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L PREFACE

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 buteach and every aspect of human life,

To keep the students abreast with the recent knowledge; itis must that thecurricula
at all the levels be updated. Moreover regularly by introducing the rapid and
multidirectional development taking place in all the branches of Physics.

The recent book of Physics for class X has been writtenan 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
not only develop the interest but 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 not the last word and
there is always room for improvement. While the authors have tried their level best to
mike 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 totbe kind enough to point out the short comings of the text or
diagrams and to communicate their suggestions and objections for the improvement of
the next edition of this book.

In the end, I am thankful to Association for Academic Cuality (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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General\WavelBroperties

Students Learning Outcomes (SLOs)
After learning this unit students should be able to
Deseribe wave motion as illustrated by vibrations in

P /t 1 the calm water
~surfice is disturbed by a
"/ dlone dropping inte it,

rope, slinky spring. experiments with water waves
Identify ransverse and longimdinal waves in mechanical
media. slinky springs o,
Deseribe that waves are means of energy transfer without
transfer of matter b
Distinguish between mechanical and elec i
WavEs

Dreseribe properties of waves such ;t ;
refraction. and diffraction with the helfy afripple tank
Define the lerms speed (v}, frequency (1), wavelength
(i}, time=period (T, amplitude, erest, trough, cycle.
wavefront, compression, and faction

Solve problems hy app?;]ﬁ% relation f=1/Tand v =
A iy

State the mudll:;uﬂg{ghﬂ&ary for an objeet to oseillate
with SHM | o

Explain SHM with simple pendulum. ball. and bowl

-exaEI:lek/
Drawforces acting on a displaced pendulum

Solve problems by using the formula T = 2 ¥l /g for a
simple pendulum

“Understand that damping progressively reduces the
amplitude of oscillation

eireular water ripples
spread oul from the point
where the stone hits the
water. The continuous
disturbance of the water
surfisge by the blasts of
the wind caused by a
helicopter hovering
abowve creates water
waves that move
outwards. The
disturbanee on the waler
surface moves outwards,
carrying energy, and no
water, because afler the
waves pass, the water
remuins where 1t was
before the wave was
produced




Fig: 1.1 Up and down
movements produce a
wive

Fig: 10.2 slinky spring

(a}

‘%’Ig‘ {h]

o hﬁ P

. FIL 10.3
Ao npward palse moves
‘o the right, followed by
Sy A downward pulse.
{e) When the end of the
Slinky is moved up and

down continunisly, a
tramsverse wave is
produced

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 iarge
tide can travel over the sea. Sound waves, light waugih and
water waves appear very different. So, what _Mﬁmiﬁes do
all these different forms of waves have? Wjﬁh exactly, is a
wave? What are the characteristics ufdi wave? We will
study it all in detail in this unit. \

Ill I Waves and nature of w ni:q, N

Formation of waves

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

We can preduce waves on a rope by attaching one end to a
wall and continuously moving the other end up and down,

as shnwn i figure 10.1. These up-and-down movements

[ﬁ;rnducc. 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 hpring

A slinky spring is a pre-compres
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, whercas humps travel to the
other end. (10.3) (a.b,c).




Now moving the free end of the attached wall
slinky spring continuously back and forth as horizontally
shown in fig 10.4, You can observe the individual coils
moving forwards and backwards, Where the coils are
compressed, are seen traveling from the fixed end to the
other end.

In both of the above experiments, the slinky spring
is said to be the medium through which the waves travel or
propagate.

Water wave in (Ripple Tank)

A ripple hnkmashaliawﬂmamkofwm used 19

demonstrate the basic properties of waves,

It is a particular type of wave tank. The ﬁpplﬁ' I;ank-- :

is usually illuminated from above so that the light f(hnit:s
through the water to visualize the wave being prnduﬁcd

In the laboratory, we can produce water waves with
the ripple tank. In the ripple tank, a SmalI wbrlmr moves
up and down the water surface. re hﬂ‘& in the water
particles at the surface that are in mntnm with the dipper
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 -:llsplacernenl takes place
within a wave mmwn: affects the pmpemes of the wave.
These wave types can be illustrated using a slinky. long
flexible steel coil or spring, which rests on a smooth table
during use. Wave energy can be transmitted, for example,
by a s';lmky and for illustrations, each of the coil turns can
rep;ﬁqn}-a particle of the medium through which a wave is

- traveling.
= _Fransverse Wave
The slinky illustrates the transverse wave in Fig.
lﬂS Move the free end of the slinky up and down
repeatedly. These up and down movements of the coils
produce oscillations. Have you noticed that when coils
move up and down, the direction of the wave motion is

" Fig: 10.4 ()
A compressed region
__maoves to the right,

followed by (b) a

produeeed.

Fig: 10,5,

ripple tank

Direction of vibration

stretched region, (¢}
When the end of the
Slinky is moved back
and forth continuously.,
i longitudinal wave is

Schemutic diagram of u

A A
Y W\

Fig: 10,6,

slinky

A Transverse wave in o

'y
r

Direction of wave propagation




Fig: 10.7

Filg: 10.8.
Thegransverse wave is
apepresented by
_ wAmplitude, Crest,
o Trough, and wavelength
spreading

|

Compression Rarcfaction
Fig: 10.9 Longitudinal
Wive in a Slinky

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
bc: deﬁne:d as
rse waves are waves that travel in a directior
pﬁrpanémuhrwﬂmdumﬂanafw&vem-.-.- &)
Transverse wave motion can also be ‘observed on
the surface of the water in a pond ora ripple tank,
vibrations in a guitar string. Another’ essential type of
transverse wave is electromagnetic waﬁfﬂ&,c g.. light waves,
microwaves, radio waves. (2
Amplitude is the maximum displaceme '_medwapﬂ:m
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). '
(‘mt is a point on
1-..1:.--_: :
""par: ufwmmtﬂleﬂﬁtm
i point  on asurface wave where

l.nnaitndmal Waw |
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 is parallel to the direction of
oscillation? We call this type of wave 15 a longitudinal
wave,

Longitudinal waves can be defined as

“Longitudinal waves are waves that travel in a direction
parallel to the direetion of wave motion™,

Another common example of a longitudinal wave is sound
Waves,

Compression. in the longitudinal waves this is a reg{ran-
where turns of the coil or particles are eloser together




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 transfer 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

Driroction of wove propagaiican

A0

DHTection ﬂl"puﬂ.ifllﬁ"muﬁnn

Fig: (00 Eongitudinal
% Wave

disturbance that travels in a wave, transferring energy. not

matter,
Mechanical and electromagnetic waves
Difference between these waves on the hﬂ‘éls ﬂf

medium.
Elﬁctrumng é

Mechanical waves
waves that need @ medium | ;_";__'-  wave

‘Mechanical waves are such

re som :hﬁn'mem RY wamm
inical | infrared  waves are  some
ﬁamplﬁ of electromagnetic

! Elmmﬁn waves  are
as | only comprised of a transverse
Wave in nature,
Electromagnetic waves &:aard
the wvacunm at the

spudnfﬁxlﬂ?mfs,

and mghn'wm plane




Water waves |

Fig: 10,11

Reflection of the water

Waves

Fig: 14,12

when a barrier is

placed to decrease the.

depth of water in a°
ripple tank

im & ripple

Fig: 10.13
Change in the direction
ol wave front and

decrease in wavelength

v, =

SELF ASSESSMENT QUESTIONS:

Q1: Distinguish between transverse and longitudinal
waves,

Q2: Wave motion transfers energy without m*zz@
matter. Justify this statement with an ¢

Q3: What is the main difference between

waves and clectromagnetic waves? \(\,
1.2 Properties of Waves

The depth at which the dipper is plmd affects the
amplitude of the waves, while the freq,yém.}r of vibration of

mmﬂﬂﬁm the dipper corresponds to the ﬁ'ﬁ:qﬁﬁ;rcy of water waves
wisher wuvies

produced.
Let us demonstrate some wave pmpemes such as
reflection, refraction, and dlﬁi’ﬂc’hnll concerning the ripple
tank. .
Reflection of the wavey

Figure 10,11 shows how one can demonstrate the
reflection uf) the waves? When a vertical straight surface is
placed in the" path of the incoming waves. The incident
Waves mvs'ﬂﬂf:cttd from the surface at the same angle. It
can be séen that the reflected waves obey the law of
reflection, Example. the angle of the incident wave along

‘the normal will be equal to the angle of the reflected wave.
~ Hence we define the reflection of waves as:
1 Boun@mg back of waves into same medium by stniﬂng

other medium surface is called reflection,
Refraction of waves

Figure 10.12 shows how refraction of the waves can
be demonstrated. When a flat piece of a block is immersed
in the ripple tank, water depth becomes shallow. You will
find that the wavelength of the plane waves shortens and
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
vibrator. This result shows that the speed of a wave in
water depends on water depth. Waves travel faster in deep




water than in shallow water, This effect 1s called refraction.
Hence we can define the refraction ol the waves as;
When a wave mﬁmnmﬁmpmam
wﬁauww%ﬁ#ﬁm angle, the wave will change

Dlﬂ'ractmn of waves

Figure 10.14 shows when an ebstruction 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 "
diffraction, W
Diffraction is only significant if the size of the gap __
is about the same as the wavelength of the incident wm
narrow the gap whose width is equal to the wavele th of ||
the incoming ripples, the ripples that pass thmugh the gap |
are almost circular and seem to originate from a point
source sitnated in the gap. Wider .gaps ‘produce less
diffraction. Hence we define the dlffracti of waves as, . -
'ﬂmspmuitngﬁfﬂwmvﬁm_‘ stacle is called | | | Shado

diffraction. f\

Waves Characteristics /

The following are some .tﬁ:ma‘ w:d to describe wave Fie: 10,14,

motion, Diffraction of waves

Time-Period (T)is th kam for any one point on the ~ near an ohstacke ()

wave to mw “m Wider the gap, less
The ST unit of the period is second (s). "P””:l'ii“ﬂ () narran

Frequency [ﬂ’hﬂ:w number of mmylﬁem produced ' :uﬁ:'_’l‘d:::“

by a source per unit of time. ’

Thus %

Freqﬁf:nh; Number of complete waves produced’ time
- taken.

* I the number of waves produced= is |

* And time is taken =T Then F=1/T
“In general, — _ _
Frequency is also defined as the reciprocal of the period.
The SI unit of frequency is the hertz (Hz).

Wavelength (3), is the linear distance between two SR ——
successive crests or troughs in a transverse wave and two Fig: 10.15 (a)




successive compressions and rarefactions in a longitudinal
wave, lts 51 unit is meter (m).
Wave speed (v).is the speed at which a wave travels,

Itis defined as the distance traveled by a given Wm{‘@

wave. such as a crest in a given interval of time. .
Speed = Distance traveled/time taken  or WA
Fig: 1015 (b) Let us consider for a wave, -
Wavelength (1) Distance travelled=h and time is taken —"l: tht‘rh
g2 \
t 5
Hence S=A ;
so =T
scal b |
o | v=2 S0 ~=f
and down by motor Shape of 7o N
WEVES V:fl 7~ L/
] =_;-Ff>_§$ -
=vxT (i)
T Rkt Thespaaﬂrofwawcan also be written as V =4
Fig: 10,16 {a) In the 81 system, the wave speed is measured in m/s,

concentrie circles g Wﬁ'ﬂl‘l’t lﬁ an mtagfnm’y hm on a wave that j IEHHS'
_ k. A wavefmnt is ua.ually drawn by joining all wave
i crests. There are two types of the wavefront, depending on

Straight w i“

_Pane how the waves are produced, which are concentric circles:
i figure 10.16. (a) and plane straight lines; figure 10.16. (b),
4 Figure 10.16 (a). In a ripple tank, a dipper can
pirection  produce circular waves, These waves have a circular
TS wavefront,
Figure 10.16 (b). In a ripple tank, a plane dipper can
produce plane waves, These waves have a plane wavefront,

0 Fig: 10,06 (b)
%, Straight Line

wave traveling to the right with a speed of 4 m/s.
(a) What is the time period and frequency of the wave?
U Ky  (b) Calculate the wavelength of the wave?

Solution:

h given figure sh *I_nt vs the time of a

g
g
E
=

[]
-5
-1




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

(6) =7
Step 2: Write down the formula and rearrange if necessary.
{a) (i) T, use graph, and
(ii) f=1/T
(b) w=IxX
Step 3: Put the values and calculate
a. (i) From the graph

T=0.4s -
(i) f = 1/( 0.45) t}
" =25Hz
b. A=4(ms"')(2.5Hz) (2:,.K
Result: = 1.6 m.

rface of the water, It takes
4,0 s for the bna:l to travel front the highest to the lowest
point, 4 total distance o [ 3.0 m. The fisherman sees that the
wave crests are spaced 8.0

(a)  What is the fmqucney, amplitude, and l{@m
-waw'v.:lv_.:l:lgEE:l e waves?

(b) Ho e waves moving?
Solution:
Etep i down the known guantities and quantities to

uncL
m the highest point to the lowest point
ime taken=is 4.0 s

Distance = 3.0m
Distance between the crests = 8.0 m
(a)
i. T=2
iii. A=?
v, =7

Mmﬂ
i




(b) =
Step 2: Write down the formula and rearrange if ne:emé
a.

i. T is the time taken to move from the highest poi
the lowest point and from the lwest point |
highest point.

i, f=x )

) T
@il A is the one-half of displac &m the highest

pnmt to the lowest point
iv. X is the distance betw he 0 consecutive crests
b.v=Ffx}
Step 3: Put the valw:s lculate
a.

Q@J

i

\{* Bﬁs

Q =1{).125 Hz.
e

)O 1. A 2(_3.0111)

= 1.5m.

¢ iv. A=8.0m.

b. v=(0.125Hz) (8 .0m)
Reésult: =1.0m/'s.

Thus, the period. frequency, amplitude, and wavelength of

- the waves are 8.0s, 0.125Hz, 1.5m, and 8.0m respectively.

ki The wave is 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.




10,3 Simple Harmonic Motion (SHM)
Periodic Motion

kmﬂnenmpm:ngmﬂfin an equal time interval
is referred to as periodic or oscillatory motion.

huﬁplr. Harmonic Motion

An object in such a periodic motion oscillates |

about an equilibrium position due to a restoring force or a
restoring torque. Such force or torque will return the
system to its equilibrium position. This type of motion is
called Simple Harmonic Motion that is defined as:

(mean position) its acceleration is directly proportional
rmdmplacmemﬁmnthammpmm:mmﬂﬁ
directed towards the mean position as shown in fig.
its motion is called SHM.
Ao —x
: _._.gx s 8
Mau}r phenomena mulude elec@nﬁlagnﬁm: waves,
alternating current circuits, musical mstwmcnts bridges.
and molecular motion that cx:cut:sljhe sunpic harmonic
motion. . '
10.4  Simple pendulum =
Forces acting on a displaged pendulum
When the bob of the pendulum is displaced at a
small angle '@'to an extreme position; Fig. 10.18, The
forces that act upen it are as given underneath;
3 Tension “T" along the direction of the string, and
ii.  Weight W=mg, acting vertically downwards.
T'hc ‘weight is further resolved into its components
mgsm fland mg cos .
* Motion of a simple pendulum and SHM
'  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.

L 10.17
Sintple Barmunic mution

+— Baob (Mcial ball)

A

Fig: 10.18. Forees
acting on the bob in
simple pendulum

() o v o

‘The restoring force is o
a body 10 ts equilibrium
position,



A simple pendulum consists of a small metallic bob
of mass ‘m’ Wﬁﬁdm“hﬁﬁmmhmef
mq'ﬁx@ﬂahﬁwm'

Rigid support

Force balsnce cquations: = 3 - \
mgcos § =T=W . Y mpgoost
mgsin § =W, * - ) P?ﬁllm

Fig: 10.1%. anuﬁ.u;ﬁ'ng on the bob in simple pendulum

At the mean pu:,m;:h 0, a pendulum is in its equilibrium
position. If ne. external force were applied, the bob of a
pendulum Wﬂﬁ'ﬁ? naturally settle here as illustrated in
fig 10,19,

The cul."w -path s 15 the distance the bob of a pendulum
travels. 'fha weight mg consists of the components mg cosf
albng the string and mg sin® perpendicular to the arc. For
. E@h gweu string, the component mg cos perpeudmﬂar to

the string is exactly cancelled b}r the tension in the string.
_ The resulting net force, which is directed back toward the

equilibrium point, is tangential to the are and equals mg
sinf.

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:E'::JE
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.



Ball and bowl 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.
MNow, 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 “O" the ball
gets maximum speed and due to inertia, it moves lowards
opposite extreme position ‘B’ with the restoring force tha’i’«_.' i
acts towards the mean position, the speed of the ball starts
o decrease. The ball stops for a while at *B” and thend_‘-ﬁmin
moves towards the mean position “0°, This ball's maﬂ fro
motion continues about the mean position DThIS result
shows that the aceeleration of the ball is dlpm:wd, towards
‘0’, Hence, the ball’s to and fro mgmm n.b;aht a mean
position placed in a bowl is also an ﬁampie of simple

harmonic motion.

be found.

= "i& T Wntc d{rwn the formula and rearrange if necessary.

1. T=E:l:£
g

Find the period and frequenc
long at a location where g =9
Solution:

Step 1: Write down

/Q%g m/s%,

quantities and quantities to

pe pendulum1.0 m

=5 141 a.ndrr}“".?aﬁ

ii.

Step 3: Put the values and caleulate

T=201s

= 1/T

L T=2x3.14x[1.0(m)/9.8(ms)

e Extreme
posiion position

Fig: 10.20.

The motion of a ball in
the bowl executing
Simple Harmonie

Muotion



i, f=1/201s

=0.50 Hz
Result: The period of the pendulum is 2.01s and its
frequency is 0,50 Hz. O

Pendulum clocks with a pendulum measurig out the
passing of a second. How lung ofa pendu srequired to

have a period of | second? g = 9.8 m/s?
Solution:
_ Step 1: Write down the lﬂl and quantities to

be found.
L=2

" Multiply both the sides by g
T’g=4n’L
Divide each side by 4n°

Step 3: Put the va]ues and calculate
1s)"(9.8m/s’
(5o

4n
0.8m 7
L=—r =—=3.141
4r? =
L=025m. . T = 9.86
Result: The length of a pendulum should be 0.25 m,




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 nol moving in that
direction? _

0Q5: Where is the ball in the bowl system moving fastest,
slowest?

1.5, 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 d‘f-'-ﬂ'le
oscillation,

For example, A knock against a table causes the table 0

vibrate. This reverberation also fades away ofien afier

cumpletmg many hundreds of wbralmns_ \

1g system in which fric

dﬁnmadsym

If a simple harmonic motion is. sthLLted to frictional

forces, the amplitude of ﬁtely oscillating  objects

progressively decreases, 'I'hq friction not only affects the
amplitude but also shghll}' reduces the frequency. An
oscillation that fades away over time is called damped

asclilatmn Fig. 1021, 10.22.
The ¢ &“ﬁ?aaﬂmn&smtﬂmn
m&sﬁ*ﬂﬂwa&mdammﬂomﬂm

SE: “\ES‘EMENT QUES I‘IGNE
X What will happen if there is no damping n an
y oscillating drum skin?

Displagement
=
K
i
i
‘]
i

k ﬂ’:‘ 10. "1
u,rli.llu! of am plitude
“ayith the time of
amping system

Fig: 10.22,
Shock absorher

absorber consists of
piston that moves through
almuidma&_ w
upper part of

absorber is firmly
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Up-and-down movements in the rope produce oscillations or ‘nhrﬂtmns

A slinky s a pre-compressed helical or coiled spring,

A ripple tank is a glass tank of water used to demonstrate the I;:-Hbtt: pmpf:rtles
of waves.

The particle movement is at right angles to the direction qf ’ﬂar: *Wave motion is
a ransverse wave. \

A transverse wave Is cumpnsed of crest and Iruugh

The particle movement is in the same d.irccunn as 1]13 direction of wave
motion. a longitudinal wave.

A lnnguudmal wave is comprised of anpreﬁmn*nnd rarefaction.

The wave is a disturbance that transfers Eﬁﬁl'gf from one place to another.

Any substance that a wave can pmp&gﬁté‘thfuugh it is known as a medium.,
Waves that wransfer energy thmug]i matter are known as mechanical waves,

All mechanical waves travel thrnug];me:r 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
electromagnetic waves,

Ripple tank expsnmaﬁtg 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 d,em:e&e

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

When an nh_]ﬁ:ct oscillates about a fixed position its acceleration is d:re::tl}'
_pwpg:-rtmna] 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.
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;*' 1. A gir] 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 15 the frequency of the
waves?
a) 0.50Hz b} 15Hz

o) 2.0Hz d)  S50Hz




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

A
I "

changes?
Reflection Refraction Diffraction
a) Yes yes ' Yes
b)) Yes No yes
9 |  No yes no
No no no

3. The dlagrams show water waves lhal move more slowl
shallow water. Which djagrﬂm shows what happﬂns to the

b

-

.[_

v,
ma

——

g
————

.
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r—
‘
e isbn

iy
aﬁar passmg into

ves*

4. The diagram shows a water wave a]!pmachmg a barrier with a gap.

a3

T waler wave

I-', g .

._.. — . s
5, of travel

g

The wﬁifc f‘enuhcs point P. What is the name of the effect that causes the wave
to reach point P?

A Diffraction
4:} reflection

b)
d)

Dispersion
Refraction

5 ’W&tﬂr waves pass from deep into the shallow rv:glon then refracted. The
{ \charactensncs of wave which will remains constant is:

.~ a) Direction b) Frequency
) ¢} Speed d) Wavelength.
6. Which is not a characteristic of wave?
a)  Anamplitude b} Period
c) Mass d)  Velocity

7. When an oscillating object is in simple harmonic motion, its maximum speed

occurs when the object is at its



a) Highest point. b}  Lowest point
¢} Equilibrium point d)  Extreme point
&, In an oscillating pendulum, the bob accelerates from its extreme position due to
a) Inertia b} Tension in the string
¢) Wind d) Gravitational force N
9. In the ball and bow! system, the mean position is at ®
a) The earth b) Floor of the bowl & e
¢) Center of bowl d) Extreme position
10. Oscillations are damped due to the presence of
a) Linear motion b) Restoring force )
r:) Frictional force d)  Mechanical force

Defline the term transverse wave,

‘utructumd Questions " ,

ol

Define the term longitudinal wave. .
3. a) Write a short note on the mechanical w;w;e
b) How can you say that mechanical ivaﬁgs are also material waves?
4. Waves are the means of energy irms'{gr without matter, Justify this statement
with the help of everyday life examples.

.. a) Define the fulIuwing tan‘ﬂs'ﬂfa wave:
1} amplitude el 3d
ii) frequency ‘i‘-.r-} mvalcngth

b) Derive the formula of wave speed, v =T\
6. a) What isa npg]é—‘taﬂk and explain its working?
b) Define the wavefront?
7. Reference an experiment to explain the refraction of waves concerning the
rjppb;gnﬁ-
8. What is the phenomenon of diffraction?
Y. a) What is simple harmonic motion?
b é‘h’l‘iat are the necessary conditions for a body to execute simple harmonic
motion?
'li] a} With the help of a diagram, explain SHM in the p-:ndulum
 b) The period of simple pendulum executing the formula gives SHM

T=21'|:J£
4

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

i) length i1) Mmass.
11. a) With the help of a diagram. explain SHM in the ball and bowl system.



b) Why is the motion of a ball in the bow] executing SHM is maximum at its
equilibrium position?

12, a) What are damped oscillations?

b) How does dampmg pmgrat-,bwer reduce the amplitude of u&cxllahﬂﬂ?
¢) A boy is swinging in the swing. Explain, why its amplitude rraduaﬂs -
pmgn:sswely with time. {

i N (M Numericals

. What is the wavelength of a radio wave br{}adcasted h?a’ lrﬂdm station with a

frequency of 1300 kHz?
Where 1K = 107, and the speed of the radm-wavn is ‘.ix llﬂ‘E ms . (230.76m)
The waves moving in the pond have a '-.lravuj h of 1.6 m, and a frequency
of 0.80 Hz. Calculate the speed of these walcrwaves, (1 Iﬁms“ )
If 50 waves pass through a point in the:rope in 10 seconds, what are the
frequeney and the period of the wawmm wavelength is 8 cm, calculate the
wave speed.
Explain the type of wave pmduﬂed, {'iH.{, 0.2s, 0.4ms™")
A slinky has produced a hn‘g;tudmal wave, The wave travels at a SpEE.‘d of 40
cm/s and the frequency-of the wave is 20 Hz What is the minimum
separation between the. muﬂecunue compressions? (0.02m)
Suppose a student is generating waves in a slinky. The student’s hand makes
one ::Dmpleta f&rﬂlmnd back oscillation in 0.40 s. The wavelength in the
slinky is 0.60m. For this wave, determine

a. Pcnﬁd and frequency

b. Wavespeed  (0.405, 2.5Hz, 1.5ms™)
If 80 campressions pass through a point in spring in 20 seconds. Caleulate

. the frequency and the period? If two consecutive compressions are 8 cm

n;mn calculate the wave speed. (4Hz, 0.255, 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 s. How far away is the other end of the pool? (0.033Hz,
27.27m)
A simple oscillating pendulum has a length of 80.0 cm. Calculate its
a. Period

b. Frequency

When g =9.8 m s? (1.794s, 0.557Hz)

*R+BeEe
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Students Learning Outcomes (SLOs) Shah Jahan Mas)id
After learning this unit students should be able to [hatta ag@hdomes
Describe the production of sound by vibrating sources, ( thie Jarpest oy rber in
Describe the longitudinal natwre of sound waves and Pi’lkiSlﬂl’ﬁﬁﬁ 33 arches:
describe compression and rarefaction, Tt doies ot have a single
Explain why a medium 15 required to teansmit sound waves minurel. When the
and describe an experiment to demonstrate this, W Toudness exceeds 100
Describe a direct method for the determination of the speed '
of sound in air and make the necessary caleulation.
ﬁ;aLhu-ﬂ_T' :L;Ed;.:l:i magnitude of the speeds of am.md in H:, b i can Bl i
Describe the factors which affect the speed uf"emund on the other ek
(temperature, humidity, cle.)
Describe how the shape of a sound wave as demonstrated
by an oscilloscope is affected by thi n’jmlfﬁ of the sound
Wave
Explain that noise is 2 nuisance.
Describe how the reflection gt wwndmxy produce an echa;
Define ultrasound.
Describe how ulirasound lt.cl!rnlquth wre wsed 1 medical The quictest room in the

and industry | world (Anechoic

diecibels. b person
speaking on one end af

are mostly utilized for
technology testing.
In 2015, Microsolt built the
gquictest place on carth. Bul
while it may sound like a

few can stand being m the
| room for an clongated
amouni of time.
Adter anumber of minutcs,
you will begin Lo hear your
own hearibeal. Stick it oul 3
little longer, and yvou will
hear your own blood flowimng §
and boncs grinding.




Fig: 11.1
Vibration of drum skin

Do you know that elephants can hear a storm from a
distance of 200 km away? Also, communicate over great
distances using 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 ﬁh‘jﬂglﬁ
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 phennmemam -

11.1 Sound waves

Sound waves are mechanical, Iang‘imdlnal waves
comprising compressions and tarcfann{&ns

Production of sound by ul]rahngﬂsﬂurl_us

When you hit the skin of @ drum, it starts vibrating, and it
moves back and forth very quickly. These vibrations squecze
and stretch the air in its {ront and disrupt the surrounding
molecules. This Sﬂﬂ%ﬂﬁt{llﬂﬂms and stretches accordingly
pmducc cnmprcsﬁmns and rarefactions which travel through
the air. It pggd:l_mgmsﬁund waves,

A %r@tmg object in the medium causes of alternating
Wm§m551uns and rarefactions that carry the sound further
aa.v.a].r thmu gh the me:dium

'-II'his“ﬁnergy travels from one point to another as a
wave. For example, a guitar produces a musical note when
the string vibrates,

Longitudinal nature 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 surroundiny 'airmmd
Rarefactions are regions where ;alr pmsum is s]ightly

lower than the surrounding air pre:
This nising and [alling 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
Fig: 11.2. The vibrating

air as in figure 11.2.
Electric bell jar Experiment ‘
Sound is a mechanical wave that needs a material
medium such as gases, liquids, solids to propagate due to'the
vibratory motion of particles of the medium that mﬁpm
sound waves in the form of energy from one point to-another.
Sound cannot travel through a vacuum, dt:menmmted by the
following experiment.

Take an electric bell and an alrtu,ht glass bell jar and then
suspend the electric bell inside the jar, Connect the bell jar
to a vacuum pump; Fig. 11. 3 Wﬁen yvou switch on the
electric bell, you can hear MGMd 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, althﬁugh the same current is passing
through the bell and hammer that strikes the gong. After a
while, you will hear the faintest sound, when there is less air.
What H?mfpﬁﬁs when the air is completely removed? Will you
still be able to hear the sound of the bell?
_ The’qlmtnc bell still produces the sound, but now we cannot
3 h@ﬂ it. This is because sound waves always need a medium
1o propagate sound encrgy. In the bell jar, it was a vacuum
- hence 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 10 the outside of the jar as the hammer vibrates
vigorously.

Now, we can consider that the compressions and Compressions (€]

Rarefaction (R)

partighet="  of sound
assoduling
wils-n-.md

drum skin produce

*alternating regions with

high density and low
density of air molecules

Fig: 11.3 Bell jar
experiment showing
sound canmod iravel in

a vacuum




SELF-ASSESSMENT QUESTIONS:

Q1: Why pressure is greater at compression mgi{m of
longitudinal waves.

Q2: Why can we not hear the explosives
produced in the Sun? @

Q3: Can sound travel through solids and llqm

11.2 Speed of sound
A direct method for the determination. uﬂlne 5peed of
sound in air ™
As we know, sound travels qmtc Fasl, hut it is still possible
to measure its speed in the air by direet 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 fulluwmgexiaenmenl demonstrates the direct
method.
Experiments to ﬁmrmine the Speed of Sound
« There are several experiments that can be carried out
to deta-,rmme the speed of sound
“ Two methods are described below
o The apparatus for each experiment is given in bold
Mu{hu:f 1: Measuring Sound Between Two Points
M;aﬁnrmg the speed of sound directly between twe points

—_

. 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.

3. 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:

Speed od sound =

Distance traveled by sound
Time taken

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

L.

clitt) usmgﬁ ‘I‘Pundle wheel 1o measure this distance
2. The person C}’Ep‘m two wooden blocks together and
listens Tﬁ_r the echo
3. The person then starts to clap the blocks together
-, f&gcﬂ'tcdiy in rhythm with the echoes
fﬁr second person has a stopwateh and starts timing
o o N When they hear one of the claps and stops timing 20
7~ W_’_"‘* 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 = 2 x 50)m




8. The speed of sound can be calculated from this
distance and the time using the equation;
Spoud od-sound s 2x Distf]nce to the wall

Time taken
Speed of sound in solids, liguids, and gases.
Sound waves arc mechanical waves. Any maﬂ"tmi that
contains pam-::les can transmit sound. The spm&-gf sound is
not the same in all mediums. Sound waves ,traw.l, at different
speeds in different mediums. Remember that the speed of
. sound depends on the properties .such as temperature,
oy Pressure and density of the mediuni through which it travels,

ywia  Sound moves faster in solid bec”ﬁuséﬂia molecules/ particles
of solid are very close to eagh other, as compare to liquid and
gases,
The speed at which a ﬂ,}unﬂr 'WAW travels depends upon the
medium and state l:nf r.'h&mcdlum (steel, water, air), The rate
of sound wave travel decreases when we go from solid to the
gaseous staﬁ% Ilwﬁpeeds of sound at 25"C in various media
-']I'E.']lﬁtﬂd m'Papic 11.1.

speed of mmdmﬂ&ﬂmdﬂﬁﬁeﬂ:ﬁt&nmwhmhapmm

" Where A is the wavelength of the sound wave. It is the
- distance traveled by the sound wave in one time period (T)
~  ofthe wave. Thus,

' v=Af (= 1T =)

or v=hf

The speed of sound remains almost the same for all
frequencies in a given medium under the same physical
conditions.




