative because the velocity decreases with time. \io

Example (5) Q

A car starting from rest travels with a uniform acceleration of = iwrthe first 6 s. It then
travels with a constant velocity for half an hour. Find the distance elled in the first 6 s as
well as the distance travelled in the following half an hour. {

For the first part of motion,
by ¥ . S s @
initial velocity v =0, acceleration @ =2 m s, time & 6s,
distance travelled s =7? &
§ =wmtt lsar? %
= 0+%xX2X(6)=36m
velocity after 6 s is Q
V=W, T al < )
= 0+2x6 =12

ms

For the second part of motion, /

constant velocity v = 12mas., time taken 7 = 30 min = 1 800 s, distance travelled s =?
s =vi

= =21600m=21.6 km

Reviewe reis
Vo +V

@ rmula for average velocity v = 2 always true?
Q ds : uniform motion, constant accelerated motion

19



Grade 10 Physics Textbook

2. 4 MOTION GRAPHS

Motion can also be described (or) analyzed conveniently with the help of graphs. The motion
graphs are of three types:

(1) displacement-time graph (s-f graph),

(i1) velocity-time graph (v-f graph) and

(i11) acceleration-time graph (a-t graph). b

(i) Motion Graphs for a Linear Motion with Constant Velocity (a = 0)

s-1 graph v-f graph a-t graph \io
A A A C)

R

1 K :
The slope of the s-7 graph gives the constant velocity. %Q,
L
t

(ii) Motion Graphs for a Linear Motion with C
A

sitive Acceleration
ak

~y
A

Of three types of motion graphs, v-f graph is very useful to analyze a motion.
(1) The slope of a v-f graph gives the acceleration of a body.
(ii) The area under a v- graph gives the displacement (or) distance moved by the body.
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v 'VA
l}z = o — - —
NTA ' B
: g
acceleration @ = slope of AC displacement s = distance travelled betwee 1@ ;2
. 58 = area of PQRS C)
BA £- z)
Example (6)

A train starts from station A, with an acceleration of 0.2 m s and attains.i Ximum speed in
1.5 min. After continuing at this speed for 4 min it is uniformly ret; % s before coming
to rest in station B. Find by drawing a suitable graph: (a) the distangt between A and B in km,
(b) the maximum speed in km h', (¢) the average speed in m s‘&d) acCeleration during the last
stage of motion.

For the first part of motion, . ;
initial velocity v, = 0, acceleration ¢ =0.2 m g t@ =1.5min=90s,

velocity after 1.5 min, v=7?
v=v,+at=0+02%90 = I§$ms’ ‘%

v (ms l) 0

M R
330 375 TG

18/1 000 18 x 3 600
o S e i -1
173 600 kmh T000 kmh 64.8 kmh

Q @imum speed in km h!

v=18ms'=

(c) the average speed in m s™
s 5535

F:—:

20 L UG
t 375 -
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(d) acceleration during the last stage of motion

0-18 -18 X
= ) =—04ms>
375-330 ¢ 45"

5 = (M, _
a = slope of QR (MR )

The negative sign indicates that the slope is negative. That is, it is a negative acceleration (or)

retardation.

Reviewed Exercise b
= How can the magnitude of displacement be determined from v-t graph? @

'SUMMARY C)\’

Distance (or) distance travelled by the body is the length of the path a]o& ich the body
moves. Q
Displacement is the distance travelled along a particular direction. &

The average speed is the ratio of total distance to time taken.

The average velocity is the ratio of total displacement to tim¢ take

The instantaneous speed is defined as the time rate of chang istance.

The instantaneous velocity is defined as the time rate of change of displacement.

The average acceleration is the ratio of the changesin ¥eldcity to the time taken.

The instantaneous acceleration is defined as the of change of velocity.

'EXERCISES ﬂ
1. Which of the following quantities are t% and which are vectors?
(a) speed (b) velocity (¢) averai/‘:l@ (&) acceleration (e) displacement.

2. Given that 4= 3 units (east ) and B =4 units (north ), draw vector diagrams to carry out the
following vector operations. (i) (ii)2A4+B (iii) A-B (iv) B — 4.

3. A force 3 N pointing east Kn(d a force 6 N pointing north acts on a particle. Find the
magnitude of the resultant force. Check your answer by drawing a vector diagram.

a one-round-about-town walking race the starting point is the same as the finishing
oint. Whose magnitude of displacement is greater: the one who completes the race (or)
the one who gives up half-way?
7. Check whether the following statements are true or not.
(a) If the speed changes, the velocity also changes.
(b) Although speed changes, there is no acceleration.
(¢) If the speed does not change, but the direction changes, there will be acceleration.
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8. In a 400 m race, the person running in the innermost lane clocked 50 s and won the gold
medal. Find his average velocity. Is the magnitude of the average velocity the same as the
value of the average speed? (Hint: For the innermost lane, the starting point is the same as
the finishing point.)

9. A man walks 3 miles east and then 3 miles north. Draw a vector diagram to show his
resultant displacement from his starting point. If he takes 2 hours to completes his journey,
find his average speed and average velocity.

10. A car moving on a straight road with constant acceleration arrives at a certain poir @v
travelling 5 s from the starting point. If the initial velocity is 44 ft s' and the ﬁnk‘/o 1

'
elled

1s 66 ft s7', find the acceleration and average velocity of the car. How far ha
during this 5 s? Q

11. A plane starts from rest , speeds over a distance of 450 m with consta s¢leration for
15 s and takes off. What is the acceleration of the plane? Find its take-m city inkm h™'.

12. A car moving with a speed of 108 km h™' stops in 15 s due to a_unj cceleration. Find
the value of the acceleration.

13. An object moves with an initial velocity of 5 m s™'. After 10 s #ts velocity is 10 m s, If
the object moves with constant acceleration in a straight &ﬁnd (a) its average velocity,
(b) the distance travelled in 10 s and (c) its acceleration

14. A particle with an initial velocity of 10 m s' travel in a st
after 12 s. Find the uniform acceleration of the
before coming to rest?

15. A body starts from rest and accelerates at 3 s~ for 4 s. Its velocity remains constant at
the maximum value so reached for 7 @ finally comes to rest with uniform negative
acceleration after another 5 s. e@a phical method to find each of the following :
(a) the distance moved during e@ch stag€ of motion, (b) the average velocity over the whole
period.

aight line and stops completely
" ow far has the particle travelled

16. Draw a graph of velocity against time for a body which starts with an initial velocity of
4 m s'and continues to move with an acceleration of 1.5 m s for 6 s. Show how you
would find each of th%ﬂowing from the graph: (a) the average velocity, (b) the distance
moved in those 6 ‘

17. A car is travé vith a constant velocity of 36 km h™'. The driver sees a cow on the road

at a distance 28 m from the current position. If the car decelerates at 2 m s, will the car

tme/s | 0 | 1 | 2 | 3 [ 4 [ s
distance / m 0 4 8 12 16 20
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CONCEPT MAP
q

Physical quantity Describing motion

| X<

Scalar Vector
| | v
Addition || Substraction || Resolution of 'D ol
of two of two a vector into x '
vectors vectors perpendi
= | Mouon graphs |

Q 2 L 4 v
Linear Linear
mo!:ion mo!;ion

with with
/ constant constant

‘ velocity acceleration
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CHAPTER 3
FORCES

The physics describing motion, called kinematics, was discussed in the previous chapter. This
chapter is dealt with dynamics which explains motion in relation to the physical factors that
affect motion such as force, momentum, mass etc. A fundamental concept in dynamics is force.
Force can change the state of motion of an object. Note that forces do not always cause mot

Learning Outcomes \

It is expected that students will

e describe concept of inertia. \io

e explain force as a cause for change of state of motion.
e recognize gravitational force between two masses which inverse square law.
e distinguish between mass and weight.

e classify different kinds of forces. N
e examine momentum and the application of the | %@nservation of momentum.

[ ]
e determine the characteristics of the freely fal % s.
e demonstrate basic knowledge and skill re gravitational force and frictional
force.

e usc mathematical relationships to oblems and predict events.

Although a force is commonly un@bd as a push (or) a pull, it cannot be said that this
definition is sufficient and complete. In order that the meaning of force be more complete and
exact, the definition must be modified. Force is defined precisely by Newton’s laws of motion.
In this chapter, force concept and the relation between force and acceleration will be presented
and discussed. ‘%V

3.1 NEWTO OF MOTION

Firstly,

ree laws of motion will be stated in words and then expressed in

yn’s first law states that:

When no net external force acts upon it, a particle at rest will remain at rest and a particle in
motion at a constant velocity will continue to move with the same constant velocity.

In mathematical form, If F;m = 0 then a = 0, ¥ = constant (or) zero (3.1)

This law means that if no net external force acts on a particle, the initial state of the motion of
the particle will not be changed.
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For example, if two equal and opposite forces act simultaneously on a particle at rest,
it will remain at rest. In this case, the net force acting on the particle is zero since the
two forces cancel out. Therefore, the initial state of the particle is totally unchanged.
Another statement of the first law, if there is no net external force of any kind, a particle
initially in motion at a constant velocity will continue to remain in the same state
of motion. Again, although external forces are simultaneously acting on a particle,
the resultant of the applied forces is zero, the initial state of the particle will not
changed. It is more correct to say ‘force changes the states of motion’ rather th

say ‘force causes motion’. This is one property of force.

Newton’s first law expresses the idea of inertia. Inertia is the natural p @ of a body
which resists the change of its state of motion. The inertia of a body-fsyits/reluctance to

start moving, and its reluctance to stop once it has begun moving. , the first law is
often referred as the law of inertia.

Second Law
Newton’s second law predicts what will happen when a n%racts on a particle. Its velocity
will change. It will accelerate. More precisely the seco states that:

The net external force acting upon a particle is N e product of the mass and the
acceleration of particle. &

In mathematical form, F.. =ma (3.2)

In the above equations Fne is the fiet e al force. The direction of the acceleration is the
same as that of the net force.

The second law may also be viewed as follows:

If a net external force acts4ipon a particle, the force produces acceleration, and the ratio of the
s th€ mass of the particle.

force to the acceleratié

Let us consider icle”Assume that a force 13, produces an acceleration @, when applied to
the particle, and e F, applied to the same particle produces an acceleration @, as shown
in Figure 3.1

= m = constant (3.3)

St

where the constant m is the mass of the particle. If F, > F| then a,> g, it means that as
the magnitude of the force acting on a particle increases, the acceleration of the particle will
increase accordingly. It is equivalent to say that acceleration is directly proportional to force.

In symbols, Goc F

Therefore, second law is also called law of force and acceleration.

26



Textbook Physics Grade 10

51 a
- —> = =>4
F F,
= m —_— m

Figure 3.1 Illustration for net force and accleration
Third Law

Newton’s third law of motion states that:
Whenever two particles interact, the force exerted by the second on the first i a
magnitude and opposite in direction to the force exerted by the first on the second K

O

In other words, for every action, there is an equal and opposite reaction. \io
F secondon fist = — F firston second Q (34)

In order to discuss and explain Newton’s third law the follo aseS will be considered.
Consider a man sitting on a chair. The man exerts a force which is eqpal to his body weight on
the chair. At the same time the chair exerts a reaction fonge m is equal in magnitude and
opposite in direction, on the man. If the force exerted b %ﬂn is called ‘action’, the force
exerted by the chair should be called ‘reaction’ shomix re3.2.

&L The gun exerts a force on the bullet,
orce on the gun. This gives rise to a recoil
agnitude but opposite in direction as shown

As another case consider a man firing a gun at a
and the bullet exerts an equal and opposite reaciiol
force to the shoulder. The two forces are eE

in Figure 3.3. C)

reaction action

)
-

Ll

man on chair

Q : action force of

Figure 3.2 Action and reaction force Figure 3.3 Action and reaction force
for sitting on chair for firing a gun

In each of the above cases action and reaction act as a pair at the same time but the pair of
forces acts on two separate objects.
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Important facts relating to force which arise from Newton’s third law are as follows:
e [t is not a single force acting by itself but a pair of forces acting simultaneously.

e This pair of forces is action - reaction pair. Action - reaction pair does not act on
a single object but acts on two separate objects.

e Action force and reaction force cannot cancel out each other.
According to these observations the third law is also known as law of action and reactio%

Units of Force \io

Units of force can now be defined explicitly from F=ma. The newton and [@Jyne are
particularly useful units of force. In SI units, force that is acting on 1 kg give it an
acceleration of 1 m s? is called 1 newton (I N). 1N=1kgms?

Slmllarly, in CGS system a force that is actmg on | g mass Q&; an acceleration of
ne

1 cms?iscalled 1 dyne. 1dyne=1gcms* (IN=10°dy

In FPS system the unit of force is pound (Ib).The slug ISt mass in British engineering
system. It is defined as follows: when 1 pound force acts dy and the acceleration of the
body is 1 ft s2, the mass of the body is called 1 slug” %sl ft s=

c

Example (1) [f 10 N force acts upon a 2 kg mass celeration produced.
Since F'=10 N and m = 2 kg, using Newton’s s%

F=ma

Example (2) A 12 Ib force give;é body an acceleration of 4 ft s*. Find the mass of the body.
Since F=121lband g =4 % s, using Newton’s second law,

F=ma

Q 12=mx4
m=3 sl
Examplé@ kg ball is moving with an initial speed of 15 m s' on a rough plane which
is in iZ0

al position, and gradually slows down and stops after travelling 20 m. Find the
f the force which resists the motion of the ball.

1¢ speed of the ball changes from 15 m s to 0 m s after travelling 20 m. Thus, acceleration
the ball is;

2
Vi =w + 2as

0=(15)+2a x 20

0=225+40a
225 7
a= 40 _—'5.6mS-
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Using Newton’s second law, the force resisting the motion of the ball is,
F=ma
=2x(—-56)=-112N
The minus sign indicates that the direction of the force is opposite to that of the motion of the
ball. The magnitude of the force is 11.2 N

Reviewed Exercise b

1. Is it correct to describe Newton’s second law in symbols as Foca ? ) : 2)

2. Although two forces act simultaneously on a body, it continues to move wi stant
velocity. What can be said about the two forces? @
3. Can action and reaction cancel each other? Why? \‘
Key Words : inertia, net external force, action and reaction ,@

3.2 GRAVITATIONAL FORCE AND NEWTON’S LAW OF VITATION

Newton was able to point out and express precisely that a n the universe are attracting
one another. Gravitational force causes bodies which ar the earth’s surface to fall onto
the earth’s surface. The gravitational force enables the % go round the earth and the earth
to go round the sun. These are examples of the eﬂ‘" itational force.

Newton stated the gravitational law as follows:

Everybody attracts every other body in t Qrse. The gravitational force between the two
bodies is directly proportional to theé p of"the masses and inversely proportional to the

square of the distance between the

mm
In symbols, F 12
y F /4 -

where F is the gravitati rce between the masses m, and m, whose distance apart is r as
shown in Figure

mn,

Q) F =G—3=2 (3.5)
: r

Figure 3.4 The gravitaional force between two bodies
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e}

o= gravitational force exerted by the first body on the second

E, = gravitational force exerted by the second body on the first

r,, = unit vector directed from the second body to the first
Unit vector is a vector that has the magnitude 1.

a5
& ol

21
[f the Newton’s law of gravitation is expressed as an equation in vector notation; @
P Gmm
. 1Py 4
ey (€
F

where G is a constant which is the same for all bodies in the universe. \io

According to experimental measurements the value of G in MKS @ is found to be
6.67x 10" m? kg s*(or) N m*kg=. {«

Applications of Newton’s law of gravitation

Reviewed Exercise
= Express the value of G in the CGS units.

Key Words : gravitational force, gravitatioha

Four fundamental forces in nature afe all field forces. They are the gravitational force,
weak force, electromagnetic foree and nuclear force. Nuclear force is the strongest and the
gravitational force is the §eakest of these forces. The electromagnetic force is the second

3.3 DIFFERENT KINDS OF FORCE

strongest force. Among ur forces the gravitational and the electromagnetic forces are
long-range forces.as d maining two forces are short-range forces.
The gravitationalhforce acts between objects. The electromagnetic force acts between electric

charges. forg€ acts between subatomic particles. Strong nuclear force acts between
elementdryparticles such as proton, neutron, pion and strange particles.

udy of mechanics, apart from gravitational force, frictional force and elastic force will
¢ cricountered. However, unlike gravitational force, these two mechanical forces are not
ndamental forces. When a spring is stretched (or) a plastic ruler is bent, the force that causes
the’spring and the ruler to retain their original form is called elastic force. When a body is
placed on a floor, the bottom part of the body and the surface of the floor are in contact, and
there is a force, between the two surfaces which resists the motion of the body. The force that
acts to resist the motion of the body is frictional force. The frictional force depends on the
smoothness and cleanliness of the surfaces, the force pressing the two surfaces together and
the speed of the body.
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IKey Words @ fundamental forces, long-range forces, short-range forces, frictional force,
elastic force

3.4 MASS AND WEIGHT

If a body is dropped from a height above the surface of the earth, it will fall onto the ground.
This is due to the force of gravity. The weight of body is the force of gravity acting on it which
gives its acceleration when it is falling. The acceleration due to the gravitational force is %
acceleration due to gravity and it is represented by the symbol g (9.8 m s or 9,8 ;

In FPS system, g=32 fts?.
The attracting force of the earth acting on a body is defined as the weight of dy. Let
the mass of the body be m; and if @ = g is substituted in Newton’s sec : F=m a,
the gravitational force acting on the body (or) the weight of the body is f@ be

w=mg & (3.7)
This relation is true not only for freely falling bodies but also fo@"es n the ground.

Weight is a vector and is directed toward the center of the Earth.

Since weight is force, units of weight are newton, dywpound while the units of
mass are kilogram, gram and slug,

Mass is the quantity of matter in a body. Mass is a measure of inertia. The mass of a body
measures its inertia. The mass of a body defined"fram this point of view is called inertial mass

3 -* tafional mass. Mass should not be confused

while the mass defined by m = 2 is callg

with weight. Mass and weight are/two C""' rent quantities. Mass is a scalar and always a
constant. Wherever a body may be, there is no change in the value of the mass of the body. But
the weight of the body can change

Example (4) If G = 6.67 ]0‘43 kg'! s, mass of the earth, M=5.97 X 10** kg and radius
of the earth, R = 6.37 X find the value of the acceleration due to gravity g.

Consider the mass¥of y at the earth’s surface as m. The distance, » from the body to the
centre of the eart @ st the radius of the earth R. The gravitational force acting on the body
mM

is F = =G 5
R
o Q@ the definition of the weight of the body, this gravitational force is the weight of
G 7 =mg
M
=

Note that the value of g is independent of the properties of the body. The value of g near

24
SITXI" g ¢ s (o) 9.8 Nk

the earth’s surface is g = 6.67 x 10" x ;
(6.37x10°)
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Reviewed Exercise

= The weight of a body may change when its location is changed, but mass does not.
Why?
Key Words : acceleration due to gravity, weight, inertial mass, gravitational mass

3.5 FREELY FALLING BODIES

If a body is dropped from a height near the earth’s surface, the body will fall onto the gr
with a constant acceleration g. If the air resistance is neglected, the fall of the body is
as free fall. Equation of motion under constant acceleration described in chaptem be

used in the free fall. In these equations we will use the symbol / for displacemer@ g for
acceleration a. Hence, the equations become
v =vi+2gh (3.9)
h:vc,r+%gr2 A%‘& (3.10)
Note that the acceleration due to gravity g is directed downwards (towards the centre of the
earth) and it varies only slightly from one place to anoth thtrefore, its value is assumed

to be constant in the calculations. =
In solving the free fall problems we are going to us N sional coordinate system with

its origin taken as the initial position of the bod &J consideration. We have to introduce
+ and — signs for the quantities involved in 8) to Eq (3.10). That is, displacement A
will be positive if it is above the origin gative below the origin. Velocities v, and
v will be positive if they are dire nd negative if directed downward. Since
acceleration g is always directed wnwards its value will be negative (i.e.g=-9.8 ms?).

