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SIMPLE HARMONIC
MOTION AND WAVES |

After stud;nng this chapter yuu should be ahtetu
« state the conditions necessary for an object to oscillate with SHM.
¥ explain SHM with simple pendulum, ball and bowl examples.
v draw forces actingﬁn a displaced pendulum,
¥ solve problems by u;:ingihe formula T = 2n /17g for simple pendulum
¥ understand that damping progressively reduces the amplitude of oscillation.

v describe wave motion as illustrated by vibrations in rope, slinky spring and by
experiments with water waves.

v describe that waves are means of energy transfer without transfer of matter.

+ distinguish between mechanical and electromagnetic waves.

v identify transverse and longitudinal waves in mechanical media, stinky and
springs.

v define the terms speed (v),' frequency (f), wavelength (2), time period (7},
amplitude, crest, trough, cycle, wave front, compression and rarefacmn

¥ derive equation v=fA.
v solve problems by applying the relation f=1/ Tandv=fA.
« describe properties of waves such as reflection, refraction and diffraction with

the help of a ripple tank. .
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Many objects vibrate or oscillate—an
-object on the end of a spring, a
tuning fork, a pendulum, beating of

10.1 Oscillation or Vibration
10.2 Simple Harmanic Motion (SHM)

g 10.3 Motion of mass attached t0 @ heart, a plastic ruler held firmly over
'\ spring the edge of a table and gently struck,
S 10.4Simple pendulum the strings of a guitar or piano,
2 10.5Damping vehicles oscillate up and down when
[WN 10.6 Nature of waves and their types they hit a bump, buildings and
3B 10.7 Propertiesof waves bridges vibrate during an earth
S Key Points and Projects quake. Indeed, because most solids

< are elastic, they vibrate when given

an impulse. .
Because it is so common in everyday life and occurs in so many areas of physics,
oscillatory (or vibrational) motion is of great importance. Mechanical oscillations
or vibrations are fully described on the basis of Newtonian mechanics.

10.1 OSCILLATORY MOTION

The repeated back and forth motion about certain equilibrium (mean) position is
termed as oscillation or oscillatory motion. The same motion repeats over and
over — a particle goes back and forth over the same path in exactly the same way.
Following are few terminologies associated with oscillatory motion.

A. Cycle/Vibration: One complete round trip of the vibrating body -about mean
position is called vibration/cycle. To complete one vibration/cycle, the particle
must be at the same point and heading in the same direction as it was'at the start.

 B. Time period: The time required to complete one cycle is called time period (T).

The time period is measured in seconds (s).

C. Frequency: The number of cycles that the particle completes per unit time is

called frequency (f). The units of frequency are cycles per second (s'), or hertz
(Hz). '
D. Relation between time period (T) and frequency (f): Time period and

frequency are reciprocal of each other.
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E. Displacement: The distance of oscillating body from the mean position at any
instant of time is called its displacement (x). Displacement is measured in metres
(m).

F. Amplitude: The maximum displacement of the body from its mean positionina
cycle is called amplitude (x,). Amplitude being a length, is measured in metres

What is the frequency of oscillation if the time period is 20 ms?
GIVEN ¢ REQUIRED
Time period ‘T" =20ms =0.02 s frequency ‘f"=?

SOLUTION: Since the time period and frequency are reciprocal of each other,
therefore

1 . ;= 8
f= = putting values  f= 0,02

Therefore f=50s"=50Hz ——m

Hence, in one second the particle will vibrate 50 times for atime period of 20ms.

ASNGNMENT 10:1: PERIOD OF OSCILLATION
When an object oscillates with a frequency of 0.5 Hz, what is its time period?

NOT FOR SALE
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10.2 SIMPLE HARMONIC MOTION (SHM) -
10.3 MOTION
Vibration or oscillation is repeated back and forth motion along the same path. ‘ . OF MASS ATTACHED TO A SPRING
Vibrations occur in the vicinity of a point of stable equilibrium. An equilibrium Consider a blockl of mass m attached to one end of elastic spring, which can Move
freely on a frictionless horizontal surface as shown in the figure 10.3. When th
- o e

point is a point at which the net force acting on the bady is zero. An equilibrium )
point is also called stable point when at small displacements from it the net force block is displaced the elastic restoring force pulls the block towa

rds equilibrium

pushes the body back to the equilibrium point. Such a force is called a restoring

force since it tends to restore equilibrium. [
Consider a bowl and ball example under
stable equilibrium condition as shown in
figure 10.2, when ball is displaced from
its equilibrium position, it will start
moving under restoring force towards
equilibrium position, opposite to the
displacement ‘x'. After reaching
equilibrium position the object will

gure 10.2 - Harmonic Motion!

Equilibrium or restoring
mean position  force

Point of
cantact

: Welght as

continue under inertia and will reach the _
other extreme position and thus it will continue to
oscillate back and forth. Simple harmonic motion
(SHM ) is a special kind of vibratory or oscillatory
motion— which occurs whenever the restoring force
F,., is proportional to the displacement x from
equilibrium. Mathematically

Foeix — (D
Where the negative sign signifies that the restoring
force 'F..' is directed towards the equilibrium
position opposite to the displacement ‘x’. We can
also define simple harmonic motion in terms of
acceleration as the type of motion in which the
acceleration a is directly proportional to the
. displacement x and is directed towards the mean
position. Mathematically

Equation 10.2 and equation 10.3, represent the
condition for simple harmonic motion {SHM).

NOT FOR SALE

TIPFHarmonic/Motion
Not all periodic vibrations
are examples of simple
harmaonic motion since all
restoring forces are not
proportional to the
displacement. Any
restoring force can cause
oscillatory motion. An
electrocardiogram traces
the periodic pattern of a
beating heart, but the
motion of the recorder
needle is not a simple
harmonic motion. As the
restoring force in this case
is not always proportional
to the displacement from

the equilibrium position.
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position. For an ideal spring that obeys Hook’s Law the elastic restoring force F._ is
directly proportional to the displacement x from equilibrium position, h

Froe c—X

Since Fand x always have opposite directions therefore we have a negative sign in
equation. Each spring is different, and sois the force required to deform it.

The stiffness of the spring, or
spring constant, is represented by
the letter k. The equation for
Hooke's law is

Fs =—kx —7)

Thus motion of mass attached to
spring is SHM. Restoring force
produces acceleration in the body,
given by newton's second law of

motion as ;
Fee=ma ——@) | - :
Rasi

Comparing equation 1 and | i
equation 2, we get g

ma=-kx :

Figure 10.3 -"Mass Spring System

As spring constait k and mass m does not change during oscillation of mass
attached to spring therefore they are regarded as constants

a o —x
If the restoring force obeys Hooks law precisely, the oscillatory motion of mass

attached to spring is simple harmonic. .
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EXAMPLE 10.2: SPRING RESTORING FORCE \

Aspring has a spring constant of 48.0 N/m. This spring is pulled to a djstaﬂce of
55 cm from equilibrium. What is the restoring farce?

GIVEN REQUIRED

Displacement ‘x’ =55cm =0.55m Restoring force ‘F,' =7

*Spring constant k=48.0N/m

SOLUTION: Figure 10.4 shows that displacement to the right is positive, so the
restoring force is negative because it is to the left, according to Hooke's law.

F.=—kx

nes

Figure 10.4 - Example'10.2

Putting values F,, =487 0550 | left,  Rieht .

]
Foe =-26.4N —(0NED

The restoring force is 26.4 N [left].

— X—
equilibrium

ASSIGNMENT 10.2: SPRING RESTORING _FORCE

Determine the restoring force of a spring displaced 1.5 m, with the spring
constant of 30.0N/m.

10.3.1 Time period ‘T’ and frequency ‘f' of mas.?. spring system: Since
acceleration in SHM is : _
_TIP: Angular Frequency
Angular frequency is the
measure of angular

displacement per unit
time.

47
=-—constantx  Where Constant = ? .

Therefore ﬂ“*—““;ﬂ; X @
k
._.__Ex _®

; : k 4n?
Cgmpanng equation 1.and 2, we get /z E )(= ]z?

From equation 10.4, we have

re-arranging T? = 4y ? —’E

Stenple Hormonis: Motion and yioye,

Taking square root on both sides we have 77 _ J&z \(E
e
k

Time-period ‘T" is the time it takes for the
vibration, and is given by the following equat

ion:

hence T=2EJE
; — 8

Where ‘m’ is the mass in kg and 'k’ is the spring constant in N/m of ma

system. It is worth noting that time period does not depend upon am !si: Ssﬁl'ls
oscillation. Since frequency is the reciprocal of time period ther:f s
frequency of mass spring system is givenas 20

1 [k
-k gy

EXAMPLER10.3: MASSIOF OSCILLATING MASS SPRING SYSTEM

What is the mass of a vertical mass-spring system if it oscillates with a period of
2.0sand has a spring constant of 20.0N/m?

GIVEN

Spring constant ‘k’ = 20 N/m
Time Period ‘T"=2.0s
SOLUTION: The time period for mass spring system is

m i 2z
T=2n‘/—k_- squaring T1=[2,; %]

T xK

47t
as N:kg'%;

REQUIRED
Mass'm’'= 7

or T? = 45? x%?- isolatingm m=

(2.05)'x20.0N

Putti -
utting values m ax(3.14)

4,05 x20.08# ;‘;ﬁ
4x9.86

Therefore m—2.02kg — 2kg »———m

so m=

The mass of the mass-spring oscillator is 2.0 ke.

NOT FOR SALE



(DD il Harmanic Meir, ol -

TIME PERIOD. OF MASS SPRING SYSTEM

on a frictionless horizontal
Find the time period of

ASSIGNMENT; 10.3:

Abody of mass 0.2 tltgis
surface. The spring cons
oscillating mass spring system.

10.4SIMPLE PENDULUM _
Asimple pendulum is an idealized model consisting of @ point mass suspended by
aweightless, in-ex tendable string sqpparted froma fixed frictionless support.
Asimple pendulum is driven by the force of gravity due to the weight of suspended
mass ‘m’ (W=mg). Areal pendulum approximatesasimple pendulum if

. the bobissmall compared with the lengthl,
mass of the string is much less than the bob’s mass, and

attached to a spring placed
tant of spring is 4 N/m.

. the cord or string remains straight and doesn’t stretch.

pull the pendulum bob aside and let it go;
the pendulum then swings back and forth.
Neglecting air drag and friction at the
pendulum’s pivot, these oscillations are
periodic. We shall show that, provided the
angle is small, the motion is that of a simple
harmonic oscillator. As shown in figure 10.5,
for AQRS we resolve the weight (W= mg) in
to two components ‘mgsin®’ and ‘mg cosf’.
The component ‘mg cos@’ is balanced by
the Tension ‘T" in the string. The restoring
force is only provided by component ‘mg
sing’. Therefore

F. =-mgsing —(

Also note in the figure that only for small [

‘Figure 105 - SimpleiPendulimyy

- angles the arc length 's" is nearly the same
length as displacement 'x".

Therefore from AOPQ.  sind =% '—®

NOT FOR SALE
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Putting equation 2 in equation 1 e @
Free =-m %
% [

Since mass ‘m’, acceleration i
' due to gravity ‘g’ and length '

simple pendulum oscillating with small angle, therefore are constant for
]

Fres =X

Which is the condition for sim i
ple harmonic motion .
pendulum can be approximated as is simple hurmonfcn;a:;t:s mation of simple

F..=ma _@

Comparing equation 3 and equation 4 pa = Lpfgi
(

-_5
or a=-7x _m

Since g and [ are constants for oscillating simple pendulum, therefore

Also by Newton's second law of motion

[1R- e §
Hence, when released the mass will move towards the equilibrium position, will
cross over it due to inertia and will execute Simple Harmonic Motion (SHM) '

EXAMPLE 10.4: RESTORING FORGE OF SIMPLE PENDULUM

1D;;en-nine the magnitude of the restoring force for a pendulum bob of mass
.0 g that has been pulled to an angle of 10° from the vertical.

GIVEN ‘
mass ‘m’=100g=0.1000 kg

acceleration due to gravity ‘g’ =9.8 m/s'
angleG=10°

REQUIRED

Restoring force 'F,.' =7

SOLUTION: The figure 10.6 shows that the
restoring force F,,, = mg sind is the component of

weight that is tangential to the circular path of
the pendulum,

Figure 10.6 - Example 10.4

Frese =—Mmgsind




EEEDD Simple Hotmonic Mation ands Werty B

Putting values F, =—0.1000kgx 9.8ms*sin10°
or Fo= -0.98kgms™ x0.17

F,, =-0.167N —

The magnitude of the restoring force acting on the pendulum is 0.1 67 N.

R

ASSIGNMENT 10.4: CALCULATING ANGLE :

At what angle must a pendulum be displaced tocreatea restoring force of 4.00 N
on a bob with a mass of 500.0 g?

10.4.1 Time period ‘T’ and frequency ‘f of simple pendulum: It can be shown
that the acceleration and displacement of a simple pendulum are related by its
time-period T (the time it takes for the mass spring system to complete one cycle)
by the following equation:

From equation 10.7, we have a= _% X _—®

’ 4’
Comparing equation 1and 2, we get /1%-)5 =;“5-.?1—

= i“_l re-arranging T = 4nt l

Tl
q‘— l
Taking square root on both sides, we have JT/? = J4r* J:;

~ Hence ‘T=23Jg ——m

Equation 10.8 shows that the time period ‘T" of simple pendulum depends directly

on the length ‘I’ of the pendulum and inversely on gravitational acceleration 'g’.

The period of the pendulum does not depend on the mass of the pendulum bob.
_ The period of a pendulum does not depend on its amplitude.

NOT FOR SALE
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Since frequency is the reci :
procal of time perj
pendulum is given as period therefore the frequency of simple '

1 /s
: I h£~m
LAB ' WORK:

To study the effect of the length of a si
sim| ;
Ilgll by Caltuiatfon, ple pendu'-"“:' on tll'I‘IE. find th‘E Va.lue Gf

E}(A&PLE 10:5: DETERMINING GRAVITATIONAL FIELD STRENGTH

What is the gravitational field stren
£ gth on planet Mercury, i
pendulum swings with a period of 2.30 57 : , if a 0.500-m

GIVEN
Time period ‘T’ =2.3s REQUIRED
Length ‘I7=0.500m gravitational field strength ‘¢’ =?

SOLUTION: The time period for simple pendulum is

] 2
g g

o T? =4z’ Xi Isolating i 4nx(
g g8 5= T!
Putting values g= 4{3-14]1 x0.500m
‘ (2308

Therefore -g=3.73 %;=3 73 %g [down]. _'_m

The gravitational field strengtly at the surface of mercury is 3.73 N/kg

ASSIGNMENT. 10.5: GRAVITATIONAL FIELD STRENGTH AT EVEREST

V'Jhat is the gravitational field strength at the top of Mount Everest at an altitude
6f 8954.0 m, if a pendulum with a length of 1.00m hasa period of 2.01s7

NOT FOR SALE
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LIAB WORK. ' : o
To prove that time period of a simple pendulum is independent of (i) mass of the :‘::'l:etsig;m: dar.nping is needed for certain kinds of applications, The “
! i S pt of -damping system is used i i :
pare (i) A i AR ' comfortable ride. ' =i iecs sepusin RSB -
10.5 DAMPING _ One widely used application of damped
Any effect that tends to reduce the amplitude of vibrations s called damping. harmonic motion is in the suspension system
The oscillatory motions we have considered so far have been for ideal s'?'stems that : of an automobile. Figure S}Tum 2 shock
is, systems that oscillate indefinitely ur_ade‘rthe action of a linear restoring force. abs.orber ?tta':hfad to a main _suspensio_n
i spring of a car. A'shock absorber is designed
Figure:10:7.= Damping: l .| tointroduce damping forces, which reduces
; Displacement the vibrations associated with a bumpy ride.
As the drawing shows, a shock absorber
iy consists of a piston in a reservoir of oil. When
i the piston maves in response to a bumpin the : Spring
:: b road, holes in the piston head permit the s Holes in
b, T [ S S Time piston to pass through the oil. Viscous forces o piston
B | T [, (O ), T =, 5 -t that arise during this movement cause the B . Viscous
: damping. S !
: The graph shows three: types of damped .
i motions, with curve (a) representing under- Sk clicher and privg
E damped oscillation. Whereas the curve (b) ¥
" Xg—H shows that if the fluid viscosity is increased,
:-a_l :_}_fi__“ E‘ the object returns rapidly to equilibrium <
= =+ after it’s.released and doesn’t oscillate. In 3
However in many real systems, resistive forces, such as fritftiun. reduce the this case, the system is said to be critically __ - t
motion. As a result, the amplitude progressively decreases with time-, §n§ the damped. If the viscosity is increased further,
motion is said to be damped. The motion of pendutum eventually stops if it 1s lFft the system is said to be over-damped. In this Graphs of displacement versus
untouched because the pendulum loses energy by doing work on the 5““'0’-'"“‘."2 case the time required to reach equilibrium ﬁr_::f ,ﬁ;g ?;J gk o E
forces, such as air resistance and friction. The energy of the system decreases i Is greater than in critical damping, as o) ocilator, and (c) an 3
time and eventually falls to zero and pendulum comes to rest as shown in figure illustrated by curve (c). . overdamped oscillator.
10.7. 10.6 NATURE OF WAVES AND THEIR TYPES
Awave is a disturbance that moves outward from its point of origin, transferring

energy by means of vibrations with little or no transport of medium.

NOT FOR SALE
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There are two common features to all waves: \ \

1. Awave is a traveling disturbance.

2. Awave carries energy from place to place.

WAVESTAS MEANS OF ENERGY/TRANSEER
[ ]

pencil | Wave

ACTIVITY: WATER
Take a tub full of water, move
a pencil up and down at one
edge of the tub. Waves are

produced on the water iy’
surface which move away

from the point of impact of _/:\ —
the pencil. ?;';:“".:lf gl

Place a cork in the middle of the tub. You can see that as :
the waves passes through the cork it will move up and down | e W
about its place. The energy which is spent in moving the I et Lt
pencil up and down reaches the cork by means of water
waves due towhich it is also moves up and down. :,f%, '
Notice that during this process the cork does not move with [P e o
waves, it only moves up and down which shows that the ;
particles of matter (water) does not move forward with

waves instead they oscillate about their mean position.

A wave is a disturbance that transfers energy through a medium. While the
disturbance and the energy that it carries, moves through the medium, the matter
does not experience net movement. Instead, each particle in the medium vibrates
-about some mean (or rest) position as the wave passes.

Both particles and waves carry energy but there is an important difference in how
they do this. Think of a ball as a particle. If you toss the ball toa friend, the ball
moves from you to your friend and carries energy, this is not wave motion because
matter is transported. However, if you and your friend hold the ends of a rope and
you give your end a quick shake, the rope remains in your hand and the energy can
be felt by your friend on the other end of the rope. Even though no matter is
transferred, the rope still carries energy through the wave that you.created as
shown in figure 10.8 (a).

NOT FOR SALE

Oscillation

Wave motion is related to oscillation, when the energy moves through the )
g wave

. the particles of the medium executes simple harmonic motion about thei
eir

equilibrium position. For example, take a rope and color a part of it. Attach one
end of the rope to the wall and wiggle the other end regularly and continuoust
The qumb.e-r o_f waves will be produced forming a wave train. Observe the l!f-
marking, it will execute oscillations about certain mean position G0
figure 10.8 (b). ,
When a stone is dropped in a pond water, ripples (waves) are seen on the surface of
!..-.rater. The particles of water that absorb energy and start oscillating from the
m':pa‘ct of the stone. These particles transfer some of its energy to the neighboring
particles which also start vibrating. In this way gradually other particles on the
water surface also start oscillati i

s cillating and energy is spread out throughout the water
ety ol waves: The waves are mainly of two kinds: m

: mechanical

and electromagnetic waves, i
« M iowaves: . il i

i : sChamcal - The waves produced by oscillation of material particles are
called mechanical waves, Mechanical waves are very familiar; common

examples include water waves,
sound waves, seismic waves, etc.
These waves can exist only within a
material medium.

as shown in

Figure 10.9 - Electromagnetic waves

I Eleciiuinagnenic waves: The
Waves that propagate by oscitlation
of electric and magnetic fields are
called electromagnetic waves, they
do not require material medium for
their propagation. The wave is a
combination of travelling electric

and magnetic fields. J

Magnetic field

Direction of

Electric field
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The fields vary in value and are directed at right angles to each other and to the

direction of travel of the wave, a5 shown by the representation in Figure 10.9. The

ommon examples of electromagnetic waves are vistbler and lkraviolat Yy,
é :

radio waves, microwaves, X-rays etc.
\Waves can.also be classified as transverse and longitudinal in terms of the
directions of disturbance or dzspla;ement in the medium and that of the
propagation of wave.

i. Transverse waves: A transverse wave is one in which the disturbance occurs
perpendicular to the direction of motion of the wave. Radio waves, light waves,
and microwaves are transverse waves. Trans.verse waves also travel on the strings
of instruments such as guitars and banjos.

Figure-10,10 - Transverse wave:in stinky:=:

Ere{t —— Direction of wave —  cract: The part of wave

A " above the equilibrium
o e position is called crest.

v Ix" Trough: The part of wave
below the equilibrium
position is called trough.

Direction of
vibration of slinky Trough

F1gure 10.10 shows transverse wave can be generated FERRERIE R NN

using a Slinky(a long loosely coiled spring). If one end m o FM radio waves are

of the Slinky is jerked up and down, an upward pulse |transverse waves consisting
the end is then |of electric and magnetic

is sent traveling toward the right. If e. i e Gailia A

jerked down and up, 2 downward pulse is genera speed of 3.00% 10° m/s.

and also moves to the right.

I the end is continually moved up and down in simple harmonic motion, an entire

wave is produced.

ii. Longitudinal wave: A longitudinal wave is one in which the disturbance occurs
parallel to the line of travel of the wave. Asound wave is a longitudinal wave.

‘A longitudinal wave can also be generated with a slinky, as shown in Figure
10.11.When one end of slinky is pushed forward and backward along its length
‘(i.e., longitudinally) two regions are formed.

NOT FOR SALE
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-Figure' 10:11° Lonertudinal Waves in slinky

Compressions: The regions of

i
— Direction of wave —p- s ety Shc resione
; 3 relative to the equilibrium
: . ' ‘ b density or pressure
Compression ;% '. *« i Rarefaction medr:m ::re tem:;’ ;:r-?
- : compressions.

..kl
]

g Rarefactions: The regions of low
s b a

Direction of density and pressure relative to
vibration of slinky the equilibrium density or
pressure aof the medium are
termed as rarefactions.

The region where the parts of slinky are compressed together (called compression)
is seen moving towards the right. The region where the parts of slinky are
stretched apart {called rarefaction) is also seen moving towards the right.

10.6.2 Characteristic Wave Parameters: There are many ways to describe or
measure a wave. Some characteristics depend on how the wave is produced,
whereas others depend on the medium through which the wave travels. Certain
characteristic wave parameters and their definitions are given asunder.

i. Wavelength ‘A’: The shortest distance between points where the wave pattern
repeats itself is called the wavelength, its symbol is the Greek letter lambda ‘A’.

The unit of wavelength is ‘m'. The
wavelength is the repeated distance of the
wave pattern—a shift of the wave pattern by
one wavelength to the right (or the left)

A
reproduces the original wave pattern. The [ i
wave length may be the distance between / ; i ¢
two successive crests or troughs as shown in \ T ’
figure 10.10 and figure 10.12, or it may be %
the distance between two successive L A
compressions as shown in figure 10.11. =
Amplitude x_or A: The amplitude A of a wave is the magnitude of the maximum
drsp!acement of the elements of wave from their equilibrium positions as the

wave passes through them. Amplitude is represented by x,.or A and the unit of
amplitude is m. As shown in figure 10.10, figure 10.11 and figure 10.12.

NOT FOR SALE
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Wave Cycle: As a wave passes d given point along ’I_ts pa.th, that pnfn_t Undergoes
cyclic motion. The point is displaced first in one direction and then in the other
direction. Finally, the point returns to its original equilibrium position, therepy,

completing one cycle.

Frequency f: The number of wave cycles fr‘\f;l
passing through a certain point:(P) in unit
time (t} is called frequency. The unit of
frequency is hertz (Hz).

r- —E0

Figure 10.13 shows three cycles C,, C, and C, . TERY
F

approaching point P if these cycles cross | | |\, \J _
point Pinone second then frequency will be | 4 H—T—u
3 hertz.

Time Period T; The time required for one wave cycle to pass through a certain
point is called Time Period T. The unit of time period is seconds (s).

It is the time any vibrating element of wave takes to move through one complete
oscillation as shown in figure 10.13. Time period is the reciprocal of frequency.

Lt
T_f_m

Earthquake waves under Earth's
surface also have both longitudinal
and transverse components (called
compressional or P-waves and
shear or § waves, respectively).
These components propagate at
different speeds. For example, "%
earthquakes also have surface -~
_waves that are similar to surface "-
waves on water. £
. il
Wave Speed: The distance traveled by wave in unit time is called wave speed ‘v'.

distance As
L ] =

time At

om o ZO-U D_l —|Z"'°-U

)
NOT FOR SA
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The distance traveled by wave equal to one wavelength
in time equal to time period T (At = n,

V= 3"-
T
Since time period ‘T" and frequency 'f' are reciprocal of each other
1 ]
f=z
: —0
putting equation 3 in equation 2, we get

v=r» —{00

Equation 10.12 is also called universal wave equation as it applies to all
waves and gives the wave speed in terms of frequency f and wavelength A.

‘A’ (&s = A) is covered |
therefore equation 1 can be written as y

therefore

A student vibrates the end of a spring at 2.6 Hz. This produces a wave with a
-wavelength of 0.37 m. Calculate the speed of the wave.

GIVEN REQUIRED
frequency ‘f'=2.6 Hz speed ‘v’ =7
wavelength ‘A’ =0.37 m

SOLUTION: By universal wave equation v=fi

putting values v =2.65"x0.37m

Hence . v =0.962ms ' —m

The answer validates; as reasonable speed forwaveina spring is about 1m/s.

 WAVELENGTH OF SOUND

o A G e e

Asound wave of wavelength 1.7 x 10* m. Calculate the frequency of sound if its
velocity is 343.4 ms".

10.7 PROPERTIES OF WAVES

The basic properties of two dimensional waves, such as water waves can be

described with the help of ripple tank.
NOT FOR SALE
X



‘Figure 10-14 - Ripple:Tank

e

The schematic diagram and the image T
ripple tank are shown in .{he figure 1D.1t.
Ripple tank is an experimental setup 10
study the two dimensional features or
characteristics of wave mechanics such as
reflection, refraction and diffraction. It
consist of shallow tray of water with a
transparent base, usually illuminated from
above, so that light shines through the
water. The ripples on the water show up as
shadows (bright and dark lines) on the
screen underneath the tank.

Sometimes for easy visualization, a reflector is used to project the screen on front
base of the ripple tank as shown in figure 10.15 (a). Straight waves can be set up by
using a straight dipper, while circular waves can be formed by using a spheric‘a[
dipper. Both dipper are vibrated up and down by an electric motor as shown in
figure 10.15 (b).

- Lamp

Electric motor

reflect
|

Figure 10.15 - Ripple Tank/llustration

Stand

Electric motor

Vibrating beam

Wave fronts

Screen

Circular waves sources

b

For a two or three dimensional wave, such as
a water wave, we are concerned with wave
fronts, by which we mean all the points along
the wave forming the wave crest (what we
usually refer to simply as a “wave” at the
- seashore). A line drawn in the direction of D
wave motion, perpendicular to the wave S ___.-"' ‘Wavefront
front, is called a ray, as shown in Figure 10.16.

R : .E:iysz.ahd;nfcru_'efr_anrs' ) ]
Ray
Wavefront ray >
Wavefront

------- .
>

Rays, signifying the direction of wave motion, are always perpendicular to the wave
fronts (wave crests). (a) Circular ar spherical waves near the source. (b) Far from
the source, the wave fronts are nearly straight or flat, and are called plane waves.

Wave fronts far from the source have lost almost all their curvature (Figure 10.17)

and are nearly straight, as ocean waves often are. They are then called plane -
waves.

W
A{Reﬂectian:}Reflect:‘un is the change in direction of a wave-front at an interface
between two different media or rigid barriers so that the wave-front returns into
the medium from which it is originated.

Refiected
Barrier Barrier ray
Wavefront Wavefrant \
Ray Ray N !
> < ™
> . Incident AN
< Barrier
| a] Incident waves | b |Reflected waves | c | Incidence and reflection at angle
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= £ i M in figure 10.18 (a), they ar
When waves run into a straight barrief, as sho\*fﬂ 1.n f:iuﬂl 18 ibl- Ha:vever ifz
reflected back along their original path as shown in figu . s

o i the wave-f
hits a straight barrier obliquely asshownin fipure A-A815) b
wave

is reflected at an angle to the barrier.
In ripple tank reflection can be demonstrated by

reflection of water can be seen. _ ‘
Tdnt:: action: When waves travel from one medium into another, their speed
. Refr !

changes. This phenomenon is called refraction. i Al Wa:ew":?:e%?
medium in which it moves more slowly, its wavelength decreases as well, This

ould have been predicted using the universal wave equation, since we can
C

conclude that A= v.

placing an upright barrier in tray

Boundary

Ay

]
i e |
b] | despeater |
We can demonstrate this effect in water waves in ripple tank without even

changing from water to-another medium. Refraction occurs in water because the
speed of waves in water is influenced by the depth of the water.

We can cbserve refraction occurring in the ripple tank if we place a thick sheet of
plastic in the tray. When the wave travels from shallow to deep water, we can
observe that its wavelength, and hence its speed, changes. If the wave crosses the
boundary between the two depths straight on, no change in direction occurs. On
the other hand, if a wave crosses the boundary at an angle, the direction of travel
does change, again by equation v=f asshown in figure 10.19,

k(d[)iffrac jon: The bending of waves around corners of an obstacle is called
diﬁractinn?w‘hen waves pass through an aperture or opening it spreads out due to

diffraction.

We can observe diffraction in water waves in ripple tank by generating straight
waves and place two obstacles in such a way

the size of the wavelength,

NOT FOR SALE

that the separation is comparable to

-
[ S—

.

A

D) siple Harmonie Motion andinye, =
After passing through the opening, waves Spread out in every direction and turn
into circular waves. This effect is greatest when the size of the opening is less than
or equal to the size of the wavelength of generated waves. It must be noted that
wavelength (or speed) of the wave is not af fected by diffraction,

If the separation is large between obstacle com
seen that central part of the wave is not affe
edges diffract as shown in the figure 10.20.

pared to the wavelength, it can be
Cted, only part of the wave at the

iE igurex10.20.~ Diffraction,.

Obstacle Obstacle
Wavefrant Wavefront
* Ray
- >
B Opening b]  Opening

Oscillation: The repeated motion back and forth about certain equilibrium {mean)
pasition.

Simple Harmanic Motion: The type of vibratory motian in which aceeleration is
directly proportional to displacement and is directed towards the mean position,
Time period: Time required to complete one oscillation.

| Frequency: Number of cycles inunit time.

Wave: Energy transfer mechanism without the transport of material medium.

o Mechanical waves: Wave that require material medium for their propagation.

Electromagnetic waves: Waves which does not require material medium for its
propagation.

Transverse waves: The waves in which the particles of the medium oscillates
perpendicular to the direction of motion of wave.

Longitudinal waves: The waves in which the particles of the medium oscillates
Parallel to the direction of motion of wave.

Diffraction: Bending of waves around the edges of an obstacle.

GROUP A ‘EARTHQUAKE’: Research earthquakes and different kinds of
seismic waves, Also try to figure out the reason behind devastating
earthquake that occurred at 08:50:39 Pakistan Standard Time on 8 October
in Kashmir. Create a classroom presentation.
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| @ A transverse wave on a string has an amplitude A. A tiny spot on the string

is colored red. As one cycle of the wave passes by, what is the total
distance traveled by the red spot?

I8 @ Which of the following does not affect the period of the mass-spring

#l @ An object of mass ‘m’ oscillates on the end of a spring. To double the

thim o m e X o

— -

. Design an experiment to camm
GROUP B 'TWO SPR'”‘;"M:I_?:f:fs;iﬁlatiﬂ“ gf a system built with two (or
the spring constant a:edpin two ways: in series (attached end tc_v end) and in
more) springs cur:ini; each spring anchored to a common point). If your
PReEl (0 225 our plan, obtain the necessary equipment 'and perform
::ac::;e:?ng;‘; pfepara a presentation to share your result with your class

e '

fellows. .
GROUP C ‘ANGLE IN SIMPLE PENDULUM': The rule that the period of a

pendulum s determined by its length s a good approximation for alr_rgpgtude?
below 15°. Design an experiment to mv.est:gate how amp IL!.Iteshn
oscillation greater than 15" affect the motion of a pendulumr% is what
equipment you would need, what measurements you would perform, what
data you would record, and what you would c:alculate. If your teacher
approves your plan, obtain the necessary equipment and‘ perform the
| experiment, prepare a presentation to share your result with your class
fellows.

GROUP D ‘TSUNAMI’: Read litrature and search what are tsunamis, how they
are formed. Also figure out the cause of destructing tsunami in 2004 at Indian
Ocean. Write an article for school library.

GROUP E ‘DEFINING TERMS’: Make a chart of definitions of the terms used in
oscillations and waves such as speed (v), frequency (f), wavelength (), time

period (T), amplitude, crest, trough, cycle, wave front, compression and
rarefaction and display it in your classroom.

. EXERCISE.

A.A B. 2A C. %A D. 4A
system?
A. mass

C. amplitude of vibration

B. spring constant
D. All of the above affect the period.

period, replace the object with one of mass:

A.2m B.m/2 C.4m D.m/4

NOT FOR SALE

A

{ @ A car mounted on shock absorbey

damping, how will the frequen
(or a heavy load) are added tot
A.increase

ol B. decrease,
ol @ If the pendulum completes exa
4 frequency of the pendulum?
A.0.10Hz

T @ A certain pendulum has an iron bob. When the iron bob :
i with lead bab of the same size, its time period will
i A.staythesame B.decrease
L @ A wave transports

5 A. energy but not matter

C. both energy and matter

C. stay the same D. bezero

Ctly 12 cycles in 2.0 min, what is the

C.increase D.bezero

B. matter but not energy
D. air
| @ The bending of waves around the edges of the obstacle is

A. reflection B. refraction C. diffraction  D. damping

¢ CONCEPTUAL QUESTIONS

Give a brief response to the following questions
@ Is every oscillatory motion simple harmonic? Give examples.
@ For a particle with simple harmonic motion, at what point of the mation
does the velocity attain maximum magnitude? Minimum magnitude?
@' Is the restoring force on a mass attached to spring in simple harmonic
motion ever zero? If so, where? ’
@ If we shorten the string of a pendulum to half its original length, what is the
affect on its time period and frequency? .
@ A thin rope hangs from dark high tower so that its upper end is not visible.
How can the length of rope be determined?
@ Suppose you stand on a swing instead of sitting on it. Will your frequency of
oscillation increase or decrease?
@ Explain the difference between the speed of a transverse Wave traveling
along a cord and the speed of a tiny colored part of the cord.
@ Whywaves refract at the boundary of shallow and deepwater?

@ What s the effect on diffraction if the opening is made small?
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COMPREHENSIVE! QUESTIONS.
Give an extended response t

What is Simple Harmonic Moti
object to oscillate with SHM? - .
9 Show that the mass spring system executes Simple Harmonic Motion (SHM).
What is simple pendulum? Diagrammatically show the forces an:tinjug on
simple pendulum. Also show that simple pendulum executes simple

harmonic motion.

o the following questions
on (SHM)? What are the conditions for an

@ What is wave motion? How waves can be categorized?
How waves transport energy without carrying the material medium? Also
describe the connection between oscillatory motion and waves.

@ Prove the relation between wave speed, wavelength and frequency of

wave.
ﬂ Using ripple tank explain reflection, refraction and diffraction of waves.

NUMERIGAZQUESTIONS. = 2

Q A mass hung from a spring vibrates 15 times in 12 s. Calculate (a) the
frequency and (b) the period of the vibration.

@ A spring requires a force of 100.0 N to compress it to a displacement of
4cm. What is its spring constant?

@ A second pendulum is a pendulum with period of 2.0 s. How long must a
second pendulum be on the Earth (g=9.81 m/s') and Moon (where g = 1.62m/ s\
What is the frequency of second pendulum at earth and on Moon?

@ Calculate the period and frequency of a propeller on a plane if it completes
250 cyclesin5.05.

@ Water waves with wavelength 2.8 m, produced in a ripple tank, travel with
a speed of 3.80 m/s. What is the frequency of the straight vibrator that
produced them?

@ The distance between successive crests in a series of water wavesis 4.0 m,
and the crests travel 9.0 min 4.5s. What is the frequency of the waves?

e A station broadcasts an AM radio wave whose frequency is 1230 x 10’ Hz
(1230 kHz on the dial) and an FM radio wave whose frequency is 91.9 x 10'Hz

{91.9 MHz on the dial). Find the distance between adjacent crests in
eachwave.
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After studying this chapter you should be able to

v explain how sound is produced by vibrating sources and that sound waves require
a material medium for their propagation.

+ describe the longitudinal nature of sound waves (as a series of compressions and
rarefactions).

¥ define the terms pitch, loudness and quality of sound.

v describe the effect of change in amplitude on loudness and the effect of change
in frequency on pitch of sound.

v define intensity and state its 5l unit.

+ describe what is meant by intensity level andgive its unit.

+ explain that noise is a nuisance.

v describe how reflection of sound may produce echo.

+ describe audible frequency range.

« describe the importance of acoustic protection.

v solve problem based on mathematical relations learnt in this unit.
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D s
Hearing is perhaps the one sense we

.o take for granted the most. We often
11.2 Characteristics of sound : do not realize the different sounds
11.3 Sound Intensity that goes through our ears on
11.4 Speed of sound minute-to-minute basis. It's probably

11.5 Reflection of sound and echo the first thing we experience when
we wake up in the morning — when

we hear birds chirping or our alarm
clock bleeping away. Sound fills our
days with excitement and meaning,
when people talk to us, when we

11.6 Acoustics

11.7 Audible frequency range
Key Points and Projects
Exercise

”“"Zfﬂ;iZOn

listen to music, or when we hear interesting programs on the radioand TV.

sing in the form of noise, but that is the lively world

At times it may be displea
d as waves, its characteristics, speed

around us. In this unit we will describe soun
and reflection.

11.1 SOUND WAVES

5ound waves are longitudinal waves traveling through a medium, such as air.

Sound wave is created by a vibrating object, such as a guitar string, the human
vocal cords, or the diaphragm of a loudspeaker. Moreaver, sound can be
transmitted only in a medium, such as a gas, liquid, or solid. As we will see, the
particles of the medium must be present for the creation of disturbance and the
sound wave to move from place to place. Sound cannot exist in a vacuum.

For example, consider a tuning fork, a common device for producing pure musical
notes. A tuning fork consists of two metal prongs, or tines, that vibrate when
struck. Their vibration disturbs the air near them, as shown in Figure 11.1. When.a
tine swings to the right, the molecules in an element of air are forced closer
ltogether than normal. Such a region of high molecular density and high air
?ressure is called a compression. When the tine swings to the left, the molecules
in an element of air to the right of the tine spread apart, and the density and air
g;esr;ure in this region are then lower than normal. Stch a region of reduced
S i R b e e e
o ! s ning fork continues to vibrate, @
mpressions and rarefactions forms and spreads out from it.
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Rarciaction  “<omprsen Individual molecules

vibrate to and fro

J

11.1.1: Production of Sound; So i ihratian @

prndu.ction of sound, as seen in t’i:‘::-et{:l‘:::;:?;:: ::::rlibn::::na:: ::Edm.j for tie

11.2 similar observations can be made from buzzing sound of |'J - Onwn in fl'.gure
the sound is produced due to rapid vibrations of their wings. Sound inrsiT:: :um{iﬁ;
is produced by vibration of the stretched string. The sound of s-:honlr::l‘l 3_’
produced by vibrations in its steel gong (half-sphere) when it is struck b i ]s~
loaded arm. i

11.1.2 Transmission of sound: Since <ound is a longitudinal mechanical wave it
also requires the transmitting medium. In tuning fork experiment, the
compressions and rarefactions that were produced in air were used to carried
sound. However, sound can be transmitted through other media (such as other
gases and even liquids and solids). For example, children at play may discover that
sound travels very easily along a metal fence. Swimmers notice that they can hear
a distant motorboat better with their ears under the water than in the air. In both

these examples, sound is traveling inamaterial other thanair.
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Unit 11 Pt
Nevertheless sound does require a material m
cannot travel through vacuum.

I - . Y
edium for its propagation and it

ACTIVITY

The bell in jar experiment is shown in figure,
it demonstrates that sound does require a

Glass casing

decreases.

] PHYS|CS oF
| The heaﬁl'lg mechanisl_n HEARING

in : .
i@ anatomy of the ear with jts d:;:::: isn"t'o"elh[‘“tl!rest:ng physics. Figure shows the
= middle ear, whi ©@ parts: the outer ear or ear canal:
i » Which runs from the eardrum to the cochlea; and the inner ear, :?-.li';xhi:
3 _

the cochlea itself, The body
. part norm; -
called the pinna. ally referred to as the ear is technically

: : i it Vibrating a
material medium for its propagation and 1 Pinna
cannot travel through vacuum. An electric The sound wave that enters our ear .
bell is sealed inside a bell jar and a vacuum Gong is a pressure wave, which sets \Auditory canal
: : ) eardrum into motion. Oscill |

pump to remove-the air. When the electric ) of ear drum causes oscilialti::.iﬁ b \ AliGRory nerv
bell is turned on, it produces a loud ringing /= ey the fluid-filled inner ear; the || ll §
sound. As the vacuum pump removes the air pump motion of the fluid dist i \

¥ : urbs hair |
from the bell jar, the loudness of the ringing cells within the inner ear, which :

transmit nerve impulses to the

is a good one, the sound of the bell will almost be

brain with the information that a
sound is present.

Jdympanic membrane

If the vacuum pump

eliminated.

» 11.2 CHARACTERISTICS OF SOUND

Few characteristics on which one sound can be distinguished from another are
pitch, loudness and quality (or timber). :

Sound, like all waves, travels ata
certain speed and has the C R
properties of frequency 'f* and E A

wavalenath *3". Figucs las B LIRS et
shows a graph of air pressure as a /\ /\ /\
function of distance from a

Normal
source. There are crests in the Distance
sinusoidal wave at points where | gy o

the sound wave has compressions dir il
and troughs where the sound  pressure
wave has rarefactions.

« ¥

11.2.1 Pitch: Pitch distinguishes shrill sound from grave sound. The pitch of a note
depends on the frequency of the sound wave reaching the ear. A high-pitched note
has a high frequency and a short wavelength. A low pitched note has a low
frequency and a long wavelength.

" Direction
of rotation

Support a bicycle on its stand and rotate
its rear wheel. Hold a piece of cardboard
inyour hand with its free end touching the
spokes of the rotating wheel. The sound
will he produced, as you increase the
3peed of rotation the spakes touching per
unit time to the cardboard will increase,
Which will increase the frequency. As a
fesult, sound produced will become
m {of a higher pitch).

11.1.3 Detection of sound: Sound can be detected by various means, ear is one
such biological organ. Ear converts sound waves into perception of hearing.
Perception is commonly defined to be awareness through the senses, a typically
circular definition of higher level processesin living organisms.

i?.fcro-phunes detect sound by converting it to electrical signals. The persons
impaired of hearing detects the sound with artificial hearing devices.
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gs etc are of low pitch whereas
pitch s like colour

Sowindl

man, dogs, fro

roduced by A
For example the sound p cats etc are of high pitch.

the sound produced by women, birds,
in light; both depend on the frequency.

2 ry:
11.2.7 Loudness: The greater the sound ene
loudness depends upon the amplitude (height) of the sound wave.

Loudness depends upon the following factors:
pocky Larger the are

the louder is the sound. The

O The area of vibratini a of vibration larger will be
e ar ating

amplitude of sound produced.
o Distance from the source of soun
amplitude.

o Material through which seun I
different in different materials such as water and air.

 The farther away, the smaller the

d is traveling: Ampﬁtucle of sound wave is

For example, a drum produces loud sound if its membrane is struck strongly. Thisis
because the vibrating body starts to oscillate with larger amplitude and therefore
the sound it produces also has a larger amplitude and as a result the sound is

louder.

ACTWIT‘I'
Suppert a ruler under a heavy load or book as Heavy book
shown in the figure. Twang the ruler with your l.._—----

hand, sound will be produced. Notice that when

you gently twang the ruler, faint sound is 4 puler
.| produced and when you twang it hard, loud il
sound is prodt}ced. Thus by increasing the e
amplitude of vibration the loudness increases. G Bt

© 11.2.2 Quality: The property of sound by which two sounds of the same loudness
and pitch are distinguished from each other. The same note on different

instruments sounds different; we say the notes differ in quality or timbre.

~ For example, when a piano and a flute are made to produce sound of same

loudness and pitch, we can easily distinguish between the overall sound from
piano and flute, ”
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11.3 SOUND INTENSITY :

'_ﬁURE ik Intensity
Directinn of Sound

Intensity is a measure of the amount of sound
energy reaching a unit of area in unit time
(power per unit area), =

In equation form, intensity | is

E__p
r: =
AxAt A _m Area (1 m')

In equation 11.1, 'P" is Power (the rate at which energy ‘E’ is transferred by the
wave per unit time ‘At’) and ‘A’ is the area through which sound energy is
measured. Sound intensity is measured in units of picowatts per square metre
(pW/m’). (Note that 1.0 pWis 1.0 x 10™w,)

Intensity is an objective property of the sound wave — in fact, it is related to the
square of the wave amplitude, and does not depend on the particular
characteristics of a person’s ears. Loudness, on the other hand, is a subjective
property of the sound that depends on the human ear, the sensitivity of the ear to
the frequency of the sound, and the distance from the source of the sound.

10.3.1 Intensity Level: An average human ear can detect sounds with an intensity
as low as 10™ W/m'and as high as 1 W/m’ (and even higher, although above this, it
is painful). This is an incredibly wide range of intensity, spanning a factor of 10"
from lowest to highest. To permit comparison of values which vary so greatly in
magnitude, it is most convenient to express them in termsof their logarithms - the -
power to which 10 must be raised to equal the number.

