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()—( PREFACE )-—(j

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

Te keep the students abreast with the recent knowledge; it is st that the curricula
at all the levels be updated. Moreover regularly by intreducing the rapid and
multidirectional development taking place in all the branches of Physics.

The recent book of Physics for class X has been written in this preview and in
accordance with the revised curriculum. Prepared by Ministry of Education, Govt of
Pakistan, Islamabad. Reviewed by independent team of Bureau of Curriculum,
Jamshoro Sindh, Keeping in view the importance of Physics, the topics have beenrevised
and re-written according to the need of the time,

Among the new editions the introductory paragraphs, information boxes,
summaries and a variety of extensive exercises have been included. Which i think will
notonly develop the interestbut also add a lot to the utility of the book.

The Sind Textbook Board has taken great pains and incurred expenditure in
publishing this book inspite to its limitations. A textbook is indeed net the last word and
there is always room for improvement., While the authors have tried their level best to
make the most suitable presentation, both in terms of concept and treatment. There may
still have some deficiencies and omissions. Learned teachers and worthy students are
therefore requested to be kind enough to point out the short comings of the text or
diagrams and to communicate their suggestions and objections for the improvement of
the next edition of this bock.

In the end, I am thankful to Association for Academic Quality (AFAQ), our learned
authors, editors and specialist of Board for their relentless service rendered for the cause
of education.

Chairman
Sindh Textbook Board
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Students Learning Outcomes (SLOs)
After learning this unit students should be able to

Deacribe wave motion as illusirated by vibrations in
rope, slinky spring, experiments with water waves
Tdentify transverse and longitudinal waves in mechanical
media, slinky springs

Deacribe that waves are means of energy transfer fb@_} l
transfer of matter

Distinguish between mechanical and electras

Waves

Deacribe properties of waves such

refiaction, and diffraction with the help

Define the terms speed (¥), ﬁﬁgu;ncy (D). wavelenath

action
relationf=1/Tand v=1 I

wavefront, compression, a
Solvc problems by ap

(%), time-peried {T), amphtud st, treugh, cycle,

Statc the oondl ssary for an object to oscillate
with SHM
Expla simple pcn&ulmn ball, and bowl

rces acting on a displaced pendulum
Sohre problems by using the formula T = 2x A /gfora
imple pendulum
nderstand that damping progressively reduces the
amplitde of oscillation

the calm water
face is disturbed by a
ne dropping into it,
circular water ripples
* spread out from the point
where the store hits the
water. The continmons
disturbance of the water
surface by the blasts of
the wind cansed by a
helicopter hovering
above creates water
waves that move
outwards. The
disturbance on the water
surface moves outwards,
carTving energy, and no
water, because after the
waves pass, the water
temmaing where it was
hefore the wave was
produced




Transverse wave ina rope
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down
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Fig: 10.1 Up and down
movements prodoce 2
Wave

Fig: 10.2 slinky spring

to the right, followed by
fb} A downward pulse.
{c) When the end of the
Slinky is moved np and
down continuously, a
transverse wave is
produced

Unit 10

General Wave properties

We experience the impacts of waves every day in
our daily life. Every sound we listen to depends on sound
waves. Every sight we see depends on light waves. A little
wave can travel across the water in a glass, and a very large
tide can travel over the sea. Sound waves, light waves, and
water waves appear very different. So, what similarities do
all these different forms of waves have? What, exactly, is a
wave? What are the characteristics of a wave? We will
study it all in detail in this unit.

10.1 Waves and nature of wayes

A method transport energy from ‘ong point to another point
without transfer of matter)@ll Wave,

Formation of waves

Disturbance of medium cause of formation of wave like,
we can produce waves by using a rope, slinky spring, and
water waves in ripple tanks. Let us discnss them in detail.
Wave Motion by using a Rope

We can produce waves on a rope by attaching one end to a
wall and continuously moving the other end up and down,
as shown in figure 10.1. These up-and-down movements
produce oscillations or vibrations. We can observe that the
generated rope waves travel towards the wall, whereas the
rope itself moves only up and down. The rope is the
medium through which the waves travel or propagate.
Waves in a Slinky Spring

A slinky spring is a pre-compressed helical or coiled spring
as shown in fig 10.2.

We can perform several experiments with a slinky
in the laboratory to understand the phenomenon of
different types of wave motion.

Attach one end of the spring with a wall. Now
moving the free end of the slinky horizontally left and right
continuously on the table will be able to see the coils of the
spring moving left and right, whereas humps travel to the
other end. (10.3} (a,b,c).
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Now moving the free end of the attached wall
shinky spring continmously back and forth as horizontally et
shown in fig 10.4. You can observe the individual coils region
moving forwards and backwards. Where the coils are - , (=
compressed, are seen traveling from the fixed end to the ;—m_@wummmwn
other end. Stretched Compr
In both of the above experiments, the slinky spring """ '™
is said to be the medium through which the waves travel or ;
propagate. N\
Water wave in (Ripple Tank) Fig: 10.4 (2)
Aripple tankis a shallow glass tank of water used to Sompressed region
demonstrate the basic properties of waves. MOCHIN St LN

@

Tollowed by (&
It is a particular type of wave tank. The ripple tank “r:t::e: l_l:;ig:‘ ?c}
is usually illuminated from above so that the light l‘ﬁ‘. When the end of the
through the water to visualize the wave being produced. Slinky 1s moved back

In the laboratory, we can produce water waves with ~ 2nd forth continuously,
the ripple tank. In the ripple tank, a small vibrator moves nm"git:oﬁiime .
up and down the water surface, resulting in the water "
particles at the surface that are in contact with the dipper A q_/L‘““P
being made to move up and down. This up and down
motion soon spread to other parts of the water surface in
the tank in the form of ripples; fig.10.5. Here the water is
the medium through which the ripples travel or propagate.
Types of Wave Motion

The direction in which the displacement takes place |
within a wave motion affects the properties of the wave.  wwe o

These wave types can be illustrated using a slinky, long  Joem,” | Wit
flexible steel coil or spring, which rests on a smooth table Fig: 10.5.
during use. Wave energy can be transmitted, for example,  Schematie diagram of a
by a slinky, and for illustrations, each of the coil tums can ripple tank
represent a particle of the medium throngh which a waveis )
“&Vﬂl]._ﬂg. DII’EC[I:J:I: Df\-‘ibrftl.l".‘ﬂ'l
Transverse Wave i L M _-;5'-"‘5-'5;;

T

The slinky illustrates the transverse wave n Fig.
10.5. Move the free end of the slinky uwp and down [ -_
repeatedly. These up and down movements of the coils S T
produce oscillations. Have youn noticed that when coils :

A ~ Fig: 10.6.
move up and down, the direction of the wave motion is . o 0.

slinky




Dircction of
Energy
Transler

Direction

_of
vibration

Trough

Fig: 10.7

Transverse wave

Encournge students to
visit the below link for
longitudinal waves and
 transverse waves.
Tttps:/fwww.sciencelearn.
org.nzitesouTCaR/2681-
‘waves-and-energy-
energy-transfer

Direction

of
y Wavelength i
st

of
particles

Amplit
b

Direction l
- n[
vibratipn

THHE D ——

Direction of
< prapagation of wave

Fig: 10.8.

Thi verse wave is
represented by
_Amplitude, Crest,
Trotigh, and wavelength

spreading

TR

Compression Rarefaction

Fig: 10,9 Longitudinal
Wave in a Slinky
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perpendicular to the direction of oscillation? We call this
type of wave is a transverse wave; Fig. 10.7.

In the light of the above experiment, transverse waves can
be defined as

Transverse waves are waves that travel in a direction®. "
perpendicular to the direction of wave motion™.

Transverse wave motion can also be observed on
the surface of the water in a pond or a ripple tank,
vibrations in a guitar string. Another essential type of
transverse wave is electromagnetic waves, e.g., light waves,
microwaves, radio waves.

Amplitude is the maximum displacement moved by a point
on a vibrating body from the rest.or mean position.

It is the height of a crest or depth of a trough measured
from the rest position as shown in fig 10.8. Its SI unit is
meter (m),

‘sirface wave where the displacement

of the m maximum. OR

The positive part of wave is called crest.
me 3 peint on aswface wave where
the ment of the medium is at a maximum.

Longitudinal Wave

: The slinky illustrates the longitudinal wave in
Fig. 10.8. Move the free end of the slinky forward and
backward (i.e. push and pull) to expand and compress the
slinky repeatedly. These forwards and backwards
movements of the coils produce oscillations. Have you
noticed that when coils move forwards and backwards, the
direction of the wave motion 1s parallel to the direction of
oscillation? We call this type of wave is a longitudinal
wave.
Longitudinal waves can be defined as
“Longitudinal waves are waves that travel in a direction
parallel to the direction of wave motion”,
Ancther common example of a longitudinal wave is sound
waves.
Compression, in the longitudinal waves this i1s a region
where tums of the coil or particles are closer together than
average.
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Rarefaction, in the longitudinal waves this is a region
where turns of the coil or particles are further apart than
average.
Waves are means of energy transfer without tramsfer of
matter
The wave is a disturbance in a medium that transfers
energy from one place to another

Waves transfer energy over a distance. Can waves
move matter the entire distance? For example, a tide can
travel many kilometers. The water moves up and down- a
disturbance that travels in a wave, transferring energy, not
matter.
Mechanical and electromagnetic waves

Difference between these waves on the bagis ‘of

medium.
-
Mechanical waves Electromagneti @es

Mechanical waves are such | Electroma, ves  are
waves that need a medium | such W&Vﬂ%ﬂ not need a
for propagation. medi of agation.
Mechanical waves are | Ele ctic waves are
produced by  vibratory | p by a changing of
mation in the respective and magnetic fields.

medinm, N
Sound waves, water mo wWaves, Microwaves,

and seismic waves s | light waves, UV waves and
examples of ical | infrared waves are some
waves. & examples of electromagnetic

Waves.

Me ical waves consist of | Electromagnetic waves are
as well as | only comprised of a transverse
lon al waves. wave in nature,

[ ical waves cannot | Electromagnetic waves travel
el through the vacuum. | through the vacuum at the

speed of 3x10% m/s.
All mechanical waves travel | All electromagnetic waves can
through their media at | travel through transparent
different speeds depending | media at differemt speeds
upon the physical properties | depending upon the refractive
of the respective medinm. index of the respective
medium.,

Direction of wave propagation

—_—
i

Direction of particle'motion

Fig: 10:10 Longitudinal
Wave

TR

We can produce plane
waves by using = siraight
dipper in a ripplk tank,
These waves can be geen
as bright and dark lines on
4 gereett below the tank,
These bright and dark
lines tepresent the crests
and troughs of the plane
waves respectively
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SELF ASSESSMENT QUESTIONS:
Q1; Distinguish between transverse and longitudinal
waves,

= Q2: Wave motion transfers energy without moying
wavefronts it matter. Justify this statement with an example
— & barrier Q3: What 13 the main difference between m@] :
e waves and electromagnetic waves? [

e 10.2 Properties of Waves

——————— The depth at which the dipper is placed affects the

——————— amplitude of the waves, while the frequency of vibration of

Normal Reflected

Y bty the dipper comesponds to the frequency of water waves
cflects

water waves p‘[ﬂdu@@d.
Fig: 10.11 Let uws demonstrate some wave properties such as
Reflection of the water  reflection, refraction, and diffraction concerning the ripple
Wavyes taﬂk.
Reflection of the waves

Figure 10.1]1 shows how one can demonstrate the
reflection of the waves? When a vertical straight surface is
placed in the path of the incoming waves. The incident
waves are teflected from the surface at the same angle. It
can be seen that the reflected waves obey the law of

Fig: 10.12 reflection, Example, the angle of the incident wave along
when a barrier is the normal will be equal to the angle of the reflected wave.
plared to decrease the. . Tfence we define the reflection of waves as:

d‘ptr]: “fwrt:rkl“ . Bouncing back of waves into same medium by striking
- other medium surface is called reflection.
Water waves being slowed down REfl'llcti(.]ll of waves .
ina ripple tank Figure 10.12 shows how refraction of the waves can

Waery e pesedficion be demonstrated. When a flat piece of a block is immersed
he ipples . Decreased wavekngth  in the ripple tank, water depth becomes shallow. You will
A AR fi l"]\ﬂ f !“ } find that the wavelength of the plane waves shortens and
v U "-U-“'i%%ﬂ changes direction; Fig. 10.13 as they move from the
boundary between two media, deep to shallow water.
However, the frequency of water waves stays the same in
both waves because it is the same as the frequency of the
Fig: 10.13 vibrator. This result shows that the speed of a wave in

Change in the direction  water depends on water depth. Waves travel faster in deep
of wave front and

decrease in wavelength

friction —w!
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water than in shallow water. This effect is called refraction.
Hence we can define the refraction of the waves as:
When a wave enters from a region of deep water to a region ,‘
of shallow water at an angle, the wave will change its
direction.
Diffraction of waves
Figure 10.14 shows when an obstruction or a
straight surface with a gap in the ripple tank is placed in the |
path of the incoming water waves, they strike it, the waves
will bend around the sides of an obstruction or spread out
as they pass through a gap. This phenomenon is called ' 1
diffraction, {9,
Diffraction is only significant if the size of the gap
is about the same as the wavclength of the incident wave, |

are almost circular and seem to originate from a point
source situated in the gap. Wider gaps produce less

diffraction. Hence we define the diffraction of waves as, |
The spreading of the waves m’_:mogstacle is called ]

diffraction. .\

Waves Characteristics

The following are some terms used to describe wave Fig: 10.14.

motion, Difiraction of waves

Time-Period (T),is the fime taken for any one point on the near an obstacle (a)

wave to complete,nﬁ?ﬁi]laﬁon Wider the gap, less
The SI unit of the period is second (s). sprasding () murvpw

Frequency (ﬂ,ﬂgthe number of compleie waves produced T, o

by a souree per nnit of time. e

Thus,

F{m&;‘}= Number of complete waves produced/ time

,-.,f: : number of waves produced=is 1 il

And fime is taken =T Then f=I/T & Woslngi

| ——

In general,

Frequency is also defined as the reciprocal of the period.
The SI unit of frequency is the hertz (Hz).
Wavelength (1), is the linear distance between two g

successive crests or froughs in a transverse wave and two Fig: 10.15 (2)
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Expansion Sinilengl successive compressions and rarefactions in a longitudinal
«—  wave. Its SI unit is meter (m).
Wave speed (v),is the speed at which & wave travels.
It is defined as the distance traveled by a given point ¢
wave, such as a crest in a given interval of time, -

Cmn;I‘cssinn Speed = Distance traveled/time taken or
Let us consider for a wave
;1015 * r X
Ef‘,elmgth{h()m Distance travelled=h and time is taken =T, then
-
t
Hence S=A

50

Dipper moved up dipper
and down by maotor

‘ Dimcion The sp wave can also be written as V =fA
Fig: 10.16 {a) 1e SI system, the wave speed is measured in m/s.

concentric cirles Wavefront is an imaginary line on a wave that joins
ints that are in the same phase

A wavefront is usually drawn by joining all wave

m?fjﬁ;;“ﬁﬁ:;;t crests. There are two types of the wavefront, depending on
Staight I gy mfmt how the waves are produced, which are concentric circles;
dipper S figure 10.16. {a) and plane straight lines; figure 10.16. (b).

Figure 10.16 (a). In a ripple tank, a dipper can
st produce circular waves. These waves have a circular
—e of waves
wavefront,
g:falm tlifb) Figure 10.16 (b). In a ripple tank, a plane dipper can
Lo produce plane waves. These waves have a plane wavefront.

The given figure shows the displacement vs the time of a
[\ wave traveling to the right with a speed of 4 m/s.

-
nh =

(a} What is the fime period and frequency of the wave?
;' ol U o5 | 07 ] & (b) Calcylate the wavelength of the wave?

I}isplnﬂement.l’cm

i Selution:
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Step 1: Write down the known quantities and quantities to
be found.
(a) vV—=4ms!
1. T=7,
i f=7
y A=?
Step 2: Write down the formula and rearrange if necessary.
{a) (i) T, use graph, and
(ii) f=1/T
by v=fxi
Step 3: Put the values and calculate

a. (i) From the graph N fr.- Shisnudl=tusdhizho

T=04s
(i) f = 1/( 0.4s) b.
—25Hz '&
b. A = 4(ms)/(2.5Hz)
Result: = 1.6 m, = n

>1-GlobaIEducattnn

it vmg up and down
sof the water. It takes
highest to the lowest
¢ fisherman sees that the

A fisherman notices that his boat
regularly due to waves on the
4.0 s for the boat to fravel
point, a total distance o

wave crests are spaced'&; art.
(a) What is thi%.' frequency, amplitude, and
£

wavelen waves?

Enmurage studenm m

(b) Ho t e waves moving? Gl Beload ik doe
Solution: . . ) period, frequency and
Step 1 te down the known quantities and quantities to amplitude
und. _ _ ttps:/Awww.youtube.com/

M m the highest point to the lowest point watch?v=TG2Y2MDx-

ime taken=is 4.0 8 zE&ab_channel=FuseScho

Distance = 3.0m ol-GlobalEducation
) Distance between the crests = 8.0 m
{a)

i T=

o Y

iti. A=}

v, A=?
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D) webtnts |
e = 4]

Encourage students to
visit below link for

Waves Ripple

Tank Interference

hitps://www.youtube.com/
watch?v=0clgvy OOKed&
ab_channel=launchSCIEN
CE

LA ml=.[0nw111be

®» v

Step 2: Write down the formula and rearrange if necessary.
a.

i. T is the time taken to move from the highes 6)
the lowest point and from the lowest the
highest point,

i, =L @

T

i, A ig the one-half of displa om the highest
pomt to the lowest point

iv. A 1isthe distance b 0 consecutive crests
b.v=fx} ﬂﬁ

Step 3: Put the values ulate

a.

1, T ms@)
11 - %
!

iv. A=80m.

b. v=(0.125Hz) (8.0m)
Result: =1.0 m/s.

Thus, the period, frequency, amplitude, and wavelength of
the waves are 8.0s, 0,125Hz, 1.5m, and 8.0m respectively,
The wave 15 moving at the speed of 1.0 m/s.

SELF-ASSESSMENT QUESTIONS:

Q1: How spherical wavefronts are produced in the ripple
tank?

Q2: What is the difference between displacement and
amplitude of the wave?

Q3: Drive the relation between wave speed and frequency.
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10.3 Simple Harmonic Motion (SHM)

Periodie Motion

A motion repeating itself in an equal time interval

is referred to as periodic or ogcillatory motion, !"_‘__"
Simple Harmonic Motion " o
An object in such a periodic motion oscillates i.‘*_
about an equilibrium position due to a restoring force or a —~
restoring torque. Such force or torque will refurn the "WHW Tbi
system to its equilibrium position. This type of motion is Fig: 1 “_1'_;
called Simple Harmqmc Mot_mn that is defined as: = Stifle Rarmenic motion
When an object oscillates about a fixed position
(mean position} its acceleration is directly proportional to
its displacement from the mean position and is ays ot et i
directed towards the mean position as shown in fi o
its motion is called SHM. i
A’ —x
a=—kx where k is spring co -ﬁ\ [ ] T Long thread
Many phenomena include electromagnetic waves,
alternating current circuits, musical instruments, bridges,
and molecular motion that execumésg'_l_a simple harmonic ® . «—— Bob (Meul bal)
motion, .
10.4 Simple pendulum
Forces acting on a displaced pendulum Fig: 10.15. Fevcey
When the bob of the pendulum iz displaced at a “ﬁ;’;ﬁﬁ:ﬂ’;ﬂ

small angle '@'tc an extreme position; Fig. 10.18. The

forces that act upon it are as given underneath:
1. Tension “T" along the direction of the string, and
ii. Weight W= mg, acting vertically downwards.

: . . ; The restoring force is a
The weight is further resolved into its components g .. whicl?.:f:tstobﬂi)g

mg sin & and mg cos 0. a body te ity equilibrivm
Motion of a simple pendulum and SHM P
Let us think of an experiment to prove that a simple
oscillating pendulum executes Simple Harmonic Motion.
Old-fashioned clocks, a child's swing, and a fishing sinker
are pendulum examples. A pendulum's restoring force is
proportional to its displacement for minor displacements
under 15 degrees. Simple pendulum has simple harmonic
motion,




\ . iy
Encourage students to
Simple pendulum
Y hitps://www.myphysics
lab.com/pendulum/pen

¥ https:/phet.colorado.ed

wsims/htmpendulumy

lab/latest/pendulum-

lab_enhtml ‘

Unit 10:

General Wave properties

A simple pendulum consists o_f a small metallic bob
of mass ‘m’ suspended from a light inextensible string of
length °7” fixed at its upper end.

Rigid support

[ =

Point of suspension =/ Angular displacement (

Force balance equations:
mgeos 8 =T=W,
mgsin & =W,

Fig: 10.19. Forces u&g on the boh in simple pendulum
At the mean position O, a pendulum is in its equilibrium
position. If no external force were applied, the bob of a
pendulum would naturally settle here as illustrated in
fig 10,19,
The curve path s is the distance the bob of a pendulum
travels. The weight mg consists of the components mg cost
along the string and mg sin® perpendicular to the arc. For
each given string, the component mg cos perpendicular to
the string is exactly cancelled by the tension in the siring.
The resulting net force, which is directed back toward the
equilibrium point, is tangential to the arc and equals mg
sin0.
Simple pendulum period is affected by length and gravity
acceleration. The period is independent of mass and
amplitude.
For the simple pendulum executing SHM, we have the
following formula for its period;

T=21:JI
g

This formula shows that the period “T" of a simple
pendulum depends upon its length ‘1’ and acceleration due
to gravity ‘g’ over that place. The period of the pendulum is
independent of its mass and its amplitude.
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Ball and howl system and SHM
Let us examine that the motion of a ball placed in a
bowl executes simple harmonic motion. When the ball is
placed at the mean position ‘O’ as shown in figure 10.20,
that is, at the center of the bowl. In this position, the net
force acting on the ball is zero. Hence there is no motion,
Now, what if we displace the ball to an extreme
position ‘A’ and then release it? The ball starts moving
towards the mean position ‘O’ due to the restoring force
caused by its weight component. At position ‘Q’ the ball
gets maximum speed and due to inertia, it moves towards
opposite extreme position ‘B’ with the restoring force that
acts towards the mean position, the speed of the ball starts
to decrease. The ball stops for a while at ‘B’ and then again
moves towards the mean pesition “0°. This ball’s to and fro
motion continues about the mean position ‘0, This result
shows that the acceleration of the ball is directed towards
‘0’. Hence, the ball’s to and fro metion about a mean
position placed in a bowl is also an example of simple
harmonic
|
Find the period and frequency of a si
long at a location where g = '@; e
Solution:

Step 1: Write down quantitics and quantitics to
be found.
L eg 3
&= 8 m/s?.
\Q EE%E 3.141 and n* = 9.86
b i E=

i
@2: Write down the formula and rearrange if necessary.

) i T=21r|:\jI ii. =UT
g

Step 3: Put the values and calculate
i T=2x3.14x/1.0(m)/9.8(r0/s)
T=2015s

Extremg Extreme
POSIUER N position

W= Img

Fig: 10.20,

The motion of 2 ball in
the bowl executing
Simple Harmonic
Motion



(-3)  Weblinks &
‘Encoursge studens to
visit below link for
Pendulum clock invention,
oscilltion and
periodic motion
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i, f=1/201%

=050 Hz

Result: The period of the pendulum is 2.01s and its
frequency is 0.50 Hz.

-

Pendulum clocks with a pendulum

passing of a second. How long of a pend

have a period of 1 second? g = 9.8 m/s?

Solution:

Step 1: Write down the known quantities and quantities to

be found.
L=7

S@aﬂ: the sides

) T2 = a2l
g

Multiply both the sides by g
T?g = 4n’L
Divide cach side by 4n®
2
L= T—f
4n
Step 3: Put the values and calculate
(1s){9.8umis”
- 4z
L= g2 Zeagg
4n 7

L=025m .. = 9.86
Result: The length of a pendulum should be 0.25 m,
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SELF ASSESSMENT QUESTIONS:

Q1: Calculate the frequency of seconds pendulum?

Q2: Which component of force (weight) is responsible for
the oscillatory motion of a simple pendulum?

Q3: At what position acceleration of the simple oscillatory
pendulum is maximum, and why?

Q4: The normal reaction of the bowl on the ball is in the
upward direction. Why is it not moving in that
direction?

Q5: Where is the ball in the bowl system moving fastest,
slowest? %

10.5. Damped Oscillation

The oscillating system, can not be assumed to have a fixed

amplitude unless energy is provided to them. The resistive

or damped forces progressively reduce the amplitude of the
oscillation,

For example, A knock against a table causes the table to

vibrate. This reverberation also fades away often after

completing many hundreds of vibrations.

An oscillating system in which N on has an effect is a

damped system, V)

If a simple harmonic motion is subjected to frictional

forces, the amplitude of freely oscillating objects

progressively decreases. The friction not only affects the
amplitude but alse slightly reduces the frequency. An
oscillation that f;d&?%ﬁ*ﬁmy over time is called damped

oscillation; Fig. 10.21, 10.22.

The oscillitions of a system in the presence of some

resistive forces are damped oscillations.

8 SESSMENT QUESTIONS:
: "What will happen if there is no damping in an
\ oscillating drum skin?

Displacement

Fig: 10.21.
Variation of amplitude
with the time of
damping system

i
b

& Shock ahzorber

Spring

Suspension arm

Fig: 10.22,
Shock absorber

0 Do You Know!

The practica] application
of damped motion is
shack ahsorbers in
autemohiles. & shock
absorher consists of a
piston that moves through
a liquid guch as oil, The
upper patt of the sheck
absorber is firmly
connected to the body of
the automobile, when
travels over a bump, the
antomobile may vibrate
violently. The shock
ahsorbers dampen these
vibrations and convert
their mechanical energy
into the thermal energy of
the oil.
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E/ SUMMARY

Up-and-down movements in the rope produce oscillations or vibrations.

A slinky is a pre-compressed helical or coiled spring.

A ripple tank is a glass tank of water used to demonstrate the basic propertics

of waves.

The patticle movement is at right angles to the direction of the wave motion is

a ITANSYerse wave.

A transverse wave is comprised of crest and trough.

The particle movement is in the same direction as the direction of wave

motion, a longitudinal wave.

A longitudinal wave is comprised of compression and rarefaction.

The wave is a disturbance that transfers energy from one place to another.

Any substance that a wave can propagate through it is known as a medium.

Waves that iransfer energy through matter are known as mechanical waves,

All mechanical waves travel through their media at different speeds depending

upon the elasticity and inertial properties of the respective medium.

Waves that transfer energy without the material medium are known as

glectromagnetic waves.

Ripple tank experiments demonstrate that water waves can be reflected,

refracted, and diffracted.

When a wave enters from a region of deep water to a shallow, its wavelength

and speed decrease.

The bending of waves around obstacles or sharp edges is called the diffraction

of waves.

When an object oscillates about a fixed position its acceleration is directly

proportional to its displacement and is directed towards the mean position, its

motion is called SHM.

A simple pendulum consists of a small metallic bob suspended from a light

and inextensible string fixed at its upper end.

#» The period of a simple pendulum depends upon its length and acceleration due
to gravity over that place.

# An oscillating system in which friction has an effect is a damped system. The

amplitude of freely oscillating objects progressively decreases.

¥ ¥V ¥ ¥ ¥ VVYVVY YV ¥ V¥YVYVY

X
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e*s CONCEPT MAP

}

‘ Transverse Waves I—r Mechanical Waves

Rope Waves

¥

[

<—| Longitudinal Wﬂyeﬁ‘

; : Sound Waves |

Water Waves

Properties of Waves |

Reflection
Refraction

Diffraction

Interference

Characteristics of
Waves:

Wave length,
Wave velagity,
Frequency, Period,
Amplitude

Compressional
Waves

)

Simiple Harmonic

Motion

Simple pendulum |

Ball and Bowl system |

Damped Oscillation |

nlSw il MEYE Multiple Choice Questions (MCQs)

1. A girl throws a small stone into a lake. Waves spread out from where the stone
hits the water and travel to the bank of the lake. She notices that ten waves
reach the side of the pond in a time of 5.0s. What is the frequency of the

waves?

a)

b 15Hz
d) 50Hz




Water waves can be used to show reflection, refraction, and diffraction. For
each of these, which row shows whether or not the speed of the water waves

General Wave properties

changes?
Reflection Refraction Diffraction
a) Yes yes Yes
b) Yes No yes
©) No yes no
d) No no no

-]
The diagrams show water waves that move more slowly after passing into
shallow water., Which diagram shows what happens to }he waves?

7

.

e ’_..

Clasie
-
-

771, SR

Al

The diagram shows a water wave approaching a barrier with a gap.

"T—s U/,1'J|slr|'ier
ction
travel
) Ik
waler wa'.-‘e/

The wave reaches peint P, What is the name of the effect that causes the wave

to reach point P?
a) Diffraction b) Dispersion
¢)  reflection d) Refraction

Water waves pass from deep into the shallow region then refracted. The
characteristics of wave which will remains constant is:

a) Direction b} Frequency

c) Speed d) Wavelength,
Which is not a characteristic of wave?

a) Anamplitude b) Period

¢ Mass d) Velocity

‘When an oscillating object is in simple harmonic meotion, its maximum speed
occurs when the object is at its
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a) Highest point. b}  Lowest point

¢) Equilibrium point d}  Extreme point
8. In an oscillating pendulum, the bob accelerates from its extreme position due to

a) Inertia b} Tension in the string

¢) Wind d)  Gravitational force L
9. Inthe ball and bowl system, the mean position is at

a) The carth b} Floor of the bowl

¢) Center of bowl d} Extreme position
10. Oscillations are damped due to the presence of

a) Linear motion b} Restoring force

¢) Frictional force d} Mechanical fD:Cl_B

i M RS tructured Questions

. Define the term transverse wave.

2. Define the term longitudinal wave.

3. a) Write a short note on the mecha.nicaﬁr
b) How can you say that mechanical waves are also material waves?

4. Waves are the means of energ without matter. Justify this statement

-

5.. a) Define the folluwmg te ]
1) amplitude

iii} frequency

b) Derive the fo ai

,_’5\ "10. a) With the help of a diagram, explain SHM in the pendulum.
b) The peried of simple pendulum executing the formula gives SHM

T=2:'EJE
g

What will be the effect of the period if there is an increase in its

1) length it} mass.
11. a) With the help of a diagram, explain SHM in the ball and bow] system.



12. a) What are damped oscillations?

Unit 10:
General Wave properties

b} Why is the motion of a ball in the bowl executing SHM is maximum at its

equilibrium position?
b) How does damping progressively reduce the amplitude of oscillati
¢) A boy is swinging in the swing. Explain, why its amplitude reduce
progressively with time. 4P

elas i R Numericals

What is the wavelength of a radio wave broadcasted by a radio station with a
frequency of 1300 kHz?

Where 1K = 10, and the speed of the radio-wave is 3x 10°ms™. (230.76m)
The waves moving in the pond have a wavelength of 1.6 m, and a frequency
of 0.80 Hz. Calculate the speed of these water-waves. (1.28ms™")

If 50 waves pass through a point in rope in 10 seconds, what are the

A slinky has produced a lo
cmys and the frequen
separation between
Suppose a student.
one complete, forth g
slinky is (.60m. Eor this wave, determine

a. Period and frequency
b.{Wavespeed  (0.40s, 2.5Hz, 1.5ms™)
If 80 compressions pass through a point in spring in 2¢ seconds. Calculate
the frequency and the period? If two consecutive compressions are 8 cm
apart, calculate the wave speed. (4Hz, 0.25s, 0.32ms™)
Waves on a swimming pool propagate at 0.90 m/s. If you splash the water at
one end of the pool, observe the wave go to the opposite end, reflect, and
return in 30.0 8. How far away is the other end of the pool? {0.033Hz,
27.27m)
A simple oscillating pendulum has a length of 80.0 em. Calculate its
a. Period

b. Frequency
When g = 9.8 m 52 (1.794s, 0.557Hz)



. ‘- . Students Learning Outcomes (SLOs)

& h After learning this unit students should be able to
Describe the production of sound by vibrating sources.
Describe the longitudinal nature of sound waves and |
describe compression and rarefaction,
Explain why a medium is required to transimit sound waves | | :
and describe an experiment to demonstrate this. e utiness EEceee 100
Diezoribe a direct method for the determination of the apeed L decibels NUERE

of sound in air and make the necessary caleulation. e speaking on one end of
d

State the order of magnitude of the speeds of sound ————

liquids, and solids.
Describe the factors which affect the spoed- ot (0 fther Wy

(temperature, humidity, ete.) e
Describe how the shape of a sound wave as demonstrated
by an oscillescope is affected by ity of the sound
wave

Explain that noise is a miisance.
Describe how the reflection of sound'may produce an echo.
Define ultrasound. s

Describe how nltrasound techniques are nsed in medical

i

* The quietest room in the
' world (Anechoic

are mostly utilized for
technology testing.

In 2015, Microsoft built the
quietest place on earth. But
while it may sound like a

blsanctuary of meditative bliss,
few can stand being in the
room for an elongated
amount of time.
After a number of minutes,
you will begin to hear your
own heartbeat. Stick itout a
little longer, and you will
hear your own blood flowing
and bones grinding.




¢
Encourage students to
visit below link for
Sound waves
experiment
hittps://www.youtube.com/
watch?v=2mIBh5d 1 IUY &
ab_channel=FuseSchool-
GlobalEducation

Movement of
drum skin

% Rarcfaction i

particles
| ”

Ir
s

Wavelength
Compression

Flg: 11.1
Yibration of drum skin

Do you know that elephants can hear a storm from a
distance of 200 km away? Also, communicate over great
distances ugsing sound that we cannot hear. Some animals
such as bats, use sound echoes to find their way and catch
prey. Scientists use ultrasound (echoes) to detect objects
underwater or even to produce images of the organs inside
of the human body. How are they able to do this? The
physics behind it will explain the phenomenon.

11.1 Sound waves

Sound waves are mechanical, longitudinal waves
comprising compressions and rarefactions.

Production of sound by vibrating sources

When you hit the skin of a drum, it starts vibrating, and it
moves back and forth very quickly. These vibrations squeeze
and stretch the air in its front and disrupt the surrounding
melecules. This series of squeezes and stretches accordingly
produce compressions and rarefactions which travel through
the air. It produces sound waves.

SWMM&:I by vibrating sources placed in a
m
A vibrating object in the medium causes of alternating
compressions and rarefactions that carry the sound further
through the medium.
ound is the form of energy related to the vibrating motion
of molecules.
This energy travels from one point to another as a
wave. For example, a guitar produces a musical note when
the string vibrates.

Longitadinal natare of sound waves

A sound is a mechanical longitudinal wave. The
direction of vibration of air molecules is parallel to wave
motion, similar to the longitudinal waves produced when a
slinky spring is vibrated parallel to its direction of motion,
as we studied in the previous unit page no 4.
Let us consider the drum how can produce longitudinal
sound waves by disturbing the molecules surrounding it;
Fig. 11.1. Note the compressions (C) and rarefactions (R}
produced by vibrating drum skin.




rarefactions of sound waves are due to a slight change in the
air pressure.

Compressions are regions where air pressure is slightly
higher than surrounding air pressure and

Rarefactions are regions where air pressure is slightly
lower than the surrounding air pressure.

This rising and falling of air pressure take place
continuously as long as the drum produces the sound. Thus,
we can illustrate the region where the sound travels through
air as m figure 11.2,

Electric bell jar Experiment

Sound is a mechanical wave that needs a material
medinm such as gases, liquids, solids to propagate
vibratery motion of particles of the medium that tre
sound waves in the form of energy from one pointtoa
Sound cannot travel through a vacuum, demonstrated by the
following experiment.

Take an ¢lectric bell and an airtight glass bell jar and then
suspend the electric bell inside the jar. Connect the bell jar
to a vacuum pump; Fig. 11.3, When you switch on the
electnc bell, you can hear the sound of the bell coming from
inside air and glass material. Now start the vacuum pump.
As the air in the jar is gradually pumped out, the sound
becomes fainter, although the same current is passing
through the bell and hammer that strikes the gong. Afler a
while, you will hear the faintest sound, when there is less air,
What happens when the air is completely removed? Will you
still be able to hear the sound of the bell?
T_];v%‘haﬁic bell still produces the sound, but now we cannot
it. This is because sound waves always need a medium
E} ropagate sound energy, In the bell jar, it was a vacuum
ence sound waves cannot travel.
This experiment makes sure that the bell does not touch glass
and that the connecting wires used are thin. This prevents the
sound energy from being transmitted through the glass and
wires to the outside of the jar as the hammer vibrates
vigorously.

Now, we can consider that the compressions and Compresaons (C)
g
4

Rarefaction (R}

Motion of Propugalion

particles

ol sound

assne iated
wath sound

Fig: 11.2. The vibrating

drum skin produce

alternating regions with

high density and low

density of air molecules

To vacuum pump

Fig: 11,3 Bell jar
experiment showing

sound canmot travel in

& Vacuum




O Do You Know!

Trundle wheel is a
mechanical device which
i3 used to measure
distance and it is also
known as Swrveyor wheel

Folding rod bushing

TPR
Handle

SELF-ASSESSMENT QUESTIONS:
Q1: Why pressure i1s greater at compression region of

lengitudinal waves.
Q2: Why can we not hear the cxplosives s @
produced in the Sun? {

Q3: Can sound travel through selids and liqui
a A

11.2 Speed of sound

A direct method for the determination of the speed of
sound in air
As we know, sound travels quite fast, but it is still possible
to measure its speed in the air by direct methods. To do this,
we have to measure the time it takes for sound to travel a
measured distance. However, how do we measure the speed
of sound? The following experiment demonstrates the direct
method.
Experiments to Determine the Speed of Sound

» There are several experiments that ¢can be carried out

to determine the speed of sound

+  Two methods are described below

»  The apparatus for cach experiment is given in bold
Method 1: Measuring Sound Between Two Points
Measuring the speed of sound directly between two points

Y

[

Two people stand a distance of around 100 m apart

2. The distance between them is measured using
a trundle wheel

3. One person has two wooden blocks, which they

bang together above their head




4. A second person with a stopwatch starts watch when
he hears one of the claps and ends timing after 20
claps.

5. This is then repeated several times and an average
value is taken for the time.

6. The speed of sound can then be calculated using the
equation:

Distance traveled by sound

Time taken

Speed od sound =

Method 2: Using Echoes
Measuring the speed of sound using echoes

(ARSI ——

1. A person stands about 50 m away from a wall (or i
cliff) using a trundle wheel to measure this distance Encourage studmts ©
2. The person claps two wooden blocks together and visit below link for

listens for the echo Wh@gfthﬂfi i;fﬁmnaﬁm
3. The person then starts to clap the blocks together ey
repe https://wwiw.youtube.com/

repeatedly, in thythm with the echoes watch?v=Hb5z2d6G5{U&
4, A second person has a stopwatch and starts timing ab channel=CBSE

when they hear one of the claps and stops timing 20
claps later

5. The process is then repeated and an average time
calculated

6. The distance travelled by the sound between each
clap and echo will be (2 % 50) m

7. The total distance travelled by sound during the 20

claps will be (20 X 2 x 50) m



8. The speed of sound can be calenlated from this
distance and the time nsing the equation:

Speed od sound = s Dmtfmcc to the wall
Time taken
Speed of sound in solids, liquids, and gases, |
I, Somd waves aro mechanica waves. Any e h

= ~_ contains particles can transmit sound. The speed of sound is
Encourage studentsto  pof the same in all mediums. Sound waves travel at different

x&is_iﬂ:jeloﬁ' link for speeds in different mediums. Remember that the speed of
speed of sound through 4 i i th : o

solid, liquid and gases sound depends on the properties such as temperature,

His it youbibe s pressure and dengity of the medium through which it travels.

watch?v=bS AdgfiahNw&a Sound moves faster in solid becaunse the molecules/ particles

b_channel=Clapp of solid are very close to each other, as compare to liquid and
gases,
The speed at which a sound wave travels depends upon the
medium and state of the medium (steel, water, air). The rate
of sound wave travel decreases when we go from solid to the
gaseous state. The speeds of sound at 25°C in various media
are listed in Table 11.1.

The f sound is defined as the distance which a point
on , such as a compression or a rarefaction, travels
o . -. of time.
EIII, Vekor,
> e x Speed v = distance / time
: A
v=—
T

Where A is the wavelength of the sound wave. It is the
distance traveled by the sound wave in one time period (T)
of the wave. Thus,
v=3M( 1I/T=5)
or v=M
The speed of sound remains almost the same for all
frequencies in a given medium under the same physical
conditions,




Tahle 11.1 Speed of sound in different mediums at 25 *C

Speed of sound in different media at 25 °C
State Substance Speed in m/s
Aluminum 6420
Nickel 6040
S Stainless Steel 5960
Houk Brass 4700
Copper 2270
{3lass (Pyrex) 3980
‘Water {Sea} 1531
Licquids Water (distilled) 1498
Ethanol 1207
Methanol 1103
Hydrogen 1284 6
Helinm 065
(Gases Adr
Oxygen &
Sulfur dioxide

Factors that affect the speed of sound
The speed of sound is affected by a variety of factors, Two
of the factors affecting the speed of sound in the air are given
in detail below.
Effect of Temperature
Temperature is also a condition that affects the speed
of sound. Heat is a fi of energy that depends upon the
kinetic energy of es. Molecules of the medium at
higher temperatures have more energy. Thus, they can
“an rate. As the molecules vibrate
faster, sound cs can travel more quickly. The speed
teoom temperature (25°C} in the air is 346 meters
, It is faster than 331 meters per second, which is
ed of sound in air at (0°C).
The formula to find the speed of sound at temperature T in
e air is given as follows:
T

273K
Here v is the speed of sound, and T is the absolute
temperature of the air, This formula shows that the speed of
sound in air 1s directly proportional to the square root of the

v=331x

Speed of sound (m-s )
oy
=

Speed nl' sound

Tcmpcraiurc of dry air

&
=

=
=

-y
=
Ty

T

IS
=

20 40 60 80 100
Temperature (°C)

=

Fig: 11.4 Graphical
representations for
speed of sound against
temperature




Eneourage students to
visit below link for

why moist air is less dense

than dry air

https://www.youtube.com/

watch?v=-75kAiV6y-
s&ab_channel=How-
ToWeather

absolute temperatare; Fig. 11.4. Thus, the temperature of the
air increases, so the speed will also increase.

Effect of humidity:

Humidity also affects the speed ofsound in the
The effect of water vapor on the speed of sound is minin
than that of dry air. The presence of moisture in aif rej
oxygen and nitrogen gases that reduce the. density’
because the molecular mass of water va

Mass =18) is less than that of oxygen
and nitrogen (Molecular Mass = 28} gases since the speed of
sound in gases are inversely related'to the square root of its

1
density | Voo — |
[ Jp J

Thus, humidity mcrcaéiw density of the air decreases
and sound travcls

A sound 0 ) equency of 6 kHz d wave length 25
cm. How lonj @l it take to travell.5 km?

Soluti
Step down the known quantities and quantities to
found.

J=6kHz =6000 Hz
A =25em=025m
d=1.5km=1500 m
=2

Step 2: Write down the formula and rearrange if necessary.
v=Af and
d=vxt
t=dfv

Step 3: Put the values and caleulate.
v=(0.25 m} x (6000 Hz)
v= 1500 m/s, and
t=d/v
t=1500 m/1500ms™
t=1s.

Result: Time =t = 1.0 second




O Do You Know!