These sign conventions (positive and negative) are easily understandable as described in the
following examples. /

Example (5) What is?elocity of a stone freely falling from a height of 20 m
when it strikes the( gfound? How long does the stone take to reach the ground?
(Assume that :

P= 0, g= Oms =-20m lnilial position; y=0
‘g’ mus iyen a negative sign

whic at acceleration due to O '
avit ways be downward Increasing downward gAc'cclcralion

! i 3 ; velocity of stone of stone
‘the direction of displacement is

wpvard, height is negative.
2

v=v§+2gh Ol

=0+2 X (-10) x (=20) ground
=400
v=%20ms"’
Since the stone is falling, the direction of velocity of ball is downward. v =—20m s’
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The time taken for the stone to reach the ground = ¢

1
h= vnr+5 gt

(<20)= 0 % x(=10) 72
t=2s

Example (6) A ball is thrown upwards with a velocity of 40 m s”. How long does thesball
stay in the air? What height does the ball reach?

The initial velocity is positive because the stone is thrown vertically upward from\’@
v, =+ 40 m s (upward),

point (ground).
: O
g=—10ms? v=0 (at the highest point) \ib

v=v +gft Highest point; v=0 Q
] / -
0=40+(-10) ¢
t=4s Q
Since the time of ascending is the same as | T —_—
the time of descending, the total time the ball é ball
staysintheair 7=2 x 4=28s : ]
L ]
vV = vi+2gh \ "T '{'
0 =(40)*+2 x (~10) xh '& O (‘)

20 h = 1600 @ Initial position
ar

h=80m
Example (7) A ball is thrown verti¢ally Q and it is caught again after 6 s.
(a) Find the total displacement for t ole distance travelled.
(b) Find the velocity with which i is thrown.

(¢) Find the maximum height reached.
(d) Find the average velogiﬁ for the whole distance travelled.

(a) Total displace en@ e whole distance travelled is zero because the starting point and
end point are t ; Highest point; V=0

(b) vﬂ::@& = —10ms? total displacement =0 P
1 .2
N4 — gt
q > 8

BX6 4 (<10) 6 ’

; v,= + 30 ms"' (upward direction)

|
|
|
|
d
]
[
(¢) Maximum height=?,v=10 O Ov

= vEr2gh

0 =(30F+2(-10)A £
h= +45m Initial position
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(d) average velocity =?

total displacement _ 0
time taken 6

average velocity = =0

Reviewed Exercise

= A stone is thrown vertically straight up with 40 m s'. What will be its respective
velocities at 3 s, 4 s and 5 s after it have been thrown? Find the height of ston%

3s,4sand 5s.

Key Words : air resistance, freely falling C)\©

3.6 MOMENTUM AND LAW OF CONSERVATION OF MOMENTU@

According to the Newton’s second law;

V -V mv v &O

- ” -mv
F=ma =m( ) (or) D
t t
where another important physical quantity in the above equation ispthe product of mass and

velocity. Hence, momentum (p) of a body is defined as th of the mass of the body and

its velocity, which is written as e

p=my e (3.11)
Momentum of a body is directly proportional to it }éi . Momentum is a vector quantity.
Direction of momentum is the same as that of ity. Unit of momentum is expressed as the
product of mass unit and velocity unit. In ystem it is kg m s,

One fundamental law of physics is t a@ copservation of momentum.
This law states that:

If there is no net external force ?’ng on an isolated system, the total momentum of the system
is constant.

The law of conservation,ée}gmentum is a general law and is true for both macroscopic and
microscopic objects. ‘

Let us Q Ilision between two bodies of masses m ,and m,. These two bodies
constitute an isolated System shown in Figure 3.5 (a) and 3.5 (b).

'ﬁ\% ) v <y
E A B ‘PA ﬁfB
; m, m, my My
Figure 3.5 (a) before collision Figure 3.5(b) after collision

According to law of conservation of momentum,
Total momentum before collision = total momentum after collision
Pat Py= ;5;\ +f5;;

- = =t ==t
n, VA+ Ny Vg = My V,y +mB Vg

34



Grade 10 Physics Textbook

(d) average velocity =?
total displacement _ 0
time taken 6

average velocity = =0

Reviewed Exercise

= A stone is thrown vertically straight up with 40 m s'. What will be its respective
velocities at 3 s, 4 s and 5 s after it have been thrown? Find the height of ston@

3s,4sand 5s.

Key Words : air resistance, freely falling c)\io

3.6 MOMENTUM AND LAW OF CONSERVATION OF MOMENTU@

According to the Newton’s second law;

V- ¥ myv - mv .&Q

- ” - mv
F=ma =m( ) (or) :
t f
where another important physical quantity in the above equation ispthe product of mass and

velocity. Hence, momentum (p) of a body is defined as th of the mass of the body and

its velocity, which is written as " =

P=my. o (3.11)
Momentum of a body is directly proportional to it %Ei . Momentum is a vector quantity.
Direction of momentum is the same as that of ity. Unit of momentum is expressed as the
product of mass unit and velocity unit. In ystem it is kg m s
One fundamental law of physics is t a@‘c servation of momentum.
This law states that:

If there is no net external force ?’ng on an isolated system, the total momentum of the system
is constant.

The law of conservationﬂfugmentum is a general law and is true for both macroscopic and
microscopic objects. .
Let us conside Q ollision between two bodies of masses m ,and m,. These two bodies
constitute an isolated System shown in Figure 3.5 (a) and 3.5 (b).

v </
Q %" it Y A
; m, m, e Py
Figure 3.5 (a) before collision Figure 3.5(b) after collision

According to law of conservation of momentum,
Total momentum before collision = total momentum after collision
Pat Pa= ;5;\ +}3;;

- - ==t —f
my Vy + my Vy = m, V, +my vy
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v, and ¥, are velocities of the masses before collision and v}, and v, are their velocities after
collision.

Letus apply the law of conservation of momentum to a very simple and easy case. A compressed
spring is placed between two wooden balls of different sizes as shown in Figure 3.6. Both balls
are initially at rest.

H=%=0 spring é
() '/ a

compressed spring &
Figure 3.6 Change of momentum of two bodies d o@essed spring
When the spring is released, according to the conservation of momentgdm, total initial momentum
is zero and so will be the final total momentum.

N N
0 =m, vV, +my,vy V
o ‘ :

o = =
My vy My Vg

The minus sign indicates that the two velocity are parallel but opposite in direction.

Taking only the magnitude, we have; m, vj,

Q — (3.12)

where v, and vy are the magnitude of the velocity vectors. By using this relation inertial mass
can be measured.

Example (8) A bullet?ass 50 g leaves the muzzle of a gun with a velocity of
20 000 em s™'. Find tl@o entum of the bullet.

Since , and v =20 000 cm s', we have
=mv =50 X 20 000
=10°gcm s’

Ex )Abullet of mass 16 g (0.016 kg) is fired from a 4 kg gun with a velocity of 600 m s™'.
1 recoil velocity of the gun?

Ol6 kg, m, =4kg, v, =600 m s
For a system consisting of a gun and a bullet, the total momentum before firing =10
The momentum of the bullet after firing

Py =myvy=0.016 x 600=19.6 kg m s

The momentum of the gun after firing,
Py =my,=4 x v, kgms’
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By the law of conservation of momentum, we can write the total momentum before firing is
equal to the total momentum after firing.

0=4v,+96

v == 24ms’
The minus sign indicates that the direction of the recoil velocity of gun is opposite to that of
velocity of the bullet.

Example (10) A soccer ball of mass 0.4 kg is moving towards south with 30 m s'. Goal keepe;
kicked it and moved north with 40 m s'. The contact time of kick is 0.4 s. Calculate the ghange

in its momentum and force acting on it. \a

Vi = 30 m s (north)

Vew — 40m s (south) \g)

The direction of velocity ( north ) is taken ( + ) sign. Q
Change in velocity AV = Vil — Vigigial &

= 40— (- 30)

=70ms’!
Change in momentum Ap=m x Av=0.4 x 70 =28 k

The direction of change in momentum is north
e B 5 Av _ %
e &

=70ms?

Force acting on the ball; F=ma =0.4x ’Q ;

The direction of force is also north( . Q

Reviewed Exercise

vV =V

2. Rewrite the relatio 0 o F in vector notation.
I8
3 : iselated em, macroscopic, microscopic

1. How does the mozEntué)f a body relate its velocity?

ing force of the earth acting on the body is defined as the weight of the body.
i of a body is defined as the product of the mass of the body and its velocity.

EXERCISES
L |

1. Which is more difficult? To move a small stone (or) a big stone. Why?
2. A man weighing 600 N stands on the earth’s surface. How much force does he exert on
the earth? Explain.
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equal to the total momentum after firing.

0=4v,+96

v == 24ms’
The minus sign indicates that the direction of the recoil velocity of gun is opposite to that of
velocity of the bullet.

Example (10) A soccer ball of mass 0.4 kg is moving towards south with 30 m s'. Goal keepe;
kicked it and moved north with 40 m s'. The contact time of kick is 0.4 s. Calculate the ghange

in its momentum and force acting on it. \a

Vi = 30 m s (north)

Vew — 40m s (south) \g)

The direction of velocity ( north ) is taken ( + ) sign. Q
Change in velocity AV = Vil — Vigigial &

= 40— (- 30)

=70ms’!
Change in momentum Ap=m x Av=0.4 x 70 =28 k

The direction of change in momentum is north
e B 5 Av _ %
e &

=70ms?

Force acting on the ball; F=ma =0.4x ’Q ;

The direction of force is also north( . Q

Reviewed Exercise

vV =V

2. Rewrite the relatio 0 o F in vector notation.
I8
3 : iselated em, macroscopic, microscopic

1. How does the mozEntué)f a body relate its velocity?

ing force of the earth acting on the body is defined as the weight of the body.
i of a body is defined as the product of the mass of the body and its velocity.

EXERCISES
L |

1. Which is more difficult? To move a small stone (or) a big stone. Why?
2. A man weighing 600 N stands on the earth’s surface. How much force does he exert on
the earth? Explain.

36



Textbook Physics Grade 10

3:

10.

11.

12.

13.

14.

1:5:

16.

8

If a proton of mass 1.675 x 10 g is accelerated by an accelerator to an acceleration of
10°m s, find the net force acting on the proton.

If the velocity of a car of 1 200 kg mass increases from 60 m s™' to 120 m s in 10 s, what
is the net force acting on the car?

A truck of 2 000 kg mass moving at a velocity of 12 m s”'slide 15 m before it comes to a
stop after applying the brakes. Find the resisting force of the brakes.

What is the acceleration of a body weighing 20 N due to the applied force F =20 N;
Compare the accelerations of the two bodies of masses M and 3M when the same net9foree
of 20 N is applied to each of them.
A 3 ton car moving with the velocity of 30 mi h' is brought to a stop in @md the
resisting force of the brakes acting on the car.

A lift weighing 2 000 Ib is pulled up by a cable of tension (force) 5 @lﬁnd the mass
of the lift and its upward acceleration.

If a body weighing 100 N is carried to the moon and put on oon’s surface, what will
happen to the weight of the body? Will the mass of the b ch ge?

Compare the moon’s gravitational forces acting on theytwe, les of the masses M and 3M
which are falling simultaneously onto the moon’s s &,from a height near the surface. If

M = 0.2 kg and the acceleration due to the gravi!t. oon is 1.6 m s, find the moon’s
gravitational forces acting on each of the bo ¢
The gravitational force of the moon is less that of the earth. The moon’s gravitational
forces acting on a body of mass 1 kg is . What will be the weight of a 40 kg mass on

the moon?
An object is hurled vertically @s with a speed of 50 m s”'. How long does it take the
object to be caught again?

A man throws a stone vertieally upward at 30 m s”'. How long does it take the stone to
reach the height of 4

A stone, thrown by.a girlireaches a height of 20 m. How long does it take the stone to be
N '@mt velocity does she throw the stone?

@ 0.02 kg bullet is 500 m s, find the magnitude of the momentum of the
illet is fired towards the north, what is the direction of its momentum?
mass 10 kg collides with a stationary object of mass 5 kg. If the objects stick
ter‘and move forward at a velocity of 4 m s, what was the original velocity of the

Qman dived horizontally with a velocity of 1.5 m s from a 100 kg boat. If the recoil

velocity of the boat is 0.9 m s . What is the mass of the man?
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The rate of change of momentum

which can produce

O

Changes in the state of motion of a body

which can be explained by

Newton’s laws of motion

v

v

Newton's first law

A 4

Newton's second la&

»@)
@Q
Q‘&

Newton’s third law

A

Idea of inertia

Action and reaction

F o = ma, and wei y w=img
Fff:
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CHAPTER 4
PRESSURE

Pressure, density and specific gravity are important quantities in physics and pressure is the
basic of hydrostatic and hydrodynamic. The study of fluids at rest is called hydrostatics and the

study of fluids at motion is hydrodynamic. 6

Learning OQutcomes @
It is expected that students will C)\a

e explain pressure and its units of daily usage.

skillfully construct and use hydrometer to measure the density of li

distinguish between the density and the specific gravity.

apply basic knowledge of pressure and density to daily-li@‘nena.

4.1 PRESSURE '\&’
Pressure is defined as the force exerted normally onmni%

Force

Pressure = 0 (4.1)
Area
F
| L :
In SI units, pressure is measured iw@l’ (Pa).
1 Pa=1Nm?

The force in the pressure fornytﬁ must be normal (90°) to the surface. Pressure is a scalar
quantity.

From the definition of &ssure, it is obtained that pointed nails penetrate the surfaces
force, the exerted area is too small.

have fou e flat feet so they reduce the pressure and less likely sink into the ground.

S imilarl}%ni es can cut easily than blunt knives because of smaller cutting area. Elephants
r

s is tractors used for ploughing has large tire areas so that they do not sink in the

PresSure is applied in many scientific fields and many units are used although they have the
same meaning.

In FPS system, the unit of pressure is pound per square inch (psi).
In Meteorology, the unit of pressure is hectopascal (hPa).
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Standard Atmospheric Pressure is 1 atmosphere (1atm).

The relation between different units of pressure are ;
1 atm = 1.013 x 10° Pa = 760 millimetre mercury (760 mm Hg)
latm=1013 hPa =1 013 millibar (1 013 mb)
1 hPa=100Pa=1mb

IPa = 1.45x107* Ib in2( psi)
Ipsi =6.90 x10° Pa

Example (1) Bicycle tire has 6 cm x 4 ¢cm area touching the ground. The mass of the bi
22 kg and mass of the cyclist is 60 kg. Find the minimum pressure needed in the tir
Total area, A4 =2 x (6x4) =48 cm* =48 x 10*m?
Total mass, m =60 + 22 = 82 kg \ib
F=w=mg=82x10=820N
F 820

s o ~ 1708 % 10° P
P= T asx10” S,

Example(2) Low pressure area in the bay of Bengal is
has sail area 4 m* at the normal atmospheric pressure.
(b) Find the force exerted on the sail. (Hints : Foree eKefts
difference.) X l

Ap=p. — =1 013 hPa — 998 hPa %,h a=1500Pa

plow pressure
F (Force exerted on the sail) = Ap x

hPa. Fishing boat nearby
ind the pressure difference
ue to the atmospheric pressure

=15 6 00 N
Example (3) The pressure in the mgtor c&e 40 psi .What is the equivalent MKS unit and
atm unit?

1 psi =6.9 x10° Pa
1 atm = 1.013x10° P

40 psi = 6.9 X]% x 40 =276 000 Pa=276 000 Nm™
0

a= SR U 2.724 atm

40 = 27 _
Y 1013 x 10°
Example (4 A drbng pin is pressed into the notice board. The pointed pin area is 0.25 mm?

and the f xerted on the pin is 10 newton. Compute the pressure.

% A5 mm? = 0.25 x 10 m?
Q =10N,p=2 o

F 10 >
= _4x107P -
P4 0sx0e = /

40



Textbook Physics Grade 10

Reviewed Exercise

= A person exerts pressure on the floor when standing, sitting and lying. Explain why the
pressure is different when the person is in each of these positions.

Key Words: pressure, normal force

4.2 DENSITY t
There is Myanmar riddle “Which is heavier, a viss of cotton (or) a viss of iron 2’
(leading to the puzzle how small (or) large is the volume of them.) \io
Density is the ratio of mass to volume of a substance. Density is the scalar quantl

: mass of substance

density =
volume of the substance \‘
p= % [p=rho = Greek alphabet | ,@

In SI unit, density is expressed in kilogram per cubic metre (kg m’

In CGS unit, it is expressed in gram per cubic centimetre ( gram per mililitre (g mL").
Mass of an object can be measured using a balance an e can be measured using a
measuring cylinder. When studying three states (f solid, liquid and gas), density

is an important factor. Mass of the object does n but the volume depends on the
temperature. If the volume changes, the density nge Densities of some substances are

shown in Table 4.1.
Table 4.1 Densities of some substan Q Q

CQ) MKS

Substances / (gem™) (kgm™)
 helum Al g4y 0 0.164
| i | 1.3 x10° 1.3
\ | 1 1 000
| | 1.029 | 1029
" | 2.7 | 2 700

copper | 8.9 8 900
lead | 1.4 11400
mercury | 13.6 | 13 600
gold | 19.3 | 19 300
uranium \ 19.05 19 050

( Note Average density of a human body is a little less than water density)
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Example (5)

The helium flying balloon has the size of 6 m radius.
(a) Find the volume and mass of helium.

(b) Find the mass of air displaced by the balloon.

( Assume, p, i = 0.164kgm™, p, =13kgm™)

(Hint: volume =g-7:r3 , mass = density x volume)
F=6m

(a) V= g;:rlz %7[ X6 =904.8 m’

mass of helium = p,_ . x volume

= 0.164 x 904.8 = 148.4 kg Q&

(b) m = p, x volume =13 x 904.8=1 176 kg
Example (6) A concrete slab 1.0 m by a 0.5 m by 0.1 1@355 of 120 kg. What is the

density of the concrete?
L ]
m=120kg, p=? \%
Volume = length x width x height &
= 1.0 x 0.5 x 0.1 4%

= 0.05m’
m
P=> QQ
R
T 005 =

Reviewed Exercise 4:
=  We say tha th@n ty of iron is 7.9 g em™. Write this in kg m™.
Key Words : lume, density

4.3 REI@ DENSITY (OR) SPECIFIC GRAVITY
Rela density is how much a substance is denser than water. Relative density is also known

fic/gravity.

density of substance
density of waterat4 "C

relative density = (4.3)

As the density of water is | gem™ in CGS units, then density of substance can be taken as the
relative density.

For example, the density of aluminium is 2.7 gem™ and so relative density of aluminium is 2.7.
As the relative density is the ratio of two densities, it is just a number without unit.
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“Archimedes’ Principle” (250 B.C)

Part]- Whenan objectis partially (or) totally immersed
in a liquid, the object displaces liquid volume that is
equal to the volume of the immersed portion.

Part II - The loss in weight of the object is equal to
the weight of the liquid displaced. (or) The upward
thrust acting on a body which is immersed partially or
totally in a liquid is equal to the weight of the liquid
displaced by the body.

This is the introduction of Archimedes’ principle.

upward thrust = uplift force = buoyancy = weight of liquid displaced

By Archimedes’ principle, weight of a body is more than buoya
it will sink in the liquid. Substances having relative density%at
water.

Archimedes and the Crown . %;
King of Syracuse was suspicious with his crown N Archimedes to test whether the

crown was made of pure gold. The crown ha%s' 75 kg or 3 750 g. As the density of
I

(or) upward thrust,
than one will sink in

gold is 19.3 gem?, the crown must hav ume 194 cm’. Archimedes found that the
volume(by his principle Part 1) was 3 en, he answered to the King that the
crown was not pure gold. (Hint-The a tal is copper because it has similar color.)
The mass of gold in the crown is M’ ass of copper be M ,

g u

M, can be calculated by solving/these simultaneous equations.

