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After studying this chapteryuu should he ableto
« state the conditions necessary for an object to oscillate with SHM.
v explain SHM with simple pendulum, ball and bowl examples.
¥ draw forces actingﬁn a displaced pendulum.
¥ solve problems by using the formula T = 2n /17 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.

¥ identify transverse and longitudinal waves in mechanical media, slinky and
springs.

v define the terms speed (v),’ frequency (f), wavelength (4), time period (T),
amplitude, crest, trough, cycle, wave front, compression and mrefactton

¥ derive equation v=fA.

+ solve problems by applying the relation f =1 /Tandv=fA.
v 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
10.1 Oscillation or Vibration " object on the end of a spring, a
10.2 Simple Harmonic Motion (SHH) tuning fork, a pendulum, beating of
10.3 Motion of mass attached t0 @ heart, a plastic ruler held firmly over
spring the edge of a table and gently struck,
10.4 Simple pendulum ; the strings of a guitar or piano,
10,5 Damping vehicles oscillate up and down when
10.6 Nature of wavesand theirtypes  ~ they hit a bump, buildings and
p bridges vibrate during an earth
quake. Indeed, because most solids
* are elastic, they vibrate when given
animpulse. f
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.

10.7 Properties of waves
Key Points and Projects
Exercise
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. B. Time period: The time required to complete one cycleiis 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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Extreme position Equilibrium or e
i mean position Extreme position

A

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
(m). '

Ve om e

EXAMBLE 10: 1= FREQUENCY OF OSCILLATION
What is the frequency of oscillation if the time period is 20 ms?
GIVEN N REQUIRED

Time period ‘T" =20ms =0.02s frequency ‘f" =7

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

1 . e 7
f= = putting values  f 0.02s

Therefore f=50s"=50Hz ——m

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

ASSIGNMENT 10.1: PERIOD OF OSCILLATION
When an object oscillates with a frequency of 0.5 Hz, what isits time period?

NOT FOR SALE
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10.2 SIMPLE HARMONIC MOTION (SHM) 10.3 MOTION OF MASS A '

Vibration or oscillation is repeated back and forth motion along the same path. . LHACHED A AR RNG 4
L Consider a block of mass m attached to one end of

Vibrations occur in the vicinity of a point of stable equilibrium. An equilibrium A
freely on a frictionless horizontal surface as show

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

elastic spring, which can move
n in the figure 10.3. When the
the block towards equilibrium

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

force since it tends to restore equilibrium. RS E R e Ll i

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

Point of
contact

g Weight as

Equilibrium or restoring
mean position  force

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
moation— which occurs whenever the restoring force
F. is proportional to the displacement x from
equilibrium. Mathematically

o Freg =X —m

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 Eiirectly proportional to the
. displacement x and i3 directed towards the mean
position. Mathematically

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

NOT FOR SALE

Mot all periodic vibrations
are examples of simple
harmonic 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.

TIP:*Harmonic Motioni
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AN A= =

position. For an ideal spring that obeys Hook's Law the elastic restoring force .- is

directly proportional to the displacement x from equilibrium position, G
Fres < —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

Fuw =kt —@

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 :
F=ma ——@ | - :
F; Ll

Comparing equation 1 and . ‘r
equation 2, we get ok :

ma =-kx | sl J
_m

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

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

attached to spring is simple harmonic. _

Fig_:ure 10.3 -"Mass Spring System

= i ' : _i
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Simple Harmonic Motion and Waves

EXAMPLE 10.2: SPRING RESTORING FORCE

Aspring has a spring constant of 48.0 N/m. This spring is pulled to a djstance of

55 cm from equilibrium. What is the restoring farce?

GIVEN

Displacement ‘x' =55cm =0.55m
*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.

Fo. =—kx

res

REQUIRED
Restoring force ‘F,,,’ =7

Figure 10.4 - Example 10.2

N

Putting values F, =—48— x0.55 ﬂq left Right F

P{ * L) F;p,
Foe =-26.4N — (0D —x—n
equilibrium

The restoring force is 26.4 N [left].

ASSIGNMENT 10.2: SPRING RESTORING FORCE

Determine the restoring force of a springdisplaced 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
accelerationin SHM is . :
TR Angular Frequency

¢ 4
=-—constantx  Where Constant = —T—z .

Angular frequency is the
measure of angular
displacement per unit
time.

: 4r '
Therefore ﬂ=*—f5-x 5 '@

From equation 10.4, we have

h : k 4rt
C-_:nmpanng equation 1and 2, we get /t E )(= ]z?

4r?

or _k_=__,
m T

re-arranging T? = 4n? —T—

The mass of the mass-spring oscillatoris 2.0 kg.

mgémpu Harmonic Motion and Wayey,

Taking square root on both sides we haye V’?? 4nZ M Ty
= T 1

—

ok . or the mas
vibration, and is given by the following equation:

hence T= hJ_"_l
Pl 0.5 |

Where ‘m’ is the mass in kg and ‘K’ is the spring constant in N/m

system. It is worth noting that time period does not depend upo
oscillation. Since frequency is the reci

frequency of mass spring system is givenas

1 JF
! T n m w
EXAMPLE®10.3: MASS OF 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?

5 Spring system to complete one

of mass spring
n amplitude of
procal of time period therefore the

GIVEN
Spn‘ng constant 'k’ = 20N/m
Time Period ‘7" =2.0s

REQUIRED
Mass ‘m’= ?

- SOLUTION: The time period for mass spring system is

; 2
T=2n‘/% squaring T1=[2;; %]

2
or  T?—d4n? x%’. iso[.a.[ing m _m:z:lx
. (2.0s)" x20.0N .
Putting values. m - _miﬁlz m as N kg%:
4.05° xZU.U'ngf? ¥
oAl 4x%9,86

Therefore m —2.02kg - 2kg "‘m :
NOT FOR SALE
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ASSIGNMENT 10.3: T_IME PERI
Abody of mass 0.2 kg is attached to a spring placedona frictionless horizontal
surface. The spring constant of spring is 4 N/m. Find the time period of

oscillating mass spring system.

10.4 SIMPLE PENDULUM _ .
Asimple pendulum is an idealized model consisting of @ point mass suspended by
aweightless, in -extendable string sqpparl:ed froma fixed fri ctionless support.
Asimple pendulum is driven by the force of gravity due to the weight of suspended
mass ‘m’ (W=mg). Areal pendulum approximates a simple pendulum if

. thebobissmall compared with the length [,
. mass of the string is much less than the bob’s mass, and
.« thecordorstring 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 issmall, 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 ‘mg sin®’ and ‘mg cos@’.
The component ‘mg cos@’ s balanced by
the Tension ‘T” in the string. The restoring
force is only provided by component ‘mg
sin®’. Therefore

F, =-mgsind ——

Also note in the figure that only for small

"?igur‘? 10:5 -'Simple Pendultm

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

Therefore from AOPQ.  sind =-JIE '—®

Putting equation 2 in equation 1 F,, = -mgX
= —

Since mass ‘m’, acceleration due to gravity ‘g’ and length "
4

simple pendulum oscillating with small angle, therefore are constant for
Freg =X

Which is the condition for simple harmonic motion. Thus moti i
pendulum can be approximated as is simple harmonic motion on of simple

F_ . =ma _@
ia =i

or a=—%x _m

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

Also by Newton's second law of motion

Comparing equation 3 and equation 4

aeo X
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) ;

EXAMRLE!10:4: RESTORING FORCE OF SIMPLE PENDULUM

Determine the magnitude of the restoring force for a pendulum bob of mass
100.0 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’ =9.8m/s’
angle@=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

Fe: =—mgsind
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Putting values F,,, =-0.1000kgx 9,8ms™sin10°
or F =—0.98kgms™ x0.17

Frest = -0.167N __‘m

The magnitude of the restoring force acting on the pendulumis 0.167 N.

R

ASSIGNMENT: 10.4: CALCULATING ANGLE =
Atwhat angle must a pendulum be displaced tocreate arestoring
on a bob with a mass of 500.0¢?

force of 4.00N

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= __f. X __®

: 4n?
Comparing equation 1and 2, we get /‘%}f =,v"5-?2—

re-arranging TZ = 4n’ Ly
g

q‘- l
Taking square root on both sides, we have JTJ; = J4r? Jg

~ Hence ‘T=2nJg ——m

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

on the length ‘[’ of the
The period of the pendulum does not depend on the mass of the

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

o 2
l

4n’
=-?1—

NOT FOR SALE

pends directly

pendulum and inversely on gravitational acceleration g
pendulum bob.

MHMWMM el W x - = s

Since frequency is the reci ;
procal of time peri
pendulum is given as perlod therefore the frequency of simple

LAB'WORK

o study the effect of the length of asi en
T asimpl i
by el Ffon, plep dulur|_1 on time, find the value of

EXAMBLE10:5: DETERMINING GRAVITATIONAL FIELD STRENGTH

What is the gravitational field stren <
d gth on planet Me :
pendUIumSMHSSMthapeﬁodnf 23057 P roury, if a 0.500-m

GIVEN
Time period ‘T"=2.3s
Length ‘[ =0.500m

REQUIRED
gravitational field strength ‘g’ =7

SOLUTION: The time period for simple pendulum is

T oy \(_T_ Sql;aring - i r TIP: Gravitational Field
i =2 E] The gravitational field
y;si‘;ngﬂl at a point is the
( . , tacional force exerted
R =4nz_><§ lsolatingg g = 4’:11’([ gl
: : T that paint.
4(3.14)* x0.500m

Putting values g=
g . 3 '.{,2.1'305}2

Therefore 8= .73 %1=373 %g [down]. _'_m

Thg- gravitational field strqn'gth'_at-t-he surface of mercuryis 3.73N/kg

ASSIGNMENT 10.5: GRAVITATIONAL FIELD STRENGTH AT EVEREST

V'Jhat'is the gravitational field strength at the top of Mount Everestatan altitude
of 8954.0 m, if a pendulum with a length of 1.00m hasa period of 2.01 s? k

NOT FOR SALE
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LAB 'WORK . \ " SHOCK ABSORBERS N
To prove that time period of a simple pendulum is independent of (i) mass of the Well-detsi:fnedd damping is needed for certain kinds of applications The h
= : s ration. concept of -damping system is used in th : i

endulum (i) amplitude of the vibration the car suspen;
P (Hamp comfortable ride. PRSI Systel for
10.5 DAMPING _ One widely used application of damped
Any effect that tends to reduce the amplitude of vibrationsis called damping. harmonic motion is in the suspension system
The oscillatory motions we have considered so far have been for ideal systems that ‘ of an automobile. Figure shows a shock
is, systems that oscillate indefinitely undef the action of a linear restoring force. absorber attached to a main suspension

' : | spring of a car. A'shock absorber is designed

Figure 10:7 = Damping" W .| tointroduce damping forces, which reduces

- : Displacement

the vibrations associated with a bumpy ride.
As the drawing shows, a shock absorber
¥ consists of a piston in a reservoir of oil. When
i ; the piston moves in response to a bump in the

:"‘ """ road, holes in the piston head permit the
xd; = Time piston to pass through the oil. Viscous forces
o) that arise during this movement cause the

damping.

The graph ‘shows' three- types of damped
maotions, with curve (a) representing under-
damped oscillation. ‘Whereas the curve (b)
shows that if the fluid viscosity is increased,

o

L xol

E’ :_—x_f: : E‘ the object returns rapidly to equilibrium

| o e after it’s.released and doesn’t oscillate. In

However in many real systems, resistive forces, such as friction, reduce the this Case, the system is said to be critically

motion. As a result, the amplitude progressively decreases with time, an_d the damped. If the viscosity is increased further,

motion is said to be damped. The motion of pendulum eventually stops if it Is I?ft 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 sur rounding case the time required to reach equilibrium  time ,fc'rr'm} EJU derdong!
) i ie o : oscillator, (b) a cri

forces, such as air resistance and friction. The energy of the system decreefﬁr"’"’th s greater than in critical damping, as PP ilator, and (c) an

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 .an'gin, 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: \ | SYenviend Waves

b |

1. Awave is a traveling disturbance.
2. Awave carries energy from place to place.

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
surface which move away
from the point of impact of
| the pencil.

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
about its place. The energy which is spent in moving the
pencil up and down reaches the cork by means of water
waves due towhich it is also moves up and down.

Notice that during this process the cork does not move with [
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 to a 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

Osciflation

Wave motion is related to oscillation, wi
» when the energy moves th :
rough the wave

. the particles of the medium executes simple harmonic motion about their

equilibrium position. For example, take a rope and color a part of it. Attach on
end of the rope to the wall and wiggle the other end regularly and continuousl 3
The r_rumb.er of waves will be produced forming a wave train. Observe the ¢ ly.
marking, it will execute oscillations about certain mean position 255
figure 10.8 (b). '
When a stone is clircpped in a pond water, ripples (waves) are seen on the surface of
'.-vater. The particles of water that absorb energy and start oscillating from the
Impa‘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
. ing and energy is spread out throughout the water
.01 typess f waves! The waves are mainly of two kinds: i

nds: mechanical waves

and electromagnetic waves. :
i. Mechamcal waves: : itlati
: .I:'-;dnm cal Wraes The waves produced by oscillation of material particles are

alled 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 - Electramagnetic waves

. Electivinagnedic waves: The
waves that propagate by oscillation
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.

Magnetic field

Direction of

Electric field

NOT FOR SALE
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e and are directed at right angles to each other and to the W Har M sand Waes

The fields vary in valu e e — ===
direction of travel of the wave, as shown by the representationin Figure 10.9. The A Figure 10,11 Longitudinal Waves jn slinky
common examples of electromagnetic waves are visible andl ultraviolet light, e s e
radio waves, microwaves, X-rays etc. : — Direction of wave —s r:';g:'_“"“"k' and pressure
Y - - a .
Waves can-also be classified as transverse and longitudinal in terms of the b A " dens:: : ;-': Equam;rfum
i - di i iu nd Compression | % 1 X, ; ssure of the
directions of disturbance or dmsplac_eme'nt in the medium and that of the P ' . .' Rarefaction eclina are Barmadie
propagation of wave. A TTY compressions.
i. Transverse waves: A transverse wave is one in which the disturbance occurs } % Rarefactions: The regions of low
perpendicular to the direction of motion of the wave. Radio waves, light waves, b # Direction of density and pressure refative to
and microwaves are transverse waves. Transverse waves also travel on the strings vibration of slinky the equilibrium density or
i i j pressure of the medium are
uitars and banjos.
of instrumentssuchasg ] J : Aol

Figure-10.10 - Trdnsverse p-.*:n_v-e:in slinky:

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,
Trough: The part of wave whereas others depend on the medium through which the wave travels. Certain

below the equilibrium characteristic wave parameters and their definitions are given as under.
position is called trough. ;

Crest —— Direction of wave —
A—H

Crest: The part of wave
above the equilibrium
position is called crest.

: %

Direction of

vibration of slinky oo 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’.

F1g:ure 1;1E:ho:vstr:usve{rsev:a~;ecal.1 be g;?nerate{; The unit of wavelength is ‘m’. The

usinga .m (a.ang oosely coiled spring). If one en : wavelength is the repeated distance of the

of the Slinky is jerked up and down, an upward pulse |transverse waves consisting wa i ;

S s bt e s S slactrie and! mapnetic ve pattern—a shift of the wave pattern by
: g toward the right. If the end is then one.wavelength to the right (or the left)

j ; disturbances traveling at a
jerked down and up, a downward pulse is gencrated | e o 3,00 x 10' ms. J reproduces the original wave pattern. The

and also moves to the right. _ _ : - wave length may be the distance between

If the end is continually moved up and down in simple harmonic motion, an entire two successive crests or troughs as shown in

wave is produced. _ figure 10.10 and figure 10.12, or it may be

ii. Longitudinal wave: A longitudinal wave is one in which the disturbance occurs the distance between two successive

parallel to the line of travel of the wave. Asound wave is a longitudinal wave. : compressions as shown in figure 10.11. =

‘A longitudinal wave can also be generated with a slinky, as shown in Figure Amplitude x_or A: The amplitude A of a wave is the magnitude of the maximum
10.11.When one end of slinky is pushed forward and backward along its length . displacement 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.

NOTFORSALE - . NOTFORSALE

“(i.e., longitudinally) two regions are formed.




a wave passes a given point along its path, that point undergoes
is displaced first in one direction and then in the othe,
int returns to its original equilibrium position, thereby

Wave Cycle: As
cyclic motion. The point
direction. Finally, the pol
completing one cycle.

T A D e L L A T A T g
Frequency f: The number of wave cycles (N) LBl réi‘_j‘._ﬁ 31 Fré&dg’ y
passing through a certain point-(P) rn.umt 7
time (t) is called frequency. The unit of
frequency is hertz (Hz).

N e, flc [ e | ip
=— e J o [ b

Figure 10.13 shows three cycles C,, C, and C, X 4

approaching point P if these cycles cross | ||/ i) \
point Pinone second then frequency will be | 2 M—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.

Ty
T_f_m

Earthquake waves under Earth’s
surface also have both longitudinal

and transverse components (called i
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.

amozoW o™l —“z—-0 W

Wave Speed: The distance traveled by wave in unit time is called wave speed ‘v'.

_ distance _ As
time At

‘A’ (As = A) is covered
therefore equation 1 can be written as

1) Simple Harmonie Motion and Waye,

The distance traveled by wave equal to one wavelength
in time equal to time period T (At = T),

V=-":
T

4 . . i ‘ i
Since time period ‘" and frequency ‘f* are reciprocal of each other, therefore

1
f=?——@

putting equation 3 in equation 2, we get

v=rr» —UED

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.
EXRPLE 08 WAVE SPE
At L R W Lo
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
frequency ‘f'=2.6 Hz
wavelength ‘A’=0.37m

REQUIRED
speed ‘v' =7

SOLUTION: By universal wave equation v=fA

putting values v =2.65"x0.37m

Hence . v =0.962ms ' —m

5; asreasonable speed for wave in a spring is about 1 m/s.

S WAVELENGTH OF SOUND

(L e e

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

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
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The schematic diagram and tl"ue image;f
ripple tank are shown in .the figure 10. t.
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 spherical
dipper. Both dipper are vibrated up and down by an electric motor as shown in
figure 10.15 (b).

FigLsre' 1015 - R';'pp!e Tank-Il i':JstrmI_on_ S

Electric motar

Vibrating beam
Wave fronts

Screen

Circular waves sources

b

A

- seashore). A line drawn in the direction of

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

wave motion, perpendicular to the wave
front, is called a ray, as shown in Figure 10.16.

LFisl Rays:and wavefronts |

Wavefront ray +

Wavefront

------- .
>

Rays, signifying the direction of wave motion, are always perpendicular to the wave
fronts (wave crests). (a) Circular or 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.

pA
A.{\Ref Iection:}ReflectTon 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.

Reflection )
o g Reflected
Barrier Barrier ray
Wavefront Wavefront \\
Ray " | Ray |
o < ™
> L Incident
B = my
< Barrier
[ a] Incident waves | b |Reflected waves | c | Incidence and reflection at angle
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EEEED simple Harmonic Motior: sty Em

in figure 10.18 (a), they are

i i s shown in figure
into a straight har": ;sashcwn in figure 10.18 (b). However, if 5
hown in figure 10.18 (c), the wave-front

When waves run
reflected back along their original pat
wave hits a straight barrier obliquely ass
is reflected at an angle to the barrier.

In ripple tank reflection can be demonstrated by

} ve enters

This phenomenon is called refraction. When a water wa l[EI'rI'h,al
Cha;i: in which it moves more slowly, its wavelength decrft‘aSES S M. S
o d have been predicted using the universal wave equation, since we can
cou

placing an upright barrier in tray

conclude that Aecv.

Boundary

ray

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 observe 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=fA as shown in figure 10.19. ,
\QJDifffaerOn: The bending of waves around corners of an obstacle is called

diffractionj When 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

m Simple Harmonic Motion and Waues, —

After passing through the opening, N

. waves spread out in every direction and turn
into circular waves. This effect is gre

or equal to the size of the wavelen

gth of generated waves. |t must be noted that
wavelength (or speed) of the wave i

s not affected 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

{Figlire 1020 Diffraction),

Ao,

Obstacle Obstacle
Wavefrant

Wavefront

Ray

\

Simple Harmonic Motion:

S Frequency: Number of eycles in unit time.

E Opening

Oscillation:
position.

E’ Opening

The repeated motion back and forth about certain equilibrium (mean)

The type of vibratory motion in which acceleration is
directly proportional to displacement and is directed towards the mean position.

Time period: Time required to complete one oscillation.

Wave: Energy transfer mechanism without the transport of material medium.
= 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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mgh«#& Harmonic Motion a2

§ GROUP E ‘DEFINING TERMS’: Make a chart of definitions of the terms used in

Bl @ 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?

H A B. 2A C. 1A D.4A
15 @ Which of the following does not affect the period of the mass-spring
8 system?
A. mass B. spring constant

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

th—a Mo X o

55 SYSTEM’: Design an experiment to cnmpa:;n
4 of oscillation of a system built with two (or

ries (attached end to end) and in
more) sprin

et {orie end-cf each spring anchored 1.8 ENIEE DR B
pal‘a e

teacher approves your plan, obtain the necessary equipment and perform
(=

the experiment, prepare a presentation to share your result with your class
e e ]

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

pendulum is determined by its lengthisa gqud apProxirnatwn for a;q:p:;tude:
below 15°. Design an experiment to lnvl.estlgat& how ampli udes o
oscillation greater than 15" affect the motion of a pendulumr% List wzat
equipment you would need, what measurements you would perform, what
data you would record, and what you would ::?lculate. If your teacher
approves your plan, obtain the necessary equipment andl 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 tsunamiin 2004 at Indian
Ocean. Write an article for school library.

GROUP B ‘TWO SP RING-MA

i d perio
the spring constant and P b
ke g5 connected in two ways: in se!

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.

C. amplitude of vibration D. All of the above affect the period.
period, replace the abject with one of mass:

A2m B.m/2 C.4m D.m/4
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4 -!h_b-ll:

damping, how will the fre
(or a heavy load) are add
A.increase

8- @ If the pendulum completes exactly {
frequency of the pendulum?
ol A.0.10Hz B.0.17Hz C.6.0Hz

T G A Fertain pendulum has an iron bob, When the iron bob
:.-l.":"' with lead bob of the same size, its time period will

4 A.staythesame B.decrease
L @D A wave transports

#  A. energy but not matter B. matter but not energy
C. both energy and matter D. air
@ The bending of waves around the edges of the obstacle is
A. reflection B. refraction

quency of the oscil|
edtothe can Thefr
B. decrease,

_ C. stay the same D.bezero
: 2 cycles in 2.0 min, what is the

D.10Hz
is replaced

C.increase D. bezero

C. diffraction  D. damping

(CONCEPTUAL QUESTIONS =

Give a brief response to the following questions
@ Is every oscillatory motion simple harmenic? Give examples.

@ For a particle with simple harmonic motion, at what point of the motion
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.

9 Why waves refract at the boundary of shallow and deep water?
@ What is the effect on diffraction if the openings made small?
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COMPREHENSIVE QUESTIONS
Give an extended response t
@ what is Simp:lea Hani'gﬁr::Mh;‘.oti
ject to oscillate w !
(7] :::vc:h:tothe mass spring system executes Simple Harmonic Motion [?HM}_
@ what is simple pendulum? Diagrammatically show the forces acting on
simple pendulum. Also show that simple pendulum executes simple

harmonic motion.
@ What is wave motion? How waves can be categorized?
without carrying the material medium? Also
llatory motion and waves.

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

How waves transport energy ‘
describe the connection between osci

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

Wave.

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

NUMERIGALQUESTIONS. = 4

A mass ﬁung from a spring vibrates 15 times in 12 5. 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
4 cm. 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 = 1.62 m/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
250cyclesin 5.0s.

@ 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 4.0m,
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. -

displacement of
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After studying this chapter you should be able to

¥ 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).

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

v fiescﬁbe 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 Sl unit.

+ describe what is meant by intensity level and give its unit.
+ explain that noise is a nuisance.

U I describe how reflection of sound may produce echa.

' v describe audible frequency range.

v describe the importance of acoustic protection.
tions learnt in this unit.

+ solve problem based on mathematical rela
NOT FOR SALE
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11.1 Sound waves

Hearing is perhaps the one sense we
take for granted the most. We often

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
son the radio and TV.

11.7 Audible frequency range
Key Points and Projects

(88 11,2 Characteristics of sound : do not realize the different sounds

(08 11 350und Intensity that goes through our ears on

N W speed of sound minute-to-minute basis. It's probably
i T 11.5 Reflection of sound and echo the first thing we experience when

E 11.6 Acoustics we wake up in the morning — when

T

S

Exercise

listen to music, or when we hear interesting program
form of noise, but that is the lively world

At times it may be displeasing in the
sound as waves, its characteristics, speed

around us. In this unit we will describe
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, acommon 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 11.7. When.a
tine swings to the right, the molecules in an element of air are forced closer
ltagethEr than normal. Such a region of high molecular density and high air
{:uressure 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
pressure in this region are then lower than normal. Such a region of reduced
td:nsny i? called a rarefaction. The rarefaction itself therefore moves, following
_suceci::;:l:fh; {fnr.loduceld compression. As the tuning fork continues to vibrate, a
pressions and rarefactions forms and spreads out from it.

NOT FOR SALE

Seorviangl,

(FIGUREH 1 = Tunning Forg

G
ERER I+

TR
B b aeera g

Rarefaction ‘Comprestion Individual molecules

vibrate to and fro

19 % 1:_Productmn of Sound: Some disturbance and vibration is needed f

prndu-ctmn of sound, as seen in the tunning fork experiment. As sh:we. ?r e
11.2 similar observations can be made from buzzing sound of l'aees or mr; c '1guret
the sound is produced due to rapid vibrations of their wings. Sound in sita::': T‘?
is produced by vibration of the stretched string. The sound of school :el‘l i;
produced by vibrations in its steel gong (half-sphere) when it is struck by a spring-

loaded arm.

11.1.2 Transmission of sound: Since sound is 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 alonga 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 than air.
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s 11 ; its propagation and ir,.
N ire a material medium for its propag
evertheless sound does require -

cannot travel through vacuum. . ¢

ACTIVITY"

ot s 5 middle ear, which runs from ¢| ;

The bellin jar experiment is shown in figure, Gl ciding % the e Al Msad Th bodyh:;iri;tnm\aﬁme cochlea; and the inner ear, which s

it demonstrates that sound does require .a called the piing. Y referred to as the ear is technically

material medium for its propagation and it Vibrating semy The soundwave that entersourear "1™

cannot travel through vacuum. An electric B ! L aria set; _ i Lk

bell is sealed inside a bell jar and a vacuurﬂ eardrum into motion. Oscillation g

pump to remove-the air. When the elect.nc | of ear drum causes oscillation in “ 3 Auditory nerve

bell is turned on, it produces a loud ringing /2 eyl the fluid-filled inner ear; the || /

sound. As the vacuum pump removes the.alr ; REme motion of the fluid disturb; hair '.,{i

from the bell jar, the loudness of the ringing cells within the inner ear, which \

decreases. E transmit nerve impulses to the

If the vacuum pump is a good one, the sound of the bell will aer_mst pe brain with the information that a ympanic membrane

eliminated. : ' sound fs present. "% (eardrum)  Cochlea

- 11.2 CHARACTERISTICS OF SOUND
Sound, like all waves, travels at a Few characteristics on which one sound can be distinguished from another are

@ certain speed and has the C R i i pitch, loudness and quality (or timber). :

""" properties of frequency ‘f' and S RIS L HERD 11.2.1 Pitch: Pitch distinguishes shrill sound from grave sound. The pitch of a note
wavelength “A". Figure High : depends on the frequency of the sound wave reaching the ear. A high-pitched note
shows a graph of air pressure as a /\ /\ /\ ; . has a high frequency and a short wavelength. A low pitched note has a low
function of distance from a Sioraial j frequency and a long wavelength.
source. There are crests in the Distance ENTNE
sinusoidal wave at points where | qw Cof \_/ CTIVITYA
the sound wave has compressions i e : Direction
and troughs where the sound  pressure i i ; - of rotation
wave has rarefactions. ; . eel.. H'?lq Apieee f car(?boa

I your hand with its free end touching the
11.1.3 Detection of sound: Sound can be detected by various means, ear is one - Spokes of the rotating wheel. The sound
such biological organ. Ear converts sound waves into perception of hearing. will be produced, as you increase the
Perception is commonly defined to be awareness through the senses, a typically Speed of rotation the spokes touching per
circular definition of higher level processesin living organisms. unit time to the cardboard will increase,
Microphones detect sound by converting it to electrical signals. The persons Which will increase the frequency. a3
impaired of hearing detects the sound with artificial hearing devices. result, sound produced will become

MT Fm w i ir_'_rjl_'-ﬂ' (of a higher pitch).
* AN




l"}zm

gs etc are of low pitch whereas
pitch s like colour

Sownel

man, dogs, fro

For example the sound produced by oEp
f : cats etc are of high pitch.

the sound produced by women, birds,
in light; both depend on the frequency.
11.2.7 Loudness: The greater the sound energy,
loudness depends upon the amplitude (height) of the sound wave.
Loudness depends upon the following factors:
o The area of vibrating body: Larger the are
amplitude of sound produced.

the louder is the sound. The

a of vibration larger will be

o Distance from the source of sound, The farther away, the smaller the

amplitude.

o Material through which soun )
different in different materials such as water and air.

d is traveling: Amplitucle 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.

LAGTIVITY

Support a ruler under a heavy load or book as
shown in the figure. Twang the ruler with your
hand, sound will be produced. Notice that when

you gently twang the ruler, faint sound is Ruler
_|produced and when you twang it hard, loud
sound is produced. Thus by increasing the
amplitude of vibration the loudness increases.
B

© 11.2.3 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
pianoand flute. p
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11.3 SOUND INTENSITY : .
FIGUREA 3= intensity

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

in unit time | Direction of Sound

In equation form, intensity | is

E__p

AxAt A _m Area (1 m)

In equation 1.1 .1,. ‘P i‘s P?wer (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 1.0pWis1.0x10™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 terms'of their logarithms - the -
power to which 10 must be raised to equal the number.

[OGARITHIIC INTENSITY LEVELS AND SGRRD INTENSITY

Intenty leveldB} Intensity level (B) Intensity (pW/m’)
Tl 0 5
L= 10 1 10
. 20 2 100
30 3 1000
50 | 5 100000 .
. 100 10 10000000000




Unit 11 //ﬂ - m 5 - .

i 2 matically
If Lis the loudnessand | is the sound intensity in W/m» then mathe -

Leclogl or L=klog! == f 1 Source
y ‘ he loudness o Int
Where ‘K’ is the constant of proportionality. If L’ rf!;reser:t: tu:ti on 1 can be en?;tg]lwﬂ Intensity (W/m®)
faintest audible sound of intensity ' such that /=10 wim' eq threshold of hearing > :
. : 10"
written as: ) normal bre‘ath'ln Z
L, = klogl, —Q@ : ; # 10 10"
- : average whis
Subtracting equation 2 from equation 1, we get = perat2m 20 s
L-L, =k(log! klbgf ) empty theatre 10 10"
L-L, =klog/-klogl, or T g i = residential i
area a
.' t night 40 10°
) - ot uiet rest
L-L, = klog, b kil 50 107
The difference between the loudness of these two loudness of sound (L - L) is . two-person conversation % e
called intensity level or intensity level (B) and is given as ; busy street traffic 70 0
b= klogri ©) vacuum cleaner 80 ppw
o . — loud stereo in average room ]
Since B is defined in terms of a similar quantities ratio, itis unit-less. The value of k : : g . 90 10°
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 [, of the faintest ' pneumatic chisel 110 10"
i = i i d is taken as unit called -
audible sound (/= 101}, then '"tE".-'"t!"_le"El of such st B maximum level at some rock concerts 120 10°
bel and value of k becomes 1. Substituting k =1, equation 3 becomes
p A propeller plane taking off 130 | 10
p =log.- (bels) threshold of pain - 140 | 107
o i
military jet taking off 150 10°
P It’s Zero, Not Nothing! A sound intensity level of 0 dB does not indicate that the -
0 sound wave has no intensity or amplitude. An intensity level of 0 dB corresponds to wind tunnel 160 10
p 2 f :
) an ntensity of 10°=1pW/m’, instant perforation of the eardrum 170 10°
The sound intensity level scale is similar to the Celsius temperature scale — it can : . P : mr :
T 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
BJ an intensity of 0.01 pW/m’. |
N~ When our teacher hear us whispering yith friend in class it is 20 dB, when teacher p =10log- (dB) —{=
_g is d-emmtra.xtllng in the class the sound is 50 dB and when whale class is working on o
g @ssignmentitis 60dB. Some values are given in table 11.2. It must be remembered that 1bel= 10 decibels.
L The comparison values for different intensity levels in decibel (dB), Bel (B) and

NOT m M intensity in pw/m? is given in table 11.2.
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= mgm .
Sovnd: - //’J . e | Hence ' \

AB =3.01

) b : >

s T s that the two sound

SCALE. " This mean und intensity | ;

DECIBEL e of ¥ decibels \ Ylevels differ by 3.01 dB. Note that because

i : : \ only the ratio I; / 1, is given (and not th i
One convenient feature of the logarithmic scale is thatl ani G S : - : e actual intensities). thi
corresponds to an increase by a particular multiplicative factor in m;e_::i?:me any intensities that differ by a factor of two, }, this result is true for
i e
tter where you start from. The relative sound level, 8, is the @ For example, a56.0 dB sound s twice as
matter where yo ceasintense as

between two sound levels: 253.0 dB sound, a97.0 dB sound is half as intense (EXTENSION EXERCISEA 131

as a 100 dB sound, andsoon. If an increase of 3 dB means

Ap =Py - By e “twice as intense,” what does
?;?ﬁji!s_?ﬂéﬂ};iﬁ?ﬁf ' | anincrease of 6 dBmean?

l
or AP =10log:'3-—10|.og-f1= >
s ° suppose that when a certain sound intensity level (in dB) trip{es the sound

or Ap =10(logl, - logl,) -1 0(logl, —logl,) intensity (in W/m’) also triples. Determine this sound intensity level

Hence AP =10logl, —10logl, ~10logh +10logl,

A sound level metre isa i
d AE' = 1Ulﬂg "1 =10 logi‘, measuring instrument used
to assess sound levels by

|
Therefore AP = wlng' ——@ measuring air pressure.
: !
Equation 11.3 enable us to find the relative sound levels of the loudest and the : o ; o g
' | quietest sounds produced by a source called dynamic range. The larger the dynamic figure (a) and (b), the violin and clarinet music is having
range, the greater the range of sound intensities a device can produce or record. regular and uniform pattern, On the other hand, the sound /"‘M\J

afl,

jcalled musical sound. The wave form of such sound is
composed of regular and uniform vibrations as shown in (&) Yiolin Music

which produces a displeasing effect on the ear is called

Manufacturers list the dynamic range for all high-end loudspeakers and headphones |. Lk (b) Clarinet Music
as well. In general, the higher the dynamic range, the better the sound quality. ﬂ?ise- The v_.rave Ifnrm of such.snund is of irregular and
However, the price usually increases with the dynamic range. - disordered vibrations as shown in figure (c). The excessive
L - displeasing sound which disrupts the balance or activity of
EXAMPLE 11 A1 \ humans or other living things is called noise pollution. (c) Moise J
Show that if one sound is twice as intense as another. About what factor is the
sound level (in dB) higher? 11.4 SPEED OF SOUND WAVES :
GIVEN EQUIR The speed of sound is the distance traveled per unit time by a sound wave as it
Intensity ‘I, =1 REQUIRED propagates through a medium. sound, like all waves, travels at a certain speed
ne ‘. Intensity level ‘A’=? and has the properties of frequency and wavelength. At20 °C, the speed of sound
Intensity ‘' =2/ in air is 343 m/s. Sound can be transmitted through any medium—gas, liquid, or
solid. The speed of sound depends on the material through which it is passing.

sound travels very easily along a metal fence.

SOLUTION: the difference between two sound levelsis  Af = 10log L
; _ :
5 distant motorboat better with their ears

Children at play may discover that
AP =10log2.0 Swimmers notice that they can hear
under the water than in the air.

, or AP =10x0.301 ; | .
NOT FOR SALE NOT FOR SALE

Putting values AP == 10[033;- or
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In both examples, sound is traveling
in a material other than air. You may
have watched distant lightning and
noticed the time lapse before the
sound of thunder reaches you. This is
an example of the relatively slow
speed of sound compared to the
speed of light. The speed of sound in
water is almost five times faster
than its speed in air. Sound travels
most rapidly in certain solids, less
rapidly in many liquids, and quite
slowly in most gases. Some values
are given in Table 11.3. The speed of
sound ‘v’ can be found by dividing
distance ‘S’ by time ‘¢’ as:

TABLE 113 THE

SPEED OF SOUND

speed at 0°C

State Material (m/s)

——[aaminum_| 5104

glass 5050

steel 5050
Aalid maple wood  [4110

bene (human) | 4040

pine wood 3320
Solid/liquid |brain 1530

fresh water 1493 (at 25°C)
Liquid sea water 1470

alcohol 1241

hydrogen 1270

helium 970
Gas (at nitrogen 350 (at 20°C)
atmospheric
pressure) air 332

oxygen 317

258

this speedin km/hr?

carbon dioxide

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 s, what is the speed of sound? What is

GIVEN
Distance ‘S’ =1.5km=1500m

" Time‘t' =4.4s

SOLUTION: speed is defined as

NOT FOR SALE

V=

~ | L

REQUIRED

Speed of sound 'v'=?

e

T

D o ;
- s

1500m

Ve —

4.45

V' =340.90907 = 301/ — (RIS

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

3500 9

v=341x3.6k%

v =1227.6 R% =1228 kn%' W

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

Putting values

Hence

V=341x

If the time between seeing hghtmng 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.Speec!. of. Sound in Air: The speed of sound in air depends upon the
FIens1ty 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 —{FIED

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

o-p —

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 v stays the same.