Calculate the speed f sound in air at 30°C? Given that

speed of sound at 0°C is 331 m/s. Timbre is what makes one
Solution: instrument or voice 5 ;
A different from oih(
Step 1: Write down the known quantities and guantities to o
be found.
T=30°C=30+273K
T=303 K

Step 2: Write down the formula and rearrange if ncccssary.
v=2331 x4T/273

Step 3: Put the values and calculate.
v =331 x+/303K/273K @.

v=331 x+/1.1099
v=331 x1.05352

v=348,7 m/s, O
Result: Speed of sound V = 348, 7mys Q)
SELF-ASSESSMENT QUESTW
Q1: Can any object prod und without any

vibrations in it?
Q2: How can the pre t the speed of the sound
in the air? Mﬂ

Q3: A sound waw g in a sclid pass inte the air.
Xh to the speed of a sound wave when
it ent ir? Explain.
11.3 Seeing sounds
When we listen to a musical song on a radio, we can
distingnish between the notes of various instruments such as
a recorder and a violin being played in the song. It is due to
the varying quality of these notes. Figure 11.5 shows the
waveform of the sound produced by a violin, oboe, and
French hom, If the loudness and the pitch of these three
gounds are the same, then how their waveforms are different.

1]
-
g
2
o
i
oA
w

How do their qualities differ? How can they be distinguished = Fif* 11-: -
from one another? To understand this, let us consider figure "' ";;;:ﬂn““
11.5. Most of the sounds like our voice, chirping of birds, {b) oboe and

and notes from different musical instruments produce {¢) French horn




varying waveforms. These waveforms are produced by

R AR LR ¢ blending different frequencies.
e = N o e Quality: It is defined as the characteristic of sound by
it i 1] we can distinguish between two sounds of the same l@
000 I I and pitch.
To understand this, let us consider ‘g fundamental
frequency and other two frequencies; if we-combine these
¢ waveform

waves on an oscilloscope, we will get 2
with two overtones m it; Fig. 11.6.
loudness: It refers to the ability to

loud and a quiet sound.

or ||| Piteh: s the quality of séund thef distinguishes between a
EASVAREN = shrill and a flat sound.
Loudness and pitch de .- upon amplitude and frequency
respevtively as showndnfigure 11,7, _
5= - Sound intensity or acoustic intensity: It is defined as the
=200 power carri sound waves per unit area in a direction
perpendi t area.

K= 1.4 The SI'unit.of intensity, which includes sound intensity, is
er square meter (W/m?).

Formation of a note on
the oscilloscope the V@
ASSESSMENT QUESTIONS:

: What characteristic determines the quality of the
sound?

Q2: If two sounds from different sources have the same
frequency and loudness. Can you distinguish the
sounds?

11.4 Noise pollution
In our daily life, we enjoy hearing sounds of different
qualities. We hear the sound produced by musical

Pitch

e decreases  iNStruments such as the recorder, suitar, violin, drum. The
\% Fig: 11.7 sound of these instruments has a tone with characteristics

Pitch and loudness such as controlled pitch and quality that have a pleasant
Loudness of the sound effect on our hearing sensation.

g bl ioviod The sounds that are pleasant to our cars are called
amplitude of sound, '

Pitch the pitch of the musical sounds.
sound is dependent on However, some sounds have unpleasant effects on
the frequency of sound.  our ears, such as the sound of motor vehicles, the slamming
of a door, and the sounds of machinery.




Sound which has an unpleasant effect on our ears is
called noise.

Noise corresponds to irregular and sudden vibrations
generated by some sources, Noise is pollution, has become a
significant issue of concern all over the world. Noise is an
unpleasant sound that is harmful not only to human health
but also to other species. Transportation equipment and
heavy machinery are the primary sources. For example, the
noise of the machinery in industrial areas, loud wvehicle
homs, hooters, and alarms, The excessive noise level has
harmful effects on human health as they can cause

conditions such as stress and disturb concentration. Over

time, hearing loss, sleeping disorder,
hypertension, high-stress levels can occur,

A safe level of noise depends on two facE%s:‘
noise level; and the duration of exposure to t‘nei@ﬁ

aggresgmn

noise level recommended in most cou:ntncs isusual 85 90
dB over an cight-hour workday. Noise ion can be
reduced to an acceptable level by g the noisy

machinery with environment-friendly 'hinery and
equipment, placing sound-red ., barriers, or using

hearing protection devices.

Table 11.2 Nmsﬁlev 1|1 declbels
. Naoise levels in
Do 1@ decibels (dB)
Personnel stereg; very loud 150
Damage lp@ 140
Rock concert 110

SUWH machine, 3 90
mets ay

70
ormal conversation 60
ispering 30

Threshold of hearing ]

SELF ASSESSMENT QUESTIONS:

Q1: What types of sounds have pleasant effects on our
hearing sensations?

Q2: How can we reduce noise pollution?

oudness of sounds
) detectable by buman
hearing. The term bl is
derived from the name of
Alexander Graham Bell,
Inventor of the telephone.
Decibel is the smaller unit
of bell.

ibel {dB) unit is
y used for
@ ing the relative

Irregular repeating
spound waves create noise,
while regular repeating
waves produce musical
notes.
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Fig: 11.8. A boy
standing in front of a
wall produces an echo

The sound sensitivity
persists in our brain for
about ¢.1 5. To heara
clear eche, the time
interval between the
produced eriginal sounds
and the reflected one
must be at least 0.1s

Echolpcationisa

Some in blybli

people have also
developed the ability to

technique to determin \ :
the location of ahyj
nsing echo 30’%1

tapping their canes,
shapping their fingers.,
People trained to orient
by echolocation can
interpret the sound waves
reflected by nearby
objects, accurately
identifyring their location,

N

Reflection of sound or an echo.
If we stand in front of a suitable reflecting object such as a
tall building or a mountain and shout or clap our hands once
we will hear the exact sound repeat after a short moment;
Fig.11.8.
The repetition of the sound after reflection is kn as an
echo,
If we take the speed of sound 340 m/s at a te ture of 20
°C in air, the sound travels to the obs ﬁ@ﬂa and reaches
back to the listener on reflection after 0. 1s. Hence, the total
distance covered by the sound % int of production
to the reflecting surface and back should be at least
distance = speed x time
d=340m/s x .15
~d=34m,
Thus, for hearing clear echoes, the minimum distance of
the obstruction. from the source of sound should be half of

l

. tep 1: Write down the known quantities and quantities to
be found.

1.6+
v=340mg"
d=?
Step 2: Write down the formula and rearrange if necessary.
d=vx¢
Step 3: Put the values and calculate.
d&=(340msy x(1.6s)
d=544m
In 1.65 sound has to travel twice the distance, towards the
wall and then back to the boy.
Result: the distance between the wall and the boy will be
d = 544 m/2
d=272m,



11.5 Ultrasound
We know that a vibrating body produces sound in a medium.
The normal human ear is not able to detect sounds of all
frequencies. If we could hear infrasound, we would hear the
vibraticns of a pendulum, Likewise, we hear the vibrations
of the wings of a mosquito. Not only infrasonic of very low
frequencies, but our ears also cannot hear very high
frequency sounds known as nltrasound.

The sound with frequencies above the upper limit of the
human range of audibility is known as Ultrasound,
Generally, we classify wultrasound as those havin%
frequencies above 20,000 Hz,

The range of frequencies of sound that a person can is
called the range of audibility or the audible fre %
range. E

Sound with frequencies below the lower limit of @h‘uman
range of audibility is kmown as infrasonie, (\

Different animals can hear different ranges of frequencies as
shown in figure no. 11.9 and as well as in table 11.3.

I Wines ™S pye | Medical
——Humans———— ) ultrasound
| | | Nl | | [
I [ | j ! I I i
1 e 1M 10 He 104 1 HHHH) 1z 000 Hz LN He
Fig: 11.9

The specirum of sound frequencies for humans and other animals
Table 11.3 The audible frequency ranges of living organisms

- \ Frequency (hertz}
e The lower limit | The upper limit
\Q‘E' : of the audible | of the audible
frequency frequency
t3 16 12000
20 20000
’ orses 31 40000
Dogs 40 40000
‘Whales and dolphins 70 15000
Cats 100 32000
Locust 100 S0000
Seals and sea lions 200 5500
Bats 1000 150000

) - vou oo}

Different people have a
different range of
audibility. Tt also

decreases with age as

people grow okder. Their
hearing senses become
less sengitive to higher
frequensies, For the

ayerage human ear, the

lower limit of audible
frequency is 20 Hz, and

the upper limit is 20004

Hz. In othet words, our

cars only respond to
fregquencies above2( Hz
and below 20000 Hz.



Fig: 11,10,
Ultrasound cleaning

Defect or flaw

& |
*Ej
7 34

Metal block

U ftrasound

TATAT.

Fig: 11.11. A defect is
detected by the
ultrasound in metallic
block

e e

* Transniitl Ler ',-=F-\'['m-|]5dm

Fig: 11.12. ﬂqmring
the de »_.._I_Iu of seabel:l in

>3
Flg: 11.13.
Echocardiography to
sg¢ the heart fanctions

Applications of ultrasound technigues in industrv and
medicine

Ultrasounds, high-frequency sound waves can propagate
along well-defined straight paths, Ulirasounds a '
extensively in industries and for medical diagno
(imaging) purposes. AN\
Cleansing

Ultrasound is commonly used to ¢lean ma 1y = even in
hard-to-reach places, including jewelry, dental
ingtruments, musical instruments.
be cleaned are placed in a cleanin

process, objects to
ion, and ultrasonic

dust, grease, and contaminatiofnl
dropped. The objects thus get thoroughly cleansed.
Quality control %

Ultrasound has hi

invisible cracks or cavities inside the blocks reduce the
strength of the structure. Ultrasonic waves pass through the
, and detectors are used to detect the transmitted
5. If there 1s any defect, the ultrasound wall be reflected,
icating the presence of the defect; Fig, 11.11.
Eund navigation and ranging (SONAR)
SONAR is extensively used in marine applications, Due to
their high frequencies, ultrasound waves can travel greater
distances. In this method, the transmitter sends out
ultrasound pulses and measures the time it takes for the
pulses to reflect off a distant object and return to the source
or transducer. The position of that object can
be identified, and its movement can be tracked. This
technique is used to measure the depth of sea beds, locate
and track submarines at sea, and locate explosive mines
below the surface of the water; Fig. 11.12,
Echocardiography
Echocardiography is a painless and non-invasive medical
imaging procedure. A transmitter sends out pulses of vetry
high frequency. The transducer is positioned on the chest at
specific locations and angles, the pulses move across the skin




and other body tissues to the heart tissues, where the pulses
bounce or echo of the heart structures; Fig. 11.13. These
pulses are then transmitted to a computer to create moving

images of the heart walls and valves. The image produced is Display

called an echocardiogram. 2 T ‘
Ul.t['llSﬂI“)g.l'aphy . gDi._r,k A"/Ke\-'hnnr &
It is a technique that uses an instrument ultrasound scanner, ™= Cursor

This scanner nses high-frequency sound waves to obtain
images of the intemal organs of the human body and to
examine the fetus during pregnancy. A sonologist visualize
the organs of the patient, such as the liver, gall bladder,
uterus, kidney, e<tc. It helps the doctor to identify
abnormalities, such as stones in the gall bladder and kidney
or tumors and abnormalities in different organs. In this Frivier
technique, the sound waves penetrate the body and hit a
boundary between tissues, e.g., between fluid and soft tissue, Trangfucge
bone and soft tissue, and get reflected from an area where
their tissue density changes; Fig. 11.14. The instrument
calculates the distance from the probe to the tissue or organ
boundaries using the speed of sound in tissue and the time of
the return of each echo. These pulses are then converted into
electrical signals used to create two-dimensional images of

the organ, Fig: 11,14, The

schematic dlagram of
SELF-ASSESSMEfHUESHONS: the ultrasound scan

Q1: Which e@ igher speed sound or light? machine
Q2: ﬁ)it gﬂ% produce an echo in a room of length
m?
Y RADAR
is used in Air
traffic control and vehicle
speed detection’
SONAR
i5 used to measure
ocean floor and locate
submarines.

LiDAR
is used in
Autonomous diiving
forssiry, cenopy heights,
biomass meagurement and
LiDAR speed guns.

crystals




E/ SUMMARY

#» Sound is the form of energy related to the motion of vibrating molecules.

» Sound is a longitudinal wave; the direction of vibration of molecules is parallel
to the direction of wave motion.

» Sound wave is comprised of successive compressions and rarefactions in the
medium.

» Compressions are regions where air pressure is slightly higher than surrounding
AT pressure,

# Rarefactions are regions where air pressure is slightly lower than the
surrounding air pressure. :

» Sound needs a material medium to pass through energy.

» Sound cannot travel through a vacuum.

» Sound waves travel at different speeds in different mediums depending on their
propetties.

# The speed of sound is faster in solid materials and slower in liquids or gases.

#» Temperature affects the speed of so in air sound travels faster when the

temperature of the medium rise
» Humidity slightly affects the s of sound in air, and sound travels faster
when the humidity of the a1

»# Sounds that are pleasant bu our heanng sensations are called musical sounds.

#» Sounds that are unpleasant to our hearing sensations are called noises.

» The high noise level has harmful effects on human health,

#» The range of audibility is the range of sound frequencies that a person can hear.

11 ear, the lower limit of audible frequency is 20 Hz, and the
vit is 20K Hz.

ltrasound is the sound with frequencies above the upper limit of the human

of andibility,

The echo is the reflection of the sound after reflection from an obstacle.

1 industry, ultrasounds can be used to detect cracks, cavities, and flaws in metal

w. and concrete blocks.

> Sound navigation and ranging {SONAR) is used to measure the depth of sea
beds, locate and track submarines at sea, and locate explosive mines below the
surface of the water.

¥ Echocardiography uses ultrasound to produce the motional images of the heart
and its valves.

» Ultrasonography uses ultrasound to scan sofi organs and tissues.
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w10 WEVE Multiple Choice Questions (MCQs)

Choose the correct answer from the following choices:

1. Sound is a form of: O
a}  Electrical energy b) Mechanical energy K
¢}  Thermal energy 4) Chemical energy

2. Audible frequencies range that a normal human ear can detect is:
a} 10Hzand 10 kHz b) 20 Hz and 20 kHz

¢} 25Hzand25kHz d) 30 Hzand 30KHz &

3.  The approximate value of the speed of sound in air at l- perature is:
a) 332m/s b) 34m/s
¢} 17m/s d} 68{Jmfs

4, Sound travel faster in solid as compare to
a)  Gas molecules are packed loosely
b)  Sound does not travel faster thro
¢)  Solid molecules are packed 'G_".
dy Gas molecules move fas

5.  The two factors that affect the spee d of sound in air are:
a) Humidity and volume of the air
b) Temperature and mass of the air
¢) Volume and mass of the air
d) Tempera nd humidity of the air

.3 solid than a gas.

6.  The separation ecen two consecutive compressions of the sound wave is
called:
a)’ Time period b) Amplitude
c¢)  Frequency d} Wavelength

7.  The order of speed of the sound in different mediums from faster to slowest is
% 8} Gas — Liquid — Solid b) Liquid — Solid — Gas
¢) Solid — Liguid— Gas d} Gas — Solid — Liquid

:S«. Ultrasound has several uses in medicine and industry. Which one has use of

ultrasound?
a) Absorption 1)} Pre-natal scanning
¢} Dispersion d) Measuring humidity of air

9.  The causes of the echo is:
a}  Absorption b) IDispersion
¢) Reflection d} Refraction



10.  'Which type of wave cannot travel through a vacuum?
a)  Sound waves b} Infra-red radiation

¢} Microwaves d) X-rays ('\

Structured Questions ﬁ\

1. a) How is the sound produced?
b) With the help of a diagram, describe how compressions and rarefactions are
produced in the air near a source of the sound.

2. a) Why are sound waves referred to as mechanical waves?
b} Sound requires a material medium for its propagation. Cite an experiment
to prove this statement.

3. a) Distinguish between musical sound and noise.
b) Explain how noise is harmful to humans?

4. a) Define the quality or timbre of the sound.
b} Is it possible that two or more waves from different musical instruments
combine to form a single wave?

5. a) Why is the speed of the sound greater in solids than in liquids or gases?
b) Explain the effect of the following factors on the speed of sound in the air.
i.  Tempetrature
il. Humidity

6. a) Define echo.
b) Explain the working and application of a sonar.
¢) How can defects in a metal block be detected using ultrasound? Explain
with the help of a diagram.

7. a) Define the following terms
i. Infrasonic
ii. The audible frequency range of hearing
iii. Ultrasound
b) How is ultrasound used for cleaning?
¢) Explain two applications of ultrasound that are used in hospitals for medical
imaging,
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Calculate the speed of sound in air at 50°C? Given that speed of sound at 0°C
is 331m/s. (360.0 ms™)
A person has an audible range from 20 Hz to 20 kHz, What are the
distinguishing wavelengths of sound waves in air corresponding to these two
frequencies? Take the speed of sound in air as 340 m s™.

(58.8mm and 58.82m)
A ship uses ultrasonic pulses to measure the depth of the submarine beneath
the ship. A sound pulsing is transmitted into the s the echo from the

sea-bed 1s received afier 40 ms, The speed of soundun seawater 15 1480 m / 5,
Calculate the deepness of the submarine. 9.6 = 30m)

At night, bats emit pulses of sound to detect their prey. The speed of sound
in airis 340 m/ s.

Returning echo 4 Emitted sound waves

©

M <;A mits a pulse of the sound of wavelength 00080 m. Calculate the

equency of the sound. {42.5Hz)
_Q e pulse of sound hits its prey and is reflected in the bat. The bat receives
the pulse 0.10 s after it is emitted. Calculate the distance traveled by the
; pulse of sound during this time. (17m)
(iii) Calculate the distance of prey from the bat.  (8.5m}
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After learning this unit, students should be able to
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on the light of a glass prism
State the colors of the spectrum and explain how
colers are related to frsquency/wavelength.
Describe the behavior of light when pass'

water droplets,

State that all electromapnetic wave

high speed in air and state the
Describe the main compenents
specttum.

TDriscuss the role of the foll

Dizscribe the dispersion of light as illustrated by the n@

electmmagnet:lc

(i} rad:in waves — radio

pliances, television remote
ruder alarms, (iv) light — optical fibers
telephons, {¥) ultra-vielet — sunbeds,

fluoréscent tubes, and sterilization, (vi) X -rays — hospital
use inmedical i imaging and killing cancerous ¢ells, and
engineering applications such as detecting cracks in
metal, (vii) gamma rays — medical treatment in killing
cancerous cells, and enginesring applications such as
detecting cracks in metal.

May 16,

| the International Day

of Light
UNESCO celebiates
the role of light in
science, education. It
plays an essential tole
in our lives. It is the
erigin of life through
photosynthesis on its
most fundamental level.
The light has led vs to
altemative energy
sources and many other
discoveries that have
shaped our
understanding of the
Universe. For cenburies,
the study of light and its
properties has
revelutionized every
science discipline, from
Ttm Al Haytham to
Einstein. From gamma
rays to radio waves, the
spectrum of light
provides
inderstandings both
far-ranging and near.




The prism iz a triangular
transparent block of
glags or plastic. tis a
solid structurs having
three rectangular and
two triangular surfaces.
Refracting Edge

Refracting Refracting
e face

Fig: 12.1
Digpersion of white
light by a glass prism
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We live in a technologically advanced world, where more
and more electronic appliances are going wireless, We use
mobile phones, laptops, and even mobile televisions. It
seems like these cordless appliance scans detect 2 @
information from our surroundings, and we
commumicate and share digital informati

12.1 Dispersion of light %?? O
Have you ever seen the rainbow? What the physics behind
this phenomenon is; Let by using a glass prism.
Suppose a narrow white light entering from the air
is passed through a prism of the denser medium. A prism
light ab both the refracting surfaces, and it
produces a range of colors called a spectrum.
Splitting white light into its constituent colors when it passes
th:os prism is called dispersion of white light.

hite light is not a single color but a mixture of all the
spectrum colors. The prism refracts each individual color
dif erently depending on their refractive index.
The spectrum of White light
When a narrow beam of white Light splits, the color sequence
produced in the spectrum is indicated by the acronym VI B
G Y O R, which stands for Violet, Indigo, Blue, Green,
Yellow, Orange, and Red, as shown in figure 12.1. The
speed and direction of white light vary depending on the
wavelength. The red color has a maximum speed in the glass
prism, with the slightest deviation. In contrast, the violet
color has minimum speed, which with most deviation
because color has its own refracted path in the air and
becomes distinct on the spectrum.
The color pattern produced in the dispersion is called a
spectrum of light,
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Lo | | 1 ] 1 | |

Figure: 12.2 Spectrum of visible lght with corresponding
wavelengths and their frequencies of each color

Table: 12.1,
Index of Refraction In crown glass at Various Wavelengths, The s least scatter it.
table shows different colors have different wavelengths so, as the % , it can travel the
refractive index ongest distance and
Wavelength/ nm penetraﬁe through rain,
mist, and fog, This is
why red iy being used In
traffic signals to make
the stop sighal visible
from a far distance.

Dispersion of light through w

The rainbow is one of nature's ‘most beautiful creations.

At an angle of approximately

assoclatedw
40 degrees above ground level, vou mmst look into an area
of atmnsphere ith suspended droplets of water, or even a

ol

light mist; in order to see a rainbow in the sky. Every droplet Fig: 12.3.
of water acts as a tiny prism, dispersing and reflecting light The dispersion by a
eye. When you look at the sky, droplets emit water droplet

wavelengths of light associated with a color. There are

sveral ways sun rays can enter through a drop. The bending

ward and away from the normal is a defining characteristic
of each and every path. The path of light as it enters the
droplet, internally reflects, and then refracts cut of the
droplet is an important consideration when discussing
rainbows. Figure 12,3 shows the complete process of
dispersion of light through water droplet,
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Speed of electromagnetic waves
e e e Eleciuomagn?ﬁc waves are radia!;ed lout when 'charged
radio, watch TV ormake  Particles oscillate. For example, vibrating atoms in a hot
food in a mictowave glowing bulb filament emit infrared and visible lig
oven, you use house. An oscillating electric current sends ont radio
slectromagnetic waves,  frym a radio station. The other types of EM
make up the clectromagnetic spectrum
ultraviolet light, X-rays, and gamma ra
from their respective sources. N
Electromagnetic waves are aves, It is electric
and magnetic ficlds that are os?.’ﬁiﬁfg, not material. Thus,

they can travel through a vacuum.or space.

Gm %@Qﬁfgmeﬂc wave

Light-year is the distance
that light travels ih one
year. Light travels through
interstellar space at
300,000 kilometers per
second,

1 year = 365 days
| =365x 24 daye
= 365% 24x 60 minutes
= 365x 24 50 50 seconds
= 31535000 seconds

1 light year = Velocityx Time E* ﬂke all other waves, it obeys the equation

.::Znsfmxsls Speed = frequency x wavelength
a— .= f)( }L

All electromagnetic waves travel through the space or
vacuum at the same speed of 300000 kilometers per sec ot
x 10° m.sl.

radiate out

Electric field

Ruby laser emits the beam of red light having a wavelength
of 694.3 nm. Calculate its frequency.

Solution;

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

A= 694.3 nm = 694.3 x 10®m
A =6.93 x 10”'m

=7 and we kmow that
c=3x%10°ms?,
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Step 2: Write down the formula and rearrange if necessary

v=Af and
f=c/h =
Step 3: Put the values and calculate. (
Speed= wavelength x frequency
_ C
=

or £ (3%10°m/s)(6.943 x107m)
Result: £=4.32 x10%“Hz

The frequency produced by the laser is 4.32 x10'* Hz.

SELF-ASSESSMENT QUESTIONS :

Q1: A ray of blue light deviates more than a ray of
when passing through a prism. Explain why?

Q2: Give the sequence of colors produced in
dispersion through a prism.

Q3: X-rays have a higher frequency Waves.

a

What is their speed in space?

12.2 Characteristics of electromaguetic waves
Some of the common characteristics of electromagnetic
waves are given as under;

1. Electromagnetic waves are transverse waves in nature. M

They are composed of varying clectric and magnetic sl aaton
fields that oscillate perpendicularly. The direction of  from the electromagnetic
wave motion is perpendicular to both electric and spectrum can not be

i geen, but it tans our
magnetic fields. . i i i i
2. Itcannot camry electric charge. ki
; substances to become
3. It can travel through space, traveling at the speed of p—_)

c=3 x 108 m.s™.
4. Tt will travel through a transparent medium; however,
they will slow down when traveling through a denser
medium like water or glass.
5. It obeys the laws of reflection, refraction, and
diffraction.
6. Its frequencies depend only on the source that produces
the wave. Thus, frequencies do not change when it
travel from one medium to another (air io glass).




O o You Know!

The glectromagnstic
waves of higher
frequencies, such as X-
rays Of ZAMMA rays, ars
more hazardous due to
their higher energies (or
higher frequencies)

Radio Wa we the
longest wave in

tic
Soe
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Main components of the electromagnetic spectrum
The electromagnetic spectrum has a wide range of
frequencies, wavelengths, and energies. The spectrum
covers the range of all electromagnetic radiation and consists
of many sub-ranges that are genmerally referred to as
components, such as visible light or ultraviolet radiation.
There are no precise accepted boundaries  between
these continuous portions, so the ranges may tend to overlap.

The electromagnetic spectrum i3 ' distribution
of electromagnetic waves accordi ) their frequencies
or wavelengths. N

Microwave

AC Power Television Te lephone Satellite Sunlight  Medical Radioactive
H-ray SOUITES
Micro Ultra
Wavelength Waves vinlet Gamma rays

B T T
0 1w w1 w1t ow' owt owt " ow® wt w1

Fig: 12.4.
The electromagnetic spectrum with decreasing wavelengthy as well
comparison of wavelengths with the size of objects

From the lowest to the highest frequency or longest to
shortest wavelength, the entire electromagnetic spectrum
contains all radio waves, microwaves, infrared radiation,
visible light, ultraviolet radiation, X-rays, and gamma rays.
Radio waves have the longest wavelength, and gamma rays
have the shortest wavelength.
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Table 12.2 Electromagnetic Spectrum
Type of Electro-
Magnetic wave

Sources Applications

Micro ven

RADAR

Optical flber
SELF-ASSESSMENT QUESTIONS: Fig: 12.5.
o A Some examples for
Q1: State two-%mnt components  of t_he application of EM
electr ic spectrum that have wavelengths apectrum
m than the wavelengths of red light.
Q2: State a “least four properties common tfo all
. “electromagnetic waves,

12.3 Usesof electromagnetic waves

Electromagnetic waves have many advanced
technological uses in our day-to-day life. Some of the
implied uses of the main components of the spectrum are

given shortly below,
1] Radio waves - radio and television
communications

Radioc waves have the longest wavelengths in the
electromagnetic spectrum. Stars are natural transmitters of
radio waves, However, radio waves can be artificially



Magnetic resonance
imaging (MRT) ig
advanced medical

imaging technigue that
ugey computer-generated
radio weves and megnetic
fields to create meticulous
images of the organs and
tigsnes in the hody.
‘When the patient lies
inside an MRI machine,
the magnetic field
temporarily realipns water
molecules in the body.
Radio waves cause these
aligned molecules to
produce faint signals,
computed to produce
3-D MRI images — like
slices in bread.

K)o |

ireless techtiology
nsed to exchange
Nl
mohile devices over short
distances. Blue tooth
using UHF radio waves.
Wi-Fiisa
networking technology that
uses radio waves to allow
high-speed data transgfer
over short distances.
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generated by oscillating the current in a fransmitting
antenna. In a radio system, a microphone controls the current
to the antenna so that the radio waves pulsate. The incoming
pulsations in the radio receiver control a loundspeaker to
create a copy of the original sound. Radio waves can diffract
around hills, so radio can receive signals even if a hill blocks
the direct route from the transmitting antenna. Long waves
will also diffract around the curved surface of the Earth.
Radic waves are also used in television
communication. Radio waves of very high-frequency VHF
and ultra high-frequency UHF waves are used to telecast
television programs. These waves have shorter wavelengths,
and they do not diffract around hills, So, there must be a
straight path between the transmitting and receiving antenna
for good reception.
(il Microwaves - satellite television and telephone,
Microwaves have a shorter wavelength in the micrometer
range and a higher frequency than all radio waves. These
are usually genérated inside the specialized oven by an
electron, -tube. Satellite phones use microwaves for
communication, and satellite television uses microwaves to
receive satellite television programs. Microwaves can
penetrate haze, light rain, clouds, and smoke as they have a
higher frequency of all ranges of radio waves. However,
because these waves are highly directional, the satellite dish
and related components must be aligned appropriately,
without any obstruction between the transmitted satellite
signals and receiving satellite dish.

(iii) infra-red - household -electrical appliances,
television controllers and intruder alarms,
Infrared (IR), or infrared light, is electromagnetic radiation
(EMR) with wavelengths longer than visible light. Infrared
radiation is radiated or abserbed by molecules when they
change their rotational-vibrational movements. Infra-red
wireless remote confrollers control varous household
electrical appliances that send invisible sighals to an infrared
teceiver on a device such as televisions, video recorders, or

hi-fi (High fidelity) systems.
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The human body also gives out infrared radiations because
of the rotational-vibrational motion of its atoms or molecules
that motion sensors can detect. Intruder alarms use these
motional sensors that detect the changing pattem of infrared
radiations emitted by a warm body of an approaching person,
Thig characteristic of infrared waves has been used for
security purposes, particularly in military technology.
(ivi  Light - optical fibers in medical uses and
telephone,
The high flexibility of optical fibers makes them also ideal
for use in the medical industry.

An endoscope, 2 medical device, is a long tube cnnsisigg of }

optical fibers that enable doctors to see abnunnal}_' .-
organs such as the stomach intestines inside a hu.n}mv]:w
(v)  Ultra-violet — sunbeds, fluorescent tubes,
sterilization,
Very hot objects, such as the Sun, emit radiations beyond the
violet end of the visible spectrum, known as ultraviolet
radiations. The ultraviolet is also produced by passing an
electric current through the mercury vapors in the tube,
Ultraviolet rachation is further divided into three bands in
order of increasing energy UV-A type, UV-B type, and UV-
C type.
Wave tvpe
Wavelen
In fair skin, the rays can penetrate deeper and are harmful to
live cells. Excess ultraviolet exposure can result in several
skin diseases.
Sunbeds: Ultraviolet lamps that emit UVA and UVE
radiation are used in sunbeds for arfificial tanning, It is
popular in countries with long periods of limited sunlight.
Under medically controlled supervision, sunbeds beautify,
provide the body with vitamin D, and treat certain skin
conditions.
Fluorescent: When absorbed in ultraviolet, some materials
convert their energy mnto light and glow. This phenomenon
1s called fluorescence.

Fig: 12.8.

Fluorescent watch dial
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In fluorescent lamps, the inside of the tube is coated with
1] (I ] { \\-
e 2 white powder (fluoresce), which gives off light when it

# Many invisible things ~ ghgorbs ultraviolet. They are commonly used in lighting

;ﬁ;ﬂh“z:;l?e houses, shops, and offices for decorating purposes.
UV light, Sterilization: as ultraviolet kills harmful bacteria, strong
» Ultraviolet rays are UVB and UVC radiations are used to sterilize food and
visible to bees. medical equipment in hospitals.
» Uliraviolel means vi) Applications of X -ra
beyond white light. ) " e

X-rays are produced when fast-moving electrons

# UV light can damage lose their energy quickly. For example, in an x-ray tube, the
the human skin

radiation is given off when a beam of fast-moving electrons
hits the metal target.

The long-wavelength or low-frequency x-rays are
highly penetrating that can pass through flesh but not bones.
In the medical imaging field, radiologists use low-frequency
x-rays to produce the x-ray images to diagnose the fracture
in the bones or even tooth decay, tumors, and abnormal
masses inside the body.

Comp Tomography (CT) scan is a computational
diagi %?g tool for detecting diseases and injuries. It uses a
ries'of low-frequency X-rays and a computer to produce a
e 3D.amage of soft tissues and bones.
o 12,9,
CTScan N ﬁadiatlﬂn Therapy is a cancer treatment that uses
4 controlled doses of high-frequency x-rays to kill cancerous
cells and shrink tumors.
Industrial radiography is a techmique of mspecting materials
to detect inside defects by using high-frequency X-rays. In
this method, a beam of x-rays points at the tested item. A
detector is aligned with the beam on the other side of the
item. The detector records x-tays that pass through the
material. The thicker the material, the fewer x-rays can pass
through. More rays move through that region because the

. Fig: 12.10.
+ Radio therapy

m material is thinner with a crack or flaw. The detector
! computes a picture from the rays that pass through, which
Gamma, rays have shows cracks or flaws in that material.

wavelengthoflessthan  (jfy  Applications of Gamma rays

100 picometer {pm}) . . .
G v e Gamma rays come from radioactive materials. They are

greatest energy. produced when the nuclei of unstable atoms decay into a
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stable nucleus or lose energy. They tend to have high energy
than x-rays.
(Gamma rays are used to treat cancer. These high-energy rays
are directed at the cancerous tumor to kill cancer cells in
oncology.
The Gamma Knife Radiosurgery is a medical procedure
that uses gamma rays to destroy small tumors in
the brain with less damage to surrounding cells.
Positron Emission Tomography (PET) is a functional
medical imaging method. In a PET scan, a short-lived
positron-emitting radioactive sampling taken suitable for a
particunlar function (e.g., brain function) is injected into the
body. Radiated positrons quickly fuse with nearby eleettons
and lead to two gamma rays of 511-keV traveling in opposite
directions, After detecting the gamma rays, 4 computer
generates an image that highlights the lgcation of the
biological process being examined,
Gamima rays are highly penetrating and can pass through
metals; because of their extreme p@@xérﬂgamma rays used to
radiograph holes and defects i métal castings and other
structural parts.
SELF-ASSESSME
Q1: State health ri

ssociated with high energy
magnetic radiations?

e advantage of optical fibers In
cation over copper cables?

Q3: the role played by gamma radiations in
gery.

Fig: 12.11
{(Gamma Knife

X- rays are shorier in
wave length than [TV rays
and longer than gamma
rays wavelenpgth range
(0.01 — 10 nm)

() o vou koo

PET scans are used to
trace imaging of brain
tumozs
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E/ SUMMARY

A prism is a transparent block of glass that produces dispersion.

The prism refracts the narrow beam of white light that caunse the spectrum of
colors.

Dispersion of white light is splitting white light into its constituent colors.
Every wavelength of light changes speed and direction accordingly when it
passes through another transparent medium.

Dispersion of white light in a water droplet is the combination and total internal
reflection.

The electromagnetic spectrum is the range of all e;lécﬁomagncﬁc waves or
radiations.

The electromagnetic waves are u‘ansversg;%waﬁons of their electric and
magnetic fields are perpendicular to ene fer.

All electromagnetic waves travel thfough a vacuum at the same speed of
c=3x10°msl.

The electromagnetic waves travel through a transparent medium; however, they
slow down when traveling through other denser mediums.

The electromagnetic waves cobey the laws of reflection, refraction, and
diffraction.

The electromagnetic spectrum, from the longest to shortest wavelength,
includes all radio waves, microwaves, infrared radiation,
visible light, ultraviolet radiation, X-rays, and gamma rays.

Radiom{e?ﬁve the longest wavelengths in the electromagnetic spectrum.
Microwaves have wavelengths in the micrometer range,

Tnfra-red is used in wireless remote controllers,

'ipwer alarms use infrared radiations that detect the changing pattern emitted
by a warm body at night.

The white light is a small portion of the electromagnetic spectrum that is only
visible to our eyes.

Optical fibers work on the principle of total internal reflection.

Optical fibers are widely used in communications technology.

An endoscope is a medical device of optical fibers that enables doctors to see
abnormalities in organs inside a human bedy.
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sterilization.

Ultraviolet radiations are commonly used in sun beads, fluorescence, and

» X-rays are used in CT scans for medical imaging and radiotherapy to treat

cancer.

» The cyberknife uses gamma rays in radiosu cancerous cells.
» PET uses the gamma rays in medical imaging to produce functional-three-
dimensional images of abnormal tissues or tumors.

+*+ CONCEPT MAP

Electromagnetic Waves

|

Dispersion of hight —
by prism

LM "|--

'_J} 1 i.__

; :g_!_hl € —

}

Dispersion of light
by water droplets

——{ Radio

— Microwave

—  Visible

—  Infrared

—=  X-rays

— UV rays
Gamma rays
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eluwi (LY E Multiple Choice Questions (MCQs)

Choose the correct answer from the following choices;

1. The waves that have maximum penetfrating power to treat tumors are;
a) Ultraviolet radiation b} Microwaves
¢} (Gamma-rays d} Radio waves

.
2. The electromagnetic rays used in radiotherapy to destroy cam‘%@ are;

a) Infrared rays b} Visible rays
¢} X -rays d} Ultraviolet rays @
3. The Velocity of light in a diamond is
{whereas the refractive index of a diamond with resp vacuum is 2.5)
a) 1.2x10°m/s b} 5x10°m/s
¢) 1.2x10°ms d} 2.5x10°mfs

4. The group containing only electromagnetic waves is;

a) Light waves, Radio ‘F@ waves
b} Light waves, Radio waves, Sound waves
¢} Light waves, Sound waves, Microwaves

d) Radio waves, Sound waves, Microwaves

5. The list that shows e gnetic waves in order of an increasing wavelength
is;
a) Mi X-rays, Gamma-rays
b) Microwaves, Gamma-rays, X-rays

: a-rays, X-rays, Microwaves

6. The type of clectromagnetic wave used in security scanners at night is;
[ a) Infra-red b) Microwaves
¢) Radioc waves d) X-ray

7. A narrow beam of white light passes from air into the glass and is refracted.
The wave characteristic remains unchanged in its;

a) Direction b} Frequency
¢) Speed d) Wavelength

8. The type of waves that are used in the television remote controllers;
a) Radio waves b} Infra-red waves

¢} Ultra-violet waves  d) Visible light
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The color that is least deviated by a prism;
a) Violet ray b) Green ray
¢) Redray d) Yellow ray

1¢. The optical phenomenon in which the spliting of white light into seven dglﬁg;

colors oceur is called;
a) Refraction b} Reflection

¢) Dispersion d) Diffraction

elde i (0 WS tructured Questions

1.

a) Define dispersion of light. h
b} Describe the dispersion of light when passing through a glass prism.
a) Explain how the rainbow is produced onat : - y day?

b} Explain how the colors are related to % ctfi equency or wavelength?

a) What are electmmgnetlc waves‘?

b} List the main components of the
order of their wavelengths, {

¢) Ultraviolet rays have er frequency than radio waves. Can UV rays
travel faster in a vacm;%

t:romagneuc spectrum in decreasing

Compare the properties of wltraviolet rays and radio signals.
a) Which one travels.at a faster speed?
s -a greater frequency?

a greater wavelength?

re the main sources of radio waves?
b} t is'the main advantage of using radio waves in communication?

6. . Why are microwaves preferred in satellite communication?

8.

7. “a) What type of radiation is commonly used in remote controllers for household

appliances?
b} How do the molecules emit infrared radiations?
¢} How intruder alarms help security personnel visualize the thermal images

a) On what principle do optical fibers work?

b} Reference the daily life applications of optical fibers in;
1. telecommunication

ii, medical industry?
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9. a) Exposure to sunlight can damage the skin. Exposure to sunlight does not
damage the skin. State the possible reason.
b) Why are ultraviolet rays used under medically supervised con
sunbeds?
10. a} Explain fluorescence. 0

b) Describe sterilization. \Q\
11. X-rays are used to detect cracks in metals. Explain how? %
12, a) Where do gamma rays come from? N
b) How are gamma radiations used in radiosurgery fo “dests
cells? n
€) Bxplain the applications of gamma rays used‘in"

- O
f

plmai L NLB B Numericals

1. Electromagnetic radiation having -a.]

infrared radiation. What is i ‘, ency? Given that the speed of light is
3x10% m/s.

(2 x 10"*Hz)
2, What is the frequency

3-nm uliraviolet radiation used in laser eye
(1.55 x 10'°Hz)
. ength of 100-MHz radio waves used in an MRI unit? {3m)
. The distance from @ to sun is 1.49 x 10'" meters. How long a radic pulse
radiated from the siin takes to reach on the earth? (496,67 sec)
5. Distances in space are often measured in units of light-years, the distance light
travels in one vear. Find the distance in kilometers in a light-year?
(9.33 x 102 Km)
6. Whatis the frequency of green light with a wavelength of 5.5 x 10m?
(5.45Hz, 5.45 x 10'Hz)
7. A typical household microwave oven operates at a frequency of 2.45-GHz.
at is the wavelength of this radiation? (0.1224m or 122.4mm)
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Diggoribe the terms ueed in reflestion including normal, angle of incidenes, mpgle
of reflection, and siate laws of eflection y
Saolve problems of image location by sphetical mirors by using mirror formula.
Describe the use of spherical wirrors for safe driving, blind turns on hllymads
dentist mirrors.

Define the erminslogy for the mgle of incidence T and anple ufreﬁ'amnm‘ahgl
degcribe the passage of light through the parallel-sided transparent mateﬁﬁl I_.-,'"“ :
Salve probleme by using the equation sin u’smr—n(rcﬁacuvemdsx); :
State the conditions for total internal reflection

Desctibe how total intemal reflestion is used in hshtpropas uﬂnﬂ:%’ovéh l:-ptlc.al
fibery

Liescribe the use of optical fibers in telecommuni g@dﬁ medical field
and stat the advantapee of theit use.

Describe the passage of light through a glass pri

Drescribe how light is refracted throngh

Define the powsr of 2 lans and its yrit.

Solve problems of image location by lenses vsing lens formola.
Deacribe the uee of a dingle lons ae a magnifying glaes and in a camera, projector,
and photographic enlarger and draw ray diagrams to show how each forms en

4 ia;urf’or as showm in
ﬁgure yOU can See a
- clear image of regular
reflection of lansdown
bridge sukkuyr,

image. _
Define the tevms resolving power and magnifying power of the lens.

Draw a ray diagram of a m:lple ‘microseope and mention its magnifying power.
Drawamy&agmmufﬂmcmﬂpmmﬂmcmsmpcmﬂmﬂm its magmifying

: srechion of short-sight and Long-sight.
e the mnflmwdwmlensesform@ﬁﬁringﬁsicn defects of the

REFLECTION OF
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What makes things visible? During the day, the sunlight
make able us to see objects. An object reflects light that falls

Ibn al- Haytham (965- : . :
103;) rcali:cd ﬂm(hem on it. Our eyes detect reflected light, enabling us to see

geeing images of objects things. We can also see through a transparent medium as
:h“fﬁf]:{a; ::nrgl';;ebg light _is tran-smit.ted. Several beautii_ﬁ;l _phenom’ena are
that light rays travel in associated with light, such as the twinkling of stars, the
straight path and that — bequtiful colors of a rainbow, and the bending of light by a
E;;?;Ef;dmwﬁct;::e medium. The study of the properties of light helps us to
explore them.
We shall study the phenomena using the rectilinear
propagation of light and their application in real-life
sityations in this ymt.
13.1. Reflection of Light
To begin with, light is reflected whenever a beam of light
strikes a smooth, polished surface and then returns, In other
words, when a mj* of light hits a surface, the surface reflects
the light. In addition, the ray of light that strikes the surface
is referred to as an Incident ray, but the ray of light that is
reflected back is referred to as a Reflected ray. The term
"normal” refers to the line that is created when a

Ibn al- Haytham's most

important work is kitab 3 s ]
Manazir (2 book abo perpendicular is made between two rays on a reflecting
optics). His long w surface.
optics made B Incident Ray = It is the ray that falls on the surface
bl S Reflected Ray = The ray which is reflected from the surface
cotnmnications we live iy i .
.\ intoday. Normal = Perpendicular on the polished surface

P = Point of reflection

1= Angle of Incidence
Normal r = Angle of Reflection
Laws of Reflection
Reflccied Having a basic comprehension of the concept of reflection,
_ & you must also be aware of its two essential laws. It is
| possible to determine the reflection of an incident ray on a
variety of surfaces, such as a plane mirror, water, and metal

Fig: 13.1 . S
Experimental setup f'zi-lf::‘g;;l]-)y applying these pninciples. Here are the laws of
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# The angle of incidence is equal to the angle of reflection
(ie. Li=/r) is also known as the first law of
reflection.

# The incident ray, reflected ray and the normal to the
reflecting surface all lis in the same plane is also known
as the second law of reflection

These laws of reflection apply to all types of reflections,

including reflections from spherical surfaces. These are also
applicable to regular and irregular types of reflections.