Intensity (pW/m’)
0 0 S
10 1 10
.20 2 100
30 i 1000
50 5 100000 3
10 10000000000
L 100




11 YO B [ souest -

g 2 matically
If Lis the loudness and | is the sound intensity In w/m', then mathe j
L e« log/ ’ or L =klog! ——_@ R
- . ts the loudness of ource Intens
Where ‘K is the constant of proportionality. If L ff!?"ese’:e Jation 1 can be {dtgj!“el Intensity (W/m?)
faintest audible sound of intensity ‘I;’ such that o= 10" W/m"eq threshold of hearing > :
10"
written as: normal breathin )
L, =klogl, —@ : 3 10 10"
1 average whi
Subtracting equation 2 from equation 1, we get . L ge whisper at 2 m = LS
: empty theatre
~ Y L-L =k(logl—klogl) | 30 10"
L-L, =klog/-klogl, or o i residential area at night 20 =
! quiet rest =
_ il resta
L-L, =klog L . | urant 50 pos
The difference between the loudness of these two loudness of sound (L - L, is two-person conversation 0 10°
called intensity level or intensity level (B) and is given as _ busy street traffic 70 P
- / vacuum cleane
= klog— — :I r 80 10"
i : l? o) f= i loud stereo in average room 90 10"
Since [} is defined in terms of a similar quantities ratio, itis unit-less. The value of k :
depends not only on the units of | and |, but also on the unit of intensity level. If the maximum level in concert hall (13th row) 100 10°
intensity of any sound is ten times greater than the intensity I, of the faintest pneumatic chisel 110 10"
audible sound {/ = 10 ), then intensity level of such a sound is taken as unit called =
bk ximum level at so
bel and value of k becomes 1. Substituting k = 1, equation 3 becomes e FCE KA 120 10°
; : propeller plane taking off 130 10
p =logl— (bels) threshold of pain - 140 10°
o 1
military jet taking off 150 10°
P It's Zero, Not Nothing! A sound intensity level of 0 dB does not indicate that the -
fl-‘i sound wave has na intensity or amplitude. An intensity level of 0 dB corresponds to wind tunnel 160 10
H - 1
-'r' anintensity of 10°=1pW/m’ instant perforation of the eardrum 170 107

The sound intensity level scale is similar to the Celsius temperature scale — it can

have negative values. A sound intensity level of -1 dB corresponds to a sound Since bel is a large unit, the intensity of sound is often expressed in a smaller

O intensity of 10" or 0.1 pW/m’ . Similarly, an intensity level of -2 dB corresponds to unit called decibel (dB). Such that
_ EJ anintensity of 0.01 pW/m'. i
N - When our teacher hear us whispering with friend in class it is 20 dB, when teacher p =10log- (dB) —EE
_: is demonstrating in the class the sound is 50 dB and when whaole class is working an o
4 assignment it is 60 dB. Some values are given in table 11.2. It must be remembered that 1 bel = 10 decibels.

ty levels in decibel (dB), Bel (B) and
NOT FOR SALE

The comparison values for different intensf

NOT FOR SALE intensity in pw/m s given in table 11.2.
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DECIBELS S

One convenient feature of the logarithmic scate Fs r.hat‘ an ;ﬂ o intensity, no
corresponds to an increase by a particular multipticative factd e cffatec
matter where you start from. The relative sound level, Ap, 15

between two sound levels:
Ap =B, - P
o b =10[og.;3-—10lng-;1=
or Ap =10(logh —I.O_;,l'u)—ﬂl(lc:gf, ~logl,)

Hence Ap =10logh ~10log/, —10log/; +10logl,
A sound level metre isa
or BB =10log Jz -10 Iogf, measuring instrument used
to assess sound levels by

Therefore AP = ‘iBlog% ——@ measuring gir pressure.

Equation 11.3 enable us to find the relative sound levels of the loudest and th.e
| quietest sounds produced by a source called dynamic range. The larger the dynamic
range, the greater the range of sound intensities a device can produce or record.

as well, In general, the higher the dynamic range, the better the sound quality.

Manufacturers list the dynamic range for all high-end loudspeakers and headphones |.

However, the price usually increases with the dynamicrange. -

EXAMPLE 11.1:
Show that if one sound is twice as intense as another. About what factor is the
sound level (indB) higher?

e REQUIRED
Intensity ‘1, =/

Intensity ‘I,' =2/

Intensity level ‘Ap’=?

SOLUTION: the difference between two sound levelsis  Ap = mlogf}i‘.
1

Putting values AP ==1l}log%{ or AP =10log2.0

or  Ap =10x0.301

NOT EOR SALE

MSM .
Hence Aﬁ =3.0 n\

This means that the two sound intensity | i
: ; evels differ by 3.01 d8, N

ol‘l'lY‘ the rzftlo /1 1s: given (and not the actual intensities) tl;' i ﬂ‘»a}becauie
any intensities that differ by a factor of two i i
For example, a 56.0 dB sound is twice as intense as
253.0dB sound, a 97.0 dB sound is half as intense
252 100dB sound, and soon.

NMENT. T4 )

e

[EXTENSION EXERCSEATA
If an increase of 3 dB means

“twice as intense,” what does
| anincrease of 6 dB mean?

Suppose tl.mt when a certain sound intensity level (in dB) triples, the sound
intensity (in W/m') also triples. Determine this sound intensity level.

; SUMUBIC ANDINOISE = ¢

M) The sound that produces a pleasing sensation in the ear is ' /

@called musicgl sound. The wave form of such sound is

=’ composed of regular and uniform vibrations as shown in @) Violin Music
figure (a) and (b), the violin and clarinet music is having
regular and uniform pattern. On the other hand, the sound PJ\,(LM/U
which produces a displeasing effect on the ear is called
noise. The wave form of such sound is of irregular and
disordered vibrations as shown in figure {c). The excessive
displeasing sound which disrupts the balance or activity of

humans or other living things is called noise pollution. (c) Noise J

{b) Clarinet Music

11.4 SPEED OF SOUND WAVES

The speed of sound is the distance traveled per unit time by a sound wave as it
propagates through a medium. sound, like all waves, travels at a certain speed
and has the properties of frequency and wavelength. At 20 °C, the speed of sound
in air is 343 m/s. Sound can be transmitted through any medium—gas, liquid, or
solid. The speed of sound depends onthe material through whichit s passing.

sound travels very easily along a metal fence.

Children at play may discover that ! f
a distant motorboat better with their ears

Swimmers notice that they can hear
under the water than in the air.
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In both examples, sound is traveling

TABLE

,,_._--_

Speed at 0°C

in a material other than air. You may
have watched distant lightning and Material (m/s)
noticed the time lapse before the| —— ———— |

=l aluminum 5104
sound of thunder reaches you. This is _._-———050
an example of the relatively slow glass 3
speed of sound compared to the steel 5050

. 3 e ———

speed of light. The speed of sound in | Sotid maple wood | 4110
water is alrnos.t fljfE times faster _—___—_—bnne{human} 4040
than its speed in air. Sound travels : 0
most rapidly in certain solids, less pine wood
rapidly in many liquids, and quite | Solid/liquid brain 1530

slowly in most gases. Some values
are given in Table 11.3. The speed of

fresh water

1493 (at 25°C)

1470

_ | Liquid sea water
sound ‘v’ can be found by dividing = =
distance ‘S’ by time ‘L’ as: i

hydrogen 1270
_ distance helium 970
time Gas tath nitrogen 350 (at 20°C)
atmospheric —
P W ) ___m pressure) | air 332
t oxygen 317
258

carbon dioxide

thisspeedin km/hr?

You are standing at 1.5 km from the cannon with a stop watch. You start the
stopwatch when you see the cannon flash and stop it when the sound is heard.
The time recorded on your stopwatch is 4.4, what is the speed of sound? What is

GIVEN
Distance ‘§'=1.5km=1500m
Time't'=4.4s

SOLUTION: speed is defined as

V:E
t

REQUIRED

Speed of sound 'v'=7

—— e e e ™

i Y -
-, |

1500 m

V=

4.45

v =340.9090")/ = 341 A Ansiier |

To convert m/s into km/h we apply the conversion factor

3600 k%

'-’=341x3.6k%

v =1227.6 fﬁ'% =1228 k% _m

The speed of sound is 341 m/s or 1228 km/h.

Putting values

Hence

V=341x

If the time between seeing llghtmng and hearing the thunder is 5.0 5. The speed
of sound is 343 m/s, how far away is the lightning?

11.4.1 The Speed of Sound in Air: The speed of sound in air depends upon the
density of air and its compressibility (how easy it is to squeeze). As temperature
increases, these properties change causing the speed of sound in air to increase
with temperature. At a temperature of 0°C and a pressure of 101 kPa {1 atm
pressure), the speed of sound in dry air is 331 m/s, and for each 1°C rise in
temperature, the speed of sound increases approximately by 0.6 m/s.

Mathematically
v=331+0.6T —m

where T is the temperature in "C. Unless stated otherwise, we will assume in this
Chapter that T=20°C, sov=[ 331+ {0.60)(20) ] ms = 343 ms.

The general wave equation also applies to sound waves as

-1 — D

It should be noted that wide range of frequencies cbserved in sound, and the
speed of sound is the same for all frequencies. Thus, in the relation 11.6 the speed
v remains fixed. For example, if the frequency of a wave is doubled, -its
wavelength is halved, so that the speed vstays the same.
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EXAMPLE 11.3; WAVELENGT HCALCULATION)
What is the wavelength of the sound in dry air if its frequency is 590 H
day with temperature of 40°C?

zon a hot

GIVEN REQUIRED

Temperature T= 40°C Wavelength ‘A'=?
Frequency “f' =590 Hz

SOLUTION; Since speed of soundat 0°Cis 331 m/s and for each one degree celsius
rise in temperature, the speed of sound increases by 0.6 m/s. Therefore

v=331+0.6T  or v=[331+0.6x40]7
or v=[331+24)T/ Hence v=355M/

v
Now by general wave equation v =fA or A=—

355M¢ kL1 T S DN ERERCIS )
 590Hz 590 Ilf What is the wavelength of

590Hz frequency sound in fresh
water at 25°C, where the
speed of sound is 1493 m/s.

Putting values A

A=0.6m

ASSIGNMENT 11,3t FREQUENCY.CALCULATION
What is the frequency of sound with wavelength 0.25 m in air with temperature
of 32°C7

11.5 REFLECTION OF SOUND WAVES AND ECHO

When a wave front strikes a boundary that is parallel to the front, the wave may be
absorbed, be transmitted, or undergo reflection, depending on the nature of the
boundary medium, or the wave may be partly absorbed, partly transmitted, partly
reflected, or any combination thereof. Sound wave reflect like aother kind of
waves.

The bouncing back of sound waves when it strikes a surface is called reflection
of sound.

NOT FOR SALE
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Just like reflection of water waves in ripple| > - Am"_
tank, sound waves can also be made to bounce FIGURE(1,4 - Reflection

1/
back as shown in figure 11.4. Some materials, /7/

such as hard, smooth surfaces, reflect sound[f /=~ -0 ' o
waves more than they absorb them. Other
materials, such as soft curtains, absorb sound
waves more than they reflect them. Figure
shows a sound wave with a plane wave front
reflecting from a flat surface,

Waveirans f

Incident ray

Reflection of sound

Some people claim that their singing voice is better in the shower than anywhere
else. This may be true as a result of the many sound reflections that occur in a
small reom. Sound due to multiple reflections is called a reverberation. The
continuation of many reflections causes a tone to gain in volume, Thus
reverberation adds to gain in volume of tone. ¢

i11.5.1 Echo: W reflected sound that can be distinggished from the original is
called an echdy If a reflected sound arrives after 0.10 s, the human ear can
distinguish the reflected sound from the original sound. Thus; a reflected sound
that arrives before 0.10s is perceived as an increase in volume and is called a
reverberation, but a sound that arrives after 0.10s is perceived as an echo.

Besides the hearing of your words repeated, echoes can be used to estimate the
distance of an object and the velocity of sound itself. Since the sound covers a

&distance 'S’ twice 'S = 25" i.e for going and receiving in time *At" as shown in figure

q.:’_

1.5. The speed ‘v' is

FIGURE11.5Echo —
25 1

V= ¢
At speed of sound 'v'
(L
. i £ !
This means that we can calculate . .I';;
the minimum distance for the e
echo to be heard. Distance 'S’ .

For example, the speed of sound at room temperature of 20°C is v =343 m/s and
the sound reaches the ear in time At = 0.1s, the distance 5 can be calculated as
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m © 34.3m
_Mmixots 0 g 3M3m
N 2
§$=17.15m ¢
So the minimum distance required for an echo to be heard when l:hn.E Sl-lh'?\“—‘fj o
sound is 343 m/s fs 17.15 m. The change in temperature can effect this distance

because the speed of sound changes with temperature.
EXAMPLE 11:4: ECHO )

During a winter school camp on Pipe Line Track from Donga Gali to Ayubia, Aalia
shouts at a cliff and hears her echo after 1.5 s. She record the temperature on
her personal thermometer as 3 °C. How far is the cliff from her?

GIVEN
timeAt=1.5s
TemperatureT=3°C

S

REQUIRED
distance 'S'=1

SOLUTION: First we would calculate the speed of sound at 3 °C. Si_pce speed of
sound at 0°C is 331 m/s and for each one degree Celsius rise in temperature, the
speed of sound increases by 0.6 m/s. Therefore for increase in 4 degrees we have

v=331+40.6T o  v=[331+0.6x3]7
or v=[331+1.8]T/ so v=[331+2)1/

Hence v= 333"){

_wat
i

b 333%;:41.5;

5 =249.75m = 250m ——{ag)

The cliff is approximately 250 m far from her.

Mow using the equation forechoa S

Putting values

IEXTENSION EXERCISE 14231
By how much time the echo
will be heard sooner in
summer when temperature is
34°C from same cliff?

ASSIGNMENT 11.4: DOUBLE CLIEFE ECHO

A man stands in between two parallel cliffs and fires a gun, he hear; two
successive echoesafter 3sand 5s. What is the distance between cliffs?
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11.6 ACOUSTICS

t%coustics is the study of waves, vibrations and sound. Echoes are easily observed
in a large, empty room, but when rugs and furniture are put in the room, the
acoustics change; because such materials absorbs the sound more than they

reflect. If the reflective surfaces are too absorbent, the sound level will be low
and the room will sound dull and lifeless. :

Reflection of sound in a reom makes it sound lively and full. The acoustics of a
room depend on the shape of the room, the contents of the room, and the
composition of the walls, ceiling, and floor. The designer of an auditorium, must
find a balance between reverberation and absorption. It is often advantageous to
place highly reflective surfaces behind the stage to direct sound out to an

i : FIGURE 11.6 = Acoustics
Architectural acoustics is about achieving a —

good quality of speech in a theater, or
recording studio, or suppressing noise to
make offices and homes more comfortable
and peaceful places to work and live. Flat Parabolic
surfaces reflects, parabolic surfaces focuses,
porous surfaces absorbs while jagged surfaces
disperses the sound as shown in figure 11.6.

It is often advantageous to place highly

reflective surfaces behind the stage to direct sound out to an audience. Reflecting
surfaces are suspended above the stage in some theaters.

p A good acoustic design will provide a
? better and comfortable environment in
N the mosque in term of sound audibility
T and speech intelligibility. Unfortunatety,

T architects nowadays often focus more on
0 designing a building based on its looks or

P form, and the main function of space
0 most often neglected. To ensure good
: listening conditions acoustical needs
¢ Must be considered in the design phase
R of the mosque.
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11.6.1 Acoustic protection: Acoustic protection is the application b dsofti::sd
porous material to protect individuals against undesirable sounds an I;I;l ica‘l
Acoustic protection is employed not only for physical health, but for psycho gress
well being as well. Animals and birds have also been reported tf'l E'xP :
discomfort due to higher noise and sound levels. Acoustic prote:chc—n Is also
necessary to minimize stress levels generated due to high noise. ”"'—““5“;
protection may also be required to protect structures against vibrations generate
by objects, such as trains and earthquakes. This is also required to control the
noise generated during construction and/or development activities.

Hoise Pollution: The excessive displeasing sound which disrupts the balance or
activity of humans or other living things is called noise pollution. The first type of
noise pollution involves noises that are 5o loud they put the sensitive parts of the
ear. Prolonged exposure to sounds of about 85 dB can begin to damage hearing
irreversibly. Certain sounds above 120 dB can cause immediate damage.

The sound level produced by a jet engine
from a few maters away is about 140 dB.
The warkers warking in noisy areas like an
airport use ‘headphones’ to prevent the
hearing loss brought on by damage to the
innerear.

The second kind of noise pollution involves noises that are considered annoyances,
these sounds are irritating and sometimes becomes intolerable. Studies have
found that long-term exposure to noise can cause potentially severe health
problems in addition to hearing loss, especially for young children. Constant levels
of noise (even at low levels) can be enough to cause stress; which can lead to high
blood pressure, insomnia, and psychiatric problems, and can even impact memory
and thinking skills in children. :

Animals and plants are also victims of noise pollution. It is observed that in animals
it damages the nervous system and reproductive system. While. in plants growth
defects are observed. The World Health Organization has recommended that noise
during sleep should be limited to a level of 35dB.

!

11.7 AUDIBLE FREQUENCY RANGE

There are both upper and lower limits to the sound frequencies that humans can
hear. A healthy young person can typically hear frequencies in a range fromrabout
20Hz (Recall that 1 Hz is 1cycle per second) to 20,000 Hz (20 kHz) . The upper limit
decreases with age. niy
Physicists have established a three-part |
classification of sound, based on the range f
of human hearing. Sound frequencies |
lower than 20 Hz are referred to as
infrasonic, those in the 20 Hz to 20,000 Hz
range are audible, and those higher than
20,000 Hz are ultrasonic as shown in figure
11.7. Different animal have varying
hearing ranges. You may have experienced
a dog whistle that seems to produce no
sound at all when blown, but still brings | 3 l
your pet dog back. 4
The frequency of the sound produced by these whistles is higher than 20 kHz.
While it is outside the audible range for humans, it is obviously not outside the
audible range for dogs. The top end of a dog's hearing range is about 45 kHz, while
acat'sis 64 kHz.

11.7.1 Infra-scund: Whales, elephants and rhinoceroses are known to use infra-
sound to communicate over long distances. The infra sounds from elephants and
whales can be extremely loud (around 117 dB), allowing communication for many
kilometres, with a possible maximum range of around 10 km for elephants, and
potentially hundreds or thousands of kilometers for some whales.

A i
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Infrasounds can be generated by human processes such as explﬂs“”:; :;kt:zi
machinery such as diesel engines, wind turbines. Certain ‘:'PE'CH”ZE# l-:lu deplarge-
designs are also able toreproduce extremely low frequencies; theseinc u il
scale rotary woofer models of subwoofer loudspeaker. Some fiuman sing

also produce sounds in infra sonic range.

11.7.2 Ultre-sound: Bats use ultrasonic ranging (echolocation - by listening to the
echoes of their calls) technique to detect their prey, They can detect ffeﬂ'-‘enﬂ'*?:i
beyond 100 kHz, possibly up to 200 kHz. To avoid bats, many ins«ects:_ have EU:I
ultrasonic listening. This includes many groups of moths, beetles, praying mant] 5
and lacewings. Upon hearing a bat, these insects move to escape before being
pray for echo-locating bat. Whales and dolphins can hear ultrasound and use such
sounds in their navigational system to orient and capture prey.

The praying mantis and moths has a specialized uitrasound receptor on its
abdomen that allows them to take cover in response te an approaching bat,

Apart from animals, humans have also used ultrasound to their advantage,

i. Automatic door opener: Acommon ultrasound application is an automatic door
opener, where an ultrasonic sensor detects a person’s approach and opens the

door. Ultrasonic sensors are also used to detect intruders; the ultrasound can
cover a wide area from a single point.

ii. Nondestructive Testing: Ultrasanic testing is a type of nondestructive testing

commonly used to find flaws in materials and to measure the thickness of objects,

fii. SONAR: A common use of ultrasound is in unde
£ alsc—c%(;led SONAR (Sound Navigation and Ranging)

N NOT FOR SALE

rwater range finding; this use is

N
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An ultrasonic pulse is generated in a particular direction. If there is an object in
the path of this pulse, part or all of the pulse will be reflected back to the
transmitter as an echo and can be detected through the receiver path. By
measuring the difference in time betv\_veen the pulse being transmitted and the
echo being received, it is possible to determine the distance,

jv. Uitrasonic cleaners: Jewelry, machined parts and other objects that have odd
shapes are immersed in a cleaning fluid that is agitated with ultrasound typically
about 40 kHz in frequency. The intensity is great enough to cause cavitation, which
is responsible for most of the cleansing action. Because cavitation-produced shock
pressures are large and well transmitted in a fluid, they reach into small crevices
where even a low-surface-tension cleaning fluid might not penetrate.

ey
s (= MEDIGAI'APPLICATIONS OF ULTRASOUND
Perhaps the most familiar is the ultrasound scan that is used to image a particular
y) part of the body. By sending bursts of ultrasound into the body and measuring the
time delay of the resulting echoes — it is possible to map out the location of
structures that lie hidden beneath the skin.

&

()

@Tg ..

{a) Abdominal ultrasound reveals normal liver and gallbladder. There is no

abnormal echo in the galibladder. (b) A gladder stone is seen in the image.
In addition to imaging the interior of a body,
ultrasound can also produce changes within the
body that would otherwise require surgery. For
example, in a technique called shock wave
lithotripsy (SWL), an intense beam of ultrasound is
concentrated onto a kidney stone that must be
removed. After being hit with as rﬁany as 1000 to
3000 pulses of sound (at 23 joules per pulse), the
stone is fractured into small pieces that the body ~ Stones \
can then eliminate on its own.

Ultrasonic beam
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Sound: Adisturbance of matter that is transmitted from its source outward

Loudness: The perceptian of sound intensity

Pitch: The perception of the frequency of asound
uualityzﬂmberand relative intensity of multiple sound frequencies
Musical sound: The sound that is pleasant and harmonious

Moise: Any loud, discordant, or disagreeable sound
Intensity; The power per unitarea carried by a wave .
Sound intensity level: A unitless quantity telling you the level of the sound relative

toa fixed standard
Reflection of sound: The bouncing back of sound when it strikes a surface

Reverberation: Sound due to multiple reflections
Echo: Areflected sound that can be distinguished from the original sound
Audible frequency range: Range of frequency from 20 Hz to 20000 Hz.

GROUP A ‘HEARING DISABILITIES': Interview members of the medical
profession to learn about human hearing. What are some types of hearing
disabilities? How are hearing disabilities related to disease, age, and
occupational or environmental hazards? What procedures and instruments
are used to test hearing? How do hearing aids help? What are the limitations
of hearing aids? Make a chart to present your findings to the class.

GROUP B ‘LECTURE ROOM DESIGN’: Assess your classroom acoustics, try to
place different sound reflectors and experimentally determine the best
design for your classroom. Write a research article to be published in school
magazine.

GROUP C ‘SOUND LEVEL': Obtain a sound-level metre, and measure the
noise level at places where you and your friends might be during an average
week. Also make some measurements at locations where sound is annoyingly
loud. Be sure to hold the metre at head level and read the metre for 30s to
obtain an average. Identify sources of noise in their environment and

suggest how such noise can be reduced to an acceptable level. Present your
findings tothe classin agraphic display,

P D ANIMALS HEARING ABILITIES”: Research how animals have
p ir hearing abilities to survive and effectively communicate with
eachother. Preparea chart to be displayed in the classroom.

GROUP E “ULTRASOUND': Research

medical and industry, Write M acliious Bt iR

an article to be published in school magazine.
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. EXERCISE

ﬂ @ The intensity of a sound wave increases by 1000 W/m'. What is this
i§| increase equal to in decibels?

!_-,-r-;_ A. 10 B. 20 C.30 D. 40

1111 @ Anechooccurs when a sound wave is..,

(21l A. absorbed  B. transmitted C. refracted  D. reflected
{11 @ Compared with a sound of 60 decibels, a sound of 80 decibels

; has anintensity ______ times greater.

e A0 B. 100 C. 1000 D. 10000

J.;.i:"q @ The loudness of a sound is most closely related toits___.

ﬁ]ﬁ A.frequency B. period C.wavelength  D.amplitude
% @ Various instruments sound different even when they play the same note
| =| duetodifferencein

|E A
.-1-! A. pitch B. loudness C. quality D. intensity

4
|'.L|

| @ Humans can hear sound that is

)

'r?-.l

' A. lessthan 20 Hz B. between 20 Hzand 20 kHz
C. greater than 20 kHz D. None

@ ;”‘E speed of sound on a warm day when the outdoor temperature is 38°C
; s

o) A.331m/s B.345m/s C.354m/s D.362m/s
I} @ Minimum echo distance is reduced in

A, summer B. winter C. spring D. space
| © Which of the following cannot transmit sound?

A. solid B. liquid C.gas D. vacuum

Give a brief response to the following questions
@ Why .SDIJI'Id produced by a simple pendulum is not heard?
@ L:;y;mging bicycle bell is held tightly by hand, it stops producing sound.
® Why is the intensity of an echo less than that of the original sound?
@ In which medium air or water, an echo is heard sooner? Why?
;@;Why sound cannot be heard on the moon? -




1

L} L]
| @ Tesound intensity 3 m from a

i isdone, andh . .

Whenmm.%ﬁs::: a thunderstorm, you se€ the lightning first, and you hear
w

the th:::er afterward. Whyis the thunder delayed?

© If the speed of sound is dependent on frequency,
marching band be enjoyed? .

© Whydoesynurvoicesound fuller in the shower?

'@ Whyis it soquietaftera snowfall?

Give an extended response to the following questions
@ What is sound? How it is produced, transmitted and received?
@ Wwhat is audible frequency range?

@ what is the speed of sound?

(4] Describe the terms loudness, pitch and quality. Explain each by giving an
example. .

@ What-is intensity level? Describe the decibels scale for the intensity of
- different sound levels,

@ what is noise? Explain why noise is nuisance?

@ How sound is reflected? Describe the difference between echo and
reverberation. i

@ What is acoustic protection? Why is it important?

would music from

. 50

[ s

@ Wwhatisthe speed of sound in air at -20°C?
@ Armyman wearing binoculars see the flash from enemy tank fire 5 s before

the fire is heard, he records 26°C temperature on his personal
thermometer. What is the distance of the tank from him?

Calculate the wavelengths of sounds at the extremes of the audible range,
20 Hz and 20,000 Hz, at normal room temperature of 20°C?

Ishfaq stands between two high rise buildingsAand B, such that he isat 33 m
distance from building A. When he blows the whistle, he hears the first echo
after 0.2 s and second echo after 0.8 s. Calculate (a) the speed of sound and
(b) distance of building B from him.

jackhammer is 8.20 x 10 W/m®. What is the

sound intensity level in decibels? (Use the usual reference level of 1, = 1,00

=10"W/m'),
A ki

® ses:tl Z::st::c h:ottrte:n:?ig :h:edemh of_""'atﬂ is 120 m. An ultrasonic signal
inwater? AKE retumns in 0.16 s. What is the speed of sound

(3] Sgunshutfrom a.22 rimfire rifle has 3
0 we need to wear ear protection?
tosounds above 85 decibels can cay
(4] What sound intensity Level in dB is
. Intensity of 4,00 « 1 Wim'? (Use

n intensity of about | = (2.5 x1013)l,.
(Considering that prolonged exposure
s heanngdamagenr{css}.

Produced by earphones that create an

107" Wrm',) the usual reference level of l,=1.00 %
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How a
human eye
works?

After studying this chapter you should be ableto

« describe the terms used in reflection including normal, angle of incidence, angle
of reflection and state laws of reflection.

« solve problems of image location by spherical mirrors by using mirror formula.

« define the termirialogy for the angle of incidence 8, and angle of refraction 6, and
describe the passage of light through parallel-sided transparent material.

+ solve problems by using the equation sin 8, /sin 8, = n (refractive index).
¥ state the conditions for total internal reflection.
¥ describe the passage of light through a glass prism.

v describe how total internal reflection is used in light propagation through optical
fibres.

¥ describe how light is refracted through lenses.

v define power of alens and its unit.

v sol\reproﬁlemsofimagelocationbylenses using lens farmula.

v define the terms resolving power and magnifying power.

~ draw ray diagram of simple microscope and mention its magnifying power.

¥ draw ray diagram of compound microscope and mention its magnifying power.
¥ draw ray diagram of a telescope and mention its magnifying power

¥ draw ray diagrams to shaw the formation of images i hted
eyeanda long-sighted eye, mages in the normal eye, a shortsig

v describe the correction of short-sight and long-sight,
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m::mm Optics

12.1 Reflection of light
12.2 Spherical mirrors

Geometrical optics is concerned
with tracing the geometrical paths
of light rays. Instruments that can
explore previously inaccessible
domains often open new doors to
understanding nature. For example,
12.7 Lenses astronomy owes its progress to the
12.8 Lens equation invention of the telescope, and
12.9 The human eye modern biology could not have been
12.10 Angular magnification and simple created without the microscope. In
' this unit we shall discuss the ideas
that govern the construction of
optical instruments such as these.
The direction of the path in which
light is traveling is represented as
+ ray by a straight line with an arrow
onit.

12.3 The mirror equation

12.4 Refraction of light

12.5 Totalinternal reflection
12.6 Refraction through a prism

-
0
g
N
N
1

T

! microscope

! 12.11 Compound microscope
12,12 Telescape

. KeyPointsand Projects
 Bxercise

12.1 REFLECTION OF LIGHT

We see objects if light from it enters our eyes. Some objects such as the Sun,
electric lamps and candles make their own light. We call these luminous sources.
Most things that we see do not make their own light but reflect it from a luminous
source, They are non-luminous abjects for example this page, teaching board and

the Moon,

Reflection of light is same as for other types of waves, such as reflection of water
waves in ripple tank. Most objects reflect a certain portion of the light falling on
them, mirrors reflect more light and in a regular manner. An ordinary mirror is
made by depositing a thin layer of silver on one side of a piece of glass and

protecting it with paint. The silver at the back of the glass - acts as the reflecting
surface, :

Suppose that a ray of light is incident on a flat, shiny surface, such as the mirror in
Figure 12.1. The following terms are used in describing the reflection of light

Lo Incident ray: the approaching ray of light.

I eflected ray: the ray of light reflected from a reflecting surface.

- NOTFOR SALE

The study of light is called optics.
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Geometrical O ‘

the point at which the incident ray strikes the reflecting m::mm Optics R .
ep

1. Paint of Incldence:

surface. flecting surface at the point real if light rays are actually co image is
: ight angles to the 1€ of . ¥ converging at a point the

{v. Horimal: the line drawn at ng ;i;::t:_:ﬁoor:nl; :;n? diverging. In other words, if you p'.acen :::;r::i:i ::E b:;und
P . ima a
Faitensn (1)) theangle between the incidentray and the normal, focus) l,f an ::magegi::: \d T’:"’-‘;’f on the screen (and would be perfect’iy?;:
W, Anafe al ing jidence {0 ! real, it is virtual, lf'lfou la

I, Angle of reflection (0.0 the angle between the reflected ray and the normal, of a virtual image, nothing would appear on the :re::a:;een = T
vi. Ang i actually converging on the image position, Light rays m-‘;:::::ight” "

o R P e g )y ',.' E ) T ———

FiGUREA 2 g&;ﬁ.wg;ﬂfﬁffﬂ.ﬂﬁﬁﬁ?#m? they are diverging from the image location This will become more clear as

you recall and practice drawing ray dia i
Marmal Nor el and grade 8. o e i b i P

v Reflectedray . iqont ray " Reflected ray n
L | 12.2 SPHERICAL MIRRORS

Incident ray
o , Reflecting surfaces can also be curved,
H usually spherical, which means they form a
section of a sphere. As Figure 12.2 shows, a
spherical mirror has the shape of a section
sliced from the surface of a sphere. If the
inside surface of the mirror is polished, it is

: s af Rellection: f reflection describes the behavior of the
12.1: Loy ok Refloskion: Theins 0 a concave mirror. If the outside surface is
incident and reflected rays. polished, it s a convex mirror. :ﬁgﬁon of sphere
o [t Law Theincident ray, the reflected ray and the normal to the surfaceall pecLto ot
liein the same plane
o Secend Low: the angle of reflection 8, equals the angle of incidence 8;: ;
Reflecting surface is concave. Reflecting surface is convex.
. e Centre of
1712 Imaye chacacteriste: We can completely describe any image by defining : Curvateu:e { PV‘:E : Eﬁ?vt;fu?;
e or Vertex
four characteristics. «««:Frincipal L‘,',.-I-q..(;“..”........ P p ..-.......E..l-":-:-.pgi axfs -
© The magnification is the ratio of the image size to the object size. If the R ; f R - f |
S ! iy ; di dius o
magnification is greater than one, the image is larger than the object. When it Cirvating ikl
isequal to one, the object and image are the same size. If the magnificationis .
lessthanone, the image is smaller than the object.
0 Theattitude of an image shows whether the image is oriented the same way as (a) A concave mirror and its centre of curvature, C, which is on the same side as the
the object (upright) or upside down (inverted) with respect to the object. reflecting surface (light is incident from the same direction as C). (b) A convex
© The image location (or position) is the distance be he image and the MUY a1 s cemtre: oF cUvatiae, C. i this s, €15 on/tha oppostar 1o of Gie
2 istance between the imag! i ing surface.
o device—nirroraelens. - mirror from its reflecting surface

NOT FOR SALE NOT FOR SALE
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Centre of curvature is the centre of the spheré with rad]us R (rach!..ls of C.uWature]
of which the mirror is a section, _nd the principal axis is straight (- e
through the centre of curvature and the midpoint of the mirror (pole orverta) 1
Note that the principal axis intersects the mirror at right angles. Figures 12.3
shows principal axis, centre of curvature and radius of curvature for both concave

and convex mirrors.
12.2.1. Focal point and foca
when light rays that are paralle

Follow the path of the incident ray in Figure 1 |
mirror at point A, The line segment CAis the radius of the mirror and, therefore, is

the normal to the spherical surface of the mirror atA. The Laws of Reflection tell
us that the light ray reflects from the mirror such that the angle of reflection 8,
equals the angle of incidence 8, Furthermore, the angle ACF is also 8, because the
radial line segment CP crosses tWo parallel lines. since two of its angles are equal,
the (coloured) triangle ACF isan isosceles triangle; thus, sides CF and FAare equal.

| length of concave m ~or: Consider what happens
| to the principal axis, strike a concave mirror.
7 4. The light incident ray strikes the

FIGURE 12.4 - Focal Lengthioficoncaye mir’i’dr ) o

Ll

#

C ,J“:l.a
......... 5 ..-'-‘.'1'.".---.'--..-. AR PP T P
-'

-

Normal

e R
Radius of %

Curvature 4
When the incoming parallel light ray lies close to the principal axis, the angle of
incidence, 8,, is small, and the distance FA becomes similar in length to distance
FP. Because 8,is small, CF = AF = FP. Therefore, FP=74.CP and so point F lies halfway
between the centre of curvature and the pole P (or vertex) of the mirror. point F is

called the focal point (or principal focus). The distance from the focal point to the
poleP (or vertex) is called the focal length and is symbolized, f.

DD coomstiatonn

The focal length, f, i > B
P : + [ is one-half of - .
mirror. Point Fis called the focal the radius of curvature, R, for the spherical

J oi
parallel ahd close to the princ Point because all the incident light rays that are

pal axi
a5 througly thakons Dok Gich thats of the mirrer, reflect from the mirror and

f==R 12.2 Sl unit; m

92.2.2, rucal Print and focal lenge i
a single r.-ay reflecting from the :ai‘:efn:?:;: ,':I'I:: ;ﬂ-’i o
diagram is that a straight line drawn throu-gh the f:;::::ﬂ; ilsecimdle
isl:::;ii.c:tt::eml ::; atfri_ght angles; hence, the line through ¢ 15?::::3::: :hﬁe
el itpfouoﬂ llddence, A. Since the incoming ray is parallel to the
i 553 fm,m g :rs that the ar:-gle of incidence 8, is equal to the angle CAF.
ws of reflection the angle of reflection 8 : \
angge CAF. We see then, that ACAF is an isosceles triangle, with tirl::l e
having equal length. Finally, for small angles the length C’F is approji':::tiil::::ul:

to half the length CA=R; thatisCF=%R
. : =% R. Therefore, to thi pproximati
the distance FP {called focal length *f") isalso 2 R. SR —

Focal'**-..
s Point £ 7., €
N el m e mnnas
F
{—N
R E———

Radhus of
Curvature
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the focal point lies behind

onisusedto indicate that

The minus sign in this expressi

the mirror.

' js principal focus
or focal point

‘F* is principal focus
or focal point

P P F (of
.......... = e
z/ !
I o gr—sire
Focal lengt Focal length

The convex mirror has the ability to
diverge the beam of light parallel to
principal axis. Therefore it is also
termed as diverging mirror.

The concave mirror has the ability to
converge the beam of light parallel to
principal axis. Therefore itis also
termed as converging mirror.

the rays converge or diverge as if they originate
| focus) as shown in figure

\

After reflecting from the mirror,
from a single point called the focal point F (or principal
12.6.
12.2.3. Image formation and ray tracing for spherical mirrors: Ra
used to show image formation in spherical mirrors.

1. Construct a figure showing the mirror and its principal axis. The figure should
also show the focal point and the centre of curvature.
2. Draw the object at the appropriate point. One end of the object wil
the principal axis.
3, Draw four rays that arise from the tip of the object:

y diagrams are

| often lieon

NOT FOR SALE

Opfies B
(a) The s -ra : m
iar mﬂem?’oflpi:'““‘ ray hitting mirror at point A) s fnitialt
» this ray (or its extrapolation) i ;Yr;l:ralieltu the axis,
ugh the focal point.

(b) The F - ray (focal ray or its
2 . extrapolation rough
reflection, this ray will be parallel to the aunsj T AR A
(c) The P -ray (pole ray or its ;
V5 extrapolation) is inci
vertex, reflects making an l i e
i equal angle with the axis (si

(d) The C -ray (central ra i
; Y or its extrapolation) passes
cmature of the mirror. After reflection, this rayp]asses ba R iow ot
sbiict. ; ck through the tip of the
These four rays are called the pri '
principal rays, Other rays can also
; be dr.

prefer the'principal rays because they are easier to draw. Most of the ti g
only two of the principal rays. PR
4. The p:?inl: where the focal, parallel, pole and central rays (or their
ex.trapoi.atlonsj intersect is the image point. This point may be in front of 1;-: '
mlrr.or giving a real image, or it may be necessary to extrapolate the back
behind the mirror to locate a virtual image. -
;This ray~Fracing procedure can be repeated far any desired point on the object

us, locating other points on the image, it is usually sufficient to consider justthe-
tip of the image but additional points can be used if needed.

on the mirror at its pole or
nce the axis is normal to the

1. Aray along the girection from the
fecal point to the rmimmor is reflected
paralle] tothe principal axis.

2. F ray parallel to the principal axis
is reflacted through the focal point.
3. P ray incident on the vertex of the
mirror reflects at an equal angle to
the axis.

4, C ray aleng a radius 15 reflected L

back on itself.
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FIGURE 12:8 - ConveX mire

- Ray

C

F ==

1.A-rayparallel tothe principal axis is reflected as if it came from a focal point.

2. F - ray directed toward the focal point is reflected parallel to the principal axis.

3, P-rayincident on the vertex of the mirror reflects at an equal angle to the axis.

4.C-rayalongaradiusis reflected back on itself. B

T

Capturing solar energy with mirrors.

Parabolic mirrors are also used in one
method of collecting solar energy for
commercial purposes. Figure shows a
long row of concave parabolic mirrors
that reflect the sun’s rays to the focal ~7
point, Located at the focal point and ¥

running the length of the row is an oil- FE
filled pipe. The focused rays of the sun
heat the oil.

In a solar-thermal electric plant, the heat from many such rows is used to generate
steam. The steam, in turn, drives a turbine connected to an electric generator.

NOT FOR SALE

m_awwﬁm Optics

How automobile headlights praduce
beam of light? Another applicatign :
parabolic mirrors s in amtlturm:ll:niﬂf
!-madlights. Here, however, the situati ;
s reversed from the Operation of a su:;n
| collector. In a headlight, a hy ht
| Intensity light source is placed at ihe
g; focal point of the mirror, and light
: r emerges parallel to the principal axis.

R

oY o 4z-o0

12.4 THE MIRROR EQUATION

Drawing light ray diagrams are helpful i explaining and predicting the properti
perties

of images formed in plane, concave, 2

PRE ,» and convex mirrors, i
magnification of the image, and its Pposition with precision. it isfuoecj‘;mn“:d i
very accurate scaled diagrams. The mirror equation on thelnmer hands?:: naev.l;a .
mathematical relationship between the object distance and thepima;:

f . 0" . =

9 f=the focal length of the mirror

© h, =the height of the object

© h =the height of the image

© d,=thedistance of the object from the mirror
© d =thedistance of thei mage from the mirror
© M=the magnification of the image

To obtain this relation, we use the ray diagrams shown in Figure 12.9. The ray in
Figure 12.9 (a) hits the mirror at its midpoint, where the principal axis is the
ﬂﬂf‘mal to the mirror. As a result, the ray reflects at an angle B below the principal
axis that is equal to its incident angle 8 above the axis. Therefore, the two green

tn‘angles.in this diagram are similar, from which it follows that ratios of equivalent
sides of similar triangles are equal.
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FIGU

The image height is negative because it isinverted.

the figure 12.9 (b) it s clear that the two yellow triangles in this diagram are
From the :

Iso similar, since they are both right triangles and share the common angle ¢,
also )

Thus, by using the same rule of similar triangles we get
h _ d,-f __®
f

~h,
; da = do = f
- Comparing equation 1 and equation 2, we get F, = f

Toisolate 'f’, crossmultiply  d f = d,(d, - f)

o d,f=dd,-df —3

4 o f';
Divide both sides of equation 3by d_ d f, we get %&.{7 = _:_,:.%? = ﬂ—"I t:f ,f

; ; 5 the
The final equation 12.4 above is known as the mirror formula. It relatgrrur’s
distances of the object and the image to a concave mirror, in terms of the M

iact S
focal length. The ratio of the height of the image to the height of the S
defined asthe magnification, M;

if we use the sign conventions

described beluw,]

Equalim and |“‘3g Ti ita on q .Q | Iﬂ ne ude
: L equat M
5 e o i 3 h I Owin 1

r12.3, 1 Convention for mirro

convention has been established for both concave ang convex spherical mirrors,
a. Object distance:
© d, is positive for objects in front of the mirrr (realobjects)
b. Image distance:
© d,is positive for objects in front of the mirror (real images)
© d,is negative for objects behind the mirror (virtual images)
c. Image attitude:
© h,is positive for images that are upright, compared to the object
© h,is negative for images that are inverted, compared ta the abject
d. Focal length;
© fis positive for concave mirrors

© fisnegative for convex mirrors )

FIGURE 12.10 - Mirror comparison

¥

ib) .
{a) Plane mirror image (no magnification). (b) Enlarged image in a concave
mirrer. (c) Reduced image in a convex mirror.
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d, .\ (a) Putting values in equation 1 F
<re: [ o = IGURE 1
_ﬂ—-—'-" d,>0 '{ngl at?;ej Same sizg d, = M 8)
NA ¢ :
| Red
[ " d > ‘educed,
d=r i inverted or = 20Oem”
7.00¢h
d=r d=r Same size
L Therefore d, =8.6¢m
- Enlargec ; :
: r>d,>f d>r imfi;j- Hence, the image is closer to the mirror, as
Concave = o showniin figure 12.11 (a).
d=f = 0 image (b) Putting values in equation 1
d‘ d dl'l
f>d,>0 . {negative) Enlarged . 5.00cmx=10.00cm
= 10.00cm-5.00cm
 _ = f>d->
— = d,>0 (negative) educed . or di= 50.0cm”
5.00¢h
Hence d, =10.0cm —m
The concave side of a spoon has a focal length of 5.00 cm: Find the So the image distance is same as object
image distance for this ‘mirror’ when the object distance is (a) 12.0 | distance , asshown in figure 12.11(b). -
em, (b) 10.0¢cm, (c) 7.50¢m, (d) 5.00cmand (e) 2.00 cm. (c) Putting values in equation 1

GIVEN REQUIRED %= g'ggiﬂxz'gﬂm
I i =J.Jucm
Focal length °f' =5.00cm. (a) Image Distance ‘d =7 : 37.5em*
(a) Object Distance ‘d,’=12.0cm, '\ (b)imageDistance'd’=? or d = 2500h
- (b) Object Distance ‘d,'=10.0cm (c) Image Distance dr=1 - Therefore d, =15.0cm —m

(c) Object Distance ‘d,’=7.50cm
(d) Object Distance ‘d.' =5.00 cm
(e) Object Distance 'd,' =2.00cm

istance ‘d,’ =7
(d) Image Di ' Hence, the image distance is greater than

= r_3 i

(e) Image Distance ‘d/’ = object distance, as shown in figure 12.11(c). . Vi
o

(d) Putting values in equation 1

: 1
SOLUTION: by mirror equation 1 = .1. + l or -!- = 1 = E" ” 5.00cm=5.00cm
f d d, d f G ' 5,00cm-5.00cm
Takinglow 1 _dp—f fd @ or g = 25:0cm
d' fdn ar d’ = E_Lf-n ‘ ! Dc’ﬁ



Therefor® 2.11(d) The centre of curvat f __m“
hown in figure 12. L o ‘ature of a convex mirror is behi i
; is formed, a5 3 point is also negative, Ind the mirror therefore i
Hence, no image - ) M e o - 10.0cmt , . 1 ore its focal
(e) Putting values inequation 1 &= 5755 -m 5 00cm -3 00¢fy RS f- Eil +‘&1_
! ]
Therefore d = -3.33cm M . Solving for image distance _1_ = .1_ 1
The negative sign of the image dismnce.indtcat: L= ATERSIOR EXERCISE 47 4 . 1 d v 1
that the image is formed on the other side of the If the object height is 7 & Taking LCM E. = ._HE__J: or . _ig'n__ ——G}
mirror, as shown in figure 1211(e)- Wha; s the image height i e 4~f
! each case? What is e -8.0
s i _=8.0m=10.0m
NMENT 12.1: DENTIST MIRROR magnification? PR o dy= TPy
Adentist uses a concave mirror with focal length | 80,0
2.0cm to examine some teeth. If the tooth under § _. or dy=—_
examination is 1.1 cm high and mirror is placedat 18.04
0.9 ¢m. Calculate the distance of]ma_ge formed, Therefore d, =-4.4m —m
the height of the image and magnification.

The negative sign shows that the image is behind the mirror.

(c) For convex mirrors the magnificationis M= — 4

. = -4.4m
Putting values =- 10m Therefore M=+0.44 —m

The magnification is positive so the image is upright (same orientation as object,

EXAMPLE 12.2: REAR VIEW MIRROR

An external rearview car mirror is convex with a radius of
curvature of 16.0 m (Fig.). Determine (a) the focal length g
of the mirror, (b) location of the image and (c) its
magnification for an object 10.0 m from the mirror.

REQUIRED P
GIVEN Q which is useful) and about half what it would be in a plane mirror. Objects in the

(a) focal length ‘f* =7

g r=? convex mirror are closer than they appear because the convex mirrar produces an
(b) image distance ‘d,’ =*

; image that is reduced in size, which makes the object look as if it is farther away.
PP T L
(c) magnification ‘M Therefore, the external rearview side mirrors on most cars carry this phrase

FIGURE 12.12 - Example 12:¢

Object distance 'd,'=10m
Radiusof curvature=R=16.0m

“objects in the mirror are closer than they appear.”

Solution: (a) radius of curvature and focal
length for convex mirror are related by

equation ASSIGNMENT 12.2: IMAGE IN A SECURITY MIRROR
1 . A A convex security mirror in a warehouse has a -0.50 m focal length. A2.0 m tall
e ER Putting values  f = _ 116 m' forklift is 5.0 m from the mirror. What is the image position and image height?
2

Therefore f=_8.0m
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“—-____ e )



12.4 REFRACTION OF LIGHT

raight lines in a transparent material, such as air, if it
terial, such as water, it changes direction at the

bent.

Although light travels in st
passes into @ different ma s
boundary of the two material i.e.1L15
Refraction of light is the change of
direction of light as it moves from one
material (called medium) to another.

Refraction of light is same as for other
types of waves, such as refraction of
water wavesinripple tank.

The following terms are used describing
the refraction of light

i. Incident ray: The ray of light appr

between two media.
ii. Refracted ray: The ray of light moving away from the boundary between the
two media.

iii. Point of incidence: The point at which the incident ray strikes the refracting

oaching the boundary (refracting surface)

surface. 3

iv. Normal: The line drawn at right angles to the refracting surface at the point of
. incidence.

v. Angle of incidence (8): The angle between the incident ray and the normal

vi. Angle of refraction (8,): The angle of refraction ‘6’ is the angle between the
refracted ray and the normal.

vii. Optically denser medium: Medium having a greater refraction effect (slower
speed of light); the actual density may or may not be greater.