Table 11.1 Speed of sound in different medinms at 25°C

Speed of sound in different media at 25 °C
State Enluﬁm:e Speed in m/s

. E éﬂﬁ eel |

Sales Brass 4?%'

Copper 2270

Glass (Pyrex) 3080

- Water (Sea) 1531

Liquids er{zﬁsﬁﬂe:ﬂ 1498

Eﬂml 1207

Methanol 11(33

Helium ﬂﬁﬁ

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 uf ﬁqu&d in the airare given
in detail below.
Effect of Temperature
Temperature is also a, condition that affects the speed
of sound. Heat is a form of energy that depends upon the
kinetic energy of melecules. Molecules of the medium at
higher temperﬂnﬁ'as have more energy. Thus, they can
vibrate at ‘@ higher rate. As the molecules vibrate
faster, sound waves can travel more quickly. The speed
of sourid at room temperature (25°C) in the air is 346 meters
per second. [t is faster than 331 meters per second, which is
the'speed of sound in air at (0°C).
) Tﬁ& formula to find the speed of sound at temperature T in
“the 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 is directly proportional to the square root of the

v=2331x

Speed of gound (mes )

Specd of saund
'Eﬂl'wmv':ﬂfd]]'ﬁ]'

E & B E

\
\\

:

:

TG0 %0 100
emperature (5}

q

Fig: 11.4 Graphical
representations for
speed of sound against
temperature




absolute temperature: 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 air
The effect of water vapor on the speed of sound is minimum
than that of dr}r air, The presence of moisture in air !‘ep*}acas
oxygen and nitrogen gases that reduce the. Mhy”nf air
because the molecular mass of water vapors. (Molecular
Mass =18) is less than that of oxyzen [Mﬁ-ig“twﬂr Mass =32)
and nitrogen (Molecular Mass = 28) pases since the speed of
sound in gases are inversely related 1o the square root of its

density [Voc A ] 5
NS

Thus, humidity mcrcasqs “the density of the air decreases
and sound tmuelsfastei" b

A sound wa caf equency of 6 kHz and wave length 25
cim. How lon it take to travell.5 km?

| &=t |
Step%ﬁ down the known quantities and quantities to

found.
’ f= 6 kHz = 6000 Hz

: ) A=25cm=0.25m
d=1.5 km= 1500 m
=7

Step 2: Write down the formula and rearrange if necessary.
v=Af and
d=y 1
t=dfv

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

Result: Time =t = 1.0 second




Calculate the speed of sound in air at
speed of sound at 0°C is 331 ms.
Solution:
Step 1: Write down the known quantities and quantities to
be found. _
T=30°C=30+273K
T=303K
Step 2: Write down the formula and rearrange if necessary.

v=331=x/T1273 N

Step 3: Put the values and calculate.

v =331 x\/303K273K a}
V=331 %/1.1099 {\
v=331 =1.05352 (2}

Result: Speed of sound V = 348.7m/s

SELF—ASSESSMENTQUESTM&;
Q1: Can any object produc und without any

v=348.T m/s. Q‘)o

vibrations in it? :
Q2: How can the pres t the speed of the sound
~ in the air?
Q3: A sound wayv ' in a solid pass into the air.
‘What will to the speed of a sound wave when
iten ir? Explain.

11.3 Seeing soumds

When w% listen to a musical song on a radio, we can
dlstmgma’h between the notes of various instruments such as
a recorder and a violin being played in the song, It is due to
. ﬂ;e varying quality of these notes. Figure 11.5 shows the
waveform of the sound produced by a violin, oboe, and
J’I\«'rcnt:h horn, If the loudness and the pitch of these three
sounds are the same, then how their waveforms are different.
How do their qualities differ? How can they be distinguished
from one another? To understand this, let us consider figure
11.5. Most of the sounds like our voice, chirping of birds.
and notes from different musical instruments produce

Pressure chan
g

Preasure chinge

Fig: 11.5
wavelronts produced by
{a) vinlin
(h) aboe and
(¢} French harn



Fig: 1.6

Formation of a nide on

the pacilluscope

Fle: 10,7

Fiich and lowdness
Loudness of the sowmd
Is dependent on the
amplitude of sound.
Piteh the pitch of the
sound is dependent on
the freguency of sound.

varying waveforms, These waveforms are produced by
blending different frequencies.

Qﬂﬂ@“hkdﬁﬁn&dmmw of sound by which
een two sounds of the same loudness

mlﬁ pitch. .

To understand this, let us consider a fundamental
frequency and other two frequencies; if we combine these
waves on an oscilloscope, we wall get tgglng:[e wavelform
with two overtones in it; Fig. 11.6. '

loudness: It refers to the ability Wmm
loud and a quiet sound.

Pitch: It is the quality Gﬂ%ﬁﬂdﬁ.

ghﬂlmdaﬂm sound.
Loudness and pitch depends upon amplitude and frequency
reapcvtwcly as showll in figure 11.7,

‘ac ﬁctntmnr Itis dnsﬁn_aael as the

The S[muf mtensny which includes sound mtenmry. is
the watt per square meter (W/m?).
J-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
instruments such as the recorder, guitar, violin, drum. The
sound of these instruments has a tone with characteristics
such as controlled pitch and quality that have a pleasant
effect on our hearing sensation.
- The sounds that are pleasant to our ears are called
musical sounds.
However, some sounds have unpleasant effects on
our ears, such as the sound of motor vehicles, the slamming
of a door, and the sounds of machinery.




Sound which has nnampleusant‘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 vehicle
horns, hooters, and alarms. The excessive noise level has
harmful effects on human health as they can cause

conditions such as stress and disturh concentration. Over

time, hearing loss, sleeping disorder, aggmsgjnn.
hypertension, high-stress levels can oceur.

A safe level of noise depends on two factars: the
noise level; and the duration of exposure to the noise. The
noise level recommended in most countries 1w’mailjf 85-90
dB over an eight-hour workday. Noise pollution can be
reduced to an acceptable level by replacing the noisy
machinery with environment-friendly ‘machinery and
equipment, placing sound-reducing barriers, or using
hearing protection devices, “/

Table 11.2 Noisejevels in decibels

Noise levels in
decibels (dB)
150
140
110

70
60

30
0

SELF ASSESSMENT QUESTIONS:

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

Q2: How can we reduce noise pollution?

ﬁmnmrﬂfﬂmiolﬂpm
Decibel is the smaller unit
of bell,




Fig: 11.8. A hoy
standing in fromt of a
wall produces an echo

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 118,
Bchia,
If we take the speed of sound 340 m/s at a temperature of 20
°C in air, the sound travels to the obstruction and reaches
back to the listener on reflection aﬂcri} 1s. Hence, the total
distance covered by the sound fmmﬂ:te point of production
to the reflecting surface and back should be at least
distance = speed * time

d=340m/s = 0.1 5

d=34m.
Thus, for hearing clear echoes, the minimum distance of
the ﬂhstmchqu,ﬁ‘gm 1hf: source of sound should be half of

Mhiia d i hiafics s s wall S hzd s 6 HG B0
tis the distance of the wall from the boy if the

: ep I: Write down the known guantities and quantities to
be found.

t=1.63

v=340ms!

d=7
Step 2: Write down the formula and rearrange if necessary.

d=wxt
Step 3: Put the values and calculate.

d=(340ms) x (1.65)

=544 m

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 m2
d=272 m,




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
vibrations of a pendulum. Likewise, we hear the vibrations
of the wings of a mosquito. Not only infrasonic of very low
frequencies, but our ecars also cannot hear very high
frequency sounds knuwn as ultrasound.

The sound with frequencies above the upper limit of the
human range of audibility is known as Ultrasound.
Generally., we classify  ultrasound as  those hawng
frequencies : ahuve 2{] 000 Hz.
'Ihbmng&saf cies of sound that a person can hear
called the mngt of audibility or the sudible ﬁ'E
range.

Sound with frequencies below the lower | A@l:mm
range of audibility is known as infrasonic,

Different animals can hear different ranges of frequencies as
shown in figure no, 11.9 and as we!l as in table 11.3.

i_
i | L = & 1 BIm| baryerey
| | ] 1 | =
T 1M V08 Ha -h e 1eaan ik 100 Il 000NN |
C Figa 11

The spectrum of soungd _i:lfl-irl.l-tll*:{n for humans and other animals
Table 11.3 The :_I.Hd_:!ih!i:lﬁ'l‘qut'llf}' ranges of living organisms

’_\ Frequency (hertz)
The lower limit | The upper limit
W of the audible of the audible
frequnncy frequency
16 12000
- 20 20000
Whales and dolphins ; 15000
Cats ' 32000
Locust. 50K

'ﬂiu Wliﬁihm:

ﬁ;mmmﬂw-
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Applications of ultrasound techmiques in industry and
medicine

Ultrasounds. high-frequency sound waves can propagate
along well-defined straight paths, Ultrasounds arg used
extensively in industries and for medical diufhustic
(imaging) purposes. \_J
Cleansing

Ultrasound is commonly used to clean :11.:-11':3«r ﬂl'.gécts even in
hard-to-reach places, including ]BWﬂh'}r;adéhtﬂj and surgical
instruments, musical instruments. In this process, objects to
be cleaned are placed in a cleanmg Scihmun, and ultrasonic
waves are sent into the snlutmn. Due to its high frequency,
dust, grease, and cumaminatiun particles detached and
dropped. The objects thus get thoroughly cleansed.

Quality control :

Ultrasound has hlgherpynntratmg power due to its very high
frequency. Thus, ultrasounds are also used to detect cracks,
cavities, and. ﬂaWS in metal and conerete blocks, These
invisible cracks or cavities inside the blocks reduce the
su‘enth of the structure. Ultrasonic waves pass through the
metal block. and detectors are used to detect the transmitted
waves. If there is any defect, the ultrasound will be reflected,
hﬂmﬂhng the presence of the defect; Fig. 11.11.

Sound 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 1s a painless and non-invasive medical
imaging procedure. A transmitter sends out pulses of very
high frequency. The transducer 1s 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
called an echocardiogram.

Ultrasonography

It is a technique that uses an instrument ultrasound scanner, -

This scanner uses high-frequency sound waves 1o obtain
images of the internal 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, etc. It helps the doctor to identify

abnormalities, such as stones in the gall bladder and k,uinqy
or tumors and abnormalities in different organs. In this
technique, the sound waves penetrate the body angi hit a
boundary between tissues, e.g., between fluid and soft tissue,
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 n tissue and the time of
the return of each echo. These pulsesare then converted into
electrical signals used to crcﬁte fa.m dimensional images of
the organ.

sm-ﬁsnssusff;bumnuws:

Q1: Which a@ igher speed sound or light?

Q2:1s itp& produce an echo in a room of length
10m?

Fig: 1114, The

sehematic diagram of
the ultrasound scan

machine

O oo

RADAR
latﬁm&m&r

traffic control and vehicle
speed detection”
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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 pﬁmllfﬂ
to the direction of wave motion.

Sound wave is comprised of successive compressions and rarcf&ctlﬂns in the
medium.

C-amprassmns are regions where air pressure is slightly lugher ﬁl.msurmundmg
air pressure.

Rarefactions are regions where air pressure is sllghu;* lower than the
surrounding air pressure. :

Sound needs a material medium Lo pass thrﬂugh energg

Sound cannot travel through a vacuum.

Sound waves travel at different speeds in mffetﬂntmadnum depending on their
properties.

The speed of sound is faster in solid m.g.tenfafs and slower in liquids or gases,
Temperature affects the speed uf wund in air sound travels faster when the
temperature of the medium rises:,

Humidity slightly affects the_qpeed:"l':-f sound in air, and sound travels faster
when the humidity of the airises.

Quality is the charactcristﬁffﬁﬁnund by which we can distinguish between two
sounds of the same loudtiess and pitch.

Sounds that are pl:e,asamm our hearing sensations are called musical sounds.
Sounds that are unpleasant to our hearing sensations are called noises.

The high nozs;k;vci has harmful effects on human health.

The range of hudlhlht}r is the range of sound frequencies that a person can hear.
The nermal human ear, the lower limit of audible frequency is 20 Hz, and the
upper limit is 20K Hz.

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

m;ige of audibility.
‘The echo is the reflection of the sound after reflection from un obstacle.
“In industry. ultrasounds can be used to detect cracks, cavities, and flaws in metal

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 soft organs and tissues.
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EEXT) Multiple Choice Questions (MCQs)

Choose the correct answer from the following choices:
1. Sound is a form of:
a)  Electrical energy b) Mechanical energy
¢)  Thermal energy d) Chemical energy

2. Audible frequencies range that a normal human ear can detect is:

a) 10Hzand 10 kHz b) 20 Hz and 20 kHz - .
¢} 25 Hzand 25 kHz d) 30 Hz and 30 kHz
3. The approximate value of the speed of sound in air at DFQ t_g':":"lperature is:
a) 332m/s by 34m/s
¢) 17m/s d) ﬁSj] m/s

4. Sound wravel faster in solid as compare to gﬂ,qu Eve::ause of:
a)  Gas molecules are packed loosely.
b}  Sound does not travel faster thr@ug]! a solid than a gas,
¢)  Solid molecules are packed tightly.
d)  Gas molecules move faster.

5. The two factors that affect the speed of sound in air are:
a) Humidity and 'mltmih gf the air
b) Temperature and mass of the air
¢) Volume and mass of the air
d) Temperaﬁ;ﬂ“aﬁd humidity of the air

6. The separatlfm bclween two consecutive compressions of the sound wave is

called: . '}
Q’ '[:{ﬁlﬁ p-ermd b) Amplitude
c) frequcncy d) Wavelength

7. The order of speed of the sound in different mediums from faster to slowest is
© . a) Gas— Liquid — Solid b) Liquid — Solid — Gas

¢) Solid — Liquid— Gas d) Gas — Solid — Liquid

& Ultrasound has several uses in medicine and industry. Which one has use of

ultrasound?
a) Absorption b) Pre-natal scanning
¢) Dispersion d) Measuring humidity of air
0, The causes of the echo is:
a)  Absorption b}  Dispersion

¢) Reflection d)  Refraction



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

¢} Microwaves d) X-rays

Strm:lurr:d Questions

1. &) How is the sound produced? { ™
b) With the help of a diagram, describe how compressions and rg.wtat:tmns are
produced in the air near a source of the sound.

L f
w

b

a) Why are sound waves referred 1o as mechanical w;wes""

b} Sound requires a material medium for its pmpagatmp “Cite an experiment
to prove this statement. .

3. a) Distinguish between musical sound and—y,p'ia& .

b) Explain how noise is harmful tn hunmnﬂt

4, ) Define the quality or timbre nﬁtﬁé snund
b) Is it possible that two or-more waves from different musical instruments
combine to form a smglef@mve“

5. a) Why is the qued.uhh,e mund greater in solids than in liquids or gases?
b) Explain the eﬁéqt di the following factors on the speed of sound in the air.
I. Tempeﬁatﬂrﬂ
ii. Humlcﬁi:?
6 a) D‘::ﬁna;echu.

. Iy} 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
11. The audible frequency range of hearing
11, Ultrasound
b} How is ultrasound used for cleaning?
¢) Explain two applications of ultrasound that are used in hospitals for medical

imaging.



L T (&S Numericals

1. Calculate the speed of sound in air at 50°C? Given that speed of sound @tﬁﬁc
15 331m/s, (360.0 ms™')

2. A person has an audible range from 20 Hz to 20 kHz. Whnt é‘c the
distinguishing wavelengths of sound waves in air cnr:rﬂspundfl'lg tu*iﬁe&f: two
frequencies? Take the speed of sound in air as 340 m st G

(58. Sﬁﬁhaﬁd 58.82m)

3. A ship uses ultrasonic pulsv:s to measure the depth of the submarine beneath
the ship. A sound pulsing is transmitted into the sea, &nﬂ the echo from the
sea-bed is received after 40 ms, The speed of saun&ﬁl seawater is [480 m / s.
Calculate the deepness of the submarine. \ “29.6 = 30m)

4. At night, bats emit pulses of sound to [Igtrx:t their prey. The speed of sound

mairis 340 m/ s o~
Returning coho b Imnmd soamed waves

e

(i) A bat emits a pulse of the sound of wavelength 0.0080 m. Calculate the
*requency of the sound. (42.5H2)
[ji] The 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
.f . ._\"’ pulse of sound during this time. (17m)
© (iii) Calculate the distance of prey from the bat,  (8.5m)
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Students’ Learnine Outcomes (SLOs) -
the International Day

After learning this unit, students should be able to

Describe the dispersion of light as illustrated by the action
on the light 6l a glass prism

State the colors of the spectium and explain how the
colors are related o frequencyiwavelength,

Describe the behavior of light when passing thmuj_rh
water droplets.

State that all ¢lectromagnetic waves wavelwith the same
high speed in air and state the mogmiudeof that speed,
Describe the main components of the electromagnetic
Spectrim.

Discuss the role of the fﬂl.lﬂ'uh’l“f‘ {1} radio waves — radio
and television mmmunicalmns.;u} MICTOWAYES —
satellite television and tc!ephnnc {11} infra-red -
household electtical appliances, television remole
controller, and’ intruder alarms, (1v) light - optical fibers
it medicaluses afid telephone, (v) ultra-violet — sunbeds,
fluarescent tubes, and sterilization, (vi) X -rays — hospital
ust imnedical imaging and killing cancerous cells, and
engineering applications such ss detecting cracks i
riwetal, (vid) gammia ravs — medical treatment in killing
gancerous cells, and engineering applications such as
defecting eracks in metal,

of Light
UNESCO celebrates
the role of light in
science, education, It
plays an essential role
m out lives. Tt 15 the
origin of life through
photosynthesis on iis
mosl fundamental level,
The light has led us to
alternative energy
sources and many other
discoveries that have
shaped our
understanding of the
Universe. For conturics,
the study of Tight and its
properties has
revalutionized every
science discipling, from
Ibn Al Haytham to
Einstein, From ganima
ravs to radio waves, the
gpectrum of light
provides
understindings both
far-ranging and near.




The prism s riangular

transparent block of
elass or plastic. It isa
solid structure having

Fig: 12.1
Dispersion of white
light by 0 glass prism

spectrum of light.

We live i 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 and read
information from our surroundings, and we ccan - also
communicate and share digital information - through
electronic media. Where does all this il;ﬁ'l_,}:‘;_\'tﬁﬁﬂﬂ come
from? How does this information travq_l"tii'r'augh in air or a
vacuum? We will try to understand all this in detail.

12.1 Dispersion of light '

Have you ever seen the ramlmw‘" What the physics behind
this phenomenon is; Let us learn it by using a glass prism.
Suppose a narrow beam quﬁlte light entering from the air
is passed through a pnﬂm of the denser medium. A prism
refracts the light at both the refracting surfaces, and it
pmduces a range’ of colors called a spectrum.

g white Tight into its constituent colors when it passes
ﬂ:ﬂ'ngﬂ iss prism is called dispersion of white light,
White light is not a hmgle color but a mixture of all the

_ ﬂpg;n'um colors, The prism refracts each individual color
~ differently 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 V I 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 distinet on the spectrum.

mmlurpampmﬂumﬂmthadwmﬁmﬂada




Figure: 12.2 Specirum of visible light with corresponding
wavelengihs and thelr frequencles of each color

Tahle: 12,1,
Index of Refraction in erown glass at Various Wavelengths, The

table shows different colors have different wavelengths so, as the %

releactive index

Dispersion of light through water'droplets
The rainbow is one of naturé's most beautiful creations.

When a rainbow appears, ‘it serves as an excellent Sunlight _

demonstration of light dgsfpanﬁmn and further evidence that
visible light has a spﬂ;i:(l,;m of wavelengths, cach of which is
associated with a distinet color. At an angle of approximately
40 degrees above ground level, you must look into an area
of atmosphere with suspended droplets of water, or even a
light mist, in order to see a rainbow in the sky. Every droplet
of water ucts as a tiny prism, dispersing and reflecting light
to your eye. When you look at the sky, droplets emit
'-_wwe“lcngths of light associated with a color. There arc

~_.several ways sun rays can enter through a drop. The bending

_toward 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 out of the
droplet is an important consideration when discussing
rainbows. Figure 12.3 shows the complete process of
dispersion of light through water droplet.

Refraction

Violet

Fig: 12.3.

The dispersion by a

waler droplet




Speed of clectromagnetic waves
Whiet vou listen to the Eieqtmmagn?ti: waves are radia_tc-:] Put when _ch_a.rg,cd
m ww"m particles oscillate. For example, vibrating atoms in a hot.
glowing bulb filament emit infrared and visible light in-the
house. An oscillating electric current sends out radio. ﬁavﬁs
from a radio station. The other types of EM radjaﬂnn that
make up the electromagnetic spectrum are microwaves,
ultraviolet light, X-rays, and gamma rays“ihﬁt radiate out
from their respective sources.

Electromagnetic waves are uamma waves. It is eleetric
and magnetic fields that are oscﬂgaimg not material. Thus,
they can travel through a vagauumﬁr space.

Eledteomisgnetic wave

Electric fivld

ﬁ'{ __[:ikc all other waves, it obeys the equation
e Speed = frequency * wavelength
c="fxi
All electromagnetic waves travel through the space or
vacuum at the same speed of 300000 kilometers per sec or
3 % 10% m.s™h

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 quantities and quantities to be
found.

A= 6943 nm = 694.3 % 10°m
%=6.93 % 10"m

=2 and we know that
e=3x100ms".




Step 3: Put the values and calculate.
Speed= wavelength * frequency
[V
f= Y
or /= (3x10%m/s)/(6.943 x107"m)

Result: f=4.32 x10"Hz

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

SELF-ASSESSMENT QUESTHONS :

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
dlspmmrn through a prism,

Q3: X-rays have a higher frequency bi@ waves.

What is their speed in space?

12.2 Characteristics ol LIuLlrmua'gﬂem waves
Some of the common Lhamcllﬂ*hhﬁ of electromagnetic
waves are given as under;

L. Electromagnetic qugm transverse waves in nature.
They are c{}mp@eﬁ of varying electric and magnetic - iaviolat tadiation
fields that oscillate perpendicularly. The direction of from the electromagnetic
wave motion.is perpendicular to both electric and spectrum gan not be

magnetic felds, seen, but it fans our
2. Itcannot carry electric charge. WMWW
3. ;h“m travel lhmugh space, traveling at the speed of Eﬂml rescent
¢=3 %108 m;s’

©4 Tt will travel thmugh a transparent medium; however,
f ~ 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 to glass).



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 cgm,sism
of many sub-ranges that are generally referred to as
components, such as visible light or uItravmj.:I mdiatmn
There are no precise accepted boundaries - between
these c{mtmuﬂus pumons. 50 the ranges may- téhd to mrcrlap

AL Power Tdﬂmm&mﬂn: Sunlight  Medical Radioactive
X-ray BOUICCS

Waves viadet. Clumeas rays

I e T i
s N w10t gt w0t w0t Tt 1t et o
Fig: 12.4.
The electromagnetic spectrum with decreasing wavelengihs as well
comparison of wavelengihs 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.




Table 12.2 Electromagnetic Spectrum
Type of Electro-
Muagnetic wave

Suurees Applications

M Icrﬁiﬁ;w-uf ]

o

HRADAR

T

Optical fiber

SELF-ASSESSMENT QUESTIONS: P o201
Q1: State _ components  of  the application of EM
ele romagnelic s'pe-nmml th-aL have wavelengths spectrum

al - least ﬁ:-ur properties common to all
etic waves.
12.3 ﬁhﬁ of electromagnetic waves
~Electromagnetic  waves have many advanced
'.-tcehunlﬂgmal uses in our day-to-day life. Some of the
unplled uses of the main components of the spectrum are
_-given shortly below;
(i) Radin waves - radio and television
communications
Radio waves have the longest wavelengths in the
electromagnetic spectrum. Stars are natural transmitters of
radio waves, However, radio waves can be artificially



gencrated by oscillating the cwrent in a transmitting
antenna. In a radio system, a microphone controls the current
Magnetic resonance to the antenna so that the radio waves pulsate. The incoming

maging (MRI) is pulsations in the radio receiver control a loudspeakér to

W% create a copy of the original sound. Radio waves can dif
“w lmhmquae et around hills, so radio can receive signals even if a hill blocks

radio waves and magnetie  the direct route from the transmitting antenna, Long waves
fields to create meticulous will also diffract around the curved surface of the Earth.

images of the organs and Radio waves are also used -in television
ﬁmﬁhmbﬂ@ communication. Radio waves of very, high frequency VHF
mﬂh:umﬁgiﬁﬁmtjm and ultra high-frequency UHF waves are used to telecast
Hwﬂiagmﬁcﬂﬂd television programs. These waves have shorter wavelengths,

' mnhgpsﬁ;.-nlﬁr and they do not diffract quund hills. So, there must be a
*ﬂiﬂlﬁﬂﬂﬁmﬂﬁ body.  straight path between the fransmitting and receiving antenna
R’:hh“ wmﬁw for good reception.
puﬁinwnfﬁ?mma::. (ii) Microwaves = satellite television and telephone,
computed to produce Microwaves have a shorter wavelength in the micrometer
3D MRI images — like  range and 4 higher frequency than all radio waves, These
slices in bread. are usually generated inside the specialized oven by an

electron. -tube, Satellite phones use microwaves for
L-::-nﬂhu‘mtatmn and satellite television uses microwaves Lo
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 absorbed by molecules when they
change their rotational-vibrational movements. Infra-red
wircless remote controllers control various houschold
¢lectrical appliances that send invisible signals to an infrared
receiver on a device such as televisions, video recorders, or

hi-fi (High fidelity) systems,




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 pattern of infrared
radiations emitted by a warm body of an approaching person.
This characteristic of infrared waves has been used for
security purposes, particularly in military technology.
(iv)  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, a medical device, 15 a long tube consisting of
optical fibers that enable doctors to see abnormalities in
organs such as the stomach intestines mside a human body.
(v) Ultra-violet — sunbeds, Nuorescent luhﬁ.
sterilization,
Very hot objects. such as the Sun, emit raﬂl_,atagﬂﬂbeynnd 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 radiation is l"uthn_a.-r—--:i_lwided into three bands in
order of increasing energy UV-A type, UV-B type, and UV-

C type.
| Wave type
| Wavel

In fair skin, the rays.can penetrate deeper and are harmful to
live cells. Excess ultraviolet exposure can result in several
skin discases.

Sunbeds: Ultraviolet lamps that emit UVA and UVB
radiation are used in sunbeds for artificial tanning. It is
~ popular in countries with long ]}ennds of limited sunlight.
Under medically controlled supervision, sunbeds beautify,
sprovide the body with vitamin D, and treat certain skin
conditions.

Fluorescent: When absorbed in ultraviolet, some materials
convert their energy into light and glow. This phenomenon
is called fluorescence.

Flg: 12.6.

Fig: 12.7.
Sunbed

Fig: 12.8,
Floorescent wateh dial



» Many invisible things
o the human eye
UV light

» Ultraviolet rays are
visible 10 bees,

» Ultraviolet means
beyond white light.

> UV light can damage

Fig: 12.9.
CT Sean

. o Fig: 12.10,

. Radio therapy
Gamma rays have
‘wavelength of less than
100 picometer (pm)
Uamimia rays have the

arenlest energy.

In fluorescent lamps. the inside of the tube is coated with
white powder (fluoresce), which gives off light when it
absorbs ultraviolet, They are commenly used in lighting
houses, shops, and offices for decorating purposes.
Sterilization; as ultraviolet kills harmful bacteria, strong
UVB and UVC radiations are used to sterilize food and
medical equipment in hospitals, .

(vi)  Applications of X -rays -

N-rays are produced when ﬁis‘l‘-mm'mg electrons
lose their energy quickly. For e@'_-:amptg, in an x-ray tube, the
radiation 1s given off when a beam of fast-moving electrons
hits the metal target.

The long-wavel; ngth or low-frequency x-rays are
highly penetrating Ihﬂ.l can pass through flesh but not bones.
In the medical ma,gm,g field, radiologists use low-frequency

x-Tays to pm-d.].mt the : x—ra}r images to diagnose the fracture
in the bunt,a or cven tooth decay, tumors, and abnormal
masses inside the body.
Computed Tomography (CT) scan is a computational
diagnostic tool for detecting diseases and injuries. It uses a
series of low-frequency X-rays and a computer to produce a

-3D image of soft tissues and bones.
Radiation Therapy is a cancer treatment that uses

controlled doses of high-frequency x-rays to kill cancerous
cells and shrink tumors.
Industrial radiography is  technique of inspecting materials
etec! e defects by using high-frequency X-rays. In
ﬂ'll& mﬁthnd 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-rays that pass through the
material. The thicker the material, the fewer x-rays can pass
through. More rays move through that region because the
material is thinner with a crack or flaw, The detector
computes a picture from the rays that pass through, which
shows cracks or flaws in that matenial.
(vii)  Applications of Gamma rays
Gamma rays come from radioactive materials, They are
produced when the nuclei of unstable atoms decay into a




stable nucleus or lose energy. They tend to have high energy
than x-rays.
CGiamma 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
particular function (e.g., brain function) is injected into the
body. Radiated positrons quickly fuse with nearby eleetrans
and lead to two gamma rays of 511-keV traveling in opposite
directions, After detecting the gamma rays, a computer
generates an image that highlights the lacation of the
biological process being examined. '
CGamma rays are highly penetrating and ean pass through
metals; because of their extreme power:gamma rays used to
radiograph holes and defects in metal castings and other
structural parts.

SELF-ASSESSME? ESTIONS:

Q1: State health ri ociated with high energy

components of electromagnetic radiations?
Q2: What s . advantage of optical fibers in
telec ication over copper cables?
Q3: the role played by gamma radiations in

Fig: 12.11
Gamma Knife

() >y voor |

K- rays are shorter in
wave length than UV rays
m&lunwﬂaungmm
rays Wawlengﬂamnge
(0,01 < 10 nm)
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PET scans are used to
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A prism is a transparent block of glass that produces dispersion.

The prism refracts the narrow beam of white light that cause the spe{:imn; ,gf
colors.

Dispersion of white light is splitting white light into its constituent ﬂﬂlm’s
Every wavelength of light changes speed and direction accﬂaﬂmai}’ when it
passes through another transparent medium.

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

The electromagnetic spectrum is the range of' all clnctrc:-magnetlc waves or
radiations.

The electromagnetic waves are transverse: Dam{]anﬂns of their electric and
magnetic fields are perpendicular to energy transfer.

All eleclmmagnelu: waves tmvej, mtnugh a vacuum at the same speed of
e=3 %10 ms!

The cluctrumagneuc waves travel thﬁ:-ugh a transparent medium; however, they
slow down when uavelm&mﬁggh other denser mediums.

The clectromagnetic jmﬁﬂ_&:' obey the laws of reflection, refraction, and
diffraction.

The el&ctmmagmﬂu SpECtl'll.m, from the longest to shortest wavelength,
includes oa.'ﬁ. © radio waves, microwaves, infrared radiation,
visible ljghg}ﬂt__rﬁviaht radiation, X-rays, and gamma rays.

Radio'waves have the longest wavelengths in the electromagnetic spectrum.
Micmwavé's have wavelengths in the micrometer range.

lqﬁq—mﬂ is used in wireless remote controllers,

qnn'udctr 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 cyes.
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 body.



Ultraviolet radiations are commonly used in sun beads, [luorescence, and

sterilization.
# X-rays are used in CT scans for medical imaging and radiotherapy to U‘ﬁ&l_
cancer. r \_
= The cyberknife uses pamma rays in radiosu cancerous cells. r" *~.
# PET uses the gamma rays in medical imaging to produce ﬁmmtmn.é”l’ three-
dimensional images of abnormal tissues or tumors, o N
e -.‘-‘
L] ’ .
L] e L
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Multiple Choice Questions (MCQs)

Choose the correct answer from the following cholces:

1. The waves that have maximum penetrating power to treat tumors are;
a) Ultraviolet radiation b)) Microwaves £,
¢) Gamma-rays d) Radio waves ne

w

2. The electromagnetic rays used in radiotherapy to destroy cancer c&ljs are;
a) Infrared rays b) Visible rays ~ o
¢) X-rays d) Ultraviolet ravs

3. The Velocity of light in a diamond is « I
(whereas the refractive index of a diamond with reqp‘acfm vacuum is 2.5)

) 1.2%10%ms b) sx10%mis
Q) 1.2x10°m/s d}ﬁxmﬂm:;é'-

4. The group containing only eiectmmaguﬁﬁn waves is;
a) Light waves, Radio wayes, Microwaves
b) Light waves, Radio wan . Sound waves
c) Light waves, Sound waves, Microwaves
d) Radio waves, Saunﬁmves Microwaves

5. The list that shows ﬂlﬂtﬁ’hﬂﬂgﬂeh{: waves in order of an increasing wavelength
15, 7
4) lvhcrmvﬂwzs.‘ K—rays Gamma-ray's
b) me@wam Gamma-rays, X-rays
c) X-myﬁ, gamma-rays. Microwaves
ma-rays, X-rays, Microwaves

6. The type of electromagnetic wave used in security scanners at night is;
© a) Infra-red b) Microwaves
“ ¢) Radio 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



9.

The color that is least deviated by a prism:
a) Violet ray b) Green ray

c) Redray d) Yellow ray

L(). The optical phenmnermn in which the splitting of white light into seven d};tmq_:i

Lo TR Y Structured (Questions % ?' I
: e

colors occur is called; 7,
a) Refraction b) Reflection Ve
¢) Dispersion d) Diffraction b

a) Define dispersion of light. |
b) Describe the dispersion of light when paﬂ'.su;{tg thrpﬁgh a glass prism.,

a) Explain how the rainbow is produced on a tmfi:/ day?
b) Explain how the colors are related to dashnct frequency or wavelength?

a) What are alactmmagnetw waves?

b) List the main components gf ihq_“ailﬁctmn'lagnctm spectrum in decreasing
order of their wavelengths. J

¢) Ultraviolet rays have a, ingher fn.quency than radio waves, Can UV rays
travel faster in a vucuum

Compare the properties afuftrawu]et rays and radio signals.
a)  Which one u’wﬂwt a faster speed?

b) Which wave hasa greater frequency?