NOT FOR SALE
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= T ; A | Just like reflection of water waves in ripple | '
EXAMPLE 11.3: WAVELENGTH CALCULATION) { tank, sound waves can also be made to bounce |BIAUNAUPE N[00

bz l/
back as shown in figure 11.4. Some materials, W

R = i hot
What is the wavelength of the sound in dry air if its frequency is 590 Hzona ]

day with temperature of 40°C?

Barrier

such as hard, smooth surfaces, reflect sound \Ected i

waves more than they absorb them. Other Wavefront [/

|
GIVEN REQUIRED .; materials, such as soft curtains, absorb sound
= L/ IR LFY
Temperature T= 40°C Wavelength ‘A’=? waves more than they reflect them. Figure Incident ray
Frequency “f' = 590 Hz ! shows a sound wave with a plane wave front

reflecting from a flat surface. Reflection of sound

SOLUTION: Since speed of sound at 0°C is 331 m/sand for each one degree celsius |
rise in temperature, the speed of sound increases by 0.6 m/s. Therefore Some people claim that their singing voice is better in the shower than anywhere

v=331+0.6T or  v=[331+0.6x 40]"% else. This may be true as a result of the many sound reflections that occur in a
small room. Sound due to multiple reflections is called a reverberation. The

or v=[331+ qunys Hence v = 3551% continuation of many reflections causes a tone to gain in volume. Thus
” ; reverberation adds to gain in volume of tone. :j .
Now by general wave equation v=fL or A= 'f_ 1 11.5.7 Echo: W reflected sound that can be distinguished from the original is

[ called an ec If a reflected sound arrives after 0.10 s, the human ear can

EXTENSION EARRGISEALIAZY ) distinguish the reflected sound from the original sound. Thus/a reflected sound
What is the wavelength of ' that arrives before 0.10s is perceived as an increase in volume and is called a

590Hz frequency sound in fresh| reverberation, but a sound that arrives after 0.10s is perceived as an echo.

25°C, where the : 4
sw‘::j:’?;wn p i:i yo Besides the hearing of your words repeated, echoes can be used to estimate the
B distance of an object and the velocity of sound itself. Since the sound covers a

N istance ‘S’ twice 'S = 25" i.e for going and receiving in time *At’ as shown in figure
v

VLS.Thespeed‘Vis
QQJ EIGURE 11.5~Echo; =

o A r———————

What is the frequency of sound with wavelength 0.25 m in air with temperature

of 32°C? T E 1
At :
11.5 REFLECTION OF SOUND WAVES AND ECHO . i speed of sound 'v*
When a wave front strikes a boundary that is parallel to the front, the wave may be ] or S= 5 ;
absorbed, be transmitted, or undergo reflection, depending on the nature of the H ﬁ# : JL

This means that we can calculate .
the minimum distance for the
echo to be heard.

boundary medium, or the wave may be partly absorbed, partly transmitted, partly o 'é.l:

reflected, or any combination thereof. Sound wave reflect like other kind of

p——— Distance ‘S’ ——#

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

of sound For example, the speed of sound at room temperature of 20°Cis v =343 m/s and
) the sound reaches the ear in time At =0.1s, the distance S can be calculated as

NOTFORSALE | NOT FOR SALE




o R ' =

m " 34.3m
J3BMOK0e S g 303
2 2
$=17.15m
So the minimum distance required for an echo to be heard when l:ht.? E :
sound is 343 m/s is 17.15 m. The change in temperature can effect this distance

because the speed of sound changes with temperature.

EXAMPLE 11.4: EGHO *

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

peed of

REQUIRED
distance ‘5" =1

SOLUTION: First we would calculate the speed of sound at 3 °C. ﬁ_{lce 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+0.6T or v=[331+ u.axsjﬂ%
or v=[331+1.8T/ so v =[331+2]"/,
B m,
Hence v =333 /s

Mow using the equation for echo  §= %
333Mx1.56

Putting values s 2

EXTENSION EXERCISE 14.31

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

§=249.75m =250m — (e

The cliff is approximately 250 m far from her.

ASSIGNMENT 11.4: DOUBLE CLIFF ECHO

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

T ——

Sound, B
11.6 ACOUSTICS &

Qcoustics is the study of waves, vibrations and sound. Echoes are easily P,

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 room 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

audience. EIGURE 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
the mosque in term of sound audibility
and speech intelligibility. Unfortunately,
architects nowadays often facus more on
designing a building based on its looks or
form, and the main function of space
most often neglected. To ensure good
listening conditions acoustical needs
must be considered in the design phase
of the mosque.
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11.6.1 Acoustic protection: Acoustic protection is the application ofdsoft.:::
porous material to protect individuals against undesirable sounds an rllol ica‘l
Acoustic protection is employed not only for physicalheatth, but for psycholog 5
well being as well. Animals and birds have also been reported tf:l ﬁxpﬂl?
discomfort due to higher noise and sound levels. Acoustic protelctwn is a s:o
necessary to minimize stress levels generated due to high noise. Acoustic
protection may also be required to protect structures against vibrations generated
by objects, such as trains and earthquakes. This is also required to control the
noise generated during construction and/or development activities.

Moise Pollution: The excessive displeasing sound which disrupts the halance or
activity of humans or other living things is called noise pollution. The first type of
noise pollution involves noises that are 50 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 meters away is about 140 dB.
The workers working in noisy areas like an
airport use ‘headphones’ to prevent the
hearing loss brought on by damage to the
inner ear.

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 nofse 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.

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
20 Hz (Recall that 1 Hz is 1cycle per second) to 20,000 Hz (20 kHz) .

decreases with age. . _
Physicists have established a three-part L=
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 blawn, but still brings |
your pet dog back. i
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.

n

11.7.1 Infra-sound: 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.

B

Elephants and whales use infrasounds to communicate.
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a5 explosions, O by An ultrasonic pulse is generated in a particular direction. If there is an object in

es such as i , part or all of the pulse wi
Infrasl-:-unds can be generatled by human l.:mcess L iatized loudspeaker the path of this pulse, p a pulse will be reﬂectec? back to the
machinery such as diesel engines, wind turbines. Certain sp ose include large- transmitter as an echo and can be detected through the receiver path. By

designs are also able to reproduce extremely low frequencies; th s
scale rotary woofer models of subwoofer loudspeaker. Some huma
also produce sounds in infra sonic range.

measuring the difference in time between the pulse being transmitted ahd 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.

11.7.2 Ultra-sound: Bats use ultrasonic ranging (echolocation - by listening to llhe
echoes of their calls) technique to detect their prey. They can detect frequencies
beyond 100 kHz, possibly up to 200 kHz. To avoid bats, many i'nsects‘ have go'od
ultrasonic listening. This includes many groups of moths, beetles, praying mar'rt] ds
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
soundsin their navigational system to orient and capture prey.

 MEDIGAL APPLICATIONS OF ULTRA SOUND
Perhaps the most familiar is the ultrasound scan tha_t is used to image a particular
4«;%; 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.
@y :

FIGURENT.9 S Ultra=siics ™

The praying mantis and moths has a specialized ultrasound receptor on its I
abdomen that allows them to take cover in response to an approaching bat. .

(a) Abdominal ultrasound reveals normal liver and gallbladder. There is no
abnormal echo in the gallbladder. {b) A gladder stone is seen in the image.
In addition to imaging the interior of a body,

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 ultrasound can also produce changes within the

door. Ultrasonic sensors are also used to detect intruders: the ull body that would otherwise require surgery. For
; trasound can q gery

cover a wide area from a single point. 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
rwater range finding; this use is 3000 pulses of sound (at 23 joules per pulse), the .
: stone is fractured into small pieces that the body ~ Stones \ y
'\\(} can then eliminate on its own. Ultrasonic beam

N NOT FOR sALE NOT FOR SALE

ii. Nondestructive Testing: Ultrasonic testin

g is a type of nondestructive testing
commonly used to find flaws in materials and

tomeasure the thickness of ob jects,
iii. SONAR: A common use of ultrasound is in unde
s also ca{l;led' SONAR (Sound Navigation and Ranging)

LY
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Sound: Adisturbance of matter that is transmitted f
Loudness: The perception of spund intensity
pitch: The perception of the frequency of a sound
Quality:rlumberand relative intensity of multiple sound frequencies

Musical sound: The sound that is pleasant and harmonious

Noise: Any loud, discordant, or disagreeable sound

Intensity: The power per unit area carried by a wave

Sound intensity level: Aunitless quantity telling you the level of the sound relative

to a 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.

rom its source outward

MO - )

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 to the class in agraphic display,

:;,mtj:d P AR \LS HEARING ABILITIES': Research how animals have
. dI: their hearing abilities to survive and effectively communicate with
ach other. Prepare a chart to be displayed in the classroom.

GROUP E “ULTRASOUND'; Research

medical and industry, Write o taci i aed S e D

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
|~ increase equal toin decibels?

A.10 B. 20 C.30 D. 40
1@ Anecho accurs when asound wave is ... B
P«.I A. absorbed  B. transmitted C. refracted D. reflected
,14‘ (&) Compared with a sound of 60 decibels, a sound of 80 decibels
1% hasanintensity _________ times greater.
c 10 B. 100 C. 1000 D. 10000

[5)| @ The loudness of a sound is most closely related toits .
}@, A.frequency B. period C.wavelength  D. amplitude

| @ Various instruments sound different even when they play the same note
due to difference in

i A, pitch B. loudness C. quality D. intensity
}| @ Humans can hear sound that is :
| A.lessthan20Hz B. between 20 Hzand 20 kHz
C. greater than 20 kHz D. None

@ The speed of sound on a warm day when the outdoor temperature is 38°C
j 15

A.331m/s B.345m/s C.354m/s D.362m/s
. @ Minimum echo distance is reduced in
i A. summer B. winter C. spring D. space
| © Which of the following cannot transmit sound?
A. solid B. liquid C.gas D. vacuum

CONGERTUAIIOUESTIONS &
Give a brief response to the following questions
@ Why sound produced by a simple pendulum is not heard?

@ E:yf_jnging 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? -

NOT FOR SALE
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¢ on rails of railroad for determination of coming

If a person places his €T B0 U G work?

i i e, and how .
train. Why is ::::I ':"t';]undmmrm, you see the lightning first, and you hear
by 7
::tﬂunderaftemard. Whyisthethunder delayed?

© If the speed of sound is dependent on frequency, would music from
marching band be enjoyed? :

© Why does your voice sound fullerin the shower?

@ whyisitsoquietaftera snowfall?

COMPREHENSIVE/QUESTIONS
Give an extended response to the following questions
@ What is sound? How it is produced, transmitted and received?

@ What is audible frequency range?

@ What is the speed of sound?

@ 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. H

@ What is acoustic protection? Why is it important?

L Eeil:]
| @ Thesound intensity 3 m from a

; jackhammer is 8.20 x 10 W/m?. What is the

sound intensi i ®
x10™W .;m:]!.ty level in decibels? (Use the usual reference level of I, = 1.00
@ Aship s anchored where th -
ed 5 H
Sent to the bottom of the lake P of water is 120 m. An ultrasonic signal

inwater? returns in 0.16 s. What is the speed of sound

@ Asgunshot from a -22 rimfire
Do we need to wear ear p

! "iﬂe_ ha: an intensity of about | = (2.5 x1013)l,.
toSounds above 8 decit otection? {i;lonsi_dering that prolonged exposure
@ What sound intensity Leve sehearing damage or loss).

; 3 L in dB j
. Intensity of 4,00 x 1g? w.'m‘?fj{ﬁ '* Produced by earphones that create an
107" W/mt.) " {1se the sual reference level of |, = 1.00 x

R s =

@ Whatis the speed of sound in air at -20°C?
o Army man 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 buildings Aand 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.

o MRGEEN g
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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 terminology for the angle of incidence 8, and angle of refraction 8, and
describe the passage of light through parallel-sided transparent material.

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

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

¥ describe how light is refracted through lenses.

¥ define power of a lens and its unit.

¥ solve problems of image location by lenses using lens formula,

¥ define the terms resolving power and magnifying power.

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

v 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 show the form
eye and a long-sighted eye. ation of images in the normal eye, a shortsighted

+ describe the correction of short-sight and long-sight.
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D) coomice optcs
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,
astronomy owes its progress to the
12.8 Lens equation invention of the telescope, and
§ 12.9The human eye modern biology could not have been

B - 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 Total internal reflection

12.6 Refraction through a prism
12.7 Lenses

¢
0
N
Tz
E
T".
3,

} microscope
| 12.11 Compound microscope
- 12.12Telescope
. KeyPointsand Projects
| Exercise -

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 objects 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,

Sf.lppose 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

I Incident say: the approaching ray of light.

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

" NOTFORSALE

The study of light is called optics. -




Eﬂ;& Geomedrical Opticy ¢ at which the incident ray strikes the reflecting m_mmmm By =

lit. Paint of incidence: the pot

. the IE' ie-::tfl 18 sur face at the pﬂint real if i I
il wn at right aﬂgtes to I of |
l-'-\u'. ”TIHH'-"I.- U'IE hne dl"a a ght ra-!l.s 3

position, the image would app

incidence. incident ray and the norm €ar on the
v. Anale af incidence (0 the angle between the ey d # geaa)y Il an s ot real, itis virtual ;ﬁ:r;l{;ld Stk isr
£ A ' (e of reflection (0,): the angle between the reflected ray and the normal, of a virtual image, nothing would bbEarbntic screena ;;feen at the position
¥l.ANgIC actually converging on the image position, Lij P am ety
S th e 3 - Light rays only appear as though
ey are diverging from the image location. This will becom
you recall and practice drawing ray diagrams you | M [N Cleanng
Normal Normeal and grade 8. g gradad e
v Reflectedray . iiont ray . Reflected ray
mﬁdem 12.2 SPHERICAL MIRRORS
- : Reflecting surfaces can also be curved,
E usually spherical, which means they form a
section of asphere. As Figure 12.2 shows, a Spherc
spherical mirror has the shape of a section
sliced from the surface of a sphere. If the Q
e ection: The laws of reflection describes the behavior of the inside sur acts of the mirror Is‘puhshed, it !s @
. 4 a concave mirror. If the outside surface is
incident and reflected rays. polished, it is a convex mirror. xion uft sp:ﬂerg
o it Law: Theincident ray, the reflected ray and the normal to the surface all = = : ped Wiio i
liein the same plane '
o Second Law: the angle of reflection 8, equals the angle of incidence 6;: '
Reflecting surface is concave, Reflecting surface is convex.
i o Centre of
12,12 lmage characteristics: We can completely describe any image by defining ' Girvakuie {orfg::e:} tt::r':rl;fu?;
four characteristics. . f=<Principat axts--Seessnaaernnnns P p cesnnsesSeaPrincipal axis
© The magnification is the ratio of the image size to the object size. If the R £ R : f |
et i E : i di f ius of
magnification is greater than one, the image is larger than the object. When t Curvature Curvature
isequal to one, the object and image are the same size. If the magnificationis :
less than one, the image is smaller than the object. :
0 The attitude of animage 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
s 5 irror and its centre of curvature, C. In this case, C is on the opposite side of the
© The image location (or position) is the di i d the i :
2 distance between the image an i flecting surface.
optical device — mirror or lens, T e

TR NOT FOR SALE
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Centre of curvature is the centre of the sphere with rad.i u? " (radiq.fs:f c.:urvature]
of which the mirror is a section, and the principal axis 15 a straight line drawn

through the centre of curvature and the midpoint of the,mmur e & kgl
Note that the principal axis intersects the mirror at right angles. Figures 12.3
dius of curvature for both concave

shows principal axis, centre of curvature and ra
and convex mirrors.

42.2.1. Focal Point znd
when light rays that are par
Follow the path of the inciden

focal length of concave mirror: Consider what happens
allel to the principal axis, strike a concave mirror,
t ray in Figure 12.4. The light incident ray strikes the
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 at A. 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 6, 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.

=

K EURE 12,4 - Focal Length of concavemirio

— Incident Ray -——*‘——;1'_
3 Mae

.
-
........... B e
»*
-

C ..

-’

Mormal

ﬁ
Radius of
Curvature

1

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 = %2 CP and so point F lies halfway
between the centre of curvature and the pole P (or vertex) of the mirror. Point Fis
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.

| NOT EOR SALE

m— I i : 'm .
he f i .
Etl.ll’e,

mirror. Point Fi
Fis called the focal point because all the incideR’ for the spherical

parallel and close to the pri i
e principal axis ; nt light rays that a
pass through that one point, such that of the mirror, reflect from the mirror anr:

F=gh W8 S| unit: m

(] z raocal Point and cal le gL W & g vy
! ) i 10f € VEX mirror ' igure 12 5 wlllcllshﬂws
er t 5

diagram is that a straight line drawn throu

ls:tri:;scects the mi rr:::r at ri_ght angles; hence, t::li:..:t;::._:: é“: sl::wature always
; ‘e at t_he ment of incidence, A. Since the incoming ra selchronti

principal axis, it follows that the angle of incidence #, isg el g

Therefore from the laws of reflection the angle of re:;"leczq mLto B3 =

ang!e CAF. We see then, that ACAF is an isosceles triangle m:; u': l:;t s

having equal length. Finally, for small angles the length C’F is appm;ime:till:ya::ul;t

to half the length CA=R; thatisCF=1%R
. | . =% R. Therefore, to thi imati
the distance FP (called focal length ‘") is also % R. i i)

SEIGU Focalil.ength of convex mirror

Reflected Ray

Focal *-..
“ Point &7, €
........... i bt
Fos
{—H

R y — cmey

Radws of
Curvature
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The minus sign in this expression 15 used

the mirror.

' js principal focus
or focal point

........

— [ —H
Focal length

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

toindicate that the focal point lies behind

‘F' is principal focus
or focal point

& ™

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.

\

After reflecting from the mirror, the rays converge or diverge a
from a single point called the focal poin

12.6.

12.2.3. Image formation and ray tracing for spherical mirrors:

s if they originate
t F (or principal focus) as shown in figure

Ray diagrams aré

used to show image formation in spherical mirrors.

1. Construct a figure showing the mirror and its principal axis. T

he 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 will often lieon

the principal axis.

3. Draw four rays that arise from the tip of the object:

NOT FOR SALE

R comasictony B
(a) The A - ray (parallel ray hittin

z : 8 mirror at point A) is i
After reflection, this ray (or its extrapolation) pa ) ':hl:lﬁu;::]: :a:alle:. to the axis.
i & focal point.

(b) The F - ray (focal ray or its extr ;

; : apolation) pas: ough

reflection, this ray will be parallel to the ams] sl the focal point. After
{c) The P -ray (pole ray or its extrapolation) is incident

vertex, reflects making an equal angle with the axis (si
mirror).

(d) The C -ray (central ray or its extrapolati ce

: tion) passes through
curvature of the mirror. After reflection, this ray passes back th::: “:: .n'tre o
T, . gh the tip of the

These four rays are called the principal rays. Other rays can also be drawn but we
prefer the'principal rays because they are easier to draw, Maost of the time we draw
only two of the principal rays.

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

4. The point where the focal, parallel, pole and central rays (or their
extrapolations) intersect is the image point. This point may be in front of the I
mirror giving a real image, or it may be necessary to extrapolate the rays back
behind the mirror to locate a virtual image.

5. This ray-tracing procedure can be repeated for any desired paint on the object.
Thus, locating other points on the image, it is usually sufficient to consider just the
tip of the image but additional points can be used if needed.

Aray along the girection from the
focal point to the mirror is reflected
parallel tothe principal axis.

2. F ray parallel to the principal axis
is reflected 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 along a radius is reflected L

back onitself.
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Gromedrical Optfied

FIGURE 12.8 Convex mire

T
-

C - Ray

fitr T

) hLT %) s = e

S TR -

1.A-rayparallel tothe principal axisis 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 anequal angle to the axis.

4,C-rayalongaradiusis reflected back on itself.

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 —
point. Located at the focal point and ¥
running the length of the row is an oil- FRE
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_amm Optics

How automobile headlights Produce a
beam of light? Another application of
parabolic mirrgrg

R

N

T:- is in automobile
T !1eadl1 ghts. Here, however, the situation
¥ 1s reversed from th
R

| € Operation of a salar
| collector, In a headlight, a high-

intensity light source is placed at the
N| focal point of the mirror, and light
emerges parallel to the principal axis,

12.4 THE MIRROR EQUATION

Drawing light ray diagrams are helpful in explaining and predicting the i

of images formed in plane, concave, and convex mirrors Toﬂdemprqpemes
magnification of the image, and its position with precision it‘Is e nm:;ed the
very accurate scaled diagrams. The mirror equation on the other handsia:: pre;ias:

mathematical relationship between the obi
ject distan
distance for a given mirror. ce and the image

it The following quantities are im_:luded in mirror
O 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

O d =the distance of the image 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
normal to the mirror. As a result, the ray reflects at an angle 8 below the principal
axis that is equal to its incident angle 6 above the axis. Therefore, the two green

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

El

i it isinverted.
The image height is negative because itisinve

12.9 rtha i i i iégram are
iti that the two yeul:"l'b' t IallglE$ inthisd

From jgure 14. b] itis clea

ol the ﬁg I [

; le .
imilar, since they are both right triangles and share the common angle ¢
also similar,

Thus, by using the same rule of similar triangles we get

ho _M—_@
-h f

-h
l &t do 2 f
- Comparing eguation 1 and equation 2, we get ;

=8

Toisolate ‘f", cross multiply d,f =dy(d,-f)

or df=dd,-df ~—{5)

, df _dd, df
Divide both sides of equation 3by d, d f, we get W = E(.‘TJ Jd,duf'

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

focal length. The ratio of the height of the image to the height of the o
defined asthe magnification, M

d mirror equations for

real image, but the equations apply as wel| to convey m?r::::::i ::l: : meing .
if we use the sign conventions described below) -
{"12.3+1 Convention for mirror e
all of the possible properties
convention has been establishe

Quation and magnific
of both images and
dfor both cancaye and

2tion equation: To include
objects, the following sign

convex spherical mirrors,
a. Object distance:

© d, is positive for objects in front of the mirrar (realobjects)
b. Image distance:
© d,is positive for objects in front of the mirror (realimages)
© d,is negative for objects behind the mirror (virtual

c. Image attitude:

images)

© h,is positive for images that are upright, compared to the object
© h is negative for images that are inverted, compared to the object
d. Focal length:

o fis positive for concave mirrors
© fis negative for convex mirrors )

EIGURE 12.10 - Mirror comparison

¥

bl

a) i . ‘

(a) PlaE'le mirror image (no magnification). (b) Enlarged_tmage in a concave
mirror. (c) Reduced image in a convex mirror.
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Table 12.15ingle \"\ mﬁwom

d d | (a) Putting values in equation 1 ;
-_____I__.-—-- d =d, 5.00 FIGURE 12.11 - Example 12. L
MA d>0 (negative) Same size d, = ==X 12.00cm r
Plane o] 12.00¢m -5.00cm \h
| Red
5 d' - b mEd.
feezmmm - d>r ke inverted or d,= ______60.0ch
_ 7.00¢sh
d., =r d=r Same Size
| S Therefore  d, =8.6¢m
Enlargeqd ; :
n r>d,>f d>r inverﬁ;ed' Hence, the image is closer to the mirror, as
Concave = = shown in figure 12.11 (a).
d=f = 0 Image (b) Putting values in equation 1
f>d,»0 .. {ng%; t?;e) Enlarged o 5.00cm=10.00cm
' 710.00cm-5.00cm

——] - J' > dl >0 Red ¥

Convex - d,>0 (negative) hoad ; or d,= 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 i . S0 the image distance is same as object
image distance for this ‘mi rror’ when the object distance is (a) 12.0 i3 distance , as shown in figure 12.11(b). g
cm, (b) 10.0cm, () 7.50cm, (d) 5.00cm and (e) 2.00 cm. (c) Putting values in equation 1

- : 5.00cmx7.50cm
GIVEN ’ (= Pt B o
REQUIRED ' 7.50cm-5.00cm

Focal length ‘f =5.00 cm. (a) Image Distance ‘d/ =7 _ 36 ot
(a) Object Distance du =12.0cm, (b] il'l'lﬂge Distance 'd1' =7 ar d[ = m—

(b) Object Distance ‘d,’=10.0cm (c) Image Distance ‘dr=i IS
(c) Object Distance ‘d,’=7.50 cm RS —
(d) Image Distance ‘d,’ =7

e
" Hence, the image distance is greater than

(d) Object Distance ‘d,’ =5.00cm : d’=?
(e) Image Distance g, =* _ object distance, as shown in figure 12.11(c).

(e) Object Distance ‘d,' =2.00cm

(d) Putting values in equation 1

. & -
SOLUTION: b'y mirror equation 1 = -.1. + i or . -1- = 1 = E" k- 5.Dﬂcm><5.mcm
f g 4 di e '~ 5.00cm-5.00cm
Takinglow 1 _do-f _ fd @ o g o000
A g, XM =1 _ " 0ch



Therefore d, =
in figure 12.11(d). The centre of ¢ - __m“
ence, no image i formed, as shown g ol Bidids neg‘-;r:;:tellre of a convex mirror i behind the m '
N M s 10.0(::"( 3 Irror therefore its focal
(¢) Putting values in equation & = 9 poem - 5.00cm ot 3.00¢#, BBy aligen, o oot -
2 d a
_3.33em — (R ¥
Therefore d, N g Solving for image distance 1 _ 1 1
f the image distance indicates 3§y lo N FHE e 21 ' d f d,

The negative sign 0
that the image is fol

Taking LCM

rmed on the other side of the | i¢ the object h €ight is 2 o 1 _d,-f 5 e
s d} fda [ d____—- f —-—@

mirror, asshown n figure 12.11(€) what is the image heighy i,
each case? What j 2
RRORE maghnification? ol Putting values d, = %BMEEE
‘ : : m—(-8.
A dentist uses a concave mirror with focal length 8.0m)
7.0 cm to examine some teeth. If the tooth under AN _M
 18.00

examination is 1.1 cm high and mirror is placed at "%
0.9 cm. Calculate the distance of image formed, §
the height of the image and magnification.

Therefore d, =-4.4m —m

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

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

o

. g -4.4m
Putting values M=- 10m Therefare 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
of the mirror, (b) location of the image and (c) its
magnification for an object 10.0 m from the mirror.

S ' REQUIRED -
. which is useful) and about half what it would be in a plane mirror. Objects in the

(a) focal length ‘f’ =7

: : b convex mirror are closer than they a i

(b) image distance ‘d,’ =7 image that i S 5’ ppear because the convex mirror produces an

G i , ge that is reduced in size, which makes the object look as if it is farther away.
Therefore, the external rearview side mirrors on most cars carry this phrase

Object distance ‘d,' =10 m
Radius of curvature=R=16.0m

Solution: (a) radi j
(a) radius of curvature and focal “objects in the mirror are closer than they appear.”

length for convex mir
ror are r
il elated by

ASSIGNMENT 12.2: IMAGE IN A SECURITY MIRROR

A convex security mirror in a warehouse has a -0.50 m focal length. A2.0 m tall
forklift is 5.0 m from the mirror. What is the image position and image height?

NOT FOR SALE

1
f=ﬁER Putting values f=~116m'

Therefore  f=_-8.0m

NOTFORSALE
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12.4 REFRACTION OF LIGHT

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

bent.

Although light travels in st
passes into a different ma :
boundary of the two material i.e. it1s

Refraction of light js 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 waves inripple tank.

The following terms are used describing
the refraction of light

i. Incident ray: The ray of light appro

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

aching the boundary (refracting surface)

two media.
iii. Point of incidencé: The point at which the incident ray strikes the refracting

surface.

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 ‘8, is the angle between the

refracted ray and the normal.

vii. ?t;c?"y -:lienser medium: Medium having a greater refraction effect (slower

speed of light); the actual density may or may not be greater.

:-, ;::'u?nfal:g:;tal: :fnft towards the normal when it enters an optically denser
s e if 1;5:{ :xample from air to glass as in Figure 12.14 (a). The angle
skt :1 D o an t.he angle of incidence 6, (8,-8,): A ray of light is bent

al when it enters an optically less dense medium, for example

1

NOT FOR SALE .

ight

Incident ray
S
Lesser optically Lesser
dense medium 8, ok ‘
i dense medium
(air
Greater optically ]
it g Greater optically
(glass) 8, (ﬂll:ﬁz{um
Refracted ray Incident ray

Aray travelling along the
normal direction at abo i
undary is not refracted
as shown

in figure 12.15 (a). Aray emergi
" 1 rging from a parallel-sided .
entering, but is displaced sideways, like the ray in fi:uret:l;:ltsb[;muel i

URET2.15 -I' Refraction of light
MNarmal Incident ray
Lesser optically eRent
dense medium
(air)
Greater optically
dense medi
Greater optically s[elﬂ-‘s i
dense medium Refracted ray o
(glass)
Lesser optically
: | dense medium
t B @9 Refrecedmy
T ; .
o verify the laws of refraction by using a glass slab. \\




D) coometricet OPfss ——

a. Refractivelndex{n}: s
Light travels at different :fspeed; ":atio e
optically transparent maten:lsa{,; B e
ight i divide
eed of light in vacuum et
:ip ht in a material is called the rs'.fractn.r.ﬂ.-lmThE
s of refraction) of the materat.

{or index pbluet
index of refractionnis given by
L 12.6
=
where c is the speed of light in vacuum (about

3.00 x 10°m/s) and v is the speed of light m.the
medium. The speed of light in 2 physical medium
such as glass is always l€ss than that the spr;ted of
light in vacuum . Thus, the index of refraction of
a material is always greater than or equa-l to 1,
and by definition the index of refraction of
vacuum is 1. Table 12.2 lists the indices of
refraction for some common materials.

b. Snell’s Law:

The amount that a light ray changes its direction
depends both on the incident angle and the
amount that the speed changes. For a ray at a
given incident angle, a large change in speed
causes a large change in direction, and thus a
large change in angle. The exact mathematical
relationship is the law of refraction, or ‘Snell’s
Law,” which is stated as ‘the product of the

index of refraction of the first medium and the ;

sine of the angle of incidence is equal to the
product of the index of refraction of the

second medium and the sine of the angle of
refraction’. Mathematically

-—- 12.7
NOT FOR SALE
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EXAMPLE 12.4: CROWN GLASS AND WATER

e e
1als
Material Index of
Refractiun
Gases
Air W
Helium TEW
Carbon dioxide | 1.00045
Liquids
Water :_33?_-_-‘
Methyl alcohol | 1.329
Ethyl alcohol 1.362
Glycerine 1.473
Benzene 1.50
Typical oil 1.5
Solids
lce 1.310
Fused quartz  [146 |
e e . bR
% 1.49
Typical glass 1.5
ﬂz______._ 1.544

Geometrical, Opticy

Here n, and n, are the indices of
refraction for medium 1 and 2,and B
and 9, are the angles between the ray;
and the perpendicular in medium 1
and 2, asshown in Figure 12,16,

Incident ray Normal
Lesser optically™.,
dense medium 1 B
(n,) A%

Greater optically
dense medium 2 VY

o i
= ffF:*'-'é'.tf.-‘.ta,‘

EXAMPLE 12.3: SPEED OF . LIGHT: IN WATER

What is speed of light in water having index of refracticnas 1,337 w

GIVEN

) REQUIRED
Speed of light in vacuum ‘¢’ = 3.00=10°m/s

Speedof light in water'v' =7
Index of refraction for water ‘n"=1.33

SOLUTION: The index of refraction is c c o . ¢
d n
&m
1.33

Therefore v =2.26x10° "ys ——m

Therefore the speed of light in water is 2.26 x 10" m/s

ASSIGNMENT 12.3: INDEX OF REFRACTION FOR KEROSENE OIL

If the speed of light in kerosene oil is 2.08 x 10° m/s, calculate the index of
refraction.

Light travels from crown glass (n, = 1.52) into water (n, = _1.3‘3]* The ?ng'le of
incidence in crown glass is 40.0° .What is the angle of refraction inwater!

i NOT FOR SALE




REQUIRED

GIVEN =152 |
Angle of refraction 8, =7

S £
Index of refraction for crown glass N

tion for water in'= 1.33

Index of refrac
Angle of incidence 8= =40.0°

aw n,sing, =M sind, or NysinB, =n, sing
1

SOLUTION: By snell’s |

LA .
Putting values sin@,, = ——sin40°

sind,, = nﬂ“—sinﬁs =133

w

or SH]BH' = 0 ?35 and GH‘ = Sin_1 G.?35

Hence 8, =47.3° L Answer |
ght is moving toan optlcally l1ghter medium.

Note that 8_ > 8, since theli

Find the index of refraction for medium 2, lf medmm 1 is air with mdex of
refraction n, = 1.00, the incident angle is 30.0° and the angle of refraction 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 Maon.

Since 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

equally well, it reflects the red light back to Earth, and therefore the Moon appears
tobe red,

__.—-.-.-—.-

Geowidrical Optics - h h.:;l
m1 - TloTAL INTERNAL REFLECTION oF Lygrre : '

The angle of refraction is larger than the a

amedium of a lower index of refraction,
an interesting phenomenon. As the an
refraction also increases.

ngle of incidence wh,
as shown in Figure 12,
gle of incidence incr

en light Passes intg
17 (a). Thisteads to
cases, the angle of

At a certain angle of incidence

known as the critical angle, 8,
the refracted light ray lies along Normag racted ray
the boundary of the two m‘edia, Lesser optically
as shown in Figure 12.17 (b). dense medium
When light strikes a transparent kaie)
boundary, even though much of Greater optically
the light is transmitted, some is dense medium
reflected. Total internal (glass)
reflection occurs when light y
traveling from a region of a Incident ray  Refracted ray
higher index of refraction to a W_ Normal
region of a lower index of Lesser optically |
refraction strikes the boundary dense medium i
at an angle greater than the (air) hﬂ'
critical angle such that all light :
reflects back into the region of et 3 B-M =
the higher index of refraction, Graatar opticaly y elmcecay
as shown in Figure 12,17 (c). dense medium
To construct an equation for the (glass)
critical angle of any boundary, h Normal
You can use Snell’s Law and Lesser optically ‘
substitute 8, =8_and §,=90°. dense medium
{air)
n,sinf, = n, sin90° //CD\
8 8,
since sin90° =1 Incident ray ¢ Refracted ray
Greater optically &
therefore n,sing, = n, dense medium
(glass)

NOT FOR SALE
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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.

© 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.

F]

EXAMPLE 12.5: CRITICAL ANGLE

Find the critical ang-[e 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

NOT FOR SALE

Index of refraction for water ‘n.' = 1.332

e

MGW&#ML Optics :
GOLUTION: The critical angle is or 0, - sin’ n,

n

sin, = 2

n,

1
(a) When light goes from glass to air the critical angle is

5 n
0, =sin ' n“ Putting values 0, = sin 11.00
R 1.50

0= 415 —(Em
(b) When light goes from glass to water the critical angle is

il ,
0, =sin 'n—‘” Putting values @_= sin"]'_3§

3 1.50

. =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 62.5%). In general, if the difference
between indices of refraction values is large more light rays will undergo total
internal reflection.

ASSIGNMENT 12.5: CRITICAL 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
in};iex of refraction of air to be 1.00)?

-
a Dptical ff@:?'«}es: Light can be trapped by total internal reflection inside a bent
8lass 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
sectiu.ns: 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 core,)

y NOT FOR SALE
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The boundary between the coré
and cladding acts as 2 reflector o
confine light that would otherwise
escape the core. The outermost
\ayer, currounding one or @ bundle
of cladded fibres, is the jacket.

The jacket is 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 |3
critical angle, so all of the light is
reflected and none of the light is
transmitted through the boundary.
Thus, the light maintains its
intensity over the distance of the

fibre. l

Light sent into one end of an optical fibre like
those shown here is transmitted to the
opposite end with tittle loss of light through
the sides of the fibre.

ENDOSCOPE
An endoscopy is a procedure where the
inside of our body is examined using an
instrument called an endoscope,

An endoscope -is a long, thin, flexible

Surgical techniques have been revolutionized by the i
use of optical fibres. In arthroscopic surgery, a small '
furgical 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 i
reflected light to be viewed by the surgeon. The |
slurgean can insert the instrument and cable into a v
lﬂl_“t.- such as the knee, with only a tiny incision and k
?‘"'mal damage to the surrounding tissue.
onsequently, recovery from the procedure is k-

relatively rapid com
: pared to recovery from traditional
surgical techniques, 2 ! -

=m=l:0-u O_I -'Z-O‘U

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 =y

mouth and down the throat, or through W

the bottom. An endoscope can also be

inserted through a small cut (incision) made i i :
being carried out. : R R
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 remaoved surgically.

1246 REFRACTION OF LIGHT THROUGH PRISM

Prism i 5

light :te: transparent optical element with flat, polished surfaces that refract

Exac't 4 east two of the flat surfaces must have an angle between them. The
ngles between the surfaces depend on the application.