A ray of light is bent towards the normal when it enters an optically denser
medium at an angle, for example from air to glass as in Figure 12.14 (a). The angle
of refraction 8, is less than the angle of incidence 8, (6>6,): A ray of light is bent
away from the normal when it enters an optically less dense medium, for example

from glass to air as in Figure 12.14 (b).Th
s .14 (b). The angle of i than the
iyl gle of refraction 8, is greater

NOT FOR SALE .
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FIGURE 12.14.- Refraction of |

ight
Incident ray
Normal

Lesser optically Lesser
dense medium 8, upmticalily ‘

pi dense m

(air)
Greater optically
St Greater optically
{glass) B, tﬂmm
Refracted ray Incident ray

Aray travelling along the normal direction at a boundary is not refracted
as shown

in figure 12.15 (a}. Aray emergi
ng from a parallel-sided block is para
- » i lle
entering, but is displaced sideways, like the rayin figure 12.15 (b) T

Han_'r:al Incident ray

Lesser optically Incident ray
dense medium

(air)
Greater optically

dense medium | Refracted ray
(glass)
£
To verify the laws of refraction by using a glass slab. \\
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fractive Index (n):
a, Refrac i gifferent

Table 12.2 Indices

Refraction for sq

of
Me

Unit 12 e P Sy BT

Here n, and n, are the indices of

, different speed :
L1g1"|t travels atm;1 o terials. The atio of the Common Materia|g refraction for medium 1 and 2, and ¢ FIGURE 12.16 - Sne(l’s |
optically trans.pa divided by the speed of and 8, are the angles between the raye -
speed of light in vacuum 9% Ha Material Index of d th . . Lo Incident ray N
et n led the refractive index Ref ; an he perpendicular in medium Y Mormal
light in a material 15 calle : €lraction 3. as shown in i 1|  Lesser optically
-\ of the material. The and Z, as shown in Figure 12.16, Abise Tl :
(or index of refraction) : Gases ~':"Ed'umi B
i fraction n is given by : ) :
indexof re Air 1.000077 :
=L 12.6 = — | Grezter optically AN
= Helium 1.00003¢ dense medium 2 P
- Carbon dioxide T_h" tn) '8\
where ¢ is the speed of light in vacuum (about | .00045 A8 \
3.00 x 10" m/s) and v is the speed of light in the Liquids =
medium. The speed of lightina phhvSl;al medldurr; Water ‘1_33;'—-—-1 EXAMPLE 12.3: SPEED OF LIGHT:IN WATER
such as glass is always less than t atthe spete 2 What is speed of light in water having ind i
light in vacuum . Thus, the index of refractionof |Methytalcohol 1329 e g index of refractionas 1.33?
a material is always greater than or equal to 1, |Ethyl alcohol 1.362 REQUIRED
and by definition the index of refraction of |Gy cerine 1473 Speed of light in vacuum 'c’ = 3.00=10°m/s Speed of ight '
vacuum is 1. Table 12.2 lists the indices of index of refraction for water *n’ =1.33 of light in water'v' =7
: [ Benzene 1.501
refraction for some common materials.
i Bl Typical oil 1.5 SOLUTION: The index of refraction is Al Am DL
; 5 - v n
The amount that a light ray changes its direction Sotids St
; Putting values 3.00x10 s
depends both on the incident angle and the |Ice 1.310 V= T
amount that the speed changes. For arayata [ oo o ge |1.434 '
given incident angle, a large change in speed _——-———-—a = ] Therefore v =2.26x10° "}’;——‘m
causes a large change in direction, and thus a |Fused quartz EE__._.-P
large change in angle. The exact mathematical |Salt 1.544 Therefore the speed of light in water is 2.26 x 10" m/s
relationship is the law of refraction, or ‘Snell’s —1 0
Law,’ which i : ' Polystyrene 1.49 'ASSIGNMENT 12.3: INDEX OF REFRACTION FOR KEROSENE OIL
.’ Which is stated as ‘the product of the . ;
index of refraction of the first medium and the Typical glass 1.5 If the speed of light in kerosene oil is 2.08 x 10° m/s, calculate the index of
. i : refraction.
snr::l of the angle of incidence is equal to the |Crown glass 1.52 faEkion
product of the index of refracti )
action of
second medium and ; the | quartz 1.544 EXAMPLE 12.4: CROWN GLASS AND WATER
: nd the sine of the angle of |
refraction’. Mathematically Diamond E_-_‘fl__,ﬁ-f Light travels from crown glass (n, = 1.52) into water {n. = 1.33). The angle of
incidence in crown glass is 40.0".What is the angle of refractioninwater?

NOTFOR NOT FOR SALE




i int=1.52 REQUIRED

Index of refraction for crown glass 1 P s
£ ¥ = -33

Index of refraction for water ‘N, 1

Angle of incidence 8= 40.0

i i n.sind, =n_si
law ﬂ.SlﬂBF“zs'"'Bz or NgSiNb, =N, sing,,

SOLUTION: By snell's

: 1.92
putting values  sin0,, = ——sin40°

s, = s, 35

™

or sin, =0.735 and 0, =sin"0.735
Hence B" =47, 32 ATLISWEFJ
ght is moving toan optically lighter medium.

Note that 8_ > 8, since theli

ASSIGNMENT 12.4: INDEX OF REF OWNIMEDIUM .
Find the index of refraction for medium 2, if medium 1 is air with indgx of
refraction n, = 1.00, the incident angle is 30.0° and the angle of refr.actmn is
22.0° . Compare the result with the table and identify the nature of medium 2.

RED MOON: Refraction is responsible for
the Moon appearing red during a lunar
eclipse. A lunar eclipse occurs when Earth
blocks sunlight towards the Moon. As a
result, you might expect the Moon to be
completely dark. Instead, the light from
the sun refracts through the Earth's

atmosphere and bends around Earth toward
the Moon.

Sincet Earth's atmosphere scatters most of the blue and green light. Thus, mostly
red light illuminates the Moon. Because the Moon reflects most colors of light

eq:ally well, it reflectsthe red light back to Earth, and therefore the Moon appears
tobered.

I——__
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12.5 TOTAL INTERNAL REFLECTlON OF LIGHT : ‘

The angle of refraction is larger than the 5
amedium of a lower index of refraction,
an interesting phenomenon, As the ap
refraction also increases.

ngle of incidence whe,
as shown in Figure 12,1
gle of incidence incre

7 (2). Thisteads to
ESES, the an&e of

At a certain angle of incidence

known as the critical angle, 8,
the refracted light ray lies along Normep racted ray
the boundary of the two media, Lesser optically
as shown in Figure 12.17 (b). dense medium
when light strikes a transparent Ll
boundary, even though much of Greater optically
the light is transmitted, some is dense medium
reflected. Total internal (glass) y
reflection occurs when light "-‘.
traveling from a region of a Incident ray  Refracted ray
higher index of refraction to a [l Normal
region of a lower index of Lesser optically
refraction strikes the boundary dense medium i
at an angle greater than the (air) he‘
critical angle such that all light g
reflects back into the region of : B B,
the higher index of refraction, :;E:f:: -:;:::'ically : efrectedtay
asshown in Figure 12.17 (c). dense medium
To construct an equation for the (glass)
critical angle of any boundary, [(@| Normal
YOU can use Spell’s Law and Lesser optically :
substitute 8,=8.and8,=90". dense medium
. {air) [
nsinG, = n, sin90° //.(_"/‘D\
R
since s5in90° = 1 Incident ray ; Refracted ray
Greater optically ¢
therefore n,sing, = n, dense medium
{glass) J
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Hence

Thus we can define critical angle as ‘the sine of the critical angle is equal to the
index of refraction of the refracting medium divided by the index of refraction
of the incident medium.

Mo transmitted ray for 6, 2 6,

The two conditions required for total internal reflection to occur are as follows.

o The light must travel from an optically more dense medium into an optically
less dense medium.

0 The angle of incidence must exceed the critical angle, 8,, associated with the
material.

Make a beam of light to enter a tank of

water from above and place mirrors
oriented at different angles to reflect
| this beam of light. You will observe that
the beam that makes an angle of
incidence greater than the critical
angle will totally be reflected back.

LAB WORK

To find the refractive index of water by using concave mirror.

&

EXAMPLE 12.5: CRITICAL ANGLE

Find the critical ang'te for light traveling from glass (n = 1.502) to (a) air (n =
1.002) and (b) water (n=1.332)

=

GIVEN
index of refraction for ordinary glass ‘n,' =1.502
Index of refraction for air 'n," = 1.002

REQUIRED
Critical Angle 8, =7
Index of refraction for water ‘n,' = 1.332
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or 0, -sin'™
n
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gOLUTION: The critical angle is  sinD, - %L
1

(a) When light goes from glass to air the critical angle is

. 4N ;
A, =sin ' n‘-’ Putting values 0, =sin 11.00
; 1.50

(b) When light goes from glass to water the critical angle is

Lad

. N .
g, =sin 'n— Putting values  6_=sin™ 1.33

———

g 1.50

c=62.5 — el

Note that the difference in index of refraction for glass - air is greater than glass -
water. Hence light escapes from glass to air over less range of angles (00,0° to
41.8") as compared to water (00.0° to 62.57). In general, if the difference
between indices of refraction values is large more light rays will undergo total
internal reflection.

ASSIGNMENT 12.5: CRITIGAL ANGLE FOR POLYSTYRENE

What is the critical angle for light traveling in a polystyrene (a type of plastic
with index of refraction for polystyrene as 1.49) pipe surrounded by air (take
index of refraction of air to be 1.00)?

.-
a} Optical flg'ész Light can be trapped by total internal reflection inside a bent
glass rod and ‘piped’ along a curved path called optical fibre.
Various glasses and plastics can be used to make optical fibres. Optical fibre
transmits a beam of light by means of total internal reflection. Total internal
reflection can occur in any transparent medium that has a higher index of
refraction than the surrounding medium.
An optical fibre cable has a cylindrical shape and consists of three concentric
secﬁ“'lm: the core, the cladding and the jacket (Figure 12.18).
The core is the innermost section and consists of one or more very thin strands,
Made of glass or plastic. Each strand is surrounded by its own cladding, a glass or
Plastic coating that has optical properties different from the care,)
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Geomedrical Optics
The boundary between the core HGURE-W'IS."Qﬁﬁﬂqlgffbre
and cladding acts as 2 reflector 0 e
confine light that would otherwise
escape the core. The outermost

layer, surrounding one or a bundle.

Optical fibre

of cladded fibres, is the jacket.
The jacket & made of plastic and
other material layered to protect
against moisture, abrasion,
crushing and other environmental
dangers. As shown in figure 12.18
the light traveling through the
transparent fibre always hits the
internal boundary of the optical
fibre at an angle greater than the
critical angle, so all of the light is _

reflected and none of the light is ! - ‘
transmitted through the boundary. |  Light sent into one end of an optical fibre like

Thus, the light maintains its thase shown here is transmitted to the I

intensity over the distance of the opposite end wi'fh little loss _.:-r light through
fibre l the sides of the fibre.

Surgical techniques have been revolutionized by the |
use of optical fibres. In arthroscopic surgery, a small
?urgical instrument (several millimeters in diameter)

is mounted at the end of an optical fibre cable which
allows light to be shone on the internal area and the <
reflected light to be viewed by the surgeon. The !
surgeon can insert the instrument and cable into a | £
lﬂl_nt.. such as the knee, with only a tiny incision and l
minimal damage to the surrounding tissue.
Consequently, recovery from the procedure is 3

relatively rapid com
: pared to recove m iti
surgical techniques. ryfn:nI traditional

xlmﬂﬂo-u 'D_I *'iz—D-.U

| ENDOSCOPE
bl An endoscopy is a procedure where the

7 inside of our body is examined using an =
¥ instrument called an endoscope.

An endoscope s a long, thin, flexible
tube that has a light source and camera
at one end. Images of the inside of our
body are displayed on computer monitor.
Endoscopes can be inserted into the body
through a natural opening, such as the =
mouth and down the throat, or through F
the bottom. An endoscope can also be

inserted through a small cut (incision} made in the ski
? skin whe
being carried out. n keyhole surgery is

Endoscopy can also be used by engineers to light up some
awkward spot for inspection.

Picture shows a colonoscope revealing a benign :
{noncancerous) polyp attached to the wall of the colon
(large intestine). Polyps that can turn cancerous or grow
large enough to obstruct the colon are removed surgically.

1246 REFRACTION OF LIGHT THROUGH PRISM

Prism i i

lighrtn »‘:tal transparent optical element with flat, polished surfaces that refract

E!tac;:a le-ast two of the flat surfaces must have an angle between them. The
ngles between the surfaces depend on the application.

I:in:::j;tmha‘l geon"letrir.al shape is that of a m

ek lr I.Jrlsm with a triangular base and

a gular sides as shown in figure 12.19.}

Shnw?ii:;oﬁ of light through prism: In the prism

through thge ":.1 2.20(a), the incident light ray travels

Qlass. The | ir and enters the left side of the
ight bends toward the normal in the glass,

eCayse

glass has a hi ; :
gher index of

density) than the i efraction (optical

2
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When the light leaves the glass and emerges into the f—.ir crn the other side of
prism, the light is refracted away from the normal. ﬂotace lhat. th;_: direction of e
light leaving the glass is different from that of the hght entenng. L. The change in
direction of the light as it passes through t.he Ighass is known asl its deviation, The
amount of change i called the angle of deviation, 8. as shntnn infigure 12,20 (b)),
You can determine the angle of deviation for any shape of prism by applying Snel's

law at each air-glass interface.

FIGURE 12:20.- peviation of light through

'prism

Glass prism Glass prism

J-\I‘IglE' of deviation

Refracted
light

Incident
light

Refracted
light

Y

b. Dispersion of light through prism: When sunlight (white light) falls on a
triangular glass prism as in fiure 12.21, 8 band of colours called a spectrum is
obtained. The effect is termed dispersion. It arises because white light is a
mixture of many colours; the prism separates the colours because the refractive
index of glass is different for each colour (it is greatest for violet light).

FIGURE 12.21 - Dispersion of light through'prism

Glass prism

Red
Re Orangé
h
lig‘t Green
- i Blue
White light Violet Indigo
LAB WORK __———__—_/

To trace the path of a : agle i
P e i measure the 3
deviation. y of light through glass prism and

Geometrical Opties
12,7 LENSES

Alensisa piece :.:-f transparent optical material that focuses or di
ght by refraction. Lenses are made from materials such as gl:g:"-:‘::eamof
I plastic, and

are grounded and polished or molded to a desired shape, A
form an image. A e Yo

£ach of a lens" two faces is part of a sphere and can be convex o

face may be flat). If a lens is thicker at the centre than the edgesr ";:Tcave {or one
converging lens since parallel rays will be converged to meet at ':he : a convex or
which is thinner in the centre than the edges is a concave or mmgim. Alens
ays going through it will be spread out. ng lens since

FEGUR_E f_@i_@ ‘and;Convex lens

Curvahsie-. Yertical Axis erteal Ak
JI“ ", " ﬂ'"\.,_‘ o o ——,
principal 7 i oy k n
CAxis i [ / S R
e, H L I " N L .Jl/;,

Like mi :
pmi:ﬂn"‘ors, lenses have a principal axis perpendicular to their surface and
g through their midpoint as shown in figure 12.22. Lenses also have a vertical

axis ;
or principal plane through their middle. The centre point of the lense is called -

optical
s centr‘e and denoted by 0. There is no real centre of curvature, 50 Zriied
note twice the focal length.
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The point of convergence of the rays that enter parallel to the principa| Wmis
llai:iﬂﬂ're principal focus of focal point. Since the rays of light can enter the lens
:mn either side, there isa principal focus or focal point on the principal axs o,
each side of the [ens After refraction from lens, the rays converge or diverge s
originate from a single point called the focal point F (or principal focys)
::nm i: figure 12.23. The distance from the vertical axis to either of the focal
pointsis called the focal tength of the lens.
13' 7.1, image formation and ray tracing for lenses: Ray diagrams are useq 7
show image formation in lenses.
1- Constructa ﬁghre showing the lens and the principal axis of the lens. The figure
srrml.d also show the focal points on bath sides of the lens.
7. Draw the object at the appropriate point. One end of the object will generally
lie on the axis.
3. Draw three rays that emanate from the tip of the object:
(a) The A - ray (parallel ray hitting lens at point A) is initially parallel to the axis.

After passing through the lens, this ray or its extrapolation passes through one of
the focal points. i

(b) The F - ray (focal ray or its extrapolation) is directed at the focal point {same

side for convex lens and the other side for concave lens). After passing through the
lens, this ray is parallel to the axis.

{c)Ther 12y (origin ray or its extrapolation) passes straight through the center of
the lens called origin and is not deflected. _ ;
4. These three rays (figure 12.24) or their extrapolations intersect at the lmaget‘j:e
the rays actually pass through the image, the image is real; if they do not,
image s virtual (just as in the case of images formed by a mirror)-

FIGURE 12,24'- Image j‘,q_'r;{naﬁpn by concave and cqpyéx_"fgnses

>~ S
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when a lens forms a real image, the object and image are on opposit
es

lens. ides of the
12.8 THE LENS EQUATION

o calculate the precise location a:@ﬁzﬁ. of the image formed T
» use an

equation that is analogous to the mirror equation, The Lens equation is a precise
mathematical relationship between the object distance and thepimar!e

distance for a given lens. This formuta is accurate only if the thickness of the lens
is small compared to its diameter.

The following quantities are included in lens formula:
o f=thefocallength of the lens

o h,=the height of the object

o h =the height of the image

o d,=thedistance of the object from the lens

o d =thedistance of the image from the lens

o0 M=the magnification of the image |

This equation can be derived by referring to Figure 12.25, \:-'hich shows the image
produced by a convex lens, along with the O and A - rays that locate the image.

T

Les formula

@)

lens at its midpoint, where the principal axis is
? normal to the lens. As a result, the ray refracts at an angle 8 below the
':::Cgifal axi.s that is equal to its incident angle 8 abov:t.- the axis. Therefurﬁ!.. th;
equi\;en triangles in this diagram are similar, from which it follows that ratios
€Nt sides of similar triangles are equal.

The ray in Figure 12.25 (a) hits the

h _do (5
“h

' % NOT FOR SALE
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The image height is taken negative because itisinverted.
From the figure 12.25 (b) it is clear that the two yellow triangles in this diagram

are also similar, since they aré both right triangles and share the common angle tp.

Thus, by using the same rule of similar triangles, we get
B f
hl d; i f
£ t d, _ f
Comparing equation 1and equation 2, we g8 ) = .__d‘ o
Toisolate 'f”, Cross Multiply df=d,(d - N

% retidf —O

Divide both sides of the equation 3 by dodif

¥~

df _dA &S
- ddd dAT Add

LY
dl

~ |-

1
dd‘
The final equation 12.9 is known as the lens formula. You will probably recognize
this equation as the mirror formula. Because the lens and mirror equations are the
same, the equation is often called the mirror/lens formula.

The ratio of the height of the image to the height of the object is defin
magnification, M. From Equation 1, we see that

ed as the

. ing 3
We derived the magnification and thin lens equations for a convex lens fanﬂl"?‘ng
real image, it can be used to calculate the image properties of both convers!

 lensesand diverging lenses, provided we use the sign conventions describ

12.8.1 Convention for the lens equation: To include all of the possible Pr .
of bothimages and objects, the following sign convention has been establis

n:,t{JEf'iiles

—
—

o

Geomedrical Opticy

= - 1-:"-.-!_
4 Ubjectdistance:

o d.is positive for real objects (from which light diverges).
N . Image distance:
i itive for real ima i A
o : L‘: ;2:1 i ges (images on the opposite side of the lens from the
o d, is negative for virtual images (images on the same side of the lens as the
object).

c.Image attitude:

o h,ispositive for images that are upright, compared to the object

o h isnegative for images that are inverted, compared to the object
d. Focal length:

o fis positive for converging (convex) lenses.

o fis negative for diverging (concave) lenses.
12.8.2 Power of lens: T_he degree of convergence or divergence of light rays
falling on lens is called power of lens. Instrument makers often quote the power of

a lens rather than its focal length. The power of a lens in diopters D, is
given by the equation ' ;

where f is the focal length of the lens expressed in metres. Eyeglass lenses are
typically characterized in terms of diopters. The power of alensin dioptersshould
not be confused with the familiar concept of power in watts. It is an unfortunate
fact that the word “power” is used for two completely different concepts. If you
;xami ne a prescription for eyeglasses, you will note lens powers give.n in diopters.

¥ou examine the label on a motor, you will note enersy consumption rate given
353 power in watts.

To determine the critical angle of glass using a semi circular slab and a light ray

boX/or by prism,
To fi
find the focal length of a convex lens by parallax method.
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EXAMPLE 12.6: IMAGE DISTANCE IN CONVERTER

Aconverging lens of focal length 10.0 cm forms images of an object situated at
various distances. (a) If the object is placed 30.0 cm from the lens, locate the
image, state whether it’s real or virtual, and find its magnification. Repeat the
problem (b) when the object is at 20.0 cm and (c) when the object is 15.0 cm
from the lens (d) when the object is 10.0 cm from the lens and (e) when the

objectis5.00cm from the lens.

GIVEN

Focal length ‘f' =10.00cm.

(a) Object Distance ‘d,’=30.0cm,
(b} Object Distance ‘d,=20.0cm
(c) Object Distance 'd," =1 5.0cm

(d) Object Distance ‘d,’ = 10.00cm

(e) Object Distance 'd,’ = 5.00cm

REQUIRED

(a)Image Distance ‘d,' =7
Magnificatioﬁ M=1

(b) Image Distance ‘d,' =7
Magnification M=7

(c) Image Distance “d,' =7
Magnification M=1

(d) Image Distance ‘d,’ =7
MagnificationM=?

(e) Image Distance ‘d,’ =7
Magnification M=

SOLUTION: by mirror equation

W—mﬂm"' Opficy
=T ,
or R ; f

@) to get image distance putting values in equation 1

0.0cm > 30.
T O DR N0m . ud0ad
30.0cm-10.0cm " 20/m

Therefore  d, =+15.0m1_m

Hcation i d, 15cm
nification formulais M= el PP
ki de 30cm

Therefore M= —0.500

4sshown in figure 12.26 (a) and the answers in this example it is confirmed that

when the object distance is greater than twice the focal length (d, > 2f), for
convex lens

o theimage distance is less than twice the focal length, (i.e 15cm <20cm)
o theimageis real, (distance positive)
o theimage is inverted, (magnification negative) and
© theimage is smaller than the object. (magnificationlessthan 1)
(b) to get image distance putting values in equation 1

d, = 10.0cmx20.0em _ 200cm”
20.0cm -10.0cm '~ 10.000

Hence g = +20.0em — (e

The magnification formula is M = d, 20cm

d,” 20cm

Therefore M=-1.00 ___m
m?;:l:i'g\:hen the object distance is equal to twice the focal length (d,=2fas
ik "€ 12.26 (b) it is confirmed that for convex lens:
e thehnagefhsmnce is equal to twice the focal length (20€m),
o : Beis real (distance positive),
° ;rr:zge\:sinvEFtEd (magnification negative), and. -
8eis the same size as the object (magnification s equalto1). -

> R
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{c) to get image distance putting values in equation 1

100cmx15.0am o g 1500w
= 1= 00 o
15.0cm—10.0cm 5.00¢fn
Hence d =30cm ——{EEN
; jon f lais M——d =—M |
The magnification formula i ~ d, 15cm
Therefore M=-2.00 BATWEN

Therefore, when the object distance is less than twice the focal length but
greater than the focal length (2f < d, < f) as shown in figure 12.26 (c), it is

confirmed that for convex lens:

o theimagedistance js greater than twice the focal length(30 cm > 20 cm),

o theimageisreal (distance positive),
o theimageisinverted (magnification negative), and
o. theimageislargerthan the object (magnification isgreater than 1).

(d) to get image distance putting values in equation 1

100cm*
d, = 10.0cmx10.0cm = d = oot
10.0cm—-10.0cm d
Hence d =w e
d o0
The magnification formulais M= . =it
' d, 20cm

Therefore M=o __m

Hence, the result confirms that when the object distance isequal t
length (d, = f) as shown in figure 12.26 (d) for convex lens:
o ‘noimage exists because the refracted rays are parallel. You could
image lies at infinity. .

o the focal

say that the

//;jm_m _

(e) to get image distance putting values in Bt

3 10.0cm=5.00cm S0cn
5.00cm—10.0 o d,=
cm T %

Hence d, =-10cm _m

d;

The magnification formulais M= d, __-10cm
dn 5cm

Therefore M= .,.z_m

Hence, the results confirms that when the object d

! istance is less than the foca
length but greater thanzero (f >d, > 0 i i L
i ) as shown in figure 12.6 (e), for convex

o theimage distance is greater than the object distance, (10cm>5cm)
the image is virtual (distance negative),

the image is upright (magnification positive), and

EXTENSION EXERCISE 12,2

Repeat the problem of
Example 12.6 for a diverging
lens of focal length 10.0 cm.

o © ©

the image is larger than the object
(magnification is greater than 1).

poa 1161 LENS COMPARISON

fr’;::ji.:ct iS' plac.ed 30.0 cm in front of a converging lens and then 12.5 cm in

cﬁmuf_ a diverging lens. Both lenses have a focal length of 10.0 cm. For both
, find the image distance and the magnification. Describe the images.
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HOW/ACAMERA WORKS -

One of the simplest optical instruments is the  aperture

camera, which often has only one lens to &

produce an image, or even—in a pinhole ! \‘

camera—no lens, Figure shows a simple 35-mm i
Shutter | Mirror

camera, The camera Uses a converging lens to Lene | closed
form a real image on the film. The image must
be real in order to expose thefilm (i.e., causea
chemical reaction). Light rays from a point on
an object being photographed must converge
to a carresponding point on the film. A digital
camera has replaced film with a CCD (charge-

coupled device) array.

12,9 HUMANEYE .3 -

tgwe human eye is like a camera in its basic structure (figure 12.27), but is more
complex. The interior of the eye is filled with a transparent gel-like substance
called the vitreous humor with index of refraction n = 1.337. Light enters in this
region through the cornea and lens. Between the cornea and lens is a watery fluid,
the aqueous humor with n = 1.336. The iris adjusts automatically to contral the
amount of light entering the eye, similar to a camera.

The retina, which plays the

role of the film or sensor in a RIGURE 227 L LIe RS
camera, is on the curved back
surface of the eye. The retina Lgns e s
is composed of a many nerves
which act to change light Cornea —
energy into electrical signals Vitreous
that travel along the nerves to / " humor
brain forinterpretation.j Aquegus | ¢ Optic nerve

humor

Ciliary muscle
Iris

NOT FOR SALE

@ e

(ens of the eye (n=1.386 to 1.406) does little .

ot of the refraction is d?ne at the front Sur{ac::’h:h :e:::ng of the light rays.

yithair The lens actsas :‘i:fme adjustment for focusingat diffel'lf.*a at.nts interface

| is accomplished by the ciliary muscles, which ch ange the cuwant distances, This
| jpatitsfocal length ischanged. ature of the lens so

fofocusona di sta..nt -:.:ubjecr., the ciliary muscles of the eye are relaxed and

js thin, % shown in figure 12.28 (a), and parallel rays focus at the fD:;: U:IE lens
the retina). To focusona nearby object, the muscles contract, causin l:hpi:unt (on
of the lens to thicken, figure 12.28(b), thus shortening the focal le: l:he centre
images of nearby objects can be focused on the retina, behind the newrfg :o t.hat
This focusing adjustment is called accommodation, b
Focal point of lens

and cornea

Focal point of lens
and cornea

Object at o2

@ ()|
The clo i :
sest distance at which the eye can focus clearly is called the near point of

the eye. F S
acmMmﬂ: Ttyoung adults it is typically 25 cm, as people grow older, the ability to
ate is reduced and the near point increases.

Agiven
person” gon s
son’s far point is the farthest distance at which an object can be seen

i nce |
pnint 3 - can fDCUS !

ny pEDp[e h
Winfinity op have eyes that do not accommodate within the normal range of 25 cm
an ave some other defect. Two common defects are short-sightedness

Ng-sight
®Yeglass edness. Both can be corrected to a large extent with lenses—either
or contact lenses,

12,9
.1 Shorg.g
=5
Neye ca“‘fghte‘f“essl In short-sightedness (nearsightedness or myopia), the
Shortey distanc ocus only on nearby objects. The far point is not infinity but some
€, so distant objects are not seen clearly.

NOT FOR SALE
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Short-sightedness is usually caused by
an eyeball that is too long, although
sometimes it is the curvature of the
cornea that is too great. In either case,
images of distant objectsare focusedin v
front of the retina as shown in figure E
12.29 (a). A diverging lens, because it
causes parallel rays to diverge, allows
the rays to be focused at the retina as
shown in figure 12.29 (b) and thus can
correct nearsightedness.
12.9.2 Long-sightedness:

in long-sightedness (farsightedness of
hyperopia), the eye cannot focus on
nearby objects. Although distant
objects are usually seen clearly, the
near point is somewhat greater than
the “normal” 25 cm, shown in figure
12,30 (a). This defect is caused by an
eyeball that is too short or (less often)
by a cornea that is not sufficiently
curved. It is carrected by a converging [l
lens, shown in figure 12.30(b).

FiGUY

Fi

12.9.3 Resolving power: Resolving power is the capacity of an jnstrument to
distinctively separate two points which are close together. The sharpness of
vision—in particular, the ability to visually separate closely spaced objects—is
referred to as resolution.

For example, inthe first photowe see a bright light in the distance that may be the
single headlight of an approaching motorcycle or the unresolved image ghiws =
headlights on a car. As the car approaches closer, the separation between the
lights will increase. As the car continues to approach, its individual headlights

become increasingly distinct, as shown in the third photo. So the two points e
distinctively separated.

NOT EOR SALE
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ZEURE 12 31\= Resolving the headlights of an approaching .:q

¢

12.1 0 ANGULAR MAGNIFICATION AND SIMPLE MICROSCOPE

A nptiCal instrument,’ such as a magnifying glass, allows us to view small or
gistant objects because it produces a larger image on the retina than would be
possible otherwise. In other words, an optical instrument magnifies the angular
size of the object. The angular magnification (or magnifying power) m, is the
angular size @ of the final image produced by the instrument divided by a
reference angular size 8. The reference angular size is the angular size of the

object when seen without the instrument. \

Angular size of final image

roduced by optical i
Angular Magnification = 2 s il

Reference angular size of object
seen without optical instrument

FIGURE 12.32: SIMPLE MICROSCOPE

o« m=t—0@
Asrsurne an object with height h,,
:ﬂttl:‘uut a magnifier, the largest angle
ObjE:: \:re can_ attain and see the
s clearly is when we place the
i :\:}the near point N as in Figure
image -:uf.tl‘-‘:.'E ca_m 98 % iapiiood
s just‘e‘nbject by placing the
ke inside the focal length of a
23 0 g]flens as shown in Figure
A s ;m we look through the lens
s uage. whe can see the
» Upright, virtual image.
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Figure 12.32 (a) shows that the angle subtended by the object without the
magnifier is given by

icular h
kanil - Perpendicular N, C
base N

Assuming that the eye is next to the magnifying glass, the angular size as seen by
the eye asin figure 12.32 (b) is _
_ Perpendicular _ h, @

base d,

where f is the focal length of the lens. We assume that the object is placed at the
focal length of the lens, so the image isat minus infinity. For small-angles tanB=8
and tan@’ = 8. Thus, by putting values from equation 2 and equation 3 in equation
1, the angular magnificationofa magnifier can be written as

tand’

%d, or N
m =g m=5 —@
"N o

According to the thin-lers Equation; d, is related to the image distance d and the
focal length f of the lens by
L | 1%

i e (T —_—=———

fd, d d, [ d

—0

putting values from equation 5 in equation 4, we get

N
e ‘L’ d.]”

Two special cases of this result are of interest, depending on whether the image is
located as close to the eye as possible or as far away as possible.

To be seen clearly, the closest the image can be relative to the eye is at the near
point, or d, = - N. The minus sign indicates that the image lies to the left of the lens
and is virtual. In this event, Equation 12.12 becomes

wl L A
m=[2- L

/ @W Opties

d m, = E + H Th
an f ,34 erefore

The farthest the image can be from the eye is at infinity (di == ); this occurs whe
] n

the object is placed at the focal point of the lens. When the image is at infini
equation 12.12 can be written as Ly,

my =|}-%}N as

A biologist with a near-point distance of N = 26 cm,
examines an insect wing through a magnifying glass whose
focal length is 4.3 cm. Find the angular magnification ;
when the image produced by the magnifier is (a) at the
near point and (b) at infinity .

GIVEN
Focal length of magnifying glass ‘f*' =4.3 cm. REQUIRED

Near-point distance of N= 26 cm Angular Magnification 'm,’ =1

Object Distance ‘d,"=1.1cm

SOLUTION: The magnification when the image is at near point for magnifying glass
is :

_ 26em

" 4.3cm

N
=241
m, =+

Putting values m,

Tl Hence m, =7 :

& magnification when the image is at infinity for magnifying glass is
N 26ecm
f

m, =— Puttingvalues M, =7 =" =

Hence m, =6 _-m

Th
€ relaxed eye results in decrease in magnification of 1.0—from7.0t06.0.
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mtmw- ical Opties - _ m-- . At ypical situation shown in figure 12.35, the object to be examined is placed
ASSIGNMENT 12.7: JEWELER'S LOUPE only @ small distance beyond the focal point of the objective 'f;’, which means

An 8-cm-focal-length converging lens is used as a ‘jeweler’s loupe,' which is a '{ d=f.The magnification ‘M," produced by the objective is given
magnifying glass. Estimate the magnification (a) when the eye is relaxed, and \ that &, =/ ; A
(b) if the eye is focused at its near point | M, =- _h_r =i 3 = ?l, @

a a a

&

12. 11 COMPOUND MICROSCOPE | ==

To increase the at';g:uiar magnification beyond that possible with a magnifying e

élass. an additional converging lens can be included to “premagnify” the object |
before the magnifying glass comes into play. |

The eyepiece acts like a simple magnifier. If we assume that the eye is relaxed,
the eyepiece angular magnification m, by equation 12.12 (b) can be writtenas
me —3 E e :}
fe
Since the eyepiece enlarges the image formed by the objective, the overall
magnification ‘m’ is the product of the magnification of the objective lens, ‘M.’

WCREETCREE LRI N (G URE 12.34 - Compolind Microscope &

instrument known as the

compound microscope. The
magnifying glass is called the
eyepiece and the additional
lens is called the objective as
shown in figure 12.34.

The overall magnification of a

times the angylar magnification ‘m,’ of the eyepiece lens -

m=M,xm, __—®
Putting equation 1 and equation 2 in equation 3, we get
microscope is the product of
the magnifications produced
by the two lenses.

The mj R
| m‘“““lgn1ndmatesthattheimageisinverted. o e

" NOT FOR SALE




EXAMPLE 12,8: BIOLOGY LABORATORY:

In biology class, a student with a near-point distance of N = 25 cm uses a

microscope to view an amoeba. If the objective has a focal length of 1.0em, the

eyepiece has a focal length of 2.5 cm, and the amoeba is 1.1 cm from the .
abjective, what is the magnification produced by the microscope?

GIVEN

Focal length of eye piece *f,’ =2.5cm.
Focal length of objective ‘f."=1.0cm.
Near-point distance of N=25cm
Object distance ‘d," = 1.1 cm ,

REQUIRED

Total magnification ‘m*'=?

SOLUTION: The image distance d, for the equation 12.13 is not given, therefore we
will first find the image distance by using the thin-lens formula

I 1T 1 1 : 1 d,-f
—=—+4— or —=—-—— taking LCM —=—2_Ja
f;, 'ﬂ., dn dl fu d—: di fdo
or d[=-—f"d“ —®
'du“fn
_1.1cmx1.0cm 1.4em?

Putting values 9 “1.0em—1.1em. @ %= 53cm

d; =-11cm
The magnification formula for compound microscopeis ., M = ,.% X },-_\,r_
¢ o ]
Putting values m=- Ticm ® 2aci
1.0cm 2.5¢m

Therefore m=-110 —W

Thus, the amoeba appears 110 times larger and is inverted. If the amoeba is to be
viewed with a relaxed eye, the image formed by the objective should be at the
focal point of the eyepiece, which will then form an image at infinity. Therefare,

thelength of the tube containing the objective and eyepieceisL=11cm+2.5cm=
13.5em in this case.

|fthE focal length of the eyepiece is increased, does the magnitude of the
magnification increase or decrease? Check your response by calculating the
magnification when the focal length of the eyepiece s 3.5cm,

42. 12 REFRACTING TELESCOPE

A telescope is an instrument for magnifying
distant objects, such as stars and planets.
Like a microscope, a telescope consists of an
objective lens that forms a real image of the
object; and an eyepiece (also called the
ocular) is used to view this real image.

Since the object is far away, the angular size
seen by the unaided eye is nearly the same as
the angle 8 subtended at the abjective of the
telescope as shown in Figure 12.37.
Moreover, B is also the angle subtended by
the first image, therefore
o= —@
. =]
Here h, is the height of the first image and f, is the focal length of the objective. A

minus sign has been inserted into this equation because the first image is inverted
elatw’ve to the object and the image height h, is a negative number.

FIGUREA?, 37'< Refracting.telescope

Dtta“t Objective lens
e E & Eyepiece
I = lense
rd Image formed by
i objective lens
& ] o ) j'\i‘ "-g"ﬁ':h"
K -
';—f.-—m—— f—
f———ll ¥
o TR N——f
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As i.n the microscope, the image of the objective is the object for the eyepiece,
which is basically a magnifier. Thus, if the image of the objective is placed at the
focal point of the eyepiece, it will form an image that is at infinity, as indicated in

Figure 12.37. In this configuration, the observer can view the final image of the
telescope with a completely relaxed eye.

The angular size of the image formed by the eyepiece is approximately
h

U':F' —0

To find the total angular magnification of the telescope, we consider the definition
of angular magnification as

putting equation 1 and equation 2 in equation 3, we get

k. :
m, = -—-’f'— Therefore
(]

To set up a microscope and telescope.

EXAMPLE 12.9: WORLD'S LARGEST TELESCOPE

The largest optical refracting telescope in the world is located at |
the Yerkes Observatory in Wisconsin. The objective lens has a == "
focal length of 19 m, and the eyepiece has a focal length of 10em. S
(a) Calculate the total magnifying power of this telescope. (b)
Estimate the length of the telescope.

GIVEN REQUIRED

Focal length -‘Jfobjecti'.re ‘fD' =19m. [a}Angu[ar magnfﬁcﬁtion 'm!" =1

Focal length of eye piece 'f,' = 10cm. {b) Approximate length ‘L’ =7

SOLUTION: (a) The magnification of telescopeis m, = —i
19m ‘

“0.10m Therefore m, =—190—m
NOT FOR SALE

Putting values =

e

Geomedrical Oplicy

(b) For a relaxedeye, the image is at the focal point of both the
objective lenses. The distance between the two lenses is thus

L=f +f =19m+0.10m

Therefore L=19m —m

which is essentially the length of the telescope.

ACSIGNMENT 12.9: ASTRONOMICAL TELESCOPE

n atroal telescope has the following specifications: f, = 985 mm and
f. =5.00mm. From these data points, find (a) the angular magnification and {b)
l;i'ue approximate length of this telescope.

€yepiece and the

The Reflection of Light: When light reflects from a smooth surface, the reflected
light obeys the law of reflection.

= Spherical Mirrors: Aspherical mirror has the shape of a section from the surface of a
! hollow sphere.

The Mirror Farmula; The formula specifying the relation between the object
distance d., the image distance d,, and the focal length f of the mirror.

| Refraction: The changing of a light ray’s direction when it passes through variations
in matter.

Snell's Law: The ratio of sine of angle of incidence and sine of angle of refraction is
=1 constant for a given pair of media.

| Total Internal Reflection: When the angle of incidence exceeds the critical angle,
all the incident light is reflected back into the material from which it came.

| Lens: A transmissive optical device that focuses or disperses a light beam by means
] of refraction.

Thin Lens Formula: The formula specifying the relation between the object
distance d,, the image distance d,, and the focal length fof thin lens.

Power of Lens: The degree of convergence or divergence of light rays falling on lens.
Short Sightedness: Defect of an eye so that distant object are not seen clearly.
Long Sightedness: Defect of an eye s that nearby object are not seen clearly.

Sfmple Microscope: A converging lens, which warks by allowing an abject to be
Viewed at a distance less than the near-point distance.

Compound Microscope: Instruments for enlarging the detail that we cannot se¢
with the unaided eye,

Telescope: Device meant for viewing distant objects, producing an image that is
arger than the image that can be seen with the unaided eye.

NOT FOR SALE
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GROUP A ‘OPTICS’: Interview an optometrist, optician, or ophthalmologist, i
Find out what equipment and tools each uses. What kinds of eye problems }

are curable? What training is necessary for each career? Publish the
interview(s) in school magazine.

GROUP B ‘MUSLIM SCIENTIST™: The Egyptian scholar Alhazen (lbn-al-
Haftham] studied lenses, mirrors, rainbows, and other light phenomena
early in the Middle Ages. Research his scholarly work, his life, and his
relationship with the Caliph al-Hakim. How advanced were Alhazen's
inventions and theories? Summarize your findings and report them to the |
class. |

\CAL FIBRES': Prepare a chart presentation on the use of |

GROUP C “OPF: I
optical fibres/in telecommunications and medical field and present your |
chart to classroom and display it in classroom. {

GROUP D “MICROSCOPES AND TELESCOFES': Research the internet for |
advance microscopes and telescopes. Prepare a presentation to be
presented in class.

GROUP E “TELESCOPE 08 MICROSCOPE -Buy few lenses and make your own |
telescope or compound microscope of simple abjects and donate it to the |
school laboratory. i

(@ If the angle of incidence is 30° the angle of reflection will be
A 30° B. 45° C.90% D.210°

(&) When ris the radius of curvéture of concave mirror. Real diminished image E
sl will be formed when the object is at

A do>r B.d,=r C. r>d>f D.d,=f
® The focal length of convex mirror with radius of curvature 10cm s
m A +10cm B.+5cm C. -10cm D.-5cm

@ An object is placed 7 cm from a concave mirror whose radius of curvature
is 10cm, the image formed will be

A. real and upright B. virtual and upright
C. real and inverted D. virtual and inverted
(@ Which one of the following materials will refract light more
B A, water I 7 glass C. air D. diamond

il

[ = = =

]' be held for best results?

has the Power of lens

C. 12.50 D.16.0D

; 5 to the reting i
normal eye, you will struggle to see objects th:—.etl::: Is shorter than for 5

& A. nearby B. colorful C. faraway D. moving
:: 4@ Who benefits more from using a ma o

i gnifying glas
point is located at a distance away from tlfege,-:,; :fPErson whose near

A.75¢cm B.50cm C.35cm D.25¢m
{® The human eye forms the image of an object at its
A, iris B. retina C. pupil

Wil A 2.05D B.4.00D
g @ If the distance from your eye's len

‘|

D. cornea

; SEONCEPTUALQUESTIONS S
Give abrief resprinse to the following questions

@ Which type c_rf lens would you use to start fire from light from sun concave or
convex, would work best? At what distance from the lens should the paper

@& If a concave mirror produces a real image,

" i ; .
nverted? Explain. 3 the fimegel necasarly

@Ar& rearview mirrors used in cars concave or convex?
A magician durin
trough of i
be water?

@ Suppose that
fac

Iring a sh_ow makes a glass lens with n = 1.47 disappear in a
Quid. What is the refractive index of the liquid? Could the liquid

you were handed a lens and a ruler and told to determine the
al length of the lens. How would you proceed?

Can we achieve total in
Optically dense mediym?
Will a nears;

ternal reflection from optically rare medium to

b ,} s ghted person who wears corrective lenses in her glasses be able
e clearly underwater when wearing those glasses?

W :
hen you use a simple magnifying glass, does it matter whether you hold

the object to be exarmi
amined closer to its focal length or farther
away? Explain. the lens than its eng!

In blind turns on hi

: lly roads, mirrors are used to help drivers. Are these
mirrors plane mirror \ 5 g

5, concave mirrors or convex mirrors? Explain.
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CDHPREHENSNE QUESTIONS s NUMERICAL QUESTIONS M
Give an extended response to the following questions o Alight ray strikes an air/water surface at an angle of 46 with respect e e B
o '~

® ::’:l:tdi_s meant by reflection of light? State and explain laws of reflection m’;"’:t;:zfr;if;izf‘t;ﬁ:;d: ot waier s 1.33. Find the angle of refraction B
J iagrams. ! Y15 (a) from air to water and (b) from water to

G Derive spherical mirror formula. ! pre

What is meant by refraction of light? What is the index of refraction? 1 An optic;;?t;ir ;5 ;‘;:g:i:mm:;“l g'lass with index of refraction 1.66 and i
J state and explain laws of refraction with diagrams. Surroun g made of crown glass with index of
2 s i - 1.52. What is the critical angle? fefraction

@ Wwhat is total internal reflection? How we can calculate the critical angle for
total internal reflection? What are the conditions for total internal

' @ suppose the book page is held 7.50 cm from a Concave lens of focal length
10.0 cm and concave lens of focal length -10 cm. What magnification is

reflection?
i 7
~ d What are optical fibres? Give some applications of optical fibers, produced |r.1 ea_ch case? | | |
@ Describe the behavior for a ray of light after passing through a prism. Gulalai is viewing a flea using a magnifier with f = 3.0 cm. If her near point is '
- - : at N=25 cm then calculate the maximum magnification she can get. .
efDerwe thin lens equation. i i ; &m\ '
© Describ £l di i What e tteanie @ Atelescope has a magnification of 40.0 and a length of 1230 mm. Whatare | ™ | |
escribe power of lens and its resolving power. What are its units! the focal lengths of the objective and eyepiece? 3
How the human eye works? How the defects in the eye like short sightedness i T_\‘.
and long sightedness be corrected by using lenses? X ﬁ
al- What is a simple microscope? Using a ray diagram explain its working, _ I
angular magnification and magnifying power. I : i ‘
@ What is a compound microscope? Using ray diagram for a compound | |
L e E
|
|

NUMERICAL QUESTIONS -
20.0 cm from a concave mirror with radius

microscope, mention its magnifying power.
&P What is a telescope? Using a ray diagram explain its working, angular . / /
magnification and magnifying power. : P L/// /
@ A1.50-cm-high object is placed J# Wﬁ /
of curvature 30.0 cm. Determine (a) the position of the image, and (b)ts 1
size, also draw the ray diagrams. f
Acandle of height 8.0 cm is located at a distance of 300 mm from a convex
mirror, its virtual image is formed behind the mirror at a distance of 3.0cm f
from the pole (or vertex). Find the focal length of the mirror and height of
the image formed.
Calculate the speed of light in zircan with index of refraction n
material used in jewelry to replicate diamond. !

=1,923,a

I

NOT FOR SALE i
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After studying this chapter you should be able to

+ describe simple experiments to show the production and detection of electric
charge.

v describe experiments to show electrostatic charging by induction.

+ state that there are positive and negative charges.

+ describe the construction and working principle of electroscope.

+ state and explain Coulomb’s law.

+ solve problems on electrostatic charges by using Coulomb's law.

v define electric field and electric field intensity.

v sketch the electric field lines for anisolated +ve and -ve point charges.
« describe the concept of electrostatic potential,

 define the unit “volt”.

« describe potential difference as energy transfer per unit charge.

+ describe one situation in which static electricity is dangerous and the precautions
taken to ensure that static electricity is discharged safely.

v describe that the capacitor is charge storing device.
+ define capacitance and its unit.

+ derive the formula for the effective capacitance of a number of capacitors
connected in series and in parallel.

v apply the formula for the effective capacitance of a number of capacitors

connected in series and in parallel to solve related problems. E

Elecdrostaticsy

13.1 Electric charge
13.2 Electrostatic induction
13.3 Electroscope
" 13.4 Coulomb’s law
13.5 EEctﬁc field and its intensity
N1 13,6 Electrostatic potential
_'fi" 13.7 Applications of electrostatics
: 13,8 Dangers of Static charge
- i 13.9 Capacitors and capacitance
d 1 13.10 Different types of capacitars
11 13.11 Combination of capacitors
| Key Points and Projects

touch a metal doorknob after sliding
across a car seat or walking across a
synthetic carpet. In all these cases
electrostatic force is in action.