¢)  Which ﬁ;ﬁﬂgé“‘hﬁs a greater wavelength?

a) What a’:eﬁ:: main sources of radio waves?
b) ‘i":‘hikt is the main advantage of using radio waves in communication?

- Why are mictowaves preferred in satellite communication?

: 'vs!j""‘-‘v'hat type of radiation is commonly used in remote controllers for household

appliances?

JI . 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;
i. telecommunication

ii. medieal industry?




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 cuntmf 711
sunbeds? S
10. a) Explain fluorescence. § ‘}
b) Describe sterilization, (N~
11. X-rays are used to detect cracks in metals. Explain how?
12. a) Where do gamma rays come from?
b) How are gamma radiations used in raiimsurgm}' fnr de%tmymg cancerous
cells?
¢} Explain the applications ol gamma tays used‘ ul ﬁnspllals for medical
imaging.

Lo ) Numericals

1. Electromagnetic radiation having*nfliﬁium wavelength is classified as
infrared radiation. What 1s lts’f;;aé]qmﬂcy" Given that the speed of light s

3108 m/s. (2 x 10 Hz)
2. What is the frequency of the 193 -nm ultraviolet radiation used in laser eve
surgery? (1.55 = 10"%Hz)

3. Calculate the wavelcngtb gﬁ" 100-MHz radio waves used in an MRI unit? {Im)
4. The distance from earth to sun is 1.49 x 10" meters. How long a radio pulse
radiated from ihe a.un takes to reach on the carth?  (496.67 sec)
5, Distances i mfﬁpw are often measured in units of light-years. the distance light
tmvels in. r:mﬁ year. Find the distance in kilometers in a light-year?
(9.33 % 10V Km)
. Whabis thf: frequency of green light with a wavelength of 5.5 x 10"m?
= (5.45Hz, 5.45 = 10"¥Hz)
A .ﬁ‘t}rpl—::al houschold microwave oven operates at a frequency of 2.45-GHz.
' 'W]mt is the wavelength of this radiation? (b1224m or 122.4mm)
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Fig: 13.1
Experimental setup

explore them.

We shall study the phenﬂmgﬂa u-smg the rectilinear
propagation of light and tlwxlrh: ~application in real-life
situations in this unit.

13.1. Reflection of light,

To begin with, light is reflected whenever a beam of light
strikes a EIHGIEIh*PDEShE-d surface and then returns. In other
words, when a r&}r 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
rpﬂﬂuwd back is referred to as a Reflected ray. The term
normal" refers to the line that is created when a
perpendicular is made between two rays on 4 reflecting
~ surface.
Incident Ray = It is the ray that falls on the surface

Retlected Ray = The ray which is reflected from the surface
Normal = Perpendicular on the polished surface

P = Point of reflection

i= Angle of Incidence

r= Angle of Reflection

Laws ol Rellection _

Having a basic comprehension of the concept of reflection,
yvou 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
surfaces, by applying these principles. Here are the laws of

reflection:

What makes things visible? During the day, the sunlight
make able us o see objects. An object reflects light that falls
on it. Our eyes detect reflected light. enabling us to see
things. We can also see through a transparent medium as
light is transmitted. Several beautiful phenoména are
associated with light, such as the twinkling of stars, the
beautiful colors of a rainbow, and the bending of light by a
medium. The study of the pmpemes Eﬂ" {Jgﬁl helps us to



~ The angle of incidence is equal to the angle of reflection
(ie. Zi=Zr) is also known as the first law of
reflection.

» mmmm,mmmmmmmm .

: ce all lie in the same plane is also known
Hsﬂmsenund law of reflection
These laws of reflection apply to all tvpes of reflections,

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

SELF ASSESSMENT QUESTIONS:
Q1I: Why narrow beam of white light is used i
experiment? _

Q2: List everyday examples of reflection of li ‘K
(Q3: Why the angle of incidence is alwa: the
angle of refection? &

11.2 Image location by iiphcriu:ilsqﬁrrur i;quutiﬂ'n

Image Formation by Sphurical-'mlj;ﬁhrs

Do you know how the image&'-afc formed by spherical

mirrors? How can we locatethe image formed by a concave

mirror? Are the images*-i:gﬁ;l-.ui‘ virtual? Are they diminished.

have the same :-.izq&ﬁr'}{m‘lﬁrged?

Image Eurmaﬁim by Concave Mirror

The ray dlagrams illustrate the formation of images by a

concave mirror for various positions of the object: Figure

132 AN

_ ‘J_tfﬂu:éun"éee in the ray diagrams that the nature, position, and

- size of the image formed depends on the position of the

' i}:-l-':jecl 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 these observations 1s given for

your reference in Table 13,1,

A o
alC _~F 7
- B

(£}
Fig: 13. 2

Ray diagrams for the
imuage formation by a

coneave mirror




A spherical mirror i
2 mirror with a curved
:-mmgmmm
“curved mirrors have
'.erﬁ-m that mshnw&

s owards e fght
source, Canvex mirrors

reflect light outwards and [

mmﬂﬁnmtﬂﬂﬁ

Tahle 13:1.
Summary of images formed hy ray dingrams for different positions
af the object

Position |

Position of ek
| theimage | e
At infinity | At the focus F point-sized
BeyondC. &wf Diminished

_-A‘TF" Miﬂﬁﬁﬁ}'
PE@T" Ty

C, the center nfcuw;t&ura, F ‘the focal pumt l’ D]'!IJILAI center. p, ohject
d;.stam.:,ﬁ focal length, ¢. image distance

Spherical Pflll“l'ﬂr'E{HIﬂ.'llun

us think of an object placed p cm in front of a spherical

mirror of focal length fem. The image is formed g em from

the mirtor: then p, f; and g are related by the equation,

1_1+1
f p g

T]'ns 15 known as the mirror uquahun This equation applies

~ to both concave and convex mirrors as shown in figure 13.3.

Fig: 13.3. Ray diagram of image formed by eoncave mirror
When applying the mirror equation, the following pomts
must be observed:

#  That all distances p, f and g are measured from the
optical center P as an origin.




All real distances are taken positively, while all
virtual distances are taken negatively,

= A concave mirror has a positive focal length, while a
convex mirror has a negative focal length,

A concave mirror forms a real image at 25,0 cm from the
mirror surface along the principal axis. If the corresponding
object is ata 10.0 cm distance, what is the focal length of the
mirror?

Solution

Step 1: Write down the known quantities and quantities 1o E

be found.
g=250cm
p=10.0 cm
f=t

2 K

ot e
Resqha,, focal length of the mirror is 7.14 cm.

Use of spherical mirrors
_ Spherical mirrors have various applications in our everyday life
~stich as sunglasses, rear-view mirrors, shaving mirrors. Let us
_discuss some of the applications given below:
Use of convex mirrors
Convex mirrors are often used as rear-view mirrors or wing
mirrors in vehicles, also called driver mirrors; Fig. 13.4.
These mirrors are fitted on the sides of the vehicle so the
driver can see traffic behind them for safe driving. Convex

A wider rear view
image



Fig: 13:5.
The convex mirror used
to see the vehicles on
Ilind turns

Fig: 13.6.
A dentist mirror 7

Fig: 13.7.
The coin appears to be
ruised in the water

mirrors are curved outwards that reflect the light outwards,
allowing the drivers view of a much larger area of the field
behind them. These mirrors always give an upright,
diminished. and complete image of the vehicles. -~
Convex mirrors are also used for Traffic Safety purposes to
sce the blind turns on the roads; Fig, 13.5. Convex Mirrors
are easy to install — they are mounted simply and easily with
the brackets. Wide-angle vision allows drivers to see around
blind corners and into hidden corners. Thesé mirrors need to
be placed at the blind corners and locations to avoid
accidents and collisions of vehicles. "

Concave mirrors also used by 'dentists, can see the tooth
¢learly and diagnose any infection or germ attack.

SELF ASSESSMEN @S'I‘IUNS
Q1: Are the images formed by spherical mirrors always
real?

vex. rs are used as a rear-view mirror in

vehicles that produce diminished images. Why are
Wirrms preferred over plane mirrors?

13.3'Réfraction of light

You know that light seems to travel along a straight pathway

ina 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 aquarium 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
illustration.




. et sl
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[, Flg: 133
Refraction of light
through o plass block

."-':;mlll
A ray AO strikes the face PQ at an angle of incidence i,
As it enters the slab of glass, it takes a little bend to the nght. Willebrord snell &

travelling along OB at a refraction angle of £7 The mﬁthﬁmﬂmpmﬁam,

refracted ray OB hits the face SR at an angle of incidence reﬁhnu! i ﬁtfg;;uf

¥ The ¢émerging ray BC exhibits a refrdttionangle of <% However, he did mot
which causes it to deviate from the normal. publish his findings, It
was only when Hupens, a
Therefore, the emerging ray BC is parallel to the meidentray g physicist, pablished.
AQ; however, it has been laterally disp]’aced with regard {0 spell’s findings that it was-
the incident ray. When light emerges from a refracting called snell’s law.
material that has parallel sulas, there is a shift in the pathway

that the light takes.

Tabile:13.2
The angle between angleal incidence and angle of refraction and
ritin of sin £/ to sin L

The angle of Singi /sin
refraction Zr Lr
25 ; 1:521
31 1.487
35 1.510
19 1.493 ,_cm-ﬁﬁuu Huygens




. "Fig: 13.9. Image of fish
seen doe to total
imternal reflection

Conclusions
L. Aray of light perpendicular to the glass slab or along
the normal 15 not refracted. However, its spf.:f:d
changes according to the medium.
A ray of light incident at an angle to the nurmal'h&nds
towards the normal when it enters into an ﬁpﬁcaﬂy
denser medium (i.e., air to glass). Slml.}aﬂ;ﬁ a ray of
light bends away from the normal when it enters an
optically less dense medium (i. e,,«g'ﬁls's.lm air).

1. The ratio of the sine angie of i’ru.uience to the sine
angle of refraction gl\'bs s &e-cnn:-;tant called the
refractive index of the mtdmm

From this activity; "
The two laws of reﬁacmn a‘fm as follnws

b

. For twu*part:cular rcfractmg mediums, the ratio of the sine

ﬁlgﬁ; of incidence to the sine of the angle refraction is

1 npnstanl
 sinZi
= constant
sinsr
sinZi 2
- L~ refractive index
sinZr
M=n
. '-'-._ E : 37
sin £
or n=—
sinZ¥

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 also changed at
the interface of two different mediums. However, the
frequency of light does not change as the color used remains
unchanged. Thus.




Re frective Index=

speed of light in vacuum or air

speed of light in the medium

S
n=-—

speed of light in a diamond?
Solution:

Stp 1+ Wrie down the known quanties and quanies fo

be found
n=242
¢=3x10% m/s
v="

Step 2: Write down the formula and rearrange i

c
3§ B
«.‘Il

c
V=—
L

v=3% 108 /2.42
=124 % 10* m/s.

Step 3: Put the values and cai::u.la%

L Table:13.3
Refractive index, speed af lizht and critical angle in some
¢ stransparent marerial

fne

&’

The Tefiactive mdex of the diamond is 242, What i8 the

S

nond is 1.24 % 10% m/s,

Hence, the speed of light in.a dia

R E?ﬁnnﬂw ‘Speed of light | Critical
MeAWM | index | (x 10°ms") | angle
iamond | 2417 244"

166 181 7.0
1517 2.01
1.495 2.00
1333 225
1.309 2.30
L0003 2,99
1.000 3.00




Fig: 13.10
What @ swimmer can

see inside the water?

Refraction
Fig: 1311 (a)

Total intcrnal reflection

Fig: 13.11 {¢)

SELF-ASSESSMENT QUESTIONS

Q1: When aray 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 refraction
OCCUTS,

Q3: Which physical guantities do not change during
refraction?

13.4 Total internal reflection

Figure 13.10 given shows an underwater reflection of a fish.
This phenomenon is due to the total internal reflection of
light. This phenomenon ean occur when light passes from an
optically denser medium to a rare medium. To understand
this unique behavior of light. we have first to understand the
critical angle.

When a ray of light passing through in a dense medium
enters into-a rare medium. it bends away from the normal:
Fig.13.11 (a). If the angle of incidence *£i" increases, the
angle of refraction “£1” also imcreases. For a particular value
of the angle of incidence, the angle of refraction becomes
90% Fig.13.11 ().

The angle of incidence that causes the refracted ray in the
rarer medium to bend through 90° is called the critical 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
medium; Fig.13.11 (e).

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.

<



Caleulate the value of critical angle for water refracted angle

at 90°, The refractive index of water is 1.33.

Solution:

Step I: Write down the known quantities and guantities to P, |

be found ~\
£1=90°
n=1.33

L Q”{; ke
Step 2: Write down the formula and rearrange if necessary..

n =sins1/ singr
When light enters in rare from denser, Snell's law bec: )
n =sin 1 sinsi

or n =sin 2 90/sin ¢ (5&
n=|/sinLe
e QP

] ; Fig: 13.12. Structure of
Step 3: Put the values and calcula the optical fiber
singe=1/1.33
sin/c=10.752 O

Ze=sin (0.75 O

or  Le=4880 ‘?\’Q

Result: Therefore ﬁr&va?nﬁcal angle of water calculated is

488 -

Telecommunication through optical fibers

Optical fibers consist of hair-size threads made of fiexible

plasti?i;'mr'glﬁss fibers that transmit light over long distances.

An-optical fiber comprises two parts, an inner part *core’
_with a high refractive index, coated with another material

- “cladding’: Fig. 13.12. When a light ray enters the fiber and

 hits the cladding, it is reflected internally in the core as the

incidence angle is larger than the critical angle, even if the

fiber is bent, Light rays entering the fiber are continuously

Fig: 13,13, st
. : . Transmission of
reflected at the interface between two refractive materials information through

and cover long distances without energy loss; Fig. 13.13, optical fiber




SELF ASSESSMENT QUESTIONS
Q1: State the conditions neccessary for fotal internal

reflection to oceur,
Q2: Why a swimmer underwater cannot see the @!@
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 ﬂiﬂha&mge of light
through a prism.

' Flg. 13.14,
‘-I'T‘ﬂfmg the passage of light rays through a glass prism

L Fu{ a paper sheet on a drawing board using drawing
P]IIS

2. Place the triangular prism resting on its base, Using
a pencil, outline the prism.

3. Draw "NEN’ normal to one facet of the prism AB.
Suppose an angle between 30° and 609,

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. Fix two pins 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.

Remove the pins and also the prism.

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

extending them.




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

10, PQE 15 the incident ray that is extended till it meets
facet AC. SRF is the emergent ray extended
backward to meet at point G.

Il Now measure the angle of incidence 41, angle of
refraction £r, and the angle of emergence e and £D.

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 thr
medium. .

Conclusions

The incident ray bends towards the normal when antm thc
prism and bends away from the normal whﬂe’-léadﬁng the
prism.

SELF ASSESSMENT QUESTIO Nz}'(_)

Q1: What is apperture?

Q2; What is difference bmmﬁ%-cem and pole?
13.6 Image location by lens L,ql.iil_iﬁu
How a Lens Refracts Light ©
Consider a mnnochmmatm r@ of 1i ght traveling parallel to
the principal axis of the ‘double convex lens. When a ray
enters a lens, Lenses. rrfﬁ'ﬂt:t the light at each interface. i.e, air
to glass and g]asﬁ ‘tq air boundaries. The net effect of the
refraction, the Ttght ray, has changed its directions, Because
of its spemal geometric shape. it converges the ray to the
fuc:al}aﬁm.t Fig. 13.15.

Convex lens
Focal poimt

L B 3 "'L "'|".'|r' b o
r

1
|

~
. F% o
" T Figr 13,15,

Converging of the ray of monochromatic light parallel to the
principal axis.

)‘hﬁnmetm: Incident
rays traveling M&lm
wmmimm
through the lens and.
tﬂmgahwhmrm? v.r‘r'ﬂ




Similarly, when the rays of light that are not parallel to the
principal axis travel through the focal point approaching the
lens, they will emerge out of the lens, traveling paralIeI to
the principal axis: Fig. 13.16.

Image formation by a converging lens

Fig: 13.16,
Converging or ravs nl‘iig]ll passthrough the focal peint

the convex lens to form an
'hﬂ&ehmuﬁnmm
they always tend to

o anncimalenmnt. 1 DHE power of a lens ;
converge on a single point, Lenses are used to cumﬂfge or diverge the incident light

rays The ability of a iﬂm to refract the rays of light depends
on its focal length. Forexample, 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
A diverging lcns is said o have a t]:efbua‘l point. The degree of convergence or divergence of

e e E A h ) o ]lgb,t rays attained by a lens expresses its refractive power.
principal axs e 8 I pmmrofalens:sdgﬁmdasﬂmmmmlnfhaﬁml
ength, measured in meters inverse (m™').

Refraction by a diverging lens 1
) TI'.IE power is rapresented by the letter P, The power P of a
lens of focal length fis given by

Power=———
focal length

e T

%m intersecting. f

. M The 81 unit of power of a lens is “diopter.” It is denoted by
N the letter D. The power of a lens whose focal length is
' ID=1m™,

» M
i
’r
M

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
ARty mirrors, How about the images formed by lenses?

¥
-

5
7
L




The ray diagrams illustrate the formation of images by a
convex lens for various object positions; Fig. 13.17.

You may observe in the ray diagrams that the nature,
position, and size of the image formed by a convex lens
depend on the position of the object about points 2F, F, and
C. The image formed is real for some positions of the object
and a virtual image for a certain other position, The image is
either smaller, has the same size, or is magnified, depending
on the position of the object. An overview of these

observations is given for your reference in Table 13 .4,
Table 13.4.

An overview of images formed by eay diggrams for differvnt
positions of the object

Position of | Position of Size of the
the object the image Imag_a,
i AtFr | Extremely small
Emmli‘s
and 2F;

Lens Eqﬁnuun

Suppose an ul;;]ﬂct is placed p em in front of a lens of focal
length f cm: Suqh that the image is formed g cm from the
lens, then p. f, and g are related by the equation,

1

ko
+

fp g
2 'ths aquatmn is considered the lens equation. This equation

7 '__?&Eppllcabib for both concave and convex lenses.

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

* following points:
»  All distances p, /. and g are measured from the optical
center P.

« All real distances are taken positively, while all
virtual distances are taken negatively.

— DN

ol ueeh, pj&:*nnd )

N
(¥hject distomee < F
Fig: 13.17.
Ray diagrams for the
imuage formation by a
comvex lens




A pinhole comiera isa
simple camera withoyt 4
lens bt with u tiny
aperture. The pinhole
canter wis invented by

A magnifying glass is
also behuves like o simple

- microscope

A convex lens has a positive focal length, while a
concave lens has an ve focal leng h.

A boy is standing 2.500 m in front of a camera. The ¢
uses a convex lens whose focal length is 0.050 m. Féﬁ

image distance (the distance between the lens ar film)
and determine whether the image is real or vi o, find
the power of the lens. c:)

Solution:

Step 1: Write down the known quzn@\d quantities to
be found,

p=2.500m 5(2}

f=0.050 m.
L p O
Step y Wnt: do rmula and rearrange if necessary.

—-= _%
il

ut 11:]1& values and calculate
1

H‘-.n-t
|.a

'-.l-n

- 3 % 005 "ﬁ'

1_50-1 _49
g 25 25

0,05
P= 20 Diopter

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

Uses of Convex lenses

Have vou ever seen watchmakers using a small magnifying
glass to see tiny parts? Might you have touched the surface
of a magnifving glass? Is it a plane surface or curved? How




does it work”? Now we discuss applications of lenses in some

optical devices. [ MA

The Magmf\mn Class - _ - \ G 4 =

A magnifying glass is a thin converging lens that can be used .Y
to mﬂmﬂbﬁﬁm look bigger, \
Figure 13.18 (a) below shows how the word {Magmfylng Fig: 13.18 ) |
Glass) is placed such that object distance is less than the A magnityingglass

focal length, ie., p<f. enlargesahe letiers
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
appear to come from the position behind the lens, The image 2

produced is upright and magnified. It is a virtual image = ] °

because no rays converge to form it, so it cannot be obtained . i :

on a sereen; Fig, 13,18 {b) This type of use, a convex Iéns ; l i Eye
ig: 13.1 }

is often called a simple microscope.

The camera I'he ray dingram of a

magnifving glass

While the phutngraph is taken, the#lﬁ:l,s 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 diaph{&ﬁ.g}‘_‘uﬂtil the shutter opens,

A distant object rcgﬁi‘ifg&-the lens to film distance equal to the

Fig: 13,19,
The eross-sectinnul

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

Many cameras have automated focus setting adjustments. Siide
More inexpensive cameras usually have fixed adjustments  miror ..Lm
*.The Projector - b ﬂ

A projector uses a convex lens as a projection lens and pair J
hfmnﬂm lenses to produce a latge. inverted, and real

image on a screen.
In the projector, an object or a film is positioned between f i ﬁ'
and 21 from the projection lens. A concave mirror 18 used to
refleet the light from the lamp onto a pair of condenser lenses
s0 that the light from the lamp is concentrated on the film or

Image on Scregn

Fig: 13.20. The
schematic diagram of
the slide projector



Lons

Fig: 13.21. The
schematie diagram ol a
photographic enlarger
camuers

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, must turn the film must
upside down to maintain an upright picture on the screen’
Move the lens from the screen to obtain a large n‘ﬁ&gﬁ The
lens is moved forward or backward to get a smrp p!cture on
the screen.

The phumgraphu enlarger

. g iiodcnacr An EnJargcr is a spev::iahzﬁd transparency projector used to

produce photographic  prints from glass negatives

camer OF transparencies or microfilm. The photographic enlarger

works on the same prineiple as a projector, In the case of the
enlarger, ﬂh’]ﬂct is placed at a distance greater than F but less
than 2F. I&’th,tmwa? we get an inverted, real, and enlarged
image, as ah{m-'ﬂ in Figure 13.21.
SEL ESSMENT QUESTIONS:
is difference between real and virtual image?
power of the lens is reciprocal of its focal length.
: What does it mean?
hﬂ 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 20cm in
front of a convex lens with focal length 17em.

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 distinctly when viewed
through the optical instrument, The greater the resolving
power, the smaller the minimum distance between two
points or lines 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
aepmtely in the sky.

It is aeﬁ:nfeﬂ as ameasﬂxﬁﬁflhaﬁhﬂlty of an optical
mslr:mmtta form separable images of close objects or to
separate close wavelﬁngihs of radiation.

Magnifyving Power

Magnifying power is usually 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 eve. The
greater the magnifying power, the enlarged image of the

object that can be visualized. For example, we use the
micm:.mpe of magnification 100, and then we can see the
image of that object 100 times bigger. A mugmfymg power
or magnification of, say, 100 is often referred to as a power
of 100 and written as =100, ltisa dlmengwplasb,numhar
For an aphcul instrument; '
power is defined as the ratio ofthe image size to
thu object size.
Magnification = Size of image / ﬁz\; of object
M = size of imagey size of object

M= he
SELF ASSESSME THONS:
Q1: Define the tﬁrm%zg power.
Q2: Define the term | ifying power?
13 8 Mic rimtn-%a
Microscopy field that uses mimew to view
objects that eannot be seen with the unaided eye.

In qptm;ﬂ instruments, the phe'numenﬂn of angular
. m@@n_ﬁtaﬁnn 18 mainly used 1o 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
~objeet perceived by th
mﬁ:ﬂm@mﬂm angle

mﬁaﬂnr wyhumﬂmiw !
: ﬁnmit



Magnification by simple microscope
Let @gbe the angle subtended at the eye by a tiny object when
placed at the near point of the eye. If the object is brought
closer to the eye, the angle will increase and become ;. but
the eye can not see it. To see the abject, we place a convex
lens between the object and the eye within the focal length
so that the lens makes a magnified virtual Lmagi: ofthe object
at the near point of the eye: Fig. 13, 22 'Ifhe magnifying
- power, in such a case, will be:

M..-

9 .
U, ¢

It can be shown that the relation ,g_{?.res the magnifying power

Ba N\, S !

Where d is the near point of accommodation, for a normal
=\ human eye, itis 25 cm. This relation indicates that a lens of
s | 8 shorter lsacaT"fJ,éﬁgﬁl will have the greater magnifying
| power. v
Cum pound. nmnﬁmpu

':J‘.

\ -‘-The uh}ectwrz lens has a shurter fucaJ length fo. than the

Fig: 13.22(n) Im:mn.é  focal length of evepiece. fe. It is used to study the structure
produced on rhnrfﬂll-'ll of small objects.
without canvex képsith)

Magnification by compound microscope

miagiﬂ:t?f?;:r"h : When rays of light from a point on a nearby object pass

4 through an objective lens. The objective forms a small image
w L1 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 point of the normal human eye:
Fig. 13.23. This final magnified virtual image makes an
angle @i at the evepiece.
The magnification of a compound microscope is given by

M*£=(I+M)

Fig: 13.23, Ray S f

dingram of s Where L is the length equal to the distance between the
compoumnd mMicroscope




objective and eyepiece, [, and fe are the focal lengths of the
objective and eyepiece, respectively,

Uses of Microscopes

Scientists believe that a human with a normal eye and regular
vision can sec the tiniest 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 ©bisctie
magnifying power and resolution power, The invention of
the microscope allowed scientists to see cells, bactena, and e
other smallest structures that cannot be seen with the unaided Objecubs
eye. Microscopes gave them a direct view into the unseen:
world of extremely tiny objects. '

SELF-ASSESSMENT QUESTION: _
Q1: Explain the near point of accommodation of an -

‘a normal human. Fig: 13.24, Mechanical
Q2: Give the working principle of the nptical microseopes? parts of o compound

Q3: How docs magnification of a simpl ?@f;-u pe relate microscope
to the focal length? sy
Qai: What 1s the difference between simple.microscope and _ 5 .
compound microscope? g
13.9 Telescope _
The telescope is also an pt

convex lenses, the ¢ eyepiece.
The ol:rjractwe lens haﬁ:}a darger focal length, fo, than the
eyepiece, which has a* focal length, fe. Telescopes ™
arc helpful bc::_ause'.ﬂ}egf can gather far more light than the Fig: 13.25. Mechanical
l'l;:‘{nﬂ]l eye. Itis tsed to form magnified images of distant parts of a refracting
objects, : telesco
Magnitieation by telescope "
When phmllel rays from a point on a distant object pass
tlu:uug];l the objective lens, a real image [; is formed at the
' .Iﬁcafpmnt fof the objective lens. This image behaves as an
__objéct for the eyepicce. The eyepiece forms a magnified
__virtual image [3 a considerable distance from the objective P
lens; 13.26. This enlarged virtual image makes an angle 81

plastic

Raysz
Trom
disiant
ohject
P
Q

at the eyepiece. ' '
The magnification of a telescope is given by the formula Q,_
M= I Vil g
Z Jf_' Fig: 13.26. Ruy
¢

disgram of a telescope




Uses of Telescopes
How far the human eye can see it depends on how many light
particles a distant object emits. Telescopes arc used to
collect and focus the light towards the eyepicce. Telescopes
have extended our sights to the universe. Earlier telescopes
revealed that Earth was not the center of the universe.
They also showed mountains and carters on the moon. Later
telescopes have revealed geography and weather on the
planets in our solar system and new planets and asteroids,
Madern telescopes provide evidence Gfﬁlimns of galaxies,
each containing billions of stars: Telescopes are now
discovering planets around the stars.and possible life over
there. In the future, telescopes will answer us, are we living-
being alone in the universe?

SELF ASSESSMEN STIONS
Ql: D:snngmsh b 1 4 compound microscope and a

s helpful to us to explore the

13.10 “The humun eve and defect in vision
The I;ﬂman eye is one of the light-sensitive organs. It enables
us‘to.see the beautiful world and the colors around us. The
. I.mman 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 " sereen called the retina. The eye lens is comprised of a
amormal eye- © - fibrous, jelly-like material; Fig. 13.27.
N 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
AN, increases. This refractive effect enables us to see distant
-t J objects, When vou look at objects closer to the eye, the
m muscles contract. The eye lens then becomes thicker. Hence,
g —— the focal length of the eye lens decreases. This refractive
" ‘I‘hahmmm;l:lan-- effect enables us to see nearby objects clearly.

me& Defects of the eye and their correction by lenses
frequency of 16Hz.  For many people. changes in the shape of the eve lens are
not enough to produce a sharp focusing image on the retina,
In such conditions, the person cannot see the objects
distinctly and comfortably,




There are mainly two common refractive defects of vision.
These are (i) short-sightedness and (ii) 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 shan&ighl ‘can see nearby objects clearly b
«cannot see distant objects distinctly.

A persen with this defect has a far point nearer than infinity.
Such a person can see clearly up to a distance of several
meters. In a short-sight eye, the image of a distant object is g/ =
formed in front of the retina and not at the retina itself. This. ¥ ik
defect can be noticed when the lens is not thin enough to look
at distant objects, So the rays are bent inward too muéﬁ"‘and'

(e} Clstpecticn foi imvagrii

converge before they reach the retina, f Fig: 13.28. (a) The far
By placing a concave lens or contact of appropriate pb'.\er in point of an eve of o
front of the eye. A concave lens of suitable power; normal person (h)

Fig. 13.28 will bring the image back untpﬂm teg.ﬁa and thus short-sight eye (c)
can correct the defect. correction of short-
Long-sight or Hyperopia . v - o i
A person with long sight can see distant objects clearly but
cannot see nearby objects distinetly
A person with this defect has ﬂr nearer point farther away *
from the near-normal point fi.c., 25 cm). Such a person has ¥
to keep reading material h&’}rﬂnd 25 cm from the eye for _ o
comfortable reading. In a long-sight eye, the image of a R R R T o
nearby objectis ﬁ)mwﬁ behind the retina and not at the retina -
itself. Thls"dﬂfect can be noticed when the lens is not thmk
enough to look at close objects, So the rays are not bent "
inward: pnmgh The light rays from a close-by ohject are
focused behind the retina.
~ Byplacing 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. Corrcction for hypermetropic cye

— ; Fig: 13.29.
S._ELF—-ASEES&M.I.ELN I QUESTION S. () Near-point of an eye
Q1: Why near-sightedness (myopia) makes far-away of a normal person

objects look blurry? (I3) long-sight eye

Q2: What is the most common treatment for refractive  (¢) corvection of long-
error ﬁflﬂﬂg—ﬁ}ghﬂ sight eye
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B/ SUMMARY

A highly polished surface reflects the light. \

The incident ray reflected ray, and the normal to the reflecting qu::fana all lie in
the same plane. This phenomenon is called the first law of teﬂeét;cm.

The angle of incidence is equal to the angle of reflection {l c., ‘aﬁh— Zr). This is
the second Iaw of r&ﬂemun

Some applications of concave mirrors are rf:ﬂeutum Dtanl‘glﬂg of light, and aular
cookers.

The driver uses concave or rearview mmm‘;s tl::- view an upright, smaller, and
full vehicle image.

The dentist uses a concave mirror to .:;ﬂt the tooth 15 larger and if there is any
infection or germ attack.

A ray of light incident at an anglf.zm tl:-le n{mnal bends towards the normal when
it enters an optically denser medium.

A ray of light bends away from the normal when it enters a rear medium.

The angle of incidence that causes the refracted ray in the rarer medium to bend
through 907 is called the critical angle.

If the angle of m@fda}me in the denser material is beyond the critical angle, the
entire light is. ﬁ:ﬁbgtbd into the same denser medium.is called total internal
reflection. .

Dptlcal ﬁﬁc:s’ are an important application that works on total internal
reﬂn(’:q&m .
Convex lenses are used to converge the light.

*cﬂﬁngave lenses are used to diverge the light

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

: -'Thc 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.



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 upuml instrument is the ratio between the appdmm'-,
size of an object and its true size. /
The compound microscope is an optical instrument that uses two cc:-nvag l%hﬁt:ﬁ
used to investigate the structure of the tiniest obj jects.

The telescope is also an optical instrument that is used to fuﬂ‘_mmagmﬁed
images of distant objects, w?,

The human eye is a light-sensitive sense organ. &%

The short-sight person can see nearby objects ciear]y Bl;m_mnnut see distant
objects distinctly,

The short-sight defect can be corrected by p]acmg a cancave lens or contact of
appropriate power in front of the eye.

The long-sight person can see distant nhjm.ﬁ. c*l‘ﬂrij,r but cannot see nearby
objects distinctly.

