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: Write down the known quantities and quantities to

be found.
(@ v=4ms!
i. T=2,
ii. f=? . \
(b)) Ar=? f@ Wehlinl L] I
Step 2: Write down the formula and rearrange if necessary. ==
. Encour &1‘[5 to
(a) (1) T, use graph, and v151t% for
(i) f=1/T i time graphs
(b) v=fxi https: .youtube.com/
Step 3: Put the values and calculate N W=TG2Y2MDx-
a. (i) From the graph ab_channel=FuseScho
T=04s >1 GlobalEducation
(i) £ = 1/( 0.4s) b
~ 2.5 Hz &
b. % = 4(ms™)/(2.5Hz) (b
Result: = 1.6 m.

A fisherman notices that his boat i
regularly due to waves on the s
4.0 s for the boat to travel
point, a total distance of 3
wave crests are spaced&o
(a)  What is thz%'

wavelength of the waves?

of the water. It takes
highest to the lowest
he fisherman sees that the

d, frequency, amplitude, and

Encoura e students to
9 g
(Sb)l How fast are the waves moving? visit below link for
olution: period, frequency and
Step 1 ite down the known quantities and quantities to amplitude
und https://www.youtube.com/
om the highest point to the lowest point watch?v=TG2Y2MDx-
ime taken=is 4.0 s zE&ab_channel=FuseScho

D1stance =3.0m ol-GlobalEducation

Distance between the crests = 8.0 m

(a)
i T=?
i f=?
iii.  A=?

iv. A=?
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CE

Encourage students to
visit below link for

Waves Ripple

Tank Interference

https://www.youtube.com/
watch?v=0c0gvy OOKc&
ab_channel=launchSCIEN

el=JonWhite

= ety i
Encoura; tuw
visit below link for

Waves - Frequency, Speed,

=4yfXp1jNBn8&a

(b) v=?
Step 2: Write down the formula and rearrange if necessary.
a. ‘ ,?
1. T is the time taken to move from the highest point to

the lowest point and from the lowest o the

highest point.
. 1 6
. f=—

T
iii. A is the one-half of displac @mm the highest
point to the lowest point

iv. A is the distance between %wo consecutive crests
b. v=1fx}
Step 3: Put the values

a, T@%)

ulate

QT

80s
=(.125 Hz.
Q) A=%(3.0m)
> =1.5m.
' iv. A=8.0m.
b. v=(0.125Hz) (8.0m)

Result: =1.0 m/s.

Thus, the period, frequency, amplitude, and wavelength of
the waves are 8.0s, 0.125Hz, 1.5m, and 8.0m respectively.
The wave 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.
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10.3 Simple Harmonic Motion (SHM)
Periodic Motion

A motion repeating itself in an equal time interval
is referred to as periodic or oscillatory motion.
Simple 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:

When an object oscillates about a fixed positiog
(mean position) its acceleration is directly proportional to
its displacement from the mean position and is always
directed towards the mean position as shown in fi @
its motion is called SHM. i

aoc —x
a=—kx where k is spring constan

Many phenomena include electromagnetic waves,
alternating current circuits, musical instruments, bridges,
and molecular motion that executes the simple harmonic
motion.

10.4 Simple pendulum
Forces acting on a displaced\pendulum

When the bob of the pendulum is displaced at a
small angle '0'to an extreme position; Fig. 10.18. The
forces that act upon it are as given underneath:

1. Tension ‘T along the direction of the string, and
il. Weight W= mg, acting vertically downwards.

The weight is further resolved into its components

mg sin 6 and mg cos 6.

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.

=y =)

B<=x =

o)~

Fig: 10.17
Simple harmonic motion

S
Wd—mgid support

-_lr— Long thread

+—— Bob (Metal ball)
A

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

0 Do You Know!

The restoring force is a

force which acts to bring

a body to its equilibrium
position.
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A simple pendulum consists of a small metallic bob
of mass ‘m’ suspended from a light inextensible string of
length ‘I’ fixed at its upper end.

Rigid support

Point of suspension Angular displacement

String
tension =T
length =T

Bob

i mg ls‘lfj [ mass =m]
Force balance equations: ™~ - E

mgcos§ =T=W, &
=) mgsin B =W,

]E_quilibrium
e — — position
Encourage students to .. R .
.. . Fig: 10.19. Forces.acting on the bob in simple pendulum
visit below link for .- C e s
Straile ot At the mean position O, a pendulum is in its equilibrium
SSmmilaien position. If no external force were applied, the bob of a
Y hitps://www.myphysics Pendulum ‘would naturally settle here as illustrated in
lab.com/pendulum/pen  fig 10.19.
dulum-en.html The curve path s is the distance the bob of a pendulum
travels. The weight mg consists of the components mg cos6
% Tnsgeelsenlomilns along the string and mg sin® perpendicular to the arc. For

w/sims/html/pendulums=, each given string, the component mg cos perpendicular to

lab/latest/pendulum- the string is exactly cancelled by the tension in the string.
lab_en.html The resulting net force, which is directed back toward the
'/ equilibrium point, is tangential to the arc and equals mg

sind.

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:27t\/I
g

This formula shows that the period ‘T’ of a simple
pendulum depends upon its length ‘I’ and acceleration due
to gravity ‘g’ over that place. The period of the pendulum is
independent of its mass and its amplitude.
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Ball and 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.
Now, what if we displace the ball to an extreme
position ‘A’ and then release it? The ball starts moving

towards the mean position ‘O’ due to the restoring force Extreme Extreme
caused by its weight component. At position ‘O’ the ball Posiion position
gets maximum speed and due to inertia, it moves towards B xBdl A

opposite extreme position ‘B’ with the restoring force that N
acts towards the mean position, the speed of the ball starts \ /
to decrease. The ball stops for a while at ‘B’ and then again
moves towards the mean position ‘O’. This ball’s to and fro

motion continues about the mean position ‘O’. This result Bowl ©

shows that the acceleration of the ball is directed towards W =mg

‘O’. Hence, the ball’s to and fro motion about a mean

position placed in a bowl is also an example of simple Fig: 10.20.
harmonic motion. The motion of a ball in

the bowl executing
Simple Harmonic
Motion

Find the period and frequency o

ple pendulum1.0 m
long at a location where g = s,

Solution: Qﬂ
Step 1: Write down t quantities and quantities to
be found.

Leg s
&: 8 m/s%.
Q n;%;3.141 and ©° = 9.86

‘)
. f=7?
\ 2: Write down the formula and rearrange if necessary.

1. T=21t\/I . =1UT
g

Step 3: Put the values and calculate
i, T=2x3.14x/1.0(m)/9.8(m/s)
T=201s




Encourage students to
visit below link for
Pendulum clock invention,
oscillation and
periodic motion

https://www.youtube.com/
watch?v=0cOgvy OOKc&a
b_channel=launchSCIENC
E
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i. f=1/2.01s

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

Pendulum clocks with a pendulum meaglg !out the
passing of a second. How long of a pendul@ required to
have a period of 1 second? g = 9.8 m/s?
Solution: $
Step 1: Write down the know: q@ s and quantities to
be found. ‘3

L=?

T=1.0s 6

g=9.8 m/s’ &

22 @

nE—= @

lown the formula and rearrange if necessary.

S@ oth the 51des
D o
, g

Multiply both the sides by g

T?g =4n’L
Divide each side by 4n°
T
4n*
Step 3: Put the values and calculate
2 2
Is)(9.8m/s
| o3
4n
L= 28m n= 223141
4n 7
L=025m .. n’ =9.86

Result: The length of a pendulum should be 0.25 m.
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SELF ASSESSMENT QUESTIONS:

Q1: Calculate the frequency of seconds pendulum?

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

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

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

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

10.5. Damped Oscillation

The oscillating system, can not be assumed to have afixed

amplitude unless energy is provided to them. The resistive

or damped forces progressively reduce the amplitude of the
oscillation.

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

vibrate. This reverberation also fades away often after

completing many hundreds of vibrations.

An oscillating system in which mhzs an effect is a

damped system. P\

If a simple harmonic motion is subjected to frictional

forces, the amplitude of freely oscillating objects

progressively decreases. The friction not only affects the
amplitude but also slightly reduces the frequency. An
oscillation that fades away over time is called damped

oscillation; Fig. 10.21, 10.22.

The oscillations of a system in the presence of some

resistive forces are damped oscillations.

o

S SESSMENT QUESTIONS:
: What will happen if there is no damping in an
a oscillating drum skin?

Displacement
S /
\
-
\
9
\
\
)
|
;_i
2
o

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

R |
1

——Shock absorber

Spring

Suspension arm

Fig: 10.22.
Shock absorber

O Do You Know!

The practical application
of damped motion is
shock absorbers in
automobiles. A shock
absorber consists of a
piston that moves through
a liquid such as oil. The
upper part of the shock
absorber is firmly
connected to the body of
the automobile, when
travels over a bump, the
automobile may vibrate
violently. The shock
absorbers dampen these
vibrations and convert
their mechanical energy
into the thermal energy of
the oil.
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E/ SUMMARY

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

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

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

of waves.

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

a transverse wave.

A transverse wave is comprised of crest and trough.

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

motion, a longitudinal wave.

A longitudinal wave is comprised of compression and rarefaction.

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

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

Waves that transfer energy through matter are known as mechanical waves.

All mechanical waves travel through their media at different speeds depending

upon the elasticity and inertial properties of the respective medium.

Waves that transfer energy without the material medium are known as

electromagnetic waves.

Ripple tank experiments demonstrate that water waves can be reflected,

refracted, and diffracted.

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

and speed decrease.

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

of waves.

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

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

motion is called SHM.

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

and inextensible string fixed at its upper end.

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

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

amplitude of freely oscillating objects progressively decreases.

YV V VYV VY VY VVVVY V¥VYVY V VVY
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+*: CONCEPT MAP

|

| Transverse Waves |—>

Rope Waves

Water Waves| | Properties of Waves |

Reflection
Refraction
Diffraction

Interference

<—| Longitudinal Wayes |
| Sound Waves |
Characteristics of Compressional
Waves: Waves
Wave length,

Wave velocity,
Frequency, Period,
Amplitude

!

Simple Harmonic
Motion

Simple pendulum |

Ball and Bowl system |

Damped Oscillation |

(2400 iR P2Y ) Multiple Choice Questions (MCQs)

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

waves?
a)
c)

0.50Hz
2.0Hz

b)  15Hz
d)  50Hz
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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

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

3. The diagrams show water waves that move more slowly after passing into
shallow water. Which diagram shows what happens to the waves?

TS

iy

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

|:|/bam'er
of travel
[1°
e

The wave reaches point P. What is the name of the effect that causes the wave
to reach point P?
a) Diffraction b) Dispersion
c) reflection d) Refraction
5. 'Water waves pass from deep into the shallow region then refracted. The
characteristics of wave which will remains constant is:

water wave

a)  Direction b) Frequency

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

a)  Anamplitude b) Period

¢) Mass d) Velocity

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

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

a) Inertia b) Tension in the string

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

a) The earth b) Floor of the bowl

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

a) Linear motion b) Restoring force

c) Frictional force d) Mechanical force

N0 G Structured Questions

Define the term transverse wave.
2. Define the term longitudinal wave.
3. a) Write a short note on the mechanical wave.
b) How can you say that mechanical waves are also material waves?
4. Waves are the means of energy transfer without matter. Justify this statement
with the help of everyday life examples.
5.. a) Define the following terms of a wave:
1) amplitude i1) period
iil) frequency iv) wavelength
b) Derive the formula of wave speed, v = fA
6. a) What is a ripple tank, and explain its working?
b) Define the wavefront?
7. Reference an experiment to explain the refraction of waves concerning the
ripple tank.
8. What is the phenomenon of diffraction?
9. a) What is simple harmonic motion?
b) What are the necessary conditions for a body to execute simple harmonic
motion?
10. a) With the help of a diagram, explain SHM in the pendulum.
b) The period of simple pendulum executing the formula gives SHM

T=2n L
g
What will be the effect of the period if there is an increase in its
1) length i) mass.

11. a) With the help of a diagram, explain SHM in the ball and bowl system.
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b) Why is the motion of a ball in the bowl executing SHM is maximum at its
equilibrium position?

12. a) What are damped oscillations?

b) How does damping progressively reduce the amplitude of oscillation?
¢) A boy is swinging in the swing. Explain, why its amplitude reduces
progressively with time.

N2d (0 N (89 Numericals

1.

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

Where 1K = 103, and the speed of the radio-wave is 3x10°ms™". (230.76m)
The waves moving in the pond have a wavelength of 1.6 m, and a frequency
of 0.80 Hz. Calculate the speed of these water waves. (1.28ms™")
If 50 waves pass through a point in the rope in 10 seconds, what are the
frequency and the period of the wave? If its wavelength is 8 cm, calculate the
wave speed.
Explain the type of wave produced. (5Hz, 0.2s, 0.4ms™")
A slinky has produced a longitudinal wave. The wave travels at a speed of 40
cm/s and the frequency of the wave is 20 Hz. What is the minimum
separation between the consecutive compressions? (0.02m)
Suppose a student is generating waves in a slinky. The student’s hand makes
one complete forth and back oscillation in 0.40 s. The wavelength in the
slinky is 0.60m. For this wave, determine

a. Period and frequency

b.  Wavespeed  (0.40s, 2.5Hz, 1.5ms™")
If 80 compressions pass through a point in spring in 20 seconds. Calculate
the frequency and the period? If two consecutive compressions are 8 cm
apart, calculate the wave speed. (4Hz, 0.25s, 0.32ms™")
Waves on a swimming pool propagate at 0.90 m/s. If you splash the water at
one end of the pool, observe the wave go to the opposite end, reflect, and
return in 30.0 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)



After learning this unit students should be able to

Describe the production of sound by vibrating sources.

Describe the longitudinal nature of sound waves and |

describe compression and rarefaction.

Explain why a medium is required to transmit sound waves
and describe an experiment to demonstrate this.

Describe a direct method for the determination of the speed
of sound in air and make the necessary calculation.

State the order of magnitude of the speeds of sound in air,
liquids, and solids.

Describe the factors which affect the speedof sound
(temperature, humidity, etc.)

Describe how the shape of a sound wave as demonstrated
by an oscilloscope is affected by the quality of the sound
wave

Explain that noise is a nuisance.

Describe how the reflection of sound'may produce an echo.
Define ultrasound.

Describe how ultrasound techniques are used in medical
and industry

T
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own heartbeat. Stick it out a
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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 objects

underwater or even to produce images of the organs inside
of the human body. How are they able to do this? The

physics behind it will explain the phenomenon.

11.1 Sound waves

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

Production of sound by vibrating(sources

W@, ... When you hit the skin of @ drum, it starts vibrating, and it
Encourage students to moves back and forth very quickly. These vibrations squeeze

visit below link for and stretch the air in its front and disrupt the surrounding
Sound waves molecules. This series of squeezes and stretches accordingly
experiment

produce compressions and rarefactions which travel through
https:/www.youtube.com/  the air. It produces sound waves.

watch?v=2mIBh5d11UY &
ab_channel=FuseSchool- - Sound is produced by vibrating sources placed in a
GlobalEducation medi

A vibrating object in the medium causes of alternating
compressions and rarefactions that carry the sound further
away through the medium.

“Sound is the form of energy related to the vibrating motion

of molecules.
" ot This energy travels from one point to another as a
ovement o . .
drum skin wave. For example, a guitar produces a musical note when

the string vibrates.

Rarcfaction Air — Longitudinal nature of sound waves
/\ “ A sound is a mechanical longitudinal wave. The
|-r, direction of vibration of air molecules is parallel to wave
/ motion, similar to the longitudinal waves produced when a
)l_l'{ slinky spring is vibrated parallel to its direction of motion,

- Wavelength a5 we studied in the previous unit page no 4.
Compression Let us consider the drum how can produce longitudinal
Fig: 11.1 sqund waves by disturbing the molecules surrougding it;
Vibration of drum skin Fig. 11.1. Note the compressions (C) and rarefactions (R)
produced by vibrating drum skin.
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Now, we can consider that the compressions and
rarefactions of sound waves are due to a slight change in the
air pressure.

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

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

This rising and falling of air pressure take place
continuously as long as the drum produces the sound. Thus,
we can illustrate the region where the sound travels through
air as 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 transport
sound waves in the form of energy from one point to another.
Sound cannot travel through a vacuum, demonstrated by the
following experiment.

Take an electric bell and an airtight glass bell jar and then
suspend the electric bell inside the jar. Connect the bell jar
to a vacuum pump; Fig. 11.3. When you switch on the
electric bell, you can hear the sound of the bell coming from
inside air and glass material.” Now start the vacuum pump.
As the air in the jar-is gradually pumped out, the sound
becomes fainter, although the same current is passing
through the bell and hammer that strikes the gong. After a
while, you will hear the faintest sound, when there is less air.
What happens when the air is completely removed? Will you
still be able to hear the sound of the bell?

The electric bell still produces the sound, but now we cannot
hear it. This is because sound waves always need a medium
to propagate sound energy. 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 to the outside of the jar as the hammer vibrates
vigorously.

Compressions (C)

/\ Rarefaction (R)
el o /\ [

el
Motion of ©  Propagation
particles of sound
associated
with sound

Fig: 11.2. The vibrating
drum skin produce
alternating regions with
high density and low
density of air molecules

To
electric
connection

Cork

_ Bell
jar

- Electric
bell

To vacuum pump

Fig: 11.3 Bell jar
experiment showing
sound cannot travel in
a vacuum
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SELF-ASSESSMENT QUESTIONS:

Q1: Why pressure is greater at compression region of
longitudinal waves.

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

Q3: Can sound travel through solids and qul\

11.2 Speed of sound

A direct method for the determination.of'the speed of
sound in air

As we know, sound travels quite fast, but it is still possible
to measure its speed in the air by direct methods. To do this,
we have to measure the time it takes for sound to travel a
measured distance. However, how do we measure the speed

of sound? The following experiment demonstrates the direct
: method.