But the electric force plays an even
deeper role in our lives. According to
atomic theory, electric forces between
atoms and molecules hold them
together to form liquids and solids, and

electric forces are also involved in the [l

metabolic processes that occur within
our bodies,

13.1 ELECTRIC CHARGE

We have learnt already that an inherent
ngetty‘nf an abject is its mass. An
i n;rtft With smaller mass will have less
ve @ as compared to an object with

9€r mass. Along with mass, another

inherent pro :
perty of an abject is its
e'teCtril:altharge. J l

Electrostatics is the study of charges
at rest. The electrostatic force just
like force of gravity is an action ata
distance force. In the apening picture
of the chapter we see that a plastic
comb that is run through hair and
brought near tiny pieces of paper,
attracts them.

A similar effect can be observed for
plastic (or amber) rod rubbed with
fur, as shown in figure 13.1. Similarly,
balloon rubbed against hair also
attracts a falling stream of water.

We sometime feel a shock when we

FIGUREAB.1 +'Charging

2r

{a) When a plastic rod is ru.hbed with
fur, the rod acquires an electric charge.
(b) A charged rod attracts small bits of
paper and other objects.

| per ndter s
NOT FOR SALE
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Charge is measured in units of coulomb )
There are two kinds of charges: A simple experiment as shown in the figure 13.2
can be performed to show that there are two types of charges, one type is called
positive and the other negative.

(@

direction
of motion

Glass
rod

{a) Glass rod rubbed with
silk cloth brought near
another suspended glass
rod rubbed with silk
cloth repel each other.

thread

direction
of motion

{b) Rubber rod rubbed
with fur brought near
another suspended
rubber rod rubbed with
fur repel each other.

rog
Glass‘,(%
rod

direction
of mation

{c) Glass rod rubbed with
silk cloth brought near a
suspended rubber rod
rubbed with fur attract
each other.

From these observations we can canclude that

® there are two types of charges and
(o] similar charges repel and different charges attract.

Interestingly it is seen that after rubbing the silk cloth and animal fur also acqui rf_zd
the charge in opposite sense to glass rod and rubber rod respectively.
In grade 7, unit 6 ‘STRUCTURE OF ATOMS’ we learnt that all matter is made up of

atoms. Atoms have two kinds of charges: protons contained in the nucleus of atom
have positive charge, whereas electrons clouding around the nucleus carry

Electron
ﬂ o 3 o

Particle Charge (C) Mass (kg)
electron -1.6x10" 9,109 = 10"
proton +1.6x10" 1.673 % 10"
| neutran 1.675 x 107 |

NOT FOR SALE
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ive charge, neutrons inside the nucleus have :
::;:.g: _tThe cha?ge on an electron or proton (as shoWﬂ"i?I \':!2;[3?3?: }sth?dtn figure
elementary or fundamental charge because all known charges are “_: 1:};:'bean
electrons and protons and so all charges are integer multiples of the fun:samzp of
charge. P
As all the matter is made of atoms, thus every material object has charges in it. wi
often do not notice the effects of electrical charges because most objects r;a\,:
the same number of electrons and protons in them (therefore we have equal and
opposite charges) and as a result the net effect is zero and so these objects are
electrically neutral.
Electrification: Electric charge is not created in [
the process of charging objects, charges are Rub a balloon
only transferred between the objects. In| with your
electrification experiments in figure 3.2, it is| hairs for
seen that silk cloth/animal fur also attained a:‘;’:':l:d":eit
charge. Thus, in those experiments, charge was to the wall. It
not produced rather it was only transferred and | will cling to
we can say that objects can be charged by | it. Why?
removal or addition of charges (specifically Explain.
electrons) called electrification.

Since electrons can be transferred easily therefore if an object has a...

© Positive (+) charge - means it has less electrons than normal
© Negative (-) charge - means it has more electrons than normal
13.2 ELECTROSTATIC INDUCTION

Achange in distribes ,
o n::ﬁfy’::‘““butmn of electrical charge in an object, caused by the influence
bringing a n:ﬂm; is called electrostatic induction. This effect may be shown by
which is mucr?{atwe[? c!-a rged rubber strip near to an insulated metal sphere X
sphere M8 a similar sphere Y (as shown in Figure 13.5 - a). Electrons in the
; sarerepelled to the far side of Y,
m)é :n::: i‘:i a ;‘rl‘i S€parated, with the charged
Positive cha Position, X is left with a

Y b rge (deficient of electrons) and

‘FIGURE 134 ~linduction

sa Negative charge (excess of

e ) ::s shown in Figure 13.5-b. In

e mzhe ectrostatic induction can be
arge objects asin Figure13.5- ¢,




working: In order to detect charge on a body we toyc|

h the metal ball with it. For -..‘?

;; example, if we touch it with negatively charged rubber i ‘ .
; electrons will be transferred to the ball and then they wills Sﬂ:le of its excess
Metal Separating - Rubber strip ) . metal rod and the metal foil. The flexible metal leaf wi Pread throughout the
Negatively charged  Spheres Spheres removed. : will be repelled by the simi
Esamh\'ge'fr nﬁr! — : | charge on the metal rod and will move away from the rog by rising hi similar
\ij : : ) = electrons are transferred to the electroscope, the metal leafgv.dlfh:-' A:.morf_-
i G Alternatively if the rod is positively charged it wil| attract ele:tronss:m igher,
i .F - i electroscope, leaving a net positive charge on it, Once again the foil will rise m the.
F e i
Insulating However, to test the nature of charge on the body we charge the electroscope
base (a) with some known charge first. Now if the same charge is added to themetalball it
= 13.3 ELECTROSCOPE will increase dwerge.nce of fl !:exl bh.a metal leaf and opposite charge will decrease
Electroscope is a device used for detecting and testing the divergence allowing us to identify the unknown charge on the body,
S R T SRR e o :
3 ur hair tor some time and turn on a water faucet
A A other‘ have a very small but steady stream trickling out. Bring a balloc:r mal{l.;t::"uﬁl.?hmtn '
A simple form of electroscope consists of a metal b?r . What happens? -
which has a metallic sphere (ball) at its upper end. Thin ;
flexible metal leaf (made of gold, silver, copper ar any '.I 13.4 COULOMB’S LAW
other metal) is attached to the lower end of I:netal bar. | Statement: Theelectric force between Wi it st
i i lated housing as 3
E::;g:;;?;ﬂwd bl 4 © directly proportional to the product of the charges;
s o "
Inversely proportional to the square of the distance between them and

FIGURE 43.7/- Elecfroscope.

| _—
| : © isdirected along the line Joining these charges.

| el . :

[ = ..5[,
1 Charged rubber V‘» il
| Metal ball -
| | -
Metal bar (g, IPsulation =
| 5 Thin metal [ = ‘,{?q;
| R foil (leaf) " R
" A?&é. Chgrges with same E/E{ Charges with
| 1 sign repel each & opposite sign attract
[aj other W‘h nther
| (B)

J
NOT FOR SALE
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Consider two point charges q, and g, separated by distance I

P

as shown in figure

13.8. By definition of Coutomb's law

Fp o q@; __CD
NI TR o
r

Combining equation 1 and equation 2, we get

TIPIPGIRECHATae =N
Caulbmb's law can only be
applied to point charges
{charges of very srnall
size). Practically the
charged objects are
considered point charges if
the separation between the

charges is made large as |
compared to the size of the
charged objects.

| aere—

Equation 13.1 gives coulomb force, where k is a constant of propertionality and
" is called the Coulomb constant. Here the charges ‘g," and ‘q,’ are considered as
point charges as distance ‘¢ is considered large as compared to their size.

COULOMB!S CONSTANT
The Coulomb canstant k for vacuum in Sl units has the valie 9 = 10" Nm*/C’, this constant
is also written in the form

q4
F[ [ 8 —-—r—rl

Changing the sign of proportionality into equality

4ne,
Where the constant g, (lowercase Greek epsilon) is kriown as the permittivity of free
space (vacuum) and has the value 8.85 #10™ Ci/Nm’. Putting this value in above
equation 3 we get the value of coulomb's constant k = 8.998:x10"Nm'/C'.

The value of the Coulomb constant depends on the medium between the charges. If the
space in between charges has matter init, the value of the Coulomb’s constant changes
and as a result coulomb force changes. For any medium other than vacuum, the
coulomb’s constant has the form

1

k=-—

4ne
The quantity € is called permittivity of the material. A material medium with high
permittivity is a medium which reduces the coulomb force between the charges toa
greater degree as compared to the case where the charges are in vacuum. The
permittivity for air (.} is stightly greater than permittivity for vacuum the &, for most

practical purposes they are taken as equal.
NOT FOR SALE

P The attraction of an uncharged object by a charged
o gbject near it is due to electrostatic induction, For
,'. example, it is the reason for the opening question ‘Why
T after running a plastic comb through our hair on a dry
day does the comb attract small pieces of paper?’. The
o influence of the charge on the comb redistributes the
charges in the paper due to electrostatic induction.
0 charges in the pieces of paper with the same sign

: charges with opposite sign are pulled closer. ‘;!111?:11,:::? ;dewmae
: attractive force due to the closer opposite sign charges is greater than ;mm the
due to the same sign charges which have been pushed further away As"@ﬁllslnn ;

forces decreases as distance between similar charge is increased, on &e-mwimh
increases for dissimilar charges, as a result it overcomes inertia ; . tlﬁ;mlhandit
of paper. This creates a net attractive force which pulls the paper toward lhem

We have noticed that Coulomb’s law is similar to Newton’s law of universal

iali 1

Electric Force Comparison Gravitational Force
Force is between charge betwee
as key quantity Coulomb Force is bath o iskw quanmaﬁ .
Z attractive or repulsive, e
F_ while the gravitational ® @
o, q, force is only attractive m m
y 0
Foo q Force varies directly with =
P _
product of key quantity Fg o mym,
{charge/mass)
Fz - -_1- Force varies with square of -
o distance between the key F, x_T_
G
_______‘__‘___—__—__- quantities {charge/mass) r
F q Equations are similar with
£ = k-;_‘%- appropriate constant F _cmm,
‘—_______ applied FG =0 rt J
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How adhesive tape work? Since the electrostatic force
depends on the inverse square of the distance between
the charges, it becomes larger for smaller distances,
such as those involved when a strip of adhesive tape is
stuck to a smooth surface. Electrons shift over the small

distances between the tape and the surface. As a 6“‘
result, the materials become oppositely charged. Since f |
the distance between. the charges is relatively small, @
the electrostatic force of attraction is large enough to

contribute to the adhesive bond. '

EXAMPLE 13.1: FORCE BETWEEN PROTONS

The two protons and two neutrons in the nucleus of the helium atom are held
together by the strong force, which is required to overcome the electrostatic
repulsion between the protons. The charge of each protonis g, = +1.6 %107 C. A
distance of approximately r=2 x 10" m separates the two protons. Calculate the
magnitude of the electrostatic force between the protons.

GIVEN

Charge onproton ‘g,’ =+1.6x 10" C.
"Distance ‘r'=2x10"m

Coulomb Constant 'k’ =9x 10" Nm*/C*

§DLUT|0H: Using Coulomb's Law, we can find the force

REQUIRED
Force 'F,' =1

b
F, = kq’rqu

4

: Nm? (1.6 x10™ C)x(1.6 x10™ C)
Putting values  F. =9x10° !
2 = 2x10™ m)’

EXTENSION.EXERCISEA312
Considering the small size Qf
nuclear particles, 58N is avery
large force. How are the
protons kept together in the
nucleus?

‘Hence F. =57.6N =53N—-W

Therefore, the twa protons in the atomic nucleus
of a helium atom push each-other with a force of
58 N.

RGSIGNMENT. 1341 FORCE BETWEEN CHARGED METAL SPHEREe
Asmall metal sphere with a charge of - 2.10 x 10° C is brought nea
sphere with a positive charge of 1.50 x 10° C so that the dlstancerbf.'tweean ider:.“tc;:

centres of the two spheres is 3.30 cm. Calculate the magnitude of ¢
each charge exerts on the other. he force that

13.5 ELECTRIC FIELD AND ITS INTENSITY

The region around a charge in which an electric test charge would experience an
electric force is called electric field, and the strength of the field (equal to the
force experience by a (+ 1C) test charge) at any point is called electric field
intensity.

An electric field exi;t in the region of space around a charged object in three
dimensions. When another charged object enters this electric field, an electric
force acts on it even without any physical contact between the charges,

il T e

PG

(a) P OA'?' {b) k
e O

r
@-" If q is positive then ' b If g is negative then
electric field at point G electric field at point
P paints radially q P points radially
: outwards inwards

Consider a small positive test ch
shown in figure 13.9. Now the el

f Y
orce Fe acting on unit positive ch
» Mathematically

Equation 13,
lectric fiel
intensity is newton
Quantity j

uld move under t

2 gives th .

intensity, T: "S'lr'lthemauca[ form of | does not effect charge
- The SI unit of electric field | distribution on object and

avin per coulomb (NC"). It is a vector | distort the field created by

charge we, g direction in which a positive test | S°Urce (original) charge.

heinfluence of force.

arge g, near the greater magnitude charge q as
ectric field E at any point in space is defined as the
arge q,, divided by the magnitude of test charge

By convention, test charge
is always taken as positive.
The size of test charge is
kept small, such that it

NOT FOR SALE




B cwobotss - . .
field is to draw lines that follow the same

jze an ElECtﬁE
field intensity vector

An easy way to visual
directionasthe electric
electric field lin- =

E at any point. These lines are called

For a positive point charge, For a negative point charge,
the lines radiate radially - the lines converge radially
outwards 5 inwards

visualize the electric field. Electric field
e direction and strength of the field at
adially outward for a positive charge

Electric field intensity vectors help to
‘ lines are a kind of “map” that gives th
various places. The direction of the linesisr
and radially inward for a negative charge as shown in figure 13:10.
EXAIPLE 2 EVECTICHELO NS
Apositive test charge of 30 uC i placed in an electric field. Force on it is 0.600N.
What is the magnitude of electric field at the location of test charge?

GIVEN =
Test Charge g,=30uC=30x10°C. BEQUIRED
Force ‘F,' =0.600N Electric field intensity ‘E"=7
SOLUTION: By defnition of electri field intensity -k
%
Putting values E = 0.600N
30x10*C

Hence  E=2,00x10*NC" ._
Therefore, the magnitude of electric field is 2 x 10° N/C

NOT FOR SALE

rm field of strength 2 NC*, what force will it

experience?
13.6 ELECTRIC POTENTIAL

The electric potential energy ‘U’ per unit charge ‘g’
electric potential V. 8€ °q"in an electric field is called

The electric potential units of joules per coulomb (J C"), or volt (V) in h
Italian scientist Alessandro Volta. The potential at a paint is one volt 1::2; ::

requires one joule of work to move a positive char
ge of one co
of ZERO potential to that point. URceb frionm a point

1joule
1coulomb
The concept of electric potential is closely related to electric field. Electric field
::::1 the force per unit charge, whereas the electric potential is the energy per unit
arge. However electric potential is a scalar quantity. Since, it is easier to solve

problems with scalars, th o
: , therefore, it is simpler to sol : S h
potential rather than electric field,. P ve problems with electric

ivolt =

L . A
t us consider a positive charge +q is

placed in an electric fi
‘ field at point B
shown in the figure 13,11, i p

allowed tq move freely,

If the charge is »
it will acquire

kinetic ene i
iy rgy and will move from B to A. =3
g rey' We can say that an external o< mg_.__..E
i W::l‘t:d tu.keep the charge at rest

o uniform velocity from A to : : >

At produce the

Nnte that the e

ke Sk

Ele:tt? be at infinity, meaning a large distance from the charges

hoice ric field, and the electric potential at A is taken to be zero.
of zero potential at infinity is taken arbitrarily and for

: NOT FOR SALE




simplicity, such that

In equation,13:5, V (by definition) the Work that must be done against the Electric
Field to bring a test charge g from infinity to a specific location.

- [POSITIVE/ANDINEGATIVEWORKIDONE:
LN The work done W,, in moving charge +q from point A to point B can be positive
@) negative or zero, thus the potential at point B can be higher, lower or equal to
potential at point A.

For example, in order for a positive test charge to
W>0 be brought closer to an isolated positive charge
ViV, +q. The work must be done by an external agent,

+q g the work done in this case is positive. In this case,
q A the electric potential at point B is higher than
electric potential at point A. Alternately, we can

observe that V, > V, by noting that the electric field
wiould push a positive charge from B to A, which is
always from high potential to low potential.

On the other hand, if the isolated charge is
W<0 negative (-g), the positive test charge must be
V<V, restrained from moving from point A to point B and
the work done must be negative. In this case, the
electric potential at point B is lower than electric
potential at point A. Alternately, we can observe
that VB < VA by noting that the electric field would
pull a positive charge from A to B, which is always
from high potential (A) to low potential (B).

EXAMPLE 13.3: WORK DONE
How much work must be done to increase the potential of a charge 2.5 x 107 Cby

100V?

NOT FOR SALE

m.-;w.frm

GIVEN

Charge ‘q' -_‘z.sxfO"C EEQL“RED " _. ";
Wﬂfkﬂune‘w-.q N

Change in potential ‘AV’ =100V
SOLUTION: By definition of electric potential
w

ey T e How the units coulomb ()
multiplied
putting values W =2.5x107 Cx100V gives jnﬁ:j;?m

Hence W =2.5x10%J —m
IGNMENTA13:3:WORK DONE'IN AN ELECTRIC FiELD

How much work s done in moving a charge of 3 C from a poj
int at
point at 138 V in an electric field? Pematiioiing

13.7 PRACTICAL APPLICATIONS OF ELECTROSTATICS
Electrostatic phenomena has wide applicationsin daily life.

A, Eleetr racipitatar and dust Electrostatic phenomena can
: I:SI::I to_separate dust from smoke particles. To reduce air pollution, modern day
rel:; iurn.lng power stations extract dust from the smoke in chimneys before

asing r tothe envircent by a process called electrostatic precipitation.
tatic Precipitation

————
-

Megatively
Charged




@

a wire

gauze) and negatively charged plates as shown in the figure 13.12. When smoke
rising from chimney containing smoke and dust particles pass through the
positively charged grid they acquire a positive charge. These charged particles are
attracted by the negatively charged plate and are deposited on them. Thus, the
smoke coming out of chimney is free from dust and other particles.

B. Electro painting: Electrostatic spray painting is a method in which
electrostatically charged paint is applied as shown in figure 13.13. This method
reduce the paint usage and uneven coating that result from using a regular spray

painter, both for powder and liquid paint.

One type of system applies a negative electric charge to the paint while it isin the
container. Other systems apply the charge in the barrel of the spray painter gun.
The paint is then pushed through the gun, rubbing against the side, and gaining a
static electric charge as it moves. Since the paint particles all have the same
charge, they repel each other. This helps to distribute the paint particles evenly
and get uniform coverage.
Usually the object being painted is metal and grounded, but almost any product
can be finished electrostatically. The paint particles have a charge so they are
attracted to the opposite charge of the object being painted. This makes the
particles less likely tostay in the air.
13.8 DANGERS OF STATIC CHARGE

Apart from useful applications of electrostatics - it can sometimes be dangerous.
For example, lightning is the result of large scale charge separation occurring
within a thundercloud. Lightning involves the dielectric breakdown of air. Charge
separation occurs within a thundercloud; the top of the cloud becomes positive

and the lower part becomes negative.

NOT FOR SALE

thundercloud induces positive charge on the
Earth just underneath the cloud as shown in
figure 13.14. When the electric fielg
between the cloud and the earth becomes
large enough, the air undergoes dielectric
breakdown, meaning it momentarily
becomes a good conductor of electricity
allowing the negative charge to jump from
the cloud to the earth. A lightning channel s
completed and electrons rush to the ground
making the channel glow in the process, A
total of about 20 C to 25 € of electronic
charge is transferred from the thundercloud
to the surface.

Positive charge being
induced on ground

Lightning conductors/rods: The purpose of
L'rgrftning conductors is to protect structures
against direct lightning strikes, By catching the
lightning and funning the discharge current to
Ea:ht they ?void damage connected with the
ag Ln.lng strike itself and circulation of the
Ssociated current,

How
.£an we protect oqur self during a

;:::r:z:{tarw? We should stay indoors or in an

i WE:E if possible. When caught in the

i ;ree- s_hm:ild kt‘aep low, stay away from any

- » 1f lightning strikes the tree, charge

Su-l'facei-i lcll'ov.rn the tree and then along the
Putusin danger,

.

If tra i ;
"Eepingzﬁm h;n such situation we should try to g0 in a nearby ditch or low spot
rhead low and feet as close together as possible.
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13.9 CAPACITOR

Capacitor is a device used for storing charge, it consists of two conductors
separated from (without touching) each other, carrying charges of equal
magnitude but opposite sign. :

Figure 13.15 shows the basic elements of any capacitor
— two isolated conductors (having charge +Q and -Q) of
any shape. No matter what their geometry, flat or not, . _fi-’
we call these conductors plates. Each capacitor plate
carries a charge of the same magnitude, one positive
and the other negative. Due to the charges, the electric 10
potential of the positive plate exceeds that of the | ]
negative plate by anamount V.
The insulating medium that separates the plates of capacitor (air or some other
insulating material) is referred to as dielectric. [ TR

Capacitance of capacitor: The capacitance C of a
capacitor, is the ratio of the magnitude of the charge
on either conductor to the magnitude of the potential
difference between them.

When charge Q is increased on the plates of the
capacitor the potential difference V also increases and
vice versa as shown in figure 13.16 , thus we can write

FIGURE 13:1544

Q=V or Q=CvV L J
Where C is the constant of proportionality and is called the capacitance of a
capacitor.
therefore

The capacitance of a capacitor is the amount of charge the capacitor can store
per unit of potential difference. The capacitance of a capacitor depends upon the
size and shape of the plates. Italso depends upon the separation and the nature of
insulating material in-between the plates.

Units of Capacitance The S! unit of capacitance is coulombs per volt or the farad
(F), named in honor of Michael Faraday, such that

1F=1C/V

NOT FOR SALE

- Sizes and sha

+ In practice, typ; ~

capacitances ranging from microfarads (10*F) to picof
arads (10

purposes, capacitors often are labeled F" F). For practic
picofarads. Hr for microfarads ang “pF" i‘t:‘rI
Capacitors can be charged by applying a potentia|

difference across its plates by using a battery, 4

charging of parallel plate capacitor by using- a = Q

battery, as shown in Fig. 13,17,

Note that if we double the voltage, we would not
do anything to the capacitance, Instead, we
would double the charge stored on the capacitor,
However, if we try to overfill the capacitor b;lr
placing too much voltage across it, the electric +
field between the plates will become so strong
that dielectric breakdown will occur causing
current to spark between the plates, destroying

the capacitor. Thus capaci
. pacitors ha i
ltage! Ve @ maximum | Parallél Plate Capacitor

13.10 TYPES OF CAPACITORS
There are different t

ypes ot: Capacitors. These capacitors are of various -
_D.ES, depending upon their construction and dielectric used
5 capmr::) » @ach one has its own set of cha racteristics and applications.

rs may have fixed or variable capacitance values,

between the

Electrnlytic tubular ca

pacitor is the most
about 1 Microfarad, popular for values greater than

Biven volume i having one ‘uf tl'.le highest levels of capacitance for a
alumingm w:ith S Lype of capacitor is constructed by using two thin foils of
Sha ’ leads for proper polarity connection. An electrolyte-

Paper sheet is placed between them and the two plates are wound

around g
assh n One another and placed in a can with emerging leads ready touse
OWn in figure 13. 1,

€, typical devices have g

W



Electrolytic
tubular
capacitor

conductor :'\

insulator ]

:m::c gab ] / 5 3 e T
INSIDE A CAPACITOR | . 5 B
Tubular capacitors that |
are not in use can be torn
apart to look how is it
made from inside. They
are metals foils wrapped |
fn a tubular shaped | __ & =  |ESUOSESSSEET SO
cylinder separated by A disassembled The metal foil and Mylar
paper acting as insulating capacitor, showing the  sandwich shown can be rolled
material between the  foil conducting plates  up with an insulating layer to
conductors as dielectric. and the thin sheet of produce a capacitor with a
insulating material. compact geometry.

=3}

EXAMPLE | 34:

Atypical capaci

the plates, what is the voltage across the capacitor?

GIVEN REQUIRED
Chargeq=5pC=5x%10"C. Voltage ‘V’ =7

Capacitance ‘C' =0.10pF=0.10x 10°F

SOLUTION: The capacitance of capacitor is C=

Im"ja':_c -f Elecrosiatics
V= g —‘—-—_-—‘_m
r C Putting values v=_3x10%C S
S A ———
0.10x10%F

o]

5x16% ¢

V =
~—————> Hence V=
0.10x16% % sov w
Therefore, the

ltage across the capacitor in Mp3 player is 50
RN MR A CAPACITANGED '

or

-

The potential difference across the plates of the ca

on each plateis 0,02 C. What is the capacitance of th pacitor is 500 V, The charge

E Capacitor?

—

During a heart attack, the heart produces a'I
rapid, unregulated pattern of beats, a condition |
k_nuwn as cardiac fibrillation. Cardiac
fibrillation can often be stopped by sending a
very fast discharge of electrical energy through
the heart. For this purpose, emergency medical [
personnel use defibrillators, such as the one,
being used in Figure. A paddle is connected to
each plate of a large capacitor, and the paddles

=T are placed on th
::Dal:ltnnscharged toa potential dlffe're:ceof about a:h;hzd"f:uflﬁ SR
© capacitor is then discharged in a few thousandths of a second; the discharge’

Current
seconds I::ﬂ:s through a paddle, the heart, and the other paddle. Within a few
» M€ Neart often returns to its normal beating pattern, J
13; =
| 11 COMBINATION OF CAPACITORS
N practj ¢
Wit Z':: tWo or more capacitors are sometimes joined together. In studying
gt ﬂt& we use a simplified pictorial representation called a circuit
. a di " . s =

elements. s i agram uses circuit symbols to represent various circuit

bt reuit symbols are connected by straight lines that represent the

X the circuit elements. The circuit symbol for capacitoris | |- |
« Serjeg Comb I

Plate then g,

“APacitance ¢

Wires by

ination of Capacitors: When the capacitors are connected plate to
By are said to be connected in series, three capacitors having
v C;and C, are shown in the figure 13.19 as series combination.



=

+1||'_-
A

When battery is connected to a series combination of cap‘acitors. the same current
flows through each capacitor which means charge of +Qis placed on the left plate
of each capacitor and an equal charge of -Qon the right plate of ear:h capacitor. As
aresult each capacitor getsan equal amount of charge Qon each of its plates.

Q=0=%=-0—0@

When the three capacitors in the circuit are charged, the sum of the potential

drops across all three must equal the potential difference sup|

V=V, 4V, 1Y ——@
Q or v=g

Since the capacitance of capacitor is =?

(o

Therefore, each voltage can be written as

Qi V Qt == g?_ d V=—

=—= ==X and V3= an

\4 C, and ¥z c, s=E .

Where C, is the equivalent capacitance of a single capacitor that has the same
effect on the circuit as the series combination when it is connec

Hence equation 2 can be writtenas

Q_2.%.Q
e A R ©

From equation 1 in equation 3 can be written as

plied by the battery.

e S e e e " S N SRR T S R B

ted to the battery. |

From equation 13.7 and equation 13.8 it is clear that in
equivalent capacitance is always smaller than any in
combination.

series combination, the
dividual capacitance in

13155 SERIES COMBINATION OF CAPACITORS

Two capacitors of 5 pF and 10 pF are connected in series with the external source

of voltage is 100 V. Calculate the total capacitance and the potential drop across
each capacitor. .

GIVEN:

Capacitor C, =5 pF = 5 x 10*F
Capacitor C, = 10 pF = 10 x 10* F
Voltage V = 100 v

WANTED:
Equivalent capacitance C,, =1
Potential drops V, and V, =2 -

SOLUTION:  For Series Combination the equivalent capacitance is

1 1 1 1 G+(
i =T
& G G 2 £ 6
v GC 4 %
OF C, =1 - 5x10®* Fx10x10°F
. 3 Putt; =
G +C g el Ce 5x10°F+10=10°F
or _ 5010 F?
“  15x10%F

G =33310% 3.3 ur — (D

In serj i
o nels combination, the charge remains the same g, = q, = Q
charge on each capacitor is Q=CVv

Putting values  Q = 3.33x104F x 100V

NOT FOR SALE
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Hence Q=3.33x107C
Therefore gq,=g,=Q=3.33x10°C

However, series combination of circuit elements the voltage splits, the voltage

across capacitor €, and capacitor C,as V,and V;, respectively

" . 3.33x10° C
Vi= ¢, Putting values V== H0°F

V,=0.666x10"V = 66.6V -

..._Q ' v 3.33x10" C
1R Putting values 1= 0x10°F

V, =0.333x 10V = 33.3V

Note that V, + V, = 66.6 + 33.3=100=V, that is the battery voltage is split between
the two capacitors.

Two capacitors of capacitance 3 yF and 6 pF are connected in series to a 100V
battery. Calculate the equivalent capacitance and the voltage across each
capacitor. :

B. Parallel Combination of capacitors: When the capacitors are connected in
different branches of the circuit, the capacitors are said to be connected in
parallel. Three capacitors having capacitance C,, C, and C, are shown in the figure
13.20as parallel combination.
In this configuration, the potential applied across each capacitor is same and is
equal to the applied potential.

Vi=V, =V, =V _®

Depending upon the capacitance, the capacitors acquire different amount of
charges. Conservation of charge requires that the charge Q of the equivalent
capacitor be equal to the sum of the charges on the individual capacitors. Such
that the total charge is the sum of all the individual charges.

Q=Q,+Q,+Q, —0
NOT FOR SALE
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;

<
-

e

Since the capacitance of capacitor is ;!’“J He=
C= Q or Q=CV o5
; wase ploppic
Therefore, each charge can be written as

Qizcivt aﬂd Q1=szz and QJ:CJH‘ and Q=C¢v

Where C, is t
effect on the :’fr:‘!:'i‘ﬂlent capacitance of a single capacitor that has the same
uitas the series combination when it is connected to the battery.

HEﬁcE. .
©quation 2 can be written as CV=CV,+CV, + Y, __@

Puttin .
8 equation 1 in equation 3 we get CV=CV+CV+CV

o CV=V(C+G+E)

Therefore |'C',,=(Z,-g-.';,'1.|~f::3 ’__ﬂ
NOT FOR SALE




R cuctostotics 35 R Ectriets _
n f citors connected in parallel pumm—————
Generally for ‘n’ number of capa > .- ASSIGNME"'_‘TH .61 PARALLEL CMEIHATIDN OF CAPACITORS
E, sl 1 Gy 1G5 80 es | C, AELI 0 capacitors of capacitance 3 pF and 6 yF are connected in PSR B0
From equation 13.9 and equation 13.10 it is clear that in parallel combination the

pattery. Find the equivalent capacitance and charge on each capacitor.
equivalent capacitance is always greater than any individual capacitance in

combination.

EXAMPLE 13.61

Two capacitors of 4 yF and 8 F arein parallel.
voltage is 100 V. Calculate the total capacitance and the charge on each

capacitor.

Electrostatics: The study of charges at rest,
Electrostatic Induction: The process of charging without physical contact
Electroscope: Instrument used for the detection and testing of electric charge

1§ Coulomb's Law: The electric force between two stationary point ¢
{z| proportional tothe product of the charges and inversely propo rﬁnnh:l?:ﬂ::imw
7| of the distance between them. square
Electric field: The region around a charge where another charge will

electrostatic force. rge will experience an

SARALLEICONBINATIONIO

GWEH.: i WAhIITED: | Electric_f‘fetd Intensity: The strength of the field at any point, given as the force per
Capacitor C, =4 yF = Equivalent capacitance C, =7 undt positive test charge.
i R 8x10°F o 0; 8nd 0 = ? Electric field lines: Representative lines for the electric field intensity.

Electric potential: The electric potential energy per unit charge inan electric field.

| Capacitor: The device used for storing electrical energy.

.:;-rilei combination of capacitors: The combination of capacitors connected plate
plate,

Parallel combination of ca it H inati i
g pacitors: The combination of capacitors ected
different branches of circuit. B 4

Voltage V=100V .
SOLUTION: For Parallel Combination, the equivalen
¥ {,:e e El +C1

t capacitance is

Putting values €, =4x10°F+8x 10*F

Therefore €, =12x10* F=12pF —rT
A ‘AIRCRAFT ENGINEERING’: Research why aircrafts are always

0siti :
Eon::fi]:iif charged when flying. This is seen when an aircraft lands during dry
down whs.-l huge sparks are released to Earth as soon s the aircraft touches
» What problems are faced by air craft engineers and what remedial

Measurements are take
‘ n. Pr i
with class fellows. epare a presentation to share your research

piinps su:;:ETF:GL STATION’: Research why there are warning signs in petrol
are the chaa$ turn off your vehicle’ or ‘do not use your cell phone’. What
hazards of Nces of petrol being ignited? Prepare a chart to display the
GROUP ¢ Static electricity at petrol station.

UNIT NAME AFTER SCIENTISTS": Choose the name of an electric

unit, such
i as coulomb, volt, or farad and research the life and work of the
stafter whom it was named.

In parallel combination the voltage remains the same V, = V.=V

Sincé the applied voltage V=100 V, therefore V, = V, = V=100V

In parallel combination the charge splits, the charge stored in firs
is

t capacitor C;

q,=CV Puttingvalues g, =4x10°Cx100V

g, =400x10° C =400 u C (AT wED)
' i apacitor
In parallel combination the charge splits, the charge stored in second capact
G is

wi—lomeoioT

g, =GV Putting values ¢, .—.le10" Cx100V

¢, =800x10* C=800 1 C — (000
NOT FOR SALE | | NOT FOR SALE




m Electrostatics ' m

Write a brief essay for school magazine on this person and include a|

: @ Four identical 1 pF capacitors are connected together electri
2l discussion of the work that justified the honor of having a unit named after is the least possible capacitance of the combination? rically. What
o CRAFTS': When refueling oil ' AdyF  BAW C.UM4F  D./gyF
' “REFUELING OIL TANKERS AND AIR : When refueling of tar C ‘hasacharge Q' :
e f:rﬂl:rz :r :%rcrafts the fuel rubbing along the pipe as it flows through it can @ Acapacitor C : b rgeQ'. The thual charges on its plates are-
=} causean electrostatic charge, if this sparks. It could ignite the Etf:IUEl causing a A.Q,Q : .Q.-qQ D.Q/2,-Q/2
: : i ken to reduce the risks
fire or explosion, What preventive measures can beta : : e
c of fire exElnsinn? Prepare a chart to display in the classroom. {CONCERTUATSQUESTIONS &
i GROUP E ‘ELECTROSCOPE': Make your own electroscope of simple objects Give a brief response to the following questions
S! and donate it to the school taboratory. (@ Normally, objects with large number of electrons are electrically neutral
Why? ¥
@How does shuffling feet across a carpet cause hair to stand on our body ?
- @ why neutral objec x
@ When combing our hair, we shift electrons from our hair onto the comb. o wh” ::: ;C esjnf ts a’er": l"i'-'?y;attr acted by charged object? Not repelled.
The charge on our hairs s therrtouc':;u e paper initially attracted by charged comb fly away when
i B. negative C.zero D. infinite :
A. positive e-ga Y S it necessary for a charged body actually to touch the ball of the
’ C @ Thewitar e Elo b €. volt 0. alectronvolt electroscope for the leaves to diverge? Defend your answer.
9 A.farad  B.coulom ’ : How electrostatic painti : .
“\_P? 8 © initially, sphere A has a charge of -50e and sphere B has a charge of +20e. @Why are lightol s pa‘:““ﬁ is bEtterthanlcnnventmnal spray painting?
3 = The sph’eres are made of conducting material and are identical in size. If theyprctegp ng rods normally at a higher elevation than the buildings
' i here A? £
the spheres then touch, what is the resulting charge on sp What _ _
A. +15e B.-15e C.+35e D.-3%e © plafele::l:n';:f‘uﬁ" if two insulating plates were used instead of conducting
' ; i 3 a capacitor?
@ If the distance between two charged particles is halved, the Coulomb & Sum of the Char@:nn'bjth . " ;
1|  forcebetween the twocharged particles becomes capacitor store? plates of a capacitor is zero. What does a
@l A.half B.onequarter  C.double D. four times You wish to store a lar
ge amount of energy in a capacitor bank, would you
E connec ; sy ap ' yo
@ Ihe"la'ue :z:::;;“bm"smt ks ‘;EI::::: ::i S tcapacitorsin series or parallel? Explain,
.valueo A
3' C.separationbetweencharges  D.allof these ; -EOMERE'HEﬁSWE:; QUESTIONS
= @ an additional capacitor is added to a group of capacitors alreacy Bt _
5! connectedin series, the equivalent capacitance | I What is electr Fesponse to the following questions
1Ml A increase B.staythesame C.decrease  D.goestozer0 . hel Erperir;-fef:::rgﬂ How objects can be electrified? Describe with the
é_ @ The unit of electric potential is X &{h::::eiemma“ i _
S| A.farad  B.coulom* C. volt D. NC' What is the funce cinduction? Explain. .
S the presence anij Lnn of electroscope? How can we use electroscope to find

ature of charge ona body?

e "
NOTFORSALE
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6 State and explain Coulomb's Law.
what is meant by electric field and electric field intensity? How the field
lines represent the electric field for isolated positive and negative point
arges!
atiselectric potential? {nwhat units We measure electric potentiall

Give some practical applications inwhich electric field is useful.
How lightning occurs? How can We safeguard ourselves from lightning
hazard?
What is capacitor? pefine capacitance and its units.
@ What is seriescurnbination of capacitors? How we can determine equivalent
capacitors for different capacitors connected in series?

@ What is parallel combination of capacitors? How we cai determine
equivalent capacitors for different capacitors connected in parallel?

Determine the magnitude of the electric force on the electron of a

hydrogen atem exerted by the single proton that is the atom's nucleus.

Assume the average distance between the electron and the proton is
r=5.3x10"m and charge on electrons and protonis 1.6 %1 o"C.

? A5 pC point charge is placed 20 cm fromai0pC point charge. (a) Calculate
the force experienced by the 5 uC charge. (b) Whatis the force on the 10pC
charge? (c) What isthe field strength20cm fromthe 10pC point charge?

G’ In a certain region of space, @ uniform electric field has 2 magnitude of

4.60 x 10" N/C and points in the positive x-direction. Find the magnitude
and direction of the force this field exerts on a charge of (a) +2.80pC (b}~
9.304C..

g’The potential difference between two points is 110 V. When an unknown

charge is moved between these two points, the work done is 550 J. What 1
he amount of charge?

The capacitance of a capacitor is 3200 pF. If the pctentia'. difference

between itsplatesis 220V. What is the charge on eachof its plates?

@ Three capacitors of capacitance 1 yF, 2 pf and 3 yF are connected in series

to a 110 V battery. Calculate the equivalent capacitance and voltag®
cross each capacitor.

Two capacitors ofcapacitance 2 pF and 3 pF are connected in parallet to@ v

battery: Calculate the equivalent capacitance and the charge ON eac!

mEzaAHcola

After studying this chapter
: you should be
+ define electric current. e |

+ describe the concept of conventional current |

% ta pﬂ 4] r Po -
¥ unders |]1|““IE ten a[ dlffEI'Ei e acrossac

ircuit com II.E"taIIdIlaI"E"SLII‘I.‘It
NN - descr be Ohm's law a"d its lllllltatiDIIS.UJZ

-
g « define resistance and its unit(Q).

A calculate the effecti i
m; ol ve resistance of a number of resistances connected in series

ir| + describe the fac
2 factars affecting the resi
N s L rest e i
i Ak ot _t?, islam:t s of a metallic conductor.

3
=3

=

v sketch and inte
: rpret the V-| isti
filament tamp and a thermis rq:harat;tansl:u:_-r. graph for a metallic conductor, 2

¢ describe how
energy is dissi i i
~ apply th ; pated in a resistance and lai f
e equation E= 1.Vt = 'Rt =V t/Rtosolve num;-xiﬁ.):::ltI :rf;:: o

¥ calculate the
: ; cost of energy when gi
¥ distinguish betweanD.C a?:;m zn given the cost per KWh.

-z A

r=
™

s

¢ identify circui
rcuit compon
; nents such as switches, resistors batteriesetc
i X

¥ describe th
e use of
voltmete of electrical measuri
r (construction and working ::i giﬂcfultike g;:_\rar;mre*ter, ammeter and

¥ construct s

imple seri :

e et iyl sd paal G/ (multiple paths)
celebration lights, our of light bulbs in series and parallel circuit such as for

¥ state the
function
“staterea s of the live, neut
50 ’ ral and earth wiresi i
& : nwhy domestic suppliesa rt m.resm the domestic main supply.
describe hazard re connected in parallel.

conditions) " 0! erectricity (da i i
¥ st h;. v (damage insulation, overheating of cables, damp

b PR ol saf
wire), ety measures in household electricity, {fuse, circuit breaker,
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UNIT14: CURRENT ELECTRICITY

14.1 Electric current
14.2 Potential difference and emf
14.3 Ohm's law

14.4 Resistance, series and parallel
combinations

non ohmic conductars

n—H4zm—4Z00

14.7 Use of circuit components
14.8 Electric measuring instruments
14.9 Direct and Alternating current
14.10 House Circuits

14.11 Electrical safety

14,12 Dangers of electricity

Key Points and Projects

Exercise

and will make us aware of our
household electricity and safety
considerations.

14.1 ELECTRIC CURRENT
“Time rate of flow of charge is called
current’.

A dwar‘ge ‘AQ' flowing through any
cross-sectional area in time ‘At',
corresponds to a current | that is
defined mathematically as

NO_TFORSALE

14.5 The |-V characteristics for ohmic and

14.6 Electrical power and Joule's law

The previous chapter was
concerned with static charges;
current electricity deals with
charges in motion. Making
charges move has many
advantages for example it helps
us light our homes, entertain
ourselves with the television
and even inside the human body
it carries signals to and from our

brain as nerve impulses. We
have harnessed electricity to
improve our quality of Lliving
and understand the life within
us. This unit introduces the

basic -concepts of electricity

The time rate at which charge
flows through the area is defined
as the current |.

— .~
Electricidy NS -
y

or bﬁ'ﬁh. For examme the

when charges flow, they can be positive, negative,
current in metals is due to flow of negatively charged S
beam of a particle accelerator is due to positively charged Pfﬂt.on: current in the
cases such as gases and electrolytes, the current is due to the flowc;f::*le in some
and negative charges. Moving charges, whether positiye or b th positive
to as charge carriers. The total currentis /=1, + /. gative, are referreqd
The S unit of current is ampere and is represented by capital —
coulomb charge flows through any cross-sectional area in one second éh n one
is one ampere. , the current
1A= 1C/s.

since coulomb is large amount of charge, therefore ampere is also a large
current. In real life situations, we deal with small values of current I?i'ke l'lf: ﬂ_rf
amperes (mA = 10”A) and micro-amperes (pA = 10°A) T
Conventional flow of current: The direction of conventional current is th
direction in which positive charges flow. e

In conductors (e.g metals), the
actual flow of current is due to
electrons which flow from
negative terminal to the positive
terminal of battery. However,
before the discovery of ehat:trf:.-r:r
fthe current was assumed to ﬂmn; '
fD"'_l Positive to negative '__ﬁ—* =
terminal of the battery even for / J
conductors, | v
This assumed directio

Practh:gl purposes
Negative charge 1.
electrgp flow

\BIGURE14.2 - Direction of current

Electronic current flow

- —

T e
Conventional current flow

pgsc;f current flow is now called conventional current. For
'tive charge moving in one direction is equivalent to

'8¢ moving in o 3
pposite d[rectinnl Both conventi
are used by in dustry, ntional current and

o 14.1',&}‘19““? ;

TR 1_1_ Y I OF c

Anew battery ic P —— HARGE TO BATTERY
6.7 Afor 5.0h, Hiw

ed
rnrlg:ch at the battery shop charging station using a current of
charge passes through to the battery?




N corrent Blectricity : 136
GIVEN REQUIRED
Current'l’ =6.7A Charge 'AQ =7

Time ‘At’ =5 hrs=5x60x 60 = 18000

SOLUTION: By definition of electric current I= = or AQ=IxAt

- Putting values e.Q:ﬁ.'.’AﬂBDDDs or AQ=6.?%:¢1BD005

AQ =120600C =1.2x10°C
Thus, in charging battery 0.12 MC of charge was p

rovided.

ASSIGNMENT 14.1: TRUCK STARTERCURRENE =)
hile starting an engine of a truck, its battery sets 720 C of charge in
otion for 4,00 s. How much currentis flowing?

CONDUCTORS AND INSULATORSS
Materials are broadly divided into two categories based on their electrical
properties. They are either conductors, in which charge flows freely, or
insulators that do not allow easy flow of charges.
The electronic structure of a material refers to the way in which electrons
are bound to nuclei, conductors have an electronic structure that allows
the free movement of some electrans. The positive charges of the atoms of
a conducting material do not move, since they reside in a heavy nuclei.
Metals are a typical example of solid conductors. Copper, for example, isa
very good conductor used in electrical wiring.

For insulators, no free movement of electrons occurs because the material
has no loosely bound electrons that can escape from its atoms and thereby
move freely throughout the material. Typical insulators are glass, plastic,
and cloth.

14.2 POTENTIAL DIFFERENCE AND EMF

The electric potential at one point can be higher, lower or equal to the potential
difference at other point. ‘The difference of electric potential between tW0
pointsis cal led potential difference’.

. i
5r Situation e
1 Advanced technology computer chips , it
7 | Electron beam of a TV set - =
i sy
3 | Minimum current that is dangerous when it passes through the b TPy
4 | Flash tight bulb ody =
.
5 | House hold light bulb -
=
6 | Automobile starter s
7 | Maximum current in lightning strike "
8 Maximum current carried by a superconducting niobium of 1 cm’
cross-section 10

For example in an electric circuit
which has an electric device
(electric bulb) connected across a
battery through conducting wires
as shown in figure 14.3. The charge
leaving the positive terminal of the
battery has potential energy in
device; part of this energy is lost
(converted to other forms of
energy). Thus, there is a difference |
of potential energy per coulomb of |
charge. (q) from once side of the
iesl:ctnc device to the other, which
€rmed as potential difference.

IFIGORE 143 - IPotential difference

The potentiaf g
is called gf lal difference developed and maintained by source of electrical energy
electromotive force (emfor §). .

NOT FOR SALE
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To sustain steady current in a circuit, BE[EIIZICENN

emf source (A device which converts a
non-electrical energy into electrical Positive terminal :‘:rg;}m?
energy) is required which maintains a "
constant potential difference across its
ends. Figure 14.4 shows battery as an
emf source with positive and negative
terminals.

Circuit
Symbol

—
When battery is connected through conducting wires with a device. The positive

charges enter the negative terminal of the battery. Therefore, work has to be done
inside the battery to bring the positive charge from lower potential to higher
potential. The influence that makes current flow fram lower to higher potential
(inside the battery) is called electromotive force (emf or E). If W is the work done
by battery in taking a charge q from negative terminal to positive terminal, then
electromotive force {emf or E) of the battery is:

Recall that the reference point for

' - determining the electric potential

Equation 14.3 is the equation for emf, thus |2t @ location is arbitrary, For

~TIRSATBtrary Referenc

electromotive force (emf) is also defined as | SoP.e, consider a typical 9 V
the energy spent per unit positive charge by
the source to move it from negative terminal
to the positive terminal within source.

The units of electromotive force is the same as
units for electric potential or potential
differenceas J/C=V. '

1J
W=
ic

14.3 OHM’S LAW

alkaline battery. It means that the
positive terminal has an electric
potential that is 9 V higher than the
electric potential of the negative
terminal. If we designate that the
negative terminal of the battery is
at zero potential, the positive
terminal would have a potential of
9 V. We could just as correctly
choose the potential of the
negative terminal to be -4.5 V ahd

the positive terminal tobe +4.5V.

Sl

Statement: The current in a conductor is directly proportional to the applied
voltage across the conductor as long as temperature and the physical state of

the conductor is kept constant.