The long-sight defect can be corrected. by ?Tacmg a convex lens or contact of
appropriate power in front of the ﬁ:c.- -
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Mulupln Choice Qmﬂtmns (MC(s)

Chowose the correct answer i'm‘ln the follow ing choices:
1. In aconcave napﬂr,the* image size depends upon
{a) Size nfﬁé‘abjcct (b) Position of the object
(c) Arm“nvemd by the object  (d) The shape of the object
2. Inthe ntpﬂ;aai_human eye, the image is formed

IEQ In from of the retina (b) Behind the retina

{¢) On 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 ?QE:.] Perpendicular to normal (b) Parallel to normal

(¢) Toward normal (d) Away from normal

* 4. Inacompound microscope, as compared to an objective, the eyepiece lens has
. afocal 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¢
(¢) 50.0° (d) 51.0°




6. To view dim stars, we use

(a) Compound microscope (b) Simple microscope
(¢) Endoscope (d) Telescope
7. The human eye acts like a
{a) Camera (b) Projector
(¢) Telescope (d) Microscope
8. A magnifying glass forms an enlarged
(a) Real and upright image (b) Real und inverted

{c) Virtual and upright image {d) Virtual and mverted"ﬂ;’iﬂgt
9, The entire light is reflected into the same denser mcdium‘v-hcﬁ is called total

(a} External reflection (b) Internal reflection
(c) External refraction (d) Tnternal refraction

140 In the optic fiber, the core is made of glass or plastic of relatively
(a) Zero refractive index (b) High refractive index
(¢) Low refractive index (d) No refractive index

11. A magnifying glass is also called 7
(a) Endﬁscnpe by Compound microscope
(c) Simple microscope Iﬂ}Teleampe

12. The defect in which the u‘nage is '&)m‘ied beyond the retina is called,
(a) Long-sightedness (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) Concave m‘in-or (d) Convex glasses

14. Lenses ﬁrnn_1_magss through
(a) Dispers ‘a':i:'l (b) Refraction
(c)] Diff (d) Reflection

15. To llium:nate Lhe inaccessible places in the tooth, dentists use
-(a) Concave mirror (b) Convex mirror
({3 Convex lens (d) Concave lens

_ ‘utruc{umd Questions

\ .hl. 2. What do you understand by the term reflection of hight?
h. Outline a diagram to illustrate reflection at a plane surface.
. Describe the following terms used in reflection:
i. Normal il. The angle of incidence il The angle of reflection.
d. Also, express the laws of reflections.
2. Name the type of mirror used in the following situations.
a. Side /rearview mirror of a vehicle, '



h. 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.
b. Qutline the passage of light through a parallel-sided glass slab,
. Define the following terms used in refraction:
i.  The angle of incidence ii. The angle of refra::nm

Also, express the laws of refraction.

4.

a4, What do you understand by the refractive index of a mﬂtﬂhﬂu
b. Cite experimentation on how you can determme Ih:: re:fmctwe index of a
parallel-sided glass slab?
¢, Which physical quantity remains unaffected when :‘Ef:ﬁctmn of light nccurs?
a. What is the glass prism?
b Describe the passage of monochromatic hght ra}rs through a glass prism.
¢. Suppose a ray of light approaches th-:ﬂurﬁacc of the prism. What happens
when it enters the glass at the angle. of X
i.  0°%with the normal
ii. 30" with the normal. Ar&mﬁn tcrms of its change i the quantities of
fraquen ey, speed, waveienglﬁ and direction.
a. What is the lens?
b. What happens if a light ray paraIIe] to the principal axis enters a convex lens?
¢. The convex lens is ccnrmiﬂcrad a c{mvcrgmg lens. Explain why?
d. Describe the pm“a:hf’ a lens and its units.
a. Define critical angle.
. What do yeu understand by the term total intemal reflection?
c. State tl;e éﬂndmons required for a total internal reflection.
d. G‘IW some pI'ElC-tIEH.l examples of a total internal reflection in everyday life.
Determine the critical angle of light in a diamond? The refractive index of the

“diamond is 2.41.
~u.'What are optical fibers?
“ob. Describe how total internal reflection is used in an endoscope?
). . Draw the ray diagram of a magnifying glass.

h. How can you use a thin converging lens as a magnifying glass?
¢. Give the magnification of magnifving glass.

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

optical instruments:
i.  simple microscope or magnifying glass
iil. compound microscope
ii. refracting telescope



12. a. What is meant by the terms?
i.  short-sight, and ii. long-sight
b. How can these defects be corrected?
i.  short-sight, and ii. long-sight 4
¢. Why is a normal eye not able to see the objects put closer than 25 -:ﬂf”“ :

-

e N ) Numericals

1.

1,

A thumb pin is positioned at a distance of 15 cm from a convex mirror of a focal
length of 20 cm. Determine the pusmnu and nature of the gﬁagg {ﬂ 57c¢m)
An image of a specimen appears to be 11.5 cm l:-ehma:lﬁg concave mirror with a
focal length of 13.5 cm. Find the specimen's distance from the mirror. (6.21cm)

A convex mirror used for rear-view on an autunpﬁ:[é.rhas a radius of curvature of
4,00 m. If a bus is located at 5.00 m from th;s mlrﬁhr find the image’s position.

nature. and size. (1.428m)
An object is placed 15 em away from a ceigwﬁgmg lens of a focal length of 10 cm,
Determine the position, size, and M@Iénf* the i image formed. (2em)

A concave lens of focal length 20 em forms an image 15 em from the lens.
Determine the power of a lens. M&mhﬂw far is the object positioned from the lens?
(0.05¢m)
The angle of incidence for atﬁ‘yﬁf light from air to water interface is 40=, If the ray
travels through the '@jam{'*wﬂh a refractive index of 1.33, calculate the angle of
refraction. XK N (28.8%)
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Students Learning Gutcomes (SLOs)

»

REFLEC

Alter learmine this anit

students should be able to
Describe simple experiments to show the production and
detection of electric charge

Demonstrate the existence of different kind ofcharges,

Deseribe experiments o show electrosatiochargmg by indugtion
Stale Lhat there are positive and negativecharges.

Describe the construction and workingprineiple of electrscope.
Detect the type of charge on & body using ancletrostope.
Demanstrate that like eharges repel cach other ads inkike
charpes aitract each othér using an electrostope,

State Coulomb’s Taw.

Solve problems on electrostatic charges by tsmg Formuia
Fekqiqa'ta.

Define electnic field and electric fisldimensity.

Sketch the electrie field lines for mu isoluted +ve and —ve

point charges,

Solve problems using tgialion F=F/¢®.

Describe the concept @l clectrostatic potential,

Define the unit “yolt,
Deseribe potential difference as energytransfer perunit charge,
Describe One sitbation in which static eléctricity s dangeérous
and the prégautions taken o ensure that static electricity js
discharged safcly,
IMéseribe the use of electrostatic charping

(e wspraying of puint and dust extraction ).
Besvribe that the capacitor is charge stonngdeviee.

Befine capacitance and 168 umit.

Explain importance of effective capacitance ofa number of
capacitors connected in Séries and in parallel.

Apply the formula for the effective capacitance of a number of
capacitors connected inseries and in parallel to solverclated

probicms

List the use of eapacitors in various electricalapplianees,

¢

‘ .

A smalk%an de Cranff
gencritars are useil for
serence educalion in
sichools or colleges to
eaplain the hehavior of
atatie charpes by
perlorming activities such
as croate "hghting” or
mike people's hair stand
up. A girl fouching Van de
Gl penermtor al the
Americon Museum of
Science and Enerpy, The
charged stmnds of hosr
repel each other and stand
ot from her head




In this chapter, we will discuss the various characteristics
of static charges, such as their electric force, electnie field.
and electric potential, among many other things.
Additionally, several applications of static electricity as
well as precautions against its use will be covered. The
study of charges while they are not moving is referred to
as electrostatics or static electricity,

14.1 Electric charge

Charge is a basic characteristic of matter that causes
electrical processes. Charged particles are found in most
materials, Protons and electrons have opposing unit
charges. Neutral atoms have the same number of electrons
and protons,

In the 18th century, Benjamin Franklin experimented with
charges. Franklin was the one who came up with_\;hé:-l_;gﬁﬁs
"positive” and "negative” to describe the two distinct types
of electricity. He also used a kite's wet line to collect
electricity from stormy clouds.

Electric charge is a fundamental feature of matter that is
carried by some elementary particles and governs how the
particles react to an electnic or magnetic field. The charge
is a scalar quantity with the coulomb as its SI unit.

Like charges rapel esch othar

+@@®> +00-°
@+ +0O

Fig: 14.1 Electric charge
Production of electric charge
When we comb our hair with a plastic comb and then

SEem . : Fig: 14.2
bring it close to small pieces of paper, the comb will Simple _,..!T"E““.;Hmn

attract the paper pieces to itself as shown in figure 14.2, experiment with hair
comb



In the same way. rubbing amber with silk causes it to
attract the small pieces of paper as shown in figure 143,
The electric charges that are imparted to things through
the process of rubbing are the cause of the properties of
attraction and repulsion that are exhibited by different
types of matter, _ '
SRS b s S A static electric charge can be gtncrat;-f.{. .h}r- rubbing
e together two neut_ralk bodies. The experiments below
pieces of paper demonstrate that rubbing can generate two distinct forms
of clectric charge.
Activity )
Take two plastic rods. One of them should be suspended
vertically as shown in figure 14.4 (a). Both rods should be
rubbed with animal fur and bring them close to each other.
In result we observe that the both rods have a repulsive

Fig: 14.3

Fig: 14.4 (w) ; . R
No ﬁ,'ﬁf s obetived effect on cach other as shown in figure 14.4 (b). It

indicates that the rods were charged as they were being

S L / Once agdin repeat same activity by taking two different
/x{":'"“;ﬂj,,/ rods one is of plastic and second made up of glass. Rub
= the ‘glass rod with silk and in similar way plastic rod

Fig: 144 (b) rubbed with animal fur. When we bring the glass rod that
Plastic rods repel each other. ~has 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).
;MW We observe that in the first part of activity when we take
i . both rods made of plastic were rubbed with fur repel each
- il other, As a result, we are going to make the assumption
Fig: 14.4 (c) that the charge on both rods will be of the same kind.
Clags Fod artructs plastic rod — In the second part of activity, the rods are different from
one another, and the fact that they are attracted to one
~ another suggests that the charges on the rods are not of the
Increased / same kind but of opposite nature,
m L [ Bt
/ - Positive charge and negative charge are the traditional
T &/l names given to these different types of electrical charge.
- The act of rubbing causes a transfer of negative charge
Fig: 14.4 (d) : :
Al increased distance. forces  1TomM ong object to another as it moves from surface to
surface.

Plashc

R L

are deerensed



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
attract one another,

5. The only reliable indicator of charge on a body'is
repulsion. \

Types of Charges

Electric charge. whether positive or negative, exists in
discrete natural units and cannot be created or destroyed,
Electric charge is a characteristic shared by many
fundamental, or subatomic, matter particles. Electrons, for
example, have a negative charge, while protons have a
positive charge, but neutrons have no charge, Experiments
show that the negative charge of cach electron has the
same magnitude as the ‘positive charge of each proton
charge is measured in:natural units, which are equivalent
to the charge of an electron or a proton, which is a
fundamental physical constant. In the MKS and Sl
systems, the coulomb is the unit of electric charge, When
the current in an electric circuit is one ampere, it is defined
as the amount of electric charge that flows through a
cross-seetion of a conductor in one second, A coulomb is
made. up of 6.24 =10 natural units of electric charge,
- such as single electrons or protons. According to the
pieﬁnitiun of an ampere, the electron has a negative charge
of 1.602176634%10°*% coulomb.

Methods of charoe formation

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

1. Induction 2. Conduction 3. Friction




#  Proten composed by
two up and one down
Quarks,

»  Neutron composed by
twao down and one ups

quarks. %

Qurk | Symbal | C e

o X
Drown ﬁ —éh"

-4l
P#F_—LH!__ )n'-:
P-(3)e
P=g
P —1.602176634x101C

Induction: It 1sa charging method in which a neutral
object is chm‘gad without actually touching anothm'
charged object

Conduction: It is charging by contact where chﬁM
transferred to the ub_jm

friction.

SELF ASSESSMENT Ql_rhb

Q1: Why proton having

Q2: Why neutron having em} charge

0Q3: What causes ele ges?

Q4: How many ;,ngihds used for formation of
charges? 5

14.2 ElectrpStatic. Lm]ucliuu

The ﬁ:inml a charge through the influence of a

object. rather than the actual object. called

induction (Here induction means to influence

E!em ostatic char ging by induction.
In 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 i the
illustration. Take a rubber balloon that 15 negatively
charged. When we put the charged balloon close to the
spheres, the repulsion between the balloon's clectrons 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 neutral. As
depicted in the diagram, the spheres are then separated
using an insulating cover such as gloves or a stand
(avoiding direct contact with the metal). When the balloon
is removed, the charge 1s redistributed throughout the
A0 ot ni batenzolli 28 2o1odqe




Fig: 14.5 Electric Charpe

When a negatively charged balloon is introduced close to
the sphere system, the electrons in the sphere are forced to
go away due to repulsion. As electrons migrate. sphere A
becomes  totally  positive and  sphere B becomes
completely negative,

SELF ASSESSMENT QUESTIONS:

Q1: What is tribo electric field? 6

Q2: Can a charge body attract neutral body?

14.3 Electroscope
In 1600, British physician William Gilbert constructed the
first electroscope with a pivoting needle, called 'mtrmrlum
An electroscope is a scientific instrume
presence of an electric charge on abody.
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 rudimentary kind of volimeter.
Quantitative measurement 6f charge is performed with an
electrometer. 4,

+
+

o
ity
-

{ Y s |

Fig: 14.7 Electroscope

William Gilbert
(1544=1603)



Fig: 14.9 (n)

Fiz: 14,9 [ly)

Fig: 14.9 (¢)

Construction and working of the electiroscope.
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 similar
charges repel each other while unlike charges attract cach
other, These four concepts form the basis. of the
clectroscope's working principle. :

-

Fig: 14.8 .‘ir:hpnu;i-icfﬂing m ol electroscope
An electroscope has.a.metal detector knob on top and
metal leaves on the connecting rod, When there is no
charge presenty the metals' leaves are allowed to hang.
When an item with a charge is brought near an
clectroseope, one of two things may happen.
Positive. charges atiract electrons in the electroscope's
metal, which migrate upward out of the leaves. This
causes the leaves to have a transient positive charge, and
sin¢e similar charges repel, the leaves split as illustrated in
figure 14.9 (a). When the charge 1s 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 electroscope 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.




SELF ASSESSMENT QUESTIONS:

Q1: When a charged body is brought near an
electroscope, what happens?

Q2: How can we charge an ¢lectroscope?

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

14.4 Coulomb’s Taw

A French physicist Charles Augustin de Coulomb in 1785

coined a tangible relationship in mathematical form

between two bodies that have been electrically charged.

The force causing the bodies to attract or repel each other

which is known as Coulomb’s law or Coulomb’s inverse-

square law.
This law states that
The magnitude of clectrostatic force of or

repulsion between two point eha.rgr.s ..- rcetly
prmmmmalmthsmduﬂ of magnitudes of cha

By mmhmmg the @uaﬂon (14. 1}| and (14.2)
OR F =I{~ﬂi (143)

Where k15 Ihe constant of prﬂrpnmnnalat}f

K= !
4me

po_l @
dne rt

8994109 N=m2/?
dne
K =9.0x10°N—m?/C?

g =885 1072 CIN-m?

L]
=]

Fig: 14.10
Twwo polnt charges
separated by distance r

LT

£, Its called permetivity
ni‘fmespnc: and read as.
“Epsilon Naught”




Calculate the force of attraction between two point charge
of +2mC and —3mC, if they apart of lem.

Solution Q
Step 1: Write down the known guantities and qL@{;&BE to
be tound.

q, =2mC=2x107C

q, =-3mC=3x107C 4?’3
N\

lem e
r=——=10"m
100 o
Force="17 .
Step 2: Write duwn formula and rearrange if
necessary. e’
kqlqz {‘L’

Step 3: Pug%rms and calculate

2><m-3 3»-:1(]-"]
0-2
(:j g 3ax10°x10" ﬁxlﬂ’xl(ﬂ'ﬁ )
54:-:10':-:11}""

F=

F= 54&10[;“_11( 10

F=354%10™

F=354%10"

[F=5.4x10°N]

Result: The required force of attraction between two point
charge is F=35.4%10%N.

SELF ASSESSMENT QUESTIONS:

Q1: Calculate the coulombs force between two protons
lOem apart from each other? Charge on proton is
1.69 % 107" C and K = 9.0 * 10°N-m®/?

Q2: Is there any electrostatic force between electron and

neutron?



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 1s 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 arca surrounding the charge 15 constantly
under stress and exerts a force on another charge put
around it. The area or space surroundimg a charge or
charged body where electrostatic force or stress oceurs is,
termed electric field, dielectric field, or electrostatic fi eld
A region around the charged particle or object wi
which a force would be exerted on other charged pe
or objects.
An electric field is often referred to as the E.‘IEEIII!‘IIJ‘ force
per unit of charge.

The formula of electric field is given asg

E=L
Q

Whereas,

E is the electric field.
F is a force.

(0 1s the charge, :
Changing magnetic fields or C|EL1?I‘1C charges are the most
common causes pf-glectric fields. The magnitude of an
clectric fieldis expressed using the ST unit is N/C,

The force actingron the positive charge is assumed to be
pomting inthe same direction as the field's direction, The
electnne field extends outwards radially from the positive
point 'charge and inwards radially toward the negative
" point charge.

Electric field lines

The electric 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).

() oo v oon:

Concept of electric field

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

“Test charge is
& chirge with 4 magnitude
so smull that placing it st
a point has a negligible
affect on the field around
the point.

The fact that all
observahle charges are
always some integral
multiple | of [ elementary
chirge e = 1,6%109C is
known as quuﬂuhuuf
electric charge.
‘Thus q=+ ne, where

. ﬂ‘],:,j', )
8= 1.6%10"7C isthe
magnitude of the lowest
possible charge which is
uamad by an electron and
proton.



Fig: 14.11 {a)

Fig: 1411 ()

Isolated negative charge

Isnlated positive charge

Fig: 14.11 (¢}

Two equal unlike

charges

Fig: 14.11 (d)

Two equal like charges

while the arrangement of lines of force around an isolated
negative charge is shown in Fig, 14,11 (b). such lines of
force originate from the positive charge and terminate on
the negative charge, when these charges are placed near
each other. They exert the force of attraction-on each
other. This is shown in Fig 14.11 (c). while when two like
charges are near each other, such lines will be in opposite
direction as shown in Fig 14.11 (d). there eXists a force of
repulsion between them.

Caleulate the electric field intensity |
3uc charge. ki:l)
Solution Fb b
Step 1: Write down ﬁ{gﬁ‘l‘lﬁ%ﬂ quantities and quantities to

i p,N force acting on

be found. ~O
Fi?ﬁﬁjgx-]ﬂ;‘}d
e
q==3uC=3x10°C

Step'. 2; Write down the formula and rearrange if

nq&_b
S

} q
- Step 3: Put the values and calculate

9x10°N
E=———m—
3x10°C

N

(O

L5

Result: The required E i1s 'Sg .

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 ImicroC,

when the electric field intensity is SN/C,



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
umtchargeﬂﬂmawfemmpamtmngwenlmm&n
within the field without causing an aceeleration,

The volt is the standard SI unit for measuring electrostatic

potential.

4
++++++i=+

Fig: 14.12 J-'.‘Iiu_'li:*_mt atic potential

Electric potential energy is possessed by an object by the
virtue of two elemqf‘s;, those being, the charge possessed
by an object dtself and the relative position of an object
with  respect. to  other  electrically  charged
objects, The magnitude of elecitic potential depends on
the amount of work done in moving the object from one
point to another against the electric field as shown in
figure 14.12.

~ When an object is moved against the electric field it gains
some 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
quantity of charge.

Ve W Electrical potential energy

q Charge




Volt:
Volt is the unit of electrical potential, potential difference,
and electromotive force in the SI system;
S itof ™ 'I'hﬂpﬂtmﬂ&ldﬁemnmtbﬂﬂiﬁﬂamﬂssa ,-.: Al t
L umitioF potet one ohm while a current of one ampere is flowing through
difference and B : R .
cleetromotive force 15 it . o
same “Volt® The unit of voltage known as the volt was named afier the
Italian scientist Alessandro Volta (1745-1827).

Calculate the p.d of 300mJ of

charga?
Solution
Step 1: Write down the known quantities and quantities to
be found. ? f:}

W=300mJ .

C=150mC

V=g
Step 2: Write down the formula and rearrange if
necessary.

‘-v.,w

'bi Put thc values and calculate

= 300mJ
150mC
V =2vols

Result: The required voltage is 2 volt.

Potential difference:

The energy possessed by Electric charges is known as
High j ; ] A ;
pocntial  electrical energy. A charge with higher potential will
have more electric potential energy and the charge with
potentisl  Jegser 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 1s known as the electric potential

AEEEFEE

Flox 1443 difference.
Hilnplhtmlnillr to It is the work done per unit charge to move a unit charge
understand the fmm :me point to another in an electric field. Electric

diifcrmae is usually referred as Voltage

putential difference



14.7 Applications of electrostatics.
There are many applications of electrostatics which are
given below:

» The Van de Graatt 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: '
Electrostatic precipitators is another name for these types
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.

Fig: 14.15 Systematic dingram of electrostatic air cleansing

Fig: 14.14
Spray painl

Capacitor also called
~ “Condensor™
Condenser is a term used
for a capacttor in the past.

In time the term ceased 1o

turning into the most
commanly used term
from 1926, Condenser

* the same viewed from
electrical perspective.



" Fig: 14.18

SCapacitor of different

capacitance

) o2 vom oomt

Energy of capacitor

B S
B=%C‘Vﬂ

14.8 Capacitor and 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 Symbol of chgaeitor

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, scparated from each other by an
insulating material i;é‘i‘h;ﬁum called Dielectric formed a
Capacitor. Different types of capacitors categorized
according 10 the shape of plates as shown in figure 14.17,

Fig: 14. 17 Capacitor of diffcrent size and shapes

Capacitance:

The ability of storing charges in a Capacitor is known as
Capacitance, When the Capacitor is connected to a battery
of V volts, one plate draws positive charge and the other
plate draws negative charge from the battery till the
potential difference between the plates also becomes V
volts,




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

Qo V

OrQ=CVv

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

Capacitor.
So,

O

W

This shows that unit of capacitance is Coul / Volt and this =
unit is also called Farad because 1Farad = 1Coul /Volt. C'm
Thus, if a charge of |Coulomb given to any one__pf_tﬁﬂ 1f diefectric placed
plate produces a potential difference of 1Volt between the between plates of
plates, then the Capacitance of Capacitor is said to be  vapacitor its eleciric field
| Farad. & ~and electric potential will

be decrease

So, Capacitance is the ratio of the chﬁ_‘_ge on one of the
conductors (q) to the potential difference (V) between
them. "
Symbolically:
c=44
v ] o
o Magnit_g__:iia of charge on conductor.

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.
Henge Ceac A,

"~ Distance between the plates. Capacitance increases if
the separation distance between the plates decreases.
Hence Cex 1

d
# Dielectric Constant (€;) capacitance increases if
msulating medium of high dielectric constant is used,

Hence C oz €.

Capacitanc




ln?:mlm combination of
capacitor voltage same on-
each one capacitor

Combination of capacitors:
For a cireuit the capacitance ol a desired value can be
obtained by different combination of capacitors and that
combination may be:
= Parallel combination
# Series combination
» Series Parallel combination.
L. Parallel combination of capacitors:
Let suppose capacitor consists on such @ combination that
positive terminal of each capacitor 1 connected with the
positive terminal of the other capacitor and nepative
terminal of each capacitor is copnected with the negative
terminal of the other capacitor. Then the combination is
said to be Parallel combination,
It three Capacitors C:. @ and Cs are connected in Parallel
and further connects them with a battery of V volts then:
Ci draws charge Q), C; draws charge Q; and Ci draws
charge Qs, Them:

Q=Q1+Q:+ Qs
By appi}nng Capacitor equation. We get:

Q=CV,Qu=GV,Q:=CV,Q=CV

So capacitance becomes:

CV=CV+0OV+TaV

CV={Ci+C:+C Y

Ce=C1+C3+ G

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

AQ




Find the net capacitance of four capacitors, When
capacitance of ecach capacitor is WwF and connected
parallel.
Solution
Step 1: Write down the known quantities and quantities to
be found,

C,=C=C=C,=luF

C, =9
Step 2: Write down the formula and rearrange if
necessary.

Cm={:|+cz+’:;+c‘ &\;
4 J

Step 3: Put the values and calculate ('/"‘i\*'*
Cpe =(14141+1)pF ¥,
C,, =4uF D Q

Result: The required capacitance becomes i 4uF.

2. Series combination of mfpm:imrs
Let suppose Capacitors are consists on such a combination
that positive terminal of ene 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
said to be Series combination.

Il three C;pacllnr Cy, C; and C3 are connected in Series
and further connects them with a battery of V volts. Then:
Positive plate of Capacitor Cy draws charge +Q from the
battery ad negative plate of C; draws charge — Q from the
- battery.

The charge +Q on the positive terminal (Left Plate) of C|
attracts free electrons from the left plate of C; and these
free clectrons are accumulated on the right plate of Ci.
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 is Vi, V2, Vi by
applying Capacitor equation on Ci, Cz and Cs. We get:

) 0 veusoon:

In miwcmnhmmnn of

capacitor charges equally
stored on ench capacitor,



C. Bt &
So now according to the equation:
The reciprocal of equivalent ¢apacitance is equal to

the sum of reciprocals of individual eapacitance.

c, c,
e [ "'q}-l- |_q Ml |9
v, MYy, v,

Eig: 1420 Series combination of three eapacitors
Uses gfCapacitors:
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
wradios. Also, they are utilized to run table fans, ceiling
fans, exhaust fans, air conditioner motors, coolers,
wushing machines, air conditioners, and many other
appliances to keep them running at a high efficiency.
It is also common to find capacitors in the electronic
circuitry 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 clectronic 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 capacitors outperform other types and can be
found in a wide variety of applications.



B/ SUMMARY

Electric charge is the basic physical property of matter that causes it o
experience a force when kept in an electric or magnetic field.
Electrostatic induction is the physical phenomenon in which a matenai 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 produet of the magnitudes 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 specifie:point 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 1s related to joule as 1 eV= 1.602 x
1974
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T TN AN Multiple Choice Questions (MC()s)

Choose the correct answer from the following choices:

L

Branch of physics which deals with the charges at rest is called

(a) Electricity (b) Electrostatic

(¢) Quantum (d) Magnetism _

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
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'

If the electrostatic force between two electrons «is F Newton, then the
electrostatic force between two protons at the j@ﬂg.disrance' 15

(a) ON {b) 2F (e) 23K (dy F

The direction of electric force and electric field intensity is

(a) Parallel to each other (b) Perpendicular to each other

(¢) opposite to each other () ln sy direction

The work done on a unit charge against electric field intensity is called

(a) Electric field *(b) Electric current

(¢) Electric potential (d) electric field

The capacitance of capacitors increases when they connected in

(a) Parallel ~ (B) Series (¢) both (d) none of them

Two capacitors of ::3;IF are connected in series then the equivalent capacitance
is .

(a) YapF (b)2 uF (c) 3 uF (d) 6 uF

The presence of a dielectric between the plates of capacitors, the capacitance
of capacitor

(@) Increases (b) decreases
(c) remain constant (d) remain uncharged
~ WLIF the area of the parallel plate capacitor is doubled then the capacitance will
be
(a) Remain uncharged (b) half

(¢) Double (¢) icreased two times




Strul:lun:d Questions

Explain how electric charge can be generated and measured in very simple
experiments.

2. Explain how an electroscope is built and how it operates,

3. State and explain the Coulomb’s law.

4. Define electric field and electric field intensity.

5. Describe the concept of electrostatic potential.
0o

"

—

Describe potential difference as energytransfer per unit clwrgf_:_
. Provide an example of when static electricity could catse harm, as well as the

measures taken to prevent injury.

8. Describe how the capacitor works as a device Ihat stores electrical charges.

9. Explain why it's 1mpﬂnant to know the effective capacitance of a number of
capacitors connected in series and in parallel.

1. Give some examples of where capac:turs are used in different kinds of electrical
devices..

LL. In what direction will a pﬂsnwd}' t,h-argﬂl particles move in an electric field?

12. Does a series connection between capacitors always result in an equal amount
of charge being stored in each capacitor?

low i 0 N () Numericals

1. What is the electric foree of repulsion between two electrons at a distance of 1 m?
(23 x WMN)
1. Two point charges q; = 5puC and gz = 3 pC are placed at a distance of 5 em. What will

be the coulomb’s force between them? (54 N)
3. If 2 uC charge is placed in the field of 3.42 = 10" N/C, what will be the force on it?
(684 = 10° N)
4. Wh‘at is the charge on the capacitor, if a 40 pF capacitor has a potential difference of 6 V
across it! (24> 107'0)

4. The potential difference between two points is 100 V. If an unknown charge is moved

between thee points, the amount of work done is 500]. Find the amount of charge, (5 C)
6. Find the equivalent capacitance when a 4uF, 3 pF and 2 uF capacitor are conneeted in
series. {0.92 uF)




ﬁrnent Electricity,

Students Learning Outcomes (SLOs)

wirelesselectrcity.

After learning this unit students should be able to

Pefine electric curment,

Describe the concept of conventional current

Understand the polential difference across a circuit component
and name its unit

Deseribe Ohm's law and its imitations

Define resistance and its unit.

Explain the under lving primciples in the working of volume
controls of radio and T.V

Calculate the effective resistance of a number of resistinees
connected in series and also in parllel.

Deseribe the factors affecting the resistances of ‘2 metallic
conductor

Distinguish between conductors and insylators

Skerch and interpret the V-T charncteristics graph fora metallic
conductor, & filament lamp and 2 thermistor

Describe how energy is dissipatedin o resistance and explain
Joule's law. i

Apply the equation E=1IVi= FRt = ?m solve numerical
problem,

Calculate the cost of encrpywhen given the cost perkWh
[dentily circuil compenents such as switches, resistors batterics
transducers, LDRs; Thepmistors and capacitors, Reliys and
diodes, LEDs,

Identify the symbaols of circuit components and colour codes on
resISions

Constrget simple series (single path) and paraliel circuits
{multiple paths),

Statethe functions of the live, neutral and carth wires e the
domestie main supply.

Predict (the behavior of hight bulbs in series and pacallel circuit
such as for celebration lights.

Deseribe the use of electrical measuring  devices  like
galvanometer. ammeter ond  voltmeter (construction and
working principles not required).

Explain Aliernating Current AC

Describe hazards of clectricity {damage insulation.overheating
af cables, damp comditions),

Explain the use of safety measures i household electricity,
{fuse, circuit breaker, earth ware).

Drescribe the damapes of an eleciric shock fromapplisnces on
the human body

Wireless electricity is the
transferof power from
ongdeviee to another, dir
being the medium of
transmission, First
attempt of wircless
POWET tRNSTIISSI0N WS
made by MNikola Tesla
In the year 1899, Nikola
Tesla first made practical
demonstrations of
wireless power
ransmission. He
powered a field of
Huorescent lamnps which
were located twenty-five
miles away from their
power source and that
Loy withoul using wires,
Explanation of
principles involved
This detnonstrates the
idea of a magnelic field
being usad as asource of
electrieity for o lght
bulb. The tesla cadl
serves as the electnic
sourge. The magnetic
field that is being
emitted from the tesla
coil caused the electrons
ter pmove ingide the bulb,
eveninally splitting
releasing energy causing
the bulb to be lit.




André-Marie Ampére
(20 January 1775 - 10
June 1836) was a French
physicist. mathematician.
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Electricity is one of the most important branch of physics.
Electricity has many uses in our daily life. It 15 used for
lighting rooms, working fans and domestic appliances like
using electric stoves, air condition and more. All tlle‘.?.e
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 {rom one point
to another point. An electric current is always considered as
flow of negative charges of the conductor. An electric
current is symbolized by I .The symbol 1 was used by the
French physicist’ “Andre-Marie Amperc”. The unit of
clectric curr{:ui {H]ﬁp-t:te} i5 named after him, Current
always ﬂuw m-eircuit or electrical system.

Electr rrent: When current flow from the ueg;tlw
te, mi e positive terminal of battery.

"ﬁnnal current: When current flows from the
ve terminal 1o the negative terminal of battery.

q ¢ P
; = [q=ne]

There are two types of electric current

1. Direct current (DC)

i.  Alternating current (AC)

i. Direct Current (DC)
A current that always flows in one direction only is called
direct current, The current 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 stalions in our country
produce altermating 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 ol energy.