SELF ASSESSMENT QUESTIONS: By
Q1: Why narrow beam of white light is used in.the
experiment?

Q2: List everyday examples of reflection of Ii &

Q3: Why the angle of incidence is alway@a the
angle of refection? )

13.2 Image location by sphericalumirror equation

Image Formation by Spherical Mirrors

Do you know how the images are formed by spherical
mirrors? How can we locate the image formed by a concave
mirror? Are the images real or virtual? Are they diminished,
have the same size, or enlarged?

Image formation by Concave Mirror

The ray diagrams illustrate the formation of images by a
concave mirror for various positions of the object; Figure
13.2.
You can see in the ray diagrams that the nature, position, and
size of the imapge formed depends on the position of the
object at points P, F, and C. The images formed are real for
some positions of an object and virtual images for a
particular other position. An image formed is either reduced,
has the same size, or is magnified. It depends on the position
of the object. A summary of thege obgervations is given for
your reference in Table 13.1.

Infinity (e}

{(f) N
Fig: 13.2.
Ray diagrams for the
image formation by a
concave mirror
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Table 13.1.

Summary of images formed by ray diagrams for different positions
of the object
If two plane mirrors ar Positon | pogttionof | g o Nature of
placed parellel, then of the the image Size of the image o
infinite number of images object
are formed o Highly diminished
At infinity | At the focus F St e \%‘ |
Between F R d
A spherical mirror is AtC AtC et Bt I}Eﬂl and
a mirror with a curved = Rme‘;lma?i
reflecting surface. Most stween ' an
curved mirrors have Cand F By \ inverted
surfaces that are shaped AtF At infini & ]U‘!l od Fu:aland
like parts of # sphere, ty el inverted
A convex mirreris a Between Beh‘i:nd the e Virtual and
spherical mirror in which Pand F irrgr-, : erect
the reflective surface C, the center of curvature, F, the focal point, P, optical ¢center, p, object
bulges k_)war{ls the light distance, £, focal length, g, image distance

souree, Canvex mitrors — Spherieal Mirror Equation

reflect light ontwards and - . ; ;
are therefore not used to Let us think of an object placed p em in front of a spherical

focus light, mirror of focal length f'em, The image is formed g ¢m from
the mirror, then p, £ and g are related by the equation,
J 1 11
P“"‘“P'“-E:_)_{_. _C'{_'._ —_
A N f p g

\ This is known as the mirror equation. This equation applies
+ to both concave and convex mirrors as shown in figure 13.3.

ward to one focal AT : d D

irit, They are used to e ——
LS focus light.

M
-
r

£ q
Fig: 13.3. Ray diagram of image formed by concave mirror
When applying the mirror equation, the following points
must be observed:
o That all distances p, f and ¢ are measured from the
optical center P as an origin.

£
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All real distances are taken positively, while all
virtyal distances are taken negatively,

* A concave mirror has a positive focal length, while a
convex mimror has 1 fucal leng

A concave mirror forms a real imagze at 25.0 cm from the
mirror surface along the principal axis. If the corresponding
object is at a 10.0 cm distance, what is the focal length of the
mitror?

Solution

Step 1: Write down the known quantities and quantities tg

"'nbelnwﬁnkfor

be found. > b
ima
e cn cég:cave mirror
p=100cm ,Ke } https://www.youtube.com/
f=r watch?v=gPYIVBBSgyY
Step 2: Write down the formula and rearrange if negessary. &ab_channel=Leamnnhyfu
n

D @
f p g
Step 3: Put the values and calculate l
e |
oot pee
f 1025 O
12 O

‘5 &Q}J"

Res focal length of the mirror is 7.14 em.
Use of spherical mirrors
erical mirrors have various applications in our everyday life
as sunglasses, rear-view mirrors, shaving mirrors. Let us
iscuss some of the applications given below:
Use of convex mirrors

1.
£
1
f

Convex mirrors are often used as rear-view mirrors or wing — : 14.
mirrors in vehicles, also called driver mirrors; Fig. 13.4. A wider rear view
These mirrors are fitted on the sides of the vehicle so the image

driver can see traffic behind them for safe driving. Convex




Fig: 13.5.
The convex mirror used
to see the vehicles on
blind tarns

Fig: 13.6. 4
A dentist mirror W

Com

Fig: 13.7.
The cein appears to be
raiged in the water
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mirrors are curved outwards that reflect the light outwards,
allowing the drivers view of a much larger area of the ficld
behind them. These mirrors always give an upright,
diminished, and complete image of the vehicles.
Convex mitrors are also used for Traffic Safety purposes.to
see the blind turns on the roads; Fig. 13.5. Convex ke

are easy to install — they are mounted simply.and.easil
the brackets. Wide-angle vision allows dri o see around
blind corners and into hidden corners.
be placed at the blind corners
accidents and collisions of vehicles:,
Concave mirrors also used by ‘dentists, can ses the iooth
clearly and diagnese any infection or germ attack.

SELF ASSESSMENF QUESTIONS
Q1: Are the imag ed by spherical mirrors always
real?
Q2: are used as a rear-view mitTor in
vehic at produce diminished images. Why are
mirrors preferred over plane mirrors?

13.3¢ ction of light
You know that light seems to travel along a straight pathway
in a transparent medium. What happens when light enters
from one transparent medium to another? Does it always
move along a straight-line path? Let us recall some of our
daily experiences.
When a thick glass slab is placed over printed matter, the
letters appear raised when viewed through the glass slab?
Similarly, the coin placed at the bottom of a water tank
appears to be raised; Fig. 13.7.
Why does it happen? A pencil partly immersed in water in a
beaker appears to be bent at the interface of air and water. A
fish kept in water in a glass aquarinm appears larger than its
actual size. What is the physics behind such daily
observations? We call these;
The bending effect of light as it passes from one transparent
medium to another is refraction of light.
Consider the rectangular glass slab depicted in the following
Ulustration,

cations to avoid
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Rectangular
gliss slab

Dhrection of
“sl  onginal ray

S AlR

Fig: 13.8
¥ b silP Refraction of light
Norisal & through a glass block
A tay AQ strikes the face PQ at an angle of incidence <& @m
As it enters the slab of glass, it takes a little bend to the right, Willebrord snell a
travelling along OB at a refraction angle of <7 The mathematics professar,
refracted ray OB hits the face SR at an angle of incidence ﬁ;‘;ﬁ:l:;zit;ellﬁa; f’f

Z¥. The emerging ray BC ¢xhibits a refraction angle of ZLe,
which causes it to deviate from the normal.

Therefore, the emerging ray BC is parallel to the incident ray
AD; however, it has been laterally displaced with regard to
the incident ray. When light emerges from a refracting
material that has parallel sides, there is a shift in the pathway
that the light takes.

STavle:13.2
The angle between ar incidence and angle of refraction and
W & of sin /JF to sin /1

The am@‘f The angle of Sin/i fsin
incidence £ refraction £r Vil
13 1.520
30 19 1.536
~ 40 25 1.521
50 31 1.487
60 35 1.510
70 39 1.493

Hewever, he did not
publish his findings. It
was only when Hugens, a
dutch physicist, published
shell’s findings that it was

called snell’s law.

Willebrord Snell

(1580-1626}

i

Christlaan Huygens

(1629-1595)



‘Fig: 13.9. Image of fish
seen due to total
internal reflection
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Conclusions

1. A ray of light perpendicular to the glass slab or along

the normal is not refracted. However, its speed
changes according to the medium.

2. Aray oflight incident at an angle to the no:
towards the normal when it enters into ax
denser medium (i.e., air to glass). Simil:
light bends away from the normal -
optically less dense medium (i.e..g]

From this activity;
The two laws of refraction are as follows:

1. The incidwm, and the refracted ray all
lieinthe s e.

2. The dex can be defined as the ratio of the
sin% le of incidence to the sine of the angle
ref n when the ray of light enters from one

iu.m to another.
For two particular refracting mediums, the ratio of the sine

angle of incidence to the sine of the angle refraction is

" constant
anﬁ = ¢onstant
sinZy
sﬁmﬁz = refractive index
sinZ¥
sin/i
sinZr
_ sin/j
ginsr
This is also known as Snell’s law.

Refraction of light is caused by a change in speed, so the
wavelength of the ray and its direction are alse changed at
the interface of two different mediums. However, the
frequency of light does not change as the color used remains
unchanged. Thus,
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Re frective Tndex— speed of light in vacuum or air

speed of light in the medium

e tefractive index of the diamond is 2.42. What iz the
speed of light in a diamond?
Solution:

Step 1: Write down the known quantities and quantities to
be found \
n=242
¢ =3x10* m/s

. O
Step 2: Write down the formula and rearrange A%aary

C
n=-

— Q)O
Step 3: Put the values and calcula
v=3x 10%/2.42 :%

= 1.24 x 10° m/s. T
Hence, the speed of light\iﬂ,@mnd is 1.24 x 10° m/s. the refractive index of a
‘medium, the greater the
113.3 chenge in speed as well
Refractive index,.a% lizsht and critical angle in some the greater bending of
. #“otransparent material light when it passes from
ol ctive | Speed of light | Critical i e gt i
' Index (X10°ms") | angle
2417 ' 125 24.4°
1.66 1.81 37.0°
: __ _ o
B (Crown) 1.517 2.01 412
Perspex 1.495 2.00 42.0°
Water 1.333 2.25 48.8°
Ice 1.309 2.30 49 8"
Air 1.0003 2.99 88.6°
Vacuum 1.000 3.00 20.0°
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SELF-ASSESSMENT QUESTIONS

Q1: When a ray of light passes through a medium to another
of different optical densities perpendicularly, it does
not change its direction. Is it also refraction?

Q2: List the physical quantities that change When&non

OCCUTS.
Q3: Which physical quantitics do not Qe during
refraction? _ﬁg

13.4 Total internal reflection
Figure 13.10 given shows an underwater reflection of a fish.
Fig: 13.10 This phenomenon is due to the total internal reflection of
2::;;::"&“:’:‘::: 11g]:.1t, This phenomemim can oceur when 'hght passes from an
optically denser medium to a rare medium. To understand
this nnique behavior of light, we have first to understand the
Ll D/ critical angle,
When a ray of light passing through in a dense medium
enters inte a rare medinm, it bends away from the normal;
Bzt Fig.13.11 (a). If the angle of incidence “£i’ increases, the
Fig: 13.11 (a) angle of refraction “£r’° also increases. For a particular value
of the angle of incidence, the angle of refraction becomes
90% Fig.13.11 (b).
The angle of incidence that canses the refracted ray in the
tarer medium to bend through 90° is called the eritical angle
If the angle of incidence in the glass is increased beyond the
critical angle, no light ray is refracted through the water to
air interface. The entire light is reflected into the same denser
Bt medium; Fig,13.11 (¢).
If a ray passes from a dense medium to a rare medium and
its angle of incidence is greater than the critical angle, the
incident ray is reflected into the dense medium, This
phenomenon is called total internal reflection.

Critical Angle

i>c

Total internal reflection

Fig: 13.11(c)
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Calculate the value of critical angle for water refracted angle
at 90°, The refractive index of water is 1.33.
Solution:
Step 1: Write down the known quantities and quantities to
be found
Zr=9¢0°
n=1.33 )
Le=? '
Step 2: Write down the formula and rearrange if necessary.. f‘ '
n =sini/ sin/r "
When light enters in rare from denser, Snell's law bec{@ i
n =sinst/ sinZi

or n =sin Z90/sinsc

n=1/sin Zc O -
sin/c=1/n @ )
Step 3: Put the values and calcula Flg:“:i: ';;;ig"ﬂc;ge of
ginse = 1/1.33 * =
sinsc =0.752 O
Ze=sin" (0.75 O
o Le=48.8° QO Total internal reflection
Result: Therefore tlcal angle of water calculated is

488" 7 Q)

Telecnmmumcatmn through optical fibers
Optical fibers consist of hair-size threads made of flexible
plastM‘ss fibers that transmit light over long distances.

. Outer cladding:
ical fiber comprises two parts, an inner Part ‘core’ opive mdex
-g&h‘ﬁ high refractive index, coated with another material
%c‘?addmg ; Fig. 13.12. When a light ray enters the fiber and with high
hits the cladding, it is reflected internally in the core as the
incidence angle i3 larger than the critical angle, even if the Lkt
. . . ) Fig: 13.13. s
fiber is bent. Light rays entering the fiber are continuously Tanabdas il
reflected at the interface between two refractive materials information through
and cover long distances without energy loss; Fig. 13.13. optical fiber
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SELF ASSESSMENT QUESTIONS
Q1: State the conditions necessary for total internal

teflection to ocout.
Q2: Why a swimmer underwater cannot see the nt@
above the water surface? K

Q3: What is meant by critical angle?

13.5 Refraction through a prism

Let us perform an activity to illustrate the passage of light
through a prism.

The lens is a plece of
transparent material such
as glass or plastic. It
focuses or disperses

L--" Angle deviation = D

the light rays using e
tefraction in such a wiay Angledeviation =7 [ § ¢} Angle of emergence
as to form an image of the
ahject. The aurvabare of
the optical surfaces
classifies the lenses, Incident beam Emergent beam
The cotivex lens
converges the rays of B c
light parallel to the Fig. 1
Sl et : g, 13.14,
pnn;:ﬁ;]i m%ﬁ;ﬁm Tracing the passage of light rays through a glass prism
through it. The concave \ Activity : . . )
leny diverges the tays -oxl 1. Fix a paper sheet on a drawing board using drawing
light if they amp pins.
P‘m‘il_"'l i b 2. Place the triangular prism resting on its base. Using
a:;sys age” WorSTar: a pencil, outline the prism.
from the focavoint 3. Draw ‘NEN’ normal to one facet of the prism AB.
a~ Suppose an angle between 30° and 60°.
4. Fix two pins slightly apart on the line PE and label
them as P and Q.
5. Look for the images of the pins at P and Q through
the other facet of the prism AC.

6. Pixtwopins at R and S to appear in a straight line as
those of the P and Q when viewed from the AC facet
of the prism.

7. Remove the pins and also the prism.

8. At point F, produce the points R and 8 meet by

extending them,
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9. At point F, produce the points R and S meet by
extending them.

10. PQE is the incident ray that is extended till it meets
facet AC. SRF is the emergent ray extended
backward to meet at peint G.

11. Now measure the angle of incidence £i, angle of
refraction Zr, and the angle of emergence £e and 2D,

12. Repeat the experiment for additional angles.

Observations

1. At surface AB, the ray of light enters and bends
towards the normal on refraction.

2. At surface AC, the ray of light bends away from the

normal as it travels from one medium to the other
medium, é

Conclusions .
The incident ray bends towards the normal when enters the
ing the

prism and bends away from the normal whil
prism. N
SELF ASSESSMENT QUESTION
Q1; What is apperture?

(2; What is difference betw
13.6 Image location by lens eguation
How a Lens Refracts Light
Consider a monochromatic ray of light traveling parallel to
the principal axis of the double convex lens. When a ray
enters a lens, Lenses refract the light at each interface, i.e. air
5-to'air boundaries. The net effect of the
t ray, has changed its directions. Because
of its special geometric shape, it converges the ray to the
focal point; Fig. 13.15.

centre and pole?

4 Convex lens
Eok: Focal point

Refraction by a Converging lens

Focal :

TN e

Converging of the ray of monechromatic lisht parallel to the
principal axis.

ﬁ Do You Know!

o
!_'ﬁncave lens: Incident
rays traveling parallel to
the principal axis refract
through the lens and
diverge in such a way will
‘never intersect. A
concave lens has a
nepative focal length and
always produces
diminished, vertically
uptight, and virtual
images,

Maonochromatic rays are

those rays which have a
single wavelength or of
single tone colour and

have the same frequency.

Exgmples of

menpchrormatic rays are

light and sodium lamps
et
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Similarly, when the rays of light that are not parallel to the
principal axis travel through the focal point approaching the
A convex lens behave like  lens, they will emerge out of the lens, traveling parallel to

a voncave lens when an the principal axis; Fig. 13,16.
object placed In the focal Refraction by a Converging lens
length Image formation by a converging lens

0 Do You Know!

All the rays originated

y__J
Incident rays which through the

from the peint of an object rays v
when they pass through Jmage Rl ?;.i“;&'gi‘,‘“ﬁ?;ﬁh
thﬂ: COuvex letis o form an Fig' 1316 to the principal axis.

n E L3

image in such a way that
they always tend to

converge on a single point.

Converging or rays of light pass through the focal point
The power of a lens
Lenses are used to converge or diverge the incident light
rays, The ability of a lens to refract the rays of light depends
on its focal length. For example, a convex lens with a shorter
focal length bends the light rays through a higher
convergence by focusing them closer to the optical center.
Similarly, a very short focal length of the concave lens will
/ cause the light rays to diverge at higher angles away from
Adiverging lens issaid o have a the focal point, The degree of convergence or divergence of
e T g it o e - Light Tays attained by a lens expresses its refractive power.
prociplaisdvmge e power of a lens is defined as the reciprocal of its focal
Refraction by a diverging lens - length, measured in meters inverse {(m™).
. The power is represented by the letter P. The power P ofa
lens of focal length fis given by
1

focal length

Power=

Incident rays traveling parallel o the  pp P=—
principal axis will re [?act through the f
lens and diverge, never inlersecting.

The SI unit of power of a lens is *diopter.” It is denoted by
the letter D. The power of a lens whose focal length is
ID=1m™,

" You always remember that the power of a convex lens is
positive, and that of a concave lens is negative.

Image Formation by lenses

o You have studied the formation of images by spherical
Dt o8 iy mirrors. How about the images formed by lenses?




Unit 13:

Geometrical Optics

The ray diagrams illustrate the formation of images by a 4

convex lens for various object positions; Fig. 13.17. l ;

You may observe in the ray diagrams that the nature, C, ‘\_il'i l'\ B C:
position, and size of the image formed by a convex lens ® 2F F 2F,
depend on the pasition of the object about points 2F, F, and AR

C. The image formed is real for some positions of the object o
and a virtual image for a certain other position. The image is 4
g P E . [; ol

either smaller, has the same size, or is magnified, depending Objoct ab liGyond 2
on the position of the object. An overview of these 4 M
observations is given for your reference in Table 13.4. 4
Table 13.4.
An overview of images formed by ray diagrams for different B F, 2':;.
positions of the ebject Ry G
Position of | Pogitlon of Size of the Al
the ebject the image image N
At infinity AtFy Extremely small ) -
] Hetween F; al'3
Behind 2F; and 2F; Small j
Same as that Q >
At2F, At 2F; the chii i
Betwnn 2Fy
and B Beyond 2F;
AtFy At infinity 1@
Between Fy | Same si ot
and O thelens | ged
Lens Equation B F, 2F,

length f cm. Such that the image is formed g cm from the

lens, then p, £, and g are related by the equation, 3
1 1 1 Ohject at f
f p q R

This equation is considered the lens equation. This equation

is applicable for both concave and convex lenses.

When applying the lens equation, it is necessary to note the

following points:

Suppose an object is placed p c¢m in front of a lens of focal 2F F \;/ .G

= All distances p, £, and g are measured from the optical Object divtance < £
center P. Fig: 13.17.

¢ All real distances are taken positively, while all Ray diagrams for the
virtual distances are taken negatively. Image formation by a

convex lens




A pinhole camerais a
simple camera without a
lens but with a tiny
aperture. The pinhole
camera was invented by

Ibn al-Haytham

Ibn al- Haytham
{965-1039)

A magnifying glass is
also behaves like a simple
misroscepe
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* A convex lens has a positive focal length, while a
concave lens has a negative focal leng

A boy is standing 2.500 m in front of a camera. The ¢

uses a convex lens whose focal length is 0,050 m, F'a@
image distance (the distance between the lens anéﬁ]m)
and determine whether the image is real or vi% , find
the power of the lens. %

Solution:
Step 1: Write down the known qum@ld quantities to
be found. (b

ii. P=?

Step 2; Wnte :'@ ormula and rearrange if necessary.
. 1_1
L ?

1 1

H
|Ii 1
|

values and calculate

=
H'_'.
r =
= '™
u-.l %
a b=

[~
[
1
=N
L'}

Mo
i
]
W

0.051 m

oo R
Il

,_.‘--m—tg'. !

ii.

0.05
P= 20 Diopter

Result: Here the image distance is positive, so the image
formed 15 real and inverted on the film at the focal point of
the lens. The power of the lens 15 20 D,

Uses of Convex lenses

Have you ever seen watchmakers using a small magnifying
glass to see tiny parts? Might you have touched the surface
of a magnifying glass? Is it a plane surface or curved? How
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does it work? Now we discuss applications of lenses in some

optical devices. IFYING

The Magnifying Glass G

A mapnifying glass is a thin converging lens that can be used F {:
to make objects look bigger.

Figure 13.18 (a} below shows how the word (Magnifying Flg: 13.13“(’:?"
Glass) is placed such that object distance is less than the A magnifying glass
focal length, i.e., p<f. enlarges. the letters

If the object is placed closer to a convex lens than the focal

length, the rays never tend to meet at a point. Instead, they j S@\\
appear to come from the position behind the lens. The image

produced is upright and magnified. It is a virtual image ™" ;:m “\JN&,
because no rays converge to form it, so it cannot be obtained =iy ;

on a screen; Fig, 13,18 (b). This type of use, a convex lens, Eye
is often called a simple microscope. Fig: 1?‘“ ()

)y The ray‘dl?gram of n
A camera uses a convex lens to reproduce a inverted, i
and small image on photographic fi is placed on the ®

back inside the diaphragm.

While the photograph is taken, the lens is moved in or out to
focus the adjustments from the film. The shutter opens and |
shuts quickly to allow a small amount of light through the
aperture into the camera. The photo-sensitive film is kept in
darkness in the diaphragm until the shutter opens.

A distant object requires the lens to film distance equal to the

Fig: 13.19.
The cross-sectional

focal length of the lens. A nearer object requires the lens to view of a simple
film distance slightly mere than the focal length of the lens; cAIneTA
Fig. 13.19,

Many cameras have automated focus setting adjustments. . sic
More inexpensive cameras usually have fixed adjustments =~ mivor o
The Projector q._q AR
_projector uses a convex lens as a projection lens and pair & N ] 1 q'l e

'of condenser lenses to produce a large, inverted, and real @& ¢!l
image O a screen. Condenser Pm'a:tinn.
In the projector, an object or a film is positioned between f  lens o
and 2f from the projection lens. A concave mirror is used to :

: i Fig: 13.20. The
reflect the light from the lamp onto a pair of condenser lenses = "

ik . gram of
so that the light from the lamp is concentrated on the film or the slide projector

Image on Screen
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slide, illuminating it evenly and directing it through the film
(object) to the projection lens; Fig, 13.20, The image formed
on the screen is inverted, real, and magnified.

As the image formed is inverted, mmst turn the film must
upside down to maintain an upright picture on the screen?
Move the lens from the screen to obtain a large image. The
lens is moved forward or backward tc get a sharp picture on
the screen.

The photographic enlarger

The photographic enlarger uses a lens to produce an
inverted, real, and ma.gmﬂ of the film on
photograph paper.

An enlarger is a speciali

zed tr arency projector used to
produce  photographic (prints from glass negatives
or transparencies or microfilm. The photographic enlarger
wotks on the same prmmplc as a projector. In the case of the
enlarger, object is placed at a distance greater than F but less
than 2F. In this way, we get an inverted, real, and enlarged
image, as shmgs:n in Figure 13.21,
SEL ESSMENT QUESTIONS:

Fig: 13.21. The Q t is difference between real and virtual image?
schematic diagram of a e power of the lens is reciprocal of its focal length.
photographic enlarger What does it mean?
r—— )JS: Why the film in the projector needs to be placed
upside down?

Q4: The concave lens is also considered to be the
diverging lens. Explain why?

Q5: A convex lens behaves like a concave lens in which
condition?

Q6: Find the image distance for an object placed 20¢m in
front of a convex lens with focal length 17cm.

13.7 Resolving power and magnifying power
Resolving power:

The resolving power is usually taken as the smallest distance
at which two points can be seen as distinetly when viewed
through the optical instrument. The greater the resolving
power, the smaller the minimum distance between two
points or lings that can still be distinguished, For example,




we use a high resolving power microscope to see tiny
organisms individually and a telescope to view distant stars
separately in the sky.
It is defined as a measure of the ability of an optical
instrument to form separable images of close objects or to
separate close wavelengths of radiation.
Magnifying Power
Magnifying power is usunally taken as the apparent increase
in angular size of an object when viewed through a
microscope, telescope, or binoculars, compared with the
direct view of the same object with an unaided eye. The
greater the magnifying power, the enlarged image of the
ob]ect that can be visualized. For example, we us&ghe
mlcroscope of magnification 100, and then we cams&g gﬁfe
image of that object 100 times bigger. A ma hpwer
or magnification of, say, 100 is often referred to g;_ﬁpower
of 100 and written as x100. Tt is a dimensienless number,
For an optical instrument;
Magnifying power is defined as the ratio of the image size to
the object size.
Magnification = Size of i 1magc / $ of object

M = size of nng of object

M-
SELF ASSESSMEN %ONS
Q1: Define the te 1g pOWer.
Q2: Define the tefm magnifying power?
13.8 Micmscngil
Microscopy is the field that uses microscopes to view

objeuﬁmmmt be seen with the unaided eye.

In optical instruments, the phenomenon of angular
magnification is mainly used to see the magnified images of
the objects. Now we discuss applications of angular
magnification in some optical devices.

Simple Microscope

A simple microscope uses a convex lens to produce
magnified images of small objects.

The object is placed nearer to the lens than the focal length
to produce an upright, virtual, and magnified image. It is also
called magnifying glass.

The apparent size of an
object perceived by

eye depends on the an
the object suht lg fron

oo & satme
t positionsd ata
distance, Thus,
that subtend large
angles from the eye
) appesr larger because
they form larger images
on the reting, For
example, the tree appears
amaller if vou mave away
from it.

The near poitit of the eye
is the minimum distance
1o which one can see the
objects distinetly
without strain. It varies
from person to person
with age. For a normal
human eye, it is 25 cm,
The far point of the eye
is the maximum distance
10 which one can see the
objects. The far point of
the notmal human eve is
infinity,
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/*'\ Magnification by simple microscope

 Let 8obe the angle subtended at the eye by a tiny object when

W‘ ', placed at the near point of the eye. If the object is brought
|} ~ closer to the eye, the angle will increase and become 6, but

the eye can not see it. To see the object, we place a convex

lens between the object and the eye within the focal length

= \ so that the lens makes a magnified virtual image of the object

I

=
==}

at the near point of the eye; Fig. 13.22. The magnifying

wsel| pOWET, in such a case, will be:
b _.' { M = B_l
i) 8,
It can be shown that the relation gives the magnifying power
B d 25(em)

Object

(il mesr podint)

M=—=1+—=1+——*
8, s i
. Where d is the near point of accommeodation, for a normal
h"ﬁ ')/% : human €Ye, it is 25 cm. This relation indicates that a lens of
L ;f im 3 shorter focal length will have the greater magnifying
yect i
{al fear paint) ol pDWBI.
ITage Compound microscope

{not sl e point II.

Ac @; pund microscope is an uptright microscope that
i & two sets of lenses (a compound lens system} to obtain
W d ——she] higher magnification than a stereo microscope.
fes—E—— The objective lens has a shorter focal length, f,, than the
Fig: 13.22(a) Image focal length of eyepiece, f.. It is used to study the structure
produced on the Tetina of small objects.

E::;: ;:::::;ﬁtﬁh : Magnification l_)y compound qlicroscnpe _
baaie ks When rays of light from a point on a nearby object pass
Real through an objective lens. The objective forms a small image
% o 11 on the inside focal point of the eyepiece, This image
behaves as an object for the eyepiece, and the larger image
I is formed at the near pomnt of the normal human eye;
Fig. 13.23. This final magnified virtnal image makes an
angle 81 at the eyepicce.

The magnification of a compound microscope is given by

Mk[lm)

Ohject

: 13.23. fs f
diagram of a Where L is the length equal to the distance between the

componnd microscope
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objective and eyepiece, f;, and f; are the focal lengths of the
objective and evepicce, respectively.
Uses of Microscopes
Scientists believe that a human with a normal eve and regular
vision can see the tinicst objects as small as about (.1
millimeters, like an ant or lice. To explore an even smaller
world of microorganisms, we use microscopes with high - OhF“t“’e
magnifying power and resolution power. The invention of
the microscope allowed scientists to see cells, bacteria, and
other smallest structures that cannot be seen with the unaided ob
eye. Microscopes gave them a direct view into the unseen
world of extremely tiny objects, :
SELF-ASSESSMENT QUESTION: '
Q1: Explain the near peint of accommeodation of i

a normal human, Fig: 13.24, Mechanieal
Q2: Give the working principle of the optical microscopes? parts of a compound
Q3: How does magnification of a simpl -@ ope relate microscope

to the focal length?
Q4: What is the difference between simplemicroscope and

compound microscope? \L

Small
object iw: lens

MNarrow \-IC‘W

eycplc:u:
13.9 Telescope

The telescope is also an optical instrument that uses two Im'lsy
convex lenses, the objective-and the eyepiece. el A7 o
The objective lens has a larger focal length, fo, than the e

eyepiece, which has a focal length, f.. Telescopes 7

are helpful be_ggu %ﬁ can gather far more light than the Fig: 13.25. Mechanieal
human eye. It is used to form magnified images of distant parts of a refracting
objects. telescope
Magnification by telescope e

VS

When parallel rays from a point on a distant object pass  from

through the objective lens, a real image I is formed at the Jiont Objective _
facal point £ of the objective lens. This image behaves as an P G
object for the eyepiece. The eyepicce forms a magnified
virtual image 7> a considerable distance from the objective
lens; 13.26. This enlarged virtual image makes an angle 8i
at the eyepiece.

The magnification of a telescope is given by the formula
M= é Fatal image
- f Fig: 13.26. Ray
£

diagram of a telescope
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Uses of Telescopes
How far the human eye can see it depends on how many light
particles a distant object emits, Telescopes are used to

( m collect and focus the light towards the eyepiece. Telesc

& _ have extended our sights to the universe. Earlier tel

Length of Astronomical  rovoqled that Earth was not the center of the Anb
telescope given by : -

fotfe

They also showed mountains and carters on then

discovering planets around the stars.
there. In the future, telescopes will answer us, are we living-
being alone in the vniverse?

SELF ASSESSME STIONS

Q1: Distingush b a compound microscope and a

telescope?
Q2: Ho copes helpful to us to explore the
univ

13.10 "The human eye and defect in vision
The buman eve is one of the light-sensitive organs. It enables
us to see the beautiful world and the colors around us. The
~human eye uses a convex lens system to form a real,
inverted, a small image of an object on a light-sensitive
Fig: 13.27 Anatomy of  gcreen called the retina. The eye lens is comprised of a

% normal eyp fibrous, jelly-like material; Fig, 13.27,
The curvature of the eye lens can be adjusted to some extent
by the ciliary muscles that change its focal length. When the
muscles relax, the lens becomes thin. Thus, its focal length
increases. This refractive effect enables us to see distant
_ objects. When vou look at objects closer to the eve, the
Gm muscles contract. The eye lens then becomes thicker. Hence,
- : the focal length of the eye lens decreases. This refractive
gﬁfmﬁdhg{? effect enables us to see nearby objects clearly.
megapixel mngeande ~ Defects of the eye and their correction by lenses

frequency of 16Hz, For many people, changes in the shape of the eye lens are
not enongh to produce a sharp focusing image on the retina.
In such conditions, the person cannot see the objects
distinctly and comfortably.
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There are mainly two common refractive defects of vision.
These are (i) short-sightedness and {(i1) long-sightedness.
The use of suitable spherical lenses can correct these defects.
Let us discuss these defects and their correction.

Short sight or Myopia
A person with short sight can see nearby objects elearly but
cannot see distant objects distinctly.

A person with this defect has a far point nearer than infinity,
Such a petson can see clearly up to a distance of several
meters. In a short-sight ¢ye, the image of a distant object is
formed in front of the retina and not at the retina itself. This
defect can be noticed when the lens 1s not thin enough to leok

{c) Comection for m}rul:-bi;

at distant objects. So the rays are bent inward too much and

converge before they reach the retina, Fig: 13.28. (a) The far
By placing a concave lens or contact of appropriate power in point of an eye of a
front of the eye. A concave lens of suitable power; normal person (b}
Fig. 13.28 will bring the image back onto the retina, and thus short-sight eye (c)
can correct the defect. serreeiion of durt-
Long-sight or Hyperopia WAL e

A person with long sight can s objects clearly but

cannot see nearby objects distin

A person with this defect has a nearer point farther away
from the near-normal point (i.¢., 25 cm). Such a person has
to keep reading material bevond 25 ¢cm from the eye for
comfertable reading. In a long-sight eye, the image of a
nearby objectis formed behind the retina and not at the retina
itself. This defect can be noticed when the lens is not thick
enough to look at close objects. So the rays are not bent
inward enough. The light rays from a close-by object are
focused behind the retina.

By placing a convex lens or contact of suitable power in front
of the eye. A convex lens of suitable power provides the : . _
additional focusing power required for forming the image on ¥ &

the retina; Fig. 13.29. Thus the defect can be corrected. Carrection fox hypermetiopic eye
Fig: 13.29.
SELF-ASSESSMENT QU'ESTIONS‘ {x) Near-polnt of an eye
Q1: Why near-sightedness (myopia)makes far-away  of a mormal person
objects look blurry? {b) long-sight eye

Q2: What is the most common treatment for refractive  (c) correction of long-
error of long-sight? sight eye
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E/ SUMMARY

A highly polished surface reflects the Light. '@ N
The incident ray reflected ray, and the normal to the reflecting surface all lic in

the same plane. This phenomenon is called the first law of reflection.

The angle of incidence is equal to the angle of reflection (i.e., £i= /7). This is

the second law of reflection.

Some uses of a convex mirror are sunglasses, rearview,
Some applications of concave mirrors are reflectors, con
cookers. N
The driver uses concave or rearview mirrors to view an upright, smaller, and
full vehicle image. %

The dentist uses a concave mirmor to 6@ tooth is larger and if there i1s any

ots, and shaving mirrors.
ing of light, and solar

infection or germ attack,
A ray of light incident at an angle t0 the normal bends towards the normal when
it enters an optically denser medinm.
A ray of light bends away 1.the normal when it enters a rear medinm.
The angle of incidence anses the refracted ray in the rarer medium to bend
through 90° is called the critical angle.

ncidence in the denser material is beyvond the critical angle, the

ses are used to converge the light,

“ongave lenses are used to diverge the light.

power of a lens is the reciprocal of its focal length.

he magnifying glass uses a convex lens to produce an upright and magnified

image to see the tiny object.

The camera uses a convex lens to reproduce a small, inverted, and small image
on photographic film.

The projector uses a convex lens as a projection lens and pair of condenser
lenses to produce a large, inverted, and real image on a screen.

The photographic enlarger uses a convex lens to produce an inverted, real and
enlarged image of the film on a photo paper.
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The resolving power of an optical instrument is a measure of the ability to form
separable images of close objects or to separate close wavelengths of radiation.
The magnifying power of an optical instrument is the ratio between the appar@
size of an object and its true size. {
The compound microscope is an optical instrument that uses two convex lenses,
used to investigate the structure of the tiniest objects.

The telescope is also an optical instrument that is used to form'magnified
images of distant objects.

The human eye is a light-sensitive sense organ. >

The short-sight person can see nearby objects ¢l y‘b& ot see distant
objects distinetly. X

The short-sight defect can be corrected by placing a concave lens or contact of
appropriate power in front of the eye, ‘ﬁ
The long-sight person can see distant obj &

objects distinctly. @:@

Iy but cannot see nearby

The long-sight defect can be corre cing a convex lens or contact of

appropriate power in front of the eye.
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+*+ CONCEPT MAP

Geometric Optics O
I &

v ¥ ~
Reflection of light Refraction of light
¥ 4
| v } !
Tu_ml internal Spherical Dispersion of T
reflection Mirrors light
| ] ' '
e Spectrum of, :

)ptical fibers 5 ; 5
Optical fibers Uses light Microscopy
' '
Applications ainbow Uses

~ 1
N Prism

el (NS Multiple Choice Questions (MCQ)s)
Choose the correct answer from the following choices:

1. Inaconcave mi Wimage size depends upon
{a) Size 0 %ect {b) Position of the cbject
{c) Area covered by the object  (d) The shape of the object

2. Inth norm: | human eye, the image is formed

In from of the retina {b) Behind the retina

& the retina (d) In between lens and retina

3. /When a light ray enters from a denser medium to a rare medium, it bends

a) Perpendicular to normal (b) Parallel to normal
" {¢) Toward normal {d) Away from normal
4. In a compound microscope, as compared to an objective, the eyepiece lens has
a focal length
(a) Zero (b) negative
(c) Small (d) Large

5. When the angle of refraction is 90° and the refractive index for water is 1.33,
the critical angle is

(a) 48.8° (b} 49.1°

(c) 50.0° {(d)s1.0°
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. To view dim stars, we use

(a) Compound microscope (b} Simple microscope
(c¢) Endoscope {d} Telescope
7. The human eye acts like a
{a) Camera (b} Projector
{c) Telescope (d) Microscope
B. A magnifving glass forms an enlarged
(a) Real and upright image (b} Real and inverted \0

(c) Virtual and upright image {d} Virtnal and inverted
9. The entire light is reflected into the same denser medium, Which is called total

(a) External reflection (b} Internal reflec '

{c} External refraction (d) Intemal refractio:

10, In the optic fiber, the core is made of glass orp relatively
(a) Zero refractive index {b) Highrefia ctwe index
(c) Low refractive index {d} i ractive index

11. A magnifving glass is also called
{a) Endoscope _ pound microscope
{c) Simple microscope 7 L.{dyTelescope

12. The defect in which the i 1mage is forr ed beyond the retina is called,

(a} Long-sightedness I " {b) Short-sightedness
{c) Blind spotting {d) Image defect

13. The short-sightedness can.be corrected by using.
{a) Convex glasses. {b) Convex mirror
(c} Concavean

{d) Convex glasses
14. Lenses form i

{(a) Dispr ersi {b} Refraction

{ ) (d) Reflection
15. To inate the inaccessible places in the tooth, dentists use
a} Concave mirror (b} Convex mirror
Convex lens {d} Concave lens

et ol RS tructured Questions

1. a. What do you understand by the term reflection of light?
b. Outline a diagram to illustrate reflection at a plane surface,
¢. Describe the following terms used in reflection:
i. Normal fi. The angle of incidence  fii. The angle of reflection.
d. Also, express the laws of reflections.
2. Name the type of mirror used in the following situations.
4, Side /rearview mirror of a vehicle,
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b. To locate the blind spots on roads of the hilly side.
¢. Dentist mirror.

Support your answer with reason.

3. a. Define the refraction of light. C
b. Outline the passage of light through a parallel-sided glass slab. &
. Define the following terms used in refraction: ) O
i.  The angle of incidence ii. The angle of refraction.
Also, express the laws of refraction. ) %
4, a. What do you understand by the refractive index of a material:
b. Cite experimentation on how you can determine the tive index of a
parallel-sided glass slah? ;
€. Which physical quantity remains unaffected when 1 Hon of light ocours?
5. a. What is the glass prism? w ¥
b. Describe the passage of monochromatic Light rays through a glass prism.
€. Suppose a ray of light approaches th ce of the prism. What happens
when it enters the glass at the angl f
i.  0%with the normal
if. 30° with the normal. A terms of its change in the quantities of
frequency, speed, irecti
6. 8. What ig the lens?
b. What happens if a light ray parallel to the principal axis enters a convex lens?
¢. The convex lens isicot dered a converging lens. Explain why?
d. Describe the p Fa lens and its units
7.  a. Define criti
b. What do i ersta:nd by the term total internal reflection?
¢. State the conditions required for a total internal reflection.
d. Giv > practical examples of a total internal reflection in everyday life.
8. Dete ¢ the critical angle of light in a diamond? The refractive index of the

“diamond is 2.41.

hat are optical fibers?

«b. Describe how total internal reflection is used in an endoscope?
a. Draw the ray diagram of a magnifying glass.

b. How can vou use a thin converging lens as a magnifying glass?
¢. Give the magnification of magnifying glass.

. With the help of a ray diagram, give the magnifying powers of the following

optical instruments:
i,  simple microscope or magnifying glass
il. compound microscope

ifli. refracting telescope
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12. a. What is meant by the terms?
i. short-sight, and ii. long-sight
b. How can these defects be corrected? C
i.  short-sight, and ji. long-sight {
¢. Why is a normal eye not able to see the objects put closer than 25 cm?

e N (O Numericals

1. A thumb pin is positioned at a distance of 15 ¢m from a convex mirror of a focal
length of 20 em. Determine the position and nature of the image. (8.57cm)

2. An image of a specimen appears to be 11.5 cm behind a concave mirror with a
focal length of 13.5 em. Find the specimen's distance from the mirror. (6.21cm)

3. A convex mirror used for rear-view on an automobile has a radiug of curvature of
4.00 m. If a bus is located at 5.00 m from this mirror, find the image’s position,

nature, and size. (1.428m)
4. An object is placed 15 cm away from a converging lens of a focal length of 10 cm.
Determine the position, size, and nature of the image formed. (2cm)

5. A concave lens of focal length 20 em forms an image 15 cm from the lens.
Determine the power of a lens. Also, how far is the object positioned from the lens?
{0.05¢cm)
6. The angle of incidence for a ray of light from air to water interface 1s 40-. If the ray
travels through the water with a refractive index of 1.33, calculate the angle of
refraction. (28.8%)



Students Learm‘ng Outcomes (SLOs) B ( A smelt¥an de Graatf

9 After learning this unit students should be able to getierators arc used for
r Describe simple experiments to show the production and soignos education in
detection of electric charge, _ Whuf’ls o colleg!as =
Demonstrate the existence of different kind ofcharges. elplﬂm the bebavior of
Deseribe experiments to show electrostaticcharging by indugtion. mt_m chﬂrfu’e_s_by
State that there are positive and negativecharges. ! pforming sEisifes s
Describe the construction and workingprinciple of electrgscope. 5 areale "hghm’_ng" By
Detect the type of charge on a body using anelectrogcope. make f_’e"f’le's ha“ stand
Demonstrate that like cha:rges repel each other andamlike up. A girl teuching Van de
charges attract each other using an electrostope, Graaff generator st the
State Coulomb’s law, American Museum of
Solve problems on electrostatic charges by Usifig Formula Science and Energy. The
F=kqq2/1s. charged strands of hair
Define electric field and electric fieldintensity. |  repel each other and stand
Sketch the electric field ]mes for an isolated +ve and —ve : out from her head
point charges,
Solve problemns uging s FE=F/q’.
Describe the concept: !:if electrostatic potential.
Define the unit “volf’.
Describe potential difference a8 energytransfer per unit charge.
Describe fone ﬁtuahon in which static electricity is dangerous
and the precguuons taken to ensure that static electricity is
discharged salely.
] éscn"he the use of electrostatic charging

{e.g spraying of paint and dust extraction).
&cribe that the capacitor is charge storingdevice.

‘Define capacitance and its unit.
Explain importance of effective capacitance ofa number of
capacitors connected in series and in parallel.
Apply the formula for the effective capacitance of a number of
gapacitors connected in series and in parallel to solverclated
problems

#  Ligt the use of capacitors in various electricalappliances.
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In this chapter, we will discuss the various characteristics

of static charges, such as their electric force, electric field, (

and electric potential, among many other things.

" _— . " Electric charges at rest
Additionally, several applications of static electricity as Bovibon hﬁmm
well as precautions against its use will be covered. The longer than elec

study of charges while they are not moving is referred to cutrent

as electrostatics or static electricity. -
14.1 Electric charge (m

Charge is a basic characteristic of matter that causes
glectrical processes, Charged particles are found in most  th electricity comes

materials. Protons and electrons have opposing umit lektron’, the Greek
for amber.currents.

charges. Neutral atoms have the same number of electrons

and protons.