MS +MCu =

& 31 M+ M, =3750
193 8.9 Q
(The student o%n ed the problem why the gold smith did not use lead metal instead of

copper.)
Revi )%)cise

elative density of sulphur is 2. Find the volume of 1 kg of sulphur.
Qdensity of water = 1 000 kg m~)

Key Words: relative density
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4.4 HYDROMETER

When an object is placed in a liquid of a lower density, the object Y kg iadonw
sinks. If it is placed in a liquid of a greater density, it floats. glass tube
Since the amount of submerged portion for a floating body is o

inversely propotional to the specific gravity of the liquid the more |

submerged, the less the specific gravity.

The hydrometer is an instrument for measuring the density (or) 800 graduatii)b
relative density of liquids. It usually consists of a glass tube with a 1 am
long bulb at one end. The bulb is weighted with lead shot so that the e B K
device floats vertically in the liquid, as shown in figure, the relative 1000/~ C)
density being read off its calibrated stem by the depth of immersion. 11001

[fthe hydrometer floats higher, it indicates that the liquid has a higher

density.

The hydrometer sinks in the liquid until the weight of the liquf &' scaling yyas
displaced is equal to the weight of the hydrometer. The hydrometer lead shot
is calibrated to measure the density of the liquid in kg m? "K

order to determine the condition of the battery. Th density of the acid in a fully
charged car battery is 1.25. Milk and wine can be,tes 0 make sure they have not been
diluted with water.

Special hydrometers are used to test the specific gsavi% lutions in storage batteries in

Test tube as a hydrometer
Hydrometer is a test tube like cylinder rall density less than one (or) less than the
density of water. So, hydrometer ngeds to float vertically in liquid.

Area / —12
/-:::3-12 11
=11 i3 o
o —— - o
1 _:_L.;g:? e | - - S O =:'§:'
o ™ -gu 7
7 2l = = P
7 7 = s -
6 = [ g s
1 I oo 1B rm| | di| e
44 —4 = -6 ¢
B s 12
-_: —13 g da =12
-2 —2 =11
@ 3
i 1 = @o
) {3
0 &, &
@ i S A
A ss=: WATER 200 MILK
weight=mg WK~ 2 -

@ ©

The mass of hydrometer = m
The weight of hydrometer = mg
The hydrometer is floating in water ( Fig-a)
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Weight of hydrometer = Weight of water displaced

= ( volume of water displaced x density of water)xg
mg=Ahp,..8
The hydrometer is floating in methylated spirit ( Fig-b)
mg B A hhpspirit g

The hydrometer is floating in milk ( Fig-c¢) b

mg =Ahp g "8
For specific gravity of methylated spirit, C)\’
Ahp .8 =Ahp .8 "8
A N
P By

RS

0 XU
For specific gravity of milk, v
A e %

Ptk _ _h_a

I \
&S

Reviewed Exercise Q
= An alloy is made by mixing of copper, of density 9 g cm?, with 80 g of iron, of

density 8 g cm”, Find the density of the alloy. Assuming the volume of each metal used
does not change during/mixing.

Key Words : hydrometef; ard thrust, liquid displaced

‘SUMMARY
Pressure is o@g on unit area; pressure is scalar quantity.

ig thg ratio’of mass to volume of a substance.
ity is the ratio of density of substance to density of water; it has no unit.
or'is an instrument for measuring the density (or) relative density of liquids.
@ RCISES
1. Wormal atmospheric pressure 1 atm is equal to 1.013 x 10° Pa. How much force due to
atmosphere acts on a man whose total area is 2 m*?
2. A man has mass 55 kg. His foot has the dimension of 24 cm x 8 ecm. Find the pressure
on his feet.
3. A four wheels truck has each tire 20 cm x 12 ¢m area touching the ground. The mass of the
truck and the passengers are altogether 4 400 kg. Find the minimum pressure needed in a
tire.
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4. A brick of mass 2 kg has length 22 cm, breadth 11 cm and height 7 em.

Calculate the weight and 3 kinds of pressure when it lies on a plane for three positions.
In the missing (c), draw a sketch with base 22 cm x 7 em.

1y
22¢m : Eth

7em
Tem

22
i 22 ¢m b
llem

Q

22em 7 S

Cny ~~
= Q
(a) (b) \J (c)
5. One litre of milk (density 1.2 g cm™) is mixed with 0.5 litre of wa @sity 1 gem™).
What is the density of the mixture? Find the relative density%&«tm‘e.
0

6. Mini-submarine has the total volume of 24 m®. Its mass is@

another 3 000 kg? v
CONCEPT N{&
ORI CE

- ~O
fonimla units ’ '

. Can it carry a load of

+ formula units
p= JE Pa, Nni’, pfinHg, l can be expressed l
4 atm, .bar, hPa, psi in terms of
' I Tobtid -3
P gm , gem

@Q Relative density
Q@ v v

Reiative density — _’M m

B

water
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CHAPTER 5
WORK AND ENERGY

In this chapter work and mechanical energy will be discussed. Before discussing mechanical
energy it is necessary to introduce a concept called ‘work’ which is related to energy.

Learning Outcomes
It is expected that students will 6

e develop an understanding of work as a physics student compared to an orc%io

person.
e evaluate the mathematical expressions of work done. @
e investigate gravitational potential energy and the elastic potential ay.

e realize the relationship between work and energy.

e demonstrate that energy can be transformed from one fo&another and how it is
conserved. \;

e apply basic knowledge of work and energy t:) da'&henomena.

use mathematical relationships of work and éﬁ olving problems.

5.1 WORK

Normally, the work is used to describe the-different kinds of activities that people do every
day. In physics, work specifies the aCtion\force) and the movement produced by the force.

Work is said to be done when a for roduces motion.

Work is defined as the product yorce and distance moved in the direction of the force.
W=Fs (5.1

where ‘17" is workwd is force acting on the particle and ‘s’ is the distance moved in the

quantity. The SI unit of work is the joule (J). 1 joule of work is done when a
on moves an object through a distance of 1 metre in the direction of the force.
e gnit of force is in pound (Ib) and the distance is in foot (ft), the unit of work is foot-
ft-1b). When the unit of force is in dyne and the distance is in centimetre, the unit of
(1 J=10"ergs)

When the force is constant, and the direction of the force makes an angle @ with that of motion,
work is defined as follows.

W =( Fcos@)s = Fscosf (5.2)
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Fsin@ =
0 Fcos 6
— Q>
(1) when the directions of the force and the motion are the same C)\©

W=F
| §

cosb 0°=1
F o= Q&

(11) when the force and the motion are in opposite dlrectlons

W =Fscos@

,(E__ —— 0% cosf = cos 180" = —1

: W==Fs
6 =180 Q
(111) when the force and the motion@v@ndlcular to each

other
FT / W=Fscos@

cos@ = cos90°'=0

‘% § W=0'
;ﬁ
2%,
)q)ﬁ) Figure 5.1 Examples of work done by constant forces
; e

1) A child is pulling a toy car with a 10 N force.The direction of the force makes

vangle of 207 with horizontal plane. If the car moves 6 m, how much work does the child
F=10N,68 =20, s=6m

W=Fscos@
= 10x 6 xcos20 =56.381]
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Example (2) How much work is done when a box is pushed with a force of 20 N through
horizontal distance of 3 m?
F=20N,s=3m

Since, F and s are in the same direction, =0
W=Fscos@

=20x3 xcos
=60J a >
Reviewed Exercise \io

= A woman pushes a child, who is riding a tricycle, with a 200 N foré& tricycle
moves a distance of 2 m and the work done by the woman is 10(& md the angle
between the force and the displacement.

,&Q
Key Words: force, work ‘Q
;N

5.2 ENERGY

Energy is defined as the capacity to do work.

The SI unit for energy is joule (J). Energy is a scal
measured by the amount of work done. Wheneve s done on the body, the energy gained
by the body is equal to the amount of work don€*Fhere are different forms of energy. They are
mechanical energy, heat energy, light energ Q ical energy, nuclear energy and so on. In

this chapter only mechanical energl N

Mechanical Energy

w . Energy possessed by a body is

The mechanical energy is dividy/into two types : kinetic energy and potential energy.

Kinetic Energy (KE) ‘Jg'
@ ue to its motion is called kinetic energy.

ody of mass m which is at rest. Let an external force 7 be applied to the
to Newton’s second law, the acceleration of the body must be
F,

external

m

a:

v'=2as
v2=2[Fe.t:emu! }S
m
1,
—my =F .58
2
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In the above equation, F_ s is the work done on the body and is the amount of energy

ternal

given to the body. Therefore, lmv2 is the kinetic energy received by the body which is
expressed as 2

KE = Zou? (5.3)
2
[f the body is moving with an initial velocity v, and its final velocity is v then the changg,in
kinetic energy is 1 |
AKE:_mvz _—mvg :Fexrermfs (5 4)
2 2
The change in kinetic energy is equal to the work done.
Example (3) A truck with mass 1 500 kg is travelling with speed of 2 What is the

kinetic energy of the truck?
m=1500kg, v=20

KE = lmw N

1
KE ==x1 50050

2 o

KE = 30% 0° J

Potential Energy (PE) ‘%“
The energy stored in a body due to its posith figuration is called the potential energy.
Gravitational Potential Energy ( : Q

Q igure 5.2 A rock on the top of a cliff has the gravitational potential energy

Let’us consider a body of mass m which is on the ground. When the body is raised to a height
h above the ground, the amount of work done against the gravitational force mg is

W= Fs = mgh.

This amount of work done (mgh) is stored by the body as gravitational potential energy. Thus
the energy stored in a body due to its position is called the gravitational potential energy (PE).

PE = mgh (5.5)
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Gravitational potential energy is the energy which a body possesses because of its position
relative to the ground.

When an object with mass m near the Earth’s surface is raised from a height h,to a height A,
the change in potential energy is given by

APE =mgh — mgh, (5.6)

where, g = acceleration due to gravity

tThe change in potential energy is equal to the work done. Ei

Elastic Potential Energy @

The potential energy due to configuration is called elastic potential energy.% amples, the
energy stored in the compressed or stretched springs, the stretched rub d of a catapult

(or) the stretched bow.
The elastic potential energy in compressed (or) stretched spring%{k

where & = spring constant, x = extension (or) compression o ing.

Figure 5.3 Elastic potential enf;ré! due to a stretched elastic rubber band and a stretched bow

Example (4) A girl liﬁﬁchool bag of mass 3 kg from the floor onto her lap through a
height of 0.5 m. at@l gravitational potential energy gained by the bag?

~3kg,h=0.5m

Gravit @ential energy gained

PE = mgh=3x10x0.5=15]
0@ (5) How much more gravitational potential energy does a 20 kg box have when it is
oyved from a shelf 0.3 m height to a shelf 1.8 m height?

m=20kg,h=18m,h =03 m
Gravitational potential energy gained (APE) = mgh—mgh, =mg (h—h,)

=20 x 10 x (1.8 — 0.3)
=20%10x1.5=3007J
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Conservation of Energy

The law of conservation of energy is a very important rule. It states that:
The total energy of an isolated system is constant.

This law is also expressed as:

Energy cannot be created (or) destroyed in any process. The total energy of the universe is
constant. These two statements are equivalent. In the second statement the whole universe is
taken as an isolated system. 6

Energy cannot be created (or) destroyed but energy can be changed from one form @en

Therefore, for an isolated system the sum of the different forms of energy must b I nt.

Physicists believe that the amount of energy in the universe is consta @gy can be
changed from one form to another but there is never any more (or) any it.

Let us verify the conservation of energy with a particular examp

Let us consider a two-particle system which consists of only a stone the earth. Let the mass
of the stone be m. The stone is dropped from a height 4, abo e ground. The freely falling
stone and the earth are attracting each other with equal fowt only the motion of the stone
is noticeable and the motion of the earth can be negle¢ted sthce the mass of the earth when
compared with the stone is many times larger. &c\

Due to the gravitational force acting on the stong 1 eleration will be g. Let us assume that
the stone has fallen from the height A, to thesheight 7 and its velocity changes from vy, to v
cneray will change because the velocity of the stone

changes. The relationship between *. gy chiange and work is
L3 2

Since the weight of the sﬁ*ﬁ‘ =m g and the distance s = h, — h, we get

@Q mg (b~ h) = %mﬁ- —;-mv§
Q) 1 1

Emvz"i- mgh = Emvg +mgh,

_ ’@ at the left is the sum of the potential energy and the Kinetic energy or the total

tanical energy at the time 7 after the stone has started to fall; and the quantity at the right is
itial total mechanical energy of the stone. The value of this quantity (the total mechanical
enefgy) is conserved throughout the distance travelled by the falling stone. It can be easily
remembered by writing it as

kinetic energy + potential energy = total energy = constant

52



Textbook Physics Grade 10

If the symbol KE is used for kinetic energy, PE for potential energy and E for total energy the
above relation can be represented as

E= KE + PE = constant
Example (6) The figure shows the heights above the ground of some points on the track of a

roller coaster. The speed of the carriage at A is 10 m s”'. What is the speed of the carriage at
B and C? The friction and air resistance are assumed to be negligible. z

The total energy at B = Total energy Kﬂ ;

1
Emv“_ mgh, + PEatB=0)

%mvB & )+— xmx(lO)
+50)

&

The total € at C = Total energy at A

mghc + > mv; =mgh, ‘*'Emva
(@t15.4)+ixmx vg=(m><10><11.2)+l><m.x(10)2

2
154+; 2—ll2+— x (10)°
)%Q) vc=2x[112+5.x(10)2—154]

ve=16

2
- 4]
Ve 4ms
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Example (7) A parcel of mass 4 kg slides down a smooth curved ramp as shown in figure.
What is the speed of the parcel when it reaches the bottom?

m= 4kg

Sm

O

At the top of the ramp, the parcel has only gravitational potential energy. As t e] slides
down the ramp, it gradually loses its potential energy and gains kinetic ene}% the time it

reaches the bottom, all the potential energy has been changed to kinetic

Total energy at the bottom of the ramp = Total energy at the top Q&A

1
-—mv": mgh
2 \,
%x4xv2= 4x10x5 %Q,
vi=2x10x5

v-m'mQ;%

Reviewed Exercise
1. Give the examples of‘e}ecﬁic@?y transforming into light energy.

2. Why are the units of energy a K the same?
3. Write down the law ofco?!rvation of energy. Identify this law as being a fundamental
law or not and explaip your answer.

&li¢ energy, potential energy, gravational potential energy, elastic
fergy, conservation of energy

Key Words: energy, Ki

pafential ®

SUMMARY
i

Work is, defined as the product of force and distance moved in the direction of the force.

efined as the capacity to do work.

y acquired by a body due to its motion is called kinetic energy.
The energy stored in a body due to its position or configuration is called the potential energy.

Gravitational potential energy is the energy which a body possesses because of its position
relative to the ground.

The potential energy due to configuration is called elastic potential energy.

The law of conservation of energy states that: the total energy of an isolated system is
constant.
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.EXERC_ISES
1. A car with a mass of 800 kg travels at a speed of 20 m s'.What is its kinetic energy?

2. What is the change in potential energy of a flower pot of mass 2 kg that falls from a
balcony? The height of the balcony from the ground is 20 m. What happens to this energy?

3.  What is the change in potential energy if you move a brick of 1.5 kg mass through a
distance of 0.4 m on a horizontal table?

4. A ball is thrown vertically upwards with a velocity of 10 m s'. What is the m

height it can reach? \

5. Calculate the kinetic energy of
(a) 1 kg mass of a toy car moving at 2 m s/, z)
(b) 2 g (0.002 kg) bullet travelling at 400 m s, Q\J

(¢) 500 kg car travelling at 72 km h!

6. (a) What is the velocity of an object of mass 1 kg which%o J of kinetic energy?
(b) Calculate the potential energy of a 5 kg mass when N(l) m, (ii) 6 m, above the
ground. (g =10 N kg")

7. A 100 g steel ball falls from a height of 1.8 m ¢h %l plate and rebounds to a height
of 1.25 m. Find

(a) potential energy of the ball before the 4%&10 m s7),
(b) its kinetic energy as it hits the p]ateQ

(c) its velocity on hitting the p

(d) the kinetic energy as it lea@plate on the rebound,

(e) its velocity of rebound.

8. The block of wood is place(cm a rough horizontal plane. If the friction between the block
and the plane is 6 N t is the work done to move the block through a distance of 1.5 m?

9. A student li a eighing 50 N through a vertical height 1.1 m and then walks
horizonta 0 m at constant speed while holding the box. What is the work done by
the student o box?

r raising an object that weight is 500 N through a distance of 2 m. How much

12." A tennis ball which is thrown verticaly upward reaches the height of 50 m. Find the initial
velocity of the ball. (Neglect air resistance)
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CONCEPT MAP

is the capacity

Work, W
o to do
of many forms
1s defined as such as
|
® Chemical
® Heat
W=Fxs ® Mechanical—
where e Sound
F=TForce (in N) e Light
s = distance moved ® Ntilzllear
in the direction

of the force (in m)
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CHAPTER 6
HEAT AND TEMPERATURE

The concept of temperature is very important for the physical and biological sciences. This is
because the temperature of an object is directly related to the energies of molecules composing
the object. Natural processes often involve energy changes and the temperature is an indigator
for these changes.

2
Learning Outcomes C)\"J

It is expected that students will
e identify that thermal energy is an internal energy of a matter. \g)

e explain why heat is considered to be a form of energy.

e distinguish between heat and temperature.
e examine thermometric properties of substances and differe at mometric properties

of mercury and alcohol.

e examine linear, area and volume expansion.

e explain heat as the energy transferred belb%tances that are at different

temperatures.

e apply basic knowledge and skill of the sics to daily-life phenomenon such as
thermal expansion.

6.1 HEAT AND TEMPERATURb

The sensations of hotness, wa M(uess and coldness can be experienced by touching objects.
Temperature is the quantity thatdetermines how cold (or) how hot the object is. The temperature

of a hot body is higher that of a cold body. To measure temperature accurately, we use
instruments called thepmemeters.

ue to different temperatures is defined as heat. Heat is the energy in transit.
is the same as units of energy. Heat and temperature are different quantities.
a higher temperature is in contact with a body at a lower temperature, heat

motions and positions of molecules in matter result in the kinetic energy and potential
energy. The total energy, that is, the sum of the potential energy and the kinetic energy, of
molecules in matter is in fact the internal energy of that matter. Temperature is related to
that internal energy. Temperature is a measure of the internal energy of molecules.

Key Words: internal energy, energy exchange
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Reviewed Exercise
¢ Distinguish between heat and temperature.

6.2 TYPES OF THERMOMETER

Every thermometer uses a physical property that varies with temperature. This property is
referred to as the thermometric property of the thermometer. For example, the thermometric
property of a liquid-in-glass thermometer is the thermal expansion of the liquid. 2

Liquid-in-Glass Thermometer

The liquid-in-glass thermometer consists of a thin glass bulb joined to a capillary t ha
narrow bore which is sealed at its other end. The liquid fills the bulb and the ad'o@ section
of the capillary tube (Figure 6.1). When the bulb becomes warmer:

e the liquid in it expands more than the bulb so some of the liquid in is forced into
the capillary tube. &
the thread of liquid in the capillary tube increases in length.
the thinner the bulb wall is, the faster the response of the thermemeter will be when the
temperature changes. K

The liquid used usually contains mercury (02) c

freezing points than mercury so it is more suita w-temperature measurements.