10




SELF ASSESSMENT QUESTIONS
Q1: Calculate the current if 20C charges passing through a
conductor in 5 Sec? mm@m of Af.'
Q2: What is Analogue of flow of current? and DC 1f‘5a-m= s0. D
Q3: What is the frequency of DC? i
152 POTENTIAL DIFFERENCE
When a charge moves through a potential difference,
electrical work 1s done and energy transferred, The
Potential difference is the difference in the amount of
energy that charge carriers have between two points in a
field. The potential difference can be calculated by using

the equation: - My R
Equation of electric potential difference; :
AV = o
9 II-E'_I q P
L 5 e
AV=Vy -V, | !
VB — v‘h:E e "
4 .
It can also be calculated by the equation %9
Potential difference is measured in volt. Volts is denoted by~ aﬂ e
V. = LW
Vo “ .Inule{]"} ~i=‘¢“ . ..
Celumb (C) C .
lH 2 TI E[TRDWGT!\ E FORCE Fig: 15.4

% required to move the uhmge from Potential difference
higher potential of the battery is called

Equdtmu EM]"(E) energy supplies (W) m

unit charge (q) Production of DC is more
C.SI umt of EMF is volt. expensive then AC
In centimeter-gram-second system the unit of EMF is the
Statvolt or one erg per electrostatic unit of charge. m
The (K} in the ohm's law
153 OHM'SLAW, indicated the conductance
In 1826, George Simon Ohm made an investigation ~ #nd its unitis mho
of the relation between potential difference across a Symnel ot

conductor and the current flowing through it.
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“The current flowing through the conductor is directly
proportional to the potential difference (V) across the two
ends of a conductor, provided the physical state
(Dimension, Temperature, etc) of the conductor m@
same, {
Mathematically can be written as Jec ¥

I=KV where K is constant of pmpﬂmaﬂahl}f called
conductance or physical state of conductor, Conductance is
opposite to resistance. Thus (K=1/R). '

1=V/R rearranging the equation

V=IR

Ohm’s Law is valid only for ohmic substance at a
given temperature and for steady eurrents.

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 SI unit is Ohm (Q).

Ohm’'s law was found out by various experiments,
somewhat sﬂm]ar o the lh&rmadynamm laws, As far as its
significance 1s concerned, this law is used within all
branches of electronic studies or science. The law is useful
in carrying out calculations such as in determining the
value ‘of resistors or the current in a circuit and in
measuring the voltage.

“Ohm’s law Limitations
“There are some limitations to Ohm’s law, They are as

follows:

# Ohm’s law is an empirical law which is found true for
maximum experiments but not for all,

» Some materials are non-ohmic under a weak clectric
field.

= Ohm's law holds true only for a conductor at a
constant temperature 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
Joule's heat law 11 = I’Rt where | is current, R is
resistance and t is time.

~ Ohm’s law is not applicable to in-network circuits.

¢




» Ohm's does not apply directly to capacitor circuits
and Inductor circuits.

» V-l graph of ohmic conductors is not really a straight
graph. It does show some variation.

» The V-1 characteristics of diodes are much different

from ohmic conductors V-I graph.

How rm.m vlta,g{: i]l ' aﬂacwss a 5
resistance whose current is 300 pA?

1I,_' i | L X h-ﬂ.

Solution: i ol et
Step 1: Write down the known quantities and quantities to, 3 . e
R =50 k2 = 50 * 103Q 3 &s"—bl— S
I=300 pA =300 = 10-6 A N 1}
V=1 .
Step 2: Write down the formula and rearrange if nécessary. Dinde
' V=1xR i ﬁﬂfﬁ, ' '
Step 3: Put the values and calculate, ( ﬂ}
V=1xR O\ |
V = (300 = 10-6) = (50 = 103)
V=15V e
Result: V=15V N\ Thermistar
SELF ASSESSMENT QUESTIONS

P u ;|
Q1: The Fl'ﬂdl.lcll}freq_ *ﬂ capacitance equal to?
154 RESISTANCE
The electrical 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 Vaccum tube
current flowing: through a conductor and the potential
difference across it. It is given by,

v
R=—
: I
Where V 15 the potential difference measured across the
conductor (in volt), 1 is the current (ampere), R is the -
constant of proportionality, is called resistance (ohms) %
The unit of electrical resistance 1s ohms. e
I volt =
R=—=ohm= Fig: 15.7
1 | ampere Beltiior

Electric charge flows easily through some materials



Fig: 15.8

than others. The electrical resistance measures how much
the flow of this electric charge is restricted within the
circuit.

Factor affecting the resistance

Electrical resistance is directly pm;mrtiﬂﬁal to
length (L) of the conductor and inversely prnpammlal o
the cross-sectional area (A). It is given I:r},nr ﬂlc fnﬂ@wmg
relation,

= pL/A

where p is the resistivity of the material measured in
Om, (ohm-meter)

Resistivity is a quahtanw: measurement of a
material’s ability to resist flowing electric current,
Obviously, insulators will have a higher value of resistivity
than that of conductors.

Electrical resistance is inversely proportional to the
tempf:rature of meialhc conductor because the random
motion of free elyctmn increased and offers more resistance
in a metallic conductor,

Uses of Resistance

Resistance is also useful in things like transistor
radios and TV sets. Suppose you want to lower the volume
on your TV, You turn the volume knob and the sound gets
quieter but how does that happen? The volume knob is
actually 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
electric current flowing through the circuit is reduced. With
less current, there's less energy to power the loudspeaker—
so it sounds much quieter.

15,5 SERIES AND PARALLEL COMBINATIONS

OF RESISTORS IN A CIRCUIT
The method of connect the electric components is called
There are two types of circuits
(1) Series Combination circuit
(2) Parallel Combinations circuit




Series combination circuits:
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 R3 are connected m
Series, when this combination is connected to a battery of
V volts, it draws current [ 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 1 from the
battery. This resistor is therefore called equivalent resistor
and its resistance is called equivalent resistance.
YV=Vi+Va+V;:

By applying Ohm’s Law to each resistor. We have:
Vi=IR1, V2 =1R;, Vi=IRs3, V=IR..

Using them in equation we get:

IR.=1IR; +TR; + TRs.

IRe=1{Ri+Rs+Rs).

R:=Ri+R:+E;

Thus equivalent resistance is equal to the sum of individual
resistance.

Advantages:

1. Tt's employed when a large number of bulbs or lights

need to be used at the Same time.

2. Because t_hegi__n:_:ﬁt recetves less current, it 1s safer.
Because all the bulbs, lights, and appliances are
connected together, it's easier to turn them on or off,
Disadyantages:

1. Heqa’uae all electrical appliances have only one
“switch, no single appliance may be turned off

separately.
The second component of the circuit will not function
it 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.

L
4

i

= Il.-.-
II

Fig: 15.9
Diagram showing
three resistors
connected in series




- current I passing through -:;t and he voltage
across each of the resistors in the circuit below, Resistors in
series.

100 €2 40052 M2 ™ | Q
f—

Solution: ‘)%
Step 1: Write down th:: : oy quantitics and quantities to
The three resistors 1 ‘have a resistance Re given by
the sum of the lhr%w}umces Hence

Re= + 200 =700 £

Step 2: Write ‘the formula and rearrange if necessary.

Niz

?lep 1: Puit the values and calculate.

3
3 2V __g01A

7000
The voltage across each resistance 15 calculated using
Ohm's law as follows:

V=IR1= 1002001 =1 V

V=IR; = 400x0.01 =4 V

V=IRs =200%0.01 =2V
Result: I=0.01 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 15 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 through it. In




homes, the parallel combination is used for various

domestic appliances. each of which has its own switch that

may be turned on or off as needed.

Let suppose three resistors Ri, Rz and Rs are connected in

Parallel. When the combination is connected to a battery of

V volts, it draws a current I from the battery.

Re 15 a single resistor. This resistor is such that when 1t is

connected to the same battery of V volts, it also draws

current | from the battery. This resistor is therefore called

cquivalent resistor and its resistance is called equivalent

resistance.

I=]|+Iz+1s

By applying Ohm’s Law to each resistor, We have:
V=IR,V=LR,.V=LR,, V=IR,

A% NV v
|t=1,[2=_,g3:_*|:

R R, R; E

Using them in equation, we get:

R S, P

Rb R] Rl R3

izv L+L+L

R, R, R, R,

1 _ 1, 1A

R. Ry Ry R,

Thus the reciprocal of cquivalent resistance is cqual
to the sums of reeiprocals of individual resistances,
If one component of the circuit or a resistor is destroyed in
parallgl -~ 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 through

‘Find current | in the circuit 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

Fig: 15.10
Three resisiors
connected in parallel



multiply. th:
{watts) of
by the am

To calculate the kWh
aspecific apphi

ce
uftimn-

ou use the

Band divide by
1M,

1/Re=1/100+1/400+1/200
Multiply all terms by 400 and simplify to obtain
400 /Re=4+1+2 -
Solve for Re to obtain 19
Re=400/7 0 )
The main current | is given by S
[=7/Re=7/(400/7)=49 /400 A
We now use Ohm's law to find the nurrgni; @.&mg through
each resistor.
The current through the resistor ufmﬂ I1 =7/100 A
The current through the resmt{ﬂ.tlpfd’ Q. 1, =7/400 A
The current through the re;mtm c-'ﬁ Q: 1, =7/200A
As an exercise; check th.a‘t»ﬂm sum of the three currents
above is equal to the curtent | = 49 / 400 A,
Advantages:

1. Each appliance ¢an be turned on or off independently.
2. The wltﬁge of'each electrical appliance is the same as

the power supply line.

3. If one electrical appliance stops working due to a
problem, the other appliances will continue to
function.

Disadvantages:

1. Because the circuit can carry higher current, it is less
safe,

2. If hundreds of appliances or lamps need to be turned
on or off at the same time, this method is difficult to
apply.

157 ELECTRICAL POWER AND JOULE’S LAW
Electric Power

The rate at which the work is being done in an electrical
l:lmuit is called an electric power.

’Die.rat:,nf the transfer of energy.

When a current flows through a resistor, electrical energy is
converted into HEAT energy. The heat generated in the
components of a circuit, all of which possess at least some
resistance. is dissipated into the air around the components.
The rate at which the heat is dissipated is called power
dissipation

O



It 15 denoted by P and measured in units of Watts (W)
Mathematically equation of power dissipation and resistors.
2
P=1V=1R=—
R

Energy in Resistors
ENERGY is dissipated when a particular amount of power
is dissipated over a period of time. Energy (power ¥ time)
1s measured in Joules, and the energy dissipated by a
component or circuit can be estimated by including time (1)
in the power formulas.
Energy dissipated = Pt or VIt or VA/R or even I’Rt Joules
Joule’s law
When an electric current flows through a circuit, it
increases the internal energy of the conductor, which gives
rise to the collision of electrons with atoms of the
conductor, and which results in heat gﬁrlt:r-auun To
measure the amount of heat generated due to these
collisions, Joule, an English physicist. gas.re t]ac Joule's law.
when an electric current passes through a conductor, heat H
is produced. which is directly proportional to the resistance
R of the conductor, the time t for which the current flows,
and to the square of the mag.mtude of current I
Mathematmaﬂy it is rapresented as H o P RL
The joule’s first law shows the relationship between heat
produced by flowingelectric current through a conductor.

" H=PFRt
Where, H indicates the amount of heat. T show electric
current, R is the amount of electric resistance in the
conducter, tdenotes time
The amount of generated heat is proportional to the wire's
electrical 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
curtent 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.

) o vom oumt

Applications of Joule™s
law

’E'ﬁchtumé pﬂﬂ&HEEB‘ a
high I'WEI. uf“f:pac{ﬁﬂ
 tesistance.

The melting point of
nichrome is extremely




100J of heat is produced each second in a 4 Q resistance.
Find the potential difference across the resistor. O

Solution:
Step 1: Write down the known quantities and quandl;

be fi d
e = 100J 5{:»“
t= 1s ',.,__"E’:)

Q

ange il necessary.




15.8 USE OF CIRCUIT COMPONENTS
Electrical components and their uses
The devices that make up an electronic circuit are known as

Symbai Switch

¢lectronic components, They're made to be joined together, Fig: 15.11
usually by welding, to form a circuit on a circuit system. Siveibats at o
Semiconductors, active, passive, optoelectronic, '
electromagnetic, and other types of components can be ;
classified. l endTAA e
Switches or key: It is one of the most fundamental Symibol
electrical components, it is used to tum electric circuits ON Figs 15.12

and OFF. This simply implies that when you press or flick Resistor

a switch, current is allowed to pass ﬂ:mug-hmﬂm:mtnf
the circuit,

Resistor:
1mpﬁemﬂms f:[aclnuaﬂ rﬁststam as a cireuit eelcrm

Fig: 15.13
'.. - chemical Battery

gy into clectrical

Battery: It is electrical source that sto
energy and converts the chemical ené
energy. .| i

. - = - ﬂlﬂt converts one CRCTEY  Transdooer
fmmafenergymm nnni‘ene:gyhke})_”
microphone converts d energy into electrical energy/ Sane i
SIgl'lﬂl as ﬁhﬂm m fw B o Fig: 15.14
LDRs (Light Depe ‘ﬂmhmﬁ} Fransducer
A photnmsg dependent resistor is an electronic @

Electrical

component sitive to light.
For example. in automatic security lights. Their resistance .
decreases as the light intensity increases ‘
» I Jow light levels, the resistance of an LDR is high ‘
and little current can flow through it. i
% In bright light, the resistance of an LDR is low and Ligmﬂéﬁ;én it
more current can flow through i it. resistor (LDR)
ﬂ"h&rm]stnrs
It is thermally sensitive resistors whose resistance is
strongly dependent on temperature. It is used to measure ‘, —ﬁ—
the temperature very accurately. Symbol

Relay: It switches which aim at OFF and ON the circuits
electronically as well as electromechanically.

Fig: 15.16 Thermistor
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resistance such type of
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Moving coil galvanometer:
It is an electromechanical instrument used 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 tohis

name. this is a current detecting meter based on magnetic

dipole torque.

L@; OR
Ammeter: o/
An Ammeter 1s an Elegtromechanical instrument
used to measure electric current. It is a modified form of
Galvanometer. A Galvanometer can be converted into an

Ammeter by cnnnecﬁﬁg 4 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

A

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

in Series with Galvanometer. Voltmcter
Current
'—Wr—“—-]
Resigtance ;
{

Fig: 15.19
Vaoltmeter

Fig: 12,20 circuit diagram of voltmeter

&



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 current through this. The house's earth wire
is connected to a buried metal plate. The other cable,
known as a neutral wire, is grounded to the Earth within
the power plant itself to keep its voltage constant (N), The
current lows 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 equipmeént.in a
home. All have the same potential difference, j:hi;ls"ﬁley're
joined in parallel to the power source.

A. connection has been made between the eﬁcq coming
from the mains and the electricity meter that has been
installed in the residence as shown in the figure 15.9 The
electric meter's output goes to the mam distribution board
and subsequently the home clegtric circuit,

The main box has fuses with ratings of about 30 A. Each
appliance has its own comnection made directly 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.

Eﬁ!ﬁﬂ-'ﬂm
iamces in parallel
. Main Elﬂcﬁcﬁly i
e wi
: i ] ]

b —h—

bl i s e e -

| Earth wirc

'

|

|

Fi;_',: 15.21

Mustrate the distribution of clectrieal power from main to the
home applisnces




Fig: 15,22
Damaged Insulation

Fig: 1823

Over heating of o cable

Fig: 15.4

Eleetrical extension

placed damped
enviroonment

Hazards of electricity
Electrical shock, fire, and arc flashes arc 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 circuit or with one wire of
an energized circuit and the ground, or with a metallie 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 good conductors of electricity,

Damaged Insulation:

Insulation refers to the sheath made of plastic that is
wrapped around wires in a-circuit. If the insulation on a
cable 15 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. Because of the overheating,
there is a risk of electrical fires.

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
because water 1s a conductor. If a person touches a socket
while their skin is wet in any way, they run the risk of
being electrocuted.

Safety measures in houschold electricity

Electricity as a power source has become very crucial to the
functioning of modemn society. Despite its usefulness, there

2%




are a number of potential electrical 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 15 a
significant amount of current running through the circuit,
the wires that are contained within the circuit will begin to
overheat. A metal wire [use with a low melting point will
become molten, breaking the circuit.

The Circuit-Breaker

In the majority of applications found in the home, eircuit
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 typieally 20 amps. manl In-slembrosle

20 amps of current will heat the bimetallie strip, bending it _——
downward and releasing the trip-lever. To manage the large

; = e : BETA |
surges that result from a short circuit, a different

mechanism is utilized due to the relatively slow heating. In -
the case of a high-current spike. the bimetallic strip will be Al
rapidly retracted by a small electromagnet made from wire

loops wrapped around a picce of iron.

The Ground Wire: 8

" - . . . =
The word grlfm.ll:-d" means that something is connected to Fig: 15.26 ()
the carth. 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 counected 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, Antached to an appliance's case, it keeps the
case's voltage at pround potential (usually taken as the zero
of voltage). 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: 1527 (h)
Schematic diagram of
circoit breaker
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Fig: 15.28 Electric circuit having grofndwire

Effects of electric shack on human body
 FElectric current of 0.001 A can be felt

cl
’

Electric current of 0.005 A, can be painful for
human body,

If electric current is of 0.010 A, resulting in the
contraction of museles in an uncontrollable manner
(spasms) "

Electric shock of 0.015 A can leads to a lack of
control over the muscles.

The electric current of 0.070 A passes through the
heart; creates a significant disturbance; and is
almost certainly fatal if the current continues for
more than one second.

ASSESSMENT QUESTIONS

: Explain briefly the dangers of electricity in the home.
12: 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?




B/ SUMMARY

Steady cwrrent: The continuous flow of free electrons.
Electric current 1s the net charge flowing through the cross-section area A per
unit time. 1=0Q/t

Direct Current (DC) is current flows in one direction with constant magnitude.
Alternating Current (AC) is an electric current that reverses its djrennun 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 resistanece of a conductor.

In series 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 elegtric ¢ircuit is jointly proportional to the resistance and the
square of the current

Thermistor is a heat sensitive device usually made of a semiconductor
material 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 electri¢ control.

Light-Emitting Diode (LED) is a semiconductor light source that emits light
when eurrent flows through it.

- Light dependent resistors (LDRs) 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 is 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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L TR EY ) 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
(c) Lose Energy (d) Gain Potential
1. Inan 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

3. The condition when the resistance of &_F@Cﬁft is 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
(¢) Resistance must be wire wound type
(d) All of the above: -
7. Ohm’s law is net applicable to
(a) Semiconductors (b) D.C. circuits (c) Small resistors  (d) High currents
8. Two résj,_sta’ﬁm:”s of 6 € and 12 € are connected in parallel. Their net resistance
is x
(@) 70 (b) 602 (c)4Q ()5 Q
9, The property of a body to oppose the flow of electric charge through it is
~called electric

(a) Capacitance (b) potential
(c) resistance (d) conductance
10. Which of the following is the purpose of connecting a battery in an electric
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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Slr uctured Questions

10.
11.

12,
13.

14,
15.
1!5'.-' Why the voltage used for the domestic supply much lower than the voltage at

Is it always the case that a series connection between capacitors will result in
an equal amount of charge being stored in cach capacitor? f

Why should we connect the equipment in parallel rather than in series, and
what are the benefits of this configuration?

Does a circuit need a potential difference in order for curran,t to ﬂnw through
it?

It is impracticable to connect an electric blub and an electric heater in series.
Why?

When a fuse is used in a circuit, does it control the current or the potential
difference? '

Explain what you mean by the term "conventional current”

Deseribe Ohm's law and its limitations

Determine the effective resistance of @ number of resistances that are
connected in either series or paraﬁnl by dmng the appropriate calculations.
Explain what influences the resistance of a metal conductor and how you
measured it. _

Explain Joule's law and the process of energy dissipation in a resistance.
Explain the roles of the live, neutral and earth wires in a standard home
electrical system.

How Does AC Wark?

Explain the ":ris'ks associated with electrical current (damage insulation,
overheating of cables, damp conditions).

Explain how safety precautions are used in home electricity.

Describe the effects of an appliance-caused electrical shock on the human

which the power is transmitted?
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e U0 (M) Numericals

When the current in a pocket calculator is 0.0002 A, how much charge flows.
every minute? (12m(C)
Calculate the amount of current that an electric heater uses to heat a md'm"iu 5
minutes if the charge is 2100 C. (7 A)
A potential difference of 90 V exists between two points. The amount of work
done when an unknown charge is moved between the points is450]. Determine
the charge amount (5 C)
Calculate the potential difference between two points A andsﬁ'“zf it takes 9x104 J
of external work to move a charge of +9 pC from A to B. (100 V)
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 £3)
Resistances of 4 £, 6 Q, and 12 Q are connected. in parallel and then connected to
4 6V emf source. Determine the value of —
i.  The circuit's equivalent resistance. (2 £1)

i The total current flowing ﬂmugh the circuit, (3 A)

iii.  The current that flows through each resistance. (1.5 A, 1 A, 0.5 A)
A 220 V circuit is used 1o power two 120 watt and 80 watt light bulbs. Which
bulb has the greater resistance-and which one has the higher current?
(80 W bull, 120 W bulb)
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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 eritical quartet:
Gravity, the weak lorce, electromagnetism, and the strong
force. These forces govern everything that happens in the
UNIVETSE,

Fig: 16.1 Fundamentil farces of nature

Gravity is the force that attracts matter across long
distances (tens of millions of light vears). The
electromagnetic force s extremely powerful. but i
operates at very small scales, forcing positively charged
atomic nuclel to attract negatively charged electrons,
resulting in the formation of atoms and molecules.

It's the fundamental reason that clectrons arc hold by
nucléus and are accountable for the nucleus entire
strueture,

Elcetromagnetism serves as a basic principle ol working
for many of the home appliances in  houschold
applications, These applications include lighting, air
conditioning systems., Generators, transformers etc.
Students will be able to understand all the above facts
after completing this unit,

Flectrom ugnitic foree
in forming matter c

Coulombs® Law

L L ]

Electron Capture
The ¢lectromagnetic force
piills electrons into orbit
praind positively charged
atomic miclei. The larger the
rueled, the more €lectrons
are pulled in.

~Atoms and molecules
The electromanetic foree
hulids atoms-and moleenles
logether. Electrons accupy
enery levels around atomig
niicles bulancing oul positive
e negative chirges



Fig: 16.2
Electromagnetic foree
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The electromagnetic
foree, also called the

Immtzm*

between charged
particles, like negatively
charged electrons and

Fﬂiiﬁ"mi}r ahargatl

n‘IEJ

Fig: 16,4 Compasses
align to reveal a eirenlar
magnetic ficld pattern

around a current-

carrying conductor,
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Electromagnetic force

The electromagnetic force, as its name suggests, is consist
of two forces, electric and magnetic forces, Ph;_.zsi'qi_gié
once thought of these forces as independent entitics, but
eventually discovered that they are parts ﬂf‘lhe 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 prnduce a magnetic
field surrounding them as illustrated in figure 16.3. As a
result, when electrons flow across a wire to charge your
computer or phone, or switch ON your TV, the weak
magnetic field produced around the wire.

L

“‘,D
=

Fiz: 16.3 Connection between eleciricity and magnetism

16.1 Magnetic effect of a steady current

You can demonstrate the magnetic field around the
current-carrying conductor by doing an experiment. Pass
a current-carrying 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.

5%
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Fig: 16.5 Demonstration of the right-hand rale lor conductors.

Consider the dot in the middle of the conductor on the [eft
as the point of an arrow in Figure 16.6, This indicates that

an clectric current is traveling in your direction. The
magnetlc field's direction is indicated I:}' mmular aArrows,
When electrical wires carry alternating.. curlents. 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. t
When possible, conductors-are grouped in pairs to reduce
heating and radio interférenee caused by the magnetic
field created by electric current flow. To help reduce this
healmg effect. the hlahnnﬂl Electric Code requires that
wires be run in pairs.
These conventions are used to show the link between
clectric._current flow and the magnetic ficld. The dot
n.pr:.e.entsa current arrow heading toward you. The cross
on the right represents the 1ail end of the current arrow
heading away from you.
_Magnetic  field produced by current carrying
conductor

When electric charges are at rest, they exert

electrostatic forces of attraction or repulsion on each
other. As we know that isolated moving charges produce
both electric and magnetic ficlds, but an electric current
through a conductor produces only a magnetic field

®

Fig: 16.6

Magnetic lield produced

by corrent




Tesla is a unit of
magnetic flux density
memwm itis
equivalent to one weber
per square meter,
1Tesla=10* Gauss.

because the electric field of moving electrons is
neutralized by the held of the fixed protons in the
conductor. The magnetic field around a magnetic mmsmg
charge is a vector quantity symbolized by B.

Now suppose a particle carrymg ch,ufge q is
projected with speed v into a magnetic field ﬂf magnetic
induction B such that the angle between B and Vois 6. The
magnetic field of the charged p:lmclr.:_mxﬂ_gcts with the
magnetic field of the magnet in which it i5 sent, due to
which a force is produced which acts upon the particle. It
is found that: )

» The force F acting on the patticle is directly
proportional to the charge q.
# The force F acting on the particle s directly
proportional to the velocity V.
» The force F is-directed perpendicular to the plane
containing Vvand B.
Combining the above three observations, we found that:
F=q¥#B
So the magnitude of B is given by:
B=- F — Newton - _ Newton - Tesla
qV Sin0  Coulmb * m/sec

Ampere x meter

It is called | Tesla.

Fig: 16.7 Current carrving conductor produce magnetic field



SELF ASSESSMENT QUESTIONS:

Q1: Why the workdone on a charge is zero by
magnetic force?

Q2: If two wire placed parallel, when current

following in same direction, what will be happen?

— —

Q3: What is the angle between Eand B in 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 magnetic force is

diffused throughout the space surrounding and . inside

magnetic objects in the physical world.

Sketeh the lines of magnetic foree.

In general, the magnetic field is the strongest near the

poles, and the weakest at the centre.

Magnet field lines

Magnetic ficld lines are imaginary lincs coming outward

from the north pole and going inward in a south pole and

inside a bar magnet magnetic field will be zero. The

mdgnlztll: ficld 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

magnetie field lines, as seen in the figure

Fig: 16.8. Magnetic feld Imu

Like pulm-mpﬂ-mﬁg
another, whereas

Earth has magnetic field
-around it , because of
ﬂcrwmg of liguid metal
in the outer core cause
to generates electric
currents., it protected
from the solar wind, 2
stream of energetic
charged particles
cmanating front the Sun,
by its magnetic field,
which deflects most of
the charged particles.
The earth magnetic field




O Do You Konow!

Beautiful coloured
lightening happened in
north and south pole
_because the shape of
‘Earth's magnetic field
creates two aurora aboye
the North and South
‘Magnetic Poles,

Fig: 16.9
Curcentgarrying
condiglor in magnetic
field

SELF ASSESSMENT QUESTIONS:
Q1: Are magunetic lines of force real?
Q2: What is the source of the magnetic field? C
Q3: What are the magnetic lines of force? @{Qb
ar

Q4: What is the direction of magnetic field insi

magnet? \-(:\
Q5: Can menopole of magnet exist? G

16.2 Force on current carrying conductordn dmagnetic field
When a conductor of length L carrying current, I and
placed in a magnetic field B at an angle § as shown in
figure16.9, it experiences aforce:

F=I(I%B)

F=BIL Sinf

B=_F ¢
1/Sin #

We know that curtent in a conductor is due to the
directional drifi of free electrons along the conductor so
when a eonductor is placed in a uniform magnetic field B
and if'the eurrent, 1 is passed, the conductor experiences a
force as‘mentioned above,

a conductor carries an electric current, a magnetic

2ld is produced around it.

T OR |
It exhibits magnetic properties and generates a force when
another magnet is brought into its magnetic field. In the
same way, | |
The magnetic field has an equal and opposite effect on the
conductor carrying the current. This is because two
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 pempendicular to the
direction of the magnetic field and the electric current 1f
they are perpendicular to each other.




Calculate the force on the wire shown in Figure (a)
Solution
Step 1: Write down the known quantities and quantities
to be found.
B=1.50T
[=5.00 ¢cm
I=20A
B=290>
F=2
Step 2: Write down the formula and reamange if
necessary.

F=1/Bsinf

Step 3: Put the values and calculate { -
F=1/Bsind \
F =1/B sin 8= (20A)(0.0500 m)(1.50 T)(1)." = =
The units for teslaare | =T >N~ =

F=150N 4
Result: The force on a wire is F = 1.50 N@
16.3 Turning eifect om a current=carrving coeil 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 aJnjmi_hg_efTe;:l to rotate the coil until
it is stopped by the'eontrol springs.
A current-carrying - coil kept in a magnetic 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
the field, and zero when it's parallel or antiparallel to the
field.
_ When an electric current is passed through a coil. placed
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
torque is:
= BIAN Cos

Consider a rectangular coil placed in the magnetic field of

Fig: 16.10
Forgue on coil corrent
carrving conductor



Invention of D.C motor
William Sturgeon
invented the first D.C
motor, that could provide
enough power to drive
machinery but it wasn't
until | 856 that the first
practical D.C motor that
pnuld run at mtmt

Fmi: Julian Sprague m
ite inventor and it wwarthm
motor that provided the
catalyst for the wider
“adoption of electric
motors in industrial

Fig: 1612 Torgue an
D.C motor

strength B and the plane of the coil is parallel to the field
and is free to rotate about an axis.

When current 1 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 cml That
causes the coil to rotate.

So. Torque = = BIA

If the plane of the coil makes an angle o with the field B
then the perpendicular distance Cos o ean be added:

T=BIACos o
If the coil has N turns, then:
1= BIANCosa

16.4 D.C motor

D.C Motor is an Eleetromechanical device thatconverts
electrical engrgy into mechanical energy. D.C Motor is
similar to D.C 'Generatnr in construction butthe output
device act as input and input as output,

Fig: 16.11. Turning ¢ffect 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.



(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
force. The direction of the force can be determined
using Flemings left -hand rule or the right-hand slap
rule.

{c) The side CD experiences a force that acts in the
opposite direction.

The two forces acting in opposite directions on the two
sides of the coil form a couple and produce a turning
effect on the coil. The forces are produced when
the magnetic field due to the current in the coil combines
with the external magnetic field to produce two
resultant catapult fields around the coil; Figure 16:13.
Two important applications of the tuming-effect of a
current-carrying coil in a magnetic field are the direct
current motor and the moving-coil galvanometer.

SELF ASSESSMENT QUESTIONS:...
Q1: How can the turning effect 6f @ coil be increased?
Q2: How do DC motor coils rotate?

16.5 Electromagnetic induaction

A voltage 1s created = or induced. For this reason, we call
this  electromagnetic  induction.  Electromagnetic  or
magnetic induction s the production of an clectromotive
force across an eclectrical conductor in a changing
magnetic field. Michael Faraday is gencrally credited with
the diseovery of induction in 1831, and James Clerk
Maxwell described mathematically it as Faraday's law of
induction.

Changing magnetic field can induce e.m.fin a circuit.
Faraday demonstrates that magnetic fields can create
currents as illustrated in figure 16.14. When the magnet
shown below s moved "lowards" 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

Figt16.13
Flectromagnetic
induction

 Conceptof
electromagnetic induction

givettby “Joseph henry”

in 1830, from USA

“Michael Faraday™
from England also gave
the concept of
electromagnetic
induction and in 1831




coil, the needle of the galvanometer returns (o zero as
there is no physical movement of the magnetic field.
Similarly, when the magnet is moved "away" from the
coil, the galvanometer needle deflects in the opposite
direction, indicating a change in polarity. By moying the
magnel back and forth towards the coil, the needle of the
galvanometer will deflect left or right, positive or
negative, relative to the magnet's motion.

Cotl or loop

VWV

(imlvanometer

AR
SRS
SER TN

L

Fig: 16.14 changing magnetic produced induced e.m.f
Electromagaetic 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
galvanometer 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
with increasing field speed.
Faraday's Law of Induction
From the above description we can say that a relationship
exists between an clectrical voltage and a changing
magnetic field to which Michael Faraday’s famous law of
electromagnetic induction states:
A voltage is induced in a circuit whenever relative motion
exists between a conductor and a imgneuc field and that
the magnitude of this voltage is proportional to the rate of
change of the flux™.

@




Factors affecting the magnitude of an induced e.m.f.
The factors involved in the induced emf of a coil are:
# The induced em.f is dJrectly proportional to N,
the total number of turns in the coil.
= The mduced em.f. is directly proportional lo A,
the area of cross-section of the coil.

# The imduced 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 em.f. also wvaries 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 eanf. is
zero when the plane of the coil is perpéndicular 1o
magnetic field B.

Lenz’s law of electromagnetic ind uction

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 induced current
opposes the original magnetic field that produced the
current. The right hand rule, developed by Fleming,
specifies the direction of this current's How.