In the 18th century, Benjamin Franklin e:xpemnenteﬂ

charges. Franklin was the one who came up with -: Chﬂrge introduced by
# e, (13 "
"nositive” and "negative” to describe the two distincttypes Benjamin Franklin
o, {1706-1790)

of electricity, He also used a lute's
electricity from stormy clouds.

Electric charge is a fundamental feal of ‘matter that is
carried by some elementary particles and governs how the
particles react to an electric or field. The charge

is a scalar quantity with the ¢ b as its SI unit.

Like charges repel each other

@@~
5\3

Fig: 14,1 Electric charge
Production of electric charge
When we comb our hair with a plastic comb and then

; i : Fig: 14.2
bring it close to small pieces of paper, the comb will Simple;gtaﬁc eiiila
attract the paper pieces to itself as shown in figure 14.2. experiment with hair

comb
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In the same way, rubbing amber with silk causes it to
attract the small pieces of paper as shown in figure 14.3.
The electric charges that are imparted to things thm
the process of rubbing are the canse of the propem&b\
attraction and repulsion that are exhibited by, dﬁiprent

types of matter.
The ambes rehnedwin A static electric charge can be generated by rubbing
S s bont i together two neutral bodies. The erpfm%nts below
pieces of paper demonstrate that rubbing can generajé f%j’ﬁlshnc‘t forms
of electric charge.
Activity

Take two plastic rods. One of them should be suspended
vertically as shown in figutre 14.4 (a). Both rods should be
,&/ rubbed with animal ﬁm;gﬁdbnng them close to each other.
> Plastic ™~ In result we observe that the both rods have a repulsive
Fig: 14.4 (a) p

i e M i effect on each/other as shown in figure 144 (b). It
indicates ﬁ@;‘t& Tods were charged as they were being
rubbesl

One repeat same activity by taking two different
/ 10 n is of plastic and second made up of glass. Rub

Rods that have not
been rubbed
Plastic

Plastic rubbed
with wool

sl ! the ‘glass rod with silk and in similar way plastic rod
Fig: 14.4 {';_}“_. El%ﬁd with animal fur, When we hﬂﬂg the glaSS rod that
as been rubbed with silk close to the plastic rod that is
suspended in the air, we notice that the rods attract each
other Fig. 14.4 (c).
We observe that in the first part of activity when we take
both rods made of plastic were rubbed with fur repel each
\! gty other. As a result, we are going to make the assumption
Fig: 14.4 (,:) that the charge on both rods will be of the same kind.
Glass rod attracts plasticrod  In the second part of activity, the rods are different from
one another, and the fact that they are atiracted to one
another suggests that the charges on the rods are not of the
same kind but of opposite nature.
Positive charge and negative charge are the traditional
names given to these different types of electrical charge.
The act of rubbing causes a transfer of negative charge

Plastic rods repel each other

ig: 14.4 (d . .
At inmﬂid dmflge, forces ItOM onhe object to another as it moves from surface to

are decreased surface.



The results of these experiments lead us to the following
conclusions:

1. Charge is a fundamental property of a material body
that determines whether or not it attracts or repels
another object,

2. Two distinct types of charge are produced by friction
on two distinet types of materials (such as glass and
plastic).

3. Charges that are identical to one another always
repel one another.

4, Charges that are not similar to one another always
atfract one another,

5. The only reliable indicator of charge on a body“is
repulsion,

Types of Charges

Electric charge, whether positive or negatlm exists in
discrete natural units and cannot be cre za,;ﬁﬂsh'(}jﬂf.tr;l
Electnc charge is a charactenstic shared by many
fundamental, or subatomic, matter.particles. Electmns for

wh,

example, have a negative char hile protons have a
positive charge, but neutrons have no charge. Expetiments
show that the negative charge of each electron has the

same magnitude as ﬂﬁ‘%ﬂé ?ve charge of each proton

charge is measured i ing units, which are equivalent
to the charge of af n or a proton, which is a
fundamental h }%Emam In the MKS and SI
gystermns, tl:né’:sJ coulomb is the mnit of electric charge. When
the current in an electric circuit is one ampete, it is defined
as the amount of electric charge that flows through a
cross-section of a conductor in one second. A coulomb is
made up of 6.24 x10'® natural units of electric charge,
?ﬂ;ﬁ as single electrons or protons. According to the
definition of an ampere, the eleciron has a negative charge
of 1.602176634x10~"° coulomb.

Metheds of charge formation

There are three methods of formation of charges on a body
as given below:

1. Induction 2. Conduction 3. Friction

Bbge studmls o
zlow link for

kp tic electric charge
si/fwww.youtube.com/

watch?v=Vrh5FeGUTIA
&ab channel=FuseSchool
-GlobalEducation

r,-..—,_
E) oo o oo

Like charge repel and
opposite attract by
“Charles Dufay”

11698-1739)




Encourage students to
visit below link for
Electrostatic induction

https://www.youtube.com/
watch?v=w80djqIZyBg&a
b_channel=Simplylnfo

SEZIZ

¥ Proton composed by
two up and ene down

cuarks.
# MNeutron composed by

two down and one up\

quarks, ‘\

Quark | Symbol | C -
Up &
1
3

\Q
u+u+d
_+%— Lo
\ P=(2+§_ l)e
P=(%)e
P=e
P =1.602176634x10-1%C
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Induction: It isa charging method in which a neutral
object is charged without actually touching another
charged object

~
Conduction: It is charging by contact where ch r6-i8
transferred to the object. N\

Friction: The imbalance of electrons and can be
easily created by fraction when two obj bing over
one another. This process of charging is ¢ charging by

friction.

SELF ASSESSMENT QUE (g;'
Q1: Why proton having positive e?
Q2: Why neutron having neutral (zero) charge?

Q3: What causes ele ges?
Q4: How many ds used for formation of

charges?
14.2 ElectrpStatic Induction .
The forma f a charge through the influence of a

nearby charged object, rather than the actual object, called
elec induction (Here induction means to influence
ontact).

Electrostatic charging by induction.

Tn this section, we'll look at charge transfer through
induction with a negatively charged item. Consider two
metal spheres A and B, which are touching in the
illustration, Take a rubber balloon that is negatively
charged. When we put the charged balloon close to the
spheres, the repulsion between the balloon's electrons and
the spheres causes electrons in the two-sphere system to
move away from the balloon. Following that, electrons
from sphere A are transported to sphere B. As electrons
migrate, sphere A becomes positively charged, whereas
sphere B becomes negatively charged. As a result, the
entire two-sphere system is electrically nentral. As
depicted in the diagram, the sphereg are thenh separated
using an insulating cover such as gloves or a stand
(avoiding direct contact with the metal), When the balloon
is removed, the charge is redistributed throughout the
8.+ agi] ot betsaulli 28 290madqe
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Fig: 14.5 Electric Charge O T
When a negatively charged balloon is introduced close to ; :

the sphere system, the electrons in the sphere are forcedto ~ » Tribo ﬁb‘?ﬂ'ﬂﬂ is
go away due to repulsion. As electrons migrate, sphere A PHuc

becomes totally positive and sphere B becomes ; u?a f;pt'charga in

completely negative. of current
SELF ASSESSMENT QUESTIONS: 57 a=Lt
Q1: What 13 tribo electric field? b ¥ (harge are quantized,
Q2: Can a charge body attract neutral body? d finding by

14.3 Electroscope s

In 1600, British physician William Gilbert constructed the
first electroscope with a pivoting needle, called versorium.
An electroscope is a scientific instrumen @ detecting the
presence of an electric charge on a.body.

Electroscope detects test charge based on Coulomb
electrostatic force. Because the electric charge of an item
is proportional to its capacitance, an electroscope may be
thought of as a mdimentary kind of voltmeter.
Quantitative measurement of charge is performed with an

electrometer. + .
+
\f
+
+

Flg: 14.6
William Gilbert
{1544-1603)

\ ]
| .
|
| I '

Fig: 14,7 Electroscope



Fig: 14.9 (a)

Fig: 14.9 (b)

Fig: 14.9 (c)
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Construction and working of the electroscope.
The operation of an electroscope is based on the atomic
structure of elements; charge induction, the internal
structure of metal elements, and the concept that simila
charges repel each other while unlike charges attract, eac
other, These four concepts form the _bq,,gitg )
electroscope's working prmmple

Gold leaves—]

Fig: 14.5 8c
An electroscope
metal leaves on

iagram of eleciroscope

~metal detector knob on top and
onnecting rod. When there is no
¢ metals' leaves are allowed to hang.
with a charge is brought near an
ne of two things may happen.

arges attract electrons in the electroscope's

es the leaves to have a transient positive charge, and
gimilar charges repel, the leaves split as illustrated in
ﬁgure 14,9 (a). When the charge is released, the electrons
return to their normal places and the leaves relax figure
14.9 (b).

When the charge is negative, the electrons in the
electroscope metal reject and migrate toward the leaves.
When the leaves are temporarily negatively charged, they
split once again because opposite charges repel one
another figure 14.9(c). If the charge is removed, the
electrons return to their original location and the leaves
relax.

An ¢lectroscope reacts to a charge by moving electrons
into or out from the leaves. In both circumstances, the
leaves separate, The electroscope cannot tell whether a
charged item is positive or negative; it just detects an
electrical charge.
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SELF ASSESSMENT QUESTIONS:

Ql: When a charged body is brought near an
electroscope, what happens?

Q2: How can we charge an electroscope?

Q3: Which device is used to detect whether an object
is charged?

14.4 Coulomb’s law

A French physicist Charles Augustin de Coulomb in 1783

coined a tangible relationship in mathematical form

between two bodies that have been electrically charged. . $a
The force causing the bodies to attract or repel each other % &
which is known as Coulomb’s law ot Coulomb’s inverse- ¥

square law, Fig: 14.10

This law states that Two point charges

The magnitude of electrostatic force of attragtion or  separated by distancer
repulsion between two point charges i y

propottional to the product of magnity i ; arges and
inversely proportional to the square @i the distance
between them.
Congider two point charges gz which are (1)
distance a part, than accordin omb’s law.

Fe gy, ...(14.6

and me:ri2 ‘\@

By combining the ugtion (14.1) and (14.2)
F @% OR F =K% (14.3)
I
Where k is EB& constant of proportionality

Fi 1 q4, £ Its called permetivity

- of free space and read as
4me o “Epsilon Naught”

L:sygxw?N—mﬁcz

K 29.0x10°N-m2/C?
& =8.85x 10 2CI/N-m?



=}

visit below link for
notion of charges

https://www.youtube .com/
‘watch?v=2GQTfpDEIDQ
‘&ab channel=KhanAcade
my
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Calculate the force of attraction between two point charge
of +2mC and —3mC, if they apart of 1cm.

Solution
Step 1: Write down the known quantities and g &as to

be found.
g, =2mC=2x10"C \Q
g, =—3mC=3x10C (Q%
r= b 107°m
100

Force =?
Step 2: Write down formula and rearrange if
necessary. K

F- Kdd,

) 2x10—3](3x10-3)

% 102Y

<>OF= 54><105'x1(0*" )

) 10 o
pe 54x10°% 10

4
F=54x 110{3-6 x 10
F=54x10’"
F = 54x10’
F=54x10°N
Result: The required force of attraction between two point
charge is F=5.4x10°N.

SELF ASSESSMENT QUESTIONS:

Q1: Calculate the coulombs force betwsen two protons
10cm apart from each other? Charge on proton is
1.69 x 1077 C and K = 9.0 x 10° N-m*/C?

Q2: Is there any electrostatic force between electron and

neutron?
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14.5 Electric field and electric field intensity
we know that Like charges repel each other while opposite
charges attract. Positively charged particle exerts a force
of attraction on negatively charged while exerts a force of
repulsion on positively charged particle. It is important to
remember that the second charged particle also exerts an
electrostatic force on the first one. As a result, it may be
deduced that the area surrounding the charge is constantly
under stress and exerts a force on another charge put
around it. The area or space surrounding a charge or
charged body where ¢lectrostatic force or siress oceurs is
termed electric field, dielectric field, or electrostatic field.
A region around the charged particle or object i
which a force would be exerted on other charged p
or objects.

An electric field is often referred to as the ek
pet unit of charge. ~ |

The formula of electric field is given as{’ J=™"

E=T

Q N~
N4
F is a force. @

Vo

Q is the charge. M
Changing magnetic fields or electric charges are the most
common causes 0f electric fields. The magnitude of an
electric field is expressed using the SI unit is N/C.
The force acting on the positive charge is assumed to be
pointing in the same direction as the field's direction. The
electric. field extends outwards radially from the positive
point charge and inwards radially toward the negative
point charge.
ﬁectric field lines

¢ ¢lectric field that surrounds a charge may be imagined
as the existence of a line of force all the way around it.
Electric or electrostatic lines of force refer to a system of
imaginary lines around a charged object and indicating the
stress on that object. The configuration of lines of force
around an isolated positive charge is seen in Fig. 14.11 (a).

¢ force

Whereas,
E is the electric field.

Concept of eleetrie field
given by

“"’ii‘-.’r;i‘.f;;é")’KC
N

Point charge is an
electric charge. When the
linear sizes of charged
bodies are much smaller
than the distance between
them, their sizes may be
ignored.

Test charge is
a charge with a magnitude
20 small that placing it at
a point has a negligible
affect on the fisld around
the point.

The fact that all
ohservable charges are
always some integral
multiple of elementary
charge e = L.6%1071°C is
known as quantization of
electric charge.
‘Thus q=+ ne, where
n=123,...
e=1.6x10-"C is the
magnitnde of the lowest
possible charge which is
carried by an electron and
proton.
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while the arrangement of lines of force around an isolated
negative charge 1s shown 1n Fig. 14.11 (b). such lines of
force originate from the positive charge and termma on

Fig: 14.11 {a) y
Isolated positive charge charges are near each other, such lines will'be

direction as shown in Fig 14.11 (d). thel%
"1I'cpulsmn between them.

Calculate the electric field intensity i E.’pN force acting on
3pc charge.
Solution g
Fig: 14.11 (b) Step 1: Write down wn quantities and quantities to
Tsolated negative charge be found.
F @x 107°N
q= =3Ix10°°C

s ;. Write downm the formula and reamange if
ne .
F

—~ O !
I

Force of attraction

\

q
Fig: 14.11 (¢} Step 3: Put the values and calculate
Two equale:n]ike _ Ox 107°°N
Ix107°C
] -: S % ; =3l
Force of C
repulsion N
Result: The required Eis 3—.
Fig: 14.11 (d) C
Two equal like charges

SELF ASSESSMENT QUESTIONS:

Q1: What is meant by electric field and electric intensity?

Q2: Is electric intensity a vector quantity? What will be
its direction?

Q3: calculate the force acting on a charge of 3microC,

when the electric field intensity is SN/C.
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14.6 Electrostatic potential
The electrostatic potential, also known as the electric field
potential, electric potential, or potential drop, is defined as
The amount of work that is done in order to transport a
unit charge from a reference point to a given location
within the field without causing an acceleration.

The volt is the standard SI unit for measuring electrostatic P
potential. ':m

Battery Eleg tential is
| in statvolt
S O ——s ~~
———
A
—— Conductor
E.]ectmmgmn é ?
& m"rﬂ' Electrons lo;
; ﬁowﬂnrnugh
buwatﬂ—(hal‘@ Potential conductar
difference
+ + e
Encourage students to
visit below link for

Flg 14.12 Elecirnstahc poteniial Electric potential
ergy is possessed by an object by the hetps:/fwww.youtube.com/
those being, the charge possessed  watch?v-PEcPcNMNks &
d the relative position of an object ab channel=Tactivestudio
v to  other electrically charged
magmtude of electric potential depends on
wotk done in moving the object from one

% an object is moved against the electric field it gains
me amount of energy which is defined as the electric

potential energy. For any charge, the electric potential is

obtained by dividing the electrical potential energy to the

guantity of charge.

W _ Electrical potential energy

V=—r
q Charge




_Sl unit of potential
difference and

electromotive force is
same “Volt*

T . A
Enmum ge smdents to
visit below link for
Electric potential
difference
https://www.youtube.com/

watch?v=SNIOPxZ-
Evd&ab_channel=Don%2
TtMemorise

High
potential

Low
;potential

=

Fig: 14.13
Simple example to
understand the
potential difference
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Volt:
Volt is the unit of electrical potential, potential difference,
and electromotive force in the SI system;

The potential difference that exists across a resist:
one ohm while a current of one ampere is flowin,
it.

Ttalian scientist Alcssandro_v 1

| e e s .,;' Ran

Calculate the pd of SDUmJ of ._ cdone on a 150me
charge? .
Solution }

Step 1: Write down the 16 antities and quantities to

be found.
W =300mJ
C= 150'6@

V=
Step 2:
ncccssi
. ; Put the values and calculate

_ 300mJ

~ 150mC

V =2volts
Resualt: The required voltage is 2 volt.
Potential difference:
The energy possessed by Electric charges is known as
electrical energy. A charge with higher potential will
have more electric potential energy and the charge with
lesser potential will have less electric potential energy.
The current always moves from higher electric potential
to lower electric potential, The difference in these
energies per unit charge is known as the electric potential
difference.
It is the work done per unit charge to move a unit charge
from one point to another in an electric field. Electric
potential difference is usually referred as Voltage
difference.

own the formula and rearrange if
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14.7 Applications of electrostatics.
There are many applications of ¢lectrostatics which are

given below:
# The Van de Graaff Generator, ...
» Xerography. ...
» Laser Printers. ...
# Ink Jet Printers and Electrostatic Painting. ...
» Smoke Precipitators and Electrostatic Air

Cleaning.
Spray painting:
The friction that occurs when the spray exits the nozzle
gives it an electrical charge, The droplets all have the
same charge, which means that they will repel each other .~
since similar charges repel; as a result, the droplets
disperse themselves equally throughout the surface.
Electrostatic Air Cleansing: Fig: 14,14
Electrostatic precipitators is another name for these types Spray paint
of devices. It is possible to ionise the dust and smoke
particles in the air by passing them through an electric
cell. By bringing a charged collecting plate into touch with
the charged dust and smoke particles, an attraction is
created between the two.

Pre-filter lonizer Collector A filter

o
() o vouxoon:
Capacitor also called
#Condensor”
Condenser it a term used
for a capacitor in the past.
In time the term ceased to
be used, with capacitor
turning into the most
commonly used term
from 1926. Condenser
and capacitor are one and

Fig: 14.15 Systematic disgram of electrostatic air cleansing the same viewed from
electrical perspective,

PN FTL SR ]
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14.8 Capacitor amnd capacitance
The capacitor is a simple electronic device or component
and is used to store charge. It is a system of two isolated
conductors that can store electric charge as shown in the

figure 14.16

Fig: 14.16 Symbul of caparitor

A Capacitor stores a large amount of charge per volt in a
very small area of the conductor.

Two conductors of any shape (plates) carrying equal and
opposite charges, separated from each other by an
insulating material medium called Dielectric formed a
Capacitor. Different types of capacitors categorized
according to the shape of plates as shown in figure 14.17.

X~

Fig: 14.1%
Capacitor of differemt Fig: 14. 17 Capacitor of different size and shapes

capacitance Capacitance:
m The ability of storing charges in a Capacitor is known as
Capacitance. When the Capacitor is connected to a battery
Energy of czpacitor of V volts, one plate draws positive charge and the other
finding oy; plate draws negative charge from the battery till the
E:.l(jvz potential difference between the plates also becomes V

2 voltz,
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Charge Q which resides on any one of the plate is directly
proportional to the potential difference between the plates.

Qo V

OrQ=CV

The constant C is called Capacitance of the
Capacitor and the equation Q = CV is called equation of
Capacitor.
S0,

c-9.

¥
This shows that unit of capacitance is Coul / Volt and this
unit is also called Farad because 1Farad = 1Coul /Volt.
Thus, if a charge of 1Coulomb given to any one of the
plate produces a potential difference of 1Volt between the
plates, then the Capacitance of Capacitor is said to be
1Farad.
S0, Capacitance is the ratio of the charge on one of the
conductors (q) to the potential difference (V) between
them.
Symbolically:

.

v

Capacitance — Magnitude of charge on condyctor,

Magnitude of potential difference.

Factors on which capacitance depends:

Capacitance depends on these factors:

» Area of the plate. Capacitance increases if area of the
plate increases.

Hence Cec A,

# Distance between the plates. Capacitance increases if
the separation distance between the plates decreases.
Hence Coc 1

d

# Dielectric Constant (€;) capacitance increases if

insulating medinm of high dielectric constant is used.

Hence C o« €.

O Do You Know!

If dielectric placed
between plates of
capacitor its glectric ficld
‘and electric potential will
be decrease

O Do You Know!

If parallel plate capacitor
without oil between the
plates (dielectric constant
of oil, K=2) has a
capacitance ¢. If the oil is
removed, then the
capacitance of the
capacitor becomes half




Encourage students t
visit below link for
How capacitor works

pe =y

hitps://www.youtube.com/
watch?v=5hFCug TGLs&
ab channel=NationalMag
Lab

0 Do You Know!

In paralle]l combination of
capacitor voltage same on
each one capacitor

@n:smdem-m
(Vi below link or
Jombination of capacitors
in parallel
"hitps:/www.youtube.com/
watch?v=BIPiOvXdssE&a
b channel=PhysicsVideos
byEugeneKhutoryansky
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Combination of capacitors:
For a circuit the capacitance of a desired value can be
obtained by different combination of capacitors and that
combination may be:
¥ Parallel combination
#  Series combination
» Series Parallel combination,
1. Parallel combination of capacitors:
Let suppose capacitor consists on such a combination that
positive terminal of cach capacitor is connected with the
positive terminal of the other capacitor and negative
terminal of each capacitor is connected with the negative
terminal of the other capacitor. Then the combination is
said to be Parallel combination.
If three Capacitors Ci, Ca and Cs are connected in Parallel
and further connects them with a battery of V volts then:
Ci draws charge (1, C> draws charge (3» and C; draws
charge Q. Then:

Q=Qi+Q+Qs
By applying Capacitor equation. We get:

=0V, Qn=0CV,Q=0GV,Q=CV

So capacitance becomes:

CaV=0OV+-CVHGY

CV=({Ci1+Ca+C3) V

Ce=Ci1+ G+

S0 now according to the equation the equivalent
capacitance or overall total capacitance is equal to the sum
of individual Capacitors.

1
AQ—» ¢ t
1, L L * L,
T C| C: C.a
12V == =]
E=E= ===
i 0.1pF 0.2pF 03pF
B O .

Fig: 14.19 Parallel combination of three capacitors
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| W XAl |
Find the net capacitance of four capacitors. When
capacitance of each capacitor is luF and connected

parallel.
Solution
Step 1: Write down the known quantities and quantities to

be found.
C=C=C=C=luF -

=7 Bugage studerts ta
Step 2: Write down the formula and rearrange if tbelow link for

ination of capacitors
necossary. > in series

B e G G b https://www.youtube.com/
Step 3: Put the values and calculate K A eIl

ab_channel=7activestudio
Coa =(1+ 141+ 1}uF (b

%
Result: The required capacitance becomes is' 4uF.

2 Series combination of capacitors:

Let suppose Capacitors are consists on such a combination
that positive terminal of one Capacitor connected with the
negative terminal of the other Capacitor and the negative
terminal of first Capacitor is connected with the positive

terminal of the other Capacitor. Then the combination is (m
said to be Series combination. -

If three Capacitor C1, Cz and Cs are connected in Series c?pﬁ;ig’;gb’;aémi
and further connects them with a battery of V volts. Then: fared ek b
Positive plate of Capacitor C1 draws charge HQ from the

battery ad negative plate of Cs draws charge — QQ from the

battery.

The charge +Q on the positive terminal (Left Plate) of C;

attracts free electrons from the left plate of Cz and these

free electrons are accumulated on the right plate of C.

Thus right plate of C; becomes negatively charged with a

charge — Q. in this way every Capacitor becomes charged.

If voltage acquired by each Capacitor 18 Vi, Vo, Vi by

applying Capacitor equation on Cy, Cz and Ca. We get:



Enmumge smdems to
visit below link for
Capacitor physics and
applications
https:/'www.youtube.com/
watch?v=L6cgSxpGmDo
&ab channel=HowToMec
hatronics

@tch?v—}(?‘(WCUﬂ.unY
ﬂab channel=EcoSignX
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So now according to the equation:
The reciprocal of equivalent ¢apacitance is equal to
the sum of reciprocals of individual capacitance.

C C
+q —q | |4 1 ‘—q
V. AR V.« !
Y

Fig: 14.20 Series combination of three capacitors

Uses af Capacitors:
Electrical and electronic circuits use capacitors in a broad
variety of ways. They are utilized, for instance, in the
process of tuning transmitters, receivers, and transistor
radios. Also, they are utilized to run table fans, ceiling
fans, exhaust fans, air conditioner motors, coolers,
washing machines, air conditioners, and many other
appliances {0 keep them running at a high efficiency.

It is also common to find capacitors in the electronic
citcuitty of computers and other products like
smartphones.

It is possible to utilize capacitors to distinguish between
high and low frequency signals, which makes them
valuable in electronic circuits. For instance, resonant
circuits, which are responsible for tuning radios to specific
frequencies, require the use of variable capacitors. These
kinds of circuits are referred to as filter circuits, One
capacitor may not work in all situations. In general,
ceramic capacifors outperform other fypes and can be
found in a wide variety of applications.
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E/ SUMMARY

Electric charge is the basic physical property of matter that causes it to
experience a force when kept in an electric or magnetic field.

Electrostatic induction is the physical phenomenon in which a material can be
charged without any actual contact with a charged body.

Scientific equipment used for detecting presence of an electric charge on a
body is known as electroscope.

Coulomb’s law states that the magnitude of the force between two point
charges is directly proportional to the product of the magnitndes of the
charges and inversely proportional to the square of the distance between them.
Electric field is the region around a charge in which an electric test charge
would experience an electric force.

The electric Intensity is a measure of the force exerted by one charged body
on another. It is a vector quantity and has unit of NC™.

Electrostatic potential is The amount of work needed to move a unit charge
from a reference point to a specificpoint against an electric field.

The volt is the derived unit for electric potential, electric potential difference
{voltage), and electromotive force

Capacitor is a device which is used for storing electric charges.

In series combination of capacitors, the reciprocal of Equivalent capacitance is
equal to the sum of reciprocals of individual capacitance.

In parallel combination of capacitors, the total capacitance always equals to
the sum of individual capacitors.

Electron volt {(eV): the unit of energy and is related to joule as 1 eV= 1.6(2 x
1072 T,



.
+$+ CONCEPT MAP

Electrostatics

Study of Charges at Rest |

Unit 14:

Electrostatics

|

!

l

!

E

Electric field electric lines/
electric field intensity

Applications

g

r

Electric

Electric potential

Capacitor

intensity

Inkjet printer

Series
combination
of capacitor

Parallel
combination
of capacitor

i

I

!

}

Electric potential
at a point in an
electric field

W
V=T

Electric volt fey)
s unit of
cleetrical energy

lew=)6x10 "]

Electric potential
at a point due to
point charge

e, 18
V=rp

Electric ficld as
potential gradient

_AV
Ar




Unit 14:

Electrostatics

i eSS Multiple Choice Questions (MCQs)
Choose the correct answer from the following choices:

1. Branch of physics which deals with the charges at rest is called
{a} Electricity (b) Electrostatic
(¢} Quantum (d) Magnetism
2. The magnitude of force between two unit positive charges when the distance
between them is 1m would be
{a} ON (b) IN (2) 2N (d} Coulombs Constant
3. Coulombs law most closely resembles with
{a} Law of conservation of Energy  (b) Newton’s Law of Gravitation
{¢) Newton’s 2* law of Motion (d) Faraday’s law
4, If the electrostatic force between two electrons is F Newton, then the
electrostatic force between two protons at the same distance is
{a}) ON (b) 2F (c)2/3F {d}F
5. The direction of ¢lectric force and clectric field intensity is
{a} Parallel to each other (b} Perpendicular to cach other
{c} opposite to each other  {d} In any direction

6. The work done on a unit charge against electric field intensity is called

{(a) Electric field {(b) Electric current
(¢) Electric potential {d) electric field
7. The capacitance of capacitors increases when they connected in
(a) Parallel {b) Series (c} both {d} none of them

8. Two capacitors of 8uF are connected in series then the equivalent capacitance
is

(a) % pF {b) 2 uF (c) 3 wF (d} 6 pF

9. The presence of a dielectric between the plates of capacitors, the capacitance
of capacitor
{(a) Increases {b) decreases
{c) remain constant {d) remain uncharged

10, If the arca of the paralle]l plate capacitor is doubled then the capacitance will
be

(a) Remain uncharged {b) half
(¢) Double {c) increased two times
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Explain how electric charge can be generated and measured in very simple
gxperiments.

Explain how an electroscope is built and how it operates.

State and explain the Coulomb’s law.

Define electric field and electric field intensity.

Describe the concept of electrostatic potential.

Deseribe potential difference as energytransfer per unit charge,

Provide an example of when static electricity could canse harm, as well as the
measures taken to prevent injury.

Describe how the capacitor works as a device that stores ¢lectrical charges.
Explain why it's important to know the effective capacitance of a number of
capacitors connected in series and in parallel.

10, Give some examples of where capacitors are used in different kinds of electrical

devices..

11. In what direction will a positively charged particles move in an electric field?
12. Does 4 series connection between capacitors always result in an equal amount

of charge being stored in each capacitor?

s (@B Numericals

What is the electric foree of repulsion between two electrons at a distance of 1 m?
23 x 102 N)
Two point charges qi = 5uC and q; = 3 pC are placed at a distance of 5 cm. What will
be the conlomb’s force between them? (34N)
If 2 uC charge is placed in the field of 3.42 x 10'! N/C, what will be the force on it?
(684 x 1I° N)
What is the charge on the capacitor, if a 40 uF capacitor has o potential difference of 6 V
across it? (2.4 x 107 C)
The potential difference between two points is 100 V. If an mnknown charge is moved
between thee points, the amount of work done is 500J., Find the amount of charge. (5 C}
Find the equivalent capacitance when a 4pF, 3 pF and 2 pF capacitor are connected in
series. (0.92 pF)




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

Define electric current.

Describe the concept of conventional current

Understand the potential difference across a circuit component
and name its umit

Deseribe Ohm's law and its limitations

Detine resistance and its unit.

Explain the under lying principles in the working of volume
controls of radio and T.V

Calculate the effective resistance of a number of resmtanc&s
connected in serics and also in parallel.

Diescribe the factors affecting the reslstances of "‘a:ﬁaeta.lhc
conductor ‘. At
Distinguizh between conductors and msulfbcl%s

Sketch and interpret the V-1 charactensﬁiwgmjh fora metallic

conduetor, a filament lamp and athermmtor’“

Describe how energy is dlsmpateff u@g‘;cmstanoe and explain

Joule’s law. 2

Apply the equation E= IVt I§Rt = Ttﬂ solve numerical

preblem. 3

Calculate the cost of shergy when given the cost perkWh.

Identify circnit components such as switches, registors batteries

transducers, LIMs, Thermistors and capacitors, Relays and

diodzg, LEDs, .

Identify thﬁ synlbols ‘of cirenit components and colour codes en

resistors

Construct %ple sgrics (single path) and parallel cirenits

{multiple pai

State-the functions of the live, neutral and earth wiresin the
stie main supply,

Qf‘;&i}_ﬁ the behavicer of light bulbs in series and parallel circuit

as for celebration lights.
soribe the use of electrical measuring devices like
ammeter - and  voltmeter {construction and
working principles not required).
Explain Alternating Curtent AC
Diegeribe hazards of glectricity (damage nsulation, overheating
of cables, damp conditions).
Explain the unse of safety measures in household electricity,
(fuse, circuit breaker, earth wire).
Describe the damages of an electric shock fromappliances on
the human body,

ml&s‘k&n;fo%’qfc‘iﬁr
ereless;&le&;lci‘ty is the
trangferof g power from
anﬁdcﬁapﬁn another, air
being the mediurn of
transmission. First
atternpt of wireless
power transmission wes
made by Mikaola Tesla.
In the year 1899, Nikola
Tesla first made practical
demonstrations of
wireless power
transmission. He
powered a figld of
fluorescent lamps which
wate located twenty-five
miles away from their
power source and that
too without using wires.
Explanation of
priuciples involved
Thiz demonstrates the
idea of a magnetic field
being used as a source of
electricity for a light
bulb. The tesla coil
serves as the electric
soutee, The magnetic
field that is being
emitted from the tesla
coil causes the glectrons
1o move inside the bulb,
eveninally gplitting
Teleasing energy causing
the bulls to be lit.




0 Do You Know!

Current is a tensor
quantity becanse its
having direction but not
oheys law of vector
addition.

André-Marie Ampérs
{20 Jenuary 1775 — 10
June 1836} was a French
physicist, mathematicion,

]

Electron

Conventional
flow

current

&9
Lamp
Figure 15.1

A Dircct cument

Current

Time

Figure 15.2

Alternating current

Current ‘

Time (s)

Figure 15.3
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Electricity is one of the most important branch of physics.
Electricity has many nses in our daily life. It is used for
lighting rooms, working fans and domestic appliances like
using electric stoves, air condition and more. All these
provide comfort to people. In factories, large machines are
worked with the help of electricity.

Modern means of transportation and communication have
been revolutionised by it. Electric trains and electric cars
are quick means of travel. Electricity plays a pivotal role in
the fields of medicines and surgery too such as X-ray,
ECG. The use of electricity is increasing day by day.

151 ELECTRIC CURRENT

A current is motion of any charge moving from one point
to another point. An electric current is always considered as
flow of negative charges of the conductor. An electnic
curtent is symbolized by 1 .The symbol 1 was used by the
French physicist “Andre-Marie Ampere”. The unit of
electric current (ampere} is named after him. Current
always flow in circuit or electrical system.

Electroni rrent: When cumrent flow from the negative
termi he positive terminal of battery.

C ‘n‘ﬁnnal current: When cumrent flows from the
positive terminal to the negative terminal of battery.

Equation:  I= % o [a=mne]
There are two types of electric current
i.  Direct current (DC)

ii.  Altemating current (AC)

i. Direct Current (DC)
A current that always flows in one direction only is called
direct current. The eurrent we get from a battery is a direct
current,

ii. Alternating Current (AC)
A current that reverses its direction periodically is called
alternating current. Most power stations in our country
produce alternating current. AC changes direction every
1/50 second and its frequency is 50 Hertz (Hz).
One advantage of AC over DC is that it can be transmitted
over long distances without much loss of energy.
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SELF ASSESSMENT QUESTIONS
Q1: Calculate the current if 20C charges passing through a

conductor in 5 Sec? The magnitude of AC
Q2: What is Analogue of flow of current? and DC if same so, DC'is
Q3: What is the frequency of DC? more dangero
152 POTENTIAL DIFFERENCE N\

When a charge moves through a potential difference,
electrical work is done and energy transferred. The

Potential difference is the difference in the amount of Pm 3 “ﬁ;"e_iﬂ
energy that charge cartiers have between two points in a (o o Tk
field. The potential difference can be calculated by using

the equation; W B &
Equation of electric potential difference:
AV = bk
qe e iqL.L_I P
AV=V,-V, R
VB_VA=E . ' g
da gy
It can also be calculated by the equation v e e
Potential difference is measured in volt. Volts is denoted by a, B A 1
v - i f
Volt=2oulelh T o A
Columb (C} C S
152 ELEC TIVE FORCE Fig: 15.4
The amo f required to move the charge from Potential difference
lower pomo higher potential of the battery is called

EMF(e) = SZTEY supplics (W)

unit charge (q) Production of DC is more

;%t of EMF is volt. expensive then AC

centimeter-gram-second system the ynmit of EMF 15 the
tatvolt or one erg per electrostatic unit of charge.
The (K) in the chm®s law
153 OHM’S LAW. indicated the conductance
Tn 1826, George Simon Ohm made an investigation and its unit is mho
of the relation between potential difference across a Symbol: £
conductor and the current flowing through it.
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“The cwrrent flowing through the conductor is directly
proportional to the potential difference (V) across the two
ends of a conductor, provided the physical state

In graph & independent  ryioncion Temperature, etc) of the conductor re@

term always on X — axis
and dependent term ony ~ S3ME.

— axis. Mathematically can be written as T oc V
[=KV where K is constant of proportionality called
O hmic conductance or physical state of conductor. Condnctance is

opposite to resistance. Thus (K=1/R).

I=V/R rearranging the equation

V=IR

Ohm’s Law i3 valid only for ohmic substance at a
Voltzee  given temperature and for steady currents.

V = IR where R is a constant called resistance R
depends on the dimensions of the conductor and also on the
material of the conductor. Its 51 unit is Ohm (Q).

b et Ohm’s law was found out by various experiments,
j somewhat similar to the thermodynamic laws. As far as its

Current

significance is concemed, this law is used within all
branches of electronic studies or science. The law is useful
[> Vomee i cartying out calculations such as in determining the

Current

value of resistors or the current in 4 circuit and in
measuring the voltage.

Ohm’s law Limitations
Fig: 15.5 There are some limitations to Ohm’s law. They are as
VI Graphof Obmic  follows:
and non-ohmic % Ohm’s law is an empirical law which is found true for
conductors maximum experiments but not for all.
¥ Some materials are non-chmic under a weak electric
field.

# Ohm’s law holds true only for a conductor at a
constant tempetature because resistivity changes with
temperature.

» As long as the current flows, greater will be the
temperature of the conductor.

» Heat produced in a conductor can be calculated by

Current (I} —3»

Valtage (V) —» Toule’s heat law H = PRt where I is current, R is
i :;15 15*:13'1 resistance and t is time,
characteristics » Ohm’s law is not applicable to in-network circuits,
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» Ohm’s does not apply directly to capacitor circnits

and Inductor circuits. (m
»  V-I graph of ohmic conductors is not really a straight ’

graph. It does show some variation. The devics that doss ﬂc
» The V-I characteristics of diodes are much different kng‘:r:;‘;hlﬁihw
from ohmic cond s % ] device
How mmuch voltage will be dropped across a 50 kf2
resistance whose current is 300 pA?
Solution: be, diode etc.
Step 1: Write down the known quantities and quantities to T
R = 50 k2 = 50 x 1030 N\ CE i
I=300 pA =300 x 10-6 A o ‘1)
V=7

Step 2: Write down the formula and rearrange if §®

V=IxR
Step 3: Put the values and calculate.
V=IxR

V ={300 x 10-6) x (50 % 1{}3E
V=15V |
Resuli: V=15V Thermistor

SELF ASSESSMENT w 8
Q1: The Product of resis d capacitance equal to?
154 RESISTANCE

The clectrical resistance of a circuit is the ratio
between the voltage applied to the current flowing through
it. According to Ohm’s law, there is a relation between the Vaconm tube
current flowing through a conductor and the potential
difference across it. It is given by,

w X
I

Where V is the potential difference measured across the

conductor (in volt), I is the cumrent (ampere), R is the N7
constant of proportionality, is called resistance (ohms) %
The unit of electrical resistance is ohms. \“\
R= vV 1 volt :
=1 0hm=1 Fig: 15.7
ATIpEre Resistor

Electric charge flows easily through some materials
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than others. The electrical resistance measures how much

= the flow of this eleciric charge is resiricted within the
circuit.
R (D Factor affecting the resistance
Electrical resistance is directly proportional to
length (L) of the conductor and inversely proportional to
Fig: 15.8 the cross-sectional area (A). It is given by the following

relation,
R=pL/A
where p is the resistivity of the material measured in
{im, (ochm-meter)

Symbol of resistor Resistivity is a qualitative measurement of a
AAAAA material’s  ability to resist flowing electric current.
Obvionsly, insulators will have a higher value of resistivity

i than that of conductors.

Electrical resistance is inverscly proportional to the
temperature of metallic conductor because the random
motion of free electron increased and offers more resistance
in a metallic conductor.
Uses of Resistance

Resistance is also unseful in things like transistor
radios and TV sets. Suppose you want to lower the volume
on yvour TV. You turn the volume knob and the sound gets
quicter but how does that happen? The volume knob is
actnally part of an electronic component called a variable
resistor. If you turn the volume down, you're actually
turning up the resistance in an electrical circuit that drives
the TV's loudspeaker. When you turn up the resistance, the
— glectric current flowing through the cireunit is reduced. With
. Lo You Know! less current, there's less energy to power the londspeaker—
Series Combinition of 80 it sounds much quieter.
\, Tesistors called voltage 155 SERIES AND PARALLEL COMBINATIONS

divider OF RESISTORS IN A CIRCUIT

The method of connect the electric components is called
circuit,
There are two types of circuits
{1) Senies Combination circuit
(2) Parallel Combinations circuit
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Series combination circnits:
When resistors are connected end to end such that there is
only one path for the current to flow then the combination
is called series combination.

Let suppose three resistors Ry, Rz and R; are connected in
Series, when this combination is connected to a battery of
V volts, it draws current I from the battery. Re is a single
resistor, This resistor is such that when it is connected to
the same battery of V volts, it also draws current I from the
battery. This resistor is therefore called equivalent resistor
and its resistance is called equivalent resistance.
V=Vi+V:+V;

By applying Ohm’s Law to ¢ach resistor. We have:
Vi=IRy, Va=1IR;, Va=1Ry, V=1R..

Using them in equation we get:

IR.=1R; + IRz + IRa.

IRe =1(R1+Rz+Rs).

Re=Ri+Ra+Rs

Thus equivalent resistance is equal to the sum of individual
resistance.

Advantages:

1. It's employed when a large number of bulbs or lights
need to be used at the same time.

2. Because the circuit receives less current, it is safer.

3. Because all the bulbs, lights, and appliances are
connected together, it's casier to turn them on or off.

Disadvantages:

1. Becaunse all electrical appliances have only one
switch, no single appliance may be turmed off
separately.

2. The second component of the circuit will not function
if one component is fused or quits operating.

3. Because the voltage is distributed in series or

combinations, not all of the components receive the
same voltage.

ME- M- ng
R R; BRa

Fig: 15.9
Diagram showing
three resistors
connected in series

visit below link for
Resistor in series
combination circuit

https://www.youtube.com/
watch?v=pd3RkGs| Tsg&a
b_channel=Don%27tMem
orise



——

Encourage students to
visit below link for
How to find current and
voltage of resistor in series
https://www.youtube.com/
watch?v=EsNsAZSPRAE
&ab_channel=VAM%2 P

hysics%26 Engincering

\l:‘nbourage students to
visit below link for
Parallel arrangement
ol resistors
https://www.youtube.com/
‘watch?v=BbYtMQBEYBg
‘&ab channel=Tactivestudi
o
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across each of the resistors in the circuit below. Resistors in

scries.
100 £ 400 0 200 © @
By R, By \Q;
oS
| 3 a‘
Solution:
Step 1: Write down the quantities and quantities to

The three resistors i ave a resistance Re given by
the sum of the three ances. Hence

Re= 1004 400 + 200 = 700 Q
Step 2: W 0* i the formula and rearrange if necessary.

Q the values and calculate.

v

‘1= =0.01A

70002

The voltage across each resistance is calculated using
Ohm's law as follows:

V=IR1=100x0.01 =1V

V=IR: =400x0.01 =4V

V=IRy = 200001 =2V
Result: =001 V=1V, 4V, 2V
Parallel combination circuits:
When there are multiple paths for current flow in a circuit
(as indicated in the diagram), the combination of
resistances is referred to as parallel combination. Each
resistance’s potential is the same and equal to the applied
potential.
Each resistor has a steady current flowing throngh it. In
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homes, the parallel combination is used for wvarious
domestic appliances, each of which has its own switch that
may be turned on or off as needed.
Let suppose three resistors Ry, R> and Rz are connected in
Parallel. When the combination is connected to a battery of
V volts, it draws a current I from the battery.
Re is a single resistor. This resistor is such that when it is
connected to the same battery of V volts, it also draws
current I from the battery, This resistor is therefore called
equivalent resistor and its resistance is called equivalent
resistance.
I=L+12+1;5
By applying Ohm’s Law to each resistor. We have:

V=LR, ,V=LR;,V=LR;;V=IR,

P, . i

R, R, R, R,

Using them in equation, we get:

Vv V.V 5 v
R, Rj

Rl
1=V L+L+i
R R, R, R,

=—+—+

R, R; Ry N3

Thus the reciprocal of equivalent resistance is equal
to the sums of reciprocals of individual resistances.
If one component of the circuit or a resistor is destroyed in
parallel - combinations of resistors, the remaining
components of the circuit will continue to function
normally. It's due to the fact that there are multiple paths
for electric current to go throug

o etedatulbcosiosieiitelivsimlestiiste
%

|~
| —
I._.
| =

E‘ind current [ in the cirenit below and the current passing
through each of the resistors in the circuit. Resistors in
parallel in example 2.