Trundle wheel is a_ Experiments to Determine the Speed of Sound
IES TRl  There are several experiments that can be carried out
is used to measure )
Totncehndliaalee to determine the speed of sound
known as Surveyor wheel o *. Two methods are described below
o The apparatus for each experiment is given in bold
. Method 1: Measuring Sound Between Two Points

_StH';mdlle Measuring the speed of sound directly between two points
eel pole

@\

Counter ‘
Finger f— Support frame [

-

Folding rod bushing

Reset button

Two people stand a distance of around 100 m apart
The distance between them is measured using
a trundle wheel

3. One person has two wooden blocks, which they
bang together above their head

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

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

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

Distance traveled by sound

Speed od sound = -
Time taken

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

100m of mor

A
Y

1. A person stands about 50 m away from a wall (or
cliff) using a trundle wheel to measure this distance

2. The person claps two wooden blocks together and
listens for the echo

3. The person then starts to clap the blocks together
repeatedly, in rhythm with the echoes

4. A second person has a stopwatch and starts timing
when they hear one of the claps and stops timing 20
claps later

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

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

7. The total distance travelled by sound during the 20

claps will be (20 x 2 x 50) m

* Weblinks

Ehcourage students to
visit below link for

echo method determination
of speed of sound

https://www.youtube.com/

watch?v=Hb5z2d6G5jU&
ab_channel=CBSE
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Encourage students to
visit below link for
speed of sound through
solid, liquid and gases
https://www.youtube.com/
watch?v=bSA4gfiahNw&a
b_channel=Clapp

Encourage students N
visit below link
the speed,

time rules

pply

d, dis
ho
them to life

/ .youtube.com/

&ab_channel=X
Math
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8. The speed of sound can be calculated from this
distance and the time using the equation:
2x Distance to the wall

Speed od sound = -
Time taken

Speed of sound in solids, liquids, and gases.
Sound waves are mechanical waves. Any medium' that
contains particles can transmit sound. The speed of sound is
not the same in all mediums. Sound waves travel at different
speeds in different mediums. Remember that the speed of
sound depends on the properties .such as temperature,
pressure and density of the medium through which it travels.
Sound moves faster in solid because the molecules/ particles
of solid are very close to each other, as compare to liquid and
gases.
The speed at which a sound wave travels depends upon the
medium and state of the medium (steel, water, air). The rate
of sound wave travel decreases when we go from solid to the
gaseous state. The speeds of sound at 25°C in various media
are listed in Table 11.1.
The m& of sound is defined as the distance which a point
on Q , such as a compression or a rarefaction, travels

per unit of time.
We know,
Speed v = distance / time
A
v=—
T

Where A is the wavelength of the sound wave. It is the
distance traveled by the sound wave in one time period (T)
of the wave. Thus,
v=2M( 1T =)
or v=M
The speed of sound remains almost the same for all
frequencies in a given medium under the same physical
conditions.
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Table 11.1 Speed of sound in different mediums at 25 °C

Speed of sound in different media at 25 °C
State Substance Speed in m/s
Aluminum 6420
Nickel 6040
Solids Stainless Steel 5960
Brass 4700
Copper 2270
Glass (Pyrex) 3980
Water (Sea) 1531
Liquids Water (distilled) 1498
Ethanol 1207 1
Methanol 1103
Hydrogen 1284
Helium 965
Gases Air 3 &
R diox A&
Sulfur dioxide 3

Factors that affect the speed of sound
The speed of sound is affected by a variety of factors. Two
of the factors affecting the speed of sound in the air are given
in detail below.
Effect of Temperature

Temperature is also a condition that affects the speed
of sound. Heat is a form of energy that depends upon the
kinetic energy of molecules. Molecules of the medium at
higher temperatures have more energy. Thus, they can
vibrate at ‘a higher rate. As the molecules vibrate
faster, sound waves can travel more quickly. The speed
of sound at room temperature (25°C) in the air is 346 meters
per second. It is faster than 331 meters per second, which is
the speed of sound in air at (0°C).
The formula to find the speed of sound at temperature T in
the air is given as follows:

T

273K

Here v is the speed ofsound, 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=331x

Encoura, 0
visit below link for
how sou%.l Is across

differe edium

3 .youtube.com/
W=AxNdr0Bcx20&
annel=KnowledgePl

Speed of sound

vs
Temperature of dry air

400

IS
=3
S

Speed of sound (m-s™')
I &
3 3
S =

S
=
=

0 20 40 60 80 100
Temperature (°C)

Fig: 11.4 Graphical
representations for
speed of sound against
temperature
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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 dry air. The presence of moisture in air replaces
oxygen and nitrogen gases that reduce the density of air
because the molecular mass of water vapors (Molecular
Mass =18) is less than that of oxygen (Molecular Mass = 32)
and nitrogen (Molecular Mass = 28) gases since the speed of
. sound in gases are inversely related to the square root of its

Encourage students to densi V o L
visit below link for ¥ Nl
why moist air is less dense R . )
than dry air Thus, humidity increases, the density of the air decreases

https://www.youtube.com/ and sound travels faster.
watch?v=-75kAiV6y-
s&ab_channel=How- A sound w equency of 6 kHz and wave length 25
Jortior cm. How lo it take to travell.5 km?
Soluti
Step %fe down the known quantities and quantities to
found.
f=6 kHz = 6000 Hz
A=25cm=0.25m

d=1.5km=1500 m
=l

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

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=1s.

Result: Time =t= 1.0 second
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Calculate the speed of sound in air at 30°C? Given that
speed of sound at 0°C is 331 m/s. Timbre is what makes one

Solution: instrument or voice so
olution: different from ot
Step 1: Write down the known quantities and quantities to -

be found.
T=30°C=30+273K
T=303 K
Step 2: Write down the formula and rearrange if necessary.

v =331 xyT/273 4

Step 3: Put the values and calculate.

v =331 xv303K/273K 6
v=331 xy/1.1099 K

V=331 x1.05352 (b
v=348.7 m/s. O
Result: Speed of sound V = 348.7m/s Q)

SELF-ASSESSMENT QUESTmﬁ;

Q1: Can any object produc@ und without any
vibrations in it?

Q2: How can the pre t the speed of the sound

in the air? xn

Q3: A sound Wavg&a ng in a solid pass into the air.
What will @ to the speed of a sound wave when
it enters the air? Explain.

Pressure change

11.3 Seeing sounds

When we listen to a musical song on a radio, we can
distinguish between the notes of various instruments such as
a recorder and a violin being played in the song. It is due to
the varying quality of these notes. Figure 11.5 shows the
waveform of the sound produced by a violin, oboe, and
French 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 Wavefm(gt)sv‘i)g;)iﬁuced by
11.5. Most of the sounds like our voice, chirping of birds, (b) oboe and

and notes from different musical instruments produce (c) French horn

Pressure change

time

Fig: 11.5

Pressure change
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Formation of a note on
the oscilloscope

Loudness Loudness
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Fig: 11.7

Pitch and loudness
Loudness of the sound

is dependent on the

amplitude of sound.

Pitch the pitch of the
sound is dependent on
the frequency of sound.
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varying waveforms. These waveforms are produced by
blending different frequencies.

Quality: It is defined as the characteristic of sound by m
we can distinguish between two sounds of the same |
and pitch. N\

To understand this, let us consider ‘a fundamental
frequency and other two frequencies; if we combine these
waves on an oscilloscope, we will get a single waveform
with two overtones in it; Fig. 11.6.
loudness: It refers to the ability iﬁguish between a
loud and a quiet sound.

Pitch: It is the quality of sound that distinguishes between a
shrill and a flat sound. .

Loudness and pitch depends upon amplitude and frequency
respevtively as shown in figure 11.7.

Sound intensi Acoustic intensity: It is defined as the
power carri nd waves per unit area in a direction
perpendicula at area.

The ST unit of intensity, which includes sound intensity, is
the watt per square meter (W/m?).

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

Noise corresponds to irregular and sudden vibrations
generated by some sources. Noise is pollution, has become a
significant issue of concern all over the world. Noise is an
unpleasant sound that is harmful not only to human health
but also to other species. Transportation equipment and
heavy machinery are the primary sources. For example, the
noise of the machinery in industrial areas, loud vehicle
horns, hooters, and alarms. The excessive noise level has
harmful effects on human health as they can cause
conditions such as stress and disturb concentration. Over
time, hearing loss, sleeping disorder, aggression,
hypertension, high-stress levels can occur.

A safe level of noise depends on two factors: the
noise level; and the duration of exposure to the noise. The
noise level recommended in most countries is usually 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 Noise levels in decibels

Noise &\)
Personnel stere * loud

Noise levels in
decibels (dB)
150
140
110

90

70
60
30
Threshold of hearing 0

SELF ASSESSMENT QUESTIONS:

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

Q2: How can we reduce noise pollution?

O Do You Know!

The decibel (dB) unit is
usually used for
@ uring the relative
oudness of sounds
detectable by human
hearing. The term bel is
derived from the name of
Alexander Graham Bell,
Inventor of the telephone.

Decibel is the smaller unit
of bell.

Do You Know!

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

O Do You Know!

The sound sensitivity
persists in our brain for
about 0.1 s. To hear a
clear echo, the time
interval between the
produced original sounds
and the reflected one
must be at least 0.1s

0 Do You Know!

Echolocation is a
technique to determin: x
the location of obj

using echo so
Some incr 1bly%

people have also
developed the ability to
ate by actively

o sounds: for
ple, by lightly

Qomping their feet,
tapping their canes,
snapping their fingers.
People trained to orient
by echolocation can
interpret the sound waves
reflected by nearby
objects, accurately
identifying their location.

\
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Reflection of sound or an echo.
If we stand in front of a suitable reflecting object such as a
tall building or a mountain and shout or clap our hands once,
we will hear the exact sound repeat after a short moment;
Fig.11.8.
The repetition of the sound after reflection is kn@a‘s an
echo.
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 after 0.1s. Hence, the total
distance covered by the sound from the point of production
to the reflecting surface and back should be at least
distance = speed x time

d=340m/s x 0.1 s

d=34m.
Thus, for hearing clear echoes, the minimum distance of
the obstruction from the source of sound should be half of
this distance, that is, 17 m.

his hands near a wall and heard the echo after
is the distance of the wall from the boy if the
the sound, v is taken as 340 ms™'?
ion:
ep 1: Write down the known quantities and quantities to
be found.
t=1.6s
v=340ms’"!
d=?
Step 2: Write down the formula and rearrange if necessary.
d=vxt¢t
Step 3: Put the values and calculate.
d=(340ms!) x (1.6s)
d=544m
In 1.6s sound has to travel twice the distance, towards the
wall and then back to the boy.
Result: the distance between the wall and the boy will be
d =544 m/2
d=272 m.

1.6
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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 ears also cannot hear very high
frequency sounds known 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 having
frequencies above 20,000 Hz.

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

Sound with frequencies below the lower limit o{@lﬁlman
range of audibility is known as infrasonic.

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

f Whales ! .
—— Bats— Medical
b—— Humans ———M8¥ M ultrasound
| | | [V o e _ Al | |oium
I I I |7 \ I I L |
1Hz 10 Hz 100 Hz 1000 Hz 10000 Hz 100000 Hz 1000000 Hz
Fig: 11.9

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

- \ Frequency (hertz)
Wes The lower limit | The upper limit

of the audible of the audible
frequency frequency
ts 16 12000

@n 20 20000
orses 31 40000

Dogs 40 40000
Whales and dolphins 70 15000
Cats 100 32000
Locust 100 50000
Seals and sea lions 200 55000

Bats 150000

0 Do You Know!

Different people have a
different range of
audibility. It also

decreases with age as

people grow older. Their
hearing senses become
less sensitive to higher
frequencies. For the

average human ear, the

lower limit of audible
frequency is 20 Hz, and

the upper limit is 20000

Hz. In other words, our

ears only respond to
frequencies above20 Hz
and below 20000 Hz.
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Fig: 11.10.
Ultrasound cleaning
Defect or flaw

e

ISTE

Ultrasound
fkty

e e
e e

Metal block

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

e

e e
Transmitter /'-.:a-\Transducer‘
—

e —
"E?‘ Oce
M‘
Fig: 11.12. Measuring
the depth of seabed in

theiocean by using
ultrasound

1Lk
Fig: 11.13.
Echocardiography to
see the heart functions
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Applications of ultrasound techniques in industry and
medicine

Ultrasounds, high-frequency sound waves can propagate
along well-defined straight paths, Ultrasounds are used
extensively in industries and for medical diagnostic
(imaging) purposes.

Cleansing

Ultrasound is commonly used to clean many objects even in
hard-to-reach places, including jewelry, dental and surgical
instruments, musical instruments. In this process, objects to
be cleaned are placed in a cleaning solution, and ultrasonic
waves are sent into the solution. Due to its high frequency,
dust, grease, and contamination particles detached and
dropped. The objects thus get thoroughly cleansed.

Quality control

Ultrasound has higher penetrating power due to its very high
frequency. Thus, ultrasounds are also used to detect cracks,
cavities, and flaws in metal and concrete blocks. These
invisible cracks or cavities inside the blocks reduce the
strength 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,
indicating 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 is a painless and non-invasive medical
imaging procedure. A transmitter sends out pulses of very
high frequency. The transducer is positioned on the chest at
specific locations and angles, the pulses move across the skin
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and other body tissues to the heart tissues, where the pulses
bounce or echo of the heart structures; Fig. 11.13. These
pulses are then transmitted to a computer to create moving

images of the heart walls and valves. The image produced is Display -
called an echocardiogram. T ‘
Ult h g

. rasonog.rap y . SDISk\ Aeyboard/
It is a technique that uses an instrument ultrasound scanner. >'& Cursor

This scanner uses high-frequency sound waves to 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 kidney g
or tumors and abnormalities in different organs. In this Printer
technique, the sound waves penetrate the body and hit a
boundary between tissues, e.g., between fluid and soft tissue,

Transducer
Pulse Controls

Frequency
Duration
Scan mode

Transducer

bone and soft tissue, and get reflected from an area where Sound
their tissue density changes; Fig. 11.14. The instrument backing
calculates the distance from the probe to the tissue or organ ) “cr;)siﬂs
boundaries using the speed of sound in tissue and the time of ' S )
the return of each echo. These pulses are then converted into i \\b .
electrical signals used to create two-dimensional images of | "‘?}q-.-- -
the organ. Fig: 11.14. The
schematic diagram of
SELF-ASSESSMEWUESTIONS: the ultrasound scan
Q1: Which egi\ igher speed sound or light? machine
Q2: Isit & produce an echo in a room of length
10m?
N RADAR

is used in Air
traffic control and vehicle
speed detection”

SONAR
is used to measure
ocean floor and locate
submarines.
LiDAR

isusedin
autonomous driving

forestry, canopy heights,
biomass measurement and
LiDAR speed guns.
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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 parallel
to the direction of wave motion.

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

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

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

Sound needs a material medium to pass through energy.

Sound cannot travel through a vacuum.

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

The speed of sound is faster in solid materials and slower in liquids or gases.
Temperature affects the speed of sound in air sound travels faster when the
temperature of the medium rises.

Humidity slightly affects the speed of sound in air, and sound travels faster
when the humidity of the air rises.

Quality is the characteristic of sound by which we can distinguish between two
sounds of the same loudness and pitch.

Sounds that are pleasant to our hearing sensations are called musical sounds.
Sounds that are unpleasant to our hearing sensations are called noises.

The high noise level has harmful effects on human health.

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

The echo is the reflection of the sound after reflection from an 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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N(2u 00 NPV ) 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
¢) 25Hzand25kHz d) 30 Hz and 30 kHz
3. The approximate value of the speed of sound in air at 0°C temperature is:
a) 332m/s b) 34m/s
C) 17m/s d) 680m/s

4. Sound travel faster in solid as compare to gases because of:
a)  Gas molecules are packed loosely.
b)  Sound does not travel faster through 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 volume of the air
b) Temperature and mass of the air
¢) Volume and mass of the air
d) Temperature and humidity of the air

6. The separation between two consecutive compressions of the sound wave is

called:
a) Time period b) Amplitude
c)  Frequency d) Wavelength

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

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

ultrasound?
a) Absorption b) Pre-natal scanning
c) Dispersion d) Measuring humidity of air

9. The causes of the echo is:
a)  Absorption b)  Dispersion
c) Reflection d) Refraction
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10. Which type of wave cannot travel through a vacuum?
a) Sound waves b) Infra-red radiation

¢) Microwaves d) X-rays

N0 G Structured Questions

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

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

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

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

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

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

7. a) Define the following terms
1. Infrasonic
ii. The audible frequency range of hearing
iii. Ultrasound
b) How is ultrasound used for cleaning?
c¢) Explain two applications of ultrasound that are used in hospitals for medical
imaging.
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N4 0 (@) Numericals

1. Calculate the speed of sound in air at 50°C? Given that speed of sound at 0°C
is 331m/s. (360.0 ms™!)

2. A person has an audible range from 20 Hz to 20 kHz. What are the
distinguishing wavelengths of sound waves in air corresponding to these two
frequencies? Take the speed of sound in air as 340 m s,

(58.8mm and 58.82m)

3. A ship uses ultrasonic pulses to measure the depth of the submarine beneath
the ship. A sound pulsing is transmitted into the sea, and the echo from the
sea-bed is received after 40 ms. The speed of sound in seawater is 1480 m / s.
Calculate the deepness of the submarine. (29.6 =30m)

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

Returning echo Emitted sound waves

0

Ky

(i) A bat emits a pulse of the sound of wavelength 0.0080 m. Calculate the
frequency of the sound. (42.5Hz)

(ii)) 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
pulse of sound during this time. (17m)

(iii) Calculate the distance of prey from the bat.  (8.5m)



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

>

>

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

State the colors of the spectrum and explain how the
colors are related to frequency/wavelength.

Describe the behavior of light when passing-through
water droplets.

State that all electromagnetic waves travel with the same
high speed in air and state the magnitude of that speed.
Describe the main components of the electromagnetic
spectrum.

Discuss the role of the following: (i) radio waves — radio
and television communications, (ii) microwaves —
satellite television and telephone, (iii) infra-red —
household electrical appliances, television remote
controller, and intruder alarms, (iv) light — optical fibers
in medical-uses and telephone, (v) ultra-violet — sunbeds,
fluorescent tubes, and sterilization, (vi) X -rays — hospital
use in medical imaging and killing cancerous cells, and
engineering applications such as detecting cracks in
metal, (vil) gamma rays — medical treatment in killing
cancerous cells, and engineering applications such as
detecting cracks in metal.

May 16,
the International Day
of Light
UNESCO celebrates
the role of light in
science, education. It
plays an essential role
in our lives. It is the
origin of life through
photosynthesis on its
most fundamental level.
The light has led us to
alternative energy
sources and many other
discoveries that have
shaped our
understanding of the
Universe. For centuries,
the study of light and its
properties has
revolutionized every
science discipline, from
Ibn Al Haytham to
Einstein. From gamma
rays to radio waves, the
spectrum of light
provides
understandings both
far-ranging and near.
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We live in a technologically advanced world, where more
and more electronic appliances are going wireless. We use
The prism is a triangular  mobile phones, laptops, and even mobile televisions. It
transparent block of  seems like these cordless appliance scans detect and read
gla.ss or plastic. It i_s a information from our surroundings, and we -can also

solid structure having . o . .
e ! communicate and share digital information through
two triangular surfaces.  €lectronic media. Where does all this information come
Refracting Edge from? How does this information travel through in air or a

vacuum? We will try to understand all this in detail.
Reffacting | 45 1 Dispersion of light

Have you ever seen the rainbow? What the physics behind
this phenomenon is; Let us learn it by using a glass prism.

Suppose a narrow beam of white light entering from the air

Refracting
face

Prism base is passed through a prism of the denser medium. A prism
refracts the light at both the refracting surfaces, and it
produces a range of colors called a spectrum.

Glass Splitti hitnght into its constituent colors when it passes

Yo i thro%ss prism is called dispersion of white light.

White light is not a single color but a mixture of all the
spectrum 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

Fig: 12.1 .
Dispersion of white becomes distinct on the spectrum.

light by a glass prism The color pattern produced in the dispersion is called a
spectrum of light.
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Figure: 12.2 Spectrum of visible light with corresponding
wavelengths and their frequencies of each color
wa of all the
Table: 12.1. ors, and the air

Index of Refraction in crown glass at Various Wavelengths. The Tl least scatter it.
table shows different colors have different wavelengths so, as the , 1t cag travel the
refractive index ’ ongest distance and

Color Wavelength/ nm Refractive Ind penetrate through rain,
mist, and fog. This is

why red is being used in
traffic signals to make
the stop signal visible
from a far distance.

Dispersion of light through water'droplets

. . . . Water
The rainbow is one of nature's most beautiful creations. droplet
When a rainbow appears, it serves as an excellent sunlight

demonstration of light dispersion and further evidence that A &
visible light has a spectrum of wavelengths, each of whichis <™t @’3&0\
associated with a distinct color. At an angle of approximately Violet

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 Fig: 12.3.

of water acts as a tiny prism, dispersing and reflecting light The dispersion by a

to your eye. When you look at the sky, droplets emit water droplet

wavelengths of light associated with a color. There are
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.
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0 Do You Know! Speed of electromagnetic waves

- : Electromagnetic waves are radiated out when charged
en you listen to the . . . . .
radio, watch TV or make  particles oscillate. For example, vibrating atoms in a hot,
food in a microwave glowing bulb filament emit infrared and visible light in the
oven, you use house. An oscillating electric current sends out radio waves
clectromagnetic waves.  from a radio station. The other types of EM radiation that
make up the electromagnetic spectrum are microwaves,
ultraviolet light, X-rays, and gamma rays that radiate out
from their respective sources.
Electromagnetic waves are transverse waves. It is electric
and magnetic fields that are oscillating, not material. Thus,
they can travel through a vacuum or space.

O Do You Know!
Electromagnetic wave

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

1 year = 365 days

365x 24 days

365x 24x 60 minutes
=365x 24x 60x 60 seconds
=31536000 seconds . . .

1 light year = Velocity x Time Like all other waves, it obeys the equation

=30°°°°km/s*3lsx° Speed = frequency x wavelength

=9.46x10"%m.
Y c=1fxA

All electromagnetic waves travel through the space or
vacuum at the same speed of 300000 kilometers per sec or
3 x 108 m.s.
~ Worked Examplel
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= 694.3 nm = 694.3 x 10”m

1 =6.93 x 10'm
f=? and we know that
c=3x108m.s.

Electric field
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Step 2: Write down the formula and rearrange if necessary

v=Af, and
f=c/A

Step 3: Put the values and calculate.

or

Speed= wavelength x frequency
_ C
7=
/= (3x10%m/s)/(6.943 x10m)

Result: f=4.32 x10'Hz

The frequency produced by the laser is 4.32 x10'* Hz.
SELF-ASSESSMENT QUESTIONS :

Q1

Q2:
Q3:

: A ray of blue light deviates more than a ray of

when passing through a prism. Explain why?
Give the sequence of colors produced in
dispersion through a prism.

X-rays have a higher frequency waves.

What is their speed in space?

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

1.