@mlcoho]. Alcohol has a lower

Figure 6.1 "ATiquid-in-glass thermometer

Thermocouple Thermom tel/

Thermocouple thermometers”are electrical thermometers which make use of the voltage that
develops when twe % metals are in contact. This voltage varies with temperature. An
iron wire and tWa @p wires may be used to make a thermocouple thermometer, as shown

in Figure Q One of the junctions is maintained at 0 “C and the other junction is used as the

tempera obe. The voltmeter can be calibrated directly in "C.

use of the small size of a thermocouple junction, thermocouple thermometers are used

Pineasure rapidly changing temperatures. In addition, they can be used to measure much
higher temperatures than liquid-in-glass thermometers. Also, the voltage of a thermocouple
can be measured and recorded automatically.
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O

Figure 6.2 A thermocouple thermometer \io

Resistance Thermometer

Resistance thermometer uses the fact that the electrical resistance of a me% platinum)
wire increases with temperature.

A resistance thermometer can measure temperatures accuraw@range =200 °C to

1 200 °C and best for steady temperatures, but it is bulky.

Thermometric substances can be solids, liquids (or) gas ave physical properties that
vary continuously and linearly with temperature. The rties are called thermometric
properties. ‘

Reviewed Exercise &\
1. State the physical property that vaﬁ@mpemmr& in
(a) liquid-in-glass thermomet (@e couple thermometer.
2. Why the temperature range@inical thermometer is from 35 °C to 42 "C?
Key Words: thermometric pro?ies, temperature difference, voltage, electrical resistance
6.3 UNITS OF T.EMPE%[VURE (OR) TEMPERATURE SCALES

ﬁm on the scale used. The temperature scales most widely used

bdivided into a number of equal parts. The freezing point and boiling point of water
armal atmospheric pressure are chosen as reference points which are marked on the

of water (or) steam point is marked 100 "C, the thermometer scale is the Celsius scale. On the
Celsius scale, the ice point is 0 "C and the steam point is 100 “C. On the Fahrenheit scale the
ice point is 32 °F and the steam point 212 "F. On the Kelvin scale the ice point is 273 K and the
steam point is 373 K.

59



Grade 10 Physics Textbook

The relationship between the Celsius temperature 7. and the Fahrenheit temperature 7', is
given by the equation

5
£= = (0 =92) (o) L= 187, +32 (6.1)

For example, normal body temperature is 98.6 “F. On the Celsius scale, this is

T.= (T, - 32) b

~ 2 98.6 - 32) \g)
9
Q

=37.0°C
The relationship between the Celsius temperature 7. and kelvin temper « 1s given by
L2 =1F. 6 (6.2)
Example (1) The room temperature is found to be 27 "C. What fs%e perature in kelvin?
T,=27°C

T,=T+273 '\Q}\’
=27 +273 . %
N

=300K &
Example (2) The lowest air temperature recor the world is 184 K. This temperature was
measured in Antarctica in 1983. What is the %a ture in degree Celsius?

T =184 K Q
T =T.+273 ( )
Tt 398

=184 - 2?3/

pers is gravely ill?

Reviewed Exe%
. Wh%‘pfra re on the celsius scale corresponding to 104 °F, the body temperature of the
: body temperature, room temperature, freezing point, boiling point.

ERMAL EXPANSION OF SUBSTANCES

When a substance is heated, its volume usually increases. The dimensions of the substance
increase correspondingly. This increase in size can be explained in terms of the increased kinetic
energy of the molecules. The additional kinetic energy results in each molecule colliding more
forcefully with its neighbours. Therefore, the molecules push each other further apart and the
substance which is heated increases in size.
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The relationship between the Celsius temperature 7. and the Fahrenheit temperature 7', is
given by the equation

5
£~ o (0 =92) (0N L= 18T, +32 (6.1)

For example, normal body temperature is 98.6 “F. On the Celsius scale, this is

T.= (T, = 32) b

= 2 (98.6 - 32) \g)
9
Q

=37.0°C
The relationship between the Celsius temperature 7, and kelvin temper « 1s given by
T .+273=T, 6 (6.2)
Example (1) The room temperature is found to be 27 "C. What &e perature in kelvin?
T,=27°C \a
T =T.+273 \Q
=27 +273 °
300K \%

Example (2) The lowest air temperature recor &e world is 184 K. This temperature was
measured in Antarctica in 1983. What is the @a ture in degree Celsius?

T.=184K Q
T,=T.+273 Q
i

=184 - 27

pers is gravely ill?

Reviewed Exe%
. Wh%pfra re on the celsius scale corresponding to 104 °F, the body temperature of the
i : body temperature, room temperature, freezing point, boiling point.

ERMAL EXPANSION OF SUBSTANCES

When a substance is heated, its volume usually increases. The dimensions of the substance
increase correspondingly. This increase in size can be explained in terms of the increased kinetic
energy of the molecules. The additional kinetic energy results in each molecule colliding more
forcefully with its neighbours. Therefore, the molecules push each other further apart and the
substance which is heated increases in size.
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Increasing the temperature of a gas at constant pressure cause the volume of the gas to
increase. This increase occurs not only for gases, but also for liquids and solids. In general, if
the temperature of a substance increases, so does its volume. This phenomenon is known as
thermal expansion.

You may have noticed that the concrete roadway segments of a sidewalk are separated by
gaps. This is necessary because concrete expands with increasing temperature. With
these gaps, thermal expansion would cause the segments to push against each other.
they would eventually buckle and break apart. !i é)

Linear Expansion @C)

Although two different metal bars of the same length are heated such@ e increase in
temperature is the same, the magnitudes of their expansion may no e. For example,

the expansion of copper is one and a half times that of steel. in expands twice as
much as steel does.
The dependence of the change in length of an object qn i iginal length and change in
temperature is

Al o< [ AT where ange in length

Al=al AT &" change in temperature
Al 1 a = coefficient of linear expansion

= —¥—
el A Q 5 [ = original length of the object

I'= 1(1+aAT) I' = length of the objectat T+ A T

The coefficient of linear expansion is the change in length per unit length for one degree
change in temperature. /

The unit of « is per K, w&*‘@n be written as K''. The value of a for some materials are given

in Table 6.1. Q
Table 6.1 The or some materials
Material | o (K
@ ' Celluloid 1.09 X 10
' Steel 1.27 X 107
' Copper | 1.70 x 107

- Aluminium | 2.30 X 10
' Diamond | 1.00 x 10°
' Glass | 8.30 X 10
[ Platinum 8.90 x 107 j
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The following example (3) illustrates the importance of linear expansion.

Example (3) One roadbed of a steel bridge is 12.80 m long. If the temperature varies from
25 °C to 35 °C during a day, what is the difference in lengths at those temperatures? The road
is supported by steel girders. For steel, a = 1.27 x 107 K™\

[=12.80m, a=1.27 x 10° K"
AT =35"C—25C Here we write AT = 10°C = 10 K, since 2

=10°C=10K AT=(35+273)-(25+273) K=10K

Al =alAT \JQ

~ 1.27X10°% 12.80 X 10 Q
=0.001 62 m or 0.162 cm @

Hence, the change in the roadbed length due to linear expansion must be a@& for the design

of the bridge so as not to damage the bridge. &

Example (4) The length of a metal bar having coefficient linear expansion a« is /
at the temperature 7. What is the length of that metal b&t’t e temperature 7 + AT?

The change in length due to the temperature change AT iw

Al =alAT
Therefore, the length of the metal bar at 7+ AT is 0

1" =T+ N
=%
=] AT)

Area Expansion and Volume Ex(fnsfo
The relations analogous to the one Which gives the increase in length A/ for the increase in

temperature AT can be derive(%efr the area expansion and volume expansion. The relations
obtained are
AAd=f A%ﬁpr area expansion) (6.4)

and (for volume expansion) (6.5)
ions, ) is the coefficient of area expansion and y is the coefficient of volume

@ of area expansion of a substance is the change in area per unit area for one
9 ge in temperature.

Anomalous Expansion of Water

Generally all substances expand on heating and contract on cooling. But in the case of water
the behavior is different, when water at 0°C is heated its volume decreases up to 4 “C and
density increases. At 4°C the density becomes maximum and beyond this temperature volume
start to increase. This unusual expansion of water is called anomalous expansion of water.
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Figure 6.3 Temperature in an ice covered lake @
1000————
o i
I .
— 999 t =
= 998 ,
= I
£ I
‘w 997 !
= I
= |
996 :
: 4
9951
0 45 10 15 20 25 30
ature ('C)
Figure 6.4 The change imdensity of water with temperature

Example (5) The area of a metal plate is 4 at the temperature 7', and 4,at 7,. If 7,> T, obtain

the relation between 4, and 4,. Phe coefficient of area expansion of metal is /.

A&%—A,
gy

Ad= B AAT
@ ‘A|=5A:(T2—T|)
? 4= A, 1+5(L-T)]

Key Words: thermal expansion, anomalous expansion

Exercise

Obtain the relationship between the coefficient of linear expansion and the coefficient
of area expansion of a substance.
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SUMMARY
q
Temperature is a measure of hotness (or) coldness of a body.

Heat is a form of energy. It is the energy exchanged between an object and its surrounding
due to different temperatures.

Coefficient of linear expansion is defined as the change in length (of a substance) per unit
length for one degree change in temperature.

Coefficient of area expansion is defined as the change in surface area (of a substan
unit area for one degree change in temperature.

Coefficient of volume expansion is defined as the change in volume (of a subs er unit
volume for one degree change in temperature.

EXERCISES

. Q
1. Complete the sentences below using words from the followi &
expansion, temperature, voltage

(a) The degree of hotness of an object is a measure ofiit

(b) The liquid-in-glass thermometer makes use of th of the liquid when its
changes. ¢
(¢) In a thermocouple thermometer, a change &\' causes its to change.

2. (a) A liquid-in-glass clinical thermometer marked with a scale from 32°C to
42°C which covers a distance of §0 % liquid-in-glass laboratory thermometer is
marked with a scale from 0 ° 100 Cywhich covers a distance of 160 mm. State and
explain which thermometerg (i) has the greater range, (ii) is more sensitive.

(b) The following results were obtained when the voltage of a thermocouple
thermometer was measyfed at different temperatures.

1.4 28 | 43 [ 57 6.9
20 | 40 60 80 100

(i) Us€ the gra
@ d expands when heated. What happens to its (a) mass, (b) volume, (c) density?

erical value of that coefficient change?

f'the temperature of a room is found to be 30 °C, what is the room temperature as measured
on the Kelvin scale?

6. The coefficient of volume expansion of Pyrex glass is one-third that of ordinary glass.
Which glass can stand more thermal strain?

7. At what temperatures are the readings on the Fahrenheit and Celsius scales the same?
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8. A steel railroad track is 20 m long at 20 "C. How much longer is it at 40 "C?
(The coefficient of linear expansion of steel is 1.27 x 10° K™)

9. A steel railroad track is 30 m long at 0 “C. How much shorter is it at =20 "C?
(The coefficient of linear expansion of steel is 1.27 x 10° K ™)

10. A heat-resistant glass at 15 °C is fully filled with 250 em® of glycerine. If the temperature
increases to 25 “C how much glycerine overflows? The coefficient of volume
expansion of glycerine is 5.1 x 107 K™ and that of heat-resistant glass is 0.09x 1Q_

=l

Heat

when substance
1s heated

!

Thermal expansion

‘o

Linear Area

expansion| [expansion /

Fahrenheit ('F)

CONCEPT MAP @Q
energy exchanged &
- Tempe
due to different
temperatures
%su ed
; y

Q@

97
“' ermometer
|

requires

requires Fixed point
Ice point
Steam point

P

such as

A 4

Thermometric substance
that has a physical
properties which vary
with temperature

Volume of fixed

mass of liquid

|
i cil il Ych as

Liquid mn glass
thermometer

Electrical Voltage
resistance
Resistance Thermocouple
thermometer P
thermometer
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CHAPTER 7

WAVE AND SOUND

When we think of the word waves, water wave on the water surface of a pond and sea waves
usually come to mind. Besides these waves there are other types of wave such as sound wave,
radio waves, etc. Wave is a basic concept of physics. Energy and momentum are transférged
through the medium from the wave source. All waves are produced by a vibrating source%

Learning Outcomes C)S

It is expected that students will 2)

e examine wave motion as a form of energy transfer. \J

e compare transverse and longitudinal wave and give suitab of each.
e illustrate displacement-time graph and displacement-positi aph.

e express the concept of wave equation and use it t%@oblems.

e describe the reflection, refraction and diffraction es.
L ]
e apply the basic knowledge of generation, p and hearing of sound in daily

life.

7.1 DESCRIBING WAVE MOTION

Wave motion is a method of tra sferrlgengrgy by successive disturbances through the
)(a;eg)

medium. This movement of energ place without transferring matter.

For examples, (1) Waves are pr?dﬁced if you drop a stone onto a quiet surface of a pond. The
waves spread out from the point of impact, carrying energy to all parts of the pond (Figure 7.1).
But the water in the pond%ﬁ not move from the centre to the edges. This shows that wave
transfer energy wi o@ ferring matter.

Figure 7.1 Water wave on the surface of a pond [Physics Matier]
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(2) Waves can be produced along a rope by fixed end and moving the other end up and down
rapidly shown in Figure 7.2. It can be seen that the rope waves move toward the fixed end,
while the rope segments only vibrate up and down about their rest (equilibrium) position.
The energy from hand is transferred by the rope waves toward the fixed end. The rope is the
medium through which the waves move.

direction of wave

O

g
o\

direction of
vibration
Figure 7.2 Producing wave on a rope

There are two types of waves. They are mechanical waves and eéc‘%r etic waves. The

mechanical waves need material medium to propagate and cann ough vacuum.

Sound waves and seismic waves, which are produced by rthquake are mechanical
waves. Electromagnetic waves can pass through vacuu ey do not need medium for
propagation. Light wave and X-rays are electrom:;gn waves.

Reviewed Exercise

= Give examples of mechanical and elect @éﬁc waves.

Key Words: disturbance, energy, vibzati

7.2 TRANSVERSE AND LONGITUDINAL WAVES

Waves are classified as transverse’and longitudinal waves depending on vibration of particles
in the medium through whg' h they propagate.

If the dlsplacements 0 s of the medium are perpendicular to the direction of the wave,
such a wave is sverse wave. Waves in a vibrating string are transverse waves. They
can be demon y moving up and down the free end of a rope (or) slinky spring which

is fitted at %e en shown in Figure 7.3. Light waves and other electromagnetic waves are

also tran aves.

movement direction of tranfer

Q)% of spring of energy along spring

Figure 7.3 The transverse waves on slinky coiled spring
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If the displacements of particles of medium are parallel to the direction of the waves, such a
wave is called a longitudinal wave. Compressional waves in a slinky coiled spring and sound
waves are longitudinal waves.

A longitudinal wave is demonstrated by rapidly pushing forth and pulling back at one end of a
slinky coiled spring while another end is fixed. It can be seen that the back and forth movement

of the coil is parallel to the wave direction as shown in Figure 7.4. t
movement
. \ P — — 3 direction of transfer @
S —> ; : of energy along spring \’
N compression e‘xte?swn C)

Figure 7.4 Longitudinal waves on slinky coil

Some waves in nature exhibit a combination of transverse a%m tudinal waves. Water

waves are good example of combinational waves.

e
The longitudinal slinky spring wave is represented by a h (Figure 7.5) which shows the
compression and extension of spring segments. TS I s similar to the wave produced by

the vibrating rope shown in Figure 7.2.

— QQQ

p— : direction of transfer
) of sprin

L o

'\

/ . of energy along sprin
compression extersnon rey g spring

) W 1'1'3'.’1';‘ ”&‘L’l’x‘l‘i’&‘;’;‘;’;’;wi'Ja's'k'&‘;‘t‘l‘i'&‘i‘t.a'x'a'swx’t“.x's’

Figure 7.5 Graphical presentation of longitudinal wave

Reviewed Exercise
m Describe the similarities and differences between sound waves and water waves.

Key Words: transverse waves, longitudinal waves, compression, extension
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7.3 CHARACTERISTICS OF WAVES

This section will discuss some quantities of periodic waves.
Wave Crest and Trough of Periodic Waves

The highest and the lowest points (Figure 7.6) which show the maximum displacement of
vibrating particle from its rest position (or) equilibrium line are called wave crest and wave
trough respectively. The arrows indicate the direction of displacement of the vibrating parti

Wavelength ( 4 ): The distance between any two consecutive wave crests (or) two ¢ ive

wave troughs is called wavelength. The unit of wavelength in SI unit is metre (m
e

Generally the wavelength is the distance between two nearest points of s§

~— wavelength ————
- : QS
4 .
| dir¢ction of motion of

a particle

displacement

distance

Figa/m 7.6 Wave in a vibrating string

Frequency ( f) : The &Pof complete waves passing a point per second is called frequency
of waves. The freqtie mthe wave depends on the vibrating source. The number of oscillation

hertz (H%Qe)he is equal to one complete cycle per second.
atr=0s —

QQ) (N[ /]

I f=4Hz |
/\/\/\/W"V‘*;

Figure 7.7 Frequency of a periodic wave (four complete waves pass a point in one second)
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Period ( 7') : The time taken by the wave to travel the ati=0s '|
distance between any two consecutive wave crests (or) /\ m /I
the time required for one complete vibration is called 1
period of a wave. The unit of period is the second (s). U U I

The period is the reciprocal or inverse of the frequency. =TS

i r-— L\ ﬂ\ b’

¥ WA AT

Figure 7.8 Period of th g)

Amplitude : The amplitude of a wave is the maximum value of displaceme 1bratmg
particle. It can be seen on the wave graph shown in Figure 7.6 as the pe @ar distance
from the equilibrium line to the wave crest (or) trough.

Velocity of Wave (v) : Velocity of wave is the speed with which travels. The unit
of wave velocity is metre per second (m s™). Q

Most of the periodic waves are represented by sine (o raphs Therefore they

can be called sine waves
The relationship between the frequency, wavelen \i Z ocity of a periodic wave can be

obtained by

. distance mo
velocity = :
time
A complete wave travels through t 's@ equal to its wavelength in time period T,
) avelength
velocity =

W/& period
L
‘Jrr 1
Since , Q T=—
4
@ v=fA4
recis

Reviewe e
Il whn the relation between period and frequency. Explain it.

s: hertz, oscillation

APHICAL REPRESENTATION OF WAVE
Displacement-Distance Graph

A displacement-distance graph describes the displacement of all particles at a particular instant
of time. Note that displacement of particle is plotted on y- axis and distance moved by the wave
is on X - axis.
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=) A

2 0.64+—

g

E 0 - >

3 0 10 Distance(m)
Z.06 }

(=]

Figure 7.9 Displacement — distance graph

The arrows shown on the graph indicate the direction of the displacement of vibrating partiele.
According to the graph the amplitude is 0.6 cm and wavelength is 5 m respectively.

Displacement-Time Graph

A displacement-time graph describes the displacement of particle of a certain ﬂgsi};ib’n as a
function of time taken to travel by a wave. Note that displacement of particle is‘on Y axis and
time interval is on X axis.

0.6 . L ‘-_-'
0 1

-0‘610 Mo.s \_)Q:lmﬁ | Time(s)

Figure 7.10 Displacemenpt —-{tﬁmé _gfaph

Displacement (cm)

According to the graph, the amplitude and the }}é‘l‘f@d afAhe wave are 0.6 cm and 0.5 s

respectively. Since T = % , the frequency of théayave is 2 Hz.

7.5 REFLECTION, REFRACTIPN. A@M’FRACTION OF WAVE

Wave can undergo reflection, refraction gnd diffraction. These phenomena are usually studied
by means of water wave in a ripple tank.

Ripple Tank : The ripple tanK is a convenient piece of apparatus for demonstrating the
properties of waves.

Wavefront : The sugfage that joins all the points of same phase is called wavefront.

Directipn of Movement

Wavefronts

(a) (b)

Figure 7.11 The wavefronts of (a) plane wave and (b) circular waves
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Reflection

When a series of wave strike an obstacle, they are turned back. This turning back of waves is
called reflection of waves. When waves strike a straight barrier, the waves are reflected from
the barrier. The angle of incidence is equal to the angle of reflection as shown in Figure 7.12.