Keep in mind [imt the magnetic field produced by an
induced current. generates an additional magnetic field.
which a Always opposing the magnetic field that formed
il. 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 wi]l
once again oppose th: magnetlc field "B" when "B" 1
decreasing. This time, "in opposition" suggests it's actlng
to increase the field 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 subjecied to a changing magnetic

¢ ¥

Fig: 16.15 Magnetic field
induced hy magnetic
current



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
Farada}' s law to emphasize this point.

It is possible to alter the magnetic field intensity by
muﬂng 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.

iy
& ::H
— __N_,_
dt
Where:
. E Indﬂﬁ:qﬂ :mf
. =change in magnetic flux

. N No of turns in coil
I mzﬁ‘l.am and Conservation of Energy
To.obey the law of energy conservation, the direction of
the current induced by Lenz's law must create a magnetic
field that is opposite to the magnetic field that created it.
1n 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 ficld 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 conductor.
As a result, a new magnetic field would be produced.
which in turn would induce a new current. And so0 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




as well (i.e to every action there is 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 can stop the change in the magnetic field
in the area, This is consistent with Newton's third law of
motion.

16.6 A.C generator

An AC generator is an eleciric generator that converts
mechanical energy into electrical energy in the form of
alternative emf or alternating current. An AC gencrator
works on the prineiple of “Electromagnetic Induction”,

Magmetic flux
——lil
Carbon brushcs i {hgromducics)
NA
Mhu&'f;{ T Y
rotation o Wilt

Fig? 16,16 A.C generator

16.7 Mutual induction

When the electric current in the Primary Coil ¢hanges, the
magnetic field changes as well, linking the Secondary
Coil to the Primary Coil. In the secondary coil, this
- Ehtﬁ.l.l‘lg flux causes an e.m.f. Mutual Induction describes
this process. The secondary coil's e.m.f. is proportional 1o
the primary coil's rate of change of current. Thus:

8,:&:&1!
At
&,=—-M AL

At

' The S.1 unit of

while is equal to
Vaolt ~See

Primazy coil

S A

Fie: 16.17
Mutnal induction
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example of sicp
up transformer
» Mobile charger is
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> Working principle
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Fig: 16,18 (h)
Step down transformer

Where M 15 a constant. called Mutual Inductance
of the two coils.

Hence: 3
AL (AL
SELF ASSESSMENT QUESTIONS: ( }‘
Q1: Define mutual induction.
Q2: Enlist the factors affecting the induced e.m.f.

03: How A.C generator works? -
16.8 Transformer

Transformer is a static mac
power from one mrcmt 0 4no

perate on the prmmpla of
mutual Imluelinm It r,r ates on an AC supply.
It consists of two coil whlch are magnetically linked to
cach other but Glﬂ-:trlraﬂ}r isolated from one another
although wrapped around the same iron core, make up a
I:ram;furrncfl']_"'ﬁb:“primary coil i1s 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 uulpul circuit, Np and Mg stand for the number of
turns on the ]':—nmar}r and secondary Lﬂl'h, respectively,

. When current passing through the primary coil generates

magnetic field, which is transmitted to the secondary coil
through the core. The change in the field causes an
alternating e.m.f. to be generated in the secondary coil.
The secondary voltage Vg is proportional to the primary
voltage Vp. The ratio of the number of turns on the
secondary coil to the number of turns on the main coil
also affects the secondary voltage, as illustrated by the
following expression:

Vi Ny

Vp Np

T‘he h‘ansfermer‘ is mferred 10 as astep—up uunsfomerif

Flg. IE 13 (a.)

A step-down transformer is one in which the secondary
voltage is lower than the primary vollage: Fig.16.18 (b).

@,




The clectric power transferred to the secondary circuit in
an ideal transformer is the same as the primary circuit's

POWET.

An ideal transformer dissipates no puwm and we may
write the following mathematical expression for such a
transformer - B=R

Vol = Vels
Raole of Transformer in Power Transmission
Gieneration 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 w:-Ita;,e level of a power is increased, the current
of the power is reduced which causes reduction in ohmic
or P=1R losses in the system, reduction in eross-sectional
area of the conductor i.e. reduction in’ ﬂapltal 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,

clectrici
[ mdmmcc?

Tranafc Mei mtuﬁx'zilmln':
ErARSMISSIN down volizpe
Fig: 16.19

Power transmission from power house to residential area




Fig: 16,240
Translformer in
siabillizar

Fig: 16.21
Transformer hattery
charger

Fig: 16,22
Transformer in high
voltage circuit breaker

Daily life applications of transformers

Transtormers are widely used because of their ability to

regulate the strength of alternating cwrrent, which

improves efficiency and, in turn, reduces monthly

electricity costs. By the use of transformers, we_h_avé

observed and seen its importance in our everyday life and

without it, electricity would have caused great

destruction in our homes and industries.

There 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 ¢urrent in a building.

In Battery Charger:

Batteries Eﬂl_r also be charged with the help of

transformers. The voltage needs to be controlled properly

s0 that it doesn’t damage the parts inside the battery. This

can anly be done with the help of a stapwob  transformer.

In ciréuit breaker:

Cireuit 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 i1s the difference between step up and step
down transformer?

Q3: For what purpose step up and step down

transformers are used in power transmission?




B/ SUMMARY

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 iy known as
magnetic field. .

Magnetic field 1s strongest near the poles and weakest in the centre,

A current carrying 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 =1 LxB.
DC motor is a device which converts the elecirical energy into mechanical
Cnergy.

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= NIABsin#.

The change of magnetic flux. due to a variation in the current flowing in
another circuit. -

Dynamically induced &.mf\ “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 of 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 electrical machine which converts mechanical energy into
eleetrical energy,

Eigg_ﬁ"ical transformer plays vital role in power transformation. 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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(PPN LY) Multiple Choice Questions (MCQs)

1. Which statement is true about the magnetic poles?
(a) unlike poles repel
(b) like poles attract
(c) 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?
(a) from north pole to south pole  (b) from south pole to north pole
(c) from side to side (d) there are no magneti€ field 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) magneljﬁ“’nggmpass
4. If the current in a wire which is placed perpendicular to a magnetic field
increases, the force on the wire A
(a) Increases (b decreases
(c) remains the same __d) Will be zero
5. A D.C motor converts _ "
(a) mechanical energy into uiﬁeﬁiﬁal encrgy
(b) mechanical energy ij;:t__:[‘ﬂ._t;_:__}:lpnicﬂl energy
(c) electrical energy intp mechanical energy
(d) electrical energy into chemical energy
6. Which part of a D.C motor reverses the direction of current through the coil

every half-cycle?
(a) the armature {b) the commutator
(c) the brisshes (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 (¢) momentum (d) energy

. The step-up transformer

. {a) increases the input current
(b) increases the input voltage
(c) has more turns in the primary
(d) has less turns in the secondary coil

9, The turn ratios of a transformer is10. It means

(a) lg=10Ip (b) Np=10Ng
(c) Ng=10N, {d) Vg=10¥p



ﬂlruclurn-d Questions

A wire ina magnetic field generates voltage. To generate maximum valtage, move the
wire in what direction relative to the field?

2. Can a transformer operate on direct current?

3. Demonstrate through an experiment how an electric current in a cunduclm,gmmm il
magnetic field in its vicinity,

4. Explain how a force works on & current-carrving conductor that is pcrpmdft‘:ula.r to the
magnetic feld.

5. State that, a current carrying coil in a magnetic field will experience a torque.

6. Describe an experiment that demonstrates the induction of e, f in a circuit by a
varying magnetic field,

7. Give some examples of what could mcrease or decrease the strength of an induced
e.m.f.

4. Explain that the direction of an induced e.m.f opposes the change causing it
and relate this phenomenon to conservation of energy.

9. Explain how an A.C. generator works in its most simple form,

10. Explain the units of mutual induction ﬂld ‘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 alternating current (AC) circuits.

3. Determine the function of transformers in the process of moving electrical current from
the power plant to your home.

14. Compile a list of the nunerous applications of transformers (step-up and step-down)
lhal. can be foundin vour home.

W) Vo

A wire carrying 4A current and has length of 15 cm between the poles of a magnet is
kf:pt at an angle of 30° to the uniform field of 0.8 T. Find the force acting on the wire?
(0.24N)
hsqﬁnre loop of wire of side 2.0 cm carries 2.0 A of current. A uniform magnetic field
'ﬁf 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 wransformer 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.
(12
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%107H. Determine the emf
induced in the surrounding coil? (~8.25x107'V).

ol
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Students Learning Qutcomes (SLOs) Elselrahics controls

After learning this unit students should he able to eléctron motion using

[dentify by quoting examples that the modern world is the world o '

digital electronics.

Identify that the computers are the forefront of elegonic
technology. {5
Realize that electronics is shifting from  low-tech electrical
applignees to high-tech glectionic appliances, ,
Differentiate between analogue and digital electronigs,

Explain the process of thermionic emission’ emitted from a8

filament. :

Deseribe the simple construction and use of anelectron gun as a
source of electron beam, .

Deseribe the effect of electric ficld on nn electron beam,

Deseribe the effeet of magnetic ﬁ_-éll_L! on an electron beam,
Deescribe the basic principle of CRO and make a list of its uses.
Stote the basic operations ofdigial electronics.

Identify and draw the symbols for the logic gates (NOT, OR. o

AND. NOR and NANDY:.
State the action of logic gates in truth table form.
Describe the simple vses of logic gates.

earious electronic
devices, Eleetronic
devices manage electron
flow for information
provessing and system
conirel, Both the world
und technology are
changing very quickly,
Every day, anew device
develops e make our
lives easier. Electrome
devices are so-imporiant
thiat we can't picture o
day without them,
Everything from a
telephone to U wishing
maching, If we Look
around us, and every
worner has an clectric
device. The reason we
are petting so used (ol
18 simphe, it is cagicr and
it takes no fime to get
the work done.
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Fig: 17.1.
Some electronic devices

Please recall that, the following questions may arise in your
mind time to time that:

~ What is the difference between analogue and digital

electronics?

» Why digital clectronics based devices are more

rapidly growing than analogue based devices?

» Why computer process the data at extremely high

specd?

» Have you ever think why the electrons are emitted

from a filament?

» How electron beams are formed?

> Why clectron beams are deflected by both electric

and magnetic fields?

» Why electronic. devices are better than electrical

devices?

After stud}rmg this unit you will be able to find the
answers of such questions and develop the clear concepls,
17.1 I\IHUIHP(_"'TIU'\ TO ELECTRONICS

In 1897 electron was identified. Vacuum tube was
invented -in the same period of time, Vacuum tube can
amplify. and rectify small electrical signals. The invention
of vactuum 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
clectrons 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



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 Electronies:

Digital electronic technology is a revolution in the
field of information. Data of any sort can be instantly and
accurately retrieved from any part of the world. Internet is Wig: 17.2.
just the start of this global sharing of information. W alouue 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
into analogue form,

It is now possible to perform many tasks digitally
which were used 1o be carried out using analogue
electronics, Digital information has several advantages over
analogue information. Some of these advantages are:

2
&

(1) Easy storage.

(i1) Easy transmission.

(111) Large amplification.

(1v) Less noisy signal (clear signal).
(v) Neg]igi}ilﬂ power or line losses,

Digital clectronies devices have many advantages over
analogue electronic devices, Some of these advantages are;

(i) They have greater speed.
(if) They are very sensitive,
(i) Their displays are easily readable.
8 (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 (DVM) has following
advantages over electrical voltmeter.

(1) Higher accuracy. Fig: 17.3.
Digital devices



b igital Cameras are fast,
reliable and easy to use,

pictures with better
resolutions. These
ri:mw can I:ft#drted as

Now electronic sensors
can dxgimﬂy'mm
continuously varying
quantities such as
Temperatine, pressure or
pm’.tnmmﬂ some other

Q’ﬁ 1960 Newmark

L
analogue computer, made

up of five units, This
computer was used to
solve difTerential
equations and is currently
housed at the Cambridge
Muscum of Technology.

(i1) Higher resolution,

(iii) Greater speed.

(iv) No parallax errors,

(V) Reduced human error.

(vi) Compatibility with other digital equipments.

Above reasons made the modern world, the world
of digital electronics.

The digital electronics, based devices are used all over
the world in every field of life. E.g. mobile phones, LED,
LCD, laptops. watches, . caleulators,  cathode-ray
oscilloscopes, digital balances, sensors, alarms, digital
versatile discs (DVD’s), amplifiers, in telecommunication,
MP3 plaver.

7.2 “COMPUTERSY, THE FOREFRONT OF

ELECTRONIC TECHNOLOGY:

Electronic lechnology 15 improving  day-by-day.
Electronic devices are proving more efficient, accurate,
fast, Iesg 'gpst]y, flexible, portable and smaller in size with
time, There are advancements in electronic technology in
every field but computers can be regarded as the fore front
{ie. the most prominent part of electronic technology).

Because computers are the most simple and accurate

clectronic 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 everyday life. Computers are used almost
everywhere for various purposes.

For example: Computers are used in industries,
offices, research organizations, educational institutes,
shopping malls, business, home, hospitals etc, for
designing, storing data, solving research problems, study,
graphics. billing, keeping trade records, communication.
playing games and much more.

&



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 is 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  ADVANCEMEN FROM LOW-TECH
ELECTRICAL TO HIGH-TECH ELECTR e
APPLIANCES:

High-tech is abbreviated from High technology. A

high technology 1s the most advanced technology available. 5

The Low-tech is abbreviated from Low technology. A low | =

technology is opposite of high' technology. The low

technology refers to simple, often traditional or not &%

advanced technology. _ Fig: 17.4.

The use of digital-elecironics (technology) enters 4 lew-tech (analoguc)

into new era. This shifts the world from low-tech electrical W

appliances to high-tech electronic appliances. This happens

due to the following reasons that the digital appliances are
more efficiént, qccilrate. 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

. : Fig: 17.5.
| to computer where they can be edited easily. A high-tech (dighal)
» The record of a person such as ID card, passport, computer

driving license, msurance card, health card and
biometric data (voice scan or eye-retina scan) can
all be stored on a single tiny chip.
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Fig: 17.6.
Anaulog signul

Fig: 17.7.
Drigital sigmal

Filg: 17.4,
Different analopue and
digital devices

The way of communication has changed drastically.
For example, the telephone signals which were transmitted
clectrically 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
efe. These recording equipments are¢ now replaced by
digital cameras, Digital camera can perform all these
operations with better resolution and accuracy.

174  DIFFERENCE BETWEEN ANALOGUE AND
DIGITAL ELECTRONICS:

Electronies can bedivided into two categories:

1. Analogue electronics.

2. Digital electronics,

‘First we understand the differences between
analogue and digital electronics by their signals and
éxamples from daily life, then we will differentiate them by
their properties:
 Analogue electronics deals with circuits which have
continuously  varying signals, For example: radio,
television, oscillator ete,

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 ete.

A digital signal is shown below:

The differences  between  analogue  and  digital
¢lectronies can be summarized in the table below:




Analogue Electronics

Digital Electronics

Measures
mmlﬂllﬁllﬂl}! "i"ﬂ.'l"'_‘,!’ IIIE

-.quammes

Measures  discrete  as
well as  continuously
varying quantities.

Analogue signals are
in the form of a wave.

Digital signals are in the
form of 0's and ['s.
These two levels can be
J““lﬂd to form a square

Data can not be stored

closely (compactly).

Data can be storad more
closely (compact
inCD’s.

Analogue signals are
Ry much affected by
noise (the unwanted
voltage fluctuations).

Digital  signals
almost not By

s
eﬁ'jqenﬂy
Féhably.

Analogue data can be | *_-._ il
~|" s i

slgna'l

—
| gec(GRydnee

| Amplified digital signal
almost do not have
noise.

davmes

Digital ~devices have
very high precession,

11 lﬁ ﬁf malﬁgua
includes

air
thermometer, tha
barometr, the
speedometer, vehicles, |
the mechanical
walches etc.

Examples of  digital
devices includes
computers, calculators,
watches, MP3 players,
DVD?s, laptops, sensors,
in ID cards efc.




f U\ﬁ @-
!anﬂ Elgul
Fig: 17.10.

Disgram of Analog to
digital converter

Fig: 17.11,
An ordinary balb

Both analogue and digital electronics are used in
many devices. Compact disc (CD) player is an example of
it. The basic principle of a €D player 15 shown in !the
following simplified block diagram:

CD driwe
=
T T -u"»."-.ai- -"—'—
lu DALC ;i ,—-—.
Digital m E—J
dnis ™ ’
nf nnm
audio signral

Fig: 17.9. Basic principle’ h‘_f:.n ‘GD plaver

Music stored on a compact disc in 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 is amplified by a linear
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
cun‘l.e;ia'rta'f (ADC). A diagram of an analogue to digital
mm:"mﬁf (ADC) is shown in figure 17.10.

‘Self Assessment Quesrinm
)Ql 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 is heated to a temperature of about two
thousand degree centigrade (2000°C). Then, some of the
electrons in the tungsten gain enough cnergy to escape
from its surface. This effect is called “thermionic
emission”, Thus:

‘Thermionic emission is the emission of electrons
from a hot metal surface.




Demonsiration of thermionic emission:

The thermionic emission effect is demonstrated
below by an experiment. The figure 17.10. shows this
experiment,

The vacuum tube shown in above figure is called a
thermionic diode. This vacuum tube consists of two
electrodes called the anode and the cathode.

The anode is positively charged so attracts negative
charges (electrons).

The cathode i1s negatively charged so repels
negative charges (electrons).

The cathode shown is made up of tungsten filament,

Normally the gap between cathode and anode cannot be
crossed by the electrons when the filament is switched
OFF, As the filament 15 switched ON, the Elﬁ:ﬁﬂﬂﬂﬁ,ﬁ:gﬂg{.ﬁ&
from the hot tungsten surface. These electrons are attracted
across to the anode. Hence thermionic emissionoccurs.

Note that if air is in the tube instead of having vacuum in it,
thermionie emission still occurs. '

Sell’ Assessment Questions:

Q1: What is meant by thermionic emission?
(Q2: What particles are relcased by
Q3: Why cathode must be heated?
17.6 ELECTRON GLIN A""-il} CATHODE RAYS
The beam of fast moving electrons is called cathode
rays. The filament of a bulb does not produce continuous
flow of electrons. Since ¢lecirons 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 tl:a‘vﬂl very far continuously.
An electron gun made the electrons to travel in
_ &ti‘aig]it lines like a beam called “Cathode rays™. These
invisible rays were coming to found from the cathode. This
leads to discovery of electron, These rays have following
characteristics:
They transfer negative charge (electrons).
They transfer energy.
They transfer mass.
They transfer momentum.
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Fig: 17.13.
An electron gun
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Modemn colar TVS have
three electron guns, Fach
gun produces separate
bﬂiﬂn for each of the three
primary colors produced
an the screen,

Fig: 17.14,

Their charge to mass ratio (e/m) is much larger than
Hydrogen ion.

Their properties are independent of the choice of gas n
the tube and also the metal used as cathode.

An electron gun as a source of electron heam:

The pmducnnn of an electron beam by eii:clmﬂ gun
15 shown in figure 17.13.

The above figure shows that an eleetron. gun is used
to produce a continuous flow of electrons, The electrons are
emitted from the hot filament. The cathode is a metal plate
warmed by the filament. The cathode is held at a negative
potential compared with the anode. The anode is held at
high positive potential. The difference of potential between
cathode and anode is about thousands of volts. The
electrons emitted from the hot filament are then accelerated
by this large potential difference between cathode and
anode. This pl‘ﬂl:fﬁcéa fast moving electrons. As the
clectrons are negatively charged therefore they are repelled
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
svacuum tube because most of the air is removed from the

tube, The fast moving e beams produced by electron gun

are used in TV monitors, cathode ray oscilloscopes.
electron microscopes and in some other devices.
Self Assessment (Questions:

Ql: 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?

l'?.'? DEFLECTION OF ELECTRON BY ELECTRIC
FIELD

Electrons can be deflected by electric fields. The

Deflection of electron pussing diagram given 17.14. shows the deflection of an electron
through uniform electric feld

passing through a uniform electric field at 90° to the
direction of motion of electron.




This field is generated by parallel charged plates.
The two plates are oppositely charged. Force acting on
electron 18 constant and towards the positive plate as a
result eleciron follows a curved path towards the positive
plate.

Effect of electric field on an electron beam:

The beam of electron produced by the electron gun
can be directed to a specific target. This could be done
efficiently by:

(i} Keeping the gun itself remains fixed.
(i) The beam ol electrons to be deflected afier it has been
produced. .

This could be done by deflecting the béam of
electrons by an electric field. This field is provided by two
oppositely charged metal plates. The deflection pattern of
an electron beam is same to that of a sin sle electron as
discussed carlier. The effects of deflection of electron beam
by an electric field are:

(i) The beam bends and changes direction.

(ii) The beam follows a parabolic (curved) path in the
electric field. _

(111} The beam of eleetron changes direction millions of
times each second.

(iv) The energy and speed of electron beam increases.

(v) The béam continues to move in a straight line afler
passing through the electric field.

The deflection of electron beam by electric field is
shown in figure 17.15.

"o I Assessment Questions:
:'Q : How many times the beam of electron changes
direction when it passes through an electric field?
Q2: What happens to the energy and speed of an
electron beam when it passes through an electric
 field? | |
Q3: Describe the path of an electron in an electric field?

Fig: 17.15,
Peflection of electron beam
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Fig: 17.16.

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 ti;:atrﬁn
passing through a uniform magnetic field actmg at 90° 1o
the direction of motion of electron.

This field is generated by passing a current ﬂ'lmugh
a pair of platr:s (coils). In the above figure the field is

Deflection of electron passing shown by “x” sign. This means that the-field lines are

through uniform
magnetic Geld
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4 Pig: 17.17.
Effect of magnetic field

perpendicular to the page and are directed into the page.
This produces a force that acts av right angles to the
direction of motion of clectron: If the field direction is
reversed, the force direction alsoreversed. 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 eleetron changes direction and bends.
Because the fm&e am at right angles to the direction of
motion of electron. the clectron will move in a circular
path. _
Effect of magnetic field on an electron beam:

The path of a beam of electrons which enters in a
magnetic field acting perpendicular to the direction of

amotion is shown in figure 17.17.
The effects of deflection of electron beam by a magnetic

field are:
(i)  The beam bends and changes direction.
(i) The beam follows a circular path in the magnetic
ficld.
(1ii) The energy of electron beam does not change in
the magnetic field.
(iv) The speed of electron beam does not change in a
magnetic field.
Self Assessment Questions:
Q1: 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?



179 CATHODE-RAY OSCILLOSCOPE (CRO)

A Cathode-ray oscilloscope (CRO) 18 generally
referred to as oscilloscope or scope. It can display and also
measure many electrical quantities like ac/dec voltages,
frequency ete. 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 voltage wvaries 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) 1s a cathode-ray tube. A @th&dﬂ—m}'

tube is shown in figure 17.19.

Working:
» ‘The electron gun emits a beam of electrons (i.e.
. cathode-ray) which is produced by the cathode.

- » When this electron beam strikes the fluorescent

screen a bright spot is created on the screen. This is

due to the reason that the fluorescent screen is coated
with a fluorescent salt such as zinc sulfide, a chemical
that glows when electrons strike it.

Fig: 17.19 Diagram of CR(}

Oscilloscope
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Fig: 17.24.
Froat panel of CRO
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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-aceelerate
the electrons and to focus them into a fine heam.

» The deflecting system consists of X= plates and Y-
plates to move the spot on the S:rm 1f 1t moves fast
enough it appears as a line.

» Y-plates cause deflection in. VEH.IM] direction (up and
down) when voltage s hpphﬁ'd across them. The
vertical deflection of the electron beam can be
changed by varying the woltage across the Y- plates.

» X-plates cause deflection in horizontal direction (left
and right) whm fmffagc 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 useﬂ_
The following are the four important controls 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 nght
of the screen to the centre of the screen.

# Y-shift control moves the tace 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 done by

varying the voltage applicd across the Y-plates of
cathode-ray tube. An amplifier circuit amplifies the
voltage across the Y-plates in the cathode-ray
oscilloscope.




» Time base: Horizontal (X) speed of the electron beam Right  Right  Right

on the screen can be adjusted by using this control. ‘ /| //] /1
This is done by varying the voltage applied across the _
M-plates of cathode-ray tube. The frequency of the - A 4 :m
time base is varied by an internal circuit in the
cathode-ray oscilloscope which applies an alternating Fig: 17.21.

voltage across the X-plates. The time-base actually

applies 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 thc‘kifqpbﬁant
uses of cathode-ray oscilloscope are gwen bqldw
1. Measuring voltage
2. Displaying voltage waveforms
3. Measuring short intervals of time

Self Assessment Questions: N

Q1: Which axis is used to the voltage?

(Q2: What is the function i

3: Which is the mponent of a cathode-ray
oscilloscope? % E

17.10 ANALOGUF AND DIGITAL ELECTRONICS
Analogue’ electronics deals with the continuously
varying quantitics. Analogue clectronics possesses the data
being prmfide::l in the form of continuously wvarying
-quanti‘u&s {cnntlmlou:. signals).
Digital electronics deals with the discretely varying
qu;anhtles Digital electronics possesses the data being
' ptwldﬂd 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
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Flg_ 17.22.

Diagram of security alarm

intermediate state is possible (allowed). For example. a
block diagram of a security alarm which operates through
two switches 1s shown in figure 17.22.
It can be seen clearly from the above diagram that:
o If either switch “P” or “Q" is OFF, the alarm will
remain OFF (quite).
o Ifboth switches “P" and “Q" are ON, the-alarm will
be ON (ringing).
This example could be demonstrated by the
following table:

Switch “p” Switch @V Alarm status
OFF {L@ Quite
ON CP OFF Quite
ﬂ% ON Quite

~The above table represents the logic behind the
working of the alarm. In digital electronics. this logic is

_implemented by “LOGIC GATES”.

}Self Assessment Questions:
Q1: Which types of signals are used by digital
electronics based devices?
(02: Which component implements the logic?
Q3: A digital signal has how many states?
17.11 LOGIC GATES
The logic gate is the basic unit of digital logic
circuits, 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




logical multiplication sign. Boolean Expression of AND

gate;: Y=A.B
Truth table of AND operation using two
input variables
A B Y=A.B
0 0 0
0 1 0
1 0 0
4 1 1
INPUT

Fig: 17.23 AND Gate using two inpubwvariables

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. . B %

Boolean expression of AND gate is Y=AB.C

Truth AND operation using three
/{ put variables

(=]
!

Y=AB.C
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OR Gate:

rules,

Fig: 17.24 AND Gate using three inputvatiables

An OR gate is a digital circuit 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

Boolean Expressim_i of OR gate: Y=A+B

ble of OR gate operation
sing two input variables

B.

- Y=A+B

0

===

1
1
1

A
B

Fig: 17.25 OR Gate using two input variables

Truth Table of OR gate using three input vaniables A, B, C
and output is Y, If any input is | then output Y becomes |
and if all inputs are 0 then ouput Y becomes 0.
Boolean expression of OR gate is Y=A+B+(

Y=A+B
OUTPUT




Truth table of OR operation using three
input variables

Y = A+B+C

=|=l=|=|=|=|=|=|=
sl ==|l=|l=|H

mlelm|e|lx]=s|=|=ln

o T Y T

Fig: 17.26 OR Gate using three input variables

NOT Gate:

A NOT gate is a digital circuit that has a single
input and a single output. 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 'tapie of NOT gate is A is input and Y = A is output.

| Truth table of NOT gate operation using two
| input variables

% Y-%

() oo o

A logical statement that
resuls in form of il
value, either be True or
False, is called o Boolean
expression.




Fig: 17.27 NOT Gate

NAND Gate:

A NAND Gate could construct hy connecting a
NOT Gate at the output termmal of the AND Gate.
Boolean expression of NAND g&;g is Y= (A.B)" or
Y=AB. ;

The Truth table uf'_ihe NAND gate shows A, B are
the inputs and Y is the output. When both 1npuls are “17,
the output, Y is 0" JE s any one of the inputs is “0", then the
output Y is 17

%‘ﬁe of NAND operation using

two input variables
w B Y "—';ﬂ'—B-
. 0 —
0 -
1|
1

Y
o -

Fig: 17.26 NANID Gate

NOR Gate:
WWW. Yo L A NOR Gate could construct by connecting a NOT
W Giate at the output terminal of the OR Gate. The Boolean

expression of NOR gate is Y = (A+B) or Y = A+B.



The Truth table of the NOR gate shows A, B are 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 *17, then the output Y
is 0",

Truth table of NOR operation using two
input variables

' Y-A+B
1

0

0

0

| =

—lmlels] >
=] -] =

A
B

USE OF LOGIC GATES;.
A seat belt alarm systent!

In Figure 17.30 , an AND gate is used in a simple
automobile’ seat belt alarm system to detect when the
ignition switch is on and the seat belt is unbuckled. If the
iglﬂt‘_i_’g_lfi"ﬂ}‘-’ftch is on, a HIGH is produced on input A of
IheAND gate. If the seat belt is not properly buckled, a
HIGH is produced on input B of the AND gate. Also,
when the ignition switch is turned on, a timer is started
that produces a HIGH on input C for 30 s. If all three
conditions exist that is, if the ignition is on and the seat
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.

(INPUT

|

Fig: 17.29 NOR Gate

switch
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Fig: 17.30
A simple seat belt
alurm circuit using an
AND gate,
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Fig: 17.31
A simplified introsion
detection system
using an OR gate,

Intrusion detection and alarm system:
A mmpllf ed portion of an intrusion detection and
alarm system is shown in F:gure 17.31. This system»muid
be used for one room in a home a room w:ﬂ’t 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 cloﬁedﬁnﬁmﬂ three of the
OR gate inputs are LOW. When one of the windows or
the door is opened, a HIGH is. pmdimad on that input to
the OR gate and the gate Gul:pui goes HIGH, It then
activates and latches ap aIarm circuit to warn of the
intrusion.

Self Assessme ions:
QI: Whati gate?
Q2: Whic is used to invert the input?

Q3: Write the Boolean expression of an OR gate?




£/ SUMMARY

Electronics comprises the physics, engineering and technology.

Electronics has applications that deal with the emission, flow and cﬂnﬂ‘ﬂ] of
electrons in vacuum and matter using different devices. ;

Analogue are those quantities which change continuously with __ﬁlh#;g. '

Digital are those quantities which change discretely (in stepg,l-atﬁ'th time,

» Analogue electronics possesses the data being provided in the form of

continuously varying quantitics (continuous signals),
Digital electronics possesses the data being pl‘aw-:ied in the form of digits
(discrete signals).

Thermionic emission is the emission of electrons from a hot metal surface.

An electron gun made the electrons to l:r-;wé':l'fin'straight lines like a beam.
Electrons and their beams can be dﬁﬁé_auihd.ﬁy clectric fields.

Electrons and their beams can be deflected by magnetic fields.

The Cathode-ray oscilloscope man electronic device which can be used 1o
measure voltages, study wave forms and measure short intervals of time.
Cathode rays are beam of électrons that are produced by thermionic emission
in a vacuum tube, it

Cathode rays can be deflected by electric and magnetic fields.

Logic gates ar:rus@d to implement the logic,

There are d1ﬁ’emnt 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,
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Elecironics
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Digital electronics Analgg e lectronics
Circhit$which have varying
signals-such as Radio, television,
"% wall clocks ete.




mmmtiplu Choice Questions (MCQs)

1. Metals are good conductors of electricity because they have free:

{a} Electrons (b)  Protons (c) 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 electric field can be detect: ~ N

(a) Photon (b) Neutron (¢) Proton tﬂ’}-:ﬁle-:tmn

4, Ifthe direction of magnetic field is reversed, the direction nfform is:

{a) Reversed (b) Not reversed (c) May or may not rﬁwpﬂeﬁ (d) None of these
5. The process of emission of electrons from the hot metal -%u_rfaces 15 called
(a) Plastic emission (b) Thenmionic emission
(c) Static emission (d) Current emission
6. If input of a NOT gate is *17 then its output iss
(a} 1 (b) 0 (c)maybelormaybe0  (d)Noneofthese
7. The Boolean expression of an AND gate is;
(a)A.B (b) A+ B (c) A=<B (d) None of these.
8. Electronics comprises the: ;
(a) Physics (b) Engineering —(c) Technology  (d) All of these
9. The Boolean expression of an OR gate is:
(a)A.B (b) A+ B (¢) A x B (d) None of these.
10. The cathode ray carry
(a) positive charge  (b) neutral  (¢) negative charge  (d) positrons

Slruﬂ_.ﬁ red Questions

1. Give an cxample showing that the world is shifting from low-tech electrical
appliances to high-tech electronic appliances

2. (a) Write: any three advantages of Digital electronics (devices) over analogue
electronics devices.

. (b) Define the role of vacuum tube in electronics.

- 3. 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
mnstead of having vacuum in it?