Those devices which obey Ohm’s law are called
reffered toas “resistors”.

Ohmic devices and are commonly

NOT FOR SALE

ANALOGY BETWEEN GRAVITATIONAL POTENTIAL AND Ee
In this system, the person raising :

' the water from a low toa high level
is analogous to the battery, the
paddle wheel is analogous to the
lightbulb and the water is analogous
to the electric charge. Notice that
the person does work in raising the /i
water; later, as the water falls to its '
original level, it does work on the
external world by turning the
paddle wheel,

This means if we connect an ohmic device first to 1.5 V battery, and then we
double the battery voltage to 3V, the current will also double. The current | flows

through ohmic device when voltage Vis applied across its ends, then according to
Ohm's Law, we have

leV or I=kV FIGURE 14.5 - Ohm’s law
Where k is the constant of proportionality -

and is equal to 1/R, where R is the

Opposition to the flow of current
therefore

4

==

:11: eRdls called resistance and is
dependn ent of the value of V and | and
T c: Upon the nature of the con
o tar (such as length and cr
- Clor. All devices does not gb

ecalled Ohmic devices and are

ductor (its material), the dimensions of the
oss-sectional area) and temperature of the
ey Ohm's Law. The devices that follow Ohm's law
commonly referred to as ‘resistors’.

Lirnftatiuns of Ohm's lay:
cha -
s :ge. Hnwmer, only me

5) show this behavigr a

For Ohm'’s law to hold good, the resistance ‘R’ must not
tallic conductors (for example copper, silver and gold
nd that too only over limited range of voltages.

NOT FOR SALE
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Many important devices do not cbey Ohm’s law. Even a lightbulb has resistance
that depends on its temperature and does not obey Ohm’s law.

EXAMPLE 14.2: CURRENT THROUGH RESISTOR®

A 30.0-V battery is connected to a 10.0 0 resistor. What is the current in the
circuit?

GIVEN
Potential difference 'V’ = 30.0V
Resistance ‘R'=10.00

REQUIRED
Current ')’ =7

SOLUTION: By Ohm'slaw | = :
Putting values = M
10.0Q2
e 3.00 Ais a large current, is
I=3.00A [Answen this current realistic?

ASSIGNMENT: 14.2: CURRENT THRDUGH ELEU]:E'E%_
| A heating element on an electric range operating on 240 V has a
resistance of 30.0 Q). What current does it draw?

14.4 ELECTRICAL RESISTANCE (R)
The opposition offered to the flow of charges is called electrical resistance.

In metallic conductors, the charge is transported by free electrons. Resistance is
due to collisions between these free electrons and fixed atoms inside the
conductor. By Ohm’s law, the resistance is the ratio of the voltage V across the
conductor to the current | it carries, mathematically

R= % 14.4

The Slunit of resistance ischmandis represented by Greek letter (omega) Q. The

resistance of wire is one ohm if potential difference of one volt applied across its
endsand causes acurrent of one ampere to flow through it.

et m
For example, @ wire or an electrical device that offers resistance to the flow of \
charges is called a resistor. The resistance can have a wide range of values. The
copper wires in a television set, for instance, have a very small resistance. on

the other hand, commercial resistors can have resistence up to many kilo-chms
(1 kQ = 10" Q) or mega-chms (1 MQ = 10° Q).

The circuit symbol for a resistance in circuit diagrams is a —.,'/VV\._
zigzag line. Resistance symbol
Factors on which Resistance depend: Since the resistance is provided by
collisions of the free electrons with the lattice atoms, thus, any factor that affects
the number of collisions will also affect a material’s resistance. These factors
‘include
A. Length B. Cross sectional Area C. Temperature D. Material

The effect of these factors is shown in table 14.2,

TRbIE A2 EAGTORSIAFEECTINGIRESISTANCE OF METALLIC CONDUCTORS

e

Factor How resistance changes Example

Resistance increases with | T

Length increase in length ) T —r
L, L,
el Ru>R.
Resistance increases b
Cross ¥ A,
sectional | decreasing cross sectional area A', ’
Area
Rec R, >R
A " ar

temperature increases

Temperature Resistance increase as 7.1/T:l/
R n® Rn

Platinum
Keeping length, cross-sectional g | Iron
Materia| area and temperature b Aluminum
constant, resistance also varies 5 | cod Ea
by using different materials. E Copper R
L Silver
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NOTE: The increases in resistance with temperature is not directly proportional,

Wire Resistance: Although copper wire
conducts electricity extremely well, it still
has some resistance, as do all conductors.
The resistance of a particular wire depends
on all the three physical characteristics
mentioned above such as (a) type of
material, (b) length of wire, and (c) cross-
sectional area. In addition, temperature can
also affect the resistance.

o'z o a-'i -|=—-l:=-""I

' E

R —
Resistors: Devices intended to have a specific value of resistance are called
resistors and are made either from wires of special alloys or from carbon, a type of
carbon resistor is shown in the figure 14.6 (a). Those used in radio and television
sets have values from a few ohms up to millions of ohms. Variable resistors are
used -in electronics as volume and other controls. Variable resistors that take
larger currents, like the one shown in Figure 14.6 (b) are useful in laboratory
experiments. These consist of a coil of constantan wire (an alloy of 60% copper,
40% nickel) wound on a tube with a sliding contact on a metal bar above the tube,

) FIGURE 14.6 - Resistor Types e oy
Sliding contact

Metal bar
Tube |

Coil of constantan
g wire

Terminals

(a) Fixed resistors (b) Variable resistors

= e =

— I

Verify Ohm’s law {using ﬁgﬁonducio_rlf

e . = —

' NOTFOR SALE

:E_x{w :
5 small flashtight bulb draws 300 mA from its 1.5-V battery. What is the
resistance of the bulb?

GIVEN
potential difference =15V
current ‘I' =300 mA=0.3A

REQUIRED
Resistance 'R'= ?

SOLUTION: By 'ciefiniticn of resistance R=

Putting values R= —;—g% therefore R =50 —m

Thus, the resistance of the bulbis 5 (2.
ASSIGNMENT 14.3: RESISTANCE OF WIRE

Calculate the resistance of wire when the current through it is 2.0 A and the
voltage across its ends is 3.0 V.

14.4 COMBINATION OF RESISTANCES

Electric cfrr:l_:its often contain a number of resistors connected in various ways.
I:ﬁ:;: :re: h:in and arrangement of resistors in a circuit affects the current and
init. You arz al:e:;mf:u“’ therefore, they are used to control current and voltages
fotifalie ek v ilimtllar with Saries and parallel circuits from general science
Thesa light‘ i) C“‘Ctlit§ and electric current”, in which light bulbswere. used.

ereare two baci ave res’lstance: therefore, they can be treated as resistors.

C arrangements in which resistors can be connected.

f\' Series Combination of
n such
Connect

i resistors: When the resistors are connected end to end
ay that there is a single path for the flow of current are said to be

edi i
Rebet N series. Three resistors (e.g. light bulbs) having resistances R,, R, and

own i i i
naser N the figure 14.7 as seriés combination.
Series connectio

given time interyay

I :
N, the same amount of charge passes through all resistorsina
and therefore currents is the same in all resistors, such that

—®
NOT FOR SALE
4
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RE14. 7.4 Series combination of [esistarss

Where | is the current leaving the battery, /, is the current in resistor R,, I, is the
current in resistor R, and I, is the current in resistor R,. The potential difference
applied across the series combination of resistors divides between the resistors:

AV = AV, + AV, + AV, ——(2)

Since by Ohm's Law, the potential difference across the battery is also applied to
the equivalent resistance R, in Figure 14.5

i AV =IR,,
Where R, is the equivalent resistance; a single resistor that has the same effect on
the circuit as the series combination of all resistors when it is connected to the
battery. Therefore, the voltage across each resistor by Ohm'’s Law can be written as

IR, = IR, + LR, + LR, —0)

ST EqUivalEREG Ut
Aresistor R, is ‘equivalent’
to a certain arrangement
of several resistors mean
that if that arrangement of
resistors is replaced by Rii
the current through the
rest of the circuit is
unchanged. This notion

equivalence applies to
many types of circuit

Hence equation 2 can be written as

Putting equation 1 in equation 3, we get

IR, = IR, +IR, +IR,

Therefore [ R-,= R, +R;, +R,

Generally for ‘n" number of resistors connected in
series »

[ R, = R, +R3 + R; +enwe +Rn em"li"::éii:;iwjing
: i A e

NOT FOR SALE

From equation 14.5 and equation 14.6, it is clear that in series combination the
equivalent resistance is always greater than any individual resistance in

MRS ST ORS CONNEGTED/IN SERJES

Four resistors R, = 50, R,=12Q, R,=13Qand R, = 96 0 are connected in series
acrossa 90 V battery. What is the current in the circuit?

GIVEN

REQUIRED
Resistance R, =50, Q

Resistance R, = 1202 Circuit Current ‘I'= 7
f2 ]

Resistance R, =130
Resistance R, =960
Potential difference V' =90V i

F{GURE 14.8+ Example 144

50 120 130 %0

SOLUTION: For series combination as shown
infigure 14.8, the equivalent resistance is 0V

R, =R 1R 1 Ry 1 R, ) I

Putting values R., =5Q+12Q+13Q+96Q therefore R, =1260

, 14
By Ohm’s law | =— Putting values [= L

Rey 1260

Therefore =0.714 —m

T .

" current through the circuit is 0.71 A.
I - -_'-_:7.-_‘(“‘."_.{-‘-:7.:#-‘!;?_\_‘ T —— e
L GNMENT: 1474 X RESISTORS IN SER(ES..-
Four resj B e S Sl =y :
it ;;C:iall having similar resistance of 15 Q) are connected in series
< attery. What is the current in the circuit?

: Parallel Combi
different branche
t?]e flow of cyrre
light bulbs as res
s paralle| combi

nation of resistors: When the resistors are connected in
s of the circuit in such a way that there is more than one path for
nt, resistors are said to be connected in parallel. Consider three

1stors having resistance R,, R, and R, are shown in the figure 14.9
nation,

NOT FOR SALE
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In a parallel combination of resistors the potential difference across each resistar

is the same (since their ends are connected) while the current is split between
them since it has multiple available paths.

AV, = AV, =AV, =aV —(1) _
Where AV is the terminal voltage of the battery, AV, is the voltage across resistor
R,, AV, is the voltage across resistor R, and AV, is the voltage across resistor R,.

The total current [ in parallel combination of resistors divides between the -

resistors:

Since by Ohm's Law, the current in the equivalent resistance R,, in Figure 14.9
is
v

=

R
. ]

Where R, is the equivalent resistance; a single resistor that has the same effecton
the circuit as the parallel combination of all resistors when it is connected to the

battery. Therefore, the current through each resistor by Ohm's Law is

NOT FOR SALE
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[/
.",'—'-;:- and -';r--ﬁi—

Hence equation 2 can be written as

putting equation 1 in equation 3 we'get

y {
or —= —_——
R. LR
Therefore 1 1+1+1 14.7
ere’ = e e 1
Rr Rl Rl Rj.

Generally for ‘n’ number of resistors connected in parallel

1 e 1
—_——t—t—++eee e} —
LR R R, R R, [

&

From equation 14.7 and equation 14.8 it is clear that in parallel combination the

equivalent resistance is always smaller than any individual resistance in
combination.

EXAMPLE (1415: RES|STORS IN PARALLEL

Three resistors R, = 5.0 0, R, = 10.0 0 and R, = 20.0 0 are connected in parallel

acrossa 90.0V battery, What is the total current in the circuit? .
GIVEN
ResistanceR, =5.0 Q, REQUIRED

Resistance R, = 10,0 0, Circuit Current “/'= ?

Resistance R,=20.00
Potential difference ‘v* =90V

SOLUTION: For

- parallel combination as shown in figure 14.10 the equivalent
Istance is

L LN D |

—— = e —

Ry R R, R_3




EX et ——

Putting values

1
Therefore E; = 10'09

By Ohm's law

1 1 __-1 —
—=%on 1000 2000

1

Req
1x4+112+13‘<1

il
o g, 2000

v .
|= R, putting values 290

Therefore 1=31.03A
circuit is 31.0 A.

SIGENT 145 S STORS INEARAEL

Three resistors of 600, 30 Q and 20 O are connected in parallel acrossa
90V battery. Calculate the current flowing through the circuit?

The total current through the

PERIEEDD 7, sy resistors n sries circult. ]
To study resistors in parallel circuit. ) J

14.5 THE IV CHARACTERISTICS FOR GHHMIC AND NON OHMIC

CONDUCTORS

The conductors for which Ohm's law hold are called Ohmic conductor™ T

these conductors obey

: [ AV - ecorence B
It means that if we plot a graph between current I’ and potential e 1/RE

[Ca';l.et:] IV graph), we get a straight line; as for constant resistance the slop® can
astraight line. However, not all the materials have straight liné graph & iament

see from the graph 4.1, only metals show Ohmic behavior. The grapns ¢ p-ohm'e

bulb and thermistor are no
_curved rmed as
condiietons. , therefore, they are L€

NOT FOR SALE

A. Metallic Conductors: For metallic conductors and
some alloys the graph of ‘I verses 'V’ is a straight line
as shown in graph 14.1 (a). For example, when the
potential difference doubled, the current through
metallic conductors also doubles.

B. Filament Bulb: The graph of filament bulb shows
that current saturates as it is increased and at large
value even a large change in voltage V will show small
change in current | as shown in graph 14.1 (b). This is
because the tungsten wire in the filament of the bulb
heats up with the increase in applied potential
difference and free electrons collide more with lattice
atoms causing the resistance to increase and
consequently the rate and the rate of change in
current decreases.

C. Thermistor: Thermistor is a device whose resistance
changes significantly (highly) with temperature.
Usually thermistor's resistance decreases with increase
in temperature. The IV Graph of the thermistor shows
that resistance decreases sharply. Thus, at a large I
value even for a small change in applied voltage AV, it

will show a large change i :
ge in curren
14.1(0). t | as shown in graph

14.6 ELECTRICAL POWER AND JOULE'SLAW | 0]

E ; )
Very appliance is rated for its power output (P) — the AV

rate a bl &
t which it can transform electrical energy to a m

desireq
be rate dform (for example light, sound, or heat). An electric clothes dryer might
at 5000 W and an electric shaver might be rated at 15W.

A. Electri
through ical Energy: The electrical energy lost or work done by a charge Q. going
dpotential difference V, can be written as

NOT FOR SALE
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(ST Corren Electricly
b
v W.E or E=QxV __® N
We can use the definition of current

,=9_ or Q=It *@
t

Putting equation 2 in equation 1, we get

(e}

tion 14.9 gives the equation for electrical energy consumed in a device, Also
Eltllahm’s la\;' V =IR, therefore, the electrical energy E from equation 14.9 cap also

be written as
E=ItxIR o©f E=PRt

Also by Ohm's law | = V/R, therefore, electrical energy from equation 14.9 can also
be written as

E=EIXV or =2l 14.11
R

All the three equations 14.9, 14.10 and 14.11 are equally valid for calculation of
electric energy.

EXAMPLE 14.6% ELEGTRIC KETTLE /]

) TR
If a current of 10.0 A takes 5 minutes to boil a kettle of water reclﬂl““ﬂk:i= al
10°J of energy, what is the potential difference (in voltage) across the

GIVEN
5 REQUIRED
Energy ‘E'=3.6x10"J o
Time ‘t’=5.0min=300s=3.,0x 10's Yoltage )
Current ‘I'=10.04
E E
SOLUTION: The electric energy is £ — 15y o V=y
5 3.6x10°J
Putting values y__ 3.6x10°) =— 7 104
10.0A=3.0x1075s 10.0 G5 x3.0%1

NOT FOR SALE

m Currént Electricity
Hence V=1.2x10" ¢ < 1.2x10y
There is a potential difference of 1.2

kil il * 10"V across the ke,
ASSIGNMENT 4167 GLOTHES DRYER

For how long a clothes dryer is Operated, if it yses 37 kJ
cloths at 220V, running 16 A of current through it?

of energy tg dry

B. Joule's Law: The electrical energy lost in a devi
across it can be represented as equation called Joul
Statement: The amount of heat generated j
product of square of current ‘', resistance
current passes through the resistor.

ice due to potential difference '
2's law of heating,

n resistor is Propartional to the
‘R" and duration of time for which the

He« PR or

divided by time t; mathematically

By definition of electric potential v

By definition of current 1= Q

- or Q= Ir—@
Putting equation 3in equation 2, we get W =V xJt —@
Putting equation 4 in equation 1, we get p VXK
or P=IV
NOT FOR SALE
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IR, oot i .

Equation 14.13 gives the relation for electric power. As by Ohm’s law V = IR,
therefore, the electrical power P from equation 14.13 can also be writtenas

P=IxIR or | P=I'R (1414

, electrical power from equation 14.13 can

Also by Ohm's law | = V/R, therefore
also be written as

P..-':%xv or

All the three equations 14.13 , 14.14 and 14.15 are equally valid for calculation of

electric power.

Units of Power: Tl
to be consumed in an electrical circuit if potenti

current of 1 Ato flow through a circuit.

W =1Ax1V

he 5.1 units for electrical power is watt (W). Apower of 1W issaid
al difference of 1V, causes a

he power rating (sometimes called the k_ A=
'wattage") of a light bulb 12 W and tube light 40 ¢ i< energy, not power, that we pay for
tells us how fast it will convert electricenergy iy our electricity bill. Since power is the
into heat and light. For an incandescent bulb, _rate at which energy is [ransfnrﬂ‘IE'd-
only about 2 percent of the transformed energy e total energy used by any device is
is actually emitted as light; the rest is emitted ;1 jts power co nsumption
s heat. A fluorescent bulb, on the other hand, multiplied by the time for which it s

nverts about 9.5 percent of its energy into operated. If the power is in watts and
ight, making it more than four times as efficient .o time is in seconds, the enersy will

s an incandescent bulb. bein joules.

R

i the flashlight the current is 0.40 A, and the volta
cell. Find the power delivered to the bulb,

GIVEN
Current ‘I'=0.40A
Voltage 'V’ =3.0V

REQUIRED
ElECtI"iE P0‘|||-er IP| - ?
SOLUTION: The electric power is P=Ixy

_ putting values P=0.404x3.0V or .
j P—O.‘iﬂa/s x3.|JJ/£.
Hence P= 1.2/5——- 1.2W '

12V

D. Electri

measu::?ﬁ:if;:i:iy and Kiln.watt-hour (kWh): The electric metre in our homes

e e;ne!rgy (in kWh}‘we use, not the electrical power. Electrical

S e n large c!uantlties for which joule is a very small unit,
att-hour (kwh) is preferred. It is the amount of energy consum&-;

PYadevice of power 1 ki running continuously for ene hour.
E =1 kwW-hr ;
=1000 W x 1hr
=1000 J/s x 3600s
=3.6x10°y
rz:t‘:ft?;fe::: for which the tariff

(et op City) is decided by
ECtricity SUpply company

NOT FOR SALE
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EXAMPLE 14.8: COST OF ELECTRICITY.FOR CRICKET TOURNAMENT

You are arranging night cricket tournament, you have arranged five 1000 W light
bulbs. These bulbs will remain lit for 6 hours for 29 days. Estimate the cost of
electricity consumption if the cost of electricity is 8.11 Rs/kWh.

SIYER REQUIRED

Power ‘P* =5 x1000 W = 5000 W = 5 kW Energy consumed ‘E ' =? I
Time ‘' =29 x6h=174h |

Tariff rate =8.11 Rs/kWh

Cost of electricity ‘'C’ = ?

p==

t
E=Pxt Puttingvalues E=5kWx174h

E=870kwh —(ERRGa)

The total consumed energy is 870 kWh, the cost can be calculated as
Cost = E x Tariff Rate
Cost = 870kWHx 8.1 RS, o

Cost =7055.7Rs _m

The total cost of electricity for whole
tournament is Rs. 7056,

SOLUTION: The electric power is defined as

'EXTENSIONEXERCISE 14.2 |
It is found that if eight 35 f
watt LED Lights are used, it| -~ . |
will serve the same |
purpose. Will this reduce
the cost of electricity?

ASSIGNMENT 14.8: WINTER COST:

A 100-W bulb is left on, in an outdoor storage room to keep paint from
freezing. The 100-W rating refers to the power dissipated in the bulbs
filament, which is a resistor. If electricity costs 8.11 Rs/kWh, about how
much does it cost to burn the lightbulb for three months during winter?

14.7 USE OF CIRCUIT COMPONENTS |

a. Wires and Connectars: Wires and connectors are used to direct current from
one part of the circuit to another. A blob should be drawn where wires aré
connected. In complex diagrams, it is sometimes necessary to draw crossed Wires
even when they are not connected. In such cases a bridge; joined and not joined
wires are shown in figure 14.13 a.

e

- — T e
e O = T -
——a

——"'""_'_'_._-_ — —
cunwsum%

b. Power $uppiy: Source of electrical energy to the. o - —

o ~tteries whose symbols are shown in Riireta is : €-circuit, sych as cells and
¢. Fuse: Safety device which blows (melts) '
specified value, it_s_cfrcuit symbol is given in figure 14,13
d. Earth (Ground): This is the zero yolt cannectio; ufc-
electricity mains and the radio circuits j¢ really mea : A
circuit symbol is given in figure 14, 134, s the earth or

. Lamp: The device which converts electrical ener
is shown in figure 14.13 e, ; &y

= i

if
the current through it EXceeds 3

PPly. But for
ground, The

into light, its circuit symbol

FIGURE4- A8 CITCUIE components sympos

——-
Wire -ll ~~~~~~~ — Fuse
a. Wires and CREta
connectors b. Power suppties C. Safety fuses
. e
?l c D Switch Open
Ground © Lamp Switch Closed
d. Earth/ground e. Lamp
- f. Switches
—_mjj__ ——NA '
Heating E— L ‘ ‘
element Fixed resistor  Variable resistor Capacitor
2. H
7 eater h. Resistor i. Capacitor
* Witch: 4 g
K Shoyy - device that allows or blocks the flow of current. The circuit symbol
"N figure 14.13 1.
8 Heater:; Ade

vice that converts electrical energy into heat. The circuit symbaol
re 14.13 g,

5 Shﬁwn in ﬁgu




mw Eleedricity -

h. Resistor: The materials that pr
called resistors. The yariable resistors can by
and TV or regulate fanspe

j. Capacitor: A capacitar js a device

with resistor ina timing circuit. Capacitors<
1 is shown infigure14.11 i.

the current in a circuitare

ovide resistance to
control the volume in radio

a used to

ed. Thecircuit symbnl'is chownin figure 14. 11h.

that store electric charge. Acapacitor is used
an be used as plock and pass filters as

well, The circuit symbo!
14.8 ELECTRICAL MEASU RING iNSTRUMEHTS
Electrical measuﬁnginstruments are devices used for measuﬁngvarious electrical
aspects such as the presence and amount e REA 4 *‘m‘;‘;}"—e’"“iﬁ}
of current, yoltage, resistance and power e
of eiectricaldev‘.ces,

Galvanometer is an |
detect the presence of |
potential difference |
it is a very sensitive !
etecting very small |

A. Galvanometer:
instrument used to
current of jndicate
petween two points.
device capable of d

currentsand\ro\tages. | e
B. Ammeter: A device used t0 measure current is called an ammeter. 10 measure
r must be connected ina circuit in series. Figure 14,15 @)

able to

ammeter must be
cuit as little as possible.
ble (pecause they are
o naot have an

the current, an ammete
shows an ammeter connecte
make measurements by disturbing the cur
Ammeters are designed to have as
connected in series), usually of the arder of. 1 £,
appreciable effectonthe currents they measure-

d in a circuit. since the
rent in the cir

{ow resistance as possi
so they d

S
' -

Current Electricity ——
.

¢. Voltmeter: A device u
voltmeter. To measure theSEd to measure potential i - 7 8
oraliel with the CDmpone"I:menﬁal difference, vol difference is calleg -
measured. Figure 4 across which th » YOlmeter must pe oy
Wi .dm .15 (b) shows a voltmeter p| € potential differe wired in
p across resistor R. Si place nee is
7 . Since &:he
measurements while di ; the vol
ecianed to haveas hig t:?ib'mg the circuit as litttTeete’ must be able tg
(), so they have a nemisi]::a”ce“p”“ib‘ea '-'“'a.l?s possible, m‘mﬂer;n:ke
measuring. gible effect on the Dote:t?fltl.:jeorderm1°""ﬂ{1$
- a iffEFEncEs
they are

d in the ¢i
circuit to
measure the

p. Multimeter: In practi - RE
of current and pzteﬁtli:? d";‘:::'-“'ements
ma.cle with a digital multimeter Etrr:ce %) ’
:\:;ti: :ereen functioning as an amant*r:m
gl gy |
digital displ i e R PO
e patenga.n;\(, \.which includes the sign of i
digital mu[jf-ll cifience o curent. Mt
resistance OlmetIErs can also measure thse |
they can functi‘a bl o - B
ion as an ohmmeter, s, ‘

14.9 DIRECT
i 1 | -
AND ALTERNATING MRS LI

CURRENT
| 14 steadyDC

"I1 a direc
t
current (DC), the cha
rge flows in one varying DC

direction
o
DC are sho:::: erths for steady DC and varying |
from cell or ba:: Figure 14.17 (a). The cux:: e
ery is direct |
current because of | ] {a) bC

po‘s] i

Circuit Symbol of AC*

adh

ternati
i ng current ; |
tharge et kewre (AC), the direction of | 11
€ Cutrent aiso 4 es regularly and therefore |
anges direction own i
, assh in

the ar
aph in Fj
AC
V?ltag@ . appl?:dre 14.17 (b). When alternating 'r [\l
irection i s ‘the current first flows in one | f\ /\
enin the opposite direction. |

FRYRYL

ib) AC

NOT FOR SALE




DD correnr mectricin

T

The direction of current in the circuit depends upon the changing polarity of
- alternating voltage source. The circuit symbol for AC is also given in figure 14.1 7(b).

Electric generators can produce either DC or AC.

Most of the electric power in the world is AC, since it is easier to transmit it from
one place to another. Therefore the electricians work with AC about 99% of the

. time. Digital multi-meter shown above can measure both DC and AC.

_ ACTIVITY: LIGHT AN [ED'WITHIPOTATOESEE

Take two potatoes, cut one potato in half, o

insert one Zink and Copper electrode
deep to each piece of halved potato and
single potato. Take a sensitive voltmeter

you will notice some reading across each

arrangement. Now connect these three

arrangement (batteries) in series as
shown in figure (Zink to Copper and

Copper to Zink) to produce a higher

voltage. An  LED (Light Emitting Dicde)

which is a low power light bulb and uses
little energy, can be lit using this
arrangement. Using this energy, you can -
run a small clock or any other low power
electronic equipment. Try to answer the
following questions.

« Why LED cannot be lit by using single -
potate? A minimum of how many
potatoes are required tolit an LED?

. |*What happens to the Copper and Zink electrode over time

power heavy load devices?

« s potato a good alternate energy source? If we use large number of potatoes, can we

LAB WORK

To find the resistance of galvanometer by half deflection.method.

are shown in the figures,

Series Circuit: If one lamp in a seri i
€5 circuit burng gy,
ll

the circuit is broken and all lamps cease to glow,

The brightness of light from each lampina series ¢j

decreases when more lamps are added to the c‘n: o
Because adding more lamps in series prodyces . rcuit,
circuit resistance. This decreases the c""?ntg;‘l:a;:
circuit. All voltages have to add up to the same ¢

voltage, so the voltage drop across each ultal
decreases. Since power is the product of va:;agll :::

current, bath these changes act to dim the lamps Celebration lights

: series circuit

Parallel Circuit: If one lamp burns out, the other |

are un._affected. This is because current in each br:nm I;”
accotdang to Ohm's law, is equal to mltage.fresista:c ,
and since neither voltage nor resistance is affected in th:

other branches, the i
ezt s current in those branches is

z:‘r:u::l‘:sg:tness of light from each lamp in a parallel

bl bec::aﬁ:cted when more lamps are added to the

amount that feays oy 1" the battery increases by an

circuit, ag éeds the added branches). In the overall
» dded paths means decreased resistance.

:a::::sc::: ection adds the voltage of the two
(also kngyp a;t keeps the same amperage rating
three 4.5.yo1c ':“"P H_Durs‘]. For example, these
e 15 atteries joined in series now

-7 Volt but they still have a total

mpaﬁi[}l of ‘s - =
; 10 amps. To connect batteries in a .:“_*i |—+'j-.

seﬂes u .
» Use i
2Jumper wire to connect the negative 45y 45v 45V

Celebration lights
parallel circuit

135V —

terminay
of the fi .
term; rst battery to the positive r
"3l of the second battery, e bttt

NOT FOR SALE
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14.10 HOUSE CIRCUITS -

Electricity usually comes to our homes by supply cable containing two wires, the
live (L) and the neutral (N). The neutral is earthed at the local sub-station and so
there is no p.d. between it and earth. The supply is AC and the live (L) wire is
alternately positive and negative. Typical house circuits are shown in figure 14.18.
A. Parallel Circuitry: Every circuit is connected in parallel with the supply, i.e.
across the live and neutral, and receives the p.d. of 220 V from supply mains. The
advantages of having appliances connected in parallel rather than in series, can
be seen by studying the lighting circuit in figure 14.18.
(i) The p.d. across both lamps is fixed (same as the supply potential difference) so
the lamp shines with the same brightness irrespective of how many other lamps
are switched on.
{ii) Each lamp can be turned unland off independently; if one lamp fails, the others
can still be operated.

—
w
B
ead
=]
b-3
—t
m

M{Jk Consumer =
Unit

Main Fuse Heaters

Supply Cable

B. Switches and fuses: In figure 14,1

| employed only to the live wire, jf they are install

’ appliances and power sockets woylg be 'live' ey, .
or fuses blown’. A fatal shock coyig 5

condition.

8, it is seen that sy

The devices and appliances that we operate
whicr! is hazardous. For safe use of electric

earthing should be made in the household circuity'
A. Fuses and Circuit ¥
a thin piece of meta

in our home runs with 220 v of Ac
fuses should pe installed and

breakers: Fuse consist, of

L wire, having low meltin
:zgp:;ture. When excessive current, abmfeg
e ng, flows through it, the wire piece
| ! €1t get hot and melts. This disconnects th
_| urrent through the live wire, th i E
any damage tq th < e,
M o € appliances they are
b ir;stlrcmt breakers (figure 14.19) are
i €ad of fuses in consumer units.

i an;l;rrent excee.ds the rated value of the circuit breaker, it separate a
reaks the circuit. They operate much faster than fuses and have the

advanta
g S€that they can be reset by pressing a button.
' -3rthing: A ring

Points (fi main has a third wire which goes to the top sockets on all power
Pipe gnt, g‘fre 14.18) and is earthed by being connected either to a metal water
©7Ing the house or to an earth connection on the supply cable. This third

Tisas
afety Precaution to prevent electric shock.

\ NOT FOR SALE



FIGURE {4.20 « Three-pin plug

e L

neutral

| cable grip

The earth pin on a three-pin plug (figure 14.20) is connected to the metal case of
the appliance which is thus joined to earth by a path of almost zero resistance. I
for example, an electric device breaks or sags and touches the case, a large

current flows to earth and 'blows’ the fuse. Otherwise, the case would become

'live’ and anyone touching it would receive a shock which might be fatal, especially
if standinginadamp environment, such as on a wet concrete floor.

14.12 DANGERS OF ELECTRICITY

A. Electric shock: Electric shock occurs if current flows from an electric circuit
through a person’s body to earth. This can happen if there is a damaged insulation
or faulty wiring. The typical resistance of dry skin is about 10,000 0, so if a person
touches a wire carrying electricity at 240 V, an estimate of the current flowing
through them to earth would be | = V/R = 240/10 000 = 0.024 A = 24 mA. For wet
skin, the resistance is lowered to about 1000 (} (since water is a good conductor of
electricity) so the current would increase to around 240 mA.

It is the size of the current (not the voltage) and the length of time for which it acts
which determines the strength of an electric shock.

The human body: The human body acts as a variable resistor. When dry, the skin's ’E
resistance is high enough to keep currents that are produced by small and
moderate voltages low. If the skin becomes wet, however, its resistance is lower,
and the electric current can rise to dangerous levels, A current as low as 1 mAcan
be felt as a mild shock, while currents of 15 mA can cause loss of muscle control
and currents of 100 mAcan cause death.

o If your body resistance is 100,000 0, how much current will you experience if
you touch the terminals of a 12-V battery?

o If your skin is very moist, so that your resistance is only 1000 () and you again
touch the battery terminals, how much current will you experience? Will it hurt?

NOT FOR SALE
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Cuwrtnd Elechricidy

.Hﬁ
14 T

ent takes influences the ef
The path the curr e effect of the shock;
body are more vulnerable than others. A current of 100 m ik

o A through th
likely to be fatal. Damp conditions increase the severit LT e

§ y of an electric sh
pecause water lowers the resistance. Wearing rubber-soled shoes or standin; u':lc:

dry insulating floor increases the resistance between a person and earth and will
reduce the severity of an electric shock.

To avaid the risl of gettlng an electric shock:
o Switch off the electrical supply to an appliance before starting repairs,

o Use plugs that have an earth pin and a cord grip; an insulating casing (a rubber
or plastic case) is preferred.

o Do not allow appliances or cables to come into contact\ﬁthwéier. Forexample
it is dangerous to hold a hair straightener with wet hands in a bathroom. Keep
electrical appliances well away from baths tubs and wash basins.

o Do not have long cables trailing across a room, because the insulation can
become damaged.

e F BLEREED SERATIAN 5001
Current (mA) Effect
i Threshold of sensation
3 Maximum harmless current
Onset of sustained muscular contraction; cannot [ﬁt:nq; :::*"““T
10-20 of shock; contraction of chest muscles; may stop
shock
30 Onset of pain
‘_‘_-_-_-_-_____ I
100-300 Ventricular fibrillation possible; often fatal
: rrent
300+ Onset of burns depending on concentration of U =
i espiratory paralysis;
Onset of sustained ventricular contmtma a;'ﬂfe’tm:‘m e
600 both cease when shock ends; heartbea

to defibrillate the heart

NOT FOR SALE
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m Current Electricity m
B. Fire risks: If the electrical wiring in the walls of a house becomes overheated, a
fire may start. Wires become hot when they carry electrical currents - the larger
the current carried, the hotter a particular wire will become, as we studied in
joules law. To reduce the risk of fire through overheated cables, the maximum
current in a circuit should be limited by taking these precautions:

© Use plugs that have a correct fuse.
© Do not attach too many appliances toa circuit (for example an extension box).
o Don't overload circuits by using too many adapters.

© Thick wires have lower resistance, therefore appliances such as heaters
requiring large amounts of power (and hence current) must not be operated with
thin wires.

o Damaged insulation or faulty wiring which leads to a large current flowing to
earth through flammable material canalso start a fire.

e 1t R ' =

D

T

=i

=i

1
&

| Current: Time rate of flow of charge. )

Conventional Current: The current conventionally considered due to flow of pasitive
| chargesin conductors. '

| Potential Difference: The difference of electric potential between two points

EMF: The energy per unit positive charge supplied by the source to the charge to

mave it from negative terminal to tHepasitfve terminal within source.

| Ohm’s Law: The electric current through a conductor is directly proportional to the
applied voltage provided the physical conditions are kept same:.

V"4 Resistance: The measure of opposition to the flow of current. )

Resistor: Device intended to offer resistance is called resistor.

Series combination of resistors: The combination of resistors connected end to end.

parallel combination of resistors: The combination of resistors connected in
different branches of circuit, providing alternative paths for current to flow.

Electrical Energy dissipation: Energy consumed by appliances such as light bulbs,
fans, heater, cell phone, TVe.t.c.

Joule's Law : The amount of heat generated in resistor is proportional to the product
of square of current 'I', resistance ‘R’ and duration of time for which the current
passes through the resistor.

Commercial Electricity Consumption Units: kWh is the unit used for commercial
electricity consumption.

Direct Current: The current in which the flow of charge is in one direction.
Alternating Current: The current in which the flow of charge reverses its direction

regularly.

NOT FOR SALE

i . _l- mnted in_class room about the dependence of modem life on electricity.
mphasize on how difficult life would be, without electricity?

and ask to see @ house electrical plan. Study the diagram to ig tify the

-

it you can improve the effectiveness or speed of this reaction, try usi

- connecting wires. Write a research presentation for your school magazine.
~ anriic B PO
el product that produces the necessary chemical reaction to produce a flow of
= electrnn?_ Citrus fruits also contain a special chemical, citric acid, that
. reacts with metal to produce electricity. Compare the voltage and current |

. Wwatermelon, loaf of bread or any other type of food you want to test.

ki sdier
ricity. Prepare a presentation to share with your class fellows.

ZROUP . HOME CIRCUITS - Contact an electrician, builder, or contractor. |
circuit breakers, their connections to different appliances in the home, and
the limitations they impose on the circuit’s design. Find out how ek
current, on average, is in each appliance in the house. Draw a big chart
diagram to be presented in class of the house, showing which circuit
breakers control which appliances. Your diagram should also keep the
current in each of these appliances under the performance and safety limits.
C_;:-’_"er- R APROVING PO r',_-.-,:; BATTERY - 1": The mhlm that
takes place inside the potato is responsible for creating electricity. To see if
different types of metals in various combinations. First, test what happens
when you use two pieces of the same metal. Then test a series of metals in
different combinations with each other. In addition to zinc and copper, you
could test a nickel, an iron nail, an aluminum foil, a brass button or a paper
clip.

You can also test different types of potatoes, different sizes of potatoes, you
can even boil a potato, non-metallic electrodes or different types of

£70 LATTERY - 1| - Potatoes are not the only food

produced by a potato battery to that of a lemon, tomato, orange, apple,

Hypothesize which food you think will make the best battery and compare
your results, explaining how each food reacted and why? Write a research
article about your findings for the school magazine.

[a o O

GROUP D FE WITHOUT BlLECTRICITY! 7
LIFE WITHOUT ELECTRICITY': Prepare a presentation to be

SRty

-
anfilldlE E osp

ELECTRICITY COST REDUCTION': Identify ways to reduce |
consumption in everyday life. Calculate the total cost of
nergy used in one month (30 day) at home. Suggest ways how it
reduced without compromising the comforts and benefits of |

Ele:tricit;-
electrical e
can be




Qurat-ul-Ain needs a 100-02 resistor for a circuit, by

__-__‘__-_-_'——-——-_
ibl 300-Q resistors. What can she do? Ht she only has a box of
Choose the best possible answer: ight bulbs are connected to a sj
@ Duttssiesaeratal whissnkt sipeee- o, elsheuiitcr @ srg:!g:l:;onrzli]lglg mination when connected in ;z?;;:sm;:rl;:ﬁ?t":::‘: :
" A. charge B.current  C.power . D. energy ; @) Explain why light bulbs almost always burn out just as they are turned on
8 @ When connected to a battery, a lightbulb glows brightly. If the battery i ' and not after they have been on for some time.
reversed and reconnected to the bulb, the bulb will glow @ Explain why is it possible for birds to perch safely on high tension wires
A. brighter B.dimmer C.withthe same brightness D. ang fuse without being electrocuted?
I @ The resistance of wire will decrease by increasing @ An electrician working on “live” circuits wears insulated shoes and keeps
L. N temperature B. length C. diameter D.both A &B one hand behind his or her back. Why? -
@ The wire made from which of the following material is a conductor @ Explain why is it dangerous to tuﬂji ona llght.hulb when you are in a bath tub?
A. glass B. rubber C. sitver D. silk @ Why circuit breaker, fuses and switches are installed to ‘live wire”?
il @ The current which reverses direction after regularinterval of time is (COMPRERENSIVE QUESTIONS

A.DC B.AC C. conventional current D. bothAandB

(® Electricity main supply meters measures it in units of ‘kilowatt - hour’; itis [
the unit of

A. charge B. current C. power

Give an extended response to the following questions
@ Define electric current. In what units it is m

direction of current through the conductor.
D. energy @ Whatis potential difference and emf? Differentiate between them.

easured? Discuss briefly the

@ State and explain Ohm’s Law. What are its limitations?
A. heater B. fuse C.lamp D. All of these @ Whatis resistance and in what units we measure resistance?
© Which of the following represent one ohm © Wwhat is series combination of resistors? How we can determine equivalent
AVA' B. 5" C.WA' D.JC resistance for different resistors connected in series?
B @ Two resistances of 1 ohm are connected in parallel, the equivalent ® :::::;is DarallEl_cumbinatian of resistors? How we can determine equivalent
0 resistance is ance for different resi stors connected in parallel?
A.20 B.1.50 c.10 D.0.50 @ ©lain the factors on which the resistance of metallic conductor depends.
@ 1kwh= | ::::::c:;s::m'f a:d nn_n—ot)mic dew'tfes? Sketch and interprft the ‘o"jl
A.3600W B.1000J C.3.6x10"J D. D.SL thermistor a nhg n;l:wf; :ﬁ;;ﬁ;:}::::?:ls.conducton filament lamp an
CONCEPTUAL QUESTIONS o] f:ﬂ:]':r:::-’l ::i’:i_gfthof electric energy and electric power. What is the
Give abrief response to the following questions & @ State the functj E-‘Cunsurnptfun OfEIedm.: em-ergyi' P I
€ Aswater is made of atoms having protons (charge +e) and electrons [chﬁ_"'g Explainwh = ions of lvfre, neutral and earth wires in domestic main supply.
*€), does the water flowing through pipe carry an electric current? Explain- Differenti Y the domestic appliances are connected n parallel?
@ Acar has two headlights, when the filament in one headlight burns out. “:: iy Hate between altemating current and direct current.
other headlight stays on. Are the headlights connected in series ar ! " :re the ha_za_ards of electricity? What safety measures are taken in
parallel? ehold electricity to safeguard for these hazards?
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ance of 15 ohms when the current in it i

maintained across a 1 m length of the
O, whatisthe current in the wire?

rrent if connected across the terminals

-'—250.(){1. R1 =150.00, R,= 350{] 0,

Consider2 circuit with Find the total current supplied

paral!.e'. with a
by the batten:

24.0-V pattery.

5 watts when operating on 120 volts,
2 |f the hair dryer is used for

dryer is rate

rough 1
What is the cur g throug

it consume?
energy doesitc
i connected toab4d Qre
the resistor in69s?

8.11 Rs/KWh, W

sistor. How much
s dissipated in hat is cost of running

four 100W lightb for 6 hoursin scl-ia

—ZFoEmr

=

Homing pigeons
being able {

home from
thousands of
kilometers
away. But how
do they do it?

 ELECTROMAGNETISM
After studying this chapter you should be able to

« explain by describing an experiment that an electric current in a conductor
produces a magnetic field around it.

4 ZmMmoc—Huw

¥ 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 aD.C. motor.
v describe an ex,

: periment to show that a changing magnetic field can induce e.m.f..
inacireuit, .

.’ i »
list factors affecting the magnitude of an induced e.m.f.

i ‘:*IP*am that the direction of an induced e.m.f opposes the change causing it and
¢late this phenomenon to conservation of energy .

¥ describe a simple form of A.C generator

4 d & .
escribe mutual induction and state its units.

< d
i escribe the purpose of transformers inA.C. circuits.
t-?ve:‘ :'n?l'sthat a transformer works on the principle of mutual induction between

2 5 NOT FOR SALE
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DD ccchomosnetiv:

15.1 Magnetic effect of a steady
current

15.2 Force on a current carrying
conductor in a magnetic field
15.3 Turning effect on a current
carrying coil in a magnetic field
15.4 D.C motor

15.5 Electromagnetic induction
15.6 A.C generator

15.7 Mutual Induction

15.8 Transformer

Key Points and Projects
Exercise

Just like electric field, the region gr
space around a magnet where
magnetic effects can be observeq is
called the magnetic field ang is
represented by magnetic field vector
or magnetic induction vector g and
can be represented by magnetic figlg
lines. When charges move (such asin 3
current carrying wire), they generate
a magnetic field as well as an electric
field. Thus, when charges moye they
also exhibit magnetic behavior, when
they are at rest no such effect is seen,
Magnetic effects created due to the
presence of currents is the focus of
study in this chapter.

This magnetic field can be detected, by bringing a compass needle close to the
steady direct current carrying wire such as produced by the cell or Power Supply as

shawn in the figure 15.1.

Figure 15.1 - Magnetic effect of current

Using an apparatus similar to the one shown, we can demonstrate d connection
between magnetism and electricity by applying currentroth_—ﬂ-'f;_____a

Compass

15.1 MAGNETICEFFECT OF A STEADY CURRENT

The magnetic field produced by steady current can be mapped by

NOT FOR SALE

experiments.

the fﬂ“ﬂwing

R

Electremagnedism
15.1.1. Magnetic Field due to a straj

ht s

current is passed through a long wire Wfﬂw c:;::isc:rren
circle, the compass needles line up with the magnetiec?-j
similar observations can be :
made by using a cardboard on
which iron  filings have been
placed. These iron fillings form
concentric circles around the
wire as shown in figure 15.2.
These experiments show the ) 3
orientation of a magnetic field A _/
around a current carrying wire is :

t Carrying Wire: When ; -:-
ll:.-s placed around
eld ina circyla

. r pa
Figure 15,2 - Magnetic fieq of

———

itina b
ttern.

™ e

Current carrying

circular. Without any current in | wire, with compass Cu_rrent carrying
the wire all the compass needle | Needles lining up c;’:;m:;ugh 3
shows

will align with earth’s magnetic w}fgl;hli ';';?_?;:‘E;"C concentric circles of

field, pointing towards the ; iron filings arg
cire gs around
—_— ular pattern. tha viAra,

As soon as the current is i
soor passes through the wire, the com i
redistribute toalign with magnetic field of the wire ' e

Figure 15.3!- Magnetic field of straight wire

Trace the magnetic field of a bar magnet.
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The compass needle deflects in opposite direction when the current is reverseq £ : S 1 = =
shown in the figure 15.3, the direction of such field is determined by right ha:; i ‘ Tomake 2 field having resemblance with the field of a bar magnet a.mil. : ‘
rulel. \H as spiral (helix) called solenoid as sl?uwn in figure 15.4, When c::rrent ]izshaPEd
through 2 solenoid, a reasonably uniform magnetic field can pe produ;:egm
RIGHT-HAND RULE | o Fingers curl in the directier ] field is strong along the axs of solenoid and weaker outside. For a tightly wc::h :
Right-hand rule for the magnetic field of magnetic field solenoid, the field in the interior space is very uniformand strong, The field '.innei

from a current carrying wire: Put your

thumb in the direction of current and curl Current ™\
your fingers around the wire, the curled t \J
ﬁngerswillshowthedirectionof magnetic BERINEN, -
i i direction of umb peints in the :
field. This rule is for dir 2 o e uTT—— I.I ol ‘a
conventional current or flow of positive e

have resemblance to those of a bar magnet, meaning that the solenoid effectivel
has north and south poles. To determine the direction we use right hand rule I ely

RIGHT-HAND RULE II

Right-hand rule - | for the magnetic ; e
charges. For electronic c_urrent flow the field from a current carrying wire. the direction of curr‘ent around T TrEe RS coeee
same rule is applied but with left hand. the coil or solenoid and the L f KRETVIT Xt 1_|_‘4 -
extended thumb will point in o _---s- I:;Ei-i-ﬂ— 5
: : i ———— - nz!.l.l,l-!'!-"i‘-f_r

15.1.2. Magnetic Field due to a cail or scien I When wire is shaped in to the the direction of north pi:!le of a P i oAy
loop or coil and steady current is applied through it. By applying the right hand n‘fagne_t. This rule is for

f wire carrying current, we see that the magnetic field around direction of conventional
rule around a loop of wir W" 3 S iy : current or flow of positive .
a loop of wire carrying current is in same direction coming in and going out of coil, charges. For electronic current Electric current Electric current

i i i i ines cannot cross, : y

forming a north and south pole like bar magnet. Since the field lines cannotc flow, the same rule is applied The right-hand rule (il) for a solenoid

the field lines are packed closer together inside therefore the field is stronger but with left hand.

inside and weaker outside the coil. :
LAB WORK

Figure 15.4 - Magnetic Field due to a Coil or Solenoid To trace the magnetic field due t
ue o a

_current carrying circular coil.

il

A @@Z@ asere SN

current |

Magnetic "
Field

Magnetic fadide
Field |

I
|
I .
|= What is the direction of the magnetic field at point P in the figure?

| U \ | | -_",_,.:
Electric Electric  Electric _\ 110 {Plaontheastiofte i)
current current  current T" :";:fllllt' / A B.?