The wavelength and velocity of the wave remain constant in reflection of wave.
direction of travel
wavefronts

i £ of the wave before
uf: bal Ganie-r reiecuon

straight barrier 2)
O

/ v wavefrom@
angle of &
reflection of Ty VES

after reflection

N
Figure 7.12 Reflection of pl w\?
cota;ave
barrix

wave direction
before striking
barrier

N\ |

4

/1

waves converge ay i e
% after striking_ . .

Figure 7.13 (a) Refle plane wave on " e Figure 7.13 (b) Radio antenna
¢ ace

|https://en.m.wikipedia.org/wiki/

vevpatoria-RT-70-radio-telescope]

wave direction

before striking com'r::(
Sy
TR

Y

waves diverge

after striking

convex barrier

Figure 7.14 Reflection of plane wave on convex surface
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ionosphere

X 4
W Ty
O ¥

\ i

: \ / {
transmitter receiver

Figure 7.15 Reflection of radio waves @

Refraction
The speed of water waves depends on the depth of water. It decreases wh@depﬂx of
water becomes less deep. By the ripple tank experiment, when water wave om deep to
shallow water the velocity of wave is lesser and the wavelength is shorter{ or yice-versa. When
waves are incident to the boundary with an angle, the direction o aves changes. Such a
change in direction is called refraction. It can be noticed that in refraCtion, the wavelength and
velocity change but frequency remains the same.

Diffraction

Diffraction is the spreadh%waves from the straight-on direction through a gap (or) moves
around an obstacle. Th€ Wave that passes the edges of the gap of the obstacle spread out. Figure
waves in ripple tank spreading out after they pass through the gap.

-
most waves o
continue on ==
[ in the same
direction
H\ most of the waves have changed direction
They have been diffracted
no waves here
Figure 7.17 Diffraction of water waves Figure 7.18 Diffraction of water waves
through wide gap through narrow gap
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—111141],

Figure 7.19 Diffraction of radio waves a

Diffraction around an obstacle includes radio waves that are diffracted as they pass ove
hill. (Figure 7.19) \
Reviewed Exercise C )

1. What causes refraction of water waves?

2. Does the speed of water waves depend upon the depth of water? \io
Key Words: ripple tank, wavelength

7.6 SOUND WAVE AND SPEED OF SOUND Q&

Sound Wave

Sound is a form of energy that is transferred from one other in a certain medium.

Sound wave is produced by a vibrating object placed. in afaedium. The pressure changes occur

alternately in the medium by vibrating object. The Xr is usually air, but it can be any
Il

gas, liquid (or) solid. Sound wave propagates as i compression and rarefaction like
longitudinal waves on a vibrating spring. Like r Waves, sound wave can be reflected and

diffracted.
Unlike electromagnetic waves, so \\@ d a medium to propagate. Sound wave

cannot travel through vacuum. )

The compression is created in the medium as the vibrating object moves forward, since it
pushes molecules together. compression region has higher pressure. When the object
moves back, the moleculed are spread out and rarefaction is created and the pressure of that
region is low. After the is vibrated several times, it has created a series of compression
and rarefactions travelling away from the vibrating object. The pressure of the medium is
changed into d lower alternately. In this way, sound energy propagates through the
medium to the ear. en waves enter the ear, they strike the ear drum and make it vibrate. This
rydrum results the hearing of the sound. Sound energy is transferred through

vibrating
speaker cone

)

rarefaction

compression

Figure 7.20 Vibrating loud speaker produces sound wave and travels through air to ear
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air pressure air pressure
is high is low

loudspeaker

-—
vibrating [

diaphragm —— 1 ;
/\JJ\ Q)b
VARV AVERVA PN

Figure 7.21 Pressure-distance graph of a propagated sound

Wavelength Wavelcng[h @
Audible range : The average person can only hear sound that has ncy higher than
20 Hz and lower than 20 000 Hz. This interval of frequency is% audible range (or)
und

g

Alr pressure
&
=]
=

FOOT

hearing range. But the range becomes reduced according to age anéhealth conditions. Sound
. Some objects vibrating
rd by human. This is called

waves with frequencies greater than 20 000 Hz are called ultr.
with frequencies under 20 Hz produces sound which can
infrasound.

h hear the ultrasound and they
s 0dn communicate with infrasound.

It is found that, by experiments: dog, bat and
communicate with it. On the other hand, elep

Speed of Sound

Since sound propagates from one p
given medium, the speed of sound
istance travelled by sound
time taken

r through a distance in a time interval in a

speed of sound =

v_._..
t

However, sound wav s at different speeds in different media through which it passes.
Generally, the s mnd depends on the density of the medium. The denser the medium
is, the greater %d because the particles of the medium are tightly bound together. This
means that the distugbance can be transferred more quickly from one particle to next.

Table 7. speed of sound in some solids, liquids and gases

. Speed Temperature
@ Medium T is! puC
Q Air 332 1090 0
co, | 259 | 850 | 0
S, 206 676 0
Water, pure | 1 4()4 4 605 0
~ Copper | 3560 11680 20
Iron 5130 16830 20
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Speed of sound in air varies with temperature. At 0°C the speed of sound in air is 332 m s™.
Whenever the air temperature increases by 1°C, speed of sound will increase by 0.2 %. The
speed of sound in air can be expressed as

v=332 Lo
273
Here T is given in K and v in ms™. The above relation can be approximated by
v= 332+0.6 (T -273) Q
In air medium, the speed of sound increases by 0.6 m s'with temperature rise by ne@

(1°Cor 1 K).

Example (1) A distance of 0.33 m separates a wave crest from the adjacent @ and the
vertical distance from the top of a crest to the bottom of a trough is 0. hat is the
wavelength? What is the amplitude?

The wavelength, 4 =2 x 0.33=0.66 m ‘Q&(

, 0.24
The amplitude, A= T = 0.12m

Example (2) What is the speed of a 256 Hz sound w1th ength of 1.35 m?
The speed of sound v=f4 = (256) (I 35)

Example (3) You dip your finger into a pan of: 14 times in 11s, producing wave crests
separated by 0.16 m. (a) What is the frequch hat is the period? (¢) What is the velocity?

(a) The frequency, f= —<— ;l

(b) The period, T =——=0.79s

127
(¢) The velocity, * v=

I
|t

~

A=(1.27)(0.16)=0.20 m 5!
ay back and forth in the breeze with frequency of 2 Hz. What is the

Example (4) A I
period ofthis?‘%
rod, M=l 05s
2 f 2

(5) A typical sound wave associated with human speech has a frequency of

@and the frequency of the yellow light is about 5 X 10" Hz. The velocity of sound in air is
344'm s and the velocity of light is 3 X 10* m s'. Find the wavelengths of the waves.

For the sound wave, A = Y = ﬂ =0.688 m
f 500
8
For the light wave, 2= < =310 _6x107m=6000 A
f  5x10
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Example (6) On a day when air temperature is 11°C, you use a whistle to call your dog. If
the wavelength of the sound produced is 0.015 m, what is the frequency? Could you hear the

whistle?
The velocity of sound in air at 11 °C is

v=332 ’L
273

=332 ‘% =33241.04 =332 x 1.02 b
=338.62 m s’ \io
v _ 338.62 C)

f = T ix10°

Dot 10 b <
— Q\

We could not hear the whistle (sound) because the human’s ear i &ed to be able to hear
sound with frequency that are greater than 20 Hz and less than 20 Hz

which its travels?

Reviewed Exercise »
1. How does the velocity of sound depend on the.tev% e of the medium through
2. ‘Generally, the denser the medium the greafs@be e velocity of sound’. Explain
d

this statement.

Key Words: compression, rarefaction, ultr@ ,anfrasound, frequency

SUMMARY ( Q
9
Transverse wave: If the displacem of particles of the medium are perpendicular to the

direction of the wave, such a waxe is called transverse wave.

Longitudinal wave: If thd displacements of particles of medium are parallel to the direction
of the waves, such a waye is €alled longitudinal wave.

Wavelength ( 4 ]
wave troughs is ¢d

ie'distance between any two consecutive wave crests (or) two consecutive
I wavelength.

Freque ): The number of complete waves passing a point per second is called frequency

of w
Pexio : The time taken by the wave to travel the distance between any two consecutive
- erests (or) the time required for one complete vibration is called period of a wave.

nplitude: The amplitude of a wave is the maximum value of displacement of vibrating
element.

Velocity of wave (v): Velocity of wave is the speed with which a wave crest travels.
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EXERCISES

¥

1. Sound waves can travel in all the following except
A. solids C. air
B. liquids D. vacuum

2. How does the speed of sound vary in the following media; water, air and wood? ! t

Highest speed Lowest speed
A. Air water \’6
B. Water wood C)
G Wood water @
D. Wood air \J

3. Which one of the following statements is true for both sound 'g&waves?
A. They are transverse waves.
B. They are reflected from a glass surface.

C. They travel faster in air than in water. v
L J ‘ : :

D. They are electromagnetic waves.

4. &
<
§
8
3
= time (s)
=t
The displacement of an air p}?ﬁcle with time as a sound wave travels through the air is
as shown above.
What is the frequeney of the sound wave?
A. 10 Hz C.50Hz
B. 25 Hz D. 100 Hz
5. Whic following is the normal audible frequency range of a human ear?
0 Hz C.20-20000 Hz
000 Hz D. 100 - 100 000 Hz

6. Which of the following frequencies of sound cannot be detected by the human ear?
A. 50 Hz C.5000 Hz
B. 500 Hz D. 50 000 Hz
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7. A sound of frequency 400 Hz has a wavelength of 4.0 m in a medium. What is the speed
of sound in the medium?

A. 102 ms” C.1600 ms
B. 100 ms™ D. 8000 ms”

8. A boy hears the thunder 2.0 s after seeing lighting flash. How far is the lighting flash fiom
the boy? (Speed of sound =330 ms™) 3
A. 165 m C. 660 m @
B.330m D. 1320 m \,

9. Which of'the following describes correctly the changes, if any, to the ﬁ‘equel%c&elength
and speed of sound as is travels from air into water?

Frequency Wavelength Speed @

A. Remains unchanged decreases decregsy

B. Remains unchanged increases increases,

C. Increases increases es
D. Increases remains unchange %eases
L ]
10. Define wavelength, frequency and velocity of asOun ve. Write down the relationship
between them. Can this relationship be used er waves (such as light waves)?

11. What are wavefronts?
12. What is meant by (a) reflection (b) re &and (c) diffraction?

13. Are the following statements tifue (or)*fdlse? Correct the statements which are wrong.
(a) The frequency of a wave is y proportional to its wavelength.
(b) Sound wave is transverseAvave and water wave is longitudinal wave.
(¢) The velocity of s% the same in water, air and helium gas.
0

(d) Sound waves can vel through vacuum.

14. Find the wa < ‘ a wave with frequency 1 000 Hz and velocity 344 m s,
15. Find the frequié
16. A radaf aptennd emits electromagnetic radiation (¢ =3 x 10* m s™') of wavelength 0.03 m

%, Find the frequency of radiation. (b) How many complete waves are emitted

&

' of a wave of velocity 200 m s and wavelength 0.5 m.

nd the frequency of a wave of 29 m wavelength telecast by a TV station. The velocity

wf that wave is the same as that of other electromagnetic waves and is 3 x 10° m s™'.
18. The shortest wavelength of an ultrasonic wave emitted by a bat (in air at 0°C) is 3.3 mm.
What is the frequency of this wave? Is this frequency the largest (or) the smallest?

19. The frequency of a musical note in air is 440 Hz. What is the wavelength of that sound
in sea water and in CO, gas? ( Velocity of sound in sea water and CO, gas is 1 440 m s
and 259 m s respectively.)
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20. What is the velocity of sound in air at 20 °C?
21. If the temperature of the air medium is increased from 0 °C to 40 °C, by what percentage
has the velocity of sound increased?

22. The diagram below shows water waves passing through the entrance of a model harbour.
1
\ \ land :::

sea | ‘ 2)
. C}
habour
. D xQ
(a) Describe what happens to the waves as they leave gap betwee t@rbour walls.
(b) What is this process called?

(¢) Describe one change that could be made to the above arrangegment in order to reduce
this effect.

CONCEPT Mz\%?

@
e |

Mechanical waves Non mechanical waves
(medium rethéd) (medium does not required)

g/ 8851‘ waves Characteristic/quantities

ased on vibration of

/‘:::S;;::, pmﬁcksIfnudhun

r

Transverse wave and Amplitude (4)
Longitudinal wave Wavelength (1)
Frequency (f )
Wave velocity, v =f 1
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CHAPTER 8
LIGHT

When light travels through a uniform medium, whether it is vacuum, air (or) water, it always
travels in a straight line. However, when the light encounters a different medium, some part of
the light is absorbed, some is reflected and the rest is transmitted.

Learning Outcomes 6

It is expected that students will \io

e identify sources of light.

e cxamine the laws of reflection and the reflection of light at pl@i curved

surfaces.
e apply basic knowledge of optics to optical phenomena. .S Q
e draw ray diagrams for reflection of light on plane and d surfaces.

The study of nature and propagation of light is known & Optics is divided into two
parts: geometrical optics and physical optics. %

Geometrical optics is based upon the fact that light fraveéls’/ura straight line. Ray diagrams are
used in explaining the optical phenomena. On the o E&l {physical optics is based upon the

fact that light propagates by means of a wave-motionr Of these two, only geometrical optics
will be studied in this chapter.
8.1 SOURCES OF LIGHT QQ

Some objects such as the sun, the Stars, fluorescent lamps and candles make their own light.
These sources are called luminous sources. Most objects do not emit their own light but reflect
light from luminous sources. The€y are non-luminous objects.

The sun is the chief sourceof light. The fact that light coming from the sun passes through the
empty space on its w the earth shows that light can travel through vacuum.

When light is incident on the surface of an object some of the light is sent back and this
phenomenon is called reflection of light. A ray of light is a path along which the light travels. A
ray is represented by a straight line with an arrow-head. The arrow-head points in the direction
of propagation of light.

A beam of light is a collection of rays of light. Figure 8.1, Figure 8.2 and Figure 8.3 show the
parallel rays of light, the convergent rays and the divergent rays respectively.
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A 4

W

L

L 4

Figure 8.1 Parallel rays Figure 8.2 Convergent rays Figure 8.3 Divergent ra%
light

Searchlights used in trains and lighthouses, emit parallel beam of light. Parallel be i
become a convergent beam after passing through a convex lens. A beam emitted by u
is a divergent beam. C)

In Figure 8.4, a ray which represents the incident light is an incident§ 0). A line

Ib

perpendicular to the surface at the point of incidence is called norma . A ray which
represents the reflected light is a reflected ray (OB). An angle betwgena ident ray and the
normal is an angle of incidence (1) and an angle between the refl @' rayand the normal is an
angle of reflection (r).

M

Figure 8.4 Illustration &ti n of light at a plane surface

Laws of Reflection
(1) The incident ray, the reﬁ/a&ed ray and the normal all lie in the same plane.

(2) The angle of incidence is equal to the angle of reflection.

'o frue for all reflecting surfaces for plane mirrors as well as

Reviewed Eyercis
iye the names of light source which emit parallel beam and divergent beam.
ck the laws of reflection using a plane mirror.
ords: divergent beam, convergent beam, parallel beam
8.3 IMAGE FORMATION IN A PLANE MIRROR

An object having a smooth reflecting surface is called a mirror. A common mirror is a plane
mirror. If the reflecting surface is plane, the mirror is called a plane mirror. A looking glass is
one kind of a plane mirror. Figure 8.5 (a) and Figure 8.5 (b) are shown the formation of image
of a point object and an extended object due to a plane mirror.
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(a) (b)

Figure 8.5 Formation of images of a point and an exter

d@cct

In Figure 8.5 (a), the image / is observed as the reflected rays entewthe eye. The reflected rays
appear to diverge from /. The reflected rays do not actually pass through the image; only the
reflected rays produced backwards pass through it. Su image is called virtual image.
The virtual image cannot be formed on a screen. The ir% ed by the actual intersection

. ’ . @ -~ ~
of the reflected rays is a real image. A real image refore be focused on a screen.

by

In Figure 8.5 (b), /I’ is the image of an object Q@ NIhe object OO’ can be considered as an
object formed by several point objects. / is the iffage of a point O and /” is that of a point O
The points between O and O’ have the % g images between [ and /.

Lateral Inversion ‘ ’

Suppose that a man is looking hims€lf (at his image) in a looking glass. When he tilts his
head to the right, the head of thedmage in the mirror is found to tilt to the left, and vice versa.
This effect is called lateraliinversion. Examples of this phenomenon are also demonstrated in
Figures 8.6 and 8.7.

PEN

Figure 8.6 Lateral inversion of a number Figure 8.7 Lateral inversion of a word
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Properties of an Image in a Plane Mirror
The properties of an image formed in a plane mirror are as follows:

1. The image is of the same size as the object.

2. The image is virtual.

3. The image is erect.

4. The image is laterally inverted. b

5. The image is situated on the line passing through the object and perpend:c% the
plane mirror.

6. The image is as far behind the mirror as the object is in front.

Principle of Reversibility of Light

In Figure 8.8, if the direction of a ray of light is reversed, the travel along its
original path. This is known as the principle of reversibility of II inciple is valid also

for refraction of light.

M

Figure 8.8 Illustr ;on of reversibility of light

Example (1) A man 5 ft 6 in tall and whose eye level is 5 ft 2 in above the ground, looks at his
image in a looking glass. What i€ the minimum vertical length of the looking glass if the man

is to be able to see the wh%e of himself?

In the above Figure M is the looking glass. H represents the man’s head, E his eyes and F his
feet, respectively.
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Therefore, HF =66 in, EF =62 inand HE = 66 — 62 =4 in

For the man to be able to see his head, an incident ray from H to the top A of M must reflected
to his eyes E.

Since the normal AN, bisects HE
AL=EN, =2 HE
=l x4=2in
For the man to be able to see his feet F, a ray from F incident at the bottom B of mirror

be reflected to his eyes E. C)\'

Since the normal BN, bisects EF,

LB =EN, =4 EF Q
=1/2x'622=31in Q\'

Therefore, the minimum vertical length of M = AL + LB
=2+31=33inz2 ft ¥in

The looking glass must have a minimum vertical length , which is half of the height

of the man. . %
Some Applications of Plane Mirrors 0

(i) Optical Testing

If the eye testing room is not large enough,
illuminated laterally inverted let b pldeed
behind the patient. These letters afie seen correctly
in the plane mirror which is in front e patient.

/

When the view of an(oBjeet is obstructed by an obstacle, the periscope can be used to see
the object clea ‘o heperiscopes in submarines use prisms instead of mirrors. In addition,
periscopes are atta

(ii) Periscope

L mirror

id blind turns (The diagram is not drawn to scale).
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(iv)  Instrument Scales

By forming an image of the pointer, the
plane mirror eliminates parallax errors in
the reading of instrument scales.

a kaleidoscope which gives co]ourfu] multiple images of pieces of ccloured glass (of

Reviewed Exercise Q)C)
1. What are differences between real and virtual images? \,
2. What does it mean to say that a plane mirror produce a virtual @

Key Words : mirror, lateral inversion, real image, virtual image

N

If only a small part of the surface of a curved mirror«s used for reflection, it can be considered
as an outer (or) an inner surface of a hollow sphere f’ cave and convex mirrors having
spherical surfaces are used in most applications. all now discuss the reflections at such
MITTors.

8.4 REFLECTION AT CURVED MIRROR

(a) Concave Mirror

If the reflecting surface of a m1m< fongas of the inner surface of a hollow sphere, the

mirror is called a concave mirror.

(b) Convex Mirror

If the reflecting surface of a mlrror forms part of the outer surface of a hollow sphere, the
mirror is called a conve I.

(c) Poleof aC v ) Convex Mirror
The centre of the ce of a concave (or) convex mirror is called its pole.

rvature of a Concave (or) Convex Mirror

. v g, 0P sphere, part of whose surface is the concave (or) convex mirror, is called the
x@A rvature of that mirror.
comvéx mirror is behind the reflecting surface.)