Solution:

The three resistors are in parallel and behave like a resistor
with resistance Req given by

3 1;

Fig: 15.10
Three resistors
connected in parallel
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@ 1/Re=1/100+1/400+1/200
: : Multiply all terms by 400 and simplify to obtain
Colours coding of resistors 400/ Re=4+1+2

Solve for Re to obtain
Re=400/7Q

The main current I is given by
I=T7T/Re=T7/(400/7)=49/400 A
We now use Ohm's law to find the
digit digt Mulipher Tolerance  €aCh resistor.

[oJ o1 J The current through the resistor o
D D B GoS"0 The cyrrent through the resisto

——— The current through the resistor of200 Q: I, =7/200 A
(O[O As an exercise; check that.the sum of the three currents
(5[5 100000 ¥ above is equal to the current I =49 / 400 A.
(66 [x1000000; Advantages:
== 1. Each appliance can be turned on or off independently.
DR 2. The voltage of cach electrical appliance is the same as
i o the power supply line.
. T T 3. If one clectrical appliance stops working due to a
IKO 5% problem, the other appliances will continne to
function.
Disadvantages;
1. Because the circuit can carry higher current, 1t 18 less
To caloulate the KWh safe,

a specific appli .
multiply the po 2. If hundreds of appliances or lamps need to be turmed

e on or off at the same time, this method is difficult to
by the am of time apply.

you use l‘hﬂ 157 ELECTRICAL POWER AND JOULE’S LAW
% divideby  Electric Power

The rate at which the work is being done in an electrical
sedonthe  Timesppimess  CirCUIL 18 called an electric power.

cord, this is the  in “on™ I minuies
d
phim wivten | obosngm  OF

il ) The rate of the transfer of energy.
Kih = alts x tines (hrs) When a current flows through a registor, electrical energy is
4 i converted into HEAT energy. The heat generated i the

KioWasrhowis Nedwivdeme ~— COmponents of a circuit, all of which possess at least some
what are hillad s ] by 1004 ] 1 - [ . -
forbydieuilty omewsciwoud  TeSistance, is dissipated into the air around the components.
O iy wh, not ' Kil-Wh = i i 2
The rate at which the heat is dissipated is called power
dissipation
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It 1s denoted by P and measured m units of Watts (W) (M
Mathematically equation of power dissipation and resistors. g

iz Applications of Joulg’s
P=IV=IR=— law
R The heating &ff:

Emnergy in Resistors electric current isused in
ENERGY is dissipated when a particular amount of power
is dissipated over a period of time. Energy {(power X time) _ ce
is measured in Joules, and the energy dissipated by a agle?’ shd electric
component or circuit can be estimated by including time (t) aater. [n many electrical
in the power formulas, d -- s, Nichrome {an
Energy dissipated = Pt or VIt or V2t/R or even IRt Joules alloy of nickel and
Jnule,s law AT 'I.IID) 18 G‘I]Iplﬂ}l'ed

. N VR as a heating element. This
When an electric current flows through a circuit, it 15 dus o the Ballowing

increases the internal energy of the conductor, which gives factors:

rise to the collision of electrons with atoms of the Nichrome possesses a

conductor, and which results in heat gencration. To high level t:i specific
tesistance.

measure the amount of heat generated due to these

collisions, Joule, an English physicist, gave the Joule's law. IE:;:IE:S {:;g;;em;:;
when an electric current passes through a conductor, heat H high.

is produced, which is directly propertional to the resistance  Nichrome is resistant to
R of the conductor, the time t for which the current flows, oxidation,

and to the square of the magnitude of current L

Mathematically it is represented as H « I Rt

The joule’s first law shows the relationship between heat

produced by flowing electric current through a conductor.
H=ERt

Where, H indicates the amount of heat, T show electric

current, R is the amount of electric resistance in the

conductor, t denotes time

The amount of generated heat is proportional to the wire’s

eleetrical resistance when the current in the circuit and the

flow of current is not changed.

The amount of generated heat in a conductor carrying

current is proportional to the square of the current flow

through the circuit when the electrical resistance and

current supply is constant.

The amount of heat produced because of the current flow is

proportional to the time of flow when the resistance and

current flow is kept constant.
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1007 of heat 15 produced each second in a 4 €} resistance.
Find the potential difference across the resistor.
Solution: &O
Step 1: Write down the known quantities and q

K | befound
Encoumge smdemsm H = 1007 %Q

visit below link for t=1s
Verification of R=40Q
Joule’s law V=t
hitps://www.youtube.com/  Step 2: Write down the form ange if necessary.
watch?v=93AVPN74708 s
&ab_channel=Physics4stu =kt
dents V=IR K
v
R

)
) H=? xRxt
: 2

H=— xt
Step 3: Put the values and calculate.

e
100 = V—x 1
4
: 100x 4= V?
Hwww.youtube.com/
,gtch?mvmuaWeSA&a 400=Vv?
» channel=FuseSchool- 3
GlobalEducation Yo
V = /400
V=20V

Result: Potential difference is 20V,
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15.8 USE OF CIRCUIT COMPONENTS
Electrical components and their uses

The devices that make up an electronic circuit are known as
electronic components. They're made to be joined together,
usually by welding, to form a circuit on a circuit system.
Semiconductors,  active,  passive,  opioelecironic,
electromagnetic, and other types of components can be
classified.

Switches or key: It is one of the mes{ fundamental £ o Symbal
electrical components, it is used to turn electric circuits ON Fig: 15.12
and OFF. This simply implies that when you press or flick Regigtor
a switch, current is allowed to pass through to the rest of
the circuit. \ + -
Resistor: It isa two-terminal electrical compon{ t —| I
implements electrical resistance as a circuit element, Symbol e

; y : Fig: 15.13
Battery: It is electrical source that \.the chemical Battery
energy and converts the chemical en to electrical _
energy. “f e _—
Transducer: It is an electrical nent that converts one . T energy
form of energy into an of energy like ’)) i _"m
microphone converts s gy into electrical energy/ som rortere Moo
signal as shown in figure ; Fig: 15.14
LDRs (Light Depel t Resistors): Transducer
A photoresist t dependent resistor is an electronic

component that is sensitive to light.
For example, in automatic security lights. Their resistance
decreases as the light intensity increases

# In low light levels, the resistance of an LDR is high Al
and little current can flow through it b
» In bright light, the resistance of an LDR is low and Liglltgliepi;ndent
mote current can flow through it. resistor (LDR)
Thermistors
It is thermally sensitive tesistors whose resistance is ’,’

—A

Symbol

strongly dependent on temperature. It is used to measure
the temperature very accurately.

Relay: It switches which aim at OFF and ON the circuits

: 1516 Thermist
electronically as well as electromechanically. e ; i



Upper
suspension

@ Maving coil

carrying coil

Fig: 15.17
{zalvanometer

A regigtor having a very
low value of

registance such type of

tesistor is called shunt
resistance,

= Ta fo\
&)

-

A voltmeter nsing in a
cireuit parallzl,
Symbol of voltmeter is
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Moving coil galvanometer:

It is an electromechanical instrument nsed to detect
and measures small amount of current which is in the range
between milli amperes or micro amperes. \
Luigi Galvano invented this device so it belongs to his
name. this is a current detecting meter based on magnetic
dipole torque.

[+

() o &

Ammeter;

An Ammeter is an Electromechanical instrument
used to measure clectric current. It is a modified form of
Galvanometer. A Galvanometer can be converted into an
Ammeter by connecting a low shunt resistance in parallel
to the Galvanometer. A Ammeter using in a circuit always
in “Series” Its symbol is (A)

Fig: 15.18 Ammeter
Voltmeter:

Voltmeter is an Electromechanical Instrument sued
to measure potential difference. A Galvanometer can be
converted into a Voltmeter if a high resistance is connected

inn Series with Galvanometer. Voltmeter
0 0 y v
1 ““\.l.Jl!l.':Jf,-,:,h; g
.‘\\'\. -F.';)/
b G'I]'l'l'[!'l'l‘[
DAGATRON == VY YVYYY

aLie

[ Resistance
Battery H

Fig: 15.19
Voltmeter Fig: 15,20 circuit diagram of voltmeter
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Electrical Power transmission to a house
There are three cables that provide electricity into the
building. One is referred to as a ground wire or earth wire
(E). There is no cutent through this. The house's earth wire
is connected to a buried metal plate. The other cable,
known as a mentral wire, is grounded to the Earth within
the power plant itself to keep its voltage constant (N}. The
current flows back through this wire. The third wire, which
has a high potential and is called the livewire, is connected
to the battery (L). Difference in voltage between the live
and neutral wires 1s 220V,

The human body is a good conductor of electricity. If a
person holds livewire, current will flow to the ground
through his body, which could be dangerous. The live and
neutral wires are used to connect all of the equipment in a
home. All have the same potential difference, thus they're
joined in parallel to the power source.

A connection has been made between the cables coming
from the mains and the clectricity meter that has been
installed in the residence as shown in the figure 15.9 The
electric meter's output goes to the main distribution board
and subsequently the home electric circuit.

The main box has fuses with ratings of about 30 A. Each
appliance has its own connection made direetly to the live
wire. A fuse and a switch are used to connect the appliance
terminal to the livewire. In the event that the fuse of one
appliance blows, it will not have any impact on the
functioning of the other appliances.

Connection of various
appliances in parallel

Main Electricity  Main
fuse . MEter  gwirch ‘

Earth connection

Fig: 15.21
DNinstrate the distribution of electrical power from main to the
home appliances

-GlobalEducation

Encourage students to
visit below link for
How electricity reaches
“out home
htps://www.youtube.com/
watch?v=nBM lkd ECog
&ab_channel=Gaurav]-

TheElectricalGuy
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Hazards of electricity
Electrical shock, fire, and arc flashes are the primary
hazards that are present when working with electricity.
When the human body comes into contact with either or
both of the wires in an electrical cirenit or with one wire of
an energized circuit and the ground, or with a metallic part
that has become energized by contact with an electrical
conductor, the result is an electric shock.,

Electrical shock severity depends on the pathway through
the body, the amount of current, the length of exposure, and
whether the skin is wet or dry. Wet skin and wet conditions

“ are goed conductors of electricity.
Damaged Insulation:

Insulation refers to the sheath made of plastic that is

b F‘gdl[:i:ia ) wrapped around wires in a circuit, If the insulation on a
cas Hom cable is damaged, the metal conductors inside will be
exposed.

It is possible for a person to receive an electric shock if
they come into contact with the exposed wires, which could
result in their death. Before replacing any damaged
insulation attempting to cover any damaged insulation with
electrical tape, make sure that all power sources have been
turned off and then replace the damaged insulation.
Overheating of cables:

When a very high current is passed through a cable, there is
a possibility that the wire will overheat as a result of the
excessive amount of energy. Becanse of the overheating,

=

s )

Fig: 15.23 there is a risk of electrical fires.
Orver heating of a cable

Damp conditions:

People who are in close proximity to an electrical appliance
that is being used in a damp environment, such as a
bathroom, have an increased risk of being electrocuted by
the electricity that is being conducted through the water
becange water is a conductor, If a person touches a socket
while their skin is wet in any way, they run the nisk of

Fle: 15.24 being elecirocuted.
Elecmfal e;tension Safety measures in household electricity
placed damped Electricity as a power source has become very crucial to the

environment functioning of modern society, Despite its nsefulness, there
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are a number of potential elecirical hazards and mishaps
that must not be ignored. If not handled carefully, this
constant stream of electrons can destroy any living tissue it
comes into contact with. To avoid any unwanted incident
few measures must be taken which are given below:

Fuses and Breakers

Circuit breakers, or fuses, prevent damage to electronics
components caused by overheating. When there is a
significant amount of current running through the cirenit,
the wires that are contained within the circuit wall begin to
overheat. A metal wire fuse with a low melting point will
become molten, breaking the circuit.

The Circuit-Breaker

In the majority of applications found in the home, circuit
breakers are used to restrict the amount of current flowing
through a single circuit. Although circuit breakers are Fig: 15.25
available in a wide range of sizes, the maximum current Different type of fuse

that can flow through a single circuit is typically 20 amps. R
20 amps of current will heat the bimetallic stnp, bending it St
downward and releasing the trip-lever. To manage the large oo

surges that result from a short circuit, a different T l
mechanism is utilized due to the relatively slow heating. In . )

the case of a high-current spike, the bimetallic strip will be _ f' )
rapidly retracted by a small electromagnet made from wire |

loops wrapped around a piece of iron.

The Ground Wire 0

The word "ground” means that something is connected to Fig: 15.26 (a)
the earth, which stores charge. A ground wire gives an Circuit breaker

electrical appliance a path to the earth that is separate from
the normal path that current takes. As a practical matter, it
is connected to the electrical neutral at the service panel so
that if there is an electrical fault, there is a path with low
enough resistance to trip the circuit breaker as illustrated in
figure 15.23. Attached to an appliance's case, it keeps the
case's voltage at ground potential (usually taken as the zero
of woltage). In this way, electric shock is prevented.
Standard electric circuits have a ground wire and either a
fuse or a circuit breaker for safety.

Fig: 15.27 (b)
Schematic diagram of
circuit breaker




Encourage students to
visit below link for
Why don't birds get

elecrocuted on
power lines?
hitps://www.youtube.com/
‘watch?v=rtnmCf2QFTc&a
b_cl:fannel=1nb_eres_ﬁngE_ngi
neering,
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Service panel
Neutral Hot
(|
Neutral to supply
Ground _—

Fig: 15,28 Electric circuit having ground wire

Effects of electric shock on human body

Electric current of 0,001 A can be felt
Electric current of (.005 A, can be painful for
human body.
If electric current is of 0.010 A, resulting in the
contraction of muscles in an uncontrollable manner
{spasms)
Electric shock of 0.015 A can leads to a lack of
contrel over the muscles.
The electric cutrent of 0.070} A passes through the
heart; creates a significant disturbance; and is
almost certainly fatal if the current continues for
_mote than one second.
ASSESSMENT QUESTIONS

: Explain briefly the dangers of electricity in the home.
Q2: Give four safety precautions that should be taken with

the household circuit.

Q3: In a circuit, does the fuse regulate the voltage or the

current?
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E/ SUMMARY

Steady current: The continuous flow of free electrons.

Eleetric current is the net charge flowing through the cross-section area A per
unit time. [=Q/

Direct Current (DC) is current flows in one direction with constant magnitude.
Alternating Current (AC) is an electric current that reverses its direction many
times a second at regular intervals.

The difference of electrical potential between two points is known as Potential
Difference.

Electromotive force (Emf) is the energy per unit electric charge that is
imparted by an energy source, such as an electric generator or a battery

Ohm’s law states that the magnitude of the current flowing through conductor
is directly proportional to the potential drop across the ends of conductor as
long as the physical state of the conductor is kept constant. (V = IR)
Conductance is the reciprocal of resistance of a conductor.

In seties combination of resistors, the Equivalent resistance is equal to sum of
individual resistors.

In Parallel Combination of resistors, the reciprocal of resistance is equal to the
sum reciprocals of individual resistances.

Electric power is the rate at which work is done in an electric circuit,

Joule’s Law state that The rate at which heat is produced by a steady current
in any part of an electric circuit is jointly proportional to the resistance and the
square of the current

Thermistor is a heat sensitive device usually made of a semiconductor
matenal whose resistance changes very rapidly with change of temperature,
Relay is a device that opens or closes the contacts to cause the operation of the
other electric control.

Light-Emitting Diode (LED) is a semiconductor light source that emits light
when current flows through it.

Light dependent resistors (LIDRs) or photo-resistors are electronic components
that are often used in electronic circuit designs where it is necessary to detect
the presence or the level of light.

Galvanometer is an electrical instrument used to measure and detect small
current.

Ammeter 18 an electrical device used to measure the electric current in
Amperes (A) or mili-ampere (mA).

Voltmeter is an electrical device used to measure the potential across the two
ends.
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The branch of Physics which deals with the charges in motion |

!

!

|

!

Unit of Electric
Current (ampere)

Sources of
Electric Current

Types of Electric
Current

b

Current through
metallic conductor
and concept of
drift velocity

| Electronic Current |

I

Effect of Resistance of
Electric Current Condl_lctbr
1 Unit of resistance
{ohm)

Cell |

[Conventional Current|

Heating effect
H=TRt,

Yl

Electrical power and
power dissipation in
a resistor (P=I'R,
P=VLP=V'/R)

Measurement of P.D.
(Potentiometer)

E.m.fand P.D.
(Units of both are
same)

v

}

Combination of
resistance

(Simple

Ohm’s Law (V=IR)
circuit)

Effect of temperature
on resistance

(at=AR/R,t)

Resistivity
(p=RA/L)

Unit (C2m)

_Ohmic Conductor I-(—

Non-ohmic
conductor

|

Series combination
R=R+R R,

Parallel combination
I/R=1/R+1/R;+1/R,

-
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EEIINES) Multiple Choice Questions (MCQs)
1. In an Electric circuit when Electrons move from low to high potential they

will:
(a) Gain Energy (b) Lose their identity
{¢) Lose Energy {d) Gain Potential
2. In an electric circuit an ammeter is always connected in
(a) Series (b) parallel
{c) mixed {d) none of the above
3. Resistance of a conductor does not depend on
(a) Length of the conductor (b) Area of crossection
(¢) Density {d) Resistivity

4, Ohm’s law states that:
(a) Resistance increases as current increases
(b) Resistance decreases as current increases
(c) Resistance increases as voltage increases
{d) Current increases as voltage increases
5. The condition when the resistance of a circuit s zero is known as
(a) Closed-circuit {(b) Open circuit
{(c) Short circuit {d) Zero circuit
6. The condition for the validity of Ohm’s law is that the
(a) Temperature should remain constant
(b) Current should be proportional to voltage
(c) Resistance must be wire wound type
(d) All of the above
7. Ohm’s law is not applicable to
(a) Semiconductors (b) D.C. circuits (¢) Small resistors  (d) High currents
8. Two resistances of 6 £ and 12 £ are connected in parallel. Their net resistance
15

(@) 7 L) 62 (©)4 0 @50
9, The property of a body to oppose the flow of ¢lectric charge through it is
%‘%@lled electric :
* (&) Capacitance (b) potential
(c) resistance (d) conductance
10. Which of the following is the purpose of connecting a battery in an eleetric
circuit?

{a) To maintain resistance across the conductor.
(b} To vary resistance across the conductors.

(¢} To maintain constant potential difference across the conductor.
{d) To maintain varying potential difference across the conductor,
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. Is it always the case that a series connection between capacitors will result in
an equal amount of charge being stored in each capacitor?

2. Why should we connect the equipment in parallel rather than in series, and
what are the benefits of this configuration?

3. Does a circuit need a potential difference in order for current to flow through
it?

4. Tt is impracticable to connect an electric blub and an electric heater in series.
Why?

5. When a fuse is used in a circuit, does it control the current or the potential
difference?

6. Explain what you mean by the term "conventional current”

7. Describe Ohm’s law and its limitations

8. Determine the effective resistance of a number of resistances that are
connected in either series or parallel by doing the appropriate calculations.

9. Explain what influences the resistance of a metal conductor and how you
measured it.

10. Explain Joule's law and the process of energy dissipation in a resistance.

11. Explain the roles of the live, neutral and earth wires in a standard home
electrical system.

12. How Does AC Work?

13. Explain the risks associated with electrical current (damage insulation,
overheating of cables, damp conditions).

14. Explain how safety precautions are used in home electricity.

15. Describe the effects of an appliance-caused electrical shock on the human
body.

16. Why the voltage used for the domestic supply much lower than the voltage at

which the power is transmitted?
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et B8 B Numericals

1, When the current in a pocket calculator is (L0002 A, how much charge flows
every minute? (12mC)

2. Calculate the amount of current that an electric heater uses to heat a room in 5
minutes if the charge is 2100 C. (7 A)

3. A potential difference of 90 V exists between two points. The amount of work
done when an unknown charge is moved between the points is 450J. Determine
the charge amount (5 C)

4. Calculate the potential difference between two points A and B if it takes 9x10* J
of external work to move a charge of +9 pC from A to B. (100 V)

5., The potential difference applied to a portable radio terminal is 6.0 Volts.
Determine the resistance of the radio when a current of 20 mA flows through it.
(300 £2)

6. Resistances of 4 Q, 6 Q, and 12 Q are connected in paralle]l and then connected to
a 6V emf source. Determine the value of

i,  The circunit’s equivalent resistance, (2 £2)
1.  The total current flowing through the circuit. (3 A)
iii.  The current that flows through each resistance. (1.5 A, 1 A, 0.5 A)

7. A 220 V circuit is used to power two 120 watt and 80 wait light bulbs. Which
bulb has the greater resistance and which one has the higher current?

(80 W bulb, 12¢ W bulb)



=
«q...

Unit™=1'6 RS
lectromao tlsm
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After lesrning this unit students should be able to

¥ Explain by describing an experiment that an electric current in a
rondinetor produces a mammetic field around it. : :
Define Magnetic field “}bduﬂ-tinn of eleciricity
Sketch the lines of magnetic faree ] using a magnet a3 a
Deseribe that & foree aets on a curent camying  conductor placed in a ‘ seurce i an interesting
magnetic field as long ¢ the conductor is not patallel to the magnetic field. ! oecurrence, It is posgible
State that a current canrying coil in a magnetic ficld experiences a torque. 2 to gemerate electric

Relais the turning sffect on a ¢oil to the action of a I.C. motar current by changing
Deseribe an experiment to show that a changing megnetic fisld yanmduce magnetic field, and
et in a cirenit. likewige, magnetic fields
List factors affecting the magnitude of an induced em £~ cau be penerated by
Explain that the direction of an induced e.m.f opposes the change : changing electrical
cansing it and relate this phenomenon to conservation of energy | current. A simple magnet
Deseribe a simple form of A.C generator. T can be used to produce a
Dregeribe mutual induction and state itsumits lifechanging technology
Identify that a transformer works on the principle of nutual induction which makes life easier.
between two coils '

Degetibe the purpose of transformers in A.C cireuits

Identify the role of tansiurmers in power transmission from pawer stntmn

to your house. .

List the use of transit {step -up and step-down) for varions purposes

in your home
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The four fundamental forces act upon us every day,
whether we realize it or not. From playing basketball,
to launching a rocket into space, to sticking a magnet on
your refrigerator - all the forces that all of us experience
every day can be whittled down to a critical quartet:
Gravity, the weak force, electromagnetism, and the strong
force. These forces govern everything that happens in the
universe.

Fig: 16.1 Fundamental forces of mature

Gravity is the force that aftracts matter across long
distances (tens of millions of light years). The
¢lectromagnetic force is extremely powerful, but it
operates at very small scales, forcing positively charged
atomic nuclei to attract negatively charged elecirons,
resulting in the formation of atoms and molecules.

It's the fundamental reason that electrons are hold by
nuclens and are accountable for the nucleus entire
structure,

Electromagnetism serves as a basic principle of working
for many of the home appliances in household
applications. These applications include lighting, air
conditioning systems, Generafors, transformers efc,
Students will be able to understand all the above facts
after completing this unit.

\ 9 Do You Know!
e

Electromagnetic force
in forming matter (
Conlombs® Law
Like charges repel, u
charges atl:rﬂ.ct. P s T

Electeoms repul

> | 08,

Be.

Chprpeslte clarges attract

Electron Capiure
The electromagnetic force
pulls electrons into orbit
around positively charged
atomic nuclei. The larger the
nuclei, the more electrons
are pulled in.

H oyl v
1 proton IJ ‘
1 electron

-""\

Oxypren {‘\i‘ {

K prown '~ ¥ 1’
& newtruns | ..:’,.QJ 7
# clectron . r,

—
Atoms and molecules
The electromagnetic force
holds atoms and molecules
tagether. Electrons ceeupy
energy lavels arcund atomic
muclei balancing out pesitive
and negative charges

Carbon f
. -
miwride ., -



Fig: 16.2
Electromagnetic force

L ' Do You Know!

The elestromagnetic
force, also called the
Lorentz force, acts
between charged
particles, like negatively
charged electrons and
positively charged
protons. Opposite charges
attract one another, while
like charges repel. The
greater the charge, the
greater the force.

Fig: 16.4 Compasses
align to revesl a cirenlar
magnetic fleld pattern
around a curremt-
carrying conductor.
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Electromagnetic force
The electromagnetic force, as its name suggests, is consist
of two forces, electric and magnetic forces. Physicists
once thought of these forces as independent entities, but
eventually discovered that they are parts of the same
force.

The electric charge interacts with charged particles,
whether they're moving or stationary, to create a field in
which the charges can influence one another. When those
charged particles are set in motion, however, they begin
to exhibit the second component, magnetic force. As the
charged particle start to move, they produce a magnetic
field surrounding them as illustrated in figure 16.3. As a
result, when electrong flow across a wire to charge your
computer or phone, or switch ON vour TV, the weak
magnetic field produced around the wire.

WV

—
B

Fig: 16.3 Connection between electricity and magnetism

16.1 Magnetic effect of a steady current

You can demonstrate the magnetic field around the
current-cartying conductor by doing an experiment. Pass
a current-camrying conductor through a cardboard sheet.
Small compasses should be placed near the conductor.
Figure 16.4 shows how the compasses will point in the
direction of the magnetic lines of force.

The magnetic field direction around a current-carrying
conductor can be determined using the Flemings right
hand rule for conductors.
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—Direction

"ﬂ::f

n
ireCant

P c“,-rf
4

Fig: 16,5 Demonstration ¢f the right-hand rmile for condnctors,

Consider the dot in the middle of the conductor on the left
as the point of an arrow in Figure 16.6. This indicates that
an electric current is traveling in your direction. The
magnetic field's direction is indicated by ecircular arrows.
When electrical wires camy alternating currents, this
principle is important, This is due to the fact that the
positioning of wires, known as lead dress, has an impact
on the operation of a circuit.
When possible, conductors-are grouped in pairs to reduce
heating and radio interference caused by the magnetic
field created by electric current flow. To help reduce this
heating effect, the National Electric Code requires that
wires be run in pairs.
These conventions are used to show the link between
electric current flow and the magnetic field. The dot
represents a current arrow heading toward you. The cross
on the right represents the tail end of the current arrow
heading away from you.
Magnetic field produced by current carrying
econductor

When electric charges are at rest, they exert
electrostatic forces of atiraction or repulsion on each
other. As we know that isolated moving charges produce
both clectric and magnetic fields, but an electric current
through a conductor produces only a magnetic field

‘When current flo
upward directi
indicated th: le

and down irection
isgouth pole.

’

Fig: 16.6
Magnetic field prodoced
by corrent
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because the electric field of moving electrons is
neutralized by the field of the fixed protons in the
conductor. The magnetic field around a magnetic moving
charge is a vector quantity symbolized by B.

Now suppose a particle carrying charge g is
projected with speed v into a magnetic field of magnetic
induction B such that the angle between B and V is 8. The
magnetic figld of the charged particle interacts with the
magnetic field of the magnet in which it is sent, due to
which a force is produced which acts upon the particle. It
is found that:

» The force F acting on the particle is directly
proportional to the charge q.

» The force F acting on the particle is directly
proportional to the velocity V.

¥ The force F is directed perpendicular to the plane
containing V and B,

Combining the above three observations, we found that;

F=qVxB

So the magnitude of B is given by:

B=__F = 1Newton = _ Newlon =1 Tesla

qv Sin® Coulmb x m/sec
Ampere X meter
It is called 1 Tesla.

Fig: 16,7 Current carrying conductor produce magnetic field
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SELF ASSESSMENT QUESTIONS:

Q1: Why the workdone on a charge is zero by
magnetic force?

Q2: If two wire placed parallel, when cument
following in same direction, what will be happen?

- —

Q3: What 15 the angle between Eand B m a
electromagnetic wave?

Define Magnetic field

The magnetic field is the region in which the influence of

magnetism may be felt in the region of a magnet, and it is

defined as follows; When we talk about magnetic fields in

nature, we're talking about how the magnefic force is

diffused throughout the space surrounding and inside

magnetic objects in the physical world.

Sketch the lines of magnetic force.

In general, the magnetic field is the strongest near the

poles, and the weakest at the centre.

Magnet field lines

Magnetic field lines are imaginary lines coming outward

from the north pole and going inward in a south pole and

inside a bar magnet magnetic field will be zero. The

magnetic field is stronger at the end of pole because

magnetic field lines are very closer at end of poles.

To understand magnetic field lets preform an activity,

Take a bar magnet and hundreds of iron filings; place the

bar magnet on a table and sprinkle the iron filings on it;

the iron filings will self-organize into curving lines called

magneﬂc field lines, as seen 1 m the ﬁgure

Magncthhﬁldllnus k :
Fig: 16.8. Magnetie ﬂeld lines

() > vou koo |

O Do You Know!

Like poles repel one
another, whereas
poles atiract one

Bl
=
e
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o
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Earth has magnetic field
aroumd it , becanse of
Hlowing of liquid metal
in the outer core cause
o generates glectric
cutrenty., it protected
from the sclar wind, 2
stream of energetic
charged paiticles
emanating from the Sun,
by its magnetic field,
which deflects most of
the charged particles.
The earlh magnetic fisld
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SELF ASSESSMENT QUESTIONS:
Q1: Are magnetic lines of force real?

QQ2: What is the source of the magnetic field? C

Beantiful coloured Q3: What are the magnetic lines of force? @&e)

ar

lightening happened in . : ; i 5 o
Bt s Aot pols Q4: What is the direction of magnetic ficld insi
because the shape of magnet? Q
Barth's magnetic fisld Q5: Can monopole of magnet exist? Ca

creates two aurora gbove

the North and South 16.2 Force on current carrying conductorin a:magnetic field

Magnetic Poles. When a conductor of length L carryving current, 1 and
placed in a magnetic field B at an angle § as shown I
figure16.9, it experiences aforce:

F=I{IxB)

F=BIL Sin ¢

BE= F .
1/Sin @

We know that current in a conductor is due to the
directional drift of free electrons along the conductor so
when a conductor is placed in a uniform magnetic field B
and if the current, I is passed, the conductor experiences a

force as mentioned above,
A a conductor carries an electric current, & magnetic
Us i d is produced around it.
T OR
& JE IS . Y It exhibits magnetic properties and generates a force when
“fq </ another magnet is brought into its magnetic field. In the
Fig: 169 saltlewaYs: .
Calbdent carrying The magnetic field has an equal and opposite effect on the

conductor in magnetic conductor carrving the current. This is because two

fleld magnetic fields (from the current-carrying conductor and
the nearby magnet) can attract or repel each other. The
direction of the external magnetic field and the direction
of the current in the conductor are responsible for this
attractive and repulsive forces. The direction of the force
acting on the conductor will be perpendicular to the
direction of the magnetic field and the electric current if
they are perpendicular to each other,
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Calculate the force on the wire showm in Figure (a)
Solution
Step 1: Write down the known quantities and quantitics
to be found.
B=1.50T
I=5.00 cm
I=20A
0=90°
=
Step 2: Write down the formula and rearrange if
necessary,

F=I/Bsin®
Step 3: Put the values and calculate b
F=1/Bsind
F = I/B sin 8 = (20A)0.0500 m)(1.50 (b ﬁ
The units for tesla are 1 % =T—= —% 2
F=1350N '
Result: The force on a wire 1s F= 1,50 N.
16.3 Turning effect on a current-carrying coil in a
magnetic field
When a current passes through the coil, equal and
opposite parallel forces act respectively on the sides of the
coil beside the poles of the permanent magnet. This pair
of forces produces a fuming effect to rotate the coil until
it is stopped by the control springs.
A current-carrying  coil kept in & mapnetic field
experiences a torque, which is the cross-product of the
magnetic moment and the field vector. Hence, the torque
is maximum when the dipole moment is perpendicular to

F
the field, and zero when it's parallel or antiparallel to the 7=
field. N (‘L=’? S
When an ¢lectric current is passed through a coil, placed o i
in a magnetic field with its plane parallel to the field, it

experiences a torque. Thus, this rectangular coil tends to
rotate in the magnetic field and it suffers torque. This

“Current out

- Fig: 16.10
g Torque on ¢oil current
©=BIAN Cos o carrying conductor

Consider a rectangular coil placed in the magnetic field of




) o vou ko |
Invention of D.C motor
William Sturgeon
invented the first D.C
motor, that conld provide
eniough power to drive
machinery but it wasn’t
until 1886 that the first
practical D.C motor that
could run at constant
spesd under variable
weight, was produced.
Frank Julian Sprague wasy
its inventor and it was this
motor that provided the
catalyst for the wider
adoption of electric
motors in industrial

applications.

| =
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T TR L=
==

o
e

Fig: 16,12 Torque on

D.C motor
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strength B and the plane of the coil is parallel to the field
and is free to rotate about an axis.
When current I passed through the coil, a force is
experienced on the perpendicularly placed conductor. The
magnitude of the force is F = BIL. Hence a pair of two
equal but opposite forces (couple) acts on the coil. That
causes the coil to rotate.
So, Torque =1=BIA
If the plane of the coil makes an angle o with the field B
then the perpendicular distance Cos o can be added:

T=BIlACosa
If the coil has N turns, then:

7=BIANCos a

16.4 D.C motor

D.C Motor is an Electromechanical device thatconverts
electrical energy into mechanical energy. D.C Motor is
similar to D.C Generator in construction butthe cutput
device act as mput and input as output,

o

le North pole

Commutator segment
Fig: 16.11. Turning effect on D.C motor
Turning effect on D.C motor coil
A current-carrying coil in a magnetic field experiencesa
turning effect. In Figure 16.12, a rectangular coil ABCD
carries a current in the magnetic field between two

magnets.

Commutator segment
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(a)} The sides BC and DA carry currents with directions
parallel to the magnetic field. No force is exerted on
thesetwo sides.

(b} The side AB next to the South pole experiences a
foree, The direction of the force can be determined
using Flemings left -hand rule or the right-hand slap

rule.
(¢} The side CD experiences a force that acts in the

opposite direction. Fig:16.13
The two forces acting in opposite directions on the two Electromagnetic
sides of the coil form a couple and produce a turning induction
effect on the coil. The forces are produced when
the magnetic field due to the current in the coil combines 0 robtrelsink
with the external magnetic field to produce two Concept of
resultant catapult fields around the coil: Figure 16.13. ;llff;‘;‘;,“;“g}fs‘f;zlﬁg“r;‘rﬂ
Two important applications of the turning effect of a in 1830, from USA

current-carrying coil in a magnetic field are the direct
current motor and the moving-coil galvanometer.

SELF ASSESSMENT QUESTI
Q1: How can the tuming effect il be increased?
Q2: How do DC motor coil

16,5 Electromagnetic induction
A voltage is created — or induced. For this reason, we call
this electromagnetic  induction. Electromagnetic o ey -
magnetic induction is the production of an electromotive &0::] E‘E;;L?;::a;wc
force across an electrical conductor in a changing Uc aricopt of
magnetic field. Michael Faraday is generally credited with electromagnetio
the discovery of induction in 1831, and James Clerk induction and in 1831.
Maxwell described mathematically it as Faraday's law of
induction.

Changing magnetic field can induce e.m.f in a cirenit.
Faraday demonstrates that magnetic fields can create
currents as illustrated in figure 16,14, When the magnet
shown below is moved "“towards" the coil, the
Galvanometer's pointer or needle will deflect away from
its centre position in one direction only. When the magnet
stops moving and is held stationary with respect to the
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coil, the needle of the galvanometer returns to zero as
there is no physical movement of the magnetic field.
Similarly, when the magnet is moved "away" from the
coll, the galvanometer needle deflects in the opposite
direction, indicating a change in polanty, By moving the
magnet back and forth towards the coil, the needle of the
galvanometer will deflect left or nght, positive or

E—— negative, relative to the magnet's motion,

Ak ""_ ! . Direction of movement
= : Coil or loop

ol 2insbuiz sgrwoond
101 Anil wolsd 1iziv
atisnzsmonoald
bne noiioubni
wel 2"ysbeisd
\moo.sdmuoywera 2ol
-qi G AOyHE=v  datew
ubdnadl=lonneds dedbw

o BT
RO
il
SIS
i o

(}alvanomelwr
Fig: 16.14 changing magnetic produced induced e.m.f

Electromagnetic Induction by a Moving Magnet

if you keep the magnet stationary and move only the coil

toward or away from the magnet, the needle on the

galvancmeter will also move in either direction. A voltage

is induced in a coil when the coil is moved through a

magnetic field, and the magnitude of this voltage is

proportional to the speed at which the coil is moved.

For Faraday's law to be valid, either the coil or the
- magnetic field (or both) must be in "relative motion" with
: @ one another for the induced emf or voltage to be increased

qea o a‘gmuni with increasing field speed.

il wolsd tiziv Faraday’s Law of Induction
\ wal 2" yebg1gT From the above description we can say that a relationship
fioitaubni 1o exisis between an electrical voltage and a changing

)

\moo.sdusowwweqitd  magnetic field to which Michael Faraday's famous law of

SloMezasidov=vidotsw  electromagnetic induction states:

mobsoAnsdA=lonnsdo s 4 yoltage ig induced in a circuit whenever relative motion
exists between a conductor and a magnetic field and that
the magnitade of this voltage is propottional to the rate of

change of the flux”.
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Factors affecting the magnitude of an induced e.m.f.
The factors involved in the induced emf of a coil are:
#» The induced e.m.f. is directly proportional to N,
the total number of turns in the coil.
# The induced e.m.f. is directly proportional to A,
the area of cross-section of the coil.

# The induced e.m.f., is directly proportional to B, the
strength of the magnetic field in which the coil is
rotating,

# The induced e.m.f. is directly proportional to ' @',
the angular velocity of the coil.

# The induced e.m.f. also varies with time and
depends on instant 't'.

»# The induced e.m.f. is maximum when the plane of
the coil is parallel to magnetic field B and em.f. is
zero when the plane of the coil is perpendicular to
magnetic field B.

Lenz’s law of electromagnetic induction

According to Faraday's law of electromagnetic induction,
a changing magnetic field induces a current in a
conductor. Lenz's law of electromagnetic induction states
that the magnetic field produced by the mduced current
opposes the onginal magnetic field that produced the
cuttent, The right hand rule, developed by Fleming,
specifies the direction of this current's flow.

Keep in mind that the magnetic field produced by an
indnced current generates an additional magnetic field,
which a Always opposing the magnetic field that formed
it. Below illustration showing that, if magnetic field "B" is
increasing, the induced magnetic field will oppose it in
figure 16.15(a).

As illustrated in 16.15(b), the induced magnetic field will
once again oppose the magnetic field "B” when "B" is
decreasing. This time, "in opposition” suggests it's acting
to increase the ficld by opposing the decreasing rate of
change.

Lenz's law derives from Faraday's law of induction.
According to Faraday's law, a conductor will experience
an electric current when subjected to a changing magnetic

\B B

B
B —-

Induced

AB %
— I e
B—» T —my
Induced Ot
+ -
(d)
open
B AB ’ | -
—_— t I EBC
B - (NIE Sme=
Induced I!’n W o—

s

Fig: 16.15 Magnetic field
induced by magnetic
current
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Encourage students to
visit below link for
Lenz's Law and
Conservation of Energy
https://www.youtube.com/
watch?v=wsuBld3 Bol0&a
b_channel=YenLingLam
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field.
When a magnetic field changes, an induced current will
flow in the opposite direction, as described by Lenz's law.
That's why the minus sign ('-') appears in the formula for
Faraday's law to emphasize this point.

It is possible to alter the magnetic field intensity by
moving a magnet closer to or farther from the coil, or by
moving the coil itself into or out of the magnetic field.

In other words, we can say that the magnitude of the EMF
induced in the circuit is proportional to the rate of change
of flux,

4o,
"
. o)
=-N—2
& dt

Where:

+ &= Induced emf

+ 3@, =change in magnetic flux

+ N =No of turns in coil
Lenz's Law and Conservation of Energy
To obey the law of energy conservation, the direction of
the ewrrent induced by Lenz's law must create a magnetic
field that is opposite to the magnetic field that created it.
In fact, Lenz's law is a result of the law of conservation of
energy.
If the magnetic field created by the induced current is in
the same direction as the field that produced it, then the
two magnetic fields would combine to make a larger
magnetic field.
By combining their magnetic fields, they may create a
field that is twice as strong as the original one, inducing a
current twice as large in the conduector.
As a result, a new magnetic field would be produced,
which in turn would induce a new current. And so on.
Because of this, it is easy to understand that the
conservation of energy would be violated if Lenz's law
did not state that the induced current must produce a
magnetic field that opposes the field that originated it.
The third law of motion of Newton applies to Lenz's law
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as well (i.e to every action there 18 always an equal and
opposite reaction).

If the induced current makes a magnetic field in the same
direction as the magnetic field that made it, then it is the
only thing that ¢an stop the change in the magnetic field
in the area, This 13 consistent with Newton's third law of
motion.

16.6 A.C generator
An AC generator is an electric generator that converts

mechanical energy into electrical energy in the form of .’
alternative emf or alternating current. An AC generator ¢ /' . o7 unit of
works on the principle of “Electromagnetic Induction”, )mtai inductance is “Heary”
7 Magnetic flux while iz equal to
Velt —Sec
Amp
Commutator )
Carbon brushes @

. . 3
Axis of S Secondary coil
rotation O{ =ﬂ=&1&o 0 Volt ] £
FN

Fig: 16.16 A.C generator
16.7 Muiual induction
When the electric current in the Primary Coil changes, the Pz ool
magnetic field changes as well, linking the Secondary
Coail to the Primary Coil. In the secondary coil, this
shifting flux canses an e.m.f. Mutual Induction describes I;}q:h 1|\
this process. The secondary coil's e.m.f. is proportional to b
the primary coil's rate of change of current. Thus:

==R)

Fig: 16,17
Eooc Ay Mutual induction

At

EZ_M élﬂ
At
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"M Where M 13 a constant, called Mutual Inductance
of the two coils.

¥ Stabilizer is the

Hence:
example of step Ms =5
up transformer AIP [ At
¥ Mobile charger is : -
e example of step  SELF ASSESSMENT QUESTIONS: QO
down transformer Q1: Define mutual inducticn.
¥ Working principle (Q2: Enlist the factors affecting the induc £
of transformer Q3: How A.C generator works?
Bunstl wpun mutial 16.8 Transformer

induction

power from one circuit to an without changing the
frequency. Transformers ate based on the principle of
mutual induction. It o n an AC supply.
It consists of two coil which are magnetically linked to
gach other but electrically isolated from one ancther
although wrapped arcund the same iron core, make up a
transformer. The primary coil is the first of two coils in
the system which is connected to A.C input power. The
secondary coil is the other coil which delivers the power
to the output circuit. Np and Ng stand for the number of
turns on the primary and secondary coils, respectively.
When current passing through the primary coil generates
magnetic ficld, which is transmitted to the secondary coil
through the core. The change in the field causes an
altemmating e.m.f. to be generated in the secondary coil.

Fig: 18.18 @ The secondary voltage Vg is proportional to the primary
Step up transformer voltage Vp. The ratioc of the number of tums on the
secondary coil to the number of turns on the main coil
also affects the secondary voltage, as illustrated by the
following expression:

Transformer is a static mmﬁ%@a for transforming
0
t

r

Vs Ng

Ve Ny
The transformer is referred to as a step-up transformer 1if
non2o  the secondary voltage exceeds the primary wvoltage;
Y Fig 16.18 (a).
Fig: 16.18 (b} A step-down transformer is one in which the secondary
Step down transformer  ygltage is lower than the primary voltage; Fig.16.18 (b).
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The electric power transferred to the secondary cireuit in
an ideal transformer is the same as the primary circuit's
power.