6. Why the cathode repel electrons?

7. Write any two properties of cathode rays.

L A




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 is changed? \J
(c) Name any two 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, béam by an
clectron 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 gljn can be directed to a
specific target?
12. Demonstrate by a diagram the deflection of clena‘.mn beam by an electric field.
13. () What happens to the encrgy of clectron beam when it passes through a
magnetic field?
(b)Is there any change in the syeed ﬂf electron beam as it passes through a
magnetic field.
i4.  Give any three effects of deflection of clﬂctmn beam by a magnetic
field.
15, Explain the function of follewing parts of a cathode-ray oscilloscope,
(a¢)  The fluorescent screen.
(b)  The cathode.
(¢)  The anode.
()  The Y-plate.
16. Explain hﬂw rfhe beam of electrons is produced inside the cathode-ray
uscﬂlﬂﬁcﬂpe
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?
" 2. (a) Give the symbol of a NAND gate.
- (b) Give the truth table for AND gate.
21. (#) Describe the logic operation of an inverter?
(b) Produce the truth table for an OR gate?
22 (a) Which two logic gates will give an output of | with inputs of | and 0 7
(b) Give the symbol of a NOR gate?
(¢) Give the truth table of a NOR gate?
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18.1 INFORMATION AND CCOMMUNICATION
TECHNOLOGY

Processed data is termed imformation in computers. A
computer analyses data and extracts information. Sound,
image, and digital data are used to communicate this
information to remote locations. An elecironic-based
system for transmilting, receiving, proeessing, and
retrieving information is known as Inloermation and
Communication Technology (ICT). Telégdmmunications
and information technology have beem 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 is-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.

18.2 COMPONENTS OF COMPUTER BASED
SANFORMATION SYSTEM (CBIS)

Five components must come together to create a CBIS (see

F i_'g.'lﬁ,]}. 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 turn 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,



4, Procedures: The guidelines for ereating and using
information systems. These are in user manuals and
papers. From time to time, these rules or techniques
may be revised, In order to accommodate these
adjustments, the information system must be
adaptable.

Compater based
information system

AT
- O
- b
Software ] Network
Fig: [8.1 Componenisol CBIS
5. People: A CBIS is useless without individuals who
can impact the Succtsz. or failure of information
systems, People develop and maintain the software,
enter data,and construct the hardware that makes a
CBIS. wﬂrk People write the processes and
ulhmatdiy decide the € BIS's effectiveness.

18.3 JEQW OF INFORMATION

Eiecl_mnh. and optical equipment can be used to
transfer information from one place to another place, which
is called flow of information. When you use a phone,
_electrical impulses are used to transmit data via cables,
Radio, television, and mobile phones provide information
by clectromagnetic 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

a




Fig: 183 {a)

First telephone
Bell's welephone
transmitter (microphone)
cansisted of a single
permanently magnetized
bar magnet having a
small coil or bobbin of
fine wire surrounding one
pole, in front of which a
thin dise of iron was
fixed in a ciruulglr‘;

Fig: 18.3 (b)
Telephone

way as radio waves, It is because they are used to
communicate with satellites.

Figure 182 shows a communication system. The
transmitter, transmission channel, and receiver are three of
the most important parts of any communication system.

Fig: 18.2 Communigation sysiem

The input signal is processed by the transmitter, The
transmission channel is the medium used to transmit the
signal. Wires or ¢oaxial cables may be used in the same
way as radio-wave and optical fiber cables. In other words,
the signal power gets weaker as you get farther away from
the source. The transducer receives the output signal from
the receiverafier it has been processed. To compensate for
transmission loss, the receiver may amplify the input
sgnal

18.4 TRANSMISSION OF ELECTRICAL SIGNAL
; THROUGH WIRES

In 1876, Alexander Graham Bell created a simple and basic
telephone system to transmit audio as an electrical signal.
An electric coil is attached to a vibrating diaphragm which
is made of metal. Diaphragms are used in modemn
telephones to convert voice into electrical signals for
transmission. The mouthpiece and the earpiece are two
elements of the telephone system; Fig.18.3.

A thin metal diaphragm and carbon granules are found in
the mouthpicce and receiver, respectively, The diaphragm
vibrates as we speak through the mouthpiece. An electrical
current may travel through 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




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.

Transmitter Receiver

i .

Antenna or aerial

Fip. 18.4: Radio transmission amd receivinge 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. Electomagnetic 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 gel at the information
signal, we need to use the demodulator, which extracts it,
JIn.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 Fig: 18,6
resulting electronic signals over telephone line. Fax machine

Fig: 18.5 Radip

&



Fig: 18.7
Mauobile phone

Fig: 18.9
Phato phone

An internal printer on the receiving system is used to print
out & 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. Tt'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.

K /»((Afx \
ﬁ\ ( ‘33‘/
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Fig: 18.8. Cell |:I1mu: network
When a mobile phone user makes a phone call. the sound

wwaves 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 (M5C), which transmits it to the
transmitier, 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 modern form of a photo or
video phone. It is possible for users 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.




TRANSMISSION OF LIGHT

THROUGHOPTICAL FIBRES
Visible light waves are substantially higher in frequency
than radio waves. This implies that light beams can convey
mformation faster than radiowaves or microwaves. An
optical fibre was employed as a transmission path. A low-
refraciive-index optical fibre is a tiny strand of high-quality
glass that absorbs less light. A bundle of optical fibres of
human hair-thick glass fibres.

18.6 SIGNALS

Light entering the core of an optical fibre travels straight
and meets the inner wall (cladding). If the cladding

incidence angle is below the critical angle, some light
escapes the fibre optics and is lost; Fig, 18.10. Arcritical
angle of mcidence s one where all light is rcﬂi..ctqi into the
fibre optics. It then proceeds in a straight puth utltil meets
the inner wall again, and so on.

The benefit of optical fibre is that it canht: l.u!ed to transmit
very large amounts of data across great distances with little
loss of quality, This characteristic of fibre optics separates
it from wire-based systems. Whmcwﬂ electrical slgndlﬂ are
transferred across wires, the signal loss rises in direct
proportion to the increasein data rate delivered. As a result,
the signal's range is reduced.

Cladding

N

Fig: 18.10.
Light entering a glass rod at greater than the eritieal angle is
trapped inside the glass

is transmitted thmng
satellites, but fiber optic
cables actually form the

ufail &uM}Taﬂny mm:

'mﬂu submarine

cables in service,
stretching over 700,000
miles (1.1 million km)
caround the world,




Supercomputer is a
computer that performs at
or near the highest
opetational rate for
computers, Traditionally,
supercomputers have
been used for scientific
and engineering
applications that must
handle massive
databases, l‘.tﬂ a grﬂat
amount of mmﬂnm;n ar
both,

) o-ver o |

ENIAC, in full Electronic
Numerical Infegrator an
Cm';'mxcr the
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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
light beams may flow through the core in several ways.
Multi-mode cables can only transmit data over small
distances and are used to connect computer networks
together.

Computer

A computer processes, stores, and displays data. Hardware
and software are two components that aré fundamental to
the operation of & computer., "Hardware" is a physical
component of computer. CPU, monitor, keyboard, and
mouse are a few examples. CPU, a microprocessor, is the
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 (OS) is the software that governs 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

use laptops; Fig 18.11. It is easy to carry a laptop with you

‘when you need to work on a computer since they're

compact and light.

Fig: 18.11
Laptap

Fig: 18.12. Parts ol a compuler




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 (1Cs) that
a4 processor or computer can access immediately. Random
Access Memory (RAM) is a region in the memory where
running programmes and services may be accessed by the
CPU. Whenever you tumm off your computer, you lose all of
your RAM's data. The second part of memory is called
read-only memory (ROM), which is a type of sterage
medium that stores data on personal computers (PCs) and
other electronic devices in a way that doesn't change it
Among its many functions, it handles the: miajority 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 lypes of data. It is used to keep the
data in the computer for“a long time. When we open a
software, data 18 tansferred from secondary to main
storage. Audio=video cassettes, hard discs, USBs, memory
cards are the few examples of secondary storage devices.
Audiv And Video Cassettes

These dwfces are based on magnetism. Audio cassettes

_ comsist of a tape of magnetic material on which sound is
ecorded in a particular pattern of a magnetic field;
Fig 1%8.13 For this purpose, microphone changes sound

waves into clectric 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 casserte

157
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In 1877 Thomas Edison,
invented the phonograph. It
was beginning of sound
recording and reproduction.

Tape motion :

Phonegraph
Fig: 18.14. A magnetic tapestorage mechanism

Thus, magnetic tape is magpetized in a particular pattern
according (o rise and-fall of current. In this way, sound is
storedin a specificaagnetic 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 currént signals in the coil wound on the head.
These signals are amplified and sent to the loudspeakers
which reproduce  the recorded sound. In  video
tapefedssettes; Fig, 18,15, pictures are recorded along with
soumnd.

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
Fig: 18.16 medium— binary numbers arg written and read.

Floppy disk A floppy disc: Fig.18.16 is a small magnetically sensitive,
flexible plastic wafer housed in a plastic case. It i1s 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

Fig: 18.15
Video cassetie

and read from floppy disk.

Hard Disk
Fig: 18.17 Most users rely on hard disks as their primary storage
Hard disk devices. A hard disk 1s a rigid, magnetically sensitive disk



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 hard disk is never
removed by the user. A typical hard disk consists of several
platters, each accessed via a read/wrnite head on a moveable
.

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, 1818 (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 'l" and '0". CDs can contain 680
MB of data. A DVD can contain | 7TGB of data, the same as
a CD.

Flash Drive

It is an electronics device and has Integrated. circuits (1Cs)
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 tonnect one to our
key chain. collar, or book bag, Because of flash derive: we
don't need to bring a hard drive or laptop with us when we
move around the world.

IS8 Word Processing, Data Management and Control
Word processing is Such a use of computer through which
we can write*a lefter, 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
cah 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 modermn 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:

Fig=18.18 (u)
Compact disk

Land

Pit
Fig: 18.18 (h)

Fig: 18.19
Flash drive

In 1956, 1BM’s Data
Processing Division in
southern San Jose, Ca

transported the first hard-
drive that only helda
whopping 5 megabytes of



National Databnse and
Registration Aothority

(NADRA),

biggest data managing
authority of Pakistan
was established on 10
manage the data of
internet by issuing
‘computerized identity
card and Form B,

Fig: 18.20
BRarcode scanning

g SR
Data Management - Monitoring And Control
To collect all information regarding a subject for any
purposeand to store them In the computer in more than one
inter linked files which may help when needed, is called
'data managing', .

The educational _institutions, libraries, hospitals and
industries  store  the concermned information by data
management. Additions and deletions are made in the data
according “to the requirement, which help in the
impravement of the management of the mstitutions.

In big departmental stores and super markets, optical
seanners are used to read. with the help of a Laser Beam,
the barcodes of a product which indicate the number at
which this product 18 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
netwarks, which spreads all across the globe. Initially, the
size of Internet was small. Soon.people became aware ol its
utility and advantages and within short span of time,
numerous computers and networks got themselves




connected to Internet. Its size has increased multi folds
within few years. Today Internet comprises of several
million computers. There is hardly any country of the @m

world and important city of the country, where Internet is January 1, 1933 is ic

notavailable,

A conceptual diagram of Internet is illustrated in Fig. 18.21.
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Fig: 18.21. Schematic diagram uﬂm.l.rnul‘

Internet is basically a large computers. network, which
extends all across the globe. In Internet, millions of
computers remain connected mgmlm through well-laid

communication system. : HTTP, in full Hyper

) Text Transfer Protocol,
Recall that telephone ,cmafmumcatmn system is well- saniard opli tion-level
defined, time proven system. Internet makes use of this protocol used for

system and many..other systems to connect all the  exchanging files on the
computers. Thus like a telephone connection, any computer World Wide Web.
of any city ean ‘establish a connection with any other
computer of an:fﬂmer city and exchange data or messages
with it
Internel Services
The main services used on the internet include:
" Web browsing - this function allows users to view
webpages.
» E-mail - Allows people to send and receive text
messages.
Browsers
A browser is an application which provides a window to the
Web. All browsers are designed to display the pages of Internet explorer
information located at Web sites around the world. The




Google Chrome

Muowilla Firetox

Fig: 18.22,

leons of different weh

Browsers
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Fig: 18.23.

leons of Electronic mail

most popular browsers on the market today include Internet

Explorer, The World. Opera. Safari, Mozilla Firefox,

Chrome, etc; Fig. 18.22. %

We can search anything through search engine like Google

Chrome, Internet Explorer, Mozilla Firfox. etc.

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 1s 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
“one 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.

i, Faster Communication

ii. Big Source of Information

iil. Source of Entertainment

iv. Access to social media

v, Access to Online Services

vi. E-commerce

vii. E-Leamning
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The scientific method used to store information, to arrange it for proper use

and to communicate it to others is called information technology.

The methods and means that are used to communicate 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

mn 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 phope 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 deviees store the information for later use and benefits.

These include audio 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.

@,



The most important piece of hardware is the central processing unit (CPU). It
is the “brain” of computer—the part that translates mstructions and performs
arithmetic calculations.

Software refers to the instructions, or programs. that are installed m the
hardware to perform different tasks. Window and Linux Dperﬂtmg Systems
(08S) are examples of softwares.

Word processing is such a use of computer through which We can write a
letter, prepare reports and books., By means of this, Wc can develop any
document and see it on the sereen afier typing.

To collect information for a special purpose and tu"sﬂ;-i-'e 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 computérs which is major source of
information and world communication.




«*s CONCEPT MAP

I Information ans commumeation lechnology |

| Processing the data information |

e

Basic operation of a computer

 Ioput i Process Jf Oupu |

‘Iransmilting information over Jante :]j:i!unw:i]

+ Through clegirieal signals
* Through midicwaves
+ Mobilg phune

+ Oplical fiber, ele.

Cotipuler

Al

Hardware | Sollware Parts of computer
Physical parts of & computer U et of instructions, Mimnifor, system umit,
[ tiells computer what to do keyhoard mowse, prinier
' |
| |
“JApplication software | | System sofiware
" | word processing ete. | | Windows, Linux, ele,

[

" Qutput devices

Input devices
Keyhonrd L Muonitor
] Ploter
Aoytic Projocior

Speabors




IJ

a2

LTS TR LY ) Multiple Choice Questions (MCQs)

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 referred to as:
a) Information processing cycle. b) Software life cycle. '
¢) Hardware life cyele. d) Information technology.
is the output from a computer that ranks from processing input data
a) Data bj Information \
¢) Computer d) Mouse
Which one of the following is not considered as a systém software?
a) Assembler b) lnterprﬂer
¢) Compiler d) Ta

Which of the following is suitable for umnf:ctmg different computers in an
organized manner within an office building?

a) MAN ' b) WAN

¢) ANN d) LAN

A computer program that translates one program instruction at a time into
machine language is called?.

a) Interpreter b) CPU

¢) Compiler : d) Simulator

The name given to a sequence of instructions in a computer language, to get
the desired result is?

a) Program bj Decision table
¢) Pseudo code d) Algorithm
8. USB stands for
.a) Ultra Serial Bus bj Unlimited Structured Bit
-..u:‘) Universal Serial Bus d) Unified Status Bus
O, Which is the extension not suitable to an ms-word file
© aj.deoc b} .docx
¢) ol d) jpeg
10. ICT stands for

a) Information and Communications Technology
b) Integrated Circular Technology
¢} Intensive Computer Techniques
d) Interfacing Computer Theories




Struuturud Questions

o
2

Tk
.

o
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10.
11.

12.
13.
14.

What is difference between data and information?
What do you understand by Information and Communication Technelogy
(ICT)?

What are the components of information technology? Cl&ﬂ]‘l}-‘ Tm;hdcale the
functionof cach component.

Differentiate between the primary memory and the hf:mm,lm::.f f‘hemury
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 computérin everyday life?

What is the difference between hardware and software? Name different
softwares, Fa S

What do you understand by the term word processing and data managing?
What is Internet? Internet is a-useful source of knowledge and information.
[Discuss.

Discuss the role of informatien. technology in school education,

Why optical fibre is mug?h@é‘fnl 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)

Alter learming this unit stadents shoold be able to

Describe the structure of an atom in terms oFa nucleus and
electrons

Dizseribe the evidence for the nuclear model of the atom
Deseribe the composition of the nueless in terms of
protons and neutrons

Explain that number of protons in 2 nucleus distinguishes
one element from the other,

Pepresent various nuclides by using the symbol of preton
number Z, nucleon number A and the nuclide notion z%*
Lise the term isotope

Thete are pverl00
ifferent kands oFatoms:

Anong 92 of them

ogeur nattirally, while
the remainder is
manulnctured, Aloms
are mostly empiy
spaces, The nucleus of
anatom 15 dense and
contains nearly allof the
alomie mass. Elecirons
comtribule very litle
miss o the pom (it
takes | %36 clectrons to
equal the mass of &
proton) and orbit so far
away from the nucleus
thiat each atom s 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 building blocks of matter are
atoms, Thus, the composition of everything, living or non-

living, atoms,

What the exactly atom is7 What is it composed of? Let us
study atoms and the structure of atoms in detail in this unit.
19.1 ATOM AND ATOMIC NUCLEUS

The structure of an atom in terms of a nucleus and

electrons

Atom is the smallest unit into which matter can be divided
without releasing electrically charged particles. This is too
small to be seen with any ordinary microscope. Howev

by shooting tiny atomic particles through atoms

have developed a structure model, The simpl;%qlﬁhﬂ’s

atomic model given below: Fig 19.1 is often

explain the basic structure of an atom.
Every atom is composed of two parts;

s  The central hard-core of a is the nucleus
which is the small, dense rgg%r_
neu

closely packed protons a
« Around the nucleus, electrons revolve at high speed.

=

et

nsisting of
ns,

The number of p icles (clectrons and protons)

charged orbiting e

compared with

7

atom.

depends on the
Most of the awri&s.empty space. The rest comprise a
positively charged us surrounded by negatively
ons. The nucleus is tiny and dense
electrons. Electrons are bound by a
positi ’ﬁmrgt:d nucleus with the electrostatic force.
T*nl'm‘%3 odel of the Atom
obody has seen an atom. To wvisualize the
' cesses in the atom, various models have been proposed,
therford put forward one of the earliest model of the

nucleus, which he derived from experiments carried out by

Greiger and Marsden. Let us discuss this experiment and its
results in detail.
Geiger and Marsden «- scattering Experiment

Geiger and Marsden, the two scientists, used a beam

of positively charged a- particles to bombard a thin gold

Fig: 19.1
The structure of an
atom




" |Radistion on source (radium)

Figz: 19.2
Experimental
arrangement of
Gelger and Marsden
er- scattering

|1t
1
E

I

E—E'—#s@mﬁaa .

Flg 9.3
Seattering o s,

Pnrtr:lu}(\\

Fig: 194
Close up view of
seattering of @-
particles by o noelews

foil placed in a vacuum surrounded by a ring-shaped
fluorescent sereen. After bombarding the foil, the scattered
@- particles were detected using a rotating det
When a@- particles hit the screen of light was ob
through the detector; Fig 19.2.

Geiger and Marsden found quite u@‘c}
experimental results that most of the a- p were not
deflected or only a few deflected throu s angles.

The unexpected result was that a sv@ﬁm r of the a-
siderabl

particles were deflected through ¢ e large angles
of more than 90, and a few - particles were even
deflected buck through nearly

To explain these
pust‘ula‘ted an atomic model.

ations,  Rutherford
The nucleus carries all the

positive charge of 74 m and nearly all its mass, as a large
number of a- ;-:u_;‘_“tv_f:'- passing through the foil un-

&

deflected suggest that there exit large empty spaces in an
atom an - positively charged a- particles that
deflected gh large angles had come very close to the
posi harged nucleus. However, a few were repelled

so strongly that they bounced back or deflected through
gles, as shown in figures 19,3 and 19.4.

nm.: Assessment Questions:
\QQL

‘What the center of an atom is called?

Q2: Where are the electrons found inside an atom?

192 PROTONS. NEUTRONS

The composition 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 contains the neutrons and the protons bound
tightly together by the nuclear forces (gluons) as shown in
figure 19.5. Neutrons carries no charge, The mass of a
neutron is slightly larger than that of a proton. Proton have
an cqual 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




considered neutral.  Atoms have different properties
depending upon the amangement and number of then
elemental particles;

Fig: 196

Ymodel of the stomie
nucleus showing it oy n
compact bundle of the
two tvpes of particles:

protons (red) and
neutrens (o)

Fig: 19.5

e strong force binds quarks together in closters to make more-
familiar subatomic particles, such as protons And nevtrons. It
also holds together the atomic nuelens andanderlies inleractions
between all particles cgnliining guarks,

Fablie 4901
The relative masses and charaes of particles in an atom

- - Encournge students to
MName of Relstive Miss Relative visit below link for

| Particle { N - Charge Atom and its composifion

 Proton | 1 +1 hitps-/fwww.youtube com/

| Electron | 1/1836 _ -1 EFE;—D;:}E'E"M*";F;’:S&'“DI

The branch of physics concerned with the study
and understanding of the atomic nucleus, including its
composition and the forces which bind it together, 1s
called nuclear physics.
=ell Assessment Questions:

Q1: An atom consists of electrons revolving around the
nucleus made of neutrons and protons. State which of
these particles have

(1) An equal and opposite charge

(ii) Almost equal mass.

2011



19.3 ELEMENTS

All materials are made from about 100 essential
substances known as elements. The smallest part of
element is an atom. How is it possible to @
characteristics that differ between each el
distinguish one element from another? Eac _ ve
a unique number of protons, :j%\

The atomic number distinguishes one element from
another. For example, the:atomig number (Z) of carbon is
six because it has 6 proto ﬁ d the atomic number (Z) of
nitrogen is seven because ithas 7 protons, There are some
other examples g‘i‘@ ble 19,2, The atomic number

also tells you the n r of electrons in that atom,

Table 19.2,
Mu’{ns o st cight elements of the periodic table
! i

= | Neutror H“E‘"“ Jumiu w
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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 nucteons. The number of protons in an atom of an
element is called the atomic number, (Z). The number of
neutron [u_mﬂ_;n_art (N;]

- protons




The total number of nucleons is the atomic mass, A.
Table 19.2. These numbers are related by the symbol A.
A=Z+N
A nucleus is represented symbolically by:
z XA
Where X represents the nuclide of a chemical
element, A is the nucleon number, and Z is the atomic
number,
~ Tor example, ¢ C" represents the carbon nucleus
with six protons and twelve nucleons. Thus, the total
orbiting electrons are also six. and the neutron number is:
A=Z+N
N=A-Z
N=12-6
N=6
Self-Assessment Questions:
Q1: The nwhdﬂmtaumfﬂrihn tﬂ'animn- j 159

Isntnpes
The atoms of an elementare not exactly alike. Some

Mnst '-- ents have mixture of two or nwre:

topes with atomic masses 1, 2, and 3. You
oW to represent an atom of Hydrogen using
and numbers in the table19.3 given below.

|sutvp¥ rex ampla the hydrogen atom (atomic number

Tabe 19.] 1 Isatopes of the Hulruuul mnm .
; Nawﬁnn - | Symbol

Fig: 19.7.

Isotopes of hyvdrogen

Fig: 19.8,
Isntopes of helium




You Kiow

Every element has a specific position in the periodic
table and nearly identical chemical behavior or properties
with the same number of electrons,

Man}; other essential properties of an

protons in the nucleus of mass number (s
different physical properties, i.e. mass
volume, and density.
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B/ SUMMARY

»  Everything around us is made up of atoms. O

~  Atom 1s the smallest unit of matter. {\

» Every atom is composed of two parts; the nucleus and the shell.

# The nucleus is a central small and dense part of the atom that rotons
and neutrons.

~ The shell part of the atom contains e¢lectrons that orbit at hi ‘around the
nucleus.

# Most of the atom is an emply space.

# In an atom, electric forces bind the ¢lectrons to the r?m .

# Anatom 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 elements called the atomic number.

# The number of protons and neutrons in ad atom is known as nucleons.

# The total number of nucleons in an atom is called the mass number.

# Isotope has the same atomic n u,ﬁ,ﬂ but-a different mass number.

Choose the correct answer [ ¢ following choices:

€Y Multiple Choice (

1. 2H and 3H are:
a) Isotopes Q Isobars
c) Isotones @ d) Isochores
2. The neutral at | of the isotopes of the same element have

a) di rs of protons.
b)e rs of neutrons.
¢) An exaet number of protons,

exact number of nucleons.
3. ider the species 17CP%, and 17CF’. These species have:
) the exact number of nucleons
* b) the exact number of protons
/ \ ¢} the exact number of neutrons.
d) the exact mass number.
4. Atomic mass of an element is equal to
a} Mass of protons and neutrons
b) Mass of protons and electrons
) Mass of electrons and neutrons
d) Mass of protons only




5. The maximum mass of an atom is concentrated in;

a) nucleus b) neutrons
¢) protons d) electrons
6. Consider isotope U7 of uranium. The number of neutrons in it is: O
a) 92 by 237 {\
&) 145 d 329 O
7. The symbol denotes the proton number is: \Q
a) P b) A
o N ) 7 &,
8. The number of neutron(s) in Protium is: (9
a) no b) one
c) two d)  three (b

a) More significant in volume and heavier in

b) smaller in volume but heavier in mass

¢) More significant in volume but lighter in

d) Smaller in volume and lighter in ma ’
10. If an element B has five protons and six 1

element B "'

a) 11,B h) N%_,

¢) 11,B
1. (a) Which parlm%&%e found in the nucleus of an atom?

9, In an atom, the nucleus when compared to the ex%c part, is

eutrons what will be the symbol of

(b) Describ cture of an atom.
(c) H% e number of protons in a nucleus distinguish one element from
‘the other’
2. (a) Cite the Geiger Marsden experiment with the help of a diagram,

Give the Rutherford model of an atom,
y it was proposed that most atoms possess an empty space,
Qﬁa} Define Atomic number (Z) _ _
\ (b) Explain the symbolic representation of an atom of an element. Give an
example.
4. (a) What is the isotope?

(b) Explain the isotope with an example. _ _

(¢) Why are the chemical properties of an element’s different isotopes identical?
() List the physical propertics of different isotopes of an clement that are
different.

&
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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
nuclear 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 & of energy
fractions of a second to nuclear detectors, However, upon
understanding the nuclear structure and nuclear radiation,

we will appreciate that this radiation has peaceful and disperse
beneficial applications to our daily lives. Let us study this ,

all in this unit in detail.

201 NATURAL RADIOACTIVITY \:)(b

Atomic nuclei consist of protons and neutrons, whereb
protons repel each other through electrostatic force L!' tu
their positive charges. In contrast, nuclei bind the

through another specific binding energy. Thcs-f: orces

compete with each other, leading to varmus bl]lty
There are nnl}r certain - neutron-pro atrings  that
form stable nuclei. As a result, an g ratio of
neuirons to protons is required to ﬁ:nrm a stable nucleus.

Some proportions of neutrons to p more stable than
others in a nucleus if the n ‘Prmnber N.is plotted
against the proton number, 20.1, for all different

isotopes of all the elem

] oL~z

® b » ® @ W @ W W W e
Fig: 20.1. Nuclear stability curve of all isntope
There are too many or 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.



Types of radiation a, p & vy '

To explain the graph of unstable nuc‘lekh the
varying number of neutrons as discussed a Ithas these
salient features as given below,

1. Stable isotopes lie along with tlw@b“f'ty line.
ii.  lsotopes above the stabili "[’me have too many
neutrons to be stable. ‘%ﬁ @a}f for B (electron)
_ emission reduces the number of neutrons.
iii.  Isotopes below the ling of stability have few neutrons
to be stable. Th for 7 (positron) emissions

increascs the 7 ber of neutrons
iv. The heavfﬁes (proton number, Z > 83) decay

by ec
Man%_ i?r infrequent types of decay, such as
spontadgcgus ssion or neutron emission, are also observed.

Natu dinactive emission
< To describe the nature of three types of radiation e, p. and
hox lﬂ} radioactive source is placed inside the electric field.
a.a-a«(ﬁ: radiation emitted from the source breaks down into
Fig: 20.2 - ¢ components: & and J} -radiations bend in the opposite
Thiree 1.,P“ of = direction in the electric field. while y -radiation does not
radiatio @ L change its direction; Figure 20.2.
distinguis This result describes that,
path tollowed'in an o g deflected towards a negatively charged while the
plate is positively charged, '

EX tTgleclric field
O

o | deflected towards a positive plate that is
negatively charged. It is detlected 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 streamlel
of high-energy electrons. Gamma radiations are photons
that are electromagnetic radiations of ultra-high frequency.




Relative iunl.:]ng Lﬂ'm::u ul‘ raﬂiunctiw emlmun

e S

Atoms become ions when they'lnse or gam electrons.
Nuclear radiations, i.e., alpha, beta, and gamma, can knock
out electrons from atoms in their paths, resulting in an
ionizing effect. However, alpha particles have the most
significant ionization power than beta particles and gamma
rays, It is due to the large positive charge and large mass of’
alpha particles. Beta particles ionize a gas much less than \}lg 20.3.
alpha particles, The ionization power of gamma rays is eve %mmn of alpha
less than that of beta particles. The ionization of a}pha particles in a gas
parnclr.:s ina gas ls gwen in ﬁgum 20 3 .

Relative penetratmg abilities of radioa ssion

An alpha particle has the shﬂne‘%ﬂaﬁ@ ability
because of its strong interacting or ionizing power. Alpha
partlclc his a penetrating range uf%n.l few centimeters in

the air: they can be stopped by % heet of paper or by
the skin, The beta radlatmn w1th the matter due to
its charge and has a ¢ iting range compared to

have a range of several meters

in the air, Theyc te through thick paper but are
stopped by llimeters of aluminum. However,
gsamma rays wera] hundreds of meters in the air.
The gamma rays are very penetrating, never completely Fig: 20.4.

stap thirough lead, and thick conerete will reduce their  Relative penetrating

ity. It is due to their high speed and neutral nature. abilities of three
Ii' shows the relative penetrating abilities of three  kinds of radiations.
' @i?ﬁtﬂdiaﬁﬂnﬁ-

Qu What is the nature of alpha radiations?
Q3: Define the penetrating power?




20.2 \UC[E!&R TRANSMUTATIONS .

We know that if an isotope is radio @‘it has an
unstable arrangement of neutrons qng%}ntﬁns. The
emission of alpha or beta particles makes the nucleus more
stable, whereas it changes the r of protons and
neutrons. So it transmutes to leus of a different

y ‘can reprEseni cha.ngcs in the composition of tllﬂ
cleus using a nuclear equation in which an unstable
ent nuclide X decays into a daughter nuclide ¥ by the

!&issiqn of alpha, beta, and gamma decay products with the

release of energy.

Alpha (u)-decay
& In alpha decay, the proton number or atomic number, £ of
the parent nuclide reduces by 2, while its atomic mass or
\Qn nucleon number, 4, decreases by 4.
@ =He

Emitted o - -
by P (gREmm)
= R
=U Z=Th

Its general equation
XA — s zaYM™4+ @ +energy
Parent daughter  alpha

nuclide nuclide  particle




Example:
When radium ggRa** decays by alpha emission. The alpha
decay leaves the nucleus with 2 protons and two neutrons
less than before. So the atomic number drops to 86 and the
atomic mass to 222, Radon has the atomic number of 86, so
radon is the new element formed. Its decay process can be
written as,

88 Rﬂﬂs SE—— s Rn 22+ ¢ + energy

Beta (fi)-decay _
Pt oy r 7 of the

; o ozZn¥YY + 1 +ene
Parent daughter beta
nuclide nuclide parti::lfz)

ng:n 14

m;m-m

Example: {
When carbon 4C14 decays :-,r beta emission. The beta decay

leaves the n Q 1 one more proton and one neutron
less than b So the atomic number increases to 7, and
umh

the mass_ni remains un:hanged Nitrogen has the
atomie number of 7. so mtrngen is the new element formed.
Its decay process can be written as,

CRCH s N e+ energy
ﬂ}+ decay

o s = % s T Er _*"‘ ‘| ]

"u ?ns

rtmn aml_ssmnf 3 smve heta dﬁ:ﬂ}r ([ -de;:a ), )
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Ewnml;
Terrestrial (7%)
Radon - 220 (5%

Potassium - 40 (7%
Thorium and umumm{ﬂ}
Fip: 20.5.
Sources of background
rudistions

() oo reuxaon: |

When cosmic rays enter
the armosphere. they
undergo various:
transmutstions, including
the production
of neutrons, When
nitrogen-14 atoms absorh
these thermal neutrons,
radio-carbon-14 is
produced in the upper «

lavers of thie ntmu?pheqﬁ
anlea® o (CH 4 gp

g-mﬂm}

Fig: 20.6,
Shower of radiatinon

Baron - 10

8- 3

Beia-plos Deeay

Self-Assessment Questions: '{a.-*"j
-

Ql1: Define Nuclear Transmutation.

Q2: What nuclear changes take planE i @mma emission?

%

Q3: When a nuchde of Strontit 28 Sr%%) decays by
the emission of § particle, it becomes the nucleus of
the Yttrium: symbol Y. Complete the nuclear
equation, rie.