(e) Radius of Curvature of a Concave (or) Convex Mirror

The radius of a sphere, part of whose surface is the concave (or) convex mirror, is called the
radius of curvature of that mirror.
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(f) Principal Axis

The line passing through the centre of curvature and the pole of a concave (or) convex mirror
is called the principal axis.

(g) Principal Focus of a Concave Mirror

When the rays parallel and close to the principal axis are incident on a concave mirror the
reflected rays pass through a point on the principal axis. That point is called the principal fogus
of the concave mirror. Since the reflected rays actually intersect at that point, the focu%
concave mirror is a real focus.

(h) Principal Focus of a Convex Mirror q\)

When the rays parallel and close to the principal axis are incident on a confy€x Mirror the
“allcdthe principal

that point, the

focus of the convex mirror .Since the reflected rays do not actually pass _th
principal focus of a convex mirror is a virtual focus.

(i) Focal Length

The distance between the pole and the focus of a concave (or ex mirror is called the focal
length of the concave (or) convex mirror.

Figure 8.9 illustrates the stated definitions and the cm&%mg symbols.

4 S P =pole
= inci i 2, C = centre of curvature
QO

F = focus

PF = f= focal length

PC = R = radius of curvature

-~
a ——

Fi ure@tﬂection at convex and concave mirrors

Relation Betwe al Length and Radius of Curvature

For rays elose-to the principal axis and for rays which make very small angles with the principal
axisQ that focal length fis approximately equal to the half of the radius of curvature

R .
2

ation of Images in a Concave Mirror

The formation of images in the concave mirror for various positions of the object are shown in
Figures 8.10 - 8.15.
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In Figure 8.10 the object is at infinity and

its image is

L. @tk S !

2. real, H E

3. inverted and 7

4. smaller than the object.

Figure 8.10 The object at infinity b

In Figure 8.11 the object is beyond C and its \
image is Q %

1. between C and F, P

2. real,
3. inverted, and
4. smaller than the object.

In Figure 8.12 the object is at C and 0 %
its image is % o, >
L. atC, Q o 1

2. real, Q
3. inverted, and A
4. of the same size as the objg

-
3
-

/ Figure 8.12 The object at C
In Figure 8.13 is between C and F
and its image'i
1. befo 3

2. gal’
: ed, and
Q ger than the object.

Figure 8.13 The object between C and F
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In Figure 8.14 the object is at F

and its image is at infinity .
A

é @5
XS

Figure 8.14 The object at F

&,

In Figure 8.15 the object is between F and P
and its image is

S

1
1. behind the mirror, i
2. virtual, C P 1
3. erect, and
4. larger than the object.

Formation of Images in a Convex Mirror

Fi g@ he object between F and P

The image formed in the convex mirror 0
is always virtual, erect and smaller tha &
the object. It is formed between P and !
F no matter where the object is 3 @
( Figure 8.16).

/

‘Jr' Figure 8.16 Image formed by a convex mirror

The image fo @ in the concave mirror can be real (or) virtual depending upon the
positiop’ofthe oBject. In addition, it may be erect (or) inverted. However the images of an
obj ed in plane and convex mirror are always virtual.

Applications of Curved Mirrors

Convex mirrors are often used as rear view mirrors of vehicles since they always give an erect
image and a wide field of view. Figure 8.17 illustrates a convex mirror has a wider field of view
than a plane mirror of the same size.
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plane mirror !

narrow field
of
view

f P
LS

Figure 8.17 Practical use of a convex mirror and advantage of convex @) as a rear view
mirror

Concave mirrors are normally used as reflectors in motor car héadlamps, torchlights and
searchlights. A concave mirror may also be used as a shaving nfigror since it is able to produce
an enlarged image of the object shown in Figure 8.18.

Fj%re 8.18 Practical use of concave mirror

We have observe at the focus of a concave mirror is real and that of a convex mirror is
virtual. 1, the images formed in these mirrors may either be real (or) virtual, and erect

Sign Conventio

Distances of real object, real image and real focus are positive. Distances of virtual
object, virtual image and virtual focus are negative.

2. The focal length and radius of curvature of a concave mirror are positive, and those of
a convex mirror are negative.

3. The perpendicular distance measured above the principal axis is positive and that below
the principal axis is negative.
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Mirror Formula
For both concave and convex mirrors

1,1 1 (8.1)
u v f
where  u = object distance from the mirror
v = image distance from the mirror b
J= focal length

All distances are measured from the pole of the mirror. \io

Magnification

The images formed by the concave and convex mirrors have various sizes depending upon the
position of the object. Thus, the lateral magnification produced by a is defined as the

ratio of the height of the image to the height of the object.
height of image Q

Magnification =

height of object
~ size of image
size of object
If m = magnification, /I’ = size of image and OO'=$ ct
then m= L, (8.2)
00
The magnification m can also be expres& s of the object distance u, and the image
distance v. .
I ™~y
} » (8.3)
The minus sign determines botb’tﬁe nature and configuration of the image.
The formula for the ma ion m can be expressed as m = % ...
u

Example (2) A v@ _ laced (a) 20 em (b) 4 cm in front of a concave mirror of focal length
12 cm. Find the ~@ and position of the image in each case.

(a) u =+20cm
f =+ 12 cm(concave mirror)
|

1
R = e
t u v i
Q 0.8
+20 v +12
b e
v 12 20
v = 30 cm

Since v is positive the image is real. It is formed 30 cm from the concave mirror on the same
side as the object.
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(b) u=+4cm
B W ¥
1.1
+4 v +12
11 4
y 12 4 b

Since v is negative, the image is virtual. It is formed 6 cm behind the concave mié,:

Example (3) An object is placed 10 ¢cm in front of a concave mirror of focal @[ cm. Find

the image position and the magnification.

u =+10cm @
f =+15 cm (concave mirror) Q
S | 1
—_—t— = —
u v F N
R
+ v o+
1.0 8 N
v 15 10
v = =30 cm
Since v is negative, the image is virtual. ed 30 ¢cm behind the concave mirror.
Magnification m = — =
u

-30
m= - 7L( ) =3
10
; i ~ 1 ; g . s ;
Since m = O_O' 2 1’ =3 x 00, it can be said that the image is 3 times the size of the

objectand itise

Exampl image of an object in a convex mirror is 4 ¢m from the mirror. If the mirror
] curvature of 24 cm. Find the object position and the magnification.

Gl ‘@ n a convex mirror is always virtual.

v=—4 cm (virtual image)
R = —24 cm (convex mirror)
R 24
R=172f f=—=(—)==12¢cm
11 1 2 2
e e
u v f
1
o e, S s
u —4 -12
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u=6cm
Since u is positive, the object is real. It is 6 cm from the convex mirror.

Magnification m = — i

U
s I

s g
| O

Sincem=— = 5 (or) I’ = 3 X 00, the size of the image is % timesgxe of the object

2
m=_
3

00
and the image is erect.

Example (5) The image of an object in a concave mirror is erect and fhiree times the size of the
object. If the mirror has a radius of curvature of 36 cm, ﬁ&&&sitim of the object.
Size of the image =3 x size of object .
I’r=+3 x 00’ (erectim,
o _
00'

Q%

+3

v

O

=

The object is placed 12 cm from the concave mirror.
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SUMMARY
9
When light is incident on the surface of an object some of the light is sent back and this

phenomenon is called reflection of light.

The Laws of Reflection states that

(1) The incident ray, the reflected ray and the normal all lie in the same plane.
(2) The angle of incidence is equal to the angle of reflection. b

If the reflecting surface is plane, the mirror is called a plane mirror.

If the direction of a ray of light is reversed, the light ray will travel along its origin@ . This

is known as the principle of reversibility of light. \‘
EXERCISES Q
<
1. State the laws of reflection of light. &'
2. Give two examples each of objects which (a) emit theirown light (b) are only visible
because they reflect light from another source. &

3. A man is looking into a plane mirror on the wall thi is 6.1t away from him. He views the
image of a chart which faces the mirror and is 2 fi.b him. Find the distance between

his eyes and the image of the chart.

4. Draw a ray diagram to show that a vertical e&irror need not be 5 ft long in order that
a boy 5 ft tall may see a full-length Q himself in it.

5. Inthe above problem, if the boy’s @ in below the top of his head, find the height of
the base of the mirror above ﬂ% ;
6. Show that a point object and its

mirror. /

7. What is meant by lateﬁl inversion? The letter R is 5 cm in front of a plane mirror. Draw

ge are at equal distance from any point on the plane

accurately the image offRvin the mirror.
8. State the simitani '@d differences between the virtual images formed by the concave and

ardllel to the principal axis is incident on a concave mirror, }izt passes through

er reflection. By using the laws of reflection, prove that /= e

C. The statement given in A and B are wrong.

11. Choose the correct answer from the following:

A. Only real images are formed by a concave mirror.
B. Real and virtual images can be formed by a concave mirror.
C. Real and virtual images can be formed by a convex mirror.
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12.

Choose the correct answer from the following:
When an object is at the centre of curvature of a concave mirror the magnification is
A.05 B.-1.0 C.15

13. A concave mirror can produce an image which is twice the size of the object. Draw a ray
diagram to show this.

14. An image is 6 cm from a convex mirror which has a radius of curvature of 36 cm. Find'the
object position and the magnification.

15. An image one-third the size of an object is formed by a convex mirror of foc&a th
15 em. How far is the object from the convex mirror?

16. An object is 20 cm in front of a concave mirror of focal length 15 em. @ar must the
screen be placed from the centre of curvature of the concave mirror to ive the image of
the object? If the object is 2 ¢m tall, find the size of the image. 6

17. An object is 20 ¢cm from a mirror. If the virtual image is half ze wf the object, find the
radius of curvature of the mirror.

18. An object is placed 30 cm in front of a concave mirr I length of 10 ecm. Find the

< , y Y — —
Propestiesial Application Properties of Application

image position and the magnification.

CONCEPT .;}%
2y

| Sources of light” ( | Reflection of light |

} ‘

Non-luminous Reflection in Reflection in
bodies piane mirror curved mirror
(eg.wood, (eg.concave mirror,
paper) convex mirror)

image

image
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CHAPTER 9
ELECTRICITY

Electricity is a form of energy. There are two types of electricity: electrostatics (or) static
electricity and electrodynamics (or) currentelectricity. Electrostatics is the study of electric charge
at rest. Electrodynamics is the study of moving electric charges and their interaction yith
magnetic and electric fields. In this chapter, charges at rest (electrostatic charges) and
electrification are studied.

Learning Outcomes C)
It is expected that students will @

e investigate electric charges. \,

e distinguish the repulsive and attractive force between two char:

e discuss that a charged body has electron deficiency (or) (% .
e identify the characteristics of conductors, insulators and ser
e explain the process of charging by induction.
e demonstrate an understanding of electrification and'atre of electrostatic force.

niconductors.

Electric charge (or) electricity, can be provided By.batteries and generators. But some materials
become charged when they are rubbed. These€hdrgesare electrostatic charge or static electricity.

The two kinds of static electric chatgelarc) positive charge and negative charge. The uses
of static electricity are electrostatic pr LC]pltatOI'S inkjet printers and photocopiers. Another
example of static electricity is lightning-ischarge.

Electrical energy can be transformed into other forms of energy, such as heat energy, mechanical
energy, light energy and sotind energy. It is used in domestic electric appliances, in industries,
transportation and conm;unﬁuﬁtmn works. In technologically advanced countries scientists are
trying to generate gonsiddrable amount of electrical energy from the wind, from the sea and
from the sun.

9.1 El_ﬁ@lg CHARGES AND ELECTRIC FORCES

Fj.gg.grﬁ charge is the physical property of matter that
causes an electric force when placed in an electromagnetic
ﬁ&lg.-ﬁlectric charges may be either at rest (static charges)
(or) in motion (moving charges). Flow of charges is called
an electric current.

[ https://en.m.wikipedia.org/wiki/Benjamin Franklin | Benjamin Franklin
(1706-1790)

96



Textbook Physics Grade 10

A French scientist, Du Fay, studied the nature of electric charges possessed by substances
and found that there were only two kinds of charges. Benjamin Franklin named them positive
charge which is represented by a plus sign (+) and negative charge by a minus sign (—).
Like charges repel and unlike charges attract. The closer the charges are, the greater the force
between them. When two charged objects are brought together, they produce either attractive
(or) repulsive force (Figure 9.1).

The electric force between two charged objects is one of the fundamental forces of nature,
The electric force holds the particles that make up an atom together. Charged objects canweXest
forces to other charged objects without being in contact with them. This is possible because
there is an electric field around each charge.

Like Charges Like Charges Unlike C h‘a&giﬁ y

Repulsion Repulsion Attraction

Figure 9.1 Repulsion and attraction betwéep like and unlike charges

Unit of charge

In SI units, electric charge is measured in_¢oulomb (C), in
honour of Charles Augustin de Coulomb, a*Erenchephysicist. He
discovered that the force between tworcharged objects depends on
the magnitude of their charges and dn how; fir apart they are. Since
the magnitude of charge of an electromis.6 x 10" C, one coulomb
of charge is equivalent to the charge of 6.25x10'" electrons. One
coulomb is a relatively large value of charge.

1 microcoulomb (1 uCys 10* C (one millionth of a coulomb) Charles de Coulomb,
Physicist, Scientist
(1736-1806)
| hitps://www.biography.com/scientist/charles.de-coulomb|

Chares Wof the quantized physical quantities. It means that charge cannot take any
oitgary Walues, but only discrete values that are integral multiples of the fundamental
pethat is charge of an electron. s
=h e, where Q = electric charge, n = integer, e = charge of an electron = 1.6 x 10 C

Reviewed Exercise

= When two bodies attract each other electrically, must both of them be charged?

Key Words: positive charge, negative charge, repulsive force, attractive force, quantized
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9.2 MATTER AND ELECTRICITY

Matter is composed of atoms which are very small in size. An atom consists of core called the
nucleus around which the particles called electrons are moving in orbits.

An electron is a negatively charged particle having a charge of —1.6 x 10" C. The nucleus
consists of two kinds of particles called proton and neutron. A proton is a positively charged
particle and a neutron is an uncharged particle. An electron and a proton have the same
magnitude of electric charge. The nucleus has net positive charge. The magnitude of positivg
charge of the nucleus is equal to the sum of the positive charges of all the protons presentuis
the nucleus.

In a normal atom the number of orbiting electrons is always equal to the num @pprotons.
Since the magnitude of positive charge of the nucleus is equal to that of' otal negative
charge of electrons, a normal atom has no net charge. It is said to be electri neutral.

an atom loses

If an atom gains one (or) more electrons, it carries a negati :
m’becomes a charged

one (or) more electrons, it becomes positively charged. When
atom, it is called an ion.

Vv
0

@® proton
@® neutron
@ clectron

Figure 9.2 A neutral atom (Reliup) has the same number of electrons and protons

Reviewed Exercise /

= Why does a nucleus pbssess the positive charge?
Key Words: atom, pr, , electron, neutron

9.3 CONDUC INSULATORS AND SEMICONDUCTORS

ntioned, in an atom the negatively charged electrons are moving around a

strons are tightly bound by the nucleus. The electrons closer to the nucleus are called bound
electrons.

The electrons far away from the nucleus (or) the outer electrons experience less attractive
force of the nucleus. This means that the outer electrons are loosely bound and are called free
electrons. They can move from one atom to another.
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The number of free electrons in a substance depends upon the nature of that substance. The
substance which has plenty of free electrons is called a conductor and the substance which
has very few (or) no free electrons is called an insulator.

Metals are good electrical conductors. Some of their electrons are so loosely held to their
atoms that they can pass freely from atom to atom. These free electrons make metals
good conductors. Most non-metals conduct electricity poorly (or) not at all, although carbon
1S an exception.

In insulators all the electrons are held tightly in position and unable to move fror
to atom. Insulators are materials that hardly conduct electricity. Although the eIeK re
not free to move in insulators, they can be transferred from one object to another.%

Some substances which contain a moderate amount of free electr called
semiconductors. Such substances are neither conductors nor insulators. Silicon,afd germanium
are widely used as semiconductors.

Metals such as gold, silver, copper, brass, aluminium etc., are ctors.
Non-metals such as plastic, glass, rubber, wax, quartz, etc., zlre ins

Transistors and other electronic components are made frgm iconductors.
Reviewed Exercise .

1.What do you understand by a bound electron lectron?
2. Is your body a conductor (or) an insulator? Mengion five insulators and five conductors.
3. There are very large numbers of charg rticles in most objects. Why then, don’t

most objects exhibit static electrici

Key Words: bound electrons, free €lectrons] conductor, insulator, semiconductor

9.4 ELECTRIFICATION
(1) Electrification by Rubbin/

EonY one object and transfers them to the other. As shown in Figure 9.3 when a glass
cd with a silk cloth, the glass rod becomes positively charged while the silk cloth is

As another example, when a plastic rod is rubbed with fur, the plastic rod possesses a
negative charge while the fur becomes positively charged.
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i — i
v s

glass rod silk
(a)Before rubbing (b)After rubbing
Figure 9.3 A glass rod is rubbed with a silk cloth b
(2) Electrification by Induction @
(i) Charging a single metal conductor by induction \a
Induction is the process of charging a conductor without any contact with the body.
Acharged object can attract uncharged objects. We start with two objects: a (negatively

charged rod) and an uncharged metal sphere B on an insulating stand. K hod is as follows.

A B Step 1
=l & —
/H f_insulating rod Object A is a negati \harged rod. When the metal
negatively éharged sphere B is place it, like charges repel so electrons
el in the sphere mo ight side of the sphere.

(a)
B Step 2 &

.,

+, lectrons flow
r\: gt~ N sphere is touched, by hand (or) by a wire
O@:te to earth. Electrons flow from the sphere to

RS

(b) the earth through the wire.
A B Step 3
=] sphere now has
: positive charge . .
The connection is removed. Now the sphere becomes
©) a positively charged object.

@ positive charge Step 4
dek all over it
r Finally, the object A is taken away from sphere B,
positive charges are uniformly distributed on the
surface of the sphere.
Figure 9.4  Four steps in charging a single metal sphere by induction

(11) Charging two metal spheres by induction

The method of charging a two-metal sphere system by induction using a negatively charged

rubber rod is as follows:
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mejl:l sphéres Step |
Two metal spheres of the same size A and B supported on
_ ” s insulating stands are in contact. These spheres can be considered
msu}amr_[ﬂ _| ':|‘_ e single conductor. They are uncharged spheres.
(a)
Step 2
A negatively charged rubber rod is brought near (not.t @'-g
the sphere A. Since like charges repel the free elec f&_‘ oth
spheres move away from the rod and they col he right
surface of sphere B. Now sphere A has excem itive charges,
(b) while sphere B has excess negative Chﬁ These excess
nduced charges.

charges on the surfaces of A and B are {

. B B Step 3 xﬂ
Q Keeping the rubber rod i itton, sphere B moves slightly
-' | from sphere A. The two sphe have opposite charges.

L N\
[ —1 e ]
(©) &
& B Step 4
Then the d isremoved. Sphere A becomes a positively
charged sphere and sphere B becomes a negatively charged
? | sphere. Sphere A and B now have an equal number of opposite
1 — charges, the magnitude of the charge on the rubber rod remains
(d) &hanged.

Figure 9.5 Four steps i%ing two metal spheres by induction

The law of con a@of electric charge is one of the fundamental laws. That is ‘The net
electric charge@ulated system remains constant’. The net charge is the algebraic sum of

the charges/in an isofated system.

For example, in'the experiment on electrification by stroking the glass rod with a silk cloth,

form an isolated system. There is no charge transfer between the surrounding
theisolated system. The net charge of isolated system remains constant before and after

Reviewed Exercise

= If'the balloon near a wall is charged by rubbing with hair, the charged balloon will stick
to a wall. Explain this phenomenon.