Electromagnetic waves are transverse waves in nature.
They are composed of varying electric and magnetic
fields that oscillate perpendicularly. The direction of
wave motion is perpendicular to both electric and
magnetic fields.

It can not carry electric charge.

It can travel through space, traveling at the speed of
c=3x10"ms.

It will travel through a transparent medium; however,
they will slow down when traveling through a denser
medium like water or glass.

It obeys the laws of reflection, refraction, and
diffraction.

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).

o Do You Know!

Electromagnetic

can travel thr,

0 Do You Know!

Ultraviolet radiation
from the electromagnetic
spectrum can not be
seen, but it tans our
skins and causes some
substances to become

fluorescent.

transpar ®
diffe Ksp&ds
accé their

ive refractive

T t
index.



0 Do You Know!

The electromagnetic
waves of higher
frequencies, such as X-
rays or gamma rays, are
more hazardous due to
their higher energies (or
higher frequencies)

Radio Wamhe
longest wavelength in

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

of electromagnetic waves accordi o their frequencies
or wavelengths. L
Microwave

o |

AC Power Television Telephone Satellite Sunlight Medical  Radioactive
X-ray sources

Micro Ultra
‘Wavelength Waves violet Gamma rays

Radio Waves Infrared X-ray

v

10° 10 10° 10° 10" 10° 10° 10° 10" 10" 107* 10™ 10" 107"
Fig: 12.4.
The electromagnetic spectrum with decreasing wavelengths as well
comparison of wavelengths with the size of objects

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

Sources Applications

Microwaveoven

RADAR

Optical fiber

SELF-ASSESSME STIONS: Fig: 12.5.
1: State two e R Some examples for
Q ’ : P application of EM
electro a@ spectrum that have wavelengths spectrum
more significant than the wavelengths of red light.

Q2: State at least four properties common to all
_ “electromagnetic waves.
12.3 Psesvof electromagnetic waves
Flectromagnetic =~ waves have many advanced
technological uses in our day-to-day life. Some of the
implied uses of the main components of the spectrum are

given shortly below;
(i) Radio 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



Do You Know!

Magnetic resonance
imaging (MRI) is
advanced medical

imaging technique that
uses computer-generated
radio waves and magnetic
fields to create meticulous
images of the organs and
tissues in the body.
When the patient lies
inside an MRI machine,
the magnetic field
temporarily realigns water
molecules in the body.
Radio waves cause these
aligned molecules to
produce faint signals,
computed to produce
3-D MRI images — like
slices in bread.

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

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

hi-fi (High fidelity) systems.
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The human body also gives out infrared radiations because
of the rotational-vibrational motion of its atoms or molecules
that motion sensors can detect. Intruder alarms use these
motional sensors that detect the changing 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, is a long tube consisting of
optical fibers that enable doctors to see abnormalities in
organs such as the stomach intestines inside a human body.
(v)  Ultra-violet — sunbeds, fluorescent tubeés; Fig: 12.6.
sterilization, Endoscopy
Very hot objects, such as the Sun, emit radiations beyond the
violet end of the visible spectrum, known as ultraviolet
radiations. The ultraviolet is also produced by passing an
electric current through the mercury vapors in the tube.
Ultraviolet radiation is further divided into three bands in
order of increasing energy UV-A type, UV-B type, and UV-

Upper endoscopy

Wavelength

In fair skin, the rays can penetrate deeper and are harmful to Fig: 12.7.
live cells. Excess ultraviolet exposure can result in several Sunbed
skin diseases.

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

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

Fig: 12.8.
Fluorescent watch dial
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—0 SR In fluorescent lamps, the inside of the tube is coated with
0 YU now. . . . . .

white powder (fluoresce), which gives off light when it
» Many invisible things absorbs ultraviolet. They are commonly used in lighting

to the human eye h .
ouses, shops, and offices for decorating purposes.
become visible under p gp

UV light Sterilization; as ultraviolet kills harmful bacteria, strong
> Ultraviolet rays are UVB and UVC radiations are used to sterilize food and
visible to bees. medical equipment in hospitals.
- Wlimmlolis mes (vi)  Applications of X -rays
beyond white light. X-rays are produced when ‘fast-moving electrons

» UV light can damage

lose their energy quickly. For example, in an x-ray tube, the
the human skin

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

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

Computed Tomography (CT) scan is acomputational
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 a technique of inspecting materials
to detect inside defects by using high-frequency X-rays. In
this method, a beam of x-rays points at the tested item. A
detector is aligned with the beam on the other side of the
item. The detector records x-rays that pass through the

Fig: 12.10. material. The thicker the material, the fewer x-rays can pass
Radio therapy .
through. More rays move through that region because the
O SRS material is thinner with a crack or flaw. The detector
e iR computes a picture from the rays that pass through, which
Gamma rays have shows cracks or flaws in that material.

Wal“(’)zler}gth oflessthan (vjj)  Applications of Gamma rays
picometer (pm) Gamma rays come from radioactive materials. They are

Gamma rays have the . §
greatest energy. produced when the nuclei of unstable atoms decay into a
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stable nucleus or lose energy. They tend to have high energy
than x-rays.
Gamma rays are used to treat cancer. These high-energy rays
are directed at the cancerous tumor to kill cancer cells in
oncology.
The Gamma Knife Radiosurgery is a medical procedure
that uses gamma rays to destroy small tumors in
the brain with less damage to surrounding cells.
Positron Emission Tomography (PET) is a functional
medical imaging method. In a PET scan, a short-lived
positron-emitting radioactive sampling taken suitable for a
particular function (e.g., brain function) is injected into the
body. Radiated positrons quickly fuse with nearby electrons
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 location of the
biological process being examined.
Gamma rays are highly penetrating and can pass through
metals; because of their extreme power; gamma rays used to
radiograph holes and defects in metal castings and other
structural parts.

SELF-ASSESSMEN ESTIONS:

Q1: State health i ssociated with high energy

components romagnetic radiations?
Q2: What e advantage of optical fibers in
telec nication over copper cables?

Q3: State the role played by gamma radiations in
“radiosurgery.

Fig: 12.11
Gamma Khnife

0 Do You Know!

X- rays are shorter in
wave length than UV rays
and longer than gamma
rays wavelength range
(0.01 — 10 nm)

0 Do You Know!

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

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

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

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

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

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

The electromagnetic waves are transverse; oscillations of their electric and
magnetic fields are perpendicular to energy transfer.

All electromagnetic waves travel through a vacuum at the same speed of
c=3x10ms™.

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

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

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

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

Infra-red is used in wireless remote controllers.

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

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

Optical fibers work on the principle of total internal reflection.

Optical fibers are widely used in communications technology.

An endoscope is a medical device of optical fibers that enables doctors to see
abnormalities in organs inside a human body.
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Ultraviolet radiations are commonly used in sun beads, fluorescence, and

sterilization.

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

» The cyberknife uses gamma rays in radiosu cancerous cells.

» PET uses the gamma rays in medical imaging to produce functional three-

dimensional images of abnormal tissues or tumors.

1% CONCEPT MAP

Electromagnetic Waves

| }

Dispersion of light —— (e [ —— Dispersion of light
by prism fighit by water droplets
- -
N S_Fop
getik
—{  Radio

— Microwave

—  Visible

—  Infrared

—  X-rays

— UV rays

Gamma rays
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v () W PN) Multiple Choice Questions (MCQs)

Choose the correct answer from the following choices:

1.

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

The electromagnetic rays used in radiotherapy to destroy cancer cells are;
a) Infrared rays b) Visible rays
c) X-rays d) Ultraviolet rays

The Velocity of light in a diamond is
(whereas the refractive index of a diamond with respect to vacuum is 2.5)

a) 1.2x10%m/s b) 5x10%m/s
c) 1.2x10"m/s d) 2.5%x10%m/s

The group containing only electromagnetic waves is;
a) Light waves, Radio waves, Microwaves
b) Light waves, Radio waves, Sound waves
c) Light waves, Sound waves, Microwaves
d) Radio waves, Sound waves, Microwaves

The list that shows electromagnetic waves in order of an increasing wavelength
is;

a) Microwaves, X-rays, Gamma-rays

b) Microwaves, Gamma-rays, X-rays

c) X-rays, gamma-rays, Microwaves

d) Gamma-rays, X-rays, Microwaves

The type of electromagnetic wave used in security scanners at night is;
a) Infra-red b) Microwaves
¢) Radio waves d) X-ray

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
c) Speed d) Wavelength

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

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

10. The optical phenomenon in which the splitting of white light into seven distinct
colors occur is called;
a) Refraction b) Reflection

c) Dispersion d) Diffraction

NZE (01N Structured Questions

1. a) Define dispersion of light.
b) Describe the dispersion of light when passing through a glass prism.

2. a) Explain how the rainbow is produced on a rainy day?
b) Explain how the colors are related to distinct frequency or wavelength?

3. a) What are electromagnetic waves?
b) List the main components of the electromagnetic spectrum in decreasing
order of their wavelengths.
¢) Ultraviolet rays have a higher frequency than radio waves. Can UV rays
travel faster in a vacuum?

4. Compare the properties of ultraviolet rays and radio signals.
a) Which one travels at a faster speed?
b) Which wave has a greater frequency?
¢) Which wave has a greater wavelength?

5. a) What are the main sources of radio waves?
b) What is the main advantage of using radio waves in communication?

6.. Why are microwaves preferred in satellite communication?

7. a) What type of radiation is commonly used in remote controllers for household
appliances?
b) How do the molecules emit infrared radiations?
¢) How intruder alarms help security personnel visualize the thermal images

8. a) On what principle do optical fibers work?

b) Reference the daily life applications of optical fibers in;
1. telecommunication
ii. medical industry?



9.
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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 control in
sunbeds?

10. a) Explain fluorescence.

b) Describe sterilization.

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 radiosurgery for destroying cancerous
cells?

¢) Explain the applications of gamma rays used in hospitals for medical
imaging.

N () K(®) Numericals

1.

Electromagnetic radiation having -a 15.0—um wavelength is classified as
infrared radiation. What is its frequency? Given that the speed of light is

3x10% m/s. (2 x 10"*Hz)
What is the frequency of the 193-nm ultraviolet radiation used in laser eye
surgery? (1.55 x 10'Hz)

Calculate the wavelength of 100-MHz radio waves used in an MRI unit? (3m)
The distance from earth to sun is 1.49 x 10! meters. How long a radio pulse
radiated from the sun takes to reach on the earth? (496.67 sec)
Distances in'space are often measured in units of light-years, the distance light
travels in one year. Find the distance in kilometers in a light-year?
(9.33 x 10’Km)
What is the frequency of green light with a wavelength of 5.5 x 10’m?
(5.45Hz, 5.45 x 10'*Hz)
A typical household microwave oven operates at a frequency of 2.45-GHz.
What is the wavelength of this radiation? (0.1224m or 122.4mm)



Students Learning Outcomes (SLOs) Surface of calm water
After learning this unit students should be able to behaves like a plane

Descan the terms used in reflection 1_nc1ud1ng normal, angle of incidence, angle | N T astshowbin
of reflection, and state laws of reflection
Solve problems of image location by spherical mirrors by using mirror formula. figure, you can see a
Describe the use of spherical mirrors for safe driving, blind turns on hilly roads, clear image of regular
dentist mirrors. .

Define the terminology for the angle of incidence I and angle of refractiont and | reﬂe(:t.lon of lansdown
describe the passage of light through the parallel-sided transparent material. = bridge sukkur.
Solve problems by using the equation sin i /sin r = n (refractive index)

State the conditions for total internal reflection

Describe how total internal reflection is used in light propagation through optical
fibers

Describe the use of optical fibers in telecommunications, and the medical field
and state the advantages of their use.

Describe the passage of light through a glass prism.

Describe how light is refracted through lenses.

Define the power of a lens and its unit.

Solve problems of image location by lenses using lens formula.

Describe the use of a single lens as a magnifying glass and in a camera, projector,
and photographic enlarger and draw ray diagrams to show how each forms an
image.

Define the terms resolving power and magnifying power of the lens.

Draw a ray diagram of a simple microscope and mention its magnifying power.
Draw a ray diagram of the compound microscope and mention its magnifying
power.

Describe the exploration of the world of microorganisms by using microscopes
and of distant celestial bodies by telescopes

Draw ray diagram of a telescope and mention its magnifying power

Describe the correction of short-sight and Long-sight.

Describe:the use of lenses/ contact lenses for rectifying vision defects of the
humﬁxheye
(Draw. ray diagrams to show the formation of images in the normal eye, short-
Wd eye, and long-sighted eye.

REFLECTION OF
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What makes things visible? During the day, the sunlight
0 XOu now. A X .
make able us to see objects. An object reflects light that falls
Ibn al- Haytham (965- . . .

1039) realized that he was ~ ©1 it. Our eyes detect reflected light, enabling us to_see
seeing images of objects things. We can also see through a transparent medium as
outside that were litby 10t g transmitted. Several beautiful phenomena are
the sun. He concluded . . ] R
that light rays travel in associated with light, such as the twinkling of stars, the

straight path and that beautiful colors of a rainbow, and the bending of light by a
accomplished when these 1o 4iym  The study of the properties of light helps us to
rays pass into our eyes
explore them.

We shall study the phenomena using the rectilinear

propagation of light and their 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 smooth, polished surface and then returns. In other

words, when a ray of light hits a surface, the surface reflects
the light. In addition, the ray of light that strikes the surface
is referred to as an Incident ray, but the ray of light that is
reflected back is referred to as a Reflected ray. The term
"normal" refers to the line that is created when a

perpendicular is made between two rays on a reflecting

o Do You Know!

Ibn al- Haytham’s most
important work is kitab aN
Manazir (a book abo

optics). His long w surface.
oo Rl o Incident Ray = It is the ray that falls on the surface
world. . Jia . Reflected Ray = The ray which is reflected from the surface
communications we live ) )
. intoday. Normal = Perpendicular on the polished surface
P = Point of reflection
1= Angle of Incidence
Normal r = Angle of Reflection

Laws of Reflection

efiected Having a basic comprehension of the concept of reflection,
you must also be aware of its two essential laws. It is
possible to determine the reflection of an incident ray on a
variety of surfaces, such as a plane mirror, water, and metal
surfaces, by applying these principles. Here are the laws of
reflection:

incidence [reflection g

=

Fig: 13.1
Experimental setup
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» The angle of incidence is equal to the angle of reflection
(ie. Li=Zr) is also known as the first law of
reflection.

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

These laws of reflection apply to all types of reflections,

including reflections from spherical surfaces. These are also

applicable to regular and irregular types of reflections. B C F ] p
SELF ASSESSMENT QUESTIONS: R o/ & X
Q1: Why narrow beam of white light is used i\g M

experiment?

Q2: List everyday examples of reflection of li &
Q3: Why the angle of incidence is alway %0 the
angle of refection? P N\

13.2 Image location by sphericalmirror equation

Image Formation by Spherical’'Mirrors

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

Image formationby Concave Mirror

The ray diagrams illustrate the formation of images by a
concave mirror for various positions of the object; Figure
13.2,

You can see in the ray diagrams that the nature, position, and
size of the image formed depends on the position of the
object at points P, F, and C. The images formed are real for

some positions of an object and virtual images for a F Brjp B
particular other position. An image formed is either reduced, )
has the same size, or is magnified. It depends on the position Fig: 13.2.

of the object. A summary of these observations is given for ~ Ray diagrams for the
. image formation by a
your reference in Table 13.1. concave mirror




Do You Know!

i

If two plane mirrors are
placed parallel, then
infinite number of images
are formed

Do You Know!

i

A spherical mirror is
a mirror with a curved
reflecting surface. Most
curved mirrors have
surfaces that are shaped
like parts of a sphere.
A convex mirror is a
spherical mirror in which
the reflective surface
bulges towards the light
source. Convex mirrors
reflect light outwards and
are therefore not used to
focus light.

Y
Principal axis >«

A conca
reflecting sur that is

i inward away
0 e light source.
cave mirrors reflect

shtinward to one focal
point. They are used to
N focus light.

Principal axis

@

[EpEpEp R N <

WFocaly

Summary of images formed by ray diagrams for different positions

Unit 13:

Geometrical Optics

Table 13.1.

of the object
Position -
of the Posnflon of Size of the image Natflre of
] the image ;
object
At infinity | At the focus F nghl}{ dlmIHIShed
point-sized
Between F . > eal and
Beyond C and C Diminished M tverted
o
AtC AtC Same si " I_{eal i)
inverted
Between N Real and
Cand F Eam© $ e inverted
s . Real and
AtF At infinity ighly enlarged inverted
Between Behind the( Enlareed Virtual and
Pand F mirro & erect

C, the center of curvature, F, the focal point, P, optical center, p, object

Let us think of an object placed p cm in front of a spherical
mirror of focal length f'cm. The image is formed g cm from

distance, f; focal length, ¢, image distance
Spherical Mirror Equation

the mirror, then p, /, and ¢ are related by the equation,

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

1 1 1
— =4 —
f p q

&
<

Fig: 13.3. Ray diagram of image formed by concave mirror

When applying the mirror equation, the following points

must be observed:

e That all distances p, f, and ¢ are measured from the
optical center P as an origin.
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All real distances are taken positively, while all
virtual distances are taken negatively.
e A concave mirror has a positive focal length, while a

convex mirror has a neiative focal lenith.

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

Solution

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

\mrage students to
isit below link for
image formation by

g=250cm concave mirror
p=10.0cm https://www.youtube.com/
f=? watch?v=gPYIVBB8gyY
Step 2: Write down the formula and rearrang ecessary.  &ab_channel=Learnnhvfu
1 1.1 !
—=—dt=
K <b

Step 3: Put the values and calculate l
1 1 . 1

1_5+2
f 50 \Q
o ~\.’\'
f 50

Res 1%focal length of the mirror is 7.14 cm.

Use of spherical mirrors

Spherical mirrors have various applications in our everyday life
such 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 Fig: 13.4.
mirrors in vehicles, also called driver mirrors; Fig. 13.4. A wider rear view
These mirrors are fitted on the sides of the vehicle so the image

driver can see traffic behind them for safe driving. Convex



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

Fig: 13.6.
A dentist mirror

Observer

Coin
Fig: 13.7.
The coin appears to be
raised in the water
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mirrors are curved outwards that reflect the light outwards,
allowing the drivers view of a much larger area of the 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
see 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. These 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
clearly and diagnose any infection or germ attack.

SELF ASSESSMEN&l STIONS
Q1: Are the imag?ﬁ ed by spherical mirrors always
real?

Q2: Co rs are used as a rear-view mirror in
vehic at produce diminished images. Why are
Wmirrors preferred over plane mirrors?
13.3(Refraction of light
You know that light seems to travel along a straight pathway
in-a transparent medium. What happens when light enters
from one transparent medium to another? Does it always
move along a straight-line path? Let us recall some of our
daily experiences.
When a thick glass slab is placed over printed matter, the
letters appear raised when viewed through the glass slab?
Similarly, the coin placed at the bottom of a water tank
appears to be raised; Fig. 13.7.
Why does it happen? A pencil partly immersed in water in a
beaker appears to be bent at the interface of air and water. A
fish kept in water in a glass 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.
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Normal

Rectangular
glass slab

GLASS

Direction of
“s  original ray

S AIR
. Fig: 13.8
L s Refraction of light
.\'limal through a glass block
A ray AO strikes the face PQ at an angle of incidence <% 0 Do You Know!
As it enters the slab of glass, it takes a little bend to the right, Willebrord snell a

travelling along OB at a refraction angle of Z£7- The  mathematics professor,
formulated the law of
refraction in 1621.
Z¥. The emerging ray BC exhibits a refraction angle of Ze, However, he did not
which causes it to deviate from the normal. w‘;‘fgﬁ? gﬁ;“gﬁgg:ﬁ? X
Therefore, the emerging ray BCis par'allel to the.mc1dent T3y qutch physicist, publish,e d
AO; however, it has been laterally displaced with regard to  snell’s findings that it was
the incident ray. When light emerges from a refracting called snell’s law.
material that has parallel sides, there is a shift in the pathway

that the light takes.

refracted ray OB hits the face SR at an angle of incidence

Table:13.2
The angle between angle.of incidence and angle of refraction and
ratio of sin Z1 to sin Zr

The a@' The angle of SinZi /sin
incidence Zi refraction £r Zr Willebrord Snell
13 1.520 (1580-1626)
QYD 19 1.536
40 25 1.521
50 31 1.487
60 35 1.510
[ = Lage Christiaan Huygens

(1629-1695)
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Conclusions

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

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

2. Aray of light incident at an angle to the normal bends
towards the normal when it enters into an optically
denser medium (i.e., air to glass). Similarly, a ray of
light bends away from the normal when it enters an
optically less dense medium (i.e., glass to air).