I:in:s:j;tmm{l geor1‘1etrical shape is that of a M

rectangul,; IIJr‘rsm with a triangular base and

i "'5'!dESassh0wninfigurE 12.19.)

shﬂwnvil::oz of light through prism: In the prism

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

2lass The 1 ir and enters the left side of the
ight bends toward the normal in the glass,

€cause glass h
as a higher index of refracti ical
density) than e ke fraction (optica

P |

NOT FOR SALE
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When the light leaves the glass and emerges ko i ?ir on the other side of the
prism, the light is refracted away from the normal. Iw.lotnce that the direction of the
, ass is different from that of the light entering it. The change iy

light leaving the 8 ; :
direction of the light s it passes through the glass is known as its deviation, The
o is called the angle of deviation, 8., as shown in figure 12.20 ()

amount of chang e )
You can determine the angle of deviation for any shape of prism by applying Snell’s

lawateach air-glass interface. |
FIGURE 12.20 - Deviation of light through'prism

Glass prism Glass prism

Angle of deviation

Refracted
light

Incident
light

Refracted
light

Incident

light

b. Dispersion of light through prism: When sunlight (white light) falls on a
triangular glass prism as in figure 12.21,-a 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

Normal Houmet Red j Orange
2 light

s Green

- i Blue
White light Violet Indig0
LAB WORK RNy
g[eﬂf

T
o trace the path of a ray of light through glass prism and measure the an

deviation.

Geometrical Opties
12.7 LENSES

Alensisa piece of transparent optical material that A

light by refraction. Lenses are made from materials such : r disperses a beam of
are grounded and polished or molded to a desired shape. A t5 glass or plastic, ang
form animage. - Alens can focus light to

£ach of a lens’ two faces is part of a sphere and can be convex or

tace may be flat). If a lens is thicker at the centre than the edges ‘;::'cave (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 di im‘ Alens
rays going through it will be spread out. il bl

FIGURE 2223 5ﬁ£g_\é1_9 and: Convex lens

Curvatisi-

<R
Principal /7
“ Axis  { \

| Vertical Axis .

Like mi ' ;
pa;i:'vlrmrs, 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

axi 3
is or principal plane through their middle. The centre point of the lense s called -

optical
o centr.e and denoted by 0. There is no real centre of curvature, 50 2Fisused
note twice the focal length.




e LS e 2 that enter parallel to the principa|
b m::i;nf ncipal focus or focal point. Since the rays of light can enter the lens
called pl; depathE“’-' is a principal focus or focal point on the principal i o
each side of the [ens After refraction from lens, the rays converge or diverge 5 ¢
e A single point called the focal point F (or principal fU'CuS] %
they “'::‘ figure 12.23. The distance from the vertical axis to either of the focal
points s called the focal length of the lens-

12.7.1. image formation and ray traciﬁg for lenses: Ray diagrams are useqd b
mc;wmiefannatinninlenses. 74
1- Constructa ﬁghre showing the lens and the principal axis of the lens. The figure
sr'ml.d also show the focal points on both sides of the lens. |

2. 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.

(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) The( .ray (origin ray or its extrapnlation} passes straight through the center of
the lens called origin and is not deflected. s
4, These three rays (figure 12.24) or their extrapolations intersect at the imas! &1&
the rays actually pass through the image, the image is real; if they do not,
image is virtual (just asin the case of images formed by a mirrar).

FIGURE 12:24- Image j‘.ormaﬁc-n by concaye and qq;_?yg;(':-§9n§es

\when a lens forms
lens.

12.8 THE LENS EQUATION

p calculate the precise location ar@ﬁze of the image formeq by a lens, we
equation that is analogous to the mir e

ror equation. The lens equation is
mathematical relationship betwe g

. . en the object distance and the image
distance for agiven lens. This formula is accurate only if the thickness of the lens

is small compared to its diameter.

areal image, the obfect ang image are on OPposite sides of the
; es of t

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

© M=the magnification of the image

This equation can be derived by referring to Figure 12,25, \:-'hi-::h shows the image
produced by a convex le

e e e e

2.25 (a) hits the lens at its midpoint, where the principal axis s
? normal to the lens. As a result, the ray refracts at an angle B below the
lpnndpal axis that js equal to its incident angle 8 above the axis. Therefore, the

E‘:E‘green triangles in this diagram are similar, from which it follows that ratios of
“alent sides of similar tri angles are equal.

The ray in Figure 1

| - 3
=l AR




BT coomeiice opis
The image height is taken negative beca

From the figure 12.25 (b) it is lear that the two yellow triangles in this diagram
re both right triangles and share the common angle p,

of similar triangles, we get

useitis inverted.

are also similar, since they a
Thus, by using the same rule

- ili— = __if——- ——-—@
hl d: e f
A d,’. -f
Comparing equation 1 and equation 2, we get e 'd——F
Toisolate ‘f”, Cross Multiply d,f=d,(d- N

Gf=dd-df —Q

df A4 &S
A df T ddS Adl

Divide both sides of the equation 3 by dodif

A

3
d,

~|=

L
dﬂ

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

- 1 a

We derived the magnification and thin lens equations for a convex lens fﬂfm'"?ng
real image, it can be used to calculate the image properties of both conVEl'fow.

 lensesand diverging lenses, provided we use the sign conventions described b€ 4

; ; rties
12.8.1 Convention for the lens equation: Toinclude all of the possible F'r_"'pe
of both images and objects, the following sign convention has been estabtish

o

L

.

\

D oo

\|

B

o —— '!‘ A
- \‘ ﬁ‘
&‘

T

i object distance:
o d.ispositive for real objects (from which light diverges). y
b, Image distance: "
i tive for real images (i e
: zg:e?::;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 is positive for images that are upright, compared to the object
o h,isnegative forimages that are inverted, compared to the object
d. Focal length:
o fis positive for converging (convex) lenses.
o fis negative for di verging (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 diopters should

not be confused with the familiar concept of power in watts. [t is an unfortunate

fact that the word “power” is used for two completely different concepts. If you

?fxamine a prescription for eyeglasses, you will note lens powers given Tnldiopt_ers.

asYDu examine the label on a motor, you will note enersy consumption rate given
apower in watts.

T _ : :
0 determine the critical angle of glass using asemi circular slab and a light ray

box/or by prism,
Tofi
find the focal length of a convex lens by parallax method.
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EXAMPLE 12.6: IWAGE DISTANCENN CONVEXLENS.

“ Arg‘-n 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
pmb'lf.:m (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
object is 5.00cm 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,' = 15.0em

(d) Object Distance ‘d,’ = 10.00cm
(e) Object Distance ‘d,’ =5.00cm
REQUIRED

(a)Image Distance ‘d," =7
Magnificatioﬁ M=?

{b) Image Distance ‘d’ =7
Magnification M=

(c) Image Distance ‘d' =7

MagnificationM=?

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

(e) Image Distance ‘d,’ =7
MagnificationM=1

SOLUTION: by mirror equation

S [OT 1 1
ﬁd+ o

1 1
f (] dﬂ dl ? d
1 —

..
n

i 10.0cm = 30.0cm & 300t
'~ 30.0cm-10.0cm P 20

Therefore dl' =+15.0m_m
9 __15em

do 30cm
Therefore M= —0.500

The magnification formulais M=-

As shown 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 i

o theimage distance is less than twice the focal length, {i.e 15cm <20cm)
o theimage isreal, (distance positive)
o theimage is inverted, (magnification negative) and
© theimage is smaller than the object. (magnification less than 1)
(b) to get image distance putting values in equation 1
g, - 10.0cmx20.0¢m 200cnT
= or B
20.0cm -10.0cm 10.00M

Hence d, = +20.0em —IED

The Magnification formulais M= d, 20cm

_d_._.____

,  20cm

Therefore  p—-1.00 — (NN

;'_:;':‘f?hn:: Wwhen the object distance is equal to twice the focal length (d, = 2f) as
18ure 12,26 (b) it is confirmed that for convex lens:
meimagetlistance is equal to twice the focal length (20cm),
the1mage isreal (distance positive),
: fl'nage is inverted (magnification negative), and .
Mage is the same size as the object [magniﬁcatiﬂl'l jsequalto1). .

NOT FOR SALE
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(c) to get image distance putting value:

s in equation 1

_10.0cmx15.0cm o 4, = 150cm”
' =15.0cm—10.0cm '~ 5.00¢M
Hence d,=30'cm__—m

The ification formula i M‘—'d—'__mcm
. n;.;-gnj cation for 5 d, 15cm

Therefore M =-2.00
e is less than twice the focal length but
d, < f) as shown in figure 12.26 (c), it is

Therefore, \ﬁhen the object distanc
greater than the focal length (2f <
confirmed that for convex lens: .
o theimagedistance is greater than twice the focal length(30 cm > 20cm),
o theimageisreal (distance positive),
o theimageisinverted (magnification negative), and
o. theimageislargerthan the object (magnification is greater than 1).

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

10.0cmx10.0cm 100cm”
d=s—— or d =
1 =70.0cm—10.0cm T 0ch

Hence d =cw

The magnification formula is M= -ﬂ ., 2
: d, 20cm

Therefore M= —m

Hence, the result confirms that when the object distance is’ equal to the focal
length (d, = ) as shown in figure 12.26 (d) for convex lens:
© “noimage exists because the refracted rays are parallel. You could say that the
image lies at infinity. .

/I@iwm&himb Opfics , =2 .M:-_

[e) to get image distance puttiﬁg values in equation 1

_ 10.0cmx5.00¢cm

d =
'~ 5.00cm-10.0cm

or dr=50tm”
~5dn

Hence d, =-10cm _m

The magnification formulais M= _g __-10cm
dn 5cm

Therefore M= +2_m

Hence, the results confirms that when the object distance is less

i:f:.h but greater than zero (f > d, > 0) as shown in figure 12.6 (g;?';:rh:;,?f::
the image 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
[+]
o
(-]

the image is larger than the object
(magnification is greater than1).

SSIGNMENT 12163 LENS COMPARISON
An object is placed 30.0 cm ir

S e 0.0 cm in front of a converging lens and then 12.5 cm in
Cﬂsesuf' a dwef?.‘ng 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/A CAMERA WORKS -

Orie of the simplest optical instruments is the  Aperture
camera, which often has only one lens to LB
produce an image, o even—in a pinhole ! \{
camera—no lens, Figure shows a simple 35-mm 4
ns to Shutter | Mirror
closed

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

coupled device) array.

g
12,9 HUMANEYE "p8 -

“{[jve 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 agueous humor with n =1 .336. The iris adjusts automatically to control the
amount of light entering the eye, similar to a camera.

The retina, which plays the

rle of the ilm or sensor in 2 AN HunanE e
camera, is on the curved back :
surface of the eye. The retina Lens b e
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 for interpretation.§ Aqueous # Optic nerve
L humor
Ciliary muscle

Iris

NOT FOR SALE

D oot

(ens of the eye (n =1.386 101.406) does little of the bendi

t of the refraction is done at the front surface of the :ormg of the light rays.
yithair The lens actsasa fine adjustment for focusing at dmenea at.lts interface
acwmpushed by the ciliary muscles, which change th rent distances, This
L length is changed. € Curvature of the lens so

is
hatits foca
focusona distant object, the ciliary muscles of
:;Dthi“' a5 shown in figure 12.28 (), and parallel ::;?;::ﬁ:xid and the lens
the retina). To focus ona nearby object, the muscles contract c;:cal point (on
of the lens to thicken, figure 12.28(b), thus shortening the f’O-cal I""B the centre
images of nearby objects can be focused on the retina, behind the n einfgth so t.hat
This focusing adjustment is called accommodation. ocalpokn.

et

Focal point of lens Focal point of le
and cornea and cornea =

Object at co

& | &)

e —

The closest di :

ki ::rdlstance at which the eye can focus clearly is called the near point of

“‘Umﬁ;od young adults it is typically 25 cm, as people grow older, the ability to
ate is reduced and the near point increases.

Agiven person’ int i
Clearly, Zinc:”: far point is the farthest distance at which an object can be seen
Point i we can focus on the Moon and stars, it is clear that the iR
: essentially infinity.
Y people b
Nfinity or have eyes that do not accommodate within the normal range of 25 cm
B ave some other defect. Two common defects are short-sightedness

tE' .
2

12,9 1 Short
\Man Bye ¢
Shnrter di‘e".ta

-s-i e B s

= fghtedhess_ In short-sightedness (nearsightedness or myopia), the

nceﬂcus only on nearby objects. The far point is not infinity but some
» S0 distant objects are not seen clearly.

NOT FOR SALE
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Short-sight .

e e e .
sometimes it is the curvature of the o=

cornea that is too great. In either case, -
images of distant objects are focusedin
front of the retina as shown in figure
12.29 (a). A diverging lens, because it
causes parallel rays to diverge, allows I
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 corrected by a converging @ 4

lens, shown in figure 12,30 (b).

4

Fl

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 toas resolution.

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

become increasingly distinct, as shown in the third photo. 5o the two points aré
distinctively separated.

NOT EOR SALE

obj
. Ject at the near point N as in Figure

TURE 2031 Resolving the headlights of an approaching c ;
3 ’ | S kar

12.1 0 ANGULAR MAGNIFICATION AND SIMPLE MICROSCOPE

An optical 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 g 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 ical i
Angular Magnification = produced by optical instrument

Reference angular size of object
seen without optical instrument

FIGURE 12.32: SIMPLE MICROSCOPE

BJ’
e ——{_ :}
As..sume an object with height h,,
';ﬂthuut a magnifier, the largest angle
Ob‘;hat we can‘ attain and see the

ect clearly is when we place the

or m,

1

iri:gze (;!f}. We can get a magnified
e jus:r_\e ‘object by placing the
St inside the focal lengthof a
3 {b]g lens as shown in Figure
e ‘ If we look through the lens
enlargeq Tll:a?,e. we 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
o Perpendi _hy O
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

dicular h, :
l‘.anl}" = PE_____rpE'ﬂ il —_= a—'—_( :}

base - A

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 is at minus infinity. For small-angles tan8=9
and tan @’ = §'. Thus, by putting values from equation 2 and equation 3 in equation
1, the angular magnificationofa magnifier can be written as

m, - + d9 or
_ According to the thin-lens equation, d, is related to the image distance d, and the
focal length f of the lens by
1 1 1 1 1 1

Fod 4, g F o ®

putting values from equation 5 in equation 4, we get

1
m, =|<-—N
{f d']
Two special cases of this result are of interest, depending on whether the image i
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

N
"11=d— —(:}

-]

/,” @mm Optics

i
1

Al

N
and m, = ? * ﬁ Therefore

The farthest the image can be from the eye is at infinity (di

. : A =<2 ); this occurs when
the object is placed at the focal point of the lens. When the image is at infinity

equation 12.12 can be written as

1 1
r'nu:[—-——le as l=O
f = o0

or My =|:~;;—U}N | Hence

$ INSEGT EXAMINATION
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,’ =2

Object Distance ‘d,’ =1.1cm

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

+1

: 26cm
Putting values m, = A3

N
m, =—+1
f
~ Hence m, =7 .
The magnification when the image is at infinity for magnifying glassis

_ 26cm
Mo = 43cm -

Hence m, =6 _-m

™
© relaxed eye results in decrease in magnification of 1.0from 7.0t06.0.

N
m, = ? Putting values
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mﬂm Optley  ~ : m“k | 2 typicai situation shown in figure 12.35, the object to be examined is placed
ASSIGNMENT 12.7: JEWELER’S LOUPE jm only asmall 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 : * = f,. The magnification ‘M, produced by the objective s given

)
|

, that d.
magnifying glass. Estimate the magnification (a) when the eye is relaxed, and S

(b) if the eye is focused at its near point = - h_r i = S f_ C
o @

[]

FIGURE 12.33 - Magnifying glass ‘ ] PR L e :
e T 3 ; ' FIGURE _1;' 35:= Comp 4 Eyepiece :
. : \ : ' lense
- % ! L y
~ AL - d; 4
¥ v

' Objecu:re lens
i Object

¥ I
. oo
12. 11 COMPOUNDMICROSCDPE |
To increase the angular magnification beyond that possible with a rnagnifyfng |
'glass, an additional converging lens can be included to “premagnify” the object

ore the magnifying glass comes into play. 3 | _ :
bef gnifyingg P | the eyepiece angular magnification m, by equation 12.12 (b) can be written as

LLCRCETINR R LRICE LU FIGURE 12.34 - Compound. Microscope _ g

instrument known as the Eyepiece m, = f_ _®
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

o T—

The eyepiece acts like a simple magnifier. If we assume that the eye is relaxed,

J 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.’

times the angylar magnification ‘m,” of the eyepiecelens °

m=M,xm, —3)

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

microscope is the product of
the magnifications produced
by the two lenses.




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 1.0cm, the

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

GIVEN.

Focal length of eye piece ‘f.’ = 2.5¢cm.
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

l=_-l+l or l=l~—1= taking LCM lz__do‘fo
f;] ! (] dl' fa o di fdo
fod,
or d=-2tte -—@
da _‘fu

1.1cm=1.0cm 1.1em™

Putti l d=——"" —nto T

T T "~ 1.0an-1.1em, 2 -0.1cm,

d; =-11cm
o on : ! d N
The magnification formula for compound microscopeis ., m =——x?—
. o e
Putting values ml=— 1iem | 25cm

1.0cm  2.5cm

Therefore =-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. Therefore,

_thelength of the tube containing the objective and eyepieceisL=11cm+2.5cm=
13.5cmin this case.

e

ASSIGHMENT 12,8 EYE PIECE FOCAL LENGTH

= e

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 eyepieceis 3.5 cm.

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 objective of the
telescope as shown in Figure 12.37.
Moreover, B is also the angle subtended by
the first image, therefore
0= _% —(@)
7 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
relative to the object and the image height h, is a negative number.

lense
Image formed by
objective lens
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As in 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—@

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

b

m, = _______r_
R

LAB WORK

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 10 cm. =2
(a) Calculate the total magnifying power of this telescope. (b) :
Estimate the length of the telescope.

GIVEN REQUIRED
Focal length of objective *f," = 19 m. (a) Angular magnification ‘m," =?
Focal length of eye piece ‘f, = 10cm. (b)Approximate length ‘L' =7

SOLUTION: (a) The magnification of telescopeis m, = —;
e

OT?I;T‘m Therefore —m, =-190 —m
NOT FOR SALE

Putting values =-

Geomidrical Opfics

(b)Fora relaxed’eye, 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
A armical telescope has the following specifications: f, = 985 mm and

f. =5.00mm. From these data points, find (a) the angular magnification and (b)
the approximate length of this telescope.

€yepiece and the

The Beflection of Light: When light reflects from a smooth surface, the reflected 1
light obeys the law of reflection.

Spherical tirrors: Aspherical mirror has the shape of a section from the surface of a
hollow sphere.

The Mirror Formula: 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
inmatter.

Snell’s Law: The ratio of sine of angle of incidence and sine of angle of refraction is
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 [
Short Sightedness: Defect of an eye so that distant object are not seen clearly.
Long Sightedness: Defect of an eye so that nearby object are not seen clearly.

Simple Microscope: A converging lens, which works by allowing an object to be
Viewed at a distance less than the near-point distance.

Compound M| croscope: Instruments for enlarging the detail that we cannot see
with the unaided eye, :
Telescope: Device m eant for viewing distant objects, producing an image that is
larger 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.
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- t
Haytham) 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.

GROUP C 0(7;4:41_ FI8RES’- Prepare a chart presentation on the use of |
optical fibres/in telecommunications and medical field and present your
chart to classroom and display it in classroom.

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

B ——

e

GROUP E “TELESCOPE OR MICROSCOPE"-Buy few lenses and make your own
telescope or compound microscope of simple objects and donate it to the

school laboratory.

L P T e N

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

+

(@ When ris the radius of curvéture of concave mirror. Real diminished image |
will be formed when the object is at

A. d,>r B.d,=r C. r>d,>f D.d,=f
@ The focal length of convex mirror with radius of curvature 10 cm is
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

Bll(@ Which one of the following materials will refract light more

= A. water " B.glass - C. air D. diamond

o = oY

“

_—

@ Aconvex lense with !ocal length 8.00 cm has the
§ A 2.05D B.4.00D C. 4990 Power of lens

i . D.16.0D
@ If the distance from your eye's lens to the retina s g
“normal eye, you will struggle to see objects thatare orter than for 5

HalioBty 8 coloful C. faraway D. moving fast

Who benefits more from using a magnifyi
PR ying glas
point is located at a distance away from tlfegey:_.: a person whose near

of
A.75ecm B.50cm C.35cm D 25cm
& The human eye forms the image of an object at its
A, iris B. retina C. pupil D. cornea

&) Which type of lens would you use to start fire from light from sun concave or

convex, would work best? At what distance from the lens shou
be held for best results? ld the paper

@ If a concave mirror . . 2
; produces a real image, is the image n .
_Inverted? Explain. 2 ge necessarily

@& Are rearview mirrors used in cars concave or convex?

@ .‘t&r ::jaiid?[n during a show makes a glass lens with n = 1.47 disappear in a
gh of liquid. What is th i iqui it

i e refractive index of the liquid? Could the liquid

@ Suppose that

o Yyou were handed a lens and a ruler and told to determine the

: al length of the lens. How would you proceed?

an we achieve total internal reflection from optically rare medium to
Optically dense medium?
Will a nears;

o ghted person who wears corrective lenses in her glasses be able

w:ee clearly underwater when wearing those glasses?
€N You use a simple magnifying glass, does it matter whether you hold

the object to b :
e examined closer to its focal length or farther
away? Explain. the lens than its focal leng

In blind turns on hill

Y roads, mirrors are used to help drivers. Are these
» Concave mirrors or convex mirrors? Explain.

Mirrors plane mirrors
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CDMPREHENSNE QUESTIONS
~ Give an extended response to the following questions

0 What is meant by reflection of light? State and explain laws of reflection

4] with diagrams.

ﬂ Derive spherical mirror formula.

What is meant by refraction of light? What is the index of refraction?

J| @ state and explain laws of refraction with diagrams.

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

d What are optical fibres? Give some applications of optical fibers.

a Describe the behavior for a ray of light after passing through a prism.

e"Derive thin lens equation.

© Describe power of lens and its resolving power. What are its units?

() How the human eye works? How the defects in the eye like short sightedness
and long sightedness be corrected by using lenses ?

Q What is a simple microscope? Using a ray diagram explain its working,
angular magnification and magnifying power. :

@ What is a compound microscope? Using ray diagram for a compound
microscope, mention its magnifying power.

@ What is a telescope? Using a ray diagram explain its working, angular
magnification and magnifying power.

L

NUMERIGAL QUESTIONS
@’ A1.50-cm-high object is placed 20.0 cm from a concave mirror with radius

of curvature 30.0 cm. Determine (a) the position of the image, and (b) its
size, also draw the ray diagrams.

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
from the pole (or vertex). Find the focal length of the mirror and height of
the image formed.

Calculate the speed of light in zircon with index of refraction n = 1.923,2

al B ; : _
material used in jewelry to replicate diamond

NOT FOR SALE
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NUMERICAL QUESTIONS ﬁ

o Alight ray strikes an air/water surface at an angle of 4¢°

with respect to the
anele of refraction f
d (b) from water to

normal. The refractive index for water is 1,33, Find the
when the direction of the ray is (a) from air to water an
air.

An optical fiber is made from flint glass with index of refraction 1 66 and i

surrounded by a cladding made of crown glass with index
of
1.52. What is the critical angle? e

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
produced in each case?

Gulalai is viewing a flea using a magnifier with f = 3.0 cm. If her near paint is
at N=25 cm then calculate the maximum magnification she can get.
Atelescope has a magnification of 40.0 and a length of 1230 mm. What are th,“l\
the focal lengths of the objective and eyepiece? L
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comb throtigh our Hair (on
- a dry day) attractssmall

S o pleces of paper?

After studying this chapter you should be able to

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

v describe experiments to show electrostatic charging by induction.

{ v 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.

+ define electric field and electric field intensity.

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

v 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.

+ 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.

NOT FOR SALE

13.1 Electric charge
13.2 Electrostatic induction
13.3Electroscope

13.4 Coulomb's law

13.5 El-ectric field and its intensity

13.6 Electrostatic potential
13.7 Applications of electrostatics

ZmaZ0o 0

e

=

13.8 Dangers of Static charge
13.9 Capacitors and capacitance

13.10 Different types of capacitors
13.11 Combination of capacitors

| Key Points and Projects

Exerclsé

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

metabolic processes that occur within
our bodies,

13.1 ELECTRIC CHARGE

We have learnt already that an inherent
ﬁ:ﬁ:w.of an object is its mass. An
& e]rt?t With smaller mass will have less
o @ as compared to an object with

S€r mass. Along with mass, another

inherent prg
perty of an abject is its
electrical charge, )

Electrostatics is the study of cha -
at rest. The electrostatic far fSES
] ce just
like force of gravity is an action at a
distance force. In the opening 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

FIGUREH3.1 - Charging

P

I

(a) When a plastic rod is rubbed with
fur, the rod acquires an electric c.h_arge.
(b) A charged rod attracts small bits of
paper and other objects.

o es
NOT FOR SALE
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Charge is measured in units of coulomb (C).

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 direction
of motion of motion

Gtass%
rod

{c) Glass rod rubbed with
silk cloth brought near a

direction
of motion

Fuliber

{a) Glass rod rubbed with|| (b} Rubber rod rubbed
silk cloth brought near with fur brought near

anather suspended glass another suspended suspended rubber rod
rod rubbed with silk rubber rod rubbed with rubbed with fur attract
cloth repel each other. fur repel each other. each other.

From these observations we can conclude that

@ there are two types of charges and

@ similar charges repel and different charges attract.

Interestingly it is seen that after rubbing the silk cloth and animal fur also acqui rgd
the charge in oppﬂsi!;e 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

E‘ec;m Particle Charge (C) Mass (kg)
electron -z 1.6 x 0™ 9.109 = 10"
proton +1.6%10" | 1.673x10”

Hyd_rog;n atom e neutron | 0 1.675 =107 Al

NOT FOR SALE

——— —

[T Euectrostatios &
ive charge, neutrons inside the nucleus have ————_,m
?;g;-t_rhe char?ge on an electron or proton (as s hownni?-. '[:r:;[ze; ,;‘::)sil;c;w!-.dm figure
elementary or fundamental charge because all known Ay ::a ;0 be an
electrons and protons and so all charges are integer multiples of the fUnd: up of
charge. / mental
As all the matter is made of atoms, thus every material object has it
often do not notice the effects of electrical charges because gt siih r;a\,:
the same number of electrons and protons in them (therefore we e
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 uballoon
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 | °™Metime
and attach it

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 | E*Plain-
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
13.2ELECTROSTATIC INDUCTION

:::::rglfyl:ﬂ:mbt-‘m" of electrical charge in an object, caused by the influence
bringing a ne :tes 1s called electrostatic induction. This effect may be shown by
which is toy ﬁ Ively charged rubber strip near to an insulated metal sphere X

hIng a similar sphere Y (as shown in Figure 13.5 - a). Electrons in the

spheres are repelled to the far side of Y,
If X and v are l

s Separated, with the charged
e n pomt'r_un,l X is left with a
Y wite ca arge (deficient of electrons) and
EIE-::trons] negative. charge (excess of
e as shown in Figure 13.5 - b. In
b ?helectrostatic induction can be

c afgeobjectsasinFigure 13.5-c,

EIGURE 13.4 - Induction




A Metal Separating - Rubber strip
. Megatively charged  Spheres Spheres removed.
rubber strip = s
“‘\‘E i
§
Insulating A
base {a)
- 13.3 ELECTROSCOPE

Electroscope is a device used for detecting and testing
the nature of charge on a body. It works on the principle
that similar charges repel each other.
A simple form of electroscope consists of a metal bar
which has a metallic sphere (ball) at its upper end. Thin
flexible metal leaf (made of gold, silver, copper or any
other metal) is attached to the lower end of metal bar.
| The lower part is enclosed in an insulated housing as
! shown in the figure 13.7.

FIGURE 13.7.= Electroscope
‘ f

Thin metal
&, foil (leaf)

Housing

. 13.4COULOMB’S LAW

Electrostaticy <
Working: In order to detect charge on a body we touc|
example, if we touch it with negatively charged ry
electrons will be transferred to the ball and then th
metal rod and the metal foil. The flexible metal leaf

charge on the metal rod and will move away f

_ rom the r ing hi

electrons are transferred to the electroscope, the rlrt:.det::r Tsmg h-lghen s

Alternatively if the rod is positively charged it will at:ractea: e

electroscope, leaving anet positive charge on it. Once again th: f:lt::?ls Sl
rise.

However, to test the nature of charge on the bo e it
with some known charge first. Now if the same charge fsadderi % t: electroscope
will increase divergence of flexible metal leaf and Boodte e Fr!etal ball, it
the divergence allowing us to identify the unknown charge on the Lﬂ:d;ﬂll decrease
G A .

Rub a balloon with your hair for some time and turn on a water S o
(4]

ave a very small but steady s re. trickli
. 2 a ball.uo near e stream

hl;euw metal ball with it, For .

.r rod some of jts excess
ea,t will spread throughout the
will be repelled by the similar

Statement: The electric force between two stationary point charges is
- :
directly proportional to the product of the charges;

© inversely proportional to
tional t
the square of the distance between them and

- A a "-' F
‘f%l Charges wi F
th same F;
- : Charges with
: sign repel each & = opposite sign attract
(a) other 4
each other
| (B)

NOT FOR SALE
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Consider two point charges g, and g, separated by distance f
13.8. By definition of Coulomb’s law

Combining equation 1 and equation 2, we get

q49
Fe o ';ril charges is made large as |
compared to the size of the
Changing the sign of proportionality into equality charged objects.

El&:ﬁvvﬂuﬁw -—m

as shown in figure

(ETIPPoTiECarasS I

Fe > q@, ——CD Coulomb's law can only be
applied to point charges

and Fp o= -]z- ——@ (charges of '-lfen,r small
r size). Practically the

charged objects are
considered point charges if
the separation between the

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

The Coulomb canstant k for vacuum in Sl units has the value 9 x10" Nm*/C’, this constant
is also written in the form z

4ne,
Where the constant g, (lowercase Greek epsilon) is knawn as the permittivity of free
space (vacuum) and has the value 8.85 x10™ C/Mm’. Putting this value in above
equation 3 we get the value of coulomb’s constant k = 8.99Bx10"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
gzl
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 10 a
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 g, for most

practical purposes they are taken as equal.
- - oy =
NOT FOR SALE

P The attraction of an uncharged object by a charged
0 object 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,

O charges in the pieces of paper with the same sign
g charges with opposite sign are pulled closer. %ﬂ:p?h::?: :Emmy pay
£ attractive force due to the closer opposite sign charges is greater than ﬂnem i
R due to the same sign charges which have been pushed further away, A!I'E'F'“Mm y
forces decreases as distance between similar charge is increased, on thelutheimb
increases for dissimilar charges, as a result it overcomes inertia;nd llfusrrauhandit
of paper. This creates a net attractive force which pulls the papertuw&ﬂreimec:s

We have noticed that Coulomb’s law is similar to Newton’s law of universal
gravitation. Table 13.2 gives a comparison between these two laws

AB OMPARISONIO DULOMB AW AND 0
i ‘T_:"-‘*f I'.l‘-- NIV RCA [ A A ()
Electric Force Comparison Gravitational Force
Force is between charge
as key quantity Coulomb Force is both rome Egmeltim ,
E attractive or repulsive, sy,
J while the i . F .
. gravitational
g, .q: force is only attractive m
1 m'&
E aa Force varies directly with = {
product of key quantity Fg o mym,
(charge/mass)
_-z o __1_ Force varies with square of =]
2 distance between the key Fgex 1
____‘__‘___—___—_____- quantities (charge/mass) F
;_: B Equations are similar with
E k—g"'- appropriate constant E . mym,
e B ] applied =l P

NOT FOR SALE
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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 G‘P‘ :

result, the materials become oppositely charged. Since b |
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 x 10" 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 ‘q,’=+1.6x 10" C.
"Distance ‘r'=2x10"m

Coulomb Constant ‘k"=9x 10" Nm*/C*

§DLUT!GH: Using Coulomb’s Law, we can find the force

REQUIRED
Force 'F' =1

F, = kqlh:qup
Putting values F. =9x10° Nm’ (1.6 x10™ C)x(1.6 x10™ C)
¢ 2x10" m)*

EXTENSION/EXERCISE 13-1
Considering the small size of
nuclear particles, 58N is avery
large force. How areé the
protons kept together in the
nucleus?

Hence  F¢ =57.6N=53N—W

Therefore, the two protons in the atomic nucleus
of a helium atom push each-other with a force of
58N.

Consider a small positive test ch
5

RGSIGNMENT, 13.1: FORCE BETWEEN CHARGED METAL SPHERES

A small metal sphere with a charge of - 2.10 x 10* C j5 brought nea

sphere with a positive charge of 1.50 x 10° C so that the distancerbetweean idet,“t?
e

centres of the two spheres is 3.30 cm. Calculate the magnitude of the fi
each charge exerts on the other. orce 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 ac on it even without any physical contact between the charges.

(@) p OAV (b) -
- : E

@-’ If q is positive then : L If q is negative then
electric field at point G electric field at point
P points radially q P points radially
- = : outwards inwards

arge q, near the greater magnitude charge q as

hown in fi
gure 13.9. Now the electric field E at any point in space is defined as the

force F, acti ;
« cting on unit positive charge g,, divided by the magnitude of test charge

y mathematically
TIP: Test Charges

By convention, test charge

is always taken as positive.

Equation

electric fiely
"Ntensity is ne

Quantity p,

Charge wuu

13,

aving direction
ld move undert

2

intge-i: es the mathematical form of | does not effect charge

i sity. The SI unit of electric field | distribution on object and
on per coulomb (NC”). It is a vector | distort the field created by

in which a positive test
heinfluence of force.

The size of test charge is
kept small, such that it

source (original) charge.

NOT FOR SALE




B cutoietis L
ize an electric field is t0 draw lines that follow the same

An easy way to visual
direction as the electric
electricfieldlines.

field intensity vector E at any point. These lines are calleq

nes for poInticha/ees)

T

For a negative point charge,
the lines converge radially
inwards

For a positive point charge,
the lines radiate radially -
outwards :

field intensity vectors help to visualize the electric field. Electric field

» that gives the direction and strength of the field at
dially outward for a positive charge

Electric
*lines are a kind of “map
various places. The direction of the lines isra
and radially inward for a negative charge as shown in figure 13:10.

et B e

A

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 B
Test Charge g,=30 pC=30=10°C. RRGUIRED T
Force ‘F;’ =0.600N Electric field intensity ‘E’ =
SOLUTION: By definition of electric field intensity e
G
Putting values E= _0.600N_
30x10%C
Hence  E=2.00x10% NC" ;-:_};]':';;{Er_,{":

Therefore, the magnitude of electric field is 2 x 10 N/C

NOT FOR SALE

el

l =

ASSIGNNEN IS 24 OR
e 3 ¥

If a charge of 4 C is placed in a uniform field of strength 2 NC*

experience? S Mt v witie

13.6 ELECTRIC POTENTIAL

T

FORCE INANIELECTRIC FlELD)

et =2 aliw Pae g

electric potential energy ‘U’ per uni :
fe i ray ‘U’ per unit charge ‘q"in an electric field is calleq

electric potential V.

The electric potential units of joules per coulomb (J C"), or volt (V) in ho .
] nar of-

Italian scientist Alessandro Volta. The potential at a point is one volt when i

requires one joule of work to move a positive charge of one coulomb fro;n a 4

of ZERO potential to that point. e
1joule

1coulomb

The concept of electric potential is closely related to electric field. Electric field

1volt =

is the force per unit charge, whereas the electric potential is the energy per unit

h ; .
charge. However electric potential is a scalar quantity. Since, it is easier to solve

ro i
Problems with scalars, therefore, it is simpler to solve problems with electric -

Potential rather than electric field.

Ltle: us Fons:’der a positive charge +q is

Eh :r.'d.ln an electric field at point B as

allﬁwmn the figure 13.11. If the charge is >
ed to move freely, it will acquire

SElectric Potentiates)

kinetic ene i
Cﬂn'versel 8y and will move from B to A. =
RiAL Y, ‘we can say that an external o< hq. E. -
Sita m;::UlrEd tokeep the charge at rest
with uni i
% uniform velocity from A to : 5 b

Often poj
Point A js :
that p taken to be at infinity, meaning a large distance from the charges

roduce th i
Note that the fhili?:‘:tnc 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
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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 q from infinity to a specific location.

The work done W, in moving charge +g 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
Vo> Ve - +q. The work must be done by an external agent,
+] | the work done in this case is positive. In this case,
4 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
would 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
negative (-q), the positive test charge must be
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).

e

EXAMPLE 13.3: WORK DONE
How much work must be done to increase the potential of a charge 2.5 x 107 C by

100V?