Key Words: electrification, induction
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Some Applications of Static Electric Charges

There are several practical uses of static electricity in our daily life. Photocopier, electrostatic
paint spraying, electrostatic precipitator etc., are based on static electric charges.

Photocopier et
S 7z
v . » % 1
Basic operation of a photocopier is the :
attraction of charged toner (ink) to the _ /}?
A A hghlﬁ_,___ er
region on the selenium coated drum that P % e P
is oppositely charged. ot Q /C:’\
S A ¥ it

Figure 9.6 Static electricity used @otocopier

Electrostatic paint spraying \, L
¢

The item (e.g., metal car frame) to be painted receives
negative charge from a negatively charged electrode. %

droplets of paint emerge from the spray gun are positi
charged. As the droplets all carry the same charge m
and spread out forming a fine spray. The paintdrgpléts are
attracted to the surface of the frame. The is attracted
statically to metal frame from every diregti there is no
waste of spray paint. @

Figure 9.7 Electrostatic paint spraying

Electrostatic precipitator /

The waste smoke, dust fly ash are passed through a negatively charged mesh of wire in
the chimney and the articles become negatively charged. Higher up the chimney
these charged partic m attracted and stick to positively charged metal plate. The clean
smoke is then reledsed into the atmosphere.

clean smoke positively

charged

high voltage

collecting plates to remove power

the smoke particles\

- . B e
- T

negatively __|
charged mesh

: <— containing uncharged
smoke particles

smoke particles become
negatively charged

Figure 9.8 Electrostatic precipitator
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Disadvantages of Static Electricity

In a scientific perspective, static electricity occurs when there is an imbalance of charges
between two objects. Static electricity can build up as a result of collisions among the molecules
in clouds. This can cause a huge spark to form between the ground and the cloud. This causes
a lightning discharge, therefore, a flow of charge through the atmosphere.

As aircraft fly through the air, they can become charged with static electricity. A build-up of
static charge is a potential danger when refuelling aircraft (or) vehicles. Fuel running througi
the pipes can provide the friction needed to create a static charge. To prevent this,

earthed with a conductor during refuelling. \

Fuel tankers (bowsers) that transport fuel on roads must be earthed before any fuel i sterred,
to prevent sparks causing a fire (or) explosion.Television screen and comput itors become
charged with static electricity when they are powered. These charges attr L.

Electrostaties is the study of electric charges at rest .
The two kinds of static electric charge are positive charge andhggative charge.

Like charges repel and unlike charges attract. »
The electric force between two charged objects is oge of the findamental forces of nature.
Charge is measured in coulomb (C). X

The inner electrons that are tightly bound by nuc %; called bound electrons.

The electrons far away from the nucleus (or ter electrons are loosely bound and are
called free electrons.

The substance which has plenty of fr:
The substance which has very few (or) no*rt

‘SUMMARY ‘Q&

is called a conductor.
e electrons is called an insulator.

L

2. Choose the @grrect answer from the following.
an object contains an excess of electrons it has a positive charge.

“lectric charge.

QD. When the electrons of the atoms in an object are positively charged it has a positive
electric charge.
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3. Choose the correct answer from the following:
(1) The charge carrier of the conductor are ;
(A. protons  B. neutrons C. electrons)

(i1) is a conductor.
(A. Wood B. Plastic  C. Metal)

(iii) The SI unit of the electric charge is .
(A. coulomb  B. ampere C. watt)
(A. positive  B. negative C. none of them)

(v) There is an electric current in conductor when electrons are ) i g )
(A. moving B.atrest C. none of them)

(vi) The magnitude of the charge of an electron is 1.6 x 10" A& f 10 electrons
1

(iv) When an electron is removed from an atom, it becomes ion. \io

have been removed from an uncharged pith ball. Its ¢
(A 6% 10°C ., B. fl6%10°C, C —lx
(vii) A glass rod becomes positively charged when ed Wlth silk. The glass
rod becomes charged because it _
(A. gains protons, B. gains electrons, & trons)

4. Match the following:

(i) Electron A. positi %&
(i) Proton B, re

(111) Like charges . att
(iv) Unlike charges gative charge
5. Common static electrl involves charges ranging from nanocoulombs to

microcoulombs. (a How many electrons are needed to form a charge of — 2 nC?
(b) How many s must be removed from a neutral object to have a net charge

of +1 uC?
6. To start@ngme, the car battery moves 3.75 x 10% electrons through the starter
motor)in one second. How many coulombs of charge were moved in that time?

P
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CONCEPT MAP

: I
Charge at rest Charge at moving

Sta‘tric Dyuz;mic Matte:and C)\©

Electricity

Y

y {"
| Elecm'ﬁcationl Application o Con . gold, silver)

s phcatlcfs 111 « Semiconductor (eg. silicon,
Rubbing Induction 1um)
« Precipitator

« Inkjet printers %
for » Photocopier \
msulator » Spray painti

v for p)
o Glass rod coRdio Q
with silk | S ot
« Plastic rod » Charging asingle metal conductor
with fur . Cllarglllg/two metal spheres

/7
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CHAPTER 10

MAGNETISM

Magnetism is a phenomenon associated with magnetic field. A magnet has a magnetic field
around it. A magnetic force arises due to interaction of magnetic fields.

Learning Outcomes ‘a
It is expected that students will '

e analyse that the attraction between a specimen and a magnet is not sufﬁcie&;@-:

to confirm that the specimen is a magnet.

e determine that all magnetised and unmagnetised materials consist ot@ny
magnets.

e define a magnetic field in which magnetic effect can be d@; illustrate the

pattern of magnetic field.

o differentiate the magnetic properties of iron and s%&’

e demonstrate basic knowledge of magnets and the ations.

10.1 MAGNETS AND MAGNETIC MATERIA

Magnets are the material which exhibit magngtic properties such as (1) attract magnetic
materials (2) have two poles and (3) like po pel, unlike poles attract.

Magnetic and Non-Magnetic Mateni

Magnetite consists of an oxide of iron. This natural magnet attracts certain materials such as
cobalt, nickel and some alloys such™as”steel. These materials are called magnetic materials.
Materials such as brass, copperyﬁﬁod and plastics that are not attracted by a magnet are called
non-magnetic materials.

Any materials (such as.x tite) that is able to keep its magnetism for a long time is called
a permanent magnet. dern-day permanent magnets are usually made of steel (an alloy of

iron) and speciahaloys such as alcomax and alnico which contain metals such as iron, nickel,

fo]wing properties:

Magnetic Poles

Figure 10.1 shows what happens when we sprinkle some steel pins onto a magnet. Most of the
pins are attracted to the two ends of the magnet. These two ends are called poles of the magnet.
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pole
pole é
Figure 10.1 The pins show the positions of the poles of the magnet

In Figure 10.2, the suspended bar magnet oscillates freely in air. When th ded bar
magnet comes to rest, one end always points towards the northern end of t . This end
of the magnet is thus called the north-seeking pole. Similarly, the other@o the magnet is

called the south-seeking pole.
wooden support (ruler or pencil) Q

@ 0 N
cotton thread v
bhics e ( 2 :

North and South Poles \g)
o
h

paper ]|

stirrup

[

bar, % et free to turn,
swiings-backwards and forwards

Figure 10.2 A suspe @ ePalways points north and south

The north-seeking pole and south-seéeking pole of the magnet are usually referred to as simply
the north pole (N-pole) and the ?th pole (S-pole) of the magnet.
|

Law of magnetic poles : Like poles repel and unlike poles attract.

A magnet can be used-as ajcompass for navigation.

Magnetic Pol h and Magnetic Force

ength is a measure of the strength of magnetic poles. When two magnetic poles
CleSe to each other, one pole exerts certain force, either attractive (or) repulsive, on
jagnetic pole.

e force between two poles is directly propotional to the product of the pole strengths and
ersely proportional to the distance squared between them.

Reviewed Exercise

= (Give examples of magnetic materials and non-magnetic materials.

Key Words : magnet, pole, alloy, strength
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10.2 THEORY OF MAGNETISM

Figure 10.3 Each piece of the magnetised steel bar is a magnet §
When we take a thin piece of magnetised steel bar and cut it into three smaller piec il
notice that every piece is a magnet with a N-pole and S-pole. Therefore, it would nable

to imagine that if we keep on cutting each piece of the magnet into even sma es, they
would still be magnetised (Figure 10.3). In other words, we can suppos Qhe original
magnet is made up of lots of magnets all lined up with their N-poles pointi me direction.
This explains why the poles of the magnet are around the ends as sho gure 10.4 which
illustrates a magnetised bar composed of tiny magnets. In the efise of tmmagnetised bar, we
can imagine the ‘tiny” magnets pointing in random direction as shgwn in Figure 10.5. The
resulting magnetic effect of all the tiny magnets is then %%out and thus the bar is said

to be unmagnetised.

tiny magnet \%
S Y \ # & —
===, Q«;}‘V/“i}*

N CP

|

Figure 10.4 A magnaised bar Figure 10.5 An unmagnetised bar
| Both the magnetis rials (inclusive of magnets) and unmagnetised materials are
made up of ti S.

Key Wo@gnetised, unmagnetised

ETIC FIELDS

agnetic field is a region where magnetic effects can be detected. Distribution of magnetic
[@can be visualized by the magnetic lines of force. The magnetic lines of force leave north
pole and enter south pole. To show the pattern of a magnetic field around a bar magnet, we can
sprinkle iron filings lightly on a paper, with a bar magnet underneath, and tapping the paper
gently. Figure 10.6 shows the iron filings falling into a certain pattern which is the magnetic
field pattern.
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O

Figure 10.6 The magnetic field pattern of a bar magnet \io

<

The Earth’s Magnetic Field
The Earth has a magnetic field. In other words, we can think of the Earth as h @1 imaginary
bar magnet inside it with magnetic north and south poles as shown in ,“ A7

e tapha. Lorth
magnepic

\
7 ___::_r_c..ﬂ__ffaﬁim; magnetic

south south
(a) ‘ )
Figure 10.7 (a) The Earth’s magneti d at any particular location can be considered as
uniform (b) The E?}f’s magnetic field
The magnetic north lies somewhere in the sea in northern Canada but has been shifting slowly
over the years. Magneti#ﬁ%ﬁcan also be found in the interior of atoms and in stars and other
celestial bodies.

cise

Jescribe an experiment to determine the positions of the poles of a bar magnet.

Nhat experiment would you conduct to show the magnetic lines around a magnet?
Sketch on Figures, the magnetic field patterns formed between each pair of poles of the
magnets.

®
Key Words : magnetc field, magnetic lines of force
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10.4 MAGNETISATION AND INDUCED MAGNETISM

A process of making a magnetic material into a magnet is called magnetisation. Two types of
magnetisation are (i) magnetisation by stroking and (ii) magnetisation using direct current.

Magnetisation by Stroking

permanent magnets

fm———m—— =~ - -~
permanent [
magnet *
|
|
|

. steel bar steel bar
Figure 10.8 viagneusing a Sieel par using one permanent magnet and nanent magnets
respectively &

magnets respectively. The bar is stroked several times in the e direction along its length.
The magnet (or) magnets must be lifted high above the bag between successive strokes. The
end of the steel bar where the strokes finish always has th& opposite polarity to that of the end

of the stroking magnet in contact with it. 0 d

Magnetisation using Direct Current

Figure 10.8 shows how to magnetise a steel bar using one perminent gnet and two permanent

-y

steel insolenoid

P Q

clockwise anticlockwise

electric current

o«

battery supplies /
direct current rheostat

/]
@ E |+ —I ‘+ switch

Figure 10.9 Magnetisation by the electrical method using direct current

est way to make powerful magnets is to use the magnetic effect of an electric current.
A steel bar is placed inside a solenoid and a direct current is passed through the solenoid.
The solenoid produces a magnetic field that magnetises the steel bar permanently (permanent
magnet). When the current through the solenoid is switched off, the steel bar stays magnetised.
If an iron bar is placed instead of steel bar, the iron bar becomes magnetised temporarily
(electromagnet). The polarities of the magnet produced depend on the direction of electric
current.
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Induced Magnetism

When a piece of unmagnetised magnetic material (such as iron or steel) is brought near to the
pole of a permanent magnet, it is attracted to the magnet and becomes a magnet itself. This is
called induced magnetism. The material is said to have magnetism induced in it. Figure 10.10
shows induced magnet being formed when a permanent magnet is brought near to a soft-iron

bar. PO

solt iron bar permanent magnet soft iron bar permanent magnet @

Figure10.10 Permanent magnet brought near to soft-iron bar and soft-iron bar be@n}’an

induced magnet
xQ

In Figure10.10 the north pole of the permanent magnet induces an S-po e near end of the
soft iron while the far end of the soft iron becomes an N-pole. To hat the far end of the
soft iron is a North-pole, hang two iron clips from the far end o nduced magnet as shown

in Figure 10.11. N
Permanen
/ magnct%
[ ]

&d
magnet

)
/ B S( ]I')r:];lcr clips

repulsion

Figurel0.11 The two irer clips become induced magnets and show repulsion between the far
end @
Reviewed Exerci

* As in Figure when the switch is closed, which of the following pairs of poles is
¥

_ Yl R iron bar
) north and X 1s south. P

Q

—
P is south and X is south. X Y
C. Pis north and X is north.

D. P is south and X is north.

switch

Key Words : stroking, electromagnet, permanent magnet
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10.5 MAGNETIC PROPERTIES OF IRON AND STEEL

Iron is an element while steel is an alloy comprised of iron and carbon. Magnetic materials
such as steel which are harder to magnetise but retain their magnetism longer are called hard
magnetic materials. Magnetic materials such as iron or special alloys like mumetal alloy which
are easier to magnetise but do not retain their magnetism very long are called soft magnetic

materials. ! t
The comparison of magnetic properties between iron and steel @

The magnetic properties of iron The magnetic properties
- can be easily magnetised and - is hard to magnetise a%
demagnetised . demagnetise than ir
- can be magnetised by a weak magnetic | - requires a stron, netic

field field to magnet

- retains its magnetism temporarily B retainﬁm etism permanently

magnetic materials such as steel are used in the making-éfpermanent magnets, bar magnet,
electric metre and loudspeaker. Soft magnetic mat%t

transformers, electromagnets, magnetic shielding, ‘¢lcetric bell and magnetic relays.
Iron ring

Figure. 10.12 Magnet@ 1ding to store magnetically sensitive instruments such as watches

D

* Exp ents Were conducted to test the ability of a vertically held bar magnet to attract

SO ils. The results are shown in Figure (a, b and c).

Reviewed Exex

aluminium
held in

soft iron position

/A

2 nails

(©)

9 nails
(a)
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(1) What happened to the soft iron nails when they were placed in contact with the magnet?

(i1) Suggest why the soft iron in Figure (b) picked up almost as many nails as the magnet
alone.

(i11) State and explain what would happened if the magnet was gently removed whilst the
soft iron is still holding the 7 nails.

(iv) Although aluminium is a non-magnetic material, a few nails were attracted to it when it
was placed at the end of the magnet suggest the reason for this. b

Key Words : hard magnetic material, soft magnetic material, magnetic shield

SUMMARY @
~ S

Magnets are the material which exhibit magnetic properties such as (1) agnetic
materials (2) have two poles and (3) like poles repel, unlike poles attract.

Magnetite consists of an oxide of iron. This natural magnet attracts ce

mw aterials such as
cobalt, nickel and some alloys such as steel. These materials aﬁQ :
d

1agnetic materials.
a magnet are called

Materials such as brass, copper, wood and plastics that are not a
non-magnetic materials. )"
d

The magnetic field is a region where magnetic effects ca@
A process of making a magnetic material into a mag‘;et%

cted.
magnetisation.

EXERCISES 0
b
1. It can be confirmed that a metal bar is alr &agnetised if
A. a magnet is attracted to it. Q
B. an aluminium bar is attracted-to i

C. both ends of a compass needle arg attracted to the same end of the bar.
D. one end of a compass n:?je 1s repelled by one end of the bar.

2. A small compass is placed

‘Q)

@h of the following directions will the compass needle point finally?

the uniform magnetic field as shown in Figure.

compass
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3. A metal bar PQ hung by a thin thread always comes to rest with end Q pointing North.
Another bar XY of the same metal settles in no definite direction. Which of the following
is true?

A. End Q attracts end X but repels end Y.

B. End Q repels end X but attracts end Y.

C. End Q attracts both end X and end Y.

D. End Q neither attracts nor repels end X and end Y. b

4. Figure shows a strong magnet holding three paperclips. If a

weaker magnet brought close to the end of the last clip as \io

shown it will

A. bend away from the magnet.

B. bend towards the magnet. z)
C. fall to the ground. &

D. stay still.
5. Which one of the following materials is most suitable for the fan electromagnet?
A. Steel C. Iron N
B. Brass D. Aluminium \Q
6. Which of the following materials is correctly descn
material property
A. iron not easily demagne S permanent magnet
B. iron casily demagneti electro-magnet
C. steel not easily demagnetised electro-magnet

D. steel easily dem permanent magnet

=

In which device is a permanent magnet used?

A. An electric bell # A plotting compass
B. An electromagnet / D. Arelay

Permanent
/ magnel

8. (a) Explain why a gr pulsion is occurred when a N-pole
of bar magnet i t towards the two far ends of the two lnduced
ven ﬁgUI'E magnet
ould be observed when a S-pole of another
t is brought towards the two far ends of the two iy
s in Figure. Explain by an appropriate Figure ey
repulsion

9. What are the main differences in the magnetic properties of soft iron and steel?
How would you demonstrate them, experimentally? For each substance, name an
instrument (or) piece of apparatus in which it is used because of its magnetic properties.
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10. Describe briefly, with the help of simple diagrams if necessary,
(a) how you would magnetise a steel rod PQ using a bar magnet so that P is a S-pole;
(b) how an electric current can be used to make P a S-pole;
(¢) how you would check that the end P was a S pole after operations (a) and (b);

(d) an electrical method to demagnetise PQ.
magnetb

xQ
K needles
ol

l O
2 v
Magnets Magnetic matei & Magnetisation
.I.

11. Give brief explanations of the following:
(a) A piece of soft iron is attracted by a magnet.
(b) A small bar magnet placed on top of a cork floating on water, does
not move towards the north.
(c)Two steel needles hanging from the lower end of a vertical bar
magnet do not hang vertically in Figure.

CONCEPT MAP

e [ron
' Induced Magnetism

¥ a . )

PI'OPem‘?S Magnetic field Electrical Stroking
e Magnetic agnetic methods methods
poles lines of force
* Nort * Earth’s magnetic
squth field
edawo
I 1sm
gnrt;izfu Permanent Electromagnets
magnets o Transformer
o Magnetic e Magnetic
door catch shielding
e Moving coil
loud speaker

115



Grade 10 Physics Textbook

CHAPTER 11
QUANTUM AND ATOMIC PHYSICS

All theories of physics developed before the arrival of relativity and quantum mechanics and
any work derived from them are called classical physics. On the other hand, the theories derived
from the basic principles of relativity and quantum mechanics which are two pillars of physics
today, are called modern physics. The word modern was chosen since the main foundatio%

the two pillars of physics were laid in the first three decades of the twentieth centug. g

e explain thermionic emission. \;
e describe the structure of a vacuum diode to visualize the fl w@tmns from the

filament to the plate.