3. The ratio of the sine angle of incidence to the sine
angle of refraction gives us a constant called the
refractive index of the medium.

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

1. The incident ra V(;rmal, and the refracted ray all
lie in the sa

2. The r dex can be defined as the ratio of the

le of incidence to the sine of the angle
ac when the ray of light enters from one
- m to another.
For two particular refracting mediums, the ratio of the sine
angle of incidence to the sine of the angle refraction is
. constant

sinZi
- = constant
sin/Zr
sinZi L.
- = refractive index
sin/Zr
sinZi
sinZr
sin Zi
or n=-—
Fig: 13.9. Image of fish sin Zr
seen due to total This is also known as Snell’s law.

internal reflection 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,
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Re frective Index= speed of light in vacuum or air

speed of light in the medium

n=-—
v

The refractive index of the diamond is 2.42. What is the

speed of light in a diamond?

Solution:

Step 1: Write down the known quantities and quantities to

be found N
n=2.42
c=3x10* m/s ‘
v=?

Step 2: Write down the formula and rearrange i%sary.

Cc
n=-
v

P
n
Step 3: Put the values and calcula
IS

=124 x 10° m/s. The greater the value of
Hence, the speed of ligh{ ip\@nond is 1.24 x 10® m/s. the refractive index of a
medium, the greater the
Table:13.3 change in speed as well
Refractive index,speed of light and critical angle in some the greater bending of
transparent material light when it passes from
N Refractive | Speed of light | Critical air into that medium.
Index (x 108 ms') | angle
n 2.417 1.25 24.4°
0
) 1.66 1.81 37.0
lass 0
(Crown) 1.517 2.01 41.2
Perspex 1.495 2.00 42.0°
Water 1.333 2.25 48.8°
Ice 1.309 2.30 49.8°
Air 1.0003 2.99 88.6°
Vacuum 1.000 3.00 90.0°
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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
occurs.

Q3: Which physical quantities do not change during

refraction?

13.4 Total internal reflection
Figure 13.10 given shows an underwater reflection of a fish.
Fig: 13.10 This phenomenon is due to the total internal reflection of
Whata swimmer can light. This phenomenon can occur when light passes from an
see inside the water? . X .
optically denser medium to a rare medium. To understand
this unique behayior of light, we have first to understand the
Ib/ critical angle.
When a ray of light passing through in a dense medium
enters into-a rare medium, it bends away from the normal;

Refraction Fig.13.11 (a). If the angle of incidence ‘Zi’ increases, the
Fig: 13.11 (a) angle of refraction ‘Zr’ also increases. For a particular value
of the angle of incidence, the angle of refraction becomes
90%; Fig.13.11 (b).

The angle of incidence that 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 (c).

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.

Y.

Critical Angle
Fig: 13.11 (b)

>

Total internal reflection

Fig: 13.11 (¢)
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Calculate the value of critical angle for water refracted angle
at 90°. The refractive index of water is 1.33.
Solution:
Step 1: Write down the known quantities and quantities to
be found
£1r=90°
n=1.33
Zc=7
Step 2: Write down the formula and rearrange if necessary..
n =sin/i/ sin/r
When light enters in rare from denser, Snell's law beco@
n =sinZt/ sin/i

or n =sin £90/sinZc é

n=1/sin Zc

sinZc=1/n @ '
Step 3: Put the values and calcula Fig: 13.12. Structure of

the optical fiber
sinZc =1/1.33 O

sinZc =0.752

Ze=sin" (0.75 O
or Zc=488" @ _ _
Result: Therefore ﬂl‘-ﬂntical angle of water calculated is o) ntemal refection
48.8°. £ @
Telecommunication through optical fibers
Optical fibers consist of hair-size threads made of flexible
plastic or glass fibers that transmit light over long distances. e, cladding:
An optical fiber comprises two parts, an inner part ‘core’ N
with a high refractive index, coated with another material S
‘cladding’; Fig. 13.12. When a light ray enters the fiber and J e en]
hits the cladding, it is reflected internally in the core as the
incidence angle is larger than the critical angle, even if the Fie: 1313 Light
fiber is bent. Light rays entering the fiber are continuously Tranlnf;nis;ior; of
reflected at the interface between two refractive materials information through
and cover long distances without energy loss; Fig. 13.13. optical fiber




O Do You Know!

The lens is a piece of
transparent material such
as glass or plastic. It
focuses or disperses
the light rays using
refraction in such a way
as to form an image of the
object. The curvature of
the optical surfaces
classifies the lenses.
The convex lens
converges the rays of
light parallel to the
principal axis on the focal
point after passing
through it. The concave
lens diverges the rays o&

light if they appro
parallel to the prinei

axis. After r acm t
rays app riginate
from the focal point.

a A

Qt:

SELF ASSESSMENT QUESTIONS
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State the conditions necessary for total internal

reflection to occur.

Q2: Why a swimmer underwater cannot see the ot@

Q3:

above the water surface? &

What is meant by critical angle?

13.5 Refraction through a prism

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

Incident beam

- Angle deviation = D

Angle deviation =i (i A “’e | Angle of emergence

Angle of refraction
Emergent beam

B ¢
Fig. 13.14.
Tracing the passage of light rays through a glass prism
Activity

1. Fix a paper sheet on a drawing board using drawing
pins.

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 60°.

4. Fix two pins slightly apart on the line PE and label
them as P and Q.

5. Look for the images of the pins at P and Q through
the other facet of the prism AC.

6. 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.

7. Remove the pins and also the prism.

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

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

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

11. Now measure the angle of incidence 4i, 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 other
medium.

Conclusions

The incident ray bends towards the normal when enters the

prism and bends away from the normal while leaving the

prism.
SELF ASSESSMENT QUESTION

Q1; What is apperture?

Q2; What is difference betweelyo&f centre and pole?
13.6 Image location by lens equation
How a Lens Refracts Light
Consider a monochromatic ray of light traveling parallel to
the principal axis of the double convex lens. When a ray
enters a lens, Lenses refract the light at each interface, i.e. air
to glass and glass to air boundaries. The net effect of the
refraction, the light ray, has changed its directions. Because
of its special geometric shape, it converges the ray to the
focal point; Fig. 13.15.

Convex lens Refraction by a Converging lens
Focal point

rYYYYY
N

Y, Focal !
: leggtlh !
: * Fig: 13.15.

Converging of the ray of monochromatic light parallel to the

principal axis.

O Do You Know!

‘Concave lens: Incident
rays traveling parallel to
the principal axis refract
through the lens and
diverge in such a way will
never intersect. A
concave lens has a
negative focal length and
always produces
diminished, vertically
upright, and virtual
images.

o Do You Know!

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

have the same frequency.

Examples of
monochromatic rays are
light and sodium lamps
etc.



0 Do You Know!

A convex lens behave like
a concave lens when an
object placed in the focal
length

0 Do You Know!

All the rays originated
from the point of an object
when they pass through
the convex lens to form an
image in such a way that
they always tend to
converge on a single point.

Focal

A diverging lens is said to have a

negative focal length since rays which
enter the lens traveling parallel to the

principal axis diverge.

Refraction by a diverging lens

Incident rays traveling parallel to the
principal axis will refract through the

lens and diverge, never intersecting.

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

Refraction by a Converging lens
. . ]
Image formation by a converging lens

Incident rays which through the
focal point will refract through
the lens and travel parallel
to the principal axis.

Image
location

Fig: 13.16.
Converging or rays of light passithrough the focal point

The power of a lens
Lenses are used to converge or diverge the incident light
rays. The ability of a lens to refract the rays of light depends
on its focal length. For example, a convex lens with a shorter
focal length bends the light rays through a higher
convergence by focusing them closer to the optical center.
Similarly, a very short focal length of the concave lens will
cause the light rays to diverge at higher angles away from
the focal point. The degree of convergence or divergence of
light rays attained by a lens expresses its refractive power.
he power of a lens is defined as the reciprocal of its focal
ength, measured in meters inverse (m™).
The power is represented by the letter P. The power P of a
lens of focal length f'is given by

Power = ———
focal length
or P= 1
A

The ST unit of power of a lens is ‘diopter.’ It is denoted by
the letter D. The power of a lens whose focal length is
1D =1m™.

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

Image Formation by lenses

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

A
A
C, :{\\ G

and a virtual image for a certain other position. The image is /4
either smaller, has the same size, or is magnified, depending K_gbject - beyovnd_;
on the position of the object. An overview of these R M
observations is given for your reference in Table 13.4. W
Table 13.4.
An overview of images formed by ray diagrams for different : r, 25

positions of the object

Position of Position of Size of the Nature of
the object the image image ima;
At infinity At F, Extremely small
. Between F, nd
Behind 2F, and 2F, Small erted
Same as that OQ , Real and
A2 LA the oe:'ent inverted
Between 2F,; Real and
and F; Bigeins 218 EIR inverted
. Real and
At F, At infinity ghly enlarged iverted
Between F; | Same side o Enlareed Virtual and
and O the ler& g erect

Lens Equation F
Suppose an object is placed p cm in front of a lens of focal 2F, F, \@7\ NG

length / cm: Such that the image is formed ¢ cm from the
lens, then p, f, and g are related by the equation,

1 1 1 Objeg at f
—=—t— A M
f pgq A
This equation is considered the lens equation. This equation A
F, 2F,

is.applicable for both concave and convex lenses. B RS e
When applying the lens equation, it is necessary to note the ¢, \ :
following points: @7\
o Alldistances p, f, and g are measured from the optical
center P.

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

. N
Object distance < f

Fig: 13.17.
Ray diagrams for the
image formation by a
convex lens



O Do You Know!

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

Ibn al-Haytham

Ibn al- Haytham
(965-1039)

o Do You Know!

A magnifying glass is
also behaves like a simple

microscope
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e A convex lens has a positive focal length, while a

concave lens has a neiative focal lenﬁh.

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

Im)
, find

image distance (the distance between the lens an.
and determine whether the image is real or Vi%

the power of the lens. 6

Solution:
Step 1: Write down the known quan@nd quantities to
be found.

p=2.500 m 5@
£=0.050 m.
1. q= @

ii.
Step 2: erte do

3
1i. =

@ : Put the values and calculate
; 11 1
> q 005 25
] 1_50-1 _49

q 25 2.5

rmula and rearrange if necessary.

L.

IH\IH

~ =

ii. ==

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 lens. The power of the lens is 20 D.

Uses of Convex lenses

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

The Magnifying Glass

A magnifying glass is a thin converging lens that can be used
to make objects look bigger.

Figure 13.18 (a) below shows how the word (Magnifying
Glass) is placed such that object distance is less than the
focal length, i.e., p<f.

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 2F
produced is upright and magnified. It is a virtual image
because no rays converge to form it, so it cannot be obtained
on a screen; Fig. 13.18 (b). This type of use, a convex lens,
is often called a simple microscope.

The camera

A camera uses a convex lens to reproduce a
and small image on photographic fil

back inside the diaphragm.

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

A distant object requires the lens to film distance equal to the
focal length of the lens. A nearer object requires the lens to
film distance slightly more than the focal length of the lens;
Fig. 13.19.

Many cameras have automated focus setting adjustments.
More inexpensive cameras usually have fixed adjustments
The Projector

‘A 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.

In the projector, an object or a film is positioned between f
and 2f from the projection lens. A concave mirror is used to
reflect the light from the lamp onto a pair of condenser lenses
so that the light from the lamp is concentrated on the film or

P,’lnverted,
aced on the

[

Fig: 13.18'(a)
A magnifyingglass
enlarges.the letters

s@\

Image

Ob_] ect

Pr1nc1ple

axis

Fig: 13.18 (b)

l%
rays

Eye

The ray diagram of a
magnifying glass

\ﬁerté I
P—le—q—>

Fig: 13.19.

The cross-sectional

view of a simple

Concave
mirror

Condenser

lens

camera

PrOf' ection
ens

Fig: 13.20. The
schematic diagram of
the slide projector

Image on Screen




. Condenser
lenses

carrier

Fig: 13.21. The
schematic diagram of a
photographic enlarger

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

As the image formed is inverted, 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 image. The
lens is moved forward or backward to get a sharp picture on
the screen.

The photographic enlarger

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

An enlarger is a specialized transparency projector used to
produce photographic - prints from glass negatives
or transparencies or microfilm. The photographic enlarger
works on the same principle as a projector. In the case of the
enlarger, object is placed at a distance greater than F but less
than 2F. In this - way, we get an inverted, real, and enlarged
image, as shown in Figure 13.21.
SEL'E-ASSESSMENT QUESTIONS:
Q t is difference between real and virtual image?
e power of the lens is reciprocal of'its focal length.
What does it mean?
>Q3: 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 17cm.

13.7 Resolving power and magnifying power
Resolving power:

The resolving power is usually taken as the smallest distance
at which two points can be seen as 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,
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we use a high resolving power microscope to see tiny
organisms individually and a telescope to view distant stars
separately in the sky.
It is defined as a measure of the ability of an optical
instrument to form separable images of close objects or to
separate close wavelengths of radiation.
Magnifying Power
Magnifying power is 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 eye. The
greater the magnifying power, the enlarged image of the
object that can be visualized. For example, we use the
microscope of magnification 100, and then we can see the
image of that object 100 times bigger. A magnifying power
or magnification of, say, 100 is often referred to as a power
of 100 and written as x100. It is a dimensionless number.
For an optical instrument;
Magnifying power is defined as the ratio of the image size to
the object size. ﬂ~
Magnification = Size of image / (Size of object

M = size of image/ size of object

M= h; /hs
SELF ASSESSMENTQUESTIONS:
Q1: Define the te ng power.

Q2: Define the term magnifying power?
13.8 Microscox
Microscopy is the field that uses microscopes to view
objecQWnnot be seen with the unaided eye.

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

Simple Microscope

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

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

0 Do You Know!

The apparent size of an

object perceived by th
eye depends on the a

’ appear larger because
they form larger images
on the retina. For
example, the tree appears
smaller if you move away
from it.

0 Do You Know!

The near point of the eye
is the minimum distance
to which one can see the
objects distinctly
without strain. It varies
from person to person
with age. For a normal
human eye, it is 25 cm.
The far point of the eye
is the maximum distance
to which one can see the
objects. The far point of
the normal human eye is
infinity.



Object \@.
(at near point)

(at near point)

Object K

Image
(not at near point)

L

f—d—
f— d——k/l
f——L——

Fig: 13.22(a) Image
produced on thesretina
without convex lens/(b)
Image produced with a

convex lens
Object Real

Fig: 13.23. Ray
diagram of a
compound microscope
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Magnification by simple microscope
Let 69 be 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 6, but

the eye can not see it. To see the object, we place a convex
lens between the object and the eye within the focal length
so that the lens makes a magnified virtual image of the object
at the near point of the eye; Fig. 13.22. The magnifying
power, in such a case, will be:

o f
62

It can be shown that the relation gives the magnifying power

M:i:1+i:1+w

9, S /
Where d is the near point of accommodation, for a normal
human eye, itis 25 cm. This relation indicates that a lens of
a shorter focal length will have the greater magnifying

|| power.

Compound-microscope
Ac@mnd microscope is an upright microscope that

o sets of lenses (a compound lens system) to obtain
er magnification than a stereo microscope.

The objective lens has a shorter focal length, f, than the
focal length of eyepiece, fe. It is used to study the structure
of small objects.
Magnification by compound microscope
When rays of light from a point on a nearby object pass
through an objective lens. The objective forms a small image
I) on the inside focal point of the eyepiece. This image
behaves as an object for the eyepiece, and the larger image
Ib is formed at the near point of the normal human eye;
Fig. 13.23. This final magnified virtual image makes an
angle 0i at the eyepiece.
The magnification of a compound microscope is given by

M=£=(1+@]

Where L is the length equal to the distance between the

o
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objective and eyepiece, f, and f. 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 see the tiniest objects as small as about 0.1
millimeters, like an ant or lice. To explore an even smaller
world of microorganisms, we use microscopes with high ©bective
magnifying power and resolution power. The invention of
the microscope allowed scientists to see cells, bacteria, and

world of extremely tiny objects.

SELF-ASSESSMENT QUESTION:

Q1: Explain the near point of accommodation of a
a normal human. Fig: 13.24. Mechanical

Q2: Give the working principle of the optical @ @opes? parts of a compound

Q3: How does magnification of a simple mic ope relate microscope
to the focal length? %

o Srg)all1

objective lens

Q4: What is the difference between simple microscope and . :
compound microscope? \L N renicos”

13.9 Telescope I

The telescope is also an optical instrument that uses two

— Flimsy,
convex lenses, the objecti e eyepiece. ChL " A7 ety
The objective lens has a larger focal length, f,, than the  plasic \
cyepiece, which has a~focal length, fe. Telescopes
Ere helpful becguse they can gather far more light thap the Fig: 13.25. Mechanical

uman eye. It is used to form magnified images of distant parts of a refracting
objects. telescope
Magnification by telescope
When parallel rays from a point on a distant object pass fom
through the objective lens, a real image /; is formed at the
focal point f of the objective lens. This image behaves as an
object for the eyepiece. The eyepiece forms a magnified ¢
virtual image /> a considerable distance from the objective
lens; 13.26. This enlarged virtual image makes an angle 8i
at the eyepiece.
The magnification of a telescope is given by the formula .

M= & Fatal image
- 7. Fig: 13.26. Ray
¢ diagram of a telescope

object  Opjective ;
P J Eye Plece
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Uses of Telescopes
How far the human eye can see it depends on how many light
particles a distant object emits. Telescopes are used to

collect and focus the light towards the eyepiece. Telescopes
_ have extended our sights to the universe. Earlier telescopes
Length of Astronomical — yoyeqled that Earth was not the center of the ‘universe.

1 i .
e escc})ig;ven by They also showed mountains and carters on the moon. Later
(] (5

telescopes have revealed geography and weather on the
planets in our solar system and new planets and asteroids.
Modern telescopes provide evidence of billions 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 ASSESSMENT.QUESTIONS

Q1: Distinguish b% a compound microscope and a

Q2: How: are-telescopes helpful to us to explore the

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

a normal eyg fibrous, jelly-like material; Fig. 13.27.
The curvature of the eye lens can be adjusted to some extent
by the ciliary muscles that change its focal length. When the
muscles relax, the lens becomes thin. Thus, its focal length
increases. This refractive effect enables us to see distant
objects. When you look at objects closer to the eye, the
muscles contract. The eye lens then becomes thicker. Hence,
> the focal length of the eye lens decreases. This refractive
¢ human eye has a .
convex lens and 580 effect enables us to see nearby objects clearly.
megapixel rangeanda  Defects of the eye and their correction by lenses

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

Sclera
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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 short sight can see nearby objects clearly but
cannot see distant objects distinctly.

A person 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
formed in front of the retina and not at the retina itself. This
defect can be noticed when the lens is not thin enough to look
at distant objects. So the rays are bent inward too much and

e
(c) Correction for myopia

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

correction of short-
sight eye

can correct the defect.

Long-sight or Hyperopia

A person with long sight can se&W objects clearly but
cannot see nearby objects distinctly

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

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

the retina; Fig. 13.29. Thus the defect can be corrected. Correction for hypermetropic eye
Fig: 13.29.

SELF-ASSESSMENT QUESTIONS. (a) Near-point of an eye

Q1: Why near-sightedness (myopia) makes far-away of a normal person

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

A highly polished surface reflects the light.
The incident ray reflected ray, and the normal to the reflecting surface all lie in
the same plane. This phenomenon is called the first law of reflection.

The angle of incidence is equal to the angle of reflection (i.e., £Li= Zr). This is
the second law of reflection.

Some uses of a convex mirror are sunglasses, rearview mitrors, and shaving mirrors.

Some applications of concave mirrors are reflectors, converging of light, and solar
cookers.

The driver uses concave or rearview mirrors to view an upright, smaller, and
full vehicle image.

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

A ray of light incident at an angle to the normal 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 90° is called the critical angle.

If the angle of incidence in the denser material is beyond the critical angle, the
entire light is reflected into the same denser medium.is called total internal
reflection.

Optical fibers are an important application that works on total internal
reflection.

Convex lenses are used to converge the light.

Concave lenses are used to diverge the light.

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

The magnifying glass uses a convex lens to produce an upright and magnified
image to see the tiny object.

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

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

The photographic enlarger uses a convex lens to produce an inverted, real and
enlarged image of the film on a photo paper.
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The resolving power of an optical instrument is a measure of the ability to form
separable images of close objects or to separate close wavelengths of radiation.
The magnifying power of an optical instrument is the ratio between the apparent
size of an object and its true size.