”S 3 C.2 D.?
The magnetic field lines for a wire loop and sofenw ° .,
E NI 0
NOT FOR SALE NOT FOR SALE
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[ESEED ctcctromegnetisn I .
The compass needle deflects in opposite directiur_'- whn.en the current js everseq,. N Electromagnafisn
chown in the figure 15.3, the direction of such field s determined by rjgn, | %% "\ 7o make a field having resemblance WAth the field of a bar magnet, a
rulel. L \\ as spiral (helix) called solenoid as sl-‘ucwn in figure 15.4. When current is passed
through 2 solenoid, a reasonably uniform magnetic field can be produced, Th

Fingers Cum field is strong along the axis of solenoid and weaker outside. For 3 et . This
Right-hand rule for the magnetic field of -nagneufff;{ﬁ“‘“" ;glennid- the field in the interior space is very uniform and strong. The fi:-;:]:-und
from a current carrying wire: Put your Eariiak have resemblance to those of a bar magnet, meaning that the solencid EffEI:ti:rr::s
thumb in the direction of currentand curl - =~ 7 O /A’\?D hasnorth and south poles. To determine the direction we use right hand rule | '
Right

i ' ire, the curled
your fingers around the wire, t :
fingers will show the direction of magnetic RIGHT-HAND RULE Il

coil is shaped fe. :"“

3 7 hand —
i i irection of Thumb points in the
field. Thlsl rte i: f::lui of positive direction of current nght+hand ll‘::E f[iLgi?sr i:
conventional current o S ) colenoid: Curl the
charges. For electronic current flow the Right-hand rule - | for the magnetic the direction of current around e coErenaey Mol o
. field from a current carrying wire _ e L T tH4 s
same rule is applied but with left hand. ¢ the coil or solenoid and the _ T7T7CTTIE - -"-’l'i"}!"i'y
extended thumb will point in e E.oiE_LL_(_i S
id i A 1
15.1.2. Magnetic Field due to a coil or selend When wire is shaped in to the thedirectioTrl of nort? pc:le l:fa & , : -ut‘-H\
i i i : his rule is for
i lied through it. By appl i magnet.
loop or coil and stead_\{ current‘ is applied throug y applying Fhe.nght hand s A e
rule around a loop of wire carrying current‘, we .see that. the.- magneu.c field aruur)ud comerib-of flov-of positive S 1 .
aloop of wire carrying current is in same direction coming in and going out of coil, charges. For electronic current cHTen Electric current
forming a north and south pole like bar magnet. Since the field lines cannot cross, flow, the same rule is applied The right-hand rule (ll) for a solencid
the field lines are packed closer together inside therefore the field is stronger but with left hand. -

inside and weaker outside the coil.
LAB WORK

Figure 15.4 - Magnetic Field due to a Coil or Solenoid 2 LU e, malgnitie Held St
current carrying circular coil.

Magnetic

current |
Field |

U@/ﬁ) Electric -_-:l:-:_ l

Magnetic ]
Field | o } What is the direction of the magnetic field at point P in the figure?
J L i . ;
Electric Ele,ctr"tc Electric _| __1.__..)": 1! el o o osa' P
current current  current =T / "r.f[ H\_ / A.? B.? &
/ o AR G D.?
G . grrent
The magnetic field lines for a wire loop and solenoid with steady ¢ ®
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EARTH'S MAGNETIC FIELD

] ch's Magnetic Field: The magnetic field of the earth is probably
P ric currents (electromagnetism) at its core. The Earth's core
caused by F:*Lef nwh'ch conducts electricity and the spin of the Earth about it
contains a tiquid, W the current in a conducting loop,

; liquid tocirc! ;
axis causes the :Iasmr han the Earth and space probes indicate that Jupiters
rotates

tronger than ours. venus, on the other hand, rotates more
h and its magnetic field is found to L

. d the north geographic pole of the
ot is attracted towar .
Ly L(:dz ::T'uaaﬂhe Earth's south magnetic pole is located near the north
Earth. W‘%cﬂ"‘:le and the Earth’s north magnetic pole is lccatec.l near th? it
?.BDB"HP:':C ;I::le In fact, the configuration of the Earth's magnetic field, pictured
geographic pole. )

in figure, isvery much like thea magnet.

ulate much like

Jupiter )
magn—e[lc ﬂEl’d 155
slowly than the Eart

Geographic
North Pole

Magnetic
South Pole

Magnetic
Morth Pole

"NOT FOR SALE

Geographic
South Pole

="

r

Mag
u

groups of

|

amozoW g H4z-aW

toreception: Magnetoreception is a sense which allowsan g
netic field to perceive direction, altitude or
a m:gw a range of animals for orientation and
p:zsent in bacteria, arthropods, molluscs and members of alf major
vertebrates. Humans are not thought to have magnetic Sense, but there js

a protein (a cryptochrome) in the eye which could serve this functign,

The pigeons also navigate by using Magnetoreception, evidence indicates that they
sense this field at least partly by means of small magnetite crystals located in their
beaks. When the area of the beak containing he crystals is anaesthetized or the
nerves to it are cut, the birds lose their ability to sense the magnetic field. The
pigeon shown in the opening photo has a small magnet attached to its beak; this also
interferes with the bird’s ability to sense the earth's magnetic fields.

: rganism to detect
location. This sensory modality is
navigation, Magnetcrecepllnn is

taxonomic

15.2 FORCE ON A CURRENT CARRYING CONDUCTOR IN A

MAGNETIC FIELD

When current carrying wire is placed in a magnetic field, charges flowing through
the wire interact with the external magnetic field and thus the wire experiencesa

force,

Consider a wire connected to
abattery and passing through
a U-shaped magnet as shown
in figure 15,5, It is observed
that the wire experiences a
force which is perpendicular
to both the direction of
current | and the direction of
Magnetic fie|d B
reverse the
Current
forceis

If we
direction of
» the direction of
alsoreversed,

We see that
Perpendicyla
chinged and

parallel, showi

“Figure 15.5 - Force on a current carrying

conductor in magnetic field
Wire is pushed up Wire is pushed down
Force F ¥ Magnetic ’r
Magnetic Field B "
; Field B Curren
it
N
" ¥
Force F
y | J'
Current

this force is maximum when the current carrying wire is placed
I to the magnetic field and reduces in magnitude when the angle is
vanishes when the current carrying wire and magnetic field are
Ngasine of angle Bvariation.
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With this experiment we can find that this force is directly proportiona( ot

current flowing though the wire /, the magnetic field B, length L of the Wire in the
magnetic field and sine of angle 6 between current and magnetic field, Ty,

mathematically the force is
' F, o BlLsin®
or Fg — kBILsin0

For Sl units K= 1, therefore the equation that describes the force experienceq bya
current-carrying conductor in a uniform external magnetic field then becomes

F, =BiLsind ——{RERI)

Where F is the magnetic force in newtons (N), B is the magnetic field strength iy
tesla (T), | is the current in the conductor in amperes (4), Lis the length of the
conductor in the magnetic field in metres (m), and © is the angle between the

conductor and the magnetic field.
15.2.1 Maximum Magnetic Force: The force will be maximum when the angle
between current direction and magnetic field is 8 = 90"

F, =BILsin90° Since sin90° =1

hence  F=BIL —m

TABLE 15.1 : SOME

also |B=~Fl APPROXIMATE MAGNETIC FIELDS
IL
rface of neutron star 10'T
15:2.2 Unit of magnetic field B: The 51| At Surfac =
unit for magnetic field strength is tesla| Near large electromagnet ______!___r
(T). If one ampere of current in a one- Near small bar magnet 10°T
metre-long wire produces a maximum At earth's surface 10°T
force of one newton then the magnetic : 0" T
field is defined as one tesla (T), where Interstellar spac =
1N Magnetically sheilded room
“1Ax1m
: jated
15.2.3 Direction of force: Since force is a vector quantity it must be 315535 ed 10
with proper direction. Fleming’s Left hand rule or right hand rule 1] lsllj
: jeld.

determine the direction of force on a current carrying wire in magnetic f

. NOT FOR SALE -

D |

Magnetic force s in

and rule for the force ona current
;

Right-ha e
carrying conductor: Qutstretch the fingers tion of thump
irection of i
of right hand in. the dtrei: . c;:rren: | F
then bend the fingers in the direction o Point fingers in the
magnetic field (through the shorter angle direction of current and
between them) then the extended thumb curl them towards B
frecti IL
will give the dlrecltlcn of .furce 0:_1 the
current carrying wire.  This rule is for e
direction of conventional current or flow of
positive charges. For electronic current :

flow, the same rule is applied but with left  Right-hand rule (Ill) for the forceona
hand. ) current Cﬂrryfng Cﬂnducta.r

Fieming’s_._Liéft hand rule

Fleming’s left hand rule can also be used to represent the direction of force. The thumb
and the first two fingers of the left hand are set at right angles to each other. With the
first finger pointing in the direction of the field, the second finger pointing in the
direction of current, the thumb will give the direction of force.

Force F

Force F Magnetic

Magnetic
Field B

i Current

Symbol
feath

l__________________l r l

Since magneticrm ie s
th Snetism is inherently three-dimensional; we often need to draw vectors

poi

atare 2
_ntingzerfendlcular to the page. The symbol = (or ©) represents a vector arrow
ut of the page; think of the tip of an arrow coming toward you. The

x
- :nr %) represents a vector pointing into the page; it suggests the tail
ofanarrow moving away from you.

+ out of the page
* into the page
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. TIFY THE MAGNETIC FORCES :
ACTIVITY: IDEN e it

: : | (blue) directions and magneti
In each of the following different current g
(green) into the page and out of the page are shawn. [dentity the direction of From Chapter 14, youlow that 73 ma s amodest.
force (red) direction as either F, or F, using right hand rule lll or Fleming’s |ef; current foran ordma_?' cuz)p;; \l':;::; : this size, sg Whers
“ | . jon is easily ac i y
e Al the suspension 1> Y levitation isappiiegagnetic
ASSIGNMENT 15.1: FORCE ON A WIRE
F, |F, F F F A carrying a steady (dc) .30 {kcurrent has a length of 0,12 m - m'e
M LT ; S b pole faces of 2 magnet. The wireisatanangled=60" tothe field, Thebemma!mﬁ:
F} I F} field is ::lpprc:pximatealyr uniform at 0.90 T. Determine the magnitude of s
on the wire.
| | _l
o O 0 080 0O 0 15.3 TURNING EFFECT ON A CURRENT CARRYING COIL IN A
' AWPLE 15,1 WAGNETIC LEVTTION_ MAGNETIC FIELD
: VITAT A, ‘ | | -
EXAMPLE 15.1: MAGNETIC LE - When a current carrying coil or loop is placed in uniform magnetic field it
ik currentrcarry“-.lg e beflarﬂe enﬂ‘{gh to suspend experiences a net force, this force can exert torque on the coil or loop of wire.
the wire against gravity? Consider a wire having mass of 6.24 = 10" kg and length ; t lar coil having four (1, 2, 3 ;
3.5 cm placed perpendicular toa 2.4 T magnetic field. How large a current must Consider a rectangula g four (1, 2, 3 and 4) sides of length a and b
the wire carry in order to be suspended against gravity? carrying a current | in the presence of a uniform magnetic field B directed parallel
e wire carry tothe plane of the loop as shown in figure 15.6.

GIVEN

Mass ‘m'=6.24x10"kg
Length‘L'=3.5cm=0.035m

Magnetic field ‘8'=2.4T

Acceleration due togravity ‘g’ =9.8 m/s’

Figure 15.6 - Torque on current carrying coil

REQUIRED

| S f_\ =
Shde 3 view ]
Current /" =7 o

T

SOLUTION: In order to suspend a wire against gravity, the magnetic force ona S N u 5
wire must balance its weight W, such that 2 0 4
————————
F,=W Here F,=ILB and W -mg i — e
m
Therefore ILB=mg or = _L_Bg ‘—;h =t Fo A
No m i 2 3
Putting values [= 6.24x10 *kgx9.8ms * field :gi’:;'c forces act on sides 1 and 3 because these wires are parallel to the
0.035m = 2.4T oo the length of sides 1 and 3 is b, therefore magnetic force F, and F,
6.24x10 *kéx 9.8 085" :
& ol Fy =F, = Blbsin0° since sin0° =0

0.0350%x 2.4%85" /
® JA Therefore F, = F,=0 _@ :

N R E
ki is . NOT FOR SAL
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T
m Electromagnatisn \m\‘

orces act on sides 2 and 4, because these sides " \
re

—

However, maximum magnetic f
perpendicular to the field 8 = 90°
magnetic force is

the length of sides 2 and 4 is g, thef&fore

F, =F, =BILsin90°  since 5in90° =1
Therefore F, =F,=Bla —

If we view the loop from side 3 and sight along sides 2 and 4, we see the view shown
in figure 15.6 (b). The two magnetic forces F, and F, point in opposite directigns
<uch that they form a couple. If the loop is pivoted so that it can rotate about pijpt
0, these two forces produce a torque that rotates the loop (in this case clockwise),
ACTIVITY: BUILD AN ELECTROMAGNET T :

Wrap a copper wire around a nail and hold the ends of the
wire with both terminals of the cell. Thissystem will form _
an electromagnet and will be able to attract objects [7 =
(paper pins) just like a magnet. The electromagnet that ( :
you'll construct in this experiment will become hot |

during use. Be prepared to drop the electromagnet if it : e;,
becomes uncomfortably hot. v J
15.4 DCMOTOR

Electric motor is a device that converts electrical energy into mechanical energy. A
DC Motor uses direct current (DC) for this purpose. It works on the principle that
current carrying wire in a magnetic field experiences a torque. The electric motor
is found in many devices, such as CD players, automobiles, washing machines and
air conditioners.

Simplest and cheapest form of a DC motor is shown in the figure 15.7, it consists of
a rectangular current carrying coil mounted on a spindle that can rotate between
the poles of a permanent magnet. Practically, it is a coil of many turns wound on
soft iron cylinder (or core) which rotates with the coil to make it moré powerful.
The coil and core together are called the armature. Consider the motor to be
initially in the position shown in fig. 15.7.(b). A clockwise torque acts on the coil
causing it to turn. If the current in the coil were to continue to flow in the samé
direction when the green half of the coil rotates in front of the South pole; itwoul
still experience an upward force causing the direction of the torqué fcouple ¥
reverse. The coil would simply oscillate (wobble) back and forth.

NOT FOR SALE

. n
m | continue to rotate,

e the coi
2 o coil are attached toa

lled the commutatar. The
connected to the
ommutator using a pair of brush.es
which allows the ring to rotate whﬂ:e
maintaining electrical cnnt..act._Agam
he motor starting in the
15.7. The coil rotates
clockwise- When the co:i'. becomes |
vertical (green conductor on the top,
red on the bottom, coil perpendicular
to the magnetic field), the gapsinthe Cell
commutator align with the brushes
and so the current stops flowing. The inertia of the coil carries it forward and now
the green half is closer to the South pole. But the rotation of the commutator now
means that the green half is connected to the positive terminal of the power supply
instead of the'negative. This causes the direction of current in the coil to reverse
and so the force on the green half points down instead of up.

Force _ _Motation
Coil

il )

C

cansider t
position in fig.

The torque/couple created is still clockwise and the coil continues to rotate.

Thus the commutator allows the direction of the current in the coil to reverse
every half-cycle ensuring that the torque/coil continues to rotate in the same
direction as long as DC power is supplied.

ACTIVITY; BUILD A'SIMPLE DC MOTOR
Attach the magnet on the side of the battery using a long piece of adhesive tape. Shape
t:]l:e end of each paper clip so as to make it longer and to make a small loopat the top. Fix
tese paper clips on the ends of the battery using adhesive tape. Make 10to 15 coils of

Wire, scrap the insulation at the ends of the wire.
:::;Br a;'JI’."ﬁTiament marke:r, color one side at each end in
i ﬂuw?sutl:te that side. This will prevent current
o'tha sar::, rough the loops for half of every cycle. It
ey e. effect as that of a commutator. Finally,
coils onto the two paper clips and allow the

motor to spin as shown.




plication of the
magnetic forcesona current-carrying
wire is found in loudspeakers. The
radial magnetic field created by the
permanent magnet exerts a force on
. the voice coil that is proportional to
the current in the coil; the direction
of the force is either to the left or to
the right, depending on the direction
of the current. The signal from the
amplifier causes the current to
oscillate in direction and magnitude.
The coil and the speaker cone to
which it is attached, responds by
oscillating with an amplitude
proportional to the amplitude of the
current in the coil. Turning up the
volume knob on the amplifier
increases the current amplitude and
hence the amplitudes of the cone's
oscillation and of the sound wave
produced by the moving cone.

A common ap

15.5 ELECTROMAGNETIC INDUCTION

When magnetic field through a wire is changed, current is found to f0
loop, the phenomena is called Electromagnetic Induction. A changing ™
field lnduFes an emf. The current in a circuit due to a changing magnetic
called an induced current. An induced current is not caused by a battery;
completely new way to generate a current. So there is a current in a o/t of e
only if the magnetic field passing through the coil is changing.
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Electromagnetism e
| of wire connected to a galvanometer 5 shown in fi —m~ "
s stationary (even inside the coil), the S Bure 15.8. When
current. But when we move tﬁe magf:et either toward or Wi f:":n:i; shows ng
ga{vanﬂmﬂer shows current in the circuit. If we keep the magnet st .E Cofl, the
move the coil, we again detect a current during the motion, We call thf"imn‘anf and
current and the corresponding emf required to create this current‘:amnduced
induced emf. Whenever we have a changing magnetic field, an emf 1 S called an
the circuit s completed, the induced emf will cause an indyceg cu:: induced. If
fisinduced regardless of whether a current can flow or not. ent to flow.

considera coi

Theem
|t should be noted that when magnet and coil are moved towards each oth
galvanometer shows deflection in one direction, i

Figure 15.8 - Electromagnetic induction

When the magnet and
shows deflection
occurs,

Similar ef'fects
battery calleq
Magnetic fielg
gal'ranumeter &

] the coil are moved away from each other, the galvanometer
in the other direction. When both are fixed, no such deflection

c ; :
Dir:e Obs?NEG with two coils. When one coil is connected to a
o3 ary coil (the steady current in the coil produces a steady

rming an electromagnet). While the other connected to a

called as secondary coil,
NOT FOR SALE
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[ tcctromesnetisn:
When the primary coil s moved t
shows a deflection. This indicates t
coil. When the primary coil is moved
again, but this time in the opposite
primary coilis in motion.

When the primary coil is held fixed and the secnndér‘y coil is moved, the same
effects are observed. Again, it is the relative motion between the coils that
induces the electric current.

If both coils are held fixed but the current in the primary coil is changed the
magnetic field it produces changes and an emf is induced in the secondary cgj|_

This is the basis of the working principleof a transformer.

15.5.1 Factors affecting magnitude of induced emf:

o When a double loop of wire is used, the deflection on the galvanometer js
twice as large as before. A tripple loop induces three times the e.m.f. and so
on. This shows that "the e.m.f. is proportional to the number of turns in a coil.*

hat electric current is induced in Seconda

away, the galvanometer shows a deflecti,

direction. The deflection lasts as long :
5

o The faster the wire is moved, the larger the deflection on the galvanometer,
This indicates that the speed at which the conductor moves through the
magnetic field also determines the magnitude of induced e.m.f.

o Thelonger the length of the canductor in the magnetic field, the greater isthe
inducede.m.f.

o The larger the magnetic field, the greater the e.m.f induced.

15.5.2 Direction of induced emf and conservaticn of energy:

Whenever there is a change of magnetic flux, there will be induced emf and
current will flow in such a direction so as to oppose the cause producing it.

The induced current around a loop produces its own magnetic field. This field may
be weak compared with the external magnetic field. It cannot prevent the

magnetic flux through the loop from changing, but its direction is always such e

it “ tries " to prevent the flux from changing.

Consider pushing the bar magnet’s North pole into the loop, it causes the e
field to increase in the upward direction. To oppose the change, the 0oP o
needs to generate the downward-pointing magnetic field (acting asa magnet wi
its North Pole at the bottom which repels the North pole of the bar magnet L
towards it) as shown in figure 15,9(a).

owards the secondary coil, the galvanometg,
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Magnet pushed Magnet pushed Magnet pushed Ma
in to the loop out of the loop in to the loop mﬂg gfﬂthp:sllr.:g

| (a) (b) (©) (d)
The induced magnetic field at the center of the loop will point downward {using
right hand rule 1) only if the current is clockwise (cw) as seen from above. Now
suppose the north pole of bar magnet is pulled away from the loop, as shown in
figure 15.9(b). There is a upward magnetic field through the loop, but the
magnetic field is decreasing as the magnet is moving away: Thus, the induced
magnetic field of the loop opposes this decrease, therefore, the induced field

needs to point in the upward direction, the induced current is counter clockwise
(ccw) as seen from above.

:Lﬂ:t:;r ;:;e::ts CT also be observed with the south pole of a magnet pushed in and
skl ﬁetl,ng ;tg:tre 15.9(c,d). It is seen that the induced current sets up a
il own. From the above discussion, it is clear that the motion of

ays opposed by the magnetic field generated from induced current.

The mechanical
i energy spent in overcomi i ition i
ElECtrlcalenergy_ oming this opposition is converted into

If the induced current w

h ere in the opposite direction, the magnetic force would

ave acceler it wi
ated it with no external energy source, even though electric energy

would have issi i
the law een dissipated in the circuit. This would have been a clear violation of
of conservation of ener

gy, which doesn’t happen in nature.
15.6 AC GENERATOR

Electrici ty generator
energy. The princi
electricity for prac

is a device that converts mechanical energy into electrical
Ple of electromagnetic induction can be used to generate
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ELMMHM

, is an electric motor operated in feverse, ¢ "
In essence, electric generator 15 @ "
; ture of DC motor is rotated we would get the DC Out-put at the brushes whg,
35’""1: used. However, to produce AC (the current which changes polarity S
can es the .ﬂow of charge) some modifications needs to be made to the system
revers

The basic elements of an AC generator are shown in Figure 15.10. It consists qf a
coil mounted on a rotor shaft and placed between poles of E permarlent Magnet.
The coil is mechanically rotated by some exte.rnal means. T. e.rntatmn‘ of the cgj|
the magnetic field to change through it, sc_: an.emf is mduced‘m the coil,
causesd of the coil are connected toan external circuit by means of circular rip &
I:::dn_r,;:p rings and brushes (usually graphite). As the coil rute.:tes, the mf‘gﬂit'.:de
and direction of the induced emf changes. Therefo_re, this current is called
alternating current and the generator is called alternating current generator,

Figure 15.10 - AC Generator

Coil lf- le'l
P - )
N l- "‘J S N ',
current ?'_J - 3
¥y rings _ Bru e
1‘u,-=-:-~.!:
- ' e
» 5] |
Ratation 1gtation
Coil . c 0111
current

shows a coil rotated in a magnetic field of permanen m

sure 15.11 : & t magnet to light
Flgzlb Abicycle dynamo is also depicted. The AC generator and pg 2enerator :re
:he same, only the stip ring is replaced with commutator (spijt ring) for DC

erator. The DC Generator produces current whose magnitude changes
gentinuuusw but whose direction remains the same.
con

Figure 15.11

- Generators

(a) Coil rotation in magnetic field

15.7 MUTUAL INDUCTION

The phenomena in which the emf induced in ' Iron ring
ane circuit or coil due to the change in Tapping key

current in another circuit or coil is called "'—'—_/
mutual induction. =

Galvanometer

We have seen that an emf can be induced jn | Primary coil Secondary coil

a coil by keeping the coil stationary and (a) Closing the switch causes the
momentary current

moving a magnet nearby or by moving the
coil near a'stationary magnet. With another
experiment, we can show that this relative
Motion is not an absolute requirement.

Consider two fixed coils placed side by side

as shown in the figure 15.12, the coil that is {b) No current while the switch
connected to a batte stays closed

while the coil
called secongda
'ron ring core
Iron core g

ryis called primary coil,
that has no source of emf is
ry coil. Both are wound on an
well insulated from coils. The

used o :
Magnetic field prog nly to increase e (c) Opening the switch causes a
Hhes, current in the opposite direction
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o a battery through a tapping key, while e

2 P "
The primary coil 15 connected '
secondary coil is connected to galvanometer. It is observed that the gawa”'ﬂmet@r

shows a momentary deflection when the tapping key ils pressed. The pointer iy, the
galvanometer returns tozero immediately. If the key1s ht.avld pressed continuously,
there is no deflection in the galvanometer. Hﬂfhen .the kley isreleased, a momentary
deflectionis observed again but in the opposite direction.

. From this experiment, W& can conclude that it1s not the relatl.va- rnotic.:n but the
change in magnetic field that is responsibl‘e fc.-r electromagnetic 1._-.?._,“10“' When
the tapping key was pressed the magnetu.: field fjeveloped by an_ary &8 e
changed due to change in current per unit time which induced an emf in secondary

coil.
such that for a constantly changing current such as AC the time rate of change of
current in the primary Al /At TS proportiunal to the emf induced in the secondary

E,.Mathemati:aliy,

Al, v

- = |
S | .
- -:. ;

Figure 15.13 - Mutual Induction

Where negative sign tells us that
the induced current is always in
opposite direction to the , . -
original current flow. R Primary Coil ndary Coil

To change the sign of proportionality into equality, equation 1 can be writtenas
Al Al
Es = —Constantx-ﬁ—: or g;=—Mx I‘t’- —®

Where M is the constant of proportionality and is called as coefficient of |r\-’-utl.::E
induction. The Coefficient of mutual induction from equation 2 can therefare

written as
__Es
u- — G5

At
The units of mutual induction is Henry (H). Mutual inductance of two coils NIL :
one henry (H), if the current is changing at the rate of one ampere per secon
the primary and causes an induced emf of one volt in the secondary-

1H=1-vx15 E

14 A
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EXAMPLE 15.2: INDUCED EMF m .

if the mutual inductance of two coils is 3.5 mH and the current e

i ugh
coil changes from 0Ato 10Ain 0.03 s, how much emf is induced in thegse::n“;:w
coil. ry
GIVEN

iductance ‘M'=3.5mH=3.5x 10°H
. REQUIRED

itial current ‘4’ =0A
initia Induced emf in secondary ‘&'=1 ..

Final current /' = 10A
Time taken for change ‘At'=0.03s
SOLUTION: The emf induced in the secondary coil is given by the equation

geMrol er  ga==Mult

At TS
Putting values &g =— 3.5x10°Hx [JA-04
0.03s
or &g =-3.5x10‘3ﬁx 104
A 0.035

Thus the emf induced in the secondary coil is 1.17 V.

ASSIGNMENT 15.2: MUTUAL INDUCTANCE

If th _
thatet I:::n;nt th mugh the primary coil changes from 0 Ato - 10 Ain 0.02 s, such
by uced emf is 4.3 V. What is the mutual inductance?

15.8 TRANSFORMER

A transformer i
mer ; e
's a device which is used to increase or decrease an AC voltage or

current inci
{altema[t?::-z uthe pﬂ_nc.p[s_. oflt‘ransfcrn'ler is mutual induction. Changing current
s rent) in one coil induces emf in another coil.
Vhe key components of the
Insulated from each other bu
tc: a rna.terial which support
. gse field lines pass thro
Uctance of the two windi

transformer are two coils or windings, electrically
t wound on the same core. The core is typically made
s magnetism, such as iron. This makes almost all of
ugh to the other winding, maximizing the mutual

ngs.
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dine to which power is supplied is called the primary; the winding frop,
The winding to w .
which power is drawn is called the secondary.

mers

nsfor
Figure 15.14 - Step-up and step-down tra

lron Core

(b) Step-down transformer

(a) Step-up transformer

.

which two coils are wounded: a primary coil with N, turns and a secondary
c:irle D-:h N turns. If the voltage in the secondary is V; and voltage in primary is v,
coil with N, .

e

Vo N d
According to the equation 15.4, if N; is greatier than N, (N, :-Vﬂij .vt:lel :i;?:c:;:
{output) voltage is greater than the primary [mput.} voltage [t;an ;:r ( i e
we have a step-up transformer. On the other hand, if N, is less (N,

have a step-
secondary voltage is less than the primary voltage (V; < V;), and w: catioof the
down transformer. The ratio N; / N, is referred to as the turn

then

transformer.

EXAMPLE 15.3: X-RAY UNIT

; hich is
A portable x-ray unit has a step-up transformer, the 220 V lnPUt_ 01;: has 50
transformed to the 100 kV output needed by the x-ray tube. The prim
loops, what is the number of loops in the secondary?

GIVEN
Primary voltage ‘V,' =220V REQUIRED
Secondary voltage ‘V,"=100kV = 10° v

Number of turns in the primary ‘N,'=50

i da
Number of turns in the secon ry
'Ns, W7

NOT FOR SALE

: V. N v
uation 25 _ g P,
SOLUTION: By transformer eq v, N, or N, ; %N,
10°V
putting values NS = 22'"—'m‘_>< 50turns

pence  Ns =2.27x10"turns —m

Therefore, a large number of loops in the
secondary (compared with the primary) is
required to produce such a large voltage,

ASSIGNMENT 15:3  STEP UP TRANSFORMER
t- rnsformer has a primary coil consisting of 200 turns and a secondary

coil consisting of 3000 turns. The primary coil is supplied with an effective AC
voltage of 90.0 V. What is the voltage in the secondary circuit? J

15.8.1 Purpose of Transformers: Transformers (B
allow electricity to be efficiently transmitted F
over long distances. Whenever electricity is
transmitted, there is always some loss of power
in the transmission lines themselves due to
resistive heating. To reduce the loss, power
companies use transformers that step up the
voltage tg high levels while reducing the
current. Asmaller current means less power loss,
since P = IR, where R is the resistance of the

transmission wires. figure 15.16 shows one
Possible way of transmitting power,

uces a voltage of 13,000V,
ised to 500,000V by a40;: 1
The high~vultage power is
tance transmission line. L

ity, the voltage is reduced to about 11000 V at a substation

ransformer, However, before any domestic use, the voltage is
240V by another step

-down transformer that is often mounted

F.‘gf. v TOR‘ m

What is the turns ratio of
transformerin X-ray tube?

step-up transformer.
Sentover the long-dis

Upon arrival at the
USiﬂg a 5tep~dow” t
further reduced to
e utitity pote.




3 ccinn of Power
ure 15.16 - Transmission of Fo Step-down

W
i1

transformer
High voltage (substation) 66 kv
transmission Lines — E !

Transmission

13 KV geperation -
transformer transformer Light
Step-down
Color Key transformer Distribution
Generation = red (substation) transformers

Transmission = blue

Distribution = green * Step-down

transformer

Magnetic effect of current: Electric current through a conductor produces
magnetic field around it. In case of straight wire, it is in the form of concentric
circles.

Force on a current carrying conductor in a magnetic field: When a current
carrying conductor is placed in a magnetic field, the interaction between the
moving charges in the current and the external magnetic field causes it ©
experience a force. '
Torque on a current carrying coil in a magnetic field: When a current -:_atrrz.'ir{?.i:"-“L
is placed in a magnetic field, it experiences a couple due to which it begins to
rotate.

DC Motor: Converts electrical energy into mechanical ener
on acurrent carrying coil ina magnetic field.
Electromagnetic induction: When a magnetic field through a [oop of W
changed, current is found to flow in the loop. The direction of this induce e.m.
opposes the change causing it.

AC Generator: Simple form of AC generator consists of a coil which is
in external magnetic field and by principle of electro magne
alternating voltage is induced.

Mutual induction: Emf induced in one circuit due to changing current !
circuit which is magnetically attached/coupled with it.

gy by principte of torque

ire 15

tic jnduction

n aﬁﬂthe{

Transformer: Adevice which converts low voltage to high vW
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V8 @ A current

.ELE{;TR{)MAGNET’: Build an electromagnet a T

GROUF:See how much the strength of electromainet ;h:\:;:g:glﬂ this

low by using different batteries or increasing the numllgrm?;
gurns in the coil or ha-.n"ng other c—:_)re rnater_".als (such as pencil, steel “:ﬂ
etc.) instead of iron nail. summerize your findings in an article for school
magazine.
GROUP B ‘MAGNETIC EFFECT OF CURRENT’: Research the application of
the magnetic effect of an elec.tnc current in relay, door latch, loudspeaker,
and circuit breaker from the internet and school library, and present y-::-u;'
findings in classroom- -
GROUP C {MAGNETISM AND TECHNOLOGY': Identify different technologies
related to ‘magnetism such as electric motors and generators, medical
equipment, loudspeakers, magnetic information storage devices. Write its
historical over view relating when, how and where these devices were first
formed. Write an essay for school magazine.
GROUP D 'ELECTRIC MOTOR AND GENERATOR': Read literature and search
how different motors and generators can be easily made. Build a simple DC
Motor or AC Generator for your school laboratory.
GROUP E ‘“TRANSFORMERS": Make a list of the use of transformers (step-up
and step-down) for various purposes in your home. Make a chart and display
it in your classroom.

chapté

h current flow in northward direction is
a magnetic force. The direction of the

carrying wire in whic
deflected towards the east by
magnetic field is

A, straight up B. straight down C.south D. west.
@ Which derived unit is equivalent to tesla T?

A. Nm/A B. NA/m C. N/Am D.Am/N
® The unit of inductance, the henry, is equivalent to:

A Vs/A B.VA/m C.AslY D.V/A

(4] Whe'rn the speed at which a magnet is moved through a coil is increased,
the induced voltage
A..'.ncreases B. remain the same
@ slip rings are part of
A. DC motor

C. decreases D.goestal

B. AC generator C. transformer D. magnet
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EREED cuctromegnefin
@ Atransformeris used for

-~

A.bothDCandAC B AC voltages C.DCvoltages  D.farming
: .up transformer increases
(7] isteli:”:rp B. energy C. voltage D. current
y u -' . - = -
Oa :ertain transformer has a primary winding Fw1th 500 turns and 3.
secondary winding with 250 turns. The turns ratiois
A.0.5 B.2 C.250 D. 750
(9] 'f‘u-.-e turns ratio is 5, the secondary voltage is greater than the primary
- voltage by a factor of .
A.0.2 B.0.5 €. 2.5 D.5 |
CONCEPTUAL QUESTIONS

Give.abrief response to the following questions

@ Differentiate petween electric and magnetic fields.

@ Cananelectronatrest be set into motion with a magnetic field?
Which is more likely to show deflection in compass needle, AC current or DC
current? Explain.

© A constant magnetic field is applied to a current carrying conductor. What
angle should the wire make with the field for the force to be (a) maximum,
(b) minimum?

@ Why does a compass needle points North?

@ How canamagnetic field be used to generate electric current?

@ What would happen if we use aslipring to drive a DC motor?

9 The primary coil of a transformer is connected to a DC batte

emf induced in the secondary coil? Why?

COMPREHENSIVE QUESTIONS
" Give an extended response to the following questions _ a
Describe an experiment to show that the steady current carrying o

) : : ; netic
produces a magnetic field around it. What is the direction of this magn
field?

@ How the magnetic field of wire increases and resembles more ﬁ_
a permanent magnet, if the wire is formed in a circular coil? [Hin
the magnetic field of a single coil and then a series of coils.]

ry. Is there an

e —

]

ke that from
t: ansidE'I'

T

@ Explain the force ona current carrying wire in a magnetic field-
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MEMMM = x 3% L]
@ Explain the torque on current e .
ITying coil j so
@ Explain the working of DC motor, e magnetic field. N

@ Describe the phenomena of electrom
effecting electromagnetic induction
Explain the direction of induced emf and s
of energy. .

@ Sketch and describe the construction and working of AC -en

@) Describe the phenomena of mutual induction generator,

@ what are transformers? On what princi
purpose of transformersin AC circuits,

NUMERICAL QUESTIONS
@ A 1.5 m long wire carries a current of 5 A, at righ
i , t angls
magnetic field of 0.04 T. Determine the force exertsﬁ u: I:hgeew;?: e
@ Awire carrying a direct current of 10.0 Ais suspended 5.0 m east between a
house and a garage perpendicular to the Earth's magnetic field of 5.0 x 10° T
What is the magnitude of the force that acts on the conductor? '

A 10 cm wire at 30° to uniform magnetic field of 0.06 T is exerted by aforce
of 0.024 M. What is the current flowing through the wire?

agnetic induction. List the factors

how its relation to conservation

ple it works? Also describe the

If the current through the primary coil changes from -5Ato +5Ain 0.055s,
such that the induced emf is 2.8 V. What is the mutual inductance?

A transformer connected to a 120-V AC line is to supply 9600 V for a neon
sign.(a) What is the ratio of secondary to primary turns of the transformer?
(b) If the transformer consisted of 275 primary windings, how many
secondary windings would there be?

How many turns would you want in the secondary coil of a transformer
having 400 turns in the primary, if it were to reduce the voltage from 220V
ACto3.0VAC?

A transformer steps down a main supply of 220 V AC to operate 2 12VAC

® & @

@

lamp. Calculate the turns ratio of the windings.




After studying this chapter you should be able to
« explain the process of thermionic emission emitted from a filament.

< describe the simple construction and use of an electron gun as a source of
electronbeam. ”

+ describe the effect of an electric field on an electron beam.

+ describe the effect of a magnetic field on an electron beam.

« describe the basic principle of CRO and make a list of its uses.

v differentiate between analogue and digital electronics.

+ state the basic operations of digital electronics.

v identify and draw the symbols for the logic gates (NOT, OR, AND, NOR and NAND}
« state the action of the logic gates in truth

MTOA-HED oZ—ZRbne AZmoc=u
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i 16.1 Thermionic emission

o) 16.2 Electron gun w; have used electronic \
0 equipment of

M 16.3 Cathode rays other, Mstt::f:i :E: iy
1 (a) Deflection by electric field radio and television assz:ﬁ
' (b) Deflection by magnetic field domestic equipment. Mobile
16.4 Cathode Ray Oscilloscope (CRO) ~ POMes, personal computers
| 16.5 Introduction to electronics and CD players provide further
: 16.6 Analogue and digital electronics s e
2. to a developing economy like
_ -] 16.7 Logic gates ours. This chapter will provide
‘3 Key Points and Projects s anintroduction to electronics.

16.1 THERMIOMIC EMISSION

Metals conducts electricity, this indicates that they contain some ‘free’ electrons
that are not bound to a particular atom and free to move randomly through the
metal as a whole. Most electrons in metals, particularly the ‘core’ electrons 3
closest to the nucleus, are tightly bound to individual atoms; it is only the
outermost ‘valence’ electrons that are somewhat ‘free’ and are termed as ‘free
electrons’. These free electrons are still bound to the material by a characteristic
binding energy called the ‘work function’ and it represents the minimum energy
that must be imparted to an electron in order to escape from the metal.

T

Vacuum \|

Free
Electrons

Metal




—

m:nmwwy Etectronics i M-' |

oS R Il be
If sufficient energy is given to the metal, the electrons taking thls_f::;??;:n: o
able to overcomé the work function, causing electrons to be em!
metal.

If we increase the temperature of the metal, electrons start to mTiifiit:i :r:f'!
some may have enough energy to escape from the fotal s ShowS n 'gelectror;s.
The higher the temperature, the higher wil be the number of esf:ap'“?ssim

The temperatu re induced electron ejection is called thermionic €m '

Thermionic emission

can also be achieved by |

passing electric current | Vacuum

through tungsten Ellf;r[;m; .
10E (5] |

filament as shown in | ﬁl;‘!;:m crtiats il |

figure 16.2. The filament |

electric current heats |
up the filament and |
electrons are emitted.

16.2 ELECTRON GUN

Electron gun is a source of focussed and accelerated electron beam. Electron gun
is a versatile electrical component, It isan essential part fora number of devices,
like Televisions, 3D printers, Scanning Electron Microscopes (SEM) and large
synchrotrons.

Electron gun consists of a glass tube at very low pressure, with negatively charged
electrode as cathode and positively charged electrode as anode as shown in figure
16.3. The electrons are emitted through the indirectly heated cathode.
Indirectly heated cathode means the cathode surrounds the filament and emit
electrons when the filament is heated up by the power applied. For getting the
high emission of electrons at the moderate temperature, the layer of barium and
strontium oxide is applied at the end of the cathode. The current and voltage
required by the indirectly heated cathode are approximately equal to the 600 mA
and 6.3V.

After exiting from the cathode, the electron
control grid is mostly made up of nickel ma
which controls the flow of electrons,

NOT FOR SALE

passes through the control grid. The
terial. The grid has negative biasing

-

= & .

Indrodisetory Electronics

Cylinder Control Grid Accelerating Focusing
anode anode

ol
|
Fi ) — ]
= . Pre: W -"".. i
.l_, : g : =t 3 I_-._' .:'_, 1
| : Biction. 1
Hot cathode
- - 2

By increasing the negative bias, one can decrease the number of elt-actrﬁns pass-lng
through and vice versa, thereby controlling the intensity (number of electrons) of
the electron beam.

The electron which passes from the control grid is accelerated by the high positive
potential which is applied across the accelerating anode. The electron beam is
focused by the focusing anode.

The beam after passing through the focusing anode passes through the deflection
system and goes to the fluorescent screen.

Electron beam produced by electron gun is also called cathode rays as these rays
are emitted from a negative electrode, also termed as cathode. Cathode rays can
be effected by presence of an electric and magnetic field.

g = S

(&) Deflection by electric field: As
cathode rays are composed of
negatively charged electrons,
therefore, the cathode ray beamis
attracted by positive electrode
and repelled by negative electrode

as sown in figure 16.4.Thus, we can ElECtI'PﬂS @
say that cathode rays are affected | 3--6'5'“"@
by presence of an electric field. | Cathode rays




ittty Esctenic ectrons
: ctrons.
(b) Deflection by Magnetic field: Since ‘cathode rays’ is stream of ele

= s on
Electrons are negatively charged, and a m.agnf.‘tlt. he,‘.d eximtrf:r:c;atof
electrically charged particles that are in motion in any direction other

the magnetic field. To determine the direction of force and thus the defle::tlcdn of
electron beam, the same right hand rule lll or fleming left hand rule can be used.

Electrans
ee®® i
Cathode rays

16.4 CATHODE RAY OSCILLOSCOPE (C. R.0.)

The Cathode Ray Tube (CRT) isused in computer monitors, TV sets and oscilloscope
tubes. The main part of the C.R.0. is 2 highly evacuated glass tube, consisting of
parts which generates a beam of electrons, accelerates them, shapes theminto a
narrow beam, and provides external connections to the sets of plates for changing
the direction of the beam.

The CRO operates by firing an electron beam at a fluorescent material, which give
off light as shown in figure 16.6. It consists of the following parts:

(a) Electron gun: The electron beam is generated at the cathode in the electron
gun. As described earlier in electron gun, potential (voltage) is applied, which
strips off and accelerates the electrons by accelerating anode.

Figure 16.6 - Cathode Ray.Oscilloscope {C.RI02)

Deflection system Screen

Electron gun

==
o

- + *
Cathode Anode Evacuated glass tube

Fluorescent
material

Vacuum
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The electrons then travel to the electron be .
: BN, am focusi "
mechanism is used to focus the beam. Ing anode, An electrostatic

(b) Deflection system: After the beam exits from the electron gun, it travels to
the electron beam deflector. The deflector has two mechanisms o’ne e

the vertical direction and one to change the horizontal direction of the beam. This
allows the electron beam to sweep over the entire screen l

(c) Screen: When an electron in the beam strikes a phosphor (such as Zinc Sulphide
Ins), it excites an electron in the phosphor. After being excited, the electron then
releases the energy it got in form of a visible light, which is always the same for
that phosphor. Phosphors emitting red, blue, and green light form a color image.
The Cathode Ray Oscilloscope (CRO) is an electronic test instrument, used to
observe the waveform of re_petiti\re electric signal. This signal can be amplified or
attenuated as required. Which enable its user to get the useful information about
the electrical component attached to its in-put terminal.

Uses of Cathode Ray Oscilloscope:

In a laboratory, a Cathode Ray Oscilloscope (CRO) can be used to
. display different typesof waveform.  FREUCSISAS:EEE
« measure short time interval, = .= ¥,

- measure potential difference (as a
voltmeter).

One of the most frequent use of oscilloscope
is troubleshooting a malfunctioned
electronic equipment because it has the |
advantage that it can graphically show
signals. Using a voltmeter to study a circuit
may show a totally unexpected intermediate
voltage, an oscilloscope on the other hand
can show the changes in the circuit voltage
at various instants (showing that the circuit
is oscillating). In such cases, the precise
shape or timing of a pulse is important to
troubleshoot the equipment. il

el - = ,_J

" Few waveform displays
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check newly designed circuitry. Very often a newly

Another use of oscilloscope is to s Gesign NS, Lo wltage tavels:

designed circuit will misbehave becau
electrical noise etc.

display monitors have a cathode ray tube

é@ inside it. An electron gun sends anarrow beam of high -ISPEEd elect “_‘-";'15 tm-:ard ;hE .

" screen of the tube. The inner surface of the screen is covered wit *E1E a::-; hur

coating, and when the electrans strike it, they generate a spot of visible light.

This spot is called a pixel (a *picture element’). ; .

To create a black-and-white picture, the electron beam is scanned on the whole

| screen in sawtooth shape as shown in figure (b). As the beam scans Ihe screen,

| brighter and darker spots are created by controlling electrons emitting from
electron gun. Acolor TV operates with three electron gunsi.e. red, green and blue
colors asindicated in Figure b. Red, green and blue are primary colors, so virtually
all other colors can be created by varying the intensities of the three beams

some television setsand some computer

| focused ona cluster.
I Cathode ray tube
Electron Gun
| -.i'
i Electron beam
Phosphor coated screen ‘
N Deflection system
Pixel

(a)
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! ‘Seeing’ Sound Waves: Cathode Ray Oscilloscope 15 used to display the f ?“‘1
| electronic signals on a small monitor similar to a television screen Soundsom:e o
| “seen” by using a microphane to convert them into electronic Signa.ls an im‘;:l?ﬁer |

| toamplify these signals, and an oscilloscope to display their form {se;a Figure 8.5)

| With an oscilloscope, you can visualize the difference between the sounds made
by a variety of musical instruments. In figure below, an oscilloscope connected to |
amicrophone can be used to display the wave formefa pure tone, created here by
a tuning fork. The trace on the screen shows that the wave form issinusaidal.

The branch of physics and technology concerned with the design of circuits using
transistors- and microchips, and deals with the behaviour and movement of
electrons in a semiconductor, conductor, vacuum, or gas is called electronics.

Electronics is widely used in information processing, telecommunication and
signal processing. The ability of electronic devices to act as switches makes digital
information processing possible. '

Mathematical methods are integral part for the study of electronics. To become
proficient in electronics, it is also necessary to become competent in the
mathematics of circuit analysis. Due to the complex nature of electronics theory,
laboratory experimentation is an important part of the development of electronic
devices. These experiments are used to test or verify the engineer's design and
detect errors. Historically, electronics labs have consisted of electronic devices

and equipment located in a physical space.
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16.6 ANALOGUE AND DIGITAL ELECTRONlCS | .
Analogue quantity is the one having continuous values. ‘Thereforefa ::logﬂs:i iri]a{
is a continuously variable electrical or physical quantity. Most of the g 5
that we deal in physical world are analogue quantities.. T_hefe fsan infinite amount
of colors to paint an object (even if the difference is |nd]scerl.'nb.lel to our eye),
there is an infinite number of tones we can hear, and there isan lnfml.te nun_'uber c?f
smells we can smell. The common theme among all of these analog signals is their
infinite possibilities. .