GIVEN
Charge ‘g’ =2.5x107C e
Change in potential ‘A" = 100V Work Done ‘W =7
SOLUTION: By definition of electric potential
* Sl EXTENSION EXERCISE 13,2
V=E or W=qv HnwtheunitsCGﬂomb{tj
multiplied by volt
putting values W =2.5x107 Cx100V gives J‘oul«allJJ?{"‘rj

Hence W =2.5x10%J ——m

IASSIGNMER NORK'DONE IN AN ELECTRIC FIELD

How much work is done in mow'ng acharge of 3 C from a poi
intat 1
point at 138 V in an electric field? pomLAE R o

13.7 PRACTICAL APPLICATIONS OF ELECTROSTATICS
Electrostatic phenomena has wide applications in daily life.

A Blectrostitic procipitator and dust e iz Electrostatic phenomena can
x I.lISl::l toseparate dust from smoke particles. To reduce air pollution, modern day
Ma .urn.ing power stations extract dust from the smoke in chimneys before
Eﬂs‘ﬂrt to th vi raent by a process called electrostatic precipitation.
E\ecirostatic Precipitation




= [ m Electrostafics
The negative charge at the bottom of the
thundercloud induces positive charge on the

Earth just underneath the cloud as shown i,

For this purpose chimneys have a highly positively charged grid (usually a wire
gauze) and negatively charged plates as shown in the figure.1'3.12. 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 | figure 13.14. When the electric fie|g
attracted by the negatively charged plate and are deposited on them. Thus, the | between the cloud and the earth becomes
smoke coming out of chimney is free from dust and other particles. | large enough, the air undergoes dielectric

B. Electro painting: Electrostatic spray painting is a method in which | breakdown, meaning it momentarily
| becomes a good conductor of electricity

electrostatically charged paint is applied as shown in figure 13.13. This method i
reduce the paint usage and uneven coating that result from using a regular spray allowing the negative charge to jump from
painter, both for powder and liquid paint. the cloud to the earth. A lightning channel js
e | completed and electrons rush to the ground
! making the channel glow in the process. A
total of about 20 C to 25 C of electronic st

charge is transferred from the thundercloud positive cha e}:ei
to the surface. induced Gnr:mun; : '

 liEBes
I AL ;
. L_lghtnmg conductors/rods: The purpose of \‘2
Lightning conductors is tg pri |

One t%-pe of system applies a negative electric charge to the paint while ]t isin the against direct lightning stﬁkes_OESC:a :;rtut;es ‘
container. Other systems apply the charge in the barrel of the spray pamter‘gun. | lightning angd running the disch, ng the
The paint is then pushed through the gun, rubbing against the side, and gaining a | earth, they avoid e o ar_v:;;urrent to |
static electric charge as it moves. Since the paint particles all have the same lightning strike itself ang cir:Ef d with the
charge, they repel each other. This helps to distribute the paint particles evenly [ associated current, sk
and get uniform coverage. " How can we SRR e G _ f--
Usually the object being painted is metal and grounded, but almost any product ' thunderstorms? We should sta :e dur bt

automobile ¢ y indoors or in an

ey Possible. When caught in the
5 l, ; s_hnll.nld keep low, stay away from any
ree; if lightning strikes the tree, charge

travely
Ay ng‘dawn the tree and then along the
cewill put us in danger. G E

If tra ped i s
"‘?E‘i:ingl:;u ; N such situation we should try to go in a nearby ditch or low spot
"ead low and feet as close together as possible.

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
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- = ] E . . . .
B cuctosinics B i [t uwml -
d is a very large unit of capaei
13.9 CAPACITOR . The farac b Pacitance, |n
TO \ capacitances ranging from microfarads (10* Practice,
purposes, capacitors often are labeled «
picofarads.

typical devices A
) to picofarads (10™F), For pracr:c: )

Capacitor is a device used for storing charge, it consists of two conductors g
HF" for mj
microfarads ang “DF" for

separated from (without touching) each other, carrying charges of equal |
magnitude but opposite sign. : |

%

Capacitors can be charged by applying a potentia|

Figure 13.15 shows the basic elements of any capacitor ¢
— two isolated conductors (having charge +Q and -Q) of R ‘ d:'fferjence across its plates by u.f.\ing a battery, A i

any shape. No matter what their geometry, flat or not, charging of paralfel F:late capacitor by using a -Q
we call these conductors plates. Each capacitor plate | . battery, asshownin Fig. 13,17,

carries a charge of the same magnitude, one positive | Note that if we double the voltage, we would £

and the other negative. Due to the charges, the electric i do anything to the capacitance. Instead, we

potential of the positive plate exceeds that of the ) would double the charge stored on the e

negative plate by an amount V.

However, if we try to overfill the capacitor by
The insulating medium that separates the plates of capacitor (air or some other

placing too much voltage across it, the electric +

insulating material) is referred to as dielectric. FIGURE] :;Elf :f-.‘t:veerT o : plates will become so strong
Capacitance of capacitor: The capacitance C of a cu?rentli :ztr:ck breakdgwn will occur causing :
capacitor, is the ratio of the magnitude of the charge e | ol park between .the plates, destroying ._
on either conductor to the magnitude of the potential f ok g:: citor. Thus capacitors have a R (§ oy v 47 |
difference between them. | ! ‘
When charge Q is increased on the plates of the J 13.10 TYPES OF CAPACITORS
i i V also increases and
capacitor the potential difference ] | et . -
vice versa as shown in figure 13.16, thus we can write b e E” erent types of capacitors. These capacitors are of various
QaxV or Q=Ccv L 4 [ i I-: apes, depending upon their construction and dielectric used
o | en them: eac 2 ) ek
Where C is the constant of proportionality and is called the capacitance of . Theta eaaes » eachone has: its own set of characteristics and applications.
i Pacitors may have fixed or variable capacitance values.
capacitor, | : .
—1 - lectrolyt o
thepeione ESE | about :lﬁl_fi tubular capacitor is the most popular for values greater than
| mi ; g ; 5
. a capacitor is the amount of charge the capacitor can store B ol crofar:ad. having one of the highest levels of capacitance for a :
e O rentiol ifference. The capacitance o a capacitor depends upon he Ly ime. This type of capacitor is constructed by using two thn foilsof |
o um; :lf::::; the plates: It also depends upon the separation and the nature of - ; 'NUM, with leads for proper polarity connection. An electrolyte- .
o ialin- nthe plates. ' Paper sheet is placed between them and the two plates are wound i
insulating material in-betwee p s aroung e i : et s o |
i e fara other - b e .
Units of Capacitance: TheS! unit of capacitance is coulombs per volt or t 35 sho and placed in a can with emerging v |

Wnin figure 13.18.

I
]
(F), named in honor of Michael Faraday, such that F

1F=1C/V




—-—\m'
T %
or Y

Putting values Ve m
0.10x10°F

Electrolytic
tubular
capacitor

; l V= 5"1«94!3

_m Hence V=50y w

canductor W :
>£Q / | Therefore, the voltage across the capacitor in Mp3 player s 50

insulator — ——
= SIGNMENTR AN CAPACITANCED

e L Sy

The potential difference across the plates of the ca
oneach plateis 0.02 C. What is the capacitance of th

pacitor is 500 V. The charge
e capacitor?

I_—————.
During a heart attack, the heart produces a:l
rapid, unregulated pattern of beats, a condition |
known 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 |

INSIDE A CAPACITOR

Tubular capacitors that |
are not in use can be torn |
apart to look how is it |
made from inside. They '|
are metals foils wrapped |
in a tubular shaped | = R |
cylinder separated by A disassembled

o i |

The metal foil and Mylar

. ) _ . being used in Figure. A paddle is connected to
paper acting as insulating  capacitor, showing the  sandwich sf[OWi: ﬂ;" bf "’”‘t‘z | - each plate of a large capacitor, and the paddles
material between the foil conducting plates  up with an insulating layer E e = W are placed on the chest near the
! b . 3 eart. The
conductors as dielectric. and the thin sheet of ~ produce a capacitor with a €apacitor is charged to a potential difference of about a thousand volts
insulating material. compact geometry. .  The capacitor i i =
. is then discharged in a few thousandths of a second; the discharge |

e — . Current passes thi |

EETET T s rough a paddle, the heart, and the other paddle. Withi =

¥ 4T AN " O MPT PEAYER™ | secy| L4 ] . na few
[EXAMPEE 1_3‘*4.3(’.@” ORORNESEEA LR : l-——-_i'.d_s'_'f" heart often returns to its normal beating pattern.

i i =0.10pF. 5.0 uC is placed on 1
Atypical capacitor in an MP3 player hasC=0.10yF. If acharge i 3.11¢o =
the plates, what is the voltage across the capacitor? MBINATION OF CAPACITORS

| In practice
two or mo ; : :
GIVEN REQUIRED electric cﬂ_’c"its L ur; Caaz-EICltF;‘s Zre _r,-:mt.et:mes joined t:Jgetha;tr;Ln stugr:it:f
5 ]
Chargeq-SpC=5x1D‘C. Voltage ‘V’ =7 : diagram, Bt 4 impli .le .Prc orial representation ca . a r:|
itance ‘C’ =0.10pF=0.10x 10" F | elements iagram uses circuit symbols to represent various circuit
Capacitance . - The circuit symbols are connected by straight lines that represent the

Wires bE‘th :
enth ; N o
SOLUTION: The capacitance of capacitoris ~ C= e circuit elements. The circuit symbol for capacitoris ‘| "

A. Seri i .
Plate It?,s Combination of Capacitors: When the capacitors are connected plate to
®N they are said to be connected in series, three capacitors having

“aPacitan ) . :
NOT F@ﬁ @ALE ceC, C,and C, are shown in the figure 13.19 as series combination.
NOT FOR SALE




bination of capacitors, the same current
charge of +Q is placed on the left plate

When battery is connected to a series com!

flows through each capacitor which means
ach capacitor and an equal charge of -Qon the right plate of each capacitor. As
mount of charge Q on each of its plates.

Q-.=Q1=Q3=Q—‘®

tors in the circuit are charged, the sum of the potential
plied by the battery.

of e
aresult each capacitor gets an equal a

When the three capaci
drops across all three must equal the potential difference sup

v=V,+V,+V, —2)
Q ar v:g

Since the capacitance of capacitor is = v =

Therefore, each voltage can be written as .
Q Q Q
— =L Vv, = —_t V.= x] V=—
v, C. and Y3 = and ¥; C, and o

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

2.9,%,2
» el

C G G

m equation 1 in equation 3 can be written as

Fro

ted to the battery.

combination.

A
G

e equation 13.7 and equation 13.8 it is clear that i
equivalent capacitance is always smaller than = in
n

s?:ties combination, the
dividual capacitance in

Twao capacitors of 5 uF and 10 yF are connected in series with the external s
ource

VO V. tOtﬂ i nti I

GIVEN:

Capacitor C, =5 pF = 5 x 10*F
Capacitor C, = 10 uF = 10 x 10* F
Voltage Vv = 100 v

WANTED:
Equivalent capacitance C, =1
Potential drops V, and V, =7 -

SOLUTION: ;
N: For Series Combination the equivalent capacitance is

L [
—=—4L o GG
Lo GG o G NE
or _:'_cc
C, = t:f:? Puttingvalues €, = 5x10*Fx10x10*F
1 5x10*F+10x10*F
b _50x10"F?
© 15x10°F

C.=3.33x10F =3.33 of — (000D

In serjes c R
] £ ;
mb'ln&tla") the charge remains the same Q=0-= Q

||tEC||a.| e 0 ris _C
L3

Putting values Q =3.33x107F x 100V

NOT FOR SALE



Hence Q=3,33x104c

Therefore gq,=q,=Q=3.33x10"C
However, series combination of circuit elements the voltage splits, the voltage
across capacitor C, and capacitor C,as V,and V,, respectively
v, -2 g 3.33x10%C

= ¢ Putting values V== e

V,=0.666x10"V =66.6V -

) o v _3.33x10%C
LS Putting values 27 10x10*F

V, =0.333x 10V = 33.3V

Note that V, + V, = 66.6 + 33.3=100=V, thatis the battery voltage is split between

the two capacitors.

[ASSIGNMENT 1315/ SERIES COMBINATIONIQEICAPACITORSY
Two capacitors of capacitance 3 pF and 6 yF 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
13,20 as parallel combination. '

In this configuration, the potential applied across each capacitor is same and is
equal to the applied potential.

Vi=Vy=V, =¥ ——(7)
Depending upon the capacitance, the capacitors acquire different amount '“f.
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

e

s ¢ J l‘
Since the capacitance of capacitor is }f’ i

_Q - :
l:'_F or Q=CV p;?yﬁ;"

Therefore, each charge can be written as

Q =GV, and Q=GY, and Q =GV, and Q=CV
Where C, is the e

Uival j i i
roni i Quivalent capacitance of a single capacitor that has the same

uitas the series combination when it is connected to the battery.

CY =C¥+CY +CY —O)

Hence ¢ i
€ equation 2 cap be written as

Putting e 3
quation 1
in equation 3 we get CV=CV+GV+CYV

or CV=V(+C+G)

Therefore l'ce=ct+cl +G r—ﬂ
NOT FOR SALE




er of capacitors connected in parallel

Generally for ‘n’ numb

10 it is clear that in parallel combination the
ter than any individual capacitance in

From equation 13.9 and equation 13.
equivalent capacitance is always grea

combination.
EXAMPLE 13.62

f 4 pF and 8 pF areinparallel.
acitance and the charge on each

Two capacitors o
voltage is 100 V. Calculate the total cap

capacitor.
GIVEN: WANTED:

Capacitor C, = 4 yF = 4x10°F Equivalent capacitance C, = ?
Capacitor C,= 8 yF =8x10°F Charge @, and Q. =?

Voltage V=100 V

SOLUTION: For Parallel Combination,
LG = G +G

the equivalent capacitance is

putting values €, =4x10°F+8x 10*F

Therefore €, =12x10°F =12 nF

v

In parallel combination the voltage remains the same V, = V; =
Since the applied voltage V=100 V, therefore V, = V, = V=100 V

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 1 C ]
d c'apacitol'

g; parallel combination the charge splits, the charge stored in secon
, s

g, =GV  Puttingvalues @, = B-x 10° cx100V

G, =800x10% C=800 u C __m
NOT EOR SALE

wmm

wo capacitors of capacitance 3 pF and 6 UF are connected i
pattery. Find the equivalent capacitance and charge mi:‘iL"CI;:raa:}elto;:o aBooy
itor.

Electrostatics: The study of charges at rest,
Electrostatic Induction: The process of charging without Phivskcatéimtant
Electroscope: Instrument used for the detection and testing of e!ectrfc:h-

| Coulomb’s Law: The electric force between two stationary pﬁ“tc“afﬂﬂsla::::ecuy

proportional to the product of the charges and inversel orti
of the distance between them. RS

Electric field: The region around a charge where a -
electrostatic force. nother charge will experience an

L1 Electric field Intensity: The strength of the field i
| unit positive test charge. e il

Electric field lines: Representative lines for the electric field intensity,
D Electric potential: The electric potential energy per unit charge in an electric field
| Capacitor: The device used for storing electrical energy. :

< i Series combination of : F o
Holate: of capacitors: The combination of capacitors connected plate

Parallel combinati it
: on of capacitors: inati i nected i
different branches of circu:‘tl? o ik j

GROUP A
positivaly t:;ﬁ::f"’}: ENGINEERING': Research why aircrafts are always
il il when flying. This is seen when an aircraft lands during dry
down, Wh;:n; p?c'bslparks are released to Earth as soon as the aircraft touches
Measurements ar :Tas kZre faced by air craft engineers and what remedial
With class fellows n. Prepare a presentation to share your research
GROUP B “PETROY
RO §

Pumps such as ‘tuL STATION’: Research why there are warning signs in petrol
are the chances r? off yeur vehicle’ or ‘do not use your cell phone’. What
hazards of spae.-..0) Petrol being ignited? Prepare a chart to display the
GROUP ¢ - UNljrc electricity at petrol station.

NAME AFTER SCIENTISTS': Choose the name of an electric

unit, such a
. S coulom
scientist after whom %J:::;;:;grad and research the life and work of the




.

M—E‘“" ondicy . .

—

|
I
Write a brief essay for school magazine on this person a_.nd includeﬂ I @ Four id entical 1 BF capacitors are connected togath . _m, _
discussion of the work that justified the honor of having a unit named after ; is the least possible capacitance of the Cﬂmbinati%an:' er electrically. What .
him. | £ |
: : i gilaes A. 4F B. 1uF C. 1/4pF D
GROUP D “REFUELING OIL TANKERS AND AIRCRAFTS': When refueling oil Errs " : AIBF
tankers or aircrafts the fuel rubbing along the pipe as it flows through it can @ Acapacitor C “has a charge Q'. The actual charges on its Platesare:
cause an electrostatic charge, if this sparks. It could ignite the fuel causing a A.Q,Q B.Q0 €.Q-Q Bz b 4
fire or explosion. What preventive measures can be taken to reduce the risks _ — )
of fire explosion? Prepare a chart to display in the classroom. CONGEPTUALQL [ESTIONS:
GROUP E ‘ELECTROSCOPE': Make your own electroscope of simple objects Give a brief response to the following questions
and donate it to the school laboratory.

@ Normally, objects with large number of electrons are elactrically it

- e —— Why?
EXERCISE S Eg @/How does shuffling feet across a carpet cause hair to stand on our body ?
@ When combing our hair, we shift electrons from our hair onto the comb. @hy "E"tr_al objectsare a_lways attracted by charged object? Not repelled.
The charge on our hairs is 1@ ﬁhy the p'?ies of paper initially attracted by charged comb fly away when
A. positive  B. negative C.zero D. infinite e::touch L
@ Theunitof charge is L t necessary for a charged body actually to touch the ball of the
P electroscape for the leaves to diverge? Def
P A.farad  B.coulomb C. volt D. electronvolt ot Slech ot i rge? Defend your answer.
w\_.? ? 15 @ Initially, sphere A has a charge of -50e and sphere B has a charge of +20e. _ @‘Wﬁ ) hta i€ painting is better than conventional spray painting?
? ~ The spheres are made of conducting material and are identical in size. If 1hEYprotercgt? ning rods normally at a higher elevation than the buildings
the spheres then touch, what is the resulting charge on sphere A? © What would h
u :
A. +15e B.-15e C. +35e D.-35e plates to cms:fup;n oo insulating plates were used instead of conducting
@ If the distance between two charged particles is halved, the Coulomb e sum of the ch acapacitor? :
force between the two charged particles becomes capacitors mre?c arges on both plates of a capacitor is zero. What does a
A, half B. one quarter C. double D. four times You wish to st::r la
@ The value of coulomb constant k, depends on , connect capacit 02? rge amaunt of energy in a capacitor bank, would you
A. value of charges B. material medium , f seriesor parallel? Explain.
-‘_‘_‘_—‘_‘_‘_‘_l——
C. separationbetween charges  D. allof these CDMF-'RE'HE'N —
AR ENSIVE OUESTIAR
® An additional capacitor is added to a group of capacitors already ) QUESTIONSE
connected in series, the equivalent capacitance | . 6‘:_ i ::;:in-d.!d response to the following questions
: ric :
A.increase B.staythesame C.decrease D. goes tozero . hel ey charge? How objects can be electrified? Describe with the
@ The unit of electric potential is Rt ments.
A. farad B. coulom* C.volt D.NC' What is th:;mtatic induction? Explain.
unct A
the presence and LD;::eemrosc°PE? How can we use electroscope to find

of charge on a body?
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6 State and explain Coulomb’s Law.
eld intensity? How the field

What is meant by electric field and electric fi
lines represent the electric field for isolated positive and negative point

arges?
at is electric potentia'l.? Inwhat units We measure electric potentiall

icationsin which electric field isuseful.

Give some practical appl
How lightning occurs? How can We safeguard ourselves from lightning

hazard?

What is capacitor? pefine capacitance and its units.
@ What is series combination of capacitors? How we can determine equivalent
capacitors for different capacitors connected in series?
What is parallel combination of capacitors? How we can determine
equivalent capacitors for different capacitors connectedin parallel?

Determine the magnitude of the electric force on the electron of a

hydrogen atom 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 10MC.

A5 pC point charge s placed 20 cm froma 10 pC point charge. (@) Calculate

the force experienced by the 5uC charge. (D) What is the forceonthe 10pC

charge! (€) Whatisthef jeld strength 20cm fromthe 10C point charge?

@ mna certain region of space, 2 uniform electric field has a magnitude of
4.60 x 10 N/C and points in the positive w.direction. Find the magnitude
and direction of the force this field exerts on a charge of (3) +2.80pC (b)-
9.30pC..

g/ﬂna potential difference between two points is 110 V. When an unknown
charge is moved between these two points, the work done is 950 J.Whats
he amount of charge?
The capacitance of a capacitor is 3200 pF. If the pctentia'l. difference
between its plates is 220V- \What is the charge on each of its plates?

@ Three capacitors of capacitance 1 yF, 2 yF and 3 pF are connected in seri€s
to a 110 V battery. Calculate the equivalent capacitance and voltag®

ross each capacitor. ¥

Two capacitors ofcapacitance 2 pF and 3 pF are connected in parailel toadV

battery: Calculate the equivalent capacitance and the charge on gac

e

e

% and also in parallel.
Eﬁ
B
i

)

m=on-Hcola

What makes tl.we

After studying this chapter
‘ you should be
 define electric current. S '

] :dezcn‘be the concept of conventional current L
= vundersta ial di :
T nd the potential difference acrossa circuit component and name i

itsunit.

!ﬁ- < describe Ohm’s law and its limitations.0.12

51| v define resistance and its unit(Q).

< cal
ulat thE effective resistance of a nu ber of resis! ces
culate ] i f tan Cﬂ"['lected in series
¥ describe the factors a nce: d ri‘lE!a",](: El:l"d“( tor.
O ffectln th
& : b g e resista s of
dISt ‘guw“ between conductors and ]nsulatm

+ sketch and intel
: rpret the V- jsti
filament lamp and athenmsmr.charactenst:cs graph for a metallic conducter, @

« describe how
| energy is dissi i
, ergy is dissipated in a resistance and explain Joule’s law.

4 7 apply the i

! equationE = 1.Vt = 'Rt =V

:% sislidrpinin ) LRhtE n'u'_ t/R to solve numerical problem.
; ay given the cost per KWh.

e
distinguish between D.C and A.C

¢ identify circui
rcuit com
it PUI'IIEnts such as switches, resistors, batteries etc

¥ describe th

e use of el .

voltmetar electrical measuring devi nometer, amme
(construction and working pﬁ?lcipleie:nltitgqg;lr‘?d] . i

¥ construct s
impl .
e i ekt ol o (multiple paths)
celebration 1 our of light bulbs in seri AR
ghts, eries and parallel circuit such as for

¥ state the
functio
“ State rea ns of the live, neut
50 . ral and ea iresi :
5 g nwhy domestic suppli earth m.res in the domestic rnain supply-
describe hazards es are connected in parallel.

condi of electri i
e ;:Lu:s,_ ectricity (damage insulation, overheating of cables, damp
earthwine, ¢ Of safety measures
wire), : asures 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 conductors

h—Hzm—AZ0A

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 uj' flow of charge is called
current’.

A charﬁe ‘AQ’ flowing through any
cross-sectional area in time ‘At’,
corresponds to a current | that is
defined mathematically as

ﬁ 14-1

II(11'FWJIISIIUL!E

14.6 Electrical power and Joule's law

14.5 The |-V characteristics for ohmic and

I

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 living
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 I.

Y VR ")

- ] -ﬂ“!
WEMM ‘

when charges flow, they can be positive, negative, or Hokh.
current in metals is due to flow of negatively charged EIECtruns"Thor exarnplfe the
beam of a particle accelerator is due to positively charged Pmt.on: cur.rer!tm the
cases such as gases and electrolytes, the current is due to the ﬂow;f::He in some
and negative charges. Moving charges, whether positive or it th positive
toas charge carriers. The total currentis/=/ + /. egative, are referred
The SI unit of current is ampere and is represented by capital Bt A
coulomb charge flows through any cross-sectional area in one i 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 l?k = E"f
amperes (mA = 10”A) and micro-amperes (pA = 10°4A) P
Conventional flow of current: The direction of conventional current is th
direction in which positive charges flow, s

In conductors (e.g metals), the
actual flow of current is due to
electrons which flow from r
negative terminal to the positive
terminal of battery. However, l
before the discovery of electron’ ’

RIGURE 14.2 - Direction of current

Electronic current flow
-—

e
Conventional current flow

G

v

the current was assumed to flow
from Positive tg negative
terminal of the batte
conductors,

ry even for

This assumed d
med dire
ction of current flaw is now called conventional current, For

Practical
r Di.lrposes Py
' » Positive charge moving in one direction is equivalent to

Negative chy
€ moving in opposite directi
Ele‘tmnflow oy b:indus[:f:me direction. Both conventional current and

P L AMGUNT ¢
Anew battery ih e o
7 Afor 5.0h, How

ed
I'nrﬁch a; the battery shop charging station using a current of
charge passes through to the battery?
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GIVEN

. REQUIRED
Current‘l’ =6.7A Charge ‘AQ’ =7

Time‘ﬂt’=5hrs=5xﬁﬁx60=1ﬁﬂms

SOLUTION: By definition of electric current I= %{% or AQ=IxAt

- puttingvalues  AQ =6.7Ax18000s or AQ=6.?%><1BUUD,5’

AQ =120600C =1.2x10°C
Thus, in charging battery 0.12 MC of charge was p

rovided.

ASSIGNMENT 14.1: TRUCK STARTER CURRENT
hile starting an engine of a truck, its battery sets 720 C of charge in
otion for 4.00's. How much current is flowing?

CONDUCTORS AND.INSULATORS®
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 electrons. 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, is 2
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 pntential
difference at other point. ‘The difference of electric potential between two
pointsis cq[ led potential difference’.

NOT FORSALE .

5r | Situation
ed technology computer chips
1 | Advanc 3 p RE
2 | Electron beam of a TV set pe
ini that i nge i
3 | Minimum current hat is dangerous when it passes through the body | 10" to 10"
jght bulb
4 |Flash light R
5 |House hold light bulb .
& | Automobile starter oo
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

bat%ery has potential energy in
device; part of this energy is lost
(converted to other forms of

z?ergy:u. Thus, there is a difference |
potential energy per coulomb of |

zl:arg? (q) from once side of the
is:cmc device to the other, which
€rmed as potential difference.

SEIGURET4.3 - Potential difference

— AV —

; e Pﬂtelltlaf dl." le} ence dE ve OpEd
i f ( nf -‘
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To sustain steady current in a circuit, W -

emf source (A device which converts a ! .

non-electrical energy into electrical | POsitive terminal Negative N In this system, the person raising
energy) is required which maintains a sermial ’9) the water froma low to a high level
constant potential difference across its b = is analogous to the battery, the
ends. Figure 14.4 shows battery as an _||—' - paddle wheel is analogous to the
emf source with positive and negative Circuit lightbulb and the water is analogous
terminals. Symbol to the electric charge. Natice that

the person does work in raising the ]
water; later, as the water falls to its - . <
original level, it does work on the r .
external world by turning the .
paddle wheel.,

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 from 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:

L)

Equation 14.3 is the equation for emf, thus
electromotive force (emf) is also defined as
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
V==
1ic

14.3 OHM’S LAW

Recall that the reference point for

determining the electric potential
at a location is arbitrary. For
example, consider a typical 9 V
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 to be +4.5 V.
B

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 Ohmic devices and are commonly

NOT FOR SALE

reffered to as “resistors”.

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

lcV or I=kV FIGURE 14.5 - Ohm’s law
Where k is the constant of proportionality -

gnd 15 equal to 1/R, where R is the

Opposition to the flow of ¥ s

i current geoe | W R
LS

Here R

; is called resistance and i

independent of d
the val

Ao - ue of V and ! and

conductor (sych as len

conductor, A

are called gh

N the nature of the conductor (its material), the dimensions of the

i - gth and cross-sectional area) and temperature u.f the

i e 0€s not obey Ohm’s Law. The devices that follow Ohm’s law
Ces and are commonly referred to as ‘resistors’.

tations of Ohm's law

D’WE‘\-'er, only m

this behavior

Limi
change, H
wiresl show

* For Ohm’s law to hold good, the resistance ‘R’ must not
etallic conductors (for example copper, silver and gold
and that too only over limited range of voltages.
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(ST Covrentd Electricity
Many important devices do not obey Ohm’s law. Even a lightbulb has resistance
that depends on its temperature and does not obey Ohm'’s law.

EXAMPLE 14.2; CURRENT THROU(-_EI-.I RES'.ST(:}!?@T _ _
A 30.0-V battery is connected to a 10.0 Q resistor. What is the current in the
circuit?

GIVEN
Potential difference V' =30.0V
Resistance ‘R’ =10.0Q

REQUIRED
Current‘l" =7

SOLUTION: By Ohm’s law | = :

Putting values [ = 00V : ;
10.0Q How V/Q gives amperes? -
S s 3.00 Ais a large current, is
1=3.004 | Answer this current realistic?

ASSIGNMENT 14.2: CURRENT, THROUGH  ELEGTRIG|

ket

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

" &
e-¥ | (ax

The Sl unit of resistance is ohm and is represented by Greek letter (omega) Q. The

resistance of wire is one chm if potential dif ference of one volt applied across its
endsand causesacurrent of one ampere to flow through it.

Curent Electricity -

For example, a wire or an electrical device that offers resistance to the flow of
charges is called a resistor. The resis-tance 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-ohms
(1 kQ =10’ Q) or mega-ochms (1 MQ = 10° Q).

The circuit symbol for a resistance in circuit diagrams is a —\/W&._

zigzagline. 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

Resistance increases with C )

Length increase in length P P
L L,
sk Ru> Ry
Res-istance increases by .
Cross ; ¥ A,
sectional | 98Creasing cross sectional area “'/ ’
Area
Recd Ru>Ra

Temperaty
re
temperature increases

Resistance increase as T.l/T:l/
Rp>Rp

Platinum
Keeping length, cross-sectional © | fron
Materia| area and temperature ® | Aluminum iaz
constant, resistance also varies 5 | God Py
by using different materials. n—f Copper T

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.

i o) .-_,-'i qz—c-u

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. -
Sliding contact

Terminals

(a) Fixed resistors

LAB WORK e Ohrte la 1|
Verify Ohm's law {using wire as conductor).

(b) Variable resistors

e

NOT FOR SALE

") small flashlight bulb draws 300 mA from its 1.5-V battery. What is the
resistance of the bulb?

e ——

GIVEN
potential difference V.=1.5%

Current ‘I = 300mA=0.3A

REQUIRED
Resistance ‘R' = ?

SOLUTION: By-&efinitidn of resistance R= %

‘Putting values R= ;—g% therefore R =50 —m

Thus, the resistance of the bulb is 5 Q.

TRESISTANGE OF WIRE

Calculate the resistance of wire when the current through it is 2.0 A and the
voltage across its ends is 3.0V,

14.4 COMBINATION OF RESISTANCES

‘E::‘::;E::‘i':'its often contain a number of resistors connected in various ways.
voltage dn: ;‘:: a”? arrangement of resistors in a circuit affects the current and
Init. You arzalrezz "; Ult,' Fhere-fore. 1Eh ey are used to control current and volf:a.ges
o Qrade “arins ‘i-: §MIllar with sene_s and parallel circuits from general science
Thssg ll:ghtj e € rCU'it? and electric current”, in which light bulbswere. used.
There are two basic?e I‘esrstance., therefore, they can be treated as resistors.
rrangements in which resistors can be connected.

A. Series C T ;
in such embination of resistors: When the résistors are connected end to end
*UCh a way that there i

connected in seri s a single path for the flow of current are said to be
R,are shownn-se”es'. Three resistors (e.g. light bulbs) having resistances R,, R, and
Inaserig In the figure 14.7 as seriés combination.
5 Col ; - S
given time in:necuﬂn' the same amount of charge passes through all resistorsina
ervaland therefore currents is the same in all resistors, such that

—
NOT FOR SALE
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Where | is the current leaving the battery, I, 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, ——(@

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

AV,=I,R, and AV,=hLR, and AV,=1LR,

IR, = IR, + LR, + Ry, ——(Q)

e

Hence equation 2 can be written as

Putting equation 1 in equation 3, we get it i
¢ Aresistor R., is ‘equivalent’
to a certain arrangement
of several resistors mean
that if that arrangement of
resistors is replaced by Rui
the current through the
rest of the circuit is

unchanged. This notion

IR, = IR, +IR, +IR,

or  JR, =R +R, +R,)

Therefore [R,:R,+R=+R,

Generally for ‘n” number of resistors connected in

series % equivalence applies ¢
many types of circuit
Re=R,+R, +Ry +es ) fnctiig
{ e =R +R +Ry+oose 4R, |- 14.6 capacitors.

NOT FOR SALE

rion 14.5 and equation 14.6, it is clear that in series combination the

From equa ;

equivalent resistance is always greater than any individual resistance in
combinatio st S Sl P s

= GIPLE 44 A HEBISTORS CONNEGTED N SERjes -

Four resistors R, =50, Ry =120, R, =13 Qand R, = 96 0 are connected in series
acrossa 90V battery. What is the current in the circuit?

GIVEN REQUIRED
Resistance R, =50, Circuit Current ‘' = ?
Resistance R, = 1210, .
Resistance R, =130
Resistance R, =960

Potential difference V' =90V

'FIGURE 14.8 - Example 144

20 130 %0

SOLUTION: For series combination as shown
infigure 14.8, the equivalent resistance is

Ry=R 1R 1Ry 1 R,
Putting values R., =5Q+12Q+13Q+96Q therefore R, =1260

oV

|
|
|
J L

. v
By Ohm’s law  /=— Putting values [= N
1260

Therefore [=0.714 —m

The current through the circuit is 0.71 A,

BSCHERTET

T IEE et = g
- RESISTORS TN SERIBS.
e e der =

our resj . z . 3
across a ;;3'5 all having similar resistance of 15 0 are connected in series
battery. What is the current in the circuit?

B. Paralle| ;

different bracumbmatim of resistors: When the resistors are connected in

the flow of c::: hes of the circuit in such a way that there is more than one path for
rent, resistors are said to be connected in parallel. Consider three

light bulbs
as resistors i 7 i i
35 parallel combingsy having resistance R,, R, and R, are shown in the figure 14.9

1on.
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Curresnt Electricity

FIGURE 14.9 - Parallel combinat@n of rgsr's_tors

R.,
_JEL"\ A |
R, h
i : ¥ R:
f‘é&“ L AAA ] 5
R, l, % b

L

In a parallel combination of resistors the potential difference across each resistor
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 —(
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 I in parallel combination of resistors divides between the -

resistors:

Since by Ohm's Law, the current in the equivalent resistance R, in Figuré 14.9
is
v

J=x

R
. eq

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 t0 the

battery. Therefore, the current through each resistor by Ohm’s Law is

NOT FOR SALE

M Electricidy

Vi
W=7

and -'1:%& and l'3=!l
1 3

ation 2 can be written as

o= P =
+
—m|e Pk< 5
+
<

[™]

+
| =

Hence equ

]

P|l< A<

putting equation 1 in equation 3 weget

Lol 2

-+
o

1 1 7 [
‘ e e e
Therefore RRRR

L3 1

Generally for ‘n’ number of resistors connected in parallel

O R 1
—_——t—d—feee e —
Lne R, R, R, s
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 RESISTORS INPARAULEL

Three resistors R, = 5.0 Q, R, = 10.0 Q and R, = 20.0 Q are connected in parallel
across a90.0'V battery. What is the total current in the circuit?

GIVEN
ResistanceR,=5.0 0,
Resistance R, = 10,0 0,
Resistance R,=20.00

REQUIRED
Circuit Current “/'= ?

Potential difference ‘v’ = 9{}.\.'
5'IlflLl.FTllJl'\l: For

parallel combination as shown in figure 14.10 the equivalent
resistance is

_1_+l+l
R R Ry

1
Req




Putting values

1
3 ot
—=%on 1000 2000

Req
LI
Therefore. o =7"20.0Q

fie v
By Ohm's law . = Re

""‘l""""-_ﬁ}x.
e —

ASSIGNMENT 14.5: RESISTORSHN PARAE
Three resistors of 600, 30Q and 2

1

x4+ 1x2+1x1

1 7
or R, 2000

Hence Req =299

00 ar connected in parallel acrossa
through the circuit?

90V battery. Calculate the current flowing

T A B 3 —
'i)_sfﬁ'd-,r resistors in series circuit. r, o)
To study resistors in parallel circuit. _ |
y R - aun NON OHMIC

14,5 THE I-V CHARACTERISTICS FOR GHMIC AND NON
CONDUCTORS il
; tors. Tht=

The conductors for which Ohm’s law hold are called Ohmic conducto

these conductors obey

e jal di
It means that if we plot a graph between current ‘I’ and potentia

; slope
(called IV graph), we get a straight line; as for constant resistance the e
a straight line. However, not all the materials have straight line 872P
see from the graph 4.1, only metals show Ohmic behavior. The 8f aphs

d thermistor v no
i ermistor are curved, therefore, they are termed a5
conductors,

NOT FOR SALE

Iffererll:e 'ﬂ“'f

of filﬂmen:

WEM

A, Metallic conductors: For metallic conductors and
5c;me alloys the graph of ‘/’ verses ‘¥ is a straight line
25 shown in graph 14.1 (a). For example, when the
potential difference doubled, the current through
metallic conductorsalso doubles.

g. 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

vallue even for a small change in applied voltage AV, it

will show a large change in current | as shown in graph

14.1 (c).

14.6 ELECTRICAL POWER AND JOULE'S LAW | 9]

Every appliance is rated for its power output (P) — the AV
LZ: r::.i Which it can transform electrical energy to a m

form (for example light, sound, or heat). An electric clothes dryer might
il 5000 W and an electric shaver might be rated at 15W.