The compound microscope is an optical instrument that uses two convex lenses,
used to investigate the structure of the tiniest objects.

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

The human eye is a light-sensitive sense organ.

The short-sight person can see nearby objects clearly but cannot see distant
objects distinctly.

The short-sight defect can be corrected by placing a concave lens or contact of
appropriate power in front of the eye.

The long-sight person can see distant objects clearly but cannot see nearby
objects distinctly.

The long-sight defect can be corrected by placing a convex lens or contact of
appropriate power in front of the eye.

vV VvV VY VYV VvV V VY V
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v (0 NP Multiple Choice Questions (MCQs)

Choose the correct answer from thé following choices:

1. In a concave mirror, the image size depends upon
(a) Size of the object (b) Position of the object
(c) Area covered by the object  (d) The shape of the object

2. In the normal human eye, the image is formed
(a) In from of the retina (b) Behind the retina
(c) 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) Perpendicular to normal (b) Parallel to normal
(c) Toward normal (d) Away from normal

4. In a compound microscope, as compared to an objective, the eyepiece lens has

a focal length
(a) Zero (b) negative
(c) Small (d) Large

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

(a) 48.8°

(c) 50.0°

(b) 49.1°
(d) 51.0°



Unit 13:

Geometrical Optics

6. To view dim stars, we use

(a) Compound microscope (b) Simple microscope
(c) Endoscope (d) Telescope
7. The human eye acts like a
(a) Camera (b) Projector
(c) Telescope (d) Microscope

8. A magnifying glass forms an enlarged

(a) Real and upright image (b) Real and inverted
(c) Virtual and upright image (d) Virtual and inverted image

9. The entire light is reflected into the same denser medium, which is called total

(a) External reflection (b) Internal reflection
(c) External refraction (d) Internal refraction
10. In the optic fiber, the core is made of glass or plastic.of relatively
(a) Zero refractive index (b) High refractive index
(c) Low refractive index (d) No refractive index
11. A magnifying glass is also called
(a) Endoscope (b) Compound microscope
(c) Simple microscope (d) Telescope
12. The defect in which the image is formed 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 mirror (d) Convex glasses
14. Lenses form images through
(a) Dispersion (b) Refraction
(c) Diffraction (d) Reflection
15. To illuminate the inaccessible places in the tooth, dentists use
(a) Concave mirror (b) Convex mirror
(¢) Convex lens (d) Concave lens

MNP Structured Questions

1.

a. What do you understand by the term reflection of light?
b. Outline a diagram to illustrate reflection at a plane surface.
c. Describe the following terms used in reflection:
i. Normal ii. The angle of incidence iii. The angle of reflection.
d. Also, express the laws of reflections.
Name the type of mirror used in the following situations.
a. Side /rearview mirror of a vehicle.
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b. To locate the blind spots on roads of the hilly side.
c. Dentist mitror.
Support your answer with reason.
3. a. Define the refraction of light.
b. Outline the passage of light through a parallel-sided glass slab.
c. Define the following terms used in refraction:
i.  The angle of incidence ii. The angle of refraction.
Also, express the laws of refraction.
4. a. What do you understand by the refractive index of a material?
b. Cite experimentation on how you can determine the refractive index of a
parallel-sided glass slab?
c. Which physical quantity remains unaffected when refraction of light occurs?
5. a. What is the glass prism?
b. Describe the passage of monochromatic light rays through a glass prism.
c. Suppose a ray of light approaches the surface of the prism. What happens
when it enters the glass at the angle of?
i.  0°with the normal
ii. 30°with the normal. Answer in terms of its change in the quantities of
frequency, speed, wavelength, and direction.
a. What is the lens?
b. What happens if a light ray parallel to the principal axis enters a convex lens?
c. The convex lens is considered a converging lens. Explain why?
d. Describe the power of a lens and its units.
7. a. Define critical angle.
b. What do you understand by the term total internal reflection?
c. State the conditions required for a total internal reflection.
d. Give some practical examples of a total internal reflection in everyday life.
8. Determine the critical angle of light in a diamond? The refractive index of the
diamond is 2.41.
9. a. What are optical fibers?
b. Describe how total internal reflection is used in an endoscope?
10. a. Draw the ray diagram of a magnifying glass.
b. How can you use a thin converging lens as a magnifying glass?
c. Give the magnification of magnifying glass.
11. With the help of a ray diagram, give the magnifying powers of the following
optical instruments:
i.  simple microscope or magnifying glass
ii. compound microscope
iii. refracting telescope
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12. a. What is meant by the terms?
i.  short-sight, and il long-sight
b. How can these defects be corrected?
i.  short-sight, and ii. long-sight
c. Why is a normal eye not able to see the objects put closer than 25 cm?

NEH 0 N(®) Numericals

1.

2.

3.

A thumb pin is positioned at a distance of 15 cm from a convex mirror of a focal
length of 20 cm. Determine the position and nature of the image. (8.57cm)
An image of a specimen appears to be 11.5 cm behind a 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 automobile has a radius of curvature of
4.00 m. If a bus is located at 5.00 m from this mirror, find the image’s position,

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

A concave lens of focal length 20 cm forms an image 15 cm from the lens.
Determine the power of a lens. Also, how far is the object positioned from the lens?
(0.05c¢m)
The angle of incidence for a ray of light from air to water interface is 40°. If the ray
travels through the water with a refractive index of 1.33, calculate the angle of
refraction. (28.8%)
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Students Learning Outcomes (SLOs) ™

After learning this unit students should be able to

»  Describe simple experiments to show the production and
detection of electric charge.
Demonstrate the existence of different kind ofcharges.
Describe experiments to show electrostaticcharging by induction.
State that there are positive and negativecharges.
Describe the construction and workingprinciple of electroscope.
Detect the type of charge on a body using anelectroscope.
Demonstrate that like charges repel each other and unlike
charges attract each other using an electroscope.
State Coulomb’s law.
Solve problems on electrostatic charges by using Formula
F:kq 1q2/r2.
Define electric field and electric fieldintensity.
Sketch the electric field lines for an isolated +ve and —ve
point charges.
Solve problems using equation E=F/q".
Describe the concept of electrostatic potential.
Define the unit “volt”.

-

A small-Van de Graaff
generators are used for
science education in
schools or colleges to
explain the behavior of
static charges by
performing activities such
as create "lightning" or
make people's hair stand
up. A girl touching Van de
Graaff generator at the
American Museum of
Science and Energy. The

Describe potential difference as energytransfer per unit charge.
Describe one situation in which static electricity is dangerous
and the precautions taken to ensure that static electricity is
discharged safely.
Describe the use of electrostatic charging

(e.g.spraying of paint and dust extraction).
Describe that the capacitor is charge storingdevice.
Define capacitance and its unit.
Explain importance of effective capacitance ofa number of
capacitors connected in series and in parallel.
Apply the formula for the effective capacitance of a number of
capacitors connected in series and in parallel to solverelated
problems

List the use of capacitors in various electricalappliances.

REFLEC

charged strands of hair
repel each other and stand
out from her head
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In this chapter, we will discuss the various characteristics
of static charges, such as their electric force, electric field,
and . _electric potential, among  many other 'tl.lings. Blectric charges at rest
Additionally, several applications of static electricity as have been known m
well as precautions against its use will be covered. The longer than elec
study of charges while they are not moving is referred to currents!

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 ‘zﬁaectﬁcity comes
1

materials. Protons and electrons have opposing unit ektron’, the Greek
charges. Neutral atoms have the same number of electrons el G

and protons. o . . .
In the 18th century, Benjamin Franklin experimented with

charges. Franklin was the one who came up with the terms Charge introduced by
"positive" and "negative" to describe the two distinct types “Benjamin Franklin”
of electricity. He also used a kite's wet line to collect (1706170)
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 electric or magnetic field. The charge
is a scalar quantity with the coulomb as its SI unit.

+@@> <«00O~

Opposite charges attract each other

®+r <O

Fig: 14.1 Electric charge
Production of electric charge
When we comb our hair with a plastic comb and then
bring it close to small pieces of paper, the comb will

Fig: 14.2
. . ; Simple static electric
attract the paper pieces to itself as shown in figure 14.2. experiment with hair

comb
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In the same way, rubbing amber with silk causes it to
attract the small pieces of paper as shown in figure 14.3.
The electric charges that are imparted to things through
the process of rubbing are the cause of the properties of
attraction and repulsion that are exhibited by different
types of matter.
The amber rubbed with A static electric charge can be generateq by rubbing
ilk attracts small together two neutral bodies. The experiments below
pieces of paper demonstrate that rubbing can generate two distinct forms
of electric 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.
Fig'PllaZtiZ @ In result we observe that the both rods have a repulsive
No foree is observed effect on each other as shown in figure 14.4 (b). It
indicates that the rods were charged as they were being
rubbed.

Once again repeat same activity by taking two different

rods one is of plastic and second made up of glass. Rub

the glass rod with silk and in similar way plastic rod
Fig: 14.4 (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).

We observe that in the first part of activity when we take

both rods made of plastic were rubbed with fur repel each

other. As a result, we are going to make the assumption

Fig: 14.4 (¢) that the charge on both rods will be of the same kind.

Glass rod attracts plasticrod  In the second part of activity, the rods are different from

one another, and the fact that they are attracted to one

another suggests that the charges on the rods are not of the

same kind but of opposite nature.

Positive charge and negative charge are the traditional

names given to these different types of electrical charge.
Fio: The act of rubbing causes a transfer of negative charge

ig: 14.4 (d) : .

At increased distance, forces 1YOM one object to another as it moves from surface to

are decreased surface.

Fig: 14.3

Rods that have not
been rubbed

Plastic

Plastic rubbed
with wool

Glass rubbed
Plastic
rubbed

with wool

Increased
distance
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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 distinct types of materials (such as glass and

plastic). Q

3. Charges that are identical to one another always _~— = "
repel one another. Enc urage students to
@1 elow link for
tic electric charge

4. Charges that are not similar to one another always
attract one another. hp

. Y : s://www.youtube.com/
5. The oply reliable indicator of charge on a body is watch?v=VrhSFeGUTIA
repulsion. &ab_channel=FuseSchool
Types of Charges -GlobalEducation

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 each electron has the O Do You Know!
. . 0 YOu Know.
same magnitude as the positive charge of each proton

charge is measured in natural units, which are equivalent e Chf‘trgeéfpil ;‘nd
to the charge of an electron or a proton, which is a (‘)‘%ﬁisnﬁay,},’
fundamental physical constant. In the MKS and SI (1698-1739)

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-section of a conductor in one second. A coulomb is
made up of 6.24 x10'® natural units of electric charge,
such as single electrons or protons. According to the
definition of an ampere, the electron has a negative charge
of 1.602176634x10~"° coulomb.

Methods of charge formation

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

1. Induction 2. Conduction

3. Friction

<



Encourage students to
visit below link for
Electrostatic induction

https://www.youtube.com/
watch?v=w80djqlZyBg&a
b_channel=SimplyInfo

O Do You Know!

»  Proton composed by
two up and one down
quarks.

» Neutron composed by
two down and one u

quarks. ‘&

Quark | Symbol | Charge. |

Up &@‘
a I —%e

P=e
P =1.602176634x10~"C
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Induction: It is a charging method in which a neutral
object is charged without actually touching another
charged object

N
Conduction: It is charging by contact where ch@dg
transferred to the object.

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

friction.

SELF ASSESSMENT QUESTIONS:

Q1: Why proton having positive charge?

Q2: Why neutron having neutral (zero) charge?

Q3: What causes electric charges?

Q4: How many methods used for formation of
charges?

14.2 Electrostatic Induction

The forma% ,f a charge through the influence of a

nearby charged object, rather than the actual object, called

elect %ﬂ,’induction (Here induction means to influence

Wj,ﬂ;@mntact).

Electrostatic charging 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 in the
illustration. Take a rubber balloon that is negatively
charged. When we put the charged balloon close to the
spheres, the repulsion between the balloon's electrons and
the spheres causes electrons in the two-sphere system to
move away from the balloon. Following that, electrons
from sphere A are transported to sphere B. As electrons
migrate, sphere A becomes positively charged, whereas
sphere B becomes negatively charged. As a result, the
entire two-sphere system is electrically 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 is redistributed throughout the
8.A omwgi ai batstenlli as 29191qe
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¥ % 2

Fig: 14.5 Electric Charge
When a negatively charged balloon is introduced close to
the sphere system, the electrons in the sphere are forced to ~ » Tribo %’effect is

go away due to repulsion. As electrons migrate, sphere A @y tatic

Do Youw Kinow!

becomes totally positive and sphere B becomes ucli for b fin

completely negative. of current
SELF ASSESSMENT QUESTIONS: > q=1-t
Q1: What is tribo electric field? b > Charge are quantized,
Q2: Can a charge body attract neutral body? d finding by
q=ne

14.3 Electroscope

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

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

electrometer. + .
+
\*
+
+

Fig: 14.6
William Gilbert
(1544-1603)

%

‘\-_

"t : V,JI 1::

Fig: 14.7 Electroscope



Fig: 14.9 (a)

K

Fig: 14.9 (b)

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

= Brass disc

Gold leaves—

Fig: 14.8 Schematic'diagram of electroscope
An electroscope has. a metal detector knob on top and
metal leaves on the connecting rod. When there is no
charge present; the metals' leaves are allowed to hang.
When an (item with a charge is brought near an
electroscope, one of two things may happen.
Positive charges attract electrons in the electroscope's
metal, which migrate upward out of the leaves. This
causes the leaves to have a transient positive charge, and
since similar charges repel, the leaves split as illustrated in
figure 14.9 (a). When the charge is released, the electrons
return to their normal places and the leaves relax figure
14.9 (b).
When the charge is negative, the electrons in the
electroscope metal reject and migrate toward the leaves.
When the leaves are temporarily negatively charged, they
split once again because opposite charges repel one
another figure 14.9(c). If the charge is removed, the
electrons return to their original location and the leaves
relax.
An 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.
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SELF ASSESSMENT QUESTIONS:
Q1: When a charged body is brought near an
electroscope, what happens?
Q2: How can we charge an electroscope?
Q3: Which device is used to detect whether an object
is charged?
14.4 Coulomb’s law
A French physicist Charles Augustin de Coulomb in 1785
coined a tangible relationship in mathematical form

between two bodies that have been electrically charged. q N %
The force causing the bodies to attract or repel each other ',‘ ;
which is known as Coulomb’s law or Coulomb’s inverse- r

square law. Fig: 14.10

This law states that Two point charges

The magnitude of electrostatic force of attraction or  separated by distance r
repulsion between two point chargeﬁ irectly

proportional to the product of magni arges and
inversely proportional to the squar the distance
between them.
Consider two point charges g2 which are (r)
distance a part, than according t lomb’s law.

Foc g9, ...(l4.®

1
and Fo = ‘\@)

By combining the eguetion (14.1) and (14.2)

Foo i or F-kdd 43
T T

Where k is the constant of proportionality

1
K= O Do You Know!
4me

F= 1 aq, g, Its called permetivity
- 2 of free space and read as
dne T
“Epsilon Naught”
1

— =8.99x10°N-m?/C?
4me

K=9.0x10°N-m?/C?
¢ =8.85x1072C*/N-m?>




Encourage students to

visit below link for
notion of charges

https://www.youtube.com/
watch?v=2GQT{pDEIDQ
&ab_channel=KhanAcade
my
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Calculate the force of attraction between two point charge
of +2mC and -3mC, if they apart of 1cm.

Solution

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

q, =2mC=2x10"C

q, =—3mC=3x10"C

=2 _102m
100
Force =?
Step 2: Write down the formula and rearrange if

necessary.
F — kqqu

I,2

Step 3: Put the values and calculate
(9%10%)(2x107)(3x107)
(10°)
_ 54x10°x10°°

107

107
F=54x10""°x10*
F=54x10°"*
F=54x10’

F=54x10°N

Result: The required force of attraction between two point
charge is F=5.4x10°N.

F

SELF ASSESSMENT QUESTIONS:

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

Q2: Is there any electrostatic force between electron and

neutron?
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14.5 Electric field and electric field intensity

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

or objects. -

An electric field is often referred to as the electric. force
per unit of charge.

The formula of electric field is given as;

E=r

Q
Whereas,
E is the electric field.
F is a force.
Q is the charge.
Changing magnetic-fields or electric charges are the most
common causes Of electric fields. The magnitude of an
electric field'is expressed using the SI unit is N/C.
The force acting on the positive charge is assumed to be
pointing in'the same direction as the field's direction. The
electric.field extends outwards radially from the positive
point ‘charge and inwards radially toward the negative
point charge.
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).

0 Do You Know!

Concept of electric field
given by

“Michael Farad&C

(1791-186

0 Do You Know!

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

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

The fact that all
observable charges are
always some integral
multiple of elementary
charge e = 1.6x10°'°C is
known as quantization of
electric charge.
Thus q = + ne, where
n=1,2,3,...
e=1.6x10""C is the
magnitude of the lowest
possible charge which is
carried by an electron and
proton.
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Fig: 14.11 (a)
Isolated positive charge

-
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Fig: 14.11 (b)
Isolated negative charge

Fig: 14.11 (¢)
Two equal unlike

X

charges

Force of
repulsion

S

Fig: 14.11 (d)
Two equal like charges
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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.

Calculate the electric field intensity if 9uN force acting on
3uc charge.
Solution
Step 1: Write down the known quantities and quantities to
be found.

F=9uN =9x10"°N

q==3uC=3x10"C
Step 2: Write down the formula and rearrange if
necessary.

E=C
q
Step 3: Put the values and calculate
-6
B 9x 10_6N
3x107C
E=32
C

Result: The required E is 3% .

SELF ASSESSMENT QUESTIONS:

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

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

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

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

The volt is the standard SI unit for measuring electrostatic
potential.

Battery

Conductor

Electrons gain é

potential energy

as they move awa;

from + charge an

toward — charge

Electrons lose
potential energy as
they flow through
conductor

<
o =ma

+ + + + + + + +

Potential
difference

Fig: 14.12 Electrostatic potential

Electric potential energy is possessed by an object by the
virtue of two elements, those being, the charge possessed
by an object itself and the relative position of an object
with  respect. to  other electrically  charged
objects. The magnitude of electric 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.

W Electrical potential energy

V = —_—
q Charge

0 Do You Know!
Electrostatic potential is
@d in statvolt
PN

D) Weblink
Encourage students to
visit below link for
Electric potential

https://www.youtube.com/
watch?v=PEcPcNM{Nks&
ab_channel=7activestudio



0 Do You Know!

S.I unit of potential
difference and
electromotive force is
same “Volt”

Encourage students to
visit below link for
Electric potential
difference

https://www.youtube.com/
watch?v=SNIOPxZ-
Ev4&ab_channel=Don%?2
7tMemorise

High
potential

Low
potential

i

High pressure

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

The potential difference that exists across a resista
one ohm while a current of one ampere is ﬂowin&% o
it.

The unit of voltage known as the volt was named after the
Italian scientist Alessandro Volta (1745-1827).

Worked Example 3
Calculate the p.d of 300mJ of workdone on a 150mc
charge?
Solution

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

W =300mJ
C=150mC
V=2

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

=V
q
Step 3: Put the values and calculate
_ 300mJ
150mC
V = 2volts

Result: The required voltage is 2 volt.

Potential difference:

The energy possessed by Electric charges is known as
electrical energy. A charge with higher potential will
have more electric potential energy and the charge with
lesser potential will have less electric potential energy.
The current always moves from higher electric potential
to lower electric potential. The difference in these
energies per unit charge is known as the electric potential
difference.

It is the work done per unit charge to move a unit charge
from one point to another in an electric field. Electric
potential difference is wusually referred as Voltage
difference.
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14.7 Applications of electrostatics.
There are many applications of electrostatics which are
given below:

The Van de Graaff Generator. ...

Xerography. ...

Laser Printers. ...

Ink Jet Printers and Electrostatic Painting. ...
Smoke Precipitators and Electrostatic = Air
Cleaning.

Spray painting:

The friction that occurs when the spray exits the nozzle
gives it an electrical charge. The droplets all have the
same charge, which means that they will repel each other
since similar charges repel; as a result, the droplets
disperse themselves equally throughout the surface.
Electrostatic Air Cleansing:

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.

YV VVY

Pre-filter Tonizer Collector Air filter

) I

e T
E&:;éli-',n‘.ﬂ BT

Fig: 14.15 Systematic diagram of electrostatic air cleansing

Fig: 14.14
Spray paint

O Do You Know!