An ideal transformer dissipates no power, and we may
write the following mathematical expression for such a
transformer P =P

Vplp = Vglg
Role of Transformer in Power Transmission
Generation of electrical power in low voltage level is very
much cost effective. Theoretically, this low voltage level
power can be transmitted to the receiving end. This low
voltage power if transmitted results in greater line current
which indeed causes more line losses.

But if the voltage level of a power is Increased, the current
of the power is reduced which causes reduction in ochmic
or P=1°R losses in the system, reduction in cross-sectional
area of the condnctor i.e. reduction in capital cost of the
system and it also improves the voltage regulation of the
system, Because of these, low level power must be
stepped up for efficient electrical power transmission.

This is done by step up transformer at the sending side of
the power system network. As this high voltage power
may not be distributed to the consumers directly, this must
be stepped down to the desired level at the receiving end
with the help of step down transformer. Electrical power
transformer thus plays a vital role in power transmission.
Transmission lines

carry electricity - oo
long distances Distribution lines

Power plant
gencrates

Transformers on poles

dovwn electricity
Transformer steps Ne ithn rhood c&ﬁen:ltmm
up voltage for transformer steps s
transmission down voltage
Fig: 16.1%

Power transmission from power house to residential area

pwateh?v=UchitHGF4n3&a

b_channel=TheEngineetin
gMindset

Encourage students to
visit below link for
Role of ransformer in
power transmission
hitps:/fwww.youtube.com/
watch?v=agujzHdvtje&ab
_ channel=Physics Videosh

yEugeneKhutoryansky



Fig: 16.20
Transformer in
stabillizar

Fig: 16.21
Transformer battery
charger

Fig: 16,22
Transformer in high
voltage circpit breaker
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Dhaily life applications of tramsformers

Transformers are widely used because of their ability to

regulate the strength of alternating current, which

improves efficiency and, in turn, reduces monthly

clectricity costs. By the use of transformers, we have

observed and seen its importance in our everyday life and

without it, electricity would have caused great

destruction in our homes and industries.

Thete are several ways a transformer can be used in

homes.

In stabilizer:

A stabilizer is made up of transformers that help to give

out a voltage or manage voltage in such a way that it is

ok with the voltage circuits, It helps to step down and

step up the level of current in a building.

In Battery Charger;

Batteries can also be charged with the help of

transformers. The voltage needs to be controlled properly

$0 that it doesn't damage the parts inside the battery, This

can only be done with the help of a stepvob  transformer.

In circuit breaker:

Circuit breakers with integrated transformers can prevent

damage from high voltage current by allowing users to

manually switch on and off power.

In air conditioner (AC):

This is another modern use of a transformer in our

homes. Because of its high inductance and low resistance

levels, it aids in the proper functioning of the AC.

Without this, there would be no long-lasting AC (Air

condition) in our home,

SELF ASSESSMENT QUESTIONS:

Q1: What is transformer and how its works?

Q2: What 15 the difference between step up and step
down transformer?

Q3: For what purpose step up and step down

transformers are used in power transmission?
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Electromagntic force acts between charged particles.

The direction of magnetic field around a current carrying wire can be
determined by using the Flemings right hand rule for conductors.

The region in which the influence of magnetism may be felt is known as
magnetic field.

Magnetic field is strongest near the poles and weakest in the centre.

A current cartying wire has a magnetic field around it. When this field interacts
with external magnetic field there is a force on it, which is given by F = I LxB.
DC motor is a device which converts the electrical energy into mechanical
energy.

Faraday noticed that when he moved a permanent magnet in and out of a coil
or a single loop of wire it induced an Electro Motive Force or emf, in other
words a Voltage, and therefore a current was produced.

Torque on a current carrying coil in magnetic field is T= NIABsin6.

The change of magnetic flux due to a variation in the current flowing in
another circuit.

Dynamically induced em f When the conductor is moved in a stationary
magnetic field in such a way that the flux linking it changes in magnitude.
Statically induced e.m.f: When the conductor is stationary and the magnetic
field is moving ot changing,

Eddy currents: The currents induced in conductor moving in a magnetic field
or metals that are exposed to a changing magnetic field.

Generator is an elecirical machine which converts mechanical energy into
electrical energy.

Electrical transformer plays vital role in power fransformation. In addition,
transformers can be used to scale up or down an alternating voltage's intensity.
It works on the idea of mutual induction.
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LR 0L MY Multiple Choice Questions (MCQs)

1. Which statement is true about the magnetic poles?
(a) unlike poles repel
(b} like poles attract
(¢} magnetic poles do not effect each other
(d) a single magnetic pole does not exist
2. What is the direction of the magnetic field lines inside a bar magnet?
(2} from north pole to south pole (b} from south pole to north pole
(c} from side to side {d} there are no magnetic ficld lines

3. The presence of a magnetic field can be detected by a
(a) small mass (b} stationary positive charge
(c} stationary negative charge {d} magnetic compass
4, If the cutrent in a wire which is placed perpendicular to a magnetic field
increases, the force on the wire
(a} Increases {b} decreases
(¢} remains the same {d) will be zero
5. A D.C motor converts
(2) mechamnical energy into electrical energy
(b} mechanical energy into chemical energy
(¢} electrical energy into mechanical energy
(d) electrical energry into chemical energy
&. Which part of a D.C motor reverses the direction of current through the coil

every half-cycle?
(a) the armature (b} the commutator
(¢} the brushes {d) the slip rings
7. The direction of induced e.m.f. in a circuit is in accordance with conservation of
(a} Mass (b) charge (c) momentum (d) energy

8. The step-up transformer

(a) increases the Input current

(b} increases the input voltage

(¢} has more tums in the primary

(d} has less turns in the secondary coil
9. The tum ratios of a transformer is1(. It means
(a)Is=101p (b) Np=10%;
(¢} Ng=10Np {d} Vg= 101}
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LTRGBS tructured Questions

A wire in a magnetic ficld generates voltage. To generate maximum voltage, move the
wire in what direction relative to the field?

2. Can a transformer aoperate on direct current?

3, Demonstrate through an experiment how an glectric current in a conductor generates a
magnetic field in its vicinity.

4. Explain how a force works on a current-carryving conductor that is perpendicular to the
magnetic field,

5. State that, a current carrying coil in a magnetic field will experience a torque.

6. Describe an experiment that demonstrates the induction of em.f. in a circuit by a
varying magnetic field,

7. Give some examples of what could increase or decrease the strength of an induced
e.m.f.

8. Explain that the direction of an induced e.m.f opposes the change cansing it
and relate this phenomenon to conservation of energy.

9. Explain how an A.C. genetator works in its most simple form.

1. Explain the units of mutual induction and provide an example.

11. Recognize that a transformer is based on the concept of mutual induction between two
coils,

12. Explain what role transformers play in alterating current (AC) circuits.

13. Determing the function of transformers in the process of moving electrical current from
the power plant to your home.

14, Compile a list of the fumerous applications of transformers {step-up and step-down)
that can be found in your home.

Section (C) AT ETEIS

1. A wire carying 4A current and has length of 15 cm between the poles of a magnet is

keept at an angle of 30° to the uniform field of 0.8 T. Find the force acting on the wire?
(0.24N)

2. A square loop of wire of side 2.0 cm carries 2.0 A of current. A uniform magnetic field
of magnitude 0.7 T makes an angle of 30° with the plane of the loop. What is the
magnitude of torque on the loop? {4.8x10* Nm)

3. A transformer is needed to convert a mains 220 V supply into a 12 V supply. If there are
2200 turns on the primary coil, then find the number of turns on the secondary coil.

{120)

4. A coil surrounding a long solenoid, the current in the solenoid is changing at a rate of

150A/s and the mutual induction of the two coils is 5.5%107°H. Determine the emf

induced in the surrounding coil? {-8.25x107°V),
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Students Learning Outcomes {SL.Os)
8 After learning this unit students should be able to

Identify by quoting examples that the modern world is the world of
digital electronics.

technology.

Realize that electronics s shifting from low-tech -fe
appliances to high-tech electronic appliances. .
Differentiate between analogue and digital electron ¥
Explain the process of thermionic entigsion emilte

filament. "

Describe the simple construction and use of m;&lectmn gun as a
source of electron heam.

\
Describe the effect of electric field on an ¢ ¢lectron beam.
Describe the effect of magnctlcﬁ& 0‘3 an electron beam.

and make a list of 113 uses.

Describe the basic principle of CTU
tal electronics,

State the basic operations of dig
Identify and dvaw th

AND, NOR and NA

State the actmn of ]

dﬁwces Electronic

) dewces manage electron

flow for information
processing and system
control. Both the world
and technology are
changing very quickly.
Every day, a new device
develops to make our
lives easier. Electronic
devices are so impartant
that we can't picture 2
day withont them.
Everything from a
telephone to a washing
machine. If we Look
around ug, and every
cormer hag an electric
device. The reason we
are getting soused to it
i3 simple, if is easicr and
it takes no time fo get
the work done,




Camera

Praojector

Fig: 17.1.
Some electronic devices

Loud speakers ¥
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Please recall that, the following questions may arise in your
mind time to time that:

» What is the difference between analogue and digital

glectronics?

» Why digital electronics based devices are more

rapidly growing than analogue based devices?

» Why computer process the data at extremely high

speed?

» Have you ever think why the electrons are emitted

from a {ilament?

» How electron beams are formed?

» Why electron beams are deflected by both electric

and magnetic fields?

» Why electronic devices are better than electrical

devices?

After studying this unit you will be able to find the
answers of such questions and develop the clear concepts.
17.1 INTRODUCTION TO ELECTRONICS

In 1897 clectron was identified. Vacuum tube was
invented in the same period of time. Vacuum tube can
amplify and rectify small ¢lectrical signals. The invention
of vacuum tube opens up a new field of technology called
“ELECTRONICS”. Electronics comprises the physics,
engineering and technology. Electronics also has
applications that deal with the emission, flow and control of
electrons in vacuum and matter using different devices.

The progress in the field of science and technology
depends upon the ability to measure, calculate and finally
estimate the unknown. There are three ways in which this
could be done.

1. Mechanical (Measurement of gas pressure by

pressure gauge.)

2. Electrical (Measurement of current with electrical

ammeter.)

3. Electronics (Measurement of potential difference by

cathode-ray oscilloscope.

Among above three ways the electronics is far better,
Since, in electronics we get higher sensitivity, faster
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response and greater flexibility in indicating, recording and
controlling the measured quantity.

Electronics may have two fields:
(1)  Analogue
(2)  Digital

Modern World Is The World Of Digital Electronics:

Digital electronic technology is a revelution in the
field of information. Data of any sort can be instantly and
accurately retrieved from any part of the world. Internet is Fig: 17.2.
just the start of this global sharing of information. Analogue devices

The conversion of signals from analogue to digital
has been the key to this digital revolution, their processing
and transmission in digital form and their conversion back
mnto analogne form.

It is now possible to perform many tasks digitally
which were used to be carried out using analogue
electronics. Digital information has several advantages over
analegue information. Some of these advantages are:

(1) Easy storage.

(ii} Easy transmission.

(iii} Large amplification.

(iv) Less noisy signal (clear signal).
(v) Negligible power or line losses.

Digital electronics devices have many advantages over
analogue electronic devices. Some of these advantages are:

(i) They have greater speed.

(ii} They are very sensitive.

(iii) Their displays are easily readable.
(iv) They are very accurate.

(v) They have better resolution.

(vi} They can monitor remote signals.
(vii} Their sizes are small.

For example: A digital voltmeter (VM) has following
advantages over electrical voltmeter.

) Higher accuracy. Fig: 17.3.
Digital devices
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(it)

Higher resolution,

(iii) Greater speed.
(iv) No parallax errors.
(v) Reduced human error.
\ (vi) Compatibility with other digital equipments.
Digital Cameras are fast, Above reasons made the modem world, the world
“_}1;?2-1“- ﬂi ﬁﬁf of digital electronics.
lpicytufcs with betier The digital electronics, based devices are used all over

resolutions. These the world in every field of life. E.g. mobile phones, LED,
pictures can be editedas = L.CD, laptops, watches, . calculators, cathode-ray
BEL UL ScuUERanls. oscilloscopes, digital balances, sensors, alarms, digital

— versatile dises (DVD’s), amplifiers, in telecommunication,
MP3 player.

Now clecronic sensors = 17.2  “COMPUTERS®, THE FOREFRONT OF

T ELECTRONIC TECHNOLOGY:
quanﬁﬁg:g);::t? ,,]:g Electronic technology is improving day-by-day.

tempernture, pressure or ~ Electtonic devices are proving more efficient, accurate,
positions and some other  fast legs costly, flexible, portable and smaller in size with
ol time, There are advancements in electronic technology in
every field but computers can be regarded as the fore front
{i.e. the most prominent part of electronic technology).
EaT e \‘ Because computers are the most simple and accurate
electronic machines that can receive data from many input
devices, process this data and produce the results in desired
format. They can also store data. The powerful flexible
computers available now a day have revolutionized modern
life in many different ways. Computers are the basic need
of the evervday life. Computers are used almost
Q everywhere for various purposes.
L A 1960 Newmark For example: Computers are used in industries,
analogue computer, made  offices, research organizations, educational institutes,
spoffveutits Th6  hopping malls, business, home, hospitals etc, for
solvs difFarential designing, storing data, solving research problems, study,
equations and is currently  graphics, billing, keeping trade records, communication,

housed at the Cambridge playing games and much more.
Museum of Technology.
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In 1980°s a mainframe computer occupies a room is
now may be a desktop, a laptop or a tablet computer. So,
with the passage of time the speed of computer increased
and its size i8 reduced. Computer with internet is now
becomes the most powerful tool of communication which
transfers required data within seconds from one part of the
world to other. Thus computer is the forefront of electronic
technology which is making the world into a global village.
With the growing advancement in electronic technology,
one day it might be possible to dispense keyboard of a
computer altogether and instead just talk to computer.

17.3 ADVANCEMENT FROM LOW-TECH
ELECTRICAL TQ HIGH-TECH ELECTRIC
APPLIANCES:

High-tech is abbreviated from High technology. A Bl

high technology is the most advanced technology available.

The Low-tech is abbreviated from Low technology. A low |

technology 1s opposite of high technology. The low
technology refers to simple, often traditional or not
advanced technology.

The use of digital electronics (technology) enters
into new era, This shifts the world from low-tech electrical
appliances to high-tech electronic appliances. This happens
due to the following reasons that the digital appliances are
more efficient, accurate. They are flexible, compact and
easy to use. These appliances have negligible power losses,
They consume less energy.

There are many examples in our daily life like:

# The field of data storage is improved a lot. The
images recorded in digital camera can be transferred
to computer where they can be edited easily.

» The record of a person such as ID card, passport,
driving license, insurance card, health card and
biometric data (voice scan or eye-retina scan) can
all be stored on a gingle tiny chip,

g o B
Fig: 17.4.

A low-tech (analogue)
computer

Fig: 17.5.
A high-tech {digital}

computer
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The way of communication has changed drastically.
For example, the telephone signals which were transmitted
electrically through copper wires are now transmitted
digitally (as light} through optical fibers.

Digital television gives excellent picture and sound.
Equipments used in film industry for recording
(\ /\ were camera, sound recorder, audio visual recording tape
Y N~ etc. These recording equipments are now replaced by
Fig: 17.6. digital cameras. Digital camera can perform all these
Analog signal operations with better resolution and accuracy.,

‘ 17.4 DIFFERENCE BETWEEN ANALOGUE AND

DIGITAL ELECTRONICS:
Fig: 17.7. Eleetronics can be divided into two categories:
Digital signal 1. Analogue electronics.

2. Digital electronics.

First we understand the differences between
analogue and digital clectronics by their signals and
gxamples from daily life, then we will differentiate them by
their properties:

Analogue electronics deals with circuits which have
contimwously wvarying signals. For example; radio,
television, oscillator etc.

An analogue signal is shown below:

The term “digital” derived from a Latin word “Digitus”
means for fingers. This is because fingers are usually used
for discrete counting,

Thus digital electronics deals with circuits which have
discrete signals. For example computers, calculators, MP3
players etc.

A digital signal is shown below:

Different analogue and
digital devices The differences between analogue and digital

elecironics can be summarized in the table below;
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Analogue Electronics

Digital Electronics

Measures

continuously varying

quantities.

Measures  discrete  as
well 88 continuously
varying quantities.

Analogue signals are

in the form

of a wave.

Digital signals are in the
form of 0's and 1°s.
These two levels can be
joined to form a square
wave.

Data can not be stored
closely {compactly).

Data can be stored more

Analogue signals are

very much
noise (the

affected by
unwanted

voltage fluctuations).

closely {compactly) like
in CD’s. é
Digital =i e
almost not @ by
noise wanted
voltag%zﬁms).

Analogue data can be

transmitted
efficiently
reliably.

%

tal data can be
nsmitted more
fficiently and reliably,

Amplified

signal e@

Jebls

noise.

Amplified digital signal
almost do not have

naise.

ogue

devices

igh precessiomn.

Digital devices have
very high precession.

ples of analogue

devices

ordinary

thermometer,

barometer,

includes
air

the

the

speedometer, vehicles,

the

watches ete,

mechanical

Examples of digital
devices includes
computers, caleulators,
watches, MP3 players,
DVD»’s, laptops, sensors,
biometric machines, chip
in ID) cards ete.

se students to
isit below link for
> igital vs Analog

Why does it matter?

https://www.youtube.com/
watch?v=ZWdT-

6Ld71Q&ab_channel=Bas
iesExplained%2CH3 Viux

et )

Encourage students to
visit below link for
Difference between

Analog and Digital Signals
https://www.youtube.com/
watch ?7v=WxJKXGugfh8
&ab_channel=AddOhms



0 Do You Know!

Thermionic emission is
like evaporation of
molecules from a liguid
surface,

A\N--@—T1
Analo Drigital
sign signal
Fig: 17.10.

Diagram of Analog to
digital converter

Fig: 17.11,

An ordinary bulb
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Both analogue and digital electronics are used in
many devices. Compact dise (CD) player is an example of
it. The basic principle of a CD player is shown in the
following simplified block diagram:

CD drive Q

nrr—un “i .-vr'\q;\ L(' i

DAC i
Digital < Analog

cﬁm reproduction

Power
amplifier [~

of music © Speaker
audio signal Sound

Fig: 17.9. Basic principle©fa CD player

Music stored onm a compact dise m digital form, An
optical system picks up this data and transfers it to the
digital-to-analogue converter (DAC). The DAC changes
this digital data into an analogue signal (The original
music). This analogue signal iz amplified by a lincar
amplifier and sent to speaker for us to listen. The reverse
process to the above process was used when the music was
originally recorded on the CD, using an analogue to digital
converter (ADC). A diagram of an analogue to digital
cotvertor (ADCY) is shown in figure 17.10.

Self Assessment Questions:
1: Write the names of any three analogue devices.
Q2: Define the term “High-tech™? _
Q3: Write the names of any three digital devices.
175 THERMIONIC EMISSION

As we know that the metals are good conductors of
electricity because they have free electrons. These electrons
can easily move through the metal. If energy is supplied to
these electrons they may leave the surface of metal.

The ordinary bulbs have tungsten filament. If, this
tungsten filament 1s heated to a temperature of about two
thousand degree centigrade (2000°C). Then, some of the
glectrons in the tungsten gain enough energy to escape
from its surface. This effect is called “thermionic
emission”. Thus:

Thermionic emissicn is the emission of electrons
from a hot metal surface,
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Demonstration of thermionic emission:

The thermionic emission effect i3 demonstrated Electron emitied
below by an experiment. The figure 17.10. shows this
experiment.

The vacunm tube shown in above figure is called a }g
thermionic diode. This vacunm tube consists of two =
electrodes called the anode and the cathode.

The anode is positively charged so attracts negative .
charges (electrons). .

The cathode is nepatively charged so repels Fig:17.12.
negative charges (electrons). Mﬂdl?'g;’;;::g;mi““if

The cathode shown is made up of tungsten filament,

Normally the gap hetween cathode and anode cannot be
crossed by the electrons when the filament is switched
OFF. As the filament is switched ON, the electrons escape
from the hot tungsten surface. These electrons are atfracted

across to the anode. Hence thermionic emission gccurs. m
Note that if air is in the tube instead of having vacuum in it,

18 RAARE &

4

i i % An ¢lectron microscope
thermionic emission still f}ccurs. & v D
Selfl Assessment Questions: image of a very minute

: . . 2 object by using narrow
Q1: What is ml.ea.nt by thermi su:.'n?. o TR e R
Q2: What particles are rele ermionic emission? than light.

Q3: Why cathode mu d?
176 ELECTRON GUN.AND CATHODE RAYS

The beam of fast moving electrons is called cathode
rays. The filament of a bulb does not preduce centinuous
flow of electrons. Since electrons are much smaller than the
gas particles in the bulb. Therefore when electrons collide
with gas particles they lose energy. As a result electrons do
not travel very far continuously.

An electron gun made the elecirons to fravel in
gtraight lines like a beam called “Cathode rays”. These
invisible rays were coming to found from the cathode. This
leads to discovery of clectron. These rays have following
characteristics:

They transfer negative charge (electrons).

They transfer energy.
They transfer mass.

They transfer momentum,
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Their charge to mass ratio (e/m) is much larger than
Hydrogen ion.
Their properties are independent of the choice of gas in
1 the tube and also the metal used as cathode.
'_'m An electrom gun as a source of electron beam:
beam The production of an electron heam by electron gun
is shown in figure 17.13.

- - The above figure shows that an electron gun is used
High voltage to produce a continuous flow of electrons. The electrons are

Fig: 17.13. emitted from the hot filament. The cathode is a metal plate
A el tron gun warmed by the filament. The cathode is held at a negative

potential compared with the anede. The anode is held at
@m high pesitive potential. The difference of potential between
cathode and anode is about thousands of wolts. The
Modem color TVS have  oootrong emitted from the hot filament are then accelerated
fhree clectron guns. Bach — p yqg g tential diff between cathode and
i motlsshs sepanie y this large potentia erence between cathode an

beam for each of the three ~ anode. This produces fast moving electrons. As the
primary colors preduced  electrons are negatively charged therefore they are repelled
on the screen. by cathode and attracted towards anode. So the electrons
are not slowed down by colliding with air molecules.
Hence a beam of fast moving electrons is produced. The
electron gun is placed inside a sealed glass tube called
vacuum tube because most of the air is removed from the
tube. The fast moving ¢ beams produced by clectron gun
are used in TV monitors, cathode ray oscilloscopes,

electron microscopes and in some other devices.

Self Assessment Questions:

Q1: Who made the electrons to travel in straight lines
like a beam?
Q2: Define cathode rays.
Q3: Which one is held at high positive potential the
cathode or the anode?
17.7 DEFLECTION OF ELECTRON BY ELECTRIC
i i i o1 | F:[ELD
Fig: 17.14. Electrons can be deflected by electric fields. The
‘[:'Iig:?lﬂ:lﬂ" f_*rf Elﬂ-‘"lﬂﬂtli,ﬂsfiilllg diagram given 17.14. shows the deflection of an electron
i passing through a uniform electric field at 90° to the
cirection of motion of electron.
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This field is generated by parallel charged plates.
The two plates are oppositely charged. Force acting on
glectron is constant and towards the positive plate as a '
result electron follows a curved path towards the positive
plate.

The motion @

Effect of electric field om an electron beam: 'CIE%U‘;: SN ¢

The beam of ¢lectron produced by the electron gun - oﬁ:n : i e?:til -
can be directed to a specific target. This could be done eatianal
efficiently by: field.
(i) Keeping the gun itself remains fixed. Fa
(ii} The beam of ¢lectrons to be deflected after it has been

produced.

This could be done by deflecting the beam of
electrons by an electric field. This field is provided by two 4
oppositely charged metal plates. The deflection pattern of -&
an c¢lectron beam is same to that of a single electron as _’_//
discussed earlier. The effects of deflection of electron beam

by an electric field are: EF—
(i) The beam bends and changes direction. -
(ii} The beam follows a parabolic {curved) path in the

electric field. iy LAk

Deflection of electron beam

(iii} The beam of electron changes direction millions of
times each second.
{(iv) The energy and speed of electron beam increases.
(v} The beam continues to move in a straight line afier
passing through the electric field.
The deflection of electron beam by electric field is
shown in figure 17.15.
I Assessment Questions:
N : How many times the beam of electron changes
direction when it passes through an electric feld?
Q2: What happens to the energy and speed of an
electron beam when it passes through an electric
field?
(3: Describe the path of an electron in an electric field?
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17.8 DEFLECTION OF ELECTRON BY MAGNETIC
FIELD

Electrons can be deflected by magnetic fields. The

diagram given 17.16. shows the deflection of an electron

passing through a uniform magnetic field acting at 90° to
the directicn of motion of electron.

This field is generated by passing a current through

Fig: 17.16. a pair of plates (coils). In the above figure the field is

Deflection of electron passing shown by “x” sign. This means that the field lines are

R perpendicular to the page and are directed into the page.

¢ This produces a force that acts at right angles to the

direction of motion of electron. If the field direction is

reversed, the force direction also reversed. The direction of

the force can be found by Fleming’s left hand rule (Note

that conventional current direction is opposite to that of

electron flow). The ¢lectron changes direction and bends.

Because the force acts at right angles to the direction of

motien of electron, the electron will move in a circular

path.
Effect of magnetic field on an electron beam:
Nepine dpiparics Mot ol | ‘_I'he path of_ a beam of s_:lectmns which enters ih a
“““’X* L magnetic field acting perpendicular to the direction of
= F motion is shown in figure 17.17.
—t ;i ~§; i The effects of deflection of electron beam by a magnetic
Elglhnm -"‘)( X X )?1 - field are:
; . (i} The beam bends and changes direction.
(i) The beam follows a circular path in the magnetic
field.
Fig: 17.17. {(iii)} The energy of clectron beam does not change in
Effectof magnetic field the mag[let_ic fizld.
(iv} The speed of electron beam does not change in a
magnetic field.

Self Assessment Questions:

1. Describe the path of an electron in a magnetic
field?

(Q2: Which rule is used to find the direction of the force
in a magnetic field?

Q3: What happens to the speed of an electron beam as it

passes through a magnetic field?
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17.9 CATHODE-RAY OSCILLOSCOPE (CRO)
A Cathode-ray oscilloscope (CRO) is generally
referred to as oscilloscope or scope. It can display and also
measure many electrical quantities like ac/dc voltages,
frequency etc. It is called a cathode ray oscilloscope
because it traces a required wave-form with a beam of
electrons called cathode rays. A cathode-ray oscilloscope
{CRO} is used to observe the voltage waveforms of a
transformer. A cathode-ray oscilloscope is used to display
traces showing how a wvoltage varies with time. For
example, the varying voltage produced by a microphone
when it detects sound waves.
Basic principle of Cathode-ray oscilloscope (CRO)

A cathode ray oscilloscope consists of different
components. The main component of a cathode-ray
oscilloscope (CRO) is a cathode-ray tube. A cathode-ray
tube is shown in figure 17.19.

F:;ﬂ:g Oscilloscope
Accelerating
. . o Bright spot
— X S
filamen: . T
. The symbol of CRO
H.
h_\'_.l

Electron gun Deflection
& system

Fig: 17.19 Diagram of CRO
Working:

» The electron gun emits a beam of electrons (ie.
cathode-ray) which is produced by the cathode. r.

» When this electron beam strikes the fluorescent Before LED and LCD,
screen a bright spot is created on the screen. This is  televigions were inverted,

. they contained cathode-

dlfe to the reason that the ﬂuure.scent screen is cna-ted bl
with a fluorescent salt such as zinc sulfide, a chemical — were assembled in lage

that glows when electrons strike it. hoxes.
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The electron gun consists of a grid which is connected
to (-ve) potential. It repels the electrons and therefore
controls the number of electrons reaching to anode
and screen. Thus it controls the brightness of the spot
on the screen. _
» The anode at (+ve) potential and is used to accelerate
the electrons and to focus them into a fine beam,
» The deflecting system consists of X- plates and Y-
plates to move the spot on the screen. If it moves fast
mmmnl enough it appears as a line.
| @ x| # Y-plates canse deflection in vertical direction {up and
AL v oE5 down) when voltage is applied across them. The

: v ml vertical deflection of the electron beam can be
; N changed by varying fhe voltage across the Y- plates.

» X-plates canse deflection in horizontal direction (left

Fig: 17.20. i 3 ¢ :
Front panel of CRO and right) when voltage is applied across them. The

horizontal deflection of the electron beam can be
changed by varying the voltage across the X- plates.
The figure 17.20. shows the front panel of a
CRO with the understanding of the important terminals to
be used.
The following are the four important confrols on an
oscilloscope.
1. X-shift
2. Y-shift
3. Time base
4. Y-gain

¥ X-shift control moves the trace from the left or right
of the screen to the centre of the screen.

» Y-shift control moves the trace from the top or
bottom of the screen to the centre of the screen. The
vertical deflection of the electron beam can be
changed by varying the voltage across the Y- plates.

¥ Vertical deflection {Y-gain) of the electron beam can
be amplified by using this control. This is dene by
varying the voltage applied across the Y-plates of
cathode-ray tube. An amplifier circuit amplifies the
voltage across the Y-plates in the cathode-ray

oscilloscope.
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# Time base: Horizontal (X) speed of the electron beam
on the screen can be adjusted by using this control.
This is done by varying the voltage applied across the
X-plates of cathode-ray tube. The frequency of the
time base is varied by an internal circuit in the
cathode-ray oscilloscope which applics an alternating
voltage across the X-plates. The time-base actually
applics a saw tooth voltage to the X-plates is shown in
figure 17.21.

Uses of the CRO:

The voltage to be measured is connected to the Y-
input of the oscilloscope. Two things to be remember,

1. Y-axis is used to measure the voltage.
2. X-axis is used to measure the time.

So, the display on a cathode-ray oscilloscope screen
is a graph of voltage against time. Some of the important
uses of cathode-ray oscilloscope are given below:;

1. Measuring voltage

2. Displaying voltage waveforms

3. Measuring short intervals of time
Self Assessment Questions: v

Q1: Which axis is used to the voltage?

Q2: What is the function ift?

Q3: Which is the \@mmﬂﬁﬂf of a cathode-tay
oscilloscope? ¢

17.10 ANALOGUEAND DIGITAL ELECTRONICS

Analogue electronics deals with the continuously
varying quantities. Analogue electronics possesses the data
being provided in the form of continuously wvarying
quantities {contirmous signals).

Digital electronics deals with the discretely varying
quantities. Digital electronics possesses the data being
provided in the form of digits (discrete signals).

Basic operations of digital electronies:

Digital electronics based devices uses discrete
signals. A digital signal represents two opposite states.
These signals either represents a (ON, OFF, HIGH, LOW,
OPEN, CLOSE, UPPER, LOWER, PLUS, MINUS, TRUE,
FALSE, MAX, MIN) states of a system. There is no

Right  Right  Right

Left Left Left

Fig: 17.21.

T A
Encourage students to
visit below link for
How to use CRO to
‘measure Amplitude
and Frequency
hitps://www.youtmbe.com/
watch?v=kh-
ollfde3Y&ab channel=Te
chnicalKnowledgeinElectr
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intermediate state is possible {(allowed). For example, a
p.Q ® block diagram of a security alarm which operates through
Switches Atareit two switches is shown in figure 17.22.

It can be seen clearly from the above diagram that:
» If cither switch “P” or “¢¥” is OFF, the alanm will

1] remain OFF (quite).
oy » Ifboth switches “P” and “Q” are ON, the alarm will
Fig: 17.22. be ON (ringing).
agram of sccurily alerm This example could be demonsirated by the
following table:

>4
Switch “p” Sv: jitch @ Alarm status

OFF d Quite

ON O{@OFF Quite

o% ON Quite
\ BN ON Ringing

~~The above table represents the logic behind the
working of the alarm. In digital electronics, this logic is
implemented by “LOGIC GATES”.

elf Assessment Questions:
31: Which types of signals are used by digital
electronics based devices?

A dig 3 = Q2: Which component implements the logic?
on example of a device Q3: A digital sipnal has how many states?

' e digital 17.11 LOGIC GATES
5 Hies: The logic gate is the basic unit of digital logic

¢ircuits, there are mainly three basic gates AND, OR, and
NOT and these logical gates perform AND, OR, and NOT
operations in the digital system.
AND Gate:

An AND gate is a digital circuit that has two or

more inputs and a single output. AND gate operates on
logical multiplication rules. AND operation using

variables A and B is represented “A.B”, here () dot is a
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gate: Y=AB

logical multiplication sign. Boolean Expression of AND

Truth table of AND operation using two
input variables

B

Y

.B

0
1
0
1

A
0
0
0
1

INPUT

Y=A.B

Figz 17.23 AND Gate using two input variables

Truth Table of AND gate using three input
variables A, B, C, and output is Y. If any input is 0, then
output Y becomes 0. If all inputs are 1 then output Y

becomes 1.

Boolean expression of AND gate is Y=A.B.C

put variables

C

Trnth( AND operation using three

Y=ARC

¢

| | | | i | i | e =

LN E—R N —N N~ e~

The truth tabl: is the & _
that represents thedinpu

A SHE LS = o,
Encourage students to
visit below link for
The AND gate
https://www.youtube.com/
watch?v=oRIWUZRUyKa
&ab_channel=EarthPen
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A
INPUT | B

C

Fig: 17.24 AND Gate using three input-variables

OUTPUT

OR Gate:

An OR gate is a digital cirenit that has two or more
inputs and produces a single output. which is the logical
OR of all those inputs. The logical OR is represented with
the symbol “+”. An OR gate operates on logical Addition
rles, :

Boolean Expression of OR gate: Y=A+B

@ h.tahle of OR gate operation
Ensiourags stdlents to sing two input variables
wvisit below link for = = .
OR gate operations E A B Y=A+B
https:/www. youtube.com/ 0 o 0
watch?v=XLSsEKI-
g7A&ab_channcl=Physits ; ¥ x
4students l\ : : 7
g, 1 1 1

Y=A+B

OUTPUT

A
INPUT
I

Fig: 17.25 OR Gate using twe input variables

Truth Table of OR gate using three input variables A, B, C
and output is Y. If any input is 1 then output Y becomes 1
and if all inputs are 0 then ouput Y becomes 0.

Boolean expression of OR gate is Y=A+B+(
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Truth table of OR operation using three
input variables

A B C Y =A+B+C

0 0 0 0

0 0 1 1

0 1 0 1

0 i 1 1

1 ¢ 0 1

1 0 1 1

1 1 0 1

1 1 1 1 a
A

INPUT|| B

C

Fig: 17.26 OR Gate uging three input variables

NOT Gate:

A NOT gate is a digital circuit that has a single
input and a single cutput. It is also
known as INVERTER. The NOT operates complement or
invert of any input, it symbolized by complement sign {*)
Right side on top of the input variable or bar (-} sign on top
of the variable.

Boolean expression is NOT gate: Y=A’or Y=A
Truth table of NOT gate is A is input and Y = A is output.
nruth tahle of NOT gate operation using two
[ input variables

A Y=A

0

A logical statement that
results in form of a digital
value, either be Trme or
False, is called a Boolean
€Xpression.

Encourage students to
visit below link for
NOT gate
: https://www.youtube.com/
watch?v=C_NNbYNy-
cwdab_channel=EarthPen
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Encourage students to
wvisit below link for
NAND gate
operation
https:/www. youtube.com/
watch?v=EUwjkBIPtuw&
ab_channel=ElectricaldU

Encourage students to
¥ visitbelow link for
NOR gate
operation
https://www. youtube.com/
watch?v=E3ry j80AZA&
ab_channel=Electrical4U

Unit 17:
Introductory Electronics

Fig: 17.27 NOT Gate

NAND Gate:

A NAND Gate could construct by connecting a
NOT Gate at the output terminal of the AND Gate.
Boolean expression of NAND gate is Y= (AB) or
Y = AR,

The Truth table of the NAND gate shows A, B are
the inputs and Y is the output. When both inputs are “17,
the output, Y is “0”. If any one of the inputs is “0”, then the
output Y is “17.

le of NAND operation using
two imput variables
v=AB
0 0 L
0 1 1
1 ¢ 1
1 1 0
INPUT
B OUTPUT
Fig: 17.28 NAND Gate
NOR Gate:

A NOR Gate could construct by connecting a NOT
Gate at the output terminal of the OR Gate. The Boolean

expression of NOR gate is Y =(A+B) or Y = A4 + B.
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The Truth table of the NOR gate shows A, B ar¢ the inputs
and Y is the output. If both inputs are “0”, then the output,
Y is “1”. If any one of the inputs is “1”, then the output Y

is “0”.
Truth table of NOR operation using two
input variables
A B Y=A+B
¢ 0 1
¢ 1 0
1 0 0 \
1 1 0 s/ www.youtube.com/
: : watch?v=Sb5iUSHDvRe
&ab channel=CognitiveL
carncrs
INPUT
Fig:17.29 NOR Gate
USE OF LOGIC GATES: el e
A seat belt alarm system: lgnition ,«

swich

In Figure 17.30', an AND gate is used in a simple

B
automobile seat belt alarm system to detect when the il (;E..

ignition switch is on and the seat belt is unbuckled. If the
ignition switch is on, a HIGH is produced on input A of

the AND gate. If the seat belt is not properly buckled, a —
HIGH is produced on mput B of the AND gate. Also, Fig: 17.30
when the ignition switch is turned on, a timer is started A simple geat belt

that produces a HIGH on input C for 30 s. If all three ~ alarm E‘n“it using an
conditions exist that is, if the ignition is on and the seat e

belt is unbuckled and the timer is running—the output of

the AND gate is HIGH and an audible alarm is energized

to remind the driver.
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Intrusion detection and alarm system:

High - Open A simplified portion of an intrusion detection and
- alarm system is shown i Figure 17.31. This system could

be used for one room in a home a room with two
windows and a door. The sensors are magnetic switches
that produce a HIGH output when open and a LOW
output when closed. As long as the windows and the door
are secured, the switches are closed and all three of the
OR gate inputs are LOW. When one of the windows or

Fg: 1731 the door is opened, a HIGH is_Prpl;luced on that input to

Asimpm.;e i letrusion the_ OR gate and the gate output goes HIGH, It then

detection system activates and latches an alamm circuit to wam of the
using an OR gate. intrusion.

Self Assessme ions:
Q1: Wha bing gate?

Q2: Whi ¢£ _
Q3: {Vﬁ't-e. he Boolean expression of an OR gate?
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E/ SUMMARY

# Electronics comprises the physics, engineering and technology.
» Electronics has applications that deal with the emission, flow and control of
electrons in vacuum and matter using different devices.

Analogue are those quantities which change continuously with time.

Digital are those quantities which change discretely (in steps) with time,
Analogue electronics possesses the data being provided in the form of
continuously varying quantities (continuous signals).

Digital electronics possesses the data being provided in the form of digits
{discrete signals).

Thermionic emission is the emission of glectrons from a hot metal surface,

An electron gun made the electrons to travel in straight lines like a beam.
Electrons and their beams can be deflected by electric fields.

Elecirons and their beams can be deflected by magnetic fields.

The Cathode-ray oscilloscope is an electronic device which can be used to
measure voltages, study wave forms and measure short intervals of time,
Cathode rays are beam of electrons that are produced by thermionic emission
in a vacuum tube.

Cathode rays can be deflected by electric and magnetic fields,

Logic gates are used to implement the logic.

There are different types of logic gates, like NOT, OR, AND, NOR and NAND
gates.

A truth table gives all the possible inputs and outputs of a logic circuit.

v YVvVYYY h i Y vVvY

vVVvYYyYy
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+*+ CONCEPT MAP

Electronics

]

|

Digital electronics

Logic gates

:

!

Analog electronics

}

Circuitswhich have varying
signalssuch as Radio, television,

wall clocks ete.

Basic logic gates

= AND gate

L+ NOT gate._

OR gate..

Other logic gates

— NAND gate

NOR gate
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Multiple Choice Questions (MCQs)

1. Metals are good conductors of electricity because they have free:

(a) Electrons (b) Protons {¢} Neutrons (d) Photons
2. The continuous flow of electrons is made possible by a device called:

(a) Cathode (b) Electrongun (c) Anode (d) Filament
3. The ¢lectric ficld can be detect:

(a}  Photon (b} Neutron (¢) Proton (d) Electron

4. Ifthe direction of magnetic field is reversed, the direction of force is:

{a)  Reversed (b) Not reversed {c) May or may not reversed (d) None of these
5. The process of emission of electrons from the hot metal surfaces is called
(a) Plastic emission {b) Themmionic emission
(¢} Static emission (d) Current emission
6. If input of a NOT gate is *1” then its output is:
(@ 1 (b) 0 (c)maybel ormaybe0 (d) None of these
7. The Boolean expression of an AND gate is:
(a)A.B (bYA+B (¢) AxB (d) None of these.
8. Electronics comprises the:
(a) Physics (b) Engineenng  (¢) Technology (d) All of these
9. The Boolean expression of an OR gate is:
(a)A.B b}A+B (c¢) AxB {d) None of these.
10. The cathode ray carry
(a) positive charge {b)neutral  (c) negative charge (d) positrons

a0 BStructured Questions

1. Give an example showing that the world is shifting from low-tech electrical
appliances to high-tech electronic appliances

2, {(a} Write any three advantages of Digital clectronics (devices) over analogue
electronics devices.
{b) Define the role of vacuum tube in electronics.

. What is the function of a ‘DAC’?

. What makes the cathode give off electrons?

. {(a) Demonstrate the process of thermionic emission by diagram?
(b) Will the process of thermionic emission still occurs, if air is in the tube

instead of having vacuum in it?
. Why the cathode repel electrons?
. Write any two properties of cathede rays.

h & B9

=]
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8. (a) Will there be any change in the properties of cathode rays if the gas in the
tube is changed?
{(b) Will there be any change in the properties of cathode rays if the metal used as
cathode 1s changed?
(c) Name any twe devices that uses an electron beam?
(d) Cathode rays lead the discovery of which particle?
9. State and explain the phenomenon of the production of an electron beam by an
glectron gun?
10.Is there any change occurs in the direction of an electron beam when it passes
through an electric field. Explain?
11. How the beam of electron produced by the electron gun can be directed to a
specific target? :
12. Demonstrate by a diagram the deflection of electron beam by an electric field.
13.  (a) What happens to the energy of electron beam when it passes through a
magnetic field?
{b)Is there any change in the speed of eleciron beam as it passes through a
magnetic field.
14.  Give any three effects of deflection of electron beam by a magnetic
field.
15. Explain the fimction of following parts of a cathode-ray oscilloscope.
(a) The fluorescent screen.
(b}  The cathede.
(c) The anode.
{(d) The Y-plate.
16. Explain how the beam of electrons is produced inside the cathode-ray
oscilloscope.
17. Explain what makes the electrons accelerate from the cathode towards the
anode?
18. (a) Explain the term “LOGIC” by giving a suitable example?
(b) Name the component which implements logic in digital electronics.
19. . Explain is there any intermediate state possible?
20.  (a) Give the symbol of a NAND gate.
(b) Give the truth table for AND gate.
21. (a) Describe the logic operation of an inverter?
(b) Produce the truth table for an OR gate?
22. (2) Which two logic gates will give an output of 1 with inputs of 1 and 0 ?
(b) Give the symbol of a NOR gate?
(e) Give the truth table of 2 NOR gate?
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>  Explain briefly the transmission of e iﬁéﬁ:ﬁu‘g
o glectric signals through wires :
o radiowaves through air
o light signals through optical fibres & another by mohile

Describe function and use of fax mﬁﬂne,_@hqnq, ‘phone, fax, computer,
ﬁﬁﬁtﬁ -phnﬁe and computer. : m‘"-‘, the intemet. These
Make a list of the use of E-mail and internet’ d?:;rnizz g:?l;k#:dcﬁe
Describe the use of information storage devices such as whole wotld together in
audio cassettes, video cassettes, hard discs, floppy, a

compact discs and flash drive. i _
. Kentify the' functions (f Word processing, data chapter, we will look at
5 mg )"‘ :

lling. some of the fundamental
phenemena and
technologies that are
employed in today's
information and
communication
technology (ICT)

 managing, monitoring and'e
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18.1 INFORMATION AND CCOMMUNICATION
TECHNOLOGY

Processed data is termed information in computers. A
computer analyses data and extracts information, Sound,
image, and digital data arc used to communicate this
information to remote locations, An electronic-based
system for transmitting, receiving, processing, and
retrieving information is known as Information and
Communication Technology (ICT). Telecommunications
and information technology have been merged to become
ICT. The above terms can be defined separately as:

1. Information technology is the scientific approach
for storing information, organizing it for optimal
use, and communicating it to others.