A, Electes |
th Flectrical Energy: The electrical energy lost or work done by a charge Q, going
r -
°UEhapotential difference V, can be written as
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(S W Cuvrent Electricity

A E or E=QxV -———{:} \-\:‘\
=" q \

We can use the definition of current

f=g- or Q="t *®

t
Putting equation 2 in equation 1, we get

(i (53]

Equation 14.9 gives the equation for electrical energy consumed in a device. Alsg
b:Dhm’s law V = IR, therefore, the electrical energy E from equation 14,9 canalsg

be written as-
E=ItxIR ©r E =Rt

Also by Ohm's law | = V/R, therefore, electrical energy from equation 14.9 can also

be written as 4
- V’
e=Xeoy o JE¥; (14.11]
R R
All the three equations 14.9, 14.10 and 14.11 are equally valid for calculation of
electric energy.

EXAMPLE 14,61 ELECTRIC KETTLE

i iri b
If a current of 10.0 A takes 5 minutes to boil a kettle of water reqmrlngk3 m;
10°J of energy, what is the potential difference (in voltage) across the kettle?

GIVEN ==
Energy ‘E'=3.6x10°) REQ s
Time ‘t’=5.0min=3005=3.0x 10s Voltage ‘Y’ =1
Current ‘I' =10.0A

E
SOLUTION: The electric energy is E=ltxV i - J_t.

10°J

Putting values 3.6x10° ) 3.6x10°)

Y
10.0AX3.0X1{]25 ar

NOT FOR SALE

= 2
_1o.n%x3-ﬂ*"”‘

m Current Electricity
Hence V=1.2x10"J2 = 1.2102y o |
There is a potential difference of 1.7 » 10°

ASSIGNMENT 14.6: CLOTHES DRYER |

......

V across the kettje.

For how long a clothes dryer is operated, if it uses 32 kJ of en
cloths at 220V, running 16 Aof current through it?

ergy to dry

B. Joule’s Law: The electrical energy lost in a dey
across it can be represented as equation called Joul
Statement: The amount of heat generated in
product of square of current */", resistance ‘R’
current passes through the resistor.

ice due to potential difference '
e's law of heating, '
resistor ijs Proportional tg the

and duration gf time for which the

HGCFRt or

Where Jis called Joule’s Mechanical E

quivalent of heat. Its valye depends upon
choice of units of work and heat. This energy can be utilized for different usefyl

By definition of electric potential v

By definition of curr Q
ent I== or =It
: Q=It—)

Putting €quation 3 in equation 2, we get W =V x/t _@

Putti ! :
4tting equation 4 inequation 1, weget p . YX¥

or | P=IV
NOT FOR SALE
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Equation 14.13 gives the relation for electric power. As by Uhm"s law V = IR,
therefore, the electrical power P from equation 14.13 can also be written as

P=IxIR or | P=I'R

Also by Ohm’s law | = V!R. therefore, E[Ectrical pcwer from eql.latll:ln 14.13 can
also be written as

v
= —xV or
E R

All the three equations 14.13 , 14.14 and 14.15 are equally valid for calculation of

electric power. s
Units of Power: The 5.1 units for electrical power is watt (W). Apower of 1 W is said
to be consumed in an electrical circuit if potential difference of 1V, causes a

current of 1Ato flow through a circuit.

W =1Ax1V

he power rating (sometimes called the St
‘wattage") of a light bulb 12 W and tube light 40 4 i energy, not power, that we pay for
tells us how fast it will convert electricenergy i, our electricity bill. Since power is the
into heat and light. For an incandescent bulb, ate at which energy is transformed,
only about 2 percent of the transformed energy e total energy used by any device 15
is actually emitted as light; the rest is emitted gm01y its power consumption
heat. A fluorescent bulb, on the other hand, multiplied by the time for which it 1
onverts about 9.5 percent of its energy into  oharated, If the power is in watts arfd
ight, making it more than four times as efficient ¢ time is in seconds, the enersy wil
s an incandescent bulb. :

be in joules.

R

NOT FOR SALE h

R o
EXAMPLEAAZ4F
LE’F_AMEQQ .
In the flashlight the current is 0.40 A, and the yo|
cell. Find the power delivered to the bulb,

3ge of 3.0V is delivereq by

GIVEN
Current ‘I’ =0.40A REQUIRED

Voltage 'V’ =3.0V Electric Power Py

SOLUTION: The electric power is P=Ixy

P t[Tl’lg W e P‘—_ 0-40A .OV I =y, 3
Hence J i 1-2/5 _ |-2“

STGNMERT
Calculate the r
12V,

,?.,.eaElz:triEal energy and Kilowatt-hour (kWh): The electric metre in our homes
s t:: oW much etnergy (in kWh) we use, not the electrical power. Electrical
Y 15 consumed in large quantities for which joule is a very small unit

theref i i
e z;:e Kilowatt-hour (kWh) is preferred. It is the amount of energy consumed
ceof power 1 kw running continuously for ane hour.

E =1KkW-hr ;
=1000 W x 1hr
= 1000 J/s x 36005
=3.6x10°)

REN4:13 - Electric meter

KWh i
his the unit for which the tariff

ty) is decided by
¥ company,

cost of electricj
meﬂ""‘:"ty suppl




.-"'"_"—._
Current Electricity
¥ | b. Power Supply: Source of electrical he A :
. i ey to ;

“\:“-x ! patteries whose symbols are shown i figure 14,13 bthe‘c'“:‘.‘i.t; Such as cells ang
You are arranging night cricket toumament, you have arranged flve 1000 W light b \ _¢. Fuse: Safety device which blows (melts) if ¢p, :
bulbs. These bulbs will remain lit for 6 hours for 29 days. Estimate the cost of \. specified value, its_circuit symbol is given in Hoie T:;l;rt?nt through it exceeds 3

3, :

d. Earth (Ground): This is the zero volt connec

electricity consumption if the cost of electricity is 8.11 Rs/kWh.
tion of a power squ!y; But for

means the earth or ground. The

electricity mains and the radio circuits jt really

ks A REQUIRED '_ ins and the
Power P =5 =1000W =5000W=5kW Energyccnsumed'g e 3 o CIrcu.'tswnbohsglven in f!gure 14,13 d.
[ |
(o 90w E R s TR ' : The devi i :
o MEeC=l0 Bl =i Cost of electricity ‘C’ = ? e. Lamp- rE* evice which converts electrical energy into ligh .
: isshown in figure 14.13 e, : 18N, its circuit sympol

Tariff rate =8.11 Rs/kWh

FIGURE 14:1 3: CGircuit components symbols

E

SOLUTION: The electric power is defined as P= -
E=Pxt Puttingvalues E=5kWx174h
£ ~s7omn — (D
The total consumed energy is 870 kWh, the cost can be calculated as . Wire _ _l I, ’ pc =
Cost = E x Tariff Rate s s licheai : POBattErv
e o connectors - Fower supplies
Cost = 870k 811 K5 EXTENSIONIEXERCISEA4:2" C. Safety fuses
It is found that if eight 35 | ’
_'_/.——
Cost =7055.7Rs _m watt LED Lights-are used, it| - . . __l S
The total cost of electricity for whole will serve the same ¢ = i —( g)—
tournament is Rs. 7056. purpose. Will this reduce round Lamp T__
the cost of electricity? d. Earth/groung tch Closed
ASSIGNMENT 14.8: WINTER COST; e. Lamp fSie
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 bulb’s . ek
filament, which is a resistor. If electricity costs 8.11 Rs/kWh, about how i Hleating _ —Y—— 0 -—‘ ,—
much does it cost to burn the lightbulb for three months during winter? ; clement Fixed resistor Variable resistor Capacitor
14.7 USE OF CIRCUIT COMPONENTS S - i) h. Resistor i. Capacitor
; . * IWitch: 2
a. Wires and Connectors: Wires and connectors are used to direct current from s Shown :‘nﬁffewce that allows or blocks the flow of current. The circuit symbol
Bure 14.13 f,

one part of the circuit to another. A blob should be drawn where wires aré i
connected. In complex diagrams, it is sometimes necessary to draw crossed Wires fsl Heater. A
even when they are not connected. In such cases a bridge; joined and not joined hown in 1

wires are shown in figure 14.13 a.
NOT FOR SALE

device that converts electrical energy into heat. The circuit symbol
8ure 14.13 g,




m Conrvend Electricity - 4 m
h. Resistor: The materials that provide resistance to the current in a circuit are

called resistors. The variable resistors can be used to

and TV or regulate fan speed. Thecircuit symbol is shown in figure 14.110.

i, Capacitor: A capacitar is a device that store electric charge. Acapacitor is used
with resistor ina timing circuit. Capacitors can be used as plock and pass filters as
well. The circuit symbol is shown in figure 14.1114.
14.8 'E.LECTRICAL MEASU RING INSTRUMF_NTS

used for measuringvarious electrical

Electrical measuﬁnginstruments are devices
such as the presence and amount F@gﬁﬁ {4 -a‘;ﬂ;ﬂhﬂ T
resistance and power = o --"-ﬂ—-_--.'-- e \

control the volume in radio

e s o,

aspects
of current, voltage,
of e\ectricaldevices.
A. Galvanometer: Galvanometer is an i
jnstrument used to detect the presence of |
current or indicate potential difference |
petween two points. 1t is a very sensitive ’:
device capable of detecting very small |

currents and voltages.

L i

B. hmmeter: A device used 10 measure current is
the current, an ammeter must be connected in a circuitin series.
d in a circuit. Since the ammeter
the circuit as lit

—

called an ammeter. 10 n:ne_asure
Figure 14,15 (@)
must be able to

shows an ammeter connecte
by disturbing the current in tle as possible:
have as low resistance as P

rof.1 €, 50 they do not

make measurements
Ammeters are designed 1o
connected in series), usually of the orde
able effecton the currents they easure.

have an

appreci
.45 - Ammeter did

N,

FSEE

ossible (because they are.

tage is
appli
d Pplied, the current first flows in one ¥
: \V \/ Ut

Ceivrendt Elecfricidy

C. Voltmeter: A device use
voltmeter. To measure the P:t:. measure potential di
e el with the component 2 tial difference, volt ifference is called
measured. Figure 4.15 (b) 5how5cmss which the pote:"eh-‘r must be wired ot
potential drop across resistor 4 ‘fﬂ_ltmemr placed in r:'ialldiffewnce is t i
P ssurements while disturbin R. 51nFe the Vﬁltmetet e circuit to rneasul‘: t::
designed to have as high resm& the circuit as little asr must be able to mak
o aothess Kave: - wsligh ance as possible, usyall possible, \rultmer_ersa 2
measuring. gible effect on the pute:t?fltzewe”’f 10M D{:ri;
s - al differences the
Y are

FIGURE 14,16~ Muiti

D. Multimeter: In practice, measur
of curre_nt and potential c:lifﬂa-reeraz:‘ems
:\-,:if:h\::tt;a digital _multfmetér that ::E
n :;n functioning as an ammeter
o w.“g; as a voltmeter. It displays |
loterge o i an‘ auto-ranging numerical
i potenf- ay, \.wh1ch includes the sign of i
il 1a-|l.d|fference or current. Mo
ultimeters can also measu;e ths: |

resistance of a circui
circuit com
2 onent; ;
they can function as an ohmfnetent' that is,
er.

’mE'fér

14.9 DIRE
RECT URE
AND ALTERNATING HEURERE DG A

CURRENT

In a direct |
S direct current (DC); :
direction only. Graph ), the charge flows in one " varying DC
Db i st a|? s for steady DC and varyi !
in Figure 14.17 (a). The cu::ﬂnf |
» ent |

from ¢
ell or bat
fixed poci tery is dire
positi ct current
tive and negative terminal becauseof | |  (@)0C
&

|I’1 an al
ternati |
ating current (AC), the direction of ! K o__@_.
J of | I

Charge
ﬂr_‘;w
the ey , reverses regul
rrent gularly and theref ;
also changes direction, as showt:mr? | S el
s n {
!

t graph in Figure 14.17 Wi I
, n Figure 14.1 (b). When alternat ﬂ
e : nating , /-\ [\

—

4 steadyDC

Q

ol

rectig
Nand i
then in the opposite direction.

(b) AC

NOT FOR SALE
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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 14.17(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 LED WITHIPOTATOES™
1Take two potatoes, cut one potato in half, &
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. Mow 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 Diode)
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 -
potato? A minimum of how many -
potatoesarerequiredtolitan LED? ¢ -

power heavy load deﬁcgs?

.|*What happens to the Copper and Zink electrode over time?
+ 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.

NOT FOR SALE

g
r_J are shown in the figures,

e ——— I_N
er1es circuit by
ms out,

the circuit is broken and all lamps cease

The brightness of light from each (am
decreases when more lamps are added to the

toglow,

P in a series circyig

circuit,

Because adding more lamps in serjes Produces a great
ater

circuit resistance. This decreases the current

circuit. All voltages have to add up to the sam,

voltage, so the voltage drop across each la
decreases. Since power is the product of volt
current, both these changes act to dim the lamps

Parallel Circuit: If one lamp burns out, the other |

are un‘_afr'ected. This is because current in each l:vrwu:'s

according to Ohm's law, is equal to '-fcultage.’resist;;“rll:ch :

::: since neither voltage nor resistance is affectedin ths.-!E
er branches, the current in those branches is

unaffected,
The brightness of li

Circuit because the
amount that feeds

circyi
U1, added paths means decreased resistance.

in the
e total

mp also
age and

series circuit

Celebration lights

e ght from each lamp in a

_ rallel
Circuit is not affecteq when more lamps are addedp:a the
current in the battery increases byan
the added branchies). In the overall

Celebration lights
parallel circuit

A .
e et 35 e vt o e
(@50 Known a't keeps the same amperage rating
three "-5-\-*0[: l:ﬂ'lp Hours). For example, these
Ul 13,5« atteries joined in series now
pacity ﬂf-1(] olt but they still have a total
: amps. To connect batteries in a

Crigs use 3 3
] a .
terminay . JUmper wire to connect the negative

termingy f the first battery to the positive
3 of the second battery,

135V ——

45V [45V 45V
- - + - +* -

o{——+——te
45V 45V 45V

Series Combination
of batteries

NOT FOR SALE
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B. Switches and fuses: In figure 14,1

8, it is Seen that cws By
T Swit >
employed only to the live wire_ | they are installeq tothe neu;:f‘m_a: fﬁ are
- a 'y e '
14.10 HOUSE CIRCUITS s appliances and power sockets wou(q pe live' even when SWitches are in g frcal
trici ally comes supply cable containing two wires, fuses ‘blown’. A fatal shock could then pe ob Mode
= ok i g L sub-station and so . e tained even ip Switched off
live (L) and the neutral (N). The neutral is earthed at the local s e 8 | condition.
e} veen i . The supply is AC and the live (L) wi a ing main circuit: Most hoyses e
|tem;s Edi s neg It;:?d e;n?ca:hh:useyicuits are shown in figure 14.18, C. R"!-l::e ST it ot attache:;an: Neutral wires running in ¢y
i L i 5 e
- s s St ‘_""‘-' i ‘fp ted in parallel with the supply, i.e. eomg! urrent to be split nto two paree g OWnin fig, 14,15, Having a ring
A. Parallel Circuitry: Every circuit is connec! A e allows e lie, Owing hfa“!p‘appllancesto 5
i i i nner 5. The e 5 Powered
o ey e Aok llel rather than in series, can using relatively s Ve and neytra) \f‘lrE‘S each run jn two complete
advantages of having appliances AR ?:r:a ; rings around the h:”m jl" the power sockets, The N2 ha53 30Afuse andif it s
be seen by studying the lighting circuit in figure . -16. i | sayten sockf.-ts, : enfa can b: used as long a:\_ the tota Current does not exceed
(i) The p.d. across both lamps is fixed {sam? as the s:::::f how many other lamps 304, utherwrse the wires overheat. o house may have severa| ring circuits, each -
the lamp shines with the same brightness irrespec | serving a different area, —
are switched on. be turned on and off independently: if one lamp fails, the others ; 14.11 ELECTRICAL SAFETY IN HOUSEHOLD ELECTRICITY
(ii) Each lamp can be tum
can still be operated.

The devices and appliances th
which is hazardous,
earthing should be ma

at we operate in our home runs with 220V of AC,
For safe use of electricity, fuses should be installed and
de in the household circuitry.

] _ A. Fuses and Circuit breakers: Fyse consist, of
'\ E :
30A

_ a thin piece of metal wire, having low melting
: temperature, When excessive current,  above

|
fuse rating, flows
Consumer = | inside jt get hot and
Unit Earth | |
I

through it, the wire piece
melts. This disconnects the
live wire, thus preventing
€ appliances they are

4

Main Fuse

| Current through the
| Y damage tq ¢,
--------------------- ' Connected. Circyit b

Supply Cable

1 oweied reakfzrs (figure 14.19) are Circuit breaker
__[__ | . Nstead of fyses in consumer units. _ _
Cg; : Ring Main (=] When the curTent exceeds the rated value of the circuit breaker, it separate a
perd ' Circut FE=l ) Contact ang breaks the circyit. They operate much faster than fuses and have the
: ad"antage that they can be reset by pressing a button.

Q PN T i - Erthing: A ring main has a third wire which goes to the top sockets s
E! | Points (figyre 14.18) and is earthed by being connected either to a metal i

et s e e s 4iag SNtering the house or to an earth connection on the supply cable. This

Wire IS asafet

Y Precaution to prevent electric shock. | AL B
NOT FOR SALE  { NOT FOR SALE



FIGURE 14.20 « Three:pin plue

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 standingin a damp 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 persuh‘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 Q, 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 Q (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 bady: 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 Q, how much current will you experience if
you touch the terminals of a 12-V battery?

o If your skin s very moist, so that your resistance is only 1000 {2 and you again
touch the battery terminals, how much current will you experience? Will it hurt?

NOT FOR SALE

The path the current takes influences the effect of the
pody are more vulnerable than others. A current of 1
likely to be fatal. Damp conditions increase the
pecause water lowers the resistance.

shack; some parts of the
00 mA through the heart is

: severity of an electric shock
_ .Weanng rubber-soled shoes or standingon a
i insulating floor increases the resistance between a person and earth and will
educe the severity of an electric shock.

To avoid the risk of getting an electric shock:
o Switchoff 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 with wéter. 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.

<Dl SEEEEECTDF CURRENT ON HUMAN 0DY
Current (mA) Effect

] Threshold of sensation

5 Maximum harmless current

3 HL let go far duration
Onset of sustained muscular contraction; cannot 4 :
10-20 of shock; contraction of chest nilzznlttleﬂ may stop breathing during
s

2 Onset of pain
ikl Ventricular fibrillation possible; often fatal
ing on concentration of current
traction and respiratory paralysis;

Onset of sustained ventricular con " to normal;
600 both cease when shock ends; hear theat may retu

to defibrillate the heart

0 Onset of burns depend
]

NOT FOR SALE
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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 to a circuit (for example an extension box).

o Don't overload circuits by using too many adapters.

o 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 can alsostart a fire.

| Current: Time rate of flow of charge. .

| Conventional Current: The current conventionally considered due to flow of positive
charges in 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
| move it from negative terminal to the positive terminal within source.

Ki Ohm's Law: The electric current through a conductor is directly proportional to the
applied voltage provided the physical conditions are kept same.

VAl Resistance: The measure of opposition to the flow of current. ;

P

‘ 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 direct
regularly.

jon

NOT FOR SALE
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~oup 2 HOME CIRCLITS': Contact an electrician, builder, or —
:t;;f:sk to see a house electrical plan. Study the diagram to .m, ¥y the
if circuit breakers, their connections to different appliances in the home, and
the limitations they am[)ose on the 't:trcuiF's design. Find out how wich
current, on average, is in each appliance in the house. Draw a big chart
| diagram to be presented ln_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.

o

£y mo

3
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AT B

: TTERY - I'. The chemical reaction that
potato is responsible for creating electricity. To see if

I T
omic R F wi PU AL BA

takes place inside the

~ you can improve the effectiveness or speed of this reaction, try using
~ 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.

' Youcan also test different types of potatoes, different sizes of potatoes, you
can even boil a potato, non-metallic electrodes or different types of
connecting wires. Write a research presentation for your school magazine.

T GROUP C W PROVING POTATO EATTERY - I} ' Potatoes are not the only food

- product that produces the necessary chemical reaction to produce a flow of

~ electrons. Citrus fruits also contain a special chemical, citric acid, that

. reacts with metal to produce electricity. Compare the voltage and current

produced by a potato battery to that of a lemon, tomato, orange, apple,

. Watermelon, loaf of bread or any other type of food you want to test.

~ 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.

® CROUP D “LIFE WITHOUT ELECTRICITY': Prepare a presentation to be

3 E{Eﬁertted in class room about the dependence of modem life on electricity.

- "soemphasize on how difficult life would be, without electricity?

ke GRO

W
v,

A
T " % i

< e
g, .

© e

=

 electinit, -ECTRICITY COST REDUCTION': klentify ways to reduce |
ﬂectricat[y consumption in everyday life. Calculate the total cost of
Pl €Nergy used in one month (30 day) at home. Suggest ways how it
. electr _reduced without compromising the comforts and benefits of
i etectricity. Prepare a presentation toshare with yourclass fellows. |
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Choose the best possible answer:
@ Batteries are rated with unit 'ampere - hour’, it is the unit of
1 A. charge B. current C. power D. energy

I @ When connected to a battery, a lightbulb glows brightly. If the battery js
reversed and reconnected to the bulb, the bulb will glow

A. brighter B.dimmer C.withthesamebrightness D.ang fuse
i @ The resistance of wire will decrease by increasing
L S temperature B. length C. diameter D.both A &8
@ The wire made from which of the following material is a conductor
A. glass B. rubber C. silver D. silk

31l @ The current which reverses direction after regular interval of time is
(0]

A.DC B.AC C. conventional current D. bothAandB
|

C ® Electricity main supply meters measures it in units of ‘kilowatt - hour’; itis
the unit of

A. charge B. current C. power D. energy
)] @ The device that is used to protect a circuit against overload is
A heater B. fuse C. lamp D. All of these
@ Which of the followi ng represent one chm
AVA' B. Js' c.wA' p.JC!

© Two resistances of 1 ohm are connected in parallel, the equivalent
resistanceis

A.20 B.1.50 c.10 D.0.50
@ 1xwh=
A.3600W B. 1000J C.3.6x10°) D.0.36hrs

I
—

CONGEPTUAL QUESTIONS
Give abrief response to the following questions
@ As water is made of atoms having protons (charge +e) and electrons (charg®
-€), does the water flowing through pipe carry an electric current? Explain-
@ Acar has two headlights, when the filament in one headlight burns out, the

- n
other headlight stays on. Are the headlights connected in series of 1
parallel?

NOT FOR SALE
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D coot it B

Qurat-ul-Ain needs a 100-Q resistor for a circuit, byt she

@ A number of light bulbs are connected to a sin
provide more illumination when connected in s

: @ Explain why light bulbs almost always burn o
' and not after they have been on for some time

g!e Power outlet, Wil they
eriesorin Paralel? Why?

Ut just as they are turned on

Explain why is it possible for birds to perch safely

on high tension wires
without being electrocuted?
@ An electrician working on “live” circuits wears insulated shoes and keeps
one hand behind his or her back. Why?

@ Explain why is it dangerous to turn on a lightbulb when youareinabath tub?
@ Why circuit breaker, fuses and switches are installed to “live wire'?

—
only ha
300-0 resistors. What can she do? ¥ has a box of

COMPREHENS|VE:QUESTIONS

Give an extended response to the following questions
@ Define electric current. In what units it is mea
direction of current through the conductor.

What is potential difference and emf? Differentiate between them.
® stateand explain Ohm’s Law. What are its limitations?

What is resistance and in what units we measure resistance?
'@ What is series combination

resistance for different resi
@ Wh?t is parallel combinatio

resistance for different resi
Explain the factors on whic
What are ohmic and no

characteristic graph to
Tmistor as oh

sured? Discuss briefly the

of resistors? How we can determine equivalent
stors connected in series?

n of resistors? How we can determine equivalent
stors connected in parallel?

h the resistance of metallic conductor depends.

n-chmic devices? Sketch and interpret the VI
justify metallic conductor, filament lamp and
mic or non-ohmic materials.
Explain the con

CEPt of electric energy and electric power. What is the
co ; 4
Mmercial unit for the consumption of electric energy?
@ Statethe functio :

Explai ns of live, neutral and earth wires in domestic main supply.
& o nwhy the domestic appliances are connected in parallel?
leferemiate b

What etween alternating current and direct current.
rold oo 22ards of icity? es are taken in
Usehold electr electricity? What safety measur

City to safeguard for these hazards?




neater has a resistance of
oltageis requiré

15 ohms when the current in it i
duce this current?

aintained across a 1 m length of the
(, what is the currentin the wire?

1- m ur rer |t 'il cor Il'lected acro the termi
ha\fe a 5 AC ross
U'.d nah.‘

with three resis
para'.'.e\ witha

by the batte ry.

_250.00, R,=150.00Q,R,=350.00,

g e total current supplied
Considera circuit d th pp

.\ battery. Fin

r is rated at :
dr:iit flowing through it? If th

henergy doesit

mf of 12 \) :
i2? n the resistorin 65 s?

5 watts when operating on 120 volts.
e hair dryer is used for
cu
What is the

tEd toa 545 Q resistor. How much
batte wil h
G A attery It

energy is dissip hat is cost of
6 hoursin school?

1 running two 160W
ricity cost 8.1

four 100 W light bu

Homing pigeons
~ are famous for
e being able to*

e & find routes |
home from
thousands of

kilometers

away. But how

do they do it?

15  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.

—~ZEZ Mo =W

¥ describe that a force acts on a current carrying conductor placed in a magnetic
field as long as the conductor is not parallel to the magnetic field.

¥ state that a current carrying coil in a magnetic field experiences a torque.

¥ relate the turning effect on a coil to the action of a D.C. motor.
¥ describe an ex

: periment to show that a changing magnetic field caninducee.m.f..
nacircuit. :

OAFE=—ZFX>mMr

¥ list factors affecting the magnitude of an induced e.m.f.

v explain that the direction of an induced e.m.f opposes the change causing itand
relate this phenomenon to conservation of energy .

¥ describe a simple form of A.C generator.
¥ describe mutual induction and state its units.

v

‘_1&5cr-ibe the purpose of transformers inA.C. circuits. .

g Itiin llt{:hat a transformer works on the principle of mutual induction between
coils,

2 PV NOT FOR SALE
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15.1 Magnetic effect of a steady

Just like electric field, the regjop 8 .

space around a magnet where
magnetic effects can be observeq is
called the magnetic field apg is
represented by magnetic field vector
or magnetic induction vector B apg
can be represented by magnetic figlg
lines. When charges move (suchasin
current carrying wire), they generate
a magnetic field as well as an electric
field. Thus, when charges move 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.

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

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

shown in the figure 15.1.

Figure 15.1 - Magnetic effect of current =l

- Gl

_ .,:)Ll.:

Power
B

Compass Compass

o fon
Using an apparatus similar to the one shown, we can demonstrate a connectio
between magnetism and electricity by applying curren'w'm___f_w_'i__—-—‘

15.1 MAGNETICEFFECT OF A STEADY CURRENT

The magnetic field produced by steady current can be mapped by t
experiments.

he fﬂllﬂwing

| LAB work

NOT FOR S

15.1.1. Magnetic Field due to a straj

circle, the compass needles line

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
orientation of a magnetic field
around a current carrying wire is
circular. Without any current in
the wire all the compass needle
will align with earth’s magnetic
field, pointing towards the

north, . L

up with the magnetic field

{:urrent carrying
wire, with compass
needles lining up
with the magnetic
field in form of
circular pattern,

ght steady curren
current is passed through a long wire with €OMpass neeq

L Carrying wire: when .

les !:ulaced around it in 2
nacircular pattern,

'}"f ¥

SFE

Current carrying
wire through a
cardboard shows
concentric circles of
iron filings around
the wire,

As soon as the current is passes through the wire, the compass needles will
redistribute to align with magnetic field of the wire.

Figure 15.3/- Mdgneﬁc field of straight wire

Trace the magnetic field of a bar magnet. |

NOT FOR SALE
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The compass needle deflects in opposite direction when the current ig reverseg . Electromagnetisny : S -~
shown in the figure 15.3, the direction of such field is determined by right ha:; \ Tomakea field having resemblance with the field of a bar magnet -a Y

rulel. \ a5 spiral (helix) called solenoid as sl'_uown in figure 15.4. When c::rrZ‘:tl :5 shaped

through @ solenoid, a reasonably uniform magnetic field can be prog s Fasse.d

RIGHT-HAND RULE | Fingers curl in thm field is strong along the axis of solenoid and weaker outside, For : tigi:::d\;om:

Right-hand rule for the magnetic field of magnetic field : solenoid, the field in the interior space is very uniform-and strong. The field i
have resemblance to those of a bar magnet, meaning that the solenoid |&4|‘fecti:.:::is
has north and south poles. To determine the direction we use right hand rule | ¢

RIGHT-HAND RULE II

Right-hand rule Il for a
solenoid: Curl the fingers in

from a currenrt cafryin?’ wire: Put your Y
thumb in the direction of current and curl — ¥\
your fingers around the wire, the curled U
fingers will show the direction of magnetic
field. This rule is for direction of
conventional current or flow of positive

Thumb peints in the
direction of current

: Right-hand rule -
charges. For electronic current flow the frige 10 froa ; ucﬁrr é g?f;;frey ::;%:?rgc the direction of current around ::_" Tt

same rule is applied but with left hand. . the coil or solenoid and the o EITTeEig

extended thumb will point in o _dgme.

15.1.2. Magnetic Field due to a coil or sticnu /- When wire is shaped in to the the direction of north poleofa & == 777500
loop or coil and steady current is applied through it. By applying the right hand :’fagr‘:{" T“f‘s rule is for
rule around a loop of wire carrying current, we see that the magnetic field around c:“r::nzo_: : oﬂ O;OZ:E;:?S::
a loop of wire carrying current is Iin same direction comi:g ;‘n f;ld going out of cail, charges. For electronic current Electric current Electric current

ing a north and south pole like bar magnet. Since the jeld lines cannot cross, . i )

form. ga .ort h p g et. 5 Al flow, IthF-‘ same rule is applied The right-hand rule (il) 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. -
i LAB WORK

. To trace the magnetic field due to a
_current carrying circular coil.

1y MWH -
Electric =—_ .../
current | 2

Magnetic
Field

Magnetic N
: Field | i What ; :
! =4 - is the direction of the magnetic field at point P in the figure?
Electric Electric  Electric _L ) (Pis on the axis of the coil.)

current current  current = //[{1\\ / &5 2 p
' './J'l.jl'i-: - B-- .

E ot ' &1 D.?

The magnetic fiield lines for a wire loop and solenoid with stea%y curt

| L I
NOT FOR SALE NOT FOR SALE
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The compass needle deflects in opposite direction when the current is

il eve
<hown in the figure 15.3, the direction of such field is determined by fSedas )

fight hang
rulel. \

RIGHT-HAND RULE I AT
Right-hand rule for the magnetic field of rangnictic f;l'{':umn
om a current carrying wire: Put your
ft:wmb in the direction of current and curl i‘f“t ¥\ A
your fingers around the wire, the curled .\J 2y
fingers will show the direction of magnetic ght
field. This rule is for direction of
conventional current or flow of positive
charges. For electronic current flow the
same rule is applied but with left hand.

hand

Thumb points in the
direction of current

Rf_ght-hand rule - | for the magnetic
field from a current carrying wire,

15.1.2. Magnetic Field due to a coil or solcnoid: When wire is shaped in to the
loop or coil and steady current is applied through it. By applying the right hand
rule around a loop of wire carrying current, we see that the magnetic field around
aloop of wire carrying current is in same direction coming in and going out of coil,
forming a north and south pole like bar magnet. Since the field lines cannot cross,
the field lines are packed closer together inside therefore the field is stronger
inside and weaker outside the coil.

Figure 15.4 - Magnetic Field due to a Coil or Solenoid

! r
Electric =— .|

Magnetic current | |
Field - '1
Magnetic t
Field |  Seema {
L , | 2= |
Electric Electric  Electric _| oY S
current current  current —.lT" j;‘/ii;(._ /
F AN

current

5
The magnetic field lines for a wire loop and solenoid with steady

NOT FOR SALE

d having resemblance with the field of a bar magnet, a coil is sh
a5 spiral (helix) called solenoid as shown in figure 15.4. When current is p;i::

through 2 solenoid, 2 reas:onabiy unif?rm magnetic field can be produced. This
field is strong along the axis of solenoid and weaker outside. For a tightiy i
solenoid, the field in the interior space is very uniform and strong. The field lines
have resemblance to those of a bar magnet, meaning that the solenoid effectivel

orthand south poles. To determine the direction we use right hand rule |, y

To make @ fiel

hasn
RIGHT—HAND RULE Il -
Right-hand rule Il for a
solenoid: Curl the fingers in i
the direction of curljent around e _-1.._.:__.-_:-: £ opecooa ¢
the coil or solenoid and the N — AL -sl-i.!.ri.%(-f
extended thumb will point in it T - hi%i‘uq\.l._ﬁ_s
the direction of north pole of a g o S -'\-i‘lc;“!'\
magnet. This rule is for
direction of conventional
current or flow of positive ;

Electric current i
charges. For electronic current Electric current
flow, the same rule is applied The right-hand rule (ll) for a solenoid

but with left hand.

LAB WORK

| To trace the magnetic field due to a
_current carrying circular coil.

What is the direction of the magnetic field at point P in the figure?
(Pis on the axis of the coil.)
A.? B.? 0

.3 D.?
(5]

NOT FOR SALE
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EARTH'S MAGNETIC FIELD

Magnetic Field: The magnetic fiel{i of the earth is Probably
e {electmmag"e“m‘} at ]'(S‘CDTE. The Earth's core
‘< a liquid, which conducts electricity and the s!:nn of the E:jmh about its
contains a liquic, .4 to circulate much like the current in a conducting loop.,
axis causes the liqul s e Bt and space probes indicate that Jupiters
o venus, on the other hand, rotates more
found to be weaker.

Origin of Earth's
caused by electric curre

iter rotates faster
Jn:ls;netic field is stronge"r than our_s.ﬁem "
slowly thanthe Earth and its magnetic He )
le of a magnet is attracted toward tl?e ncrtt-'- geographic pole of the
bl that the Earth's south magnetic pole is located near the north
EArth; we,co"dmjed the Earth’s north magnetic pole is located near the south
eral:':i 5::: T: fact, the conf jguration of the Earth's magnetic field, pictured
geograp . '

in figure, isvery much like thea magnet.

netic Geographic
smfh Pole North Pole

Geographic Magnetic
Sﬁﬁ%h Igole Morth Pole

"NOT FOR SALE
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etoreception: Magnetoreception is a sense which allows an o

Mag ; ; :
a magnetic field to perceve direction, altitude or

sed by a range of animals for orientation and
present in bacteria, arthropods, molluscs and members of al| major taxonamic
groups of vertebrates. Humans are not thought to have magnetic sense, but there js
aprotein (a cryptachrome) in the eye which could serve this function.

. rganism to detect
location. This sensory modality is

. navigation, Magnet-::receptim is

amo zCl-U Q;‘ —l:—ﬂ’u

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.

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.

‘Figure 15.5 - Force on a current carrying
conductor in magnetic field

Consider a wire connected to
abattery and passing through
a U-shaped magnet as shown

in figure 15.5. It is absarved Wire is pushed up Wire is pushed down

: : o
that the wire experiences a ForceF * Magnetic )
force which is perpendicular N:.g?;gc Field B/, rent

to both the direction of

current | and the direction of
Magnetic field B.

= T

-

If we

reverse the direction of P, A -4
C i |
urre.nt. the direction of :

forceisalso reversed, iy

We see that this force
Derpendicular to the ma
changeq and vanishes
Parallel, showing a sine

is maximum when the current carrying wire is placed
gnetic field and reduces in magnitude when the angle is
when the current carrying wire and magnetic field are

of angle @ variation.
NOT FOR SALE
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With this experiment we can find that this force is directly proportiona|’ to the
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 fielq, Thus \

mathematically the force is
: Fy oc BILsin®
or F, — kBILsin0

For Sl units K = 1, therefore the equation that describes the force experienceq bya
carrying conductorina uniform external magnetic field then becomes

F, =BiLsino ——{RERE)

Where F is the magnetic force in newtons (N), B is the magnetic field strength iy
tesla (7), | is the current in the conductor in amperes (A), L is the length of the
conductor in the magnetic field in metres (m), and O is the angle between the

conductor and the magnetic field.
15.2.1 Maximum agnetic Force: The force will be maximum when the angle
between current direction and magnetic field is 6 = 90°.

current-

F, =BILsin90° Since sin90° =1

hence F, =BIL —m

TABLE 15.1 & SOME

also B= Fo APPROXIMATE MAGNETIC FIELDS
IL
i g At surface of neutron star 10°T
15:2.2 Unit of magnetic field B: The Sl -—-—-—--1 =
unit for magnetic field strength is tesla| Near large electromagnet | 1-7 |
(T). If one ampere of current in a one- Near small bar magnet 10°T
metre-long wire produces a maximum Atearth's surface 10°T
force of one newton then the magnetic - e 10T
field is defined as one tesla (T), where Interstellar spa =
1IN Magnetically sheilded room 1
“1Ax1m
Ociated

15.2.3 Direction of force: Since force is a vector quantity it must be 3‘_55u ed t0
with proper direction. Fleming’s Left hand rule or right hand rule III 'Isld
determine the direction of force on a current carrying wire in magnetic Rt

. NOT FOR SALE -
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RIGHT'HAND RULE I =

R;‘ghl-h?_nd rule for the force on a current the l:?i'::g;;:ffe isin
carrying conductor: Outstretch the fingers thumb
of right hand in the direction of current =
then bend the fingers in the direction of _Point fingers in the

magnetic field (through the shorter angle direction of current and

between them) then the extended thumb curl them tWardslfl

will give the direction of force on the Ly

current carrying wire.  This rule is for

direction of conventional current or flow of

positive charges. For electronic current / B

flow, the same rule is applied but with left  Right-hand rule (Ill) for the force ona
hand. b current carrying conductar

Fleming’s Left 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
A Field 8

'-f."-‘?-"g‘:‘ A//ﬁ_)j
7o Fane

Magnetic

Y
12 £
< < Field B

! '% 3
L&ﬁa

Current Current

- I r J
Since magnetism is inherently three-
the?t are perpendicular to the
Pointing out of
symbol x (gr ®)
feathers of an ar

dimensional; we often need to draw vectors
page. The symbol « (or © ) represents a vector arrow
the page; think of the tip of an arrow coming toward you. The
fepresents a vector pointing into the page; it suggests the tail
row moving away from you.