Capacitor also called
“Condensor”
Condenser is a term used
for a capacitor in the past.
In time the term ceased to
be used, with capacitor
turning into the most
commonly used term
from 1926. Condenser
and capacitor are one and
the same viewed from
electrical perspective.
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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 capacitor

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

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

s

A 0L

A Dl
4ragee 4vooge |
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Fig: 14.18
Capacitor of different Fig: 14. 17 Capacitor of different size and shapes

capacitance Capacitance:
The ability of storing charges in a Capacitor is known as
: Capacitance. When the Capacitor is connected to a battery
Energy of capacitor of V volts, one plate draws positive charge and the other
finding by: plate draws negative charge from the battery till the
E=1CV2 potential difference between the plates also becomes V

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

Qax V

OrQ=CV

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

c-Q.

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

Symbolically:
c=4
\%

Capacitance = Magnitude 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.

Hence C « A.

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

d

» Dielectric Constant (€;) capacitance increases if

insulating medium of high dielectric constant is used.

Hence C « €.

0 Do You Know!

If dielectric placed
between plates of
capacitor its electric field
and electric potential will
be decrease

0 Do You Know!

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




Encourage students to
visit below link for
How capacitor works

https://www.youtube.com/
watch?v=ShFC9ugTGLs&
ab_channel=NationalMag

Lab

O Do You Know!

In parallel combination of
capacitor voltage same on
each one capacitor

} students to
low link for
ation of capacitors

in parallel

\ttps://www.youtube.com/

watch?v=BIPi0vXdssE&a
b_channel=PhysicsVideos
byEugeneKhutoryansky
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Combination of capacitors:
For a circuit the capacitance of a desired value can be
obtained by different combination of capacitors and that
combination may be:
» Parallel combination
» Series combination
» Series Parallel combination.
1. Parallel combination of capacitors:
Let suppose capacitor consists on such a combination that
positive terminal of each capacitor is connected with the
positive terminal of the other capacitor and negative
terminal of each capacitor is connected with the negative
terminal of the other capacitor. Then the combination is
said to be Parallel combination.
If three Capacitors Cj, Cz and Cs are connected in Parallel
and further connects them with a battery of V volts then:
Cy draws charge Qi, C, draws charge Q> and C; draws
charge Q3. Then:

Q=Q:1+Q2+Qs.
By applying Capacitor equation. We get:

Qi =CiV,Q:=CV,Q:=C3V,Q=C.V

So capacitance becomes:

CV=CiV+(CV+CV

CV=(Ci+C+C)V

Ce=C1+C2+Cs

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

'L L&
[ TTT

BO

Fig: 14.19 Parallel combination of three capacitors
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Find the net capacitance of four capacitors. When
capacitance of each capacitor is IuF and connected
parallel.
Solution
Step 1: Write down the known quantities and quantities to

be found.

C,=C,=C,=C,=1luF

C.="?
Step 2: Write down the formula and rearrange if
necessary.

C.=C+C,+C,+C,
Step 3: Put the values and calculate

C,o =(1+1+1+1)pF

C,.=4uF

Result: The required capacitance becomes is 4uF.

2. Series combination of capacitors:
Let suppose Capacitors are consists on such a combination
that positive terminal of one Capacitor connected with the
negative terminal of the other Capacitor and the negative
terminal of first Capacitor is connected with the positive
terminal of the other Capacitor. Then the combination is
said to be Series combination.

If three Capacitor Cy, C; and Cs are connected in Series
and further connects them with a battery of V volts. Then:
Positive plate of Capacitor C; draws charge +Q from the
battery ad negative plate of C3 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 electrons 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, Va2, V3 by
applying Capacitor equation on Cy, Cz and C3. We get:

7 e
courag

@b it below link for

ination of capacitors
> in series
https://www.youtube.com/

watch?v=P hCvjKdG41&
ab_channel=7activestudio

O Do You Know!

In series combination of
capacitor charges equally
stored on each capacitor.



Encourage students to
visit below link for
Capacitor physics and
applications

https://www.youtube.com/
watch?v=L6cgSxpGmDo
&ab_channel=HowToMec
hatronics

Encourage s&ents to

low link for
ypes of capacitors and

4@ 0 use capacitors

@ www.youtube.com/
tch?v=XXWICUiUxuY
%Lab channel=EcoSignX
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=C,V V,,Q=C\V

0, 4y 0

Cl CZ C3
g:Q L+L+L
C. \C, C, G,
1 1 1
—_—
C, C, C, C

So now according to the equation:
The reciprocal of equivalent capacitance is equal to
the sum of reciprocals of individual capacitance.

C, C, c,
ql. |a e |—q +q|y |-
VI €5 Vz v,

\%

FEig: 14.20 Series combination of three capacitors

Uses of‘Capacitors:
Electrical and electronic circuits use capacitors in a broad
variety of ways. They are utilized, for instance, in the
process of tuning transmitters, receivers, and transistor
radios. Also, they are utilized to run table fans, ceiling
fans, exhaust fans, air conditioner motors, coolers,
washing machines, air conditioners, and many other
appliances to keep them running at a high efficiency.

It is also common to find capacitors in the electronic
circuitty of computers and other products like
smartphones.

It is possible to utilize capacitors to distinguish between
high and low frequency signals, which makes them
valuable in electronic circuits. For instance, resonant
circuits, which are responsible for tuning radios to specific
frequencies, require the use of variable capacitors. These
kinds of circuits are referred to as filter circuits. One
capacitor may not work in all situations. In general,
ceramic capacitors outperform other types and can be
found in a wide variety of applications.
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E/ SUMMARY

Electric charge is the basic physical property of matter that causes it to
experience a force when kept in an electric or magnetic field.

Electrostatic induction is the physical phenomenon in which a material can be
charged without any actual contact with a charged body.

Scientific equipment used for detecting presence of an electric charge on a
body is known as electroscope.

Coulomb’s law states that the magnitude of the force between two point
charges is directly proportional to the product of the 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 specific 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 is related to joule as 1 eV=1.602 x
1071 J.
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CONCEPT MAP

Electrostatics

| Study of Charges at Rest |

v
' v ' | !

Electric field electric lines/ Applications Electric Electric potential{ | Capacitor
electric field intensity intensity
p= K8
r Series
- - combination
Inkjet printer of capacitor
Parallel
combination
of capacitor
v v v '
Electric potential || Electric volt (ev) || Electric potential Electric field as
at a point in an iS'a unit of at a point due to | | potential gradient
electric field cleetrical energy point charge AV
V=t Iev=116x10"1 v=—1 B
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Choose the correct answer from the following choices:

1.

10:

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

(a) Electricity (b) Electrostatic

(c¢) Quantum (d) Magnetism

The magnitude of force between two unit positive charges when the distance
between them is Im 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

(c) 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 same distance is

(a) ON (b) 2F (c)2/3F (d)F

The direction of electric force and electric field intensity is

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

(c) opposite to each other  (d) Inany direction

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

(a) Electric field (b) Electric current

(c) Electric potential (d) electric field

The capacitance of capacitors increases when they connected in

(a) Parallel (b) Series (c) both (d) none of them

Two capacitors of 8uF 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

(a) Increases (b) decreases

(c) remain constant (d) remain uncharged

If the area of the parallel plate capacitor is doubled then the capacitance will
be

(a) Remain uncharged (b) half

(c) Double (c) increased two times
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Explain how electric charge can be generated and measured in very simple
experiments.

Explain how an electroscope is built and how it operates.

State and explain the Coulomb’s law.

Define electric field and electric field intensity.

Describe the concept of electrostatic potential.

Describe potential difference as energytransfer per unit charge.

Provide an example of when static electricity could cause harm, as well as the
measures taken to prevent injury.

Describe how the capacitor works as a device that stores electrical charges.
Explain why it's important to know the effective capacitance of a number of
capacitors connected in series and in parallel.

Give some examples of where capacitors are used in different kinds of electrical
devices..

11. In what direction will a positively charged particles move in an electric field?
12. Does a series connection between capacitors always result in an equal amount

of charge being stored in each capacitor?

N ) (@) Numericals

What is the electric force of repulsion between two electrons at a distance of 1 m?
23 x 1078 N)
Two point charges q; = 5uC and q2 = 3 pC are placed at a distance of 5 cm. What will
be the coulomb’s force between them? (54 N)
If 2 pC charge is placed in the field of 3.42 x 10'! N/C, what will be the force on it?
(684 x 10°N)
What is the charge on the capacitor, if a 40 uF capacitor has a potential difference of 6 V
across it? 2.4x104C)
The potential difference between two points is 100 V. If an unknown charge is moved
between thee points, the amount of work done is 500J. Find the amount of charge. (5 C)

Find the equivalent capacitance when a 4uF, 3 pF and 2 pF capacitor are connected in
series. (0.92 nF)




Students Learning Outcomes (SLOs)
After learning this unit students should be able to
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Define electric current.

Describe the concept of conventional current

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

Describe Ohm’s law and its limitations

Define resistance and its unit.

Explain the under lying principles in the working of volume
controls of radio and T.V

Calculate the effective resistance of a number of resistances
connected in series and also in parallel.

Describe the factors affecting the resistances of ‘a metallic
conductor

Distinguish between conductors and insulators

Sketch and interpret the V-I characteristics graph fora metallic
conductor, a filament lamp and a thermistor

Describe how energy is dissipated in a resistance and explain
Joule’s law. g v2t

Apply the equation E=IVt=IRt= Tto solve numerical

problem.

Calculate the cost of energy when given the cost perkWh.
Identify circuit components such as switches, resistors batteries
transducers, LDRs, Thermistors and capacitors, Relays and
diodes, LEDs.

Identify the symbols'of circuit components and colour codes on
resistors

Construct simple series (single path) and parallel circuits
(multiple paths).

State“the functions of the live, neutral and earth wiresin the
domestic.main supply.

Predict the behavior of light bulbs in series and parallel circuit
such as for celebration lights.

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

Explain Alternating Current AC

Describe hazards of electricity (damage insulation, overheating
of cables, damp conditions).

Explain the use of safety measures in household electricity,
(fuse, circuit breaker, earth wire).

Describe the damages of an electric shock fromappliances on
the human body.

wireless electricity.
Wireless electricity is the
transfer-of power from
one deviee to another, air
being the medium of
transmission. First
attempt of wireless
power transmission was
made by Nikola Tesla.
In the year 1899, Nikola
Tesla first made practical
demonstrations of
wireless power
transmission. He
powered a field of
fluorescent lamps which
were located twenty-five
miles away from their
power source and that
too without using wires.
Explanation of
principles involved
This demonstrates the
idea of a magnetic field
being used as a source of
electricity for a light
bulb. The tesla coil
serves as the electric
source. The magnetic
field that is being
emitted from the tesla
coil causes the electrons
to move inside the bulb,
eventually splitting
releasing energy causing
the bulb to be lit.




Do You Know!

Current is a tensor
quantity because its
having direction but not
obeys law of vector
addition.

0 Do You Know!

André-Marie Ampeére
(20 January 1775 — 10
June 1836) was a French

physicist, mathematician.

-l
1

Electron Conventional
flow current

&)
Lamp
Figure 15.1

A Direct current

Current

Time

Figure 15.2

Alternating current

/N

Current

Time (s)
Figure 15.3

0.015U0.02s

Unit 15:

Current Electrici

Electricity is one of the most important branch of physics.
Electricity has many uses in our daily life. It is used for
lighting rooms, working fans and domestic appliances like
using electric stoves, air condition and more. All these
provide comfort to people. In factories, large machines are
worked with the help of electricity.

Modern means of transportation and communication have
been revolutionised by it. Electric trains and electric cars
are quick means of travel. Electricity plays a pivotal role in
the fields of medicines and surgery too such as X-ray,
ECG. The use of electricity is increasing day by day.

151 ELECTRIC CURRENT

A current is motion of any charge moving from one point
to another point. An electric current is always considered as
flow of negative charges of the conductor. An electric
current is symbolized by I .The symbol I was used by the
French physicist: “Andre-Marie Ampere”. The unit of
electric current (ampere) is named after him. Current
always flow in circuit or electrical system.
ElectrtN’k‘gur;ent: When current flow from the negative
terminal to the positive terminal of battery.

C entional current: When current flows from the
e terminal to the negative terminal of battery.

Equation: I= %
There are two types of electric current

i.  Direct current (DC)

ii.  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 stations in our country
produce alternating current. AC changes direction every
1/50 second and its frequency is 50 Hertz (Hz).
One advantage of AC over DC is that it can be transmitted
over long distances without much loss of energy.

~.[q=ne]
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SELF ASSESSMENT QUESTIONS

Q1: Calculate the current if 20C charges passing through a

conductor in 5 Sec? The magnitude of AC
Q2: What is Analogue of flow of current? and DC if same so, DC is
Q3: What is the frequency of DC? more dangerou
152 POTENTIAL DIFFERENCE ~

Wheq a charge moves through a potential difference,

electrical work is done and energy transferred. The . :

Potential difference is the difference in the amount of % LR S
0

energy that charge carriers have between two points in a ed voltage.
field. The potential difference can be calculated by using

the equation: ey B
Equation of electric potential difference:
AV = W
q, HP  q LP
H &
AV =V, -V, ' .
VB_VA:E ,‘ .
9 N g rd
It can also be calculated by the equation A /% 9
Potential difference is measured in volt. Volts is denoted by B 9(, B A ! k
V. I'L ; & W ,.'I
Nl AV=— /
Voo 1 _ ol
Columb (C) C il i
15.2 ELECTROMOTIVE FORCE Fig: 15.4

The amo f ngr required to move the charge from Potential difference
lower potential.to higher potential of the battery is called

EMF.
e energy supplies (W)
Equation: EMF(¢) = gy supp

B unit charge (q) Production of DC is more
expensive then AC

S.1 unit of EMF is volt.

In centimeter-gram-second system the unit of EMF is the
Statvolt or one erg per electrostatic unit of charge.
The (K) in the ohm’s law
15.3 OHM’S LAW, indicated the conductance
In 1826, George Simon Ohm made an investigation and its unit is mho
of the relation between potential difference across a Symbol: Q*

conductor and the current flowing through it.
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In graph a independent
term always on X — axis
and dependent term on y

— axis.

Ohmic

Current

Voltage

Non-Ohmic

Current

Voltage

Fig: 15.5
V-1 Graph.of Ohmic
and non-ohmic
conducters

Current (I) —

Voltage (V) —»

Fig: 15.6
IV characteristics
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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 re@
same. "¢
Mathematically can be written as [ ¢ V

[=KV where K is constant of proportionality called

conductance or physical state of conductor. Conductance is

opposite to resistance. Thus (K=1/R).

[=V/R rearranging the equation

V=IR

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

V = IR where R is a constant called resistance R
depends on the dimensions of the conductor and also on the
material of the conductor. Its SI unit is Ohm ().

Ohm’s law was found out by various experiments,
somewhat similar to the thermodynamic laws. As far as its
significance is 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 electric
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 H = I’Rt where I is current, R is
resistance and t is time.

» Ohm’s law is not applicable to in-network circuits.
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» Ohm’s does not apply directly to capacitor circuits
and Inductor circuits.

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

» The V-I characteristics of diodes are much different

from ohmic conductors V-] iraih.

How much voltage will be dropped across a 50 kQ
resistance whose current is 300 pA?
Solution:
Step 1: Write down the known quantities and quantities to
R=50kQ =50 x103Q
[=300 pA =300 x 10-6 A

V=2
Step 2: Write down the formula and rearrange if necessary.
V=IxR
Step 3: Put the values and calculate.
V=IxR
V =(300 x 10-6) x (50 x 103)
V=15V

Result: V=15V

SELF ASSESSMENT QU@NS
Q1: The Product of resistanc d 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
current flowing through a conductor and the potential
difference across it. It is given by,

R=
I

Where V is the potential difference measured across the
conductor (in volt), I is the current (ampere), R is the
constant of proportionality, is called resistance (ohms)

The unit of electrical resistance is ohms.

\
R=—— ohm= 1 volt

I 1 ampere
Electric charge flows easily through some materials

The device that does n(

follow ohm's law
known as a MHQ ic
0

device

Examples of non-ohmic
devices mistors,

ctifiers,
&lbe, diode etc.
o

_DI_ Cathode
' »)

Diode

f

Thermistor

i

Vaccum tube

/

Fig: 15.7
Resistor



Unit 15:

Current Electrici

than others. The electrical resistance measures how much

— the flow of this electric charge is restricted within the
circuit.
R C) Factor affecting the resistance
Electrical resistance is directly proportional to
length (L) of the conductor and inversely proportional to
Fig: 15.8 the cross-sectional area (A). It is given by the following
relation.
R=pL/A
where p is the resistivity of the material measured in
Qm, (ohm-meter)
Symbol of resistor Resistivity is a qualitative measurement of a
AAAANA material’s ability to resist flowing electric current.
Obviously, insulators will have a higher value of resistivity
—{ 1+ than that of conductors.

Electrical resistance is inversely proportional to the
temperature -of metallic conductor because the random
motion of free electron increased and offers more resistance
in a metallic conductor.

Uses of Resistance

Resistance is also 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
Do You Know! less current, there's less energy to power the loudspeaker—
Series Combinition of so it sounds much quieter.
N sistors ca!led voltage 15.5 SERIES AND PARALLEL COMBINATIONS

divider OF RESISTORS IN A CIRCUIT

The method of connect the electric components is called
circuit.
There are two types of circuits
(1) Series Combination circuit
(2) Parallel Combinations circuit
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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 Ri, Rz and R3 are connected in
Series, when this combination is connected to a battery of
V volts, it draws current I from the battery. Re is a single
resistor. This resistor is such that when it is connected to
the same battery of V volts, it also draws current I from the
battery. This resistor is therefore called equivalent resistor
and its resistance is called equivalent resistance.
V=Vi+V2+V;

By applying Ohm’s Law to each resistor. We have:
Vi=1IR1, V2=1R,, V3=1R3, V=1R..

Using them in equation we get:

IR. = IR + IR + IRs3.

IR =1(R;+Rz+R3).

Re=Ri+R2+R3

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

Advantages:

1. It's employed when a large number of bulbs or lights
need to be used at the same time.

2. Because the circuit receives less current, it is safer.

3. Because all the bulbs, lights, and appliances are
connected together, it's easier to turn them on or off.

Disadvantages:

1. Because all electrical appliances have only one
switch, no single appliance may be turned off
separately.

2. The second component of the circuit will not function
if one component is fused or quits operating.

3. Because the voltage is distributed in series or
combinations, not all of the components receive the

same voltage.

me-mr-nl
Rk, R R

Fig: 15.9
Diagram showing
three resistors
connected in series

Rl i
Encourage students to
visit below link for

Resistor in series
combination circuit

https://www.youtube.com/
watch?v=pd3RkGs1Tsg&a
b_channel=Don%27tMem
orise



Encourage students to
visit below link for
How to find current and

voltage of resistor in series

https://www.youtube.com/
watch?v=EsNsAZ8PR4E
&ab_channel=VAM%21P
hysics%26Engineering

(0]

\ﬁmourage students

" visit below link for

Parallel arrangement
of resistors

https://www.youtube.com/
watch?v=BbYtMQSEYBg
&ab_channel=7activestudi
0
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Find the current I passing through circuit and the voltage
across each of the resistors in the circuit below. Resistors in

series.

100 Q 400 Q 200 Q
R] Rz R3
+ | =
™

Solution:
Step 1: Write down the known quantities and quantities to
The three resistors in series have a resistance Re given by
the sum of the three resistances. Hence

Re = 100 + 400 + 200 = 700 Q
Step 2: Write down the formula and rearrange if necessary.

14~
R
Step 3: Put the values and calculate.
A%
I=—
R
I= A 0.01A
70002

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

V=IR;=100x0.01 =1V

V=IR2 =400%x0.01 =4 V

V=IR; =200x0.01 =2V
Result: 1=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 is referred to as parallel combination. Each
resistance's potential is the same and equal to the applied
potential.
Each resistor has a steady current flowing through it. In
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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, R> and R3 are connected in

Parallel. When the combination is connected to a battery of

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

Re is a single resistor. This resistor is such that when it is

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

current I from the battery. This resistor is therefore called
equivalent resistor and its resistance is called equivalent
resistance.