Learning Outcomes
It is expected that students will

e discuss blackbody radiation and quantum concept for microscopic particles.
'beuld

e identify and explain some physical phenomena whi not be explained by

classical Physics.
e describe the size of an atom and simplified moﬁgg%[pm.
e recognize the origin and evolution of the visible universe such as distance scales and

sizes of astrophysical objects used in astr 1

e develop the competence in reasoning, Qre nsion and analysis of modern concepts

of physics. Q

1

11.1 THERMIONIC EMISSION A VACUUM DIODE
Thermionic Emission

The process by which, ﬁ%ﬁtrons are emitted from the surface of a metal when external heat
energy is applied, is cdlled thermionic emission. Thermionic emission occurs in metals that are
heated to a ve nperature. In other words, thermionic emission occurs, when a large

amount of tem

P

Heat energy electrons

Figure 11.1 Thermionic emission
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Vacuum Diode

Vacuum diode is the simplest form of vacuum tube. It consists of two electrodes, a cathode
and an anode (or) plate. The cathode emits the free electrons by thermionic emission. It is an
electron emitter. The anode collects the electrons. A vacuum diode is used as an AC (alternative
current) to DC (direct current) converter.

node (+ electrode)
Electron emitted :

\_._.. _f. /Cathocle (- electrode) o&@
i e\

L.

e G

Figure 11.2 Vacuum di

®
Some other vacuum tubes consisting of moreat two electrodes are used as
amplifiers. Nowadays, vacuum tubes are obs ving been replaced by transistors

and semiconductor diodes.

Reviewed Exercise Q /
1. Under what condition does‘Ee thémtionic emission occur?

2.  What is vacuum diode?

Key Words : thermionic emissipn, diode

11.2 BLACKBODY RA*‘I‘ ION AND THE CONCEPT OF PHOTON

At the end of 19! n@scientists felt that all the laws of physics (which were known at that
time) are enou’g%nplain all the events occur in nature. It was believed that there are only
two kinds, 6f physieél entities in nature, particles and radiation. All particles obey Newton’s
otion and radiation obeys Maxwell’s equations of electromagnetism. These laws are
knbtvn as the laws of classical physics. Fortunately, physicists had performed some
nts which led to the development of modern concept of physics. The results of these
; ments (such as blackbody radiation, photoelectric effect and Compton effect) could not
cgxplained by the laws of classical physics.

Blackbody Radiation

A blackbody is a perfect radiator of light that absorbs and emits all radiation incident on it. Its
light output depends on its temperature. The sun and stars emit radiation like a blackbody. A
blackbody is physically realized by a small hole in the wall of a cavity radiator as shown in
Figure 11.3.
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blackened interior

blackbody
radiation

O

Q

Figure 11.3 A blackbody represented by a small hole in the wall of a cav&
nsity of

When a blackbody is heated, the radiation it emits is called blackbody radiatiom.
radiation is the energy emitted from unit area of the surface in one second aph drawn
with the intensity of blackbody radiation against the wavelength at a @1 emperature is
called blackbody spectrum as shown in Figure 11.4.

The variation of intensity with the wavelength of this radjation'af-a given temperature

gives a blackbody spectrum. !

1.0 —

i 5000 K \

Intensity

v

3000

@ max  wavelength (nm)
Figure 11.4 Int€nsity versus wavelength curve of the blackbody radiation at different
temperatures

Tw eatures which can be observed from the blackbody spectrum are given as Wien’s
efan’s law.

(i;ien’s Law

The wavelength at which maximum intensity occurs (4 ) is inversely proportional to the

absolute temperature of the blackbody. That is,
1

3

It means that the higher the temperature, the shorter the wavelength 4, .
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(ii) Stefan Boltzmann's Law

The total emissive power of a blackbody (g,) is directly proportional to the fourth power of

absolute temperature. )
€y=06T" o = Stefan's constant

It means that the higher the temperature, the higher the energy radiated.

These experimental observations of the blackbody spectrum could not be explained by clasg
physics.

Max Planck’s Explanation of the Blackbody Radiation and the Concept of Pho&@

Detailed explanation of the blackbody radiation is given by Max Planck i @ Planck
proposed that the radiation resulted from a large number of identical oscilla adiation is

emitted (or absorbed) when an oscillator changes energy level. The emittedsygadiation from the
oscillator can be thought of as particles called photons which carry engtgy.. Although they are
named particles they are chargeless and massless and travel wi speed of light c.

Plank assumed that the energy of a photon was proportional to its freguency, that is,

Ex f (or) E=hfzh%

where the constant / is the Planck constant and A Ts.the
(photon).The numerical value of the Planck consta&

We see that photons with a long wavelength havs energy and photons with short wavelength
have high energy. Suppose a certain amount Q of a photon is given by /f and the number
of photons is #n, then the total energy is(n/ .\Since the number of photons must always be
expressed as an integer, one can say that, for’ different values of n, the energy must have come
in discrete amounts. That is, the simple guantum concept for energy of photons. A quantum of
energy is the energy difference bepween the two allowed discrete values without ever reaching
intermediate values. Quantlzed,é{}j::gles are discrete but not continuous.

%6.626 x 10 Js.

Planck introduced the quantum concept as a modification of classical ideas that brought his

theory into experimental observations.
TheYenergy of a single light photon is E=hf, the Planck’s constant

0 1J)
h=6.626 x 10%Js, A =0.5um, ¢=3 x 10  m s’

Q Since ¢=f4,
he 6.626x107* x3x10°

E=p=5= 0.5%10°
=4x101]
-19
B o T
1.6x10
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Example (2) The energy of a certain incident ray is 4.14 eV. What is the frequency of this
incident ray?

E=414eV=414x1.6x10"]

From E = hf, one has

E  4.14x1.6x10™ 4.14
/= = ee26x10 P

¥ 4.14x107"
10‘5 Hz
Reviewed Exercise

= Express the numerical value of the Plank constant / in terms of eVs. C)\©

Key Words : blackbody, spectrum, photon, quantized energy @

11.3 MODELS OF ATOM

Thomson’s Model

The discovery of the electron in 1897 prompted JJ. Thomson (1 to suggest a model
of the atom. He suggested that an atom might be a spherical volu osmve charge with
electrons embedded inside it like currant in a bun (or) plumsdn a uddmg For this reason,
Thomson’s model is called the plum pudding model of t

Figure 11.5 T}@n’s plum pudding model of the atom

Ihtms:.f.f"\?w,cIccn'ical 4u.cony/thomson-plum-pudding-model]

Rutherford’s Model

Under the supervision st Rutherford (1871-1937), Hans Geiger and Ernest Marsden
performed an importa@g riment in 1911. It produced results which could not be explained

by Thomson’s
In this experimen in metal foil was bombarded with a beam of positively charged alpha
particles f the alpha particles passed straight through the foil, but a few were deflected

from their mal direction through very large angles. Some particles were even deflected
bac own in Figure 11.6. The whole experiment setup is kept in the vacuum.

e movable detector
beam of alpha -
”~
lead shield / 7 \

fundeflected

/
3 '
gold foil » shight deflection
7

lead slit
alpha source
large deflection™ " S

= —

Figure 11.6 Rutherford’s alpha scattering experiment
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Such large deflections were completely unexpected on the basis of Thomson’s model, in which
positive charges are evenly distributed throughout the atom. Hence the positively charged alpha
particles would never experience large enough repulsive force to cause large-angle deflections.

On the basis of his observation, Rutherford concluded that the atom must be largely empty
space with all of its positive charges and most of its mass concentrated in a small region.
This concentrated volume at the centre of the atom is called the nucleus. Negatively chagged
electrons are moving around the tiny nucleus as shown in Figure 11.7. 36

Figure 11.7 Rutherford’s model of the@&

Bohr’s Model N

In 1913, Niels Bohr (1885 - 1962), a Danish Physicist, p sdd a new model of the atom by
applying the quantum theory. In Bohr’s model, thevel move in circular orbits around
the nucleus. The electric force between the positively d proton inside the nucleus and
the negatively charged electron holds the elect rbit. However, only certain orbits are
allowed in this model. The electron is never fj )%itween the allowed orbits. However it can
Jump from one orbit to another. Bohr ass‘?@) t the atom does not emit energy in the form of

radiation when the electron is in an rbit. Hence the total energy of the atom remains
constant and it resolved the instability of the atom which is a difficulty of the Rutherford model.

Figure 11.8 Bohr’s model of the atom

Reviewed Exercise

= Discuss the essential differences among Thomson’s model, Rutherford’s model and Bohr’s
model of an atom.

Key Words : alpha particle, nucleus, electron, proton
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11.4 ATOMIC STRUCTURE

All matter is made of atoms. Atoms are too tiny to be seen with any ordinary microscope.
Atoms are composed of smaller particles called electrons, protons and neutrons. There is a
central nucleus made up of protons and neutrons. Around this, electrons orbit at high speed in
allowed orbits. A simple model of the atom is illustrated in Figure 11.9.

© proton b

Protons have a positive charge and electrons have an equal negative charge, while the neutrons
are neutral. An atom has the same number of electrons as'protens, so its total charge is zero.
Thus, atom as a whole is neutral. Together, protons and nettyons are known as nucleons. Protons

and neutrons have similar masses and electrons are théii . Protons and neutrons are about
1800 times more massive than an electron, so f an atom’s mass is concentrated in its
nucleus. Electrons are held in orbit by the Coul ttractive force of the nucleus. Protons and
neutrons are bound tightly together in the s by the strong nuclear force. The properties

of these particles are summarized in Tab .

Table 11.1 Comparison of proton, neutror and electron of an atom in terms of charge and mass

Particle {‘osition Charge (C)  Mass (kg)
| Proto&l in the nucleus | 6% 10™ | 1.67% 107 |
Ne @ in the nucleus 0 1.67 x 10

ron | orbiting nucleus  —1.6 x 10 = 9.11 x 107

jaterials are made from about 100 basic substances called elements. An atom is the

ece of an element. The atomic number of an element tells us how many protons
lectrons are in an atom of that element. It is written as symbol Z. Each element has its
ique atomic number. The atomic number is sometimes called the proton number. The
chemical properties of an element is determined by the number of electrons in the atom, that
is atomic number.

Mass Number

The total number of protons and neutrons in the nucleus of an atom is called the mass number
(or) the nucleon number. The mass number of an element is given the symbol A.
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Symbol of Atom
An atom of an element with atomic number Z and the mass number A4 is represented by its
chemical symbol X as ;X .

Mass number = Number of neutrons + Number of protons = Number of nucleons

Number of neutrons = Mass number — Number of Proton

= Mass number — Atomic Number
Number of neutrons = A-Z
Elements and isotopes \io
Although atomic number of an element does not change, atoms of the same el an have
different mass numbers. This is because the number of neutrons in a part lement can
vary
Atoms that have the same atomic number but different neutron S ;and thus different

mass numbers) are called isotopes. They have identical chemicalgproperties, although their
atoms have different masses. Most elements are a mixture of 1&(0;‘ more isotopes.

Hydrogen has three isotopes protium or hydrogen (.H) um ( ;H) and tritium (H).

© proton
Q neutron
o electron

Figure 11/1'0 Three isotopes of hydrogen

Reviewed Exercise

&mm of'an element to have one electron, one proton and no neutron?
ment.

1. Isitpossible fi

: agomic number, mass number, isotope
STRUCTURE AND EVOLUTION OF THE VISIBLE UNIVERSE

might be bigger than the visible universe. The part we can see is determined by the age of

the universe. For example, suppose that the universe is 1.38 x 10'° years old, as indicated by
currently available astrophysical measurements. That means the farthest away from the earth

that we can see, in any direction, is 4.65 x 10" light year, i.e. the distance light can travel in
the time since the universe was formed.
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To learn the fundamentals of the universe one needs to study astronomy, astrophysics and
cosmology which are three closely related subjects. Differences come from the domains and
goals of the study of the three fields.

Astronomy is a natural science that deals with the study of celestial objects, which are any
natural bodies outside of the earth’s atmosphere. Examples are the Moon, the Sun, planets,
stars, comets, nebulae, star clusters and galaxies, etc.

Astrophysics is the branch of astronomy that deals with the physics of the universe, inclu%
the physical properties of celestial objects, as well as their interactions and behavior.

the objects studied are galaxies, stars, planets, exoplanets, the interstellar medlu g
cosmic microwave background.

the

Cosmology studies the universe as a whole and its phenomena at largest sca dtfference
between Astrophysics and Cosmology is the domain and scale of the stutb

A Brief Outline of the Universe
The Earth, our planet is part of the solar system that contain ht anets and the Sun. The
Sun is a star and there are many others like it in the um er; e closest star to our own is
called Proxima Centauri, together with appr0x1mateiy 10 stars they make up the Milky
Way. %

1

universe consists of roughly 10%* stars. Galaxi ster into groups; our group is labeled the
Local Group and contains about 30 galax e)main force holding all of these systems
together is gravity.

Units in Measuring Astronomica@nces

Astronomers have created units ofmeasurement for astronomical distances. One of these units
is called an Astronomical Unit ¢AU), the mean distance between the Earth and the Sun, that is,

The Milky Way is one of about 10" galaxies i mg b ¢ universe. Therefore, the visible
h

1.496 x 10* km. The li is an another astronomical unit for measuring large distances.
The light year (ly) 1s ce travelled by light in a vacuum in one year. One simply has,

%0x60x24x365x3x103 =9.46x10"° m =9.46x10" km

One pars c) is the distance to a star that subtends an angle of 1 arc sec (arc second) at an
arc len 1 AU.

Thr nometry, the distance SD (Figure 11.11) is calculated as follows.

Q E(Earth)

S(Sun)

1"=1 arcsec

D (Star)

Figure 11.11 An Astronomical triangle
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From the above figure , one gets

SD = tES since the tangent € is very small, one has tangent 8 , and 6=1".
an
It has been known that 1 degree = % =60 x 60 =3600 arc sec
1 arc sec = T
60x60x180
then SD can be written as
spally AU B4R000 .01 20626481 AU @b
i S 7
60x60 180 C)
SD = Ipc = 206 264.81x1.496x10° z)
= 3.08x10"km \,
Table 11.2 Comparison of measuring units for astronomical distan ,%Q
- Astronomical Unit _ AU | LAU =149
 light year _ ly 1ly=94 10
| parsec _ pe B pc = lO'ka

%6 265 AU

Evolution of the Universe A{

Astrophysicists and astronomers have the e universe must have originated ata single
point of infinite density and finite ti r1 to expand. This is known as the Big Bang
theory. After the initial expansion, he t eory maintains that the universe cooled sufficiently
to allow the formation of subatomi icles, and later simple atoms. Giant clouds of these
primordial elements later coalesgéd through gravity to form stars and galaxies. This all began
roughly 13.8 billion years ago,’and is thus considered to be the age of the universe. Scientists
have constructed through%?testmg of theoretical principles and extensive experiments a
timeline of events th% with the Big Bang up to the current state of cosmic evolution.
These experim vc®‘ e astronomical studies that have observed the deep universe.

Data of the Visible Universe

Table 11.3 Rhysical

Di 8.8 x10° m ( 28.5 Gpc or 93 Gly)

»@ 410 m’

in s (ordinary matter) 14510~ kg
: '9 9 x 10 kg m™
Density (of total energy) (equivalent to 6 protons per cubic meter of space)
Age 11.38 x 10" years (or) 13.799 billion years
Average temperature 12.72548 K
‘e Ordinary matter (4.9%)

Contents e Dark matter (23%)

|e  Dark energy (72%)
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Reviewed Exercise
*  What is the light year?
Key Words : astronomy, astrophysics, cosmology
SUMMARY

|

Blackbody Radiation
A blackbody is a perfect radiator of light that absorbs and re-emits all radiation incident on
it. Its light output depends on its temperature. The sun and stars emit radiation like ody.

Wien’s Law is the wavelength at which maximum intensity occurs ( A nversely
proportional to the absolute temperature of the blackbody.

Stefan’s Law is the total amount of energy emitted by a blackbody is p@onal to the fourth

power of absolute temperature.

Astronomy is a natural science that deals with the study of ¢ &objects, which are any

natural bodies outside of the earth’s atmosphere. Example he Moon, the Sun, planets,

stars, comets, nebulae, star clusters and galaxies.

Astrophysics is the branch of astronomy that deals :»X hysics of the universe, including
t

the physical properties of celestial objects, as we i interactions and behavior. Among
the objects studied are galaxies, stars, planet oplanets, the interstellar medium and the

cosmic microwave background.
Cosmology studies the universe as @ its phenomena at largest scales. The difference
between Astrophysics and Cosmolgy is theé domain and scale of the study.

The Visible Universe
The part of the universe which we can see is termed the visible universe. The actual universe

might be bigger than the v% ible universe.

EXERCISE Q
)
Choose ct answer for the following.
. % force responsible for the formation of the universe is:

vity C. magnetic force

Arictional force D. electrical force
2 he approximate age of the universe is:

A. 1 billion years old and 14 days C. 140 billion years old

B. 14 billion years old D. 13.7 billion years old
3. The first objects to form in the solar system were

A. atoms C. comets

B. stars D. planets
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4. Which of the following correctly lists the structures in space from smallest to largest?
A. Stars, Galaxy, Universe, solar system C. Stars, solar system, Universe, Galaxy
B. Stars, solar system, Galaxy, Universe D. Stars, Universe, Solar system, Galaxy
5. Our galaxy, the Milky Way, has a pinwheel shape, what type of galaxy is it?

A. elliptical C. irregular
B. fun D. spiral

6.  Which of the following is the best estimate of the number of stars in a typical galax
A. hundreds C. millions

7. Which of the following is the best estimate of the number of galaxies in the se?
A. hundreds C. millions

B. thousands D. billions @
Q}'
B. thousands D. billions \io

8. A light year measures Q
A. the distance it takes light to travel in | year C. the&& t
le

B. the distance between stars D. the th of visible light
9. Which of the following is the smallest? N
A. the earth C. a galaxy

B. the universe D. the sun . Q,
10.  Which of the following is the largest? 0

A. the earth C. a galaxy
B. the universe D. the sun
11.  What is the frequency of a photon wha Q ergy is 66.3 eV?

( 1eV =1.6x107""J, h=6.625x -3@

12. Which subatomic particle hasia negative charge?
13.  Which subatomic particle has a positive charge?
14.  Which subatomic particleAs a neutral?

15.  What is thermal radiation? How does it differ from other form of electromagnetic

radiation? t !
16. An atom con ctrons, protons, and neutrons. Which of these particles
@v nucleus (b) are uncharged (c) have a negative charge (d) are nucleons
fghter than the others?

* altminium atom has an atomic number of 13 and a mass number of 27. How many
';--.;:.@11 tons (b) electrons (c) neutrons does it have?
Chlorine is a mixture of two isotopes, with mass numbers 35 and 37. What is the difference
between the two types of atom?
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CONCEPT MAP

sun and stars emit
radiation like a
blackbody

Blackbody Radiation

Wien's Laiw Stephen’s Law \ib

R Energy radiated « :

Bohr’s
model

Q t atomic structure
: v

Q) [nclens dctron

atomic

a neutron proton sty

Thomson’s
model
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CONVERSION FACTORS

Length
1 metre (m) =100 cm = 1000 mm 1 foot (ft) =30.48 cm =0.304 8 m
=394 1in
~328 fi 1 inch (in) ~0.0833 ft b
1 centimetre (cm) =0.394 in =2.54 cm \’6
I kilometre (km) =1000m I mile (mi) =1.61 km C)

= 0621 4'mi - 5280 ﬁ\g)
Area Q
I m? =10% cm? 1 ft? @;&9 m?

=1.55 % 10*in® = cm?
=10.76 ft* & 144 in?

1 ecm? =10*m? 1 m* =6.452 cm?
=0.155in®

Volume &
| m =10° cm? Q =0.028 3 m’

=353 ft° Q =283 litres
—610><]0“-€ | ~7.48 gal

1 in? =16.39 cm3 1 liter =1000cm’® =10° m?
= 0.0351 ft
=61 in’

Mass

1 kilogram (k 68 5 slug (sl) I sl =14.57 kg
1000 g 1 1b =454 ¢
Q) =0.454 kg
Tiu@

da =1.44 x 10° min =8.64 x 10*s
% =8.76 x 10° h =5.26 % 10° min =3.15x 10" s
Angle
1 radian (rad) = 57°18' =57.30° 12 =0.01745 rad
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Greek Alphabet
A o
B p
I Y
A d
E €
Z c
H n
® 0
I 1
K K
A A
M p

Physics

Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
lota
Kappa
Lambda
Mu

Co
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