+ out of the page

x in to the page

NOT FOR SALE
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ACTIVITY: IDENTIFY THE MAGNETIC FORCES 3 -
fferent current I (blue) directions and magnetic fielg Hence 1=0.073A=73mA

In each of the following di .
(green) into the page and out of the page are shown. Identify the direction of £rom Chapter " y ou know that -{.3 “;:“;fifqodmt
f (red) direction as either F, or F; using right hand rule Il or Fleming’s e ’ for an ordinary copper \\:ﬂre this size, so,

orce easily accomplished. Where is this magnetic

the suspension is

levitation is appli
MENT 15.1: FORCE ON A WIRE pplied?

hand rule and write in the box provided.

A wire carrying a steady (dc) 30 A current has a length of 0,12 m between tl';e
pole faces of amagnet. The wire s atanangle 8 =60° to the field. The magnetic
field is approximately uniform at 0.90 T. Determine the magnitude of the force

on the wire.

15.3 TURNING EFFECT ON A CURRENT CARRYING COIL IN A

0 _O__L___ 0 O O 0 MAGNETIC FIELD

7 C LEVITATION ; : : 2
EXAMPLE 15.1: MAGNETI : : When a current carrying coil or loop is placed in uniform magnetic field it
Can the magnetic force on a current-carrying wire be large enough to suspend experiences anet force, this force can exert torque on the coilorloop of wre.

the wire against gravity? Consider a wire having mass of 6.24 = 10" kg and length - l o h
3.5 cm placed perpendicular to a 2.4 T magnetic field. How large a current must CO"ST_der 1 rectangfl Aol e [_1 i-& 8 and 4_) sr::ies of !‘E"g"h aand 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
£ to the plane of the loop as shown in figure 15.6.
GIVEN

Figure 15.6 - Torque on current carrying coil

Mass ‘m’=6.24x10"kg

Length ‘L’=3.5cm=0.035m

Magnetic field ‘8'=2.4T

Acceleration due togravity ‘g’ =9.8 m/s’
SOLUTION: In order to suspend a wire against gravity, the magnetic force on a

REQUIRED
Current‘/'=7

wire must balance its weight W, such that : !

Fo=W Here Fy=ILB and W -mg | N o ....j i ~

Therefore  ILB=mg or = —Eg— _b‘h* by h - .
No i
Puttng valies . 15 6.24x10 “kgx9.8ms * ielg]:g?;?c forces act on sides 1 and 3 because these wires are parallel o the
0.035m = 2.4T 4 = U5 the length of sides 1 and 3 is b, therefore magnetic force F, and F,
6.24x10 *k§ x9.871is”
% g 5 F, =F, = Blbsin0° since sin0°
n0° =0
0.035mx2.44%5

Therefore F,=F,=0 _® ,
N R SALE
el - NOT FOR SAL
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orces act on sides 2 and 4, because these sj desa
re

However, maximum magnetic f
he length of sides 2 and 4 i
t g 4 is g, therefq,

perpendicular to the field 8 = 90%;

magnetic force is .
F,=Fy= BILsin90°  since sin90° =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 directions
such that they forma couple. If the loop is pivoted so that it can rotate about pojnt
0, these two forces produce a torque that rotates the loop (in this case cloc kwise),
ACTIVITY: BUILD AN ELECTROMAGNET : : =
Wrap a copper wire around a nail and hold the ends of the
wire with both terminals of the cell. This system will form
an electromagnet and will be able to attract objects
(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
becomes uncomfortably hot.

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 ona
soft iron cylinder (or core) which rotates with the coil to make it moré powerf ul.
The coil and core together are called the armature. Consider the motor t¢ 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 same
direction when the green half of the coil rotates in front of the South pole; it would
still experience an upward force causing the direction of the torquefcouple 0
reverse. The coil would simply oscillate (wobble) back and forth.

NOT FOR SALE

make the coil continue to rotate,

I: ends of the coil are attached toa
e

(it ring called the commutator. The
= er supply is connected to the
mmutator using a pair of brushes
) e ring to rotate while

: th
which allows ? :
naintaining etectrical contact. Again

consider the motor startin_g in the
position in fig. 15.7- The ?ml rotates
clockwise- when the cqﬂ. becomes | 1y
vertical (green conductor on the top,
red on the bottom, coil perpendicular
to the magnetic field), the gapsinthe
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 halfis connected to the positive terminal of the power supply
i<tead 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.

current

“split ri
Brushes e

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
ik;tach the magnet on the side of the battery using a long piece of adhesive tape. Shape
th::“d of Ead_" paper clip so as to make it longer and to make a small loop at the top. Fix

'ese paper clips on the ends of the battery using adhesive tape. Make 10 to 15 coils of
Wire, scrap the insulation at the ends of the wire.

:I:;:?; a;:i::al“‘-'“t mar&e.-r, color one side at each end in
from flowin ut:te Sk skl s Wil prewent, crrect
Rty ielogs foealfctevery /o N
mount g ect as that of a commutator. Finally,

@ coils onto the two paper clips and allow the

Motor to spin as shown.




A common application of the

netic forcesona current-carrying

magi
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 _
seh it i ; Casing :
which it is attached, responds by  Ring pole P
oscillating with an amplitude &4 7
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.

Amplifier

Central pole

15.5 ELECTROMAGNETIC INDUCTION

When magnetic field through a wire is changed, current is found to floW jn m.e
loop, the phenomena is called Electromagnetic Induction. A changing waga
~ field induces an emf. The current in a circuit due to a changing magnetic ﬁe@ Is
called an induced current. An induced current is not caused by a battery; . 1?3
completely new way to generate a current. So there is a current in @ coll of i
only if the magnetic field passing through the coil is changing.

NOT FOR SALE
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Electromagnetisny -

consider acoil of wire connected to a galvanometer as shown in Hiwais
the magnet 15 stationary (even inside the coil), the galvanometer : When
current. But when we move the magnet either toward or away from r.h: i
alvanometer shows current in the circuit. If we keep the magnet statiom“' o
move the coil, we again detef:t acurrent during the motion, We call this a,?‘ar: and
current and the corresponding emf required to create this cyrrent is c;Tlel:iced
induced emf. Whenever we have a changing magnetic field, an emf e an
the circuit is completed, the induced emf will cause an induced o Beiey tm

The emf is induced regardless of whether a current can flow or not

it should be noted that when magnet and coil are moved towards each other, th
galvanometer shows deflection in one direction. X

Figure 15.8 - Electromagnetic induction

e e e,

When the :
Mmagnet and the coil are moved away from each other, the galvanometer

shows deflection i PR
Oibine ection in the other direction. When both are fixed, no such deflection

Similar effects ¢

battery calleq
Magnetic fielq
gﬂl\'anumeter is

af"- be observed with two coils. When one coil is connected to a
Pf”ma‘fv coil (the steady current in the coil produces a steady
orming an electromagnet). While the other connected to a

calledas secondary coil, .
NOT FOR SALE
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When the primary coil is moved t ; co
shows a deflection. This indicates that electric current is induced in secopg,

coil. When the primary coil is moved away, t_he galvannmater_ shows a de ekl
again, but this time in the opposite direction. The deflection lasts as long -
primary coil isin motion.

When the primary coil is held fixe
effects are observed. Again, it is the re
induces the electric current.

\d fixed but the current in the primary coil is changed the
anges and an emf is induced in the secondary coj|,

d and the secondary coil is moved, the sam,q
lative motion between the coils that

If both coils are he
magnetic field it produces ch
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 i
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 turnsina coil.”

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 The longer the length of the canductor in the magnetic field, the greateristhe
induced e.m.f.

o The larger the magnetic field, the greater the e.m.finduced.

15.5.2 Direction of induced emf and conservation 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 e
magnetic flux through the loop from changing, but its direction is always such that
it “ tries ” to prevent the flux from changing. '

Consider pushing the bar magnet’s North pole into the loop, it causes the magnetic
field to increase in the upward direction. To oppose the change, the 0P itsel
needs to generate the downward-pointing magnetic field (acting as a magnet Wi
its North Pole at the bottom which repels the North pole of the bar magnet moving

towards it) as shown in figure 15.9(a).
NOT FOR SALE

owards the secondary coil, the gah"anumete{.
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~

EWWMMH'”“’ :
g - Direction of induced current

Figure 13-
induced B

Magnet pushed Magnet pushed Magnet pushed
in to the loop out of the loop in to the loop ::l:tg gﬁﬁ:iﬁ

(a) (b) (© @

The induced magnetic field at the center of the loop will point downward (usin

right hand rule I1) only if the current is clockwise (cw) as seen from above Nui
suppose the north pole of bar magnet is pulled away from the loop, as sht;wn 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, th;: induced
magnetic field of the loop opposes this decrease, therefare, the induced field

needs to point in the upward direction, the i is cou
, the induced current is cou i
(ccw) as seen from above. Gk

ELn:r::fr ;:;ef:: ca: also be observed writh the south pole of a fnagnet pushed in and
ioanetic ﬁeldzf ifsun:, 1 5;:9{5,(:!}. It is seen that the induced current sets up a
magnet is alwa own. From the above discussion, it is clear that the motion of

ys opposed by the magnetic field generated from induced current.

The mechani
cal ener ; ; ; i :
ElECtl‘icalenergy_ 8Y spent in overcoming this opposition is converted into

If the induced current

h were in the opposite direction, the magnetic force would

ave acc it wi
ke ha::;::idd,i; :,th no-extern_al ernergv source, even though electric energy
eru consewatml::atfd inthe Clrf..'l.llt. This would have been a clear violation of
15.6 A of energy, which doesn’t happen in nature.
C GENERATOR
Electrici ty generator js
energy. The principle
electricj ty for Practical

a device that converts mechanical energy into electrical
of electromagnetic induction can be used to generate

| NOT FOR SALE
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In essence, electric generator is an electric motor nperate: :: r:verse_ If the

£ DC motor is rotated we would get the DC output at the brushes whg,
armature o ver, to produce AC (the current which changes polarity o
can b;::::.ﬂ::::? ch;rgel some modifications needs to be made to the systep,
rever

i elements of an AC generator are shown in Figure 15.10. It consistg of 3
Th.e basic e rotor shaft and placed between poles of a permanent Magnet.
coil m‘f“f‘ted ":aiically-rotated by some external means. The rotation of the co
The lcnzul;,Ls n;f; netic field to change through it, so an emf is induced in the coil.
causes t ef theg coil are connected to an external circuit by means of circular rings
Thﬁ Zn:l: Gn-ngs and brushes (usually graphite). As the coil rotates, the magnituge
ca Ed. ption of the induced emf changes. Therefore, this current is calleg
:::im:fizg current and the generator is cal led alternating current generator,

Figure 15.10 - AC Generator

Stip P
¥ rings

9 10 y 13.-'"3"'-\:
Xt

B !
I —
- -
- n
.
ﬂ g x

Rotation . ‘Rotatior
oy -4 . Coil |
Coil 7 i,

current

Electromagnifisny

Figure 151
abulb. ADI
the same,
generator. The D

continuou
Figure 15.11

- Generators

5.11 shows a coil rotated in a magnetic field of Permanen
ure 15 cycle dynamo'is also depicted. The AC generator ang
only the slip ring is replaced with commutator (

C Generator produces current whose m
sly but whose direction remains the same.

—3

t magnet to light
DC generator are
split ring) for DC
agnitude changes

(a) Coil rotation in magnetic field

15.7 MUTUAL INDUCTION

The phenomena in which the emf induced in
one circuit or coil due to the change in
current in another circuit or coil is called
mutual induction.

We have seen that an emf can be induced in
a coil by keeping the coil stationary and
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
Connected to a batte

while the cgi| that
Called secondary co
'Ton ring core wel
'fon core is ygeq
magnEth field produ

ryis called primary coil,
has no source of emf is
il. Both are wound onan
nsulated from coils. The

only to increase the
ced,

(b) Bicycle dynamo

Figure 15.12 - Mutual Induction

Iron ring Galvanometer

key

Primary coil Secondary coil

(a) Closing the switch causes the
momentary current

(b) Mo current while the switch
stays closed

(c) Opening the switch causes a
current in the opposite direction
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DR cuectromegnetion:

i s t
The primary coil 1s connected :
secondary coil is connected to galvanometer. It is observed that the galvanomete,

shows a momentary deflection when the tapping key i.s pressed. The pointer ip i
galvanometer returns to zero immediately. If the key is hf:ld pressed conti Muously
thére is no deflection in the galvanometer. %\fhen .the- k‘e-,r isreleased, a momentary
deflection is observed again but in the opposite direction.

. From this experiment, W& can conclude that itis not the relan.w_: n'Ictic.m but the
change in magnetic field that is responsibl‘e fr:1r electromagnetic ‘“F‘Uctmn, When
the tapping key was pressed the magnetu.: field fjev"eloped by p"“"?"‘f R
changed due to change i current per unittime 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 /AL TS proportiunal to the emf induced in the secondary

£, Mathematically, Figure 15.13 - Mutual Induction
A

Al
B % _Ts-:_ —Q 7 | f

C:-‘r} =
Where negative sign tells us that g -
the induced current is always in =
opposite direction to the VVV— -, . o s
original current flow. R Primary Coil dary Lou
To change the sign of proportionality into equality, equation 1can be writtenas

Al
or g=-Mx2—

Where M is the constant of proportionality and is called as coefficient of |F\-’-utuI:e
induction. The Coefficient of mutual induction from equation 2 can therefore

written as
£
MF

At

e will b€
The units of mutual induction is Henry (H). Mutual inductance of two coils W“d %
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=1V><'|5 E

=

14 A

NOT FOR SALE

Al
g; = —Constantx -,g_:

o a battery through a tapping key, while the

N

EXAMPLE 1 5.2: INDUCED EMF
i f two coils is 3.5 mH

If the mutual inductance ; SR i :

coil changes from 0Ato 10Ain 0.03's, how much emf is induced in thegsecp:nl::z

coil.

GIVEN
Mutual inductance ‘M'=3.5mH=3.5x10"H

REQUIRED

itial current ‘|’ =0A
Ini i Induced emf in secondary ‘e =7 .

Final current ‘I’ = 10A
Time taken for change ‘At’=0.03s .
SOLUTION: The emf induced in the secondary coil is given by the equation

gs=—Mx—2 or ¢ M !
At E =
At

Putting values €5 =—3.5x10%Hx 10A-04
0.03s

or & =-3.5x10" E/X_wﬁ’

A 0.03¢
es=-1.17v — e

Thus the emf induced in the secondary coil is 1.17 V.
ASSIGNMENT 15.2: MUTUAL INDUCTANCE

Ifth ,
thatet l::r.rilnt th rol.lgh‘ the primary coil changes from 0 Ato - 10Ain 0.02 s, such
_m uced emf is 4.3 V. What is the mutual inductance? :

15.8 TRANSFORMER

Hence

Atrans i i -
currentﬁl}er:‘;_r :1 Z df_-.vu:‘e which is used to increase or decrease an AC voltage or
(alternating cy Principle of transformer is mutual induction. Changing current
The k frent) in one coil induces emf in another coil.
3 €Y components of the
sulated from each other by
:: a ma-ten'al 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

| NOT FOR SALE

‘_\“——__.—_



(EIEED et _m

i i ; the windi
dine to which power is supplied is called the primary; the winding frop,
The winding :
which power is drawn is called the secondary.

rmers

fo
Fioure 15.14 - Step-up and step-down trans

Iron Core

(b) Step-down transformer

(a) Step-up transformer

15.14 shows a drawing of a transformer. The transformer consists of an iron
F?BU"En which two coils are wounded: a primary coil with N, turns ahda :secon:_iar:
COITIE' l:’ith N. turns. If the voltage in the secondary is V; and voltage in primary is v,
Collw H ;

.

E _. . da
According to the equation 15.4, if N, i.s greatrer than N, (Né :VN:],VT-:-:I :i;?:ca:
(output) voltage is greater than the primary [mput? vol.talg j t;lam:' P
we have a step-up transformer. On the other hand, if N; is les L (Ns

have a step-
secondary voltage is less than the primary voltage (V; < V;), and we r:ti,;. ki
down transformer. The ratio N, / N, is referred to as the turns

then

transformer.

EXAMPLE 15.3: X-RAY UNIT

i which is
A portable x-ray unit has a step-up transformer, the 220 V lnPUtl:;w has 50
transformed to the 100 kV output needed by the x-ray tube. The pri
loops, what is the number of loops in the secondary?

PI Vi = REQUIRED

rimary oltage 'VP' 220V Q -

Seconda Voltage V.'=100kV = 10°V Number of turns in the secof
ry = I

lN ¥ =:-|
Number of turns in the primary ‘N,’ = 50 $

NOT FOR SALE
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; Vi _N. v
equation i F b N=X
5oLUTION: By transformer eq Vo N, o No=giah,
10°V
- Fi
putting values 5= 2207 50turns

4
vence  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-p transformer 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
allow electricity to be efficiently transmitted :
over long distances. Whenever electricity is - g
transmitted, there is always some loss of power i ; f [

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 le
since P = IR, where R
transmissign wires,

possible way of transm

The power plant prod
This voltage js then ra
step-up transformer.
Sent over the long-dis
Upon arrival at the
using 3 step-down t
further reduced tq
On a utjlj ty pole.

EXTENSION EXERCISE 15,7

What is the turns ratio of
transfonnerinx~raytube?

Figlre 15.15 - Traasformers

55 power loss,
is the resistance of the
figure 15.16 shows one
itting power,

uces a voltage of 13,0000V,
ised to 500,000y by a 40: 1
The high-voltage power is
tance transmission line.

ity, the voltage is reduced to about 11000 V at a substation
ransfi

Jrmer. However, before any domestic use, the voltage is
240y by another step-down transformer that is often mounted

\_ T ——



ssion of Pawer

power plant 500 kV 132 kV

(Xl Distribution
N/
’A transformers, :

Generation = red (substation) transformers
Transmission = blue

Distribution = green |

16 - Transmi oY e
transformer
High voltage (substation) 66 kv
transmission lines . —

g | 11 kv
13 kv Genefation Transmission L —
transformer transformer Light
Step-down Industry |||
Color Key transformer  Distribution —

transformer

circles.

experience a force.

rotate.

onacurrent carrying coil in a magnetic f ield.

opposes the change causing it.

in external magnetic field and by principle of electro
alternating voltage is induced.

circuit which is magnetically attached/coupled with it.

carrying conductor is placed in a magnetic field, the intera
moving charges in the current and the external magnetic

Torque on a current carrying coil in a magnetic field: When a current carryin
is placed in a magnetic field, it experiences a couple due to which it begins 10

Electromagnetic induction: When a magnetic field through @ _fDC'P of W
changed, current is found to flow in the loop. The direction of thi

AC Generator: Simple form of AC generator consists of a coil which is

Mutual induction: Emf induced in one circuit due to changing current i

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

Force on a current carrying conductor in a magnetic field: When a current
ction between the
field causes it 0

DC Motor: Converts electrical energy into mechanical enersy by principte of torque

magnetic !

Transformer: Adevice which converts low voltage to high vW

R SALE

g coil

ire is
< induced &-™

n 531"Iill'flher

GROUP A ‘ELECTROMAGNET": Build an electromagnet as an activity in this
chapter- see how muchl the :.-;trength of ele_ctromagnet change by changing
the current flow by usmg different batteries or increasing the number of
gurns in the coil of having other c-:_:re materials (such as pencil, steel nail

L. 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.tric current in relay, door latch, loudspeaker,
and circuit breaker from the internet and school library, and present yw;_
findings in classroom- 3
GROUP C {MAGNETISM AND TECHNOLOGY': Identify different technologies
related to ‘magnetism such as electric motars and generators, medical
equipment, loudspeakers, magnetic information storage devices. Write its
‘historical aver view fElaT:iﬂg 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.
GROUPE “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
itin your classroom.

‘i nme O™ o

t'l @ A current carrying wire in which current flow in northward direction is
i deflected towards the east by a magnetic force. The direction of the
T: magnetic field is 4
i} ° A. Sflfaight up  B.straight down C. south D. west.
i © Which derived unit is equivalent to teslaT?
E 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.AsIV D.V/A

o Whern the speed at which a magnet is moved through a coil is increased,
the induced voltage

> A-.inc_reases B.remainthesame  C.decreases  D.goesto0
Slip rings are part of

A. DCmotor

mo—O&ED

B. AC generator C. transformer D. magnet
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@ Atransformer is used 4 W - @ Explain the torque on current 3
C.DCvoltages D.far \ carryin =
A. both DCandAC B. AC voltages s ning H @ Explain the working of DC motor. gcoilinamagnetic field, %
: - s
@ Astep-up transformer increas @ Describe the phenomena of elect 5 )
A. power B. energy C. voltage D. current effECtingelectromagneticinductio;o Magnetic induction. List the factors
: imary winding with 500 turns and Explain the direction of in :
. transformer .has a primary . a. @ Exp e direction of induced emf . _
(6] ':e;::r:;a::&‘ winding with 250 turns. The turns ratiois of eneray. ! and show its relation to ——
A.0.5 B.2 C.250 D.750 @ sketchand describe the construction and working of AC g
© If the turns ratio is 5, the secondary voltage is greater than the primary | @ Describe the phenomena of mutual induction. s
" voltage by afactor of 3 ; | {® what are transformers? On what principle i ;
A : 25 b 5 ok c.2.5 D.5 | . purpose of transformers in AC circuits, Ple 1t works? Also describe the
= - NUMERICAL. QUESTIONS = - s
CONCEPTUAL QUESTIO @ A 1.5 m long wire carries a current of 5 A, at ri
B ; o ) ht ;
Giveabrief response tothe following questions - _] magnetic field of 0.04T. Determine the force exertegd u:&g;em?ea ik :
(1) Differentiate between electricand magnetic fields. @ Awire carrying a direct current of 10.0 Ais suspended 5.0 m east between a

o with a magnetic field? 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 . What is the current flowing through the wire?

@ Cananelectronatres
Which is more likely tos
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 doesacompass needle points North?

@ How canamagnetic field be used to generate electric current?

@ What would happen if we use aslipring to drive a DC motor?

@' The primary coil of a transformer is connected to a DC batte

how deflection in compass needle, AC current or DC

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

® & @

ry. Is there an}

emfinduced I thasecondafy colt Why? S having 400 turns in the primary, if it were to reduce the voltage from 220V
COMPREHENSIVE QUESTIONS —] ACto3.0VAC?
" Give an extended response to the following questions : . @ Atransformer steps down a main supply of 220 V AC to operate 2 12V AC
Describe an experiment to show that the steady current carrying Wiré lamp. Calculate the turns ratio of the windings.

2 : : : hetic
produces a magnetic field around it. What is the direction of this magneé _

field?

p : i . om ; &
@ How the magnetic field of wire increases and resembles more like HiaE gder '
a permanent magnet, if the wire is formed in a circular coil? [Hint: Con

the magnetic field of a single coil and then a series of coils.]

@ Explain the force ona current carrying wire in a magnetic field. :
__..-d"""—.—.—_.'
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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
electron beam. ~

"/ 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).
v state the action of the logic gates in truth '

NOT FOR SALE

[ndrodactory Eleetronics

"3 16.1 Thermionic emission
'"“(':‘." We h

o) 16.2 Electron gun ; ave used electronic
(%! 16.3 Cathode rays €quipment of one type or the

ok other. Most Ofﬂu"humﬁ
il s have
L (a) Defiecti'on by elecl:ﬁc_ﬁe‘ld radio and ol vhig S
/| (b) Deflection by magnetic field domestic equipment. Mobile
| 16.4 Cathode Ray Oscilloscope (CRO) phones, personal computers
| 16.5 Introduction to electranics and CD players provide further
" 6.6 Analogue and digital electroni proof that electronics are vital
- | 16.6Ana ectronics ;
| 16.7 Logic gates ours. This chapter will provide
| Key Points and Projects 5 an introduction to electronics,
| Exercise

16.1 THERMIONIC 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 :
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.

Vacuum _
i Electﬂ:lrei;
s I A Libera
s : I ¢ o out of metal
Free o ® o0 0, L R g
Electrons oo © o 0% 6 PRI X Hot
oS ey T

Metal—
S

Thermal energy
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If sufficient energy is given to the metal, the electrons taking itted from the
able to overcomé the work function, causing electrons to be emi
metal.

If we increase the temperature of the metal, electrons start to mc.weﬂfa::r:e; :r:d
some may have eriough energy to escape from the e 'ilectrm.'ls
The higher the temperature, the higher will be the number of escapln;_i. e .
The temperature ind uced electron ejection is called thermionic emission.

Thermionic emission [0 0 L S

can also be achieved by | .
passing electric current | Vacuum =
through tungsten | fll::cg::j
filament as shown in | : Hot m:t f; flrink
figure 16.2. The o 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 is-an essential part for a 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

‘-L. :

Infroduciory Electronics . ‘*B

Cylinder Control Grid Accelerating
: anode anode

Hot cathode : l
+

By increasing the negative bias, one can decrease the number of electrons passing;
thrpugh 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 thrqugh 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.

(&) Deflection by electric field: As
cathode rays are composed of
negatively charged electrons,
therefore, the cathode ray beam is
attracted by positive electrode
and repelled by negative electrode |
as sown in figure 16.4.Thus, we can
say that cathode rays are affected | g.g-@®

by presence of an electric field. | Cathode rays




s
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(b) Deflection by Magnetic field: Si

nce ‘cathode rays' is stream of electrons. ) The electrons then travel to the electron ] ,
Electrons are negatively charged, and a magnetic. fiel_d exerts :or-::;sa t:;r; '. ChechEni SRS S0t e benia beam focusing anode. An electrostatic
electrically charged particles that are in motion in any direction athe:l :;.f ?n g
the magnetic field. To determine the direction of force and thus the ec :
electron beam, the same right hand rule Il or fleming left hand rulecan be used.

(b) Deflection system: After the beam exits from the electron T
. the electron beam deflector. The deflector has two mechanisms u,ne kg
(] £l

the vertical direction and one to change the horizontal direction of the beam. Thi
| allows the electron beam to sweep over the entire screen e

Figure
(c) Screen: When an electron in the beam strikes a phosphor (suchas 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
iee s - - ] that phosphor. Phosphors emitting red, blue, and green light form a color image.
i e Cathode rays The Cathode Ray Oscilloscope (CRO) is an electronic test instrument, used to
ae S : - R observe the waveform of repetitive electric signal. This signal can be amplified or

6.4 CATHODE . 0SCILLOSCOPE ( C.R. D.]. | attenuated as required. Which enable its user to get the useful information about
. the electrical component attached to its in-put terminal.

Electrons

The Cathode Ray Tube (CRT) isused in computer monitors, TV sets and oscilloscope
tubes. The main part of the C.R.0. s 2 highly evacuated glass tube, consisting of Uses of Cathode Ray Oscilloscope:

parts which generates a beam of electrons, accelerates them, shapes themintoa - \ In a laboratory, a Cathode Ray Oscilloscope (CRO) can be used to
narrow beam, and provides external connections to the sets of plates for changing

the direction of the beam. | typ . Figure 16.7 - Basic CRO

« measure short time interval. 5 =

The CRO operates by firing an electron bearn at a fluorescent material, which give

off light as shown in figure 16.6. It consists of the following parts: - measure potential difference (as a

: voltmeter).
(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 1
strips off and accelerates the electrons by accelerating anode. ;

Figure 16.6 - Cathode Ray-Oscilloscope (C:R.0.)- %

One of the most frequent use of oscilloscope
is troubleshooting a malfunctioned
\ electronic equipment because it has the
' advantage that it can graphically show
Deflection system Screen | signals. Using a voltmeter to study a circuit

. i may show a totally unexpected intermediate
S tact . voltage, an oscilloscope on the other hand

material . ~ 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

. W, troubleshoot the equipment =/ =
| * [——— ——
Cathode Anode  Evacuated glass tube Nk ‘ Few waveform displays

NOT FOR SALE NOT FOR SALE
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R etostory Bechoory ———— ; 1 p — &
Another use of oscilloscope is to check newly designed circuitry. Very often a newly . Tﬁ : : : .

- : ltage levels _ _— e
designed circuit will misbehave because of design errors, bad voltag »
electrical noise etc.

‘Seeing’ Sound w._aVEs: Cathode Ray Oscillosco
electronic signals on a small monitor similar to

Sk
Pe is used to display the form of

a television screen, Sounds ca 5
W L i i : Akh
seen” by using a microphone to convert them into elect

}
F

This spot is called a pixel (a *picture element’). : . |
To create a black-and-white picture, the electron beam is scanned on the whole 2 .
! screen in sawtooth shape as shown in figure (b). As the beam scans l_hel screen,
| brighter and darker spots are created by controlling el.ectrans emitting from
electron gun. Acolor TV operates with three electron gunsi.e. red, green a|_1d blue
colors as indicated 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

: |

- ! to amplify these signals, and an oscilloscope to displaythr::f:::fnn :sl:;a;:;mr:gf;r i

5 mpur.erdisplavmﬂﬂimfs have a cathode ray tube 1 With anlOSCiNOSCOP_E. you €an visualize the difference between the sounds made |

[ Some television sets and some * ow beam of high-spee delectrons toward the | - by a variety of musical instruments. In figure below, an oscilloscope connected to |

@ inside it. An electron gunsendsa l::ace of the screen s covered with a phosphor amicrophone can be used to display the wave formof a pure tone, created here by |

wegzﬂufa:uhdeu::::.tEj:::;l: strike it, they generate a spot of visible light. . atuning fork. The trace on the screen shows that the wave form is sinusoidal. t
coating,

|

| focused ona cluster. P A
| Cathode ray tube ONTO JONICS
Electron Gun : F
The branch of physics and technology concerned with the design of circuits using
transistors- and microchips, and deals with the behaviour and movement of
Electron beam electrons in a semiconducter, conductor, vacuum, or gas is called electronics.
Phosphor coated screen

Electronics is widely used in information processing, telecommunication and

| Deflection system . signal processing. The ability of electronic devices to act as switches makes_digital
Pixel | information processing possible, _
(a) : ' Mathematical methods are integral part for the study of electronics. To become

proficient in electronics, it i also necessary to become competent in the
mathematics of circuit analysis. Due to the complex nature of electronics theom
' laboratory experimentation is an important part of the development of electronic
devices. These experiments are used to test or verify the engineer’s design ?“d
detect errors. Historically, electronics labs have consisted of electronic devices

and equipment located in a physical space.

NOT FOR SALE
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16.6 ANALOGUE AND DIGITAL ELECTRONICS

Analogue quantity is the one having continuous values., Therefore analogue signal

is a continuously variable electrical or physical ?uantity qut Of. tPEI::U:ﬂtitlei
that we deal in physical world are analogue quannties.. Thete is arli in |:n € amoun
of colors to paint an object (even if the difference is ind}scerl.ub_lét 0 our eye),
there is an infinite number of tones we can hear, and there isan mﬁm.te nun_'-ber cf—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 represem
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 is represented by a combination of ON and OFF voltage leﬁels that
arewrittenasastringof1sand0s.

NOT FOR SALE

|

Instead of dealing with the infinite span and m"'}

intervals of analog voltage levels, all we neeq Figure 16.9: Analogue Wave
to use is ON or OFF voltages (usually +5 v = ON

Anal
and 0V = OFF), it o

voltage level (V)
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.

time (s)

To accurately represent a complex musical :::‘;:?e”lee:;!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 |-

tape hiss associated with earlier methods of | Digital representation of data
audio recording. POMES on & andlog v

-0

time (s) ]

;_'-.o?.n aloge Vs Digital

‘v'ultage level (V)

Analogue irregularities will
be heard by human ear

Voltage level (V) Suill looks like
. a high (1)

Still looks like |

alow (0)

ol time (s) 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 ear as shown in Figure 16.10.
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ilding blocks for forming digital electronic circuitry. A
ildi :

t terminal and one or more input termin.als. Its out?ut will
A hlas T;:e'u{tﬂpludepending on the digital level(s) at the input terminal(s),
be HIGH (1) or =) ical operation.
Th"smﬁngth?abl.t e mzoﬁzz:;g;:viwior today’s electrical and computer
Proper understandl_ng f_‘;‘:rﬂe the key ingredients of computers and are al?o usedin
engineers. Thes.e_mr;:_lﬂns They are found in commonly-used prociuc_ts like music
many f:'ther aPP_hca 1; er:tronl'c games, digital watches, cameras, televisions,

telephone networks, internet equipment, television broad:_:astl Eq‘uipment,
industrial control units, and medical instruments. In short, logic circuits are an
important part of almost all modern products. . |

Digital logic circuits are simple. To depict algebraically .rhe operation of a_logic
gate or a combination of logic gates, a Boolean equation Ts used. Tl_1e Operatlon.-u 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 sym bols

Logic gates are the basic bu

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
AND gate has two inputs

: and will give high (1) , o | X=AeB BLER T
output only if both inputs Qutput
are high (1). In other 5’—} X = AB
words, if A=1 ANDB = 1, Circuit Symbol A g -
then X = 1. If either Aor B 2l g
or both are Low (0), the *° V!—d_-gl_ﬁulh 0 1 0
output will be Low (0). OVe—— T . [ o 0
The Boolean equation for ' Sl s i :
the AND function can e Draiwing ! J L

simply be writtenas X=A B or just X
gate pfa.-rfonns the logical multiplic
glate, its simple logical drawing an

=AB (which is read as ‘XequalsA ANDB'). AND
ation of the inputs, The circuit symbol for AND
d the truth table are shown in the figure 16.11-

NOT FOR " ALE

0F gate: The simplified
OR gate has two inputs
and will give high (1)
output at X whenever
input A OR input B is
HIGH or both are HIGH. Circuit Symbol
As a Boolean equation,

A
ﬂ_
this can be written as X [*3 Vt——l'::lﬂ'b 0 | 1 1
:
"

=A+B (whichisreadas [oVe—oroo—_ T
“X equals A OR B").
Notice the use of the *+’
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.

Simple logical Drawing 1 1

NOT 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. [F= t’j?-éjﬁ-;:[g ~ NOT GATE (Inverter)
The symbol and truth table for [~
the inverter gate are shown in
Figure 16.13. The Boolean i lnwt
equation for an inverter is |a - A X=K
written X =A (X = NOTA). The bar
over the A is an inversion bar, Circuit Symbol
used to signify the complement.

-

HWAND 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 verify the truth table of OR, AND, NOT, NOR and NAND gates.
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 writtel A
~drawn over (A and B), meaning that the outpu
complementation of inputs
Because we are inverting
the output, the truth table
outputs will be the
complement of the AND

n X = AB. The inversion bar is
NAND is the

(Aand B) [NOT (Aand B)].

gate truth table outputs. A

From truth table we can -

see that the output is low

(0) when both inputs A and Circuit Symbol 0 1 1
B are high (1). Also, the 1 0 1
output is high (1) whenever 1 1 0

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 /==
as an OR gate with an
inverter at its output, The
symbol for a NOR gate and
truth table is shown in
figure 16.15. The Boolean | p
_ equation for the NOR
function is X = A+ B. The
equation is stated ‘X 1
equals not (AorB).’ ‘

ale|=|o| e

In utherwords, Xislow (0)if Aor B is high (1). Notice that the output column in the
truth table is the complement of the OR gate truth table output column,

16.7.1 "_"5‘*5 of 1°_§i5 gates: Equipment and devices could be turned on and off
automatically by using logic gates and their combinations

(a) Automatic light bulb switching: If you desire
street lights on and off, after appropriate time and lj
~ gate.

to automatically switch the
ght level, you can use an AND

NOT FOR SALE

A

. output connected to the

. ‘- '_‘._L
Light Light
N | N\
s Street light i Street light
{0.00] *
Timer Timer :
@_]_._JUtomat]c Street lights Bl 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 tostore 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. ANOR gate with its two

inputs connected to the rﬁ
tank level sensors.and its

=\ Galor (evel indicator
Red color tank
Level Sensor

indicator alarm system is
shown in figure 16.17.
Such that if red color
tank and green color
tank are above one-
quarter full, the signal is
low (0 V), even if one

tank reduces to less than
25% of full.

high | NoOR Gate

Alarm System
Green color tank

When both colors are
low, an alarm is raised




-

TR re less
As soon as both sensor outputs are low (0 V), indicating that both tanks a

Soel is raised.
than one-quarter full, the NOR gate outputis high (5¥) ang alal"m 1 e i
Here NAND gate circuitry can be used to indicate by a green light £ha

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. C_RO works on the
principle of deflectian 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 building blocks for forming digital electronic circuitry.