I=Li+L+1;

By applying Ohm’s Law to each resistor. We have:
V=IR,,V=LR,,V=LR,,V=1IR,
A A A

R, R, R, R,

Using them in equation, we get:

vV Vv N vV VvV

R, R, R, R
X:V L_ﬁ.i_ﬁ.i
R, R, R, R,
111

R, R, Ry Ry

Thus the reciprocal of equivalent resistance is equal
to the sums of reciprocals of individual resistances.
If one component of the circuit or a resistor is destroyed in
parallel -~ combinations of resistors, the remaining
components of the circuit will continue to function
normally. It's due to the fact that there are multiple paths

for electric current to io throuih.

Find current I 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

, R
Ty,
L R
[
I!
, R
ni
I, . R
—
I, . Rs
il |
[
!
Fig: 15.10

Three resistors
connected in parallel




O Do You Know!

Colours coding of resistors

Tolerance
Multiplier
Second digit
First digit

Ist 2nd o
digit digit Multiplier Tolerance

[ 0 ) Silver£10%

4 7 1000 | +5%

47KQ £5%

O Do You Know!

To calculate the kWh for.
a specific applia

multiply the po i
(watts) of the applianc
by the amount of time

(hrs) you use the
a ceand divide by
6 1000.

m ly listed on the  Time appliances
power cord, this is the in “on” if minutes
rated power your  or seconds, convert

g

€

ippliance uses when to hours first
( turned on l
Watts x times (hrs
Kwh =—atts x times (hrs)

T 1000

Kilo-Watt-houris ~ Need to divide the
what you are billed total by 1000

for by the utility otherwise it would

company. wh, not ‘Kil-Wh’
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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

Re=400/7Q

The main current I is given by
[=7/Re=7/(400/7)=49/400 A

We now use Ohm's law to find the current passing through
each resistor.

The current through the resistor of 100.Q: 1, =7/100 A
The current through the resistor.of 400 Q: I, =7 /400 A
The current through the resistor of 200 Q: I; =7/200 A
As an exercise; check that the sum of the three currents
above is equal to the current I =49 /400 A.

Advantages:

1. Each appliance can be turned on or off independently.

2. The voltage 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.

15.7 ELECTRICAL POWER AND JOULE’S LAW
Electric Power

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

or

The rate of 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



Unit 15:

Current Electrici

It is denoted by P and measured in units of Watts (W)
Mathematically equation of power dissipation and resistors.
2
P=IV=IR="
R
Energy in Resistors
ENERGY is dissipated when a particular amount of power
is dissipated over a period of time. Energy (power x time)
is measured in Joules, and the energy dissipated by a
component or circuit can be estimated by including time (t)
in the power formulas.
Energy dissipated = Pt or VIt or V*t/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 generation. To
measure the amount of heat generated due to these
collisions, Joule, an English physicist, gave the 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 magnitude of current I.
Mathematically it is represented as H o< I? .Rt.
The joule’s first law shows the relationship between heat
produced by flowing electric current through a conductor.
H=1’Rt

Where, H indicates the amount of heat, I show electric
current, R is the amount of electric resistance in the
conductor, t denotes time
The amount of generated heat is proportional to the wire’s
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
current supply is constant.
The amount of heat produced because of the current flow is
proportional to the time of flow when the resistance and
current flow is kept constant.

Do You Know!

Applications of Joule’s

law
The heating effe

electric current is in
some elec‘ @n
equipment s as the

electric i electric
t d electric
h . In many electrical

vices, Nichrome (an
a{a loy of nickel and
omium) is employed
as a heating element. This
is due to the following
factors:
Nichrome possesses a
high level of specific
resistance.
The melting point of
nichrome is extremely
high.
Nichrome is resistant to
oxidation.




Unit 15:
Current Electrici

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

— . Step 1: Write down the known quantities and quantities to

1‘ be found

Encourage students to H=100J
visit below link for t=1s
Verification of R=40Q
Joule’s law V =9

https://www.youtube.com/  Step 2: Write down the formula and rearrange if necessary.
watch?v=93AVPN74708 2

&ab_channel=Physics4stu H=I"Rt

dents V=IR

. Step 3: Put the values and calculate.

Encourage st&ents to V2
it below link for 100=—x1
and potential 4
ifference 100x 4 = Vz
ﬁ?://www.youtube.com/ ;
tch?v=cYifAaTFe8A&a 400=V
_channel=FuseSchool- 2
GlobalEducation V© =400

V = /400
V=20V
Result: Potential difference is 20V.
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15.8 USE OF CIRCUIT COMPONENTS
Electrical components and their uses
The devices that make up an electronic circuit are known as

electronic components. They're made to be joined together, Symb‘l’;ig, 1511 S
usually by welding, to form a circuit on a circuit system. Switeh or key

Semiconductors, active, passive, optoelectronic,
electromagnetic, and other types of components can be

classified. & NN~

Switches or key: It is one of the most fundamental Symbol
electrical components, it is used to turn electric circuits ON Fig: 15.12
and OFF. This simply implies that when you press or flick Resistor
a switch, current is allowed to pass through to the rest of
the circuit. N + -
Resistor: It isa two-terminal electrical compon( t —| I
implements electrical resistance as a circuit element. Symbol :
Fig: 15.13
Battery: It is electrical source that eW chemical Battery
energy and converts the chemical er%nto electrical .
ehergy. . ' Me&};a:?;cal Electrical
Transducer: It is an electrical component that converts one & " eneray
form of energy into an rm of energy like ’)) ~ Ofm——1\/\/\
microphone converts sou gy into electrical energy/ Sound  Microphone M;fgzggm
signal as shown in figure 15.14. Fig: 15.14
LDRs (Light Depe "Resistors): Transducer
A photoresist @ dependent resistor is an electronic
component&is sitive to light. Rk
For example, in automatic security lights. Their resistance " ?ﬁ)
decreases as the light intensity increases
. . Lo Symbol
» In low light levels, the resistance of an LDR is high
and little current can flow through it. Fig: 15.15
» In bright light, the resistance (?f an LDR is low and Light (iepe.ndent
more current can flow through it. resistor (LDR)
Thermistors
It is thermally sensitive resistors whose resistance is /,
strongly dependent on temperature. It is used to measure //" %
the temperature very accurately. £ Symbol

Relay: It switches which aim at OFF and ON the circuits

. X Fig: 15.16 Thermistor
electronically as well as electromechanically. ¢
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suspension
—Moving coil

Upper

g——— Lower
<! suspension

carrying coil I

Spring
ron core

Fig: 15.17

Galvano

Do You

meter

Know!

A resistor having a very
low value of

resistance such type of

resistor is called shunt |
resistance.

—Ts (5
N
—“5'\/3\“»

:

—n)

T Shunt resistor
I

=/
N\

Do You

Know!

~ A voltmeter using in a
circuit parallel.
Symbol of voltmeter is

N

— V

—

Nyt

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 to his

name. this is a current detecting meter based on magnetic

dipole torque.
L@; OR
Ammeter:

An Ammeter is an Electromechanical instrument
used to measure electric current. It is a modified form of
Galvanometer. A Galvanometer can be converted into an
Ammeter by connecting a low shunt resistance in parallel

to the Galvanometer. A’ Ammeter using in a circuit always
in “Series” Its symbol is (A)

|+

<=

Fig: 15.18 Ammeter
Voltmeter:

Voltmeter is an Electromechanical Instrument sued
to measure potential difference. A Galvanometer can be
converted into a Voltmeter if a high resistance is connected

in Series with Galvanometer. Voltmeter
8 i E
e L)
‘o ~ Current
AW —
Resistance
Battery

Fig: 15.19

Voltmeter Fig: 15.20 circuit diagram of voltmeter
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Electrical Power transmission to a house
There are three cables that provide electricity into the
building. One is referred to as a ground wire or earth wire
(E). There is no 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 flows back through this wire. The third wire, which
has a high potential and is called the livewire, is connected
to the battery (L). Difference in voltage between the live
and neutral wires is 220V.

The human body is a good conductor of electricity. If a
person holds livewire, current will flow to the ground
through his body, which could be dangerous. The live and
neutral wires are used to connect all of the equipment in a
home. All have the same potential difference, thus they're
joined in parallel to the power source.

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

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

Connection of various
appliances in parallel

)

Main Electricity Main
fuse meter  switch

Earth connection

Fig: 15.21
Illustrate the distribution of electrical power from main to the
home appliances

>cab_channel=FuseSchool
-GlobalEducation

I‘,.

Nowis 22
Encourage students to
visit below link for
How electricity reaches
out home
https://www.youtube.com/
watch?v=nBM1kd ECog
&ab_channel=GauravJ-

TheElectrical Guy
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Hazards of electricity

Electrical shock, fire, and arc flashes are the primary
hazards that are present when working with electricity.
When the human body comes into contact with either-or
both of the wires in an electrical circuit or with one wire of
an energized circuit and the ground, or with a metallic part
that has become energized by contact with -an electrical
conductor, the result is an electric shock.
Electrical shock severity depends on the pathway through
the body, the amount of current, the length of exposure, and
whether the skin is wet or dry. Wet skin and wet conditions
are good conductors of electricity.

“ Damaged Insulation:

Insulation refers to the sheath made of plastic that is

Fig: 15.22 wrapped around wires in a circuit. If the insulation on a

Damaged Insulation cable is damaged, the metal conductors inside will be

exposed.
It is possible for a person to receive an electric shock if
they come into contact with the exposed wires, which could
result “in their death. Before replacing any damaged
insulation attempting to cover any damaged insulation with
electrical tape, make sure that all power sources have been
turned off and then replace the damaged insulation.
Overheating of cables:
When a very high current is passed through a cable, there is
a possibility that the wire will overheat as a result of the
excessive amount of energy. 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 is 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 household electricity

Fig: 15.23
Over heating of a cable

Fig: 15.24

Electrical extension .. .
placed damped Electricity as a power source has become very crucial to the

environment functioning of modern society. Despite its usefulness, there
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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 is a
significant amount of current running through the circuit,
the wires that are contained within the circuit will begin to
overheat. A metal wire fuse with a low melting point will
become molten, breaking the circuit.

The Circuit-Breaker

In the majority of applications found in the home, circuit
breakers are used to restrict the amount of current flowing
through a single circuit. Although circuit breakers are Fig: 15.25
available in a wide range of sizes, the maximum current Different type of fuse
that can flow through a single circuit is typically 20 amps. used in electronic

20 amps of current will heat the bimetallic strip, bending it component
downward and releasing the trip-lever. To manage the large = :
surges that result from a short circuit, a different I

mechanism is utilized due to the relatively slow heating. In — 3
the case of a high-current spike, the bimetallic strip will be _ ) )
rapidly retracted by a small electromagnet made from wire '

loops wrapped around a piece of iron. |

The Ground Wire 9
The word "grgund" means that something is gonne.cted to Fig: 15.26 (a)
the earth, which stores charge. A ground wire gives an Circuit breaker

electrical appliance a path to the earth that is separate from
the normal path that current takes. As a practical matter, it
is connected to the electrical neutral at the service panel so
that if there is an electrical fault, there is a path with low
enough resistance to trip the circuit breaker as illustrated in
figure 15.23. Attached to an appliance's case, it keeps the
case's voltage at ground potential (usually taken as the zero
of 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: 15.27 (b)
Schematic diagram of
circuit breaker



Encourage students to
visit below link for
Why don't birds get

electrocuted on
power lines?

https://www.youtube.com/
watch?v=rtnmCf2QFTc&a
b_channel=InterestingEngi
neering

Unit 15:
Current Electrici

Service panel
Neutral Hot |
( I ]
Neutral to supply
0o transformer
Ground —_

Fig: 15.28 Electric circuit having ground-wire

Effects of electric shock on human body

L

Q3:

Electric current of 0.001 A can be felt

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.
: Give four safety precautions that should be taken with

the household circuit.
In a circuit, does the fuse regulate the voltage or the
current?
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E/ SUMMARY

Steady current: The continuous flow of free electrons.

Electric current is the net charge flowing through the cross-section area A per
unit time. [=Q/t

Direct Current (DC) is current flows in one direction with constant magnitude.
Alternating Current (AC) is an electric current that reverses its direction many
times a second at regular intervals.

The difference of electrical potential between two points is known as Potential
Difference.

Electromotive force (Emf) is the energy per unit electric charge that is
imparted by an energy source, such as an electric generator or a battery

Ohm’s law states that the magnitude of the current flowing through conductor
is directly proportional to the potential drop across the ends of conductor as
long as the physical state of the conductor is kept constant. (V = IR)
Conductance is the reciprocal of resistance of a conductor.

In 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 electric circuit is jointly proportional to the resistance and the
square of the current

Thermistor is ‘a heat sensitive device usually made of a semiconductor
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 electric control.

Light-Emitting Diode (LED) is a semiconductor light source that emits light
when current 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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The branch of Physics which deals with the charges in motion

!

{

{

|

Unit of Electric
Current (ampere)

Sources of
Electric Current

Types of Electric
Current

|

Current through

and concept of
drift velocity

metallic conductor

[ Electronic Current |

I

Cell |

[Conventional Current |

Effect of Resistance. of
Electric Current conductor
Unit of resistance
!
ohm
Heating effect ¢ )
H=I'Rt |

Electrical power and
power dissipation in
a resistor (P=I'R,
P=VLP=V’/R)

Measurement of P.D.
(Potentiometer)

E.m.fand P.D.
(Units of both are
same)

!

!

Combination of
resistance

Ohm’s Law (V=IR)
(Simple circuit)

Effect of temperature
on resistance
(a=AR/R\t)

Resistivity
(p=RA/L)

Unit (QQm) «

Ohmic Conductor |<—

Non-ohmic
conductor

le—

Series combination
R=R,+R,+R,

Parallel combination
1/R=1/R+1/R,+1/R,
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v (0 N P.Y ) 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
2. In an electric circuit an ammeter is always connected in
(a) Series (b) parallel
(c) mixed (d) none of the above
3. Resistance of a conductor does not depend on
(a) Length of the conductor (b) Area of crossection
(c) Density (d) Resistivity

4. Ohm’s law states that:
(a) Resistance increases as current increases
(b) Resistance decreases as current increases
(c) Resistance increases as voltage increases
(d) Current increases as voltage increases
5. The condition when the resistance of a circuit 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
(c) Resistance must be wire wound type
(d) All of the above
7. Ohm’s law is not applicable to
(a) Semiconductors (b) D.C. circuits (c) Small resistors  (d) High currents
8. Two resistances of 6 QQ and 12 Q are connected in parallel. Their net resistance
is :
(a) 7Q (b) 6 Q ()4 Q d)sQ
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.

(c) To maintain constant potential difference across the conductor.
(d) To maintain varying potential difference across the conductor.
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10.
11.

12.
13.

14.
15.

16.
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Is it always the case that a series connection between capacitors will result.in
an equal amount of charge being stored in each capacitor?

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 current to flow 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”

Describe Ohm’s law and its limitations

Determine the effective resistance of @ number of resistances that are
connected in either series or parallel by doing 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 Work?

Explain the risks 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
body.

Why the voltage used for the domestic supply much lower than the voltage at
which the power is transmitted?
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When the current in a pocket calculator is 0.0002 A, how much charge flows
every minute? (12mcC)
Calculate the amount of current that an electric heater uses to heat a room in 5
minutes if the charge is 2100 C. (7 A)
A potential difference of 90 V exists between two points. The amount of work
done when an unknown charge is moved between the points is-450J. Determine
the charge amount (5 C)
Calculate the potential difference between two points A and B'if it takes 9x10* J
of external work to move a charge of +9 pC from A to B. (100 V)
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 Q)
Resistances of 4 Q, 6 Q, and 12 Q are connected in parallel and then connected to
a 6V emf source. Determine the value of
1. The circuit's equivalent resistance. (2 €2)
ii.  The total current flowing through the circuit. (3 A)
iii.  The current that flows through each resistance. (1.5 A, 1 A, 0.5 A)
A 220 V circuit is used to power two 120 watt and 80 watt light bulbs. Which
bulb has the greater resistance and which one has the higher current?
(80 W bulb, 120 W bulb)



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

r

Explain by describing an experiment that an electric current in a
conductor produces a magnetic field around it.

Define Magnetic field

Sketch the lines of magnetic force

Describe that a force acts on a current carrying conductor placed in a
magnetic field as long as the conductor is not parallel to the magnetic field.
State that a current carrying coil in a magnetic field experiences a torque.
Relate the turning effect on a coil to the action of a D.C. motor .
Describe an experiment to show that a changing magnetic field can induce j
e.m.f. in a circuit.

List factors affecting the magnitude of an induced e.m.f.

Explain that the direction of an induced e.m.f opposes the change
causing it and relate this phenomenon to conservation of energy
Describe a simple form of A.C generator.

Describe mutual induction and state itsunits

Identify that a transformer works on the principle of mutual induction
between two coils

Describe the purpose of transformers in A.C circuits oy
Identify the role of transformers in power transmission from power station EE'

" 1

K
5
%

to your house. s,

List the use of transformer (step -up and step-down) for various purposes
in your home

Thereis a strong
connection between
electricity and
magnetism. The
production of electricity
using a magnet as a
source is an interesting
occurrence. It is possible
to generate electric
current by changing
magnetic field, and
likewise, magnetic fields
can be generated by
changing electrical
current. A simple magnet
can be used to produce a
life-changing technology
which makes life easier.
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The four fundamental forces act upon us every day,
whether we realize it or not. From playing basketball,
to launching a rocket into space, to sticking a magnet on
your refrigerator - all the forces that all of us experience
every day can be whittled down to a critical quartet:
Gravity, the weak force, electromagnetism, and the strong
force. These forces govern everything that happens in the

universe.
= ectro I'l}a'g'l{ c

Fig: 16.1 Fundamental forces of nature

Gravity is the force that attracts matter across long
distances (tens of ~millions of light years). The
electromagnetic force “is extremely powerful, but it
operates at very small scales, forcing positively charged
atomic nuclei to attract negatively charged electrons,
resulting in the formation of atoms and molecules.

It's the fundamental reason that electrons are hold by
nucleus and are accountable for the nucleus entire
structure.

Electromagnetism serves as a basic principle of working
for many of the home appliances in household
applications. These applications include lighting, air
conditioning systems, Generators, transformers etc.
Students will be able to understand all the above facts
after completing this unit.

Do You Know!

Electromagnetic force
in forming matter
Coulombs’ Law

Like charges repel, unli
charges attract. P t(@)el
each other a e same is

ons, but the

Opposite charges attract

Electron Capture
The electromagnetic force
pulls electrons into orbit
around positively charged
atomic nuclei. The larger the
nuclei, the more electrons

are pulled in.
Hydrogen
1 proton
1electron |
Q — m
Oxygen ¥
8 proton \w.__ & J
8 neutrons | 7

8 electron {':L)j/

Atoms and molecules
The electromagnetic force
holds atoms and molecules
together. Electrons occupy

energy levels around atomic
nuclei balancing out positive
and negative charges

Carbon ' - \
monoxide | L



Fig: 16.2
Electromagnetic force

0 Do You Know!

The electromagnetic
force, also called the
Lorentz force, acts
between charged
particles, like negatively
charged electrons and
positively charged
protons. Opposite charges
attract one another, while
like charges repel. The
greater the charge, the
greater the force.

RS

& UNXC
AR T

Fig: 16.4 Compasses
align to reveal a circular
magnetic field 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. Physicists
once thought of these forces as independent entities, but
eventually discovered that they are parts of the same
force.

The electric charge interacts with charged particles,
whether they're moving or stationary, to create a field in
which the charges can influence one another. When those
charged particles are set in motion, however, they begin
to exhibit the second component, magnetic force. As the
charged particle start to-move, they produce a magnetic
field surrounding them as.illustrated in figure 16.3. As a
result, when electrons flow across a wire to charge your
computer or phone,-or switch ON your TV, the weak
magnetic field produced around the wire.

Fig: 16.3 Connection between electricity and magnetism

16.1 Magnetic effect of a steady current

You can demonstrate the magnetic field around the
current-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.
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f
- . 0
t10t

— Direction Direc n 7
1€ : .
of force y 0 Do You Know!

When current flowi &_
upward directi
indicated th le
and downward direction

, - is South pole.

[
| io?

f
el gt
pllc'flrrell

Fig: 16.5 Demonstration of the right-hand rule for conductors.

Consider the dot in the middle of the conductor on the left
as the point of an arrow in Figure 16.6. This indicates that
an electric current is traveling in your direction. The
magnetic field's direction is indicated by circular arrows.
When electrical wires carry alternating currents, this
principle is important. This is due to the fact that the
positioning of wires, known as lead dress, has an impact
on the operation of a circuit.

When possible, conductors-are grouped in pairs to reduce

0

heating and radio interference caused by the magnetic

field created by electric current flow. To help reduce this

heating effect, the National Electric Code requires that

wires be run in pairs.