2. The process of transmitting information over long
distances i1s known as telecommunication.

ICT refers to the scientific techniques and tools to store,

process, and transport large volumes of information in a

matter of seconds using electronic devices.

182 .COMPONENTS OF COMPUTER BASED
INFORMATION SYSTEM (CBIS)

Five components must come together to create a CBIS (see

Fig.18.1). Now we will briefly discuss them.

1. Hardware is machinery. This comprises the CPU
and its supporting hardware. Input/output, storage,
and communication devices are examples of
essential equipment.

2. Software: Software includes computer applications.
They tell the CBIS's hardware how to process data
and tumn it into meaningful information. Programs
are usually saved on a chips or tape.

3. Data: Programs utilize data to provide helpful

information. It might be a phrase, picture, or figure

that has special significance. Data, like
programmes, are usually saved on chips or tape
until needed by the computer.
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4. Procedures: The puidelines for creating and using
information systems, These are in user manuals and
papers. From time to time, these rules or techmiques
may be revised. In order to accommodate these

System software:

: : : System software is a type
adjustments, the information system mmst be  of computer pro

adaptable. is designed
compiter’ and
© & i
j m al A iom software:
i - n aoftware is a
( . & of computer
= 2 4 gram that performs a
- i specific personal,
educational, and business
‘{\% '%j\b function.
C based P f )
inf'-:{:111mn.I;I :fn: syi‘fcm __ i ¥ .
e i vy o)
L v r \‘

Software ! Wetwork
Fig: 18.1 Cnmpmf::%%;:ms

5. People: A CBIS is useless without individuals who
can impact the success or failure of information
systems. People develop and maintain the software,
enter data, and construct the hardware that makes a
CBIS work. People write the processes and
ultimately decide the CBIS's effectiveness.

18.3 FEOW OF INFORMATION

Electronic. and optical equipment can be used to
transfer information from one place to another place, which
is called flow of information. When vou use a phone,
glectrical impulses are used to transmit data via cables.
Radio, television, and mobile phones provide information
by electromagnetic waves or light via optical fibers. As
radio waves move through different layers of the Earth's
atmosphere, they keep getting bent. As a result, the signal
gets weaker, making it hard for people to get it from a long
distance away. Microwaves are not refracted in the same
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way as radio waves. It is because they are used to
communicate with satellites,

e A Figure 18.2 shows a communication system. The
that convert one formof ~ transmitter, transmission channel, and receiver are three of
energy into other form of  the most important parts of any communication system.

<=

Microphone

Electronic

PrOCESSOrS Transmitter

Electromagnetic
b >PBE
Loudspeaker

Fig: 18.2 Communieation system
The input signal is processed by the transmitter. The
Fig: 18.3 (a) transmission channel is the medium used to transmit the
First telephone signal. Wires or coaxial cables may be used in the same
Bell's telephone way as radio-wave and optical fiber cables. In other words,
trangmitter {microphone}  the signal power gets weaker as you get farther away from
consisted of a single the source. The transducer receives the output signal from
permanently magnetized 4o paceiver afier it has been processed, To compensate for

bar magnet having a W : ; ;
IL coil or bobbin of transmission loss, the receiver may amplify the input

fing wire surronnding one signal.
Pﬂlﬂ_, iﬂ_ﬁﬁﬂt ‘_Jf“'hiﬂh 3 18.4 TRANSMISSION OF ELECTRICAL SIGNAL
thiry e G irfin e THROUGH WIRES

fixed in a circular: . .

' In 1876, Alexander Graham Bell created a simple and basic
telephone system to transmit andio as an electrical signal.
An electric coil is attached to a vibrating diaphragm which
is made of metal. Diaphragms are used in modern
telephones to convert voice into electrical signals for
transmission. The mouthpiece and the carpiece are two
¢lements of the telephone system; Fig.18.3.

A thin metal diaphragm and carbon granules are found in
the mouthpiece and receiver, respectively. The diaphragm
vibrates as we speak through the mouthpiece, An electrical

1183 (b ; !
F;-gﬂephm[m} current may travel throngh the wire because the diaphragm

vibrates slightly, compressing the carbon.
At the opposite end of the line, the receiver reverse this
procedure. An electromagnet in the receiver generates a
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changing magnetic field as a result of the electrical current.
As a result of the receiver's thin metal diaphragm vibrating
due to the magnetic field, sound is produced.

18.5 TRANSMISSIONS OF RADIOWAVES

THROUGH SPACE

Cables or radiowaves may be used to transmit electrical
signals representing data from a microphone, TV camera,
or computer. Audio frequency (AF) signals may be used to
send data directly via wire. Electromagnetic waves, on the

other hand, must be used to transmit information over a

long distance.
Transmltlcr Receiver
’ Tmn'unnlmg acrial Receiving acrial + X
Microphane g g d N 2.‘."\
Tuned MO bar 3 i
Muclu]ator S
1 - =
z [ d
Radio (1.
frequency 4 1
oscillator I‘Q___;.
Eath ('

Fig. 18.4: Radio transmission and receiving system
The microphone converts the radio station's sound waves
into electrical impulses. The transmission aerial consists of
two metal rods, and these signals are subsequently fed into
the antenna. Electromagnetic radiowaves are produced
when the charges on the transmission antenna vibrate in
response to electrical signals.
The modulated signal is selected and amplified by the
receiver at the other end. In order to get at the information
signal, we need to use the demodulator, which extracts it.
In Fig. 18.5, we see a radio broadcast and reception system
in action.
Fax machine
A fax machine; Fig. 18.6 is a need for many enterprises
across the globe. There are two essential functions in the
use of fax machines: scanning the page and transmitting the
resulting electronic signals over telephone line.




Fig: 18.7
Mobile phone

Fig: 18.9
Photo phone
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An internal printer on the receiving system is used to print
out a copy of the transmitted message once it has been
converted by the software.

Cell phone

In mobile phones, radio technology is used; Fig. 18.7. It's a
sort of radio that allows for two-way communication
between users. There are radio transmitters and receivers
built inside the mobile phone's internal components. To
communicate, it uses radio waves to transmit and receive.

Cellular A

%Cﬁllulm‘ B
"~

Fig: 18.8, Cell phone network
When a mobile phone user makes a phone call, the sound

waves of the caller are transformed into radiowaves. As
soon as this signal is received, it is routed to the caller's
local base station and given a unique radio frequency. The
receiver's base station receives this signal through mobile
switching center (MSC), which transmits it to the
transmitter. Afterwards, the caller's mobile phone is
connected to the call. The radiowaves are converted into
sound once again by the mobile receiver as shown in figure
18.8.

Photo phone

Figure 18.9 depicts a more modem form of a photo or
video phone. It is possible for nsers to view each other's
faces, unlike the traditional phone. To contact our friends
or family members, we just hit the pad with their picture
and their phone number. As a result, we are able to connect
with our family and friends through camera phone with
their actual appearances.
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18.6 TRANSMISSION OF LIGHT
THROUGHOPTICAL FIBRES
Visible light waves are substantially higher in frequency
than radio waves. This implies that light beams can convey
information faster than radiowaves or microwaves. An
optical fibre was employed as a transmission path. A low-
refractive-index optical fibre is a tiny strand of high-quality
glass that absorbs less light. A bundle of optical fibres of

SIGNALS

Do You Know!

human hair-thick glasg fibres, {(One common

Light entering the core of an optical fibre travels straight ; “f{lcﬁpg:}ﬂiﬂt?t
> . : st of our information

and meets the inner wall {cladding). If the cladding e Bansrmiitad (oo

incidence angle is below the critical angle, some light sdlelliles Bt Bler oo
escapes the fibre optics and is lost; Fig. 18,10. A critical  cables actually form the
angle of incidence is one where all light is reflected into the  backbone of the internet,
fibre optics. It then proceeds in a straight path until it meets  fansmitting sbout $9%
the inner wall again, and so on. ‘;iﬁf:rt?zz‘;ﬁ?m&;r:
The benefit of optical fibre is that it can be used to transmit cables in service,
very large amounts of data across great distances with little  siretching over 700,000
loss of quality. This characteristic of fibre optics separates  miles {1.1 million km)
it from wire-based systems. Whenever electrical signals are arcund the world.
transferred across wires, the signal loss rises in direct e
proportion to the increase in data rate delivered. As a result,
the signal's range is reduced.

Lot
Lost

Critical angle

Fig: 18.10.
Light entering a glass rod at greater than the critical angle is
trapped ingide the glasy
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When compared to single-mode cables, the thickness of
each optical fibre in a multi-mode cable is about 10 times
greater. The term "multiple-mode"” comes from the fact that

mﬁ;lupgmﬁffﬁﬁs ~ light beams may flow through the core in several ways.
or near the highest Multi-mode cables can only transmit data over small
operational rate for distances and are used to comnect computer networks

computers. Traditionally, together.
superoompuiers have Computer

beegnﬂg;mﬁin;ﬁc A computer processes, stores, and displays data. Hardware

applications that must and software are two components that are fundamental to
handle massive the operation of a computer. "Hardware" is a physical
databascs, do & great component of computer. CPU, monitor, keyboard, and
amount of computation of  mgyse are a few examples. CPU, a microprocessor, is the
i most important component of hardware. It is the "brain® of
computer the unit that processes instructions and calculates
results. Software informs hardware what to do. A word
processing program enables you type letters. The operating
system (0O8S) is the software that govemns the functioning of
your computer and any other connected devices. Windows
and Linux are well-known operating systems.
Today, computers are employed in almost every field,
including medicine, engineering, weather forecasting,
transportation, and shopping malls, Most individuals now

ENIAC, in full Electmni*.“ use laptops; Fig 18.11. It is easy to carry a laptop with you
N“Igomcﬂtht‘:ﬁm";‘q when you meed to work on a computer since they're
mputer, the ;
T Vew @ﬂ compact and light.
purpose el i
computer, bui ing
1d W

CDDVD

diye System Unit Frictee

Fig: 18.11
Laptop

Floppy disks
CD/DVD discs

Flop
disk dnve

Fig: 18.12, Parts of a computer
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18,7 INFORMATION STORAGE DEVICES
Storage device is a device that can be used to store
information in a computer. Storage devices use electronics,
magnetism, and laser technology in different ways to store
information.

Primary Memory

Primary memory is made up of integrated circuits (ICs) that

a processor or computer can access immediately. Random m

Access Memory (RAM) is a region in the memory where ﬁ}y;ﬂm{w e

running programmes and services may be accessed by the as primary storage
CPU. Whenever you turn off your computer, you lose all of the main memory.
your RAM's data. The second part of memory is called

read-only memory (ROM), which is a type of storage

medium that stores data on personal computers (PCs) and

other electronic devices in a way that doesn't change it.

Among ity many functions, it handles the majority of a

computer's input and output and stores any program or

software instructions that are loaded during bootup.

Secondary Storage Devices
They are usually the secondary storage memory, it can also

be used to store other types of data. It is used to keep the wgk‘h:nn;alfudc;t;: f;]id:lm

data in the computer for a long time. When we open a be lost.
sofiware, data is transferred from secondary to main
storage. Andio-video cassettes, hard discs, USBs, memory
cards are the few examples of secondary storage devices.
Audio And Video Cassettes

These devices are based on magnetism, Audio cassettes
consist of a tape of magnetic material on which sound is
recorded in a particular pattern of a magnetic field;
Fig 18.13 For this purpose, microphone changes sound
waves into electric pulses, which are amplified by an
amplifier. Magnetic tape is moved across the head of audio

cassette recorder which is in fact an electromagnet; Fig: 18.13
Fig 18.13, Audio cassette




In 1877 Thomas Edison,
invented the phonograph, It
was beginning of sound
recording and reproduction,

Phonograph

Fig: 18.15
Yideo cassette
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Fig: 18.14. A magnetic tape storage mechanism

Thus, magnetic tape is magnetized in a particular pattern
according to rise and fall of current. In this way, sound is
storedin a specific magnetic pattern on this tape.

To produce the sound again, the tape is moved past the play
back head. Changes in magnetic field on the tape induce
alternating current signals in the coil wound on the head.
These signals are amplified and sent to the loudspeakers
which reproduce the recorded sound. In video
tape/cassettes; Fig.18.15, pictures are recorded along with
sound.

Magnetic Disks

There are different types of magnetic disks coated with a
layer of some magnetic material. The read/write head of
disks are similar to the record replay head on a tape
recorder. It magnetizes parts of the surface to record
information. The difference is that a disk is a digital
medium-— binary numbers are written and read.

A floppy disc; Fig.18.16 is a small magnetically sensitive,
flexible plastic wafer housed in a plastic case. It is coated
with a magnetic oxide similar to the material used to coat
cassettes and video tapes. Most personal computersinclude
at least one disk drive that allows the computer to write it
and read from floppy disk.

Hard Disk

Most users rely on hard disks as their primary storage

devices. A hard disk is a rigid, magnetically sensitive disk
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that spins rapidly and continuously inside the computer
chassis or in a separate box connected to the computer
housing; Fig.18,17, This type of bard disk is never
removed by the user. A typical hard disk consists of several
platters, each accessed via a read/write head on a moveable
arm.

Compact Disc {CDs)

It's a moulded plastic disc with tiny "pits” and "lands" that
store digital data. Pits are CD's spiral tracks and lands lie
between them ;Fig. 18.18 (a, b) A laser beam scans the disc to
read data. CD pits and lands reflect laser light differently.
This pattern of pit and land light reflection is transformed
to binary data. Pits signify '1' and '0". CDs can contain 680
MB of data. A DVD can contain 17GB of data, the same as
aCD.

Flash Drive

It is an electronics device and has Integrated circuits (ICs)
that store data. A flash drive may transfer data between
computers; Fig 18.19. Many of these little devices can hold
a year's load of schoolwork. We.may connect one to our
key chain, collar, or book bag, Because of flash derive; we
don't need to bring a hard drve or laptop with us when we
move around the world,

18.8 Word Processing, Data Management and Control
Word processing is such a use of computer through which
we can write a letter, article, book or prepare a report.
Word processing 15 a computer program. Using this
program we candevelop any document, see it on the screen
after typing. We can edit the document, add some new text
or delete the previous text or make amendments in it. We
can move text from one page to another, even from one
document to another. Document can be stored in memory
and its print canalso be taken. By means of modern word
processing, we can write it in different styles and in
different colours. We can also use graphics.

Some other features of word processing are shown below
in the icon of word processing:

e N
' QNH"%§ ’

Pig:18.18 (a)
Compact disk

Land

Pit
Fig: 18.18 (b)

Fig: 18.19
Flash drive

) v vou koo
In 1956, IBM’s Data
Processing Division in
southern San Jose, Ca
transported the first hard-
drive that only held a
whopping 5 megabytes of
storage.




0 Do You Know!

National Database and
Registration Authority
(NADRA),
biggest data managing
authority of Pakigtan
was established on 10
March 2000, That
manage the data of
citizens through the
internet by issuing
computerized identity
¢ard and Form B.

Fig: 18.20
Barcode scanning
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Data Management — Monitoring And Contrel
To collect all information regarding a subject for any
purposeand to store them in the computer in more than one
infer linked files which may help when needed, is called
‘data managing'.
The educational institutions, librarics, hospitals and
industries store the concemed information by data
management. Additions and deletions are made in the data
according to the requirement, which help in the
improvement of the management of the institutions.
In big departmental stores and super markets, optical
scanners arc used to read, with the help of a Laser Beam,
the barcodes of a product which indicate the number at
which this product is recorded in the register; Fig.18.20, In
this way, the detail about its price is obtained. The central
computer monitors the bills and the related record of the
sold goods. It also helps placing the order of goods being
sold in a large quantity and to decide about less selling
goods.
18.9 Internet
When many computer networks of the world
were  connected together, with the objective of
communicating with each other, Internet was formed. In
other words, we can say that Internet is a network of
networks, which spreads all across the globe. Initially, the
size of Internet was small. Soon,people became aware of its
utility and advantages and within short span of time,
numerous computers and networks got  themselves
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connected to Intemnet. Its size has increased multi folds
within few years. Today Internet comprises of several
million computers. There is hardly any country of the

world and important city of the country, where Internet is Jenuary 1, 1983 is
notavailable. considered the offi ‘C
birthday of the Internet.

A conceptual diagram of Internet is illustrated in Fig. 18.21.

Q u Mini Note atan dW&}'
PC L J.' i i

b}

P

- cations protocol
g Heliehapk established called
Mabile Transfer Control
g o Protocel/Intemetwork Pr
' -] otocol (TCP/IP).

== '*
pwbwe  FEEE  Desker

Remote Server
Fig: 18.21. Schematic diagram of iternet

Internet is basically a large computers network, which

extends all across the globe. In Internet, millions of m
computers remain connected together through well-laid .
communication system. L e

P ; Text Transfer Protocol
Recall that telephone communication system is well- . . applicaﬁnn-lev;l

defined, time proven system. Intemet makes use of this protocol used for
system and many other systems to comnect all the  exchenging files on the
computers. Thus like a telephone connection, any computer World Wide Web.

of any city can establish a connection with any other
computer of any other city and exchange data or messages
with it.
Internet Services
The main services used on the mmtemet mnclude:
» Web browsing - this function allows users to view
webpages.
» E-mail - Allows people to send and receive text
messages.
Browsers
A browser 1s an application which provides a window to the
Web. All browsers are designed to display the pages of Internet explorer
mformation located at Web sites around the world, The




Google Chrome

Mozilla Firefox

Fig: 18.22.
Icons of different web
browsers

Fig: 18.23,
Tcons of Electronic mail
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most popular browsers on the market today include Internet

Explorer, The World, Opera, Safari, Mozilla Firefox,

Chrome, ete; Fig. 18,22,

We can search anything through search engine like Google

Chrome, Internet Explorer, Mozilla Firfox, ¢tc.

Electronic Mail

One of the most widely used application of internet is

electronic mail (or e-mail), which provides very fast

delivery of messagesto any enabled site on  the
Internet. Communication through e-mail is quicker

and more reliable. Through  our e-mail, we can

communicate with our friends and institution with more

ease and pace. Some advantages of e-mail are as follows:

Fast Communication:

We can send messages anywhere in the world instantly.

Cost Free Service:

If we have an internet access, then we can avail the e-mail

service free of cost.

Simple to Use:

After initial set up of e-mail account, it is easy to use.

"More Efficient:

We can send our message to many friends or people only in
on¢ action.

Pictures or other files can also be sent through e-mail.
Internet has proved to be very beneficial to us. Here is the
list of use of internet,

1. Faster Communication

ii. Big Source of Information

iii. Source of Entertainment

iv. Access to social media

v. Access to Online Services

vi. E-commerce

vii. E-Learning
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E/ SUMMARY

# The scientific method used to store information, to arrange it for proper use
and to comrmunicate it to others is called information technology.

» The methods and means that are used to communigate information to distant
places instantly is called telecommunication.

» Information and Communication Technology (ICT) is defined as the scientific
methods and means to store, process and transmit vast amounts of information
in seconds with the help of electronic equipment.

¥ Flow of information means the transfer of the information from one place to
another through different electronic and optical equipments.

# In telephone, information can be sent through wires in the form of electrical
signals. In radio, television and cell phone information can be sent either
through space in the form of electromagnetic waves or it can be sent through
optical fibres in the form of light signals.

# There are five parts that must come together in order to produce a Computer-
Based Information System (CBIS). These are called the components of
information technology. These are: hardware, software, data, procedures and
people.

» Information storing devices store the information for later use and benefits,
These include audic cassettes, video tapes, compact discs, laser disks, floppy
disks, and hard disks,

» Telephone changes sound into electrical signals and sends these signals to the
receiver. The receiver changes the electrical signals again to sound by a
system fitted in the receiver.

» Mobile phone is a sort of radio with two-way communication. It sends and
receives the message in the form of radiowaves.

» Fax machine is the means to send the copy of documents from one place to
another through telephone lines.

# Radio is an instrument which transmits the sound waves to us.

» Computer is an electronic computing machine that is used for adding,
subtracting and multiplying.

# Hardware refers to the parts of a computer that we can see and touch i.e., key

board, monitor, printer, scanner, mouse, etc.
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The most important piece of hardware is the ceniral processing unit (CPU). It
is the “brain” of computer—the part that translates instructions and performs
arithmetic calculations.

» Software refers to the instructions, or programs, that are installed in the
hardware to perform different tasks. Window and Linux Operating Systems
(OS) are examples of sofiwares.

» Word processing is such a use of computer through which we can write a
letter, prepare reports and books. By means of this, we can develop any
document and see it on the screen after typing.

# To collect information for a special purpose and to store it in a computer in a
file form, which may help at times when needed, is called data managing.

# Internet is a network of large number of computers which is major source of

information and world communication.
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«*+ CONCEPT MAP

| Information ans communication technology |

I

!

|Procv:55ing the data information ‘

!

Basic operation of a computer

I T -

‘Transmitring information over long distances

» Through electrical signals
» Throughradio'waves

» Mobile phone

+. Optical fiber, etc.

Coffiputer

|

!

}

)

Physical parts of a computer

Hardware

Software
A set of instructions,
tells computer what to do

Parts of computer
Monitor, system unit,
keyboard mouse, printer

!
' }

Application software | | System software
word processing etc.

Windows, Linux, etc.

:

!

Input devices
Keyboard
Mousé’
Dight Pen’
Jovstick
Bar Code Reader
Digital Camera
Wen Cam

Qutput devices
Monitor
Prnter
Plotter
Projector
Speakers
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. Another name for a supercomputer is a: @
a) High-performance computer b) Maxi computer &
¢) Mainframe computer d) None

. Input, processing, output. and storage are collectively refern
a) Information processing cycle. b) Software life cycle.

¢) Hardware life cycle. d) Information technolo;

A is the output from a computer that ranks from ssing input data
a) Data b) Information
¢y Computer d) Mouse %

. Which one of the following is not considered as a s software?

a} Assembler b) Interpreter
¢) Compiler
: Which of the folluwing is suitable f ‘connecting different computers in an

a) MAN
c) ANN
. A computer program that
machine language 1s cal

a) Interpreter o/ b) CFU
¢) Compiler . - d) Simulator

. The name given sequence of instructions in a computer language, to get

lates one program instruction at a time into

the desired r
b) Decision table
d) Algorithm
b) Unlimited Structured Bit
ey Universal Serial Bus d) Unified Status Bus
%, _Which is the extension not suitable to an ms-word file
a) .doc b) .docx
¢} .rtf d) jpeg

. ICT stands for
a) Information and Communications Technology
b) Integrated Circular Technology
¢) Intensive Computer Techniques
d) Interfacing Computer Theories
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i S tructured Questions

[y
-

12.
13.
14.

What is difference between data and information?

What do you understand by Information and Communication Technology
(ICT)?

What are the components of information technology? Clearly indicate the
functionef each component. L

Differentiate between the primary memory and the secondary memory.
Name different information storage devices and describe their uses.

Explain briefly the transmission of radiowaves through space.

How light signals are sent through optical fibre?

What is computer? What is the role of computer in everyday life?

What is the difference between hardware and software? Name different
softwares.

What do you understand by the term word processing and data managing?
What is Internet? Interet is a useful source of knowledge and information,
Discuss.

Discuss the role of information technology in school education.

Why optical fibre is more useful tool for the communication process?
Which is more reliable floppy disk or a hard disk?

What is the difference between RAM and ROM memories?



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

»  Describe the structure of an atom in terms of a nucleus and
electrons
Describe the evidence for the nuclear model of the atom
Describe the composition of the nucleus in terms of
protons and nentrons
Explain that number of protons in a nuclens distinguishes
one element from the other.
Represent various nuclides by using the symbol of proton
number Z, nucleen number A and the nuclide notion z3*
Use the terin isotope

Electron

. Proton

. Neutron

There are axenlil
different kinds ofatorns,
ArmohgdZ of them
ogeur nattrally, while
the remainder is
manufactred. Atoms
are mostly empty
spaces. The nucleus of
an atom is dense and
contains nearly all of the
atomic mass. Electrons
contribute very little
miass to the atom (it
takes 1,836 electrons to
equal the mass of a
proton) and orbit so far
awny from the nucleus
that each atom is 99.9%
free space.




Matter composes everything such as bacteria, animals,
and plants as well as non-living things such as tables, water,
planets, and stars. But the bulding blocks of matter are
atoms. Thus, the composition of everything, living or non-
living, atoms.

What the exactly atom is? What is it composed of? Let us Neutron
study atoms and the stcture of atoms in detail i this ynit, .
19.1 ATOM AND ATOMIC NUCLEUS ay
The structure of an atom in terms of a nucleus and |
electrons |
Atom is the smallest it into which matter can be divided | /|
without releasing electrically charged particles. This is too A
small to be seen with any ordinary microscope. However, ~—@
by shooting tiny atomic particles througl_l atoms, scientists Fig: 19.1
have developed a stucture model. The simple Rutherford’s The structure of an
atomic mode] given below; Fig 19.1 is often used to atom
explain the basic structure of an atom.
Every atom is composed of two parts;

+ The central hard-core of an atom is the mucleus
which is the small, dense region consisting of
closely packed protons and neutrons.

+ Around the nucleus, electrons revolve at high speed.

L .
s—Elkectron
- hY orbit

&)
T
,,"I Electron

The number of particles (electrons and protons) from the Greek word
depends on the type of atom. "undivided.” The name
Most of the atom is empty space. The rest comprise a e ﬁgmﬁth‘* 5:]’;
positively charged nucleus surrounded by negatively phfl?;:?:her g mﬁgﬁm’
charged orbiting electrons. The nucleus is tiny and dense who believed matter
compared with the electrons. Electrons are bound by a consisted of particles that
positively charged nucleus with the electrostatic force. could not be divided into
Nuclear Model of the Atom smi"lmll“: m“;z;:r 2
Nol?ody has seen an atom. To visualize the | .o o0 e the
processes in the atom, various models have been proposed. Siinanti
Rutherford put forward one of the earliest model of the "undividable” unit of
nucleus, which he derived from experiments carried out by matter.

Geiger and Marsden. Let us discuss this experiment and its
results in detail.
Geiger and Marsden a- scattering Experiment

Geiger and Marsden, the two scientists, used a beam
of positively charged a- particles to bombard a thin gold

199



Flg: 192
Experimental

arrangement of
Geiger and Marsden
- dcattering

A beam

of alpha
o e Small deflection
" — P

3 1 Ll
o |= = =|Maostaof the alpha

% _—'—1\(; particle pass
& Pt sirajght
o ™ Lar

—}?-+ 3 ﬂecti;l.l
: Al Y
& |- + #—Nucleus

Alpha  Atoms of the
particles gold foil

Fig: 19.3.
Scattering of o-
particles by a nncleus

Ruther ford

e ° SN

M
o

e

e

Fig: 19.4
Close up view of
scattering of c-
particles by a nuclens

foil placed m a vacuum swrounded by a ning-shaped
flucrescent screen. After bombarding the foil, the scattered
a- particles were detected using a rotating detector.
When a- particles hit the screen of light was observed
through the detector; Fig 19.2.

Geiger and Marsden found quite unpredicted
experimental results that most of the a- particles were not
deflected or only a few deflected through small angles.
The unexpected result was that a small number of the a-
particles were deflected through considerable large angles
of more than 90°, and a few of the «- particles were even
deflected back through nearly 180°.

To explain these observations, Rutherford
postulated an atomic model. The mucleus carries all the
positive charge of atom and nearly all its mass, as a large
number of a- particles passing through the foil un-
deflected suggest that there exit large empty spaces in an
atom and those positively charged @- particles that
deflected through large angles had come very close to the
positively charged nucleus. However, a few were repelled
so strongly that they bounced back or deflected through
large angles, as shown in figures 19.3 and 19.4.

Self-Assessment Questions:

(Q1: What the center of an atom is called?

(32: Where are the ¢lectrons found inside an atom?
19.2 PROTONS, NEUTRONS

The compaosition of the atom

We studied in previous classes that atoms consist of

three elemental particles: electrons, protons, and neutrons.
The outermost region of the nucleus is called electron shell.
It contains electrons. Electrons have a negative (-) charge.
The nucleus containg the neutrons and the protons bound
tightly together by the nuclear forces (gluons) as shown in
figure 19.5. Neutrons carrics no charge. The mass of a
neutron is slightly larger than that of a proton. Proton have
an equal positive (+) charge that of an electron in
magnitude. An atom usually has an equal number of protons
as electrons, so its net charge is zero. Therefore atom is

003



considered neutral. Atoms have different properties

depending upon the arrangement and number of their
elemental particles;

Quarks

'T' Proton

Fig: 19.6
Amodel of the atomie
nuclens showing it as a
compact bundle of the
two types of particles:
protons (red) and
E neutrons {blue)

Antiguarks

e o

- Antiproton

Fig: 19.5
The strong force hinds quarks together in clusters te make more-
familiar subatomic particles, such as protons and neutrons. It
also holds together the atomic nucleus and anderlies interactons
between all particles containing quarks.

Table-1%.1 !
Th;] relahvefmams and charges of particles lu: iun;tum BCoiaE EEaR
ame <& et o) elanve Asit below link for
. Relative Mass VISIEDEOW

Particle ' Charge Atom and its composition
Proton 1 +1 https://www.youtube.com/
Neutron _ 1 1] watch?v=pNroKeV2fegk&
Bt i 1/1836 5 ab channel=FuseSchool-

Global Education
The branch of physics concermed with the study

and understanding of the atomic rmeleus, including its

composition and the forces which bind it together, is

called nuclear physics.

Self Assessment Questions:

)1: An atom consists of electrons revolving around the
nucleus made of neutrons and protons. State which of
these patticles have

(i) An equal and opposite charge

(ii} Almost equal mass.
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Only electron is
fundamental particle

If the atom is the gize of a
foothall ground, the
nyeleus would be the size
of a pea. Although the

hucleus is much denser
than the rest of the atom.

Encourage ew i
visit bel for
Atomic Num

19.3 ELEMENTS

All materials are made from about 100 essential
substances known as elements. The smallest part of an
clement is an atom. How is it possible to find the
characteristics that differ between each element ‘and
distinguish one element from another? Eachﬁlmiém}have

a unique number of protons. ~ N\
The number of protons in the of an atom
in an element is called atomic m .

The atomic number distinguishes one element from
another. For example, the»@tom@umber (Z} of carbon is
six because it has 6 protoﬁ"s ,'and the atomic number (Z) of
nitrogen is seven becaﬁ@aftxh%s 7 protons. There are some
other examples gwgnv*i;; table 19.2. The atomic number
also tells you | thﬂ*hlmﬂ:fer of electrons in that atom.

< N

%' ) Tablels2.
Atoms n\f‘ﬂlé first eight elemenits of the periedic table
N Pmtnns Neutrons |Electrons Atomic | Atomie
P=Z |N=A_7 - Number| Mass

Z=F (A)

e 1 4] i 1 1

elivim 2 2 2 z 4

Lithium 3 4 3 3 7

Beryllium 4 5 4 4 9
Boron 5 & 4 5 11
Carbon [ & 6 i 12
Nitrogen 7 7 7 7 14
Oxygen g R g 8 16

Nuclides

An atom of an element has all the characteristics of
that element. The nucleus is at the center of the atom and
contains the protons and neutrons, which are collectively
called nucleons. The number of protons in an atom of an
clement is called the atomic number, (Z). The number of
neutrons in the nucleus is the neutron number, {N).

The pumber of protons and neutrons is

collectively known as nucleon number {A) or atomic
mass (A).

<
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The total number of nucleons is the atomic mass, A,
Table 19.2. These numbers are related by the symbol A.

A=Z+N et 1
A nucleus 18 represented symbolically by: 1 protop |
z XA N
Where X represents the nuclide of a chemical o\
element, A is the nucleon number, and Z is the atomic N
nmumber. & \ Deuterium
For example, s C1? represents the carbon nucleus Fieig
with six protons and twelve nucleons, Thus, the total kit
orbiting electrons are also six, and the neutron number is:
A=Z4+N
N=A-27
N=12—6 Tritium
N=6 g
Self-Assessment Questions: # neutron
Q1: The nuclide notation for the uramum-za" S'g : S
Determine the proton number, electron sumber; neutron Fig: 19.7.
number, and nucleon number of the uran Tsotopes of hydrogen
194 ELEMENTS AND ISOTOPES

Isotopes
The atoms of an elementare r
may have more neutrons @

can @ how to represent an atom of Hydrogen using

ymbols and numbers in the tablel19.3 given below. :9.8.

o~ \ Table 19.3. Isotopes of the Hydrogen atom e Isotopes of helinmm
| Name | Proton| Neutron | Atomic |Symbol
-' of number) Number,| Mass,
Isotope | Z N A
Protum | 1 0 1 HL
Deuterium| 1 i 2 B
Tritium 1 Z 3 | g

 with 36 known isotopes.
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Every element has a specific position in the periodic
table and nearly identical chemical behavior or properties
with the same number of electrons.

Many other essential propetties of an
depend on its mass, The total number of n
protons in the nucleus of mass number (s
different physical properties, i.e. m
volume, and density.
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Atomic Structure O

!
Discovery of nucleus %Q

!

Rutherford atomic model
* N4

Elements 4

! .
Isotopes
]~
Nu
Nucleon number

Atomic number
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E/ SUMMARY

Everything around us is made up of atoms. O
Atom is the smallest unit of matter. N (
Every atom is composed of two parts; the nucleus and the shell, & S
The nucleus is a central small and dense part of the atom that W{rﬂmns
and neutrons. N

The shell part of the atom contains electrons that orbit at m%‘gpféd around the
nucleus.

Most of the atom is an empty space.

In an atom, electric forces bind the electrons to the IMH

An atom consists of three elemental particles: electrons, protons, and neutrons.
Each element, however, does have a unique n of protons in its nucleus,
The number of protons in an atom of an ¢l called the atomic number,
The number of protons and neutrons in is known as nucleons,

The total number of nucleons in an atgﬁﬁ#ﬁlled the mass number.
Isotope has the same atomic numﬁgth&t«»ﬁ different mass number.

Section (A) MU SN VS Que&huﬁ&*{MCQs}

Choose the correct amswer t'l;ﬂm"“the following choices:
].ll 4

*H and TH are:
a) Isotopes 455 Isobars
¢} Isotones “\ ,f'- d) Isochores

. The neutral atmm of all of the isotopes of the same element have

a) dlffeyﬁn]efﬂjma)ers of protons.
b} exact nu?&bers of neutrons,

¢) An exact number of protons.
d} An exact number of nucleons,

.J:E!gﬁs;dfer the species 17CPP%, and 17CI. These species have:
. a) the exact number of nucleons
b} the exact number of protons

¢) the exact number of neutrons.
d} the exact mass number.

. Atomic mass of an element is equal to

a) Mass of protons and neutrons
b} Mass of protons and ¢clectrons
¢) Mass of electrons and neutrons
d) Mags of protons only



. The maximum mass of an atom is concentrated in:
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a) nucleus b) neutrons
¢} protons d) ¢lectrons

. Consider isotope 2U* of yranium, The number of neutrons in it is; C\
a) 92 b) 237 L\
c} 145 d) 329

. The symbol denotes the proton mumber is: \Q\J
a) P b A 6

c} N d) Z
. The number of neutron(s) in Protium is: @
a) no [+)] one @
¢) two d)  three b
nuclear part, is

. In an atom, the nucleus when compared to the ex

a) More significant in volume and heavier in m

b) smaller in volume but heavier in mass

¢} More significant in volume but lighter m@
d) Smaller in volume and lighter in mass™

10. If an element B has five protons aném neutrons what will be the symbol of

element B

“V"/
a} 11,B b) Nq~

¢) 11LB 4 \uB

Section (B) Structured w

1.

{a) Which parttcﬁcs%‘e found in the nucleus of an atom?
(b) Describe the structure of an atom.
{c} H e the number of protons in a nmcleus distinguish one element from
the other?
{a} Cite the Geiger Marsden experiment with the help of a diagram.
ive the Rutherford model of an atom.
y it was proposed that most atoms possess an empty space.

¥ ﬁ “(a) Define Atomic number (7}

4

 (b) Explain the symbolic representation of an atom of an element. Give an
example.

{a) What is the isotope?

(b} Explain the isotope with an example.

{c) Why are the chemical properties of an element’s different isotopes identical?

(d} List the physical properties of different isotopes of an element that are

different,
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Nuclea *Strutue A

B {onizing md"

~» rehitive penetraing abilities
> Explain that an element may chan;
: v o e

» Represent changes in the composition of ACP1000 desien, that is a
equation when alpha or beta particles are 5

; S Generation-11I version of
# Describe sources of background radia e PR - i ks
' radiations. J

technology. In this design,
apart from other features,
safety is significantly
- enhanced by using passive
-safety systems (no need of |
""hupm,u..actmnﬁrmpub‘-" -]
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The nuclear structure is the area of physics that
studies the nuclei of atoms. It is about far more than just
muclear power, Nuclear scientists are studying everything
from the shapes of nuclei to cancer treatments and medical
imaging, from highly unstable nuclei that only exist for
fractions of a second to muclear detectors. However, upon
understanding the nueclear structure and nuclear radiation,
we will appreciate that this radiation has peaceful and
beneficial applications to our daily lives. Let us study this
all in this unit in detail.

20.1 NATURAL RADIOACTIVITY

Atomic nuclei consist of protons and neutrons, whereby

protons repel cach other through electrostatic force due to

their positive charges. In contrast, nuclei bind the nucﬁemls
through another specific binding energy. These twﬂiorces

compete with each other, leading to various nuclei stability.
There are only cerfain neutron-proton pairings that -

form stable nuclei. As a result, an increasing ratio of ;f;;ggsﬂmns
neutrons to protons is required to form a stable nucleus. o { f“;.;;nﬂ) B
Some proportions of neutrons to protens are more stablethan mat}? ° _ A
others in a nucleus if the neutron number, N, is plotted e aicle
against the proton number, Z; figure 20.1, for all different et 8
isotopes of all the elements.

160 . Stable isotope \\'.}

= Unstable i e 2
140 mmﬂ*- Bismuth, Z =83
@ '- |
ol table muclei cluster
very close to the

HU"!!!IH

Z 100 line of stability..

1) o

= ble nuclei are in ‘ B

E o nds Slgng both sides |

g 0 lme Dfmbllll}u' M |

; ‘. ﬁmiﬂwh N=2Z line
4 iC ‘o : |llﬂ"' Line of stability

s ", W e _:'.

e The line of stability follows
0 QI T the N =Z line for Z < 16,
6 1 2 W 40 s & 0 s 90 100

Proton number Z
Fig: 20.1. Nuclear stability curve of all isotope

There are too many ot few neutrons for a given number
of protons. In that case, the resulting nucleus is unstable, and
it undergoes radioactive decay to get rid of excess energy.



Gluon _

It is a type of boson (force
carrier) is an exchanging
particle of strong nuclear

force

Radinactive
substance

Fig: 20.2
Three types of
radiations-can be
distinguished from their
path followed im an
external electric fleld

' Do You Know!

The o and  —radiations
are affected by a magnetic
force that acts if they pass
through opposite poles of

8 maghet,

If an isotope underpoes radicactive decay is
called radio-isotope or radicactive element.
The emission of «,f andy radiation with
release of energy is kmown as radicactivity. J
Types of radiation @, p & ¥
To explain the graph of unstable mm l@%%lﬁl the
varying number of neuatrons as discussed ahq}v”&{ a8 these
salient features as given below.,
i.  Stable isotopes lie along with them‘,gtﬁhi”ﬁty line.
ii. Isotopes above the stability ‘ﬁ%e have too many
neutrons to be stable. The f@ay for B (electron)
emission reduces the numb of neutrons.

iil.  Isotopes below the bility have few neutrons
to be stable. Th a;? for B* (positron) emissions
increases the gﬂg%&f of neutrons

iv. The heawqmqgﬁpcs (proton number, Z > 83) decay

by o Wa cn;m

Manjh ’?ﬁér infrequent types of decay, such as
spontanegus ﬁf‘sﬁiun or neutron emission, are also observed.
Nature of radioactive emission
To describe the nature of three types of radiation e, B, and
v, the radicactive source is placed inside the electric field,
The radiation emitted from the source breaks down into
three components: & and J -radiations bend in the opposite
direction in the electric field, while y -radiation does not
change its direction; Figure 20.2,

This result describes that.
o o deflected towards a negatively charged while the
plate is positively charged,

¢ B deflected towards a positive plate that is
negatively charged. It is deflected more in the field,
thus, much lighter than o particles.
e v rays are not deflected by the field and carry no
electric charge.
Further, it was found by further explorations that an alpha
particle is a helium nucleus comprising two protons and two
neutrons with a charge of +2e. Beta radiation is a streamlet
of high-energy electrons. Gamma radiations are photons
that are electromagnetic radiations of ultra-high frequency.
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Relative ionizing effects of radioactive emission Neutral particles
Ions are charged atoms or charged melecules. lons
Atoms become ions when they lose or gain electrons. J g%
Nuclear radiations, i.e., alpha, beta, and gamma, can knock
out electrons from atoms in their paths, resulting in an o &?
ionizing effect. However, alpha particles have the most
significant ionization power than beta particles and gamma e/ LT
rays. It is due to the large positive charge and large mass of o o
alpha particles. Beta particles ionize a gas much less than Fig: 20.3.
alpha particles. The ionization power of gamma rays is even . Tonization of alpha
less than that of beta particles. The icnization of alpha particles in a gas
particles in a gas is given in figure 20.3.
The phenomenon by which radiations split matter. i
positive and negative ions is called ionization.
Relative penetrating abilities of radioactive emission
An alpha particle has the shortest penetrating ability
because of its strong interacting or ionizing power, Alpha
particle has a penefrating range of only a few centimeters in
the air; they can be stopped by a thick sheet of paper or by

the skin, The beta radiation interacts with the matter due to Phsic |
its charge and has a high penefrating range compared to P"i’“ l S‘iﬂ'
alpha particles. Beta particles have a range of several meters =~

in the air. They can penetrate through thick paper but are p.—
stopped by a few millimeters of aluminum. However, ;"
gamma rays range several hundreds of meters in the air,

The gamma rays are very penetrating, never completely Fig: 20.4.
stopped through lead, and thick concrete will reduce their  Relative pemetrating
intensity, It is dve to their high speed and neutral nature. abilities of three
Fig. 204 shows the relative penetrating abilities of three  kinds of radiations.
kinds of radiations,
’\v The strength of radiations to penetrate a certain

material is called penetrating power.

Self Assessment Questions:

Q1: Which force is responsible for binding protons in

the nucleus?
Q2: What is the nature of alpha radiations?
(Q3: Define the penetrating power?

=
I
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Q4: Why do gamma radiations have a high penetrating
ability?

Ithccorcoffie @5 Iron-59 emits beta and gamma radiatio
Sun hydrogen is being simultaneously. Explain how the gamma radi Gt
converted into helium. could be separated from beta radiations emi

This is calledmuclear | 39 3 NUCLEAR TRANSMUTATIONS
fusion. It takes four We know that if an isotope is radios
hydrogen atoms io fuse -
into each helium atom. unstable amrangement of neutrons and*p
During the process some ~ emission of alpha or beta particles makes the nucleus more
of the mass is converted stable, whereas it changes the pumber of protons and
into energy nentrons. So it transmutes to fitlens of a different
element. '
The Gngmal nucleus b decay is called the parent
nuclens. (

The nucleus for f@% decay is called the daughter
nuclens. -~

New we can represent ehanges in the composition of the
rmclen;:s using a nuclear equation in which an unstable
. parent nuclide X decays into a daughter nuclide ¥ by the
" emission of alpha, beta, and gamma decay products with the

 release of energy.
Alpha {(a)-decay
In alpha decay, the proton number or atomic number, Z of
the parent nuclide reduces by 2, while its atomic mass or
nucleon number, 4, decreases by 4.