Boolean equation: Algebraic depiction of the operation of a logic gate or a
combination of logic gates.

Tht::hlstable: 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 water in
the tank on the roof of house and sufficient amount of water in the well
inside the house. Prepareachart and present your finding to the class.

[ﬁ;cc)i:t:s :;Toﬁnc tFRt?ur:IT GATE LIGHTING SYSTEM’: What types of
o e wy:-e ' :e tt_:- ild an automatic lighting mechanism at front
Bt e - Identify the sensors required and the logic gates when a

P outside your home front gate comes on automatically when it is dark

and someone stands on the doorm i
; at outs 5
and give a brief presentation to ynurclassIfiTI;?wifmm TRARERI

nN—-nNnmeoO=o

GROUP C 'CHART MAKING': Prep
truth table for NOT, OR » AND, NO
classroom.

GROUP D *CRT": C
television screens. Identify th
where the research is stil| Progressing in
finding in an article for your school Magazine
GROUP E ‘TECHNOLOGY AND ELECTRDHICS: i

: ! Write
magazine that modern world is the worlg of digital :nleceﬁxif:; 5::1;:]!:;;0;;

quoting examples that electronics is shiftin fi
. j s * |
appliances to high-tech electronic applianc y B Pt e v

CRT technology. Document your

es5. A
forefront of electronic technology. nd that computers are the
e EXERCISE
1Yl @ Cathode rays are beam of
Ul A protons B. electrons C.ions D, neutrons

{15 @ If electric field is applied parallel to the direction of electron beam, the

':-’ electrons will

.'PT A.speedup B. slow down C.deflect  D.notchangeitsstate

|L| @ If magnetic field is applied parallel to the direction of electron beam,
; the electrons will

| A.speedup B.slowdown C.deflect D. not change its state
7| © The electronic circuit that gives high (1) output when all its input are
high(1)iscalled_______ gate.

i| A.AND B.OR C.NAND D.NOR
@ The electronic circuit that gives high (1) output when one or more of its
input are high (1) is called gate.
A.AND B.OR - C. NAND D. NOR

8, @ The electronic circuit that gives low (0) output when all its input are high
i (1)iscalled_______gate.

c A.AND B.OR C. NAND D. NOR
41 @ The electronic circuit that gives low (0) output when one or more of its

'|  inputare high (1)is called gate.
| A.AND B.OR C.NAND - D.NOR
Bl @ The Boolean equation for OR gateis
| A.X=AB B.X=A+B C.X=AB D. X=A+B
@ The Boolean equation for NAND gate is
A.X=AB B.X=A+B C. X=AB D. X=A+B
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CONCEPTUAL'QUESTIONS = .
Give a brief response to the following questions

@ Whatare free electrons? _ g

@ Whatisthe function of an accelerating anode in an EIE_CUDH gun; ‘ : 1

@ If the electron beam in a television tube is striking: just one point on the
screen at a time, how can we get a full picture? Explain. -

@ Why image is distorted when a magnet is hrou_v_.ht-c!ose to old television
screens or monitors with cathode ray tube (CRT) inside?

o Assuming that cathode rays are a beam of charged particles, ht?w could WUJ
demonstrate that these particles are negatively charged? Explain.

@ If there are 4 inputs in any logic gate, how many combinations are possible? !
0 What conditions produce a high (1) output for an AND gate and NOR gate?

@ whatare the algebraic Boolean expressions to represent the output of AND, |
OR, NOT, MAND and NOR gates? f

‘COMPREHENSIVE QUESTIONS , e
Give an extended response to the following questions l
Why electrons are emitted from an electrically heated metal filament? |
What are cathode rays? How are cathode rays produ-::ed.?_ |
Describe the construction and worki ng of electron gun? !

What effect does an electric field and magnetic field have on the electron
beam? ‘

Describe the working principle of Cathode Ray Oscilloscope (C RO) and make'
list of its uses, i

What is the difference between analogue and digital electronics? i

Define logic gates. Describe the operation of AND, OR, NOT, NAND and NC'Rr
logic gates by drawing their symbols and truth table ; |
Explain simple uses g
textile coloring plant.

© 0@ O ooee

f logic gates in (a) automatic light bulp switching [bJIJ

VOT FOR SALE

! After studyi ng this chapter you should be able to
E ' * describe the components of information technology.

1. electric signals through wires
2. radiowaves through air

3. light signals through optical fibres
] i hoto phone and
'-’f-j ¥ describe function and use of a fax machine, cell phone, p P

computer.
¥ make a list of the use of E-mail and internet.

; i video
| ¥ describe the use of information storage devices “‘;hd?;::d'o SEme
i cassettes, hard discs, floppy, compact discs and flas : itoring and
5 I identify the functions of word processing, data managing, monitoring

NOT FOR SALE
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- . ation Technalogy (ICT) .214 '. mf“‘f"f”‘ﬁmm% B
TRTAD) [ formation and Communication - Technolog

- ; D. Procedures: g (Icm) m
This is the age of Information and Efonnin

communication Technology i e

These are set of §
Instructions and r :
em. These are written in man o

rules or methods may change from tj

17.1 Components of ICT
17.2 Flow of information

and use
uals and documents for use, These

c i (CT): Thes. Theid: Ia. rotetznly e me to time. The Informati

(0) T AT being developed, altered, and flexible toincorporate these changes. ation System must be
17.4 Internet and email . : ; 1 E. Human resource: z

N ion § e devices improved upnr‘:- pii e‘vol\flng = input d i ILis people who design and operate the software, they f

1 et rapidly that it is changing almost input data, build the hardware. , they feed

B V-5 Yoediprocssing. on a daily basis. The devices that - T e

(Nl 17.7 Handling information were in use a decade ago are now -- Bl L St

g 17.8 outdated and some are partially

91 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: X, S AUTOMATICTELLER MACHINE (ATM)

A. Data and information: Data is simply facts or figures — bits of information, but - Let us say you are withdrawing money from a nearby ATM {Automated Teller
not information itself. When data is processed, interpreted, organized, structured : 2 Machine). Can you make a list of all the things you need to do for that? You need
or presented so as to make them meaningful or useful, they are called | Youraccount number, ATM Card, your PIN and you need to enter the amount of
information. It may be in the form of text, sound, graphic or figure that has been ) | 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 towi 'F
B. Hardware: In information technology, hardware is the physical _aspect of ' the maney, v 5 ﬂmmdﬁ\"!

computers, telecommunications, and other devices. Hardware are the physical

part; or machinery that we can touch. For example mause, key board, printer,
etc. ¢

processed in such a way as to be meaningful to the person who receives it.

So many things we do now are based on information. Many devices such as mabile
phones, television, computers, tablets, cameras, scanners, collectively called
el ICTs, have made this possible. How we collect information, how we analyze it, how
C: Software: A anputer needs to be told what to o sofvara is the applications ' we communicate the information and how we use the information to make
and programming instructions that tell your computer what decisions are all very important.

enable you to use a computer for things such as
listening to music. These are machine-read

to do. Software

playing games, writing an essay or » oy
able instructions that direct the !7-2FLOW OF INFORMATION

circuitry within the hard ; ;
: 4 PR wafe_ parts to store, Process, transmit, receive and Flow of information is a particular view that focuses on the path and means
retrieve information ina specific manner. followed by information entities

NOT FOR SALE il NOT FOR SALE
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WD o srsisicsmiiaton tutscon ) I

i i tion flows by means of

i i< wires in which the informa : _
gkt nd cell phone, information path is either
n travels in the form of

formation travels

In telephone, infar! |
electrical signals. In radio, televismn.a IR
air, vacuum, and/or seawater in which Fhe inform L
electromagnet waves or through optical fibres throug

in the form of light. m s
Signals are electric or electromagnetic repr.eﬁentatn.m ;
Transmission is the communication of datafinformation by

processing of signals.

of data or information.
the propagation and

f electrical signal through wire: Data or information can
be transmitted and received over a wire-based communicat'i?n techn?l:gy. T'net
information is converted to electrical signals at tl‘ua transr.mttfer, whic 1; ;enk
through wires (twisted pair, coaxial cable etc. :|-, and information is conver:e z;e
to original form at receiver’s end. Examples include telephone networks, ca

television and internet access.

17.2.1 Transmission ©

telephone model sound (voice) is converted
h piece and sent through electrical wires
nd (voice) through ear piece at the

For example in figure 17.2, a simple
into electrical signals through mout
(twisted pair) and converted back to sou

receiver.

Figure 17.2 - Telephone communication e

Electrical Signal is converted
into Sound by ear piece

Sound 1))))l r;.::::: T Tﬁ’ gl

Sound Converted Electric signal is transported
into Electrical signal by Through public telephone
mouth piece wire network

* B

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.

= - ~

[ el =%
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| takes a digital bit stream from an attached device such as a personal computer and
| transforms that bit stream into an analog signal that can be handled by the tel

= A COMMUNICATIONS MODEL

fr Asimple model of communications is il
“Ygh ustrated by the bloc
exchi:r; t;[(:; TI':.- fundamental purpose of a communl:::taiﬁu:asm b Em‘mple
mmpie e ? etween‘two Parties. Figure below presents e 4 " e
ple, ch is communication between a warkstati S
public telephone network. Another example i e ol ;
between two telephones over the sa Pet-— -

ge of voice signals

me network. :
Source Transmitter . Transmission
SRS System Destination

Workstation

e T"ﬁ - B

Public telephone network

| The key elements of the model are as follows:

A. Source: This is the device that

generates the data to be transmitted: exa
telephones and personal computers, by i
E. Transrt_'ritter: Usually, the data generated by a source system are not transmitted
directly in the form in which they were generated. Rather, a transmitter transforms
and encodes the information in such a way as to produce electromagnetic signals that
can be transmitted across some sort of transmission system. For example, a modem

network,

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
converts 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 it into a digital bit stream.

b E _De“inatiorllTakesthe incoming data from the receiver.
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lnformation andl :
17.2.2 Transmission of electrical signal throughopti
discussed in chapter 12, geometric
f light by means of total internal
transparent medium th

cal fibers:

An optical fiber ( reflectio

encoded beam @
reflection can occur in any
refraction than the surrounding medium.

The information is converted into electrical voltage signals,
used to produce light. Two different types of light
systems: the light emitting diode (LED) and the inj
are semiconductor devices that emit a beam of light when

ection laser diode (I

al optics) transmits a si
n. Total internal

at has a higher index of

gnal-

this varying voltage is

source are used in fiber optic
LD). Both

avoltage is applied. The
r temperature range and has a longer

LED is less costly, operates over a greate
is more efficient

operational life. The ILD, which operates on the laser principle, i

and can sustain greater datarates. Figure 17.3sh
transmission.

A. Step-index multimode: Light
plastic core. Rays at low angles are ref
travel along the fiber; other rays are a
form of propagation is called step-index
suited for transmission over very short distances.

ows the principle of optical fiber

from a source enters the cylindrical glass or
lected due to total internal reflection and
bsorbed by the surrounding material. This
multimode. This type of fiber is best

Figure 17.3 - Optical Fibers

Light less than critical angle
is absorbed in jacket

=

Core

Input pulse Step-index multimode

Input pulse Single mode

Input pulse
put p Graded-index multimode

L

Qutput pulse
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B. Single-maode: When the fibe
: r core radius i
wavelength i is reduced to
o tg .unlya.san:gle angle or mode can pass. Single-mode | t‘n.e order of a
g distance applications, including telephone and cable tel _Sl'iwlcallyused for
evision.

C. Graded-index multimode:
e: When the index of i
S el of refraction at the of
m variamt. e :1g_her and reduced gradually, light in the core CUrvesc: nltrcea e
B l;::m in t e index of refraction. The shortened path and highe eeei e dmue
b 3 ; rs|
periphery to arrive at a receiver at about the same ti§1e asi:h Ijl:a xhis
e straight

rays in the core axis. Graded-index fi are
ibe i
al rs are often used in Local Area Metworks

{. 1 .2. . iSSiGi! 'Dl d i E tri l l
]. 3 Transm I d'l-l'J-Wa\"ES thl‘ﬂugh ai p e cal s gna S
! : : F ar space: lEC i
:epl ESEI-ItIIIg ]”' ormation f om am liCI OphOI‘IE a T ¥ camera, or a Cﬁllllpul.m
transi nitters CalibESEI[IIGIrIOIepa eto II’ I :

F t mission ofa Slg"al. Iadlo-fl‘eqUEﬂC‘y F.'lECtr‘l al o
ar trans » Cal ene f
gy m th.e tra iIsmitter
15 (:Oer!'ltEd into electIOIItag 1etic EIIEIg}‘ by thE‘ antenna alld radlat d i Hle
I 2d 1nto
SUrrour Ld"lg environment [at "05phE|€, SPQCE, water ]. I ] EECED“D" Uf d Slgnal

elECtleagHEtiC EnEIgy 13 il g an tl 1@ antenna is convert r -f
= A

dioBroadeast:

Antenna

Microphone Radio Antenna

Radio
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Comimunication Technology (ICT)
ntenna can be used for both transmission

D ot oot

In two-way communication, the same a

and reception.

" An antenna can b
used either for radiating electroma

electromagnetic enersy. i in Fi
For example sound waves produced at the radio station as shown in Figure 17. 4are

changed into electrical signals through micmphan'e. Theset :l:::;;c i:rgicni:sn;:-:li
then fed into the transmission antenna which su_p-en mposes e_ . tg :

on electromagnetic waves and emits them, .“? form of r.adlc—wavel-s. the
receiving end, the receiver selects and amplifies this radm-\-vave signal. The
receiver extracts the information and converts it to sound with the help of a

IFigUreti7.a - atellite

tor or system of conductors

rical conduc ;
e defined as an elect gnetic energy O for collecting

‘speaker.

A communication satellite is infact
a microwave relay station. It is used
to link two or more ground-based 4
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).
Figure 17.5 depictsin a ge‘nera[ Way | paceivercy
communications between one E'{-L =
ground-based transmitter and a 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

¢ E

d 4

‘é;, Receiver

Receiver

transmitter

NOT FOR SALE
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A, Fax machine: A fax machine (figure
17.6) is designed to send asawell as receive
doculmlents 50 it has a sending part and a
receiving part. The sending part is 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 insta

other end. It receives the electrical Pulses and uses t
takes about a minute or so to transmit a sin
drawing) in very systematic waly,

ntly to a fax machine at the
hem to control a printer. It
gle page of writing (or a complex

B. l;eil phone: Wireless phones which receive their signals from towers. A cell i.s
typically the area (several miles) around a tower in which asignal can be received

Cell phones provide an incredible arra ;
y of functions. ;

DEpending on the ceu_phone lTlUdF.‘l, you can: Igure .7 Cell Phone

© Storecontactinformation  ° - -

O Make task or to-do lists

© Sendtext messages
o

o
<]

Keep track of appointments and set reminders
Use the built-in caleulator for simple math

Get information (news, entertainment, stock
quotes) from the internet

9 Send or receive e-mail

:it::;?$zable Operating Systems (Oss - software that allows users to interact

desitrtal tDmPUtEr system) - enable the user to download apps (computer program

Watchin Ter:'E! mobile device such as phone/tablet or watch) like games, GPS,

£ ine figrst » utilities, and other tools. Andt:t::id. a mobile 05 developed by Google,

595t hloy CO""IPIEte!}“ open-source mobile OS, meaning that any cell phone
€rcan use it in their phones for free.

NOT FOR SALE
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- . ]C,
pormation s Commaidation Tichaolosy (07 (PR3
one is a telecommunications device t‘hat allows
beam of light. This means that the light we use
a means of communication. Until the late
ore successful than optical
n with the invention of the,
(laser) and the laser diode

C. Photo phone: The photoph
transmission of speech (sound) ona
will not only provide light but also act as
1960s, radio and radar communications werg ml
communications (OC). OC started to get real attentio
light amplification by stimulated emission of radiation

(LD) in the 1960s, followed in the 1970s by the development of low-loss optica_{l :

fibres (OFs) as a medium for transmitting information using light.

D. Computer: Acomputerisa 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 perform 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,
e.g. flight simulators and
medical training,

»mozo® o1 4z—oU
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Type of computer|  Description

Advantages Disadvantages
These L .
Mainframe % are extremely |0 Capable of © Mainframes are so
. computer Fﬁ: Computers Processing very big  |large that they take
= s 9 Jobs, which make use |up almest a whole
_+|organisations (such |of their large room.
as banks and memories and fast Cun'|+ p»t.
‘| government processar speeds b ex to Et
departments) where : B
© Capable of complex
© Expensive
::': tarﬂe amounts problem-solving that operate and =
m: a :é € would take smaller | oinesin and they
pracessed. computers much require specialist
longer to do., staff to operate
f This is a general © Spare parts are © Lack of portability
Desktop or - purpose computer  |often cheap because |- heavy and
Perstﬂﬁﬂlpc made up of separate |they are standardised. |separate
computer (PC) | components: © They often have  [components are
© monitor faster processors than |[connected by wires.
= © keyboard laptop computers for |o Files have to be
o R the same price. copied and stored
" e © o orocessorand |© There are fewer  |on portable disks,
. problems with especially if you
overheating than .  [need to take them
laptops because of  |With you.
their larger size. d
e This is a computer | © Portability. © Loss and theft
opor  |where all the v '
Netabok © Users can work © Limited Battery
compuner.:ts are anywhere, especially |life
‘|together in a single  |;f they can access Wi- | o Keyboards and
unit. This means  |Fj and link to other pointing devices are
that they are media. not as flexible as
portable; unlike - those on a deskto
desktop computers, %
they can be moved o TG
from one work area mml e
to another. blatmg i
a problem.
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iption Advantages Disadvantages Email operates across computer networks, which today is primarily the Internet.
Type of computer| Descrl . . : i
s Like a laptop this is [o Portable and easy |0 Nz;a“ have Table 17.2: USES OF INTERNET
G/4G access.
Tablet a small portable | touse. 3 : » Email
| computer but thel o Quick to switch o Tuuc -SC;'ZEI'I * Social media (face book, twitter, Instagram, etc)
biggest difference is |on, WPAIBET ication |* ead or write blogs.
that isuser | o Thousands of difficult. Commust + Chat-room
interface is all downloadable o Cannot make « Forums
through touch. applications phone calls. * Internet Telephone (VOIP)
available. b * Exploring through satellite mapping applications (google earth)
This is an advanced |o Online accessto |0 Screen sizes make Expla "8 |« Travel sites providing details of places with pictures and videcs

Smartphones : long documents and :

features such as: |o Better web N : piitecinn e » Keeping up to date with news and sports events, Read
web b{m“e's- hi:"" browsing capab:la:y :r?t:rstext e :::ﬁgg up vith newspapers and watch news channels

resolution touch  |than a more simple Watching catchup television shows from m nnels

. ain ch
screens, GPS mobile phone. numbers quickly. g P a
navigation and Wi-Fi o Just one device can|© Costs can be high | . Onli_ne bankl:tng_ (make: deposits and withdrawals, order checks)
access. as most providers » Online shopping (buying and selling)

mobile phone with,

Smartphones are
often used as media

data.

accomplish many
tasks at work or at
home.

LJit difficult to read

want the user to
commit to a long-

b

Email has practically replaced the postal senvi

ce for short written transactions.

Almanacs and encyclopedias

+ Pay utility bills.

Managin life :
SEINg YOIN + Investing money.

layers and “wi + Keeping a calendar.
pc::l:as © Contacts’ details [ CONract 6 . Finex;)ing,g a new job
. and phone numbers _[internet access.
can be integrated.  |© Some webpages Study and * Find'research papers and articles
may not display or Research * Find professional services.
function entirely as Information » Take classes.
:r:;::::ddengner + Watch television and movies.
J Entertaining * Watching online video (youtube)
17.4INTERNET AND EMAIL Yourself R,

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

computers). :
Electronic mail (email or e-mail) i TR documents), phonographic recordin magnetic tape, DNA and RNA and optical
) is a method of exchanging messages (“mail’) discs are allexamp?:s ol:stnrage mediga:, El::tronic d::a storage requires electrical

between people using electronic devices, pow,
; €rtostore and retrieve data.
NOTFORSALE NOT FOR SALE
MM——_-.-—-H_—-——- R ; \ ——— -

The Internet is a worldwide system of computer networks - a network of networks
ln which users at any one computer can, if they have permission, get information
rom any other computer (and sometimes connect directly to users at other
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s h-pmMM - I;]_r_[_).useca i} E | 13'_2@)__ nformation and Coy = i m\
‘ = of the core functions of a generat by Mputer, g. Hard Disk: A hard disk drive 1

datastorage SO0 L nuch Less space than Paper documents, ' (sometimes abbreviated as Hard drive,

ic documents can be sfmlectm"'ic data storage devices: y HD, or HDD) is a device that permanently
Thereare two different types® € |ty smaller in size, these are designed to holg stores and retrieves data on a computer,
A, Primary storage devices: GE“E“: ythe computer. They have the fastest daty A hard drive is a secondary storage
*iata temporarily and are lntem:glc::he Bt device that consists of one or more
mmﬂ,and includewanm e it large storage capacity, and platters to which d'ata_u is WﬁttEI:I using a
8. Secondary storage dgvrces:Th E'Scan & S internal or extemal to the magnetic he.—”:fd,alllll"ISId.EOf a.n a1.r-sealed
they store data p.ennane::?éhe ;:rd sk, optical disk drive and USB storage casing. A typical hard disk drive is shown

computer, and they inclu in figure 17.9.

device. Some secondary storage devices are explained be:low.
i . A magnetic tape, in computer terminology, is a .

A. Audio and Video cassettes 5 ) gt Tl ﬁ - s e

storage medium that allows for data archiving,.collection, p. At first, . i

the tapes were wound in wheel-like reels but then cassettes and cartridges came Helium Hard drives ey I

along, which offered more protection for the tape inside. B s Bt s e

One side of the tape is coated with a magnetic material. Data on the tape is e facturers 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- e i
. machine has to read every record in front of it. Most tapes are used for archival spinning platters in a helium drive encounter less rest i

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,
greatly increasing drive density. It also decreases energy use, makes the
drive quieter and improves reliability.

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. In order to read and write data from a floppy disk, a computer
system must have a floppy disk drive (FDD).

A . - i i
mr;::':lt?:::s ette can store music and sounds. Avideo cassette on the other hand 1
Pe used for storing video and usually sounds in addition. Audio and

video cassettes are shown in :
. the figure 17.8. Audi - require
special devices to be played and recorded, 10 and video cassettgs q

ke - NOTFOR SALE NOT FOR SALE
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. ADVD (Digital Versa

‘5o referred to simply 25 T YAl Figure 17.10 - Floppy
jsk is @

ting, floppY
¢ personal compy
since the ear".yf days Osel:le to distribute software,

k-up copies of data.

drives were very expensive, floppy

store the operating syste.m of
computer. The picture shown in figure 17.10is an
a o

example of 2 3.5 floppy diskette, which was one of

the most commonly used floppy diskettes, capable

of storing 1.44 MB of data.

pecause hard
disks were also used t0

D. €D and DVD: ACompact Disc (CD) is a portable storage med':-um that can be used
tc" record, store and play back audio, video a_nd otherdatain digital form.

tile Disc or Digital vVideo Disc) is fdo
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

combination USB device and cable

* -."’_-!
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17.6 WORD PROCESSING -
Every day we come into contact with documents, posters, letters, leaflets, books b

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 asillustrations 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 alt
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.

..... T T ‘;_::.::lmu_mw_r- Adli 3 i
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17.7 HANDLING INFORMATION Jp———

ting information. It involves

Handling information i the abi
- retrieving, modifying,

categori'ésmch as databases, spreadsheets

. pata management is an administrativé process that
A. Data management: 5 el iy

i N Ldating, storing, protecting:
includes acquinng, validating f the data for its users.

- tiability, and timelin€ss©

retheaccessnbihty, reliability, 2 ; .

mE"S“_ effective data management solutions consists of three primary
Designing

activities
© An assessment
who needs the information, how
be taken in response to the data.
data collection should be select
mobile phones tosophisticated software programs.

oped, with staff trained

o Standard Operating procedures (SOPs) should be devel
re to the SOPs. staff need to be trained on how touse the selected

of supply chain information needs should be conducted, 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

on how to adhe
tool(s) and equally importantly 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 Us€ to answer key supply chain
pe'rfunnance questions.

B. Monitoring and control: The Monitoring and Controlling process overﬁees 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
. minimal risk. This process involves comparing attu.al eetorTanGE ey p'lanned
 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.

| -

-- St Connsnitation Technology (ICT)

S Information technology;

¥: The scienti

| arrange it for proper use and tﬁfﬂmmurzilzatrr::h;d used to store information, to
¢ others 4

' | Information and Communical
tiol
that enable modern computing R

nology: The infrastructure and components

Camponents of Information a
. nd Comm
174 come together in order to produce an I:Fl;::liun Tachmole

/ LY: Five parts that m ;
A1 System. These are: data and information =
'

ation and Communicati

on Techn
people. hardware, software, Dmcedure:l:ﬂ
[ow ol information: The transf i
: 1 er of inf i
different electronic andopticatequip m:;?m" from one place to another through

In telephone, informatinn - « - <. wvugn S LT

i g b7 -t orm of e
In radio, television and cell phone information can be sent either tﬁmnmu;;l ﬂgnal:.
the form of electromagnetic waves or it can be sent through optical ﬁbr;spgce th]"
form of light signals. in the

relecommunication: The methods and means that an OMMUNi
. : ; e uwsed to ¢ i
information to distant places instantly Sy

Information storage devices) Store the information for later use and benefits
| These include audio - video cassettes, compact discs, floppy disks and hard disks )

winpuler; Amultipurpose electronic computing machine.
Ward Processing: Software used to manipulate a text document

e

Ay

.;i»' 2

"

Dala tnanasini: To collect information for a special purpose and to store it ina

_1
ii
i

TR

computer in a file form which may help at times when needed

: soFiety 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 18 *ADVANTAGES OF HIGH TECH COMMUNICATION DEVICES":
Compare the advantages of high-tech communication devices with the
tr_aditional system through library or internet search. Prepare a chart and
i give abrief presentation to your class fellows.
Bl GROUP (. 'CHART MAKING': Prepare a chart listing the use of computer
- technology in various fields of daily life, to be displayed in your class room.
Bl 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 2 hard copy (printed document)

l GROUP A *RISKS AND BEMEFITS OF ICT': Assess the risks and benefits to
&

et ol Sy e T
[ o e O n
i e

available for school library. : |
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the current N : Tt o
h ; 3 e of R g :lviw information is different from data? — . .
esearch article for the m'cy bt ot st i
| @ eI Sroadin e ownlink is different in transmi
G l:rha.t does ‘cell’ in ‘cell phone’ refers to? . E
dl
s Hc:N mtfernet be used for shopping? Give an exa
a flash drive is different from other stora m:l&
ge devices?

pents of 1 sormation a7 dure:n::dilca____; 3 ' COMPREHENSIVE QUESTIONS
frware : . - Give an
rdware, 39 : e prfermattion D. signals extended response
S —1. 'I'It.'l.l-'m S tnthgfouow‘
- ng questions

tic representations of data or jnformation is

@ What is Informatio
: ; na e
@ Electric O electromagne P s e nd Communication Technology (ICT)? Explain b
: n brief-

termed a5 e . ' i i ; :

A, computer B. signal ¢. transmission D. software @ E’l‘g:?;?ct;::;?\:}?f ll'lf:rrr!atlcn. Describe Now INTofnduvi s u '

3 i jon i d in transmission of rough wires, light signals I 13 U B 8

@ The phenomenon of total internal reflection is use - waves through air/vacuum? ' gnals through optical fibres and radio
signal through

@ Describe function and use of fax machine, cell phone, photo phone and

p i ic waves D. radio
- A, electric wires . optical fibers C- electromagnetic : computer.

(4] Electrical conductor oF system of conductors used either for radiating

electromagnetic energy or for collecting e\ectromagnetic energy is
| D. signal

A. antenna B. satellite C. repeater :
@ Software that allows users 10 interact with the computer system 15
A. hardware g. application C. operating system D. program
Gwhich of the following information storage device has no moving parts: @ o
to store and retrieve information ow information is handled? Describe data man:

i g agement ;
A. CD/DVD B. Hard Drive C. Flash drive D. Floppy - 58 and control. g st mondionieg

@ Which of the following information storage device is least used these

g What is email and internet? List few uses of internet in daily life
What are information stor i -

_ age devices? Describe the use
storage dew_nces such as audio cassettes, video cassettes, h zfd{nfumation
compact discs and flash drive. daki S

@ What are the functions of word processing?

days

A. CD/DVD B. Hard Drive C. Flash drive D. FloppY
@ Telephone communication is the example of transmission of signals

through

A. electric wires B. optical fibres C. electromagnetic waves D- Al

__,____———'j""_'
___,__._—-—""""1 5

CONCEPTUAL QUESTIONS
Gh‘ea!hﬁe'l response to the following questions
| @ \dentify the most reliable means of storing i

nformation?
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18.1 Atom and Atomic nucleus In thi :
: s chapter, we discuss the
18.2 Natural radioactivity roperti
- d.e.ad i properties and structure of the
. L age of th | 18.3 Nuclear transmutations atomic nucl
o ey e ; cleus. We start by
) . ermined? (0)] 18.4 Half life describing th c
i Jore ! v 2 the phenomenon of
3 I\ 18.5 Radio isotopes radioactivity, nuclear transmutations
17| 18.6 Nuclear fission + and half life. We also discuss the
=4| 18.7 Nuclear fusion h various processes by which nuclei
-+ | 18.8 Background radiation t:::a:r aﬂglthe ways that nuclei can
- act wi othe
18.9 Hazards and safety measures e FE e lgar

reactions, however, we will study
how a nucleus breaks apart or is
' TR et and

"~ | Key Points and Projects

particles combine.

18.1 ATOM AND ATOMIC MUCLEUS

* All matter is composed of atoms that are in turn composed of a heavier, central,
one element from the ' positively charged core called ‘nucleus’ surrounded by a less massive negatively

cleus distinguishes

mber of protons jnanu charged cloud of ‘electrons’. The nucleus lies at the center of the atom,
beaain 55 ton number Z, nucleon number occupying only 10 of its volume since the electrical force comes from both the
O ontva 'uusnuc\idesw"Si"Sthe grubolofpes gy electron and the nucleus as shown in figure 18.1. The nucleus is about 10,000
‘f i i i 5 ene = . = " = 3
anndthe nuclide notation X. able, give ot radiation to get ri afimiees times smaller than atom. The size difference is like a ping pong ball in the center
: are unstable,
that some nucleiare

i v explain

ofa2kmcircle.
types of radiation ar€ a,p&Y- | :

o describe that the three

inacti jssions:
3 ./ state, for radioactive = Volume occupied
o their nature by negatively
o their relative jonizing effects. : | charged electrons
: ing abilities. dicactivity ;
otheir relative penetrating  +o another element when @ €
nge into ano

v explain that an element may cha

i quatiOﬂS z 1

alpha or beta particles are em! - it .
v drﬁbe that radioactive emissions occur randomly over space and Approximately 107 m

W : Approximately 10" m
g i ctive material. e O A0S L

v explain themeaning of half life of aradioa e licati ;

;dezcﬁbe“hatam radio isotopes. What makes them useful for varnous app 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

Y -tssources. . B ;
+ show an awarenesscfmeexislenceofbaﬂglOund radiation an .l _ proton. In descr ibi"g the at{llllic nUC '.E“S, we must use the tDuOWIIngUa.IIt‘ties.
i i of anC'-EII[ Db]ECL 5

ibe hazards of radioactive materials. 4 OT FOR SALE
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: lled the charge number), which equals the
etimes €@ i
o The atomic number, (som .
eus.
number of protons inthe m;dn'umber A, which equals the number of nucleons
o The nucleon (or mass s
tons) in the nucleus ,
(neutrons plus pre per, N, which equalsthe number of neutrons in the nucleus (N
m
o Th;e neutron nu , N f =
Gl tem O
iti jent to have @ syS
nting nucled, it1s conven g
: relfl:lﬁo show how many protans and neutron:s :t:e
sy;ent The symbol used is AX, where X represen '
z:ernici;l symbol for the element, 7 represents the num .e; Z
of protons and A represents the number of nucleons (€| \umber of protons

Ane and Aautrancl

(iron)hasa nucleon number of 56 and an atomic number of 26; it
-26) 30 neutrons. The subscript Z is thus

26 protons and (56
: ple for nitrogen 5N, we already know thatZ =7 for

N, call it as ‘nitrogen fifteen’ (or may write as

therefore contains
sometimes dropped. For exam
pitrogen and we simply write

nitrogen - 15).
cular element contain the same number of

The nuclei of all atoms of a parti
neutral atom) but often contain different

protons (and consequently electronsina
numbers of neutrons. The nuclei of atoms which have the same number 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 is
radioactive element. ;
Some nuclides are unstable, in order to attain stability, elements emit thre€ types
::h“dia“““: alpha (), in which the emitted particles are ‘He nuclei; beta (8), in
an;ch the emitted Darti.cles are e‘.tper electrons or positrons (positive elecmns?:
gamma (y), in which the emitted “rays” are high-energy electromag“e“c
radiations . Nuclei which donot emit radiations are termed as ‘stable nuclet'-

NOT FOR SALE

charges from flying
mes their electrical

y unstahle'
stability
called

w < S

directed into an eva ti
cuated T Ve sample
chamber (region from which Figure 18.2 - Radioactiyigy i Ple (e.g Radium) is
air is pumped out) in which Y in force fields
there is a magnetic field. Lead cylinder
\

The image on photographic
plate shows that the beam
splits into three components x %

two bending in Dpposit; X % I r i
directions and the third N
expericncing ne changa in
direction. By using the force
oii charged particles in
magnetic - field, we can
conclude that the radiation of

plate
Magnetic field into the pape
.

X ox
¥ ox
" »
¥ x

Alpha (a) rays

X X 2% x
x”z;‘ﬁ-’-xx
#

Gamma (y) rays

Pm i iy, x ox

material * X X% a0

Evacuated chamber ° Beta (p)
rays

(a) Alpha, Beta and Gamma rays in magnetic field

the un-deflected beam carries Phot

no charge (the gamma 'y’ ra Lead cylinder g
y), pake

the component deflected A\ A

upward consists of positively
charged particles (alpha ‘a’
particles), and the component
deflected downward consists
of negatively charged

Negative

Alpha (a) rays
Gamma (y) rays|

: : Radioacti —_—
particles (beta ‘B’ particles). ?;i;ot:figre Positive N
S'IITI;Lar ob_sewations A Evacuated chamber Y Beta “3] rays
ma i :
i e by passing a beam (b) Alpha, Beta and Gamma rays in electric field
mitted from radium through “ - .

an electric fi -

Radio:::]i;?e,l;d PlaCEdl perpendicular to the beam as shown in the figure 18.2 (b).

Slad dm: bCCU;S ‘ﬂflthcut apparent external cause and cannot be speeded up or

defined batter: physical or chemical means. Radioactivity is a process without

predicted beca-.; rule or met.had and occur randomly. Radioactivity cannot be

Paﬂiclllar.nuc[e-se the precise moment of disintegration is not known for a
i. Individual disintegrations occur randomly.
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: 238 g
inds of radiationhave "
It is found that all the three kin W X

1#,2.1 Hature of pmissions

3 i [ ) e Zal
- - rad:at::n |-lial[;:ha o', beta ‘B’ and gamma 'T':'ha\'equn:ﬁ.:f All the three types of
; re. elium nuclei (i.e two protons in air. Alpha (o) particles ionizes air erent ionizing abilities
e {ons: Alpha particles are infad;e nucleus. When the ratio of z than beta (B) and gamma (y) radiatrir::am v
i, Alpha (@) emiss 'd tngelher] emitted from ; < restore the balance by | abitity as compared to aloha ‘o’ s. Gamma radiati
and two neutrons b?unhe Jcleus is too low, certain altortt : ’ ; Pha *a’and beta ‘p’ radiations.
. < to protons in the 5 . | 18.2.3 Relative Penetration abilities: i :
DALY i, ' , have high atomic diati i i Penetrating ability s how deepy
emi[t'.ngalphapa large atoms (that is, they . radiation can go into a material, All the three eeply a
<sjons occur in very
Alpha emission

i o types of radiatj At
p' and gamma ‘y') have quite different i radiation (alpha ‘g’ beta
numbers).