These conventions are used to show the link between

electric. current flow and the magnetic field. The dot

represents a current arrow heading toward you. The cross

on the right represents the tail end of the current arrow

heading away from you. Fig: 16.6

Magnetic field produced by current carrying Magnetic field produced

conductor by current
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 fields, but an electric current

through a conductor produces only a magnetic field
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because the electric field of moving electrons is
neutralized by the field of the fixed protons in the
conductor. The magnetic field around a magnetic moving
charge is a vector quantity symbolized by B.

Tesla is a unit of Now suppose a particle carrying charge q is
magnetic flux density projected with speed v into a magnetic field of magnetic

in the MKS systemitis = jpdyction B such that the angle between B and Viis 0. The
equivalent to one weber

per square meter.
1Tesla=10* Gauss

magnetic field of the charged particle interacts with the

magnetic field of the magnet in which it is sent, due to

which a force is produced which acts upon the particle. It

is found that:

» The force F acting on the particle is directly
proportional to the charge q.

» The force F acting on the particle is directly
proportional to the velocity V.

» The force F is directed perpendicular to the plane
containing V-and B.

Combining the above three observations, we found that:

F=qVxB
So the magnitude of B is given by:
B=__F = Newton = _ Newton =1 Tesla
L qV Sin®  Coulmb x m/sec
Encourage students to Ampere x meter
visit below link for .
Magnetic field due i It is called 1 Tesla.
current carryi
I\Lt:llt)sh/;vzs £Y7 4_§b Electric current I *
VION! channel=Lear I
nnh

B Magnetic field \

Fig: 16.7 Current carrying conductor produce magnetic field
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SELF ASSESSMENT QUESTIONS:

Q1: Why the workdone on a charge is zero by
magnetic force?

Q2: If two wire placed parallel, when current
following in same direction, what will be happen?

- -
Q3: What is the angle between E and 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.

Sketch the lines of magnetic force.

In general, the magnetic field is the strongest near the

poles, and the weakest at the centre.

Magnet field lines

Magnetic field lines are imaginary lines coming outward

from the north pole and going inward in a south pole and

inside a bar magnet magnetic field will be zero. The

magnetic field is stronger at the end of pole because

magnetic field lines are very closer at end of poles.

To understand magnetic field lets preform an activity,

Take a bar magnet and hundreds of iron filings; place the

bar magnet on a table and sprinkle the iron filings on it;

the iron filings will self-organize into curving lines called

magnetic field lines, as seen in the figure
7525

Y
Magnetic field lines -
Fig: 16.8. Magnetic field lines

Do You Know!

Like poles repel one C
another, whereas

poles attract one

-
-« >
-« =
-« =
OR
-« >
-« >
-« >

%

s =N

O Do You Know!

Earth has magnetic field
around it , because of
flowing of liquid metal
in the outer core cause
to generates electric
currents., it protected
from the solar wind, a
stream of energetic
charged particles
emanating from the Sun,
by its magnetic field,
which deflects most of
the charged particles.
The earth magnetic field
is 50uT.
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SELF ASSESSMENT QUESTIONS:

S T Q1: Are magnetic lines of force real?
Q2: What is the source of the magnetic field?

Beautiful coloured Q3: What are the magnetic lines of force?

lightening happened in (4. What js the direction of magnetic field inside thebar
north and south pole
because the shape of magnet?
Earth's magnetic field QS: Can monopole of magnet exist?
creates two aurora above . { .
the North and South 16.2 Force on current carrying conductorin aumagnetic field
Magnetic Poles. When a conductor of length L carrying current, I and

placed in a magnetic field B at an angle 6 as shown in
figure16.9, it experiences aforce:

F=1(/xB)
F=BIL Sin 0
B=__F .

1/Sin 6

We know that-current in a conductor is due to the
directional drift of free electrons along the conductor so
when a conductor is placed in a uniform magnetic field B
and if the current, I is passed, the conductor experiences a
force as mentioned above.

P y a conductor carries an electric current, a magnetic
1
S

LN d is produced around it.

w B
N O e » OR

» F = BIL sin6, It exhibits magnetic properties and generates a force when
N another magnet is brought into its magnetic field. In the

Fig: 16.9 samhe way. :
N Narrying The magnetic field has an equal and opposite effect on the
condtictor in magnetic conductor carrying the current. This is because two
field magnetic fields (from the current-carrying conductor and

the nearby magnet) can attract or repel each other. The
direction of the external magnetic field and the direction
of the current in the conductor are responsible for this
attractive and repulsive forces. The direction of the force
acting on the conductor will be perpendicular to the
direction of the magnetic field and the electric current if
they are perpendicular to each other.
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Calculate the force on the wire shown in Figure (a)

Solution

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

B=1.50T
/=5.00 cm
[=20A
6=90°
F=7
Step 2: Write down the formula and rearrange if
necessary.
F=I/Bsin6
Step 3: Put the values and calculate
F=I1/Bsinf

F = I/B sin 0 = (20A)(0.0500 m)(1.50 T)(1).

The units for tesla are 1 %n =T —=>N=AmT

F=150N
Result: The force on a wire is F = 1.50 N.
16.3 Turning effect on a curreémt-carrying coil in a

magnetic field

When a current passes through-the coil, equal and
opposite parallel forces act respectively on the sides of the
coil beside the poles of the permanent magnet. This pair
of forces produces a turning effect to rotate the coil until
it is stopped by the control 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:

1= BIAN Cos a

Consider a rectangular coil placed in the magnetic field of

Current out Current in

Fig: 16.10
Torque on coil current
carrying conductor




0 Do You Know!

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 1886 that the first
practical D.C motor that
could run at constant
speed under variable
weight, was produced.
Frank Julian Sprague was
its inventor and it was this
motor that provided the
catalyst for the wider
adoption of electric
motors in industrial
applications.

Coil Axis of

A

“Current in
3 A

CHEH Q.31
R /o
T =] S
N N

Force

Fig: 16.12 Torque on
D.C motor
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strength B and the plane of the coil is parallel to the field
and is free to rotate about an axis.

When current I passed through the coil, a force is
experienced on the perpendicularly placed conductor. The
magnitude of the force is F = BIL. Hence a pair of two
equal but opposite forces (couple) acts on the coil. That
causes the coil to rotate.

So, Torque = 1= BIA

If the plane of the coil makes an angle a with the field B
then the perpendicular distance Cos o can be added:

7= BIACos a
If the coil has N turns, then:
7= BIANCos a

16.4 D.C motor

D.C Motor is an Electromechanical device thatconverts
electrical energy into mechanical energy. D.C Motor is
similar to D.C Generator in construction butthe output
device act as input and input as output.

South pole North pole
Armature |

\

Commutator segment Commutator segment

Fig: 16.11. Turning effect on D.C motor
Turning effect on D.C motor coil
A current-carrying coil in a magnetic field experiencesa
turning effect. In Figure 16.12, a rectangular coil ABCD
carries a current in the magnetic field between two
magnets.
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(a) The sides BC and DA carry currents with directions
parallel to the magnetic field. No force is exerted on
thesetwo sides.

(b) The side AB next to the South pole experiences a
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. Figs16.13
The two forces acting in opposite directions on the two Electromagnetic
sides of the coil form a couple and produce a turning induction
effect on the coil. The forces are produced when
the magnetic field due to the current in the coil combines
with the external magnetic field to produce two Concept of

oD electromagnetic induction
resultant catapult fields around the coil; Figure 16.13. il T e A

Two important applications of the turning effect of a in 1830,from USA
current-carrying coil in a magnetic field are the direct
current motor and the moving-coil galvanometer.

SELF ASSESSMENT QUESTIONS:
Q1: How can the turning effect of a coil be increased?
Q2: How do DC motor coils rotate?

16.5 Electromagnetic imduction

A voltage is created = or induced. For this reason, we call
this electromagnetic = induction. Electromagnetic or
magnetic induction is the production of an electromotive
force across an electrical conductor in a changing

“Michael Faraday”
from England also gave
the concept of

magnetic field. Michael Faraday is generally credited with electromagnetic
the discovery of induction in 1831, and James Clerk induction and in 1831.
Maxwell described mathematically it as Faraday's law of

induction.

Changing magnetic field can induce e.m.f in a circuit.
Faraday demonstrates that magnetic fields can create
currents as illustrated in figure 16.14. When the magnet
shown below is moved '"towards" the coil, the
Galvanometer's pointer or needle will deflect away from
its centre position in one direction only. When the magnet
stops moving and is held stationary with respect to the
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coil, the needle of the galvanometer returns to zero as
there is no physical movement of the magnetic field.
Similarly, when the magnet is moved "away" from the
coil, the galvanometer needle deflects in the opposite
direction, indicating a change in polarity. By moving the
magnet 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.

Direction of movement
Coil or loop

il
(4

Galvanometer

N
\
\
\
AN

Magnet

Fig: 16.14 changing magnetic produced induced e.m.f
Electromagnetic Induction by a Moving Magnet
if you keep the magnet stationary and move only the coil
toward or away from the magnet, the needle on the
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 electrical 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 magnetic field and that
the magnitude of this voltage is proportional to the rate of
change of the flux”.
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Factors affecting the magnitude of an induced e.m.f.
The factors involved in the induced emf of a coil are:
» The induced e.m.f. is directly proportional to N,
the total number of turns in the coil.
» The induced e.m.f. is directly proportional to A,
the area of cross-section of the coil.

» The induced e.m.f. is directly proportional to B, the
strength of the magnetic field in which the coil is
rotating.

» The induced e.m.f. is directly proportional to '®',
the angular velocity of the coil.

» The induced e.m.f. also varies with time .and
depends on instant 't'.

» The induced e.m.f. is maximum when the plane of
the coil is parallel to magnetic field B and e.m.f. is
zero when the plane of the coil is perpendicular to
magnetic field B.

Lenz’s law of electromagnetic induction

According to Faraday's law of electromagnetic induction,
a changing magnetic field induces a current in a
conductor. Lenz's law of electromagnetic induction states
that the magnetic field produced by the 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 flow.

Keep in mind that the magnetic field produced by an
induced current. generates an additional magnetic field,
which a Always opposing the magnetic field that formed
it. Below illustration showing that, if magnetic field "B" is
increasing, the induced magnetic field will oppose it in
figure 16.15(a).

As illustrated in 16.15(b), the induced magnetic field will
once again oppose the magnetic field "B" when "B" is
decreasing. This time, "in opposition" suggests it's acting
to increase the 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 subjected to a changing magnetic

Induced

Fig: 16.15 Magnetic field
induced by magnetic
current



Encourage students to
visit below link for
Lenz's Law and
Conservation of Energy

https://www.youtube.com/
watch?v=wsuBld3Bo00&a
b_channel=YenLingLam

Do You Know!
Lenz's 1 e

@6%2
conservation of energy

ied to the
omagnetic
tion, whereas
raday's law is about
the electromagnetic
w force produced.
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field.
When a magnetic field changes, an induced current will
flow in the opposite direction, as described by Lenz's law.
That's why the minus sign ('-') appears in the formula for
Faraday's law to emphasize this point.

It is possible to alter the magnetic field intensity by
moving a magnet closer to or farther from the coil, or by
moving the coil itself into or out of the magnetic field.

In other words, we can say that the magnitude of the EMF
induced in the circuit is proportional to the rate of change
of flux.

do,
q: p—
& dt
do
—_N—B
& dt

Where:
o &=Induced emf
e d®, =change in magnetic flux

e N = No of turns in coil
Lenz’s.lLaw 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.
In fact, Lenz's law is a result of the law of conservation of
energy.
If the magnetic field created by the induced current is in
the same direction as the field that produced it, then the
two magnetic fields would combine to make a larger
magnetic field.
By combining their magnetic fields, they may create a
field that is twice as strong as the original one, inducing a
current twice as large in the conductor.
As a result, a new magnetic field would be produced,
which in turn would induce a new current. And so on.
Because of this, it is easy to understand that the
conservation of energy would be violated if Lenz's law
did not state that the induced current must produce a
magnetic field that opposes the field that originated it.
The third law of motion of Newton applies to Lenz's law
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as well (i.e to every action there 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 electric generator that converts

mechanical energy into electrical energy in the form of

alternative emf or alternating current. An AC generator ¢ = 1< [ unit of
works on the principle of “Electromagnetic Induction”. )1

utal inductance is “Henry”
while is equal to
Volt —Sec

Amp

Magnetic flux

Commutator Wire coil

Carbon brushes (the conductor) -

Axis of '7{ +

rotation 0 Volt

Secondary coil
. T

Fig: 16.16 A.C generator

16.7 Mutual induction

When the electric current in the Primary Coil changes, the
magnetic field changes as well, linking the Secondary
Coil to the Primary Coil. In the secondary coil, this
shifting flux causes an e.m.f. Mutual Induction describes
this process. The secondary coil's e.m.f. is proportional to
the primary coil's rate of change of current. Thus:

ol

Primary coil

N—i|1] —\A
Key + — Rheostate

Fig: 16.17
85 oC MB Mutual induction
At

gs:_M MQ
At
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Where M is a constant, called Mutual Inductance
of the two coils.

Do You Know!

» Stabilizer is the

Hence:
example of step __ &
up transformer Al /At
» Mobile charger is
the example of siep  SELF ASSESSMENT QUESTIONS: QN
T, Q1: Define mutual induction.
> Working principle Q2: Enlist the factors affecting the induc £
of transformer Q3: How A.C generator works? .
based upon mutual 16.8 Transformer
induction Transformer is a static machine ‘used for transforming
power from one circuit to an%( without changing the
frequency. Transformers ate based on the principle of

mutual induction. It ope on an AC supply.

It consists of two coil which are magnetically linked to
each other but electrically isolated from one another
although wrapped around the same iron core, make up a
transformer.  The primary coil is the first of two coils in
the system which is connected to A.C input power. The
secondary coil is the other coil which delivers the power
to the output circuit. Np and Ns stand for the number of
turns on the primary and secondary coils, 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 Vs is proportional to the primary

Primary
coil

110/120 |
Volts

Fig: 16.18'(a) -
Step up.transformer 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:
Vs _Ns
Secg(r)li?ary VP NP

The transformer is referred to as a step-up transformer if
— :

=% 10120 the secondary voltage exceeds the primary voltage;
owu! V' Fig 16.18 (a).

Fig: 16.18 (b) A step-down transformer is one in which the secondary
Step down transformer voltage is lower than the primary voltage; Fig.16.18 (b).

220/240~—"—""]
Volts |
Input |
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The electric power transferred to the secondary circuit in
an ideal transformer is the same as the primary circuit's
power.

An ideal transformer dissipates no power, and we may
write the following mathematical expression for such a
transformer Pp =Pg

Vplp = Vsl
Role of Transformer in Power Transmission
Generation of electrical power in low voltage level is very
much cost effective. Theoretically, this low voltage level
power can be transmitted to the receiving end. This low
voltage power if transmitted results in greater line current
which indeed causes more line losses.

But if the voltage level of a power is increased, the current
of the power is reduced which causes reduction in ohmic
or P=I"R losses in the system, reduction in cross-sectional
area of the conductor i.e. reduction in capital cost of the
system and it also improves the voltage regulation of the
system. Because of these, low level power must be
stepped up for efficient electrical power transmission.

This is done by step up transformer at the sending side of
the power system network. As this high voltage power
may not be distributed to the consumers directly, this must
be stepped down to the desired level at the receiving end
with the help of step down transformer. Electrical power
transformer thus plays a vital role in power transmission.

Power plant Transmission lines
generates carry electricity e
electricity long distances Distribution lines
- carry electricity
m to house

Transformers on poles
steg down electricity

Transformer steps Neighborhood efore it enters

up voltage for transformer steps houses
transmission down voltage
Fig: 16.19

Power transmission from power house to residential area

link for
does a
nsformer works
@s://www.youtube.com/
atch?v=UchitHGF4n8&a

b_channel=TheEngineerin
gMindset

Encourage students to
visit below link for
Role of transformer in
power transmission

https://www.youtube.com/
watch?v=agujzHdvtjc&ab
_channel=PhysicsVideosb
yEugeneKhutoryansky




Fig: 16.20
Transformer in
stabillizar

Fig: 16.21
Transformer battery
charger

Fig: 16.22
Transformer in high
voltage circuit breaker
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Daily life applications of transformers

Transformers are widely used because of their ability to

regulate the strength of alternating current, which

improves efficiency and, in turn, reduces monthly

electricity costs. By the use of transformers, we have

observed and seen its importance in our everyday life and

without it, electricity would have caused great

destruction in our homes and industries.

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 current in a building.

In Battery Charger:

Batteries can also be charged with the help of

transformers. The voltage needs to be controlled properly

so that it doesn't damage the parts inside the battery. This

can only be done with the help of a stapwob  transformer.

In circuit breaker:

Circuit breakers with integrated transformers can prevent

damage from high voltage current by allowing users to

manually switch on and off power.

In air conditioner (AC):

This is another modern use of a transformer in our

homes. Because of its high inductance and low resistance

levels, it aids in the proper functioning of the AC.

Without this, there would be no long-lasting AC (Air

condition) in our home.

SELF ASSESSMENT QUESTIONS:

Q1: What is transformer and how its works?

Q2: What is the difference between step up and step
down transformer?

Q3: For what purpose step up and step down

transformers are used in power transmission?
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E/ 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 is known as
magnetic field.

Magnetic field is 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 electrical energy into mechanical
energy.

Faraday noticed that when he moved a permanent magnet in and out of a coil
or a single loop of wire it induced an Electro Motive Force or emf, in other
words a Voltage, and therefore a current was produced.

Torque on a current carrying coil in magnetic field is T= NIABsin®6.

The change of magnetic flux due to a variation in the current flowing in
another circuit.

Dynamically induced e:m.f: When the conductor is moved in a stationary
magnetic field in such a way that the flux linking it changes in magnitude.
Statically induced e.m.f: When the conductor is stationary and the magnetic
field is moving or 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
electrical energy.

Electrical 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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NIEW1 0018089 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 magnetic 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) magnetic compass
4. If the current in a wire which is placed perpendicular to a magnetic field
increases, the force on the wire
(a) Increases (b) decreases
(c) remains the same (d) will be zero
5. A D.C motor converts

(a) mechanical energy into electrical energy
(b) mechanical energy into chemical energy
(c) electrical energy into 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 brushes (d) the slip rings
7. The direction of induced e.m.f. in a circuit is in accordance with conservation of
(a) Mass (b) charge (c) momentum (d) energy

8. The step-up transformer
(a) increases the input current
(b) increases the input voltage
(c) has more turns in the primary
(d) has less turns in the secondary coil
9. The turn ratios of a transformer 1s10. It means
(a) Is=10Ip (b) Np=10Ng
(C) NSZIONp (d) Vs: 10%
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A wire in a magnetic field generates voltage. To generate maximum voltage, move the
wire in what direction relative to the field?

Can a transformer operate on direct current?

Demonstrate through an experiment how an electric current in a conductor generates a
magnetic field in its vicinity.

Explain how a force works on a current-carrying conductor that is perpendicular to the
magnetic field.

State that, a current carrying coil in a magnetic field will experience a torque.
Describe an experiment that demonstrates the induction of em.f. in a circuit by a
varying magnetic field.

Give some examples of what could increase or decrease the strength of an induced
e.m.f.

Explain that the direction of an induced e.m.f opposes the change causing it
and relate this phenomenon to conservation of energy.

Explain how an A.C. generator works in its most simple form.

. Explain the units of mutual induction and provide an example.
. Recognize that a transformer is based on the concept of mutual induction between two

coils.

. Explain what role transformers play in alternating current (AC) circuits.
. Determine the function of transformers in the process of moving electrical current from

the power plant to your home.

. Compile a list of the numerous applications of transformers (step-up and step-down)

that can be found in your home.

N9 (018 (8)) Numericals

A wire carrying 4A current and has length of 15 cm between the poles of a magnet is

kept at an angle of 30° to the uniform field of 0.8 T. Find the force acting on the wire?
(0.24N)

A square loop of wire of side 2.0 cm carries 2.0 A of current. A uniform magnetic field

of magnitude 0.7 T makes an angle of 30° with the plane of the loop. What is the

magnitude of torque on the loop? (4.8x10™ Nm)

A transformer is needed to convert a mains 220 V supply into a 12 V supply. If there are

2200 turns on the primary coil, then find the number of turns on the secondary coil.
(120)

A coil surrounding a long solenoid, the current in the solenoid is changing at a rate of

150A/s and the mutual induction of the two coils is 5.5%107°H. Determine the emf

induced in the surrounding coil? (-8.25x1073V).