2003 BACKGROUND RADIATION

We are surrounded by the atmosphere on the surface
of the Earth, There arc a small number of radiations around
us due to the radioactive clements 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.

These natural radiations that come from the surroundings

ar¢.called background radiations.

In some areas, over half of these radiations come
from radioactive radon ssRn®%2 pas, 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 atmosphere to create a

shower of radiation; figure 20.6, including X-ravs, muons,

protons, alpha particles, electrons, and neutrons.

Radioactive emissions oceur randomly over space and

time

Spontancous decay is a process in which
environmental factors cannot influence.
Radioactive decay takes place naturally (all by
itself). There 15 no way of predicting when a particular
nucleus will disintegrate, and the process is unaffected by

§214]

._-’



pressure. temperature, chemical conditions, and other

physical conditions. However, some nuclei undergo nuclear },I
disintegration at different rates. n ﬁ\)
A ﬁuﬂﬂrmrﬂawmﬁq‘mx‘h w‘ﬂmﬂ the exact Wy {-.,__,

demonstrate the random nature by observing the count rate
of radioactive disintegration. When a GM tube is placed |, . Iﬂ, =P P
i

w ; : bl '-;'.,. I

ﬁ. demctur like a Gﬂger—Muller ((:M} tube can ! %«r‘c}
near a radioactive source, the counts are irregular. Fach ndom nature of
count represents a decay of an unstable nucleus. The ioactive decay
variation of count rate over time of a sample radioactive (5
source is plotted on the graph. You can see the fluctuations
in count rate against time; figure 20.7 on the kﬁ
provides evidence for the random nature of radi
decay over space and time. It can be col‘l.{.‘llidﬂﬁFJ the

experiment that

* The time of each decay cannot be predic

e The direction in which rath emitted is not
possible to determine.

20.4. Half-Life G

Explain the meanin%\f the half-life of radioactive
material. _“L“_
The radioactiv: process is random, and the rate of
radioactive decay is proportional to the number of unstable
nuclei present. Inthe decay process, a constant fraction of
many unstable radioactive nuclei disintegrates at a certain
"bfcspan of the unstable nuelei is indefinite and is
iging to measure, We can think of about decay rate
anot ier term, half-life. R
alf-life of a radioactive isotope is the time taken for
half of the nuclei present in any given sample to decay.
ln-dme—l.?r] is a radioactive Lsntup-l:: of iodine. lodine-131
has an eight-day half-life, which means that half of an
iodine-131 sample will be converted to other elements
within 8 days; Fig. 20.8. Half of the remaining iodine will
decay in the next eight days, leaving eight only one-fourth




of the original amount of radium, and so on, the decaying
Process continues.

Emig e
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e
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Huordiar of Fad e
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@: 20.8 Rudivactivity of foding
Every radioactive element has its characteristic half-life.
The half-lives of some radioactive isotopes are given in the

table below. It might seem strange that some isotopes have

0 f-lives while others have long half-lives.
Tauble 20,1 Hull<lives of some radioactive nuclides

Radioactive isotope

el -t

Nl s, S




If the radioactive element 18 Ts,, then the number of nuclei
in the sample will become half at the end. After a time of
2Tz, 1., after the second half-hfe period, the number of
remaining nuclei will become 1/2.1/2 =1/22 =1/4; after a
time of 3 Tyz, 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 urig_inﬂ.L_\ ol
amount of the sample

Where n is the number of half-lives.
present, how much Np-240 will remain af
(Neptunium-240 has 2 halEJife of :rﬁ%
Solution: _
Step 1: Write down the known quantities
- be found.
Mass of the sample,
Half-life of the s:

i
11 anle -
oy :
]

Time, =6 hour
Number of half-lives, n = time -iﬂtﬂﬂﬂhhﬂif—iﬁﬂ
=6 hours/ 1 hour
n==6

: Write down the formula and rearrange if necessary
aining mass of the sample = 1/2" x Mass of the sample
the values and calculate.

.ﬁ aining mass of Neptunium-240 = 1/2° % 96 grams
S =1/64 x 96 grams
(_‘:j = 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. '




A sample of Ac-225 originally contained 8,0 > 10* nuclei.
After 960 hours, how much of the q:-ng:mal sample
un-decayed. The half-life of the isotope is ten day&mis
Solution: O
Step 1: Given data and find unknown

Original number of nuclei, N = 8.0 x 10%p

Given time, t = 960 hours.
= 960/24 days
=40 days
Number of half-hves. n= tlm& '/ half life

= 5.0x10%* nuclei

er 960 hours, only 5.0x10% nuclei of the original
010%™ nuclei sample would remain the radioactive
tape of Ac-225.

—
Howlmng will it take to decay for 36,0 mg ufRauﬁzﬁ to
@ leave 4.5 mg? The half-life of the isotope is 1600 ye
. L= 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 2: Write down the formula and rearrange if necessary

The required time = number of half-lives x half-life
Step 3: Put the values and calculate,

Therequmed‘tnﬂa 3 = 1600 years

=4800 years

This decay process requires 4800 years,

o l =1/16%8.0 * 10%* nuclei




Radio activity
To determine the half-life of a sampling of radioactive
clement 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 secnn
‘and third half-lives and get an average to avoid any
sl %
Example:
Iodine-131 is a radioisotope. It undergoes -"
particle emission into xenon-13 1. From the graph, its i

decayed, and the sample will now be 50% iodine-131. After
the next eight days pass (a to days or two half-
lives), the sample will be 25% 131. This decaying
continues until the entire @. p]e of iodine=131 has

L el =ia

W ingmernl Tires (Liga|

Fig: 20.9, Deeay curve of lodine-131




O Do You Kuow!

Estimate the age of ancient objects by the process of
carhun dﬂﬁn :

For e:-:,ample radioisotope carbon-14 is found i
amount in the atmosphere and is used to m
organic material. Living plants and an
dioxide and become slightly radioactive a
an organism is alive, the amount of

Following death & burial, wood & bones lose
C-14 as it changes 1o N-14 by beta decens.

c:urbmu. Beta decay 'Nﬂm;enl-l

pu:hde @ PFroton @ Neutran

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,
archeologists can estimate the age of remains by computing
the activity of carbon-14 in the live and dead animals.
Self Assessment Questions
Q1: Can the decay half-life of radioactive material be
changed?
Q2 Wiwthe radioisotopes of greater half-lives are used
in radioactive dating of archeological relics?
Radio Isotopes 208

radionuclide, or radioactive nuclide, A radioisot S a
kind of the same element with different @ es. It

Radio-isotopes \;:)
The radioisotope is also a radioactive isanpe 3

undergoes decay spontaneously and emits ion to
dissipate excess energy. i

We have leamned that every elem s One or more
isotopes. For example, hydrogen, the lightest element, has
three isotopes H'. H? and H:, On mﬂi{mnum] is unstable,
However, it is a radioactive |so‘§5%u and undergoes nuclear

decay,
The stable and non ¢ elements can also be
transmuted into radi lements by exposing them to

neutrons, or alpha particles. Such artificially produced
radioactive el e also called radioisotopes. Here are
some Examﬁﬁe production of radicisotopes:

©S¥ - 1sP* + H'

Stable Unstable Proton
% Sulphur phosphorus
Muclide Nuelide

c%j Het + pAlY > PP+

Alpha Stable Unstable Neutron
particle aluminum phospharus
Nuclide Nuclide

In these examples, P? and P* produced are artificial
radioisotopes.




Applications of radicisotopes in medicine, agriculture,
and industrial fields.

The attributes of naturally and artificially deca
elements, radioisotopes, give nse to their ﬁ
applications across many aspects of mndum lf'c
Radioisotopes are often used in medicine, industry, and
agriculture for various beneficial purposes; 8 ome practical

applications of radiﬂisutﬂpes in diffe ﬂﬁﬁc are given

below.
1. Radiotracers ‘:;;b
A radioactive tracer is a chemical compound in which a
short-lived radioisotope b laced a few atoms. Tracers
monitor the metalml f” chemical reactions inside the
human bud},r, animals. or plants. Radioisotopes are used as
edicine, industry, and agriculture,
In medinine, :-"- drinks a liquid containing radio
jodine- gamma emitter, to check thyroid function.
Over t 24 hours, a detector measures the activity of
to find out how quickly it becomes concentrated
thyroid gland.
t the diagnosis of brain tumors, the phosphorous-32
isotope 1s 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 leaks in the equipment. A small amount
of short-lived radioactive substances is used in various
processes and scanned the flow rates of various materials,
including liguids. powders, and gases, to locate leakages.
Radiotracers are also used i the oil and gas industry to
detect and estimate the extent of oil fields.
In agriculture, fertilizer uptake in the plant from root to
leaves is traced by adding tracer phosphorus- 32 to the soil
water,




1. Depetitionanto sall snd uptake
by plants through the roots

Fig: 20.11 Mustration of radionuelide transfer to planis ‘)
2. Moedical treatment ty

emitter, These rays can penetrate in=depth into

kill the malignant tumor cells in the pm:iegt. %

this is called radiosurgery.

3. Testing for cracks

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 not ne

an x-ray tube.
Self-Assessment

LFission and Fusion

flear reactions are processes in which one or more
uclides are produced from the collisions between two
atomic nuclei. The nuclides produced from nuclear
reactions are different from the interacting nuclel or parent
nuclel, Two notable nuclear reactions are nuelear fission
reactions and nuclear fusion reactions. Let us learn about
these nuclear reactions.




.....

equal fragments, Kr-144 and Banm&% e
fragments accompanied by two or Ihnrg utrons.

on' + U5 s pUBE g‘%# +3¢Ba® + 3 on’
Measurements showed that ab% 0 MeV of energy is
refeased in each fission event
The schematic illus_trati 20.12 represents the fission

fga U5,
of 92 | @:#aa

i  UMLI2, Sehematic illustration of nuclear fission

in Reaction:
. ach nuclear fission, a few neutrons are emitted. These
en

trons 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
controlled, it will explode, releasing massive energy.
'u"@;',
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Fig: 20,11, The fAssion chain reaction in U-235



This fission chain reaction is controlled in nuclear reactors.
A nuclear reactor provides an enormous amount of energy
for our valuable purposes,

Nucitur Fusion - . = O
.:- = .- -- | "-. -' G e ; ¥ {\

Fﬂr :xam;:llc Wh-:n a nucleus nf Deutenum {Hz} is fused \{ﬁ\

with a nucleus of Tritium (H?). then a Helium nucleus or
alpha particle is formed as represented by the equation,

N\
JE P —  glle*+ ! + energy {\
A schematic illustration of the fusion reaction is shown 13{3}

lgm._..\ - 6

&~ @0

Fig: 20.14. Schematic ill an nuclear fusion

The total mass of the i is always less than the
mass of the original ﬂ\, This loss of mass produces
nuclear energ}r

H:uar{lz. and \*aﬁ:h measures
escribe how radioactive materials are handled, used.
stored, and disposed of safely.
Radiation Hazards
All kinds of ionizing radiations such as a, B, 7. and X-rays
can damage body cells when exposed to these radiations
greater than the average level.



The danger from @ particles because of their lower

penetration power is minimal. 1f sources of o particles are

lodged into the body, through the air, or we eat, it
.f:“%

damage our body tissues. aY
The B particles are more penetrating and can damage the
body surface tissues. Sources of these particles, that enter
the body can be quite damaging. ,g:,,:‘-..

The y rays are highly penetrating and i st dangerous of
all other radioactive radiations. %‘x

The prolonged exposure toradioactive radiation can
produce deep-sited burns, damgg'lﬁ cells or tissues, and

the mutations of the cell can lead to genetic changes.
Radioactive cxpnsu;qw&n:' S0 cause cancerous growth in
specific body tissi 4_’;}'
Safety Mea "/
While workin the radiology department in hospitals,
nucle r;actﬁ’?'s"; and research laboratories, should take the
following safety measures to avoid any risk of radiation
hazards:

{U*-.%Keej} all radioactive sources at a safe distance from

. the body.

1. Minimize the time spent near radioactive materials.
li.  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.

After use, must return the source immediately to its

lead boxes,

All radioactive sources should be kept in thick lead

containers.

ix.  Dispose of all radioactive waste under permitted

regul ation or statutory control.




=/ SUMMAR)Y

#  Atomic nucleus consists of protons and neutrons.
Radio-isotope, an isotope that undergoes radioactive decay, (%
~ Radioactivity is the emission of radioactive radiation elements with the r@ of

energy.
The a and ﬂ —radiations are affected by an electric field and a ma field.
lonization is a phﬁ'l'lﬂl‘l‘lﬂ'l‘lﬂﬂ by which radiations split mattarﬂme sih’w and
negative ions.
The alpha particle has the shortest penetrating ability.
The gamma rays are very penetrating, stopped ﬂwugem d thick concrete,
Penetrating power is the strength of radiations to per a specific material.
MNugclear transmutation 1s converting one chemics ement into another element.
In alpha decay, the proton number of the pa '-:_ iuclide reduces by 2, and its
atomic mass decreases by 4.
In beta decay, the proton number nl nuclide increases by 1, and its
atomic mass remains unchanged. %

; ons

v

L

yYyvYwvyvy

b

»# Background radiations are na that come from the swrroundings.

~ Spontancous decay is a proce ‘environmental factors cannot influence.

= Arandom decay isa pmeas ich the exact time of decay of a nucleus cannot
be predicted.

The half-life of a radioact

e ¢ = element is the time taken for half of the nucle:
present in any given sample to decay.
r Radioactive s when an object’s approximate age is determined using
radi ﬁdes
b Radl ers monitor the metabolism of chemical reactions inside living

"s’

lear fission is a process in which a heavy nucleus absorbs a slow neutron
S into two smaller nuclei with the release of energy
lear fusion is a process in which two light nuclei combine to form a heavier
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A9 Multiple Choice Questions (MCQs)

Choose the correet answer from the following choices:

1. The a-radiation is O
(a) A stream of fast-moving electrons. {\
(b) A form of electromagnetic radiation, Q
(c) Highly ionizing than y-radiation.
(@) More penetrating than [-radiation, \(S‘
1. A radioactive nuclide emits a -particle. The atomic m:mbm'( %%umbcr} of
the nucleus
(a) Stays the same. (b) Increases
(c) Decreases by 2. (d) Decrease %f
3. A radioactive element emits a particle from the nucle one of its atoms. The
particle comprises two protons and two neutr name of this process is
called {
(a) e-emission (b "@jssipﬂ'
() y-emission %%mlaar fission

4. A radioactive decay can be.rgprcs%jﬁg shown. gPa®™ = U™+, ..,

The emitted particle is a/an
(a) Gamma-ray, 'L: (b) Proton,

(¢} a-particle. Q (d) B-particle.
5. The type of radiati vels in a straight line across an electric field is afan
() Proton . (b) Electron
(c) Alpha p: "‘\.; (d) Gamma-ray
6. A powder contains 100mg of a radivactive material that emits w-particles. The
half-life of sotope is five days. The mass of isotope that remains after ten

days will
(b) 25mg (c) 50mg (d) 75mg
am source of energy in the stars is,
@A Chemical reaction (b) Nuclear fission
'} (¢) Nuclear fusion (d) Mechanical energy
C:) The splitting of a heavy nucleus into smaller nuclei is called
() Fusion (b) Fission
(¢) Half-life (d) Gamma decay
9. A process in which two light nuclei combine to form a heavier nucleus is called

(a) Nuclear fusion (k) Nuclear fission

(c) Beta-decay {d) Alpha-decay




11. Cnmpare-d with a -pamcles and ff - pamc]es. Y- rays.
{a) Are atype of radiation to carry a charge.
(b) Have the most significant ionizing effect.
(c) Have the most significant penetrating effe
(d) Have the most negligible mass. ‘&
12, The sovere health hizands cansed by faigauue cnnissions is/ire.
(a) Cancer i
(¢) Deep-sited burns
13. Radioactive materials should be carefully. Which safety measure does
not reduce the risk of using radioactive material?
(a) Keeping the material a istance
(b) Keeping the matensﬁ;;}ﬂuw temperature

(c) Using lead screening
(d) Using the r a short time
14. A scientist experiments using a scaled source that emits f-particles. The range of
the p-particles air is about 30cm. The precaution that is the most effective
to protect ientist 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
e 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
EEXD)) Structured 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?




2.

. a) What do you understand by the half-life of a radiocactive element?

The uranium isotope 52U 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 @
emission of an alpha particle, State \
1. The proton number of an alpha particle, Q
i, The nucleon number of an alpha particle, (S«
iti. The proton number of thorium C:)
1v. The nucleon number of thorium isotopes formed. "ﬂ\
¢) Complete the nuclear equation of the uranium decay
A radioactive rock emits gamma rays. A demonstra tu experiment to
show that the emission of gamma rays is random, Ni‘)
a) State the random nature of radioactive decay.
b) Describe what is meant by a gamma-ray - i;"
1 State two safety measures that the researcher
ii. Describe how the experiment is perfor
The nuclide notation for two isoto ﬁ rbnn is ¢C' and 6C™. Carbon-14
decays by beta emission to a stabl of nitrogen.
a) Which nuclide of the carbon is? State with a reason.
1. Stable isotope \%-:
1i. Radioisotope
b) What is meant by a beta particle?

¢) Write the nuclear n of carbon-14 decay to a nitrogen -14 by beta decay.

barium sgBa™"’ ucleus of krypton 3sKr* and emits three neutrons energy

When a slnw-mov?lg tron hits a 92U2* nucleus, it splits into the nucleus of
is release _
on 55 U — seBa'"! +36Kr* + 3 gn' + energy

a) State nﬁ%he of the nuclear process.

i h of the two isotopes of U-235 and U-236 have a shorter half-life.

can we make radioisotopes artificially? Describe a suitable example

| For the given process, state its one application in our daily lives.

¢ reaction that takes place at the center of the sun can be represented as
2 P'+ 2 on'— 2He*+ energy

a) State the name of this type of reaction.

b) Also, define the reaction.

c) A Nuclear fusion reaction is a more reliable and sustainable energy source
than nuclear fission chain reaction. Justify this statement with suitable
arguments




b)  When a Radium-226 undergoes alpha decay, Radon-222 is produced
g8 Ra?® — gRo 22+ jHe* + energy

Wluch of the nuelide is a O
i.  Parent nuclide {\
. Daughter nuclide Q

¢} Define the terms \{5‘
1. Parent nuclide Cj

11, 1. Daughter nuclhide '\
8. Describe uses of radioisotopes in {\
a) medicine,
b} indusiry, ‘)(b
cj agriculture

9. a) What are the common radiation hazards"

b} Why is an alpha source more harmful w ed into the body?
c¢) Which type of radiation is more hazard an ::-ﬂmr radiations? Explain why?
d) Describe briefly the safety 1]1 e taken against them.

LG DL ) Numericals

L. A living plant contains a --.t,*g;t_ 1 _tel}' the same isotopic abundance of C-14 as
does atmospheric carbon dioxide. The observed rate of decay of C-14 from a
living plant is 15.3 disintegrations per minute per gram of carbon. How much
disintegration per gram of carbon will be measured from a 12900-
year-old samg ¢ half-life of C-14 is 5730 years.) (2.2513,0.21, 3.2}

2. The sma]le%% activity that can be measured is about 0.20%, 1f C-14 is
use @ﬁh object, the nb]eet must have died within how many years?

(51374 yr)

3‘6‘* long will it take for 25% of the C-14 atoms in a sample of C-14 to decay?

* (2378 yr)
ib‘l'he 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
R\ prepared from an object recovered at an archaeological excavation gives a
decay rate 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 Rays is a positively charged nuclear particle identical to the nucleus of a helium a
that consists of two protons and two neutrons. “Nh)
Alternating Current isa type of electrical current, in which the direction of &
electrons switches back and forth at regular intervals or cycles. ﬂ]@
Ammeter is a measuring instrument used to find the strength of the cm'ram ﬂn und an
electrical circuit when connected in series with the part of the circuit '!;1 asured. A
modified form of a galvanometer, connecting shunt (very small) TE&WMEHE] to a
galvanometer to make it an ammeter,

Amplitude: The maximum displacement from the mean pns:tm

Analogue Elecironics: Analog means continuous and real. An fronics is a branch of
clectronics that deals with a continuously variable Slg[lfﬂ. It's :ﬁ used in radio and audio
equipment along with other applications. The Analog si ﬁut anslates the information into

electric pulses of varying El‘ﬂ])llthl.dﬂ :

Artificial Radioactivity is produced in a substance by bombardment with high-speed particles
{such as protons or neutrons), ﬁ

Atom is the smallgst building block of a m o’

Background Radiation: The measure of e level of ionizing radiation present in the
environment. Most of the hackgrou iation occurs naturally from minerals and a small
fraction comes from man-made clements,

Beta Rays: Beta particles (f}) are I{gh . high-speed electrons (") or positrons (f) that
are ejected from the nucleus hy@hﬁdiﬂﬂucﬁdeﬁ during a form of radioactive decay called
beta-decay

Browsers: Applications used to sccess and view websites.

Capacitance: The 'ahi,u%a re electric charges its unit is Farad. Q=CV OR C=0Q/V
Capacitor: The eles evice that stores electric charges.

Cathode Rnp’i J 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
~while is moving within a telephone service area.

Centra cess Unit (CPU) or (brain) of the Computer and it performs all types of dat

. operations,

-y ﬁuu“d Microscope 15 a high resolution and uses two sets of lenses to provide a 2-

C:*"‘é ensional image of the sample,

wCompression is a 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 diverges the straight light coming from the source to create a
reduced. upright. or digital picture. It can generate real and virtual objects, depending on the

light source.

Concave Mirror is a spherical mirrors whose inner side is reflecting or polished,



Convex Lens is (positive lens) 15 also known as a convergent lens. It can converge light rays
passing parallel 1o its main axis,

Convex Mirror is a spherical mirrors whose outer side is reflecting or polished.

Coulomb is the SI unit of electric charge, equal to the quantity of electricity conveyedin o
second by a current of one ampere. ‘x
Crest: is the highest surface part of a wave is called the crest, (;25‘
Critical Angle; is the angle of incidence, for which the angle of refraction is %{f‘l’ﬂg enters
a denser medium from a comparatively rarer medium. G

Damped Oscillation is that fades away with time. OR. The motion of anms{ 1 reduces due
to an external force, the oscillator and its motion are damped.

Data: Collection of given information, (&

PC Maotor is an electrical machine that converts electrical me‘% mechanical energy. In

a DC motor, the mput electrical energy is the direct curre

Diclectric is very poor conductor of electric mmt.ﬁel%mﬁahs an isulator like Distlled
water, transformer oil, etc. are liquid dielectric umtﬂﬂaﬁ%v
Diffraction of waves involves a change in dircctim;@ es as they pass through an opening:

the components that use or create them. The digital signal translates information into a binary
format of 0 and 1, where each bit represents two distinet amplitudes,

Direct Currentis the flow of el charge that does not change direction, or it is a
unidirectional current, DC is produced by generators with commutators,

Dispersion of Light is process of splitting white light into its constituent colors.

Dispersion of light through Water Droplets: A rainbew is produced by dispersion and internal
reflection of light in r droplets in the atmosphere.

Echo is the rppctiﬁn;‘%t;’ caused by the reflection of sound.

Electric Charge hé physical property of matter that causes it to experience a force when
placed i anélec ingnﬁ:ﬁ:: fiehd. The charge may be positive or negative.

Electrie Current i3 basically the flow of the electron per unit of time. Its unit is Amp (A) | =

or around a barrier in their path.
Digital Electronics: The branch of electr :* : @I&ﬂls with the study of digital signals, and

Field Intensity at a point is the force experienced by a unit positive charge placed al

. Electric Field Intensity is a vector quantity. E = F/q

. ¢ Field: The region around an electric charge.

. \;?gﬂriu Potential is the amount of work needed to move a unit charge from a reference point
a specific point against an electric field. The unit of electrnic potential 1s volt. V= Aw/g

Electrie Power: The rate at which a device changes current to another form of energy, P=Ef

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.

Electrical Resistance ig the resistance force that counter-acts the flow of current. Its unit is

ohm.




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 pnimary
SOUICES,

Electromagnetic Force isa fundamental force. It is an interaction between electrically char@
particles, Tt acts between charged particles and is associated with electric and magnetic fiel
The electromagnetic force can be attractive or repulsive. F=g(V=B} ©OR F =@ &

Electromagnetic Induction: The creation of an electro-motive force (E ma}f of a
mov uig magnetic field around an electric conductor and conversely. the ¢ of current by
moving an electrical conductor through a static magnetic field. r"-‘!r
Electromagnetic waves are created by a fusion of electric and ma ds The light you
see, and the colors around you are visible because of electro i . These waves travel
with a speed equal to the speed of light, i-e., 35108 m/s. Microwives, X-mys. Radio waves,
Ultraviolet waves, infrared, Visible rays, and Gamma rays. 5,
Electromagnetism is a type of magnetism produced by a ﬁl ic current or The branch of
Physics deals with the electromagnetic force that occurs between electrically charged particles.
Electromotive Force (emf) is the amount of energy required to drive a unit positive charge
its(emf) Lnit is joule per coulomb or volt.
Electron Gun: An electrical instrument p 5 a4 Beam of electrons,
Electron is clementary particle having a negative charge, moving around the nucleus,
Elcctronics: The branch of physics and clectrical engineering that deals with the emission,
behavior, and effects of electrons andwith electronic devices.
Electroscope is instrument used for detecting the presence of an electric charge,
Electrostatic Induction: A redistribution of clectric charge in an object, caused by the
influence of nearby charge
Elements: An element ; u ce that cannot be broken down into any other substance. An

element 15 uniguely d ed by the number of protons in the nuelei of its atoms.
Fax Machine I& dﬁz_ al sends and receives printed pages or images over lelephone lines.
Frequency: of eyeles i one second, F=I/T

Gamma Rays: The part of the electromagnetic spectrum with the most energy and shortest
gt With no charge.
Prism is a trianzular object made up of a transparent material, like glass or plastic, that
has atleast two flat surfaces that form an acute angle

all-life: The time needed for half of the material 1o decay. Tis=In2/k

"-- Disk: Hard disk drive or hard drive, magnetic storage medium for a computer.

%Inr:twnre: The tangible or physical elements of a computer.
mage: The collection rays at a focal point when light rays appear to converge or to diverge
after reflection or refraction is known as the fmuge.
Information and Communication Technology: (ICT) is defined asa diverse set of
technological tools and resources used to transmit, store, create, share, or exchange information,
Isotopes are stoms with the same number of protons but differ in numbers of neutrons. lsotopes
are different forms of a single element,




Lens is basically glasses that are thicker/thinner with curved sides. A lens is a piece of
transparent glass that concentrates or disperses light rays when passes through them by
refraction.

Logic Gates: A device that acts as a building block for digital circuits. The basic logic g

are classified into seven types: AND gate, OR gate, XOR gate, NAND gate, NOR gabﬁ
gate, and NOT gate,

Longitudinal waves: The movement of the particles is parallel to the motion  de,
the displacement of the medium is in the same direction in which the wave is nggsé] Example
~ Sound Waves, Pressure Waves

Magnetic Field is a vector field; it is the region around a magnetic mat mm-fmg clectric
charge within which the force of magnetism acts. The unit of lhn eld 1s Tesla (T},
Mechanical waves are a wave that is an oscillation of matter a m;1hle for the transfer
of energy through a medium. nbm

Microscopy is the technical field to view samples & obj not be seen by naked eye.
Maoving Coil Galvanometer is electrical instrument sure a small amount of current.
Musical Sound has a pleasant effect on the llstenﬁr. '

Mutual Induction is process in which a changm Wﬂt i one coil induces emf in another

coil, Q
Natural Radioactivity is a phenomenon of spenta
disintegration of an unstable nucleus accomy fﬁ’
natural radioactivity.
MNeutron: Elemmtarﬁr particle not hayving
MNoise Pollution is unwanted am:'l
Nuclear Fission: A nuclear
nuclei.

Nuclear Fusion: A Nﬁq‘\-@aﬂmn through which two or more light nuclei collide to form a
heavier nucleus

Nuclear Trans % Nuclear transmutation is a conversion of one chemical element into
another. A transt on involves a change in the structure of atomic nuclei and hence may be
brought by a nuclear reaction

I"k’udc,;; is in the center of an atom, containing proton and neutron in it.

{]ha ﬁa : The potential difference across conductors is directly proportional to the electric

eous and continuous and uncontrollable
by the emission of active radiations is called

' n in which the nucleus of an atom splits into two or more

c ing through it provided physical conditions same.
cope is an mstrument used to display and analyze the waveform of electronic signals.
ic Motion: A motion that repeats itself in an equal period of time.
hoto 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 differénce in the amount of energy that charge carriers have
between two points in a circuit. V= AWIQ

Power Transformer is an electrical 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 located on the motherboard,




Production of Sound Waves: It is produced from vibrating particles, so when there are no

particles (i.e., there is no medium), sound cannot 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 nueleus Q

Quality of Sound or "timbre” is describes those characteristics of sound which allow L%s

to distinguish seunds that have the same mitch and loudness Q

Radio waves: The wireless transmission and réception of electric signals of

clectromagnetic waves, { .

Radieactive Dating or Radiometric is a way to find out how old somethin |

Radinisotopes: An unstable combination of neutrons and protons, or ¢

nucleus. When it breaks down becomes more stable

Rarefuction is a region in a longitudinal wave where the pamcl:a»S
en

argy i their

st apart.
Reflection of Light: The bouncing back of the light.

Reflection of waves involves a c]uingc: in direction of wavesayl ¢ bounce off a barrier.
Refraction of Light is the change in direction of a wave from one medium to another
is caused by its in speed.
Refractive Index: The ratio of the velocity of light gﬁi" uum to its velocity in a specified
medium. OR The ratio of incident angle lﬁﬁmframd angle,

e o DFWHVEE_&ES they pass from one medium

Refraction of waves: involves a change in the
to another.

Resistivity: The resistance per umit nd cross-sectional area is called resistivity. R =pl/g
Resistor is an instrument that limit;Z:%htﬁ the flow of electrical current in an electronic

circuit

Secondary Storage deviees: A olatile storage device that is internal or external to the
computer, such as floppy, L or DVDs.

Self-Induction is the phc@i in which a changing current in a coil indoces an emf in itself,
Simple Harmonic Moti oscillatory motion under a retarding foree directly proportional
to the amnum of dis t from an equilibrium position. Obeys Hook's law Fa-
x

Simple 'Hic + it makes the image enlarged that cannot be seen by naked eyes.

Slmpln pendulum is an ideal pendulum consists of a point mass ﬂ!.lspcnded by a weightless
inextensibl hrfect]},r flexible thread and free to oscillate neglecting air resistance, X =

15 the set of instructions, data, programs used to operate and execute specific tasks,

Sghn Waves: longitudinal (mechanical) is a wave of compression and rarefaction by which
%p d is propagated in an elastic medium such as air,

peetrum: The intensity of light as it varics with wavelength or frequency.

Speed of Sound in (Gas, Ligquid and Solids) varies from substance to substance:
typically, sound travels most slowly in gases as compare to liquids and fastest in solids. For
example, sound travels at 343 m/s in air, it travels at 1,481 m/s in water (almost 4.3 times as
fast) and at 5,120 m/s in iron (almost 13 times as fast)
Speed of Sound is the distance traveled by sound wave per unit of time as it propagates through
an elastic medium, At 20 °C (68 °F), V=Aif




Spherical Mirror is o mirror that has the shape of a piece cut out of a spherical surface. There
are two types of spherical mirrars: concave, and convex.

Storage Devices: Used to store data.

Telescope: An arrangement of lenses, mirrors, or both that collects visible light, allowi @
observation or photographic recording of distant objects. ‘J{\
The internet: The internet is a globally connected network system facilitati dwide
communication and access to data resources. %

The Spectrum of White Light is consisting of seven basic colors uﬂu@ a

order: 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 SM" or one oscillation.

specific

T=L'lf
to transmit or send data with the aid of an antenna.
Total Internal Reflection(TIR) is the complete reflec i@
such as water or glass from the surrounding surfaces ba
occurs if the angle of incidence 1s greater than the critiea
Transmitter: An clectronic device used in telecommu
Transverse Waves- When the movemen & particles is at right angles or perpendicular to
the motion of the energy, then this type is known as a transverse wave. Light 15 an
example of a transverse wave,
Trough is the lowest part is the trou u- )
Ultrasound is hlgh-frcquency waye
Voltmeter is an mmuman!. uged fo
an electrical cireuit, A modified
with a galvauameter >

a ray of light within a medium
o the medium. The phenomenon

it 2 normal human ear cannot hear.
measuring the potential difference between two points in
of a galvanometer, connecting a large resistance in series

Vul .LQF OR I=V/R
Wive rrunl is a which the phase of the wave is constant
Waveleng nl period of a periodic wave-—the distance over which the wave's shape
repeats, A=vif

d:,rt_mmj:: disturbance of one or more quantities. Waves can be periodic. Waves