238
] E o ﬂPm‘nun
Do You Know! Decay pirticle
- event
B 238 ™ Dok
known a5 @, 92 Th
Its general equation
XA . z2 YA+ o +enemy
Parent daughter  alpha

nuclide muclide particle
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Example:
When radium «sRa??® decays by alpha emission. The alpha
decay leaves the nucleus with 2 protons and two neuirons

less than before, So the atomic mumber drops to 86 and the 7~
atomic mass to 222. Radon has the atomic number of 84, so J U
tadon is the new element formed. Its decay process can be w,,‘\’\ '
written as, . I_q,,,_'rxg__,.}

ss Ra*”®®  __ sRon*®+ a +energy j}" >

_Beu (P)-decay

Tts general equation is

XA — YR + ae® + enefa‘%g
Parent daughter beta .{ \J
nuclide nuclide particle

Carbon - 14 Nitrogen - 14 . O@

Example: {0

When carbon ¢C'* :1% by beta emission. The beta decay

leaves the nuclens one more proton and one neutron

less than beﬁn“&, So the atomic number increases to 7, and

the mass %m:lber remains unchanged Nitrogen has the
r of 7, o nitrogen is the new element formed.

Its d@a‘%p‘i‘ncess can be written as,

o\ 10 — 4N 14y 1€° + energy
)+ decay
posmron emlssmnfposmve betﬁﬁi:cay ([3 decay),




Other
{<0.01%%)

Space {11%) j\
Terrestrial ( T%)

Radon - 220 { 5%
Potassium - 40 (5%)

Thorium and uranium series (4%)
Fig: 20.5.
Sources of background
radiations

When cosmic rays enter
the atmosphere, they
wmdergo various
fransmrtations, including
the production
of neutrons. When
nitrogen-14 atoms abaorh
these thermal neutrons,
tadio—catbon-14 is
praduced in the upper
layers of the atmosphere.
ol S NM 5 OM 113']-

Primary Cosmiz Rays

rccia .\
e ’.;:‘"

SHEEﬁdar', #-D:mi: rays jiv
1

Fig: 20.6.
Shower of radiation

Carbon - 10 Boron - 10

Neutrino Positron

+ vV +

Beta-plus Decay

Seli-Assessment Questions:

Q1: Define Nuclear Transmutation.

Q2: What nuclear changes take placein garmma emission?

Q3: When a nuclide of Strontium-90. (33 S1°%) decays by
the emission of B particle, it becomes the nucleus of
the Yttrium; symbel Y.-Complete the nuclear
equation.

20.3 BACKGROUND RADIATION

We are surrounded by the atmosphere on the surface
of the Earth. There are a small number of radiations around
us due to the radicactive elements present in the
surroundings. These radiations mainly originate from
various natural sources such as soil, rocks, air, building
materials, food and drinks, and even from space.
Thesenatural radiations that come from the surroundings
are.called background radiations.

In some areas, over half of these radiations come
from radioactive radon ssRn?*? gas, rocks seeping, and some
types of granite; Figure 20.5.

Our planet Earth is also exposed to radiation from outer
space called cosmic radiations, consisting of electrons,
protons, alpha particles, and larger nuclei. The cosmic
radiation interacts with atoms in the atrosphere to create a
shower of radiation; figure 20.6, including X-rays, muons,
protons, alpha particles, electrons, and neutrons.
Radioactive emissions occur randomly over space and
time

Spontaneous decay is a process in which
environmental factors cannot influence.

Radioactive decay takes place maturally (all by
itself). There is no way of predicting when a particular
nucleus will disintegrate, and the process is unaffected by

79149



pressure, temperature, chemical conditions, and other
physical conditions. However, some nuclei undergo nuclear
disintegration at different rates.

A random decay is a process in which the exact
time of decay of a nucleus cannot be predicted.

A detector like a Geiger-Muller (GM) tube can
demonstrate the random nature by observing the count rate
of radicactive disintegration. When a GM tube is placed
near a radioactive source, the counts are irregular. Each
count represents a decay of an unstable nucleus. The
variation of count rate over time of a sample radioactive
source is plotted on the graph. You can see the fluctuations
in count rate against time; figure 20.7 on the graphthat
provides evidence for the random nature of radioactive
decay over space and time. It can be concluded from the
experiment that

e The time of each decay cannot be predicted

» The direction in which radiationig emitted is not
possible to determine,

20.4. Half-Life

Explain the meaning of the half-life of radioactive
material.

The radioactive decay process is random, and the rate of
radioactive decay is proportional to the number of unstable
muclei present, In the decay process, a constant fraction of
many unstable radicactive nuclei disintegrates at a certain
time, The lifespan of the unstable nuclei is indefinite and is
challenging to measure. We can think of about decay rate
by another term, half-life.

The half-life of a radioactive isotope is the time taken for
half of the nuclei present in any given sample to decay.
Iodine-131 is a radioactive isotope of iodine. Iodine-131
has an eight-day half-life, which means that half of an
iodine-131 sample will be converted to other clements
within 8 days; Fig, 20.8, Half of the remaining iodine will
decay in the next eight days, leaving eight only one-fourth

[d
[
T}

Fig: 20.7.
The fluctuation show the
random nature of
radioactive decay

to man-made radiation,
such as X-rays, radiation
used to diagnose
diseases, and cancer
therapy. The fallout from
nuclear explosives festing
and also small amounts
of radioactive materiala
teleaged to the
surroundings from coal
and nuclear power plants
are also sources of
manufactured
background radiation.
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Process continues,
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Percentage of parent isotope remaining
g

of the original amount of radium, and so on, the decaying
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mumm

/' Fig: 20.8 Radioactivity of iodine
Every raghoac‘ftwe element has its characteristic half-life.
The ha]f‘-thﬂS of some radipactive isotopes are given in the
table Beiow It might seem strange that some isotopes have

sﬁo‘i‘t%haif -lives while others have long half-lives.

Table 2{.1 Half-lives of some radioactive nnclides

Radioactive isotope

‘Half-life

Boron-12

0.02 seconds

: 525336&&55

" Iridium-192

Cobalt-60

~ Strontium-90

;delm-zzﬁ

| Plutmumzsg

Uranmm 235

- Uranium-238




If the radioactive element is Ty, then the number of nuclei
in the sample will become half at the end. After a time of
2Tz, i.c., after the second half-life period, the number of
remaining nuclei will become 1/2.1/2 =1/2% =1/4; after a
time¢ of 3 Tiz, the number of remaining nuclei left will
bel/2.1/2.1/2 =1/2% =1/8, and at the end of ‘n,” half-lives
number of atoms that remain will bet 1/2®. Thus, using the
equation below, we can determine how much of the original
amount of sample remains after a certain interval of time,

The remaining amount of sample = 1/2" x the original

amount of the sample
Where n is the mumber of half-lives.

present, how much Np-240 will re
(Neptunium-240 has 2 half-life of 1 hg%

Solution:

Step 1: Write down the known qu

be found. \

Mass of the samp]e grams

Half.life of the sample; T = 1 hour

Time, t=06 hours,

Number of half-lives, n = time interval‘half-life

# = 6 hours/ 1 hour
n=6
Step 2: Write down the formula and rearrange if necessary
Remaining mass of the sample = 1/2% x Mass of the sample
Step | the values and calculate.
Re¢maining mass of Neptunium-240 = 1/26x 96 grams
" = 1/64 x 96 gramsg
= 1.5 grams

After 6 hours, only 1.5 grams of the original 96 grams
sample would remain in the radioactive isotope of
Neptunium -240.

55

o er W,
], which relied
Mesopotamian
ologies, bt it was
not until after the
introdhiction of the
tadiocarbon dating
technique in the 1950s
that the situation began to
change. During his
cxtavations at Mohen-jo-
dare in 1964-65, Georpge
F. Dales collected the
first series of samples for
radiocarhon dating from
the latest levels of the

city.
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A sample of Ac-225 originally contained 8.0 x 10% nuclei.
After 960 hours, how much of the original sample remai
un-decayed. The half-life of the isotope is ten days. K

Solution:
Step 1: Given data and find unknown O
Original number of nuclei, N = 8.0 x 10** nugle
Given time, t = 960 homrs

= 960/24 days
= 40 days
Numiber of half-lives, n = time % half life

= 4(} days days
n:
Step 2: Write Remaini er of nuclei =1/2" x the

original number of
Step 3: Putthe v calculate,
Remaining % f Ac-225 nuclei = 1/2* x8.0 x 10*

nuclei

= 1/16x8.0 x 10** nuclei

= 5.0x10% nuclei
After 960 hours, only 5.0x10* nuclei of the original
8 @l “ nuclei sample would remain the radioactive
" isotope of Ac-225.

How long will it take to decay for 36.0 mg of Ra-226 to
leave 4.5 mg? The half-life of the isotope is 1600 years,
Solution:

Step 1: Given data and find unknown.

Mass of original sample = 36.0 mg.

Mass of remaining sample = 4.5 mg

‘The half-life of the sample = 1600 years

Number of half-lives = 1/2* (36 mg) = 4.5 mg.
Step Z: Write down the formula and rearrange if necessary

The required time = number of half-lives  half-life
Step 3: Put the values and calculate.

The required time = 3 x 1600 years

= 4800 vears

This decay process requires 4800 vears.
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Radio activity
To determine the half-life of a sampling of radicactive
element for some given data showing how the activity {or
the number of nuclei) changes over time: Plot a graph of
this data, activity or number of nuclei changes on the y-axis
with time on the x-axis. Draw a smooth best fit curve closer
to the x-axis.

Now, look at the original activity (where the line crosses the
y-axis) and halve it. Move from the halved value (on the y-
axis) to the best fit curve, and straight down to the x-axis.
The point where you reach the x-axis should be the half-life
of the sample radioactive element. Repeat it to take sccon&;.
and third half-lives and get an average to avoid any pcgble )
eITor.

Example;
Todine-131 is a radioisotope. It undergoes decay by beta

half of the atoms of the samplmg of i

decayed, and the sample will HOWW .._- dine-131. After

the next eight days pass (a tot
lives), the sa.mple will be 25°

days or two half-
e-131. This decaving
ple of iodine=131 has

[} L] 1w F L+ o Ll 56 - n L
Elapred Time (Duys)

Fig: 20.9. Decay curve of Todine-131
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Estimate the age of ancient objects by the process of

carbon dating,
age of an object is sing certa _
F

) 4
or example, radioisotope carbon-14 is found in a small
amount in the atmosphere and is used to measure the age of
organic material. Living plants and animals use carbon
dioxide and become slightly radioactive accordingly. While
an organism is alive, the amount o%hon-]dl remains
4 enters whenever the

Do You Know! =
p.10.

Fallowinia death & burial, wood & bones lose
C-14 as it changes to N-14 by beta deces,.
Carbon 14

Beta decay . Nitrogen 14
Beta

PﬂTﬁdff @ Froton @ Meutron

Fig: 20.10 Cycle of Radio Carbon-14




When an animal die, no more carbon is absorbed, and the
radio carbon-14 present inside the animal starts decaying to
nitrogen-14. Since the half-life of carbon-14 is 5730 years,  Radioisotops potassium-

archeologists can estimate the age of remains by computing 40 is used for datin

the activity of carbon-14 in the live and dead animals. rocks to estimate

Self Assessment Questions of the geul

Ql: Can the decay half-life of radioactive material be imen ‘ ble
g trapped when

changed?
(Q2: Why the radicisotopes of greater half-lives are used
in radioactive dating of archeological relics? _

Radio Tsotopes 2.08 3 uchdc P
Radio-isotopes “a half life of 2.4 108
The radioisotope iz also aradioactive isntopeg. years. The age of the
radionuclide, or radioactive nuclide. A radioisotop k a rock sample can be
kind of the same element with different ﬁﬁse? It  estimated by computing
undergoes decay spontaneously and emits fadiation to  the concentrations of K-
dissipate excess energy. 40 and Ar-40.

We have learned that every elemeﬁ has “6ne or more
isotopes. For example, hydrogen, the 11&65’: element, has
three isotopes H!. H? and H>. OnEHSq(mnum) is unstable.
However, it is a radicactive isotope and undergoes nuclear
decay. Uranium-containing

The stable and non-radioactive e¢lements can also be  minerals that have been
transmuted into radioactive elements by exposing them to  analyzed by radioactive
neutrons, or alpha particles. Such artificially produced dating have allowed

radioactive elements are also called radioisotopes. Here are ~ Scientisis fo determine

Do You Know!

some examples of the production of radioisotopes: Ll o e
billion years old.
on! + 8% 15P* + H!
Neutron Stable Unstable Proton
Sulphur phosphorus
Nuclide Nuclide
2H&4 + 1 BA] 27 s 1 SPSD + ul'l.l
Alpha Stable Unstable Neutren
particle aluminum phosphorus
Nuclide Nuclide

In these examples, P*> and P*° produced are artificial
radioisotopes.

>
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Applications of radioisotopes in medicine, agriculture,
and industrial fields.

The attributes of naturally and artificially decays
clements, radioisotopes, give rise to their mail
applications across many aspects of modem-@‘h’fe.
Radioisotopes are often used in medicine, mdnsh'y, and
agriculture for various beneficial purposes.. Some practical
applications of radioisotopes in d].ffcrent ficlds are given
below. -~

1. Radiotracers

A radioactive tracer is a ﬁemmﬂ compou.nd in which a
short-lived radioisotope has replaced a few atoms, Tracers
moniter the metabolism of chemical reactions inside the
human body, ma@mqr plants. Radioisctopes are used as
tracers in medicine, industry, and agriculture.

In medicine, @ patient drinks a liquid containing radio
iodine—l‘-%:_]_';i a gamma emitter, to check thyroid function.
Over the next 24 hours, a detector measures the activity of
the tracer to find out how quickly it becomes concentrated
LAY -"mﬂie thyroid gland.

e ' For the diagnosis of brain tumors, the phosphorous-32
.| isotope is used. The malignant part of the body absorbs
more quantity, which helps trace the affected section of the
body.

In industry, manufacturers use tracers to monitor flow and
filtration to detect leaky in the equipment, A small amount
of short-lived radioactive substances is used in various
processes and scanned the flow rates of various materials,
ineluding liquids, powders, and gases, to locate leakages.
Radiotracers are also used in the oil and gas industry to
detect and estimate the extent of il fields,

In agriculture, fertilizer uptake in the plant from root to
leaves is traced by adding tracer phosphorus- 32 to the soil
water.
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1. Deposi 1 d fruil
7 Hffrult.:'::c:nﬂ:::}l“ 4 0 Do You Know!

2. Deposition onto soil and uptake

-
LR
‘}// by plants through the roots

Fig: 20.11 Niustration of radionuclide transfer to pla.nts
2. Medical treatment N
In nuclear medicines, radioisotopes are used for. @Jﬁgg
various diseases. For example, cobalt-60 is a strong gamma
emitter, These rays can penetrate in-depth into tlm‘i':gdy and
kill the malignant tumor cells in the patmpt frca%ent like
this is called radiosurgery. Ya
3. Testing for cracks N/
(Gamma rays have high penetrating power, so they can
photograph metals to check cracks. A cobalt-60 is a natural
gamma rays source and does nogmd electrical power like
an x-Tay tube, o\
sﬂfmm O = estions

‘ “'____pacmmm are used orally in

Qz Why specific
~ medicalimaging?
Q3: Why arfs ih mdmlsetﬂpes of shorter half-lives

+ 20.6.'Fission and Fusion
ear reactions are processes in which one or more

clides are produced from the collisions between two
‘atomic nuclei. The nuclides produced from nuclear
reactions are different from the interacting nuclei or parent
nueclei. Two notable nuclear reactions are nuclear fission
reactions and nuclear fusion reactions. Let us learn about
these nuclear reactions,
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For example: i
When U-235 captures a neutron, an mtermedlaiﬁ Elgh]}*

unstable nucleus, 7236 is formed that disintegr. %{“es only
for a fraction of a second into two smaller nuclei of nearly
equal fragments, Kr-144 and Barium-39, called fission
ﬁ'agments accompanied by two or three neutrons.

! +UP = U 5 %ﬂ“ +36Ba* + 3 ¢n’
Measurements showed that ahout 00 MeV of energy is
released in each fission event.

The schematic ﬂlustrahun;‘}FiE: 20.12 represents the fission

235
of 2 U ( \
0 @ 1Ba
_((-_'-' g Pree ,.-__.-___;,,::r*
N ) — l —
& i s ;. : 5 kb '\.‘-“""'" “n
- U CU
\«Eig 20 12. Schematic illustration of nuclear fission
: ﬂ,.(;h@m Resction:

‘ | each nuclear fission, a few neutrons are emitted. These
' _neutrons can, in turn, trigger further nuclei to undergo
- fission with the possibility of a chain reaction; Fig.20.13.

Computations show that if the chain reaction is not

e N\ controlled, it will explode, Ieleasing l:nassive Energy.
-:"':\ J.L';- \ ¢
LY fw; -~ .—gg'#sﬁ

e o N *“
ﬁ 2 Ay a-w F

- .-"J - ._' & -ﬁf '_,';_E""Hh
““.‘ *ﬁ- R
a4 :-:n;ﬁ. ‘@3 _‘%;{ s
ok

Fig: 20.13. The fission chain reaction in U-235



" Describe how radioactive materials are handled, used,
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This fission chain reaction is controlled in nuclear reactors.
A nuclear reactor provides an enormous amount of energy
for our valuable purposes,

Nuclea:r Fusion

For example When a nucleus of Deuterium (H"‘) is fused

with a nucleus of Tritium (H?), then a Helium nucleus or

alpha particle is formed as represented by the equation,
H2+H* — Het+om! + energy R ¢

A schematic illustration of the fusion reaction is shown in_

figure 20.14.

Tritinam

Fig: 20.14. Schematic ill ﬁnﬁ of nuclear fusion
The total mass of the final my;lel is always less than the

mass of the original nuélm ‘This loss of mass produces
nuclear energy

O Do You Know!

- LW i.nconta‘elled ehmreeefmn ='enmmedshéam& light
2 7 Hazards and safety measures BT

‘stored, and disposed of safely.
Radiation Hazards
All kinds of ionizing radiations such as a, f, v, and X-rays

can damage body cells when exposed to these radiations
greater than the average level.



The Internatiomal Atomic
Encrgy Agency (IAEA)
announced the ionizing
radiation warning
symbol. This symbol, to
b used on scaled
madiation sources, is
aimed to alert anyone,
ahywhere, to the danger
of a vital source of
ionizing radiation.

a scientific device that

detects and
measures dose uptake of'
exterpal high
energy ionizing beta,
gamma,or X-ray.
radiation, This badge is
lapelled by the people
working with the
radioactive materials
being monitored, snd it
also records the radiation
dose received.

-

The danger from @ particles because of their lower
penetration power is minimal. If sources of a particles are
lodged into the body, through the air, or we cat, it can
damage our body tissues.

The P particles are more penetrating and can damage the
body surface tissues. Sources of these particles that enter
the body can be quite damaging.

The ¥ rays are highly penetrating and the most dangerous of
all other radioactive radiations.

The prolonged exposure to radioactive radiation can
produce deep-sited burns, damage to cells or tissues, and
the mutations of the cells that can lead to genetic changes.
Radioactive exposure can also cause cancerous growth in
specific body tissues,

Safety Measures

While working in the radiology department in hospitals,
nuclear reactors, and research laboratories, should take the
following safety measures to avoid any risk of radiation
hazards:

i. Keep all radioactive sources at a safe distance from
the body.

ii. Minimize the time spent near radioactive materials.

fii.  Wear personal protective equipment, including a
laboratory coat, gloves, safety glasses, and close-
toed shoes.

iv. Lapel the dosimeter badge always and monitor
regularly.

V. Do not eat, drink, smoke or touch exposed areas of
skin while working in a room where radioisotopes
are handled.

vi.  Use tongs to handle radioactive sources.

vi,  After use, must return the source immediately to its
lead boxes.

viii. All radioactive sources should be kept in thick lead
containers.

ix. Dispose of all radioactive waste under permitted
regul ation or statutory control.

A
b 3
o
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E/ SUMMARY

Atomic nucleus consists of protons and neutrons.
Radio-isotope, an isotope that undergoes radioactive decay. S
Radioactivity is the emission of radicactive radiation elements with the r@ of
energy.
The « and B —radiations are affected by an electric field and a ma ield.
Ionization is a phenomenon by which radiations split matter sitive and
negative ions.
The alpha particle hag the shortest penetrating ability,
The gamma rays are very penetrating, stopped through d thick concrete.
Penetrating power is the sirength of radiations to penetrate a specific material.
Nuclear transmutation is converting one chemical element into another element.
In alpha decay, the proton number of the pa,t%nt nuclide reduces by 2, and its
atomic mass decreases by 4.
In beta decay, the proton number ﬂ.rent nuclide increases by 1, and its
atomic mass remains unchanged.
Background radiations are natural ra&zatmns that come from the surroundings.
Spontaneous decay i§ a proces ettvitonmental factors cannot inflyence,
A random decay is a proces @ 1ch the exact time of decay of a nucleus cannot
be predicted.
The half-life of a radioactive element is the time taken for half of the nuclei
present in any gwan sample to decay.

#  Radicactive ‘fs when an object’s approximale age is determined using

radioactiv des

Radma& ers monitor the metabolism of chemical reactions inside living
objects.

Nuclear fission is a process in which a heavy nuclens absorbs a slow neutron
splits into two smaller nuclei with the release of energy

Nuslear fusion is a process in which two light nuclei combine to form a heavier
- nucleus with the release of energy.
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Applications
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— Half life

Spontaneous
decay

—  Beta decay

Random decay
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Choose the correct answer from the following choices:

1.

7.
. 48) Chemical reaction {b) Nuclear fission
(<) Nuclear fusion {d} Mechanical energy
)8

b

The a-radiation is C
(a) A stream of fast-moving electrons. &
{b) A form of electromagnetic radiation. O
(c} Highly iomizing than y-radiation.

(d) More penetrating than p-radiation.

A radioactive nuclide emits a f-particle. The atomic number umber} of

the nucleus &

(a) Stays the same. (b) Increases b

(¢} Decreases by 2, (d) Decreases‘%g(b
A radioactive element emits a particle from the nuocl one of its atoms. The
particle comprises two protons and two neutr %he name of this process is

called
{a) c-cmission igsion

{c) y-emission uclear fission
A radioactive decay can be repres%s shown. 91Pa?® -5 U+, ...

The emitted particle is a/an
{a) Gamma-ray, {b) Proton.
(¢} a-particle. O (d) B-particle.
The type of radiati vels in a straight line across an electtc field 1s a/an

{a) Proton \' {b) Electron

(c} Alpha particle {d) Gamma-ray
A powder c@*? 100mg of a radioactive material that emits «-particles. The
half-life of sotope is five days. The mass of isotope that remains after ten
days will

'(Qg (b) 25mg (c) 50mg (d) 75mg
% in source of energy in the stars is.

The splitting of a heavy nucleus into smaller nuclei is called
{a) Fusion {b) Fission
{c) Half-life {d) Gamma decay

. A process in which two light nuclei combine to form a heavier nucleus is called

{a} Nuclear fusion (b) Nuclear fission
(¢} Beta-decay (d) Alpha-decay




10, Which row shows the nature and the penetrating ability of B-particles?

Nature Most are stopped by
a) helium nucleus a few mm of aluminum
1] helium nucleus a thin sheet of paper
c) electron a few mm of aluminum
d) electron a thin sheet of paper

11. Compared with o -particles and B — particles, v- rays,
(a) Are a type of radiation to carry a charge.
(b) Have the most significant ionizing effect.
(¢) Have the most significant penetrating effect.
(d) Have the most negligible mass.
12. The severe health hazards caused by radioactive cmissions is/are.
(a) Cancer {b} Genetic change
{¢) Deep-sited burns {d} All of these
13. Radioactive materials should be handled carefully. Which safety measure does
not reduce the risk of using radioactive material?
(a) Keeping the material a long distance
(b) Keeping the matenal at a low temperature
(¢) Using lead screening
(d) Using the material for a short time
14. A scientist experiments using a sealed source that emits f-particles. The range of
the B-particles in the air is about 30cm, The precaution that is the most effective
to protect the scientist from the radiation is,
(a) Handling the source with long tongs
(b) Keeping the temperature of the source low
(¢) Opening all windows in the laboratory
(d) Washing his hands before leaving the laboratory
15. The safest way to dispose of a large quantity of radioactive waste is,
(a) Burying it in a dry rock deep underground
(b) Washing it in the drain
(c¢) Burning it on a fire
(d) Draining it into the sea
ELE TGS tructured Questions
1. a) Define the term radioactivity.
b) What do you mean by the term stable nucleus?
¢) Why are some elements radioactive, but some are not?
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. The uranium isotope s2U**with atomic mass {nucleon number} 238 and atomic
number 92.
a) State the nucleon number.
b) Uranium-238 nuclide decays to form a thorium nuclide (symbol Th) by
emission of an alpha particle. State

i. The proton mumber of an alpha particle,

ii. The nucleon number of an alpha particle,

iii, The proton number of thorium

iv. The nucleon number of thorinm isotopes formed.
¢) Complete the nuclear equation of the uranium decay
. A radioactive rock emits gamma rays. A demonstrator plans to experiment fo
show that the emission of gamma rays is random.
a) State the random nature of radioactive decay.
b) Describe what is meant by a gamma-ray

i. State two safety measures that the researcher must take.

ii. Describe how the experiment is performed.
. The nuclide notation for two isctopes of carbon is ¢C'? and ¢C'*. Carbon-14
decays by beta emission to a stable isotope of nitrogen.
a) Which nuclide of the carbon is? State with a reason.

i. Stable isotope

ii. Radioisotope
b) What is meant by a beta particle?
¢) Write the nuclear equation of carbon-14 decay to a nitrogen -14 by beta decay.
. When a slow-moving neutron hits a 02U nucleus, it splits into the nucleus of
barium s¢Ba'*'and the nucleus of krypton 36Kr*? and emits three neutrons energy
is released.

o'+ U — 9UP® — 5Ba'*! 4+ 36K + 3 on' + energy

a) State name of the nuclear process.
b) Which of the two isotopes of U-235 and U-236 have a shorter half-life.
¢) How can we make radioisotopes artificially? Describe a suitable example

d) For the given process, state its one application in our daily lives.

. The reaction that takes place at the center of the sun can be represented as
2 1P+ 2 yn'— sHe*t energy
a) State the name of this type of reaction.
b) Also, define the reaction.
¢) A Nuclear fusion reaction is a more reliable and sustainable energy source
than nuclear fission chain reaction. Justify this statement with suoitable

arguments
. a) What do you understand by the half-life of a radicactive element?

[
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b} When a Radium-226 undergoes alpha decay, Radon-222 is produced
g8 Ra?® — g Rn?2+ ,He* + energy
Which of the nuclide is a N
i. Parent nuclide {
ii. Daughter nuclide C\Y
¢) Define the terms Wa
1, Parent nuclide
11, Ii, Daughter nuclide
8. Describe uses of radioisotopes in
a) medicine,
b) industry,
¢) agriculture
9. a) What are the common radiation hazards? =
b) Whiy is an alpha source more harmful whemlotfged nto the body?
¢) Which type of radiation is more hazardeus‘than other radiations? Explain why?
d) Describe briefly the safety meaﬂ;ms tl'iai: are taken against them,

A GRS Numericals

1. A living plant contains ammmately the same isotopic abundance of C-14 as
does atmospheric carbon dwmde The observed rate of decay of C-14 from a
living plant is 15.3 dmﬁegrahons per minute per gram of carbon. How much
disintegration pe; minute per gram of carbon will be measured from a 12900-
year-old samplt: ﬂhe half-life of C-14 is 5730 years.) {2.2513,0.21, 3.2)

2. The smallest@-lzl activity that can be measured is about 0.20%. If C-14 is
usedm d&t’ean object, the object must have died within how many years?

(51374 yr)
3 pr long will it take for 25% of the C-14 atoms in a sample of C-14 to decay?
(2378 yr)
4 “The carbon- 14 decay rate of a sample obtained from a young tree is 0.296¢
 disintegration per second per gram of the sample. Another wood sample
prepared from an object recovered at an archaeological excavation gives a
decay 1ate of (.109 disintegration per second per gram of the sample. What is
the age of the object? (8258 yr)



Glossary

AC Generators machine that converts mechanical energy into electrical energy like AC current,
Alpha Ravys is a positively charged nuclear particle identical to the nucleus of a helinm atom
that consists of two protons and twoe neutrons.

Alternating Current is a type of electrical current, in which the direction of the flow. of
electrons switches back and forth at regnlar intervals or cycles.

Ammeter is a measuring instrument used to find the strength of the current flowing sround an
electrical circuit when connected in series with the part of the circuit beingsmeasured. A
modified form of a galvanometer, connecting shunt (very small} resistance parallel to a
galvanometer to make it an ammeter.

Amplitude: The maximum displacement from the mean position

Analogue Electronics: Amnalog means continuous and real. Analog electronics is a branch of
electronics that deals with a continuonsly variable signal. It's widely used in radio and audio
equipment along with other applications. The Analog signal translates the information into
ekectric pulses of varying amplitude,

Artificial Radioactivity is produced in a substance by bombardment with high-speed particles
(such as protons or neutrons).

Atom is the smallest building block of a matter:

Background Radiation: The measure of the level of ionizing radiation present in the
environment. Most of the background radiation occurs naturally from minerals and a small
fraction comes from man-made elements,

Beta Rays: Beta particles (B) are high-energy, high-speed electrons (f) or positrons (p*) that
are gjected from the nucleus by some radionuclides during a form of radioactive decay called
beta-decay

Browsers: Applications thatare used to access and view websites.

Capacitance: The ability to store electric charges its mnit is Farad. 3 =CV OR C=Q/V
Capacitor: The electronic device that stores electric charges.

Cathode Rays emitted high-speed electrons in a stream from the heated cathode of a vacuum
tube.

Cell Phone: A portable telephone that can make and receive calls over a radio frequency link
whilethe useris moving within a telephone service area,

Central ‘Process Unit (CPU) or (brain} of the Computer and it performs all types of data
provessing operations.

Compound Microscope is a high resolution and uses two sets of lenses to provide a 2-
dimensional image of the sample,

Compressien is g region in a longitudinal wave where the particles are closest together,
Computer; An electronic, that processes data according to a set of instructions.

Concave Lens is a lens that diverpes the straight light coming from the source to create a
reduced, upright, or digital picture. It can generate real and virtnal objects, depending on the
light source.

Concave Mirror is a spherical mirrors whose inner side is reflecting or polished.

%]
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Convex Lens ig (positive lens) is also known as a convergent lens. It can converge light rays
passing parallel to its main axis.
Convex Mirror is a spherical mirrors whose outer side is reflecting or polished.
Coulomb is the $1 unit of electric charge, equal to the quantity of electricity conveyadseiﬁ\\c‘}ﬁ
second by a current of one ampere,
Crest: is the highest surface part of a wave is called the crest,
Critical Angle: is the angle of incidence, for which the angle of refraction is SIB Iflight enters
a denser medium from a comparatively rarer mediom. \\
Damped Oscillation is that fades away with time. OR. The motion of an{m.q\jhfm' reduces due
to an external force, the oscillator and its motion are damped. o
Data: Collection of given information. « (7%
DC Mator is an electrical machine that converts electrical enerpy ini6 mechanical energy. In
a DC motor, the input electrical energy is the direct ¢
Dielectric is very poor conductor of electric current. Dlelwfrtg means an insulator like Distilled
water, ransformer oil, ete. are liquid dielectric ma A,
Diffraction of waves involves a change in dircclimﬁﬁ ¢s as they pass through an opening
or arpund a barrier in their path.
Digital Electronics: The branch of electronics %llg[ﬁdeals with the study of digital signals, and
the components that use or create them. ﬁg ﬂlgnal signal translates informaticn into a binary
format of 0 and 1, where each bit r r@entsWo distinct amplitudes.
Direct Currentis the flow of ele&@ex charge that does not change direction, or it is a
unidirectional current. DC is prndﬁcg&by generators with commutators.
Dispersion of Light is process ﬁMmg white light into its constituent colors.
Dispersion of light throggk% Droplets: A rainbow is produced by dispersion and internal
reflection of light in Wﬁt&r lets in the atmosphere.
Echo ig the repetition of sound caused by the reflection of sound.
Electric Charge »;s*g;hﬁ : physical property of matter that cavses it o experience a foree when
placed in m;&“[ecﬁﬁmﬂguetm field. The charge may be positive or negative.
Electric C(urrEQt i8 basically the flow of the electron per unit of time, Its unit is Amp (A), I=
qf’t

- M Intensity at a point is the force experienced by a unit positive charge placed at
thaﬁ’pﬁ’mf: Electric Field Intensity is a vector quantity,. E=F/g

Field: The region around an electric charge.

.ecﬁtric Potential is the amount of work needed to move a unit charge from a reference point
o a specific point against an slectric field, The unit of electric potential is velt. 'V = Awlyg
Electric Power: The rate at which a device changes cwrrent to another form of energy. P=E#
Electrical Energy is a type of kinetic energy caused by moving electric charges. The amount
of energy depends on the speed of the charges — the faster they move, carry more electrical
energy.

Eleetrical Resistance is the resistance force that counter-acts the flow of current. Its unit is
ohm.

o, '\!.
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Electricity is the form of energy, s that we get from the conversion of other sources of energy,
like coal, natural gas, oil, nuclear power, and other natural sources, which are called primary
sOLrces. .
Electromagnetic Force is a fundamental force, It is an interaction between electrically ¢ 73
particles, Tt acts between charged particles and is associated with electric and magnetlc fi\:l
The electromagnetic force can be attractive or repulsive. F=q(VxB} OR  F= ]I‘;ﬁﬁje

Electromagnetic Induction: The creation of an electro-motive force (EMF) 753@ way of a
moving magnetic field around an electric conductor and conversely, the creation of cuwrrent by
moving an electrical conductor through a static mapgnetic field. _

Electromapnetic waves are created by a fusion of electric and mag, “&@éids The light you
see, and the colors around you are visible because of electromagnetic waves. These waves travel
with a speed equal to the speed of light, i-e., 3%10% m/s. Mmmwa 8, X-tays, Radio waves,
Ultraviclet waves, infrared, Visible rays, and Gamma rays. B

Electromagnetism is a type of magnetism produced by m:gel@:tnc current or The branch of
Physics deals with the electromagnetic force that occurs en electrically charged particles.
Electromotive Force (emf) is the amount of energy re @n’ed to drive a unit positive charge
through an external circuit connected to a cell, it @ lmlt is joule per coulomb or volt.
Flectron Gun: An electrical ingtrument p ée&,&*ﬁ%am of elgctrons,

Electron is elomentary patticle having a negs hargf: muvmg around the nucleus,
Electronics: The branch of physics anc% electncal engineering that deals with the emission,
behavior, and effects of electrons anmbﬁ electronic devices.

Electroscope is instrument used :fm’ﬂegs‘ctmg the presence of an electric charge.

Electrostatic Induction: Ax E@sﬁnbuﬂun of electric charge in an object, caused by the
influence of nearby charges.
Elements: An element 1;? ubstance that cannot be broken down into any other substance. An
element is uniquely dmmmd by the tumber of protons in the nuclei of its atoms,

Fax Machine: A dévice that sends and receives printed pages or images over telephone lines.
Frequency: The number of cycles in one second. F=1/T

Gamma Rays: The part of the electromagnetic spectrum with the most energy and shortest
wavale ngth: With no charge.

rism % a triangular object made up of a transparent material, like glass or plastic, that
ast two flat surfaces that form an acute angle

@fﬂhﬁ?‘ The time needed for half of the material to decay. Tiz =In2/a

Esmd Disk: Hard disk drive or hard drive, magnstic storage medium for a computer.
Hm'dwam' The tangible or physical elements of a computer.

Image: The collection rays at a focal point when light rays appear to converge or to diverge
after reflection or refraction is known as the image.

Information and Communication Technology: (ICT) is defined asa diverse set of
technolopical tools and resources uged to transmit, store, create, share, or exchange information,
Isotopes are atoms with the same number of protons but differ in numbers of neutrons. Isotopes
are different forms of a single element.
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Lens i basically glasses that are thicker/thinner with curved sides. A lens is a piece of
transparent glass that concentrates ar disperses light rays when passes through them by
refraction.

Logic Gates: A device that acts as a huilding block for digital cirenits. The basic logic gﬁfﬁg
are classified into seven types: AND gate, OR pate, XOR gate, NAND gate, NOR gate; XNOR
gate, and NOT gate.

Longitodinal waves: The movement of the particles is parallel to the motion Q{th& energy, i.e.,
the displacement of the medium is in the same direction in which the wave is mtm:uﬁ Examp]e
— Sound Waves, Pressure Waves

Magnetic Field is a vector field; it is the region around a magmetic mammgl ‘Oramoving eleciric
charge within which the force of magnetism acts. The umit of the ic field is Tesla {T).
Mechanical waves arc a wave that is an oscillation of matter and is K@onmblﬂ for the fransfer
of energy through a medinm, _

Microscopy ig the technical field to view samples & objeéts that'cannot be seen by naked eye.
Moving Coll Galvanometer is electrical instrument us;d to measure a small amount of current,
Musical Sound has a pleasant effect on the listener, "%, -

Mutual Induction is process in which a changmgfcﬁ‘g;ﬁt in one coil induces emf in another
coil,

Natural Radioactivity is a phenomanogf‘ﬁnﬁaﬁ”emmneous and continuous and mmcaontrollable
disintegration of an unstable nucleus accompanied by the emission of active radiations is called
natural radioactivity.

Neutron: Elementary particle not I;gg.glﬁz‘&ny charge also lay in the nucleus.

Moise Pollution is unwanted and @stfkbmg sounds in our environment.

Nugclear Fission: A nuclear réaction in which the nucleus of an atom splits into two or more
nuclei.

Nugclear Fusion: A Niglear reaction through which two or more light nuclei collide to form a
heavier nuclsus

Nuclear Transmu’tatllpn. Nuclear transmutation is a conversion of one chemical element into

brought by a nﬁglear Teaction
Nu¢l nsgs in the center of an atom, containing proton and neutron in it,
Ohm’s’ afﬁ. The potential difference across conductors is directly proportional to the elsctric
cur;—“é%@umg throngh it provided physical conditions same.

pe is an instrument used to display and analyze the waveform of electronic signals.
?@ﬁudm Motion: A motion that repeats itself in an equal period of time.
Phato Phone is a device that allows transmission of speech on a beam of light.
Photographic Enlarger is an optical instrument used to enlarger image on a Photographic plate.
Potential Difference: is the difference in the amount of energy that charge carriers have
between two points in a circuit. V =AW/
Power Transformer is an ¢lectrical instrument used in transferring electrical power from one
circuit to another without changing the frequency.
Primary Memory: The component of the computer that holds data, programs, and instructions
that are currently in use. Primary storage is lecated on the motherboard.
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Production of Sound Waves: It is produced from vibrating particles, so when there are no
particles (i.e., there is no medium}, sound carmot be generated, e.g. in outer space.

Projector is an apparatus with a system of lenses for projecting slides or film onto a screen.
Proton; Elementary particle having a positive charge, and lay in the nucleus

Quality of Seund or "timbre" iy describes those characteristics of sound which a]]ow thg ear.
to distinguish sounds that have the same pitch and loudness "N
Radio waves: The wireless transmission and reception of electric sipnals by~ m’.‘ﬁeaﬁs of
electromagnetic waves.

Radioactive Dating or Radiometric is a2 way to find out how old sumethmg?lé;
Radioisotopes: An unstable combination of neutrons and protons, or ex¢es$ éhergy in their
nuclkeus. When it breaks down becomes more stable

Rarefaction is a region in a longitndinal wave where the pam-::lese%ré ﬁiﬂh&st apatt.

Reflection of Light: The bouncing back of the light.

Reflection of waves involves a change in direction of wavesswhan ‘they bounce off a barrier.
Refraction of Light is the change in direction of a wave pagsing from one medium to another

is caused by its t‘ahaﬁgé in speed.
Refractive Index: The ratio of the velocity of light in Eﬁga‘iﬁumn to its velocity in a specified
medium. COR The ratio of incident anglgt&‘&&reﬁ’acted angle.

Refraction of waves: involves a change in thgﬁi’ke&mﬁ of waves as they pass from one medium

to another,

Resfstivity: The resistance per umnit Ien%tkmnd cross-sectional area is called resistivity. R =pl/g

Resistor is an instriunent that lm:uts ot @ﬂlﬂes the flow of electrical current in an ¢lectronic

circuit

Secondary Storage devices: Anéf‘ﬂoﬁwolanle storage device that is intemal or extemal to the
computer, such as floppy, u&m&m or DVDs,

Self-Induction is the phengmenon in which a changing current in a coil induces an emf in itself,

Simple Harmonic Motion is.an oscillatory motion under a retarding force directly proportional

to the amount of mspla;emeht from an equilibrinom position. Obeys Hoek's law Fo-

Slmple Mmﬁ:nschpe' it makcs the image enlarged that cannot be seen by naked eyes,

Simple pendulum iy an ideal pendulun congigts of a point mass suspended by a wmghtless

mextemi‘rhia pg'fectly flexible thread and free to oscillate neglecting air resistance. T =

2175,

Softw, ‘is the set of instructions, data, programs used to operate and execute specific tasks,

&oﬁg aves: longitudinal (mechanical) is a wave of compression and rarefaction by which

Egﬁnd is propagated in an elastic medium such as air.

Specirum: The intensity of light as it varies with wavelength or frequency.

Speed of Sound in (Gas, Liguid and Solids) varies from substance to substance:

typically, sound travels most slowly in gases as compare to liguids and fastest in solids, For

example, sound travels at 343 m/s in air, it travels at 1,481 m/fs in water {almost 4.3 times as

fast) and at 5,120 m/s in iron (almost 15 times as fast)

Speed of Sound is the distance traveled by sound wave per unit of time as it propagates through

an elastic medivm, At 20 "C (68 °F). V=Aif
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Spherical Mirror i3 a mirror that has the shape of a piece cut out of a spherical surface, There

are two types of spherical mirrors: concave, and convex,

Sterage Devices: Used to store data. %

Telescope: An arrangement of lenses, mimors, or both that collects visible light, allowi @

observation or photographic recording of distant objects.

The internet: The intemet is a globally connected network system fa.cﬂptw@dwﬂc

communication and access to data resources.

The Spectrnm of White Light is consisting of seven basic colors m‘m@\l a specific

ordet: red, orange, yellow, green, blue, indigo, and violet.

Thermionic Emission: Discharge of electrons from heated materials,

Time-Period: Time is taken by a wave to complete its Qnm‘h or one oscillation.
T=l/f

to transmit or send data with the aid of an antenna. %

Total Internal Reflection{TIR) is the complete reﬂech@a ray of light within a medium

such az water or glass from the swrrounding surfaces o the medium. The phenomenan

occurs if the angle of incidence is greater than the gle.

Transmitter: An electronic device used in tel ications to produce radio waves

Transverse Waves- When the movem icles is at right angles or perpendicular to

the motion of the energy, then this typ is known as a transverse wave, Light is an

example of a tfransverse wave,

Trough is the lowest part is the tro 4.

Ultraspund is high-frequency wa a "hat & normal human ear cannot hear.

Veltmeter is an ingtrument used for measuring the potential difference between two pomts in

an electrical circuit. A maérﬁeﬁxfum of a galvanemeter, connecting a large resistance in series

with a galva:uumeter Y

Val V = I=V/R

Wave fro nt i aver whlch the phase of the wave is congtant

Wavelen tial period of a periodic wave—the distance over which the wave's shape
h=vif

angs isa dynanuc disturbance of one or more quantities, Waves can be periodic. Waves

u'anbiersgnﬁgy from one place to another, but they do not necessarily transfer any mass. Light,

sound, and waves in the ocean are common examples of waves.

:‘mﬁfeﬂﬂpud Distance travelled by wave travels in a unit time, V=Af

h