Digital systems on the other hand, operate on discrete digits that fEPresent
numbers, letters, or symbols. They deal strictly with ON and OFF states, which we
can represent by 0 s and 1 5. A watch and voltmeter with both analogue
measurement and digital measurements are shown in figure 16.8. The analogue
measurement represents infinite possibilities whereas the digital watch is
restricted only in its least count.

So why do we need to use digital
representations in a world that is
naturally analog? The answer is that if we
want an electronic machine to interpret,
communicate, process and store analog
information, it is much easier for the
machine to handle it if we first convert
the information to a digital format. The
conversion from one analogue to digital is
- achieved through circuit known as
Analogue to Digital Convertor (ADC) and
converted back to analogue signals by Analog and Analog and digital

Digital to Analogue Converter (DAC). digital watch Multi-meter

A digital value s represented by a combination of ON and OFF voltage levels that
arewrittenasastringof1sand0s.

NOT FOR SALE
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: '““"MWH Electronics
Instead of dealing with the infinite span and
intervals of analog voltage levels, all we el Figure 16.9: Analogue Wave

to use is ON or OFF voltages (usually +5 v = N
and 0V = OFF),

A good example of the use of a digital
representation of an analog quantity is the
audio recording of music, Compact Disks (CDs)
and Digital Versatile Disks (DVDs). Musical
instruments and the human voice produce
analog signals and the human ear naturally | ©
responds to these analog signals.

l@@‘

Analogue signal
voltage level (v)

5

time (s)

To accurately represent a complex musical :J:;:i‘-;ee:;!ﬂ;;}
signal as a digital string (a series of 1s and 0s),

rather than gathering all the music on
continuous basis, several samples of an analog
signal must be taken, as shown in figure 16.9.
It looks like an extra work but digital
recordings have virtually eliminated problems -
such as electrostatic noise and the magnetic | _ tone 6L,

tape hiss associated with earlier methods of | Digital representation of data
audio recording. points on an analog waveform;

3

|

1610 Analogue Vs Digital

Yoltage level (V) Voltage level (V) Still looks like
Analogue irregularities will E a high (1)

be heard by human ear Still looks like |

alow (0)

0 time (5) O] time (s)

These problems have been eradicated because, when imperfections are
introduced to a digital signal, the slight variation in the digital level does not
change an ON level (high - 1) to an OFF level (0), whereas a slight change in an
analog level is easily picked up by the human earas shown in Figure 16.10.

NOT FOR SALE
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16 7 LOGIC GATES . ic circiit i
6.7 L farming digital electronic circuitry. A
rmore input terminals. Its output will

{ level(s) at the input terminal(s),

building blocks for

ic gates are the basic
vl terminal and one 0

ic gate has one output e
::ngi-l (1) or LOW (0) depending on the digita Al
Thus having the ability to performa L S ! trical and ¢ t

«anding of logic circuits is vital for today’s electrical and computer
Proper umierstau'ld‘_r!!u';‘t5 are the key ingredients of computers and are also used in
eru;fme«\e.-rs.Theseitr*ft'cmns They are found in commonly-used produc_ts like music
ey f:.u-.er al:gi : e!.e\;trunl'c games, digital watches, cameras, televisions,
an:id tw:‘-':n; mz:ny' household appliances, as well as in large systems, such as
tpg|:;1gne networks, internet equipment, television broad§a5tl Eq‘uipment'
industrial control units, and medical instruments. In short, logic circuits are an
jmportant part of almost all modern products. . ‘
Digital logic circuits are simple. To depict algebraically the operation of a'lcgic
gate or a combination of logic gates, a Boolean equation is used. Tt_le operanofm of
a logic gate or circuit can be represented in a table which contains all possible
inputs and their corresponding outputs is called a truth table. The circuit symbols

for the five basic logic gates AND, OR, NAND, NOR, and NOT gate (or inverter) are °

described below, along with their boolean equation and truth table.

AND GATE: The simplified T
AND gate has two inputs

. and will give high (1) K== X=AeB
output only if both inputs
are high (1). In other  B®—

words, if A =1 AND B = 1, Circuit Symbaol
then X = 1. If either Aor B
or both are Low (0), the *3V® L
output will be Low (), OVe— T .
::: T::fa: Nl G T —— 1 ! 1
unction can :
simpl}rbewﬁtténashh.ﬁor justX
gate performs the logjcal multiplic
glate, its simple logical drawing an

=AB (whichis read as X equals A AND B'). AND
:tmn of the inputs. The circuit symbol for AND
the truth table are shown in the f igure 16.11.

NOTFOR © ALE

0f gate: The simplified FL
OR gate has two inputs [~
and will give high (1)
putput at X whenever

input A OR input B is &

HIGH or both are HIGH. Circuit Symbol A B |x=a
As a Boolean equation, 0 0
this can be written as X |5 Vh——t'__’,‘mm A 1
=A+B (whichisreadas [oye——mnrowo [ » = '

“ "

Nﬁtiigl:::u:a :;F:h: j | Simple logical Drawing L d 4 1

symbol to represent the OR function. OR gate performs the logical addition of
inputs, the circuit symbol for two input OR gate, its simple logical drawing and
truth table are shown in the figure 16.12.

HOT gate: NOT gate is used to complement or invert a digital signal therefore, it is
also called inverter. It has a single input and a single output. If a High level (1)
comes in, it produces a Low-level (0) output. If a Low level (0) comes in, it
produces a High-level (1) output.
The symbol and truth table for
the inverter gate are shown in

'iglife 16.13 - NOT GATE (Inverter)

Figure 16.13. The Boolean X=i Uty
equation for an inverter is |a o—!>0—¢ A | X=R
written X = A (X = NOT A). The bar 0 1
over the A is an inversion bar, Circuit Symbol

used to signify the complement. L .2

HAND gate: The operation of the NAND gate is the same as the AND gate except
that its output is inverted. You can think of a NAND gate as an AND gate with an
inverter at its output. The symbol for a NAND gate is made from an AND gate with
the inversion circle (bubble) at its outputis shown in figure 16.14.

To make a burglar alarm/fire alarm using an appropriate gate.

* NOT FOR SALE
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The Boolean ‘equation for the NAND gate is written X
drawn over (A and B), meaning that
complementation of inputs (AandB) [NOT (AandB)].

Because we are inverting

- AB. The inversion bar is

the output, the truth table

outputs will be the Ritranis = =
complement of the AND - FoE -~ lnput - | Output
gate truth table outputs. | A i B X =3B
From truth table we can :D)_‘ - S :
see that the output is low B

(0) when both inputs Aand Circuit Symbol 0 1 1

B are high (1). Also, the | . 1 0 i
output is high (1) whenever 1 1 0

the output of the MAND is the

either input is low (0). *

NOR gate: The operation of the NOR gate is the same as that of the OR gate except
that its output is inverted.
We can think of a NOR gate =SsSics
as an OR gate with an
inverter at its output, The

symbol for a NOR gate and : LR it

truth table is shown in A A B | X=AB

figure 16.15. The Boolean BDD_‘ 0 0 1 |
~ equation for the NOR 0 1 o |

function is X = A + B. The

equation is stated ‘X | g L

equals not (AorB).’ 1 1 0 N

In utherwurds, Xis low (0)if Aor Bis high (1). Notice that the output column in the
truth table is the complement of the OR gate truth table output column.

i l'.'lses of logic gates: Equipment and devices could be turned on and off
automatically by using logic gates and their combinations.

:::;:;::;ﬁc ngt ;uih switching: If you desire to automatically switch the
on and off, aftera i i
 gate. Ppropriate time and light level, you can use an AND

NOT FOR SALE

gaien ==
ol A
Ligl N . Light
o~ Street light =
s Street light
LDR
[0.00]
Timer Timer
: Automatic Street lights m Automatic Street lights

puring day when light shines on Light Dependent Resistor (LDR), the resistance is
high and current in the wire is low (0). In the evening when light fades out, the
resistance of LDR decreases and it starts conducting and turns to high (1). But the-
light will not glow until the timer time is not reached after which it would also turn
high (1). When both the terminals are high the street light will turn up. The
schematic representation is shown in the figure 16.16 (a). On the other hand if we
want to turn the light on when either light is low or timer time is reached, we can

. use an OR gate, as shown in figure 16.16 (b).

(b) Textile coloring plant: Atextile coloring plant uses two tanks to store red color
and green color. Each tank has a sensor that detects when the color level drops to

:25% of full. The sensors produce a high level of 5V when the tanks are more than
* one-quarter full, When the volume of color in a tank drops to one-quarter full or

less, the sensor puts out a low level of 0 V. Manufacturer requires that an alarm is
raised when both tanks are more than one-quarter empty. A NOR gate with its two

inputs connected to the |
tank level sensors.and its
output connected to the
indicator alarm system is
shown in figure 16.17.
Such that if red color
tank and green color
tank are above one-| Green color tank
quarter full, the signal is
low (0 V), even if one

tank reduces to less than
25% of full,

; " talor (evel indicator
Red color tank
Level Sensor

high | NoOR Gate

Alarm System

When both colors are
low, an alarm is raised
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ng that both tanks are less

As soon as both sensor outputs are low (0 V:l..indicati St

than one-quarter full, the NOR gate output is high (5V) a“I & : B
Here NAND gate circuitry can be used to indicate by a green light that bo
are full. -

Thermionic Emission: Temperature induced electron ejection-

Electron Gun: Source of focussed and accelerated electron beam (cathode rays). ‘
Deflection of electron beam in electric and magnetic field: Electron beam is
deflected in electric and magnetic field.

CRO: Cathode Ray Oscilloscope (CRO) is composed of electron gun, deflecting
plates and florescent screen enclosed in an evacuated chamber. CRO works on the

principle of deflection of electron beam in electric and magnetic field. CRO is used
to

« estimate small intervals

= displays waveform of voltage and current
Analogue quantities and signals: Quantity having continuous values. Therefore, an
analogue signal is a continuously variable electrical or physical quantity.
Digital quantities and signals: Quantity having discrete values that represent
numbers, letters or symbols. Therefore digital signal deals strictly with ON and OFF
states, which we can represent by Osand 1s.
Logic gates:Basic buitding blocks for forming digital electronic circuitry.
Boolean equation: Algebraic depiction of the operation of a logic gate or a
combination of logic gates.

Truth table: Table which contains all possible inputs and their corresponding
outputs.

GROUP A *AUTOMATIC WATER PUMP': Design logic circuit for automatic
water pump. Pump will operate if there is an insufficient amount of waterin
_the. tank on the roof of house and sufficient amount of water in the well
inside the house. Prepareachartand present your finding to the class.

GROUP B ‘AUTOMATIC FRONT GATE L
i IGHTING SYSTEM'; WI
logic gates can you use to build an automatic lighting ﬁ:’éc hat types of

vormat outside the front d
toyour class fellows,

NG":
: EN 2 I:r:gzrea :dcgzrt of symbols and corresponding
ND gates to be displayed in your

and give a brief presentation oor. Prepare a chart

GROUP C ‘CHART MAK]
truth table for NOT, OR
classroom,

nN—-nmeo=xo

Iniroductory E[-‘-'nc.-frm' = o m.
Placed with L_ED and LCD technology for
N reason behind this shift. Also discuss

. LoC

GROUP D ‘CRT’: CRT technology is re
television screens. Identify the ma;
where the research is sti(| progres
finding in an article for your schoo|

quoting examples that electronics is shift

appliances to high-tech electronic appliance
forefrant of electronic technology, P 5- And that computers are the

. EXERCISE
'1{| @ Cathode rays are beam of
I} A, protons B. electrons C.ions D. neutrons

L @ If electric field is applied parallel to the direction of electron beam, the
electrons will :

A. speedup B.slowdown  C.deflect D. not change its state

@ If magnetic field is applied parallel to the direction of electron beam,
the electrons will

A. speedup B.slowdown C.deflect  D.notchangeitsstate
7 @ The electronic circuit that gives high (1) output when all its input are
0 high (1) is called gate.

1| A.AND B.OR C. NAND D.NOR

C @ The electronic circuit that gives high (1) output when one or more of its
1= inputarehigh(1)iscalled_______gate.

| AAND B.OR C.NAND  D.NOR

Q @ The electronic circuit that gives low (0) output when all its input are high
= (1)iscalled____ gate.

_-.'5..-_" A.AND B.OR C. NAND D.NOR

T @ The electronic circuit that gives low (0) output when one or more of its

1
] l
P‘
i
E

1 inputare high (1) is called gate.
S AAND B.OR C.NAND - D.NOR
'N.,, @ The Boolean equation for OR gate is
| A.X=AB B.X=A+B . C.X=AB D. X=A+
@ The Boolean equation for NAND gate is

C' X:E H- K=m

NOT FOR SALE

A X=AB B.X=A+B




CONCEPTUAL QUESTIONS 'y _
Give a brief response to the following questions

0 What are free electrons? ?

@ What is the function of an accelerating anode in an electron gun? .

@ If the electron beam in a television tube is strikingE just one point on the
screen ata time, how can we get a full picture? Explain.

@ Why image is distorted when a magnet is brought close to old television
screens or monitors with cathode ray tube (CRT) inside?

9 Assuming that cathode rays are a beam of charged particles, ht?w could you
demonstrate that these particles are negatively charged? Explain.

@ Iifthereare4 inputs in any logic gate, how many combinations are possible? I
@ What conditions produce a high (1) output for an AND gate and NOR gate?

@ What are the algebraic Boolean expressions to represent the output of AND, |
OR, NOT, NAND and NOR gates? ;

Give an extended response to the following questions I
@ Why electrons are emitted from an electrically heated metal filament? |
What are cathode rays? How are cathode rays produced? |
Describe the construction and waorking of electron gun? '

What effect does an electric field and magnetic field have on the electron
beam? |

o

@ I:_lescri be the working principle of Cathode Ray Oscilloscope (C RO) and make
list of its uses, |
@ What is the difference between analogue and digital electronics?

&) Define logic gates. Describe the operation of AND, 0

o logic gates by drawing their symbols ang truth tables,

Explain simple uses of logic gates in (a ic lj itchi I
tlar g N (a) automatic light bulb switching (b)

I
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After studying this chapter you should be able to
'.'5 | v describe the components of information technology.

I;l:

11 v explain briefly the transmission of

L 1. electric signals through wires

a_ 2. radiowaves through air

r:,": 3. light signals through optical fibres

i describe function and use of a fax machine, cell phone, photo phone and

?’:E computer.

:;  make a list of the use of E-mail and internet. . ot
| ¥ describe the use of information storage devices such as audio cassettes,

I cassettes, hard discs, floppy, compact discs and flash drives. 5o

l’:% ¥ identify the functions of word processing, data managing, monitoring and
_'E controlling.

£5
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17.1 Components of ICT
17.2 Flow of information

This is the age of Information and
Communication Technology

information system, These are written in man
rules or methods may change from i

(s . > (IcT). This field is constantly : ) me to time. The Informati
o 17.3 Telecommunication devices being developed, altered, ‘and flexible to incorporate these changes, rmation System must be
17.4 Internet and email i . : : E. Human resource: Iti !
N i devices improved upon. It is evolving so tdate, e \Li5Peaple who design and operate the software, they ¢
T 17.5 Information Storage rap’ld[.‘{ that it is chang!ng almost 'Ianlt ata, build the hardware. » they feed
(2l 17.6 Word processing _ on a daily basis. The devices that
N 17.7 Handling information were in use a decade ago are now
qp| 17.8 outdated and some are partially
.= Key Points and Projects replaced and some are totally
Exercise replaced.

17.1 INFORMATION AND COMMUNICATION TECHNOLOGY (ICT)

Information and Communications Technology (or technologies) is the
infrastructure and components that enable modern computing to create, access,
analyze and communicate information. Human beings have always accessed
information and communication, but what makes these present technologies
special is that it has allowed more people to communicate faster and cheaper.

ICT system is made up of these components:

A, Data and information: Data is simply facts or figures — bits of information, but
not information itself. When data is processed, interpreted, organized, structured
or presented so as to make them meaningful or useful, they are called
information. It may be in the form of text, sound, graphic or figure that has been
processed in such a way as to be meaningful to the person who receives it.

B AUTOMATIC TELLER MACHINE (ATM)

I

] el

E%) Let us say you are withdrawing money fram a nearby ATM (Automated Teller
i Machine). Can you make a list of all the things you need to do for that? You need
| your account number, ATM Card, your PIN and you need to enter the amount of
money. When you put your card in the machine, it verifies your PIN, collects
information about your bank account, the bank and the balance amount. The ATM

] : machine does all of this, connects with you to the bank and allows you t
B. Hardware: In information technology, hardware is the physical aspect of ' the money, ! L

computers, telecommunications, and other devices. Hardware are the physical
parts or machinery that we can touch. For example mouse, key board, printer,
etc. d

So many things we do now are based on information. Many devices such as mobile
phones, television, computers, tablets, cameras, scanners, collectively called
ICTs, have made this possible. How we collect information, how we analyze it, how
we communicate the information and how we use the information to make

C. Soitware: Acomputer needs to be told what to do, software is the applications decisi
ecisions are all very important.

and programming instructions that tell your computer what to do. Software
enable you to use a computer for things such as playing games
= E ]
listening ta music. These are machine-readable instructio
circuitry within the hardware parts to
retrieve information in a specific manner,

NOT FOR SALE

writing an essay or
ns that direct the
store, process, transmit, receive and

17.2 FLOW OF INFORMATION
Flow of information is a particular view that focuses on the path and means

followed by information entities.
NOT FOR SALE
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nformation flows by means of

television and cell phone, information path is either

in which the information travels in the form of
hrough which information travels

In telephone, information path is wires in which thei

electrical signals. In radio,
air, vacuum, and/or seawater :
electromagnet waves or through optical fibres t

in the form of light. . .
romagnetic representations of data or information.

signals are electric or elect ; ;
Trii:\smission is the communication of data/information by the propagation and

processing of signals. ‘
17.2.1 Transmission of electrical signal through wire: [?atal or information can
be transmitted and received over a wire-based commumcat\Fm techn::ulog,.y. The
information is converted to electrical signals at tl‘ne transr!1|ttfan which 1: sent
through wires (twisted pair, coaxial cable etc.), and information is converte back
to original form at receiver's end. Examples include telephone networks, cable

television and internet access.
lephone model sound (voice) is converted

For example in figure 17.2, 2 simple te . :
into electrical signals through mouth piece and sent through electrical wires
d (voice) through ear piece at the

(twisted pair) and converted back to soun
receiver.

=

Figure 17,2 - Telephone communication’

Electrical Signal is converted
into Sound by ear piece

N Ty e
sound '))))l e ]

Sound Converted
into Electrical signal by
mouth piece

Electric signal is transported
Through public telephone
wire network

L

Electrical wire may be used to transmit both analog and digital transmission. For
analog signals, amplifiers are required about every few kilometers and for digital

transmission (using either analog or digital signals), repeaters are required every
kilometer, depending upon the type of wire used.

NOT FOR SALE

: B A COMMUNICATIO
NS
Asimple model of communications ; MODEL
kdiagram and example

in figure below. The fund
i amental purpose of 3
:::hanige of _daté between two parties. Figure ;:{ﬂ;:unicalluns Gy S e
mple, which is communication between a wnﬁcstaﬁ:nmr 5o
and a server aver a

public telephone network. A
- Another example }
between two telephones over the samenetv?orhls S Ak Jo:

Source Transmitter | Transmissio
>‘ r,alf-smﬂ;:g> System c
T _ : T\‘ T

Mﬂdem ‘ ¥ T .

Public telephone netwark e

Workstation

The key elements of the model are as follows:

A. Source: This is the device that
generates the data to be itted:
telephones and personal computers, transmitted; examples are

B. Tmnsn_-;itter: Usually, the data generated by a source system are not transmitted
directly in the form in which they were generated. Rather, a transmitter transfo
and encodes the information in such a way as to produce el:zctrwnagneﬁc signals thTt
can be transmitted across some sort of transmission system. For example, a modem
;akesfa digital bit stream from an attached device such as a personal mn;puter and
ransforms that bit stream i i

i m into an analog signal that can be handled by the telephone

c. Translmission system: This can be a single transmission line or a complex network
connecting source and destination.

D. Receiver: The receiver accepts the signal from the transmission system and
canverts it into a form that can be handled by the destination device. For example, a

modem will accept an analog signal coming from a network or transmission line and
convert itinto a digital bit stream. i

E_‘ _{_J_em“a“ﬂﬂiTakesthe incoming data from the receiver.
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al fibers:

tics) transmits a signal-
n. Total internal
higher index of

17.2.2 Transmission of electrical signal through optic

i ; trical Op'
ical fiber (discussed 1 chapter 12, geome :
e s { tal internal reflectio

encoded beam of light by means of tof .
reflection can occur in any transparent medium that has a

refraction than the surrounding medium. . ‘
d into electrical voltage signals, this varying voltage is

The information is converte ing _
light source are used in fiber optic

i i f
used to produce light. Two different types of T8 = :
systems: the light emitting diode (LED) and the injection \aser diode (ILD). Both

+re semiconductor devices that emita beam of Light when a voltage1s applied. The
LED is less costly, operates over a greater temperature range and has a longer
operational life. The ILD, which operates on the laser principle, is more efficient
and can sustain greater data rates. Figure 17.3shows the principle of optical fiber
transmission.

A. Step-index multimode: Light from a source enters the cylindrical glass or
plastic core. Rays at low angles are reflected due to total internal reflection and
travel along the fiber; other rays are absorbed by the surrounding material. This
form of propagation is called step-index multimode. This type of fiber is best
suited for transmission gver very short distances.

Figure 173 Optical Fibers

Light less than critical angle
is absorbed in jacket Core Cladding  Jacket

Input pulse Step-index multimode I Qutput pulse

i
. N

Input pulse —
pul Single mode Qutput pulse
Input pulse

Graded-index multimode

; Qutput pulse

UniL by [nformation and: Communication |
L Techweolagy (1CT) - 219

B. Single-made: When the fibe
: r core radius i
wavelen i am.
: Edfi' gth, onlya.lsm.g{e angle or mode can pass. Single-mod .o ,t,ph? Drder:df i
ong distance applications, including telephone and cal:‘us:t\!:ha::.rl'stt ks
ision.

C. Graded-index multimode: When the index of refraction at

:::l ir:ar;a;:ei r:st:?eg:l:;;ndfreduceq gradually, light in the core curu:zsc::l!:z;f ;:E

i e of r‘efractton. The shortened path and higher speed {l :
| .ry o arrive at a receiver at about the same ti : ‘_’WS

rays in the core axis. Graded-index fibers are often used i s

e ed in Local Area Networks

C. 17.2.3 Transmission of radio- i

mpmse?ting e —- frﬂ:ir:oaw:s:o ?hr::eg’h :1;3rcs:;ce: Electrina! signals

(transmitters) can be sent from one place to another place usi?::;agirn:a:ampuwr

es.

For transmission of a signal, radi ri
, radio-frequency electrical en ransmi
. _ cy ergy from the t i
; ::)nvzrited inl:n? electromagnetic energy by the antenna and radiatedr:' t::r
urrounding environment (atmosphere, space, water). For reception of ““F' I.e
. a signal,

ElectlDIllagllet!'C EHEIg ' i n 1 W Ed into !allil)-l]eq“e"cy

I.l:'ll;B_jr_:Dla_'q'g ast :

Antenna
Microphone Radio Antenna
Radio
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enna can be used for both transmission

it e

In two-way communication, the same ant
and reception.

An antenna can be defined as an electrical
used either for radiating electromagne
electromagnetic energy.

For example sound waves produced at
changed into electrical signals throu
then fed into the transmission antenna
on electromagnetic waves and emits
receiving end, the receiver selects and amp
receiver extracts the information and conver

conductor or system of conductors
tic energy or for collecting

the radio station as shown in Figure 17.4 are
gh microphone. These electric signals are
which superimposes these electric signals
them, in form of radio-waves. At the
lifies this radio-wave signal. The

‘speaker.
A communication satellite is infact
a microwave relay station. It is used
to link two or more ground-based Py
miicrowave transmitter/ receivers,
known as earth stations, or ground
stations. The satellite receives
transmissions on one frequency
band (uplink), amplifies or repeats
the signal, and transmits it on
another frequency (downlink). #‘k‘ ﬂé?
Figure 17.5 depictsin a general way | o i & B ol

& 2 celver
communications between one S{-“? = 4?'
ground-based transmitter and a Receiver ? Receiver
number of ground-based receivers.

17.3 TELECOMMUNICATION DEVICES

The machines or devices used to carry information to far off places is called

telecommunication. Fax machine, cell phone, photo phone and computer are few
examples of telecommunication devices.

Satellite

transmitter

NOT FOR SALE
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A. Fax machine: A fax machine (figure
17.6) is designed to send asaell as receive
documents so it has a sending part and a
receiving part. The sending part is a bit like
a computer scanner, that scans only one
line of a document at a time, and only in
black and white. A fax machine transmits
one kind of electric pulse down the phone
line' to represent black and another to
represent white.

The phone line transmits this information almost instantly to a fax machine at the
other end. It I'E'C?WES the electrical pulses and uses them to control a printer, It
takes about a minute or so to transmit a single page of writing (or ‘

drawing) in very systematic waly. e

B. (_:eil phone: Wireless phones which receive their signals from towers. A cell is
typically the area (several miles) around a tower in which a signal can be received

Cell phones provide an incredible arra i
Depending on the cell-phone model, you can: s eltnare

© Store contactinformation
O Make task or to-do lists

Send text messages
o

o

Keep track of appointments and set reminders

Use the built-in calculator for simple math

° ; ;
Get information (news, entertainment, stock

quotes) from the internet
© Send or receive e-mail

:ﬂ::;:?::‘ablte Operating Systems (Oss - software that allows users to interact
e rzu er syst.em} - e-nab[e the user to download apps (computer program
g :i;tmobrle device such as phone/tablet or watch) like games, GPS,
gl ,cu !ies. and other tools. Android, a mobile OS developed by Google,
manufacmreromp ete!y‘ open-source mobile OS, meaning that any cell phone
€an use itin their phones for free. ‘
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ne is a telecommunications device tlhat allows
beam of light. This means that the light we use
a means of communication. Until the late
ore successful than optical

C. Photo phone: The photopho
transmission of speech (sound) ona
will not only provide light but also act a‘s
1960s, radio and radar communications were rn_
i fentio
communications (OC). OC started to get real at . ]
light amplification by stimulated emission of radiation (laser) and the laser diode
(LD) in the 1960s, followed in the 19705 . ) i
fibres (OFs) as a medium for transmitting information using light.

D. Computer: Acomputer is a device that can be instructed to carry out sequen.ces
of arithmetic or logical operations automatically via computer programming.
Modern computers have the ability to follow generalized sets of operations, called
programs. These programs enable computers to perfarm an extremely wide range
of tasks, There are many different kinds of computer systems. Some computer
systems are very big because they are used to carry out large and complex tasks.
Others are small and portable - small enough to put in your pocket - even to wear
around your wrist or as a pair of glasses, The table 17.1 looks at the ways in which
various types of computer are used, as well as their characteristics.

Virtual reality (VR) is an artificial environment that is created with a -
software and presented to the user in such a way that the user acceptsit as
a real environment. The most important piece of a virtual reality kit these
days is the headset, a device like a thick pair of goggles. VR devices have
their own app stores, similar to smartphone app stores, where games and
apps can be downloaded.

VR products are also used by
many companies, often to
test product designs and
simulate user interaction,

ﬂrﬂmza-u l:l_I —1::-!_1-0

e.g. flight simulators and
medical training,

—

n with the invention of the,

by the development of low-loss optical -

Type of computer| Description Advantages Disadvantage
— ntages
i s are extremely |@ Capable of © Mainframes are so
computer :g: cOmputers lprocessing very big  large that they take
us i.n . jobs, which make use up almost a whale
-+|Organisations {such |of their large reom
as banks and memories and fast | ik
'|government processor speeds TP
departments) where . B
© Capable of Expensive
very large amounts pruhl:;l.sol“r::;’p&l:x 2 -
: operate
0::3'53 a:? would take smalier malr!taina:d i
processed. computers much require mt:;y
longer to do, staff to operate.
This is a general © Spare parts are © Lack of portability
D:;ktop :l:-r *  |purpose computer  |often cheap because |- heavy and
rsona made up of se i
B oy p : parate [they are standardised, separate
components: O They often have  |components are
_ © monitor faster processors than |connected by wires,
P — laptop computers for |o Files have to be
B I the same price. copied and stored
| s e o Drocessorand |© ThETe are fewer  [on portable disks,
ctorage: problems with especially if you
overheating than need to take them
laptops because of  |With you.
their larger size.
= This is a computer | © Portability. © Loss and theft
ptop or where all the i
i © Users can work © Limited Battery
components are anywhere, especially |life
together in a single |;¢ they can access Wi- |g Keyboards and
unit. This means Fi and link to other pointing devices are
that they are media. not as flexible as
portable; unlike those on a deskt
desktop computers, =
they can be moved s s
from one work area m] rmerhpacte . sn
to another. robli::l s
ap .
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; \ Email operates across computer networks, which

B vantagas
Il have
o Portable and easy |o Nota
Like a laptop this i 3G/4G access.
a small portable  [to use.
computer but the | g Quick to switch o Touch-screen
| biggest difference is [on, typing can be
that its user o Thousands of difficult.
interface is all |4 ni0adable o Cannot make
through touch. applications phone calls.
available.
This is an advanced |© Online access to © Screen sizes make
maobile phone with, |data. it difficult to read
Serphones features such as: g Better web long do.cuwepts and
web browsers, high- |browsing capability ~ [makes it difficult to
resolution touch  |than a more simple  [enter text and
screens, GPS mobile phonE. nLIITIbEFS qulckly.
navigatfun and Wi-Fi o Just one device can © Costs can be hfgh
i accomplish many as most providers
Smartphones are |, e at workorat  [want the user to
often used as media (, commit to a long-
and
players 0 Contacts’ details |{6™™ contract with
cameras, and phone numbers _[internet access.
can be integrated.  |@ Some webpages
may not display ar
function entirely as
the web designer
expected. J
17.4INTERNET AND EMAIL

The Internet is a worldwide system of computer networks - a network of networks

in which users at any one computer can,

from any other computer (and sometimes connect directly to users at other

computers).

Electronic mail (email or e-ma

between people using electronic devices

if they have permission, get information

NOT FOR SALE

=
Email has practically replaced the postal service for short written transactions.
todayis primarily the Internet.
Table 17.2; USES OF INTERNET
» Email

* Socfal media (face boak, twitter, Instagram, etc)
* Read or write blogs.

Communication o Tk
+ Forums
* Internet Telephone (VOIP)
. » Exploring through satellite mapping appl google
Exploring the « Travel I-:.es r g'l:i.i detail i i
rgsirsel Sites providing details of places with pictures and videos

Almanacs and encyclopedias

Keeping up to date with news and sports events. Read
newspapers and watch news channels
Watching catchup television shows from main channels

Keeping up with
events *

Online banking (make deposits and withdrawals, order checks)
Online shopping (buying and selling)

+ Pay utility bills.

« Investing money,

Keeping a calendar.

Finding a new job

Managing your life

Study and » Find research papers and articles
Research = Find professional services,
Information » Take classes.

= Watch television and movies.
Entertaining * Watching online video (youtube)
Yourself = Play games.

Listen to music,
Look for holidays and tickets (sports, concerts etc.)

17.5 INFORMATION STORAGE DEVICES
Information can be stored by virtually any form of energy. Handwriting (paper
documents), Phonographic recording, magnetic tape, DNA and RNA and optical

discs are al| examples of storage media. Electronic data storage requires electrical
POWer to store and retrieve data.
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S MM Ty : :
- I s of a general pUrpose compugey Disk: A hard d i ;
wiformafon Sfthe core function L. \\ p. Hard Dis ar isk drive Figuee.17.9 flacd Bigk

cﬂmwdatas!umge isone tored in much less space than paper documents, (sometimes abbreviated as Hard drive,

ic menu can ofglectrﬂnic datastorage devices: L HD, or HDD) isa‘ device that permanently
Thereare two different types ally smaler in size, these are designed to holg stores and retrieves data on a computer.
A, Primary storage deﬂce_s:t{;::l to the camputer. They have the fastest daty A hard drive is a secondary storage
: sorari d are 1n :
data temporarily an raMandcache memory- device that consists of one or more

speed andinclude :
S d ! torage devices: These usually have large storage capacity, and
B. Secondary sto

. ither internal or external to the
nently. They can be €l ) .
they store data perma de the hard disk, optical disk drive and USB storage

platters to which data is written using a
magnetic head, all inside of an air-sealed
casing. A typical hard disk drive is shown

::ﬂfﬂ;!;ﬁxicﬂ;z;n: :ltlarage devices are explained be:iow. in figure 17.9.
i ottes: A magnetic tape, in computer terminology, is a .

;;*:‘;;:E;?u::':::tc:ﬁz:: for data archiving,.collection, and backu.p_ At first, ,ﬁ.; '-‘E’@ B . = i

the tapes were wound in wheel-like reels but then C:iSSEttES and cartridges came Helium Hard drives I

along, which offered more protection for the tape inside. s P I

One side of the tape is coated with a magnetic material. Data on the tape is manufacturers have come up with a novel solution: filling the hard drive

written and read sequentially. Finding a specific record takes time because the case with helium. Because helium is one-seventh as dense as air, the
- machine has to read every record in front of it. Most tapes are used for archival spinning platters in a helium drive encounter less resi -

purposes rather than ad-hoc writing/reading. experience almost no turbulence. As a result, manufacturers can put more

’ platters into a drive and track data op those platters more precisely,

e greatly increasing drive density. It also decreases energy use, makes the
drive quieter and improves reliability.

Figure 17.8 Audo and video cassaties =

It took some time for helium drives to move from concept to reality
because it was difficult to prevent the helium from leaking out of the
drives. Now, HGST and Seagate both have helium drives currently on the
market, and HGST reports that of the one million helium drives it shipped in
the first year of production, none experienced seal failure in the field.

C. Floppy: Afloppy disk is a magnetic storage medium for computer systems. The
floppy disk is composed of a thin, flexible magnetic disk sealed in a square

; plasticcarrier. i ta from a fl disk, a computer
Anaudio cassette can store musicand sounds. Avideo casset r. In order to read and write da oppy

te on the other hand . system must h fl isk drive (FD
magnet ave a floppy disk drive (FDD).
“d::cu: ta:::sused for storing video and usually sounds in addition. Audio ahd i

are shown in the figure 17,8, Audio and video cassettes requir

special devices to be played and recorded

“ NOT FOR SALE NOT FOR SALE
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also referred 10 simply as 2 floppy-

A floppy disk ¥ | computing, flOPPY
days of persona

Sincetheeaﬁifd:l: ysed to distribute software,

disks were Wi p copies of data.

k-u
les, and create bac :
il fI'ilard drives were Very expensive, floppy
o ced to store the operating system of

picture shown in figure 17.10is an
floppy diskette, which was one of

the most commonty used floppy diskettes, capable
of storing 1.44 MB of data.

. CDand DVD: ACompact Disc (CD)is2 portable storage medium that can be used

to record, store and play back
_ ADVD (Digital Versatile pisc or Digital Video Disc) is
an optical disc capable of storing up to 4.7 GB of
data, more than six times what a CD can hold. CDs
and DVDs are used to hold music, data or computer
software. They have become the standard medium
for distributing large quantities of information in a
reliable package. If you have a computer and CD-R
drive, you can create your own CDs, including any
information you want. Atypical 700 MB storage CD is
shown in figure 17.11

E. Flash Drive: A flash drive is a small,
ultra-portable storage device which,
unlike an optical drive or a traditional
hard drive, has no moving parts.

Flash drives connect to computers and
other devices via a built-in USB
(Universal Serial Bus) Type-A plug,
making a flash drive a kind of
cumbinatiunUSBdeviceandcable,

m and Communication Technology (lcty :m
17.6 WORD PROCESSING T
Every day we come into contact with documents, posters, letters, leaflets, books -~

and other printed materials that were prepared using Software that enables users
to develop and edit text-based documents.

Word processing software is used to manipulate a text document, such as a resume
or a report. We typically enter text by typing and the software provides tools for

copying, deleting and various types of formatting. Some of the functions of word
processing software include:

o Creating, editing, saving and printing documents,

o Copying, pasting, moving and deleting text within a document.

o Formatting text, such as font type, bolding, underlining or italicizing.

o Creating and editing tables.

o Inserting elements from other software, such as illustrations or photographs.

o Correcting spelling and grammar.

Word processing software typically also contains features to make it easier for us

to perform repetitive tasks. For example, let's say we need to send a letter to all
our customers regarding a new policy. The letter is the same for all customers
except for the name and address at the top of the letter. Word processing software
can take a database of customer information and use it to automatically create a

letter for each customer.

g =)
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17.7 HANDLIN ity to use 1CT 1

ting and Presen

gatheﬂ'"?n g]'ganiSiﬂg, Stﬂﬁng,

Handiing information is the & ting information. It nvolves

retrieving, modifying, nterPre i
. shee )
categori'esmchasdatabases, sprea s dministrative process that

management | i :
Data pm[ectiﬁ?-: and processing required data

f thedata for its Users.

A, Data management:

iri idating, storing,
i acquiring yalidating, 5 .
T i : jability, and timeliness 0

o e - t solutions consists of three primary
Designing effective data managemen

activities

© An assessment
who needs the information, how
be taken in response to the data.
data collection should be select
mobile phones tosophisticated coftware programs. . .
o Standard Operating Procedures (50Ps) should be developed, with staff trained
on how to adhere to the 50Ps, Staff need to be trained on how to use the selected
tool(s) and equally jmportantly on how toanalyze and use the results.

© The collected data should be made available in a format that enables decision
making. The format will depend on the resources available and the audience but
the data should be accessible and easy to Use to answer key supply chain

of supply chain information needs shouldbe c?ndu:t_ed, including
it will be used and the potential actions that may
secondly, the platform best suited to supporting

. This may range from paper-based systems to

performance questions.

8. Monitoring and control; The Monitoring and Controlling process oversees all
the tasks and metrics necessary to ensure that the approved and authorized
project is within scope, on time and on budget so that the project proceeds with

4 minimal risk. This process involves comparing actual performance with P’la"“‘"d

| -

performance and taking corrective actions to yield the desired outcome when
significant differences exist. Monitoring and Controlling process is continuousty
performed throughout the life of a project.

[IEED_informotion and Commsiization,
0 Information technology: T'“_
B + Ine scie

| arrange it for proper use and tocumr:;ir:ilsa{:?
' | Information and Communication Techn

| Components of Information

17, come together in order to produce

K 2 an Inform

Al System. These are: data and information
| people. ?

L Flow ol information: The transfe
' rof informati
- different electronic and upticakequipmelﬂatmnfrmn

| Intelephone, informatinn ~-— & - -—.--

o give a brief presentation to your class fellows.

| GROUP € 'CHART MAKING': Prepare a chart listing the use of computer

1“1 technology in various fields of daily life, to be displayed inyour class room.

i GROUP D 'MAKING NEWSLETTER': Newsletters are usually produced for a

| specific audience, having words and images. Find a computer and by usinga
| word processing software (Like Microsoft word) make a news letter including

| last year events of your school, make a hard copy (printed document)
available for school library. _l

0
=

Technology {:c-r}. I jm _

hod used to stor
ttoothers %' Ifolmmatia, to

ology: The infrastructure and components

that enable modern computing

and Communicatien Technology: Five parts that
atm
l:ticm and Communication Te:hnnloﬁ
ardware, software, procedures and

one place to another through

. wor g rrn e 1 ANE TOTM of electrical signals.
In radio, television and cell phone information can be sent either through spgnc:l:n

Ll the form of electromagnetic waves or it can be sent through optical fibres in the

form of light signals.

U jelecommunicatinn: The methods and means that are used to communicate

information to distant places instantly
Infnrmation starage devices; Store the information for later use and benefits.

“! These include audio - video cassettes, compact discs, floppy disks and hard disks.

ormnptilor: Amultipurpose electronic computing machine.

~ Ward Processing Software used to manipulate a text document

Uata mmanadini: To collect information for a special purpose and to store itina

| computer inafile form which may help at times when needed

GROUP A 'RISKS AND BEMEFITS OF ICT': Assess the risks and benefits to
society and the environment of introducing ICT (e.g. effects on personal

‘ privacy, criminal activities, health and transfer of information).Write an
.| essay to be published in school magazine.

GROUP 1t 'ADVANTAGES OF HIGH TECH COMMUNICATION DEVICES":
Compare the advantages of high-tech communication devices with the
traditional system through library or internet search. Prepare a chart and

NOT FOR SALE
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SEaf‘:h v chOW this tEChﬂOI-'DgY
nd think arch article for the
]
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=L
n 3 i
,mmm,ns_poardware: soft\:?:: i e -}uwu.-(nrmatl‘.lﬂn D. signals
Lkl SR ST " i
A mmp"l&m o tic representations of data or information is
A

@ Electric O electromagn®
termed a5

. I
B. signal C. transmission D. software ;
. - i ission ©
Aompre of total internal reflection 13 used in transmis
n
O The phemmEf‘-D
signal L‘nrDUBh

ectri i , radio
i tical fibers C. e'tectrnmagnenc waves D : i
R o d either for radiating

. em of conductors Use : .
s ;:Zi-u::?:;;yffm 2 lecting electromagnetic enersy ™
electromagne

D. signal
i ter
B. satellite C. repead :
. antenna F ok
2 :t:vare that allows Users to interact with the computer s;s -
@ f nardware . apptication C. operating system .ozi e
G\':lhich of the following information storage device has no m
to store and retrieve information ‘ o
A. CD/DVD B. Hard Drive C. Flash dﬁ.\re ‘ tﬂ'seﬂ :;1 ’
@ Which of the following information storage device is least U
days _
A. CD/DVD B. Hard Drive C. Flash drive D. FloppY

issi ignals
@ Telephone communication is the example of transmission of sign
through

. : I
A electric wires B. optical fibres C. electromagnetic waves 0et

PR

Give a brief response to the following questions

@ \dentify the most reliable means of storing information?

NOT FOR SALE
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o How information is different from data?

e Why frequency band for uplink and
microwaves through space?

@ What does ‘cell’ in ‘cell phone’ refers to? :
@ Caninternet be used for shopping? Give an example

downlink is different in transmission of

@ How a flash drive is different from other storage devices?

OMPREHENS!VE QUESTIONS

waves through air/vacuum?

@ pescribe function and use of fax machine, cell ph
computer. i

@ What is email and internet? List few uses of internet i

@ what are i
storage devi

compact discs and flash drive.

@ What are the functions of word processing?

and control.

nformation storage devices? Describe the use of information
ices such as audio cassettes, video cassettes, hard discs, floppy, |

@ How information is handled? Describe data management and its monitoring

* Give an extended response to the following question
@ What is Information and Communicati ;
©jts comnonents. e Tﬂhﬂo‘ng? {lcrﬂ E‘Kplla‘n hﬂeﬂ

@ Explain the flow of information. Describe now INTonnauw s u ey n:\
electric signal through wires, light signals through optical fibres and radio

one, photo phone and

ndaily life.




_ 18.1 Atom and Atomic nucleus <

In this chapter, we discuss the
properties and structure of the

18.2 Natural radioactivity

e of the dead

How is the ag LG 18.3 Nucll_ear transmutations

2 2 y i atomic nucleus. W
. termmed' (0} : - We start b
rernains 9€ | g £ Tuliikg describing the phenomenon obf'
hi| 18.5 Radio i i
3_.,5 .6 Nuclear fission i alf life. We also discuss the
+ 18.7 Nuclear fusion ! A ous processes by which nuclei
18.8 Background radiation ecay and the ways that nuclei can
8.9 HizaRS S AT tAassies :t;an:d with each other. In nuclear
a
Key Points and Projects i ons, however, we will study
= cacivles a_ |'_|I.IJC|.EI..|5 break;_ apart or is
: particles combine. e e
£ . — 18.1 ATOM AND ATOMIC NUCLEUS
i n . 3 . p :
] Afters;_tl;‘-l:heslmm of an amln:emd P and neutrons. All matter is composed of atoms that are in turn composed of a heavier, central,
v desc _qtionof thenucleusin Ll e element from the positively charged core called ‘nucleus’ surrounded by a less massive negatively

per of protons in @ MU

L] ' -
", explain thet o charged cloud of ‘electrons’. The nucleus lies at the center of the atom,

oA, ides by using the symbol of proten fiumber Z, nucleon tmber occupying only 10 of its volume since the electrical force comes from both the
,fmresenwar:%;s:;‘;?::x. ] 1 rid of excess enersy electron and the nucleus as shown in figure 18.1. The nucleus is about 10,000
Aand?h:hm:s::me nuclei are unstable: give out radiation toge times smaller than atom. The size difference is like a ping pong ball in the center
- R ?d to be radioactive: of a2 kmcircle.
:Zi:r-:at:mmemreeww of radiation are & pay. e
B ssons: G e A
3 v state, for radioactive emissions: l HM.__
o their nature b:r::;a?i::gll
their relative jonizing effects. y
otheir r " bilities. ity charged electrons
|ative penetrating @ J dipactivi :
. cplﬂ::";ehat anp;emﬂﬂt may change into another element when ra
rs. e tions when
¢ ff:resent changes in the composition of the nucleus by symbolic G2
itted. -
0 al.phaﬂrhetapamclesare emi -
V]  describe that radioactive wﬁﬁimﬁmrmndﬂm\j avlerspace e "—.—_“_w Approximately 10"m
T expla‘mmeman‘.ngni half life of a radioactive material. p—_— applicat‘iﬂﬂ‘i"" | L Approximately 107 m
E 2 birulekaienen by .thttmakes ﬂ-!ern - All nuclei are composed of two types of particles: protons and neutrons (calles
+ describebriefly the processes of fission and fusion. —— nucleons). The only exception is the ordinary hydrogen nucleus, which is a singl

i jation and ; ities:
v Wa:g a;:nenesscfnt:f Ex’-‘ilzﬂ‘i: Df;ac?:::: ‘ad;:; *f ancient objects: proton. In describing the atomic nucleus, we must use the following quantities:
+ descri process of carbon dating to €54 the ancy

+ describe hazards of radioactive materials. : b NOT FOR SALE
NOT FOR SALE
_h . [ ,’\ S

I




rge number), which equals the

— s called the <h?

ber, Z (somet!
the nucleus:
} numben, Ay

o The atomic num
number of protons in
o The nucleon {or mass
(neutrons plus protons) inthe
o The neutron number, N, wh
=A-Z).
in represemin
symbols t0
present. The
chemical symbol for the eleme
s and A represents

which equals the number of "':JCieons

mber of neutrons in the nucleus (N

ich equals the 1!
nNumber of nucleons

of
g nuclei, itis convenient to have 2 system

how many prot

Humber of protons

of proton ¥
- h(,nrrlll'.“‘-‘"'-’“r' nautrans T .
%‘n}ﬁw. ,’:Fe (iron)hasa nucleon number of 56 and an atomic number of 26; it
therefore contains 26 protons and (56 -26) 30 neutrons. The subscript Z is thus
sometimes dropped. For example for nitrogen 13N, we already know thatZ=7 for
nitrogen and we simply write sy, call it as “nitrogen fifteen” (or may write as
nitrogen - 13).

cular element contain the same number of
inaneutral atom) but often contain different
atoms which have the same number of

The nuclei of all atoms of a parti
protons (and consequently electrons
numbers of neutrons. The nuclei of
neutrons and protons are termed as nuclides.
Within the nucleus there are Z positive charges. To keep these
apart, the nuclear force must supply an attraction that overco
repulsion.
18.2 RADIOACTIVITY
The spontaneous release of subatomic particles or gamma rays b
atoms as their nuclei tend to break apart into other particles to attain
is called radioactivity. An element which possesses such property i
radioactive element. :
Some nuclides are unstable, in order to attain stability, elemen
‘:h“dia“““: alpha (), in which the emitted particles are ‘He nuclei; beta (@), in
mfz::ﬁﬁfa ;hﬁqdes are either electrons or positrons (positive etectrons)’
radiiitions . actet ch the emitted “rays” are high-energy electromagnetic
- Nuclei which do not emit radiations are termed as ‘stable nuclei’. .
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charges from flying
mes their electrical

y unstahle'
stability
called

ts emit three types

1 T
nT‘
]

-— -

A

directed into an ev, ti
acuated = Ve sample
chamber (region from which F2U€ 18.2 - Radioactivjy | sebiml
a;tr is pumped out) in which Y in force fieids
there is a magnetic field. Lead C&'ti\nder %nmk
L)

The image on photographic
plate shows that the beam
splits into three components

two bending in opposite' — " ol
directions and the third
experiencing ne changs in
direction. By using the force
on charged particles in
magnetic - field, we can
conclude that the radiation of

Magnetic figld into the paper

X
£ ow
¥ w
“

X Ow
a

Alpha (a) rays

Gamma (y) rays

Pl
Ay,

- T
material TR N

Evacuated chamber ° Beta ()
rays

(a) Alpha, Beta and Gamma rays in magnetic field
. c

the un-deflected beam carries

no charge (the gamma 'y’ ray), Lead cylinder mm:g‘:pm
the component deflected A .
upward consists of positively Negative

charged particles (alpha ‘a’
particles), and the component
deflected downward consists
of negatively charged
particles (beta ‘B’ particles).