’ nsist of electrons emitted from the . partr.cies bargly -penetrate a sheet of paper an
peta (/1) omissions: Betd sk the ratio of neutrons to protonsin the : centimeters in air; beta particles can penetrat
fi, Deta o ion occurs when

rticle emission

; in air of about 1 m: and

to a proton and an range n air o H gamma rays ¢
PP In this case, an excess neutron transforms into 2 p |

us is too high. In !

netrating abilities as well. Alpha
d has range of no more than a few
eafew millimetersofaiuminurn has

Towa ¢ an penetrate several centime
L e erectron 1s ejected energetically. lead and has an infinite range in air as shown in figure 18.4 (a) ters of
nucle R e e : ; -4 (a).
-———-ﬁ"“'ﬁ%’%ﬁ"&u’ ?s‘a;?t;ble; the lone neutron on average of about 12 minutes ation'ab
neutron - :
: ission’ Al
will decay into a proton and an electron. [ESRRREPSERR FENN TS () gy b (e e ]
f free protons Human
The spontaneous decay O
has never been observed and the =l - Electron - l\ hand Concrete.
: T —_—— &
proton is therefore, considered astable Free . F faa ¢ =]
: i r Proton } — T N
particle. A neutron with a proton 1 Meutron i | t:' e
sta,hle. % 1. a3 = from 1 Y =— — i .
Gamma emissions; Gamma rays are electromagnetic radiation emitﬁed atom \
'l L s
m.e nzdeus Gamma ray emission occurs when the nucleus of a radioactive J
has too much energy. _ Infigure 18.4 (b),

TABLE 18.1 ALPHA, BETA, AND GAMMA RADIATION

itis shown that a-particles can be easily absorbed b
where as beta and Spi Sradpr

2 - e gamma will pass through. Beta radiations on the other hand will
Composition Charge| Effect on parent nucleus o asily ﬁtﬂpped by concrete block. Whereas gamma will travel few centimeters
: Mass loss: new element ore being absorbed in concrete. '
2 protons and 2 neutrons | +2 “produced 18.3 NUCLEAR TRANSMUTATIONS
ass: new - In radioactivi
ahacitin 4 No:&ﬁ:ti:rrgd Amradmac'-'“_"l ty, an unstable nucleus emits radiations to become more stable.
_ . ong 3000 known nuclides, only 257 are stable. The process through which an
high energy
gamma ¥ electromagnetic [

unst,
energy 1055 nucrable nucleus (parent nucleus) transforms (or changes) in to a more stable
Eiistions S/’,J ide (daughter nucleus) is called nuclear transmutation (or nuclear decay).

NOTFORSALE NOT FOR SALE




Radigactinity lement is called parent and newly N
Jtations, the e original € \\\

ar traﬂsm
inthese nucte 15 daughter”

fﬂnned elementis 9

48.3.1Alpha decay: In a‘q:"f‘-af g ;;m o
jon 0

3 ter’ by the emiss i

:ﬂ::ter nuclide has 2 nucleon numbe

two. Mathematically m

rocess. Nuclide ‘X’ changes into nuclide
eof energy ‘Q'.

y, the e original «parent’ nuclide is converted toa
galancing the reaction shows that the
by four and a charge reduced by

inthe p
article and the releas

= TRf + ‘He(@)+Q

rgy released

is the ene
A £ ofalpha‘a’P

'y mththeemissmn
43

Example: 1558

decay of Uranium

- Alpha

@ ) = TgTh+ ‘He () +Q

@ The emission of an alpha particle by uranium-23
in the formation of thorium- -234

8 results

AMPLE 18.1: ALPH
o eously emits an alpha (@)

um - 218 (!5Po) atom spontan
me other element. Show the process,

reaction notation.

SOLUTION: Alpha decay i given by the relation X = MY +o+Q

From the periodic table, we find that polonium chemical symbol is PO and .

atomic number is 84, Therefore:
 Putting values 1po — X + He(a) +Q

or P 2K + $He(x)+Q :
"1!1 :E

NOT FOR SA

Every element has a unique a
tomic numbe; ;
element to be lead (P r. The period e,
(Pb) withZ = B2. The finalizeq equatiunt:atlahle ;I';ows ik ‘\\
now Writlen as b |

i
;:PO—) ﬂpb"l- 1HE({1]+Q _‘_m

s pclonium - 218 undergoes a- decay it converts into |
ASSIGNMENT 18.1: ALPHA DECAY OF RADIUM 0 lead - 214,

Find the daughter nucleus when rad
ium - 224 unde
rgoesalpha decay.

18.3.2 Beta decay: Unlike a-decay, B (or electron) g
change the number of nucleons. In essence ec
proton.

ay of a nuclei does not
» B- decay changes a neutron into a

[§X= Y +B7+Q

Where ‘Q’ is the energy released in the '
process. Nuclide ‘X’ cha
‘¥* with the emission of alpha ‘a’ particle and the release of energ:g‘z %hgiio

Example: 6C=")N+p-+Q

- ECEB‘U}ThUnum e

g "? L m—p ™ "":ﬁ‘ 4
@ 3 -r’:J 1 " 34Th Pd - l :
@ T "r-
® The emission of a beta particle by thorium-234 results
in the formation of protactinium-234

.BETA DECAY OF IODINE

Fig =
an; Lmtupe iodine-131 undergoes beta decay. Write the reaction equation,
etermine the identity of the daughter nucleus.

- Beta dec i

From the periodi :
€ periodic table, we find that iodine’s chemical symbol and atomic number

NOT FORSALE

areland 53, Therefore:




T

o
putting values - b £ pr+Q %

oy BX+ Se(B)+Q
and the atomic number is increased by 1 to
t this is the element xenon (Xe). The

or
the same,
ble we find tha
131,
oo X+ Se®)+Q
p - decay it converts into xenon - 131.

 The mass number stays
54, From the periodic ta
daughter nucleus is xenon-

N

wWhen fodine - 131 undergoes

(5= 3 T ——r -.'._'rﬂ't_tl T_:;'Fﬂ-' — ;
LASSTGNMERTH B2 BE L

An atom of Sodium-24 can tran
emitting a beta particle. Represent this reaction in symbols, and identify the

daughter element.

ost cases the aor p emission from the nucleus leave it in
further stability by emitting gamma rays.

-

C. Gamma decay: Inm
excited state such nuclei achieve

2pa = fgRa+ vy
The emission of a gamma ray by radium-226
results radium-226 with gamma

P

Uni ivity: i ) ac

de;it::: ::1;:1;3'?;. corn:':mn unit of activity is the curie, abbreviated Ci, which i

activity of nng_.. %10 deca?'s per second. This is approximately equal t ki

Bk of o gram of radium. The SI unit of activity is the becauere!
q. One becquerel is one decay per second.

1Ci=3.70 % 10° Bq = 3.70 x 10" decays/s

NOT FOR SALE
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SASHORTHISTORY.OF
in 1896 Henri Becquerel Favre e
(French physicist) accidentally LTt
discovered Radioactivity.

pecquerel discovered that
uranyl potassium sulfate
crystals emitted an invisible
radiation that could darken a

phmographic plate even when -
Becquerel’s photographic plate.
the plate was covered to The bottom of the image shows ~ Henri Becque
exclude light. shadow cast due to absorbed Haﬁz-lmft
radiation.

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 radi i
e radioactive nucleii

Theting nucleiin asample to decay s called
I f] o 3
:: ]:"dl-lal fj'\slntegratiuns of nuclei are random, but the probability that any given

cleus "f".“ decay in a given interval of time is constant and is a characteristic of
that particular nuclide,
T ivel '
t:e :mo-.!nt of radioactive isotope in the sample decreases with time as shown in
: i: Na[f life curve shown in Figure 18.8. The number of nuclei present at time £ = 0

= N, , and the number present at t = Ty, is N = Ni/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

th i ;

b:; radl'?EIthe nucleus. For example, radium has a half-life of 1600 years,
E}l{se it takes this amount of time for one-half of agiven quantity of this isotope

to disintegrate.

NOT FOR SALE




Percentage of Sample

Half Lives

In another 1600 years, one-half of the remaining radium atoms will have
disintegrated; leaving only one-fourth of the original number intact. LeF N
represent the amount of the original sample remaining after any given time
interval ‘At and ‘N,’ represent the original amount in the sample; given in the
same units as ‘N’. Then

' 1
" After 1 half-life N=_N,
Mter2half-lives ~ N=dxN ;(1)2 N
2 2 a 2 a
' O T,
After 3 half-li e T TR 9
er 3 half-lives N 2xzx2N° 2) E

; ) ok I |
Generally &E_Exixiu"'ﬂ":(_

where, the number, n, of half-lives
is equal to the time interval (At)
. divided by the time for one half-life
(Tin)-

pifferent materials have different
half lives which ranges from
10 years to a fraction of second.
Half lives of some common
radioisotopes are shown in table
18.2.

8.3 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?

TABLE 18.2 HALF LIVES OF SOME
COMMON RADIOISOTOPES

Half Life
berylium-8 - a 2.0 % 10™g
g sl N3 5]
polonium a 1.64 % 10™s
— 1 T |
iodine-131 g 1 e
cobalt-60 i3 53y
radium-226 a 1.62 = 10'y
carbon-14 B 5.73 x 10y
uranium-235 o 7.04 x 0%y
uranium-238 a 4.45 % 10"y

GIVEN

Total quantity of pure polonium-218 *N,’ = 160 ug
Half life of polonium-218 ‘T,,,’ = 3.0 min

Total elapsed ‘At’ =9 min

SOLUTION: The number of half lives ‘n’

past are
) 4
Putting valyes = 2:0%M _ 4
3.0min

U_ﬂ'ginal. sample remaining after
Siven time i nterval is

REQUIRED
Quantity left ‘N' =7

any




putting valves N 5(
ug Hence

N= 14160
ion mnfirms th
aphical representa“ :

at 20 8 of polonium-21 8 with half life of

18.5 RADIOISOTOPES

orms of @ chemical element having the same number of
mic number, but having different numbers of neutrons, or
js called an jsotope. The isotope that are unstable and
ctive isotopes or simply radioisotopes.
at stable. But the isotopes,

g of subatomic particles,

eir unstable nature and
7 are stable. The time
osecond 10

One of two ©
protons, or the same ato
tomic weights

different @
are called radioa

emit radiations
\ly are somewh

ts that occur natura

clear \aboratories DY bombardin
t life span, mostly due to th
about 3000 known nuclides, only 25
sses ranges from a small fraction of a micr

1sotopes of elemen
manufactured in nu
usually have 2 shor
radioactivity. Among
scale of these decay proce

billions of years.

Figure:1 8.9 Is_u;_tob'és' Bf*:CEkEdﬁ:?

:..T'omns 6 Protons & Protons
: E:.-Eumtrnns 7 Heutrons 8 Meutrons
rons 6 Electrons 6 Electrons

() Three natural isotopes of carbon

from °C to C, of whic
J h the
half-life of 20.334 minum::f stable
seconds, most less than 200 millise:thf:lr
onds.

artifici :
radiois:lt;a dioisotope is ', wh

pes have hal'f'li'\:'es ich has a
Most e!emeu.-nts have between two and sj under 20
or radioactive ones). Twenty elem six stable isoto,
phosphorus, and gold consist of o lents’ including
ten—more than any other e'-ef!"-entn y one

pes (as
flut:'r;:n.e,-QI:WSHI to unstable
R e :
ope each. Tin, howe dicellc
¥ ver, has

18.5.1 Uses of radioisotopes: Aradi
as the normal i 5 adioactive iso
applications. Dv::t; ZZDChET]FauY- which m::epe 1|:Eha‘f551njustmesamewa
nature or have been'mad;adm‘ls‘ufﬂpes - radiuacﬁveu;eiul in wide variety n:
accelerators. They are use;’l'tl.flcmlly by bombarding stﬂ::pe:s — either exist in
ul in so many applications l:m: :::T:Sdin particle
' rd isotope is

commonly used tom
ean radioi
B L6 T radioisotope, asif stable
opes are discussed below. e 1sotopes did not exist. Few of th
3 = e

i. Food Preservati
tion: Food i e
hakecaterty irradiation is a
eat I'I'Iel;hod g
gamma rays can pe::td have.a longer: shelf life. E\fenu:f:r eating food In order to
rate the packing and be used to :"rll“ has been packaged
1 bal:tena m‘d %
J and

insects in food as
shown in fi
et n figure 18.1 - Thi e
ood, but sometimes changes the t:s[ta). T T
o, =tie o

ii. Sterilising: (
g: Gam
ma rays are also used to sterilise hospi
ital equipment by

irradiation, especi
N » especially plasti F
'|nf|gure 18 y plastic syringes th
10 (b) at would be damaged i
s . 3 ged if heated as shown

Figurad

(b) Sterilizing Medical equipment
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fe 7 T
i, Agricultur® if a plant giation” a0 asunn: I‘;dtloact'w-.'ty in
: g reled of fertilizer py plant can be determined.
then the uptake

different parts of P elaboratin® the complex process of photosynthesis as
seeds have also been developed after mutation

soil containing
radi pactive
fertilizer

gD

e absorption and
fertilizer is

that contain radioactive material

is and treatment of many diseases- They'can f‘“"
medicines oF to enable imaging

ses. lonizing radiation has two very different

usesin medicine— for diagnosis and therapy- L :
a. Medical diagnostics: Every organ inour bDﬂl'jES. acts di s 8
point of view- Doctors and chemists have identified 2 Y gl
are absorbed by specific organs. The thyroid, for example: #
prain CONSUMES quantities of glucose, and 50 on. Wit
radiopharmacists are able to attach various radioisotop
substances. Images are then obtained via gamma cameraora s
diagnostics which enables to accurately detect disease progress!

es o piologic® y activé

: . 2
A radioisotope used for diagnosis must emit gamma rays _ 2y way

escape from the body and it must have a half-life short enough for it o

<oon after imaging is completed. Bctgd

b, Radiation therapy: High energy radiations can be used @
tissues, such as cancerous tumor.

ﬂ g e
F_GR s J
E = _

{ Wy "Te is the most preferr
ed B
diagnostics? radioisotope for nuclear

The radicisotope most wid
. Widely used in m
edicine is

technetium-99m. It is an isoto
pe of the artificiall
y-produced

element technetium and it has
almost i
for a diagnostic scan. These are: ideal characteristics

v It has a half-life of six hours,which is long g
enough to

examine metabolic processes yet shy
Sz ort en &
the radiation dose to the patient. ough to minimise

»The low energy gamma rays it emits, easily escapes th .
human body and are accurately detected, e A technetium-

i : 99m gen
, The chemistry of technetium is so versatile it can form tra : :me
cers by being

incorporated into a range of biologicall :
: y-active sul
concentrates in the tissue or organ of interest bstances to ensure that it

+ Its logistics also favor its use. Technetium generatars, a lead pot enclosi
glass tube containing the radioisotope, are supplied to hnspitalzn:r:nnfha
e

nuclear reactor where the isotopes are made. They contain molybdenum-99
with a half-life of 66 hours, which progressively decays to technetium-99 5

Cobalt 60 which emit beta particle and high energy gamma ray can be used to treat

various cancers. Some radioisotopes are made to absorb by selected organ and

radiation is concentrated on the infected tissue. For example cancerous thyroid
can be treated with iodine-131.

v. F.tadinactive Dating: Archaeologists and geologists use raoscthe O
estimate the age of ancient abjects. 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.

ket Once the creature dies, N0 further carbon-14 will
ingested, and the proportion of carbon-14willstart todectine. :

The proportion of the total amount of carbon that is carbon-14 is very small.

Nevertheless the amount is measurable. A measurement of the activity present
can therefore be used to estimate the age of the specimen, (3 -14 dating can
?:rUSEd for biological tissues as old as 50 urﬁﬂtﬁuusan '
bi n'::"-_lnger samples, since the abundance of “C nucle
gical materials contain no “Catall:




half-lives can be used to determine the age of \ S
ger -

-238, for exampl
depositson Earth. A

Materials with relatively lon
i i nium

logic formations. Ura
i:: be used to date even the oldest

RBON-14 DATING:

EXAMPLE 18:4: CA :
' nd a frozen dead ani
d that carbon-

from original value.

mal remains in the Himalays. You took a

14 (half life ‘T;'= 5730 years) activity is
How old are the dead animal

Suppose you fou
sample from it and foun

reduced 1/8 per gram
remains?
e - REQUIRED

Quantity left of carbon-14 ‘N' =1 /8N, i
half life of carbon-14 ‘T, =5730years

ini n
SOLUTION: Original sample remaining after e [ % ] o

any given time interval is

3
N=—1*N, or N=[g N, —@

1
putting values N = EN"' or ar

Comparing equation 1 and equation 2 n=3

Thus in three half lives the quantity left of carbon 14, willbe 1/8 N,

At
The number of half lives ‘n’ past is given by relation ~ N'= '_@

or At=nTy Putting values At=3x 5730years

Therefore At =17,190years Answer;|

The remains of the dead animal are 17,000 years old.

ASSIGNMENT 18.4: CARBON- 14 DATING .

Suppose the fossil ofiaie.you are examining has 1/4 of the carbon -14 deposits as
compared to bof b9 animal per gram. The half life of “C is 5730 years:
what is the appft b the fossil?

NOT FOR SALE

o withahalf-lifeof 4.53x 10'years, ./

Unit'18%

" NUCLEAR REACTIONS: 4

nucleus, particle, or photon cayses is said ¢ occur

Such a structural chap am"ﬂwwa_—m
: g€ can Fing tq
target with su fficientlyen be brought 5 reet nucleys,

bout i
ergeti the Nucleus by pog
a result the nucleons ara adde ":r:ﬂic!e Such as neytrg, by barding the

_ N3, alpha i
When Nucleus X i s i s
kol 1s bombarded wity, some lighy arranged within 5 target nyc| As
ghtp € b will be obtaineg by nuctear reacp;“icle a, the prodyct ies ?eﬁ
on. Mathematicyy :
. y

Nucleg,

r reaction
ever an fnﬂde"t

F
fHe.+ N 0. 1, q
In such nuclear processes the co

nservation laws mys

[ constant.

Number of nucleons on LHS = Number of nucleons on RS

For example in the reacti
on 4 14
2He + 5N 704 i

We can see that on both sides, there are 18 nucleons each

18.6 NUCLEAR FISSION

h p f i ii

process often produces fr ;
st s p €e neutrons and gamma rays, and

unt of energy.
18, : :
H:hﬁj D'SFOVery: Nuclear fission was discovered in December 17, 1938 by Otto
e ba“C! his assistant Fritz Strassmann, and explained theoretically in January
¥ Lise Meitner and her nephew Otto Robert Frisch. '

::E;"rf;'-;"d tlflat.a uranium nucleus, after absorbing a low energy neutron (thermal

B j: Splits into two fragments of intermediate size. The splitﬁng of a massive

feine Nnto two less massive fragments was termed as nuclear fission. It can be
sented by the following nuclear reaction
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Where ™U* isan intermediate excited state Figure '18,1_1.‘ Lise Meitner -
that lasts for only about 10" S pefore - ‘ .

splitting into X and Y. The resulting nuclei X : -
and Y are called fission fragments. Many
combinations of X and Y are possible as
fission fragments in the above nuclear

reaction .

18.6.2 Fission Chain Reaction- : \
on; whEﬂoﬂ - ~
€ nuclear rea

ane or more nuclear r
eacti
ons, thus a sels. ction ca

achieved and is called F :
i proj uses a
ssion Chain Reaction Pagating series of 1 . a\'i:se of
2 reactions is

The fact that fiss_inn reactions of uranj
average has significant implications "L:I'n - 235 give off mo
the fis re th

an one neutron on

another fission process, it will result in the
emission

Figure 18.1

3 shows

distribution of fragments

the actual mass
in the fission of

followed by more fission

; 5, and so fo

available to produce new fissions ir:h. A

fissions grows with time as shown mg I::_:t'er
ure

of still more
neutron
fh? the average number of S,
N 1 per reaction, the Mhﬂi “ uf"

%), The process results in the production of
‘seyeral neutrons, typically tWo or three. On
the average, about 2.5 neutrons are
released per event. Atypical reaction of this

typeis

F 1N
n+HUu- mY - “Ba + 2Kr+3,n+Q

where Q is the nuclear reaction energy-

Figure 18.13 - Nuclear Fission

rocess relative

Measurement show that large amount of energy is released in this p
ray released is

':: thfnar:a:.m.t of energy released in chemical processes. Thus, ene
ry high. Itis found t'hat 1 kg of uranium delivers as much energy as 3000
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tons of

uncontrolled i
led way, it may produce huge am13-14_ If we have such an event i
: n

explosion of atomi unt
mic bomb we produce such an uhc:;;:ﬁ:?’f::ﬁver)‘ short time. In
on chain reaction

The nuclear reactors
onthe otherh
controlled manner. ORI 5 i
: rgy from nuclea
" rfissionina

=i,

The succe

Increasing ssive fissioning of ever-

numbers of ur.
anium-
SEiral fum-235




18.7 NUCLEAR FUSION
nuclei combine t@

: is called
form a heavy nucleus, the process 1
When two light .
nuclear fusion. !
When two nuclei form large nucl.eus;,in e i
of nuclei thatfarmed it. This los e
mass ining fusion reaction is also p?ss-. s e
sustaining ments of stars jncluding sun.. e 1 oleic,
i le: In this process the direct collisi
n-proton cycie: e
ta Prot.u " f heavier nuclei whose c:lalhs.mn R .
s 18.15.The initial reaction in prof
shown in figure 16-12:

mass of larger nucleus is less then the
e

ergy required is possible only

1|l 4 l” 3 3" I‘i‘ |

bine to form helium-4 wit

h the release of

Finally, two such reac_tinns can com

two protons as
1 1 +
JHe+ JHe - “He+iH+H+Y

' -Fig_,LlrEE 815 Nuclear Fusion:(Chain)

The proton-pro

rsin the form of energy. Aself -~

oduces helium nuclei as

—

All Living creatures, from the beginnin
exposed O radiation. When a radiati
radiations called natural background ra, il
Cosmic Radiation: The earth, and al livinlg th? .
pombarded by radiations from space. The dose from o 7 ¢ COnstantly

different parts of the world due to diff cosmic radiation varies in °

erences j 4
the earth’s magnetic field. N elevation and to the effects of

Terrestrial Radiation: Radioactive material is ajso found thr
in the soil, water and vegetation. Low levels of uraniu e

m, thori :
products are found everywhere. The dose from P bl so\:Im. and thmrc%ecay
different parts of the world. rces also varies in

g of tj

sy r,let'o have been and are sti|| being
ris used it will record these

mes from three sources:

Internal Radiation: All people also have radioactive

i potassium- 5
lead-210, and other isotopes inside their bodies from bi m-40, carbon-14,

rth.
18.9 HAZARDS AND SAFETY FROM RADIOACTIVE MATERIALS

Nuclear radiation is potentially harmful to humans because the ionization it :
produces can significantly alter the structure of moleculeé within a living cell. The
alterations can lead to the death of the cell and even of the organism itself. The

al.-nuunt of biological damage produced by ionizing radiation is different for
different kinds of radiation.

Eve;yone Is continually exposed to background radiation from natural sources
s 2 - - 4
sll-:l as cosnrnc rays (high-energy particles that come from outside the solar
ystem), radioactive materials in the environment, radioactive nuclei (primarily

tarbon ang potassium ) within our own bodies, and radon.

The S

e tI:fE'Cts of radiation on humans can be grouped into two categories, according
s time span between initial exposure and the appearance of physiological
¥ Poms: (1) short-term or acute effects that appear within a matter of minutes,

ays,
even Orweeks, and (2) long-term or latent effects that appear years, decades, or
8enerations later.

"ﬁl:liatiun from

I'I'Iage .
breﬂthedby Irrad

iS5 da

the material can damage the cells of the person directly. Thisis
5 iation. Some of the radioactive material can be swallowed or
. While inside the body, the radiation it emits can produce damage.

Mage by contamination.
NOT FOR SALE
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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, and in
the following discussion, the biologically equivalent doses quoted are whole-body,
single doses.

Long-term or latent effects of radiation may ap
exposure or low-level exposure over a long perio
are hair loss, eye cataracts, and various kinds of ca
defects caused by mutated genes may be passed on from one generation to the

next.

pear as a result of high-level, brief
d of time. Some long-term effects
ncer. In addition, genetic

... There are three general guidelines for controlling

18.9.2 Safety Measu
g exposure time, maximizing distance

exposure to ionizing radiation: minimizin:
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 laboratory. Materials/equipment which are not required must not be brought
into the laboratory or stored inside. Aninventory 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 Warning — 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.

nnozc-u o_| ;qz_g-u 0

‘
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[EEED) Radicactivity S —

i med insige
the labor o

i particle (Helium nuclei) in which an atomic nucleys
, EUS emits an
‘ B Beta Decay: type of radioactive decay in whi alpha
particle (electrons) ch an atomic nucleus emits  be

i Gamma Decay: type of radiua&ive decayi
5 y in which an tomic nucleus emits
" rays (electromagnetic rays of high freqj ;s gamma
umandsrmmm

)

{7| Half life: the time needed for half of the original nuclei sample of a radicactive
! _'"_: substancetoundergoradio_activedecay e Lol

i Radioactive: a substance or object that emits nuclear radiati

i\ Radioactive Dating: an application of radioactive decay in which the
\ e age of a

: material is determined b ioactivi
| meten ytheanmmtofmdmactmtyufapaﬁahrmﬂm

Y Carbon - 14 Dating: a radioacti i
| At ioactive dating technique based on the radicactivity of

“Nuclear Radiation: raystha;toriginatein the nuclei of atoms
| #8! Nuclear Fission: reaction in which anucleus splits

|| Nuclear Fusion: a reaction in whi
: ction in which two nuclei are combined, or fu
1 larger nucleus " i 1 1t

Shielding: a technique to limit radiation exposure

EE:IUPA ‘MARIE CURIE’: It is said that Marie Curie died of aplastic anemia
radl_o'e*l_mure to radiation in the course of her scientific research and
iy logical work at field hospitals during World War |. What is meant by the
damaging effects of ionizing radiation! How much was known about

maging effects of radiation at curies time? Research her life and give:a
Presentation about her achievements. :
SROUP B ‘ATOMIC BOMSS: During the finalstage of World War ,the United
Hi es detonated two nuclear weapons over the Japanese cities of

roshima and Nagasaki on August 6 and 9, 1945, respectively. Explain the
truction from these bombs in a classroom

k-
o ———————
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GROUP C ‘PNRA’: Pakistan Nuclear Regulatory Authority (PNRA) control, |
regulates and supervises all matters related to nuclear safety in Pakistan.

Search the internet and other materials to find out the activities, targets

and performance of this organization. Prepare a report to be published in

school magazine.

GROUP D ‘NUCLEAR MEDICINE’: Investigate careers in nuclear medicine,

Interview people who work with radiation or with isotopic tracers in a

hospital. Find out what kind of patients they treator test and the technology
they use. What training is necessary for this type of career? Make a
presentation and discuss it with your classmates.

GROUP E ‘HARMFUL EFFECTS OF RADIATION’: Design a questionnaire to
investigate what people in your community know about harmful effects of
radiation. Give the questionnaire to your classmates for their comments
and if your teacher approves, conduct a study with people in your
community. Present your results in the form of a class presentation and

discussion.

EXERCISE____

':j' @ What is the number of neutrons in the plutonium I:: Pu

L A 92 B. 142 c.158 - D. 242

5@l @ Which one or more of the three decay processes (a, B, or y) results in,

a new element?

il A Onlyc B. Only B C.Onlyy D.aandB

I,E © What type of nuclear decay leaves the number of protons and neutrons
unchanged? '

c IS alpha decay ~ B. beta decay C.gamma decay D.both A& B

Tl © what type of nuclear decay most often produces the greatest mass and

charge loss?

'A. alpha decay  B. beta decay C.gammadecay D both B & C

2 .
E e :P" undergoes a-decay to produce a daughter nucleus that itself
undergoes B- decay. Which one of the following nuclei is the oné that
212 !

ulti{?ately results? 4

1 5 m : ;

A. -, Pb By Hg C.og A D. g B!

@ Radium-226 decays by emitting an alpha particle. What is the daughter
nucleus?”

A. Rd

B. Rn C. Bi D. Pb

W f
i| @ “Ar is an isotope with a half.iife z =5
A. 134.5 min B. 1345 269 Wr. 1t will reduce to : = “@j
& ol i it -5 Years C, 269 min halfin b
| elapsed wh 1000 radioactive D. 269 Years \i
psed when 750 atoms haye dﬂaye;;ms' How many halftives h s
A. 0.25 o
B.1.5
| ea - C.
ol @ Originof energy from the sunand starsiz'c' D.25
g 5
A. fission B. fusion €. Carbon dati
g D. radioactivi
ty

“CONCEPTUAL QUESTIONS - (

Give a brief response to the following questions

o The atomic number of one parti ;
BTEE cular i i :
Which isotope isit? sotope is equal to its mass number,

@ Which is more likely to expose, afilm kept

-particles? Explain ptinacardboard box, a-particlesor

@ 1s it possible for a form of heavy hydrogen e
particle? Explain. ogen to decay by emitting an alpha

@ pifferent isotopes of a given element have different masses but they have
the same chemical properties. Explain why chemical properties are
unaffected by a change of isotope. ;

@ What fraction of a radioactive sample has decayed after two half-lives have |-
elapsed? :

@ can carbon-14 dating give the age of fossil dinosaur skeletons? Explain.

@ Some food is treated with gamma radiation tokill bacteria. Why is there not
a concern that people who eat such food might be consuming food
containing gamma radiation?

Radioactive a-emitters are relatively harmless outside the body, but canbe
dangerous if ingested or inhaled. Explain.

@ If nuclear radiation is harmful. How it can be used for treatment of

diseases?
"COMPREHENSIVE QUESTIONS e

Give an extended response tothe following questions
@ What is nucleus? Howa nuclide is represented symbolically? L
@ What is radioactivity? Give the nature, fonizingand penetz2tict abilities of

the three types of radioactive emissions.
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TISTD Radicuctivity : Bl 260 q
i
t |

What are nuclear transmutatiunsf What changes in the composition of the
nucleus is observed when alpha or beta particles are emitted? Explain by

symbolic equations.
© Radioactive sources are said to have half life. What is the meaning of half ] "
life? : | one second is called alternating mrre::l changesits direction a n be
. f \ a UMy
@ What are radioisotopes? Explain their uses for various applications? :' Ammeter: A current measuring inst T of times jn
| rument is cal
5 Analogue “electronics: The branch of led ammetar,

rmine the ages of wood, bones and other

How is carbon-14 used to dete
quantities is called analogue electronics electronics which deals with
; variablg

artifacts?
@ Whatare fission and fusion? N Antinode: The points of
. 2 g o i .
© What are background radiations? What are its major sources? 1) ‘ antinodes. maximum amplitude of stationary waves
: ; are
(@ what are radiation ‘hazards? How can we safeguard ourselves from J Atomic mass number: Total numbe i
radiation? : ! nucleus. g s of protons
1‘.| ey and neutrons present in the
e e Eo b mic n H .
NUMERICAL QUESTIONS= 5 i umber: Number of p otons present in the nucleus
g " It Audio cassette: Device for collecti '
@ How many neutrons are contained inagold nucleus ,, AU: : ng sound.
® 1:::'Em decays via alpha decay. Identify the 4:Ia'ug,hto;rnﬂuclide,1 34 [ Capacitance: Capacitance is the ability of a capacitor to sto .
() Wﬁtemenmlearequatiunsforthe beta decay of 4, Pband wh ] c.?nt,e o ourstine: The, 2aiie of ek . re an electrical charge,
@ 1odine - 131 is an important radioisotope for medical diagnostic and ' mirror. spherical surface whose part is the
treatment procedures. The half life of ™ is 8.02 days. Out of 100 g of the f Chromatic aberration: Defect of any |
i y lens produced due to dispersion of light.

sample how much will be left after 24 days?

@ Phosphorus-32 is used in plant sciences for tracking a plant’s u
eaves. The half life of ”P is 15 days-

: Compressional
ptake of b g nal waves: Waves in whi .
Out of 5 to the direction of the wave. ich particles of the medium vibrate paraliel

fertiliser from the roots to the | %
800 pg of the activity given as fertilizer how much will be left after one - (oS 1) TRALENg « iich
1 1 mn : :
month? - | efficiently and has a vast and long last momu"m " | "
¢ to “C ratio in an animal fossil is found to be one fourth of the ratio in the : -Concave mirror: A ical mirr s
bone of living animal. The half life of “Cis 5730 years, how old is the fossil? . Co LR inpnsmner KO
i e ® nventional current: The cu i '
. al ¢ - ment due to positive charge equival egaive
; charge flowing in the opposite direction. ; ; A

Co . :
nvex mirror: A spherical mirror whose extemal surface reflects.

Crest: In ca : :
~ se nf t o "
echilbrian a ransverse waves, the portion of the displacement above the

cﬂﬂl‘-ﬂl an
3l angle: The angle in the denser medi respective
refraction in the rare medium is 90° f e G
Com . {

Pactdisc or CD: A device used to store data with the help of digital technology.

OT FOR SALE
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Diffraction: Bending of waves round an obstacle.

Digital electronics: Name of processing data provided in the-lom ot dighe.

Direct current: Current which always flows in one direction.

Electric current: The rate of flow of electric charge through any cross sectiong

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 elecin'p 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 o
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.

s irror of
Focal length: The distance between the pole and principal focus of any mifrof
the distance between optical centre and principal focus of any lens.

NOT FOR SALE J&

Fusion reaction: The
form a larger nucleys,

phanoﬂ‘\BIIDIL I|- 1wt ICh sm; I 1 " oth
er ]

Galvanometer: An instrum i
2T ent which indicate
s the current in a cireyi
circuit,

Half life: The time in which the n
umber of atoms of a radioacti
radioactive element

becomes half.

Information technology: Scientific method o

processing and arranging information, collecting, - arranging

Infrasonics: Sound of frequency

less than 2 ; .
human ears. 0 hertz, which are inaudiie to

Intensity of sound: Energy transmittin
) g per second thr i
perpendicular to the direction of sound waves, VAL e o

Interference: Resultant displacement of

£ two or more waves | :
by combining the two coherent waves. ves in a medium

Internet: Important source of global contact.

Isotopes: Atoms of an element whose atomic number is same but mass
number is different. ' ¢

Kilowatt hour: Quantity of that energy which is obtained from one kilowatt power
in one hour. 3

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."}'PE Semi-conductor: A semi-conductor in which pentavalent impurity is

doped. NOT FOR SALE
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- Glossary . “~-

Nuclear fission reaction: The splitting 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).

Principal 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 ernils_drfferent 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 of the 4" group silicon and germanium.

Short sightedness: A defect of Eyes 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. -

———
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Solenold: Cylindrical

coil of the wire having more than one tum |
Sound: A form of energy thch is

trans
compressional waves. ferred from one place another due 1o

conductor. _ ength and unit cross sectional area of a

Spherical aberration: Defect of thick and large aperture of a lens

Stationary waves: !.I';I‘aves in which the amplitud i

' e of

remains constant. plitude of all particles of the medium
Tele communication: To impart information quickly to 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 used fof the measurement of potential differenct
. between the ends of a cir}ﬁﬂ_
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Answers

Answer Chapter 10
Assignment 101
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:

Numerical problem 10.6:
_ Numerical problem 10.7:

Answer Chapter 11
Assignment 11.1:
Assignment 11.2
Assignment 11 i
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 T
Numerical problem 11.8:

Answer Chapter 12
Assignment-12.1 :
Assignment 12.2.

Assignment 12.3 :
Assignment 1241
Assignment 12.5
Assignment 12.6:

Assignment 12.7 :
Assignment 12.8 -

Assignment 12.9 :

1s

- 45N

1.4s

54.6°

9,77 N/kg

2.02 x 10' Hz
1.25Hz, 0.8s

2.5 x 10° N/m

0.99 m, 0.16m, 0.5 and 0.55
50 Hz, 0.02 s :
1.4 Hz

0.5 Hz

244 m, 3.26 m

2.39 dB
1.7 km or 1 mile -
Speed = 350 m/s and Frequency 1400 Hz

1320 m

109.14 dB

1.5 » 10° m/s or 1500 m/s
134 decibels

106.02

319.2 m/s.

1.7 km or mile

17 mand 1.7 cm

330 m/s, 32 m

-1.64

0,45 m (virtual image, behind the mirror)
0.18 m (upright, smaller image)

1.44 '

1.33, water

42.7
15.0 cm, - 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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numerical 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:

Numerical problem 13.3:

Numerical problem 13.4:
Numerical problem 13.5:
Numerical problem 13.6:
Mumerical 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:
Numerical problem 14.2: :
Numerical problem 14.3:
Mumerical problem 14.4:
Numerical problem 14.5:
Numerical problem 14.6:
g _Numerical problem 14.7:

60 cm, - 4.5 cm
-3.33¢m, -0.8cm
1.56 x10° m/s

EX S

66.3°

0.571,+4

9.3

30 mm, 1200 mm

26.0 N

8 N

60 J

4 pF

';x 1(;: |I: or 2 pF, 33.3Vand 66.6 V

S or 9 pF,

onplfd al:md 2400 pC and 4800 uC
(a) 11.25 N (b) force on 10 uC charge is
same as force on 5 pC charge
{€)2.25 x 10° N/Cor ) 2.25 MN/C

{a) 0.129 N positive x-direction
[I;}COAZBN negative x-direction

0.704 uCor 7.04 x 10" C

0.54 pF, 60V, 30V and 20V

5 pF, 18 pC, 27 pC

180 A

B.OA

1.50Q

0.5A

9.09s

4,545

3.60Q

Rs. 1784.2

oV

3.2A

600 Q

0.3A

15.6 A, 34000 J (34 kJ)
17 )
Rs. 5.
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t - Answer Chapter 15
P Assignment 15.1:
i 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:

e ey
e gt

—

| | Numerical problem 18.4:
1 Numerical problem 18.5:
Numerical problem 18.6:-

e e —————

2.8N

8.6 mH
1350V
0.3N
2.5x10"N

BA

14 mH
80, 22000
5.45

0.06

Radon - 220, Z°Rn
Magnesium - 24, ::;Mg
10 mg

11,460 years

118

pn»7 Pb+;He (Bismuth)
10ph—5TBi + P (Bismuth)

IgTh-;‘;‘:Pﬂ +p (Protactinium)

12.5g,

200 pg.
ZZ,JJZD‘ years
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