Alpha () rays
Garnma (y) rays|

Radioactive
material

Evacuated chamber

Similar observations can be Dot (3 ram.
made by passing a beam | (P)Alpha, Beta and Gamma rays in electric field
emitted from radium through “ - : ~

ane ic fi

Radil:::;:i?eld Dlacer? perpendicular to the beam as shown in the figure 18.2 (b).

slowad dm:: bCCWSW.'Ithout apparent external cause and cannot be speeded up or

defined s y physical or chemical means. Radioactivity is a process without

et becr:j rule or me%had and occur randomly. Radioactivity cannot be

Particita ':Jse the precise moment of disintegration is not known for a
rnuclei. Individual disintegrations occur randomly.

\ . )




———AR&utron by ftself is unstable;

] 238
Unit 18 three kinds of ra'cliatio'l:l have"\
+8,2.1 Nature of emissions It is found that all the thr
different nature. cles are infact helium nuclei (i.e two protons

{, Alpha (@) emissions Alpha parti
bo

. and two neutrons und tagether)‘
neutrons to protons inthe nucleus is to0 low,

emitting alpha particles.
Alpha emissions occur in very
numbers).

emitted from the nucleus. When the ratio of
certain atoms restore the balance by

large atoms (that is, they have high atomic

i Beta () emisslons: Beta particles consist of electrons emitted from the
I':;.ICI:LIS Beta part.icle emission 0CCUrs when the ratio of neutrans to protons in the

is too high. In this case: an excess heutron transforms into a proton and an
nucleusis : o e cwecrron 1s ejected energetically.

the lone neutron on average of about 12 minutes

s

i n and an electron. —
will decayintoa proton3 oA Figure 183 - Beta Emission

0 = . Electron
""-.__\_‘_.{L .

Free Proton
Meutron

The spontaneous decay of free protons
has never been observed and the
proton is therefore, considered astable
particle. A neutron with a proton is

stable.
. Gamma rays are electromagnetic radiation emitted from

1§, Gamma eml:.:lnﬁs‘
the nucleus. Gamma ray emission occurs when the nucleus of a radioactive atom

has too much energy.
TABLE 18.1 ALPHA, BETA, AND GAMMA RADIATION
; Composition Charge| Effect on parent nucleus
alpha @ 2 protons and 2 : Mass loss: new element
\ p a neutrons +2 ' prnduced
beta \ p electron 1 No change in mass: new
element produ
» high energy
- mr:dr%;?g':: he 0 enmims—’”J
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.

a:nlltyascomparedtoatpha4q.a"dbm'[y
18.2.3 Relati radiati
I‘adiatior: ::t""@ Penetration abilities: Penelru:ns.
ngoi . ) ati :

= g0 into a material. All the thr, ng ability is how deepl

p' and gamma ‘') have quite di ee types of radiation (al ¥ a
particles barely penetrat e different penetrating abiliti (alpha ‘a’, beta
centimeters in air; beta e a. sheet of Paper and has range |f]t'es as well. Alpha
— ab;ut ; rﬁ?mcles can penetrate a few mi"imoet:n more than a few
o andt b an ke s and gamma rays can pen rs of aluminum has

as an infinite range in air as shown i etrate several centimeters of
1

PR s nfigure 18.4
?.,_r: %R:J,\‘L&::Lz‘g:j' Enetrationiah il
Aluminum  Lead
Paper fil ety B
l\ Human

L . hand Concrete-

P =t —

Y —/——— -————J-

In figure 18.4 (b),
where as beta and
be easily stopped
before being abso

) i I'bEd hh‘ our ha"d

by concrete bl
ock. Whereas ;
rbed in concrete. gamme il travel faw centimeters

18,
3 NUCLEAR TRANSMUTATIONS

In radioactivi

Among 3000.‘:::;-‘:: Llnsi.:able nucleus emits radiations to become more stable

Unstable nucioun ( nat:-chdes, only 257 are stable. The process through which ai;

Nuclide oiighte parent nycleus} transforms (or changes) in to a more stable
r nucleus) is called nuclear transmutation (or nuclear decay).




=

) is called parent and newly
ol element is €2
Mmgma

i
= —— -,
\ Every element has a unique atomic numb %
P er, T}w I'i - s
Anit Lransmutations: o o element tobe lead (Pb) withZ = 82, The finalized periodic ta_hle shaws. the new \\
In these IUCER _© @ med asdaugh .\ “parent’ nuclide is converted o - €quation can now be written as N
formed element 3 . n alpha decaY the I:d-"gil;:lal;lnc‘.n?. the reaction shows that the | R
48.3.1Alpha d:ca;;“ﬁiw Sfan Pamc,l.;uced by four and a charge reduced by
1 py the ber

n nu
daughter nuclide has 2 nucled

i
When polonium - 218 undergoes - '
tically
two. Matherm?

25 i SHENA - 2k decay it converts into lead - 214,
ASS|GNMENT: 18:1: ALPHA DECAY OF RADIUM
Find the daughter nucleus when radium - 224 undergoes alpha decay.

‘e process. Nuckide X' changes fnto nuclide 18.3.2 Beta decay: Unlike a-decay,
i es

'se'd plarticle and the release of energy ‘Q'.

a

P (or electron) decay of a nuclej
d
change the number of nucleons. In gssence, B- decay changes a neutru:‘:;::
proton.
_ 19pf + ‘He (“')+ Q
Example: 1698 = wh( TP

(x=dpra }—(iem)

Where ‘Q" is the energy released in the process. Nuclide ‘X changes into nuclide
‘¥* with the emission of alpha ‘o’ particle and the release of energy ‘Q'.

i e _*__ Example: 1;{:: 1;N+ﬁ—+q
: YK, K- an : .
A :","l"l.t : Ecayof Thonum
| ™ 4 a)+ Q -
12:U: WTh iih / ium-238 results
@ The emission of an alpha particle by uranium

in the formation of thorium-234

Figure 18

EXAMPLE 18.1: ALPHA DECAY OF PDLUN!U ¥ o I Y >
- tom spon )
onium - 218 (‘4 Po) @ bl

Mr:itta:;?l gr’:knsmutes into an atom of some other el‘emfant. ?::H the p
?:cluding the new element, in standard nuclear-reaction notation.

The emission of a beta particle by thorium-234 results
in the formation of protactinium-234

BETA DECAY. OF IODINE
y A4 +
SOLUTION: Alpha decay is given by the relation 'I‘)E =4 +a Q

The isotope iodine-131 undergoes beta decay. Write the reaction equation,

4 and determine the identity of the daughter nucleus.
. is Poand -

From the periodic table, we find that polonium chemical symbol is P

atomic number is 84. Therefore:

SOLUTION: Beta decay is given by the relation = AY+p"+Q

From the periodic table, we find that iodine’s chemical symbol and atomic number

Putting values 18P0 24X + jHe(x) +Q areland 53, Therefore:

or




- 13 o +
putting values B = gk F€ B)+Q

35X+ Se()+Q
and the atomic number is increased by 1 to

: ame,
The mass ::mb:;:;?:i::;i,e find that this is the element xenon (Xe). The
54, From the p

i -131.
daughter nucleus is xenon
g 02X+ Se(B)* Q
erts into xenon - 131,

ar

TN

When iodine - 131 undergoes P - decay it conV

i

= -y into an
sodium-24 can transmute 10 ALan _
:rnniati?:;: beta particle. Represent this reaction in symbols, and identify the

daughterelement.

C. Gamma decay: In most cases the aor s emission from the nucleus leave it in

excited state such nuclei achieve

further stability by emitting gamma rays.

Example: S9C0" = “Co+Y

2pa = gRa+vy
The emission of a gamma ray by radium-226
results radium-226 with gamma

Units of Activity: Acommon unit of activity is the curie, abbreviated Ci, which 15
defined to be 3.70 x 10" decays per second. This is approximately equal to the
activity of one gram of radium. The Sl unit of activity is the becquerel
abbreviated Bq. One becquerel is one decay per second.

1Ci=3.70 x 10° Bg = 3.70 x 10" decays/s

NOT FOR SALE
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- N

{French physicist) accidentally
discovered Radioactivity.
pecquerel discovered that
uranyl potassium sulfate
crystals emitted an invisible
radiation that could darken a

photographic plate even when  Becquerel's phot i

the plate was covered to Tl:: bottom ?' d;:,: |m:ge bt mﬁ’a;z ' i
i adow cas to +

exclude light. s sorbed 508)

Marie (1867-1934) and Pierre Curie (1859-1906)
conducted the most significant investigations of this
type. Curies reported the discovery of two unknown
elements, both radioactive, which they named
polonium and radium.

18.4 HALF LIFE

“The time it takes for half of the radioactive nucleiin asample to decayiscalled
half tife'.

Individual disintegrations of nuclei are random, but the probability that any given
nucleus will decay in a given interval of time is constantand isa characteristic of
that particular nuclide.
The amount of radioactive isotope in the sample decreases with time as shown in
the Half life curve shown in Figure 18.8. The number of nuclei present at time t =0
sisN =N, , and the number presentat t =Ty, SN = N,/2. The number present at
" t=2T,,is N=N,/4, and so on. The value of the half-life depends on the nature of
the radioactive nucleus. For example, radium has 2 half-life of 1600 years,
because it takes this amount of time for one-half of agiven quantity of this isotope
todisintegrate.
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Where, the number, n, of half-lives T
s equal to the time interval (at) ABLE 18.2 HALF LIvEs oF SOME

divided by the time for one half-life COMMON RADIOISOTOPES
(Ti)- L Half Life
i B O T T
I E—
: ——Em_iﬂ_ii“l_____f‘___ 1.64 x 107
- g iodine-131 B —m———
% Differe‘nt mater:ials have different cobalt-60 I3 53y
@ ha,luf lwei -:h;;llﬁi;ni,: ie;:: radium-226 a 1.62 % 10'y
8 10" years to | carbon-14 B 573x 10y
£ Half lives of some common TR
E radioisotopes are shown in table anium-235 u 7.04x 10y
E 132- [ uranium-238 a 4.45 % &u‘}'
EXAMPLE 18,3 HALF: LIFE OF POLONIUM -218 :
You have a 160.0 pg sample of polonium-218. It decays by alpha emission with

a half-life of 3.0 min. How much of the pure sample is left after 9.0 min?

GIVEN
JRALIes 3 Total quantity of pure polonium-218 ‘N,' = 160ug et
P . 7 . IN'=7
In another 1600 years, one-half of the remaining radium atoms will have Half life of polonium-218 T, ,' = 3.0 min Quantity left ‘N' =
disintegrated, leaving only one-fourth of the original number intact. Le" N , ‘ Totalelapsed ‘A" =9 min '
represent the amount of the original sample remaining after any ._%i"'e"_ time P =2
interval ‘At’ and ‘N,’ represent the original amount in the sample; given in the SOLUTIOR: The number of half livas ' ——m——————
same units as ‘N'. Then ! ) Ppast are 5 : | =
1 ; n:'d“"_t Wl &
© After 1 half-life N= i”" d | T,‘s§ 5140
1V 9.0piff 2120
: 1 Putti LpAin 5100
d =—x—N.=|=| N . ng values n= =3
After 2 half-lives N 2x ?_N{, (2) i _ 3,00 % o
; 1.1 1 . g N : D_”_Eiﬂal sample remaining after any %ﬁ
After 3 half-lives N= TXE XEN° =3 N given time interval is E

L

Generally &!nlxlxl.....ﬂa= =




1 3
g values H:t-?:] R

ug Hence
at 20 pg of poloniu

puttin
N=20p8

N= 1,160

18.5 RADIOISOTOPES

éal element having the same number of
having different numbers of neutrons, or
. The isotope that are unstable and
adioisotopes.

mic number, but

is called an isotoP
topes or simply ©

radioacﬁveiso
\ly are comewhat stable- But the isotopes,
g of subatornic particles,

1sotopes of elements that occur natura
jes by bombardin

eir unstable nature and

7 are stable. The time

manufactured in nu

usually have 2 sho mostly due to th

radioactivity. Amons a only 25

scale of these decay proce all fraction of a microsecond 1o

billions of years.

protons, orth
different atomic weights
emit radiations are called

rt life span,
bout 3000 known nuclides,
sses ranges from a sm

el Carbon 13
ns & Protons 6 Protons
6 Neutrons 7 Heutrons 8 Neutrons

6 Electrons 6 Electrons 6 Electrons

(a) Three natural isotopes of carbon

atoms and only about 1
1% e at
oms. Wh

seconds, most less than 200 milliseco
nds.

Most ;!eme:.'lts have between two and si

or radioactive ones). Twenty ‘-‘IEmentlxs:taMEimto
phosphorus, and gold consist of onl » including
ten—more than any other element. Y one stable i

18.5.1 Uses of radioiso
St ol isotapewpesh ; .Aradioact’we isotope be
applications. Over 2,00 ? ET‘Cally. which make i haminhﬁtmesamew
s G et ,000 radicisotopes — radioa ﬁ{ useful in wide variety ,::
+ C 3
cantoes The r; ;zas::-:m.ficially by bambardi:E t!i“lu';m-.f\‘ — either exist in
MLy Sk el BPPlicatiai:t:: l: " S ol
2 word isotope
is

commonly used to me i
us an radioisotope, asi
. discusseﬂp .l:::f stable isotopes did not exist. F
below. . Few of the

pes (as
fluur:n OPposed to unstable
e) mdium, alu"‘inum'

sot
ope each. Tin, however. has

i. Food Preservati
tion: Food i :
make it safer to e rradiation is a method ;
gamma rays can ;;::td have a longer shelf life. Evenu:f:r:a_t'ng food in order to
isentnl. vapeint = ke s e
1 cteria, mould :
' and

insects in food as
shown in fi
i n figure 18. - Thi
food, but sometimes changes thi :: (a): This process prolongs the shelf-life of
. -life of

ii. Sterilisin

: gt Gamma

irradiation, especi rays are also used o

D , especially plasti 3 to sterilise hospital equi

infigure 18. 1 plastic syringes th ital equipment by
.10 (b) at would be damaeed i

; : ged if heated as shown

Figure18: ;
<107 Gamma Irradiation

(®) Sterilizing Medical equipment
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ged with radioactive carbon-14 K
is 81 " b measuring radioactivity in

2 s 3 Ifa P ant i Loy i.'ll."ld thus Y :

o ggnculw: releases a radi er;f fertilizer py plant can be determined.

the complex process of photosynthesis as
iso been developed after mutation

The absorption and movement of

fertilizer is detected

_ drugs that contain radioactive material
t of many diseases. They can Tae
en orally as medicines or to enable i_magmg
<-ing radiation has two very different

usesin medicine— for diagnosis and therapy- .

joding,
¢ organs. The thyroid, for example, takes up iod

LUCOSE; and so on-
radiopharmacists are able to attach yarious radioisotupesr *
substances. Images are then obtained via gamma_camera 0 Ll
diagnostics which enables to accurately detect disease progr
vital organs. y
Aradioisotope used for diagnosis must emit gamma ra .
escape from the body and it must have a half-life short enough for
m“aﬂﬁ'imas‘“ﬂiswnp\eted. et
b. Radiation therapy: High enerey radiations can be used to 4€s
tissues, such as CanCerous tumor.

NOT FORSA

.| why *"Tc is the most preferred

ra

diagnostics? dicisotope for nuclear

The radioisotope most widely used in medici
cine is

rechnetium-99m. It is an isotope of the artificially-prod
Wy-produced

slement technetium and it has almost i
i ost ide
for a diagnostic scan. These are: al characteristics

41t has a half-life of six hours which is long
examine metabolic processes yet short enough t:‘:;lg_h "
the radiation dose to the patient. nimise

, The low energy gamma rays it emits, e '
, easily escal )
human body and are accurately detected. pes the A technetium-

i 99m generator
, The chemistry of technetium is so versatile it can form trac :
ers by being

incorporated into a range of biologically-active substances to e
concentrates in the tissue or organ of interest. nsure that it

+ Its logistics also favor its use. Technetium generators, a lead pot enclosi
glass tube containing the radioisotope, are supplied to hospitals frumngu:

nuclear reactor where the isotopes are made. They contain molybdenum-99

with a half-life of 66 hours, which progressively decaysto technetium-99. '

Cobalt 60 which emit beta particle

. and high energy gamma ray can be used to treat
vanou

s cancers. Some radioisotopes are made to absorb by selected organ
radiation is concentrated on the infected tissu
can be treated with iodine-131.

and
e. For example cancerous thyroid

v. Radioactive Dating: Archaeologists and geologists use radioactive dating to
estimate the age of ancient objects. One common procedure uses carbon- 14 which
has a half-life of 5730 years. As long as the creature is alive, it will continue to
absorb and collect carbon - 14. Once the creature dies, no further carbon-14 will
be ngested, and the proportion of carbon-14 willstartto decline.

The proportion of the total amount of carbon that is carbon-14 s very small.
Nevertheless the amount is measurable. A measurement of the activity present
can therefore be used to estimate the age of the Specimen;. rl_;nn-ﬁ dating can
be used for biological tissues as old as 50 or 60 thousandyears, buki
fc:r younger samples, since the abundance of * nuclei h 2
biological materials contain no “Catall: . ' .




. . " NUCLEAR REACTIO
- ivec can be used to determine the age of "~ - NS: 4
Materials with retatively longer half lives (e, with a half-Life of 4.53 x 10" years X nucleus, particle, or photon e . 22100 s saig
geologic formations. Uranium-238, for examp s h ’ %k Such a structural chan musesa‘“"ﬂsezoom:o OCUr whenever gp jngy,
can be used to date even the oldest deposits on Earth: N\ target with sufficient| Ponon e brought about "0 tarset ucleys -
: | . . a resulE the nucleon : :nel'getlc Particle :u.;ht In the nucleys by bﬂmb.arm'
EXAMPLE 18:4: CARBON:14 DATING: : . . When Nucteus Xisbombargag g e"ed o o 602 5ot g
5 ou found a frozen dead animal remains in the Himalays. You took a \ lightparticle bwmb%bta-ed With some lightpmrir:lngm Within a target n::!c.As
IJIimm!f:::nrrl it and found that carbon-14 (half life ‘T,,"= 5730 years) activity is i E "ebYNuctearreacton, g ot "m“"“f?:d
sample from original value. HOW old are the dead animal | T A+X5Y4p Ty
; o In 1919, Ernest Rutherforgd cbseriag
t

reduced 1/8 per gram

SOLUTION: Original sample remaining after o [ % ]nﬂu

any given time interval is

remains? P
) : '
e 8N REQUIRED y nuclearreaction iswritten as 93 proton are produced, 14
: 44°N'=1/8N, ' . Thi
Quantity leftof carbon-14N Total elapsed ‘At' =7 | . IHe 4 Uy 1 s
half life of carbon-14 'T,,,' = 5730 years | ® Insuch nuclea - a0 Mg
r processes the con ;
nuclear reacti servation law
‘ || s eaction the sum of number of protons ;n:'nust be followed, And in
= neutrans ShDLIId e
ain
|

Number of nucleo
Ns on LHS = Numb e
r nf nucleons on RH
5

1 )
ST |
: . ___® l For example in the reaction

1
Putting values H=EH"- or N @
4
tHe + N> 10+ Haq

e ] e 8

Comparing equation 1 andequation2 1= 3
Thus in three half lives the quantity left of carbon 14, will be /8N, 18.6 NUCLEAR FISSION
B The process of 5 i
plitting of nuclei i
p fissi o clei into intermedi i i
The number of half lives ‘n’ past is given by relation n= = l_I-'»lsmn, The fission process often oo f:e:te size nuclei is called nuclear
% _ €leasesalarge amount of energy neutrons and gamma rays, and
or At=nT, Puttingvalues At=3x5730years 1961 Discovery: issi
% . | Hofhaia e assr.'y. Nuc!rf'-ar fission was discovered in December 17, 1938 by Otto
s s —m 1939 by Lse Meit::?ntdl::u Strassmann, and explained theoretically in January
. ‘ and her nephew Otto Robert Frisch. J
The remains of the dead animal are 17,000 years old. ::s:‘ found that a uranium nucleus, after absorbing a low energy neutron (thermal
ron R t rmal
T e J splits into two fragments of intermediate size. The splitting of a massive
Suppose the fossil T : repre *Into two less massive fragments was termed as nuclear fission. It can be
p ossil gfibeiae you are examining has 1/4 of the carbon -14 deposits 25 sented by the following nuclear reaction
:'DI::E?T:E to bofj g animal per gram. The half life of "C is 5730 years:
15 ann

. the fossil?
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;;-.4.1%5“[]._} 1;‘;0‘ = ¥+ Y +neut

Where ™U* isan

that lasts for ©
andY. The T

ed fission fragm
fXand Y are possible as

splitting into X
and Y are call
combinations ©

fission f ragment

reaction .
Figure 18.13
distribution of

uY ), The process results in

‘several neutron
the average,

released per event.

typeis

intem'tedia

nly abou

< in the

shows
fragments

s, typically

about 2.5 neutrons are
Atypical reaction of this

1 18 %
gn+ “U'_)' 91

where

the actual mass

the production of

te excited state  NREERISS 18.12.- Lise Meitner -

¢ 10" s before ¥ “ .-

esulting nuclei X

ents. Many

above nuclear
in the fission of

two or three. On

U — "Ba+ 3Kr+3 n+Q

Q is the nuclear reaction energy.

Meas .

" mzr::::nt st;faw that large amount of energy is released in this

i ;Jtnt ; En:rg',r released in chemical processes. Thus, €ne
gh. Itis found that 1 kg of uranium delivers as much ener

coal.

process relative
ray released 15
gy as 3000 tons of
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18.6.2 Fission Chai . =S 5 :
haln nEac‘inﬂ
. When one nucle T — %1
Uclear reg [

one or more nuclear rea
: ctions, t
achieved and is cal + ths a self- Ction
led Fission Chain Reacl: Propagating Causes an average ,_-,f' "~

Th i g~
The fact that .flssinn reactions of y - ot reicni )
average has significant implicatio ranium

ns. As th

i ?_35 m

cause additional fission - by
ssion reactions in other n:i“:" off by one fission reaction
ei. If each of the e
neutrons ¢
emitted

in fission of uranium - 235 i
3 - 235 is abs :
another fission ! orbed by a
process, it will result in nﬁ:.tmr ?uqe"'sﬂ'f U and thus indy
ill more
neutrons.

followed by more fissi
; ons, and so fort
available to produce new fissions is :;As long as the average numbe
eater rof neutrons

fissions grows with tim s Per reaction ﬂ\e!\umher
e as shown re : r of
uncontrol[ed way, it may prgdm :ln ﬁgu 1814, If |I3iE !;.Id‘! ey
uge amo an event in

explosion of atomic unt
bomb we produce such an un::nfter::gf:s very short time. In
ssion chain rea 1
ction.

The nuclear reactors
on the ot
oot he other hand release the energy from nuclea fission
—— - " .
ina

g

Sucy -
Tnu_easin‘;@SSive fissioning of ever-
numbers of uranium-235
atoms,




l - Radionctivity L‘\
. 43.8BACKGROUNDRADIATION ——————— B

' ivi tures, from the beginn |
' All living Creatlires, eginning of tim %
. is called iati ; e, have been “,
18.7 NUCLEAR FUSION to form a heaVy nucleus, the process ¢ Iq exposed 0 rlilm:iar::;:.r T:enka radiation detector 5 used ita':::lllare i N
\ei combine 1@ radiations catle albackground radiation i record these
‘When th::t: nuc of larger nucleus is less then the | cosmic Radiation: The earth, and a |,|\rinl it t:.:.mesfrum three sources:
nuclear f l- i form a large nucleus, the mass ears in the form of energy. Aself bombarded by radiations from space. The g Dﬁgf ings u,-, it are ty
When two nuclel ol This loss in mass appeneng required is possible only . different parts of the world due to differences i rom co.smu: radiation varies i
g5 nu?Ei‘::]:\areaction is also possible b;t t::ch cyclefs: the earth’s magnetic field. elevation and to the effects of
sustaining fus! i ing sun. One i . po S
in meenﬁrunmeﬂts of stars including « thedirect collision of protur:s result 1:; i'Lhaes Ii Terrestrial Radiation: Radioactive material i also found
cle: Inthis proce®> w7~ i produces helium nUC
A, Protan-proton ¢¥ tision in

heavier nuclei whose co

i thr
in the soil, water and vegetation. Low levels of u RO ‘oughout nature, |t {5
i tionin pr ra
Theinitial reac

horium ;
products are found everywhere. The dose from i Eateial s ré:sn:lthardecay
different parts of the world. 50 varies in

leis
formation of oton- proton cyc

showninﬂgure18.15. |
4 Ho HEDP 5
e, mbine with other proton a

Internal Radiation: All people also have radioactive
e above reaction may co

i potassium-40, !
roduced in th ‘I lead-210, and other isotapes inside their bodies from Aoy "
A deuteron p |
IH+3H—> JHe+Y helium-4 with the retease of  18.9HAZARDS AND SAFETY FROM RADIOACTIVE MAT:I:S
i form - |
tions can combine to |
Finally, two such reac!

Nuclear radiation is potentially harmful to humans because the ionization it '
produces can significantly alter the structure of molecules within a living cell. The
alterations can lead to the death of the cell and even of the organism itself. The

' amount of biological damage produced by ionizing radiation is different for
\ different kinds of radiation.

i
two protons as -
JHe+ JHe —» He+ H+HEY

' -':"ié‘uré"in 815~ Nuc:!:é“dr_' Fusion:(Chain)+

| Everyone is continually exposed to background radiation from natural sources,
| such as cosmic rays (high-energy particles that come from outside the solar
\ o radioactive materials in the environment, radicactive nuclei (primarily
\

carbon and potassium ng ) within our own bodies, and radon.

H-awn@__‘ [;‘

Neutron ¥
poton@” rrrr”’
*He

. Y

1\.‘ @ Proton

J:"/,,*x, 1L ;F‘I/rr' ::': effe_c'ts of radiation on humans can be grouped into two categories, according
R T he time span between initial exposure and the appearance of physiological

':l’mptums: (1) short-term or acute effects that appear within a matter of minutes,
5, or weeks, a

Proton @)
proton®

gy
Neutron 1;:‘ *"ﬂ’ o@' —r

&ve nd (2) long-term or latent effects that appear years, decades, or
qi:’/ ’V'qﬂ% :He n ge“‘?r,atinns later.
Proton L .
o /:—»a ot i mrad'atlﬂn from the material can damage the cells of the person directly. This s
Proton@® ¥ The proton-proton

eaﬁzdby irradiation. Some of the radioactive material can be swallowed or

isis g n. While inside the body, the radiation it emits can produce damage.
am

age by contamination.
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18.9.1 Radiation sickness is the general term applied to the acute effects of

radiation. Depending on the severity of the dose, a person with radiation sickness

can exhibit nausea, vomiting, fever, diarrhea and loss of hair. Ultimately, death

can occur. The severity of radiation cickness is related to the dose received, andin
the following discussion, the biologically equivalent doses quoted are whole-body,
single doses.

Long-term or latent effects of radiation may appear as a result of high-level, brief
exposure or low-level exposure over a long period of time. some long-term effects
are hair loss, eye cataracts, and various kinds of cancer. In addition, genetic
defects caused by mutated genes may be passed on from one generation to the

next.

T

= There are three general guidelines for controlling
ure time, maximizing distance

$8.9.2 Safety Meas
exposure to ionizing radiation: minimizing expos
from the radiation source and shielding yourself from the radiation source.

While working with radiation Lab coats, shoes and safety glasses must be worn in
the labaratory. Materials/equipment which are not required must not be brought
into the laboratory or stored inside. An inventory of radioactive sources used in the
laboratory must be maintained and updated.

International (trefoil) symbol of radiation. This
sign must be posted where radioactive materials
are handled or where radiation-producing
equipment is used. Sign is used as a warning to
protect people from being exposed to
radioactivity.

International Atomic Energy Agency (IAEA) in
2007 has launched a new symbol for ‘lonizing-
Radiation Waming — Supplementary Symbol’.
New symbol is intended to supplement the
existing, well recognized, radiation trefoil
symbol. The new symbol has been designed to
convey the message “Danger — Stay Away" to
anyone who sees it, regardless of their age,

“education or cultural background.

nmozo-ul a_l --lz—l-'-l-n |
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Food jtems must not be m
5W,g,;:.is must be displayed wherever Umed inside the '

Nuclide: a type of atom whose nucleys has L
Decay: the process by which an atomic o he"“’wﬂmsw

energy by emitting ionizing particles

Alpha Decay: type of radioactive deca
particle (Helium nuclei) Y

Beta Decay: type of radioactive .
particle (electrons) decay in which an atomic nucteus emits a beta

Gamma Decayi type of mdina&we decayi 1
rays (electromagnetic rays of high fi'eque!:\:; ::dma "r nucleus emits gamma
Half life: the time needed for half of the original nuclej ]
substance to undergo radicactive decay -

Radioactive: a substance or object that emits niiclear radiation

Radioactive Dating: an application of radioactive decay in which the
e age of a

material is determined th Tvi
s by e amount of radioactivity of a particular type that

Carbon - 14 Dating: a radioactive i
i dating technique based on the radioactivity of

Nuc_lear Radiation: rays that originate in the nuclei nfaﬂ:ms-
Nuclear Fission: reaction in which a nucleus splits

| Nuclear Fusion: a reacti i
o : a reaction in which two nuclei are combined, or fus
| largernucleus N i ” o

Shielding: a technique to limit radiation exposure

of
mmmmm“:

in which an atomic
Nucleus emits an alpha

=<lmi=

asample of a radicactive

o

BT

2§2}UPA ‘MARIE CURIE’: |t is said that Marie Curie died of aplastic anemia
radioexpnsure to radiation in thecmmofwsdulﬁftrmrdmﬂ
N lqmcalmmatﬁewmspimhmﬁmmw'-msmwm
4 maging effects of ionizing radiation? How much was known about
amaging effects of radiation at curies time? Research her life and give:a
Presentation about her achievements. .
Etnoura B ‘ATOMIC BOMBS': During the final stage of Worid War , the United
Mates detonated two nuclear weapons Over e L wdﬁﬁm 2
iroshimg and Nagasaki on m 6 and 9, 1945, rﬂﬂ:ﬂm the

IR O AR

. destruction from these bombsina classroom presentation- “d
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GROUP C ‘PNRA': Pakistan Nuclear Regulatory Authority (PNRA) control, | @ “Aris an isoth
regulates and supervises all matters related to nuclear safety in Pakistan. ' A. 1345 min i Alf-life of 269 yr, 1t iy ok iy
Search the internet and other materials to find out the activities, targets | - | © Asample starts wi - 134.5 Years ¢, 269 il uce to half in “‘-:_:‘t
and performance of this organization. Prepare a report to be published in elapsed when ?;"Sth 1000 radioactive atom D. 269 Years "i
school magazine. g atoms have de 5. How many halflives have 1
GROUP D ‘NUCLEAR MEDICINE’: Investigate careers In nuclear medicine, L B.1.5 C.20 .
Interview people who work with radiation or with isotopic tracers in a @ Origin of energy from the sun and sta " D.25 E
hospital. Find out what kind of patients they treat or test and the technology ' A. fission B. fusion R
they use. What training is mecessary for this type of career? Make a 5 C. Carbon dating  D. radi . tu i

presentation and discuss it with your classmates. "CONCEPTUAL QUESTIONS -, (

GROUP E ‘HARMFUL EFFECTS OF RADIATION': Design a questionnaire to Give a brief response to the followi
- owing questions

investigate what people in your community know about harmful effects of @ _

radiation. Give the questionnaire to your classmates for their comments st sless number of one particular isotope is equal to §

and if your teacher approves, conduct a study with people ‘in your ' Which isotope isit? its mass number.
community. Present your results in the form of a class presentation and @ Whichis more likely to expose, afilmkeptinaca

discussion. p-particles? Explain rdboard box, a-particles or

@ Is it possible for a form of heavy hydroge emitting
particle? Explain. e -

@ pifferent isotopes of a given element have different masses but they have
the same chemical properties. Explain why chemical properties are

EXERCISE. .

5 4 242
f neutrons in the plutonium ., Pu

Wl @ What is the number 0

A. 92 B. 142 c.150 D. 242 unaffected by a change of isotope.
@ Which one or more of the three decay processes (a, B, or y) results in @ What fraction of a radioactive sample has decayed after two half-lives have |
elapsed? :

a new element?

A. Only a B. Only p C. Only ¥ D.aand B | @ can carbon-14 dating give the age of fossil dinosaur skeletons? Explain.
© What type of nuclear decay leaves the number of protons and neutrons I & @ Some food is treated with gamma radiation to kill bacteria. Why is there not
unchanged? . a concern that people who eat such food might be consuming food

D. both A& B . containing gamma radiation?

A. alpha decay  B. beta decay C.gamma decay
@ What type of nuclear decay most often produces the greatest mass and Radioactive a-emitters are relatively harmless outside the body, but can be
charge loss? dangerous if ingested or inhaled. Explain.
A, alpha decay ~ B. beta decay C.gamma decay  D.bothB& c @ If nuclear radiation is harmful. How it can be used for treatment of
(5 1',:,:"l"lﬂ undergoes a-decay to produce a daughter nucleus that itself diseases? J
undergoes B- decay. Which one of the following nuclei is the one that — ]
ult1;:11‘ateiy b 215 F20 212, " Give an extended response tothe following questions
A ;PP : B. 4 He C.og Tl © D.gP ! @ What is nucteus? How a nuclide is represented symbotically?
@ Radium-226 decays by emitting an alpha particle. What is the daughte @ What is radioactivity? Give the nature, jonizing and penetration abilities of
nucleus? the three types of radioactive emissions.
| ARd ~ B.Rn C. Bi D. Pb
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What are nuclear transmutations? What c
nucleus is observed when alpha or beta p:
symbolic equations.

@ Radioactive sources are said to have half U
life?

© Wwhat are radioisotopes? Explai
How is carbon-14 used to dete
artifacts?

@ Whatare fission and fusion?

@ Whatare background radiations? W
@ What are radiation hazards? How can we safegu
radiation? :

hanges in the composition of the
articles are emitted? Explain by

fe. What is the meaning of half
n their uses for various applications?

rmine the ages of wood, bones and other

hat are its major sources?
ard ourselves from

QUESTIONS:
@ How many neutrons are contained inagold nucleus':: Au?
@ “’Rn decaysviaalpha decay. Identify the daughter nuclide.
© writethe nuclear equations for the beta decay of 1;: Pb and 1:; Th
@ lodine - 131 is an important radioisotope for medical diagnostic and
treatment procedures. The half life of ™1 is 8.02 days. Out of 100 8 of the
sample how much will be \eft after 24 days?
ptake of

@ Phosphorus-32 is used in plant sciences for tracking a plant’s u
fertiliser from the roots to the leaves. The half life of *P is 15 days. Out of

800 pg of the activity given as fertilizer how much will be left after one

month?
“¢ to “C ratio in an animal fossilis

NUMERICAL

found to be one fourth of the ratioin the

“C js 5730 years, how old is the fossil?
i

bone of living animal. The half lifeof

T

one second is called alternating currens
Ammeter: A current me |
asuring instrum
ent is called am
metar,

Analogue electronics: Th
: : The b
quantities is called analogue ele:;t:;c:* electronics which deals with
- variable

Antinode: The points of maximum am

antinodes. Plitude of stationary waves are called

Atomic mass number: Total numbers of

proton
flucieus. s and neutrons present in the
Atomic number: Number of p otons present in the n

Audio cassette: Device for collecting sound

Capacitance: Capacitance i
is the ability of a capacito
r to store an electrical cha
rge.

Centre of curvature: Th
mirror. : The centre of that spherical surface whose part is the

Chro H
matic aberration: Defect of any lens produced due to dispersion of light.

Compressional w
: aves: Waves in whi ;
to the direction of the wave. which particles of the medium vibrate parallel

Computer: A machi

i chine which can communi and

i unicat analyse

efficiently and has a vast and long last memory " information

.C
oncave mirror: A spherical mirror whose inner polished surface reflects

cﬂn"enﬁon&l cu
rrent: The cumrent due to i ; A
charge flowing in the opposite direction. ORI €S SO

Co .
nvex mirror: A spherical mirror whose extemal surface reflects.

Cre'at- In ca " g
g se of tra i
oquilbrium posiion, nsverse waves, the portion of the displacement above the

Critical an
il angle: The angle in the denser medium whose respective
refraction in the rare medium is 90° um whose angle of
Com ‘

Pactdisc or CD: A device used to store data with the help of digital technology.
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- Glossary
Diffraction: Bending of waves round an obstacle.

Digital electronics: Name of processing data provided in the form of digits,

Direct current: Current which always flows in one direction.

Electric current: The rate of flow of electric charge through any cross sectiona

area.
Electric field: The space around a charged body in which another charge

experiences its effect in the form of a force.
Electric intensity: The influence of a force acting on a unit positive charge at

any place.
Electric lines of force: Lines drawn in the direction of electric intensity in an

electric field.
Electric potential: Potential energy of a unit charge in any electric field.

Electric power: Amount of energy obtained from electric current in unit time.
Electromagnetic field: Production of magnetic field due to passage of electric
current through a conductor.

Electromagnetic induction: The phenomenon in which e.m.f. is produced due
to relative motion of coil and magnet.

Electromagnetic waves: Such waves, which do not require any material
medium for their propagation.

Electromotive force: The energy needed to move a charge through the whole
circuit including the battery.

Electronics: The branch of physics in which the flow of electrons is controlled
and used according to the need in sémiconductor devices.

Electroscope: An instrument used for measuring the nature and presence of
charge on a body.

Far sightedness: A defect of eyes due to which near objects are not clearly
visible.

Fixed capacitor: The capacitor whose parts are fixed by design. .
Floppy: A device used for storing computer data.

Focal length: The distance between the pole and principal focus of any miror o
the distance between optical centre and principal foma}lra.n?e

ORSALE 4\

~

Phenomenon | ; ;
N which smay nuclai o
uclai dqﬂuse e
ach other 1o

Fusion reaction: The
form a larger nucleys,

Galvanom: AN i ntin a cireuit
elll_!r. A instrument which indicateg the current j
i ireuit,

Half life: The time in which the number of atoms of a rag;
i0active elemant

becomes half.

Information technology: Scientif;
. : entific
processing and arranging information, | 0 O Collecting, arranging

Infrasonics: Sound of frequency

less th :
human ears. AN 20 hertz, which are inaudible 1o

Intensity of sound: Energy transmittin
I & §
perpendicular to the direction of sound \n?agss. O BN it poced

Interference: Resultant displacement of

ik two or more w =
by combining the two coherent waves. aves in a mediym

Internet: Important source of global contact.

Isctopes: Atoms of an element whose atomi i mass
ke 4 Ic number is same b
number is different, ' i

_Kllowatl hour: Quantity of that energy which is obtained from one kilowatt power
in one hour, .

Magnetic flux: The number of magnetic lines of forces passing through any
surface.

Magnification: The ratio of the height of the image to the height of the object.

Mechanical waves: Such waves which require a material medium for their
propagation.

Music: Pleasant and musical sound.

Mutual induction: The current induced in the coil by the change of flux in the
nearby coil.

Natural radioactivity: The natural, spontaneous emission of radiation from
radioactive element,

Noise: Unpleasant sound.

N-type Semi-conductor: A semi-conductor in which pentavalent impurity is

doped. N OT FOR S ALE
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Nuclear fisslon reactlon: The spiiting of heavy nucleus into two parts in which
huge amount of energy is released.

Pltch: Characteristic of sound due to which shrill and grave sound is
distinguished.

P-N Junction: A semi-conductor diode.
Pole: Centre of the mirror.
Power of lens: Inverse value of focal length (in metre).

Princlpal focus: Point from where rays parallel to the principal axis pass after
reflection from a concave mirror.

P-type semi-conductor: A semi-conductor in which trivalent impurity is doped.

Quality of sound: Characteristic of sound due to which different sounds are
distinguished.

Radlo Isotopes: Isotopes which emils_d*rﬁerani radiation.

Fladlo:. An instrument which imparts sounds to us.

Rectification: Conversion of alternating current into direct current.
Reflection: Bouncing of waves after striking from the other medium.

Refractive index: Ratio of speed of light in air to the speed of light into any other
medium.

Remote control: An instrument which controls television or electronic
equipments by sitting at a place in line with a device.

Self induction: The e.m.f. induced in a coil due to change in the current of that
coil.

Semi-conductor: Elements c:-f the 4™ group silicon and germanium.

Short sightedness: A defect of ayes due to whnch distant objects are not
seen clearly.

Simple harmonic motion: Vibratory motion in which the acceleration of the
body is directly proportional to its displacement. -

NOT FOR SALE

Solenold: Cylindrical

coll of the wire having more than one tumn
Sound: A form of energy which i sfe .
5 tra
raaeiona Vs, . nsierred from one place another due 1o

e
conductor. _ ngth and unit cross sectional area of a

Spherical aberration: Defect of thick and large aperture of a lens

Stationary waves: Waves in which the ampli :
plitude of all particles

remains constant, P of the medium

Tele communication: To impart information quickly 1o far off areas,

Total internal reflection: The reflection of light in the same denser medium from
the surface of a rare medium.

Transformer: An electric instrument which increases or decreases the value of
alternating voltage.

Transverse waves: Waves in which particles of the medium vibrate
perpendicular to the direction of motion of the wave.

Trough: In case of transverse waves, portion of the displacement below the
equilibrium position.

Ultrasonics: Sound of frequency more than 20000 hertz, which are inaudible t
human ears.

Variable capacitor: A capacitor whose area of plates can be changed and desire
capacitance can be achieved.

Video cassette: A device used to store sound and pictures.

Voltmeter: An instrument usecl for the measurement of potential differenct
2 between the ends of a cir

585
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Answers

Answer Chapter 10
Assignment 10.1.
Assignment 10.2
Assignment 10.3
Assignment 10.4
Assignment 10.5 &
Assignment 10.6 :
Numerical problem 10.1:

Numerical problem 10.2%
Numerical problem 10.3:
Numerical problem 10.4:
Numerical problem 10.5:
Nuimerical problem 10.6:
_ Numerical problem 10.7:

Answer Chapter 1
Assignment 11.1:
Assignment 11 R et
Assignment 11 B
Assignment 11.4

Numerical problem 11.1:
Numerical problem 11.2:
Numerical problem 11.3:

Numerical problem 11.4

Numerical problem 11.5:
Numerical problem 11.6:
Numerical problem 11 W H
numerical problem 11 B

Answer Chapter 12
Assignment-12.1:
Assignment 122

Assignment 12.3
Assignment 12.4
Assignment 12.5
Assignment 12.6 :

Assignment 12.7:
Assignment 12.8

Assignment 12.9

1s

-45 N

1.45

54.6°

9.77 N/kg

2.02 x 10' Hz
1.25Hz, 0.8s

2.5 % 10° N/m

0.99 m, 0.16m, 0.3 and 0.55
50 Hz, 0.02 s :
1.4 Hz

0.5 Hz

244 m, 3.26 M

2.39 dB

1.7kmor1 mile

Speed = 350 m/s and Frequency 1400 Hz
1320 m

109.14 dB

1.5 x 10" m/s or 1500 m/s
134 decibels

106.02

319.2 m/s.

1.7 km or mile

{7 mand 1.7 cm

330 m/s, 32 M

-1.64
.0.45 m (virtual image, behind the mirrar)

0.18 m (upright, smaller image)

1.44

1.33, water
4.7

15.0 em, - 0.500
- 5,56 cm, 0.445
3 times, 4 times

The magnification is reduced in magnitude.

Its new value is -79
-197, 990 mm
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Angairy

pumerical problem 12.1:
Humerical problem 12.2:
Numerical problem 12.3:
numerical problem 12.4:
Numerical problem 12.5:
Numerical problem 12.6:
Numerical problem 12.7:
Numerical problem 12.8:
Answer Chapter 13
Assignment 13.1 :
Assignment 13.2
Assignment 13.3 :
Assignment 13.4
Assignment 13.5 ¢
Assignment 13.6
Numerical problem 13.1:
Numerical problem 13.2:

Mumerical problem 13.3:

Numerical problem 13.4:
Mumerical problem 13.5:
Numerical problem 13.6:
Numerical problem 13.7:
Answer Chapter 14
Assignment 14.1 :
Assignment 14.2 :
Assignment 14.3 :
Assignment 14.4 :
Assignment 14.5 :
Assignment 14.6 :
Assignment 14.7 :
_Assignment 14.8 :
Mumerical problem 14.1:
Mumerical problem 14.2: '
Numerical problem 14.3:
Mumerical problem 14.4:
Mumerical problem 14.5:
Numerical problem 14.6:
_Humerical problem 14.7:

60 cm, - 4.5 cm
-3.33 cm, - 0.8 cm
1-56 310. mjs
33,74

66.3°

0.571,+4

9.3

30 mm, 1200 mm

26.0N

8 yN

60 J

4 F

2 x 10*F or 2 pF, 3.3V and 66.6V

9 x 10" F or 9 yF, 2400 pC and 4800
3 C
8.22 x 10° N and '

{a) 11.25 N (b) force on 10 pC charge is
same as force on 5 pC charge

{c)2.25 x 10° N/C or ) 2.25 MN/C

{a) 0.129 N positive x-direction
{b)cﬂ.428N negative x-direction
5

0.704 uCor 7.04 x 10" C

0.54 pF, 60V, 30V and 20V

5 pF, 18 pC, 27 pC

180 A
B.0A
1.50Q
05A
9.09s
4,54 s
3.60

Rs. 1784.2
oV
3.2A
600 Q
0.3A
15.6 A, 34000 J (34 kJ)
174

Rs. 5.84
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Answer Chapter 15
Assignment 15.1:
Assignment 15.2:
Assignment 15.3 ¢
Numerical problem 15.1:
Numerical problem 15.2:

 Numerical problem 15.3:
. Numerical problem 15.4:
Numerical problem 15.5:
Numerical problem 15.6:
Numerical problem 15.7:
Answer Chapter 18
Assignment 18.1: ©
Assignment 18.2
Assignment 18.3% -
Assignment 18.4:
Numerical problem 18.1:
Numerical problem 18.2:

Numerical problem 18.3:

Numerical problem 18.4:
Numerical problem 18.5:
Numerical problem 18.6:

2.8N
8.6 mH

1350 V
0.3N
2.5x10°N
BA

14 mH

80, 22000
5.45

0.06

Radon - 220, % Rn
Magnesium - 24, :;Mg
10 mg

11,460 years
118

pn—»?; Pb+;He (Bismuth)
20 Pb—"5Bi +f” (Bismuth)
MTh—%iPa + B (Protactinium)

1258,

200 pg
22,4120‘ years
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